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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 informa-
tion that will assist resource managers and policymak-
ers 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 remedia-
tion plans for a specific contamination problem; oper-
ational 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 appropri-
ated funds in 1986 for the USGS to begin a pilot pro-
gram in seven project areas to develop and refine the
National Water-Quality Assessment (NAWQA) Pro-
gram. 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 agen-
cies. 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 moni-
toring 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 set-
tings. 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, VERTICAL DATUM, AND ABBREVIATED
WATER-QUALITY UNITS

Multiply By To obtain

centimeter (cm) 0.3937 inch

centimeter per year (cm/yr) 0.3937 inch per year

meter (m) 3.281 foot

cubic meter (m?) 35.31 cubic foot

cubic meters per second (m>/s) 35.31 cubic foot per second

million cubic meters per 810.7 acre foot per year
year (Mm?/yr)

kilometer (km) 0.6214 mile

square kilometer (km?) 0.3861 square mile

kilogram per day (kg/d) 2.2046 pound per day

kilogram per hectare per 0.8907 pound per acre per year
year [(kg/ha)/yr]

tonne 1.102 ton

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929—a
geodetic datum derived from a general adjustment of the first-order level nets of the United States
and Canada, formerly called Sea Level Datum of 1929.

Chemical concentrations and water temperature are given in metric units. Chemical
concentration is given in milligrams per liter (mg/L). Water temperature is given in degrees
Celsius (°C), which can be converted to degrees Fahrenheit (°F) by the following equation:

°F =1.8(°C) + 32
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Water-Quality Assessment of the Trinity River
Basin, Texas—Analysis of Available Information
on Nutrients and Suspended Sediment, 1974-91

By Peter C. Van Metre and David C. Reutter

Abstract

The U.S. Geological Survey is conducting an
assessment of water quality in the Trinity River
Basin as part of the National Water-Quality
Assessment Program. During the planning phase of
this study, existing information on nutrients and
suspended sediment was compiled and analyzed. A
total of about 5,700 water-quality samples were
analyzed from local, State, and Federal agencies.
Of these, about 4,200 were from streams and about
1,500 were from wells. Additionally, atmospheric
deposition data for two locations were obtained
and analyzed.

Spatial variations in nutrient concentrations in
streams are related primarily to point sources and
reservoirs. Median total nitrogen concentrations
downstream from major point sources,
downstream from reservoirs, and on tributaries
were 6.0, 1.3, and 2.4 milligrams per liter,
respectively. Median total phosphorus
concentrations for the same three settings were 1.6,
0.1, and 0.2 milligrams per liter, respectively. The
largest concentrations occurred at low flow
downstream from Dallas, Texas, when streamflow
was dominated by treated wastewater from point
sources. The smallest concentrations occurred
immediately downstream from reservoirs, which
act as sinks for nutrients. Nutrient concentrations
in agricultural areas were positively correlated to
percent of drainage in agricultural land use and to
discharge, indicating washoff of nutrients from
nonpoint sources during storms.

As with concentrations, nutrient loads were
related to the presence of point sources and
reservoirs. Loads increased substantially in the

Dallas-Fort Worth area with the addition of
nutrients from point sources; loads decreased
substantially as flow passed through Livingston
Reservoir.

Concentrations of total nitrogen and total
phosphorus did not change significantly, at the 95
percent confidence level, from 1974 to 1991 at
most sites. The exception was a decrease in
phosphorus concentrations at two sites downstream
from major wastewater-treatment plants in the
Dallas area. Concentrations of organic nitrogen and
ammonia declined and concentrations of nitrite
plus nitrate increased at sites below major
wastewater-treatment plants. These changes are
indicative of improvements in wastewater
treatment that converts organic nitrogen and
ammonia to nitrite and finally nitrate. Because
nitrogen conversion reactions consume oxygen, the
occurrence of these reactions at the treatment
plants instead of in the streams resulted in reduced
loading of biochemical oxygen demand to the
streams.

The only nutrient measured in ground water
was nitrate. Nitrate concentrations varied by
aquifer with the largest median concentrations in
the Queen City and Nacatoch aquifers. There was a
significant rank correlation between nitrate
concentrations and depth of well for all seven
aquifer groups sampled, with largest
concentrations present in shallow wells. The large
concentrations could result from nonpoint sources
of nitrate associated with agricultural and urban
land use; however, attempts to correlate nitrogen
fertilizer application rates and agricultural land use
to concentrations of nitrate in ground water were
inconclusive.



Only limited suspended-sediment data were
available. Four sites had daily sediment-discharge
records for three or more water years (October 1 to
September 30) between 1974 and 1985. An
additional three sites had periodic measurements of
suspended-sediment concentrations. There are
differences in concentrations and yields among
sites; however, the limited amount of data
precludes developing statistical or cause-and-effect
relations with environmental factors such as land
use, soil, and geology. Data are sufficient, and the
relation is pronounced enough, to indicate trapping
of suspended sediment by Livingston Reservoir.

INTRODUCTION

The Trinity River drains about 48,000 km? of
north-central and east Texas (pl. 1). The
headwaters are north and west of Dallas and Fort
Worth, Texas, and the mouth of the river is at
Trinity Bay, part of Galveston Bay, in the Gulf of
Mexico. The population within the Trinity River
Basin in 1990 was about 4.5 million, with about
3.5 million living in the greater Dallas and Fort
Worth area. The large population has caused
stresses on water quality in the Trinity River,
including 13 documented fish kills in the river
from Dallas to Livingston Reservoir between 1970
and 1985 (Davis, 1987).

The U.S. Geological Survey (USGS) is
conducting an assessment of water quality in the
Trinity River Basin as part of the National Water-
Quality Assessment (NAWQA) Program. During
the planning phase of this study, existing
information on nutrients and suspended sediment
was compiled and analyzed. This report presents
the results of that analysis.

The National Water-Quality Assessment
Program

The goals of the NAWQA program (Hirsch,
Alley, and Wilber, 1988) are to:

1. Provide a nationally consistent description
of current water-quality conditions for a

large part of the Nation’s surface- and
ground-water resources,

2. Define long-term trends (or lack of trends)
in water quality, and

3. Identify, describe, and explain, as possible,
the major factors that affect observed
water-quality conditions and trends.

The NAWQA program is being executed
through 60 (proposed) separate investigations of
river basins and aquifer systems of the Nation,
referred to as study units. Each study-unit
investigation will include assessments of surface-
water and ground-water quality. Study units will
undergo cycles of 3 years of intensive study,
followed by 6 years of limited monitoring, with the
cycle repeated decadally (Leahy, Rosenshein, and
Knopman, 1990). The planning phase for the first
cycle began in 1991 for 20 of the 60 study units
and the Trinity River Basin is one of the 20.

In addition to the study-unit investigations,
teams of scientists are conducting national-
synthesis investigations to develop a regional and
national scale understanding of water quality. The
first national synthesis topics being investigated
are pesticides and nutrients. These investigations
mostly will rely on data collected by the study-unit
investigations. This approach will provide results
useful both in understanding and managing the
water resources of the study unit and in answering
regional and national questions about water

quality.

Purpose and Scope

This report describes the occurrence of
nutrients and suspended sediments in streams and
nutrients in ground water in the Trinity River
Basin, and relates that occurrence to environmental
factors. This evaluation precedes the intensive
sampling phase of the NAWQA study and is, in
part, intended to help design that sampling effort.

The scope of this report includes the Trinity
River Basin and small areas on each side of the
Trinity River Basin near its mouth (pl. 1). Streams



and aquifer systems were addressed; reservoirs
were not. This effort was limited by the availability
of water-quality and environmental data. Only
existing water-quality data collected between
October 1, 1973, and September 30, 1991 (water
years 1974-91), were used. Additional limitations
on the inclusion of data for particular analyses are
described in a later section, “Assessment
Approach.” In an effort to expand the availability
of data, water-quality data from agencies other
than the USGS were also used.

Nutrients in Natural Waters

Living organisms require at least 30 to 40
elements for their growth and development. The
most important of these elements are carbon,
hydrogen, oxygen, phosphorus, potassium,
nitrogen, sulfur, calcium, iron, magnesium, boron,
zinc, chlorine, molybdenum, cobalt, iodine, and
fluorine (Smith, 1980). Essential nutrients that are
in the shortest supply tend to control plant
production rates and are said to be “limiting.”
Because phosphorus and nitrogen are commonly
the limiting nutrients in aquatic systems, this
report focuses on those elements. In sufficiently
large concentrations, phosphorus and nitrogen
can adversely affect water quality through
(1) eutrophication (abundant accumulation of
nutrients causing excessive plant growth),

(2) toxicity to aquatic life, and (3) toxicity to
warm-blooded animals that drink the water.

Chemical and biological processes that transfer
nitrogen to and from the lithosphere, atmosphere,
hydrosphere, and biosphere represent the nitrogen
cycle. Nitrogen makes up 79 percent of the
atmosphere as molecular nitrogen, N,. Processes
by which nitrogen gas (N,) is changed in oxidation
state and converted to chemical compounds
containing nitrogen are referred to as “nitrogen
fixation.” Ammonia is the product of biological
fixation; nitrate is the product of high-energy
fixation by lightning. Biological fixation
contributes roughly 90 percent of the fixed
nitrogen contributed to the earth each year.
Biological fixation is accomplished by blue-green
algae, symbiotic bacteria living in association with
plants, and free-living aerobic bacteria (Smith,

1980). In addition to fixation, nitrogen is also made
available through the breakdown of organic matter
containing nitrogen, a process referred to as
“respiration.”

Nitrogen in reduced forms is converted by
bacteria into nitrite (NO,) and nitrate (NOj3). This
process is commonly termed “nitrification.”
Nitrification can be described by the following
reactions:

NH,* +3/20, -> NO,™ + 2H* + H,0, )
NO,™ + 1120, ->NOy™ . @

Phosphorus and nitrogen mainly are provided
to plants in aquatic systems by phosphate (PO,)
and nitrate (NO3) or ammonium (NH,). The
average proportions of the major elements in algal
biomass are described by the Redfield formula
(Morel, 1983):

Protoplasm = Cyo6H3630110N16P1 - 3

A more complete stoichiometric description of
photosynthesis and respiration in natural waters is
provided by the following reactions:

106C0, + 16NOy” + H,PO,” + 122H,0 + 17TH* =
Protoplasm + 1380, , @

106CO, + 16NH,* + H,PO,4 + 106H,0 =
Protoplasm + 1060, + 15H* . )

Reactions moving from left to right in equations 4
and 5 represent photosynthesis; reactions moving
from right to left represent respiration.

As indicated by equations 1, 2, 4, and 5,
nitrification and respiration exert an oxygen
demand on natural waters. This oxygen demand is
sometimes reported as the nitrogen biochemical
oxygen demand (NBOD) and can be
environmentally significant, for example, in rivers
receiving effluents containing ammonia and
organic nitrogen. Rickert and others (1976) found
that nitrification was the dominant control on
dissolved oxygen (DO) in some reaches of the
Willamette River in Oregon during the summers of



1973 and 1974. The nitrification was caused by
ammonia loading from a pulp mill.

Nitrate in anoxic environments can be reduced
by bacteria to nitrous oxides or nitrogen gas. This
process is commonly referred to as
“denitrification” and is described by the folowing
reaction:

4NOjy + 5“CH,0” + 4H* -> 2N, + 5CO, + TH,0 ,  (6)

where “CH,0” is a symbol for organic matter,
which is the carbon source needed for this reaction
to proceed.

Phosphorus is a common element in igneous
rock and is also fairly abundant in sediments, but
concentrations present in solution in natural water
generally are no more than a few tenths of a
milligram per liter (Hem, 1985). The most
common phosphate species present at pHs found in
natural waters are H,PO,” and HPO,~". Sources of
phosphorus in the Trinity River Basin include the
breakdown and erosion of phosphorus-bearing
minerals in soil, decaying vegetation, phosphate
fertilizers, sewage effluent, and metabolic wastes
from animals. The transport of phosphate in
fertilizers to streams may be partly restricted
because phosphates are not very mobile in soils
and sediments. Soil erosion, however, could
contribute suspended phosphate to streams.

Phosphorus is present in animal waste and is
therefore present in sewage. During the 1950°s and
1960’s, the increased use of phosphate in
household detergents tended to increase the output
of phosphate by sewage-treatment plants. Public
awareness of problems caused by phosphorus,
particularly eutrophication of lakes, has led to
various measures to limit the use of phosphate in
detergents (Hem, 1985). To discourage excessive
growth of aquatic plants in flowing water, the U.S.
Environmental Protection Agency (1986)
recommended that total phosphorus concentrations
should not exceed 0.1 mg/L as P. Total phosphorus
is a measure of the organic and inorganic forms of
dissolved and suspended phosphorus.
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DESCRIPTION OF STUDY UNIT

The Trinity River Basin NAWQA study unit is
located in the south-central United States, in north-
central and east Texas (pl. 1). It extends on a
southeast diagonal for about 570 km, from
immediately south of the Oklahoma-Texas State
boundary to Trinity Bay, a part of Galveston Bay,
in the Gulf of Mexico. The study-unit boundary is
the surface-water drainage divide of the Trinity
River except in the area near the coast where it
includes parts of Chambers and Liberty Counties.
The study unit includes about 48,000 km? or about
6.5 percent of the total area of the State of Texas,
with parts or all of 38 Texas counties within its
limits.

The Trinity River Basin study unit can be
described as a modified sedimentary landform
reflecting a depositional geologic history of
successive climate and sea level changes altered by
the subsequent uplift or subsidence of areas of the
study unit. The topography varies according to the
nature of the rocks exposed and the stage reached
in the erosion cycle. The study unit is dissected by
alternate bands of rolling, treeless prairies, smooth
to slightly rolling prairies, rolling timbered hills,
and a relatively flat coastal plain. The study unit
slopes gradually from about 300 m above sea level
at the headwaters in the northwest to sea level in
the southeast. Land-surface elevation decreases at
about 1.3 m/km over the length of the study unit.

















































































3 — 8 ——r——1— 71—
o« «
w . EE 6 ]
5 £5
e 10 ] Ex .
zZuWw w
gt o5
82 82 4t
Ex ag
Z0 I wo L
3 s} ES
3 ES ,|
z 2z ?
0 0
0 0
12 — T T T T 4_ — T T T 1
4 3 A
8 A
S 10 [ .. A c I
L_m Ww a3 -
EE [ ] E°r
gE g5 | ‘
Zo Ta
22 sf - 22 o[ -
¥4 -3 .
()] . +4] (o] -
(O} [O] .
35 4 . =3 : .
aa N ] = | . *
§2 i , < § 1+ : * A
=z ] e s . H 4
= : ? = . oer 2
2 2r s K [ Pyl
: | - :
0 1 i o. N 1 N e 1
0 20 0 20 40 60 80 100
PERCENT AGRICULTURE PERCENT AGRICULTURE
EXPLANATION
—— LOWESS SMOOTH LINE

Figure 16. Relation between nutrient concentrations and percent of drainage in agricultural land use in the
Trinity River Basin.

forest; none of the drainages had large areas of crops and pasture. Those differences cannot be
urban land use. evaluated using the available land-use data.

There are two known limitations with the land-
use data used to determine percent agricultural land
use for this analysis. The first is that the data were

Relations to Streamflow

from the 1970’s and land use changes have Two different physical phenomena can cause
occurred in some parts of the study unit since then.  differences in concentrations in relation to

The second is that the Anderson level-2 streamflow at a site. One phenomenon is dilution.
classification for agricultural land use combines A solute may be delivered to the stream at a

cropland and pasture (Anderson, 1976). There are reasonably constant rate (due to a point source or
large differences in the use and timing of fertilizer ground-water discharge to the stream). Runoff will
application between different crops and between dilute the concentration of the solute as discharge
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Figure 17. Relation between nitrogen concentrations and discharge for streams in agricultural areas.

increases. The result is a decrease in concentration increasing flow. Both of these phenomena occur in

with increasing flow. The other phenomenon is the Trinity River Basin.

washoff. A solute, sediment, or a constituent

attached to sediment can be delivered to the stream Twelve sites sampled by the USGS,

primarily from overland flow from paved areas or representing all three stream types described
cultivated fields, or from streambank erosion. In above, were used to evaluate the relations between
this case, concentrations tend to increase with nutrient concentrations and streamflow. Rank
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Figure 18. Relation between ammonia plus organic nitrogen concentrations and discharge for streams in

agricultural areas.

correlations and p-values indicate the amount of
monotonic correlation between the constituent
concentration and discharge, and the significance
of the relation (table 6). Increasing concentrations
with increasing flow (washoff) occur at tributary
sites in agricultural or mixed agricultural and range
areas (figs. 17-20). This relation indicates natural

and human nonpoint sources of nutrients are
present in the tributary drainages.

Decreasing concentrations with increasing
flow (dilution) occur at sites below the major point
sources of wastewater in the Dallas-Fort Worth
area (figs. 21-24). Concentrations at high flows in
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Figure 19. Relation between nitrite-plus-nitrate concentrations and discharge for streams in agricultural

the lower-right graph is the most downstream

concentrations at high flows at sites below major (figs. 21-24). Increased concentrations and the
point sources (figs. 17-24). Plots on figures 21 change in relation to discharge caused by the
through 24 are “stacked” in downstream order addition of wastewater effluent are indicated by

from upstream from the first major WWTP to
downstream from Livingston Reservoir. The
upper-left graph is the most upstream site and

comparing site 08048543, West Fork Trinity River
at Beach Street in Fort Worth (the most upstream
site), with site 08049500, West Fork Trinity River
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Figure 20. Relation between phosphorus concentrations and discharge for streams in agricultural areas.

at Grand Prairie. Livingston Reservoir is between
site 08065350, Trinity River near Crockett, and site
08066500, Trinity River near Romayor.
Constituent concentrations decline significantly
between these two sites, and the relation to
discharge changes.

Concentrations at sites 08048543 and
08066500 varied little with changes in discharge.
Site 08048543 has about 93 percent of its drainage
area regulated by Benbrook Lake on the Clear Fork
Trinity River and Lake Worth on the West Fork
Trinity River. Site 08066500 has about 96 percent
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Figure 21. Relation between nitrogen concentrations and discharge for streams in and downstream from
Dallas-Fort Worth.

of its drainage area regulated by Livingston appear to be significant compared to the effects of
Reservoir. Mixing of inflows in the reservoirs the reservoirs.

results in relatively little change in concentrations

with changes in discharge downstream from the

reservoirs. Some washoff from the adjacent The largest nutrient concentrations at sites
urbanized areas of Fort Worth may contribute subject to washoff often occur during the initial
nutrients to site 08048543; however, it does not rise in streamflow. Larger concentrations during
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Figure 22. Relation between ammonia plus organic nitrogen concentrations and discharge for streams in

and downstream from Dallas-Fort Worth.

the initial rise in streamflow are indicated by plots
of discharge and concentrations for multiple
samples for a single flow event at three tributary
sites (fig. 25). The initial runoff from fields or
developed areas can carry more sediment,

nutrients, and other constituents that have
accumulated during the preceding dry period. As
rainfall continues less readily transported material
is encountered and concentrations in washoff
decrease.
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Figure 23. Relation between nitrite-plus-nitrate concentrations and discharge for streams in and
downstream from Dallas-Fort Worth.

Seasonal Variations factors. Seasonal variations in concentrations were
evaluated at eight sites that each had 60 or more
analyses collected from 1974 to 1991. Evaluations
were made by plotting flow-adjusted residuals of
concentrations by day of the year (Julian day) with
LOWESS curves (figs. 26-29). Data from a longer
time period was used for evaluation of seasonal

Nutrient concentrations can vary seasonally
because of seasonal changes in growth and decay
of vegetation, changes in temperature and
precipitation, seasonal applications of fertilizers
containing nutrients, and other environmental
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Figure 24. Relation between phosphorus concentrations and discharge for streams in and downstream
from Dallas-Fort Worth.

variations, temporal trends, and loads to include during fall and winter and the smallest
major improvements in sewage treatment that concentrations during spring and summer (figs.
occurred in the 1970’s and early 1980’s (Brush and 26-29). This could reflect less utilization of
Promise, 1990). nitrogen during fall and winter by plants.
Exceptions for NO,+NO; are at sites 08049500
While there is considerable variability, the and 08057410, where this pattern is reversed. At

largest concentrations of nutrients generally occur these two sites seasonal patterns of TKN and
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Table 6. Rank correlations between discharge and nutrient concentrations in streams in the
Trinity River Basin, 1982-91

[USGS, U.S. Geological Survey; TKN, Total Kjeldahl nitrogen; NO,, nitrite; NO; nitrate]

Rank

Number corre- Significant
USGS site Constituent of lation p-value at95 percl:ent
samples (tho) level
Tributary sites

08051500 Nitrogen 64 0.69 0.00 yes T
Clear Creek TKN 73 .69 .00 yes T
near Sanger NO,+NO; 72 65 .00 yes T
Phosphorus 73 .80 .00 yes T

08064100 Nitrogen 30 45 .01 yes T
Chambers Creek TKN 44 28 06 no .
near Rice NO,+NO; 44 72 00 yes T
Phosphorus 44 39 .01 yes T

08052780 Nitrogen 55 32 .02 yes T
Hickory Creek TKN 56 33 01 yes T
at Denton NO,+NO; 56 21 13 o e
Phosphorus 56 .58 .00 yes T

08052700 Nitrogen 64 .06 65 no .
Little Elm Creek TKN 74 29 01 yes 0
near Aubrey NO,+NO, 74 24 04 yes T
Phosphorus 74 22 .06 no U

08058900 Nitrogen 19 69 .00 yes T
East Fork TKN 19 62 .00 yes T
Trinity River at NO,+NO, 19 46 05 yes T
McKinney Phosphorus 19 .65 .00 yes T

Sites below major point sources

08049500 Nitrogen 118 -53 00 yes
West Fork Trinity TKN 119 .58 00 yes
River at Grand NO,+NO, 119 -40 00 ys |
Prairie Phosphorus 107 -43 .00 yes
08057410 Nitrogen 105 -.60 .00 yes |
Trinity River TKN 105 -65 .00 yes 4
below Dallas NO,+NO, 106 -30 .00 yes
Phosphorus 106 -.50 .00 yes \

08062500 Nitrogen 104 -7 .00 yes ¥
Trinity River TKN 104 -42 .00 yes ¥
near Rosser NO,+NO; 104 -62 .00 yes |
Phosphorus 93 -75 .00 yes \



Table 6. Rank correlations between discharge and nutrient concentrations in streams in the

Trinity River Basin, 1982-91—Continued

Number :f ::_ Significant
USGS site Constituent of lation p-value at 95 per::em
samples (tho) level
Sites below major point sources—Continued
08065350 Nitrogen 62 -0.81 0.00 yes ¥
Trinity River TKN 63 -16 21 no .
near Crockett NO,+NO;, 63 -83 00 ves ¥
Phosphorus 62 -.67 .00 yes \
Sites below major reservoirs

08048543 Nitrogen 88 -.16 13 no .
West Fork Trinity KN 9% .24 0 yes d
River at Beach NO,+NO, 9% 22 03 yes
Street at Fort Worth Phosphorus 95 -07 51 no .
08066500 Nitrogen 51 20 .16 no .
Trinity River TKN 77 -07 .56 no o
near Romayor NO,+NO; 74 49 .00 yes ¥
Phosphorus 78 07 55 no .

1

NO,+NO; are opposite, with larger concentrations
of TKN corresponding to smaller concentrations of
NO,+NO;. Both sites are in the Dallas area and are
dominated by wastewater effluents. TKN in
wastewater is converted to NO, and NO; in the
presence of dissolved oxygen. Dissolved oxygen
concentrations at these sites also vary seasonally
with larger concentrations during winter than
summer (Brush and Promise, 1990, p. 206-207).
More dissolved oxygen could lead to more rapid
conversion of TKN to NO,+NO; during winter and
result in the observed seasonal patterns of TKN
and NO,+NO;.

Phosphorus concentrations are larger at most
sites during the fall and smaller during the spring
(fig. 29). This pattern could indicate seasonal
variations in the growth and decay of vegetation
with smaller concentrations in spring resulting
from more utilization of phosphorus by plants.

e =no change with discharge; T = positive relation to discharge; | = negative relation to discharge.

Temporal Trends

Trend analysis was performed on the same
eight sites where seasonal variations were
evaluated. Trends were evaluated for the period
1974-91 using the seasonal Kendall test on
flow-adjusted residuals. The period varied slightly
depending on available data (table 7). Trend results
are presented in three ways: (1) graphically by
plotting flow-adjusted residuals of nitrogen, TKN,
NO,+NO,, and phosphorus versus time with
LOWESS curves (figs. 30-33); (2) by symbols on
table 7 indicating either no trend, increasing trend,
or decreasing trend, at the 95 percent confidence
level; and (3) numerically by multiplying the
Kendall slope estimated for the trend (for
statistically significant trends) times 15 years to
show the expected change in median
concentrations in milligrams per liter from about
1975 to about 1990 (table 7). In some cases,
conclusions of trend analysis vary compared with
other studies (Schertz, 1990) because of
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Figure 25. Nitrogen and phosphorus concentrations and discharge for three sites during a flow event on
May 28-29, 1987.

differences in statistical methods, time periods

selected, and confidence intervals used.

No trends were indicated at 08050500, Elm
Fork Trinity River near Sanger. The Elm Fork site

Lake Ray Roberts.

has one relatively small WWTP upstream, at the
city of Gainsville, and is in an agricultural and
range area. The gage was discontinued in 1985
prior to the flooding of the site by construction of
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Figure 26. Seasonal variations in flow-adjusted residuals of nitrogen concentrations.
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Figure 27. Seasonal variations in flow-adjusted residuals of ammonia plus organic nitrogen concentrations.
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Figure 28. Seasonal variations in flow-adjusted residuals of nitrite-plus-nitrate concentrations.
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FLOW-ADJUSTED RESIDUAL OF PHOSPHORUS CONCENTRATION,
IN MILLIGRAMS PER LITER
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Seasonal variations in flow-adjusted residuals of phosphorus concentrations.
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FLOW-ADJUSTED RESIDUAL OF NITROGEN CONCENTRATION,
IN MILLUGRAMS PER LITER
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Figure 30. Temporal trends in flow-adjusted residuals of nitrogen concentrations.
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Figure 31. Temporal trends in flow-adjusted residuals of ammonia plus organic nitrogen concentrations.

48



FLOW ADJUSTED RESIDUAL OF NITRITE-PLUS-NITRATE CONCENTRATION,
IN MILLIGRAMS PER LITER
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Figure 32. Temporal trends in flow-adjusted residuals of nitrite-plus-nitrate concentrations.
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FLOW-ADJUSTED RESIDUAL OF PHOSPHORUS CONCENTRATION,
IN MILLIGRAMS PER LITER
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Figure 33. Temporal trends in flow-adjusted residuals of phosphorus concentrations.
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Small increasing trends in nitrite and
NO,+NO; were indicated at 08066500, Trinity
River at Romayor (table 7). The increasing trends
could result from increases in nitrate and
NO,+NO; concentrations in the Trinity River
above Livingston Reservoir being passed through
the reservoir. The magnitude of change of these
trends is small, estimated to be about 0.1 mg/L
over 15 years for NO,+NO;. No trends were
indicated at this site for nitrogen or phosphorus.

Decreasing trends in all constituents except
nitrite and nitrate were indicated at 08048543, the
West Fork Trinity River at Beach Street in Fort
Worth. There was a small increasing trend in
nitrate concentration. There are no large WWTPs
upstream from the site and the causes of these
trends are not known.

Similar patterns of trend were observed at each
of the other five sites; decreases in ammonia and
TKN and increases in nitrate and NO,+NO;. All
five sites are downstream from major WWTPs in
the Dallas-Fort Worth area. Changes in treatment
practices since the mid-1970’s have resulted in
reduced BOD concentrations in effluents, primarily
by converting ammonia and organic nitrogen to
nitrate. Those changes have not significantly
changed total nitrogen concentrations (table 7) but
have significantly reduced TKN and increased
NO,+NO; concentrations. At 08057410, the
Trinity River below Dallas, median TKN
decreased about 4.3 mg/L over 15 years while
median NO,+NO; increased about 3.6 mg/L
(table 7).

The conversion of TKN to NO,+NO; over
time is indicated by boxplots showing the percent
of total nitrogen as TKN and as NO,+NO; for
successive periods at the Trinity River below
Dallas and the Trinity River near Rosser (fig. 34).
In the mid 1970’s more than 75 percent of total
nitrogen at these sites was TKN and less than 25
percent was NO,+NOs. By the late 1980’s these
proportions had reversed.

As indicated on table 7, there is a gap from
1982 to 1985 in the data for site 08062000. Helsel
and Hirsch (1992; p. 349) recommend that if the
gap in a sample record is more than about one-third

the entire period of data collection a step trend
procedure is probably best. Because the gap in
record for site 08062000 was 4 years out of a
period of 18 years, less than one-third of the
record, a step trend procedure was not used.
Pairwise slopes computed to estimate the Seasonal
Kendall trend slope are calculated “across” the

gap.

Statistically significant decreases in
phosphorus occurred at the two sites downstream
from major WWTPs in the Dallas area (08049500
and 08057410). The causes of the decreases in
phosphorus concentrations are not known but
could have resulted from reductions in the use of
phosphate in detergents. There currently (1994) is
not a phosphate ban in the Dallas-Fort Worth area
(Samuel Brush, North-Central Texas Council of
Governments, oral commun., 1993).

Loads and Yields

Loads of nitrogen, TKN, NO,+NO;, and
phosphorus were calculated for nine sites in the
study unit (table 8). Simplified diagrams of
selected streams in the Trinity River Basin are used
to illustrate the spatial changes that occur with
nutrient loads (figs. 35-37). Streams were
segmented at the locations of WWTP effluent
discharge and at the midpoint between sites used to
calculate loads. The thickness of stream segments
on figures 35 to 37 was varied proportionally to
mean loads for sites represented by the segments;
the larger the load, the wider the line segment on
these figures. Mean loads of nitrogen and
phosphorus are presented graphically for calendar
years 197489 because of the general lack of
temporal trends in concentrations. Mean loads of
TKN and NO,+NO; are presented graphically for
two time periods, 1974-79 and 198489, because
of temporal trends in concentrations of these
constituents during the 1970’s and 1980’s. There
were significant decreases in TKN and increases in
NO,+NO; loads in streamflow downstream from
the Dallas-Fort Worth metropolitan area from the
late 1970’s to the late 1980’s (figs. 36, 37).

Average loads and average yields for 198487
for nine sites are shown versus distance upstream
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Figure 38. Plots showing average annual loads and yields for 1984-87 of nitrogen.
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Figure 39. Plots showing average annual loads and yields for 1984-87 of phosphorus.
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NITRITE-PLUS-NITRATE LOAD,
IN KILOGRAMS PER DAY

Figure 40. Plots showing average annual loads and yields for 1984-87 of nitrite plus nitrate.
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Figure 41. Plots showing average annual loads and yields for 1984-87 of ammonia plus organic nitrogen.
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Flow from sites 08051500 and 08052700
passes through Lake Lewisville before reaching
site 08053000, Elm Fork Trinity River near
Lewisville (pl. 1). Load increases between these
sites, however, the two tributary sites represent
only 22 percent of the drainage area to site
08053000. The yield of nitrogen decreases from
2.8 and 6.7 (kg/ha)/yr at the tributary sites to 2.1
(kg/ha)/yr at site 08053000, downstream from
Lake Lewisville. This decrease is caused by
trapping and uptake of nutrients in the reservoir.
No loads were calculated for sites on the West Fork
or Clear Fork Trinity River upstream from site
08048543. Ninety-three percent of the drainage
area to site 08048543 is captured by reservoirs and
the 4-year average yield of nitrogen at the site was
0.7 (kg/ha)/yr, the smallest nitrogen yield
calculated for any of these nine sites.

Similar downstream patterns of loads and
yields occur for NO,+NO;, TKN, and
phosphorous. Loads and yields are greatly
increased by the addition of wastewater and are
decreased by reservoirs. The magnitude of the
increase in load caused by the WWTPs can be
demonstrated by comparing loads for sites
upstream and downstream from WWTP discharge.
Site 08048543, the West Fork Trinity River at
Beach Street, and site 08053000, the Elm Fork
Trinity River near Lewisville, are both upstream
from the major WWTPs. The combined drainage
area of these two sites is 11,300 km?. Site
08057410, the Trinity River below Dallas, is
downstream from the confluence of the West Fork
Trinity and Elm Fork Trinity Rivers and has a
drainage area of 16,300 km?2. Discharges from
three major WW'TPs enter the river between the
two upstream sites and site 08057410. For the
period 1984--87, the combined mean loads for the
two upstream gages were 3,800 kg/d of nitrogen
and 310 kg/d of phosphorus, and the combined
mean daily discharge was approximately 30 m/s.
During this time the downstream site had mean
loads of 25,000 kg/d of nitrogen and 8,400 kg/d of
phosphorus and a mean daily discharge of 64 m’/s.
This is a 560 percent increase in nitrogen load and
a 2,600 percent increase in phosphorus load, but
only a 110 percent increase in discharge.

Loads continue to increase downstream from
site 08057410; however, because drainage area is
also increasing, the annual yield remains relatively
constant between sites 08057410 and 08062500
and declines downstream at site 08065350. This
decline could result from dilution of flow
dominated by wastewater effluent at the more
upstream sites by inflow from tributaries, some of
which have reservoirs that could reduce nutrient
loads.

Relations to Livingston Reservoir

Livingston Reservoir is a significant sink for
nutrients traveling down the Trinity River (figs.
35-41). To examine the magnitude of this process,
annual nutrient loads and yields for site 08065350,
the Trinity River near Crockett, and site 08066500,
the Trinity River at Romayor, were compared
(fig. 42). The site near Crockett is located about
110 km upstream from Livingston Reservoir and
the site at Romayor is located about 50 km
downstream from the reservoir. From 1974 to
1989, the Trinity River near Crockett had mean
monthly loads of 36,900 kg/d of nitrogen and
10,200 kg/d of phosphorus, whereas the Trinity
River at Romayor had mean monthly loads of
24,000 kg/d of nitrogen and 3,600 kg/d of
phosphorus. Although there was approximately a
30 percent increase in discharge between the two
sites, there was a 35 percent decrease in nitrogen
loads and a 65 percent decrease in phosphorus
loads. Uptake of nutrients by plants, and settling of
sediments and associated nutrients in Livingston
Reservoir are two processes that contribute to the
decrease in nutrient loads.

There was some indication of a decrease in
phosphorus trapping in Livingston Reservoir with
time (fig. 42). If in fact there was a decrease, as
suggested by figure 42, then either loads into the
reservoir were decreasing or loads out were
increasing. There was no trend in phosphorus
concentrations (table 7) or loads, based on a rank
correlation between annual load and time, at the
Trinity River at Romayor. Therefore, there is no
evidence that loads out of the reservoir are
increasing. There was a decrease in the phosphorus
load at the Trinity River near Crockett during the
time period. The rank correlation between annual
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Figure 42. Discharge and differences in nitrogen, phosphorus, and sediment loads for sites above and

below Livingston Reservoir, 1974-88. (Load differences were calculated by substracting the loads below
Livingston Reservoir from the loads above Livingston Reservoir.)
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Table 9. Loads of ammonium and nitrate from atmospheric deposition for two sites and the weighted average for the
Trinity River Basin'

[NH,4, ammonium; NO;, nitrate; kg/ha, kilogram per hectare; N, nitrogen; ---, no data]

National Trends Network stations

Basin weighted-average
Water year TX38 TX56 concentration
NH, NO, NH, NO, NH, NO;
(kg/ha as N) (kg/ha as N) (kg/ha as N) (kg/ha as N) (kg/ha as N) (kg/ha as N)

1982 2.01 2.01 --- - - -
1983 3.06 251 --- - - ---
1984 1.41 1.73 1.26 1.51 1.36 1.67
1985 92 1.76 2.15 2.15 1.11 1.88
1986 96 1.84 1.51 1.71 1.12 1.80
1987 1.51 1.44 1.75 1.88 1.58 1.57
1988 1.04 133 .68 1.32 93 1.33
1989 3.57 253 291 272 3.39 2.58
1990 2.62 1.64 3.15 237 277 1.85
1991 3.01 291 1.96 2.00 3.47 2.65
Median 1.75 1.81 1.85 1.93 1.47 1.83

! The weighted average for the Trinity River Basin was calculated by weighting site loads by the inverse of the squared
distance of the site to the geographic midpoint of the basin.

phosphorus load and time was -0.58 with a p-value
of 0.02. Additionally, time was a significant
variable in the regression estimate of load at
Crockett using the MVUE and the coefficient was
negative. There was a small negative trend in
phosphorus concentrations at this site but it was
not statistically significant (table 7). The decrease
in trapping by Livingston Reservoir is, therefore,
attributed to a decrease in phosphorus load to
Livingston Reservoir since the mid-1970’s.

Comparison of Loads to Atmospheric Deposition

The precipitation that falls onto the study
unit contains appreciable concentrations of
ammonium and nitrate (table 4). Nutrient
concentrations of this magnitude, times
precipitation, result in a relatively large source of
nitrogen to the Trinity River Basin. The mean

annual loads for ammonium and nitrate reported at
the two NTN stations (TX38 and TX56) of interest
to the study unit are listed in table 9. Also listed are
the spatially weighted averages of the loads
estimated for the Trinity River Basin.

The atmospheric loads recorded at the NTN
station at LBJ National Grasslands (TX56) were
compared with the yields in streamflow calculated
for site 08051500, Clear Creek near Sanger,
located approximately S0 km from TX56 (pl. 1).
For the water years 198488, the mean annual load
of nitrate plus ammonium from atmospheric
deposition was 3.5 kg/ha. In comparison, the mean
annual yield at Clear Creek near Sanger for the
same period was only 2.7 kg/ha of total nitrogen.
In addition, the results of a 1988 survey by the
Texas Agricultural Extension Service estimate that
18 kg/ha of total nitrogen is applied annually as
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Figure 43. Nitrate concentrations for wells in seven major and minor aquifers in the Trinity River Basin,

1974-91.

fertilizer to Denton County, where Clear Creek
near Sanger is located (Texas Agricultural
Extension Service, written commun., 1992). These
numbers suggest that only about 10 to 15 percent
of the atmospheric and fertilizer load of nitrogen
runs off. Other possible fates of the nitrogen
include transport to ground water, uptake by plants,
ammonium adsorption by soils, and denitrification
(Novotny and Chesters, 1981).

Ground Water

A total of 1,482 measurements of nitrate from
seven aquifers were available for this analysis. The
median nitrate concentration of these
measurements is 0.1 mg/L as N. The largest
median concentrations by aquifer are in the Queen

City and Nacatoch aquifers (fig. 43). The Kruskal-
Wallis test of nitrate concentrations by aquifer had
a p-value of 0.00001, indicating there are
statistically significant differences in median
concentrations by aquifer. A multiple-stage test
using the Kruskal-Wallis test was performed to
determine which aquifers were different (Helsel
and Hirsch, 1992, p. 200). Nitrate concentrations
fell into three groups by aquifer using this test and
a 95 percent confidence interval. The largest
median concentrations were in the Nacatoch and
Queen City aquifers. Intermediate concentrations
were in the Woodbine aquifer. The smallest
concentrations were in the Trinity Group, Carrizo-
Wilcox, Gulf Coast, and Sparta aquifers. The
causes of these differences are not known;
however, the Nacatoch and Queen City aquifers
had relatively few samples and most of these
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Table 10. Rank correlations for nitrate concentrations versus depth of well' by

aquifer, 1974-91

Number Rank Signlificant at
Aquilfer of correlation, p-value 95 percent

samples rho level
Trinity Group 649 -0.20 0.00 yes
Woodbine 347 -11 04 yes
Nacatoch 21 -45 .04 yes
Carrizo-Wilcox 130 -34 001 yes
Queen City 32 -.39 .03 yes
Sparta 37 -51 001 yes
Gulif Coast 45 -.36 .02 yes
All wells 1,261 -.20 000 yes

! Only wells less than 500 meters deep were used.

samples were from relatively shallow wells. These
relations can be summarized by:

NCTC = QNCT > WDBN > TRIN = CZWX = GULF = SPRT,

where,

NCTC = Nacatoch
QNCT = Queen City
WDBN= Woodbine
TRIN = Trinity
CZWX = Carrizo-Wilcox
GULF = Gulf Coast
SPRT = Sparta

There is a significant rank correlation between
nitrate concentration and depth of well for all seven
aquifers with larger concentrations in shallow
wells (fig. 44, table 10). The largest concentrations
mostly occur in wells that are less than about 100
m deep. Less than 1 percent of samples exceeded
the Environmental Protection Agency’s maximum
contaminant level (MCL) for nitrate of 10 mg/L;
however, 5 of the 28 samples (18 percent) from
wells less than 15 m deep exceeded the MCL. Ten
of the 84 samples (12 percent) from wells less than
30 m deep exceeded the MCL. Larger
concentrations in shallow wells could result from

nonpoint sources of nitrate in water recharged
through agricultural or residential areas.

The relation between nitrate concentrations in
wells and agricultural land use was evaluated for
wells less than 60 m deep. Land use was
determined for wells by digitally overlaying 1-km
radius circles around wells with the GIRAS land-
use data. The percent of area within the circles
classified as agricultural land use was than
computed and assigned to the wells. There was not
a significant rank correlation between percent
agricultural land use and nitrate concentration for
wells 0 to 60 m deep or for wells 0 to 30 m deep.
For wells 0 to 60 m deep the correlation coefficient
was -0.03, the p-value was 0.61, and the sample
size was 250.

There are a number of limitations and
assumptions to the analysis of relations to
agricultural land use. These include: (1) the
assumption that recharge to the wells occurs within
1 km of the well; (2) the assumption that water
sampled from the well was recharged during a time
period of similar land use to what is mapped by the
GIRAS data (mid-1970’s); (3) the limitation that
other land uses such as urban are not accounted for;
and (4) the limitation that a variety of land uses are
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Table 11. Summary of daily suspended-sediment data from selected U.S. Geological Survey sites

[USGS, U.S. Geological Survey; mg/L, milligrams per liter; kg/ha, kilograms per hectare]

Daily Dally Daily
suspended- suspended- suspended-
USGS sediment sediment sediment Period of
site Site concentrations loads yields record
number (mg/L) (tonnes) (kg/ha) used
Median Maximum Minimum Mean Mean
08044000 Big Sandy Creek 68 1,150 3 70 1 10-73 to 7-76
near Bridgeport
08051500 Clear Creek 36 2,920 1 317 4 10-73 to 8-76
near Sanger
08065000 Trinity River 105 1,920 i5 2,586 1 10-75 to 6-80
near Oakwood
08065800 Bedias Creek near 35 915 10 68 1 10-83 to 7-85
Madisonville

included in the agricultural class in the GIRAS
data.

The relation between nitrate concentrations
and nitrogen fertilizer application data by county
(Texas Agricultural Extension Service, written
commun., 1992) was also evaluated. Wells were
assigned nitrogen fertilizer application rates based
on what county they were located in. Nitrate
concentrations did not have statistically significant
rank correlations to fertilizer application rates
using all wells and using wells less than 30 m deep.
For wells less than 30 m deep, the correlation
coefficient was less than 0.01. Therefore, no
relation to fertilizer application rates by county can
be demonstrated.

These evaluations indicate that nitrate
concentrations are larger in shallow zones of all
seven aquifer groups. The zone of larger
concentrations extends to a depth of about 100 m
below land surface. Significant relations between
nitrate concentrations and nitrogen fertilizer
application rates and between nitrate
concentrations and agricultural land use were not
found using existing data.

ANALYSIS OF AVAILABLE DATA FOR
SUSPENDED SEDIMENT

Suspended-sediment concentrations were
monitored by the USGS at seven sites in the Trinity
River Basin. Daily suspended-sediment
concentrations were measured and loads were
calculated at four USGS sites for periods from 3 to
6 years between water years 1974 and 1985. Three
of these sites are on tributaries and one is on the
mainstem of the Trinity River. In addition, three
USGS sites on the Trinity River were sampled
periodically, usually six times per year. Periodic
data for two of these sites were used to calculate
loads using the MVUE.

Minimum, median, and maximum suspended-
sediment concentrations, loads, and yields were
calculated for the daily suspended-sediment sites
(table 11). The largest median concentration
occurred at the Trinity River near Oakwood and
the smallest occurred at Bedias Creek near
Madisonville and at Clear Creek near Sanger.
These differences could be related to land use, soil,
geology, and other physical factors; however, no
conclusions regarding relations to environmental
factors were warranted because of the limited
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number of sites and because the periods of record
differ between sites.

Livingston Reservoir is located between two
sites, 08065350 and 08066500, for which periodic
suspended-sediment data are available. The annual
load of suspended sediment was smaller for the site
below Livingston Reservoir (08066500) than for
the site above the reservoir (08065350), even
though mean discharge was approximately 30
percent greater at the downstream site during the
study period (fig. 42). The differences in loads
observed between these two sites can be attributed
to trapping of sediment in Livingston Reservoir.
Although no temporal trends are indicated by the
annual load differences (fig. 42), there is a relation
between annual load differences and discharge at
these sites. The largest differences in the annual
suspended-sediment loads take place during years
of greatest discharge.

SUMMARY

A total of about 5,700 water-quality samples
from the Trinity River Basin were analyzed. Of
these, about 4,200 were from streams and about
1,500 were from wells. Additionally, atmospheric
deposition data for two locations were obtained
and analyzed.

Spatial variations in nutrient concentrations are
related primarily to point sources and reservoirs.
The smallest concentrations occurred immediately
downstream from reservoirs, which act as sinks for
nutrients. Nutrient concentrations in agricultural
areas were positively correlated to percent of
drainage in agricultural land use and to discharge,
indicating washoff of nutrients from nonpoint
sources during storms. Nutrient concentrations
downstream from point sources were inversely
related to discharge, indicating dilution at higher
flows.

Total nitrogen and phosphorus concentrations
did not change significantly, at the 95 percent
confidence level, from 1974 to 1991 at most sites.
The exception was a decrease in phosphorus
concentrations at two sites in and downstream from

major wastewater-treatment plants in the Dallas
area. Concentrations of organic nitrogen and
ammonia declined and concentrations of nitrite
plus nitrate increased at sites below major
wastewater-treatment plants. These changes are
indicative of improvements in wastewater
treatment that convert organic nitrogen and
ammonia to nitrite and finally nitrate. Because
nitrogen conversion reactions consume oxygen,
this conversion at the treatment plants instead of in
the streams resulted in reduced loading of
biochemical oxygen demand to the streams.

As with concentrations, nutrient loads and
yields were related to the occurrence of point
sources and reservoirs. Loads calculated at sites
above and below three major wastewater-treatment
plants in the Dallas area showed a 560 percent
increase in nitrogen load and a 2,600 percent
increase in phosphorus load, but only a 110 percent
increase in discharge below the plants. Nitrogen
and phosphorus loads were 35 percent and 65
percent smaller, respectively, at the Trinity River at
Romayor, downstream from Livingston Reservoir,
than at the Trinity River near Crockett, upstream
from Livingston Reservoir, even though flow was
30 percent greater at the downstream site.

The only nutrient measured in ground water
was nitrate. Nitrate concentrations varied by
aquifer with the largest median concentrations in
the Queen City and Nacatoch aquifers. There was a
significant rank correlation between nitrate
concentrations and depth of well for all seven
aquifer groups sampled with larger concentrations
in shallow wells. The larger concentrations could
result from nonpoint sources of nitrate in water
recharged in agricultural and urban areas; however,
concentrations of nitrate in ground water did not
correlate to nitrogen fertilizer application rates or
agricultural land use.

Only limited suspended-sediment data were
available. Four sites had daily sediment-discharge
records for three or more years between water
years 1974-85. An additional three sites had
periodic suspended-sediment concentrations
measured. There are differences in concentrations
and yields among sites; however, the limited
amount of data precludes developing statistical or
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cause-effect relations with environmental factors
such as land use, soils, and geology. Data are
sufficient, and the relation is pronounced enough,
to indicate trapping of suspended sediment by
Livingston Reservoir.
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