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AREAL AND TEMPORAL VARIATIONS IN THE QUALITY OF
SURFACE -WATER IN HYDROLOGIC ACCOUNTING UNIT 120301,
UPPER TRINITY RIVER BASIN, TEXAS

By
Frank C. Wells, Jack Rawson, and Wanda J. Shelby

ABSTRACT

Hydrologic Accounting Unit 120301 is located in north-central Texas and
includes that part of the Trinity River basin upstream from the National
Stream Quality Accounting Network station 08062700, Trinity River at Trinidad,
Texas. Normal annual precipitation ranges from about 28 inches in the western
part of the basin to almost 40 inches in the eastern part. The population of
the upper Trinity River basin was nearly 3 million in 1980. Total water use
in 1980 was approximately 826,000 acre-feet, of which 90 percent was obtained
from surface-water resources.

Mean discharges for most stations in the study area during the 1973-82
water years were significantly larger than mean discharges for the period of
record. Mean discharges throughout most of the study area during the 1982
water year were more than 300 percent of the long-term mean flow.

Water in the upper Trinity River basin upstream of the Dallas-Fort Worth
metroplex is generally a calcium bicarbonate type water. In the West Fork
Trinity River downstream from Fort Worth and the main stem of the Trinity River
from Dallas to Trinidad, the water is a mixed sodium calcium bicarbonate type
water. Average dissolved-solids concentrations during the study period ranged
from 174 milligrams per liter in the EIm Fork Trinity River near Lewisville to
682 milligrams per liter in Mountain Creek near Cedar Hill. Discharge-weighted
average dissolved-solids concentrations during 1973-82 water years ranged from
165 milligrams per liter in the Elm Fork Trinity River near Lewisville to 416
milligrams per liter at Mountain Creek near Cedar Hill.

Daily dissolved-solids 1oads increased from 225 tons at West Fork Trinity
River at Beach Street, Fort Worth, to 2,410 tons in the Trinity River at Trini-
dad. In the 450 square miles of intervening drainage area between West Fork
Trinity River at Beach Street, Fort Worth, and West Fork Trinity River at
Grand Prairie, the average daily dissolved-solids load increased by 305 tons.

Upstream of the municipal waste effluents in the Dallas-Fort Worth metro-
plex, average dissolved-oxygen concentrations generally exceed 7.0 milligrams
per liter, average dissolved-oxygen percent-saturation values generally exceed
70 percent, and average biochemical oxygen demand concentrations generally
were less than 4.0 milligrams per liter. Downstream of the municipal waste
effluents, average dissolved-oxygen concentrations generally did not exceed
5.0 milligrams per liter, average dissolved-oxygen percent-saturation values
generally were less than 50 percent, and average biochemical oxygen demand
concentrations generally were greater than 12.0 milligrams per liter.



Average concentrations of total nitrogen and total phosphorus increase
significantly downstream of municipal waste effluents in the Dallas-Fort Worth
metroplex. At West Fork Trinity River at Grand Prairie, Trinity River below
Dallas, and East Fork Trinity River near Crandall, average total-nitrogen con-
centrations were in excess of 9.0 milligrams per 1iter and average total-
phosphorus concentrations were in excess of 3.7 milligrams per liter.

Total-organic nitrogen was the dominant nitrogen species upstream of the
Dallas-Fort Worth metroplex, except at Elm Fork Trinity River near Sanger where
nitrate was the predominant nitrogen species. Average total organic-nitrogen
concentrations upstream of the major waste effluents generally did not exceed
1.0 milligram per Tliter. Total ammonia nitrogen was the dominant nitrogen
species downstream of municipal waste effluents. Total ammonia-nitrogen con-
centrations at East Fork Trinity River near Crandall ranged from 0.00 to 24.0
milligrams per liter and were dreater than 6.0 milligrams per liter in more
than 50 percent of the samples analyzed,

Concentrations of arsenic, barium, cadmium, chromium, copper, mercury,
selenium, and zinc have not been detected in excess of the U.S. Environmental
Protection Agency maximum or secondary contaminant levels. Lead has been
detected in excess of the 50 micrograms per liter maximum contaminant level,
and iron has been detected in excess of the 300 micrograms per liter secondary
maximum contaminant level at two sites on streams in the study area. Manganese
has been detected in excess of the 50 micrograms per liter secondary maximum
contaminant level at 14 sites on streams. Downstream of the Dallas-Fort Worth
metroplex, manganese concentrations have exceeded 50 micrograms per liter in
more than 50 percent of the samples analyzed.

Concentrations of the organochlorine insecticides 1indane, chlordane, and
dieldrin have not exceeded 0.30 microgram per liter. The maximum concentration
of diazinon detected was 7.7 micrograms per liter at Trinity River below Dallas.
Concentrations of the chlorophenoxy herbicide 2,4-D has been detected in excess
of 4.0 micrograms per liter at Trinity River below Dallas and Trinity River
near Rosser,

Specific conductance and concentrations of dissolved solids and major ions
generally varied inversely with streamflow. Lowest values or concentrations
generally occured during high streamflow periods in April, May, and June.

Seasonal variations in concentrations of dissolved oxygen were inversely
related to seasonal variations in water temperature.

In effluent-dominated reaches of rivers, the smallest concentrations of
total nitrogen and total phosphorus generally occured during high streamflow
periods in April, May, and June.

Trend analyses for selected inorganic constituents or properties were
performed at 17 streamflow stations, and significant trends were detected in
one or more constituents at six stations. Uptrends were detected in dissolved
solids, dissolved calcium, dissolved sodium, dissolved chloride, dissolved sul-
fate, and hardness at East Fork Trinity River near Crandall. Downtrends in
volume-weighted average concentrations of dissolved solids, dissolved chloride,
dissolved sulfate, and hardness were detected in Lake Arlington.
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Trend analyses for dissolved oxygen, dissolved-oxygen percent saturation,
and biochemical oxygen demand were pa2rformed at eight sites on streams in the
upper Trinity River basin. Trends were detected in one or more of the constit-
uents or properties at five locations. Uptrends in dissolved oxygen were
detected at Trinity River below Dallas and Trinity River near Rosser. A down-
trend in dissolved oxygen was detected at Trinity River at Grand Prairie,
Texas.

Trend analyses for total nitrogen, organic nitrogen, ammonia nitrogen,
nitrite plus nitrate nitrogen, and total phosphorus were performed at eight
sites on streams. Trends were detected in one or more of these constituents
at all eight locations. Total-organic nitrogen showed uptrends at six loca-
tions, and total phosphorus showed downtrends at five locations.

Data collected at Trinity River at Trinidad do not represent areal varia-
tions throughout accounting unit 12030100. The data-collection program recom-
mended to do so consists of bimonthly sampling for major inorganic constituents,
nutrients, dissolved oxygen, biochemical oxygen demand, and indicator bacteria;
quarterly sampling for dissolved minor elements; and semiannual sampling for
total pesticides at 13 streamflow stations. In addition, three intensive water-
quality surveys per year would be conducted on nine of the major reservoirs in
the accounting unit.

In assessing the value of daily sampling over periodic sampling, monthly
and annual discharge-weighted average concentrations for four constituents or
properties and loads for three constituents were compared using different sam-
pling intervals. Data from the tests indicate that monthly and yearly discharye-
weighted average concentrations and loads can be estimated within specified
accuracy limits and daily measurements of specific conductance would not oe
required.

INTRODUCTION

The National Stream Quality Accounting Network (NASQAN) is operated by the
U.S. Geological Survey to provide a uniform continuing measure of the quantity
and quality of flow in streams of the United States on regional and national
bases. The design of the network is described in U.S. Geological Survey Circu-
lar 719 (Ficke and Hawkinson, 1975). Data-collection activities at the first
50 NASQAN (National Stream Quality Accounting Network) stations were either
initiated or upgraded in January 1973 to meet the design specifications for
network operation. Appropriations during subsequent fiscal years permitted
expansion of the program to include at least one station in each unit of the
designed level I accounting network, thereby placing 345 stations in operation
during fiscal year 1975 and 517 stations in operation during fiscal year 1982.
There are currently 501 active stations in the NASQAN program.

The primary objective of NASQAN is to obtain information on the quantity
and quality of water moving within and from the United States through a system-
atic and uniform process of data collection, summarization, analysis, and
reporting, such that the data may be used: (1) To describe the areal variabil-
ity of water quality in the Nation's streams through analysis of data from
this and other programs, (2) to detect changes with time in the pattern of
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occurrence of water-quality characteristics, and (3) to provide a consistent
national data base useful for water-quality assessment and hydrologic research.
Many of the stations included in NASQAN previously were operated as parts of
other local or specjal-purpose programs. Consequently, considerable historical
data exist for some of the stations. However, before the implementation of
NASQAN, available data were inadequate to determine areal differences and
temporal changes in water quality on a nationwide basis because many of the
local or special-purpose stations were operated for short periods, were moved
frequently, or lacked standardization of constituents measured.

NASQAN, a fixed-frequency, fixed-station network, was designed to remedy
most of these deficiencies. Stations in the network generally will be operated
indefinitely. Changes in the suite of characteristics measured and in the fre-
quency of measurement are made only after it has been demonstrated that such
modifications will not adversely affect the fulfillment of network objectives.

Most NASQAN stations are located near the downstream ends of hydrologic
accounting units so that approximately 90 percent of the surface water leaving
the accounting unit is measured. Some stations are located upstream from
major pollution sources; others are located downstream from such sources.
Consequently, the water quality within some of the individual hydrologic
accounting units may vary greatly. Standard statistical summaries and analyses
of trends by the Geological Survey, based on data collected at NASQAN stations,
have provided useful information concerning the water quality of the Nation's
surface-water resources. (See "Selected References.") However, use of data
from a single station near the terminus of a hydrologic accounting unit to
represent water quality throughout an accounting unit may yield erroneous
conclusions concerning the variability of water-quality conditions within or
between hydrologic accounting units and thus, throughout the Nation. Recogniz-
ing these potential deficiences in the evaluation of NASQAN data, the Geological
Survey has initiated a series of pilot studies using available data for NASQAN
and adjacent non-network stations to describe the variability of water quality
in selected hydrologic accounting units and to relate the variability to general
causative factors.

PURPOSE AND SCOPE

The Texas District of the Geological Survey prepared this report on the
quality of surface water in the upper Trinity River basin as part of a series
of pilot studies to determine the adequacy of fixed-frequency data collected
at selected NASQAN stations to describe the areal and temporal variability of
water quality throughout the respective hydrologic accounting units.

The area encompassed by this study and referred to as the "upper Trinity
River basin" includes that part of the Trinity River basin upstream from NASQAN
station 08062700, Trinity River at Trinidad, Texas. This area is designated
on Hydrologic Unit Map--1974 (U.S. Geological Survey, 1976) as hydrologic
accounting unit 120301.

The study of the quality of surface water in this hydrologic accounting
unit was designed to accomplish the following objectives.



(1) Describe, on both spatial and temporal bases, the quality of surface
water throughout the hydrologic accounting unit upstream from the NASQAN sta-
tion.

(2) Relate both the spatial and temporal variability of water quality to
general causes such as basin characteristics, including 1and and water uses.

(3) Assess the ability of water-quality data collected at the NASQAN
station to represent, on both spatial and temporal bases, the water quality
for the hydrologic accounting unit.

(4) If water-quality data at the NASQAN station do not represent water
qual ity throughout the hydrologic accounting unit, describe the minimum data-
collection program necessary to do so.

(5) Assess the usefulness of daily values versus periodic water-quality
data to accompl ish the other four objectives.

Before 1968, analyses of water samples collected by the Geological Survey
from streams and reservoirs throughout Texas usually included only the princi-
pal inorganic constituents and related properties. To supplement this informa-
tion, the water-quality sampling program by the Geological Survey in cooperation
with State, Federal, and l1ocal agencies was expanded to include the periodic
determination of biochemical oxygen demand (BOD), dissolved oxygen (DO), macro-
nutrients (total nitrogen and phosphorus), and minor elements for selected
sites on many of the major streams and reservoirs (Rawson, 1974). Sampling
for these parameters or constituents at most sites in the upper Trinity River
basin was begun after 1972. Consequently, this report is based on water-quality
data collected during the 10-year period from October 1972 through September
1982 (water years 1973-82).

BASIN DESCRIPTION
Location, Physiography, and Stream System

The upper Trinity River basin (fig. 1) comprises an area of about 8,540
miZ in north-central Texas. The land surface of the area generally slopes
from the northwest to southeast, but locally toward the Trinity River and its
tributaries. Altitudes range from about 1,400 ft in the northwest to less
than 300 ft in the southeast along the Trinity River.

The physiography of the region is controlled chiefly by the types of rock
outcrops. Resistant rocks form prominent westward-facing escarpments in some
areas of the western part of the basin in Jack, Wise, and Parker Counties, but
most of this area is rolling to hilly. Most of the bedrock in the western part
of the basin is sandstone or sandy shale. Soils on the rugged hills are stony,
but sandy 1o0ams predominate on the more gently rolling land. Although part of
the 1and has been cleared for fields, most of the land is covered by grasses
and timber.

The area in the central and eastern parts of the basin consists of a ser-
ies of north-trending belts of treeless, grass-covered prairies and timbered
rolling hills. A narrow belt north and south of Fort Worth in the central
part of the basin is gently rolling to almost level grassland. The 1imestone
bedrock is hard and resistant to erosion. Soils vary but predominantly are of
limestone origin. The eastern half of the basin is predominantly a grass-
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covered prairie. The black, fine-grained clay soils are some of the most
productive in Texas.

The West Fork Trinity River, the principal headwater stream of the Trinity
River, originates in southeastern Archer County and flows southeastward for
about 185 mi to its confluence with the Elm Fork Trinity River to form the
Trinity River in the western part of Dallas County (fig. 1). For the purposes
of this report, the West Fork Trinity River upstream from this junction is
designated as the main stem. Principal tributaries of the West Fork Trinity
River, in downstream order, include Big Sandy Creek, Clear Fork Trinity River,
Village Creek, and Mountain Creek.

The E1m Fork Trinity River originates in eastern Montague County, flows
southeastward for about 85 mi, and joins the West Fork Trinity River in Dallas
County. Principal tributaries include Clear Creek and Denton Creek.

The East Fork Trinity River, the major tributary downstream from the con-
fluence of the West and Elm Forks, originates in Grayson County, flows south-
ward for about 80 mi, and joins the mainstem Trinity River in southwestern
Kaufman County.

Geology

The geology of the upper Trinity River basin has been described by Peckham
and others (1963, p. 16-20); and the following description has been abstracted
from the published report.

Rocks exposed in the upper Trinity River basin consist of a series of
north-trending belts of sedimentary deposits and rocks of Pennsylvanian, Creta-
ceous, and Tertiary age. The locations of the outcrop areas are shown in
figure 2. The lithology of the geologic units from youngest to oldest and
their water-bearing properties are summarized in table 1.

During Pennsylvanian time, deposition of sediments in a large sea produced
a sequence of marine sand, shale, and 1imestone. These undifferentiated rocks of
Pennsylvanian age crop out in the northwestern part of the upper Trinity River
basin and dip regionally toward the north and west (fig. 2). Because most of
these rocks have relatively small permeabilities and dip in the opposite direc-
tion of the slope of the land surface, the quantity of water moving through
them is small.

Following a period of uplifting and erosion, deposition of sediments dur-
ing Cretaceous time produced a sequence of marine sand, shale, and 1imestone
on truncated Pennsylvanian rocks. These sedimentary rocks of Cretaceous age
are exposed at the surface as a series of north-trending belts in the central
two-thirds of the upper Trinity River basin and consist of the Trinity,
Fredericksburg, and Washita Groups, the Woodbine Formatjon, and the Eagle Ford,
Austin, Taylor, and Navarro Groups. The Cretaceous rocks dip east and south
but at a 1esser rate than the slope of the land surface, which has facilitated
the regional southeastward movement of freshwater from the outcrop areas to
downdip areas of lower altitudes.
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Table 1,--Geologic units and their water-bearing characteristics

Group Stratigraphic Approximate Water-bearing
System Series and unit thickness Character of rocks characteristics
formation {feet)
Eocene Wilcox 0-3,500+ Interbedded sand and shale Yields only small quanti-
With some lignite beds. ties of water.

Tertiary |Paleocene Midway 0- 900+ Massive shale with a few Yields only small quanti-
thin sand streaks and |ime- ties of water from a
stone beds. 1imestone lentil in Lime-

stone County.
Kemp 0- 500 Clay. Not known to yield usable
Clay water in the basin.
Nacatoch 0- 200 Fine-grained sand and sandy Yields small to moderate
Navarro Formation clay. quantities of water in
and near the outcrop.
Neylandville 0- 300 Limestone, marl, and clay. Not known to yield usable
Formation water in the basin.
Gulfian Taylor Undivided 0-1,200 Clay, marl, and chalk, with Yields only small quanti-
some sand and sandy marl. ties of water in the out
crop.
Austin Undivided 0- 800 Chalk, marl, and limestone. Not known to yield usable
water in the basin.

Eagle Ford Undivided 0- 640 Shale with thin laminated Yields only small quanti-
beds of sandstone and lime- ties of poor quality
stone. water the outcrop.

Woodbine 0- 500 Ferruginous sand, sandstone, Yields moderate to large
Cretaceous Formation clay, and some lignite. quantities water.
Washita Undivided 0- 690 Alternating shale, limestone, | Yields only small quanti-
clay, and some sand. ties of water in the out-
crop.
Fredericks- Undivided 0- 370 Shale, clay, marl, limestone, | Not known to yield usable
burg and shell agglomerate. water in the basin.
Paluxy 0- 450 Fine-grained sand, sandy Yields moderate quanti-
Formation shale, shale, sand ties of water.
2 lenses, and anhydrite,
Comanchean gig Glen g;O-l,UOO Dense to marly limestone, Yields small quantities
g% Rose :i marl, shale, sand lenses, of water in localized
Trinity >8 Formation | and anhydrite, areas.
:g;g Travis 200-900 Coarse- to fine-grained sand,| Yields large quantities
=5 Peak shaly sand, and sandy shale; | of water.
Formation shale; varicolored shale and
clay with some thin limestone
lentils,

Pennsyl - Shale, limestone, sandstone, | Yields small to moderate

vanian Undifferentiated and conglomerate, quantities of water in

localized area.
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Following a period of uplifting of the area where Cretaceous rocks are
exposed and subsidence of areas southward toward the Gulf of Mexico, repeated
transgression and regression of the sea resulted in the deposition of marine
and continental deposits of Tertiary age. The marine sediments consist pre-
dominantly of clay, shale, and marl with minor amounts of sand. Continental
deposits consist of sand and lesser amounts of clay, shale, and lignite.
The Midway and Wilcox Group of Tertiary age crop out near the western limit
of the upper Trinity River basin and dip eastward.

Climate

Monthly and annual summaries of climatological records for Texas are pub-
1ished by the U.S. National Oceanic and Atmospheric Administration (NOAA). The
following summary of climatological data for the upper Trinity River basin has
been abstracted from these publications. (See "Selected References.")

Climatological normals published by NOAA, and included in this report, are
based on a 30-year period and are updated every 10 years by adding data for the
most recent 10 years and subtracting data for the oldest 10 years.

The climate of the upper Trinity River basin is humid subtropical with hot
summers. The high summer temperatures usually are associated with fair skies,
westerly winds, and low humidities. The extremely hot temperatures that some-
times occur during summer usually do not prevail for an extended period.
Al though winters are usually mild, "northers" occur during the colder months
and often are accompanied by sudden decreases in temperature.

In the Dallas-Fort Worth metroplex near the center of the basin, the nor- -
mal annual air temperature based on records for 1941-70 is about 65.5°F
(18.6°C). The normal monthly air temperature ranges from about 35°F (2°C) in
January to about 85°F (29°C) in July. Daily temperatures for the period of
record have ranged from about -3°F (-19°C) to about 115°F (46°C). The first
freeze usually occurs in late November, but has occurred as early as October.
The 1ast freeze usually occurs in mid-February but has occurred as late as
mid-April.

The normal annual precipitation based on records for 1941-70 ranges from
about 28 in. in the western part of the basin to about 40 in. in the eastern
part and averages about 32 in. (fig. 3). A large part of the annual precipita-
tion results from thunderstorm activity, with occasional intense rainfall dur-
ing brief periods. Greatest amounts of rain generally occur in the spring,
usually during April and May. Hail normally falls in the area for brief peri-
ods during 2 or 3 days a year. Snow occurs only rarely throughout most of the
area and is unimportant as a source of moisture.

In the Dallas-Fort Worth metroplex near the center of the basin, the normal
annual precipitation based on records for 1941-70 is about 32.3 in. The normal
monthly precipitation ranges from about 1.8 in. for January to about 4.5 in. for
May (table 2). Annual precipitation for 1973-82 averaged about 34.6 in. or
about 107 percent of the 1941-70 normal.
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