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STU D Y AND I N T E R PRE TAT ION o F

C HEM I CAL QUA LIT Y o F

SUR F ACE W ATE R S I N THE

BRA Z 0 S R I V E R BAS IN, T E X A S

ABSTRACT

The Brazos River basin, which begins in New Mexico and extends to the Gulf
of Mexico, has a total drainage area of about 45,000 square miles. Of this area
about 9,000 square miles in the upper reaches normally does not contribute to
streamflow. Ninety-six percent of the basin is in Texas. Included in the basin
are parts of four physiographic provinces--the High Plains and the Central Texas
section of the Great Plains Province, the Osage Plains section of the Central
Lowlands Province, and the West Gulf Coastal Plain section of the Coastal Plain
Province. The topography is characterized by the nearly flat elevated surface
of the High Plains; the gently sloping plain dissected by entrenched streams in
the Osage Plains; and the hilly, gently rolling country of the West Gulf Coastal
Plain, which merges with the nearly flat land along the Gulf of Mexico.

In 1960 the population of the basin was about 1,300,000, more than half of
which was urban. Twenty-nine cities had more than 5,000 inhabitants in 1960,
the largest city being Lubbock with a 1960 population of 128,691. A rapid urban
growth has been accompanied by an evolution of the economy of the basin from a
base predominantly agricultural to a base that blends agriculture, oil and gas
production, and diversified industry.

Precipitation and runoff with the Brazos River basin are unevenly distri
buted both areally and seasonally. Average precipitation ranges from less than
18 inches per year in the upper portions of the basin to about 48 inches on the
coastal plain. Runoff follows the precipitation trend and increases from west
to east. During the 1943-64 period, annual runoff from sub-basins ranged from
less than 1 inch in the upper part of the basin to more than 4 inches in the
lower part.

Because precipitation and runoff in the basin are highly variable with
regard to time, many of the streams are frequently dry or nearly dry. There
fore, storage projects are required to make surface water available in depend
able quantities for municipal or industrial use. At the end of the 1964 water
year, each of 30 reservoirs, either existing or under construction, had a con
servation-storage capacity of 5,000 acre-feet or more. Most of these are
located on tributaries. Only two reservoirs, Possum Kingdom and Whitney Reser
voirs, are located on the main-stem Brazos River.



The dissolved-mineral content and chemical character of surface waters in
the Brazos River basin differ widely from one stream to another, from location
to location on the same stream, and from time to time at any specified location.
Geologic factors, runoff and streamflow characteristics, and activities of man
largely determine the nature and amount of dissolved minerals transported by the
Brazos River and its tributaries.

Rocks that crop out in the basin range in age from Early Ordovician to
Recent and consist of many lithologic types. In the semiarid western part of
the basin, many rocks contain large quantities of halite, gypsum, limestone, or
dolomite. However, the chemical composition of the rocks, and thus the water
of streams that drain from them, varies with local conditions. Base flow in
many of these streams usually is non-existent. However, seeps and springs in
Permian rocks that crop out in the drainage areas of Croton and Salt Croton
Creeks flow much of the time and account for much of the salinity of the Salt
Fork Brazos River and thus of the main-stem Brazos River. In the lower part of
the basin, where precipitation is heavier, the well-leached rocks and soils
usually yield water of low mineralization.

In many streams of the basin not appreciably regulated by upstream reser
voirs, concentrations of dissolved minerals usually are minimum during periods
of high flow when most of the water is surface runoff. Concentrations usually
increase during low flow when the proportion of ground-water inflow to total
surface-water outflow is maximum. However, the mineral content of many streams
varies over wide ranges at all rates of water discharge. Much of this variation
is related to the diverse geology and patterns of runoff from sub-basins. How
ever, the intermittent inflow of brine from oil fields has modified the general
streamflow-quality pattern for some streams.

Oil is produced throughout the Brazos River basin, and the disposition of
oil-field brine in some areas has worsened the quality of surface streams. Inten
sified efforts to control disposition of the brine have resulted in the improve
ment of the quality of water in some streams. However, the quality of water in
other streams has improved only slightly, or not at all.

Although minerals are being dissolved and removed from all parts of the
Brazos River basin, the rates at which this process is proceeding are far from
uniform. Differences in yields of dissolved minerals are caused by a combination
of factors--principally, difference in precipitation, geology, and proportion
of ground-water inflow to surface-water outflow. Computations for the 1949-64
period show that yields are highest in the upper Brazos River basin, where many
of the rocks contain large quantities of soluble material. However, yields
from different parts of the upper basin are highly variable because of local
differences in the chemical composition of rocks and in the small, but variable,
quantities of highly mineralized influent ground water. Highest yields of dis
solved minerals are from the drainage area of the Salt Fork Brazos River, which
receives inflow of highly mineralized water from seeps and springs in the Croton
Creek-Salt Croton Creek area. Yields from the middle Brazos River basin are
uniformly low. Yields of dissolved minerals from the lower Brazos River basin
are generally low also; highest yields are from the drainage area of the Navasota
River where oil-field brines are contributing to the salinity of the surface
streams.

- 2 -
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Many reservoirs on tributaries in the Brazos River basin store water of
good quality. Waters of Possum Kingdom and Whitney Reservoirs on the main-stem
Brazos River usually are undesirable for public supply and many industrial uses,
but are suitable for irrigation of salt-tolerant crops; water in Whitney Reser
voir is of better quality than that in Possum Kingdom.

The concentrations of dissolved minerals in most streams of the Brazos
River basin vary over a wide range. Waters in many of the tributaries upstream
from Possum Kingdom usually contain excessive concentrations of dissolved
solids, chloride, sulfate, and hardness, and therefore often are undesirable
for domestic and most industrial uses. However, some of the waters are suitable
for irrigation of salt-tolerant crops on land where drainage is good, provided
that an excess of water is applied. Although some tributaries downstream from
Possum Kingdom Reservoir occasionally contain undesirable concentrations of
dissolved minerals, principally during low-flow periods, the waters generally
are suitable for all beneficial uses.

The quality of water in the main-stem Brazos River is usually poor in the
upstream reaches but progressively improves in the downstream direction.
Throughout much of the middle and upper reaches, the main stem contains undesir
able concentrations of dissolved minerals. In the upstream reaches, water of
the Brazos River is usually unsuitable for most domestic, industrial, and irri
gation uses. Although the main-stem water in the reach immediately downstream
from Whitney Reservoir is often unsuitable for municipal and some industrial
uses, downstream from the mouth of Little River the water is usually suitable
for the irrigation of rice (the principal irrigated crop) and other crops, as
well as for controlled municipal and industrial use.

Many sites in the Brazos River basin are being studied as potential reser
voir sites. Storage of water in some of these proposed reservoirs would decrease
the range of dissolved minerals and thus would improve the quality of the water
for municipal, irrigation, and many industrial uses. However, water in some of
the proposed reservoirs, principally those on the main-stem Brazos River and
on the Salt and Double Mountain Forks, would be unsuitable for domestic, indus
trial, and irrigation use.

Storage of flood waters in proposed reservoirs on tributaries downstream
from Whitney Reservoir should make feasible the improvement of the quality of
water in the lower reach of the main stem by integrating releases from the pro
posed and existing reservoirs on tributaries with the more saline releases from
Whitney Reservoir. Integrating releases from these reservoirs would narrow the
range of dissolved minerals in the main-stem water, thus making the water more
suitable for domestic and industrial use. However, because of the large per
centage of flow that would not be controlled by this proposed reservoir system,
and because of the limited water resources available for quality control, the
integration of reservoir releases would be only partly effective in the reduc
tion of water-quality variations.

For any plan to be effective in the improvement of water quality through-
out the main-stem Brazos River, it must provide for a reduction of natural salt
contamination in the upper part of the basin. Partial control of natural salinity
in the drainage areas of Salt Croton Creek and several smaller sources would
result in a substantial improvement of water quality throughout the main stem.
This reduction of salinity, supplemented by the integrated operation of reser
voirs, would greatly improve the quality of the water in the lower Brazos River.
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STU D Y AND I N T E R PRE TAT ION o F

C HEM I CAL QUA LIT Y o F

SUR F ACE W ATE R S I N THE

BRA Z 0 S R I V E R BAS I N T E X A S

INTRODUCTION

Purpose and Scope

This investigation of the chemical quality of surface waters of the Brazos
River basin was made by the U.S. Geological Survey in cooperation with Texas
Water Devel~pment Board and the Brazos River Authority as part of a continuing
program to determine the nature and concentrations of mineral constituents in
surface waters of the basin; the geologic, hydrologic, and cultural factors
that influence the chemical quality of the waters; and the suitability of the
waters for irrigation, domestic, and industrial uses. In addition, the inves
tigation will provide data and interpretations that will aid in the management
of existing and proposed reservoirs to reduce water-quality variations in the
lower reaches of the Brazos River, making the water more suitable for domestic
and industrial uses.

A network of daily and periodic chemical-quality stations on many streams
in the Brazos River basin has been operated by the U.S. Geological Survey in
cooperation with Texas Water Development Board, the Brazos River Authority, and
various Federal and local agencies. To supplement data obtained from this net
work, water-quality data were collected at many existing reservoirs, at the
sites of a number of proposed reservoirs, and at many other sites on streams
where water-quality data were meager or lacking.

Because concentrations of dissolved minerals are likely to be highest
during low flows, the analyses of low-flow samples often indicate where pollu
tion and salinity problems exist. Data collected during medium and high flows
usually are indicative of the quality of water that will be stored in reser
voirs. Therefore, sampling sites were selected at streamflow stations wherever
possible; at other sites the water discharge usually was measured when samples
were collected.

Previous Investigations

Chemical-quality data for surface streams in the Brazos River basin col
lected by the U.S. Geological~urvey before 1960 were summarized by Irelan and
Mendieta (1964).

- 5 -



Preliminary results of chemical-quality and stratification surveys of
Belton, Whitney, and Possum Kingdom Reservoirs made by the Geological Survey
from October 1961 to March 1962 were described by Mendieta and Blakey (1963).
A more comprehensive report concerning the chemical quality and stratification
of these and other major reservoirs in the basin is in preparation.

Many other publications have described the chemical quality of surface
waters, geology, or hydrology of various areas in the Brazos River basin. Many
of the studies were directed toward finding the sources of salinity in the area
upstream from Possum Kingdom Reservoir. Blank (1955), in cooperation with the
Brazos River Authority, studied parts of the drainage area of the Salt Fork and
Double Mountain Fork of the Brazos River. ~lcMillion (1958) studied the ground
water geology and salt-water seepage in parts of the drainage basins of Salt
Croton and Croton Creeks. Baker, Hughes, and Yost (1964) studied the natural
sources of salinity in the upper Brazos River basin, with particular emphasis
on the Salt Croton Creek and Croton Creek basins.

Currently the U.S. Geological Survey is making detailed studies in the
upper Brazos River basin to determine the origin of the salt springs and seeps
and the factors that control their discharge and salinity (Stevens and Hardt,
1965).

The Geological Survey in cooperation with the U.S. Army Corps of Engineers
is continuing its study to locate additional sources of salinity in the upper
Brazos River basin and to furnish data that will aid in designing remedial
measures to improve the quality of surface waters (Hughes, 1965).

THE BRAZOS RIVER BASIN AND ITS ENVIRONMENT

Physical Features

The Brazos River drains an area of about 45,000 square miles--about 2,000
square miles in New Mexico and about 43,000 square miles in Texas. Of the total
area about 9,000 square miles in the upper reaches normally does not contribute
to streamflow. The Texas part of the basin is more than 600 miles long, ranges
from 1 to 120 miles wide, extends from the New Mexico state line to the Gulf of
Mexico, and includes all or part of 69 counties. The basin is bounded on the
north by the Red River basin, on the south and southeast by the Colorado River
basins, and on the east and northeast by the Trinity and San Jacinto River
basins (Figure 1).

In its southeastward course across Texas, the Brazos River basin slopes
from an elevation of about 4,400 feet in the headwaters to sea level and includes
parts of four physiographic sections--the High Plains and the Central Texas
sections of the Great Plains Province, the Osage Plains section of the Central
Lowlands Province, and the West Gulf Coastal Plain section of the Coastal Plain
Province (Figure 1).

The High Plains section within the Brazos River basin is a high, nearly
flat, upland plain that slopes southeastward from an elevation of about 4,400
feet in the western part to about 3,000 feet in the east. Local relief rarely
exceeds 20 feet per mile, except in the vicinity of major stream valleys such
as the \fhite River and the North Fork Double Mountain Fork Brazos River. The
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smooth surface of the plain is broken by many undrained depressions or wet
weather lakes, a few large water-table lakes, and shallow stream valleys that
become deeper toward the eastern edge of the region. ~uch of the area has
almost no surface drainage and normally does not contribute to surface runoff.
The eastern edge of the High Plains is defined by the Cap Rock Escarpment, a
severely eroded belt of rugged and broken land that slopes abruptly do'''' to the
Osage Plains near Post.

The Osage Plains section within the Brazos River basin is an eastward
sloping upland plain that adjoins the High Plains on the west and the Central
Texas section of the Great Plains Province on the east and south. The surface
of the plain is flat to rolling, becoming more broken along the entrenched
streams. In places, the gently sloping surface is interrupted by low escarp
ments formed by beds of gypsum, sandstone, and dolomite. Stream gradients are
relatively steep; bluffs along the Salt Fork, Double ~ountain Fork, and Clear
Fork of the Brazos River range from 100 to 200 feet high. In the eastern part
of the area the main-stem Brazos River is deeply entrenched and meanders in a
series of almost complete loops in a narrow valley with almost no flood plain.

The Central Texas section of the Great Plains Province within the Brazos
River basin adjoins the Osage Plains on the west and north near Mineral Wells
and is bounded by the West Gulf Coastal Plains on the east near Waco. The
Central Texai section is a region of great topographic variety. The general
slope of the land is from northwest to southeast, and most of the streams flow
in that direction. However, the section has been dissected heavily by erosion,
leaving plateau remnants parallel to and between the deeply entrenched streams.
Rough hillsides and valleys border most of the streams in this section.

The West Gulf Coastal Plain section of the Coastal Plain Province within
the Brazos River basin adjoins the Central Texas section on the north and west
and extends southeastward to the Gulf of Mexico. In this section the gently
rolling country of the interior merges with the level, nearly featureless
prairie of the Gulf Coast. In the rolling country of the interior, stream
slopes are moderately steep; toward the coast they are very flat.

The Brazos River is formed by the confluence of the Double Mountain Fork
and Salt Fork of the Brazos River in northeastern Stonewall County near the
Stonewall-Haskell County line. From this confluence, the Brazos River flows
northeastward across Knox and Baylor Counties, then generally southeastward
about 800 river miles (an airline distance of about 400 miles) to the Gulf of
Mexico.

Principal tributaries to the Brazos River, in downstream order, are the
Clear Fork Brazos River; the Bosque River; the Little River, including its
tributaries (the Leon, Lampasas, and San Gabriel Rivers); Yegua Creek; and the
Navasota River. Most of these tributaries drain the western side of the Brazos
River basin, flow generally southeastward, and join the Brazos River downstream
from Whitney Reservoir.

Cultural Features and Economic Development

The Brazos River basin constitutes about 16 percent of the total area of
Texas and has more than 13 percent of the State's population. In 1960 the
population of the basin was about 1,300,000, more than half of which was urban.
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Twenty-nine cities had more than 5,000 inhabitants in 1960. The largest of
these are Lubbock in the High Plains, with a population of 128,691 (1960
census); Abilene in the central part of the basin, with a population of 90,368;
and Waco and Temple in the eastern part, with populations of 97,808 and 30,419
respectively. During the period 1940-60, the population increased in most of
the High Plains counties and in the counties where the larger cities are
located. However, the population decreased in most of the other counties, due
partly to the migration of people to the large cities. This urban growth was
accompanied by an evolution of the Brazos River basin from a predominantly
agricultural economy to an economy which blends oil and gas production, diver
sified industry, and agriculture.

The petroleum industry is the principal industry in the basin. Oil was
discovered as early as 1917 at Ranger in Eastland County, and subsequently
oil fields have been discovered throughout the basin (Figure 7).

Other industrial activities concerned with the production and processing
of mineral products are also important to the economy of the Brazos River basin.
These include the operation of sand and gravel plants and stone quarries; the
production of cement materials and manufacture of cement; the production of
clay and manufacture of brick, tile, and other clay products; the mining and
processing of gypsum; and the production of salt and sulphur.

The principal manufacturing plants in the basin are concentrated in or
near the large cities. In Waco and Temple, the principal manufacturing centers
in the eastern part of the basin, products include automobile tires, insecti
cides, furniture, textiles, clothing, shoes, glass, rock-wool insulation,
cement, clay products, cottonseed oil, and food. Lubbock, in the western part
of the basin, is one of the largest inland cotton markets in the world and is
the largest cottonseed processing center in the world.

Although the Brazos River basin has undergone rapid industrialization,
agriculture contributes substantially to the economy. The rapidly growing
population has stimulated agricultural production by creating a large market
for local farm produce; and large-scale irrigation, especially in the High
Plains and Osage Plains sections, has greatly increased agricultural production.
Cotton, grain sorghums, and wheat are the principal crops in the western part
of the basin; in the eastern part, cotton and grain sorghums are the principal
crops. Beef cattle are raised throughout much of the basin.

SURFACE-WATER DISTRIBUTION

Precipitation

Precipitation within the Brazos River basin is unevenly distributed, both
areally and seasonally. Average precipitation ranges from less than 18 inches
per year in the western, semiarid part of the basin to about 48 inches in the
eastern, subhumid part. Mean annual precipitation in the basin for the 1931-60
period and annual and average monthly precipitation at two U.S. Weather Bureau
stations for the 1931-64 period are shown in Figure 2. These data indicate
that in the upper part of the basin precipitation is usually minimum during the
winter and maximum in late spring and early summer. In the lower part of the
basin, precipitation, though usually minimum in the summer, is more uniformly
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distributed throughout the year. However, precipitation throughout the basin
fluctuates much more than is indicated by the monthly averages. During the
1931-64 period, for example, precipitation at Lubbock ranged from 0.00 inches
in several months to 13.93 inches in September 1936. Similarly, precipitation
at Brenham ranged from 0.03 inches in July 1955 to 14.22 inches in November
1940. Precipitation so unevenly distributed in time does not sustain stream
flow. Therefore, storage projects are required to provide dependable quanti
ties of surface water for municipal or industrial use.

Runoff

Streamflow Records

Flow of the Brazos River was measured by the U.S. Geological Survey as
early as 1898, when a gaging station was established at Waco. Records for this
station are continuous from October 1898 to date. In 1916 a gaging station was
established on the Little River at Cameron; the record for this station is also
continuous. Although streamflow records were obtained at a few other stations
for short periods before 1923, systematic collection of streamflow data was
greatly expanded in 1923 and 1924, when 22 gaging stations were established on
the main stem and tributaries. More than 40 years of continuous discharge
records are available for several of these stations. In 1964 the Geological
Survey operated 10 streamflow stations on the main-stem Brazos River, 65
stations on tributaries, 12 reservoir-content stations, and 32 low-flow partial
record stations. The periods of record for selected streamflow stations oper-.
ated by the Geological Survey before October 1965 are given in Table 1; loca
tions for these stations are shown in Figure 3.

Records of discharge and stage of streams and contents and stage of lakes
or reservoirs from 1903 to 1907 and from 1924 to 1960 have been published in
the annual series of U.S. Geological Survey water-supply papers. (See list of
references.) Beginning with the 1961 water year, streamflow records have been
released by the Geological Survey in annual reports on a state-boundary basis
(U.S. Geol. Survey, 1961, 1962, 1963, 1964b). Summaries of discharge records
giving monthly and annual totals have been published by the U.S. Geological
Survey (1939, 1960, 1964a) and the Texas Board of Water Engineers (1958).

Variation in Runoff from Sub-Basins

Runoff is that part of precipitation that appears in surface streams. It
is the same as streamflow unaffected by artificial diversions, storage, or
other works of man in or on stream channels. However, the two terms are not
synonomous for regulated flow. Flow of the main-stem Brazos River is regulated
by Possum Kingdom and Whitney Reservoirs. Similarly, many of the tributaries
are regulated by reservoirs, flood-retarding structures, and farm ponds. There
fore, if historical streamflow records from these streams are to be used for
computing runoff, they must first be adjusted for the effects of regulation and
consumptive water use. Lockwood, Andrews, and Newnam (1960) have computed run
off from Texas watersheds and sub-basins for the 1940-57 period by adjusting
historical streamflow records to the 1957 conditions of regulation and use.
Such detailed adjustments were beyond the scope of the present study. However,
some streams in the Brazos River basin are not yet regulated by reservoirs of
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appreciable size. In the following summary of runoff, historical streamflow
records for these streams were used to show the general pattern of areal runoff
within the basin. Because most of the chemical-quality data for streams in
the Brazos River basin have been collected since 1942, the 1943-64 period was
selected as the base for computing Average runoff. Records of streamflow from
most of the stations for which runoff data were computed were continuous for
the entire base period. For those stations whose records were not complete,
runoff data for the missing period of record were estimated by correlating the
available data for each station with data for stations in nearby drainage areas
(Searcy, 1960, p. 79-84).

Average annual runoff from contributing areas within the Brazos River
basin, as measured or estimated at 11 streamflow stations, is shown on the map
in Figure 2. These dat~ show that average annual runoff from sub-basins has
ranged from less than 1 inch to more than 4 inches. Lowest annual runoff is
from the upper part of the basin, where precipitation averages less than 22
inches annually. Although both runoff and precipitation generally increase
from the upper to the lower parts of the basin, the progressive increase of
runoff from the upper to the lower parts is less uniform than that of precipi
tation. Part of this inconsistency undoubtedly is due to small but variable
amounts of water diverted from some of the streams; other contributing factors
include diff~rences in temperature, types and density of vegetation, surface
slope, soils, and permeability of aquifers.

Runoff data in Figure 2 show only a measure of the central tendency of
streamflow at each selected station. The magnitude and frequency of the high
and low flows can best be sho,.n by flow-duration curves. The shape of a flow
duration curve is an index of the variability of flow. A curve with a steep
slope throughout indicates a highly variable stream whose flow is largely from
direct runoff, whereas a curve with a flat slope shows the presence of surface
water or ground-water storage. Flow-duration curves for three stations on
streams in the Brazos River basin for the 1943-64 period are shown in Figure 4.
The steep slope of each curve shows that the flow of streams throughout the
basin are highly variable. Consequently, storage projects are required to make
surface water available in dependable quantities for municipal or industrial
use.

SURFACE-WATER RESOURCES DEVELOPMENT

Because precipitation and runoff in the Brazos River basin are highly
variable, considerable development of surf~ce-water resources has occurred.
Thirty reservoirs, either existing or under construction during the 1964 water
year, have conservation-storage capacities of 5,000 acre-feet or more. The
capacity, owner, location, and use of these reservoirs are listed in Table 2;
the locations also are shown in Figure 3. Most of these reservoirs are primari
ly for water conservation. Six reservoirs--Whitney, Waco, Proctor, Belton,
Stillhouse Hollow, and Somerville--have the additional purpose of flood control;
Possum Kingdom and Whitney Reservoirs also generate hydroelectric power.
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CHEHICAL QUALITY OF THE HATER

Chemical-Quality Records

Although the U.S. Geological Survey operated a daily chemical-quality
station on the Brazos River at Haco from December 1906 to November 1907, most
of the chemical-quality data on surface waters of the Brazos River basin have
been collected since 1940. In 1941 a sampling station was established on the
Brazos River at Richmond. Data obtained from this station until 1945 consisted
of chemical analyses of the filtrate from samples collected by the U.S. Soil
Conservation Service for the determination of suspended matter. Usually only
specific conductance and chloride determinations were made on these filtered
samples. Since October 1945, chemical analyses have been more comprehensive,
and the discharge-weighted averages of analyses for the station have been com
puted annually.

In 1942 daily sampling stations were established on the main-stem Brazos
River near South Bend and below Possum Kingdom Dam near Graford, and on the
Navasota River near Easterly. (Only specific conductance and chloride content
were determined on most of the samples from the Easterly station.) The Easterly
station was discontinued in December 1942, as was the South Bend station in
March 1948; however, records for the station at Possum Kingdom Dam are contin
uous to date. Since 1942, the U.S. Geological Survey, for varying periods,
has collected chemical-quality data at 32 other daily sampling stations. In
addition, periodic or miscellaneous chemical-quality data are available for
hundreds of additional sites in the Brazos River basin.

The periods of record for selected data-collection sites are given in
Table 1; the locations are shown in Figure 3. Chemical-quality data for the
daily stations are summarized in Table 3, and the complete records are pub
lished in an annual series of U.S. Geological Survey Hater-Supply Papers and
in reports of the Texas Water Development Board and predecessor agencies. (See
list of references.) Results of selected periodic and miscellaneous analyses
are given in Table 4.

The Texas State Health Department since 1957 has maintained a statewide
stream-sampling program, which includes the periodic determination of pH,
biochemical oxygen demand, total solids, dissolved oxygen, chloride, chlorine
demand, and sulfate at 36 sites in the Brazos River basin. Data from this pro
gram were made available to the U.S. Geological Survey and were studied during
the preparation of this report.

Factors Affecting Chemical Quality of Water

All water from natural sources contains dissolved minerals, but the
chemical character and concentrations of dissolved constituents in surface
waters may fluctuate widely. Some of the environmental factors that affect
the chemical quality of surface waters are variation in climate; geology;
patterns and characteristics of streamflow; and activities of man, such as
impoundment and diversion, disposition of municipal and industrial \vastes,
and irrigation.
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Waters usually are classified in various ways to demonstrate similarities
and differences of composition. In the following discussion, which relates
chemical quality of water to environmental factors, water is classified on the
basis of dissolved-solids content, principal chemical constituents, and hard
ness. On the basis of dissolved-solids content, waters are classified as fresh,
slightly saline, moderately saline, very saline, or brines as follows:

Classification Dissolved solids (ppm)

Fresh ..•.....•..•..•...••.•

Slightly saline ...•.......•

< 1,000

1,000 - 3,000

Moderately saline.......... 3,000 - 10,000

Very saline ......•.•...... 10,000 - 35,000

Brines. • . . . . . . . . . • • . . . . . . . . > 35,000

As to geochemical types, waters are classified on the basis of the pre
dominant catio~s and anions in equivalents per million. For example, a water
is referred to as a sodium chloride water if the sodium and chloride ions con
stitute 50 percent or more of the cations and anions respectively. Waters in
which one cation and one anion are not clearl~ predominant are recognized as
mixed types and are identified by the names of all the important cations and
anions.

On the basis of
hard, or very hard.

Geology

hardness, waters are classified
(See tabulation on page 53.)

as soft, moderately hard,

The amounts and kinds of minerals dissolved in water that drains from
areas where municipal and industrial influences are small depend principally
on the chemical composition and physical structure of rocks and soils tra
versed by the water and on the length of time the water is in contact with
the rocks and soils. The amount of minerals in the rocks and soils available
for solution is decreased by leaching; therefore, in areas of high rainfall,
rocks that originally contained large quantities of readily soluble minerals
have been leached by circulating water until the mantle rock and residual soil
contain relatively small amounts of readily soluble minerals. These rocks
usually yield water of low mineralization. However, in arid or semiarid
regions most soils, and the rocks from which they originated, are incompletely
leached and still contain large amounts of readily soluble material; water in
contact with these rocks and soils may become highly mineralized. In the
semiarid upper part of the Brazos River basin, some rocks and soils contain
large quantities of halite, gypsum, limestone, or dolomite. Waters draining
from these rocks and soils usually are highly mineralized. In the lower
part of the basin, where precipitation is more abundant, the well-leached rocks
and soil usually yield waters of low mineralization.
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Most streams in the Brazos River basin traverse more than one geologic
formation; therefore, water in these streams usually is a composite of 'vaters
from several formations. The chemical character and mineralization of these
streams often vary, depending upon the relative quantity of water contributed
by each source. Similarly, the mineral composition of a particular formation
may differ from area to area; and in some areas the chemical composition of
water in the formation may be altered by highly mineralized effluent from
another formation with which it is hydraulically connected. For example,
detailed explorations (Stevens and Hardt, 1965) indicate that the Croton Creek
Salt Croton Creek area is underlain by two distinct bodies of ground water.
Although the waters are in hydraulic continuity, their chemical composition
is vastly different. The shallow water contains from 2,000 to 5,000 ppm dis
solved solids and is the calcium sulfate type. In contrast, the underlying
body of water is a nearly saturated sodium chloride brine. Data from scattered
localities and in miscellaneous reports suggest that this brine body extends
many miles beneath the High Plains (Stevens and Hardt, 1965, p. 16). There
fore, the mineralization and chemical character of water contributed to surface
streams by a particular formation may differ from place to place in the outcrop.
In other areas the chemical composition of ground water and surface water is
altered by pollution from municipal or industrial wastes. For these reasons
the following discussion which relates chemical composition of surface water in
the Brazos River basin to geology is very general.

The geology of the Brazos River basin has been described by Cronin and
others (1963, p. 20-35). Rocks exposed in the basin consist of a thick series
of sedimentary strata that range in age from Ordovician to Recent; the outcrop
areas of the various geologic units are shown in Figure 5.

Chemical analyses of selected low-flow samples of surface waters are
represented diagrammatically (Stiff, 1951) in Figure 5 to relate chemical com
position of surface waters to geology. The shape of the diagram indicates the
relative concentrations of the principal chemical constituents of the water
(in equivalents per million), and the size of the diagram indicates roughly
the relative degree of mineralization.

Headwater streams of the Brazos River rise in the Ogallala Formation of
Tertiary age. The Ogallala consists of clay, silt, sand, gravel, and caliche.
Some of the sand, gravel, and silt are consolidated; but some cementation
occurs, chiefly by calcium carbonate. However, the cementation occurs irre
gularly throughout the formation. The individual beds or lenses of silt, sand,
gravel, and clay are not continuous over wide areas. Because of these local
differences, the chemical quality of water in the Ogallala differs from area to
area in the outcrop. Chemical analyses of 'vater from selected wells in the
Ogallala (Cronin and others, 1963, p. 83) indicate that the water is fresh to
slightly saline, very hard, and siliceous. Principal chemical constituents are
magnesium, sodium, calcium, and bicarbonate. Water from some of the wells has
a high fluoride content. Although most of the High Plains section of the
Brazos River basin is underlain by the Ogallala, the effective drainage area
of streams underlain by the formation is relatively small. Practically no
runoff occurs from most of the outcrop, except after exceptionally heavy rains.
Base flow generally is nonexistent in most of the streams that traverse the
Ogallala outcrop. However, in the eastern part of the outcrop, seeps and
springs contribute a small amount of flow to the North Fork Double ~lountain

Fork Brazos River and the White River. Low flow of the North Fork Double
Mountain Fork downstream from Lubbock is sustained partly by return flow from
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irrigation and by sewage effluent (Irelan, 1955, p. 12) and, therefore, is not
representative of water from the Ogallala. However, water of the White River
near Crosbyton that drains from the Ogallala generally contains less than 500
ppm dissolved solids and is very hard. Principal chemical constituents are
magnesium, sodium, calcium, and bicarbonate (Figure 5, site 11).

Downstream from the Ogallala outcrop the drainage areas of both the Double
Mountain and Salt Forks of the Brazos River, the two principal headwater
streams, are underlain successively by rocks of Triassic and Permian age.
The Dockum Group of Late Triassic age consists of clay, shale, sandstone, con
glomerate, and some gypsum and anhydrite. No generalization can be made con
cerning the chemical quality of water contributed by the Dockum Group because
the chemical composition varies with local conditions. Water from some wells
that tap the Dockum Group in Scurry County is fresh, very hard, and the calcium
bicarbonate or sodium bicarbonate type (Cronin and others, 1963, p. 58). In
other outcrop areas of the Dockum Group, shallow wells yield water that is
heterogeneous in chemical composition. However, when water yielded by the
Dockum Group contains more than 5,000 ppm dissolved solids, it usually is the
sodium chloride type. Data on the chemical quality of water in streams that
traverse the Dockum Group are meager. Streams that drain the outcrop are
intermittent, usually flowing for only a short time in response to a rain.
However, chemical analyses of a few samples collected from these streams indi
cate seepage of saline water from some of the outcrop areas. Water of the
Double Mountain Fork at Justiceburg is slightly to very saline during low flow.
Principal dissolved constituents are sodium and chloride (Figure 5, site 1).
Water of McDonald Creek, a tributary of the Salt Fork that drains the Dockum
Group, is also very saline and the sodium chloride type.

Rocks of Permian age that crop out in the drainage areas of the Double
Mountain and Salt Forks of the Brazos River include the Whitehorse, Pease
River, and Clear Fork Groups. These rocks consists predominatly of shale,
anhydrite, gypsum, limestone, dolomite, and sandstone. The chemical compo
sition of water contributed to surface streams by these rocks varies. During
periods of sustained low flow, water of the Double Mountain Fork at the daily
chemical-quality station near Aspermont usually is moderately saline and very
hard. However, the principal chemical constituents vary. Some low-flow waters
are the calcium sulfate type; others are the sodium chloride type; and others
are a mixture of the two types. The chemical composition of low-flow waters
in Double Mountain Fork tributaries that drain Permian rocks also varies.
Low-flow water of Rough Creek near Rotan is slightly saline, very hard, and
gypsiferous. Low-flow water of Tank Creek near Rule is slightly saline,
very hard, and of no distinct geochemical type (Table 4).

Water that drains from Permian rocks in the drainage area of the Salt Fork
Brazos River generally is highly mineralized. Daily chemical-quality records
show that water of the Salt Fork near Aspermont is usually a sodium chloride
brine. Although sodium and chloride are the principal chemical constituents,
the water also contains large quantities of calcium, magnesium, and sulfate
(Figure 5, site 20). Baker, Hughes, and Yost (1964, p. CC 43-48) have shown
that much of the salinity of the Salt Fork originates from salt springs and
seeps in the drainage areas of Croton and Salt Croton Creeks, which are under
lain by the Whitehorse and Pease River Groups. Chemical analyses of water from
these streams (Table 4) show that though waters of both streams are highly
mineralized and the sodium chloride type, water from Salt Croton Creek is a
nearly saturated brine. As mentioned previously, explorations by Stevens and
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Hardt (1965) indicate that the entire Croton Creek-Salt Croton Creek area is
underlain by a body of saturated brine.

Tributaries that drain Permian rocks and enter the main-stem Brazos River
upstream from Seymour include North Croton and Mustang Creeks. Water of North
Croton Creek near Knox City during low flow is slightly to very saline, very
hard, and the sodium chloride type (Table 4). The chemical composition of water
from Mustang Creek varies. At moderate flows, water of Mustang Creek near Knox
City is fresh, very hard, and the calcium sulfate type. At very low flows the
water is usually moderately saline, but the principal chemical constituents
vary. Some low-flow waters are the sodium chloride type; others are the cal
cium sulfate type, and still others are a mixture of these two types (Table 4).

Water of the Brazos River at the daily chemical-quality station at Seymour
is a composite of water from the Double Mountain and Salt Forks of the Brazos
River plus inflow downstream from their confluence. Therefore, the chemical
composition of the water in the main stem depends largely upon the relative
amount of water contributed by the two forks. The chemical composition of water
at the Seymour station varies; but during periods of sustained low flow, the
water generally is moderately to very saline, very hard, and the sodium chloride
type (Figure 5, site 23).

In the reach between the Seymour station and Possum Kingdom Reservoir,
the Brazos River basin is underlain largely by rocks of Permian and Pennsyl
vanian age. Rocks of Pennsylvanian age that crop out in this reach consist of
shale, sandstone, conglomerate, limestone, and beds of coal. The relation of
chemical quality of water of the main stem to geology in this reach is obscured
by the large concentrations of dissolved constituents contributed by areas up
stream from the Seymour station. However, chemical analyses of water from tri
butaries show that water which drains from Permian rocks downstream from the
Seymour station generally is less mineralized than water from Permian rocks in
the headwaters. During low flow, water of Millers Creek, which drains largely
from the Clear Fork and Wichita Groups of Permian age, ranges from fresh to
slightly saline. Near Munday, for example, the water of Millers Creek generally
contains less than 200 ppm dissolved solids, is moderately hard, and is the
calcium bicarbonate type (Figure 5, site 24). Farther downstream, the water
is more highly mineralized and is of no distinct geochemical type.

Much of the drainage area of the Clear Fork Brazos River is underlain by
rocks of Permian and Pennsylvanian age. However, daily chemical-quality records
for the Clear Fork at the Nugent, Fort Griffin, and Eliasville stations indi
cate that widespread oil-field brine pollution of surface streams is occurring
in the drainage area. Daily chemical-quality records of Paint Creek near Has
kell and California Creek near Stamford in" the upstream part of the drainage
area also show evidence of oil-field brine pollution. Similarly, most of the
streams in the Hubbard Creek drainage area are being polluted. According to
Hembree and Blakey (1964, p. 29) chloride contamination in streams of the Hub
bard Creek watershed is so widespread that the quality of water of most of the
streams has only a minor relation to surface geology. Therefore, the relation
of quality of water of the Clear Fork Brazos River to geology is ill defined.
Generally, however, the water is of much better quality than water that drains
from Permian rocks in the drainage areas of the Double Mountain and Salt Forks
of the Brazos River.
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Flow of the upper Brazos River is impounded and becomes mixed in Possum
Kingdom Reservoir. Because flow of the main stem between Possum Kingdom
and Whitney Reservoirs is partly sustained by releases from Possum Kingdom
Reservoir, no direct relation exists between the geology of the intervening
area and the chemical quality of the water. Therefore, the following discus
sion relates the chemical composition of water of tributaries in this reach
to geology. Tributaries in this reach for which some chemical-quality data
are available include Keechi, Palo Pinto, and Paluxy Creeks, and Nolands River.

Most of the area drained by Keechi and Palo Pinto Creeks is underlain by
the Canyon and Strawn Groups of Pennsylvanian age. These rocks consist of
limestone, shale, and minor amounts of sandstone and conglomerate. During low
flows, water of Keechi Creek near Graford and Palo Pinto Creek near Santo is
generally fresh, very hard, and the calcium bicarbonate type (Figure 5, sites
56 and 59).

The drainage area of Paluxy Creek is underlain by the Trinity Group of
Early Cretaceous age, which consists of limestone, sand, shale, anhydrite, clay,
and conglomerate. During low flow, water of Paluxy Creek at Glen Rose generally
contains less than 300 ppm dissolved solids and is very hard. Principal chem
ical constituents are calcium, magnesium, and bicarbonate (Figure 5, site 61).

Nolands River, which empties into Whitney Reservoir, traverses outcrops of
the Washita and Fredericksburg Groups, undifferentiated, of Early Cretaceous
age. These rocks consist principally of fossiliferous limestone and marl with
some shale, clay, shell agglomerate, and sand. Water of Nolands River at Blum
usually contains less than 500 ppm dissolved solids, ranges from hard to very
hard, and is the mixed calcium sodium bicarbonate type (Figure 5, site 63).

Downstream from Whitney Reservoir, streams for which some chemical-quality
data are available include Aquilla Creek; Bosque River; Little River and its
principal tributaries (Leon, Lampasas, and San Gabriel Rivers); Little Brazos
River, Yegua Creek, and Navasota River.

The drainage area of Aquilla Creek is underlain largely by the Woodbine
Formation of Late Cretaceous age, which consists of crossbedded ferruginous
sandstone, clay, shale, and sandy clay interbedded with lignite and gypsiferous
clay. Water of Aquilla Creek near Aquilla generally is fresh but very hard.
During low flow, principal chemical constituents are calcium, sulfate, and
bicarbonate (Figure 5, site 66).

Much of the drainage area of the North and Middle Bosque Rivers is under
lain by the Washita and Fredericksburg Groups, undifferentiated. Waters of
both the North Bosque River near Clifton and the Middle Bosque River near
McGregor usually contain less than 300 ppm dissolved solids, range from hard
to very hard, and are the calcium bicarbonate type (Figure 5, site 68).

The Little River, which has the largest drainage area of any Brazos River
tributary, receives waters from three principal tributaries--the Leon, Lam
pasas, and San Gabriel Rivers. Water of each of these is a composite of waters
from several formations. The Leon River, the longest of the three tributaries,
heads in rocks of Pennsylvanian age, but most of the drainage area is under
lain by the Trinity Group and the Washita and Fredericksburg Group, undifferen
tiated, of Cretaceous age. Records of the daily chemical-quality station on
the Leon River near Eastland for the 1951-53 water years and analyses for Leon
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Reservoir (1955-63) indicate that water contributed upstream from Eastland
usually is low in dissolved solids, hard, and the calcium bicarbonate type.
Although water at the Eastland station was generally low in both sodium and
chloride, the sodium chloride content increased erratically in some samples,
indicating that some brine from oil fields was reaching surface streams. There
fore, the relation of quality of water to geology is partly obscured.

Much of the drainage area of the Lampasas River is also underlain by the
Trinity Group and the Washita and Fredericksburg Groups, undifferentiated. In
a base-flow study of the Lampasas River, Mills and Rawson (1965) have shown
that water draining from these rocks is low in dissolved solids, very hard, and
the calcium bicarbonate type. However, much of the sustained flow in the upper
reaches of the Lampasas River is contributed by springs in a small Marble Falls
Limestone inlier of Pennsylvanian age that crops out in the drainage area of
Sulphur Creek. At the surface the Marble Falls Limestone is chiefly a fossili
ferous limestone containing thin beds of shale. Chemical analyses of samples
from Sulphur Creek have shown that the Marble Falls Limestone yields 'vater
that is slightly saline, very hard, and the sodium chloride type (Figure 5,
site 83). During low flow, water of the Lampasas River at the daily chemical
quality station at Youngsport, which is a composite of waters from the Marble
Falls Limestone; the Trinity Group; and the Washita and Fredericksburg Groups,
undifferenti~ted, usually contains less than 500 ppm dissolved solids and is
very hard and the sodium chloride type (Figure 5, site 85).

Formations of the Trinity Group and the Washita and Fredericksburg Groups,
undifferentiated, also crop out in the western half of the San Gabriel River
drainage area. Water of the North and South Forks of the San Gabriel River,
which drains from these rocks, is low in dissolved solids, ranges from hard to
very hard, and is the calcium bicarbonate type. Water of the San Gabriel River
at Georgetown, which is a composite of waters from the two forks, is similar in
chemical character (Figure 5, site 88). Much of the eastern half of the San
Gabriel drainage area is underlain by rocks of Late Cretaceous age, including
the Eagle Ford Shale, Austin Chalk, rocks of Taylor age, and the Navarro Group,
undifferentiated. These formations consist principally of marl, sandy marl,
shale, chalky and marly limestone, and calcareous sandstone. Near the eastern
limit of the drainage area, narrow bands of the Midway Group of Paleocene age
and the Wilcox Formation of Eocene age crop out. The Midway Group consists
of glauconitic sand, silt, calcareous and gypsiferous clay, and limestone.
The Wilcox consists principally of sand, silt, clay, and lignite. Leifeste
and Smith (1965) have shown that the base flow of streams that traverse these
formations in the eastern half of the San Gabriel drainage area generally is
low in dissolved solids, very hard, and the calcium bicarbonate type.

Water of the Little River at the daily chemical-quality station at Cameron,
which is a composite of waters from the Leon, Lampasas, and San Gabriel Rivers,
usually is low in dissolved solids, hard to very hard, and the sodium calcium
bicarbonate type (Figure 5, site 89).

The drainage area of the Little Brazos River is underlain largely by the
\lidway Group of Paleocene age and Quaternary alluvium. Low flmv of tile Little
Brazos River near Bryan probably is sustained largely by influent from the
alluvium. No generalization can be made concerning the chemical character of
water from the alluvium. The dissolved-solids content of water collected from
the Little Brazos River near Bryan ranged from 275 ppm to 948 ppm. The water
,;as usually hard or very hard but was of no distinct geochemical type. Sodium
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and calcium usually were the principal cations and in some samples were present
in approximately equivalent amounts. However, in some samples sodium predo
minated. Bicarbonate was the predominate anion in most of the samples; however,
it usually totaled less than 50 percent of the anions. In a few of the samples
the chloride content was equivalent to or greater than the bicarbonate content.

Rocks that crop out in the Yegua Creek drainage area in downstream order
include the Wilcox Formation, Claiborne and Jackson Groups (all of Eocene age),
and Quaternary alluvium. At the daily chemical-quality station near Somerville,
water that drains from these rocks during low flow usually contains less than
500 ppm dissolved solids and is a mixed type. Sodium and calcium are the prin
cipal cations; sulfate, chloride, and bicarbonate are the principal anions
(Figure 5, site 93).

The northern reach of the Navasota River traverses outcrops of the Navarro
Group, rocks of Taylor age, Austin Chalk, and Eagle Fork Shale, undifferentiated,
of Late Cretaceous age and the Midway Grou~ of Paleocene age; but much of the
drainage area is underlain by rocks of Eocene age that also crop out in the
Yegua Creek drainage area. However, the chemical composition of water of the
two streams differ. Water of the Navasota River at the daily chemical-quality
station near Bryan usually contains less than 500 ppm dissolved solids and is
the sodium chloride type. However, the dissolved-solids content sometimes
increases erratically, mostly due to an increase in the sodium chloride con
tent. These data indicate that pollution by oil-field brine is occurring;
therefore, the relation of geology to quality of water of the Navasota River
near Bryan is partly obscured.

Downstream from its confluence with the Navasota River, the Brazos River
receives inflow from several minor tributaries, but chemical-quality data for
these streams are meager or lacking. Therefore, no relation between geology
and chemical quality of surface water of these streams is shown on Figure 5.

Streamflow

In many streams where the flow is not regulated by upstream reservoirs,
the concentrations of dissolved minerals vary inversely with the water dis
charge. The concentrations usually are minimum during periods of high flow
because most of the water is surface runoff that has been in contact with
soluble minerals of the exposed rocks and soils for a relatively short time.
Conversely, the concentrations usually are maximum during periods of low flow
when the water is predominantly ground water that has been in contact with the
rocks and soils for a sufficient time to leach from them more of their soluble
mineral matter. Figure 6 shows this general relationship to be true for
selected streams in the Brazos River basin, but the scatter of points in Figure
6 shows that the inverse relationship between streamflow and concentration of
dissolved solids is not precise. Obviously, the salt content at each selected
site has varied over relatively wide ranges at all rates of water discharge.
Much of this variation is related to the diversified geology and patterns of
runoff in the drainage basin. However, the intermittent inflow of brine from
oil fields has modified the general streamflow-quality pattern at some sites.
Therefore, the probability of obtaining accurate results by using water dis
charge to estimate chemical quality of water in many streams of the basin is
poor.
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Activities of Man

The activities of man often worsen the chemical quality of surface water.
Depletion of flow by diversion and consumptive use, loss of water because of
increased evaporation, and return flow of irrigation usually increase the
dissolved-solids concentration of water in streams. Similarly the disposition
of municipal and industrial wastes into a stream also degrades the chemical
quality of water.

Reservoirs that impound water of good quality for municipal use have been
constructed on many tributaries in the Brazos River basin. The resulting de
pletion of flow undoubtedly has caused higher average concentrations of dis
solved solids in water of the main stem, because less water of good quality is
now available for dilution of more saline flows. Also, much of the dissolved
constituents in the diverted water eventually returns to the river system as
municipal, agricultural, or industrial wastes in a volume of water that is
greatly reduced by evaporation and consumptive use. Decreased flow as a result
of diversion and an increase in the introduction of municipal wastes, resulting
from continued municipal growth can be expected to increase the waste-disposal
burdens of the stream system. This trend emphasizes the importance of provid
ing the proper treatment of municipal wastes throughout the basin.

Use of both surface and ground water for irrigation may degrade the chem
ical quality of surface water in a stream system. Water of good quality re
moved from tributaries is no longer available for dilution of more saline
water in the main stem. In addition, return flow from irrigation carries
minerals dissolved from the irrigated land back to streams. During the past
25 years, irrigation has expanded rapidly in the Brazos River basin, especially
in the High Plains and in the coastal rice belt. However, the use of water by
irrigation is not yet a significant factor in the degradation of the quality of
water in most streams of the Brazos River basin. Because very little drainage
occurs in the High Plains, where most of the irrigation is from ground water,
only minor amounts of dissolved solids are contributed to surface streams by
return flow from irrigation.

Oil is produced in many areas in the Brazos River basin (Figure 7). Brine
is produced in nearly all oil fields and if improperly handled eventually enters
surface streams. According to an inventory by the Texas Railroad Commission in
1961, more than 93 percent of salt water produced in oil fields of the Brazos
River basin was injected underground to prevent and abate pollution (Texas
Water Commission and Texas Water Pollution Control Board, 1963). The remainder
of the salt water was disposed of in open surface pits, some of which were
unlined. From these so-called evaporation pits, much of the brine has per
colated into the ground and has seeped, or eventually will seep, into streams
of the basin; also some of it has been washed by surface runoff directly into
streams. In addition, brine from abandoned wells and unplugged or improperly
plugged test holes may contribute to the salinity of streams in some areas.
Injected brine may move upward along fault zones and eventually reach surface
streams.

The composition of oil-field brines varies, but the principal chemical
constituents, in order of magnitude of their concentrations (in ppm), are
generally chloride, sodium, calcium, and sulfate. Generally, an erratic
variation of the sodivm chloride content of surface water in streams that
drain areas where oil fields are located is presumptive evidence that oil-field
brine pollution is occurring. Because of the widespread contamination of
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streams in the upper Brazos River basin by naturally-occurring sodium chloride
brines, distinction between natural contamination and man-made pollution is
sometimes difficult. However, the saline water of many streams in the upper
basin probably contains salts from both natural sources and oil fields. Daily
chemical-quality records and reconnaissance investigations indicate that some
brine is reaching surface streams in several parts of the basin. During the
1950-51 period, the erratic variation of the sodium chloride content of daily
samples collected from Paint Creek near Haskell, a Clear Fork Brazos River
tributary, indicated that pollution by oil-field brine probably was occurring.
In July 1958, the Texas Board of Water Engineers conducted a reconnaissance
investigation to determine the extent and nature of pollution in the drainage
area of California Creek, a Paint Creek tributary. This investigation showed
that brine probably was being contributed to surface waters of California Creek
and thus to Paint Creek by subsurface leakage from wells tapping oil- and gas
bearing strata, possibly augmented by the effects of brine-injection wells
(Shamburger, 1958, p. 2). Daily chemical-quality records of California Creek
near Stamford indicate that pollution still is occurring.

Oil-field brine is contributing to the salinity of streams in the drainage
area of Hubbard Creek, a tributary to the lower reach of the Clear Fork Brazos
River. A large number of dry holes and abandoned wells were not properly plug
ged and shallow ground-water aquifers in many parts of the watershed have been
polluted by oil-field brines. Additional large amounts of salt water brought
to or near the surface as a by-product of oil production reaches the streams
over the surface or through the ground. Chemical-quality records collected
from Hubbard Creek near Breckenridge before closure of Hubbard Creek Reservoir
show a progressive increase of chloride content from 1955 to 1962, which indi
cates that increasing amounts of oil-field brine were reaching surface streams.
In December 1961 the Geological Survey in cooperation with the West Central
Texas Municipal Water District and the Texas Water Commission began a compre
hensive study of the surface-water resources of the Hubbard Creek watershed.
According to Hembree and Blakey (1964) and Hembree (written communication, 1965)
the investigation has shown:

1. The surface waters of Hubbard Creek watershed were originally low in
chloride content; however, at present the chloride concentration of many of the
streams is high, especially during low flow.

2. Chemical-quality records indicate a progressive increase in chloride
between 1955 and 1962; this increase in chloride coincided with an increase in
water-flood projects in the oil fields.

3. An overall improvement in the quality of water since 1962 probably is
the results of intensified efforts to control disposition of oil-field brines.
However, the quality of water in some streams has improved only slightly if
at all.

Oil-field brines also have contributed to the salinity of Salt Creek in
Young and Archer Counties. However, daily chemical-quality records collected
from Salt Creek at Olney during the 1958-59 period and from Salt Creek at New
castle during the 1958-60 period indicate that a campaign to reduce pollution
and to encourage subsurface injection of salt water resulted in almost immediate
improvement of water quality. In November 1962, Lake Graham on Salt Creek con
tained water with less than 300 ppm dissolved solids.
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Another area where oil fields probably are contributing brine to surface
streams is the upper reach of the Leon River. Chemical-quality records for
a daily sampling station operated on the Leon River near Eastland during the
1951-53 period show that the sodium chloride content of the water usually was
low. However, the sodium chloride content increased erratically some of the
time. Similarly, analyses of several samples collected from the Leon River
near Hasse during the 1962 water year (before closure of Proctor Reservoir)
show evidence of oil-field brine pollution. During moderate and high flows,
water of the Leon River near Hasse was low in dissolved solids and was the
calcium bicarbonate type. During low flows, the water was more mineralized
and a mixed type. Most of the increase in dissolved solids resulted from an
increase in the sodium chloride content, which is indicative of oil-field
brine pollution.

Daily chemical-quality records for the Navasota River near Easterly
during 1941-42 and for the Navasota River near Bryan from October 1958 to
date indicate that oil-field brine is reaching surface streams in the drainage
area of the Navasota River. Reconnaissance investigations by the Geological
Survey (C. H. Hembree, written communication, 1962) and by the Texas Water
Commission (Burnitt, Holloway, and Thornhill, 1962) have shown that much of
this brine originates from oil fields in northeast Limestone County and pro
bably enters surface drainage largely by direct runoff. Despite efforts by the
oil-field operators to contain the brine by the construction of large surface
pits, the presence of flowing brine in road ditches and intermittent streams
during the 1962 investigations indicated that gross seepage of brine from the
surface pits was occurring. Leakage of brine from some of the 600 abandoned
oil and gas wells in the area, many of which may be inadequately plugged, also
may contribute to the salinity of surface streams.

These data show that the disposition of oil-field brines has resulted in
the deterioration of water quality in several streams in the Brazos River basin
upstream from Richmond. Although the load of dissolved constituents contributed
by oil-field brines was not determined, the quality of water in most of these
streams probably would be improved substantially if pollution were abated.

Oil-field brines, industrial effluents and sea-water intrusion are contri
buting to the salinity of the lower reach of the Brazos River. Since January
1962, the U.S. Geological Survey periodically has collected chemical-quality
data at many sites on streams in the drainage areas of Big, Cow, and Varner
Creeks in Fort Bend and Brazoria Counties. Chemical analyses show that the
quality of water in Cow Creek varies IJidely from site to site (Table 4). The
dissolved solids content (as indicated by specific conductance measurements)
and chloride content usually are minimum at the upstream site 99 (Figure 3),
often increase greatly at site 100, and then usually decrease slightly farther
downstream at site 101. The water of Cow and Varner Creeks also varies widely
in dissolved-solids and chloride content at all rates of water discharge (Table
4). These data indicate that oil-field brines and other industrial effluents
are being contributed intermittently to streams in the drainage areas of Big,
Cow, and Varner Creeks and thus to the lower reach of the Brazos River.

Part of the flow of the main-stem Brazos River downstream from Richmond
is diverted and stored in the off-channel Harris and Brazoria Reservoirs.
Chemical analyses of water from the two diversion sites (Table 3) show that
the yearly maximum dissolved-solids concentrations at the Brazoria Reservoir
station greatly exceeds those at the Harris Reservoir station. Chemical-quality
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surveys by the Dow Chemical Company have shown that much of the increase of
dissolved solids at the Brazoria Reservoir station is caused by the intrusion
to sea water from the Gulf of Mexico (E. T. Kincannon, oral communication, 1964).

Daily Variation of Chemical Quality

Some of the previous sections have shown that the quality of surface water
in the Brazos River basin varies not only from stream to stream and from loca
tion to location on the same stream but also from time to time at any specified
location. The daily variation in concentrations of dissolved solids at a
particular location can be shown by a duration curve. Such a curve shows the
percentage of days of flow for which specified concentrations of dissolved
solids were equaled or exceeded during a particular period, without regard to
sequence of occurrence. Figure 8 provides this information for the Double
Mountain Fork Brazos River near Aspermont. For example, Figure 8 shows that
during the period of the 1949-51, 1957-64 water years the dissolved-solids con
centration equaled or exceeded 5,750 ppm on 10 percent of the days, 4,850 ppm
on 25 percent, 3,770 ppm on 50 percent, 2,000 ppm on 75 percent and 1,040 ppm
on 90 percent. These data also are given in Table 5, as is the equivalent data
for sulfate, chloride, and hardness.

Although daily samples usually were collected at each site listed in Table
5, a complete chemical analysis of each daily sample was not feasible. There
fore, two or more daily samples usually were combined into a composite sample
for chemical analysis on the basis of the total dissolved-mineral content as
indicated by specific conductance measurements of daily samples, supplemented
by data on river stage. For this frequency study, the dissolved-solids content
of each daily sample was estimated from the specific conductance of the sample.
These data for the period of record were used to prepare dissolved-solids dura
tion curves for selected sites in the Brazos River basin. The dissolved-solids
values in Table 5 were compiled from these duration curves. Next, curves of
relation were plotted between dissolved solids and concentrations of sulfate,
chloride, and hardness. Then, for each value of dissolved solids in the table,
corresponding concentrations of sulfate, chloride, and hardness were tabulated.
The resulting Table 5 shows the concentrations of dissolved solids, sulfate,
chloride, and hardness that was equaled or exceeded in the percentage of days
shown for the period of record. Insofar as conditions such as precipitation,
runoff, temperature, land use, and pollution remain approximately the same as
for the period of record, such a table is probably a satisfactory basis for
predicting the percentage of time that a particular concentration may be
expected in the future. However, data in Table 5 should be used with care
because the periods of record are of varying length; some of the records are
for a period of less than five years, during which time runoff generally was
below the long-term average. Also, the level of upstream development has not
remained constant during the period of record for some stations; several large
reservoirs have been constructed on the main stem and on tributaries. Chemical
quality frequency data collected from a stream before the construction of a
large reservoir is not directly comparable to data collected from the stream
after reservoir regulation begins. The removal of water of good quality from
reservoirs on tributaries may cause an increase in salinity of water of the
main stem. Regulation of flow by flood-control or other type of detention
reservoirs from which the consumptive use of water is small may smooth out
chemical-quality variations, resulting in more uniformity in the chemical
quality of water at downstream sites. Therefore, for some streams affected by
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reservoir regulation, Table 5 gives chemical-quality frequency data for periods
both before and after reservoir construction.

Similarly, the level of pollution in streams of the basin has not remained
constant. Although an intensified effort to control pollution during the past
few years has resulted in an improvement in the quality of water in some streams,
continued municipal and industrial growth have increased the waste-disposal
burdens of other streams in the basin.

Regardless of these limitations, data in Table 5 are useful for showing
the extent of past water-quality variations, for evaluating some of the factors
that have caused these variations, and for determining the suitability of water
for various uses.

The chemical quality of water of the Double Mountain Fork Brazos River
near Aspermont is highly variable. The dissolved-solids content has ranged
from less than 600 ppm to more than 7,000 ppm. During about 90 percent of the
period of record, the dissolved-solids content equaled or exceeded 1,040 ppm;
for about 10 percent of the time it equaled or exceeded 5,750 ppm. Similarly
the sulfate, chloride, and hardness contents of the water are highly variable.
During 80 percent of the time, sulfate concentrations ranged between 425 and
1,900 ppm, chloride concentrations ranged between 170 and 1,950 ppm, and hard
ness concentrations ranged between 460 and 2,470 ppm. The principal factor
resulting in the variation of dissolved minerals was water discharge. The
dissolved-solids content was usually highest during periods of low flow, when
most of the flow consisted of ground-water inflow. The quality of water
improved with increase in water discharge (Figure 6).

The dissolved-solids content of water of the Salt Fork Brazos River near
Aspermont has ranged from about 1,000 ppm to more than 135,000 ppm. During
about 50 percent of the period of record, the dissolved-solids content equaled
or exceeded 33,900 ppm. (In comparison, the dissolved-solids content of ocean
water averages about 35,000 ppm.) The principal chemical constituents of the
water also were highly variable. For example, during 80 percent of the time,
the chloride content of the water ranged between 2,280 and 29,400 ppm. For
about 50 percent of the time the chloride content equaled or exceeded 18,700
ppm. The dissolved-mineral content of the water was maximum during low flow
when most of the flow was contributed by highly mineralized inflow from seeps
and springs in the drainage area of Croton and Salt Croton Creeks. However,
some medium and high flows also were very highly mineralized because of the
solution of large quantities of salt that had been previously deposited in
flats around salt springs and seeps and in stream channels (Figure 6).

Water of the main-stem Brazos River at the Seymour station during the
1960-64 period usually was slightly to very saline. Although the dissolved
solids content ranged from about 500 ppm to more than 20,000 ppm, about 50 per
cent of the time the dissolved-solids content equaled or exceeded 8,100 ppm.
Because water at the Seymour station is a composite of water from both the
Double Mountain and Salt Forks, the dissolved-solids content and the chemical
composition depend largely upon the proportion of water contributed by each
fork. \<hen most of the water is contributed by the Salt Fork, the water
usually ranges from moderately to very saline and chloride greatly predominates
over sulfate When most of the flow is contributed by the Double Mountain Fork,
the water usually ranges from slightly to moderately saline; and although
chloride usually is the predominant anion, the percentage of sulfate increases.
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The water of the Clear Fork Brazos River usually is much superior in
quality to that of either the Double Mountain Fork or the Salt Fork. During
the 1962-64 water years, the dissolved-solids content of the Clear Fork Brazos
River at Eliasville ranged from about 100 ppm to more than 3,200 ppm; but about
50 percent of the time the water contained less than 1,000 ppm. Hater of Cali
fornia Creek, a tributary to the upper reach of the Clear Fork, generally was
more mineralized than water of the Clear Fork at Eliasville. During the 1963
64 water years, the dissolved-solids content of water of California Creek near
Stamford ranged from about 200 ppm to more than 13,000 ppm, equaling or exceed
ing 5,200 ppm about 50 percent of the time. Although the relation between
dissolved-solids content and water discharge was not precise, the dissolved
solids content in both California Creek and Clear Fork usually "as minimum
during high flows when most of the water consisted of direct runoff. However,
the concentrations of principal dissolved constituents, especially chloride,
varied markedly during some high-flo" periods, apparently because of oil-field
brine pollution. Because of this variation, the relation between dissolved
solids and individual chemical constituents was ill defined, and values for
individual chemical constituents in Table 5 are rough approximations.

Oil-field brine pollution also has resulted in marked variation of the
quality of water of Hubbard Creek, the principal tributary to the lower reach
of the Clear Fork Brazos River. During the 1956-61 period, before closure of
Hubbard Creek Reservoir, the dissolved-solids content of Hubbard Creek near
Breckenridge ranged from less than 100 ppm to more than 5,000 ppm. Ho"ever,
for about 50 percent of the time the dissolved-solids content equaled or
exceeded 680 ppm. Although the chemical quality usually improved "ith increase
in water discharge, the dissolved-solids content, especially the chloride con
tent, was relatively variable at all discharge rates. Much of this variation
probably resulted from oil-field brine pollution. Since the closure of Hubbard
Creek Reservoir in 1962, most of the flow passing the Breckenridge station has
consisted of runoff from the area downstream from the reservoir and seepage from
the reservoir. During the 1963-64 "ater years, the dissolved-solids content
of water at the Breckenridge station ranged from about 100 ppm to more than
2,000 ppm. However, about 50 percent of the time the water contained less than
330 ppm dissolved solids.

A comparison of chemical-quality data for the Brazos River at the Possum
Kingdom Dam station with those for upstream stations on both the main stem and
tributaries show that storage of water in Possum Kingdom Reservoir has resulted
in a decrease of quality-of-water variations. During the 1943-64 period, since
the closure of Possum Kingdom Reservoir, the dissolved-solids content of water
released or spilled from the reservoir has ranged from about 200 ppm to more
than 3,800 ppm. However, for about 80 percent of the time the range has been
from about 1,080 ppm to about 1,710 ppm. Similarly, for about 80 percent of
the time the sulfate and chloride concentrations have ranged from 245 ppm to
390 ppm and from 380 ppm to 650 ppm, respectively.

The collection of chemical-quality data from the Brazos River near Hhitney
pre-dates the closure of Whitney Reservoir. Therefore, chemical-quality fre
quency data for periods both before and after closure of Whitney Reservoir are
given in Table 5. During the 1949-51 water years, before the closure of the
reservoir, the dissolved-solids content of the water ranged from less than
150 ppm to more than 1,500 ppm. During 50 percent of the time, the dissolved
solids content equaled or exceeded 1,120 ppm. During the same period, the
dissolved-solids content of water released from Possum Kingdom Reservoir ranged
from about 1,000 ppm to more than 1,600 ppm. Hater from the drainage area
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between the two reservoirs is low in dissolved solids. Much of the time before
the closure of Whitney Reservoir, water at the ~~itney station consisted largely
of water released from Possum Kingdom Reservoir. During the 1953-64 period
after the closure of Whitney Reservoir, the dissolved solids content of water
at the Ifhitney station ranged from less than 350 ppm to more than 1,400 ppm.
About 50 percent of the time, the dissolved-solids content equaled or exceeded
960 ppm. During the same period, the dissolved-solids content of water released
from Possum Kingdom Reservoir ranged from less than 300 ppm to more than 3,800
ppm, and for about 50 percent of the time equaled or exceeded 1,400 ppm. These
data show that regulation of flow by Whitney Reservoir has resulted in an inte
gration of the saline releases from Possum Kingdom Reservoir with water of
better quality contributed by the intervening area. Mixing of these waters
in Whitney Reservoir has resulted in more uniformity in the chemical quality of
water at the 'Vhitney station.

During the 1962-64 period of chemical-quality record for the Lampasas
River at Youngsport, the dissolved-solids content of the water ranged from
less than 150 ppm to more than 950 ppm. During about 40 percent of the time,
the dissolved-solids content equaled or exceeded 500 ppm. Mills and Rawson
(1965) have shown that although the base flow of most streams in the drainage
area of the Lampasas River contains low concentrations of dissolved solids,
the base flow of Sulphur Creek is slightly saline. Therefore, the variation
in chemical quality of the Lampasas River at Youngsport is attributed largely
to differences in pattern of runoff. When most of the flow is contributed
by Sulphur Creek, the dissolved-solids content is maximum. As the percentage
of water contributed by other tributaries increases, the chemical quality of
water of the Lampasas River improves.

Because water of the Little River at Cameron is a composite of the flow of
the Leon, Lampasas, and San Gabriel Rivers, the dissolved-solids content and
the chemical composition of the water depend largely upon the pattern of runoff
from sub-basins. During the 1961-64 period of chemical-quality record, the
dissolved-solids content of the Little River at Cameron ranged from less than
125 ppm to more than 675 ppm. Although the dissolved-solids content was maxi
mum during low flow, it equaled or exceeded 500 ppm only about one percent of
the time.

The quality of water of the main-stem Brazos River near Bryan is relatively
variable. During the 1962-64 water years, the dissolved-solids content ranged
from less than 200 ppm to more than 1,200 ppm. About 50 percent of the time
the dissolved-solids content equaled or exceeded 720 ppm. During the same
period, the dissolved-solids content of water released from the upstream
Whitney Reservoir equaled or exceeded 700 ppm for more than 99 percent of the
time. These data indicate that the dissolved-solids content of water at the
Bryan station is maximum when most of the flow consists of releases from
Whitney Reservoir. As the proportion of water contributed by the intervening
area between the reservoir and the Bryan station increases, the chemical
quality of water improves.

The dissolved-solids content of water of Yegua Creek near Somerville during
the 1962-64 water years ranged from less than 100 ppm to more than 950 ppm.
About 40 percent of the time the dissolved-solids content equaled or exceeded
500 ppm. Although the chemical quality clearly improved with increase in
water discharge, the dissolved-solids content and concentrations of individual
constituents were variable at all discharge rates, but especially during
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medium and low flows (Figure 6). Although no chemical-quality data are avail
able for tributaries, much of this variation at the Somerville station pro
bably is due to differences in the pattern of runoff from sub-basins.

During the 1959-64 period, the dissolved-solids content of the Navasota
River near Bryan ranged from less than 50 ppm to more than 2,200 ppm. However,
the dissolved solids equaled or exceeded 500 ppm for only about 15 percent of
the time. The dissolved-solids content usually was maximum during low or
medium flows. However, the relation between discharge and dissolved-solids
content was ill defined (Figure 6). During some periods, both the dissolved
solids and chloride contents of the water increased erratically without a cor
responding change in rate of flow. Much of this variation is attributed to
oil-field brine pollution.

The collection of chemical-quality data from the Brazos River at Richmond
pre-dates the construction of the upstream Whitney and Belton Reservoirs.
Therefore, in Table 5 chemical-quality frequency data for the Richmond station
are shown for two periods--the period before closure of Whitney Reservoir and
the period after closure of Belton Reservoir. During the 1943-51 period before
closure of l<hitney Reservoir, the dissolved-solids content of the Brazos River
at Richmond ranged from less than 150 ppm to more than 1,400 ppm. About 50
percent of the time the dissolved solids equaled or exceeded 500 ppm. During
the same period, the dissolved solids in water released from the upstream Pos
sum Kingdom Reservoir ranged from about 800 ppm to more than 1,600 ppm. About
50 percent of the time the dissolved-solids content of water released from the
reservoir equaled or exceeded 1,300 ppm. These data show that before the con
struction of Whitney Reservoir the quality of water at the Richmond station was
relatively variable. The dissolved-solids content of the water was maximum
when inflow from the intervening area between the Possum Kingdom and Whitney
station was deficient. As the proportion of water contributed by the interven
ing area increased, the chemical quality of water at the Richmond station
improved. For example, discharge records for the 1943-51 period indicate that
during the January-June months, releases from Possum Kingdom Reservoir averaged
less than 7 percent of the total flow at the Richmond station. For 50 percent
of the days during the January-June period, the dissolved-solids content of
water at the Richmond station was less than 360 ppm. During the July-December
months, releases from Possum Kingdom Reservoir averaged more than 20 percent of
the total flow at the Richmond station. For 50 percent of the days during the
June-December period, water at the Richmond station contained more than 590 ppm
dissolved solids.

The dissolved-solids content of the Brazos River at Richmond during the
1955-64 period, since the closure of l<hitney and Belton Reservoirs, has ranged
from less than 150 ppm to more than 1,200 ppm. About 48 percent of the time
the dissolved-solids content has equaled or exceeded 500 ppm. These data indi
cate that the regulation of flow by l<hitney and Belton Reservoirs has not
reduced appreciably the day-to-day variations of chemical quality of lJater at
the Richmond station. This is shown more clearly by dissolved-solids duration
curves in Figure 9. The similarity of the two curves. shows that the range of
dissolved solids and the percent of time that a particular concentration was
equaled or exceeded at the Richmond station was not greatly reduced by the
regulation of flow by the upstream reservoirs.
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Salt Yields

Although a large stream may contain low concentrations of dissolved
minerals, the total dissolved-mineral load transported by the stream usually
is very large, because the load is proportional to the product of the concen
tration of dissolved minerals and the water discharge. Both the dissolved
mineral content and the water discharge of the Brazos River are relatively large;
consequently, the river transports immense quantities of dissolved minerals.
Minerals are being dissolved and removed from all parts of the Brazos River
basin, but the rates at which this process is proceeding are far from uniform.
Differences in yield are caused by a combination of factors--principally dif
ferences in precipitation, geology, and proportion of ground-water inflow to
total surface-water outlfow. Also, the yield of dissolved minerals from natural
sources has been increased appreciably by brine from oil fields.

Because salt loads are cumulative, they continually increase in a down
stream direction, except where water is diverted or delayed by reservoir storage.
Therefore, streamflow and chemical-quality records at various sites on a stream,
supplemented by streamflow and chemical-quality records for tributaries, can
be used to compute salt yield from intervening areas. Annual summaries of water
discharge and dissolved solids, chloride, and sulfate loads for selected sites
in the Brazos River basin are given in Table 6. However, these data are not
directly comparable because the periods of record are not all concurrent and
because water is diverted or stored in reservoirs between some of the stations.
Concurrent long-term records of discharge and chemical quality are desirable
for a comparison of salt loads. Concurrent daily chemical-quality records for
the 1949-64 period are available for the Possum Kingdom Dam (discharge measured
at the Palo Pinto station), Whitney, and Richmond stations. Therefore, in the
following discussion these stations were used to divide the Brazos River basin
into three principal areas, for which salt yields were computed or estimated
for the 1949-64 period. Similarly, where possible, the salt yields of sub
areas were estimated from available data. A summary of estimated yields of
dissolved solids, chloride, and sulfate for selected drainage areas for the
1949-64 period is given in Table 7; the computation procedures are explained
in the following discussion.

Upper Brazos River Basin

The upper Brazos River basin, for the purpose of this report, is the area
22,550 square miles upstream from Possum Kingdom Reservoir, of which 9,240
square miles is probably noncontributing. The dissolved-solids load contributed
by this area, as measured at the chemical-quality station at Possum Kingdom Dam,
during the 1949-64 period averaged about 3,080 tons per day, of which 1,110 tons
was chloride and 700 tons was sulfate. The annual dissolved-solids yield from
the contributing area averaged about 84 tons per square mile, of which about 30
tons was chloride and 19 tons was sulfate. However, the yield from different
parts of the upper basin is highly variable. Although daily chemical-quality
data have been collected at several sites on the Double Mountain Fork, Salt Fork,
and Clear Fork of the Brazos River (the three principal tributaries that drain
the area), none of the records are continuous for the entire 1949-64 period.
However, both chemical-quality and streamflow records for the Double ~lountain

Fork and the Salt Fork at the Aspermont stations are of sufficient length that
estimates of chemical-quality data can be made for the period of missing
record. The method used to extend the chemical-quality records is similar to
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that described by lorns, Hembree, and Oakland (1965, p. 58-59). Curves of
relation between concentrations of dissolved solids and water discharge were
prepared. With data obtained from these curves and from flow-duration curves
of streamflow, duration tables of dissolved solids and dissolved-solids dis
charge were computed. Curves of relation between concentrations of dissolved
solids and the concentrations of chloride and sulfate also were prepared. With
data obtained from these curves and the duration tables of dissolved-solids
concentrations, tables of concentrations and discharges of chloride and sulfate
were computed. These estimated data for the Double Mountain and Salt Forks of
the Brazos River at the stations near Aspermont are included in Tables 6 and 7.
These estimates indicate that for the 1949-64 period the average dissolved
solids load of the Double Mountain Fork Brazos River near Aspermont was about
520 tons per day, of which 90 tons was chloride and 215 tons was sulfate. The
annual dissolved-solids yield from the contributing area averaged about 125
tons per square mile, of which 21 tons was chloride and 52 tons was sulfate.

The principal source of salinity in the upper Brazos River basin is the
drainage area of the Salt Fork. During the 1949-64 period, the average
dissolved-solids load of the Salt Fork Brazos River near Aspermont was about
1,740 tons per day, of which 820 tons was chloride and 260 tons was sulfate.
The annual dissolved-solids yield from the contributing area averaged about 308
tons per square mile, of which 145 tons was chloride and 46 tons was sulfate.
Several periodic chemical-quality stations have been operated on tributaries
of the Salt Fork Brazos River since 1956. Data from these stations indicate
that the principal sources of salinity are seeps and springs in the drainage
area of Croton and Salt Croton Creeks. According to Hughes (1965, p. 4), the
average daily load contributed by the Salt Croton Creek area during the 1957-64
period of record was about 850 tons of dissolved solids, 485 tons of chloride,
and 30 tons of sulfate. Based on these data, the annual dissolved-solids yield
from the drainage area of Salt Croton Creek averaged about 4,830 tons per
square mile, of which about 2,750 tons was chloride and 170 tons was sulfate.

Daily chemical-quality records for other streams in the upper Brazos River
basin generally are inadequate for computation of average yields for the 1949
64 period. The average yield for the area exclusive of the Double Mountain
Fork and Salt Fork drainage areas c~n be estimated from records of the main
stern station at Possum Kingdom Darn. On the basis of records for the 1949-64
period, the daily yield from this area was about 825 tons of dissolved solids,
200 tons of chloride and 230 tons of sulfate. The annual yield per square mile
averaged about 31 tons of dissolved solids, 8 tons of chloride, and 9 tons of
sulfate.

Middle Brazos River Basin

The middle Brazos River basin, as discussed in this report, extends from
below Possum Kingdom Reservoir to the Brazos River stream gaging station near
Whitney and includes an area of 3,620 square miles. Data in Table 6 indicate
that during the 1949-64 period, the daily load of dissolved solids at the
Whitney station was 3,200 tons, of which 1,060 tons was chloride and 672 tons
was sulfate. However, these data are not directly comparable with load data
for the Possum Kingdom Darn station because of storage in Whitney Reservoir.
Quality-of-water surveys and daily water-quality records of releases from
Whitney Reservoir indicate that at the end of the 1964 water year, water stored
in Whitney Reservoir contained about 350,000 tons of dissolved solids, 132,000
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tons of chloride, and 64,000 tons of sulfate. Computations based on these data
indicate that if storage in Hhitney Reservoir had not occurred, the daily load
of dissolved solids, chloride, and sulfate at the Ifhitney station during the
1949-64 period would have been about 3,260 tons, 1,080 tons, and 683 tons,
respectively. A comparison of these data with load data for the Possum Kingdom
station for the 1949-64 period (Table 6) indicates that the dissolved-solids
yield from the area between the two stations was only about 120 tons per day
and that an apparent loss of chloride and sulfate occurred.

Although small quantities of water with accompanying loads of dissolved
minerals were lost by diversion, seepage, and uptake by phreatophytes, part of
the apparent loss of chloride and sulfate loads undoubtedly resulted from defi
ciencies of chemical-quality and streamflow data. Loads for the Brazos River
below Possum Kingdom Dam were computed by using flow data for the streamflow
station near Palo Pinto. Although the amount of runoff from the 210-mile area
between the two stations usually is small, the water probably is much less
mineralized than is the outflow from Possum Kingdom Reservoir. Therefore, use
of flow data for the Palo Pinto station to compute loads for the station below
Possum Kingdom Dam causes the computed loads to be slightly high. Other sources
of error are the sampling schedule, method of computing loads, and streamflow
measurements.

Regardless of the source of error, the salt yield of the middle Brazos
River basin cannot be computed from records for the two main-stern stations.
Also, no daily chemical-quality stations have been operated on tributaries
in the area. Some miscellaneous chemical analyses are available for the
principal tributar~es; but most of these are for low flows. However, chemical
quality data for Palo Pinto Creek near Santo probably is adequate to estimate
roughly the salt yield of the drainage area upstream from the Santo station.
These data indicate that during the 1949-64 period the daily load of dissolved
solids at the Santo station averaged about 39 tons, of which about 5 tons was
chloride and about 3 tons was sulfate. Calculations based on these data indi
cate that the annual yield of dissolved solids per square mile averaged about
25 tons, of which 3 tons was chloride and 2 tons was sulfate.

Chemical analyses of low-flow samples collected from Paluxy Creek at Glen
Rose and from Nolands River near Blum indicate that waters of Paluxy Creek and
Nolands River generally are of better quality than water of Palo Pinto Creek
(Table 4). This also is indicated by analyses of water from Cleburne Reservoir,
which impounds water from the upper reaches of Nolands River. The dissolved
solids, chloride, and sulfate content of two samples collected from Cleburne
Reservoir during the 1965 water year averaged about 160 ppm, 7.2 ppm, and 13
ppm, respectively.

Assuming that the chemical quality of water of Palo Pinto Creek near Santo
is fairly representative of water contributed by the upper half of the middle
Brazos River basin and that the chemical quality of water stored in Cleburne
Reservoir is fairly representative of water contributed by the lower half of
the basin, the dissolved-solids, chloride, and sulfate content of water contri
buted by the entire area for the 1949-64 period probably averaged about 164
ppm, 13 ppm, and 13 ppm, respectively. Based on these assumptions, the daily
yield of dissolved solids was about 267 tons, of which about 21 tons was
chloride and about 21 tons was sulfate. Similarly, the annual yield of dis
solved solids, chloride, and sulfate per square mile of drainage area was
about 28 tons, 2 tons, and 2 tons, respectively. A comparison of these data
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with estimated yields for Palo Pinto Creek indicates that the salt yield per
square mile of drainage area in the middle basin during the 1949-64 period
was fairly uniform.

Lower Brazos River Basin

The lower Brazos River hasin, as discussed in this report, extends from
Hhitney Reservoir to the mouth and includes an area of about 18,000 square
miles. The lowermost station for which chemical-load data are available is
at Richmond, about 90 river miles upstream from the mouth. As discussed in
the previous section, the computed salt load at the Hhitney station for the
1949-64 period (Table 7) probably was smaller than the actual load. Neverthe
less, because of the large area between the Whitney and Richmond stations and
because of the large quantity of water contributed by the area, the load data
for the l<hitney station probably can be used to compute the salt yield from the
lower Brazos River basin without introducing appreciable error. However, a
comparison of load data at the l<hitney and Richmond stations is valid only if
load data for the Richmond station are corrected for storage in Proctor and
Belton Reservoirs and for two major diversions near Richmond. Such computations
indicate the daily yield of dissolved-solids for the lower Brazos River basin
upstream from the Richmond station during the 1949-64 period was about 2,580
tons, of which about 281 tons was chloride and about 304 tons was sulfate. The
annual yield of dissolved solids, chloride, and sulfate per square mile of
drainage area averaged about 53 tons, 6 tons, and 6 tons, respectively.

Although some chemical-quality data have been collected for most of the
principal tributaries in the area, none of the records are continuous for the
entire 1949-64 period. However, yields from various parts of the drainage area
can be estimated from available data.

Miscellaneous chemical analyses for streams in the drainage area of the
Bosque River and from Lake Waco (Table 4) indicate that the dissolved-solids
content of the water in the area averages about 200 ppm, of which about 15 ppm
is chloride and about 30 ppm is sulfate. Based on these data, the daily yield
of dissolved solids for the Bosque River during the 1949-64 period was about
222 tons, of which about 17 tons was chloride and about 33 tons was sulfate.
The annual dissolved-solids, chloride, and sulfate yield per square mile of
drainage area was about 49 tons, 4 tons, and 7 tons, respectively.

Chemical-quality data for the Little River at Cameron (Table 6) indicate
that the annual discharge-weighted average concentrations of dissolved consti
tuents are relatively constant. Therefore, these records probably are adequate
to estimate the salt yield from the area for the 1949-64 period. Calculations
based on chemical-quality records for the 1961-64 period indicate that the daily
load of dissolved solids, corrected for storage in Proctor and Belton Reservoirs,
was about 968 tons, of which about 110 tons was choride and about 114 tons was
sulfate. The annual dissolved-solids, chloride, and sulfate yield per square
mile of drainage area was about 51 tons, 6 tons, and 6 tons, respectively.

Daily chemical-quality data have been collected from Yegua Creek near
Somerville for the 1962-64 period. However, streamflow during this period was
only about 56 percent of the 1949-64 average, and loads of dissolved constituents
at the Somerville station for the 1962-64 period probably were less than the
1949-64 averages. Streamflow during the 1963 water year was near the 1949-64
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average. Consequently, the discharge-weighted average of dissolved constituents
for the 1963 water year should be fairly representative of the 1949-64 average.
On the basis of this assumption, the daily load of dissolved solids, chloride,
and sulfate at the Somerville station during the 1949-64 period averaged about
125 tons, 25 tons, and 37 tons respectively. The annual yield of dissolved
solids per square mile of drainage area was about 45 tons, of which 9 tons was
chloride and 13 tons was sulfate.

Daily chemical-quality data have been collected from the Navasota River
near Bryan for the 1959-64 period. Flow during this period was about 117 per
cent of the estimated 1949-64 average. Both periods included years of high,
medium, and low flows. Therefore the discharge-weighted average of dissolved
constituents for the 1959-64 period should be fairly representative of the
1949-64 period. Calculations based on the 1959-64 records indicate that the
daily load of dissolved solids, chloride, and sulfate of the Navasota River at
the Bryan station during the 1949-64 period was about 220 tons, 76 tons, and
28 tons, respectively. The estimated annual yield of dissolved solids per
square mile of drainage area was about 56 tons, of which about 19 tons was
chloride and 7 tons was sulfate.

The estimated annual yield of dissolved-solids, chloride, and sulfate per
square mile of the combined drainage areas of the Bosque, Little, and Navasota
Rivers and Yegua Creek for the 1949-64 period was about 51 tons, 8 tons, and 7
tons, respectively. As stated earlier, the dissolved-solids, chloride, and sul
fate yield per square mile of the entire lower Brazos River basin upstream
from the Richmond station, as computed from load data for the Brazos River at
the Whitney and Richmond stations, was about 53 tons, 6 tons, and 6 tons,
respectively. The agreement between these data indicates that the estimated
data are fairly reliable. A comparison of data for the individual streams
indicates that the salt yield per square mile of drainage area in the lower
basin was relatively uniform. The greatest dissolved-solids and chloride yield
per square mile was from the drainage area of the Navasota River where oil
field brines contributed to the salinity of the streams.

Water Quality in Reservoirs

Chemical analyses for most of the principal reservoirs and for some of the
smaller ones in the Brazos River basin are given in Table 4. Locations of the
principal reservoirs are shown in Figure 3. Many of the reservoirs were con
structed on tributaries where quality-of-water problems were minimum. Conse
quently, the water in these reservoirs usually is satisfactory for public
supply, or can be made satisfactory with a minimum of treatment. Water of the
main-stem reservoirs generally is less suitable for public supply because of
high salinity.

Lake Buffalo Springs.--When sampled in November 1965, water in Lake Buffalo
Springs contained 992 ppm dissolved solids and 3.2 ppm fluoride and was very
hard. Principal chemical constituents were sodium, magnesium, chloride, sul
fate, and bicarbonate.

~{hite River Reservoir.--Irnpoundrnent in this new reservoir began in May
1963. The dissolved-solids content of samples collected from the partially
filled reservoir has ranged from 546 ppm to 611 ppm (Table 4). The water was
moderately hard to hard and was the sodium bicarbonate chloride type. Fluoride
concentrations in the samples ranged from 2.4 ppm to 3.0 ppm.
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Lake Sweetwater.-- Chemical analyses indicate that water stored in Lake
Sweetwater contains less than 300 ppm dissolved solids, is very hard, and is
the calcium bicarbonate type.

Lake Abilene.--Water stored in Lake Abilene is low in dissolved solids,
very hard, and the calcium bicarbonate type.

Fort Phantom Hill Reservoir.--Fort Phantom Hill Reservoir stores water
from three sources--water from Elm Creek, water diverted from Deadman Creek,
and water selectively pumped from the Clear Fork Brazos River. Therefore, the
chemical composition of stored water is heterogeneous. However, the water
usually contains less than 400 ppm dissolved solids and ranges from hard to
very hard.

Lake Stamford.--When sampled in August 1965, water in Lake Stamford con
tained 348 ppm dissolved solids and was hard. Principal chemical constituents
were sodium, calcium, magnesium, and bicarbonate.

Lake Cisco.--Water stored in Lake Cisco is low in dissolved solids (usually
less than 200 ppm), hard, and the calcium bicarbonate type.

Hubbard Creek Reservoir.--Impoundment in this newly constructed reservoir
began in December 1962. Although the reservoir has not filled to operational
level, chemical-quality data have been collected for the reservoir since Sep
tember 1963. Chemical-quality surveys of the reservoir are made three times
annually. During these surveys, specific conductance and water temperature are
measured at various depths in selected vertical profiles. Water for chemical
analyses is collected at depth where changes in dissolved-solids content occur,
as determined by conductivity measurements. Chemical analyses usually consist
of chloride and specific conductance measurements, although analyses of some
samples are more complete. To supplement these data, in April 1964 a multiple
cell conductivity recorder was installed at the reservoir outlet. Therefore,
continuous records of conductivity of water in the reservoir are obtained. at
three different depths. These conductivity records have been related to
chloride concentrations and thus a continuous chloride record has been obtained.
A report describing the results of this study is in preparation. Generally the
study has shown that the chloride content is relatively variable (from less
than 90 ppm to more than 180 ppm). During drought periods, the dissolved-solids
and chloride content probably will exceed 500 ppm and 250 ppm respectively,
unless oil-field brine pollution is reduced. Representative chemical analyses
of samples collected from the reservoir at a site near Hubbard Creek Dam (Table
4) show that the water is very hard; principal dissolved constituents are
sodium, calcium, chloride, and bicarbonate.

Lake Daniels.--Water impounded in Lake Daniels is low in dissolved solids,
moderately hard to hard, and the calcium bicarbonate type.

Lake Graham.--In April 1958, water stored in Lake Graham contained 2,750
ppm dissolved solids. Much of the salinity was contributed by brine from oil
fields. However, this saline water was released from the reservoir and there
after water quality in the reservoir has improved greatly because of efforts
to control oil-field brine pollution. In April 1962, water in the reservoir
contained only 252 ppm dissolved solids. Principal chemical constituents were
sodium, calcium, and chloride.
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Possum Kingdom Reservoir.--A study of Possum Kingdom Reservoir has been
included in the Geological Survey's investigation of the chemical quality and
stratification of water stored in the major reservoirs of the Brazos River
basin. Results of the study to May 1962 have been described by Mendieta and
Blakey (1963, p. 5); and a more comprehensive report is in preparation. The
study has shown generally that during much of the time some stratification of
water occurs because of temperature and salinity differences. The degree of
stratification depends largely upon the salinity and temperature of stored
water as compared to the temperature and salinity of inflowing water. The
study also has shown that much of the time the stored water is undesirable
for domestic, municipal, and most industrial uses because of its salinity. This
is shown more conclusively by daily chemical-quality records of water released
from the reservoir. The dissolved-solids content of water released during the
1943-64 period ranged from about 200 ppm to more than 3,800 ppm. However,
about 94 percent of the time the dissolved-solids content equaled or exceeded
1,000 ppm. Similarly, the released water usually contained excessive concen
trations of chloride and sulfate. During the 1943-64 period, the chloride con
tent equaled or exceeded 250 ppm about 99 percent of the time; the sulfate con
tent equaled or exceeded 250 ppm about 88 percent of the time. Usually the
water was very hard and the sodium chloride type.

Lake Palo Pinto.--No chemical-quality data are available from this recently
completed reservoir; however, chemical analyses of samples collected from Palo
Pinto Creek near Santo (Table 4) indicate that the stored water will contain
about 180 ppm dissolved solids, 25 ppm chloride, and 15 ppm sulfate. The water
will be moderately hard to hard and the calcium bicarbonate type.

Lake Mineral Wells.--The dissolved-solids content
Lake Mineral Wells has ranged from 196 ppm to 262 ppm.
the calcium bicarbonate type.

of water collected from
The water is hard and

Lake Pat Cleburne.--This newly constructed reservoir stores water that is
low in dissolved solids but hard. Principal chemical constituents are calcium
and bicarbonate.

Whitney Reservoir.--The Geological Survey has included Whitney Reservoir
in its chemical quality and stratification study of the major reservoirs of the
Brazos River basin. Results of the study to May 1962 have been described by
Mendieta and Blakey (1963, p. 4-5), and a more comprehensive report is in pro
gress. Generally, the study has shown little vertical stratification of salinity.
However, considerable difference in the salinity of water in different areas
of the reservoir was noted during some periods. The study also has sho,;n that
water stored in the reservoir often is too saline for many uses. This is shown
more conclusively by the daily chemical-quality records of water released from
the reservoir. During the 1953-64 period, the dissolved-solids content of
water released from the reservoir ranged from less than 350 ppm to more than
1,400 ppm. However, about 43 percent of the time the dissolved-solids content
equaled or exceeded 1,000 ppm; about 97 percent of the time it equaled or
exceeded 500 ppm. The chloride content of the water also was excessive--about
78 percent of the time it equaled or exceeded 250 ppm. Some of the time the
sulfate content also was excessive--about 20 percent of the time it exceeded
250 ppm. Usually the released water was very hard and the sodium chloride type.

Waco Reservoir.--The quality of water stored in Waco Reservoir can be
inferred from analyses of samples from Lake Waco (recently enlarged to form

- 44 -



Waco Reservoir) and from analyses of samples collected from the Bosque River
near Waco (Table 4). These data show that the water is low in dissolved solids,
hard to very hard, and the calcium bicarbonate type.

Leon Reservoir.--Water stored in
250 ppm dissolved solids but is hard.
calcium and bicarbonate.

Leon Reservoir usually contains less than
Principal dissolved constituents are

Proctor Reservoir.--Proctor Reservoir has been included in the Geological
Survey's chemical-quality and stratification study of the major reservoirs in
the Brazos River basin. The study has shown little vertical stratification of
waters of different salinities. Selected chemical analyses (Table 4) show that
the dissolved-solids content of stored water, although variable, usually is
less than 350 ppm. The water ranges from moderately hard to very hard; prin
cipal chemical constituents usually are calcium and bicarbonate.

Belton Reservoir.--Belton Reservoir also has been included in the Geolo
gical Survey's study of the major reservoirs in the Brazos River basin (Mendieta
and Blakey, 1963, p. 3-4). The study has shown generally that vertical strati
fication of waters of different salinities in the reservoir is not significant.
Selected chemical analyses (Table 4) show that the dissolved-solids content,
although variable, usually is less than 300 ppm. The water is moderately hard
to very hard; principal chemical constituents usually are calcium and bicar
bonate.

Lake Mexia.--Available chemical-quality data for water stored in Lake
Mexia are meager (Table 4). These data indicate that in February 1962 the
water was relatively low in dissolved solids (probably less than 350 ppm) and
was hard. The chloride content of the water was 120 ppm, much of which pro
bably was contributed by brine from oil fields. Because the quantity of brine
reaching streams upstream from the reservoir varies, the chemical quality of
water in the reservoir may vary.

Water Quality at Potential Reservoir Sites

One of the principal objectives of this investigation was to appraise the
quality of water available for storage at potential reservoir sites in the
Brazos River basin. Many potential sites studied by various federal, state,
and local agencies are shown on Figure 3. In the following discussion, evalua
tions of water quality at these sites are based on present conditions. Con
tinued municipal and industrial growth in some areas will increase the waste
disposal burdens of the stream and, therefore, may cause significant changes
in water quality before some of the reservoirs can be built.

Duck Creek Reservoir.--Available chemical-quality data from Duck Creek
consist of chemical analyses of low-flow samples. The dissolved-solids content
of these samples collected from Duck Creek near Jayton (Table 4) ranged from
948 ppm to 2,630 ppm. The water was very hard and the calcium sulfate type.
Sulfate concentrations ranged from 556 ppm to 1,600 ppm. Higher flow probably
would have a considerably lower dissolved-solids and sulfate content. Water
stored in the reservoir probably would be hard; the dissolved-solids content
usually would exceed 500 ppm; and the sulfate content usually would exceed 250
ppm.
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Seymour Reservoir No. l.--Daily chemical-quality records for the Salt Fork
Brazos River near Aspermont indicate that water which would be stored in Sey
mour Reservoir No.1 would contain more than 5,000 ppm dissolved solids, 2,000
ppm chloride, and 700 ppm sulfate. Hughes (1965, p. 7) has calculated that if
90 percent of the salt load contributed by Salt Croton Creek, the principal
source of the salt load, and part of the load contributed by several smaller
sources were removed, the average dissolved-solids and chloride content of
water impounded in Possum Kingdom Reservoir would be reduced about 25 percent
and 37 percent, respectively. Under the same salinity-control conditions,
water available for storage in a reservoir at the Seymour No. 1 site probably
would contain more than 2,600 ppm dissolved solids, 1,000 ppm chloride, and
600 ppm sulfate.

Seymour Reservoir No. 2.--Daily chemical-quality records for the Double
Mountain Fork Brazos River near Aspermont indicate that water which would be
stored in the proposed Seymour Reservoir No. 2 usually would contain more than
1,000 ppm dissolved solids, 180 ppm chloride, and 430 ppm sulfate; and the
water would be very hard.

Seymour Reservoir.--Based on daily chemical-quality records for the Brazos
River at Seymour and for the Double Mountain and Salt Forks of the Brazos River
at the Aspermont stations, the dissolved-solids, chloride, and sulfate concen
trations of water that would be stored in the proposed Seymour Reservoir
usually would exceed 2,600 ppm, 1,000 ppm, and 600 ppm, respectively. Even if
90 percent of the salt load contributed by Salt Croton Creek and part of the
load contributed by several smaller sources were removed, the stored water
probably would contain more than 1,700 ppm dissolved solids, 500 ppm chloride,
and 500 ppm sulfate, and would be very hard.

Millers Creek Reservoir.--The quality of water that would be stored in the
proposed Millers Creek Reservoir can be inferred from the analyses of samples
collected from Millers Creek near Munday and near Seymour. Although most of the
samples from the Munday site were collected during low flow, the maximum
dissolved-solids content of the samples was 177 ppm. The water was usually
moderately hard and the calcium bicarbonate type. Most of the samples from the
Seymour site also were collected during low flow. The dissolved-solids content
of these samples ranged from 176 ppm to 2,060 ppm. Higher flows probably would
be less mineralized. Thus, if the reservoir fills during a period of average
rainfall and runoff, the stored water probably would contain less than 250 ppm
dissolved solids and would be moderately hard or hard.

South Bend Reservoir.--Water available for storage in this proposed main
stem reservoir can be inferred from the daily chemical-quality records for the
Brazos River at Seymour and below Possum Kingdom Dam. Water in the proposed
reservoir would be less saline than water at the Seymour station but more
saline than water in Possum Kingdom Reservoir. The dissolved-solids, chloride,
and sulfate concentrations in the stored water probably would average more
than 2,000 ppm, 800 ppm, and 450 ppm, respectively; and the water would be very
hard.

Nugent Reservoir.--Daily chemical-quality records collected from the Clear
Fork Brazos River at Nugent during the 1949-53 period indicate that water which
would be stored in the proposed Nugent Reservoir would contain about 500 ppm
dissolved solids, 70 ppm chloride, and 150 ppm sulfate.
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Breckenridge Reservoir.--No recent chemical-quality data are available for
the Clear Fork Brazos River at the site of the proposed Breckenridge Reservoir.
Daily chemical-quality records of the Clear Fork Brazos River at Fort Griffin
for the 1950-51 water years indicate that the natural quality of the Clear Fork
is very good. During these two years, the discharge-weighted average concen
trations of dissolved solids, chloride, and sulfate at the Fort Griffin station
were 357 ppm, 67 ppm, and 81 ppm, respectively. However, some deterioration of
the quality of water has occurred because of pollution by oil-field brines.
Daily chemical-quality records for California Creek, a tributary to the Clear
Fork upstream from the proposed Breckenridge damsite, indicate that California
Creek is badly polluted with oil-field brines. Daily chemical-quality records
for the Clear Fork Brazos River at Eliasville during the 1963 and 1964 water
years indicate that these brines have degraded the quality of the water of the
Clear Fork. Now that Hubbard Creek Reservoir is in operation, the chemical
quality record for Eliasville may be fairly representative for the Breckenridge
site. During the 1963-64 water years, the discharge-weighted average concen
trations of dissolved solids, chloride, and sulfate at the Eliasville station
were 652 ppm, 222 ppm, and 126 ppm, respectively; and the water usually was very
hard. During these years the streamflow was below average; thus, the water was
probably worse in quality than it would be during years of average flow. Never
theless, during drought periods, the dissolved-solids and chloride content of
water in the proposed Breckenridge Reservoir probably would exceed 500 ppm and
250 ppm respectively, unless oil-field brine pollution is reduced.

Keechi Reservoir.--The dissolved-solids content of low-flow samples col
lected from Keechi Creek near Graford during the 1963 water year ranged from
264 ppm to 631 ppm. During the 1962 water year, the water collected from
Keechi Creek Reservoir, a small water-supply reservoir downstream from the
Graford site, usually contained less than 250 ppm dissolved solids but was
hard. These data indicate that water in the proposed Keechi Reservoir would
contain less than 250 ppm dissolved solids and would be moderately hard or
hard.

Turkey Creek, Inspiration Point, Hightower, DeCordova Bend, and Bee
Mountain Reservoirs. The development of this five reservoir system on the
main-stem Brazos River between Possum Kingdom and \fhitney Reservoirs has been
proposed primarily for the generation of hydroelectric power and for flood
control (U.S. Study Commission, 1962, p. 113). The chemical quality of water
that would be stored in the reservoir system can be inferred from the quality
of water stored in Possum Kingdom and Whitney Reservoirs. Because of inflow
of water of good quality from intervening areas, the quality of water in the
reservoir system generally would improve in a downstream direction. However,
this improvement would be partially offset by the concentrating effect of
evaporation from the reservoirs. Water in Turkey Creek Reservoir would be
similar to that stored in Possum Kingdom Reservoir and usually would contain
about 1,300 ppm dissolved solids, 500 ppm chloride, and 300 ppm sulfate. Water
in Bee Mountain Reservoir would be similar to that stored in Whitney Reservoir
and usually would contain about 1,000 ppm dissolved solids, 350 ppm chloride,
and 200 ppm sulfate.

Aquilla Reservoir.--Chemical-quality data for Aquilla Creek near Aquilla
indicate that if the proposed Aquilla Reservoir fills during a period of aver
age rainfall and runoff, the stored water would contain less than 250 ppm
dissolved solids but would be hard.
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Stephenville Reservoir.--Chemical analyses of samples collected from the
North Fork Bosque River near Clifton indicate that the proposed Stephenville
Reservoir would store water with a dissolved-solids content of less than 200
ppm and that the water would be hard.

Stillhouse Hollow Reservoir.--Daily chemical-quality records for the
Lampasas River at Youngsport indicate that the dissolved-solids content of
water that will be stored in Stillhouse Hollow Reservoir (now under construc
tion) will average less than 350 ppm; however, the water will probably be very
hard.

North San Gabriel, South San Gabriel, Berry Creek, and Laneport Reser
voirs. Chemical analyses of samples collected from the North and South Forks
of the San Gabriel River and from the main-stem San Gabriel River indicate that
water in the proposed reservoirs in the drainage area of the San Gabriel River
would be low in dissolved solids (probably less than 200 ppm), hard, and the
calcium bicarbonate type.

Cameron Reservoir.--Daily chemical-quality records for the Little River
at Cameron indicate that water which would be stored in the proposed Cameron
Reservoir would contain less than 300 ppm dissolved solids but would be hard
or very hard ..

Somerville Reservoir.--Daily chemical-quality records for Yegua Creek near
Somerville indicate that Somerville Reservoir (now under construction) will
store water that is low in dissolved solids (probably less than 250 ppm). How
ever, the water will probably be moderately hard or hard.

Wayland Crossing, Marquez, Navasota, Ferguson, and Millican Reservoirs.-
The quality of water that would be stored in reservoirs on the Navasota River
can be inferred from daily chemical-quality records for the Navasota River near
Bryan. The discharge-weighted average concentration of dissolved solids at the
Bryan station for the 1959-64 period was 203 ppm. However, the annual discharge
weighted average concentrations of dissolved solids during the same period
ranged from 143 ppm to 328 ppm. Much of this variation is attributed to oil
field brine pollution. If the pollution does not increase, water stored in
the proposed reservoirs should contain less than 350 ppm dissolved solids much
of the time.

AlIens Creek Reservoir.--The proposed AlIens Creek Reservoir would be an
off-channel reservoir that would store water from the Brazos River when flow of
the river below AlIens Creek exceeds demand. Therefore the quality of water
in the reservoir would be variable. However, most of the water for storage
probably would be diverted when flow of the Brazos River was high. Therefore,
the dissolved-solids content of the water probably would average less than
400 ppm.

POTENTIAL I~ITROVEMENT OF WATER QUALITY IN THE BRAZOS RIVER

Integrated Operation of Reservoirs

Floodwaters captured in the flood-control storage space of Belton Reservoir
usually are stored temporarily and then released as soon thereafter as possible
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to maintain the storage space for flood control. Similarly, one of the primary
purposes of Whitney Reservoir is flood control. No effective effort has been
made to improve the quality of main-stem water by coordinating releases from
the two reservoirs. As a result, the regulation of flow by the reservoirs has
not reduced appreciably the daily variations of chemical quality of water in
the downstream reach of the Brazos River. (See Figure 9.) However, the
increased flood storage provided by Proctor Reservoir supplemented by storage
in Stillhouse Hollow and Somerville Reservoirs (now under construction) and in
the proposed Laneport and Millican Reservoirs should make feasible the reduc
tion of water-quality variations at downstream sites on the main stem by stor-
ing flood waters on tributaries and releasing them gradually so as to contin
ually dilute the more saline releases from Whitney Reservoir.

The extent of the potential improvement of the quality of main-stem water
through the integrated operation of the reservoir system depends upon several
factors, some of the more important of which are:

(1) the quantity and quality of the water available for release and rate
of release each reservoir in the system; and

(2) the quantity and quality of tributary inflow that would not be con
trolled by the reservoir system.

During the 1955-64 period following the closure of Belton Reservoir, aboue
27 percent of the main-stem flow between the Whitney and Richmond stations was
contributed by releases from Whitney Reservoir; about 26 percent was contri
buted by tributary inflow that would be regulated by the proposed reservoir
system; and about 47 percent was contributed from other sources. Because of
the large percentage of flow that would not be controlled by the proposed
system, the integrat~on of releases from the various reservoirs would be only
partially effective in the reduction of water-quality variations at the Rich
mond station. Deficiencies in data on streamflow, chemical-quality, and time
of travel make difficult an accurate evaluation of the benefits that would
result from integrating releases from the various reservoirs. However, some of
the potential benefits are readily apparent. During the 1964 water year, for
example, water at the Richmond station contained more than 500 ppm dissolved
solids for 181 days, more than 750 ppm for 68 days, and more than 1,000 ppm
for 19 days. If the reservoir system had been in operation and if releases from
each reservoir had been regulated so that the rate of release was approximately
equal to the mean daily discharge for the 1964 water year, the dissolved-solids
content at the Richmond station would not have exceeded 1,000 ppm, seldom would
have exceeded 750 ppm; and probably would have exceeded 500 ppm for about 160
days. The discharge-weighted average of dissolved solids would have been
approximately the same; but the range of dissolved constituents would have
been narrowed substantially. This decrease in range of dissolved constituents
generally would make the water more suitable for municipal, industrial, and
irrigation use. However, to operate the reservoir system principally for
water-quality control is impractical, because first priority in reservoir
operation must be given to using the available resources to meet water-supply
demands. Therefore, the quantity of water available for quality control and,
thus, the improvement of water quality in the lower reaches of the main stem
probably would be small. Moreover, water-quality problems would persist
throughout the middle and upper reaches of the main stem.
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Reduction of Natural Salt Contamination

For any plan to be effective in the basin-wide improvement of water quality
in the main-stem Brazos River, it must provide for a reduction of natural salt
contamination in the upper part of the basin. Hughes (1965) has ·calculated
the effect that partial control of natural salinity in the upper Brazos River
basin would have on water quality in Possum Kingdom Reservoir (based on the
period of the 1957-64 water years). Hughes' data (included in Table 8) indi
cate that although the average dissolved-solids concentration in Possum King
dom Reservoir probably cannot be reduced to the u.S. Public Health Service
recommended limit of 500 ppm, the quality of the water would be improved sub
stantially. With maximum possible control, the dissolved-solids, chloride,
and sulfate concentrations would average about 765 ppm, 229 ppm, and 212 ppm,
respectively; and the water would compare favorably with other supplies used in
West Texas for municipal, industrial, and agricultural purposes.

Partial control of natural salinity in the upper Brazos River basin would
also result in substantial improvement of the quality of main-stem water in
the middle and lower reaches of the Brazos River (Table 8). For example, the
removal of 90 percent of the salt load contributed by Salt Croton Creek and
part of the load contributed by several smaller sources (Hughes, 1965, p. 7)
would reduce .the average dissolved-solids concentration of \Vhitney Reservoir
from 705 ppm to about 548 ppm. The average chloride content of the water would
be reduced substantially also (from 228 ppm to about 143 ppm), but the average
sulfate content would be reduced only slightly (from 145 ppm to about 136 ppm).
Under the same salinity control conditions, average dissolved-solids and chloride
concentrations of the Brazos River at Richmond would be reduced from 343 ppm to
about 304 ppm and from 75 ppm to 54 ppm, respectively. Reduction of the average
sulfate content would be insignificant, from 57 ppm to about 55 ppm. Because
calcium sulfate is widely disseminated throughout much of the upper basin, the
maximum possible salinity control measures would reduce the average sulfate
content of the main stem only slightly. Nevertheless, the reduction of natural
salinity from the upper Brazos River basin would result in a substantial
improvement of water quality throughout the main stem. This reduction of
salinity, supplemented by the integrated operation of reservoirs in the lower
basin, would greatly improve the quality of the water in the lower Brazos River.

RELATION OF WATER QUALITY TO USE

Although other water-quality criteria are important, the suitability of a
water for most uses is often determined by its chemical quality. All natural
waters contain dissolved-mineral matter, most of which is dissociated into
charged particles, or ions. Principal cations (positively-charged ions) in
natural water are calcium (Ca), magnesium (Mg) , sodium (Na), potassium (K), and
iron (Fe). Principal anions (negatively-charged ions) are carbonate (C03) ,
bicarbonate (HC03), sulfate (S04), chloride (Cl), fluoride (F), and nitrate
(N03). Other constituents and properties are determined to help define the
chemical quality of water; ~ble 9 lists che constituents and properties com
monly determined by the u.S. Geological Survey, and includes a resume of their
sources and significance.

To present chemical-quality criteria for all purposes would be an endless
task. Because surface water in the Brazos River basin is being used and develop
ments are being planned primarily for municipal, industrial, and irrigation
uses, only these uses will be considered in the following discussion.
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Domestic Purposes

Because of differences in individuals, varying amounts of water used, and
other factors, defining the safe limits for mineral constituents in water to be
used for domestic purposes is difficult. The criteria for drinking water
usually accepted in the United States are those recommended by the United
States Public Health Service. Originally established in 1914 to control the
quality of water used on interstate carriers for drinking and for culinary
purposes, these standards have been revised several times. The latest revi
sion was in 1962 (U.S. Public Health Service, 1962). These standards have been
accepted by the American Water Works Association and by most of the state
departments of public health as minimum standards for public water supplies.
The limits specified by these standards for various constituents are included
in the statements under "Significance" in Table 9. Although the recommended
limits for dissolved solids, chloride, and sulfate are 500 ppm, 250 ppm, and
250 ppm, respectively, a considerable number of water supplies exceeding these
recommended limits have been used for domestic purposes without adverse effects.

Surface waters of many types and concentrations flow in streams of the
Brazos River basin. Most of the water-supply reservoirs upstream from Possum
Kingdom Reservoir were constructed on tributaries where quality-of-water pro
blems were minimum. Therefore, water stored in these reservoirs are usually
suitable for domestic supply. However, water in many of the other tributaries
is often undesirable for domestic supply because of excessive concentrations of
dissolved solids, chloride, or sulfate. Table 5 lists the concentrations of
dissolved solids, chloride, and sulfate that was equaled or exceeded in the
percent of days for the indicated period at selected sites in the Brazos River
basin. These data indicate that, most of the time, waters of the Double Moun
tain and Salt Forks of the Brazos River are unsuitable for public supply.
Although water of the Clear Fork Brazos River is usually of much better quality,
the concentrations of dissolved minerals often exceed the limits recommended by
the U.S. Public Health Service. For example, during the 1962-64 period, the
dissolved-solids content of the Clear Fork Brazos River at Eliasville exceeded
the recommended 500 ppm limit for about 75 percent of the time. Similarly,
the chloride and sulfate content was excessive much of the time.

Dissolved minerals in most tributaries that drain the lower part of the
Brazos River basin rarely exceed.the limits recommended by the U.S. Public
Health Service, and the waters usually are suitable for domestic use. During
the 1961-64 period, for example, water of the Little River at Cameron contained
less than 500 ppm dissolved solids for more than 98 percent of the time. The
chloride content of the water seldom exceeded 90 ppm, and the sulfate content
seldom exceeded 70 ppm.

Although generally more mineralized than water of the Little River, the
water of Yegua Creek near Somerville contained less than 500 ppm dissolved
solids for more than 60 percent of the time during the 1962-64 period. The
chloride content of the water seldom exceed 150 ppm; the sulfate content equaled
or exceeded 250 ppm for only about 15 percent of the time.

As discussed previously, brines from oil fields are contributing to the
salinity of surface waters in the Navasota River drainage area. Nevertheless,
much of the time water of the Navasota River near Bryan is suitable for domes
tic use. During the 1959-64 period, for example, the dissolved-solids content
of the water was less than 500 ppm more than 85 percent of the time; the
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chloride content was less than 250 ppm for about 90 percent of the time; and
the sulfate content seldom exceeded 70 ppm.

Although the quality of water in the main-stem Brazos River generally
improves progressively as the water flows do.~stream, data in Table 5 show that
at most sites the water is undesirable for domestic use. During the 1960-64
period, for example, water of the Brazos River at Seymour exceeded 500 ppm
dissolved solids for the entire period. The water contained more than 1,000
ppm dissolved solids for about 98 percent of the time. Similarly, the water
usually contained excessive concentrations of chloride and sulfate.

Usually, water released from Possum Kingdom Reservoir is also undesirable
for domestic use. For example, the dissolved-solids content of the water
equaled or exceeded 500 ppm for more than 99 percent of the days in the 1943-64
period; and it equaled or exceeded 1,000 ppm for about 94 percent of the days.
The chloride content of the water exceeded 250 ppm more than 98 percent of the
days; and the sulfate content exceeded 250 ppm about 88 percent of the days.

Although generally of better quality than releases from Possum Kingdom
Reservoir, water released from \{hitney Reservoir during the 1953-64 period
contained more than 500 ppm dissolved solids for about 97 percent of the time
and more than 1,000 ppm for about 43 percent of the time. Although the sulfate
content of the water exceeded 250 ppm for only about 20 percent of the time,
the chloride content exceeded 250 ppm more than 78 percent of the time.

Inflow of water from tributaries downstream from Whitney Reservoir results
in a substantial improvement in the quality of main-stem water at downstream
sites. During the 1955-64 period, for example, water of the Brazos River at
Richmond contained less than 500 ppm dissolved solids for about 52 percent of
the time; the chloride content of the water was less than 250 ppm for about
81 percent of the time; and the sulfate content was less than 250 ppm more than
99 percent of the time.

These data show that the dissolved-solids, chloride, and sulfate concen
trations in waters of the middle and upper reaches of the main-stem Brazos and
in some of the tributaries principally those upstream from Possum Kingdom
Reservoir) often exceed the maximum concentrations recommended by the U.S.
Public Health Service.

Other chemical constituents or properties usually considered in evaluating
a water for domestic use include hardness, iron, nitrate, and fluoride.

A comparison of hardness-duration data for selected daily sampling sites
(Table 5) and chemical analyses of water from miscellaneous sites (Table 4)
with the classification of hardness in the following table shows that most sur
face waters in the Brazos River basin are hard or very hard and will require
softening in some areas.
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Hardness (ppm) Rating Usability

0-60 Soft Suitable for many uses without
further softening.

61-120 Moderately hard Usable except in some industrial
applications.

121-180 Hard Softening required by laundries and
some other industries.

181+ Very hard Softening desirable for most purposes.

Chemical-quality data (Tables 3 and 4) show that the nitrate content of
surface water of the basin generally is well within the recommended limit of
45 ppm. One area where high nitrate concentrations have been observed is the
North Fork Double Mountain Fork Brazos River downstream from Lubbock. The
nitrate content of samples collected at a site 4.3 miles southeast of Lubbock
during the 1952-54 period ranged from 38 ppm to 62 ppm. According to Irelan
(1955, p. 8-12), the high nitrate content of these samples probably resulted
from inflow of sewage and return flow from irrigation~

Only a few iron determinations have been included in the chemical analyses
of surface waters of the basin. However, the analyses of samples from some of
the reservoirs (Table 4) indicate that the concentrations of iron are usually
within the recommended limit of 0.3 ppm.

The optimum fluoride concentration in drinking water for a particular area
depends on the climatic conditions of that area, because the amount of water
(and consequently the amount of fluoride) ingested is influenced primarily by
the air temperature. The annual average of maximum daily air temperatures for
most of the Brazos River basin usually is within the 70.7 - 79.2°F range.
Therefore, according to the U.S. Public Health Service Drinking-Water Standards
(1962, p. 8), the fluoride content of drinking water in the basin should not
exceed 1.0 ppm. The fluoride content of surface waters in much of the basin is
well within the 1.0 ppm limit. However, during low-flow periods, fluoride con
centrations of water in the North Fork Double Mountain Fork Brazos River and
the White River, which drains largely from the Ogallala Formation, have exceeded
1.0 ppm (Table 4). lfhen sampled in November 1965, water stored in Lake Buffalo
Springs contained 3.2 ppm fluoride; and water in the partly filled White River
Reservoir has contained as much as 3.0 ppm fluoride.

Industrial Use

The quality requirements vary greatly for almost every industrial appli
cation (see Table 10). However, one requirement of most industries is that
quality of the water remain relatively constant. Often water must be treated
to make it suitable for a particular industrial application. If concentrations
of undesirable minerals in the water vary widely, constant monitoring is
required and operating expenses are increased. Data in Table 5 show that the
concentrations of dissolved minerals in most streams of the basin are variable.
Regulation of flow by Possum Kingdom and Whitney Reservoirs have smoothed out
some of the chemical-quality variations. Impoundment on tributaries, which
would be required for dependable supplies of water, also would decrease
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water-quality variations. The integrated operation of proposed and existing
reservoirs in the lower part of the basin would further reduce water-quality
variations of the main stem and thus make the water more suitable for industrial
use.

Corrosion is the most widespread and probably the most costly, water
caused difficulty with which industry must cope. Therefore, the suitability
of a water for most industrial uses is determined partly by its corrosiveness.
High concentrations of dissolved solids in a water is conducive to corrosion,
especially if chloride is present in appreciable quantities. Upstream from
Possum Kingdom Reservoir, the main-stem Brazos River and some of its principal
tributaries contain high concentrations of dissolved solids and chloride.
Therefore, these waters probably are rather corrosive and are unsuitable for
many industrial applications. Water in most of the tributaries downstream
from Possum Kingdom Reservoir usually contains much smaller concentrations of
dissolved-solids and chloride and, therefore, is less corrosive.

Hardness is another important property of water that affects its utility
for industrial purposes. Some calcium hardness may be desirable because cal
cium carbonate sometimes forms protective coatings on pipes and other equipment
and thus reduces corrosion. However, excessive hardness is objectional because
it contributes to the formation of scale in steam boilers, pipes, water heaters,
radiators, arid various other equipment where water is heated, evaporated, or
treated with alkaline materials .. The accumulation of scale increases cost for
fuel, labor, repairs, and replacement, and lowers the quality of many wet
processed products. Most surface waters of the Brazos River basin range from
hard to very hard and will require softening for some industrial applications.

In summary, water from tributaries downstream from Possum Kingdom Reservoir
usually is suitable for many industrial uses, although some industries will
require that the water be softened. Water in many tributaries upstream from
Possum Kingdom Reservoir is of poor quality for most industrial uses most of the
time, principally because of the high degree of mineralization. Although the
quality of water in the main-stem Brazos River generally improves progressively
in a downstream direction, much of the water upstream from ~fhitney Reservoir is
too highly mineralized for many industrial uses. The quality of water gener
ally improves substantially downstream from Whitney Reservoir, but the quality
of water is variable because of the varying quantities of water contributed by
tributaries.

Irrigation

The suitability of a water for irrigation depends primarily on its chem
ical composition. However, the extent to which chemical quality limits the
suitability of a water for irrigation depends on many factors, such as: the
nature, composition, and drainage of the soil and subsoil; the amounts of water
used and the methods of application; the kind of crops grown; and the climate
of the region, including the amounts and distribution of rainfall. Because
these factors are highly variable, every method of classifying 'vaters for irri
gation is somewhat arbitrary.

According to the U.S. Salinity Laboratory Staff (1954, p. 69), the most
important characteristics in determining the quality of irrigation water are:
(1) total concentration of soluble salts, (2) relative proportion of sodium
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to other cations, (3) concentration of boron or other elements that may be
toxic, and (4) the excess of equivalents of bicarbonate over equivalents of
calcium plus magnesium.

High concentrations of dissolved salts in irrigation water may cause a
buildup of salts in the soil solution and may make the soil saline. The
increased soil salinity may reduce crop yields drastically by decreasing the
ability of the plants to take up water and essential plant nutrients from the
soil solution. This tendency of irrigation water to cause a high buildup of
salts in the soil is called the salinity hazard of the water. The specific
conductance of the water is used as an index of the salinity hazard.

High concentrations of sodium relative to the concentrations of calcium
and magnesium in irrigation water can adversely affect soil structure. Cations
in the soil solution become fixed on the surface of the soil particles; calcium
and magnesium tend to flocculate the particles, whereas sodium tends to defloc
culate them. This adverse effect on soil structure caused by high sodium con
centrations in an irrigation water is called the sodium hazard of the water.
An index used for predicting the sodium hazard is the sodium-adsorption ratio
(SAR), which is defined by the equation:

Na+
SAR = -;:.:::;;:===;::;:=

, Ica++ + Mg++
V 2

where the concentration of the ions are expressed in equivalents per million.

The u.s. Salinity Laboratory Staff has prepared a classification for
irrigation waters in terms of salinity and sodium hazards. Empirical equations
were used in developing a diagram, reproduced in modified form as Figure 10,
which uses SAR and specific conductance in classifying irrigation waters. This
classification, although embodying both research and field observations, should
be used only for general guidance because many additional factors (such as
availability of water for leaching, ratio of applied water to precipitation,
and crops grown) also affect the suitability of water for irrigation. With
respect to salinity and sodium hazards, waters are divided into four classes-
low, medium, high, and very high. The classification range encompasses those
waters that can be used for irrigation of most crops on most soils as well as
those waters .that are usually unsuitable for irrigation. Selection of class
demarcation is discussed in detail in the publication by the U.S. Salinity
Laboratory Staff (1954). Interpretation of the diagram is as follows:

"LOW-SALINITY WATER (Cl) can be used for irrigation with most
most soils with little likelihood that soil salinity will develop.
ing is required, but this occurs under normal irrigation practices
soils of extremely low permeability.

crops on
Some leach

except in

"MEDIUM-SALINITY WATER (C2) can be used if a moderate amount of leaching
occurs. Plants with moderate salt tolerance can be grown in most cases without
special practices for salinity control.
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"HIGH-SALINITY WATER (C3) cannot be used on soils with restricted drain
age. Even with adequate drainage, special management for salinity control may
be required and plants with good salt tolerance should be selected.

"VERY HIGH SALINITY WATER (C4) is not suitable for irrigation under ordi
nary conditions, but may be used occassionally under very special circumstances.
The soils must be permeable, drainage must be adequate, irrigation water must
be applied in excess to provide considerable leaching, and very salt-tolerant
crops should be selected.

"LOW-SODIUM WATER (51) can be used for irrigation on almost all soils with
little danger of the development of harmful levels of exchangeable sodium.
However, sodium-sensitive crops such as stone-fruit trees and avocados may
accumulate injurious concentrations of sodium.

"MEDIUM-SODIUM WATER (52) will present an appreciable sodium hazard in
fine-textured soils having high cation-exchange-capacity, especially under low
leaching conditions, unless gypsum is present in the soil. This water may be
used on coarse-textured or organic soils with good permeability.

"HIGH-SODIUM WATERS (53) may produce harmful levels of exchangeable sodium
in most soils and will require special soil management--good drainage, high
leaching, and organic-matter additions. Gypsiferous soils may not develop
harmful levels of exchangeable sodium from such waters. Chemical amendments
may be required for replacement of exchangeable sodium, except that amendments
may not be feasible with waters of very high salinity.

"VERY HIGH SODIUM WATER (54) is generally unsatisfactory for irrigation
purposes except at low and perhaps medium salinity, where the solution of
calcium from the soil or use of gypsum or other amendments may make the use of
these waters feasible."

The salinity and sodium hazards of water at selected sites in the Brazos
River basin are given in Table 11 and Figure 10. These data indicate that much
of the time, waters of the principal tributaries in the upper Brazos River
basin are unsuitable for irrigation because of high or very high salinity and
sodium hazards. Of the three principal forks, waters of the Clear Fork is the
most suitable for irrigation; but, even here, the salinity hazard of the water
may preclude its use for irrigation much of the time unless drainage is ade
quate, salt tolerant crops are grown, and an excess of irrigation water is
applied.

Although the sodium hazard of tributary waters downstream from Possum
Kingdom Reservoir usually is low, the salinity hazard usually ranges from
medium to high. These waters generally are suitable for supplemental irriga
tion on soils of adequate drainage, provided that plants with good salt toler
ance are selected.

The salinity and sodium hazards of water of the main stem Brazos River
generally decrease in a downstream direction. Both the salinity and sodium
hazards of water at the Seymour station usually are very high. Inflow down
stream from the Seymour station causes some reduction of the sodium and salinity
hazards of the main-stem water. Nevertheless, during the 1943-64 period, the
salinity hazard of water released from Possum Kingdom Reservoir ranged from
high to very high more than 80 percent of the time, and the sodium hazard was
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medium most of the time. Therefore. water from Possum Kingdom Reservoir gener
ally is suitable for irrigation only on permeable soils, where drainage is ade
quate, an excess of water is applied, and salt-tolerant crops are selected.

Inflow from the intervening area between Possum Kingdom and \~itney Reser
voirs results in some reduction of the salinity and sodium hazards of the main
stem water. Nevertheless, the salinity hazard of releases from ~~itney Reser
voir is high most of the time.

Although the sodium hazard of the main-stem water at the Richmond station
generally is low, the salinity hazard usually ranges from medium to high. How
ever, the principal use of surface water for irrigation in the Richmond area is
for growing rice. Although the concentrations of chemical constituents toler
ated by rice varies with the stage of growth, investigators generally agree that
water containing less than 600 ppm sodium chloride (350 ppm chloride) is not
harmful to rice at any stage of growth (Irelan, 1956, p. 330). Therefore,
water of the Brazos River at Richmond usually is suitable for rice irrigation.

As previously stated, other criteria for evaluating the suitability of
water for irrigation use include the boron content and the excess of equiva
lents of bicarbonate over equivalents of calcium plus magnesium (residual
sodium carbonate). A few analyses for boron (Table 4) show that boron concen
trations in surface waters of the Brazos River basin usually are low. With
regard to residual sodium carbonate, surface waters of the basin usually con
tain an excess of equivalents of calcium plus magnesium over equivalents of
bicarbonate. The residual sodium carbonate usually is zero and thus is not a
problem.
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upper Colorado River basin--technical report: U.S. Geol. Survey Prof. Paper
441, 370 p.; plates in separate case.

Irelan, Burdge, 1955, Quality of Water, in Joerns, J. 0., Double Mountain Fork
Brazos River between Lubbock and Buffalo Lake, Texas: U.S. Geol. Survey open
file report 51, 38 p.

____~-1956, Quality of Water, in Jones, P. H., Hendricks, E. L., Irelan, Burdge,
and others, Water resources of southwestern Louisiana: U.S. Geol. Survey
Water Supply Paper 1364, p. 323-442.

Irelan, Burdge, and Mendieta, H. B., 1964, Chemical quality of surface waters
in the Brazos River basin in Texas: U.S. Geol. Survey Water-Supply Paper
1779-K, 70 p., 4 pIs., 2 figs.

Leifeste, D. K., and Smith, J. T., 1965, Base-flow studies, San Gabriel River,
Texas, quantity and quality, March 16-18, 1964: Texas Water Commission Bull.
6510, 17 p., 1 pl., 8 figs.

Lockwood, Andrews, and Newnam, 1960, Surface runoff from Texas watersheds and
sub-basins: Texas Board of Water Engineers Bull. 6001, 253 p., 2 pIs., 2 figs.
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McMillion, L. G., 1958, Ground-water geology in the vicinity of Dove and Croton
Creeks, Stonewall, Kent, Dickens, and King Counties, Texas, with special
reference to salt-water seepage: Texas Board of Water Engineers Bull. 5R01,
53 p., 11 figs., 2 pls.

Mendieta, H. B., and Blakey,
progress report, May 1962:
63-01, 24 p., 9 pls.

J. F., 1963, Brazos River basin reservoir studies,
Texas ~~ater Commission Nemorandum Report No.

Mills, W. B., and Rawson, Jack, 1965, Base-flow studies, Lampasas River, Texas,
quantity and quality, June 3-6, 1963: Texas Hater Commission Bull. 6506,
16 p., 2 pls., 4 figs.

Searcy, J. K., 1960, Graphical correlation of gaging-station records: U.S.
Geol. Survey Water-Supply Paper l54l-C, 100 p., 1 pl., 6 figs.

Shamburger, V. M., Jr., 1958, Reconnaissance report on alleged contamination of
California Creek near Avoca, Jones County, Texas: Texas Board of ~~ater

Engineers Contamination Report No.5, 14 p., 1 fig.

Stevens, P. R., and Hardt, W. F., 1965, Preliminary report on the investigation
of salt sp~ings and seeps in a portion of the Permian basin in Texas: U.S.
Geol. Survey open-file report, 19 p., 7 figs.

Stiff, H. A., Jr., 1951, The interpretation of chemical water analysis by means
of patterns: Jour. of Petro. Tech., Oct., p. 15.

Texas Board of Hater Engineers,
Texas through September 1957:
503 p., 4 pls.

1958, Compilation of surface water records in
Texas Board of Hater Engineers Bull. 5807A,

Texas Hater Commission and Texas Water Pollution Control Board, 1963, A statis
tical analysis of data on oilfield brine production in Texas for the year
1961 from an inventory conducted by the Texas Railroad Commission: Summary
vol., 81 p.

U.S. Geological Survey, 1939, Summary of records of surface waters of Texas,
1898-1937: U.S. Geol. Survey Water-Supply Paper 850, 154 p.

_______ 1960, Compilation of records of surface waters of the United States
through September 1950, Part 8. Hestern Gulf of Mexico basins: U.S. Geol.
Survey Water-Supply Paper 1312, 633 p., 1 pl., 2 figs.

_______ 1961, Surface water records of Texas, 1961, basic data release.

_______ 1962, Surface water records of Texas, 1962, basic data release.

1963, Surface water records of Texas, 1963, basic data release.---

__~__~1964a, Compilation of records of surface waters of the United States,
October 1950 to September 1960, Part 8, Hestern Gulf of Mexico basins: U.S.
Geol. Survey \,ater-Supply Paper 1.732, 574 p., 1 pl., 2 figs.

_______1964b, Surface water records of Texas, basic data release.
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U.S. Geological Survey, 1964c, Water quality records in Texas, basic data
release.

U.S. Public Health Service, 1962, Drinking water standards, 1962: U.S. Public
Health Service Pub. 956, 61 p.

U.S. Salinity Laboratory Staff, 1954, Diagnosis and improvement of saline and
alkali soils: U.S. Dept. of Agriculture Handb. 60.

U.S. Study Commission, Texas, 1962, The report of the U.S. Study Commission,
Pt. III, The Eight Basins, 217 p., 26 pIs.
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Qua1ity-of-water records for the Brazos River Basin are published in the
following U.S. Geological Survey Water-Supply Papers and Texas Water Develop
ment Board reports (including reports formerly published by the Texas Water
Commission and Texas Board of Water Engineers):

Water U.S.G.S. T.W.D.B. \"ater U.S.G.S. T.I".D.B.
Year Hater-Supply Report No. Year Hater-Supply Report No.

Paper No. Paper No.

1940-45 -- *1938-45 1955 1402 "1955

1946 1050 *1946 1956 1452 Bull. 5905

1947 1102 *1947 1957 1522 Bull. 5915

1948 1133 *1948 1958 1573 Bull. 6104

1949 1163 *1949 1959 1644 Bull. 6205

1950 1188 *1950 1960 -- Bull. 6215

1951 1199 *1951 1961 -- Bull. 6304

1952 1252 *1952 1962 1944 Bull. 6501

1953 1292 *1953 1963 -- Rept. 7

1954 1352 *1954

* "Chemical Composition of Texas Surface Waters" was designated only by water
year from 1938 through 1955.

The following U.S. Geological Survey Water-Supply Papers contain results of
stream measurements in the Brazos River Basin, 1898-1960:

Year \"ater-Supply Year Water-Supply
,

Year Hater-Supply
Paper No. Paper No. Paper No.

1898 28 1931 718 1946 1058
1899 37 1932 733 1947 1088
1900 50 1933 748 1948 1118
1901 75 1934 763 1949 1148
1902 83 1935 788 1950 1178
1903 99 1936 808 1951 1212
1904 132 1937 828 1952 1242
1905 174 1938 858 1953 1282
1906 210 1939 878 1954 1342
1924 588 1940 898 1955 1392
1925 608 1941 928 1956 1442
1926 628 1942 958 1957 1512
1927 648 1943 978 1958 1562
1928 668 1944 1008 1959 1632
1929 688 1945 1038 1960 1712
1930 703
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Tallll' 1.--lndcl( of l"UI'flll'c_',mtcr rCCOl'ds fOl' scl('cl{'d sll ....s in tl\l' I}nll'''-:; lIi~, I lta"'ll1 iJ •

Rtf.r- DrolnaQ. Cal.ndar V.an
.nc. Slr.am ,," Lacatlon Area 1901-10 1911-20 1921-30 1931- 40 1941-50 1951-60 1961-65no. :'0, mil.,

I UOublc Moulltain t'llt'k Ilt'~1,O'!l Rtvl'l' at JustlcC'IHlt'll 1l1,272

2 I'th ~'o,.k Doullle Mountuill ~'ol'k lJl'a ...08 Ilivel',
,5 mllus northwclH of Slayton

3 Lakl:' Bu!'fa 10 Spl'l nil" nOll I' Lullllock

• Rough Creek a t mouth nClir Rotan

5 Double Mountain .'ork Brazos AlveI' Ileal' Rotan c7,739
I><bIol

6 OOllhlf> Mountalll Fork OrAZOH Iliver neAr Asperllloni c7,980

7 Doubl(l' Mountllin Fork Brazos Illvo!' nell I' Rule

H Tllnk Crcek n01l1' Rule

» ~kl)onllld Creek al ",oulh neill' POl:lt 112

10 llllllniult lI'all~I' 1l1'IIW lit Plainview

~~" White Ilivel' IlCIL!' Crosbyton

12 Whit\! HIveI' IhHll't'voll' IICllt' Sput'

"
13 ned ~lud en'uk 11.\ mouth nOli I' Cllliremont

14 Slllt Creek l1('al' Claln:omolll

15 Ilu("k Creck IlClIl' ,Jllyton

16 Buttt' Crel'k lit I"outll tWar Juytun

17 S:l1 t f'ol'k IlI'lI7,08 !llvel' 0('111' PI'llcock d4,260
~

" CI'O Ion ('I'l'ck tll':11' ,Jay I Oil 20'

I» Sa 1 t Cl'vloll Cl'cek I1l'lIt' A"ll('/'mont 6'1.3

20 :):tll ~'ol'k llt'i\zofl 1IIvu/' t1eal' A!ipl't" "nl d4,830

OischarOI =""""""""""'" Gaoe heiOhfs only 1I11111l111UlUUUlWIIIIII Gooe hllOhls and dlschoroe measurements %..~~~\"~ R e II r v0 Ireon te nt I JmUllllllllllllUlUIDlIIlIlHnllm

Periodic dischoroe mlasurlments

SeC' IOtHno\cs ill I'IHlol l.lllIl', - Dally ch.micol quollty _
Periodic chemical quality lrr."''''''''''''''''''''''~ Wat.r t.mp.rolure ~,;<.JY<.N>,
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Tnble 1.-_IIlUl·X of sul·I:l<· ..._watel· 1'('I:ol'd" for " ... I('I'!C-d sites In till' IlI'a""", Hlv('r lWSlll;' --C"I\III"",01

Rol.. Droinooe Calendar Vear..... Slream ••• Location Area 1901-10 11961-6'00. (sa.mU.. 1911-20 1921-30 1931-40 t941-~0 19~1-60

21 North Croton Creek at mouth ncar Knox City ai3
22 MUBtan~ Creck at mouth ncar Knox City em
23 Drazo8 River It Seymour c14,490

24 Millers Creek near Munday 113

2. Millers Creek ncar Seymour

26 Lake Trsllllllel near Sweetwater

27 Lake Sweetwater near Sweetwater 10.

28 Lake Abilene ncar Abilene

2. Kirby Lake near Abilene

30 Lytlc Lakc near Abilene

3 I Fori Phllntom till 1 Reservoir neal' Nugent '78

32 Cll'ar t'o,'k Brazos IUver at Nugent 2,200

33 "ilkI' Stamford near Haskell 360

:l4 tlamlln Lake near Ilamltn

:15 Cnlll'OI'llla Creek Ileal' Stamrord .6.
36 flat n t Cl'l'l'k nca I' Ilaskcll 87'

1Of<M.
37 Clt.'lIl' t'ol'k OI':\ZOS Hlver at Fort GI'I rrlll 3,974

~38 llubonrd Cr('ck llCHr SedwiCk 127

3. Ilc('p Cl'cek at Moran 23'

'0 Ihlubul'd Creek neal' Alban)' .61
Ojschoroe :-.""""""",,,,,-.: GOlie heiohts only 1II1111tltlllttlltllllllllllil GOlie nelont, and dl.cnaroe measuremenl. ~~~ Reservoir contents .llllIlfIlIln~.............

Periodic dl.charoe mea.urements

See fOOlIlOtl'':: :II ('nd 01 taUll'.

Daily cnemical qua Illy Periodic cnemical quality 1It.""""~ Waler temperature~~
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Tahlf' l,--Index of SUI'lacc_wat.cr l'ccol'dl;; for selected I;;itcil In till' Ill'azos River b:lSill:1, •• ClIlltlllU,-,U

Ret.r Drainao. Calendar y,on
.nc. Stream 0" Locollon Area

1901-10 1911-20 1921-30 1931-40 1941-50 1951-60 1961-65'0. (sq, miles.. Salt PranK Ilubbard Creek at U.S. IlIl,Chway 380 65 . EHnear Albnny

42 North Fork Iluhbard Creek nelli' AlbllllY 38.

43 Salt Prong Hubbard Creek neal' Albany 116.. Snallum Creek near Albany 25.

~

45 BiH: Sandy Crcck neal' BreckenridKe 298

I nn'6 Iluhhllrd Creek Reservoir nellI' llreckenrldgo 1,107

'7 Hubbard Crcck near Breckenridge 1.111

" Lake I)I\nlcl8 near Breckenridge

'9 ClelH Fork BrAZOS River al Eliasvilic 5,721

50 I3razos River near Soulh Bend r I ,600 n J
" S:11t Creck a l Olney 9. H+.l
52 Salt Cn)(lk ncar Newcastle 57. ~
53 L:lke Gl'ahalll ncar Craham 205 M"ti
54 Brazos River below Pos:.um Kingdom Dam, "2,550 [ I I I

noar Graford

55 Brazos ltivcr ncar Palo Pinto 22,760

56 K(>echJ Creek near Graford

57 Kecclli ('reck Rcs('rvoir ncar Graford

" L;lkt' 1I11 .. rlmlll1 nC:lr Ranger'

59 Palo Pinto Creek ncar Santo 567

60 Lake Mineral Wells neal' Niner:ll Wells

Discharge :-."""""",,,,,,,,, Gaoe heights only IIU..U....IIIIIIIIIIIIIIIIII Gage heloht. and discharge measurements ~~~ Re s er v01 r can ,.n" .llIlIlIllUUlllllllllHlllllf

Periodic dl.charlj]e measurements .'_

SE'C footnotes lit end of table,

Doily chemical quality Periodic chemical quality .."""'" Water temperature~



Table 1.--llIdl'lC 01 sUI'f:lce_watcr ,"ecords 1'0'" selected sites in tILl' 8.':.:."." HII','I' "IW;;11l ('Wlllllm',1

'"'"

Riter Draln09t Calendar Vears
tnct Stnam .n. Location Arta

no. :so. miles 1901-10 1911-20 1921-30 '.31-40 1941-50 19!J1-60 1961-65

61 Paluxy Creek al Gleo llolie 3••

62 Lake Pat Cleburne II{Wr Cleburne

63 Nolands River at 81uIII 276

6. Brazos RI vcr below Whi tney Dllm, nonr WhHncy 026,110

65 Brazos River near Whitney 26,190 III I I I I I I II I I I I
66 ~quilla Creek near A4ulila 306 J! I I II I ~",j 001

67 Green Creek near Alexander "5 II I I I I I I I.J:~'

68 Horlll Bosque River near Clifton .72 I ~i I 1-,
6. Middle Bosque River near McGregor 182

70 Wnco BeRer"vuh' nenr Waco

11 Bosque RIver near Waco 1,655
, v<Iv4

72 Brazos River at Waco 28,500 I I I I I I I

7J Cow Cr"l'ck at 11.loorcville 7'.

14 Leon River ncar Eastland 27.

75 Leon Reliervolr ncar Rlllljl;er 252

7. Proctor Reservoir near Proctor 1,265

77 Leon River near lIasse 1,268

78 Lake Eanes near COmAnche

7. Lakc Comanche ncar Comanche

80 Lake Ilamllton ncar Ilamilton

Dilchorge :-.,"""""""""~ Gage heIghts only UIUlUlIluunUUlIlIUUI G0ge hel9h1s and discharge measurements ~~""~~ Reservoir contenft .lllIBIIllIllltlllUlllHlllllllllllld!l

Periodic discharge measurements

See footnotes at end or' labl!',

--_.- Dolly chemical quality Periodic chemical quality"'''''''''''''''''' Water temperature NVo.IVV-/?N·~'.-.
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Table 1. __ Index of SUI'race_watcr records for S('lCI:1NI siLl'S in the 13J'azos Hivcl' bnslnCl.--Contllllll'd

Rlter- Drainage Calendar Years
ence Stream ,," localion Area 1901-10 1911-20 1921-30 1931-40 1941-50 1951-60 1961-65"'- (sq, miles

" BelLon Rl.'Sl'rvolr neal' Belton 3,560 nil JI
" Leon Rlvcl' neal' Bel Ion 3,572

83 Sulphur Creek below Lampasas

8. Lampasas Hivcr ncar Kempner 817 [1
85 Lampasas River at Youn~sport 1,244 •86 North Fork San Gabriel HiveI' at Georgetown

87 South Fork San Gabriel River at Georgetown

88 San G:ll>rlel Rl vcr a I Georgetown 399

~B9 Lltlle Rivrr :It Camero II 6,982

90 nl':IZ0S Rlvel' at Statr Hij.(hway 21 n\:ll\1' Bryan

91 Little Brazos IHv('r aL State Highway 21 nCAr Ilt'ynn

92 nrnzos River near Bryaa 38,400 I I I
93 Yrg"lln Cn~ck near Somerville 1,008

94 Lilk(' M('xla nt';t!" Mcxln 198

95 Navasota Illvcr nol31' Eastl'rly 9'0

96 Navasota lliver ncar Ol'ynrr 1,429 JIll!
97 nl'nzos River 011 ltichmond fM,020

08 Brazos Hlvel' neal' .Juliff 44,100

99 Oil-: Creek at i'arm Road 1994 near Guy

IOU nil: ("l'e",k n t F;lfm ROad 762 nenl' Guy

Discharoe ~"',',",',',"'''''' Gaoe heiohts only UWItIltHIltItIlIlIIIWIlI Gaoe heights ond diSCharge measurements %-'o/a:,,";%.~~~ Reservoir contents .l!llIIllIlUlIllIlllIUlUl!lllllllIltl!l

Periodic discharoe measurements ~0iQII:"'__
Sec fuotnotes at end uf table,

Daily chemical quolity Periodic chemical quolity 1Irrr.",,,,,,,,,,,"'l Water temperature ,JV,;"-"N/V'.rN'.'VA
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Table l.--Illde:- of BUI'lncc_watel" records 101' s('lected sttetl in the Brazos Hlvel' basm" --Cnnllrllll.. d

AI"r Drolnooe Calendar Yean
ence Stream .n. LocatIon Area 190J-IO 1911-20"" ('Q.mll.. 1921-30 1931-40 1941-50 1951-60 1961-65

101 OilJ Creek at county road 9 lllite8 northeast or Guy

102 Cow Creek at Kitty Nash Road 8 mtlcH northeast or
Da.on

103 Brazos River at Ilarrls Reservotr, near AnlCleton

10. Varner Creek at Slate lIighway 35 at Ens. Columbia

10> Brazos River at Brazoria Reservoir, Ilcar Bl'azorln

Discharoe :..,"""""""''''~ Gaoe heiohts only 1I11111111111111111111111111U Gaoe helohts und dlschoroe measurement, ~~"W-..~ Re.ervoir content.

Periodic dischoroe mea,uremenls f ....... ofIlIIIIQ Dolly chemical qual1ty PeriodIc chemical quality Itrr.""""~ Waler lemperoture .".'Y'......J',I()<,,"~

, I ndell 01
b of ....hlch

• 01' whh:h
d nl which
p 01 "'tildl

l'ecOI'ds 1m' Otlll'l' Sill'S 111'(' lound In publicationI'; 01' liles of lhl' TCllllS Wlltcr DevelOpment !loal'd and lht· U.S. G(>oloKical Su,·v(>y.
1.003 f;l'Junl'p milcll i:; I)]'obllbly noneonl]"ibutlnj(.
6.470 Sl'Jual'p miles I,:; lJl'obauly lloll{·ontribulllll-1.
2,770 :-oqunl'" mIle!> IS prObably 1l0IlCOllll'lblltI11l(,
9.240 Sl'JU:lI'{' milt-'S Is j}l'obnhlv 1I011l'ontl'ibutI11f<.



Tahle 2.--Reservoirs with capacities of 5,000 acre-feet or more in the Brazos River basin.

(The purposes for which the impounded water is used are indicated by the following symbols:
M, municipal; I, industrial; Ir, irrigation; Mi, mining; P, hydroelectric power; FC , flood control; R, recreation.)

0'

'"

Name of reservoir

Lake Buffalo Springs

White River

Lake Sweetwater

Lake Abilene

Kirby Lake

Fort Phantom Hill

Lake Stamf.ord

Lake Cisco

Hubbard Creek

Year
operation

began

1960

1963

1930

1921

1928

1938

1953

1925

1962

Stream

North Fork Double
Mountain Fork
Brazos River

White River

Bitter and
Cottonwood Creeks

Elm Creek

Cedar Creek

Elm Creek

Paint Creek

Sandy Creek

Hubbard Creek

YTotal
storage
capacity

(acre-feet)

5,360

38,600

11,900

9,790

7,620

74,310

53,070

25,600

317,800

Owner

Lubbock County Water
Control and Improve
ment District No. 1

White River Municipal
Water District

City of Sweetwater

City of Abilene

City of Abilene

City of Abilene

City of Stamford

City of Cisco

West Central Texas
Municipal Water
District

County

Lubbock

Crosby

Nolan

Taylor

Taylor

Jones

Haske 11

Eas t land

Stephens

Use

M, I, R

M, I, Mi

M, I

M

M, Ir

M, Ir

M, I

M

M, I, Mi

Lake Daniel

Lake Graham

Possum Kingdom

Lake Palo Pinto

Lake Mineral Wells

Lake Pat Cleburne

Whitney

1948 Gonzales Creek

1929, 1958 Flint and Salt Creeks

1941 Brazos River

1964 I Palo Pinto Creek

1921, 1943 Rock Creek

1964 No1ands River

1951 Brazos River

10,000

53,680

724,700

44,100

8,420

25,560

1,999,500

City of Breckenridge

City o( Graham

Brazos River Authority

Palo Pinto County
Munici.pal Water
District No. 1

City of Mineral Wells

City of Cleburne

U.S. Army Corps of
Engineers

Stephens M, I

Young M, I

Palo Pinto M, II Ir
Mi, P, R

Palo Pinto I M, I

Palo Pinto IM, I

Johnson M

Hill-Bosque I P, FC



Table 2.--Reservoirs with capacities of 5,000 acre-feet or more in the Brazos River Basin.--Continued

Name of reservoir

Waco (Enlargement)

Lake Creek

Leon

Proctor

Bel ton

Year
operation I Stream

began

1929, 19651 Bosque River

1952 I Manos Creek (Brazos
River off-channel)

1954 I Leon River

1963 I do.

1954 I do.

FTota1
storage
capacity
acre- feet)

726,400

8,400

27,290

374,200

1,097,600

Owner I County

U.S. Army Corps of I McLennan
Engineers,City of Waco,
Brazos River Authority

Texas Power & Light I do.
Company

Eastland County Water I Eastland
Supply District

U.S. Army Corps of I Comanche
Engineers,
Brazos River Authority

do. IBell

Use

M, I, Fe

I

M, I

M, I, Ie,
FC

M, I, Ir,
FC

Aluminum Company of IMilam
America

u.s. Army Corps of IBurleson
Engineers,
Brazos River Authority

Bistone Municipal ILimestone
Water District

Camp Creek Water CompanylRobertson

-.,
o Sti11house Hollow

Alcoa Lake

Somerville

Lake Mexia

Camp Creek Lake

Smithers Lake

William Harris

Eagle Nest-Manor take

Hrazor ia

.£/

1953

.£/

1961

1948

1957

1947

1949

1954

Lampasas River

Sandy Creek (Little
River off-channel)

Ycgua Creek

Navasota River

Camp Creek

Dry Creek

Brazos River & Oyster
Creek off-channel

Unnamed Tribu tary to
Varner's Creek

Brazos River off-channe

630,400

10,500

507,500

10,000

8,550

18,000

12,000

18,000

21,970

do.

Houston Lighting &
Power Company

Dow Chemica 1 Co.

T. M. Smith, et al

Dow Chemical Co.

do.

Fort Bend

Brazos

Brazoria

do.

M, I, Ir,
PC

I

M, I, Ir,
FC

M, I

R

I

M, I

Ir

M, I

~/ Total storage capacity is that capacity below the lowest uncontrolled outlet or spillway and is based on the
most recent reservoir survey available.
l/ Under construction.



Table 3,--SulIIlIIary ot choatcal analyses at dally station.. on .. treaa'" In the Brazos River ba",ln, TOXIl.IiI,

(Analyseli listed all lIaxl.WI. and IIlnl.ua were classlt1€!d 011 the b •• ili ot the values tor diallolved solldlil only;
values or othllr constituents •• y not be extreaes. ROllulte In partll per 1I111ion except Ill:I indicated.)

Illuoh..eet eolldli Bardneu s""m,(calculated) u cacO. So· con-81-
dlom duct-

....- Po- "". Fl"" NI-
Col- Noo- ..- -. pH

Delo Mean Col.
rie- Sodium bo- SWlate Cblorlda ride "'.te Puta To.. Ton. clum. orp- mlcro-

"lo ....
"".'" Discharge

(Slo,) ""'" .,"'" (Na) elum .te (SO,,) (CI) (PI (NOJ per per ""- Hoo
~:.t

(Cal
p.r ....-coUecUoQ (ct.)

(M<) (II) (000, mWIoQ acre- da. 0'- ... ....... 2S·C)foot .1....

~. DOUBU MOUNTAIN Po.. BRAZOS RIVU NDR ItOTA"

Water year 19~0

IIaxI"".... , JaIl .. 21_31, 1950______ .0 14 '0 10. 6,17. 12. 2,190 9,700 -- 19,100 26.0 o 0 2,640 2,~30 " 28 9nn 7 .•Minimulll, Sept .. ~9_____.~_______
I, ~42 13 • '.3 118 I2t I" '1 1.' b531 .72 2,210 I" " .. , 871 .. ,Wel~hted Il.vora~e_______~._______ I" I' 97 I' '" 120 ... '80 1.' '12 J. 10 320 30' 20' 3.' I, :nn --Water year 19~1

Maxi.uII, OCt. 22_24 19~0--_____ .0 I' '" 110 3,070 117 I, ~90 4,800 -- 10,200 13 , .0 1,850 1, 7~0 31 1~ .. 80n 7.7MiniauII, Au~. 21_2~,
1951 _______

910 I' , 10 110 In 300 101 1.2 b731 ... 1,800 310 200 2 • 1,1no 7. ,Weighted averago________________
32. 19 17 28 21' 12l '" 210 -- 1,300 1. 77 114 ,.. ..,

• 0
I, Q40 --

S. DOUBLE MOUNTAI.. POR.J: ..zoe RIVIR tfUIl AlPKRI«)HT

"....

Water year 1949
JIlXll1lUm, Jar. 1_10, 1949________ o 7 13 " 92 "0 110 1,710 1,220 -- I· , <1,570 6 .. 22 ,. , 1,970 1,870 7 .• 6,340Minimum, Sept.

11_20____________
1,168 14 81 13 110 11' ". ,. -- '.2 b664 .'0 2,090 256 10' 3.0 I ,1)20 7.7Weighted average________________

139 14 13. '0 130 120 300 lSO -- 2.0 910 1. 25 Ja. m 320 2 7 1,410 --
Water year 19~0

Wadaua, Feb. 1_13, 19-28, 19M_ 1.0 13 61. 0' '" Il8 1,700 920 -- 1.2 3,980 ~.41 17 1,870 1,770 '.0 !'.,:J50 7.'.inl~u., May 11-13______________
2,215 18 " B.' 132 120 "0 "' -- 1.0 "0 .00 3,970 2" 126 3.' l,n30 7.0Weightod average-_______________

J7I 15 102 10 138 109 '00 "0 -- '.3 1,010 1..37 '00 418 300 2.7 1,41n --
Watf'r yoaf 19~1

iiaxIlIu... XUll''' ~, 8, 1951 ________ .0 23 810 II' m 10 2,340 000 -- .. 4,740 6 .. 45 .0 2,510 2,UO
• .0 ~,920 7.0Wlnll1um, Aug. 23_29 _____________ H3 10 10 17 142 133 330 13' -- 3.' .U2 1. 1 ~ 1,690 332 223 3 .• 1,280 7.'Weighted averago________________

83 " '" 29 107 108 700 '03 -- ,.. 1,430 1 .. 94 '42 "0 0" 2.7 1,980 --
Water YCal' 1957

iaxl_ua, July 9_16,
19~7________ • • 20 .88 83 7.7 .. 1,730 1,180 -- I .• 4,420 • 01 ~5 .. 1 1 .. 810 1,760 0.0 6,020 7 .•Mlnl.u.., Junv 1_7, 13_14, 19-20- 2,849 18 10. .. .. 112 273 07 -- .., b689 ... ~,300 317 217 2 2 1,020 7.'Weighted average________________

352 .. 15' 10 110 110 .00 123 -- 3.0 910 '" 86. ... 355 2.3 1,300 --
Water rear 19~8

iuiaua, Feb .. 23_28, 19~~______ , 0 10 ..0 102 1,470 130 1,660 2,400 -- -- 6,350 8.64 155 2,020 1,910 .. 9,430 0.0141l\laulII, Oct .. 22_28, 19~7_______ .., 11 81 10 138 137 '00 11. -- 2.' b636 .88 oeo 193 .0
• 3

,., •••Weighted averago________________
130 " 217 22 207 110 59' 20' -- 2.' 1,390 1.69 '98 83' .42 3 • 1,970 --

Water year 19~9

Iiaxillu., Aug .. 1_7. 19~9_________ ., " 590 '0 96' 103 1,600 1,530 -- 1.0 4,840 6. ~8 ... 1,800 1,720 , , 6,690 7.2lfilll..uaI, July 1_6_______________
4,604 15 110 .. .. 110 318 '0 -- 3 0 '715 .97 8,890 332 242 ... 1,060 7.'Weighted average________________

219 15 153 " ... Il3 42' 168 -- 2 0 ... 1. 36 .91 ... 383 3.0 1,460 --
'atfOr Yt'ar 1960

iadlllu"" jar. 1_12 .. 1960- _______ 3.'• 12 850 98 1,080 120 1, 7~0 2,090 -- -- 5,140 7.81 53 , 2,020 1,930 10 8,350 1.'Mlniau.. , Do;-c. 18_21, 1959_______
559 11 83 11 158 130 20' 155 -- 3.2 0" .92 1,020 '02 .. ••• 1,110 •. 1Weighted aver~~e________________ 1<, 22 13' 17 101 112 <10 15' -- .., 977 1,33 393 '" 325 3.' 1,410 --

Water rear 196\
iaxIllIu"" lIay 1-16 .. 1961 ___uhh .. 88 l~ 070 128 1,160 '0 2,210 2,020 0.0 -- 6,4~O 0" 153 2 .. 700 2,820 '.7 8,700 0.'MInimum, Jun<,: 16_19_____________

3,O~8 10 '00 I< 126 122 291 '" .0 I.' 781 1..03 6,280 307 207 3.1 I,H.O 0.'Weighted averall'e-- ______________
398 15 '68 21 10' 100 m 237 -- ... 1,180 1. 60 1,270 50. ... 3 .• 1,720 --

Water year 1962
Lx [aua, DiO·e .. 16-31. 1961 _______ , , 13 85~ 116 1,290 183 1,760 2,090 -- -- 6,000 8.16 •• 0 2 110 1,980 12 8,520 7 .•
IUnllllulll, July 18 ..

1962__________ ... -- -- -- 66 "0 02 -- -- bOO! t.. 16 1,070 578 ... -- 1,230 7 .•Weighted avvraRe---- ____________
173 16 157 20 100 m ass 217 -- 3 3 1,140 I.. 55 .32 ." 380 3.' 1,650 7.'

WalOlr year 1963
Maximum Rar. 1_31

1Q6:l________ • 12 030 150 1,080 .. 2,080 2,000 -- ·0 6,200 tl. 43 8.37 2,720 2,650 '.0 8,260 7.0._- 2 064 " 73 12 112 130 221 •• 1.2 3 .• b599 .., 3,3010 232 m 3.2 '30 7 .•- 16. 17 '" " 102 ,,,
'" 220 -- 3 0 1,120 J.. 52 ... '96 39' 3.' l,S40 7.3

Sec 100InOI('," al end 01 table.



Tal>l,· 3 --SumPlo,ry 0' .'hcml'·ul 1II\IIIy!l"1l al da,l} stations on tlll'('l'l"''' In th(' An......" Riy,'r 1>:1"1,,. T~'''''Il.--Cunl"",,,tJ

Illuohed eolld8 Bar..... _Uk

-
&II Caco. So-(calculated)

e_
BI-

d1.. .....Ca!. ....- Po. ,ar-
~I:

NI-
c.l. Nca• ... .... pH

".,. Mean
~~~~ ... Sodl... ....

boo- ....... Chloride Irate """' ....... c1wa, car•
.. Dlaeharp .....

(Na) (SO.) (Cl) (NO,)
.....

PO' -~~(SIQ,j ..... .....
I~

(P)
PO' PO' ....- boo·

eollect1oa (cia) (Ca)
(.... (lQ

...u&o acr.- do, .:; ... -loot

6. DOUBLE MOUNTAIN FOU BRAZOS RIV!R HEAR ASPEIUKlNT__COnllnued

LT FOax BRAZOS RIV!R NEAR PEACOCk

W.ter year 1964
Ii.tllta, iay I, 3-7,

1964_______ o 7 13 '" 111'1 1,010 .. ,120 2,UO -- -- 6,4TO 8,80 12.2 ,940 ,870 •. 7 8,67(1 7. I
MlnlmulI, Noy. 10.

1963__________
I., o 2 222 o • 76 82 ,.. 78 -- '.0 ... l. 3~ '84 ,"0 '" ... I ,2~~ 7 .•Weighted average-. ______________
I' • I' "0 J8 "7 10. ." '66 -- '.0 2,090 2.84 10. ..0 7" ,. , 2,H60 7.J

17. SALT FOax BRAZOS RIV!R N!AR PEACOCk

Wat!:"r year 19&0
iax £IIU1a , Apr. 14_1&, 1950_______ 0.19 13 1,0&0 '" 11 ,200 123 3,2&0 17,800 -- 33,700 4&.8 17 .160 ,060 " 4&,100 7,3.111111'11", Sept. 26-28___• ________ 720 12 " 10 241 121 '41 '" ••• .." l. 27 1,820 ,.. "' 7.' 1,560 7.7Weighted average-- ______________

13. 10 I" <0 731 137 '" 1,160 '.3 2,610 3.&5 ... 083 '70 13 ".:HIO --
Water year 19~1

ia~£lIuII, Apr. 20_24, 30, 1951 ___ ." " 79. '03 H,280 ... ,410 13,200 -- 25,100 34, I " ,230 .110 ., 35.9'10 7 7.ll\lmuII, May 19_21______________
JIJ 22 84 17 163 133 "0 218 ,., b128 ... '" 230 12. '.7 1,280 7 "WelKhted averago________________

31. 2 " '" 0< 1,150 130 m 1,790 -- 3,840 5,22 323 708 594 19 6.2fHI --
18. CROTON CR!£It NEAR JAYTON

Wa t!:"r year 1960

"'" iax[_u_, Apr. 28, 1960- _________
cO 91 -- -- -- 11,500 -- -- 3,~40 18,100 -- -- - -- 740 -- -- ...

70
°1N

Mlnl~u_, July 7_8_______________
791 -- -- -- 269 .. , 72 1,600 "0 -- -- - -- ,670 1.610 -- 3.631) 7 :;

W"tel' year 1961
KllXill.ull.. Apr. ~,

1961 ___________
c.54 -- -- -- 10,900 -- -- 3,120 17,200 -- -- - -- ,840 -- -- 4370jMinimum, Oct. '". 1960__________

4,980 -- -- -- 130 .. , 08 1,380 182 -- -- -- -- 1.430 1,380 -- 2.700 7,11

Water rear 1962
Ro,xtll.UII, Apr. 7_8,

1962_________ .. -- -- -- 11,900 101 3,480 19,700 -- -- -- .- .080 4,500 -- 45.300 7.1IHnlllull., Sept, 2_4, 7___________ ". -- -- -- 232 0< 1,590 330 -- -- -- -- 1.660 1.620 -- 3,34f 7 q
WeiKhted averaKc---------------- 13 0 -- -- -- .0< " 1,770 1.310 -- -- -- -- 1.890 1,790 -- 6,16

Wa ter y"ar 1963
Ma~£lI.u". Apr. 2_12,

1963________
.J 23 1,410 .11 11 ,800 10. 3,960 18,900 -- 36,600 5\.1 30,4 5,210 5,120 71 43'l'lMiniMUM. Nov. 26-27, 1962------- 20' 18 'DO 30 334 70 1,530 ... 1.0 3,030 •. ~! 1,650 1,610 1,:150 , 6 3, q71 7 ....

Weighted avcrllKe---------------- ". 18 74. .. 1,360 78 J ,920 1,850 -- 5,490 1.47 377 ,130 2,010 12 1,73 7.7

Water yellr 1964
Maximum, Apr. '". 1964__________

8 , 30 -- -- 12,900 "' 4,310 20,900 -- 40,300 58.3 892 5,940 5 850 -- 50, 'II) 7,~

IHnlllu•. Oct. 21. 1963-----_____ 260 7 , 372 27 431~ 5.5 " 0" 690 '.0 2,&10 3,41 178 1.040 996 , 8 3,83 6. <J
Weighted av"rll~c---------------- '72 13 '08 '" 3, 90 .. 2,390 6,200 -- 13,600 18.& 99.9 2,860 2 790 29 IH,~O 6.Q

20. SALT FORX BRAZOS RIVER NEAR ASPERMONT

tll'a ler year 1949
Aa"lm"lII. it,",. 21, 24-28, 1949___ 8.50 .. 1,330 490 28,400 ,., 2,850 45,400 -- 78,500 ~07 1,800 5,330 5,250 69 90,00 7.6
Mlnil1\ul~, July 16. 31. AUI(.

1____
109 17 12. 31 433 lJO 336 88' 5.0 1,680 2.2 .94 <00 ,.. • • 2,79 --We Il(h t ed "vf-"·aI(C________________ 157 15 27. •• 1,160 112 700 1.820 -- 4,080 '.0 I ,730 873 781 " 6,38 --

Water year 1950
Ma"'lI."lI. Apr. 1_15, 30. 1950____ 1l.41 II i .40&0 '74 16,900 15' 3,440 26 SHO -- 48,901) 66.5 ,. 4.720 4,590 07 6/1,<t/l f 7.7
Minimum. Sepl 6_10, 27_29______ 1.000& " 166 26 '48 110 m 670 '.0 1,820 ,. ".93U 521 426 .. , 3,116 ""Wof' q.:h t ...d a v.'rl1l\<.'________________ 166 " 320 52 1,400 117 -- 2,230 -- 0& ,R71) 6 6 2.1/:10 1.1)10 0" 10 7,64 --

W,. t ... l· 1e;ll' 1951
4,7BeKa"llIu.... Mal' 11_13.27. 1951 ___ 9.60 17 1,220 440 27,500 "' 2 760 0&:" ,SOO -- 75 800 10' 1,960 " ,lJ71l 171 95,50 7. J

MlnimulII. May 19_20&______________ 713 26 118 19 423 153 320 ,.. 6.3 1.580 2. I 3,040 372 '" o. , 2,76 7.0
We II( hIed 11 '1'<-'1'111(('____ ------------ 64.5 " 38~ 79 2.250 118 1,020 3.560 -- 7 380 10 • 1,290 1 ,2811 1.190 27 11,110 --
S"C lootIlOI"~ at end oj' ,abh',
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Dlslohed loUd. Hardne.. SpecUt
D1- (ulculated) as CaCO, So- con-D... MeaD Cal- M..- PO- ou_ Fluo Nl- dlurn duct-SUlca rie- Sodium 'u- SuUate Chloride Cal- "'-of DJscharr,a

ISlo.l
clul'Q

slul'Q (Na) slurn
bo,-

(SO,.> (Cl)
ride tr:tte Put> Tons Ton. clul'Q, Non-

~O"'-
on" pHcollecUoD (Cf9) (Ca) ,t> {PI (NOJ po< <"- (micro-(Mg) IKI (IIC0a> po<

acre- po< M..- bo,- lion
Im~o. atmillion d.y ",- ratioloot

• 1=
... 2S·C)

20, SALT ~UHK BRAZOS RIVER NEAR ASPf;RNONT__Cont Inu(><!

7. :1
7 ,

7.
7
7 I

7. ,
7 ')
7,2

7 I
7 ,

n.r;.,
7

15 ttllll
2 ;1211
7. [;:11.

'):.I,IO'l
2 IIH
M ;1'1'1

7<1 '111117 .,
'I, "r,ll 7 "

12 7Htl

86, fjlm 17 "
2 n,,') 7 "
:;: "Hil

nI ',nul"
;1, r,:tll " 2
7 711')

27, P)P)f1" I ,~ 7'111
52 2<1, HI!')

'"'A
29

1:;/0 17 I fJP)P)
__ ;1 ,,')11

2H 1:1' 11'111

16/)
H,

',1

100
1:1
23

2:111
7,:1

20

2111 1'16, I nil
7,2 '"l, 25/1

'"If) ".77')

'21

""'

5,'17"
2l'1f1
656

u,l:lfJ
339
750

,65/)
611

,3>11')

5.16n
302

I,nno

5 ~r.o

258
K!lo!

.'>,3MO
232
712

,76n
303
'Jl'\~

6,791')
792

2, OJ')

6 870

'"2,12/1

5'10
. 392
752

5,940
346

,000

<1.810...
1.1)50

5. ,SIO
33.
'16

4,750
710

1.'1'10

6 2(1)
14'
850

15 27n
'08

I, Ion

115
2,R80
1 ,0'10

'"14,330
1,230

,3 I 0
5 880
I ,~60

:1,3<10
4,440
1,320

161
730

: 7 1 I)

3<1,<180
2,540
9~9

1:1,620
20,310
J,HO

1019
15. R60
2,600

'45
2 90
6 8:1

98,9
3.1)3

12.<1

16'
l. 67
6 ..

1'13,7
3 63

II. (;

110
I ,7<1
<1,38

122
l. 88
'26

12')2
5 00

2," :I

'21
l. 69
7,70

69,300
2,230
9, I ~O

83,900
1,240
5,660

87,<100
1,380
6,070

99 200
2,IJO
5 n20

76,900
1,280
3,220

59,200
2,670
1'1,500

135,000
3,61'10

11:1,600

11<1.000
1,230
5,030

3.5

.5

3. ~

2.9

•. I

0.8

3.8

~O,tlOO

472
,900

66,~00...
2,290

32, gOO
1,290
<1,<110

~7 ,<100

"O2, <120

4tl,300
420

2,820

39,600

"0
<1,490

79, ~OO
1,460
9,960

4'1,100
128

1,:160

3,030,..
1,200

2,720

".
854

3 ,:ll 0
'22

1,~70

3, ~IO
3/12

'"

3,190
31'
02r.

3,630
311
'26

3,2'10
299
053

::1,060
226
817

135
129
124

149
127

'"

90
123
121

15'
125
126

122..
III

86
12'
116

99

"'112

103,,7
136

27,600
300,,,

41,900
313

1,470

36,100
60.

1,5<10

30,400
310

1,810

50,000
97B

6,270

20,700
tl'18

2,800

32,100
302

1,850

25,000

2,860

023

".9

<7,
17
.9

,420

'"24'

I, MO I3411
119 27
J30 68

I, 570 I".140 22
263 47

1,2~~14~~
H9 78

I 7301621
292 39
629 135

1,
320

1
36

'129 20
JI9 61

I ,~20
112
322

1, 49°1'155
126 19
2<17 33

16
"

17
24
17

"30
20

27113
22

"

860
256

>9.

7. °
977

63,2

13 3
1,191

Au'

"I"6'18 23
126 17

'"°1"6.115 13
253 16

,
4,280'0 ,

.

721"399 14
71 4 13

0'
68 1"<I ~90 I ~

, 29!l 17

'11',,1,>/' y"ar' 1962
Maximum, ~ 1_7, 11J62_nnn __
Minim"m, Jurll' [1_10 _
'11'" ll:h I "d a V\·,'lIl:e _

lII'"II'" ypar 1963
:V"X1mum, AUI:' 19_20, 1963n _
Wini.,u_, June: 18_20 _
w(' i I(h I ('d a VI] 1'1''''' _

lII'"ll'" ypa,' 196<1
"bxlmum, .July 2, 196'1 _
MI n imum. June 15_17 _
'/I'" i gil 1"d a VL.' ,'a 1;1'- _

"":1 I (H' yttal' l!:1~7
Max'lIu"" ft:G, 1_0, IOr,7 _
Minimum, Junl' 2_'1 _
Wc Illh t..,d II VI' "III; 1' _

Water yelll' 1!J5i!.
gaxI ....... , Sept, 1_1'1, 19~1:Innn__
Minl.,u." Oct, 1<1_19,23_26, 1957_
1\'c I 1;11 1I'd :1 v.' "111(.: _

Wall"- Yl'lI" 1959
Maxl ..um, Mal', 30_:11, Hl~l)_n__ n_
,\I, n illlum, AUI(, 1l_12 _

lit' II; h t I'd n v,, "1.111..,-----------------

"i"t"'I' YCIl" 1960
Maxl .. um, Api' 2tl_30, 1960nnn__
Mi Ill .. ,,,,., Ju I y 7_11 _
'/1'(' Il(h ted I' V'l "111:1' _

"'-;'1"1' ycu' 1961
Xlall'",u"" XUI( 11:1, 1961 _
.II I rll IIUII , Del. 19_20, 1060 _
'11'., i 1;11 I ,:d a VCI'lII:C _

"W

7.2
7.3
7 ••

7.2
7.7

6 ,
7. I

2:1 ,:lOP)
1,<11)0
<1,321}

25,000
•.21 1, 2r,n

<),3 :1,5011

'"

" 12Q
,l:IlJfl

~>,2 1 ,'I'll)
11 :I ,'160

"~H,.,'P)fJI7 3
<1.11 I, <Inn 7 <I

III 4,3')(17.3

..
2,2!IO

1<101
560

.160
186
652

2 320
361'1
56'1

2,520

"..74

2 370
, 254

'"

2 381)
<52
653

2,280
298
753

2 6:1n."
759

'29
5.660
2,300

!j,110
:J,2(10
<1,950

1,030
Ifl,I:I~O

1,890

307
:17,290

2,290

230
1. 29
3.701

17. :;
1. 16
386

23 6
.98

119

to 2
1.71
3." I

12,800

'"2 ,850

17.2no
723

2,270

1<1,000
1,260
2.510

16,700
9<16

2,750

3 ,

4.2

2.8

1.1

,.
,700
218

""

,2(10
222

, 110

8,210
180

1,060

6 9<10
3<10

'"
210
51)2

.1'150
2M,..

1,830
<l2~

576

2,240
,104
6l'J9

"72
96

,..
136
123

H
103
10'

142
86

103

,910
"3
73<1

15<1

'"
601

,310
256
61'

5,240

23. 81lA1.QS Rrn:R AT SUMOUR

15
32

160
19
32

77
211

64<1
L50
29'

2<11 I ;11:1

UI ~ I'"l:lK 19
233 '12

6781229'.6

1'1

7.
1'1

"

"13

22
IH
J7

IJO
1 . GIJG

00'

21.0
2, <Hi2

299

27 3
<1,953

279

Wat('r year 1'162
MaXimum. AlII' 15_23, 1962 1 6 ,
)ll"llllunl, Sepl, It 1,1,600
Wpll:hl('d ;lv"'·al:" 4___________ 301t

'/1'''1('1" )e:ll" 1963
Maximum, "I_I'. ~, 7_27. 19G:I __
Mi"lmlHn, JUlIl' I, 6_tn_M _
\I',> I g I, (od "VIP 1"1I1(!'---- _

Wa.lL·'· rca.' 1960
M:,xlmulII, gal'. 1_16, 1960 _
.\linlmum, July 0-15 _
we leh',--.d a VC'I'a 1:<'- _

"'alL'" 1"(10 I~Jl;1

\bXlmum, f.·Io. 27_2H, 1961 _
Milllml'm, 0" 1,1, Hi, 1!)ljO M

y;{', 1(1\ I (>d ;1 H' ,'11Il"-- _

S,,(' 10olrlUll'li ill \'tHI 01 lahlt',
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Speel1lc

Dls80lved SOlid!! llardnUl8
(rnlculaled) alJ CaCO. So- oon-

dJom
BI-

duct-
Mog_ p.-

car- Fluo NI-
Cal- Non- ..- an" pH

Date
~tean SUlcI. Cal_

lie- Sodium tu- Sulfate Chloride ride Irat< Puta Tone Tone clum, orp- (mlcro-
!>on-

oar-

01 DJlcbrge (510.) olom
.Iom (Naj slum (SO,) (CI) (P) (NOJ po. po. Mog_

bon- uono~c-'"

at<
po.

collecUoD
(01.) r (Cal

(Mg) (IC)
(HCO.>

mWlon acre- da, n.-
Uo ratio 2S.C)loot ....,

23, IlIlAZOS RIVER AT SE¥MOUR--Contlnu"d

2

Watel' rClIl' IU64

20. 1.2~
..,'"1 IIIU., f,'b, 9-10, 196"________

73.0
'~.2

632 173 6 770 '" 1,600 10,800 27.7 3,960 2 290 2 IKO 28,500 7 ,.inIMuN, Supl. 22_24___________
2,682 .. 121 04 120 " 318 18. 1.5 779 I. 06 5,640 36. '296 2.7 1,250 7 ,

wclKhl~d av~ ..a~~----________~._ 87,7 II 25. 44 91' 9. 711 1,410 -- 3,390 01.61 803 807 733 " 5.170 7. ,

32. CL~AR FORK BRAZOS RIVER AT NUGENT

'-l..,.

Watc,' year 1949
Max l.ulII , Mar. 21_31,

1949______
4,15 •. I 37• 138 77. 140 1,460 1,090 2. , 3,910 5.32 44 1,490 1,380 • 7 5 650 7 "MinilllUM, Sept,

15_16___________ '". .. 34 I.' 20 10< 32 •• 2. , 158 .21 367 " • ., 26. 7, .1
WI;' i gil leu Itvo'·a~c--------------- 58.1 10 65 I' 54 120 145 63 2.' .25 .58 67 22' 125 1.6 6" --

Wate,' ytla .. 1950
Max [/llum , ""I'. 11_20, 1950______ 1,42 O. 3<4 149 573 106 1,300 .52 ... 3,250 4.42 12 1,400 1,310 o 0 4,76n 7.7Minllllum, Ocl. 22, 24, 26_28,11/4 23. ,. " • 2 13 1.6 36 I' .. 6 blSI .25 1<4 116 29 .5 2901 7. ~W~i~lIl~d averagt"_______________

646 14 " 17 47 119 1'1 .. '.2 41. .56 72 217 '20 ... ".--
W;ltt'l' y~ar 1951

lIax(lIum, Feb. tl_ 19,
19:51 ______

'9< 6. 352 157 619 19' 1,470 8"
• 2

3,540 ",81 OS 1,520 1,360 6.9 5060 '-"Minimum, July 2_4, 27_31 _______
I'. 16 36 II 25 117 47 28 ••• b234 .32 '8 '" 39 .n 3C1() 7. "We1gllted aYo;lraK('---- ___________

'" 17 77 24 76 136 197 .6 • • '" . 77 67 2•• 179 I,CI ,n --
";ltC,' y~ar 19:52

Daxi ..u., lIay 28-29.
1952_______

'" " 325 .7 772 132 1,310 1,000 7.3 3,590 • 6' 52 1,210 1,100 " , !'i .,711 7. "III,\IIIUIII. Sept, 22
24_25_______

102 6. 37 7.J I' 10< .. 12 , 2 b201 .27 " 122 37 ., :11" L7w... Illh lull II. ~ul'al:"('--------------- I. , 12 6' " " 16' "5 106 2 6 5:58 .76 If). :l 277 142 2. I WI:, --
Walel' yea,' 1953

ilax'IIIulI, feb. 11_28,
1953______

.22 " 62 " 262 131 363 "8 • • 1,330 I. 81 ,79 556 40. U 2 2!l', .,!II, n I"'UIII, July 15-22____________ 203 I' 32 7, :l I' III 22 17
• 7

bl79 .24 98.1 II" .. 6 301 • 1'/l'f' i ~h 'lid II VI':I'I\I:l." _______________ " . I' 40 I. 2. 124 46 37 3 .• 26. .35 8.7 041 " 1.1 41!l --
35, CALIFORNIA CR£EK NEAR STAMFORD

11':.11('1' 1(>1\1' 1903
0,,,1.,,•. A",. 17_31. 196,um_j •. ,

2; 1
560 353 1,620 108 2,070 2,920 -- 7,580 II) 3 G.I<I 2,850 2,76/, 13 10 7nn I, OJ.Illnllllum, May 31 _______ ~________ 1.260 <0 U.:5 30 113 46 42 3.2 252 .34 '" 139 4(1 1.1 4'l6 7 ,;

....'clo:hl('d lIV("';lI:"_______________ d329 17 ". " 152 031 '46 23' 3.' ,7< 1. 32 lSG,~ '161 3:,:, 2. J I .'I?O 7 !i
11'" l~'" Y(';I" 19601

Sia"'IIIu", AlII', 21S_30, 1964______ ,8 .( 8" ". 2,810 031 3 ,090 :5,280 -- 12,700 17.4 27,4 4,660 4,5."'1 __ 17,0'1'1 7 7M'l\lmUIII, JUI1C 12_13____________ ISH,O l4 " '.7 " l41 61 " ... 298 . '1 69 . .2 160 ,101 1 .5 ,d 3 7 'I....'clj,::hlCd a~e'·aO:l'_______________ 2 0 • 152 100 367 167 670 553 -- 1,9010 264 10.5 , II 07< 01. :5 ;> ,ijnn 7.3

36. PAINT CR~EK NEAR HASKELL

WaH'" y{,il" 1950
!lbxllllum, J\lj~, 25_26, 26, 19:'00__ li7 5 I' " 40 29< .3 100 615 .. , 1,210 \ ,65 22\ <0. ,'133 6 , 2 260 H, (I
Minl.,uIII. AUI:.

17 _______________
27 • 12 " 4. 'I 12 86 , 'I 2 3.' blO8 .15 7, ') 63 " .7 173 , "

'Ila \1''' )l''''- 1951 IfIla"lllluIII, May 21_2:::, 2'1, 211, I~:~ II' 20 9. 42 20' 1\'1 168 ·11 0 1.5 1,000 I ,36 319 407 :'114 '1. 5 1 ,7<)0 , ,.\I'I\'mUrn, ITa)' 16_19 _____________ 9 I I 17 26 7, !l 12 110 " ,.. 5 • h 157 .21 :J8fl '>7 2 .5 20\9 , 1

~k(' tnntUII'.,s :II l'tld ot I al) Ie,



Tabl(' J __ Summa,'y ,,' (;llCmll'Ml llnalys('" .'1 daily ':;Ia!iun~ "II ~t""am!l Lil IIII' llL',L/O!! RiveI' IJaSin. r",,,s.<·l·,",limwd

O1l18otved eoUdIi Ifarllne.. SpecUI
(calculated) aa CaCO. ...

con-Bl·
dlom duet-M..- P.· car_ Fluo Nl- Cal· No.· "'. an" p8

Dale M.an
9U~c~

Cal·
rie- Sodium .... SulJate Chloride ride trate Port> Ton. Tons dum, orp· mlcro-

bo.·
,ar·

<i Dbcharg. ,1= .1= (Na) alum (SOt) (Cl) (F) .(NOJ p..
p.. Mal- lton F,!a,?' at

(Slo.) (Cal ." p..
bon·

colleeUoD (eta)
(Me) (It) (HCO.> mUllan acre-

d'1 ••• ." ..tlo 2S·C)loot oIwo

37. CLEAR FORK BRAZOS RIVER AT FORT CRln'IN

Wale.' rcu' 1950
MalltlllU., Apr. ". 195n... ________ 2,064 8 .• 123 •• '45 .. 112 898 '.2 1.680 2 38 9.360 ... <19 8 • 3,120 7 ,
Mlni~un, Nov. 9_21.

1949_______
.92 14 32 8 • 12 126 " 14 .8 16. .22 .. ". " 167 7 "W"I"hICd av('rage_______________ 131 12 47 12 45 '" 88 87 2 9 333 .45 118 187 7i I ,.. --

lIate,· lcar 1951
Muilllua, MllY 20_21, 1951 _______ 1,533 7 • 132 " 192 101 .92 2M 2.' 1,180 1. 60 4.880 539 4!16 3 6 I,qnn 7 7
Minimum. May 19_2G- ____________

1,119 8 8 31 7 8 21 121 28 18 3.0 b183 ." '" 109 10 , 31'1 7.'
.t!I~hlcd avcrage_______________

88 7 16 '8 " 41 "9 101 67 :1.5 393 .53 9. 206 IIlII 1 ,3 630 ..
36. HUBBARD CREEX NEAR SEDWICK

Wal'Il' rear 1964
M:u:lfIlUfll, '\!6. 1-3,

1964- ______ • o 2 '.7 60 8.9 .. '" 10 '" 0.2 0.' 337 0.46 o 18 180 60 .7 I1:1A 7 "
Mlni ..unI, Nov. 8-11, 19_20, 1963 34. 7.7 30 l.7 6.' I .. " 8 8 14 .0 2. , "8 .16 11,0 82 12 .3 21 J Ij Ii
Weighted average--------------- 1.3 8.7 " '" 24 1" 17 " .. .. 207 .28 73 127 " .S Jill! ."

39. DEEP CREEK AT MORAN

Waler rellr 1963
MaxiMUM, Mar. 10_13, 1963______ 0.1 2.2 3"' 13. 992 92 368 2,24.0 _. 4,150 ,8< I. 12 I ,460 I .390 II 7.0Ul /j.M

_I MlnllJlum, May 30_31_____________ J ,J08 .. -- -- 18 122 17 " ,. 179 -- -- 121 21 6 :IQH 7 ..",
V' W('lghted l\Iv\!ragc------ ______• __ 13.2 13 •• 9.7 37 117 28 73 2.9 287 .3' 9.52 I" " 1.0 47n 7

WalC,' yea" 1964
Ma"lmum, Jan. 30,

196<1_________
13,0 .- .. .. -- 119 21. 1,220 -- 2,330 3. 17 81.8 '" 828 .- 4,160 7 .

MinImum, Nov. 20_21,
1963______

:1ll.5 '.2 28 '.6 18 81 "
,. 2.8 ..9 .20 Hi.9 03 26 .S 21101 I;,

Weighted avcrallc--------------- '.6 8.' '" 12 70 110 31 '" 3 . 391 ." 5,91 181 101 2.1 7.17 • 7.. HUBBARD CREEK NEAR Al..8ANY

Water rear 1962
Maxi",uM, Apr. :>-6.

1962________
76.0 8 7 209 7 8 "9 107 222 1.200 3. 2,310 3.14 474 8., 755 8. I <I .',:.In 7 ,

Minl.uM, Sept. 8_25____________
58.4 12 32 6 3 24 97 "

., 0.2 0.2 182 ." 28 7 108 26 1.0 :126 7 ::Weighted average_______________
a32.0 "

,. 13 73 108 37 158 0. 403 ." J< 8 188 100 2 < 740 7. ,

WaH'l' year 1963
Maximum, Jan. 1-11, 196:1- ______ .1 :'>.0 ... 38 237 ..0 118 '8' 1,180 1 60 32 520 406 I.' 2, Hill 7 ,
MlnlllulI., May 22________________

1.330 8.2 J8 • 7 19 110 .. " I. i77 .24 835 11. 24 .8 31. 7. -I
We 11th led a veragc--------------- 17.7 9.' ., 7.' J7 106 24 " 2. 248 .J< 11.9 136 " 1.3 <\4'l 7 J

lIatcl' rc"r 1964
Maximum, May 1-2, 1964- ________ .2 .. .. -- .. '" 183 900

J:,
1,810 2.46 .'" m "" . . :1. ISO 7.

Mlnlnlum, Sepl 18_21 _________ •• IS:! 7,5 27 :1. 1 18 .. 12 20 132 .18 54.5 99 R .R 2:16 Ii
Wl' i Ilh lcd II vcl·a~C'------ _________ 16.0 7. ;) 38 6.5 37 99 19 73 3 .• 231 31 9.98 121 '8 l. :1 0134 6

'II . ~ALT PRONG IIUBBARD CREEK AT U. S. lllGIIWAY 380, NEAR ALBANY

• :IIe,- )<'ar 1961
lIaKLmuIlI. Way 1_4,12_21.21:1_31,

~ ~~~~~:~-~~;;.~~:=~~===:::::::::I 21 I
62

1
90

1 "I 230
1 2:~ 1

73

I 4~~ I0 51 ~ ~ 1.
03°1 1. 401 5 A41 422

1
"81 • 91 1.881'\17 tl

20 8 10 JI , 0 24 I< 173 .24 12 , .. 17 1 I 312 7 t)

.6 9.0 " " 100 167 '00 186 m ,. 8:1 238 1111 2 6 :.137 7. '1

S{••, luotnOl{'S :II end or tablCl.



T.,I,I<-':I -.~lU.,":,n· "I d,,,,"I,al "".,1\ .. ,...." ,1",11- "1.",,,,, .. "11 .. tl,-."K" In Ih, 11'.';.... H", ,- t';I .. ,,, I. ( -"",,,, ... ,1

r-- --
Olsllo!vcd soUds H:U'dne88 SpecUt

DI- (ell Icula It.'lI) as CaCO. So-
con~Date Mean Cal- M..- Po- car- Fluo NI_ "'om duct-of DJscharge SU1ca dum rie- Sodium taa-

bo"- SuUate Ch.lorlde ride Irate Tons
Cal-

Nan- "'- ""a p8(510,) ""'" (Na) slum (SO.) (C') Puts Tons clum,
~"'-

collection (cis) (Ca) .'" (F) (NOJ ..' "'- micro-(M&! (K) (HCO.> pO'
acre_ ..' M.._

bo"- 00" F!'~. atmUlton
fool day ",- ,'" ratio 2S·C),,=

'12, NOIlTIl FORK llUAllflllO CIIU:K NEAR Al.BANY

8.71'11' ,
2 :I~fJ 7 Il
f, ~,.. n 7. 'I

8.'
5.8
7.6

1
2.:la"12.2641

\64 4fl."
,:160 1.21:10

5 46
61.6

5 00

6.~8

I. 69
'\ 0 2~

5 060
I . 2~n
3.120

0.,".2
.o~o

722
I.K60

128
13
6'

116
72

'"
999
289
651

09'
29,os

620

'"368

, 6

"9.5

0,'1

" ,,.,
Wale.' ~ear 1963

iia~llllu•. Apr. 1_26. 1963 _
.ltinimull. June 11_12 _
We Il(h I ..·d 11 VC I'D IIC----- •• ~ __ ~~

W"tc.· year 1964
MaxllllulII, AUK, 22_2~. 27.

Sept. I. 1964_________________ M.7~fl[' ,
MlnillluM, Fl.'b. 4_~_______________ 1.71ll 7.1
Wt1I.:hlt!d avllrnlfe ~~_______ ~.~ 7 I

6 4'-fOI" "71i'l 7. (\
:,'111 7. i;

7.21'1111" H
I. 17n 7 "
:1.1'121} 7 I

M.:l

'i.5

:1. 1'1

8.2

.60IlII,54U
2Un <)4
376 27-1

3 95
2.590

40.7

4.98
.M

l. 15

3.660
397
~462.6

2 ,180

'"<30

120

"3<

16
129,"

163

169

4~:11~~
106 27

9.2

12

aO.4
2.420

1I17.8

Waler )'car 1962
iUIIIUllI, May 1_31, 1962 __
IUnl,"ulll., Junu 10- _
WelKhted nvcroKe--- _

Willer year 1963
iaxilllulII, iay 1_21, 1963_________ l.lll:l0l1 .')lm
Minimum, .lilly 22_________________ 346 252
Wuillhled averlllle________________ 9:111 ~

44. SNAILUM CREEK NEAR ALDANY

....,
""

Wate!" year 1964
.\taxI"u", MlIY 11_10. 196"' _
Minllllu•• Noy. 20-24, 1963 _
Wclllhted nveragc- _

o.•
2.0.,

, 3, ,
12

3<5

""
'02
10
20

'01
69

155

86
82

'0
78..
22

.880
'63
380

0.0
.0

3 2

3.160
302
115

4 :It I..
.97

3 "1.911
1. 35

1 281111.21 'I
161 lH
294 2;>1'1

8 6
2.1
:1,7

-, 'i';I) I'
7'17 "

I :Nq

4.12nl' 0
2~n 7 II
~H6

17.,;nnl"
5'1 r, f,

.9 I :107 6 'l

I r .t'fffl' ,
'.1 I ':127. H "
, .7 I"," 'I

831'1:IMfJl"
2 :l 1:'11 7 :1
1:1 2HIi 7 :1

, ,
.6

1.3

22

MIG

''""26

? .-.:In
:13
ol?

"'18
Sf;
85

AS6

""3

3. 680 IJ·5110
21:1 7
'l:l 26

2 55fJ,.
'"

9 0'."
15 "

, 60
:16.4
13 0

'0 ,",
20 5

265
263

12.

, ..-,
20
2fl

2"1501 3.33
86 .12

162 .22

6.73°19 19
142 19
24:1 .:1:l

2.200
bl52

212

11.2001153
42 06

178 24

1.2
3. ,
2 ,

2 .•

0.0

0.5
9 •
:1.6

o 2,..,

1.lliO
<3
B3

I .28U

'0
'"

1,421)
3.'

<3

6.460
0.

'19

.6,..

32
8. ,

"

62

59
11..

557
3 2

13

29
62
06

1:12

'0'
'06

113

"'76

'"26
82

22

"
576

3 9
23

'"13
32

2.810

27

47. HUBBARD CRn:K Nf:AR BRECU:NIUIXJt:..
, 8
4. 'I

301 4.2

23 1 ,.
39 5

26•
32
38

262

1

62
19 2.1
28 3.6

J • 1101221

.,
10

"17

"
12
11
10

5.6
'0
11

.,

.3
:19 0
33. I

, 28

88'
22'

0.6
229
e31.2

I . 131
28.

5(,<-· l(>otnOH· ... ill (>11<1 uf tallie.

·Hi. OIG SANDY CREEK NEAR BRECKENRJI)(lg

Wat"", y ..a .. 1962 I I j I I r I fir I I I I \-
MUl"'UlII, Apr. 1_2. 1962 _
.II Inimuli. June 12_14 ~ _
We 11(1\ ted "'111'·111;'-'- ::- _

Will t!I. y..ar 1963
.axlllu., June 22_25.July II. 19a3_~ ~ _
.II In IlIIlIlll . .lilly 30_31 _
We'llh led II VI' I·.lle- _

Wate,· year 196<1
MaX'.U". Apr. 5. 6. 10 1964 __
Mlnl.II•• NOv. 21, 1963 ~_~_

We Illh t cd a 'Ie r.lle~--_~ _

Watel' yea,' 1956
Maxi.u•. Apr. 17_28, 1956 __
"Inl,,"•• OCI. 3_10 1953- 1

We 1[.: h t I'd live '·lIl;lI ,



r"bl ..... J. __ Summary OJ chemical "nalysl."s "I dally statiQrls on st,'eams in Ill(,' Brll.l.u;; Rlvl."l· ba"ln. 1""111; .•• l·ontulued

Dissolved 1I011d. Hardness Spcclll

----

(calculated) as CaCO. So- con-

I~=. dlum duct-
81-

M..- Po- Fluo N'·
Ca1~,1 Non- "'- ao" pH

Cal· ou-
Chloride To..

Dot.
SUlc rie~ Sodium w- boo- SuU...

"da "... Pam Too.

"11°U- 0,,- mlcro-" (8'0,)
dum .'um (Na) .lum (90.) (Cll IF) (No,) F" pO' Mag- bon- lion

~.?a.t
(Ca) ...

PO'
collection (ct.)

(Me) IIQ (BCD,)
milll~

acre· da1 ne- a.te ""0 25·C)foot .'um
47. IlUBBARD CREEK NEAR BRECKENRIDGE__Conlinued

~.

~.

W"tCI' year 1957
Raximum. Aug. 8_31, 1951 _
Winimum, Feb. 6_8 _
Wel~hted average- _

Wa tel' yea>' 1958
lIIax [Illum, June 13, 1958 _
Minimum, Oct. 14_15, 1957-- _
We I ~h ted a ve I·age ~

Water year 1959
Maxillll.lm. Apr. 16_30. 1959 _
Winl.mum, July 16 _
We I ~h ted a VI." nl.~e ~_

Water year 1960
lIIaximum, July 1_5, 1960 _
Winlmum, July 6 _
We igh ted a v.. l·age ~ _

Wll ter year 1961
Maximum, May 16_31, 1961 _
Minilllum. June 15 _
Wei gh t ed a vel·alle _

Wa ter yea r 1962
ifaxlmum, kay 1_31. 1962 _
lit 1nimum, Sept. 5-30---- _
Weighted avcrage _

"'""ter year 1963
Maxlmum, War. 1_5. 1963 _
Minimum, Apr. 27 _
Weighted average _

Water year 1964
Max'mum, July 30, 1964 _
Minimum, Sept. 24-30- _

Wei~hted avcraKe-----------_~~ __

0. 5011•
7.413 62

633 8.4

20.01 •. 7
10,020 6.4

204 7.6

ao 1 5.'
251 5.8

47 9 9.4

ao
1,340 1 8.8

83.0 9,4

•
06

1
5

.
1

265
134 11

•. 8 I 7.
14.3 13
6tL 5 11

.3 I 7.1
51.0 7.9
46.2 9,3

8.' I 8.5
1.2 7.3

29.3 1.7

20'1 5125 2.3
36 4.1

3251 7629 3.2
50 8.6

32'1 8128 2.5
51 8.4

341 3.5
51 8.7

2~~161__

41 8.2

28'1 82
31 4 8
64 13

2451 6243 5 9
53 8.0

280 I 61
50 6.1
50 1.7

250
17

38'
15
24

741
18
'1

380
20

"
12

"
439

51

522
30
01

.0

227
'1
47

3.8
5.7

149
79
98

132
87

103

14.
79

10'

109
101
107

163
85

105

150
89

108

88
89

128

155
65

117

259
7.0

10

8.
10
23

702
12
24

II

"
••0

"20

26.
18
27

632
42
16

700
97
19

820
21
46

1,800
31

129

840
31

121

3,180
'20

120

920
10

.09

1,230
59

207

.95
39

10'

415
13

101

o.•
.2
.5..
.5
.5..
.1
.2

..

.2

.3

.3

.3

.1

.3

5.9
2.0
2.9

3.0
1.0
1.8

6.8
3.5
3.6

2.0
2.7

L2

2.3

.5
1.8

1.2
'.2
1.7

.8
1.0
1.3

1.810
118
180

3,100
143
332

2.420
143
325

5,350
142
330

2,220
112
300

2,440
208
469

1,140
200
307

,770
217
290

2.4'
.16

."
.22

.19
45

3 2'
.19
•••
.28
.19.45

302
.15
.41

32
.2.
.64

37
.2.
.42

2.41
.30
.39

2.44
2,380

39.

167
3,870

'.3
o

969
42.0

51'
74

.36
80.1

10'

5.27
41.7
86.7

I. 'II
30.5
383

10. I

."
22.9

".
72

107

il,120

••160

1, 140
80

162

1,820
99

163

937
76
"I

99.

'"213

866
132
165

950
150
155

596
7

26

1.020
14
76

.030
15
76

1.730
16
76

804
25
65

786
39

'24

794
59

"
R22

97
59

6.2
.7
.0

9.6
.9

2 .•

5 0I.,
1.9

.5
2.0

62

.8

'"1.2
2.7

3.7..
.7

2..
.7

3.16017 R
213 1 8
331

5,60017.7
258 7.6

'"
3,78 °170

254 7.6
628

9,
220 1":1'47 tl. 0
60.

.6KII17. 'I
lWl 1. 1
563

4,29°16 R
313 7. 1
885 1 2

2.61°1 7
.362 7.

51K 7.

2'59°1 7 •
370 (j 6
561 7 1

49. CLEAR FORK BRAZOS RIVER AT ELIASVILLE

Watl."l' yt'at· 1962
Maxlmum, June \_5. 1962-~ _
Minimum. JUI\l:' 11_16 ~w _

We Il(h t ed "vera;,(' _

Wal"I' Yea,' 1963
Max[mum, Mar. 16_31, 1963 _
Minimum, Api'. 29 _
We I ~h led a ~e ,.,,1\1:' _

Wat ... r year 1961
Maximum. Nov. It), 1963-- _
,Ilirlimum. DfII'. 1_31 _
We I.l:h led a ve"age _

See fQotnot('s al end III table.

390
9.630

540

297
i ,930

16'

206
I7S
71.7

2 2
15
13

• 3
10
9 3

3.7

'0
5 .•

255

1

159
44 7.8
63 Itl

255

1

100
11 6.2
80 26

192

1

65
19 8.
72 19

576
28
86

502
29

'"
'""133

13'
109
116

21.
120
141

73
III
118

912
.0
95

620
19

149

42
17
63

1.050
46

15.

940
46

263

1,420
II'
213

0.3

.3

1.5
3 2
2.5

2 0
• 0
2 .,

2.5
'5
2.1

:1 ,020
b250

505

2.540
21'
6"

2,390
310
627

4.1\34
.68

3.15
.30
.90

3 25
.42
.1>5

:1.180
6.500

736

20'
.140
347

,330
146
.21

1,290
142
230

,050
128
307

746

."259

1.180
53

135

970
29

191

686
65

162

70.,
2 •

• 8I.,
2 7

10
1.9
3 3

4'81°17
423 1
860 7.

,(H OI7.
361 7

1, \\0 7.

4,50°17 ,
610 7. I)

1,170 7. 1



lahl. :1 --~"""".",. "I ""'Inl,:d ."'.11'· ... ',,., ,,' ,I,"l, ,.,1,"'''''''' ,," .. "".,~, .. '" '10. 11,.,,,,,.. IlII'" I•. ,"'" I. ( ..",-,,," d

~r
.- - -- -

Dl980lved IIOlId/i Hardoe6i1 Spcclf
81- (calCulated) as COleO. 50- con-Date Mean Cal- M..- Po- car- Fluo NI- dll,llll

duCI·ot D1acwge IsUiCI. cham rie- Sodium ",,- boo- Sulfate Chloride ride tnl> Toni Cal-
Non- "'- ancecollecUon (cia) (510.) (Ca) ,1= (N'a) slum .1> (SO.) (el) (p) {N°al

Put> Tons clunI, orp- (micro(Me) (K) pO' pO'
pO' Mal:- ou-

Uon(HCOJ acre- bo"- mhoa Imillion loot day ",- ... ratio 25"C:alum

50. URAZOS RIVEIl. PU:AIl SOUnl IU:/..,

H,~~

"I ,tilt

10 R,"
lel'1

2. ,12

1'1'

~L

1'1,1010'
I\?'

<'.'II!

1:1. MO'
Hlil

."'1

1'1. I '"~ 7
r.~.,

2 li7.

22,7 11'
4r,:fl

:! . .p,

16
2 II
G. ~

:11)
2.6,. ,

'If,
1.,1
7.2

, 1~fl t7
2<:lr- r.,

4H~ 1·1· !Hj 2.3'
27' r•. r,

· 7~'l2:.1
G! 2'1

'1:12 ."1 C)

.711
64

:11

· J,"
1'16'
354

.81
101
36r;

1.46~ 17
1 2.

."'f, 7

,Rool
143
41i3

.83
131
534!

1,'\6

"45

I .57
13
37

1,11'10
147
519!

1.95
11l2i
45f!

1,2.'"
318

"661
f!73

,:.160
,0711
,fl'\O

:;,750
1,360

o
J,IOO
2,250

5,230
1'1,910
'1.070

13,000
6u5

2, 170

7. 100
30,500

2 600

7 671
.4 r•

2.2

6 9
1.4

• 6.,
.8

7 2
.41

14M

18 •
.3[J

2 01

I I • 5
.621
.9

11. 0
4

.9

5,320
299

,080

5,640
1)332

1,660

6,3~0

431
,370

1:1,100
1)361

I, '150

5,070
1,070

11.41:10
483

I, '120

13,800
2~7

1,41:10

4.5
I.,
2.2

2 ,
4 3
4 9

.5
1.0
2 2

2 0
3.0

9. ,
2. ,
3 3

2.5
2.5
2.1

.0

2, 140
92

41>

3,100
108
610

7,3RO
69,..

J,860
118
814

2. 2~0
370

,310
138
549

3,MO
174
839

932
270

413
30

394

390
80

284

040
1>1
30'

t ,240
83

226

1,210
33

3:itl

1,1:10
48

29<

142
89

1>,

167
35

113

109
91

128

III
98

1>3

1>0
107
106

131
102

93
103
108

,550
39

358

.310
60

2"

,630
85

340

1,650
80

31.

1,540
64

379

1,3tlO
236

2 290
66

308

51, SALT CREEK AT OLNEV

..
21

llJ
9 2

21

80
7.3

24

148
11
27

127
9 0

20

113
'.3

25

107
9 7

27

410
04

136

49G
'10

1<0

'"42
140

830
44

J6r.

428
42

173

384
117

".
"139

335

'6'236

420
471

350
959
545

62.3
1,710
1,032

36'1
9 335
t ,309

o
3,461

503

'11':0\0.:" yell" I~HJ

..."i .. um, ET2fl, 1943 1 310

.\lllll",,,,,,. O,'!. 17.2U 1942 24920
'Io'elghlcd avc"I1I:(, ~____________ 678

Wale,' ytllll' 190101
MaXimUM, occ 11_20, 1943 _
IhIlIMUM, Sept. 1.3, 6, 1944 _
Wc i,.;h told II vel'IIK"'--- _

"'all'l" yea,· 19<\2
SfaxlmulI, XU". 21_23. 1942 _
:.I III 100Um , Sl'pl 7.9 _
\!I'e 1j.:11 t (>(1 II \lC,'/lI:C • _

1'1" ll]" )"fla,· 19.15
Aaximum, Dec, II, 1944 __
MillilnUm, JUly 8, 19'1~ _
W,'!gllll!1! UHII'll,.;<J- _

lil"alf1I' yUII" 1946
g:I.XIMU", AUI;, 11_20, 19'16- __
,\I i n i mu.. , AUI:, 23, 29_]0 _
Wr i,.;11 I cd a V,'I':l.IlU _

'/1''1 ll] ,. YI'llr 1947
Maximum, ApI', 11_16, 1947 _
Minimum, Nov, 5_6, 1946 _
We I ~ lllcU II Vl!I'IIIlC _

'Natrl" yca,' 1946
Maxl.um. feb, 21_26. 29, 194tl---
MiniMum, Nuv, 21_23, 1947 _

"00

I
4,81,190

" ';7'~ 7 'I

18217.7,'.

'""'.101"'11 ,: 7
?H ~ I
>1,,:11

67~ 1"I !i
57 ".7

99~1'1O
6M 4.

714
69

134

, 14.0~~1"
3 39 14fl

"545
.45

.9~1

,H
.6

.6

l'G.:'>

3,671)
101
"63

19 31)0
I:.!fl
458

2.5
1.7

.6

.1

.3

.4

0.0

2,190
12

225

J 1,900

"222

82..
61

2.
9.

89
90
88

"..
94

140
9 •

'"

5,910

1189.0

86
1.7
7 7

260

41

39
1

19
•6 0 25

6 0 41

o
1.2
2 74114

o
200

.36

\\'''Il'I' rear 195R
MaxIMum. July 4_~, 19~1:I- _
.\11" I mum, So;-p I. 26- _
w{' i I-:h 1 {'<! n Vl! l'll;ll'- _

Wall'I' yea,' 19~9
MllXl.WI, Alii'. 23-26, 1959 _
11lniMum. S,'pt. 3- _
WelRhlpd averaKe _

52. SALT Cit... INA. M..e.taTU

'1.
2 1"09,9 2 J

II :12

3.2
.3 1 3 'I

Wal{'I' }'('ar Hl:\.li
MaXimum ..tUll" 21_JOJuJ y 1_ ~, 19~1:I _
Ill" ll""m, M,,} 1_.1 • _

.... , ;I-:hl.'d :1,,".·;'1...----------------

\I':, I ('I' ft':! I' 195C)
\1.''t,muM. Ap,· 1,1_16, I~~!.I _.11. II 'IIIU", , JUI V 11:1_ 19--- _
\I- ,- • 1-111 t'li ,I'" ·,':ll(t'· _

aD. I ~
289

1'1.7

,0 14.
170 13

:1. 12 12

104,
22

H7
2 8
, 4

43
2, I
'I. 5

,190
26

"
566,.

45

86
65
81

"26

"

89
7.2
9 9

98
3.6
I:I,J

,620
'10
O'

1.240
5.

"

0.2
.2

4

,
, 0
3 0

".350
H2
255

2.171)
51

205

5 9:1
1'1

.35

2 U5
07

.2/\

I "
'"I'l.l

o
23,'1

1 73

, :1:10
64

1",

601
22

"

,16111"
I> 1
:Hi 2

6"1 '1.61 5
26 2.:1

7 >l7nl' ,
':lfi" 7 :1
m

:1. '1'11l17 ,
72 7 u

,1>12

::;t-I' 100' 110' I'"' ,\ I "lid u I lah II',

•
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D.1aaolyf!d 80llda RutlnoS8 ""uld(calculated) U CaCO. So-
con~

"'om duct-
81_

M... Po- ur- Fluo N'· C&!-
Non~ "'- an" pH

Dole MeaD C&!- ne- Sodium Iu- Sullate Chloride ride trate Ton. Ton. clum. 0"'- (mlcro-

U!,
boo-

P ..... ,u-
« Discharge

(510.) 'I"'" .,"'" (Hal slum (SO.) (CI) (P) (NO,) por .., Mag- tlon F!IOll at

(Ca) .le
por

boo-

collectlOJll (ct.)
(Me) (IC) (HCO,)

mWlon acre· da, ",-
.le ratio 25·C)foot .lulU

" SALT CREEK NEAR NEWCASTLE-_Continued

w"..· I .... 1960:~MIlll[llIUlll, Oct. 19~29, 19:19_______
.0. 1,01 "

166 ,.
'" 1<0 32 9"

0': I'~1'700 1
231

1 0<0 I "'I ~56 1 7 7 I ~ 2~~IH.nMinimum Ocl 3_1______________
1,670 1M g.:.I 2 6 12 <7 <.2 10 ,~:,I.0 M2 ,II :170 " ~ .9 12'1 7 :1We Lllh led a ~el'age---- ___________ 1136" 15 16 3 6 27 " 7 3 " .~ 3, I 140 .19 13 II " 11 1 6 242

". BRAZOS RIVER BELOW POSSUM KINGDOM VAM NEAR GRAFORD

Willer yoar 1942
MIlllII11UII, fcb. 2-9,

1912_________
169 -- 16< <3 '" 192 ,2< 6" -- 2.0 2,130 290 1,090 661 504 '" :1, r.7nMinimum, Sept,

1_10_____________
'1,225 -- 6< 16 162 136 176 290 -- 1.0 629 1,13 9,160 306 197 ",,5 1,4!1!)'11'.., I Jill ll,ld Il. ~t'rIlJle---- ____________ 1,750 -- 119 23 220 IH 2<2 m -- 1.6 1,0:10 l. "0 5,030 392 27. U 1,770

'11':1.1(11' YUIl.!' 1943
kalli.u_, Jan. 11-20, 1913_____ ._

"6 -- 132 27 "2 '<0 2<2 '16 -- 3 0 1,290 1.76 1,870 «0 326 6 3 2,:J:1fllilinl_..._, Dec, 21~31, 1942____• __ 350 -- 98 '8 163 123 '87 296 -- I., 6<. I. 15 799 31' "" "" :; 1,57')Wt' I Kh llld II vl,!l'ajl:e________________
1,161 -- 109 21 223 138 291 370 -- 1.6 .., I. 35 J,110 356 2.6 5.1 1.7fil)

'II':ltol' yelll' 1944
MIIII{mum, h'b. 11-20,

194<1_______
733 -- 136 23 336 1<8 279 535 -- 2.' 1,390 1.89 27' 'D9 :1I ij 7 0 :>, :l~()IHnIl'11UIII, Dec. 21_31,

1943_______
<00 -- 131 27 275 136 276 <50 -- 3.2 1,230 l. 67 133 "'3i1 326 , 7 2 2!)/)'010 Ilih 1 ed II ~eralle--- _____________ 164 -- 137 26 301 152 274 .96 -- 2. , 1,310 1. 78 580 457 332 6 I :? 27'1'" Wa tel' yea,' 1945

'" Maxi_"'III, Mar, 21_31, 1945_______ 683 -- 150 32 361 137 279 658 -- 3 2 1,570 2.14 J,7<10 50" :191 7 , ?,7111Mlnl ...._, Sept, 21_30____________
320 -- 116 26 296 1<0 20< 506 -- 1.6 1,220 l. 66 1,051\ '02 2R7 U, '1 2,1:"1'1Wu 11th led II. ~e rage________________
528 -- 13' 27 335 1<9 256 561 -- 2.' 1,390 1.89 1,9110 .., 33' fi'l 2, '11 fl

Walel' Yllal' 1946
MalllmuM, No~. 21_30,

1945_______
173 -- 1<6 26 375 132 280 630 -- :1. 5 1,530

2 "
715 47li :1M2 7.5 'I (ill'l~Inl.tl., .July 21-31, 1946_______ 617 -- 132 23 265 142 255 466 -- 1.0 1,230 I. 67 2,050 '" 3" 6.n 2, HI'Ilie i loCh 1ed II~er.Ke---------------- 502 -- 137 2. 310 \3' 262 519 -- 1.3 1,320 1.80 1,790 «0 330 6.1 ? :1'111

WlIl""I' rca" 1917
51111\ Imllm , Oe(. 1-10,

1946________
2,123 -- 16. 31 359 126 325 620 -- 1.0 1,560 2.12 8,940 5:17 '" 6 7 2, fi7/)Minimum, StlPl. 1_30,

1947_______
620 -- 1<9 23 26' 116 338 '20 -- 2,(l 1,250 \. 70 2,0<)0 '" 372 5.3 :?ORI)

WI' 11(11 tl.'d a~eral{c---------------- I ,343 -- ,<5 24 321 \13 :103 530 -- , . 7 1,380 \. 88 5,000 460 :'t6R 6.5 :?,:16()
Wale,' real' 19'18

I 2, 55!)17. r.i!lullll"lII, AUll' 1_31,
1948________

926 12 166 28 330 12 131 379 '38 -- ., 1,530 2.08 3,830 530 <22 6 2
Mlnll11u_, Ocl, I_JI,

1947________
30. 150 22 261 120 3H m -- 2.0 I,JOO 1.77 1,070 '" 366 , 7 2 ,160W.'ll(h t cLl .. vcl'aRc---_____________ <70 162 26 321 116 374 510 -- I., 1,"60 I. 99 1 ,850 512 '" 6 2 2,'1~(}

'/l'ul.'I' YlHl,I' 1919
WI,"lmum, ApI', 1_30,

1949________
12' 8 6 '" 29 J77 119 '" 612 -- 2 .• 1,690 239 570 '" ,"0 G , 2 MOl7 IiMinimum, S<,pl,

1_30_____________
1,130. 9 0 133 29 295 10' 298 465 -- I.:.! 1,270 1.73 ;) 870 41' 326 6 3 222074We lllh l ed ave 1':ll(e----- ___________ 769 9 9 161 26 333 115 376 '31 -- 1.2 1, ~(}O 2,04 :"1.110 ''''' m 6 • 2,Mn

Wa t,'I' yell I' 1950
-":11\ IlIIuM , July 1_31,

1950________
2 255 12 135 22 267 108 266 472 -- .6 1,270 l. 73 7,730 <28 339 6 0 2,2flfl17 6lClnlmum, J;,n.

1_31 ______________
1'9 7.' 122 22 2<6 10. 265 .0< -- .6 1,120 I. 52 <23 395 306 ,.. I,'HO 7 4II'l'll(h Il'd :l ~II "111\11________________
808 '0 128 21 261 109 260 '51 -- 1.3 1,230 1. 67 2,980 <06 316 6. , 2,130

11'11 I"" y.'ltl' 1951
Ma:dm'lm, AUI:, 1-10,

1!.l51 ________
1,281 II 139 27 361 129 '09 569 -- .8 1 ,491) 2,03 5,150 458 355 7.3 2, 62017 ,..)llulmum, Ike, 1_31.

1950________
366 9. , 123 2-' 25. 110 267 '" -- 1.0 1,150 1. 56 1,200 <96 316 ,. , 1,<)90 7 2\I. ll\hl('d avc'·allt'________________
603 12 131 2< 306 120 291 <90 -- 1.7 1,320 1. 80 2,150 <26 327 6. , 2,280

Sl'e loulnule8 al end "r labll;!,



I.lI>I,< '1. __ S'''Mli'I'\ 'I) '1I.,n'I";1l ,,,,,<11-"'-' il' ",,,I\' ~I;'\'"I\''' "11 ~l""lil~ "' 1'1' fl1,'~" ll'I'''' I '"".,n''''o\

,DRAZO::i RIV1:R BELOW POSSUM KINGDOM llAIl NEAR GRH'ORD-_C,54

DJiIRolvcd lIoJl(Ir; Ih.nlncrJII SpceUI
1lI- (<':II. II La \<,,11 as COlCO, So- con-Datc ,Il"lI11 C,,_ Mng- Po- car- F'luO 111- dlum duct-SHlea nc- sadlunl t:l3- SuUatc Chloride c,,-of DI3chUI'3'O clum "".- ride Irate Tonll Non- 'd-

""" pllcOlleclion (elll) (SIQ.,~ (Ca) slum (Na) slum
ale (SO,l (Cl) WI (NOJ

Partrl TOllS CIUlll, "': [!"". (mlcro-(MII) (K) pO' Malt-(HCOJ pO'
acre- pO' OOn- lion lmhoa atmWlon d;l.y ,,- ale ratiofool

elum
25·C)

" DRAZO::i RIV1:R BELOW POSSUM KINGDO,Il llAIl NEAR GRAmRD-_Contlnued

Wntel' p'lll' 1!'52
352 I __Maximum, Sep" 1_30, 1952_______

41:l,~ " >52 27 1:16 307 '" -- ,., 1,500 2.04 196 ,100 :l71l o 9 2,51 n 7 ~IMlni_ulII, Feb.
1_29______________

.. 9 II 130 ,. 308 119 '"'
,., -- , , 1,310 l. 711 30. m 326 6. , 'I "It) 7 "

We Igh t('d II vt'ral(t'________________
29. 13 m " 3" ". 295 527 -- I., 1,390 1.89 1,1nO 4:12 33t) o 0 :1 olIn --Water yeal' 1953

~axlllu"" June 1_30" 1953________ 3)' .. "a " ." 137 3H 67a 0,3 1.0 1,710 2,33 I ,540 '" ,lOll 7 9 2,940 7.0.11lnl",u_, Sepl. 1_30_____________ 748 " 139 29 356 127 29' '" -- .a 1,480 2,01 2,990 .60 302 7,2 2,570 7.0WIl1llh ted a verllll:e________________
220 13 I" 29 3aB "0 322 636 -- 1.0 1.610 2,19 "6 ..a 392 7.6 2,770 --Willer yea.' 1954

Malll,.u_, feb. 6_19,
1~.54________

39.6 12 14. 30 .63 12. ". 750 -- '.0 1,790 2,43 '91 493 "2 '.1 3, 170 7.'.IILnimum, July 1_31 ______________ ." .. "' 20 259 111 250 '10 -- 1.0 1,120 l. !!2 2,980 366 276 , <, I 9 ..0 7, !lWell\h ted a vel·llge________________
I,O!!2 14 118 " 289 ,,, 24' 460 -- l.3 1,200 l. 63 3,410 :16f1 276 0.6 2, Lilli --Waler year 1955

iaxhIU_, iay 1_31, 1955_________ 699 14 148 22 379 "' 333 '" -- 1.0 1,550 2. II 2,930 '6. 36-1 7 7 2,620 7, ..Mlnl,.u,., Sept. 26-30____________
41 ,280 " 12' '6 253 '" 286 37B -- 1.0 1,130 l. 54 125,900 376 282 , , I,K50 7,~WeiKht~d avcraKO________________

1,120 " 133 " 291 "' 301 .48 -- 1.0 1,260 l. 71 3,810 '06 312 6,3 2,1211 --
Willor Yl1ar 1956

illllimulll, Jan. 1_3 I.
1956________

,a. 13 266 40 620 12B 880 980 -- 1.3 2,640 3,59 " ,160 8211 723 9 • -1,23 11 '"MlnlllulI, Oct. 1_16, 195~-----__ 10,920 II 102 12 152 " '" 220 -- I.I b806 1. 10 23,760 30' 224 ,. 1.3111 7, :111'1'1 I(h ted avcl'''lI:e________________
983 11 ... 21 292 107 379 .48 -- 1.2 1,370 l. 86 3,640 <76 "a , a 2.22tl --

Willer year 1957
Maximum, Oct. 1_31, 1956________ 67,3 12 219 30 501 12a m 790 -- .. 2,130 2,90 387 67. 56~, H.• 3,430 7, IiIII II ImWl. , Apr, 26_30, May 1_10,1957 __________• _______________

3t1,920 7. <5 ,. 60 74 73 91 -- 1.8 b331 .45 3",780 '" 74 2,3 573 '"Wel"hted llvel'alle--- _____________ 4,145 B. 61 7. 79 " 'OB '" -- La .43 .60 4,960 182 ,,, 2.6 H;l --
Wallll' Yl1ar 1958

Aaxllllum, Apr. 1_3U,
1958________ ." .. 126 18 38' '" 253 6" -- .., 1,470 2,UO 1,820 38. 2116 '.0 2,570 7, ,IMinimum, Dec, 1-3\ ,
1957________

848 7. 109 17 20B 117 216 m -- ., 981 l. 29 2,170 :142 240 1. !) I r"I'J 7, r,Wc Il:h 1ed a V()I'llgC________________
1,226 9. 120 20 276 121 248 .., -- I., 1,180 I. 60 3,910 382 282 6.2 2,0111 --

Wll tl1r year 1959
---V:;:Xl.UII, Sept. 1_30, 19~-----__ 20B 12 ". 22 '" '" 29. m -- 1.8 1,370 1. 86 769 '" 322 6 9 2,310 7 ,-I"Hnl,mu.. , Mllr,

1_31 ______________
6t!. I 10 10' " 229 "' '" "2 -- 1.0 996 1. 35 183 3:11l 2<4 ,. , 1,7Mf) Uwe Il:h hod llvO) rlllle________________

488 9.2 11' 21 26. ,,, 235 425 -- .9 1,130 I. 04 L,400 374 272 5 9 1,951l --
WlItl1I' yeaI' 1960

Maxl.um, Jlln, 1_21 , 1960________ 296 9.' ,aB 32 '" ... 416 9<0 -- .a 2,220 3,02 1,770 600 50' 10 3,710 7,5Wlnimum, Nuv, 1_30, 1959________
293 II liB 20 29B '09 28B '50 -- ., 1,240 1. 69 981 376 287 6 7 2,130 H.'We Igh l ed ave I·alle________________ 749 10 129 22 3<5 "' 28B 546 -- .a 1,400 l. 90 2,8:10 412 ". 7 .• 2 ,370 --

Wall1l· yelH 196}
MaximulII, fe6, ItI_30, 1961 _______ lOB 14 27B " 1,020 137 "6 1,600 -- 1.0 3,770 ~,1J 1,100 '" Hl6 15 6,030 7. HMinimum, Oct. 28_31, 1960_______

4,5U 12 ". 18 27' 9a 296 '38 -- .B 1,220 1. 66 14,870 'OB 328 , 9 2, 110 7, :tWeighted lIveraKc-_______________
1,409 II '" 28 .44 I" 398 697 -- .9 1,800 2.4.5 6,850 "6 432 8 • 3,010 --

Wilter yea I· 1962
Maxilllulll, Aug, 1~31 ,

1962________
I ,376 II 147 30 36' 122 ,.a 580 ·, 3.0 1,540 2.09 5,720 '90 390 7.2 2,590 7 ••MllllfQum, Sepl. 21-30-___________ L,1I69 12 " " 162 93 176 2'12 -- 1.2 76. I. 04 3,850 200 17. .. , 1,250 7, :IlIIu1llhied averngc____~ ••_________
1,131l 11 133 " 319 '" '" 500 -- 1.3 1,360 I. tl5 '1,180 434 341 6.7 2,290 7.2

Waler year 1963
illxlmum, Mal', 1_3 I, 1963----____ 14. 9 7 138 29 371 13. 312 '" ·. .B 1,520 2.07 '" '6' 35' 7. , 2,561) 7 2MInimum, Oet. 1_3 I, 1962________ 727 12 1QoI 17 220 106 222 ,.0 ·. I., 966 J. 31 1,900 m 235 '.3 1,6R(, 7 3'11'" I j;h t ed n vc l'ftge------ __________ 867 II 126 " 31. 12< 286 496 .0 .6 1,320 1,80 3,090 417 31' 6.7 2,230 , 2

WalL'1' yeal· 196·1
wllxl_UII, NOV. 1_30, 1963-_______ 63.1 12 "7 27 358 126 m 5<0 ·. .a 1,490 2,03 254 ." 350 7.3 2,500 6.7Wlnl_u_, Jul)· 1-31, 1964___~____ 803 II 125 " '" I 6.' 113 30. 510 .6 .B 1.3~0 I. 8'1 2,930 ." 322 6.7 2,300 7.3Wu li:h IL'd avel'age________________ 231 II 129 27 323 123 307 '" .6 I., 1,380 I.llR B61 .,. 333 6.B 2,320 7.2

'"a

Stle fuotnolea al 'lIld 01 table,



Tabll' 3. __ ~umm"'·y of "hl',.leal :",al}"WH al dall}' stallon,.. "n streams In 11ll' A":lz<>>< R!vl'I" ha",i 11 , Tc.~as.--C"I1"""o:l!

Dote

'"coUect1oD ~
Col-Mean Ulc clu.m

DiKbarge ~Slo.) (Cal(cta) ~:

Mar
rie.......
lMal

Sodl.....
INa)

PO-I ~:;-taa- bou-
slum ate

(K) (BCO~

SuIl...
(SOt)

D1sflohed solldJI BudDe.. ~U.
(calculated) .. CleO. So- con-

dl.....
Chloride Flue NI- Cal. ad- duct-

(CI) I rtde1tr...I Paria TOM Tona dum Nca-.. -.
(Fl (NO., per per per ....~ car- : m1cre-

llllon acre· boa· at
m foot day De-. ntio 2!J.C).....

pH

63. BRAZOS RIVER BELOW WHITNEY DAM NEAR WHITNEY

76 81'356 2 14
912 9.6

1521 24
10 5.9

93

1

18
87 16
93 17

131

1

28
30 5.2
92 18

.
09

°1' "3<)11 7.<)
I . 2~10

.02')1' <'
!JH5 Ii "

1.1<10

2,"°°1 7 .'\
GI 6 7.7

2, nn'l

2,6!j0
36111_'1.0

,:lon

2 :1501' ,
,12H 7.H

, S<)(j

2, 14fJI' "
I <140 7 Ii
I, ASIl

0801' 7
,470 7 Ii
,76n

2,16°17 R
I ,340 7 4
1,71 (j

1,39°1' 2
621 6. fJ
."

2,23°179
548 7 7
'66

1, 560 17 ,
1,40076
1,5011

4481' 521 ,
182 1 °

3721'21 2400
40 \ <\ 420

3\31' 1
20 1 5

167 <I 2

352[7 0
60 2 :I

288 6 \

32416.6
14 1.2

184 :'I 2

2"1' 9105 3 3
IIJ 3 8

2671' 5183 5 0
224 5 7

380

1'65 1 9
100 2 6

"'I"200 4.
260 5.

1661 4 ,
60 2 0

130 3.0

390
222
239

542
131
288

442

"304

451
14.
392

474
150
187

374
277
326

380[ 2821' 5293 170 4 7
341 234 5 7

.05
122
271

432
287
356

277
175
249

306/ 21214 9
283 \70 4 6
302 \92 <I 8

."
124

1,520
1,620
I ,640

3,720
991

3,070

1.150
689

2,700

1,870
46.5

857

2,120
850

4,280

1,330
1,410
3,190

134
1,190

248

253
125

2,560

25.
10,120
2,710

1,050
14,400

3,230

2,380
31,170
7,700

.58

.74

.89

.84

.25
l. 24

.94

.46
I. 62

I. 75
t. 04
t. 37

2. \2
.29
.04

1.63
t. 16
I. 40

.891 3,060

.35 \,210

.67

.33
). 02

.".46

. 62

l. 66
t. 12
t. 41

1. 19
,49
.82

l. 29
1. 15
I. 2\

1,230
b242
748

b947
b845
893

1,390
b256

876
362
'04

1.560
b216
765

1,380
b337
m

1,290766
\ ,010

1,220
824

1,040

1,160
b547
'51

1,200
""50

1,030

1,430
b341

1,190

1,350
bl83
912

.8
2.5
2 .•

\.0
>'5
\.5

\.2
\.0
l.4

o 8
>'2

.0
2 2
\.7

2 8
2.0
1 8

I.S
3.2
\.9

\.5
2.0
1.8

2 0
2 2
2.1

3.0
\.5
2 ,

2.5
\.2
\.8

.5
2 2
\.0

448
39

244

565
94

437

512
35

332

562
30

242

492
50

288
89

170

450
298
374

475
298
392

430
242
333

322
290
309

430
178
209

470
78

126

14'
61

122

233
93

112

235
144
198

345
19'
255

17'
138
165

361

'7
96

391
22

172

288
59

260

282
45

167

278
22

187

34144

248
168
205

114
134
129

130
103

'"14'
146

119
150
131

151
143

'"

144
100
14'

121
102
127

'12
125
127

'15
107
11'

,,.
'"134

130
'15
124

'15
'04
10'

345
21

155

Jl2
36

303
53
82

291
185
242

344
62

276

317
27

2'1

269
'12
137

282
39

189

289
190
238

289
159
220

196
177
191

181
61

'10

J4
5.7

18

18
14
16

22,.
16

161
43
89

"1 14
58 7,1
AO 12

133

1

29
44 8.1

119 23

126

1

22
38 6 7
84 IS

124

1

17
91 16

107 18

137
92

116

120 12271 11
76 12

147

1

26
51 5 6
62 1 9

120
88

104

9,0
9 0
8 3

9 0

7.8
9.4
8.2

8.8
8.8
9.2

9.5
'I
9 2

8.0
9.0

10

'I
'I
10

13
10
10

10
8 8

10

13
12
'I

11
13
'I

514
94.

348

429
808

'"

299
748
840

8>'
,748

59'
711
661

'09
411

1,571

1.121
1,517
1,520

56'
4,512
2,322

783
1,108

997

249
24,760

I .566

639
31,260

6.213

WaleI' year 1948
MaxunulII, ilay 1_10, 1948 _
Minilllum, Dec. 8. 12_18 1947 _

Water year 1949
Maxu..u",. oel. 1_10, 1948 _
lHnimu... , May 17-22, 1949 _
Wel~hted avcragc-- _

Wa leI' year 1950
Maximum, 0,:(. 11_24, 1949-- _
lIinlmum, lIay 9, 16_21, 1950 _
Weighted avcragc _

'11'11 tel' year 1951
Ynxlmum, Sepl. 21-30, 1951 _
Minimum, Way 17_21, 25-31- _Weighted average _

Wate'· yellr 1952
Max1l11ulII, OCl. 1_10, 1951 _
Ml.nilllum, June II_20, 1952 _
'11'" I ~h l"d averagc-- _

Wale'· year 1953
Ma"imum, NOV. 1-10, 1952- _
Minimum, Jun" 21_30, 1953- _Wl'illhlCd IIvera/;;e _

Walc,' yt,al· 1954
Maxllllum, Nov. 19_20, 22_23, J953
Wlnim\lln, Oct. 1- 13- _
Wcil(hled average _

Wale'· ycal· 1955
Maximum, Apr. I_30, 1955-- _
lIinimum, June 17_30 _
Well(hled average _

Watcr year 1956
Maximum, Sept. 1-30, 1956- _
lIinimum, Nov. 1_30, 1955 _
W.... i I(h lcd a vel"lIgl' _

WlltCI' year 1957
Maximum, Oet. 1-31, 1956 _
Minimum, June II_20, 1957 _
We i~h t ed a v("·a/;;(> _

Water yeal" 1958
MaXimum, Sept. 1_30, 1958 _
MI n Imum, May 12_31 _
We it-: hied a vel·a.~e- _

Wal"l· y~'a.r \959
Maximum, Feb. 1_28, 1959 _
MI n lmum, AUI(. 1_31 _
We igh ted a vu'aI(C _

Sc" footnol,,1i at end <>1 table,

CXJ
~



T:Jlll, :I. __ s"mm"n· "I "ll,'mIC:l1 ,",,;,In'l'b:lt <1:oill' "to',! I""" "'I .... "·":om" III tl", Ill',"/"" 11,\",,- h"~In. 1,\;,. t·,,,,, 'JlLJ<"d

D1980lved 8olld. Hardncss
~'pccUI

(calculated) as CaCO. 80- con-81-
dlom duct-

M..- Po-
Fluo Nl-

CW- Non- "'- ~" pll

CW- car-
SuUate Chloride Tone dum, orp- (mlcro-

0"" Mean Silica rie- Sodium las- 000- ride lrate Parts Tone ,u-
of DI9charge (SiD) ,'= .1= (Na) slum (SO.) (CI) (F) (NOJ F" p" Mag-

ttono f~hOIil at

(Ca) .'" p" OOn-

collectlon
('f.) r . (Mg) (I<) (HCOJ

million acre- da, n,- .'" ratto 2S.C)foot slum

63. BRAZOS RIV.:R BELOW W111TN.;Y DAM NIo:AR .....UtTNEY __Contlllu ...d

136125
92 13

106 IH

136

1

24
85 16

104 19

04 1"79 13
79 14

1.0
2.0
1.1

7, n,.
L

1,.'1
7 Ii, ,

,HoO
.350
52"

I, 3RI) 17 .r,
977 7 7

1,1711

2 11 °17, '1
I 3307.4
I ,7111)

2,410 1'.2
1 .4011 7 :l
1 .750 7.:J

2, 120
I ,r,GII
1 ,H71l

,..
o

f> 2
.> 2
5,6

164
1

4
(;112 2 9

143 4 t)

3521' ,158 4 2
233 5 6

283
<'13
254

240

'"20.

442
283
338

366
322
Jr.l

355

'"310

'''1 34'1'·1278 iR84.7
:139 244 5.5

,"0
25"
25.

2,890
1,890
5,770

1,660
1,830
2,940

690
1,860
1,250

1,300
I .540
3, SaO

.86

.28

.46

.941 6,900
,13 6.450
,40 4,830

.94

.06...

I. 13
.80
.96

1. 44
1.10
I. 22

H3l
589
'05

1,430,.,
1,040

1,060
b810

896

1,220
944

1,070

1,430
830

1,030

.8

.5I.,

.5

.5.,

.4 I .5
'.0I.,

..

.3

.3

0.5 I .H
2.8
1.2

.,....460
342
396

5<0
250
373

538
276
364

390
262
309

270
185
229

28.
196
228

'47
'06
130

320
176
227

318
'49
213

218
168
189

1.0
I,"
129

110
110
115

'II
152
"9

141
18.
138

128
133
130

6.
5.

176
10'
147

341
162
237

247
169
197

I
246

343
17.
23.

282
21.

22
16
18

26
20
25

108
67
.5

112
98

10.

6.'
5.3
6 I

6.6
6.8,..

10
II.,

11
'.6

'0

"..
10

212
730
434

1,786
2,876
1,737

'"0

'"1,882

'4'
H93

2,054

500
839

1,215

WlItc,· yea I" 1960
M,..r1mum, Sept. 1_30. 1960 __
Minimu.. , Wlir 1_24 _
'11' ... i Ilh t. ...d a \'c'·al::c _

'II'a 1c,· rca,' 1961
Maximum, Sepl. 1-30, 1961 _
MI n in,um, ApI·. 1-18------ _
We Il'(h I cd a ...cI'al:e _

Wah"I' year 1962
Maximum, Oct. 1-31, 1961 _
Minimum, Aug, 5-31, 1962 _
Wcigh I cd a VI.' I"al:e _

Walel' yea I" 1963
MaXimum, Sepl. 1-30, 1963- _
WI n Imum, Jan. 1_31 _
We 11(1o I +itJ a ...el':lge _

'II'ate,· y"al· 1964
Maximum, Jan. 1_31, 1964- _
Mlnlmum, July 1_31 _
We Il:h ted a ...e I'age _C>J

N
74. LEON RIVER NEAR EASTLAND

h3161 0 43
b152 21

w~ let' rell'· 1951
MaXimum, H'b 1_10, W51------ __
Minim"m, JUly 24-26 _

WaLtH· YCilr 1952
Maximum, May 17_20, 1952 _
Minimum, Sepl. 18_19, 22_24 _

Walel· y"al· 1953
Maximulll, Apr. 6, 8-9. 1953 _
Minimum, No .... 21_26, 28_29, 1952

'.1
9.2

8.6
, 0

6 6
5. I

641 '0
29 4 7

521 8.6
26 3 6

51 1 6. I
21 3 6

37

"
30
II

29
2,7 I

206
99

'"81

16.
69

38
, 6

21
6 6

13

•••

50
'0

'0
18

47
• 8

o 0
1.8

1.3
3.0

1.0
2 8

b291
119

b259
77

.•0
16

.35

.10

200.,
15''n
152
67

:12 1' ,11 . .')

"1 1
•

11
13 . .'",

"I' 011 ,I

;,,,r, 17 ,'I
lH 7 ;>

11"11; I'
21 I 7."

437
1
7

"I :l'l 7.

H5. LAMPASAS RIVER AT YOUNGSPORT

WatcL' yea,· 1962
MaXimum, Sept. 1_7, 1962 _
Minimum, June 27 _
we 11;11 I cd a ...e rlll!:() _

Walel· yeal· 1963
MaXimum, NOV. 15_30, 1962 _
Minimum, Oct 9-13 _
W~' II.( 11 t ed a ...cragc _

Wat.;'!" year 1964
MaXimum, Jan. 1_21:1, 1964-- _
Mi H imum, Sppt 21_25 _
'11\1 i >:h t cd "\'cral;:e _

, 01 15
263 __

102 11

54'51 5 . 5
.687 I I

57 4 S

15.813 0
790 7 II
86,5 7.4

=~I ~~
45 22

"I"37 8 2
48 19

84

1

39
38 5 2
48 15

179 1176
-- 120
55 194

147 241
22 131
61 180

205 I 7,4 262
7 0 2 9 136

4~ 175

18
8.

22

28
II
20

27
6 0

15

370
23
96

".
38

119

422
11
O.

0.4' 2,2

2. I

2.2
2.5
l.6

.3 I .4
.5
.2

76'
158
35.

!J687
194
373

9"
146
301

1.04
21

.40

.93
26

.51

1. 25
20

.41

16.2

"'97.

101
88'

57 8

39.1
JlI
'0 3

301
110
202

30'
126
197

370
116
179

1571' 512 __
43 1,8

'0< 13 ,
19 9
50 I <}

1561' 6
5 ,3

36 1.4

1 ,4""111' ,
27Jol 7 .
641; 7 .

,

26°1'351 7.
uH2 7

1,
760

/' ,266 6 <}

56R 7 :1

See l'ootnolcS at clld nr table



Tahiti J,-_SUmlllal')I 01 dl('"iCIiI analYIii~'S at dail,· stall"n.. UI1 "t"l':,m>; in Ih,· nn'~"M Rlv,'" h",.il1, T,""".- t·""Ollu",1

Dissolved solids Hardne88 Specutc
(calCUlated) as CaCO, 80- con·OI-

dium duct·
W..- po- ,ar- Fluo NI-

ClIJ~.l N "'- "''' pH
""" Mean

U~~
Cal-

rie- Sodl"", la>- SuUata Chloride ride In", p""," Tona To.. ""':1 ,:: 0"'- (mlcro-

000-01 DJacharp ""'" ••= IHa) ,Ium (SO.) (CI) IP) (NOJ p" PO' Ma,- bon- tlon thol at

(SIQ,1 (Ca) .to
po<

coUect1oD (cia)
(Mil IKl (HCO.>

I11lUlon acre- da, ne- ate ratio 25·C)loot 01"",

89 LITTLE RIVER AT CAMERON

Watlll' ycar 1960
ill~I.ulII, S~pl. 29,

1960__________
376 -- -- -- -- ". -- 203 -- b607 0.83 '" 236 77 -- 1 ,1"11"1017 .5Mlnllllu., June 2.5-26-_____________ 630 13 -- -- 10 120 6 • '.0 O.!\ 2.2 bl30 .I' 221 92 0 0.' Iql 7. JWeighted avcragc- _____________• __

112,139 12 " 12 " 228 J3 3< .. 7. , 311 ... 1,800 21. 29 .. ~20
Water yoar 1961

.adlllu., .ay 16-31, 1981_. _______
.65 H 73 19 39 282 <0 56 ,3 11 1>391 .53 702 260 .. \.1 65217.3Mlnl.UM, June 17_19______________

11,780 13 " •. 1 H 108 28 15 ., • 8 168 .23 .5.340 112 23 .. 281 7.1W.lahted average_________________
4,1.54 12 58 11 22 1'8 31 " .2 7.1 ", .38 3,130 192 30 .7 4!\1\

Water YCar 1962
'admuIII, Jan. 16_31, 1982________

608 7.3 80 15 ., 281 " 61 .4 10 <Ol .55 60R 261 ., \.2 69:1 7. "MlnlIllUIII, Juno 27_30-___~ _________
2,010 18 .. '.0 19 \39 2< 22 -- 2.8 201 .29 738 1<5 25 .6 369 6.'Weighted avorage___________~_____

8,. 12 58 12 32 195 37 ., -- '.8 302 ... ." 19. 3< \.0 51 :t '"Water YOar 1963
iadlllUIII, Sept. 21_30, 1963_______ 39.8 10 63 22 108 198 .. 198 -- .8 539 .73 .57.9 2<8 87 2 0 1.020 1.11MlnllllullI, Ogc. 21_22. 1962________ 3,83.5 13 " '.3 18 100 38 17 -- 2.8 176 .2< 1,820 108 26 .8 291 7. '1Wolghtcd avcragc_________________

'" ,., " 11 J5 181 .. .. -- '.1 301 ... 388 \87 39 \., [11ft 7. :t
Water year 1964

.ax[.UIII, Jan. 16-31, 1984_.______ 101 I.' 79 19 77 278 " \0< -- 8.8 .8. .66 132 275 47 2 0 877 7.'100 .lnl.UIII, Sept. 23_24_____________
3.835 11 <0 3.0 '.8 I 3.0 138 '.2 '.3 -- I., ... .20 1,480 112 , .2 2,12 7. ,W Wclghted average_________________

573 7.7 " 9.8 29 182 29 <0 -- 2.2 283 .36 '01 176 26 .<' Hi 7. ~

90. DRAZOS RIVER AT STATE HIOtlWAY 21, NEAR BRYAN

Water yoar 1962
IlIlJU"UIII, June 18_27, 1962________ 4,~3 17 97 19 197 I3l 183 310 2.' b952 1. 29 11,730 320 212 U 1 ,~qO 7. r;MlnllllullI, Juno 12_15-_____________

6.002 -- -- -- -- 128 ,. 22 -- 23< .32 3,790 121 \. :1'1:\ '.1Welghted average_________________
3,538 12 80 .. 131 152 '" 196 2.2 669 .'0 6,390 258 '" 3 6 I . l til 7.~

Watcr year 1963
MaxIlIlulll, Apr. 11.

1963___________
1,040 18 ... 30 2.. .,. 303 220 1.2 1,200 1.63 3,370 .S. 96 U I ,H<lU 7 ~,M11l1111Um, Nov. 28_29,

1962________
11,850 -- -- -- -- '00 " 2' -- 186 .25 5,9!lo '10 28 -- :t:tl 7, fIWe Ijl:lltod a verage_________________

1,896 7 .• S< 16 1<3 '" ... 217 1.3 703 .96 3,800 2" 150 3. , I ,2011 7. ,
Wucr roar 1964

IiulliUla, OCt. 1_25, 1963_________
7" 6.8 1<0 ,. , 251 6.2 '" 2" '" 0.3 .S 1,120 l. 52 2,2$0 372 2<. 5 6 1.931) 6 ,Mill 111I1.1III, Sept. 25-30. 1984_______ 8,659 9.2 '8 • • 17 158 28 00 1.6 196 .27 4.~80 "6 8 .6 33. 8. ,WelKhted avcrage_________________

1,334 7.2 71 12 .7 '88 •• 1<3 U 511 .6' 1,840 229 90 2.6 '02 7 ,

93, YEGUA CREEK NEAR SOMERVILLE

Wat,'I' ycal' 1962
MaxIIlU., Apr. 1_15, 1962_________ .,. 21 116 30 118 l28 280 192 O•• 0.5 b88" 1. 20 005 .., 308 2.5 1,310 7. 1Mini .."., June 29_30______________

561 -- -- -- -- 32 26 19 -- -- III 15 \68 .. 18 -- 176 .. ,WelKhtod a"el'aKc-------__________

'" I. ., 11 .. .7 98 65 -- .. 3" .., '" 15. 96 1.6 ,..•••Wa tcr yoar 1963
MIUI/IIUIIl, iar, 5_31,

1963_________
5\.0 19 1 .. 29 110 126 280 '" -- ., ". 1. 11 116 ". 300 2 .• 1.250 7. 1MInh,u/II, No". 21_30, 1962________ 2,762 -- -- -- " 16 " -- -- 82 -- -- " II -- 136 6.7WclKhtcd avcrage_________________

23< " 27 6. !l 26 .. " 39 -- •• ... .26 l23 93 " 1.2 31G 6,4
Water yeaI' 1964

1liJUtl.Wll, Apr. 1_25. 1964 _________ • 7 2. 60 \8 71 7 .• l22 '10 112 .3
81 5<0 I "/ 14,1

I
274

1

174

I ':~I 888/8.8
Wi nllllUII , Jan.

11_________________
112 -- -- -- 16 19 6 3 -- 63 .09 19.1 26 13 1021.0Wtli Kh ted a vc'·allc_________________
41.4 15 22 '.7 23 .8 " 26 -- I.S 162 .22 18. I 1!> 35 1.1 267 6.9

Seo l'ontnotea at cnd or tablo.



T~hl(' 3. __ Sumlllar\ 1)1 dH."/lI'cal ",u,lp.".. a' dail~' .. 1:,11,,,,,,, "II >;I,'{'am.. '11 11... Ih",.".. H'I'e" I",~"" I. -t ''''I",u~,1

nLuolYed IIOU<w HardnUfI $))eclf1c
(calculated) ae CaCOa 50- con-Sl-

dJ"m duct-
Mag_ 00- car- Fluo NI-

Cal~J Non- "'- "",. pn

CaI-
Chloride

To... 1-0.,,-
Oato Ilean

SUic rie- Sodium ....- boo- Sullate ride Ira" Outa Ton.

""] m-
micro-

ot DJecharp
(810.) ""'" .,,,,,, (Na) alum (SO..) (CII (F) (NO,l per per Mag_ bon- tion Imho. at

(Cal a" per
eollect1oD (er.)

(MV II<) (HCO,
million acre· day ne- ate ratio as·C)loot

.tum

". NAVASOTA RIVER NEAR EASTERLY

Waler year 1942
ti..e, 5=10,

1941 __________________
'.8 .. .. 42J 70 J7 710 -- 1,270 17J 178 2 400Dec, I J_14.

16_18________________
40.1 -- -- '"0 83 J7 328 -- b711 .7 156 I ,2<)0Jail. 6_7,

1942___________________
I~.~ " 17 m 110 47 710 o 0 J ,:ll 0 1,1/j 210 2 ~40In n. 8- I 0- _______________________
13,7 43 1J 253 12' 16 400 .0 815 , 1\ 16' 1 ,tI611Sept.

11_ 20______________________ ... J< 8. , 38 1\0 '0 59 .5 '" .20 "0 1I!> 11, H
Willer year 1943

bct, 21_23, 19,12_________________
165 .. 8.' J< 14:1 28 37 ,., 217 , :10 12~ ~3 I

Oe l. 24_27_______________________
44.5 54 8.8 159 158 ,. 270 .5 609 .83 198 1,IHO

OCI, 28_31 _______________________
24.2 67 1\ 356 '" 31 '" ., 1,130 I,M 212 2, I (iODec. 1_1 O_________________~_•.____
8.' 39 7.7 69 107 48 '0' 0 316 ·13 ". GillD"c. 27_28, 30_31 ________________

2,390 21 ,. , 35 72 16 52 8 165 .22 7J 321

96. NAVASOTA RIVER HEAR BRYAN

WaltH' year 1959
Maxilllum, Sept. 20-25,

1959_______
17,8 13 66 15 263 B7 " '80 3 8 .28 l. 26 44,6 226 154 7.6 1,7Gtlr :1Min ImuIII , Feb.

15_________________
3,400 8.' 8.' 1., 13 " 14 .. ,., 72 .10 661 27 6 1.1 11'1 7,:.Wet~hted averago- ________________

'" 12 21 •. 8 52 " " 80 I., 226 .31 323 7J '" , 6 '"00 Water year 1960..,..
lliaxlmum, JUliO 25,

1!160___________
24,0 -- -- -- -- 1\' -- ''" -- 1,130 I.M 73' :l5!! 251'1 -- 2 1 '011.l.11lnt"\,IIII, Dec. 18_21 ,

1959________
6,618 14 '.0 ,., 20 ,. .. 23 .5 100 .1< 1,790 J2 , 1.5 ' 1r,4 (j. ~We I Rh ted a vo'lrakO_________________

532 13 24 6.0 " 59 33 8' .7 248 ,34 356 "' :!6 2.5 4JR
Wat.,r year 1961

MaxllllUII, Oct. 25_28,
1960________

318 12 56 13 458 6. 24 785 1.0 1,380 I. 88 1,180 193 136 H 2, t.l ttl 17./iMinimum, Nov. 22_________________
5,330 -- -- -- -- 21 1\ • 0 -- 52 .07 748 22 , -- WI fl.~,'II., I joi:h ted a vel'a"l': __ ~______________
1,373 10 15 3 • 30 " 19 H .7 '43 .19 530 52 19 ,." 2~>6

Wilt.,,' year 1962
Malll.u_, Dec. 1_4, 1961 __________

124 12 71 16 606 "' 24 1,020 ,., 1,810 '48 606 24' ,<9 17 3,370 7.0.Ill n l.ulIl , June 30,
1962___________

'09 -- -- -- -- 48 16 34 -- 132 .18 14,5 52 I< -- 2~'1 6 "
Wel~hled averake_________________

28. 14 29 7.8 76 63 .. '" \.0 328 .45 256 10. 53 3.1 GUO Ii ~

'/I'lite" y.,ar 1963
Malli.WI, Apr, 12-21,

1963________
40,1 14 72 19 HO 68 " ,"0 1.8 1,410 1.92 153 238 202 12 2. G7fl Il, 7Mlni_u_, JUlie 20-22______________

210 5 , 7.' \.8 11 16 15 13 , 8 .. .09 36 :! 26 II .. II:! 6. ,W.,IKhted averakl':_________________
'8 7 14 24 7. , 66 40 43 110 \.0 288 .39 37. .0 " • 0 51r, 6 (;

'/I'a!.,,· yeu' 1964
Moxilllum, Fcb, 8_11,

1964_________
54 8 17 61 17 543 47 22 950 .8 1,630 :L 22 241 222 HI4 I' 3,1211 7. ,Minimum, Sept.

\7_18_____________
1,050 , 8 ,., \.3 8.1 20 7 6 7 7 1.8 <9 .07 139 19 3 .8 7q u.7Wet Kh ted a verlllle_________________

520 13 20 8 0 86 39 30 141 \.. 317 .43 H 5 77 45 5.1 595 6.7

97. BRAZOS RIVER AT RIClIHOHO

'/1'01.,1' yea" 1946
M:,xill.ul'I, bce, 3_<1,

194~__________
6,1110 -- 63 " ,.. 172 46 '" -- \.5 966 l. 3 I 17,200 '06 66 8 • 1 ,84nIIlnl_u., lIay 21-31, 1946_________ 32,090 -- 39 '.3 15 '24 19 21 -- '.8 bl95 .27 17 ,200 "' 18 ., 3041 H,:IWe i kh l cd a VCI'lIlte----_____________

10,220 -- " 8.8 37 155 39 53 -- 1.8 29' .4l 8,250 '" 36 1.3 '"Walcl' yea I' 1941
llall I"'UIII, Nov. 1_4,

1946__________
4,128 -- II. 20 246 '" 211 392 -- \.0 1,060 .H 11.1:100 366 240 5.6 \ ,II1flMinimum, Au>!. 21_31,

1947________
:11 , 140 -- 29 ,. 10 92 I. 18 -- '.0 bl33 .18 1\,200 97 21 , 228We I o:h led a V,.rlllte_________________ 8,760 -- 63 II 63 15' 70 100 -- ,.. <1211 .59 10,100 20' 76 ,.. 691

See footnotes al cnd of table.
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T:lhl~· J.--5ummaI'Y or Chemical "n:,LytlCIS at daiLy statlo"s "" ""'I'M.. " In Ill., D,':\'/o" RlvO'," h:".. lu, r'·\a~. Curlllll11"d

I Welohed lolldll Hudne9s Sped!1
BI· (calculated) as CaCO, So- con-D... Mean Cal- M..- P.-

NI- dlum ducl-
,

SUlcI rie- Sodium .... ""- Sulfate Chloride
Fluo

Cal- ad-e< Discharge clum bo"- rtde Ira" Toni Non- IllICe pllcollec.Uoa ,
(cIa) (510.) (Cal .lum (Ha) slum ... (SO.) (CII (F) (NOJ

Par.. Toni dum,
<&r- IB,orp- (mlcro-(Mol (IC) '" Mag- tlon(UCOJ po.

'" bon- Im,!lOIl atmillion acre- day M- ratiO,
'oot • Ium

... 25"C)

91. BRAZOS RIVER AT RICIlYQtiD-_COnltnucd

621

33,050
<1,645

9,837
9,624
2,168

'<I
3,212
2,158

1 ,K I I) I' "
244 H.O
7(14

. 120
,lOt')

'91

I .7lfll' "
207 7 6
'42

2. '110 I'. ,
3!H 7.'1
61:1

2.4'1ll17 "
.'Illfi R f)

I.IHI)

I,H60

28•
703

1 ,7HO I'
2'}O H, Il
60H

I ,210 I" 2
276 7 r,
.142

1,96°1' G
51q 7 6

I, JIlO

202'11'0
2HO 7 'I
51q

1,'17'11' ,
:/016 H. 'I

5nK

5.6
1.!\
2.5

. 9
2

5,7
.6

2. ,

.6

'.2
1.0
3. ,

:'> :1.,
2.0

"6
."

3.0..
.0

, ,
\.2
2. n

•.,
3.0

0.5
2.1
'.2

lOR
\I
20

203

325

",..

'0
72

20'
10..

27.
19

"

222
9

76

210

•73

320
30

134

300
37

183

.'I1l>l
14
62

110/3 3
1.1 :'l
51l I;>

446
122
20'

328
90

17.

'"129
266

396
'10
166

'"90
186

43'

'09
188

283
93

'14

40.
122
294

36.
111
163

410
10.
'04

280

"166

2,200
10,830
3.340

4.0170
1.680
3, '180

283
4.280
2,380

2,380
2,760
4,860

6,310
7,880
5,750

2,130
3,410
2,660

1,700
3,900
1,820

1,810

16,400
5,310

27,890
4,180
2,920

1.970
26.640
13.O'J0

5,100
21l.J7n
9,710

\. 43
.22
.68

.88

.10

.41

l. 69
.33
.6!\

l. 56
.29
.00

.'0

.30

.90

, 6'
.22
. ,13

I. 01
.22
.29

I. 39
.23
.62

I. >II
.20
.00

1. 47

.20

."

.62

.43
I. 13

b645
142
303

1,040
b187
'70

b739
100
21'

1,240
b245

'"

1,0:.10
biBB
..3

1,190
b318
834

1,080

b184
423

1,050
blBI
'99

1,150
b213
368

I ,230
16'
:117

1,400
b222

698

.2

.2.,

1.,
2.2
1.5

.8

2.8
2.1

1.,
3.2
3.6

3. ,
.8

1.3

2.0
3.'
2.2

2.2
2. ,
2.6

\.8

•••2.'

.,
2 0
• 2

1."
3 0
2.5

l.O
'.0
3. ,

.3

.2

.3

.3

.3

.3

.,

.2.,

.3

...,.,

.2...,

..

.6..

o.•
.3
.3

372
13

127

214
2.
31

193
13

"

'132
40

lIS

340

20
103

369
18
80

'"16

"

'"38
21.

370
18

'"

'68..
87

'00
77

260

113
21
'0

23'

24
76

204
21

"

29'
31..

191
IS
04

"3
21
20

291
34

134

200
18
83

300.,
'80

307
23
04

"<
18
72

147
130
162

H4
112
138

220

120
141

143
111
124

196
123
143

218
99

llO

124
100
132

12'
10'
136

120
120
160

136
"0
12<

• 61 183
3 2 99
3 8 142

240 16.'14 3.3
83 4. I

122

"37

280
28
60

341 I \.62~ __

139 2,4

275
H I 3.2..

,
271

38
82

220

21
70

233 I .8
13 1. 6
60 2,8

220 16.•
16 4.2
95 4.9

204 1'.053 4.3
166 S.R

138 I '.2
17 3,2
23 3,8

29
'.0

1.

".. ,
8.'

21

•••8.'

22.. ,
6 •

29

'.8
10

21

•••14

17
'.0, ,

I'3.''.1

"..,
8.8

", .1
11

I'3.',.,
83
31
38

78

"04

'00
31
80

122
40
80

131
37
80

130
30
00

12<
37
03

168
37

'1

126

34,.

100
32

"

12'
<I
80

13
, 8

11

"21
18

11

13
12
13

\I
17
13

17
\I
13

14

l2
8.

13

11
12

12
'.8

12

13
14
17

12
12
13

,..
5,692
1,418

1,334
2.538
2,687

606
7,134
1,820

142
9,914
4,105

2,033
13,710
5,783

800
23,810

2,127

Water yca .. 19·18
Mll ... IIlU.. , Scpl. 1_10, 1948- 1
I(lnlmum, Noy. 21_26, 1947 .'
WelKht~d ~vul'.Ke _

Water Yllar 1949
liaxilaUlII, Oct. 11_20, 1948 __
Wini.ula, Apr. 23, 2~_27,29_ 30, 1949 .,
WI' igh ted .. W1raIrO--- ,

Waler year 19~0
iiuIIIUII, AUK. 21-31. 19~0 _
Min illlU/II, Feb. 20_28 _
Weil{hled averalre _

Waler yeal' 1951
MaxImum, Sept. 1_10, 1951 _
Mint~uII, June 21_25 _
Weighted averaKu _

Water retlr 1952
Raxlllu",, bcL. 21_31, 1951 __
MlntllulI, June 1-10, 1952 _
Weighted IIverage__ • _

Water Y(:ll." 1953
ilUl111UIIl, bcl. 1_10, 1952 _
IUnilllulIl, Jan, 1_10, 1953--- _
Weighted averalre- _

Water rea" 1954
ialltllulI, AUiI' 21_31, 1954 _
MlniIlUII, OeL 29-31, 1953 _
Wt'ight(!d IIverllll'e _

Water year 1955
iaumu.. , MIIY 29_31, June 1,9_11, 1955 _
Mlnll1ulII, Ap", 14_21 _
We lJo(h led II voraKC! _

Waler rea .. 1956
1i1l"1IlU., Sept, 21_30, 1956 _
lIlinllllllJll, Feb, 14_19 _
Weighted avel'aKO _

Wale" yell" 1957
Maxlmllm. bd 1_10, 1956r 1 5U3
Minimum. Apr. 2~_30. 19!H ., 61 290
Weil:hlcd (lv'll'alo\c 15290

""aler )'fl,'" J'l~A

M;UCI/11ulI. )lUI(. 21_31. HI51l h_1 2930
.Il'n,,,uII. DCI 16_22, 19:;7 7<1 000
lI""'j.;hleti rLVf'I·:II:e 11870

S~'i: rOOI""II'l'l 1I! l'lll! 01 fable

00
V>



'1',,101,· 3 --~""Il11a,·, "r 'Iwml<:al ;lnal\lH''';:lt <l;lll}' s',~tl""" "n st"pam" I" II'" Il,·a ..."" !tlv,',' """'in 1,,\:,,;. Cvn'"uwd

91. ORAZoo RIVER AT RICll.lfOND-_Contlnued

D1aaol.ed aoltda Hardness Speclfl.,. (calCUlated) as CaCO. So•Date Hean Col· ...... po. "',m con·
SUI_c~ m· Fl~ NI·of 01.charge clum lie· Sodium ....

boo· Sullate Chloride Col. "'. duct-
"de Ira" To.. Non-colleeUoD (clel (810,) (Cal .,= (Na) elum (so.) (Cll Porto To.. clum , """,. .... pB

(Me) (I<J
... (P) (NOJ po. ",. mlcro-(HCO.) po. p.. Mag-

bon· Uon
~!to. atmWion acre- da, ...

foot ... mlo 2S·C).,=
'7. ORAZoo RIVER AT RICIl.lfOND-_Contlnued

..... a ler lear 1959 ,
AallI.UJII, Apr, 1_7, 1959-_~______ 1,320 '.2 8. 19 12. 5. I 188 125 198 0.3 0.' b71B o .8 2,560 "8 134 , 2 1,160 ,. ,IUnl.WI, Api'. 11_22_____________

26,950 II J5 4 •
"

.. 108 23 22 .. 2 0 171 .23 12,440 10' 1 ., 2'8 7 6WelKhted avera~e---------------- 0&,450 12 •• 8 0 •• .. 130 " 74 .. J., 323 ... 3,880 1~6 4ll 1,7 ~)53 ..
Watur year 1960

Iillllll1lJlII, Sept. 18-30,
19GO______ ." 17 " 18 '34 211 110 ,.8 .. .8 b694 ... 1,791) 276 '03 3.' 1,1<10 1. "Iillnl_ua, June 26_27, 29_30____._ 32,180 II 29 3 • 17 100 1. 18 .. J.2 b155 .21 13.470 88 • 8 ,,, 7.4• tll Kh hId a verage________________

8,869 12 " • 0 .. '" 50 67 .. 3 2 331 ." 7,930 172 48 1.6 '" ..
Wa leI' loar 1961

Iillll[_U_, Aug, 18_31, 1961_______
2,813 14 '2 18 180 187 147 '" .4 I.' b837 I. 14 6,360 304 " 4.0 1,34n 7 7Illnl_u_, Nov. 24_30, 1960_______ 25,910 12 30 • 0 20 .3 22 24 .. J.2 159 .22 11,120 '2 16 .. 288 , 4We I~h ted a vel·age________________

16,130 13 4. 8 0 .. 132 4. .. .. 2 • 312 .42 13,590 ". 48 1,5 '" ..
Watel' real' 1962

".,d,.UIII, AUII. 1-10, 1962________ 6,128 1. 10' .. 2JO 130 224 3.. ., J.O 1,010 l. 37 18,350 334 227 5. , 1,14'1 1. r.Wlnl~u., June 18-21, 23---______ 5,284 7 .• " , 2 27 ll8 38 32 .. J.2 210 .2. 3,000 12. '8 I I 377 7 .•We 11(h ted II verlllle________________
4,508 13 71 12 10' "3 10' 1M .. .., SSI ." 6,710 229 103 3 0 !Hl 7 ,

WIlII.!I' re-r 1963
aadllllJlIl, Aug. 1-19,

1963________
700 14 '4 22 201 J7l 178 J08 .4 .., '03 1. 23 1,110 325 " 4 , 1 ,SKn 7.11

Wlnl.u~, Dec. 26,
1962__________

9,120 .. .. .. 98 21 24 .. .. ". .22 3 ,980 ., 16 .. 251 7, '1Wel~htl.!d .vera~c ________________
2,759 01 •• 12 .7 140 100 14' .. 1.3 513 .70 3,820 21r. 10

2 " " I 7 2
Wal"r real' 1964

Wft~i.UIll, OCt. 8_29,
1963________

817 • 7 107 25 233 178 210 3.2 .. 2.0 1,040 I. 41 2,290 :11n 224 '.3 I,R30 , "Mini","", Sept. 28_30, 1960&--____ 9,390 18 33 .., 12 llO 22 8. .. J.8 '54 .21 3.900 101 II ., '" 7 IWeill h ted II vera~e----------- _____ 1,115 II OS II 77 '" 74 III .. ... m .57 1,940 191 61 2 2 742 7 ,

00
0'

103, BRAZOS RIVER AT HAMIS RESERVOIR, HEAR ANCLETON

Waler real' 1962
Aallimum, May 2,

1962-- __________

" 8. 12 583 138 133 910 o 4 '.2 1,810 2.46 272

'r
:I,2QO 1 ~,MlnllllulOl, ~'eb, 2_12______________ 13 49 8 2 " 122 59 74 .3 2.2 b330 ." IS' 56 1 l:I 552 ,

WaleI' )ll'al' 1963
R:'llllllUlll, AUR:. 4_15, 1963----____ 16 .3 23 181 20J 148 282 .. 2.2 ." I. 15 326 16 4 <I I ,500 7 ,
MlninlUlIl, Jan.

1_6_______________
13 33 4 6 23 •• 2. " .3 1 0 "0 .24 101 24 1 I) m 7, fl

WIlII.!I· real' 1964
Mall IMU," , teb. 5_1, 196-1_________

" 77 '.7 ... 122 130 7" .2 2.2 1,530 2 o. 232 13 14 2 161) 7 'i.II I" IIIIUIII, Mar, 23_31 _____________ 12 43 .. , 3. 120 46 .. .3 '.2 25. .35 134 3 " 454 7.'

105. BRAZOS RIVER AT BRAZORIA RESERVOIR, MIAII BRAZORIA

Water rear 1962
MlIlll ..um, AUI{. 1-3,

19G2_________
16 .54 328 2,910 ... 7.. ~, 170 .. 9,490 13 1.160 I,Gl0 31 15 300 7 ,lllllilium. ~'eb, 2_12______________ 12 '" '.1 " 120 '0 73 0.3 2.0 b328 ." 154 55 1, R ". 7 ,

WallH' y<,al" 1963
r'bxi"Ulll, Sept. 1_6, 9_13, 1963__ 9. , 286 750 6 540 '45 1,620 11,500 .. .. 20,800 28 7 3,tlOO 3 680 0; 31).100 7. IMlnlmUlIl, Jan,

1_1_______________
12 32 4.0 25 •• 27 35 .8 1.2 179 .26 99 26 I, I JI)l) 7 6

W:.lol· }L'al' 196-1
-v:iilmu., AUI:' 1_1<1. 11_21 ,

21_28.
1~G,,________________ • __

6 •MlnINu". Mar, 24_31 _______ • _____
7 •

• Includes dB~'l'l or leAS than 0.05 cubic leet pt'l' Hccond dll1char~e. , Wean dllilcharge tor Period or record; Slation started february I. 1962,

" Residue al IRO·C, .. Mean diScharge for period or record; station started Nove..b('r I, 1962,, IlIH~'ha"Il'1 III tIme ur >;alllplln~, , R'lpl'eselils 78 pel'c"llt of flow for Will,,,' )lcal' OctOber 1959 to SC'ple.. bel' 1960.
d M"l.n dlsehaq:e '."1" IWI'lod or \'('<;""d; folallon sta"led Octobcr 12. 1962, " ReprelSelllH 71 pCl'cent 01' /'low rOt' wlltC!'r rear OClolllll' 1959 to S"pl"..hcr 1960,
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Table •. --Chemical analyses of streamB and reservoirs in the Brazos IUver basin fOl' locations other than daily stations.

Diallolved aol1da Bardne..
Spo<If"

(calculated) as Cacal So- con-
d1um duct-Mag- PO- Bica1'_ FluCl Nl- Bo- Cal-

Noo- "'- .... pH
Dele

UlCI Iron Cal-
rie- Sodium laa- Sul:tate Chloride ride Ira" ron P.... Tone Tone clum, eocp- D11cro-

clum bonate (SO.. ) (Cl) car-
ol DJacbarp

(F.) .lum (Na) slum (HC03 ) (F) (No,) (B) per per Mag- Uon
Im!'~ at

(SlQ,) (Ca) per --collecUon (ct_)
(Me) (K) (a)

mtlllon acre- day n.-
ale rallo 2S·C)loot Blum

1. OOUBLE MOUNTAIN FORK BRAZOS RIVER AT JUSTICEBURG

Dec. 22, 1964_____ bO.03 7.8 362 150 4,180 252 667 6,880 -- -- 12,400 17.0 1,520 1.310 -- 18,400 7.7
Jan. 29, 1965----- b.02 5.8 '11 198 5,630 250 887 9,180 -- -- 16,400 22.5 1,840 1,640 -- 23,200 7.6
May 14------------ 193 13 '0 7.5 77 236 43 39 1.2 2.0 339 .•8 131 0 2.9 585 7.0
May 18------------ 4.51 13 37 17 510 152 148 700 1.' 1.5 1,500 2.04 182 38 17 2,740 7.6
June 11----------- 220 12 16 ••• 119 2.8 44 '5 1.0 2.0 365 .50 58 0 6.8 623 7.'
June 22----------- 94.3 15 .3 11 135 299 87 7' 2.1 .2 51. .70 152 0 '.8 835 7.0

2. NORTII FORK OOUBLE MOUNTAIN FORK BRAZOS RIVER, 7.5 MILES NORTHWEST OF SLATON

Mar. 4, 1952--____ 2.35 2 6 83 132 250 390 .21 335 5.0 2.0 1,400 1.90 700 380 2,320 8.2Apr. 3____________
1.88 10 8. 142 321 391 503 '58 -- 1.0 1,710 2.33 79. .72 2,940 8.5Apr. 30___________

22.5 7.' '0 131 2'8 341 .30 318 -- 2.0 1,340 1.82 638 358 2,230 8.8Aug. 5---_________ .18 '3 '0 12' 247 358 371 328 -- '.8 1,330 1.81 610 316 2,220 8.5
Sept. 3----------- .29 38 .2 123 245 393 352 320 -- 5.8 1,320 1.80 611 289 2,170 8.'
Oct. 6____________

.50 29 82 127 248 '51 375 320 -- 5.6 1,390 1.89 67. 306 2,240 8.'
Nov. 5------------ .61 30 82 128 2.7 '58 373 318 -- 5.8 1,390 1.89 681 306 2,230 8.'Dec. 2____________

3 20 12 .2 14. 282 380 475 355 -- '.8 1,500 2.04 697 385 2,400 '.5Mar. 4, 1953______ • 37 6.0 .8 153 290 .11 .9. 370 -- 9.0 1,570 2.14 749 .12 2,560 8 6
Apr. 14----------- 2.02 7.7 50 158 296 '19 518 375 -_ 11 1,620 2.20 77. .30 2,620 8.5

June 10----------- .2 -- -- 129 266 507 .30 372 -- '.5 1,590 2.16 812 396 2,570 •••Aug. 3____________
.21 19 52 189 371 45. 6'5 '60 6.' 5.8 1,970 2.68 906 53. 3,040 '.5

Sept. 10---------- .13 3. 58 1.7 287 507 371 38. 5.2 12 1,550 2.11 749 333 2,490 •••Nov. 30___________
1.96 14 -- -- -- -- 32' 238 -- 1.5 -- -- -- -- 1,850 --

Jan. 21, 1954----- 1 83 8.6 '7 11. 227 355 372 262 -- • 8 1,230 1. 67 586 29' 2,050 8.'Mar. 18___________
1 86 • 8 '9 138 279 .05 '83 325 -- 3.5 1,480 2.01 '90 358 2,350 '.5

3. LAKE BUFFALO SPRINGS NEAR LUBBOCK

Nov. 19 1965 _

Aug. 19, 1959-----
Jan. 20, 1960 _
Aug. 9, 1961------

7. DOUBLE IltOUNTAIN FORK BRAZOS RIVER NEAR RULE

7.'

7.'

May 11, 1964------ 6.08 8.6 415 35 18. 67 1,090 282 0.' 0.2 2,050 2.79 1,180 ),120 2.' 2,640 6.2
Aug. 20----------- 11.3 9.6 .25 •• 212 8. 1,040 395 .6 .. 2,170 2.95 1,250 1,180 2.6 2,880 6.7
Sept. 16---------- 196 12 93 10 22 21. 10. 25 •• .2 372 .51 273 98 .6 59. 7.1Dec. 21 ___________

b.I5 3.1 390 87 633 245 762 1,210 -- 9.5 3,210 4.37 1,330 1,130 7.5 4,860 7.2

8. TANK CREEK NEAR RULE

Mar. 25, 1964----- bO.04 0.0 290 135 '02 244 1,330 '00 -- 6.6 2,680 3.64 1,280 1,080 '.9 3,470 7.3
Apr. 13----------- b.02 .1 2.5 12. 37. 188 1,290 380 -- 2.2 2,550 3.47 1,220 1,070 '.6 3,410 7.'May 11____________

b.Ol '.7 2'5 95 176 158 97' 205 0.' .2 1,800 2.45 1,050 922 2 .• 2,380 7.'
Sept. 16---------- 93.1 8.6 '7 14 22 166 138 30 .2 .5 382 .52 274 138 .6 614 6.9

See footnotes at end of table.



Table 4. Chemical analyflcI> of 8tl'(>1"1I5 lind I'ost'!rvolrs in the Brazos RiveI' bAsin for locations other than natly stations __ Continucet

Oluolved &alicia BardDe.. SpecUk
(calculated) as caCO. Se>- con-

dlum duc:t-
Mag- Po- Bical"- Fluo Nl- 80-

Cal- Non- od-
"""e pH

Cal-
Chloride To.. Ioorp-

Dale
SUlCi Iron rie- Sodium w- bonate Su Ua te r.de Irate ron P.... To.. dum, car-

~-~

01 D1ecbarge
(Fe) clum

alum (Na) .ium (liCOn ) (80 4 ) (Cl) (P) (NOJ (8) per per Mag- boo- tloo
(cta) (SIOo) (Ca)

(a) per
col1ec:Uon

(Ma) (K)
mIll10D acre- day ne- ate ntlo n"C)1001 alum

9" McDONALD CREEK AT MOtrI'" NEAR POST

Doc. 17, 1959_____ 12.7 1,160 I 172 238 1,730 320 178 5,850 7.9
Jan. 20, 1960-____ .22 1,670 13,200 -- 33,800
Feb. 18----------- b.Ol 1,910 13,600 -- 35,000June 22, 1961_____ i .90 2,530 59 3,960 702 12,300

10. RUNNING WATER DRAW ~T PLAINV[lW

June 15, 1964 _June 16- _
June 19 _

11. WHITE RIVER NEAR CROSBYTON

104
15.
106

01 0.1o .4
o .1

225
1
6

.
8

333 6.7
231 6.8

ex>
ex>

Oct. 4, 1950------ 6.29 30 50 35 >2 374 48 16 -- 1.0 c447 0.16 269 0 -- 698 8.2
Jan. 19,

1951_____ 4.46 36 44 63 105 528 94 40 -- .5 842 .87 35. 0 -- 1,060 8.2
Jan. 20, 1954----- 2.17 46 -- -- -- -- 63 28 -- .5 -- -- -- -- -- 879 --
Jnn. 18. 195~---- 1.98 48 -- 43 -- -- 64 23 -- 1.0 -- -- -- -- -- 81' --
Jan. '9. 1956_____ 2.44 41 4. 47 78 447 77 27 -- .2 539 .73 315 0 1.. 9'4 8.2

june 18, 1959_____ 1.25 -- -- -- 57 III -- 54 22 -- -- -- -- -- -- -- 613 --
Mnr. 15.

1960_____
.47 -- -- -- 446 60 24 -- -- -- -- 274 0 -- 7'2 --June 22___________ 3.62 -- -- -- 22 I 8.5 203 19 8 -- -- -- -- 137 0 -- 358 ,.Sept. 21 __________
.65 -- -- -- 62 11 366 50 22 -- -- -- -- 234 0 -- 6.' --

Nov. 6. 1961------ 1 60 34 33 33 59 321 45 20 3.1 .0 385 .52 218 0 1.7 622 7.7

AUI(. 9. 1962______ .61 35 35 32 68 350 40 20 3.6 .0 406 .55 219 0 2 0 65. 7.2
May 8.

1963_______ .•2 33 38 41 63 III 406 48 22 4.0 .2 461 .63 264 0 1.7 730 7.7Aug. 8------______ .36 35 39 38 71 384 45 20 4. , . 0 43• .60 246 0 2.0 702 7.2

12. WHITE RIVER RESERVOIR NEAR SPUR

June 3. 1964 _

Oct. 28----------
May 12. 1965------

2.5
J .6
7.6

25
14
22

17
15
12

163
204
17.

13. RED MUD CREEK AT MOUTlI NEAR CLAIREIfONT

6.0
7.6
7.4

JUllll 15, 1960_____ bO.OI 188 II 80 620 250 830 564 1,940 7.3July 26___________
.01 4,680 -- -- 2,010 7,920 3,320 -- 22,100 --

Nov.
16___________

.0' •• 6 .• 142 1,400 158 1,540 1 .... 20 2,670 7.3
Jan. ,. 1961______ .12 152 4.6 173 1,640 220 1.800 1,660 3,220 7.7"a I'. 9 ____________ .10 7,210 -- -- 2,990 11 ,600 4,060 -- 30,200 --
Api'. 4 ____________

.0. 6,590 -- -- 3,830 10,400 4,380 -- 29,100 --July 7____________

.06 7,300 -- -- 2,820 12,000 3,990 -- JI,900 --

14. SALT CREEK NEAR CLAIREMONT

Jan. 27. ,95. 1 bo. 151 I I I I 56,600 I 101 15 ,120 I 87.300 I I I I --I --I 15.38015,300 I 1143 ,0001 7 . 8
Mar. 16___________ -- h..190 803 67,500 85 5.980 104.000 180.000277 6.2706.200 b71 152.0007.8
May 12, 1964-- _

See footnotes III end of table.
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Table 4.--Chemical analyses of streams and n~servolrs in the Brazos River basin for locationS other than dully stations. __ Continued

IUuolnd .IOllda Hardne•• _11k
(calculated) U caCO. So- con-

dlum duct-....- Po- Bicar_ Floo Nt- Bo-
Ca!- Non- ad- ance p8

CaI-
Chloride To.. Iooro-

Dele

~~)
Iron rie- Sodlum tu- bonate Sulfate ride trate ron P..... Tona clump cUw mlcro-

01 D.1acbarp
(Fe) dum

elum (Na) slum (BCO s ) (SO.. ) (Cl) (F) (No,) (B) per per MaiM bonw Uon

~cf
percollection (de) (Ca)

(Mal (K) (a>
mWIon acre- day nl!l- ate nil<>loot slum

15. DUCK CREEK NEAR JAYTON

Mar. 17, 1964----- 157 153 112 3,140 7 .1
Apr. 14----------- 1>0 150 76 3,1407.5
June 11, 1964----- 56 51 94 1,3106.7

16. BUTTE CREEK AT MOlrI'H NEAR JAYTON

Dec. 17, 1959_____ 30 4.8 112 2,0907.9
J" 4. 1961------ 212 5.2 128 3 6"0 7.7

19. SALT CROTON CREEK. NEAR ASPIRIIONT

00
-D

Water year 1957
MaxlmulII, ·uct. !::I,

89,700
1956__________ - -- -- 3,370 H6,000 9,860 -- 93 166,000 --

MinilllulI, May 31,
1957---------- 760 -- 517 12 167 1,450 800 1,580 1,440 ~ 4,810 6.9

Wa tel' year 1958
Maximum, Sept.3.,1958-_________ .43 -- 101,000 -- 2,590 159,000 10,400 - 431 144,000 --
Minimum , Nov. 5,

1957---------- 360 -- 778 140 1,060 1,130 1,110 -- 10 5,010 7.6

Wa ter year 1959
Maximum, Au\{. 5,

1959---------- .6 -- 98,800 -- 2,710 155,000 9,830 433 __ 119,000 --
Minimum, July 17 280 -- 1,790 -- 640 2,800 -- -- -- 9,240 --

Water year 1960
Maximum, Aug. 4,

1960---------- .36 -- 98,500 -- 2,920 156, 000 10,100 -- --152,000 --
Minimum, Oct. 2,1959-_________

670 -- 1,970 -- 800 3,220 1,060 -- -- 10,600 --
Wa ter year 1961

MaxImum, June 1,
1961---------- .54 -- 99,600 -- 2,630 158,000 8,890 -- -- 54,000 --

Minimum, Oct.17,

1,110 I196()...--------- 8,400 -- 100 1,390 1,680 1,450 1,370 -- 7,000 7.1

Water year 1962
MaxImum, Juiy 10,

1962---------- .3 -- 99,100 -- 2,690 158,000 10,300 -- ~24 35,000 --
Minimum, Sept. 17 450 -- 2,090 -- 1,450 3,310 1,630 -- 23 11,200 --

Water year 1963
Max Ullum, Mar. 14,1963__________ .8 -- 85,800 -- 3,680 136,000 9,080 -- -- 64,000 --
Minimum, Sept.I5 5,400 17 728 140 1,030 1,050 7.0 l,090 976 9.6 4,980 7.5

Water year 1964
Max iau.m , Aug. 19,

1964---------- .6 -- 100,000 -- 3,150 158,000 8,400 -- -- 63,000 --
lIiniliuDl, July 2_ 7 8 6.2 549 10 6,110 -- 1,230 9,790 17,800 24.5 1,810 -- -- 26,100 --

s .... f'nnt.nnt."lI: :It. pnd of tahlp. - -
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Table 4. __ Chemieal analyses of streams and reservoirs in the Brazos River basin for locations other than daily stations. __ Continued

D1aaolved IIOUda Bardness Specll"
(calculated) uCaC°s So- con-

d1um _t-Mag- Po- Blear- Fluo NI- Bo- Cal- Non- ad- ..... pR
Dele

Iron
Cai-

ne- SodIum taa- Sulfate Chloride rIde Irate ron P..... Tone Tone dum,. ~- mlcro-
8U~~ bona te

car-
ol DaebarB8 (Fe) clum

.Ium (No) slum (IlCO~)
(SO .. ) (Cl) (F) (NOJ (B) per per Mag- lion

~cf
(810.) (Ca) per --coUectt.on (cts)

(Mal (K) (a)
mUUon acre- day ne- ntIoloot alum ate

21. NORTH CROTON CREEK AT MOtrI'1I NEAR KNOX CITY

Feb. 16, 1960----- 0.78 4,230 -- 2,190 6,940 2,980 -- 20,700 --
Mar. 14----------- .71 3,510 -- 2,400 5,960 3,260 -- 18,800 --June 14___________

2.27 904 68 1,280 1,460 1,430 1,370 6,120 7.5
Nov.

14___________
5.36 1,700 -- 1,870 2,990 2,490 -- 11,000 --

Jan. 3, 1961------ 3.77 1,260 1B4 1,790 2,120 2,170 2,020 8,880 7.4
Dec. 9, 1964------ .57 3.2 8BO 147 1,890 -- 1,700 3,200 7,690 10.5 2,300 2,180 17 10,800 7.5

22. MUSTANG CREEK AT MOUTH NEAR KNOX CITY

""c. 15, 1959----- 35.4 19 4.0 68 324 22 370 314 774 7.6
Feb. 12, 1960----- b.02 572 -- 12. 2,260 700 2,160 2,060 5,350 7.7
June 14----------- b.38 B32 -- 94 1,130 1,280 1,230 1,150 5,500 7.5
Aug.

16-__________
29.8 25 5.2 91 35B 30 415 340 901 7.3

Sept. 20---------- b.02 2,520 -- -- 2,910 3,680 2,890 -- 13,800 --
Oct. 11------------ .01 1,990 -- -- 2,860 2,990 2,950 -- ] 1 ,900 --
May 11, 1961______ 4.51 278 13 B6 1,760 495 1,940 1,870 4,040 7.4

24. MILLERS CREEK NEAR MUNDAY

Oct. 10 1962----- 434 9.B 25 5.9 4.t1S 0 104 4.B 3.0 o 3 2.2 111 0.15 B7 I O. 101 6.9
May 8, 1964_______ .9.48 9.B 32 9.B 14 162 9.0 4.2 .4 2.2 161 .22 120 0 ., 2BB 6.B
May 11------------ 2.33 13 26 4.' II 116 7.4 3.3 .3 1.2 124 .17 B5 0 216 6.7May 30- ___________

1.49 B.6 32 II l' 174 15 4.4 .4 .2 177 .24 125 0 .7 336 7.3June 12___________
2.93 II 2B B.B 17 152 '.0 4.5 .3 1.2 155 .21 106 0 .7 266 6.7

25. MILLERS CREEK NEAR SEYMOUR

June 15, 1962_____ 6.2 J7 3B 6.0 13 142 14 11 0.3 1.0 el76 0.24 120 3 0.5 2.5 6.7
Sept.

14__________
7.10 16 6B 17 3. 184 .8 50 .3 .B 37. .52 240 BB j . I 61B 6.B

Nov. 13----------- b.14 II .2 3B 5B 216 244 56 .3 1.0 c638 . B7 3B6 20' 1.3 .43 6.B
Dec.

13___________
2.55 13 101 3B 65 274 202 BO .3 1.0 e670 .., 40B 1B4 1.4 1,000 6.'

Jan. 17, 1963----- b.20 2.3 JO' 33 63 150 305 72 .3 1.0 e660 .•0 408 2B4 1.4 1,010 7. I

Feb.
14___________

b.l0 1.4 210 115 21B 316 7B4 2BO .4 1.2 1,760 2.39 ..7 73B 3.0 2,440 6 .•
Mar. 8____________ b.2 1.2 22B 134 2.6 304 .5. 320 .4 1.8 2,060 2.80 1,120 871 3.5 2,750 7.0
Apr. 8------------ 6.42 14 72 25 53 188 147 63 .4 1.8 c468 .64 2B2 12B 1.4 750 6.7May 9_____________

2.59 10 47 14 24 15.5 142 77 2B .2 2.0 c300 .41 175 5B .B 462 6.'June 11___________ 34.7 12 36 7.1 2,0 137 24 17 .4 .0 1B4 .25 11. 7 .8 321 6.7

26. LAKE TRAMMEL NEAR SWEETWATER

July 2, 1946------ 7.6
Apr. 22, 1964____ 7.2

27. LAKE SWEETWATER NEAR SWEETWATER

Jan. 18, 1952----- 7.7
Apr. 22, 1964_____ 7.3

See footnoteS at l'nd or t.aule.



Table 4, __ Chemlcal analyses ot 8trea~s and reservoIr8 in the Brazos River basin tor locations other than daily stations.--Continued

D1uolnd .IOUct. HardDe••
lIpoclf"

-
(calculated) uCaCO• .... con-ell... duct-Mac- Po- Bicar_ Fluo NI- Bo- Cal· NOD. "'- .... pH

Dole
Iron Cal- ne· Bodl... lao- bonate Sulfate Chloride ride tre" ron Porto Tone Ton. CIWD, car- IOcp-

~~

01 Dlacbarp ~!1IC
(F.) clum

.Ium (N.) .tum (H003 ) (SO.) (Cl) (P) (NOJ (B) per per M.... bon. -collection (cf.) (SIQ,) (C.)
(Xl (a) per

aere-
reIlo

(Mg)
mWlOn day on- ... UOClfoot .tum

2B, LAKE ABILENE NEAR ABILENE

210••
31. PORT PHANTOM RILL RESERVOIR NEAR NUGENT

Apr. 18, 1946_____ 8.0
Apr. 22, 1964_____ 1.3

30. LAKE LYTLE AT ABILENE

Apr. 22, 1964 _

Apr. 18, 1946_____ 1.6
Apr. 22, 1964----- 1.3

29. LAKE KIRBY NEAR ABILENE

Oct. I,
1948______

'.7 0.00 33 22 63 t4 '11 5' 70 0.' I.' 365 0.50 173 0 -- 65. 1.9
Jan. 16, 1952----- I., .05 .0 '3 51 8.0 .36 '0 65 .3 .2 ~.17 c362 ••• I" 36 1.9 6.. 7.9
Aug. 16, 1963_____ '.0 .01 .6 15 .6 160 .. 72 .. .5 305 .4l 176 46 1.5 54. 7.1
Aug. 22, 1964_____ .6 .6 17 >l "6 ., 72 .. .0 321 ... 165 41 1. 6 566 7.3

7. I
7.0
7.'

33. LAKE STAllFORD NEAR HASKELL

Sept. 20, 1946---- 6.8
Apr. 22, 1964_____ 1.2

46. UUBBARD CREEK RESERVOIR NEAR BRECKENRIDGE

Sept. 30, 1963----
Aug. 9, 1964 _
Sept. 22, 1965- _

Oct. 2, 1953------ 1.9
Aug. 12, 1965-____ 1.4

34. LAKE HAKLIN NEAR HAMLIN

'".....

Mar. 12, 1959_____ 1.1
Mar ... , 1963------ 6.5

53. LAKE GRAlIAM NEAR GRAHAM

Apr. 23, 1958----- 2.' -- 276 " 6" 157 130 1.530 0.2 0.0 2,150 3,14 ••6 970 '.0 5,020 7.'
Sept. 12---------- ••• 0.04 56 II '0 139 12 190 .1 .. ... .57 18. 12 2,9 61' 7.6
Apr. 8, 1959------ 1.2 67 15 106 167 17 215 .2 .6 50. .9' 229 92 3,1 1,000 7.'
June 10----------- 2.0 .22 6. 15 11' 13. 15 240 .3 .0 c518 .70 .21 107 3.3 1,010 7.5Sept. 9-__________

2.6 -- 56 12 .5 126 11 1.9 .3 .5 c480 .65 19' 86 3.0 6.. 7.'
lev. 11___________

5.' -- 3. 1.2 52 '5 6.6 101 .2 .. c281 .3' "' 31 2,1 ••3 7.2
Sept. 9, 1960----- ••• -- 44 9.7 60 12. 5.6 120 .3 .0 c304 .4l 146 44 2.2 5.3 7.3
June 20, 1962_____ 2.7 -- 47 7.' 5. 115 9.9 122 •• .0 c304 .41 146 54 2.1 912 6.6
Nov.

13___________
2.7 -- '0 7. I ., 113 6.9 .2 .3 .0 c252 .3' 12. 36 1.8 505 6.6

See footnotes at end of table.



Tabll.' 1.--Chem!.cal analyses of streams and reservoirs in the Brazos Rivel' bas!.n fOI' locations other than daily stations. __ Continucd

D1asolved solids Hardness SpecUi
(calculated) lUI CaCOa So- con-dlum duct-

Mag- Po-
Fluo NI- Bo- Ca!-

Non- ad- ...,e pH

Date
~IC

Cai- ne- Sodium tao- 8icar_ SuI In te Chloride ride Irate ron P..... Tons Tons c1um, ""rp- mlcro-

DJacbarge Iron clum
bonate (SOc) (Cl) (P) (NO,) (B) per Uag- car-

lion

of
(SIQ,) (Fe) elum (Na) elum

per per
bon- F!'.?" at

collection (ds) (Ca)
(Ug) (K) (tICD s )

million acre- day ne-
ale rolIo .5·C)

<n>
foot el..,

56. KEECHI CREEK NEAR GRAFORD

Dec. ll, 1962_____ 14.4 9.2 B4 12 35 265 43 51 0.3 0.2 c374 0.51 259 42 0.9 643 7.0
Jan. 10, 1963_____ 8.98 -- -- -- -- -- -- B9 -- -- -- - -- -- -- -- --Mar. 12---------__ 2.38 B.B B4 20 9B 227 ll2 143 .2 .0 c610 .B 292 106 2.5 974 7.2
Apr. 10----------- 1.88 7.1 102 20 99

1
3

.
4 259 III 161 .3 .0 631 .B 337 124 2.3 1,080 7.1May 9 _____________

14.3 11 BO 12 51 3.9 230 60 B3 .3 .2 c450 .B 249 60 1.4 715 7.2
June 11---________ 1.46 9.6 49 B.2 36 146 29 59 .4 1.2 264 .3 156 3. 1.3 4B3 6.9
July 18----------_ .02 17 74 13 53 23. 4. 7B .4 .0 397 .5 23B 44 1.5 .BO 7.1

57. KEECH I CREEK RESERVOIR NEAR GRAFORD

Oct. 30, 1961----- 7.7 42 6.0 15 149 12 19 0.5 0.0 175 0.24 129 7 0 .• 323 7.1Nov.
6-__________

-- -- -- -- 154 -- 21 -- -- -- -- 130 4 -- 330 7.1Jan. 4, 1962______ -- -- -- -- IBI -- 25 -- -- -- -- 15B 10 -- 395 •. 7Feb. 7____________
-- -- -- -- 212 -- 30 -- -- -- -- IB4 10 -- 441 7.2

Apr.
10___________

4.3 50 B.l 2B IB3 -- 30 .4 .2 c236 .32 15B B 1.0 402 7.1

June 14----------- 7.5 2B 3.B 14 B2 17 22 .3 .2 133 .IB B. IB .7 239 ..B

'"
5•. LAKE HAGAMAN NEAR RANGER

N
Nov.

1945_________
7.2Oct. 30, 1963_____
7.0

59. PALO PINTO CREEK NEAR SANTO

Dec. 7. 1961______ 0.23 4.3 43 10 2B 132 49 35 0.3 0.0 c236 0.32 14B 40 1.0 415 7.5
Mar. 23, 1962_____ .07 3.1 66 15 47 230 73 44 .3 .0 c376 .51 226 3B 1.4 .17 7.5May 2_____________

1.75 3.0 94 24 121 15B 139 22. .3 2.0 c763 1.04 333 204 2.9 1,190 7.6June 6____________ .OB 5 0 43 B.2 44 9. 43 7B .3 1.0 272 .37 141 .0 1 .6 4B5 7.0
June 10----------- 4,300 9 .• 42 4.7 14 131 17 IB .3 2.B 172 .23 124 17 .5 295 7.3
Au~. 9____________ 12.5 -- -- -- -- 20B -- 52 -- -- -- -- 206 3. -- 5.3 6.B
Sept. 2___________ B5 -- -- -- -- ll7 -- 75 -- -- -- -- 149 53 -- 503 •. 7
Sept.

4___________
22 7.5 37 4 .• 27 105 12 50 . 1 .5 191 .26 III 25 1.1 35B •••Sept. 7___________

1,100 7.7 3. 3.9 15 9B 17 2B .0 l.0 157 .21 10. 2. .6 2B9 6.7Sept. 8___________
6,500 7.2 34 2.6 7.21 3 • 0 110. ..2 13 .0 1.0 12B .17 9. 5 .3 219 7.0

Sept. 10---------- .40 B.4 42 5.1 15 133 14 24 .1 .2 174 .24 12. 17 .6 317 •. 9
Sept.

19__________
30 • B.5 4B ••• 29 142 27 4B .2 .B 23. .32 147 31 1.0 421 •••Sept. 22---------- .01 -- -- -- 191 -- 56 -- -- -- -- lB. 30 -- 539 7. I

Oct. 8------------ 5,600 5.B 3B 3.3 1. 6 1 3 . 4 132 .B 1.0 .2 1.5 121 .1. lOB 0 .7 215 7.3Oct. 9____________
7,000 -- -- -- 142 -- 12 -- -- -- -- 125 9 -- 27B 7.3

Oct. 11-------____ 4B 9.B 5B 9.B 39 IBB 34 5B .3 .2 c3]2 .42 IB5 31 1.2 525 7.1Oct. 21 ___________ 15 -- -- -- -- 259 -- 70 -- -- -- -- 25. 44 -- 711 7.3Oct. 28- __________
30 -- -- -- -- 309 -- 7. -- -- -- -- 304 51 -- BO. 7.4

Oct. 29----------- 7B -- -- -- -- 212 -- 75 -- -- -- -- 232 5B -- .71 7.3
Nov.

5-___________
11 9.3 97 20 B5 270 B2 142 .3 .2 c605 .B2 324 103 2.1 997 7.4

Nov. 27 ___________
240 -- -- -- -- 159 -- lOB -- -- -- -- 232 102 -- 7.3 7.0

Nov. 28----------- 5. -- -- -- -- 173 -- 142 -- -- -- -- 273 131 -- 971 7.0

See footnotes at end of table.



Table 4. __Chc",lelll analyses of streams and reservoirs in the Brazos River basin for loeaUons other than daily stations.-_Contlnucd

Wuoh'ed aoltda Hardness Spec".(cll1cubted) as Ca.cO. So- con-
cltum duct-Mac- Po- ,

Fluo NI- 80- Cal- NOIl- ...- IU... pR
Dale

SUlcI Cal- rio- Sodium ...- Blear_ Sulfate Chloride ride Ira" ron P..... To.. Tona chlm, !oorp-
~~ero-

Iron

car-
ol DlIcbarp

(Slo.) (Fe) clum
alum (Na) alum bonate (5°4) (CI) (F) (No,) (B) per per per Mac-

bon- lion .. al
collecUon (cfs) (Ca)

(Ma) (K) (HC03 )
mtWon acre- de, ne-

U. ratJo 2'·C)
(a>

loot
.'um

.0. LAKE MINERAL WELLS NEAR MINERAL WELLS
Oct. 1943_________

02

1 I c262 1 0.361 I 163

1
321 0"1

42818.0
Nov. 1945--------- .0 c221 .30 13. 24 .5 3.8 7.4
Oct. 30, 1863_____ .0 196 .27 U, 12 .6 3.7 7.1

.1. PALUXY CREEK AT GLEN ROSE

Dee. 5, 1961------ 41. 6 10 .. 22 2. 20. .. 27 0.3 0.0 c274 0.37 203 sa 0.7 '" 7.'
Jan. 10, 1962----- &6.6 '.0 3. 2. 2. .00 " •• .. .2 e269 .37 20' '0 .7 ••• 7.5Mar. 20___________

27.2 ••• 31 '7 •• 17. S. 3. . 3 •• 2.' .3. I •• •• •• '·5 7.5May 3_____________
27.1 10 53 •• .3 213 .7 sa .. .0 c322 ••• 22. •• .7 '" 7.3

June 5------------ 10 .• 1. 3. •• .3 ,.. as 3' .3 .0 c276 .3. 20' •• .7 ••• 7.3
July 11___________

5.18 U '0 '0 '0 '" 30 23 .. .0 c2.6 .sa I.' 21 •• aso 7.0
Sept. 10---------- 27 ••• 31 11 16 U3 '0 1. •• ., 170 .23 120 , •• 2•• 7.3
Sept. 18---------- &.5& 10 37 I. 11 17. •• 16 •• '0 .11 ... 159 11 •• 3.' 7.1

'"W

62. L~KE PA.! CLEBURNE NEAR CLEBURNE

Ifay 14, 1965- _
June 21- _

63. NOLANDS RIVER A'I' BLB

•••7.'

Jan. 8, 1962______ 28.3 1.3 .. 7 .• ... ,.. '7 .. 0.' •. 0 c282 0.38 13. 0 2.0 ••7 7.7
Feb. 12----------- 19.0 1.0 77 ••• .0 2'7 ,. 3. •• 4.0 c398 .54 22. 0 1.7 ••7 7.'
Mar.

19___________
17.9 •• 70 7.7 73 2•• ., 3. •• 3.2 c401 .55 20. 0 2.2 ••2 7.9Apr. 24-__________
14.4 10 •• ••• 77 2'7 53 41 .7 2.2 c414 . S. ,.3 0 2.4 .66 7.1

June 4------------ 4,58 11 .2 , .1 122 320 .. " .7 .5 c453 .•2 12. 0 4.7 757 '.9
July 9 ___________

9.22 ••• 55 •. 0 •• 22. 33 2. .5 .0 e302 .41 ,.2 0 1.' '0' •. S
Sept. 17--------- 3.99 7.3 .0 3.S 35 172 2. " -- .0 c230 .31 115 0 I., 3.2 •••Oct. 10__________ 31.4 9 .• 35 2.9 23 13. lS 12 •• .S ,.9 .23 .9 0 1.0 290 •••Mar. 3, 1964_____ e4.8 1.2 .. '.3 ,.. 370 100 .0 .9 7.7 570 .7S 132 0 ••• .SS S.O

66. AQUILLA CREEK NEAR AQUILLA

Dec. 4, 1961----- 35.0 ••• .3 '.S SS ,.7 173 31 0 .• 5 • e473 0.64 260 107 1.6 727 7.S
Jan. 8, 1962______ 28.\ ,. 1 10' ••• 75 ,.2 222 ,. .5 '.0 c580 .79 29S 140 1.9 .76 7.0
Feb. 12__________ \9.1 I.. 13S 12 101 2•• 2S. 63 .7 ,.. c760 1.03 39' 17S 2.2 1,120 7 .•
~Iar . 19---------- 17.0 -- -- -- -- 17. -- .S .7 -- -- -- 32S -- -- 1,030 7.'Apr. 24___________

28.6 S .• 135 " 139 295 321 .5 .9 3.S c903 1.23 39S 1S6 3.0 1,260 7 .•
June 4___________

3.53 •. 7 lOS 9.1 72 ,.9 210 54 .7 '.0 c~83 .79 307 '" I.S 895 7.2
July 10---------- 4.08 12 130 9.7 76 29. 210 4S .. 2.0 c6110 .•7 36. 120 1.7 9•• 7.0
Oct. 10---------- 12' 9.' S7 2 .• 17 20. 73 12 .5 I.S c328 .45 22. SS . 5 501 ••May 9_11, J 965--- ('3,527 f), -I 4S 1.5 12 12. 37 4.6 -- 3 .• 17S .24 12. 23 .5 2.3 7 .•
MAy 12_\3________ e510 11 71 3. I 22 IS' S3 12 -- II 2S9 .39 190 6' .7 .71 7 .•
May \ 11_17 ________ 05,630 10 •• 1.5 6.71 2. 124 31 '.3 -- 2 .• ,.6 .23 121 19 .3 274 7.7
May 18_J9________ 0500 12 63 3. I 20 ,., 57 12 .5 4.2 251 .3,1 170 3. .7 410 7 .•

S~c l'ootllot('fj at t'JH.l of lable.
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Table 4.--Chcmlcal analyses of sll'cnms and resCl'volrs 1.n the 8razos IHvcl' bastn for locations other than dally RlationR.-_Continued

D18aolved sollds Hardneas
SpecU"(calculated) as CaCOI So- con-dlum du<:l-

....- Po-
Fluo NI_ Bo-

Cai-
Non- ad- ance pR

Date
~~lIc

Cai- ne- SodIum laa- Blclu'_ Sulfate Chloride ride Ira" ron P..... Tone Tons dum, ~rp- mlcro-

Iron
(SO..,) (Cl)

car-

ol D18charp
(Fe) clum

alum (Na) slum bona to
(P) (NOJ (B) per

per ....- lion

~C)

(810.)

per
bon-

colleeUon (eta) (Ca)
(Mg) (K) (IIC03 )

acre- day ne- rall<>
(a)

mUllan
atefool alum

67. GREEN CREEK NEAR ALEXANDER

Oct. 18, 1962_____ 0.25 3.G 41 10 32 13' 29 51 0.3 0.0 233 o 32 "3 3. 1.2 .29 G.GJan. 18, 1963_____ .65 3.3 '7 IS '0 197 3S 55 .. .2 2.9 .'1 192 30 1.3 530 7.GDec. 5____________
.01 ••• .9 14 2G IS' 2. 3S .3 .0 251 .3' ISO 29 .S 'GG 7.SFeb . ., 1964______

91. 8 5.3 32 S.3 IS 11. I' 2S .2 1.0 IGS .23 11. 21 .7 323 G.9Feb. 5---_________
25.4 '.7 30 7.1 22 101 20 33 .2 .2 IG7 ,23 10' 21 •• 317 G.S

Feb. 6____________
9.95 3,5 35 '.2 2S lla 27 .3 .2 .0 20' .2S 125 2S 1.1 3S9 G.'Apr. 21___________

540 5.5 54 G,. IG lSI IG 20 ,3 1.0 20S .2S lSl 13 .5 3S2 6.9Apr. 29___________
2.86 2,' OS 14 3G IGS 32 54 .3 ,5 2G7 .3G 170 32 1.2 503 G,.

68. NORTH BOSQUE RIVER no. CLIFroN

Dec. 2, 1961______ 11' 9.' S2 a.G IS 2.S 3G 25 0,3 3,S c319 0.43 2'0 37 0.5 533 7, IDec. 29---------__ llS S.1 7' S,1 23 23' 3S 23 •• ., I c300 · '1 21S 2G .7 50S 7.'Jan. 31, 1962----- 82.4 .,. 7' S,S 21 2.1 3S 2G . 3 .,. C304 .41 233 3S .G 52G 7.1Mar. 1____________
73.9 G,S 7S 9,5 25 23. .0 29 •• 2,S 308 ,'2 22S 32 .7 53G 7.2Mar. 29___________
56.8 G,. •• 9,2 2. IS' S? 30 ,3 1.5 c252 ,3' IGO 2G .. .20 7. ,

May 1____________
S2S 9.0 52 3.7 13 157 21 14 .3 2.2 c206 .2S 145 ,. .5 323 G.'May 29-__________

41.9 S .• .5 7.' IS 209 2. 21 •• 2.2 c252 .3' ,.3 21 . G ... •••June 29- _________
44. 1 S.O 57 G.l 13 17. 20 21 •• 2.0 21' .2' lG7 25 .. 3'0 G,7Aug. 29---_______ 4.12 14 G. 7.2 20 22S 22 2G ,. 4.a 278 .3S I" 12 .7 .82 7.0Sept. 10--------- 150 S.8 34 '.5 5 .• I 4. 120 11 8.0 .3 1.2 c138 · I' 103 5 .2 228 7. I

Oct.
1___________

8.18 10 .7 ••• 13 217 IS IG ,2 3.S c251 .3' 1.3 IG .. 410 7.1Oct. 9___________
3,630 S.7 44 '.1 4.' 1~

3, 145 S.S 7.5 .. 1.2 154 .21 127 8 .2 27. G.8Oct. 31 __________
59.2 7.0 5G ••• 188 21 ,. •• 2,0 217 .30 IG8 12 .5 382 7 .•Nov. 30--________ 72.9 8 .• 70 7.5 21 22. 2. 22 .3 1.5 273 .37 20G IS .G '80 7.1Dec. 31 __________
24.9 6.S 77 8.5 17 23S 31 2. •• 2.5 2•• .3. 227 32 .5 502 7.0

Jan. 30.
1963____

18.2 '.2 7S 6,' 22 2'1 3. 28 .3 2.7 c312 .•2 233 36 .6 52f1 7.3Feb. 28__________
11.5 2.' 7. S,3 23 23S 36 26 •• 2.2 c292 · '0 223 28 .7 514 7. ,

ApI'.
1___________

7.70 5.1 66 S.S 23 215 32 2S .3 ,S c276 .3S 200 24 . 7 '7. G.•Apr. 30-_________
lSI 6.2 G. 22 G3 252 57 .5 .. ,2 422 .57 250 44 1.7 741 7.2Nay 30___________
142 6.S .0 3,7 6.2 I '.0 130 10 10 .2 l.S 14S .20 115 • .3 253 G.7

June 29__________
11.6 S.' 3. G,5 13 140 13 16 .3 .2 IG5 . 22 12• • .5 2S5 G.'July 31__________

.27 11 66 5 .• 17 210 20 21 .3 2.8 2.7 .3' IS. 17 .5 4Ia G.•
Aug.

29__________
.~~ 12 3. 7 .• 21 157 12 21 .. .0 I.' .2G 12. 0 .. 333 G.7

Sept. 30--------- .07 ••• 32 7,S 23 142 11 2. .3 .2 17S .2' 112 0 .. 31G 7.7

See footnotes al end of tnble.
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Table 4.--Che~ieal analyses ot strea~. aod reservoirs in the Brazos River basin tor locations other than dally statlon8.--Continued

Dluolyees 1I011da
_..

_Uk
(calculated) uCaCO. 80- ....-..... cb:t--- PO-

Fl.... HI- Do-
CaI- !Ioa- IIll-

_.
pH

Dolo

I~) IrOft
Cai- n..- 8oclI... tao- OieRl'_ Sui rate Chloride .Ide Ira" '00 P..... Tou Tooa clUDI~ CU'- t: -....

01. Dacbal'p
(F.) .1... .1... (Ha) ..... bonate (SO.) (Cl) (F) (NO,) (8)

PO' PO' PO' ....- boD-
~cf

collection (el.) (C.)
(Mal (IQ (1100,)

&cre- day ftO- .-(.) mlI1loft loot ._ oto

69. MIDDLE BOSQUE RIVER NEAR McGREGOR

Dec. 1, 1961______ 96.0 8.' 10 2.8 8.1 J.1.1 '" " 12 0.3 8.6 22' 0.31 188 2' 0.3 3'8 7.0Dec. 28___________
60.2 6.5 83 2.5 12 178 21 13 •• '.4 215 .2' 188 23 .4 373 7.1Jan. 31, 1962----- 28 5.1 70 2.8 12 ,.8 22 14 .4 8.1 c235 .32 185 23 .4 40' 7.2Feb. 28___________
28.3 7.5 63 2.1 12 181 22 13 •• '.8 214 .2' 188 20 .4 '75 7.2Mar. 29---------__ 16 6.' 50 2.5 11 In 22 12. .3 2.2 cl84 .25 135 20 .4 318 7.2

Apr. 30-__________
16. I 7.5 56 2.5 10 158 " 13 .4 .8 c200 .27 148 18 .4 .25 7.'May 29____________
.5 11 .. 1.8 4.8 /1.1 128 10 5.5 .3 1.6 cue .20 112 • .2 243 8.7July 9-___________
15.7 8.' 58 2.8 8.8 1.8 18. 16 10 .3 .0 181 .25 150 12 ·. .31 8.'July 31--------___ .5 14 .. 2.5 12 132 19 11 .3 .0 18. .23 120 12 .5 281 7.1Aug. 29___________

.08 11 .8 2.3 16 107 27 16 .4 . 0 18• .22 10. 17 .7 275 6.'
Oct.

1____________
b.05 7.2 38 2.4 8.' 12.1 110 17 6.' .3 .0 131 .18 100 10 .3 228 6.'Oct. 31----_______ b.04 4.5 38 2.8 13 110 25 11 .5 .0 150 .20 108 15 .5 282 7 .•Nov. 30-----______ b.05 4.5 n 2.8

y1..
127 28 11 .3 1:2 16. .2' 128 ..

• • 2'8 6.'Dec. 31___________
b3.3 7.' n 2.1 5.8 138 16 7.0 •• 2.0 157 .21 128 14 .2 265 7.5Jan. 30, 1963-____ 3.40 4.1 88 2.8 11 18. 2' 10 .4 8.0 cU8 .31 176 26 .4 .80 7.2

Feb. 27 ___________
b3.1 1.5 5' 2.8 12 "8 27 11 •• 1.2 188 .28 148 20 ·. 335 7.5Apr.

1____________
. '0 4.5 .. 2.5 13 125 .. 14 .4 .0 16. .22 120 18 .5 2.2 8.7Apr. 30___________

b3.4 '.1 50 2.4 1.4 147 18 10 . 3 1.' 18• .23 135 14 • • 291 7.0
May 29------------ 32.7 8.8 .. 1.0 4.'

1

2

.

0 "0 '.8 5.2 •• .8 142 .11 114 7 .2 238 8.8Mar. 5, 1964______ 4.99 3.0 8' .8 8.7 1.4 142 •• 11 •• 14 20• .28 "8 .. .3 359 6.'

Apr. 9------------ 19.0 4.2 81 I.' 8.5 1.8 164 25 11 .. 5.1 200 .27 160 26 ·. 357 7.3May 14--------____ 28.2 5.6 59 2.1 16 157 39 10 .4 8.8 218 .30 158 27 .6 350 7.0June 24___________
59.0 7.5 .. 2.5 10 144 22 10 .4 8.0 18. .25 140 22 ·. 320 7.5July 29------_____ 1.06 10 .. I., 14 130 26 13 .4 6.0 188 .25 "0 .. .5 317 6.'Aug.

12___________
.32 11 .8 2.5 14 118 2. 15 .3 7.0 18. .25 125 28 .5 308 8.'

Sept.
1___________

.39 '.3 39 1.1 12 122 16 7.8 .3 .8 146 .20 102 2 .5 243 6.'

70. WACO RESERVQ[R NEAR WACO

Jan. 8, 1943-_____ 7.6 0.06 70 11 30 J. 0.8 217 5' " 0.8 5.' c335 220 .. -- 8.2Feb. 29, 1952---__ 6.2 .01 50 8.6 15 .0 184 3D 14 .3 .5 0.30 c225 152 18 367 7.6Sept. 17, 1956-___ -- -- -- -- 130 -- 17 .5 -- -- 122 16 312 7.'May 24, 19615-___H_ 7.5 .00 .. 2.7 '.3 128 32 18 .2 2.5 18. 0.26 146 n 0.3 335 7.6

71. BOSQUE RIVIR NEAR WACO

Jan. 18, 1962-____ 720 5.7 67 5.' 17 197 .2 20 0.3 5.3 c258 0.35 191 30 0.5 432 7.3Jan.
18___________

714 6.6 60 5.4 17 174 32 20 .3 5.8 c238 .32 172 2. .6 405 7.1Feb. 21-----______ 62,2 3.4 82 6.3 .. 182 .6 23 .3 3.8 258 .35 181 31 .8 ... 7.6Mar. 29__________
73.7 -- -- -- -- 127 -- .. .3 -- -- -- -- -- -- 357 7.4Api'. 30-------___ 10' 4.6 58 6.7 " 172 34 .. .3 2.0 c251 .34 172 31 .6 "7 7.0

June 7___________
60.7 7.5 53 5.5 19 16. 32 19 .3 .5 c221 .'0 155 20 .7 380 7.0Aug.

15-_________
2.28 13 65 6.7 43 188 53 .. • 3 .0 c32& ... 100 36 1.. .57 8 .•Sept. 19_________
7." 10 .. 4.4 17 15. 36 14 .3 1.0 c226 .31 153 2. .6 360 7.1Oct. 23-_________
5.84 '.4 .6 5.8 8.7 I 3.2 148 20 12 .0 .8 180 5,84 13. 16 .3 310 7.1Nov. 26----______ 4.08 7.' 8. 5.' 16 108 32 18 .3 .5 238 .33 18' 2. .5 4.. 1.3

Sew footnot•• at end of table.
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Tabll' 4.--Chemlcal analyses of streams and reSl:!rvoil'S in the Brazos River basin 1'01' locations other than daily stations.--Contlnued

D18so1ved solids Hardness Speclfi
(calculated) as CaCO~ So- con-

dlum duct-Mag- Po- Flue NI- Bo-
Cal-

Noo- ad- ance pH
Cal-

Chloride TOM Ioorp-
Dale

SUI" Iron rie- Sodium taB- IHcar- Sulfate ride Irate ron P ..... Tons dum, car- micro-
of Di8charge

(Fe)
dum

slum (Na) slum bona te (SO.) (CI) (P) (NOJ (B) per per Mag- 1100
Im>~ at

(Sl<),) (Ca) per
boo-

collection (ds)
(Mg) (I<) (IIC0 3 )

mlIIlDo acre· day oe-
ale rallo 25"C)

Cal
fool

s'um

11. BOSQUE RIVER NEAR WACO-_Continued

Jan. 8, 1963------ 19.4 6 3 57 5.5 13 178 25 14 0.' 0.2 c221 0.30 165 19 0.' 369 6.9
~'eb . 5------------ 4.63 5.6 6' 5.6 15 193 30 18 .3 .0 c246 .33 183 25 . 5 '03 6 .•Mar. 9 ____________

5.14 3.2 62 6.3 19 192 33 19 .3 .0 237 .32 181 23 .6 'I • •••May 22------------ 15.4 , 8 53 5.8 24 162 39 23 ., .5 230 .31 156 23 .8 391 6.8
June 18----------- 8.23 9.' '6 •. 1 51 172 58 3' ., .0 290 .39 140 0 1.9 478 7.1

Nov. 18----------- bl.B 8.9 69 7.3 31 178 69 35 ., .0 309 .42 202 56 .9 558 7.0
Dec. 20----------- 4.68 7.' 72 5.7 23 179 56 32 .3 1.5 286 .39 203 56 .7 520 6.7
Jan. 28, 1964_____ 1. 86 '.0 68 6.' 14 188 57 9.9 .3 .2 251 .3' 196 44 ., '67 7.8
Mar.

4____________
369 5.' 62 3.5 15 170 42 12 .3 2.0 226 .31 169 30 .5 399 6 9

Apr. 8------------ 129 '.8 56 '.0 15 160 37 12 .3 3.0 211 .29 156 25 .5 376 7.0
May 13____________

41.6 7.1 54 3.5 12 156 29 9.9 .3 2.2 195 .27 149 21 ., 343 6.9
July 29----------- 1.12 12 6' '.9 20 186 42 18 .3 .5 253 .3' 180 27 .6 431 7.0

73. COW CREEK AT MOOREVILLE

Mar. 6, 1964------ 2.19 '.1 111 5.6 27 176 176 20 0.5 2.8 '3' 0.59 300 156 0.7 680 7.5May 1_____________
105 12 82 2.5 11 212 52 5.6 .3 1.8 271 .37 215 41 .3 447 6.8

May 1.------------- 61.1 9.1 68 2.5 10 177 '5 5.3 .3 2.2 229 .31 180 35 .3 387 6 .•May 15____________
3.53 2.7 85 3.6 23 165 115 15 .6 .0 326 .44 227 92 .7 533 7.'May 26____________

.55 5.' 83 3.9 25 182 97 18 .6 .0 322 .44 223 74 .7 531 7.0

75. LEON RESERVOIR NEAR RANGER

Api'. 15, 1955_____ 0.7 0.01 50 6.6 12 -'-8.6 186 7.2 20 0.' 1.5 0.06 c205 0.28 152 0 0.4 36' 7.
Mar. 12, 1959----- 3.0 '8 6.6 26 137 24 '6 ,2 .1 c236 .32 147 35 .9 '15 8. 1
Mar. 4, 1963------ 1.6 '3 6.7 21 118 18 '8 .3 .0 c212 .29 135 38 .8 379 6.7
Oct.

30___________
'.1 '0 5.2 23 124 14 38 .2 .0 186 .25 121 20 .9 3'6 6.8

76. PROCTOR RESERVOIR NEAR PROCTOR

Jan. 30.
1964_____ 1.9 57 11 42 185 22 73 0.3 0.2 298 0.41 187 36 1.3 557 7.6

June 30----------- .7 54 15 57 174 3' 100 .5 .0 347 ,47 198 54 1.8 647 7.6
Nov.

4____________
6.5 3' 8.3 17 112 13 35 .2 .5 170 .23 119 27 .7 325 7.'

Oct. 1, 1965______ , 2 .18 58 13 59 170 3' 106 .3 .0 358 .'9 198 58 1.8 685 7.1

77. LEON RIVER NEAR HASSE

Oct. 30. 1961-____ 2.3 11 75 32 102 248 105 160 0.5 0.2 c656 0.89 318 116 2.5 1,060 7.5
Feb. 16, 1962----.... 14.8 7.' 108 55 160 358 160 270 .6 1.5 938 1. 28 '96 202 3.1 1,620 7.'May 1--___________ 16.1 8.6 96 48 148 301 130 265 .5 1.2 845 I. 15 '37 190 3.1 1.530 7.'June 6 ____________

3.64 II 6' 54 143 293 143 211 .9 3.2 c833 1. 13 382 142 3.2 1,390 6 •July 4____________
7.5 8.1 52 16 '8 167 42 8' ., .2 c358 .'9 196 58 1.5 629 6.'

Aug.
6____________

14.9 9.9 8' 15 91 212 '3 177 .3 .0 524 .71 271 98 2.' 974 7.2
S~pt. 9----------- 7,300 7.3 21 2.5 5 9 15.0 74 '.2 12 .2 .2 9' .13 63 2 ,3 158 6.9
Sept. 9----------- 7,100 5.9 24 3.1 10 77 '.4 19 .1 .0 10' .14 73 10 .5 188 6.5
Sept.

19__________
94.0 12 9' 19 81 258 66 147 .3 .0 546 .74 312 101 2.0 980 7.0

See footnotes at end of table.
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TlllJlc '1.~_CI\l'mICal :tnlllYIiCfi or sll'Cllms llnd l'cservoil'!:I in the Brazos River bnsin for locations other Ulan daily llt:ltlon8, __ Conttnued

w..aelved IIOlIda HardJIul SpecUi
(calculated) at CaCO. So-

con~

dlum duct-
Mag- Po-

Flue NI- Bo- Cai-
Non- IAI- anee p8

Date Cai- ne- Sodium taa- Bieal'_ Sulfnte Chloride ride Ira" ,on Pute Tona Tone dum, """P- (mlero~
S111c ll"on

(504)
eu-

of D1acbarge
(SIQ,) (Fe) elum

elum (Na) slum tiona te (CI) (P) (NOJ (8) pO' per Mag- Uon ~o.at

(cte) (Ca) (HCO,) pO'
bon-

collecUon
(Mol (I<)

million acre~ day n.-
a"

,allo 'SOC)
(a)

fool .lum

78. LAKE EANES NEAR COMANCHE

Mal'. 20, 1946___ ~. 7.4
Oct. 30, 1963~---- 7.0

79. LAKE COMANCHE NEAR COMANCHE

Oct. 30, 1963-----1 ~l 29 I 146 I 3 I ~
80. LAKE HAMILTON NEAR HAMILTON

Mar. 19, t946_____
0.2\ 0.51 I 226

1 0. 31 1 I 169
1

191 0.31 37518 0Sept. 24, 1964____ 3 .0 133 .18 100 10 ,3 244 6 q... BELTON RESERVOIR N~AR BELTON

Sept. 9. 1955----- 6.4 o 01 44 4.4 16 159 9.2 15 0.2 0.5 cl96 0.27 128 0 0.6 319 7.3
Au~. 22,

1956_____ 2 9 .02 44 5.0 15 163 7.9 14 .3 ., 170 .23 131 0 .6 317 7.4Aug. 28___________
2.8 .02 49 '.0 lS 151 17 19 .3 . 2 185 .25 142 \3 .5 338 7 •

June 17. 1957-____ 9.6 .04 37 3.4 8 2 122 10 7.5 .4 2 2 138 .19 106 6 .3 245 7.2
Mar. 24.

1958_____ 9.0 .00 67 9.1 22 201 30 35 .2 7.7 c300 .41 20. 40 .7 '184 8. \

Nov. 13, 1963---~- 6.4 .02 46 13 39 160 37 59 .. .2 280 .38 188 38 1.3 511 7.3
May 26,

1964______ 4.4 -- 45 12 33 158 33 .8 .3 ., 254 .35 182 32 1.1 464 7.8Nov. 6____________ .. , -- 40 10 15 138 19 28 ,2 .0 18' .25 141 28 .5 351 7.5
Oct. I,

1965______
'.8 .13 " 8.7 24 182 22 36 .3 .8 242 .33 173 24 .8 448 7.0

82. LEON RIVER NEAR BELTON

Mar. 28, 1961----- 02,130 8.4 65 9.5 18 206 28 27 0.3 '.4 c272 0.37 20\ 32 0.6 463 7.5
May 31, 1962------ 32 7.0 62 Il 22 215 29 28 .3 2.0 287 .36 200 24 .7 475 7.0
June 8------------ 103 '.2 " 12 26 18' 34 34 .3 " 25' .35 179 28 .8 449 7.3June 22___________

440 3.4 " 11 26 178 32 36 .4 .5 249 .34 175 29 .9 4,17 7 4
July 11-_____ ~ ____ 225 4.' 49 13 23 171 33 36 .4 ., 243 .33 178 36 .8 456 6 8

Aug.
16________ ~_~

5.00 ,., 42 lS 66 196 51 62 .5 1.2 348 .41 186 8 2 2 609 6 •
Sept. 5----------- 6.48 6.8 53 13 24 189 3l 35 .4 ., c262 .36 188 31 .8 454 7 0
Scpt.

17 ____ ~ _____
3,200 7.0 51 13 27 186 30 38 .3 .8 c276 .38 181 28 .9 458 6.8

Oct. 23~---------- 246 7.0 48 13 26 171 32 39 .4 .0 e258 .35 173 33 .. 453 6.8Nov. 27 ___________
3\ lL 5 45 13 26 163 32 38 .. .2 241 .33 166 32 .9 437 6.'

J., 10, 196J----- 213 , 7 38 Il 22 \32 26 37 .4 .2 20' ,28 140 32 .. 382 6.'
Feb.

4____________
12.6 'I. 9 '6 13 32 194 36 46 .4 .2 c292 .40 193 34 1.0 515 6.'

Mal'.
14__________ ~

9 2. 6.0 54 13 36 \94 37 48 .4 1.0 <;301 .41 188 29 1.1 514 6.'Apr. 24~ _________ \8 6.3 54 12 37 192 35 49 ., .8 289 .39 184 26 1.2 '0' 7.7May 23_____ w ______
1~.7 7.0 54 \3 39 192 39 " .4 .2 299 .41 188 30 1.2 '" 6.9

June 19 _________ w_
349 6.0 46 14 36 160 38 56 .3 .0 27~ .37 172 42 1.2 481 7.3

July 23----------- 13.2 7.5 50 \3 46 \84 41 60 .4 .0 30H .42 178 28 I., 538 6 7
Aug. 2H___________ 3,66 •. 0 47 1'\ 60 191 49 69 ., .0 342 .47 175 \8 2.0 61l 6.8
Oct. 2------------ 6.6,1 6.6 48 14 43 186 37 56 .4 .2 296 .40 178 25 1.4 543 6.9
Nov.

6____________
6.4 ,. j 55 \3 4:1 198 36 58 .4 .8 311 .42 1'0 28 1.4 567 6.8

Sec footnoteS at I'IHI of tahle.



Table ".--Chcmlcal analySes of streams and l'calll'voir'S In the Brazos Rivel' haRin 1'(')1' locations olh('1' Ihan dally stallolls. __ Contlnued

WsaolYed ItOUda Hardness Spedll
(calcuillted) as caCO. Bo- eM-

dlum duc:1-
M..- 1'0-

Fluo NI- 80-
Cal- Non- ed- enee pH

Dele
~Ulee Iron

Cal- ne- Sodium lae- Bicar_ Su!fa te Chloride dde Ire.. ron P ..... To.. Tons clum, cu- ~rp- mlcro-

of Discharge
(Fe) elum

elum (Ne) sium bonate ( S04) (CI) (P) (NOJ (B) per per Mag- bon- lion

~cf

(Slo,)
per

collection (cis) (Ca)
(Mg) (K) (IlC03 )

million acre- day ne- ate ratlo
( aj

fool elum

82. LEON RIVER NEAR BELTON__ ContLnucd

Dec. 9, 1963------ 5.45 8.3 54 14 43 201 36 58 0.5 0.8 31. 0.43 192 2. \.4 588 7.2Jan. 13.
1964_____ 5.44 7.4 52 13 40 184 36 57 .4 .8 297 .40 163 32 1.3 543 7.6Feb.

17___________
21.0 7.4 54 13 40 ,.9 36 56 .4 \.. 302 .41 166 JJ \.3 537 7.8Mar. 23----------- 9.' 5.6 54 13 34 166 34 49 .4 l.6 264 .39 166 34 \., 521 7.1Apr. 30___________

2,230 5.3 49 13 37 171 37 55
• • .2 281 .38 176 36 \.2 513 7.2

Juna 2____________
15.0 6.9 57 12 JJ 189 35 50 .3 1.2 266 .39 192 36 \.0 531 7.3July 6____________

1,330 6.2 40 6.4 16 132 21 25
• • .0 162 .25 126 16 .7 335 6.5Aug. 10----------- 5.0 9.3 51 7.5 21 160 17 25 .4 2.6 223 .30 156 11 .7 392 7.8

83. SULPHUR CREEK BELOW LAMPASAS
July 7, 1964-_____

, , , I 1
84. LAMPASAS RIVER NEAR KEMPNER

June 3,
1963______

230 192

I
302

1

14415.6\,.68017.5Mnr. 20. 1964---__ 20 170 164 24 .7 418 7.2JUlie 2____________
146 195 259 99 4.0 1.240 6.9

86. HORTl! SAN GABRIEL RIVER AT GEORGETOWN'"00

Jo·cb. 24,
1961_____

b60 II 92 15 13 310 22 16 -- 21 c364 0.50 2.1 37 0.3 566 7.3Mar. 28----------- 121 -- -- - -- 234 27 27 -- -- -- -- 236 46 -- 529 7.:1Jan. '. 1962______
23.0 7.' 65 19 17 244 24 32 0.2 6.6 0302 .41 240 40 .5 520 7.3

Auf,{.
24 ___________

1.88 16 29 16 25 123 22 .. .3 .1 c237 .32 146 .6 •• 302 7.5SCllt. 8 ___________ -- 10 '6 5.4 2.1
13 5

163 11 3.5 .2 :L5 167 .23 142 6 ., 284 7 .•
OCI. 31 ___________

15.7 7.9 45 9.2 5.4 2.0 162 12 10 .3 .0 c178 .24 150 17 .2 3.7 6.6
Nov. 26----------_ 4.56 5.3 41 20 13 175 24 30 .2 1.2 221 .30 185 41 .. 4•• 7.5,Ian. ll. 1963----- L63 5.7 47 15 11 154 42 21 .3 2.0 220 .30 17. 53 .4 394 6.9
F('b.

5- ___________
5.53 3.6 5.5 21 14 216 26 JJ .2 2.2 c268 .36 224 'B .4 '6. 7.:1Mn I'. 22___________
5.92 4.6 48 16 14 196 24 26 ·, .8 232 .32 194 J3 .4 42" 7. ,

ApI'. 25___________
4.53 7.0 39 19 20 173 19 40 .5 .8 c237 .32 175 34 .7 420 7.2May 27- ___________
1.75 9.6 JJ lB 16 152 15 30 .3 .0 195 .27 148 24 .6 344 7.4,JUIIC 20---________ .64 20 32 19 24 140 21 52 .3 . 2 ". .32 156 43 . 8 '0' 7.2

87. SOUTII SAN GABRIEL RIVER AT GEORG~"'OWN

Feb. 24. 1961 _____ b410 10 74 14 ,.. 254 25 16 -- 17 c3ll 0.42 242 34 0.' 52. 7.B
Mal'.

2ij___________
75 -- -- -- -- 230 29 25 -- -- -- -- 220 32 -- 505 7.0

Jan. 4. 1962------ 16.6 5. I 57 15 17 211 26 " 0.2 9.1 c258 .35 204 31 . 5 44. 7 .•
Oct. 31----------- 5.64 9 .• 43 12 14 137 42 21 .3 .0 c217 .30 J 57 44 .5 'B' 6.5Nov. 26___________

2.63 5.9 44 14 12 11. 5
141 45 20 .2 2.0 c216 .29 167 52 .4 379 7.2

Jan. 11. 1963----- 10.8 5.' 50 '6 11 .6 194 21 24 .3 5.5 231 .31 199 40 .3 422 6 •
~'flh. ~------------ 1.32 5.0 52 '6 17 160 44 25 .3 '.5 c254 .35 196 46 .5 "6 7. ,
Mal'. 18----------- 2,61 4.2 45 15 14 158 41 22 .3 1.2 221 .30 174 44 .5 366 7.0Apr. 25___________

1.66 7.' 36 15 1. 137 37 23 .7 .8 20' .28 152 39 .6 347 7.5May 27 ____________ .u. 7.:1 28 17 1B 126 29 26 ·, .5 188 .26 140 36 .B 340 6.5
June 30-__________ .25 8.6 28 18 16 136 26 25 .3 6.0 193 .2B 144 32 .6 334 7.3

S("(' footnotes at end or table.
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Table 4. __ Chemical analyses of streams and reservoirs ill the Brazos River basin for locations other than dally stations. __ Contlnued

Il1ssolved 8ol1ds Hardness SpecUl
(calcul;lted) as CaCOJ 50- con-

dlum duct-Mag- Po- Fluo Nl- Bo- Cal-
Nan- ad- anee pR

Date
SUi" Iron

Cai- ne- Sodium taa- Bicar_ Su·1 fll te Chloride ride Ira" ron P.... Tons Tons cium, orp- (mlcro-
Discharge dom bonate (SO,,) (CI) (B) per ear-

lion

of
(Slo,) (Fe) (Ca) .'om (Na) sium

(IlC03 ) (F) (NOJ per per Mag-
bon- Jmho. at

collection (ds)
(Mo) (I<)

mUlion aere- day ne- ratio 2S·C)
(.)

foot
"om

ale

88. SAN GABRIEL RIVER AT GEORGETOWN

Feb. 24. 1961 _____ e527 9.8 75 15 14 262 24 18 0.1 18 c309 o 42 248 34 0.4 5:12 7.7
Mar. 28----------- e201 -- -- -- -- 24. 2. 26 -- -- -- -- 246 43 -- 538 7.5
Dec. 11----------- 62.5 7.6 -- 17 -- -- 21 24 .3 11 -- -- -- -- -- -- --
Jan. 4,

1962______
53.9 7.0 70 18 14 256 23 26 .2 11 c297 .40 24. 3. .4 520 7.2

Jan. 17----------- 43 7.5 68 1. 14 249 23 26 .2 12 c298 .41 244 40 .4 523 7.0

Mar. 29___________ 34 7.2 33 17 14 138 23 2. .2 7.0 197 .27 152 39 .5 357 7.5
May 1------------- 89.3 7.6 53 13 12 199 18 18 .2 4.0 c240 .33 186 23 .4 396 7.5
June 11----------- 50.5 II 58 14 11 219 18 17 .3 3.0 240 .33 202 23 .3 421 7.4
Aug. 17----------- 8.08 12 78 19 15 297 17 26 .3 7.6 321 .44 272 29 .4 567 7.0
Sept. 21__________ 11 9.1 76 18 13 286 18 22 .2 9.8 307 .42 264 29 .3 531 7 2

Nov.
14___________

13 7.6 65 19 15 255 20 24 .3 10 286 .39 240 31 .4 509 7.0Nov. 26___________
17 7.3 74 18 12 274 23 22 . 3 6.2 298 .41 25• 34 .3 537 7. I

Jan. 11. 1963----- 19 7 4.0 39 12 7.8 I .6 146 14 16 .2 5.1 17l .23 147 27 .3 333 7.3
Feb.

5____________
16 6.9 7l 19 13 266 23 24 .2 9.0 307 .42 255 37 .4 529 7. I

Mar. 18----------- 21 6.8 66 17 15 250 24 23 .3 4.8 296 .40 234 30 .4 495 7.0

Apr. 25----------- 15.4 5.3 76 17 19 286 21 26 .7 7.3 c318 .43 260 25 .5 521 7.8May 27____________
16.4 8.5 80 19 13 304 18 21 .3 8.8 318 .43 278 28 .3 542 7.2

.June 20----------- 7.95 10 76 20 16 300 18 26 .3 6.8 321 .44 272 26 .4 549 7.3
Aug.

1____________
1.54 15 39 19 16 198 16 21 .3 1.2 224 .30 175 13 .5 3.3 7.5

Sept. 5----------- 2.7 12 86 22 11 342 14 19 .3 8.1 340 .46 305 24 .3 596 6 8

91. LITTLE BRAZOS RIVER AT STATE HIGHWAY 21 NEAR BRYAN

Oct. 24, 1962_____ 3.94 13 43 8.7 68 209 40 55 0.4 0.0 c341 0.46 144 0 2.5 573 7 5
Jan. 2, 1963------ 30.4 l5 51 11 60 152 76 70 .3 .0 c370 .50 172 48 2.0 596 •. 5
Mar. 13----------- 24.2 11 56 13 68 146 94 86 .3 .0 c424 .58 193 74 2.1 681 6 •May 22____________

90.6 15 59 13 84 200 89 88 .4 1.5 448 .61 200 36 2.6 734 6.9
July 25----------- 6.66 13 84 23 234 318 178 258 .3 1.8 948 1.29 304 44 5.8 l.560 6 .•

Oct. 8- ___________ .15 9.8 45 17 59 176 23 100 .4 1.0 342 .47 182 38 1.9 618 7.2
Dec. 18----------- 3.80 7.3 51 10 134 350 62 76 .5 .2 513 .70 168 0 4.5 880 7.1
Feb. 24, 1964_____ 9.06 6.1 48 10 87 196 79 76 .3 .0 402 .55 101 0 3.0 658 8.4
Mar. 24----------- 28.2 12 41 11 38 98 7l 52 .3 1.5 275 .37 148 67 1.4 488 6.8
June 19----------- 11 .1 11 60 14 127 280 93 100 .4 6.1 556 .76 207 0 3.8 932 7.0

Aug. 20----------- 4.14 12 53 28 260 430 153 212 .3 .0 929 1.26 247 0 7.2 1,550 7.4

94. LAKE MEXIA NEAR MEXIA

}'eb. 13. 1962 1 ~l I 128 I I 120 cr::=r=J 350I~ ~
See footnotes at end of table,



~

a
a

Table 4.--CI\l!mlea1 analyses of streams and reservolre tn the Brazos Rlver baMln fOI' locatlons other than dnl1y stnllon8. __ Continucd

Illuol..-ed laUds Hardne.. !lpecUlc
(calculated) as CaCO. So- coo-

dlum ducl-
M..- P<>- Fluo NI- Bo- CaI-

Non- ad- ance pH

Dale Cai- n.- 80cIIum tao- Bienl'_ Sullate Chloride rIde Ira" ron Parle Tone Ton. dum, ~rp- mic:ro-

DJaeharp ~~I~~ Iron clum
bona te (80 4 ) (CI) (P) (NOJ (B) per

M..-
car- -of

(SIOo) (Fe) elum (Na) alum
per

bon- ~.al

(Ca) (IICO s ) per
collection (cre)

(Mel (It)
acre- day .e- ra1lo 2'·C)

( 0) million
foot atealum

99. DIG CREEK AT FARM ROAD 1994 NEAR GUY

May 2, 1962--_____ b30 22 219
June 9------------ b50 18 19'
Dec. 3------------ b890 10 116
Feb. 14., 1963----- b2 70 '84Oct. 15-__________

b1.3 310 1,550

Feb. 6, 1964------ b330 18 190Mar. 2____________
b1,100 4.7 398

100. BIG CREEK AT FARM ROAD 762 NEAR GUY

May 2, 1962------- b,O 402 1, (81)
June 9------------ b60 13 176Dec. 3____________

bl,100 6,890 18,700
Feb. 14., 1963_____ b2 8' 6'2
Oct.

15-__________
bI. 8 292 1,500

Feb. 6, 1964---___ b440 13,000 33.400
Mar. 2------------ b660 9,150 25.100

101. BIG CREEl{ AT COUNTY ROAD 9 MILES NORTIIEAST OF GUY

May 2. 1962_____ b,O 220 934
June 9------------ b60 18 232Dec. 3____________

b1,100 5,460 15,300
Feb. 14,

1963_____ b2 121 954
Oct. 15----------- b2.2 296 1.470

Jo·cb. 6, 1964______
b550 8,850 21,100

"ar. 2------------ ..80 83 457

102. COW CREEK AT KITTY NASH ROAD 8 MILES NORTIlEAST OF DAMON

Apr. 10. 1962---__ bO.BDec. 3____________
b4S

feb. 14. 1963---__ b.3
Aug. 15----------- b220
Oct. 15----------- b.4

Feb. 4. 1964----__ b550
Feb. 6------------ b220
Aug. IK----------- h1.3

208
10
.6
12

84'
15
2\

121

104. VARNER CREEK AT STATE IIIGIiWAY 35 AT EAST COLUMBIA

."164
320
180

2 ,510

167
19.
772

May 2, 1962_______
"7 4. 262

neC 3------------ bl3 1,060 3,460
Fcb. 14. 1963_____ b.OS 1,520 5,000
Aug.

15___________ .., 36' 1,540
Jan 14. 1961--___ b. 1 305 1,541')

Ft.'u. 5. 1964------ b5S0 61 325
JUlie 16----------- b2.2 2,600 7,830
Sept.

17__________
..6 910 3,040

a Includes the equivalent of any carbonate (C03 ) pr(>8cnt.
b Field estimate.
c ResJdue on evaporation at laOoC.
d Total Iron.
~ Mean datly dischnr~r



Table 5.--Concentrations of selected constituents (in parts per million) that were equaled or exceeded for
indicated percentage of days of flow.

Station
(Fig. 3) Stream and location

10

Percent of days

25 I 50 75 90

....
a....

6

20

23

35

Double Mountain Fork Brazos River near Aspermont
1949-51, 1957-64 water years:

Sulfate (S04) .
Chloride (Cl) .....•......•........................
Dissolved solids •.............•...................
Hardness as CaCOs .

Salt Fork Brazos River near Aspermont
1949-51, 1957-64 water years:

Sulfa te (S04) ......•....... : ...•..................
Chloride (Cl) : .
Dissolved solids ......................•...........
Hardness as CaCOs .

Brazos River at Seymour
1960-64 water years:

Sulfate (S04) ..•....•.............................
Chloride (Cl) ................................•....
Dissolved solids .......................•..........
Hardness as CaCOs .

California Creek near Stamford
1963-64 water years:

Sulfate (S04) .
Chloride (Cl) .
Dissolved solids .
Hardness as CaCOs .

1,900
1,950
5,750
2,470

3,000
29,400
51,500
4,650

1,910
6,200

12,400
2,300

2,550
2,600
7,100
2,600

1,720
1,520
4,850
2,110

2,920
25,500
45,000

4,400

1,740
5,200

10,700
2,100

2,220
2,200
6,150
2,300

1,480
1,050
3,770
1,670

2,600
18,700
33,900

3,800

1,500
3,750
8,100
1,750

1,930
1,800
5,200
2,000

870
425

2,000
900

1,720
7,800

15,000
2,300

980
1,650
4,100
1,060

1,220
1,100
3,500
1,400

425
170

1,040
460

780
2,280
4,900
1,030

600
720

2,120
630

440
380

1,460
640



Table 5.--Concentrations of selected constituents (in parts per million) that were equaled or exceeded for
indicated percentage of days of flow.--Continued

Percent of days

....
o
N

Station
(Fig. 3)

47

49

54

64

Stream and location

Hubbard Creek near Breckenridge
1956-61 water years:

Sulfate (S04) .............••..............•........
Chloride (Cl) ......•.•...................•.........
Dissolved solids •.•................................
Hardness as CaC03 •••••••••••••••.••••••••••••••••••

1963-64 water years:
Sulfate (S04) ..............•...........•..•........
Chloride (Cl) ...........•....•...•.................
Dissolved solids .................•....•............
Hardness as CaC03 ••••••••••••••.•••••••••••••••••••

Clear Fork Brazos River at Eliasville
1962-64 water years:

Sulfate (S04) .•....•...........•..............•....
Chloride (Cl) ...............•..•..............••...
Dissolved solids ................•..................
Hardness as CaC03 •••••••••••.•.•....••..•.•••••••••

Brazos River below Possum Kingdom Dam, near Graford
1943-1964 water years:

Sulfate (S04) ...............•..•...................
Chloride (Cl) ..............•.......................
Dissolved solids .
Hardness as CaC03 •..•••••..••••.••••••.••••••••••••

Brazos River below Whitney Dam, near Whitney
1949-51 water years:

Sulfate (S04) .
Chloride (Cl) .
Dissolved solids .
Hardness as CaC03 •....•••..•••....•.•••..••••.•••••

10

220
930

1,810
740

340
275

1,000
525

620
880

2,210
890

390
650

1,710
515

330
510

1,380
450

25

140
580

1,280
550

72
155
470
258

400
650

1,600
640

340
565

1,510
465

300
470

1,290

425

50

62
240
680
320

18
115
330
184

205
410

1,000
410

305
500

1,350
425

245
400

1,120

375

75

25
92

335
175

13
94

278
156

64
190
500
225

280
450

1,230
395

148
250
770

275

90

14
48

210
115

11
80

250
141

30
120
365
175

245
380

1,080
370

59
102
395

165



Table 5.--Concentrations of selected constituents (in parts per million) that were equaled or exceeded for
indicated percentage of days of flow.--Continued

Percent of days

f-'
o
""

Station
(Fig. 3)

64

85

89

90

Stream and location

Brazos River below Whitney Dam, near Whitney
1953-64 water years:

Sulfate (S04) .
Chloride (Cl) .
Dissolved solids .
Hardness as CaC03 •.•.....•••....•....•.......••••.•

Lampasas River at Youngsport
1962-64 water years

Sulfate (S04) .
Chloride (Cl) .
Dissolved solids ............................•......
Hardness as CaC03 .............•................•...

Little River at Cameron
1961-64 water years:

Sulfate (S04) .
Chloride (Cl) .
Dissolved solids .
Hardness as CaC03 ........................•..•...•..

Brazos River at State Highway 21, near Bryan
1962-64 water years:

Sulfate (S04) .
Chloride (Cl) .
Dissolved solids .
Hardness as CaC03 .........••...............•.......

10

280
445

1,230
405

28
280
660
295

59
81

447
269

195
330
960
338

25

245
400

1,120
375

23
215
550
262

50
66

385
234

172
280
850
312

50

200
330
960
330

20
170
468
235

42
52

325
202

143
220
720
280

75

155
265
795
280

15
117
370
200

36
43

289
182

107
152
560
240

90

113
195
635
235

12
81

298
172

30
32

242
156

71
89

400
196
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Table 5.--Concentrations of selected conatituents (in pasts per million) that were equaled or exceeded for
indicatad percentage of days of flow.-~Continued

Station
(Fig. 3)

93

96

97



Table 6.--Annua1 summaries of water discharge and dissolved solids, chloride,
and sulfate loads at selected stations in the Brazos River basin.

Dissolved solids Chloride Sulfate

Water Water
Welgheed- I Load Weigheed- I Load Welgheed- I

Year discharge
average tons er average average Load

(ds) concentration ( p day) concentration (tons per day) concentration (tons per day)

6. DOUBLE MOUNTAJ,N FORK BRAZOS RIVER NEAR ASPERMONT

1949 139 916 344 150 56.3 380 143
1950 In 1,010 466 148 6g.3 460 212
1951 63.0 1,430 243 203 34.5 700 119
1957 352 910 865 123 112 400 380
1958 130 1,390 488 265 93.0 592 208

1959 219 999 591 168 99.3 429 254
1960 149 977 393 159 64.0 410 165
1961 398 1.180 1,270 237 255 472 507
1962 173 1.140 532 217 101 455 213
1963 164 1,120 496 220 97.4 457 202

1964 18.8 2,090 106 466 23.7 875 44.4

Avg.
1949-51 180 1,090 530 189 91.9 458 2231957-64

Avg.
1949- 64 184 1,040 520 180 90 430 215

20. SALT FORK BRAZOS RIVER r..'EAR ASPERMOl-i-r

1949 157 4,080 1,730 1,820 771 709 301
1950 166 4,870 2,180 2,230 999 786 352
1951 64.5 7,380 1,290 3,560 620 1,020 178
1957 299 3,220 2,600 1,360 1,050 625 505
1958 71.4 8,500 1,640 4,410 850 826 159

1959 126 5,020 1,7l0 2,420 823 666 227
1960 80. 2 5,660 1,230 3,820 61l 653 141
1961 253 5,030 3,440 2,290 1,560 817 558
1962 63.2 9,150 1,560 4,490 766 1,200 205
1963 80.8 6,070 1,320 2,900 633 854 186

1964 19.1 18,600 959 9,960 514 1,570 81 0

Avg.
1949-51 125 5,270 1,780 2,480 837 776 2621957-64

Avg.
1949-64 132 4,890 1,740 2,300 820 725 260

23. BRAZOS RIVER AT SEYMOUR

1960 279 2,510 1,890 975 734 576 434
1961 807 2,270 4,950 817 1,780 592 1,290
1962 308 2,750 2,290 1,060 881 659 548
1963 299 2,850 2,300 1,110 896 646 522
1964 87.7 3,390 803 1,410 334 71l 168

Avg.
1960- 64 356 2,540 2,440 962 925 616 592

47. HUBBARD CREEK NEAR BRECKENRIDGE

1956 22.7 212 13.0 58 3.55 11 0.67
1957 633 180 308 46 78.6 10 17. 1
1958 204 332 183 129 71. 1 23 12. 7
1959 47.9 325 42.0 121 15.6 24 3.10
1960 83.0 330 74.0 120 26.9 25 5.60
1961 134 300 109 109 39.4 20 7.24

Avg.
1956-61 187 240 121 77 38.9 15 7.57

- 105 -



Table 6.--Annual su~aries of water discharge and dissolved solids, chloride,
and sulfate loads at selected stations in the Brazos River basin.--Continued

Dissolved solids Chloride SuI fate

Water Water Weighted- We 19h ted- Weighted-
discharge Load I Load LoadYear average average average(ds)

concentration
(tons pee day) concentration (tons per day)

concentration (tons per day)

49. CLEAR FORK BRAZOS RIVER AT ELLASVILLE

1962 540 505 736 156 227 . 95 D9
1963 194 661 346 203 106 149 78'.0
196!. 71.7 627 121 273 52 9 63 12.2

Avg.
1962-64 269 553 402 178 129 105 76.3

54. BRAZOS RIVER BELOW POSSL~ KINGDOM ~~, NEAR GRAFORD

19.... 3 1,161 994 3,110 370 1,160 201 630
19.4.4 164 1,310 580 498 221 274 121
1945 528 1,390 1,980 561 800 256 365
1946 502 1,320 1,790 519 703 262 355
1947 1,343 1,380 5,000 530 1,920 303 1,100

1948 470 1,460 1,850 510 647 374 475
1949 769 1,500 3,110 531 1,100 375 779
1950 898 1,230 2,980 451 1,090 280 679
1951 603 1,320 2,150 490 798 291 47.4
1952 294 1,390 1,100 527 418 295 23·

1953 220 1,610 956 636 378 322 191
1954 1,052 1,200 3,410 460 1,310 245 696
1955 1,120 1,260 3,810 448 1,350 301 910
1956 983 1,370 3,640 445 1,180 379 I,OlD
1957 4,145 443 4,960 119 1,330 108 1,210

1958 1,226 L,180 3,9lD 443 1,470 248 821
1959 458 1,130 1,400 425 526 235 291
1960 749 1,400 2,830 546 1,100 288 582
1961 1,409 1,800 6,850 697 2,650 398 1,510
1962 1,138 1,360 4,180 500 1,540 313 962

1963 867 1,320 3,090 496 1,160 286 669
1964 231 1,380 861 515 321 307 191

Avg.
1949-64 1,010 1,130 3.080 406 l,liO 257 701

Avg.
1943-64 924 1,160 2,890 422 1,050 260 649

64. BRAZOS RIVER BELOW WHITNEY DAM, NEAR l.'l-IITNEY

1949 1,566 765 3,2)0 242 1,020 172 727
1950 1,520 748 3,070 244 1,000 '57 644
1951 840 1,190 2,700 437 991 260 590
1952 348 912 857 332 312 167 157
1953 141 651 248 209 79,6 112 42.6

1954 912 1,040 2,560 392 965 198 488
1955 997 1,030 2,770 374 1,010 205 552
1956 1,571 1,010 4,280 333 1,410 255 1,080
1957 6,213 459 7,700 126 2,110 96 1,610
1958 2,322 604 3,790 170 1,070 122 765

1959 681 893 1,640 309 568 165 303
1960 1,882 705 3,580 229 1,160 DO 661
1961 2,054 1,01,,0 5,770 373 2,070 2D 1,180
1962 1,737 1,030 4,830 364 1,710 227 1,060
1963 1 ,215 896 2,940 309 1,010 189 620
1964 1.34 1,070 1,250 396 464 226 265

Avg.
1949- 64 1,527 777 3,200 257 1,060 1&3 672
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Table 6.--Annual summaries of water discharge and dissolved solids, chloride,
and sulfate loads at selected stations in the Brazos River basin.--Continued

Dissolved sol ids Chloride Sulfate

Water Water Weighted- We ighted-discharge Load Weighted-
Year Load Load

(cfs)
average

(tons per day) average
(tons pee day) average

(tons perconcentration concentration concentration day)

85. LAMPASAS RIVER AT YOUNGS PORT

1962 102 354 97.5 98 27.0 22 6.1
1963 57.4 373 57.8 119 18.4 20 3.1
1964 86.5 301 70.3 84 19.6 15 3.5
Avg.

1961-64 82.0 340 75.3 98 21. 7 19 4.2

89. LITTLE RIVER AT CAMERON

1961 4,154 279 3,130 27 303 31 348
1962 854 302 696 43 99.1 37 85.3
1963 475 301 386 46 59.0 44 56.4
1964 573 263 407 40 61.9 29 44.9

Avg.
1961-64 1,514 282 1,150 32 131 33 135

90. BRAZOS RIVER AT STATE HIGHWAY 21, NEAR BRYAN

1962 3,538 669 6,390 196 1,870 134 1,280
1963 1,896 703 3,600 217 1,110 146 747
1964 1,334 511 1,840 143 515 96 346

Avg.
1962-64 2,256 647 3,940 191 1,160 [30 792

93. YEGUA CREEK NEAR SOMERVILLE

1962 131 319 113 65 23.0 98 34.7
1963 234 194 123 39 24.6 57 36.0
1964 41.4 162 18.1 26 2.9 45 5.0

Avg.
1962-64 135 231 84.2 46 16.8 69 25.2

96. NAVASOTA RIVER NEAR BRYAN

1959 529 226 323 80 114 25 35.7
1960 532 248 356 85 122 33 47.4
1961 1,373 143 530 44 163 19 70.4
1962 289 328 256 125 97.5 40 31.2
1963 48.7 288 37.9 110 14.5 43 5. 7
1964 52.0 317 44.5 141 19.8 30 4.2

Avg.
1959-64 471 203 258 70 89.0 26 33.1

97. BRAZOS RIVER AT RICHMOND

1946 10,220 299 8,250 53 1,460 39 1,080
1947 8,765 425 10,100 100 2,370 70 1,660
1948 2,687 479 3,480 118 856 84 60'
1949 4,645 423 5,310 103 1,290 76 953
1950 5,783 368 5,750 87 1,360 58 '06

1951 1,418 696 2,660 214 819 134 513
1952 1,820 370 1,820 85 418 54 265
1953 4,105 2[5 2,380 31 344 25 277
1954 2,727 453 3,340 127 935 72 530
1955 2,168 498 2,920 145 84' 83 486
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Table 6.--Annual summaries of water discharge and dissolved solids, chloride,
and sulfate loads at selected stations in the Brazos River basin.~-Continued

Dissolved solids Chloride Sulfate

Water
Water

Weighted- Weighted Weighteddischarge Load Load LoadYear (ds) average
(tons per day)

average
(tons day) average

(tons per day)concentration concentration
pee concentration

97. BRAZOS RIVER AT RICHMOND--Continued

1956 2,158 834 4,860 260 1,510 185 1,080
1957 15,290 317 13,090 65 2,680 54 2,230
1958 11,870 303 9,710 57 1,830 50 1,600
1959 4,450 323 3,880 74 889 51 613
1960 8,869 331 7,930 67 1,600 50 1,200

1961 16,130 312 13,590 64 2,790 49 2,130
1962 4,508 551 6,710 156 1,900 lO6 1,290
1963 2,759 513 3,820 145 1,080 100 745
1964 1,715 419 1,940 III 514 74 343

Avg.
1949-&4 5,&51 367 5,600 85 1,300 62 946

Avg.
194&-&4 5,899 368 5,860 84 1,340 61 972
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Table 7.--Summary of estimated yields of dissolved solids, chloride, and sulfate for selected drainage areas,
1949-64 water years.

Sub-basin and location
Contributing
drainage area

I(square miles)

Dissolved-solids
yield

Tons ITons per
per sq mile
day per year

Chloride
yield

Tons I Tons per
per sq mile
day per year

Tons
per
day

Sulfate
ield
Tons per
sq mile
per year

.....
o

'"

Upper Brazos River basin (area up_
stream from Possum Kingdom Dam) .....

Double Mountain Fork sub-basin
upstream from Aspermont station.

Salt Fork sub-basin upstream
from Aspermont station .

Salt Croton Creek sub-basin
upstream from Aspermont station.

Remainder of contributing area in
upper Brazos River basin .

Middle Brazos River basin (area between
Possum Kingdom and Whitney Dams) ....

Palo Pinto Creek sub-basin upstream
from Santo station .

Lower Brazos River basin (area between
Whitney Dam and Richmond station) ...

Bosque River sub-basin upstream
from Waco station .

Little River sub-basin upstream
from Cameron station···· .

Yegua Creek sub-basin upstream
from Somerville station·· .

Navasota River sub-basin upstream
[rom Bryan station .

13,310

1,510

2,060

64.3

9,740

3,620

567

17,850

1,655

6,982

1,008

1,429

3,080

520

1,740

850

825

267

39

2,580

222

968

125

220

84

125

308

4,830

31

28

25

53

49

51

45

56

1,110

90

820

485

200

21

5

281

17

110

25

76

30

21

145

2,750

8

2

3

6

4

6

9

19

700

215

260

30

230

21

3

304

33

114

37

28

19

52

46

170

9

2

2

6

7

6

13

7
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Table 8.--0bserved average concentrations and loads of dissolved solids, chloride, and
sulfate at selected sites on the Brazos River for the 1957-64 water years
and hypothetical averages based on partial control of natural salinity.

With low flow With 90 percent With 90 percent of salt
Observed weighted (2 ds or less) of salt load of from Salt Croton Creek

Cons t ituen t average of Salt Croton Sal t Croton controlled, plus partial
Creek removed. Creek removed. control of other sources.

Tons I Tons I Tons I Tonsppm per day ppm per day ppm per day ppm per day

~ 54. BRAZOS RIVER BELOW POSSUM KINGDOM DAM NEAR GRAFORD

Dissolved solids 1,020 3,510 861 2,970 794 2,740 765 2,640

Chloride 365 1,260 270 930 239 825 229 790

Sulfate 226 780 223 770 218 750 212 730

63. BRAZOS RIVER BELOW WHITNEY DAM NEAR WHITNEY

Dissolved solids 705 3,930 608 3,390 566 3,160 548 3,060

Chloride 228 1,270 168 940 150 835 143 800

Sulfate 145 810 143 800 140 780 136 760

97. BRAZOS RIVER AT RICHMOND

Dissolved solids 343 7,590 318 7,050 308 6,820 304 6,720

Chloride 75 1,660 60 1,330 55 1,220 54 1,190

Sulfate 57 1,260 56 1,250 56 1,230 55 1,210

,

~ Data from Hughes (1965, p. 6)

• ,



T~ble 9.-·Source and significance of dis50lv~d ~ineral c~nstitucn[~ and pr~perti~s ~f ~at~r.

Specific conductance Mineral content of the water.
(lIlicrOlllhos at 25- C)

Constituent

"property

Silica (SiO z)

Iron (Fe)

Calcium (Ca) and
magnesium (Mg)

Sodil.Cl (Na) and
poussiWll (K)

Bicarbonate (HC03 )

and carbonate (C03 )

Sulfate (SO.. )

Chloride (Cl)

Fluoride (F)

Dissolved solids

Hardness as CaC03

Hydrogen ion
concentr.tion (pH)

Source or cause

Dissolved frOlll practically all rocks
and soils, cDm::lonly less than 30 p~.

High concentrilltions, illS twch as 100
ppm, generally occur in highly
alkaline ...,aters.

Dissolved from practically all rocks
and soils. May also be derived from
iron pipes, pumps, and other equip·
ment. More than 1 or 2 ppm of iron
in surfa~e \,laters generally indicate
acid ~astes from mine drainage or
other sources.

Dissolved frOT:l practically all soils
and rocks, but especially frOOl lime
stone, dolomite, and gypsum. CalciWll
and magnesium are found in large
quantities in some brines. Magnesium
is present in large quantities in sea
",ater.

Dissolved frolll practically all rocks
and soils. Found also in ancient
brines, sea water, industrial brines,
and se..age.

Action of carbon dioxide in water on
carbonate rocks such as liaestone and
dolOlllite.

Dissolved from rocks and soils con·
taining gypsum, iron sulfides, and
other sulfur compounds. Coononly
present in lIline waters and in some
industrial wastes.

Diasolved from rocks and soils.
Present in se\,lage and found in large
amounts in ancient brines, sea water,
and industrial brines.

Dissolved in sl:l.ltll to o.inute quanti
ties from mOlit rocks and soils.
Added to many waters by fluoridation
of 1IILInicipai supplies.

Decaying organic matter. sewage,
fertiliters, and nitrates in soil.

Chiefly l:lineral constituents dis·
solved from rocks and soils. Includes
some water of crystallization.

In most waters nearly all the hardness
is due to caldWll and magnesilml. All
the lIletallic cations other than the
alkali Illetals .Iso cause hardness.

Acids, acid-generating salts, .nd free
carbon dioxide lower the pH.
carbonates, bicarbonates, hydroxides,
and phosphares, silicates. and borates
raise the pH.

forms hard scale in pipes and boilers. carried over in steam
of high pressure boilers to forlll deposits on blades (>f turbines.
Inhibits deterioration of zeolite-type .ater softeners.

On exposure to air, iron In ground water oxidizes to reddish-brovn
precipitate. More than about 0.3 ppo stain laundry and utensils
reddish·brown. Objectionable for food processing, textile pro.
ceuing, beverages, ice manufacture, bre...,ing. and other processes.
U,S. rublic Health Service (19&2) drInking·...,ater standards state
that iron should not exceed 0.3 ppm. Larger quantit!.. s cause
unpleasant taste and favor growth of iron bacteria,

cause most of the hardness and scale-forllling properties of water;
soap consuming (See hardness). Waters 101.' in calcium and magnesium
desired in electroplating, tanning, dyeing. and in textile manu·
facturing.

Large amounts, in combination with chloride, give a salty taste.
Moderate quantities have little effect on the usefulness of water
for QOst purposes. Sodiu:JI salts cay cause foaming in steam
boilers and a high content aay lhlit the use of ",.ater for
irrigation.

Bicarbonate and carbonate produce alkalinity. Bicarbonates of
calciUQ and magnesium decompose in stea... boilers and hot water
facilities to form scale and release corrosive carbon dioxide
gas. In co:nbination with calcium and magnesium, cause carbonate
hardness.

Sulfate in water containing calcium forms hard scale in steam
boilers. In large amounts, sulfate in cOl:lbination with other
ions gives bitter taste to water. Sam", calcium sulfate is can·
sidered beneficial in the brewing process. U.S. Public Health
Service (1962) drinking·water l>tandards recommend that the
sulfate content should not exceed 250 ppm.

In large amounts in combination with sodium, gives salty taste
to drinking ...,ater. In large quantitil'l>, increilses the corrosive
ness of water. U.S. Public Health Service (19&2) drinking-..ater
standards recor:::lend that the chloride content should not exceed
250 ppm.

Fluoride in drinking water reduces the incidence of tooth decay
when the water is consw:led during the period of enamel calcifi
cation. However, it may cause mottling of the teeth, depending
on the concentration of fluoride, the age of the child, alllOunt
of drinking water conSUlRed, and susceptibility of the individual.
(Maier, 1950)

Concentration much greater than the local average may suggest
pollution. U.S. Public Health Service (1962) drinking-...,ater
standards suggest a limit of 45 pp:n. Waters of high nitrate
content have been reported to be the cause of l:Iethel!lOglobinemia
(all. often fatal disease in infants) and therefore should not be
used in infant feeding. Nitrate has been shOlo..n to be helpful
in reducing inter-crystalline cracking of boiler l>teel. It
encourages growth of algae and other organiSl:lS which produce
undesirable tastes and odors.

U.S. Public Health Service (1962) drinking·",.ater standards
recollmend that waters containing mOre than 500 ppm dissolved
solids not be used if other less mineralized supplies are
available. Waters contain1ng more than 1000 ppm dissolved
solids are unsuitable for many purposes.

Consumes soap before a lather ",ill forLl. Deposits soap curd all.
bathtubs. Hard water forllls scale in boilers, water heaters, and
pipes. Hardness equivalent to the bicarbonate and carbonate is
called carbonate hardness. Any hardness in excelS of this is
c.lled non-carbonate hardne$S. Waters of hardne.s .5 much as 60
ppm are considered soft; 61·120 PP='. lDOderately hard; 121-180
ppm, hard; more than 180 ppm, very hard.

Indicates degree of aineralization. Specific conducrance is a
lIleasure of the capacity of the vater to conduct an ~l~ctric

current. Varies 1.'ith concentration and degree of ionization of
the constituents.

A pH of 1.0 indicates neutrality of a solurion. V.lues higher
than 7.0 denote increasing alkalinity; values lower than 7.0
indicate increasing acidity. pH 1s a ~eilsure of the activity
of the hydrogen ions. Corrosiveness of ",.ater generally increases
with decreasing pH. Ho..~ver, excessively alltaline waters l:Iily
also attack oetals.
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Table ll.--Suitability of waters for irrigation

Salinity hazard (C) and sodium hazard (S) Salinity hazard (C) and

Date that was equaled or exceeded for indicated sodium hazard (5) of water
Station Source or percentage of days of flow at selected from miscellaneous sites
(Fig. 3) period daily chemical-quality stations.

10 25 50 75 90

6 Double Mountain Fork Brazos River near Aspermont 1949-51, C4-S4 C4-S4 C4-S3 C4-S2 .G3-S1 --
1957-64

20 Salt Fork Brazos River near Aspermont 1949-51, C4-S4 C4-S4 C4-S4 C4-s4 C4-S4 --
1957-64

23 Brazos River at Seymour 1960-64 C4-S4 C4-S4 C4-S4 C4-S4 C4-S3 --
24 Millers Creek near Munday Oct. 10, 1962 -- -- -- -- -- C2-S1

49 Clear Fork Brazos River at Eliasv111e 1962-64 C4-S2 C4-S2 C3-S! C3-S1 C2-S1 --
54 Brazos River below Possum Dam, near Graford 1943-64 C4-S2 C4-S2 C4-S2 C3-S2 C3-S2 --
59 Palo Pinto Creek near Santo Oct. l4, 1962 -- -- -- -- -- C2-S!

61 Paluxy Creek at Glen Rose June 5, 1962 -- -- -- -- -- C2-S1

62 Lake Pat Cleburne near Cleburne May 14, 1965 -- -- -- -- -- C2-S1

64 Brazos River below Whitney Dam, near Whitney 1953-64 C3-S2 C3-S2 C3-S2 C3- SI C3-S1 --
70 Wace Reservoir near Waco May 24, 1965 -- -- -- -- -- C2-S1

76 Proctor Reservoir near Proctor Oct. I, 1965 -- -- -- -- -- C2- SI

81 Belton Reservoir near Belton Oct. 1, 1965 -- -- -- -- -- C2-S!

85 Lampasas River at Youngsport 1962-64 C3-S1 C3-S1 C3-S1 C2-S1 C2-S1 --
89 Little Rlver at Cameron 1961-64 C3-S1 C2-S1 C2-S1 C2-S1 C2-S1 --
93 Yegua Creek near Somerville 1962-64 C3-S1 C3-S1 C2-S1 C2-S1 CI-Sl -.

96 Navasota River near Bryan 1959-64 C3-S1 C3-S1 C2-S1 C2-S1 C2-S1 ..

97 Brazos River at Richmond 1955-64 O-SI C3-S1 C3-S1 C2- SI C2-S1 --
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