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STUDY AND INTERPRETATION OF
CHEMICAL QUALITY 0F
SURFACE WATERS IN THE

BRAZOS RIVER BASIN, TEXAS

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. 1In 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 wvariation
is related to the diverse geology and patterns of runoff from sub-basins. How-
ever, the intermittent inflow of brine from o0il fields has modified the general
streamflow-quality pattern for some streams.

0il 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.



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 variationms.

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.






STUDY AND INTERPRETATION OF
CHEMICAL QUALITY OF
SURFACE WATERS I N THE

BRAZOS RIVER BASIN, TEXAS

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 Development 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-~Survey before 1960 were summarized by Irelan and
Mendieta (1964).



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. McMillion (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 White 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 vallevs that
become deeper toward the eastern edge of the region. Much 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 down 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 Mountain 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 Texas 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.



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. 0il was
discovered as early as 1917 at Ranger in Eastland County, and subsequently
0il 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 o0il, 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. TFor 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 data 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
runcff 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 differences 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 shown by flow-duration curves. The shape of a flow-
duration curve is an index of the wvariability of flow. A curve with a steep
slope throughout indicates a highly wvariable 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 surface-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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CHEMICAL QUALITY OF THE WATER

Chemical-Quality Records

Although the U.S. Geological Survey operated a daily chemical-quality
station on the Brazos River at Waco 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. 1In 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 Water-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 wastes,
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)

oA 5l 1 B, S AT W NS S, < 1,000
Slightly saline..eewesvsess 1,000 - 3,000
Moderately salin€......es.. 3,000 - 10,000
Very saline ...... winins e i e 10,000 - 35,000
BEITEE o a6 0 wres 61606 torwnei oie 5151 > 35,000

As to geochemical types, waters are classified on the basis of the pre-
dominant cations 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 clearly predominant are recognized as
mixed types and are identified by the names of all the important cations and
anions.

On the basis of hardness, waters are classified as soft, moderately hard,
hard, or very hard. (See tabulation on page 53.)

Geology

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 mineralizatiom.
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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 waters
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 mineralizatiom.

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 water 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 Mountain
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). 1In
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
calecium 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 water
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,
undifferentiated, 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
Midway Group of Paleocene age and Quaternary alluvium. Low flow of the 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
was 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, Claiborme 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 Group 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 pattermns of
runoff in the drainage basin. However, the intermittent inflow of brine from
0il 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.

0il 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 basinj; 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 sodium 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 o0il 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
0il 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.

0il-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 widely 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. TFor 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.

3

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 wvariable. 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. When 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. Water 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 was 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-flow 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.

0il-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. However,
for about 50 percent of the time the dissolved-solids content equaled or
exceeded 680 ppm. Although the chemical quality usually improved with 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 runcff from the area downstream from the reservoir and seepage from
the reservoir. During the 1963-64 water 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 Whitney
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. Water 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 Whitney 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 Whitney 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 Whitney statiom.

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 vyears 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 Whitney 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 Whitney 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 Whitney and Belton Reservoirs has not
reduced appreciably the day-to-day variations of chemical quality of water 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 cof 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 stationms.
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 Mountain
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 Iorns, 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 can be estimated from records of the main-
stem station at Possum Kingdom Dam. 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 Dam 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 Whitney Reservoir had not occurred, the daily load
of dissolved solids, chloride, and sulfate at the Whitney station during the
1949-64 period would have been about 3,260 tons, 1,080 tons, and 683 tonms,
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-stem stations.
Also, no daily chemical-quality stations have been operated on tributaries
in the area. Some miscellaneous chemical analyses are available for the
principal tributaries; 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 toms, 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 basin, as discussed in this report, extends from
Whitney 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 Whitney 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 Whitney 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 Whitney 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 2,380
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 tomns, 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 tomns, 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.

White River Reservoir.--Impoundment 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 of water collected from
Lake Mineral Wells has ranged from 196 ppm to 262 ppm. The water is hard and
the calcium bicarbonate type.

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 shown 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
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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 Leon Reservoir usually contains less than
250 ppm dissolved solids but is hard. Principal dissolved constituents are
calcium and bicarbonate.

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 508 ppm; and the sulfate content usually would exceed 250
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Seymour Reservoir No. 1.--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
vears 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 Whitney 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.

Allens Creek Reservoir.--The proposed Allens Creek Reservoir would be an
off-channel reservoir that would store water from the Brazos River when flow of
the river below Allens 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 IMPROVEMENT 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, about®
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 integration 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 Whitney 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 (co3) »
bicarbonate (HCO3), sulfate (S04), chloride (Cl), fluoride (F), and nitrate
(N03). Other constituents and properties are determined to help define the
chemical quality of water; Table 9 lists the constituents and properties com-
monly determined by the U.S. Geological Survey, and includes a resumé 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 downstream, 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 Whitney 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 theé 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). When 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, and 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 Whitney 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 waters 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



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:

+
SAR = Na .
catt + Mg++
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 crops on
most soils with little likelihood that soil salinity will develop. Some leach-
ing is required, but this occurs under normal irrigation practices except in
soils of extremely low permeability.

'""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 (S1) 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 (S2) 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 (S3) 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 (S4) 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. O0f 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 Whitney Reser-
voirs results in some reduction of the salinity and sodium hazards of the main-
stem water. Nevertheless, the salinity hazard of releases from Whitney 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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Quality-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. Water U:8:G.5. T.W.D.B.
Year Water-Supply Report No. Year Water-Supply Report No.
Paper No. Paper No.

1940-45 —~- %1938—45 1955 1402 51955
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
1954, 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 Water-Supply Year Water-Supply Year Water-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 5 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 112
1930 703

P
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Table 1.-=Index of

surface-water records for

selected siles in the Brarzos River basin®.

|Rater. " l Drainage | Calendar _Years
tream ond Location
oy A 1901-10 1911-20 192-30 1931-40 1941-50 1951~60 (196165
I [Double Mountain Fork Brazos River at Justiceburg bl,272 Y
2 rih Fork Double Mountain Fork Brazos River,
+5 miles northwest of Slayton N
3 |Lake Buffalo Springs near Lubbock
4 |Rough Creek at mouth near Rotan
5 |Double Mountain Fork Brazos River near Rotan c7, 739
6 | Double Mountain Fork Brazos River near Aspermont c7,980
W, 020 %
7 | Double Mountain Fork Brazos River near Rule m
8 |Tank Creek near Rule
9 [Mehonald Creek at mouth near Post 112
10 | Running Water Draw at Plainview
11 | White River near Crosbyton P
CRORIPAA
12 [White River Rescrvoir near Spur
I
13 [Red Mud Creek at mouth near Clairemont
14 [Salt Creeck near Clairemont
15 | Duck Creek near Jayten
I6 | Butte Creek at mouth near Jayton
17 |Salt Fork Brazos River near Peacock d4,260
1% | Croton Creek near Jayton 284
19 | Salt Croton Creck near Aspermont 64.3
20 [8alt Fork Brazos River near Asperront d4,830 I l
Discharge mawaaaeswss  Gage heights only ninmnimmine Gage heights and discharge measurements wawvavawvaway  Reservolr  contents  mmmmmmmmim

Perlodic discharge measurements o s s Daily

See

lootnotes at end ol table.

chemical

quality IS  Periodic

chemical quality ANNNNWRNAY  Water temperature AXrrssxssnsss
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Table 1.-

~Index ol surface-water records

for selected sites In the Brazos River buasin', --Continued
::::- Stream and Location Dr::::qa Colendar Years
|_no. 1(‘5. m""ﬂ 1901-10 1911-20 1921-30 1931-40 1941-50 1951-60 1961-65
21 |North Croton Creek at mouth near Knox City
22 |Mustang Creek at mouth near Knox City
23 | Brazos River at Seymour cl4490
24 [ Millers Creek near Munday 113
25 | Millers Creek near Seymour
26 | Lake Trammel near Sweetwater Ay
27 | Lake Sweetwater near Sweetwater 104 Ao
28 | Lake Abilene near Abilene S A
29 | Kirby Lake near Abilene o o
30 | Lytle Lake near Abilene {
31 | Fort Phantom Hill Reservoir near Nugent 478
32 | Clear Fork Brazos River at Nugent 2,200
33 | Lake Stamford near Haskell 360 < 5
34 [ Hamlin Lake near Hamlin
35 |California Creek near Stamford 465 n .
36 | Paint Creek near Haskell B79
37 [Clear Fork DBrazos River at Fort Griffin 3,974 g
38 |Hubbard Creek near Sedwick 127
39 | Deep Creek at Moran 235
40 | Hubbard Creek near Albany 461
Discharge a2y  Gage heights only mnmmmuumnmnnnm  Gage heights and discharge measurements wavmsmnvenany Reservoir contents

Periodic discharge measurements :ssmaimm aas

See footnotes nt end of table.

Daily chemical

quolity S Periodic

chemical quolify dSRRRRRRAY

Woter temperature AAwowwdv sass,
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Table 1.--Index of surface-water records for selected sites in the Brazos River basin .

==Continucd
Refer- & ¥ i Drainage Calendar Years
n fream and Location
ey (s miles]  1901-10 1911-20 1921~30 1931-40 1941-50 1951-60  [1961-65
41 Salt Prouu.llubbard Creek at U.S5. Highway 380 65.2
near Albany
42 [North Fork Hubbard Creek near Albany 38. 4
43 [Salt Prong Hubbard Creek near Albany 116
44 |Snailum Creek near Albany 25.5
45 | Big Sandy Creek near Breckenridge 298
il
46 |Hubbard Creek Reservoir near Breckenridge 1,107
47 |Hubbard Creek near Breckenridge 1,111 -
48 | Lake Daniels near Breckenridge hY
49 | Clear Fork Brazos River at Eliasville 5,721
50 | Brazos River near South Bend 21,600
51 |Salt Creek at Olney 9.4
52 |Salt Creek near Newcastle 57.9
53 |Lake Graham near Graham 205 WSS S A
54 |Brazos River below Possum Kingdom Dam, 22 550
near Graford
55 [Brazos River near Palo Pinto 22,760
& =
56 |Keechi Creek near Graford
‘—
57 |Keechi Creek Reservoir near Graford
58 | Lake Hagaman near Ranger
59 |Palo Pinto Creek near Santo 567 X
% e et e
60 |Lake Mineral Wells near Mineral Wells SHy
Dischorge msswassawws  Gage heights only nnnmmmnminniing  Gage heights and discharge measurements #awsmwswavay  Reservoir  conlents

Perlodic discharge measurements -sesmsnmes. s

See footnotes at end of table.

Daily chemical

quolity e Periodic chemical

quality ARARARRRRNY

Water

temperature S ARARSEASRIAAN
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Table l.-~Index of surface-water records for selected sites in the Brazos River busin', - Continoed

|Refer- Drainage Calendar__ Years
ence Stream and Location Area E
no. 5q. m“.% 1901-10 1911=20 1921-30 1931-40 1941-50 1951-60 1961—65
61 |Paluxy Creek at Glen Rose 399
62 |Lake Pat Cleburne near Cleburne
63 | Nolands River at Blum 276
RRRPAES
=
64 | Brazos River below Whitney Dam, near Whitney 026,170
65 | Brazos Hiver near Whitney 026,190
66 |[Aguilla Creek near Aquilla 306
67 | Green Creek near Alexander 45.5
68 | North Bosque River near Clifton 972
69 | Middle Bosque River near McGregor 182
70 |Waco Reservoir near Waco < L S
71 | Bosque River near Waco 1,655
72 | Brazos River at Waco 28,500 —
5]
73 | Cow Creek at Mooreville 79.
74 | Leon River near Eastland 279
75 | Leon Reservoir near Ranger 252
76 | Proctor Reservoir near Proctor 1,265
77 | Leon River near Hasse 1,268 SRy
o6 ot ¥
78 | Lake Eanes near Comanche - <
79 | Lake Comanche near Comanche o
80 | Lake Hamilton near Hamilton hY A
Discharge RNNaaweneess  Gage heights only ununmmmminn - Gage heights and discharge measurements ZawasvaAZAY Reservoir contents  sumummimiimmmiig
Periodic discharge measurements s s Daily chemical qualily IESSSS————— Periodic chemical quality WAANNNWNRNY  Water temparature ~oosrsssssnsss,

See footnotes at end of table,




Table l.--Index of surface-water records for selected sites in the Brazos River M;.,qm“,——(‘ummuvd

Refer- Drainage Calendar Years
ance Stream and Location A
no (sq.'r;icllus 1901-10 1911-20 1921-30 1931-40 1941-50 1961 —65
81 |Belton Reservolr near Belton 3,560
82 |Leon River near Belton 3,572
3¢
83 |Sulphur Creek below Lampasas
84 |Lampasas River near Kempner 817
85 |Lampasas River at Youngsport 1,244
Fot
#6 |North Fork San Gabriel River at Georgetown
87 |South Fork San Gabriel River at Georgetown
N
8H | S5an Gabriel River at Georgetown 399
89 |Little River at Cameron 6 982
od x
90 [Brazos River at State Highway 21 near Bryan
91 |Little Brazos River at State Highway 21 near Bryan
92 |Brazos River near Bryan 38,400
93 [Yegua Creek near Somerville 1,008
94 |Lake Mexia near Mexia 198
95 |Navasota River near Easterly 940 - bl
96 |Navasota River near Bryan 1,429
97 |Brazos River at Richmond led4,020 gy -
98 |Brazos River near Juliff edd 100
obe
99 |Big Creek at Farm Road 1994 near Guy FaR Y
100 [Big Creek at Farm Road 762 near Guy )yt bt
Discharge axanawwewwes  Gage heights only winmmmnonmnninim  Gage heights and dischorge measurements wawawawaway  Reservoir conlents  mumisEnEmem

Periodic discharge measurements

See lvotnotes at end ol

Daily
table.

chamical

quality IEEErsssm Periodic

chemical

quality CRARRARRRRRY

Water temperature SAssssxxrissss
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Table |.--Index of surface-water records for selected sites in the Brazos River basin'. --Continucd

|Reter-| i i r Drainage | Calendar Years
ream
-y ond Location 1;,;',;,‘{!!J 1901-10 1911-20 1921-30 1931-40 1941-50 1951-60  |1961-65
101 [Big Creek at county road 9 miles northeast of Guy LH‘
58

Damon

102 |Cow Creek at Kitty Nash Road 8 miles northeast of

103 |Brazos River at Harris Reservoir, near Angleton

104 |Varner Creek at State Highway 35 at East Columbia

105|Brazos River at Brazoria Reservoir, near Brazoria

Discharge Ny Goge heights only i

Periodic discharge
records lor other sites are lound in publications or files of

a Index ot

b of
c of
d ol

¢ ol

which
which
which
which

1,003
6,470
2,770
9,240

meosurements ssssaaen. s Daily chemical

square miles is probably noncontributing.
square miles is probably noncontributing.
sgquare miles is probably noncontributing.
sqQuare miles is probably noncontributing.

Gage heights and discharge measuremenis

quality = FPeriodic

RTINS Reservoir contents

chemical

quality SaRRRRRRY

Water temperature

the Texas Water Development Board and the U.S. Geological Survey.

PSRRI EI S AARAS
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Table 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.)

Year a/t1otal
Name of reservoir operation Stream i:g:i%iy Owner County Use
biEgan (acre-feet)
Lake Buffalo Springs 1960 North Fork Double 5,360 Lubbock County Water Lubbock M, I, R
Mountain Fork Control and Improve-
Brazos River ment District No. 1
White River 1963 White River 38,600 White River Municipal Crosby M, I, Mi
Water District
Lake Sweetwater 1930 Bitter and 11,900 City of Sweetwater Nolan M, I
Cottonwood Creeks
Lake Abilene 1921 Elm Creek 9,790 City of Abilene Taylor M
Kirby Lake 1928 Cedar Creek 7,620 City of Abilene Taylor M, Ir
Fort Phantom Hill 1938 Elm Creek 74,310 City of Abilene Jones M, Ir
Lake Stamford 1953 Paint Creek 53,070 City of Stamford Haskell M,
Lake Cisco 1925 Sandy Creek 25,600 City of Cisco Eastland M
Hubbard Creek 1962 Hubbard Creek 317,800 West Central Texas Stephens M, I, Mi
’ Municipal Water
District
Lake Daniel 1948 Gonzales Creek 10,000 City of Breckenridge Stephens M, I
Lake Graham 1929, 1958 | Flint and Salt Creeks 53,680 City of Graham Young M, I
Possum Kingdom 1941 Brazos River 724,700 Brazos River Authority | Palo Pinto | M, I, Ir,
Mi, P, R
Lake Palo Pinto . 1964 Palo Pinto Creek 44,100 Palo Pinto County Palo Pinto M, I
Municipal Water
District No. 1
Lake Mineral Wells 1921, 1943 | Rock Creek 8,420 City of Mineral Wells Palo Pinto | M, I
Lake Pat Cleburne 1964 Nolands River 25,560 City of Cleburne Johnson M
Whitney 1951 Brazos River 1,999,500 U.S. Army Corps of Hill-Bosque | P, FC

Engineers
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Table 2.--Reservoirs with

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

a/
Year Stoeg
Name of reservoir operation Stream capac%ty Owner County Use
hegan (acre-feet)
Waco (Enlargement) 1929, 1965| Bosque River 726,400 U.S. Army Corps of McLennan M, I, FC
Engineers,City of Waco,
Brazos River Authority
Lake Creek 1952 Manos Creek (Brazos 8,400 Texas Power & Light do. 1
River off-channel) Company
Leon 1954 Leon River 27,290 Eastland County Water Eastland M, T
Supply District
Proctor 1963 do. 374,200 U.S. Army Corps of Comanche M, T, IE,
Engineers, FC
Brazos River Authority
Belton 1954 do. 1,097,600 do. Bell M5 T5 IE;
FC
Stillhouse Hollow b/ Lampasas River 630,400 do. do, My Ly, I,
FC
Alcoa Lake 1953 Sandy Creek (Little 10,500 Aluminum Company of Milam I
River off-channel) America
Somerville b/ Yegua Creek 507,500 U.S. Army Corps of Burleson M, I, Ir,
Engineers, FC
Brazos River Authority
Lake Mexia 1961 Navasota River 10,000 Bistone Municipal Limestone M, I
Water District
Camp Creek Lake 1948 Camp Creek 8,550 Camp Creek Water Company|Robertson R
Smithers Lake 1957 Dry Creek 18,000 Houston Lighting & Fort Bend 1
' Power Company
William Harris 1947 Brazos River & Oyster 12,000 Dow Chemical Co. Brazos M, I
Creek off-channel
Eagle Nest-Manor Lake 1949 Unnamed Tributary to 18,000 T. M. Smith, et al Brazoria Ir
Varner's Creek
Brazoria 1954 Brazos River off-channel] 21,970 Dow Chemical Co. do. M, I

3/ Total storage capacity is that capacity below the lowest uncontrolled outlet or spillway and
most recent reservoir survey available.

Ej Under construction.

is based on the



Table 3.--Summary of chemical analyses at daily stations on streams in the Brazos River basin, Texas.

(Analyses listed as maximum and minimum were classified on the basis of the values for dissolve

values of other constituents may not be extremes.

d solids only;

Results in parts per million except as indicated.)

Dissolved solids Hardness Spectf
Mag Po- Bi- (calculated) as CaCoO, dalo- ety
Date Mean Cal- | ;&= car- Fluo-{ Ni- B duct-
of Discharge 3;:1“)‘ clum | fe- | Sodtum | t18- | poq. | Sulfate | Chloride [ryqqirate| o | Tons tons | G- | Non- | %= | ‘ance | pn
collection (cta) 10| (Cay | Bhum | (Na) Istum| W7 | (80 | (C) | ey |(Noy per '| ear- FRrP~micro-
(Me) ® |mco,) Fer | acre- per Mag-| pon- mhos at
million day ne- ratio -
foot shum ate 25°C)
5. DOUBLE MOUNTAIN FORK BRAZOS RIVER NEAR ROTAN
Water year 1950
e T TV wum, Jan. 21-31 a0 14 800 156 6,170 126 |2,190 9,700 --| 19,100|26.0 0.0 |2,640|2,530(52 28,900|7.6
Minimum, Sept. 5-9 1,542 13 49| 8. 118 12¢ 177 91 1.2 b531 .72 2,210 156 58| 4.1 A71|8.1
Weighted average-- 146 15 971 16 152 126 294 160 1.4 812| 1.10 azo 308 205| 3.8 1,270 --
Water year 1951
WaxImum, Oct. 22-24, 1950-————- ad 18 559] 110 3,070 117 |1,5080 4,800 --| 10,200|13.9 .0 |1,850|1,750|31 15.800(7.7
Minimum, Aug. 21-25, 1951- 910 18 9 16 115 127 300 101 1.2 b731 .99 1,800 310 206| 2.8 1,10017.8
Weighted averagoeeeeeeeee= 32.6 | 19 17 28 218 121 525 270 = 1,300 1.77 114 554 455) 4.0 1,940 --
6. DOUBLE MOUNTAIN FORK BRAZOS RIVER NEAR ASPERMONT
Water year 1940
axImum, War. 1-10, 1949-cacomo- 0.77 13 636l o2 779 116 |1,770 1,220 w=| 1.5| 4,570| 6.22 9.5 |1,970(1,870| 7.6| 6, 340 --
Minimum, Sept. 11-20- 14 a1 13 110 115 2564 a5 -] 2.2 b664 90| 2 090 256| 162| 3.0 1,020(7.7
Weighted average---sseacaaaaa. - 139 14 138] 20 130 120 380 150 - 2.6 916| 1.25 344 426 328| 2.7 1, 410( --
Water year 1950
aximum, Feb. 1-13, 19-28, 1950- 1.62] 13 614 82 595 116 |1,700 920 - 1.2 3,980( 5.41 17 1,870|1,770| 6.0 5,350(7.8
Minimum, May 11-13--- 2,275 16 74, 9.6 132 120 240 114 - | 1.0 646 .88 3,970 224 126 | 3.8 1,030(7.6
Weighted average----eccacccaaaa. 171 15 162 18 138 109 460 148 - 2.3 1,010| 1.37 466 478 388 2.7 1,470 -
Water year 1951
WaxImum, Aug. 5, 8, 196l-ceecmea a0 23 B16| 115 553 76 |2,340 860 s .0] 4,740 .45 .0 |2,510|2,450| 4. 8| 5,920|7.8
Minimum, Aug. 23-29-- 743 18 10 17 142 133 330 132 - 3.5 b842| 1.15 1,690 332 223| 3.4 1,280|7.9
Weighted average--=eecocacccaaoao 63 18 249 29 167 106 700 203 --| 2.4] 1,430| 1.94 243 740| 654| 2.7 1,980 --
Water year 1957
Waximum, July 9-16, 1957-c-ccmu- 4.62 26 588| 83 787 5 |1,720 1,180 --| 1.6] 4,420| 6.01 55.1 [1,810|1,760| 8.0 | 6,020(7.5
Minimum, June 1-7,6 13-14, 19-20-| 2 849 16 104 14 89 122 a7’ a7 e | 4.3 b 689 .94 5,300 317 217| 2.2 1,020/7.8
Weighted average------ececoeccmeaaa 35 14 152| 16 110 110 400 123 --| 3.0 910 1.24 B65 445| 355| 2.3 1,300 --
Water year 1958
Waximum, Feb. 23-28, 1958------- 9.02 10 640| 102 1,470 130 |1,660 2,400 e -=| 6,350| 8.64 155 2,020(1,910 (14 9,430(8.0
Minimum, Oct. 22-28, 1957- 492 11 61| 10 138 137 208 115 - 2.5 b636 .B6 B45 193 80| 4.3 989(8.0
Weighted average-----cecemoaaaan 130 14 217| 22 207 110 592 265 ~- | 2-5] 1,390| 1.80 488 632| 542| 3.6 | 1,970| --
Water year 1850
xImum, Aug. 1-7, 1959 590 80 969 103 |1,600 1,530 - 1.0 4,840 6.58 64.8 |1,800(1,720| 9.9 6,600)|7.2
Minimum, July 1l-6e--- 110f 14 99 110 318 88 --1 3.0 b715 97| 8,890 332| 242 2.4 | 1,060/7.4
Welghted average-—-cacoaaooo 163| 18 149 113 429 168 -1 2.6 999 1.36 591 456 363| 3.0 | 1,460 --
Water year 1960
WaxImum, War. 1-12, 1960----——— 3.48( 12 650 98 1,080 120 |1,750 2,090 - --| 5,740| 7.81 53.9 12,020)1,930 (10 8,350(7.5
Minimum, Dce. 18-21, 1959- 559 11 631 11 158 138 204 155 - 3.2 674 .92 1,020 202 B9 | 4.8 1,110{8.1
Weighted average-saeecacaacaao o 149 22 139| 17 151 112 410 159 - | 4.3 977| 1.33 393 417| 325| 3.2 | 1,410] --
Water year 1961
HaxImum, May 1-16, 196)l-ceccauan .B8| 15 B70] 128 1,160 90 (2,210 2,020 0.6 — 6,450| 8.77 15.3 |2,700|2,620( 9.7 8,700/ 6.9
Minimum, June 16-19-- 18 100 14 126 122 291 124 B 1.8 761 1.03 6,280 307 207 | 3.1 1,150|6.9
Weighted averafe--cessccccmccana 15 168| 21 185 100 472 237 — 2.4 1,180] 1.60 1,270 506 424 | 3.6 1,720| --
Water year 1962
XImum, Dec. 16-31, 5.9 |13 655|116 1,290 163 |1,760 2,090 - -=| 6,000( 8.16 95.6 [2,110|1,980 (12 8,520\ 7.4
Minimum, July 1B, 1962-- 464 - =] - - 66 490 62 - - b851] 1.16 1,070 578 524 - 1,230 7.4
Weighted AVETARE~~cmmecmmmmeemae= 173 16 157 20 186 115 455 217 == 3.3 1,140| 1.55 532 475| 380 3.5 | 1,850/7.5
Water year 1963
Waximum, War. 1-31, 1963- ——— 512 B30| 158 1,080 B8 |2, 080 2,000 - -0 @,200| 8.43 B.37(2,720(2,650| 8.0 | B,2680(7.0
Minimum, June 2-12cceca-- -| 2,064 18 73| 12 112 130 221 94 [1.2]| 3.5 h599 .81 3,340 232| 125| 3.2 830|7.6
Weighted averajpessescaccacaaaa 164 17 159| 24 182 124 457 220 --| 3.0/ 1,120] 1.52 49 496| 394 | 3.5 | 1,640|7.3

See footnotes at end of table.
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Table 3. -—Summary of chemical analyses al daily stations on streams in the Brazos River basin, Texus, == Continued

Dissolved solids Hardness
Bi- (calculated) as CaCO,
Date Mean Cal- | Mag- Po- | car. Fluo-| Ni- cal
of Discharge clum | Be- | Sodlum | tas-| ., | Sulfate | Chloride | 14, |¢rate Tons “ | Nom-
(81Qy) fum | (Na) |stum Parts Tons | cium,|
collection (cts) ca) |* ate | (000 | (€) | (p)|(noy por car-
(Mg) ® |mco, per per Mag-
million | BCre- day ne- | boo-
foot sium | 5@
6. DOUBLE MOUNTAIN FORK BRAZOS RIVER NEAR ASPERMONT--Continued
Water year 1964 L
xImum, Way 1, 3-7, 196d-ccaa_o 0.7 |13 880|181 1,080 2 ,120 2,150 -- --| 6,470 | B.80 12.2 ,940 2 B70| 8.7 | B,6870( 7.1
Minimum, Nov. 189, 1963-- 143 8.2 222| 8.8 76 62 568 78 - 3.0 994 | 1.35 a84 580 | 539( 1.4 1,2900 7.4
Weighted average-------- 18.8 |14 289 38 357 104 B75 466 - 2.9 2,000 2.84 106 BBO 795 5.1 2 ,860[7.3
17. SALT FORK BRAZOS RIVER NEAR PEACOCK
Water year 1950
Waximum, Apr. 14-15, 1950----aoo 0.19 |13 1,050(375 11,200 123 |3,250 17,800 --| 33,700 | 45.8 17 4. 160 4, 060|75 45,100( 7.3
Minimum, Sept. 26-28---- 720 12 56| 18 241 121 141 345 1.8 b934 1.27] 1,820 214 114 7.2 1,560(7.7
Weighted average~-cceemcccccacaa. 134 16 158 | 46 731 137 412 1,160 4.3 2,610 3. 55 944 583 470 |13 4.380] --
Water year 1951
“Waximum, Apr. 20-24, 30, 1951--- 75|24 796 |303 8,280 145 (3,410 [13,200 --| 25,100 341 51 h,230 3,110 |63 as,9n0| 7.7
Minimum, May 19-27-.. 313 22 64| 17 163 133 159 218 2.5 b728 .99 615 230 120 4.7 1,280| 7.8
Weighted AVErAge--mmmeecmmac e 31.2 |24 195 54 1,150 139 550 1,790 --| 3,840 | 5.22 323 708 | 594 |19 6,280 --
18. CROTON CREEK NEAR JAYTON
Water year 1960
Waximum, Apr. 28, 1960--c—-o c0.91 - e 11,500 - -- |3,540 18,100 -— - v -~ HK,740 == - | 46,700} -~
Minimum, July 7-8ececoammaaaaaoo 791 e ] - 269| 8.5 72 (1,600 410 -— - — -~ Q1,670 [1,610 - 3,630 7.5
Water year 1961
Waximum, Apr. 5, 196)l-ccmccccaan ¢, 54| == | - 10,900 - -- 3,720 17,200 - - - -~ W, 840 S - | 4B =a
Minimum, Oct. IB, 1960-ccmcaeua 4,980 - e 130] 4.1 58 |1,380 182 - - - == 11,430 1,380 -« 2,700 7.6
Water year 1962
oo mwum, Apr. 7-8, .4 - et | e 11,900 101 |3,480 [19,700 - - i -= 4,580 |4,500| --| 45,300/ 7.4
Minimum, Bept. 2-4, 248 - -] == 232 54 1,590 330 - - - -~ 11,660 [1,620] --| 3,340 7.9
Weighted average-----c-ceemmeeen 13.0 - -] == B54 75 |1,770 1,310 - - - == |1,890 1,790 - 6,160 --
Water year 1963
Waximom, Apr. 2-12, 1963-coce——- -3 |23 1,410)411 11,800 104 |3,060 (18,900 --| 36,600 | 51.1 30.4 [5,210(5,120(71 43,3000 7.4
Minimum, Nov. 26-27, 1962- - 202 18 505| 30 334 70 |1,530 485 1.0 3,030 4.121 1,650 1,610 |1,550| 3.6 3,970 7.5
Weighted AVErARE===escmmmemmmen= 25.4 |18 T48| 64 1,360 76 |1,920 1,850 - 5,490 7.47 a1 ,130 |2, 070|112 7,730 7.2
Water year 1964
Waximum, Apr. 18, 1964-- - 8.2 |30 | ;e 12,900 114 [4,310 |20,900 --| 40,300 56.3 92 5,040 |5,850 -~ | 50,900 7.5
Minimum, Oct. 21, 1963- - 26.0 7.2 72| 27 431} 5.5 52 948 690 2.0 2,510 3.4] 176 1,040 996| 5.8 3,830 6.9
Weighted average-----= —————— 2.72|13 908|145 3,890 80 |2,390 6,200 --| 13,600 1B.5 99.9 ,B60 |2 790|29 18, 400 6.9
20. SALT FORK BRAZOS RIVER NEAR ASPERMONT
Water year 1949
—r"{'!““"—r“nx mum, War, 21, 24-28, 1949--- 8.50|14 [1,330(490 28,400 105 |2,850 |45,400 ——| 78,500 o7 1,800 5,330 [5,250[169 90,0000 7.6
Minimum, July 16, 31, Aug. 1 109 17 128 34 433 138 336 662 5.0 1,680( 2.24 494 460 346| 8.8 ) -
Weighted RVETrARE==mmmcmemmamem=— 157 15 274| 46 1,160 112 709 1,820 --| 4,080 s5.54 1,730 a73| 781|17 6,380 --
Water year 1950
Maximum, Apr. 1-15, 30, 1950--—- a.41]11 1.440|274 16,900 159 | 3,440 26 8BO --| 48,900 | 66.5 54 4,720 |4, 5900107 én,anm 7.7
Minimum, Sept. 6-10, 27 1,004 15 166| 26 448 116 435 670 4.0 1,820 2.4 4,930 521 426 8.5 3,060 7.8
Weiphted averagesssceccccccnuana= 166 16 320| 52 1,400 117 - 2,230 - 4,870 6.6 2,180 1.010 916{ 19 7,640 --
Water year 1951
Maximum, Marv. 1113, 27. 1951-== 9.60| 17 1,220(445 27,500 114 | 2,760 43,800 -=| 75,800(1n3 1,960 4,870 |4,780/171 95,500 7.3
Minimum, May [9-24--- 713 26 L18] 19 423 153 320 588 6.3 1,580 2.1 3,040 372 247 9.5 2,76m 7.9
Weighted averape 64.5 | 24 aB4| 79 2,250 118 | 1,020 3,660 - 7 380 10,0 1,290 1,280|1,190f 27 L1, 0n -
See footnotes al end of table.
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Dissolved solids Hardness
elfic
> 5 Bi- (calculated) as CaCO; | So- SP:W_
Date Mean Cal- | Mag- o- | car- Fluo{ Ni- dlum| g, 0¢.
of Discharge (SR cjum | fe- | Sodium | tas-| oo - | Sulfate | Chlortde |y o8 Tona Cal- | oo | ad= | Grce pH
lectl (510,)| (& slum | (Na) |slum (804) (C1) Parts Tons clum, orp-
collection (cfs) (Ca) ate (F) |(NOy per car- (micro-
(Mg) ®) |mco. per per Mag- tion
(HCO,) acre- bon- mhos at
million foot day ne- | L ie |ratio 25°C)
alum
20. SALT FORK BRAZOS RIVER NEAR ASPERMONT--Continued
Water year 1957
aximum, Fe I=8, 1987=ncuccaca-c 0.68)12 1,490(455 27,600 149 3,190 | 44,100 -~ | 76,900 110 149 5,590 5,470 160 |86,600(7 .0
Minimum, June 2-4-- -] 4,590 15 126| 19 300 127 319 428 6.1 1,280 1.7415 860 392 288 6.8 2 nHN|7T.H
Weighted averapeeeseecemmcoasana— 299 17 247| 33 882 117 625 1,460 --| 3,220| 4.38| 2,600 752 | 656 14 | 6,080 .
Water year 1958
MaxImum, Septl. 1=14, 1958-—oeae— L72113 1,540]348 20,700 135 3,630 32,900 -~ | 59,200 | 83.7 115 5.270 15,160 (124 (74 100 (7.0
Minimum, Oct. 14-19, 23.26, 1957- 399 14 119 27 848 129 311 1,290 2.9| 2,670 3.63| 2, 880 408 | 302 18 | 1.650|7. 0
Weipghted averapgess-—cmccccecana—x 71.4 |13 330| 68 2,800 124 B26 4,410 - 8,500 11.6 1,640 1,100 1. 000 37 [12 700 .
Water yoar l'.)5f_}
Maximum, Mar. 30-31, 60|24 1,570| 556 36,100 90 3,510 57,400 —— 199,200 |145 161 6,200 16,130 (199 Jol noo (7.0
Minimum, Aup. Bel2-ceeeaa 648 23 140| 22 609 123 a62 910 2.8 2,130 2.90| 3,730 440 339 13 1 R3O K. 2
Woipghted DVOPARO-mees cc e 126 17 263 47 1,540 121 666 2,420 - 5,020 6.83 1,710 8450 750 24 7.700] -
Water year 1960
_MT:H":W—KP—.‘ 28-30, 1960-=————— 2.27(13  |1,420(478 30,400 158 | 3,240 | 48,300 — | 83,900 121 514 5,510 5,380 178 |92 400|712
Minimum, July 7-9-- - -| 4,280 22 106 17 310 125 209 420 a.8 1,240 1.69(14,330 334 232 74| 2 140|7 . H
Weighted AVErARE-==-em-ee———————— 80.2 (18 246| 49 1,810 126 653 2,820 --| 5,860| 7.70| 1,230 816| 712]| 28 | R, 240 --
Water year 1961
Maximum, Aug. 18, 1961-coemeoe 28.0 |13 |1,520(523 41,900 103 | 3,060 | 66,500 —= 114,000 |168 8.620 5,940 |5.860 (236 J15. 0007 1
Minimum, Oct. 19-20, 1960 6,115 13 112| 16 313 107 226 498 .5 1,230 1.67/20,310 346 258 7.3 2. 3207 4
Weighted average---cceoccccmcaaao 253 16 322| 49 1,470 136 B17 2,290 -— 5,030 6.84( 3,440 1,000 894 20 T.680| -
Water year 1B62
Waximum, Apr, 1-7, 7.0 (13 [1,240(403 25,000 122 | 3,030 | 39,600 -~ | 69,300 98.9 [ 1, 310 4,750 (4,650 1568 |71, 000(7, 2
Minimum, June 9-10- 977 - | - - 84 594 B10 --| 2,230| 3.03] 5.8B80 710| 641 --| noBan|7.4
Weighled averages-ceeeeeemeeeeea— 63.2 |16 449 78 2,860 111 | 1,200 1,490 -—-| 9,150 12.4 | 1,560 1,440 |1 . 340 28 123 0007 .1
Water year 1963
Maximum, Aug. 19-20, 1963--—-oo_o 13.3 |17 |1,920(|369 32,100 68 | 2,720 | 50,800 -- | 87,400 [122 3,340 4.810(4. 760|201 [96,100|6.6
Minimum, June 1B-20 -1 1,191 24 120 20 3az 124 344 472 0.8 1,380 1.88| 4,440 104 a0a3 72| 2.260|7 7
Weighted average-- ——————— BO.B |17 319| 61 1,850 116 854 2,900 --| 6,070 B.26[ 1,320 1,050 as8| 20 | B 770(7 4
Waler year 1964
MaxImum, July 2, 1064--——ceome—_ B6.0 |38 |1 730621 50,000 99 | 3,310 | 79,500 = [135, 000 |202 34,480 66,8706, 790 =27, 000|710
Mindimum, June 1617 256 30 292) 39 978 118 B22 1,460 3.5 3,680 5,001 2,540 HA9 T92] 14 A, 740079
Weipghted averages-- 19.1 |20 6291135 6,270 112 1,570 9,960 -- | 18,600 | 25,03 9459 2. 12nf2, 0an| 52 (24, 80n|7.2
23. BRAZOS RIVER AT SEYMOUR
Water year 1960
Waximum, Mar. 1-16, 1960- 27.3 |22 G44 | 189 1,310 74 | 1,830 6,940 | 0.6 --| 14,000 19.2 [ 1.030 2.380(2.320( 38 20,800 (6.4
Minimum, July 6e=llcccaeaa 4,953 18 1501 19 256 103 425 a40 -—1 3.5 1,260 1.71] 16,850 452 368 521 1.990(7.1
Weighted avers 279 17 209 | 32 649 108 576 a71s == - 2,510 J3.41| 1,890 653 564| 11 3,960 5
Water year 1961
Maximum, Foh. 27-28, 196lewcacaa- 110 - - -- - 95 - 4,700 - -- | 17,200] 23.6 5,110 2,370]2,290 -=|25,000|7,2
Minimum, Oct. 14, 16, 1960« 1.686 11 77| 15 154 72 210 218 --| 2.8 123 L98] 3,290 254 194 42| 1,250(7.7
Weightod AVOrBHOm e cem—————————— BO7 13 211| 32 548 96 592 R17 -=| -=] 2,270 3.09| 4,950 658 580 94| 2,600 -~
Water year 1962
MaxImum, Apr. 15-23, 1962--cca--. G.8 7.6 678|229 5,240 142 2,240 8,210 - -—| 16,700 23.0 307 2.63n|2,520| 44 [23.3n0(7.2
Minimum, Sept. 14,600 - -] - - 86 104 180 - - 9446 1.29]37.290 415 344| -~ 1.40017.3
Weighted avers 308 14 241 ] 38 691 103 659 1,060 - - 2,750 JT4) 2,290 759 674 1n 4,320)7.4
Water year 1963
T MaxTmum, A 5. 7-27. 1963 24.0 | 7.7 815[1K1 3,910 144 [ 1,850 [ 6,200 | - -] 12 A00] 17.5 829 | 2,280]2,160 36 [18,400]7.3
Minimum, June 1, Gel0eeas 2,462 14 BB 19 183 136 254 222 1.1] 4.2 HH2 1. 16 5, 660 208 186 4.6 1,400(7.4
Welghted avernpesseecmecaaoaoooo 299 15 233 42 734 123 G46 1.1 --| =--] 2,850| 3.88] 2,300 7531 652] 10 | 4,390]7.3

See tootnotes at end of table.
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23.  BRAZOS RIVER AT SEYMOUR--Continued
Water year 1964 o N
Waximum, Feb. 9-10, 1964 |, 230 a8 | es2| 73 6,770 128 11,600 | 10,800 -= | 20,100127.7 | 3,960 |2,290|2,180 28,500(7.8
Minimum, Sept. 22-2d--a- 2,682 8.2 121 14 120 78 316 160 1.5 779 1.06| 5640 360 '206| 2.7[ 1.250|7.3
Weighted averapge--—cemeceaua 87.7 11 250 44 a18 90 711 1,410 - 3,390 4.61 BO3 BO7 733) 12 5,17017.2
32. CLEAR FORK BRAZOS RIVER AT NUGENT
Mater year 1949
Ximum, Mar. 21-31, 1949--- 4.15% 4. 370] 138 T74 140 1,460 1,090 2.5 3,010, 5.32 44 1,490|1,380] B.7| 5.650|7.H
Minimum, Sept. 15-16---- 860 B. 34 1.1 20 104 32 8.0 2.5 158 .21 3687 89 4 9 264|7.1
Weighted average 58.1 10 65 15 54 120 145 63 2.3 425 . 58 67 224 125) 1.8 659 --
Water year 1850
aximum, Mar. 11-20, 19060--ca== 1 6. 314 149 573 106 1,300 B52 1.0 3,250, 4.42 12 1,400(1.,310] 6.86| 4.760|7.7
Minimum, Oct. 22, 24, 26-28,1949 234 : a3 8.2 13 106 36 13 1.8 hl81 +25 114 116 29 ] 294| 7.0
Weighted average--——cececcceaan s 64.6 14 59 17 47 119 131 59 3.2 410| .56 72 217 120] 1.4 624 -
Water year 1951
WaxImum, Feb. 11-19, 3.94 6. 352 | 157 619 194 1,470 B35 4.2 3,540| 4.81 38 1,520(1,360| 6.9] 5.060|7.9
Minimum, July 2-4, 27 140 16 36 11 25 117 47 29 4.0 b234 .32 B8 135 39 B 390(7.9
Weighted average 43.8 17 77 24 76 136 197 26 4.4 569 B & 67 290 179] 1.9 B71| ==
Water year 1952
Waximum, May 28-29, 5.35| 17 4 325| 97 772 132 1,310 1,000 7.3 3,590 4.88 52 1,210(1,100] 9.6 5.070[7.09
Minimum, Sept. 22, 24-25 102 B. 37 7.3 14 104 44 12 5.2 b201 .27 55 122 a7 6 AR
Welghted average----e-- = 10.8 12 65 28 81 165 165 106 2.8 558 .76 16.3 277 1421 2.1 RAG
Water year 1953
Waximum, Feb. 11-28, .22| 12 82 86 262 131 383 438 4.0 1,330| 1.81 .79 558 450 4.H| 2.250|8.2
Minimum, July 15-22- 203 14 32 7.3 15 111 22 17 4.7 b179)| .24 98.1 11n 19 6 KON
Weighted average----=seecscee——- 12.4 15 40 10 20 124 48 a7 3.4 260 .30 .7 141 40| 1.1 419] --
35. CALIFORNIA CREEK NEAR STAMFORD
Water year 1963 BI ol
Maximum, Aup. 17-31, 0.3 T 560 | 353 1,620 108 2,070 2,920 - 7,580[10.3 6.14|2,850|2 ,760|13 1o, nnf 6.0
Minimum, May 3l-ccacaa 1,260 23 40 9.5 30 113 48 12 3.2 262 .34 H57 139 461 1.1 4067 .6
Weighted averapge---—-ccccmmnaaad d32.9 bty 104 52 152 131 348 233 3.8 974| 1.32 BG. 5 461 a658| 2.3| 1.420|7.5
Water year 1964
Maximum, Apr. 28-30, 1964----w- .8 8.1 833| 628 2,810 131 3,090 5,280 - 12,700/ 17.4 27.4 [ 4,660)4, 550 == 17 . 000(7.7
Minimum, June 12-13--- 86,0 14 a8 8.7 43 141 61 52 1.8 208 .41 69.2 160 44 1.8 513|7.9
Welghted average. 2.0 9.4 152] 105 367 167 670 553 - 1,940| 2.64 10.5 B11 674 4.5 2.800{7.3
d6. PAINT CREEK NEAR HASKELL
Water year 1950
T Maximum, July 25-26, 28, 1960--4 67 .5 14 98 40 294 93 100 615 1.8 1,210, 1.65 221 409 333] 6.3] 2.260|K.0
Minimum, AU, l7--<coccaccaccns - 27.0 12 18 4.4 12 86 9 4.2 3.0 bl0o8 +15 7.9 63 0 .7 173|R. 0
Water year 1951
T Maximum, May 21-22, 24, 26, 195 118 20 94 42 209 114 168 410 1.5 1,000 1.36 a19 a7 214 4.5 1,790{6 0
Minimum, My 1B=l9-ceccmccmeaaa - 211 17 26 7.9 12 116 12 H.0O 5.0 b157 21 a86 97 2 ] 249 K. 1

Sce [ootnotes at end of table.
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Table 3 <=Summary ol chemical apalyses al daily stations on streams in Che Brazos River basin, Texus. --Continued

Dissolved solids Hardness Specifi
M P Bi- (calculated) as CaCO, | 8o- |7,
Date Mean Cal- | Mag- o= | car- | " S -
of Discharge Silical oy | fie- | Sodlum | tas- | o | Sulfate | Chloride r:-l‘:iT lf:te Tons Cal- | Con. | ad= dl.':::t
810,) slum | (Na) [stum (S04) (©n Parts | 1OM Tons | clum = - .
collection (cfs) ( (Ca) ate ‘. (F) |(NOy per '| ear- [P°"Pimicro-
(Mg) (K) . per per Mag- tion
(HCO,)| acre- bon- imhos at
million day ne- ratio .
foot stum | *t8 28°C)
37. CLEAR FORK BRAZOS RIVER AT FORT GRIFFIN
Water year 1950 y
Waximum, Apr. 17, 1950 2,064 8.4 123 44 445 84 112 LEL 4.2 1,680 2.38 9.360 488 419) 8.8| 3.120
Minimum, Nov. 9-21, .92] 14 32 8.4 12 126 17 14 B 160 .22 4 114 11 . 267
Weighted average---=- 131 12 47 12 45 117 68 687 2.9 333 .45 118 167 T X 544
Water year 1951
Maximum, May 20-21, 1,533 7.4] 132 8l 192 101 492 255 2.8 1,180 1.60 4,880 539 456| 2. 1,900
Minimum, May 19-20- 1,119 B.B 31 7.8 21 121 28 18 3.0 b183 .25 553 109 10 .f a4
Welghted average-----—=cemeoee- 88.7 | 16 58 15 44 119 101 67 3.5 393 .53 94 206 108 1.0 B30
38. HUBBARD CREEK NEAR SEDWICK
Water year 1964
Waximum, Feb. 1-3, 1964-c-cec-- 0.2 8.7 60 8.9 54 153 15 115 0.2 0.5 337| 0.46 0.18 186 aof 1.7 GIR
Minimum, Nov. 8-11,6 19-20, 1963 34.4 7.7 30 1.7 6.4 I 4.4 B85 8.8 14 0 2.5 118 .16 11.0 A2 12 3 213
Welghted average-——-=———==—eecea- 1.3 8.7 42 5.3 24 105 17 53 - - 207 .28 73 127 41 R ARR
39. DEEP CREEK AT MORAN
Water year 1963
WaxTmum, Mar. 10-13, 0.1 2.2| 365| 134 992 92 368 2,240 - 4,150| 5.64 1.12]1 4601 ,390| 11 7,070
Minimum, May 30-31l------ 1,308 14 -- - 16 122 17 28 3.2 178 - - 121 21 -6 J0H 0
Weighted average—————ceccmaax - 13.2 |13 44 9.7 a7 117 28 75 2.9 267 .36 9.52 151 55| 1.0 470 1
Water year 1964
WaxTmum, Jan. 30, 1964 13.0 | == - - 119 214 1,220 --| 2,330| 3.17 81.8 9256| B28| -«| 4,160(7.5
Minimum, Nov. 20-21, 30.5 | 6.2 28 5.6 18 81 15 2.8 149 .20 15.8 93 26 .8 284 6.5
Weighted average—-—-—-———-—c—ceuen 5.6 8.5 56 12 70 110 a1l 155 3. 391 .53 5,91 191 101 2.1 797 6,7
40. HUBBARD CREEK NEAR ALBANY
Water year 1962 )
aximum, Apr. 5-6, 1962----e--- 76.0 6.7 209 7.8 539 107 222 1,200 3. 2,310 3.14 474 B42 755 8.1 4, 0a0|7
Minimum, Sept. 58.4 |12 32 6.3 24 27 15 43 0.2 1. 182 .25 28.7 106 260 1.0 n26| 7.0
Welghted average--=—emeemmee—=- e32.0 |11 54 13 75 108 a7 158 1. 403 .55 34.8 188 1nol 2.4 740} 7.
Water year 1963
Waximum, Jan. 1-11, 1963-vew-m- i 5.0| 146 38 237 140 118 565 o 1,180f 1.60 32 520 406 1.5 2,18007
Minimum, May 22--- 1,330 8.2| 38 4.7 19 110 14 38 1. 177 .24 636 114 24 .8 316|7.
Weipghted average-- 17.7 9.5 42 7.5 37 106 24 73 2. 248 .34 11.9 136 48| 1.3 44917
Water year 1964
aximum, May 1-2, 1964---ceue-- .2 - - - - 142 183 200 e 1,810 2.46 .98 875 558 -=| 3,150{7.
Minimum, Sept. 18-21--- - 153 7.6| 27 3.1 16 88 12 20 3. 132 .18 54.5 80 H R 236(6
Weighted average-- - 16.0 7.8 38 6.5 37 90 19 75 3. 231 .31 9.98 121 8 1.3 134|6
41. SALT PRONG HUBBARD CREEK AT U. 8. HIGHWAY 380, NEAR ALBANY
Water year 1964
““Maximum, WMay 1-4, 12-21, 28-31,

196 ecccmnm—— 2:1 6.2 a0 48 230 240 73 458 0.5 2.0 1,030, 1.40 5. 84 422 226]| 4.9| 1.880|7.0
Minimum, Nov. 26.8 |10 31 5.0 24 99 14 av 2.9 173 .24 12.5 98 17] 1.1 312)7.0
Welphted average———————emecooaex 6 9.0 59 22 100 167 10 196 2.1 512 .70 .83 238 Inl| 2.6 ua7| 7.2

s—— .

See lootnotes at end of table.



9L ~

Table 3. -=Summiry ol

vhemieal analyses at daaly stations on streams o e B River basin, 1 Comtinued
Dissolved solids Hardness Spe
cific
Bi- (calculated) as CaCoO, ;ﬂ- e
Dal _ | Mag- Po- 3 J i um b
o e o [3ttcal S3= | Vo™ | Sodtum | tas- | 2" | suitate | chioride [F9OT M cal- ad- | 2ot
Discharge (St clum bon- ride |trate | o Tona — clum | Non- ance | pH
collecton (cfs) 0,) (Ca) [8lum | (Na) |stum| " | (SO,) (c1) (F) |(NOy arts per | car- POTP-{(micro-
(Mg) ® |(uco,) mﬁﬁr acre- s:' M| pon. | ton rnlmnat
on | "roat y u;:m ate ratio 25°C)
42, NORTH FORK HUBBARD CREEK NEAR ALBANY
Water year 1963
aximum, Apr. 1-26, 1963——--aa-- 0.4 8.6 620|197 299 116 128 3.050 - - 5,060 6.88 5.46 |2 3602 .260| B.9] 8.71n|7
Minimun, June 11-12-c-- 18.4 |11 138 29 289 72 13 722 0.2] 1.5 1,240 1.69 61.6 164 4051 5.8| 2,.94n|7.n
Welghted average---cecococoooood .7 9.5 368| 108 651 105 67 1,860 - - 3.,120] 4.24 5.90 |1,360()1 280 7.6 5,560](7.
Wnter year 1964
Waximum, Rug. 22-25, 27,

Sept. 1, 1964 .3 9.9 572|193 1,070 113 156 3,050 - - 5,110| 6.95 4.14 |2.220)2,130 9] R . 7an|6. 1
Minimum, Feb. 4-56- BS 12 106 25 192 97 22 480 1] 6.3 891| 1.21 204 a6K 2R 4.4 1. 740(7 .1
Weighted average--- 1.4 9. 265| 78 484 120 63 1,320 - - 2,290 3.1} 8. 66 a81 HB2| 6.4| 4 1807

43. SALT PRONG HUBBARD CREEK NEAR ALBANY a -
Water year 1962 ] a
aximum, May 1-31, 1962---- - a0.4 9.2 415|138 763 76 120 2,180 - 3,660( 4.98 3.95 [1,600]1,540| H.3| 6,490|6, 4
Minimum, June 10-e-- 2,420 -- - == —-— 129 24 156 - 397 .54 | 2,590 200 91 - 607,06
Welghted average el7.8 |12 106 27 169 124 34 430 2.8 846 1,15 40.7 a76 274 3.8 1,500|7.6
Water year 1963
aximum, Way 1-21, 2 B.B 502|177 836 96 159 2,520 - 4,250| 5.70 2.30 |1,980([1 900 8.2 7. 280[6, 8
Minimum, May 22--—ee--o 72.0 - e - 115 27 395 - 766| 1.04 149 346 252 | 1,470|7.4
Weighted average 1.2 8.9 247| 78 430 130 103 1,180 1.1 2,110| 2.87 6.84 938 HI1 | K.5| 3 ,820|7.1
44.  SNAILUM CREEK NEAR ALBANY S
Waler year 1964 T
aximum, Way B-10, 1964---- 0.4 7.3 345[ 102 701 a6 78 1,880 1.o 3,160| 4.30 3.41 hr2ani. 210 | R.G6| 5. 6an]7 2
Minimum, Nov. 20-24, 1963- 2.0 8.4 48| 10 69 82 14 163 .0 352 48 1.90 161 94 | 2.1 v
Weighted average. 7|12 B4| 20 155 B0 22 asl1 3.2 7158 97 1.35 294 Q28 | 3T | a6
45. BIG SANDY CREEK NEAR BRECKENRIDGE
Water yvear 1962 . s
Maximum, Apr. 1-2, 1962-cccmeoeen 0.6 - — - - 29 59 4,180 - 6,730 9.19 10.9 2.55n |2 e aanl7 o
Minimum, June 12-14---- 229 8.7 23 4.1 22 62 11 43 0.0 142 19 87.8 74 327 (4.0
Welghted avernge-ee--—-—— mmm———— «d1.2 |10 39 5.8 12 a6 14 B3 - 243 33 20.5 121 AR 7.
Water year 1963
aximum,

July 11, 12 262| 62 576 113 62 1,420 1.5 2.,450| 3.33 2.65 908 MI6 | 8.3 | 4,380]|7.2
Minimum, May 30-31- 1,131 17 19 2.1 3.9 62 -B 3.5 9.8 86 12 263 a6 5| 2.3 1517 0
Weighted averageeeemceccenecamem 28.5 |17 28 1.6 23 76 7.4 43 3.6 162 22 12.5 85 221 1.3 2R6|7.1

Water year 1964
Waximum, Apr. 5, 6, 10, 1964-—--| .3 112 1,110(221 2,810 118 557 6,160 == | 11,200(15.3 9.07 [3,B680 |3, 580 -= 7.600|7 .4
Minimum, Nov. 21, 39.0 |11 - - - 26 3.2 1:1 - 42 .06 4.42 2H K - 590465
Weighted average- 33.1 |10 30 4.2 27 B2 13 49 2.8 178 .24 15.9 93 26 ] an7|6.9
47. HUBBARD CREEK NEAR BRECKENRIDGE
—p— —
Water year 1956
aximum, Apr. |17-28, 1956—-——--_| 1.28] 5.6 268 48 498 132 32 1,280 0.2 1.2 2,200 2.99 7.60 HE6 7581 7.4 | 4,.120)7.9
Minimum, Oct. 3-10 BR.7 |10 32 3.6 13 101 8.7 20 5] 3.5 bl152 21 36.4 95 12 .6 25617.9
Weighted average- 22,7 |11 38 1.4 32 106 11 58 4] 2.7 212 20 13.0 113 26 1.3 6| -~

See footnotes at end of table.




Table 3. --Summary o! chemical analyses at daily stations on streams in the Brazos River basin, Texas, --Continued

Dissolved solids Hardness Speeifid
3 Bi- (calculated) as CaCO, d?o- con-
um
Dat " M_n.g- Po- » il i duct-
p o [Silteal S | - | Sodtum | tas- | S35 | suitate | Chioride [Fli07 NI Cal- [ oo ad- | ot
of Discharge clum bon- ride |trate Tons on an
(81Q,) slum | (Na) |sium (804) (cn Parta Tons clum, sorp~
collection (cis) (Ca) (Mg) (&) ate L (F) |[(NOy par per e Mag-| €™ [tion (mlcro;
- - mhos af
(HCO,)| million | 2cTe day ne- | PO | otio e "C
foot sium ae )
47. HUBBARD CREEK NEAR BRECKENRIDGE--Continued
Water year 1957
Maximum, Aug. 8-31, 1957acaca-_. 14 204| 51 384 149 259 820 0.4| 5.9 1,810 2.468 2.44 718 596 | 6.2 3,160
Minimum, Feb. 6eBecaaaa—_ 6.2 25| 2.3 15 79 7.0 21 .21 2.0 118 .16 2, 380 72 T R 213
Weighted average-—-——-——-——ooo_ 8.4 36| 4.1 24 98 10 46 .5| 2.9 180 28 308 107 26| 1.0 331
Water year 1958
WaxImum, June 13, 1958 6.7 325| 76 741 132 81 1,800 .41 3.0 3,100 4.22 167 1,120 (1,020| 9.6 | 5,600
Minimum, Oct. 14-15, 6.4 29| 3.2 19 87 10 31 .B| 1.0 143 .19] 3,870 86 14 .9 258
Weighted average-—--emmmmeo 7.6 50| 8.6 61 103 23 129 .5 1.8 332 . 45| 183 160 76| 2.1 622
Water year 1959
_M_Il‘ax mum, Apr. 16-30, 1959--=munx 20 5.8 325| 81 389 144 702 8B40 .4 6.8 2,420| 3.20 0 1,140 1,030 5.0 3,780
Minimum, July 16-- - 251 5.8 28 2.5 20 79 12 31 1] 3.5 143 219 96.9 BO 15 1.0 254
Weighted average————-eeeoaao__ 47.9 9.4 51 8.4 56 104 24 121 2| 3.6 325 .44 42.0 162 78| 1.9 628
Water year 1960
aximum, July 1-5, 1960 - a0 - - - - 109 - 3,180 - - 5,350 7.28 -= {1,820(1,730 --| 9,220
Minimum, July 6- -] 1,340 8.8 34| 3.5 12 101 11 ‘20 4] 2.0 142 .19 514 99 16 o8, 247
Weighted average-—-———-ccoermrmenn 83.0 9.4 51 B.T 58 107 25 120 212.7 330 .45 74 163 76| 2.0 601
Water year 1961
WaxImum, Way 16-31, a.06( 5.1| 275| 61 439 163 440 920 -3(1.2| 2,220| 3.02 .36 | 937 B04 | 6.2 | 3,680
Minimum, June 15mmecccaa- 265 = - - —_— 65 25 10 S — 112 P g, 1 BO.1 78 25 - 189
Weighted average——————————______ 134 11 47 8.2 51 105 20 109 3] 2.3 300 .41 109 151 65| 1.8 563
Water year 1962
WMaximum, May 1-31, 1962wmcccaea- a.8 | 7.1 265| B2 522 150 264 1,230 -= 5] 2,440| 3.32 5.27 | 998 786 | 7.2 | 4,290(6.8
Minimum, Sept. 5-30--- 74.3 |13 37 4.8 30 89 18 59 .31 1.8 208 .28 41.7 112 39| 1.2 373 7.1
Weighted average-—-———oeemeeo 68.5 [11 64| 13 81 108 27 207 - - 489 .64 B6.7 213 124 | 2.7 885|7.2
Water year 1963
aximum, War. . 7.1 | 245| 62 250 3.8| 88 632 495 o 4 1 1,740 2.37 1.41 866 794 | 3.7 | 2,640(7.3
Minimum, Apr. 54.0 | 7.9 43 5.9 17 5.7 89 42 39 -] 4.2 209 .28 30.5 132 59 6 362 |7.2
Weighted average--- 46.2 | 9.3 53| 8.0 49 128 16 106 -=1 1.7 307 .42 38.3 165 61| 1.7 578 |7.2
Water year 1964
aximum, July 30, B.4 8.5 280 | 61 227 155 700 415 3 .8 1,770 2.41 40.1 250 822 | 3.2 12,5907,
Minimum, Sept. 24- 1.2 7.3 50 6.1 11 65 97 13 --1 1.0 217 -30 .70 150 97 .4 37016.6
Weighted average-——eem—cme—o 29.3 4.7 50 7.7 47 117 19 101 --1 1.3 290 .39 22.9 155 59 1.7 561 (7.
49. CLEAR FORK BRAZOS RIVER AT ELIASVILLE
Water year 1962
T Maximum, June 1-5, 1962-———cooov 390 2.2 | 255[159 576 134 912 1,050 --| 1.5| 3,020| 4.11] 3,180 1,290 (1,180 | 7.0 [4,810(7.5
Minimum, June 14-16 --| 9,830 15 44| 7.8 28 109 40 18 0.3)| 3.2 bh250 .34 6,500 142 53| 1.0 42317.1
Welpghted AVEra)e-m—mm e ————— 540 13 63| 18 86 116 95 156 --] 2.5 505 .68 736 230 135] 2.1 86017.2
Water year 1963
Maximum, Mar. 16-31 29.7 6.3 255 |100 507 216 620 940 -~ | 2.0 2,540 3.45| 204 1,050 870 | 6.8 4,040
Minimum, Apr. 29- 1,930 10 41| 6.2 29 120 19 48 -=| 6.0 218 .30f 1,140 128 29 | 1.1 364
Weighted average 194 9.3 BO | 26 117 141 149 203 -~ | 2.9 661 .90 347 307 191 2.7 |1,110
Water vear 1964
Maximum, Nov. 10, 1963 - 206 3.7 192 | 65 627 73 42 1,420 --12.5 2,380 3.25| 1,330 746 686 |10 4,500
Minimum, Dec, 1-3l--- - 175 4.0 19| 8.1 56 111 17 119 23] 1.6 310 .42 146 156 65 1.9 610
Weighted average 71.7 5.4 72| 19 133 118 63 273 --12.1 627 L8B3 121 259 1621 3.3 | 1,170

See footnotes at end of table.
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Table 3 ——Summary ol chembeal analvses o datly stal fons o) sUrcams bn the Brasos REver fnesg st Cantth il
Diasolved sollds Hardness J
Spectfy
o oo | Bt (calculated) as CaC0, | So- |00
Date Mean Cal- | Mag- %= | car- Fluo4 Ni- > dium | g o0p.
of Discharge ssl{h' cjum | Ne- So:r!‘lnm tas-| yon. | Sulfate | Chloride | 4ol o0 P Tons % (:a.l- Non- | ™= | anee | pit
collection (cts)  |(51Qq) (Ca) | ®lum | (Na) |stum| o [ (50,) (cn F arts ‘ons clum, " lsorp- S
a (F) |(NOy) per car (micro
(Mg) (K) (HCO,) RET | o ere- par Mag-) pon- | Hom |ros at
million foat day ne- | i |ratio 25°C)
sium e
50. BRAZOS RIVER NEAH SOUTH BEND
Watcr year 1942 1T T
aximum. AUR. 21=23, 1942-cca--. 364 496 BO 1.310 109 1,240 2,140 4.5| 5,320 7.2 5,230 1.570f 1,481 14 R, 250
Mintmum, Sept, 7=9-cemm— -| 9,335 40 7.3 60 91 53 92 1.8 299 11l ®,910 130 56 2.7 O
Welphted averages—seeacaaaaaoooo 1,309 110 24 251 125 226 411 2.2 1,080 1.4 4,070 3731 270 5.6 1, BdA¢
Water year 1943
THaximum, Way 20, 1943-.. 310 410 107 2,830 142 949 4,310 .5 8,480 [ 11.5 7,100 1.460] 1,350 10 13, 8o
Mindmum, Oct. 17-20, 1942 24 920 64 9.7 85 89 111 138 1.0 453 .62 30,500 200)| 126] 2.6 anl
Welghted averages--—-——-m-m-ooe 678 136 | 27 340 [ 118 305 549 -2 1,420] 1.99 2600 450 354 7.0| 2 440
Water year 1944
aximum, Dec. 11-20, 1943-cacaa-- 3.35 538 148 1,650 167 J90 3,540 2.5 6,350 B. 64 57 1,950 1,817 16 10, Bt
Minimum, Sept. 1-3, 6, 1944~ 568 85 11 90 95 50 174 4.3 431 . By 661 182 109 2.9 K21
Welphted averagee-cecemmmmmcee—o 236 139 27 318 113 284 539 4.9 1,370 1.BH #473 458 aea| 6.5 2 02
Water year 1945
aximum, Dect 11, 1944ecccmmaaax 350 535 113 4,550 111 1,130 7,380 9.7 13,800( 18.8 13,000 L.BOOF 1, 7104 46 22,70
Minimum, July H, 959 42 9.2 39 96 48 69 2.5 257 .3y 665 143 a4l 1.4 ALY
Weiphted average 545 146 24 358 113 294 598 3.3 1,480 2,01 2,170 463 ary 7.2 2. 470
Water year 1946
Waximum, Aup. 11-20, 1946-—————— 0 428 (113 1,540 93 413 3,100 2.8 5,640 7.67 0 1.5300 1 460 17 1o, hoiy 7.0
Minimum, Aug. 23, 29-30-- 42 6.3 64 103 30 108 2.5 h332 48 3,100 131 160 2.4 "o
Weipghted BVOrages—-mmmem———————— 503 173 | 25 379 108 394 610 2.1 1,660 2.2 2,250 534 446 7.1| 2 6%
Water year 1947
Waximum, Apr. 11-16, 62.3 530 |[127 2,290 110 1,240 3,860 - 8,100 11.0 1,360 1,840 1,751 23 12, Koo
Minimum, Nov. 5.6, 18 1,710 44 9.0 66 107 a3 118 2.0 bhaél | Ao 1,670 147 an 2.4 0B2!
Weirhted BVerage-------- 1,032 165 | 26 308 | 106 58 514 3.0[ 1.450( 1.97 4,040 s19) aaz 5.9 g 000
Waler year 1948
Maximum, Feb. 21-26, 29, 1948--- 420 364 B4 1,380 131 932 2,250 - 5,070 6.9 5,750 1,2500 1,1500 17 Ho1
Minimum, Nov. 21-23, 1947-ccee-- 471 117 21 236 102 275 370 L0 1,070 1.4 1,360 378 295 5.3 1,RIf
51. SALT CREEK AT OLNEY '
Wiater year 1958 l i
Waximum, July 4-5, 0 4.8 1,190 |260 5,910 59 52 11,900 | 0.0| --]19,300( 26.5 4,040 3 990 40 | 29 HO| BT
Minimum, Sept. 26 1.2 | == - - 90 -- 15 -] == 120 -- - 78] i == 214 K, )
Weighted average 2.74|14 41 9.0 118 88 6. 222 4 - 458 . 62 3.39 140 6Hl 4.7 Rotl -
Water year 1959
[aximum, Apr. 23-26, 1959-—-- 0 3.9]1194 56 1.140 55 61 2,190 6 - 3,679 4.99) 0 714 G701 19 G 6700 7 0
Minimum, Sepl. Jecccemeaes 20.0 6.0 25 1.7 9.8 a4 2. 12 1]12.5 101 .14 5.45| 69 1 5B 1821 7.7
Weighted average--cccmmmccaacaa. 36| 6.0 41 77 125 94 9. 225 «3 X 463 8_31 .45 134 57 4.7 M9l .
52. SALT CREEN NEAR NENCASTLE o
Water year 1958 -
MaxTmum, June 21-30,

July 1=-5, a0.15 ( 4.2 1350 87 1,190 B6 59 2,620 0.2 -— 4,350 5.92 76(1.230[1,160]15 T.RIN|T.2
Minimum, May 289 9.9 | 21 2.8 26 65 7.2 4n «213.0 142 k] 11 64 11] 1.4 2606|730
Weighlted averagescscecenmccaaaaa 14.7 (11 32 5.4 55 B1 9,9 99 -4 13.0 255 35| 19.1 102 6| 2.4 477

Water year 1959
Vaximum, Apr. |4-16, a0 4.1 |194 43 568 56 95 1,240 : - 2,170 2.95 n 661 615 9.6 3 94n|7.5
Minimum, July 1B=19-- 170 13 5.4] 2.1 5.8 26 3. 50 --13.2 51 n7 23.4 22 1 5 7217.0
Weiphted averapgteeemcscsmmmcncea 3.12 2 22 4.9 45 58 B.3 Bl -3 |32 2006 .28 1.73 73 26| 2.3 AH2| ==

Sce footnotes al end ol table.
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Table 3. -=Summary of chemical analyses at daily stations on streams in the Brazos River basin, Tesus,

~Continued

Dissolved solids Hardness Specific
™ Bi- (calculated) as CaCoO, dslo- con-
Date Mean Cal- ag- Po- | car Fluod N umi - guet-
i - - Ni- - 3
L Discharge [UC3) clum | fie- | Sodium | tas- | 1o, | Sulfate | Chloride |'rygq lirate Tons Cal- | yon. | - | ance |pH
collection (cfs) (510 (ca) [8lum | (Na) |stum| 0" | (504) €0 | (p) |(Noy| P2 | per b ‘;:,“m' car- [P (micro-
(Mg) ) (HCO,) mE;l:n acre- E:r n'f_' bon- ra?i:: imhos at
foot y ate 25°C)
slum
52. SALT CREEK NEAR NEWCASTLE--Continued
Waler year 1060
nximum, Oct. 19-20, 1989-cacaaa a0.10] 12 166 a8 424 140 32 950 0.4 4.0 1,700 2:31 0.486 570 456 | 7.7 | 3.230|8.n
Minimum, Oct 3-4 -« 1,670 18 9,9 2.8 12 47 4.2 10 -4 3.0 B2 1 a7o a4 n .89 120(7.3
Weighted average g36.4 | 15 16 3.8 27 54 7.3 42 | 3.1 140 .19 13.8 56 11] 1.6 242 -~
54. BRAZOS RIVER BELOW POSSUM KINGDOM DAM NEAR GRAFORD
Water year 1942
WaxImum, Feb. 2-9, 1942- --|194 13 523 192 424 850 -- | 2.0( 2,130 | 2.90| 1,090 661 504 | R.A| 3 870 --
Minimum, Sept. 1-10- --| 94 18 182 136 176 290 - 1.5 829 1.13 9,460 a08 1971 4.8 1,450| ==
Welghted average-———-cemeeeucax -=1119 23 220 144 242 352 - 1.8 1,030 1.40| 5,030 a92 274 | 4.8 1,77T0| -~
Water year 1943
aximum, Jan. 11-20, 1943-ccaaad 536 -=1132 27 302 140 242 516 - 3.0 1,290 1.76 1,870 440 326 | 6.3 2.330] --
Minimum, Dec. 21231, 1942 -=| 98 18 183 123 187 298 - 1.8 846 1.15 799 a18 218 | 4.5 1,570 -
Welghted average—————momecannae --|108 21 223 138 201 370 — 1.6 994 1.35 3,110 a58 246 | 5.1 | 1,760] -
Water year 1944
Waximum, Feb. 11-20, 194decaaan- 73.3 ~=-|138 23 336 148 279 535 - 2.5] 1,390 1.89 275 439 | 318 | 7.0 | 2 as50| -
Minimum, Dec. 21-31, 1943 - 40.0 -=-1131 27 275 136 276 450 - 3.2 1,230 1.67 133 438 326 | 5.7| 2,20n| -
Welghted average-—--eemmmeeeeaes 164 -=1137 28 301 152 274 498 - 2.5 1,310 | 1.78 580 457 | 33z | 6.1 | 2,270 --
Water year 1945
aximum, Mar. 21-31, 1945-cccana 883 =-=1150 32 381 137 279 658 - 3.2] 1,570 2.14 3,740 506 394 | 7.4 2.740] -=
Minimum, Sept. 21-30----. 320 --1118 26 296 140 204 508 - 1.8] 1,220 1.66 1,060 402 287 | 6.4 2.1 -
Weighted average 528 -=|135 27 335 140 256 561 - 2.5| 1,390 1.89 1,980 A48 33| 6.9] 2.41n| --
Water year 1946
aximum, Nov. 21-30, 1945 173 == 1148 26 a75 132 280 630 - 3.58| 1,530 2.08 7156 476 382 | 7.5 2,660
Minimum, July 21-31, 1946 617 --1132 23 285 142 255 468 e 1.0 1,230 1.67| 2,050 424 ANk | 6.0 2 1Ho| --
Welghted average--———-———- 502 -= 1137 24 310 135 262 519 - 1.3] 1,320 1.80 1,790 440 330| 6.4 2,000 -~
Water year 1947
Maximum, Oct. 1-10, 2,123 -=|164 31 359 126 325 620 - 1.0| 1,560 2.12 8,940 537 434 | 6.7 | 2,670 --
Minimum, Sept. 1-30, 620 ==1149 23 264 116 338 420 - 2.0 1,280 1.70] 2,090 466 | 372 | 5.3 | 2. 08| -
Wedghted average-——eomcccmecmemms 1,343 == 145 24 321 113 303 530 - 1.7 1,380 1.88 5,000 460 A6B | 6.5 2 360 --
Water year 1948
aximum, Aug. 1-31, 926 12 166 28 330 12| 131 379 538 S .5 1,530 2.08 3,830 530 422 | 6.2 2.550]|7.6
Minimum, Oct. 1-31, 304 150 22 281 120 344 438 - 2.0 1,300 1.77 1,070 465 366 | 5.7| 2,160] -~
Welghted QVerage-———————ccccnncas 470 162 26 321 118 a74 510 - 1.5 1,460 1.99 1,850 512 415 6.2] 2,450| --
Water year 1949
aximum, Apr. 1-30, 1949-cccmen= 125 8.6]| 184 29 e 119 417 612 - 2.8] 1,600 2.30 870 578 ARO | G.B | 2 RAO|T . K
Minimum, Sept. 1-30--- N 9.0|133 20 295 108 298 465 - 1.2| 1,270 1.73| 3,870 414 326 | 6.3 2,220(|7.4
Welghted average. 769 9.9]1861 26 333 115 376 531 - 1.2] 1,500 2.04 3,110 509 415 | 6.4 2, 54N| -~
Water year 1950
aximum, July 1-31, 1950-cccccaa 2,255 12 135 22 287 108 286 472 - 8] 1,270 1.73 7.730 4128 339 | 6.0 2,200]|7.6
Minimum, Jan., l=3leaea 140 7.5|122 22 248 108 265 404 - 8] 1,120 1.52 423 395 ané | 5.4 1,910|7.4
Weighled average-—-eeeccoecmnanas B9B 10 128 21 281 109 280 451 - 1.3 1,230 1.67 2,980 406 316 | 6.1 | 2,130| --
Water year 1951
WX Tmum, Aup. 1-10, 195lenmceaas| 1,281 11 139 27 361 126 309 580 - B 1,480 2.03 5,150 458 355 | 7.3) 2,620|7.5
Minimum, Dec. 1231, 386 9.4|123 24 254 110 267 418 - l1.0] 1,150 1.56 1,200 406 316 | 5.5| 1,990|7.2
Welghted averapge-——————mmemceeaas 603 12 131 24 308 120 291 490 - 1.7] 1,320 1.80 2,150 426 327 | 6.5 2,280 --

See {footnotes at end of table.
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- Dissolved solids Hardnena —I
S
Bl- (ealeulated) as CaCO, | So- p::rtf_w
Date Mean | Cal- | Mag- Po- | car- Fluo{ NiI- [ a [ ’|‘““"‘ duct-
of Discharge [S1€a oqim | fe- | Sodium | tas- bon- | Sulfate | Chloride "o T 0 T Cal- | ad- H
. 5103,) slu (Na) |[slur S FEC(LERE] o e gang Tons clu -l ance |p
collection (cfa)  [S10)] (caq) s m( ate | (804) €n | (r) |vog| AT | per : Mam.| car- [P ((nicro-
&) ) (HCO,) per | o ore- per 4B pop. | ton imhos at
million foot day ne- its ratio 25°C)
= sium
54. BRAZOS RIVER BELOW POSSUM KINGDOM DAM NEAR GRAFORD--Continued
Water year 1952
aximum, Sept. 1-30, 1952--——___ 4B.5 | 12 152 27 352 - 136 307 578 ERE 1.5] 1,500 |2.04 196 490( 37K 6.9] 2,510[7.58
Minimum, Feb. 1-20-——o-. B4.9| 11 130 24 308 119 288 192 - 1.8] 1,310 | 1.78 300 423| 326 | 6.5 2,240 7.6
Weighted average 204 13 135 23 331 124 205 527 - 1.5] 1,390 | 1.89 1,100 432 330 6.9 2. 410| -~
Water year 1953
aximum, June 1-30, 1953---- 334 14 158 a1 417 137 344 678 0.3 1.0] 1,710 |2.33 1,540 522 409 7.9 2,940]7.6
Minimum, Sept. 1-30 - 748 13 139 29 356 127 295 588 - L8] 1,480 |2.01 2,990 466| 362 7.2] 2,570|7
Welghted averageem-emmeemeaecaaaao 220 13 152 29 388 130 | 322 636 -=| 1.0] 1,610 |2.19 956 498| 392 7.6 2,770| --
Water year 1954
aximum, Feb. 6-19, 12 148 30 463 124 324 750 -=| 4.0] 1,790 | 2.43 191 493 392 9.1] 3,170/7.9
Minimum, July 1-31- 16 114 20 259 111 250 410 o 1.0] 1,120 | 1.52 2,980 a66| 276 5.9 1,960(7.6
Weighted average------ 14 118 18 289 113 245 460 == 1.3| 1,200 |1.63 3,410 J68( 276 | 6.6] 2 100 «a
Water year 1955
Wiximum, Way 1-31, 14 148 22 379 118 | 333 595 - 1.0| 1,550 [2.11 2,930 460| 164 7.7 2,620]7.6
Minimum, Sept. 26-30-- 15 124 16 253 115 286 378 - 1.0 1,130 |[1.54 |125,900 376 282 5.7] 1,850]7.5
Welghted average---—-- 13 133 18 291 114 301 448 - 1.0] 1,260 |1.71 3,810 406| 312 | 6.3 2,120 --
Wnter year 1956
Waximum, Jan. 1-31, 1956--eeccaa= 584 13 | 266 40 620 128 660 980 — 1.3]| 2,640 | 3.50 4,160 B28| 723 | 9.4| 4,230{7.K
Minimum, Oct. 1-16, 11 102 12 152 97 | 235 220 - 1.1 bB06 |1.10 | 23,760 304 224 3.8 1 07,1
Welghted average--—-eecemememm—— 11 156 21 292 107 are 445 - 1.2 1,370 |1.86 3,640 476| 3IBH 5.8] 2,22n] --
Water year 1957
MaxTmum, Oct. 1-31, 1956acacacan 67.3| 12 | 219 a0 501 128 518 790 - .B| 2,130 | 2.90 387 670 H65 | B.4| 3,430|7.6
Minimum, Apr. 26-30, May 1-10,
1957 - T.4 45 5. 4| 60 74 73 a1 - 1.8] b331 .45 | 34,780 135 74 2.3 573| 7.1
Weighted average--- 4,145 8.0 61 7.2 79 85 108 119 - 1.8 443 .60 4,960 182| 112 2.6 T4 =a
Water year 1958
aximum, Apr. 1-30, 1906B-c———ee- 459 8.0 126 18 389 125 253 615 - 1.5] 1,470 | 2.00 1,820 JBB | 2B6 R.6( 2 57017.4
Minimum, Dec. 1-31, 1957 - 845 7.6/ 109 17 208 117 | 216 335 - +5 951 | 1.29 2,170 d42) 246 | 4.9 1,640]|7.06
Welghted average-s-—-- - 1,226 9.6 120 20 276 121 248 443 - 1.1} 1,180 | 1.60 3,910 382| 282 6.2 2,010 --
Water year 1959
aXxImum, Sept. 208 12 134 22 327 125 | 294 515 - 1.8 1,370 | 1.86 769 425| 322 6.9 2 31n|7.4
Minimum, Mar. 68.1)| 10 104 19 229 114 195 382 - 1.0 996 | 1.35 183 J34| 244 5.4 1,780|7.7
Weighted average 458 9.2[ 115 21 264 123 | 235 425 - «9] 1,130 | 1.54 1,400 34| 272 5.9 1,960 --
Water year 1960
NaxTmum, Jan. 1-21, 1960-ccm———m 296 9.4| 188 32 577 118 | 416 940 - .8| 2,220 |3.02 1,770 600 504 |10 3,710] 7.6
Minimum, Nov. 1-30, 1959- 293 11 118 20 298 109 | 288 450 - «5) 1,240 | 1.69 981 376 287 6.7 2,130| 8.0
Weighted average-mmmmeomacoceaa. 749 10 | 129 22 345 114 | 288 546 - «B| 1,400 |1.90 2,830 412| 319 | 7.4| 2,370| --
Water year 1961
WaxTmum, Feb. 18-30, 1961 108 14 | 278 57 1,020 137 | 736 1,600 - 1.0| 3,770 |5.13 1,100 928 | B16 |15 6,030 7.4
Minimum, Oct. 28-31, 1960 4,515 12 134 18 275 98 | 2986 438 - .8| 1,220 |1.66 14,870 408 | 328 5§.9] 2,110]7.3
Weighted average--——emmcccaaaaas 1,409 11 165 28 444 115 | 398 697 - 9| 1,800 [2.45 6,850 526| 432 | B.4| 3,010 --
Water year 1962
MaxImum, Aug. 1-31, 1962 1,376 11 147 30 365 122 | 348 580 65| 3.0| 1,540 |2.00 5,720 490 380 | 7.2| 2 500|7.4
Minimum, Sept, 21-30-- 1,869 12 77 14 162 83 176 242 - 1.2 764 [1.04 3,850 250 174 | 4.5( 1,250|7.3
Welghted avernge= - —mmemmm o m———— 1,138 11 133 25 319 115 | 313 500 - 1.3] 1,360 | 1.85 4,180 434 341 6.7]| 2,290|7.2
Water year 1963
Waximum, War. 1-31, 144 9.7| 138 29 371 134 312 592 .4 .8] 1,520 | 2.07 591 464 | 354 7.5| 2,560|7.2
Minimum, Oct. 1-31, 727 12 104 17 220 106 | 222 340 .4 1.5 966 | 1.31 1,900 322 235 5.3 1,680(7.3
Weighted average--- B67 11 126 25 314 124 286 1496 oA 6] 1,320 | 1.80 3,090 417 315 | 6.7| 2,230|7.2
Water year 18964
aximum, Nov., 1-30, 1963-——————-- 63.1[ 12 137 27 358 126 | 351 540 .4 .8( 1,490 | 2.03 254 453 350 | 7.3| 2 ,500|6.7
Minimum, July 1-31, 1964- 803 11 125 25 | 313 | 6.5 113 304 510 .6 .8| 1,350 | 1.84 2,930 415| 322 | 6.7 2,300{7.3
Veighted averages---eeecommeemeen 231 11 129 27 323 123 | 307 515 .6 1.1 1,380 | 1.88 B61 434| 333 | 6.8 2,320|7.2

See footnotes at end ol table.
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Table 3.--Summary of chemieal analyses at daily stations on streams in the Brazos River basin, Texas.--Continued
Dissolved solids Hardness Specif
Bi- (calculated) as CaCO, d?a- con-
Date Mean Cal- | Mag- Po- | car- Fluo-| Ni- vl duet-
of Discharge [S1HC& o1y | fe- | Sodium | tas-| | Sulfate | Chloride | io|irate Parts | Tons — g“llm Non- | - | ance | pH
collection (cte) 100 (Ca) | BMum | (Na) |stum| .y, | (SO0 | (€D | (p) |(Noy per Mag.| - [gon [(micro-
(Mg) (K) (HCO,) ipoz. acre- per bon- imhos at
million day ne- ratio .
foot sium [ ™t 25°C)
63. BRAZOS RIVER BELOW WHITNEY DAM NEAR WHITNEY
Water year 1948
aXimum, May 1-10, 194Bewceccmae—_— 818 9.0 152| 24 312 130 341 492 -=| 0.8 1,380 1.89 3,060 478 372( 6.2 2,400 -~
Minimum, Dec. B, 12-18 1947--—- 1,748 - 40 5.9 36 103 44 50 -=11.2 b256 .36 1,210 124 400 1.4 420 --
Water year 1949
aximum, Oc 1-10, 249 13 161 ] 34 345 114 391 562 .- 0 1,560 2,12 1,050 542 448| 6.5 2,650 --
Minimum, May 17-22, 24,760 10 43 5.7 21 134 22 30 -—12.2 b216 .29 14,400 131 21 B asnls.0
Weighted average-—-————————mmemem— 1,566 10 89| 16 155 129 172 242 -=| 1.7 765 1.04 3,230 288 182( 4.0 1,300 -
Water year 1950
— Maximum, Oct. 11-24, 1949 oo 1,121 9, 126 | 22 282 112 282 148 -=] .8 1,230 1.67 3,720 405 313(6.1 2,090|8.0
Minimum, May 9, 16-21 1,517 11 38 6.7 39 125 45 39 --12.5 b242 +33 991 122 20 1.5 390 7.9
Weighted average-- 1,520 9. 84| 15 159 127 157 244 == 2.4 748 1.02 3,070 271 167| 4.2 1,290 --
Water year 1951
axImum, Sept. 21-30, 299 7.8 133 | 29 344 121 288 565 --]13.0 1,430 1.94 1,150 451 352| 7.0 2,500(7.4
Minimum, May 17-21, 25-31 748 9.4 44 8.1 62 102 59 a4 -=11.5 bh341 .46 689 144 60| 2.3 616(7.7
Weighted average-————cememmcmeaa— 840 8.2 119 | 23 276 127 260 437 -=12.6 1,190 1.62 2,700 392 2BB| 6.1 2, 060 -=
Water year 1952
aXimum, Oc 1-10, 1951l-mcmeeaa 514 9.0 131 | 28 a1v 144 278 512 =-=12.0 1,350 1.84 1,870 442 3241 6.6 2, 350|7.7
Minimum, June 11-20, 1952 94.1| 9.0 30 5.2 27 100 22 35 --12.2 b183 .25 46.5 96 14| 1.2 AQ2R| 7.8
Welighted average--—-—————o—coemoo 348 8.3 92|18 211 146 167 332 --|2.1 912 | 1.24 857 304 1B4l5.2| 1,590 -
Water year 1953
aximum, Nov. 1-10, 1952--ceeea-a 42.9| 8.8 120 | 22 269 151 233 430 --12.5 1,160 1.58 134 390 266| 5.9 2,020017.9
Minimum, June 21-30, 1953-—co- 808 8.8 71 ] 11 112 143 a3 178 ==|1.2 b547 .74 1,190 222 105| 3.3 GRHIH. N0
Weighted average-———e—mmcomee o 141 9.2 76 | 12 137 154 112 209 --|1.8 651 .89 248 239 113| 3.8 1,140) --
Water year 1954
Maximum, Nov. 19-20, 22-23, 1953 76.8 (13 124 | 17 291 119 235 475 --11.5 1,220 1.66 253 380 282| 6.5 2 140 8.0
Minimum, Oct. 1-13- ——— 56.2 (14 91 | 16 185 150 144 298 -=-|2.0 824 1.12 125 293 170( 4.7 1,440(7
Weighted average 912 9.6 107 | 18 242 131 198 392 -=|1.8 1,040 1.41 2,560 341 234/ 5.7 1,850 -
Water year 1955
axImum, Apr. 1-30, 1955-- 78.3| 8.0 120 | 18 289 130 248 450 --|2.8 1,200 1.63 254 374 267|6.5 2,0807.7
Minimum, June 17-30- 4,408 9.0 BB | 14 190 115 168 298 --12.0 b850 1.16( 10,120 277 183 5.0 1,470(7.8
Weighted average 297 10 104 | 16 238 124 205 374 --|1.8 1,030 1.40 2,770 326 224|5.7 1,760 --
Water year 1956
T Maximum, Sept. 1-30, 1956—————-— 609 10 137 | 22 289 115 345 430 --|1.2 1,290 1.75 2,120 432 338(6.1 2,160|7.8
Minimum, Nov, 1-30, 1955-- 411 8.8 92 | 14 159 Lo7 196 242 -=11.0 766 1.04 B50 2B7 200)4.1 1,340(7.4
Weighted average—————mm—- —————— 1,571 10 116 | 16 220 116 255 333 -=|1.4 1,010 1.37 4,280 356 260 5.1 1,710) --
Water year 1957
Maximum, Oct. 1-31, 1956————e-v 639 13 147 | 26 303 115 361 470 --]1.0 1,380 1.88 2,380 474 380(6.1 2,230|7.9
Minimum, June 11-20, 1957-—————-| 34,260 |12 51| 5.8 53 104 67 78 -=11.5 | b337 46| 31,170 150  65/1.9 548|7.7
Weighted average-——mmememem—azao 6,213 11 62 7.9 82 106 96 126 -=11.5 459 .62 7,700 187 10012.6 T66| -~
Water year 1958
~ Waximum, Sept. 1-30, 1958-ccmmm- 564 |11 88 | 14 181 136 147 288 --]1.5 876 | 1.19| 1,330 277| 166|4.8 | 1,390|8.2
Minimum, May 12-31 4,512 13 o8 7.4 61 141 61 89 -=13.2 362 .49 4,410 175 60|2.0 621]|8.0
Weighted average-———-mmomecmmeee 2,822 11 80 |12 110 146 122 170 -=11.9 604 .82 3,790 249 130(3.0 997 -~
Water vear 1959
aximum, Feb. 1-28, 1959-- 596 11 93 | 18 196 114 176 322 -] .5 1947 1.29 1,520 306 21214.9 1,560(7.6
Minimum, Aug. 1=3l-w-e-- 711 11 87 | 16 177 137 138 290 --12.2 b845 1.15 1,620 283 170(4.6 1,400]|7.86
Weighted average-—eeme=m= ——— 681 10 83 | 17 191 134 165 309 -=11.0 893 1.21 1,640 an2 192(4.8 1,500] --
See footnotes at end of table.
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Tablo J.-=8y

mmiaty ol chemical analvses at daily <tations on streams ain the Braszos River hisin VARG Comimnued
Disgolved solids Hardness Specifid]
W Bi- (caleculated) as CaCO, dsl‘o' con-
Date Mean Cal- | Mag- Po- | car. Fluod Ni- a0 duct-
of Discharge [SH€al cjym | re- | Sodium | tas- bon- | Sulfate | Chloride |" /o1, 0 Tons Cal- | oo | ad- | aice Pl
collection (cfs)  |S10D)| (cqy |8lum [ (Na) |stum ats | (S04 GV s (N0 Parts per Tons clum,| "o [BOTP~{(niera-
(Mg) (®) (HCO,) per acre- per Mag- bon- tHon Imhos at
million Yot day ne- | e |ratle 25°C)
e sium
63. BRAZOS RIVER BELOW WHITNEY DAM NEAR WHITNEY-_ ntinued
Water year 1960 o
aximum, Septl. 1-30, 580 11 841 17 176 141 147 278 -- 110 831 1.13 1,300 280 164| 4.6 1,380(7.6
Minimum, Mar. 1-24-- 968 9.6 791 13 107 169 106 165 == 1 2.0 589 .80 1,540 250 112|2.9 aTT|T.7
Weighted AVerage————————-mmm—oon 1,882 |10 79| 14 147 136 130 229 wm:] Bk 705 .96 3,580 254 143ala.0| 1,170| -
Water year 1961
aximum, Bepl. 1-30, 1961-caaa__] 749 12 136 | 25 341 111 316 540 0.5 B 1,430 1.94 2,890 442 352]7.1 2.410]7.4
Minimum, Apr. 1-18-- B 893 10 92| 13 162 152 149 250 --]12.8 783 1.06 1,890 283 158(4.2 1.330(7.4
Weighted average--—-e—eeceeo -4 2,054 10 106 | 18 237 129 213 373 --11.2 1,040 1.41 5,770 38 233|5.6 1,780 -~
Waler year 1962
aximum, Oct. 1-31, 1961~ 1,786 10 136 | 24 343 110 320 538 .4 .5 1,430 1.94 6,900 438 348|7.1 2,410|7.2
Minimum, Aug. 5-31, 1962- 2,876 11 B5| 16 179 110 176 278 -- | 4.0 B30 1.13 6,450 278 1BB|4.7 1,40017.7
Weighted average--—————ememeeen 1,737 9.9 104 | 19 234 115 227 364 - | 1.7 1,030 1.40 4,830 339 244|5.5 1.750(7.3
Water year 1963
“WMaximum, Sept. 1-30, 1963-———___] 580 8.6 106| 22 247 140 216 390 4]1.5] 1,060 1.44| 1,660 355 240|5.7 | 1.860|6.9
Minimum, Jan. 1-3l--w- 839 8.8 B7| 186 169 128 168 262 3 5 b810 1.10 1,830 283 178]4.4 1,350]7.6
Welghted average--—————- 1,215 7.9 95| 18 197 129 189 309 o B 896 1.22 2,940 alo 204(4.9 1,520(7.1
Water year 1964
Waximum, Jan. 1-31, 1964-- -1 212 6.4 112 | 26 282 6.4(126 264 460 1 .8 1,220 1.66 698 386 2B316.2 2,120|7.46
Minimum, July 1-83lecama——— - 730 5.3 96 | 20 214 5.11133 196 342 -4 .5 944 1.28 1,860 322 213(5.2 1,660|7.1
Weighted average-———mmmmemmecn—— 434 6.1 104 | 25 246 130 226 396 .41 1.1 1,070 1.46 1,250 a61 254|5.6 1,870|7.
74. LEON RIVER NEAR EASTLAND '
Water year 1951
 Maximum, Fe 1-10, 1951lccmmaead 4.1 64| 10 37 206 39 50 0.0 b316 0.43 200 32|11 Ah5| 74
Minimum, July 24-26---ceeoaae 9.2 29 4.7 12 29 9.8 18 1.8 h152 +21 92 1 =3 244 (7.2
Water year 1852
MaxImum, May 17-20, 1952-c-eeeu-d 8.8 52 6.6 3o 124 21 70 1.3 b291 - 40 157 55)1.0 46G[ |71
Minimum, Sept. 18-19, 22-24-——__J 9.0 26 3.6 11 81 8.6 18 3.0 119 .16 a0 13 .5 211 |7.56
Water year 1953
aximum, Apr. 6, B-9, 1953-———-- 6.6 51 6.1 29 164 13 47 1.0 b259 .35 152 18(1.0 437 |7.5
Minimum, Nov. 24-26, 28-29 1952 5.1 21 3.6 2.7 69 4.4 4.8 .8 77 .10 67 ¥ I () 139 |7.8
85. LAMPASAS RIVER AT YOUNGSPORT
Water year 1962
aximum, Septl. 1=7, 6 1962-—————__ 7.8]15 58| 38 178 176 18 370 0.4(2.2 767 1.04 16.2 301 15714.5 1,450(7.7
Minimum, June 27-———-o 263 - - - - 120 8.4 23 - - 156 .21 1 110 12 -- 278(7.5
Weighted average—-—————coo__J 102 11 45| 22 55 194 22 a8 -=]2.1 354 .48 97.5 202 43|1.8 646175
Water year 1963
Waximum, Nov. 15-30, 1962-——--n 1 54.5| 5.5 68| 32 147 241 28 278 -—|2.2 b6B7T .93 101 301 10413.7 1.260|7.6
Minimum, Oct. 9-13-- 1,687 11 37 8.2 22 131 LL 38 --|2.5 194 .26 BB4 126 19 .9 351 (7.2
Welghted average——————-- 57.4) 8.7 48] 19 64 180 20 119 - 1.8 373 .51 57.8 197 50(1.9 682(7.3
Waler year 1964
aximum, Jan. 1-28, 1964- 15.8| 3.0 84| 39 205 7.4|262 29 422 3 -4 917 1.25 39.1 a7o 156|4.6 1,760(7.8
Minimum, Sept. 21-25-—- 790 7.8 38 5. 7.0 2.9|136 6.0 11 -1 1.5 146 .20 311 116 5| .3 266(6.9
Weighled AVETrAge-—m——cemem—————— B6.5| 7.4 48| 15 45 175 15 84 w1 B2 301 .41 70.3 179 36]1.4 568 7.3

See footnotes at end of table.
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Table 3.--Summary of chemical analyses at daily stations on Streams in Lhe Brazos River basin, Texas. -« Continued

Dissolved solids Hardness
clific
P~ Bi- (calculated) as CaCO, d?o- SP:OH_
- =i 0= - - - um -
Date Mean Cal “"‘ﬁ._ Sod tas-| S | suirate | Chioride [P0 N Cal- ago | duet
of Discharge (s10,) clum al (Na) 0 bon- 50.) (Cl ride trate | Tons Toiig efum,| Non- ance
collection (cfs) (Ca)y |8 stum| g4, | (804 )| (r) (Nog| "2 [ per Mag.| €27 [P [(micro-
(Mg) (®) (HCO,) PeT | acre- per 18| pon- | HoM Lihog at
million day ne- ratio o
foot stum | ®te 25°C)
89. LITTLE RIVER AT CAMERON
Water year 1960 T
_‘I_IJ""_S“E“ mum, Sepl. 29, 1960--aeecean- 375 e - -~ - 194 - 203 e I 1607 [ 0.83 615 236 | 77 -1, 000
Minlmum, June 25-26--- 630 13 - - 10 120 6.8 4.0 0.5 2.2 h130 .18 221 92| n n.5 191
Welghted average--——mececcme= w=we==|h2,6139 12 66| 12 27 226 33 34 4] 7.8 311 .42 1,800 214 | 29 .8 520
Water year 1961
aximum, Way 16-31, 196leceeecnex 665 14 73] 19 39 262 40 56 311 b391 .53 702 260 | 46 1.1 652
Minimum, June 17-19-cccmmmmmcaan— 11,780 13 38 4.1 14 108 26 15 5] 4.8 168 -23 5,340 112 | 23 .6 281
Weighted average--—-—-—---- mmmmmmea| 4,154 |12 59( 11 22 198 3l 27 3] 7.1 279| .38 3,130 192 | 30 LT[ 48R
Water year 1962
axImum, Jan. 16-31, 1962-cccccu-x 608 7.3 B0O| 15 47 261 52 61 410 401 .55 658 261 | 47 1.3 690
Minimum, June 27-30=-eccmcmmamaa— 2,070 16 44 5.0 19 139 24 22 -=] 2.8 201 .29 736 145 | 25 .6 369
Weighted average-—————-cecmcmmana 854 12 58| 12 32 195 a 43 -~| 4.8 302 .41 696 194 | 34 1.0 513
Water year 1963
axImum, Sept. 21-30, 1963cmmeee= 39.8 |10 63| 22 108 196 41 198 -— .8 539 .73 57.9 248 | B7 3.0/1,020
Minimum, Dec. 21-22, 1962--waee--| 3,835 13 ae 4.3 18 100 36 17 --| 2.8 176 .24 1,820 108 | 26 .8 291
Welghted average—————cocmameaa —— 475 9.9 57| 11 35 181 44 46 -=| 4.1 301 .41 386 187 | 39 1.1 516
Water yeoar 1964
aximum, Jan, 16-31, 1964-wewmwm= 101 1.4 79| 19 77 278 57 104 --| 9.8 184 .66 132 275 47 2.0 B77
Minimum, Sept. 23-24---- 3,835 11 40 3.0 4.8 i 3.0)136 9.2 4.3 -=1 1.5 144 .20 1,480 112 1 2 242
Welghted average-————eemcmcaanaa 573 77 54 9.8 29 182 29 40 -=| 2.3 263 .36 407 176 | 26 ) 171
90. BRAZOS RIVER AT STATE HIGHWAY 21, NEAR BRYAN o
Water year 1962
WaxImum, June 18-27, 1962-c—cee— 17 97| 19 197 131 193 310 2.5 b952 1 1.29| 11,730 320|212 4.8]1,590
Minimum, June 12-15-—cceeaa - | — -- 128 56 22 - 234 .32| 3,790 121 16 - 45
Weighted average--—-eeemoee 12 BO| 14 131 152 134 196 2.2 669 .90 6,390 258 |134 J.6)1,.110
Water year 1963
WaxTmum, Apr. 11, 1963 18 146| 30 244 478 303 220 1.2 1,200 1.63 3,3%0 488 | 96 4.8]1 840
Minimum, Nov. 28-29 - -] - - 100 as 29 - 186 «25 5,950 110) 28 - Kich]
Welghted average—=-—a- 1,896 7.9 B4| 16 143 153 146 217 1.3 703 .96 3,600 274 |150 d.H(1, 200
Water year 1964
aximum, Oct. 1-25, 1963--ceecae-u 744 6.8 140 5.51251 6.21150 234 405 0.3 .4 1,120 | 1.52 2,250 372 |249 5.6]1,910
Minimum, Sept. 25-30, 1964- B,659 9.2 48 4.4 17 158 28 10 1.8 196 27 4,580 138 B .6 330|8.
Weighted average——=--- —————— 1,334 7.2 71| 12 97 189 96 143 1.4 511 .69 1,840 229 | 90 2.6 an217.4
93. YEGUA CREEK NEAR SOMERVILLE
Waler year 1962
WaxTmum, Apr. 1-15, 1962-cecccccan 43.9 | 21 116| 30 118 129 280 192 0.4] 0.5 b884 | 1.20 105 413 [308 2.5|1,310]7.1
Minimum, June 29-30-=wm- - 561 - -] - - az 26 19 - - 111 15 168 44| 18 - 176|6.8
Weighted average-———-=- - 131 18 43| 11 16 a7 98 65 - .9 319 .43 113 150 96 1.6 50B|6.8
Water year 1963
WaxTmum, War. 5-31, 19 114] 29 110 126 280 175 - + 8 858 | 1.17 118 404 |300 2.4|1,2580]7.
Minimum, Nov. 27-30 - | - - as 16 13 - - 82 - - 40| 11 - 136(6.7
Welghted average-————cee—emeommana 13 27 6.5 26 44 57 39 - .6 194 .26 123 93| 57 1.2 316(6.4
Aximum, Apr. 1-25, 1964--rmemme= 9.7 | 20 BO| 1B 71 7.4|122 170 112 .3 .8 540 .73 14.1 274174 1s
Minimum, Jan., 17——mcmemee i 112 - - =5 o= 16 19 6.3| == - 63 .09 19.1 26| 13 _f gg: g :
Weighted average—————-eemmemeacan 41.4 | 15 22 4.7 23 48 45 26 -=11.8 162 .22 18.1 75| 35 13 267]6.9

See footnotes at end of table.
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Table 3.--Summavy ol ehemical analyses at daily stations on streams o the Brizos River

ba=in. Tey

b == Continuesd

Hardness

Dissolved solids eltl
. oo | BI- (culeulnted) a8 CaCO, | So- et
Date Mean Cal- | Mag- 0= | car- - Ni- um| - gyet-
of Diachargo [BUlC8] ciupy | ne- | Sodtum | tas- | LN | Sutate | Chlortde |0 Niv Tons Cal- | Non- | 8- | ance | pn
810,) slum | (Na) |slum (504) (cn Parts Tons clum sorp-
collection (cts)  [S190) (Ca) ate . (F) |(Noy per /| car- FOTP~micro-
(“‘) (K) ('ncolh pe].rpn acre- :; L::‘: bon- sablo mhos at
foot sium | 8te 25°C)
95, NAVASOTA RIVER NEAR EASTERLY
Water year 1942 = il
—nmlsrru_—rgu ................. 1.8 18 14 423 70 37 710 -=| 1,270 | 1:73 178 2,400
Dec. 11-14, 40.7 =] -- 190 83 a7 328 - b711 .97 1566 1,290
Jan. 6-7, 1942 18.5 56 17 428 110 47 710 0, 1,310 1.78 210 2,540
Jan. B-10--~ 13.7 43 13 253 122 16 400 .0 815 1-11 161 1,560
Bept. 1ll-20ccemcncnncansccacmmaa 204 34 6.1 38 110 20 58 .5 211 .20 110 15]7.8
Water year 1943
__UETTXZT:EET_Tgﬂﬂ ----------------- 165 40 6.2 34 143 28 a7 1.8 217 .30 126 531
Oct. 24-27-- 44.5 64 8.8 159 168 29 270 B 609 .83 196 1,180
Oct. 28-31-- 24.2 67 i1 356 135 31 598 .21 1,130 1.564 212 2,160
Dec. 1-10 —— 8.9 a9 7.7 69 107 16 102 0 316 43 129 610
Dec. 27-28, 30=3lecccacamaanoo o 2,390 21 5.1 35 72 16 52 8 165 .22 73 327
96. NAVASOTA RIVER NEAR BRYAN
Water year 1959 . I
axTmum, Sepl. 20-25, 1959--—ueeu 17.8 {13 66 15 263 87 44 480 3.8 928 | 1.26 44.6 | 226 | 154 | 7.6 1,760(7.2
Minimum, Feb. 15- 8.2 8.4 1.5 13 25 14 14 1.2 72 10 661 27 6] 1.1 114]7.5
Welghted AVeraAge-eeeemae e 12 21 4.9 52 55 25 80 3 | 226 .31 323 73 28] 2.6 414 --
Water year 1960
axTmum, June 25, 1060 24.0 - - - - 118 - 578 ==| 1,130 | 1.54 73.2| 3565 | 258 | --| 2.110(7.2
Minimum, Dec. 18-21, 6,618 14 9.0 2.2 20 a4 14 23 ] 100 <14 1,790 32 4] 1.5 154 (6.5
Weighted average-=—=-—ce————___ 532 13 24 6.0 54 59 a3 85 T 248 .34 3586 a5 6| 2.5 43R -
Water year 1961
T WMaxTmum, OCU. 25-28, 1960--—c—m-m 318 12 56 13 458 69 24 785 1.0] 1,380 1.88 1,180 193 136 |14 2,.610|(7.0
Minimum, Nov., 22ceea. -l 5,330 - - - - 21 11 9.0 - 52 .07 748 22 5 - HO 6.5
Welghted averagessse——eeoeem——oo o 1,373 10 15 3.6 30 41 19 44 7 143 19 530 52 19| 1.8 266 -
Water year 1962
aximum, Dec. 1-4, 124 12 71 16 606 115 24 1,020 2.2 1,810 2.48 606 243 149 17 3.370|7.0
Minimum, June 30, 209 -— - - - 46 18 34 - 132 .18 74.5 52 14| -- 254 |6G.K
Weighted average-————eeeeeo oo 289 14 29 7.8 76 63 40 125 1.0 328 .45 256 104 53| 3.1 600G, K
Water year 1983
s e T mim, Apr. 12-21, 1963c--caa- 40.1 |14 72 19 440 68 54 780 1.8| 1,410 | 1.92 153 258 | 202 )12 2,670(6.7
Minimum, June 20.22 210 5.3 7.8 1.8 11 18 15 13 1.8 64 .09 36.3 26 11 9 11364
Weighted average------ —————— 48.7 |14 24 7.2 66 40 43 110 1.0 288 .39 37.9 90 57 | 4.0 516|6.6
Water year 1964
aximum, Feb. B-11, 1964cccca- —— 54.8 |17 61 17 543 47 22 950 -8Bl 1,630 2.22 241 222 1684 (16 3,120)7.2
Minimum, Sept. 17-1Bccea- - 1,050 6.8 5.5/ 1.3 8.1 20 7.6 7.7 1.8 49 .07 139 19 3 .8 79(6.7
Weighted average--ee-emcmeao oo 52.0 |13 20 6.0 B6 39 a0 141 1.9 317 43 44.5 kxd 45| 5.1 595|6.7
| AN
97. BRAZOS RIVER AT RICHMOND
Water year 1946
Maximum, Dec. 3.4, 6,610 --| 63 12 294 172 46 465 -=| 1.5 966 1.31 17,200 206 66 | 8.9 1,840] -~
Minimum, May 21-31, | 32,590 -~ 39 5.3 15 124 19 21 -=] 1.8] bl9s .27 17,200 119 18 .6 04|83
Welghted averages-cesconcccccanaa 10,220 - 51 8.6 37 155 39 53 -=| 1.8 299 .41 8,250 163 36| 1.3 4AB7| -~
Water year 1947
Waximum, Nov. l-4, 1946~ 4,128 --1114 20 246 155 211 392 == 1.0{ 1,060 1.44 11,800 366 240 | 5.6 1,870] -~
Minimum, Aug. 27-31, 31,140 -=| 29 5.0 10 22 16 18 -= 1.0 b133 18 11,200 a7 21 4 228 -~
Weighted average--ccememecmma= B, 765 --| 63 11 63 152 70 100 -=| 1.9 425 . 58 10,100 202 781 1.9 691 -~

See footnotes at end of table.
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Table 3. -—Summary of chemical analyses at daily stations on streams in the Brazos River

hoein., Tesas,

Continued

Dissolved solids Hardness Specific]
- B Bi- (ealculated) as CaCO, lﬁ"‘ con-
Date Mean Cal- | Mag- 0- | car- Fluod Ni- um) guct-
I . ; uo A =
of Diacharge Stlical j, o | fe= | Sodium | tas- bon- | Sulfate | Chloride | o trate| o Tang (iﬂ-l Non- | #d ance | pH
collection | (cf8) (S10,) (Ca) |Blum [ (Na) |slum ate | (804 (1 (F) |(No,) arts Gar Tons chum,| e PP lmicro-
| (Mg) (K} (HCO,) Mor | acre- e Mag-} pon- | HON Imhoa at
million oot day ne- | oo |ratio 25°C)
! oy slum
97 BRAZOS RIVER AT RICHMOND--Continued
Water year 1948 I
Waximum, Sept. 1-10, 1948-cemea—.] 1,334 11 134 27 271 147 2904 432 - .21 1,240 1.69 4,470 446 325] 5.6 2,120 ==
Minimum, Nov., 21-26, 1947 2,538 —— 37 7.1 38 130 a1 45 - 1.2 b245 .33 1,680 122 15| 1.8 40N | ==
Weighted average--=e==- -] 2,687 - 65 11 82 162 B4 118 - 1.7 479 6O 3,480 207 74| 2.5 791 | ==
Water year 1949
aximum, Oct, 11-20, 194B-cecacaaa 621 14 126 20 220 220 235 345 - -8| 1,080 1.47 1,810 434 253 4.6| 1,860 --
Minimum, Apr. ] i

29-30, 1949 11 34 5.8 21 120 24 20 - | 2.8] b1s4 .25 16,400 109 10 .9 289 | --

Weighted average--- 12 59 10 70 141 76 103 - 2.1 423 .57 5,310 188 72| 2.2 703| --
Water year 1950

ximum, Rug. 21-31, 1950=caaaa_| 2,033 13 124 21 260 144 254 408 0.4 3.5 1,150 1.66 6,310 396 278 | 5.7 2,010|7.4
Minimum, Feb. 20-28-caca-- 12 37 4.4 28 112 21 40 -3 .8 b213 .29 7,880 110 19] 1.2 357 |7.4
Weighted AVerage--=rmmemmmmmeeaa— i 13 53 §.1 60 136 68 B7 3 | 1.3 368 .50 5,750 166 54| 2.0 3| --

Water year 1851
WaxTmum, Sepf. 1-10 11 122 29 341 1.6( 120 291 538 -3 2.0| 1,400 1.80 2,130 424 325 7.2 2,440|7.5
Minimum, June 21-25 17 40 7.0 25 --| 120 34 36 -3 | 3.5| b222 .30 a,410 129 0] 1.0 RG (H.0
Weighted average--- 13 80 16 139 2.4] 160 134 214 .3 2.2 696 .95 2,660 266 134 | 3.7 1,180 -«
Water year 1952 :
aximum, Ocit. 21-31, 15 108 23 233 .8 196 191 369 +9 1.5| 1,040 1.41 1,700 364 204 | 5.3)] 1,790]|7.5
Minimum, June 1-10, 21 ar 4.5 13 1.6| 123 16 16 .2 4.0 b187 +25 3,900 111 10 .6 290 (8.0
Weighted average-weeeemmmw—= 18 51 8.8 60 2.8 143 54 B85 «3 3.5 a7o .80 1,820 163 46 | 2.0 GO | -=
Water year 1953
aximum, Oct. 1-10, 19582ccaccaa—a 142 17 B3 18 138 5.2] 216 113 214 «2 1.5 b739 1.01 283 285 108 1 3.6 1,210(8.2
Minimum, Jan. 1-10, 1953--- 11 31 3.7 13 3.2| 99 21 20 +5 | 8.2 160 .22 1,280 93 11 .8 276 7.6
Weighted average--semmmecacacaaa_ 13 36 5.7 23 3.8B| 115 25 an .3 | 3.8 215 .29 2,380 114 20 9 42| --
Water year 1954
Waximum, Aug. 21-31, 1954-——meaer| 800 13 100 19 240 6.7| 143 194 372 .2 1.8 1,020 1.39 2,200 328 210 | 5.7 1,810|7
Minimum, Oct. 20-31, 1953-cccaa-- 23,870 14 32 3.7 14 3.3| 111 18 13 -4 | 4.8 bles .23 10,830 95 4 .6 244 |8.0
Weighted average--—eecmmeeana, ————— 2,727 17 55 9.1 83 4.1] 124 72 127 5 2.5 453 .62 3,340 174 73] 2.7 754| -~
Water year 1065
Maximum, WMay 29-31, June 1,

9-11, 18565 9,837 12 105 15 225 6.9| 124 200 370 4 | 2.2] 1,080 1.43| 27,890 324 | 222 | 5.4| 1,710(7.9
Minimum, Apr. ld-2leseemacccccan— 9,624 12 31 4.5 16 4.2| 105 18 18 -6 2.5 bl61 22 4,180 95 9 A 4 26717.6
Weighted average=eeeeccamaao oo 2,168 13 60 B.9 95 4.9) 132 83 145 -4 2.6 498 .68 2,920 186 78] 3.0 842 -

Water year 1956
Wm. 21-30, 1956-=-———-| 741 |12 [127 | 21 254 | 7.0| 127 | 300 400 | .4 [ 1.5]1,190 [ 1.62| 2, 380 404 | 300 | 5.5] 1,960(7.6
Minimum, Feb. 14-19 -1 3,212 9.6 41 4.8 53 4.3| 104 45 77 .5 2.2 b318 «43 2,760 122 371 2.1 519 7.6
Weighted average--mecaa—aao o ___ 2,158 12 a5 14 166 5.8| 136 185 260 <5 1.5 834 1.13 4,860 294 183 | 4.2] 1,380 -~
Water year 1957
WaxTiom, Oct  1-10, 1966, ~cmeean 593 12 130 22 275 136 a07 412 - 1.0 1,230 1.67 1,970 415 304 | 5.9] 2,n2n|7.9
Minimum, Apr. 24-30. 19567~ 8.2| 35 4.1 14 | 3.2] 110 23 16 ‘5 | 3.0 161 .22 26,6840 104 14 6 200(7.9
Weighted AvVerngeremeeccccccmeeaax 13 50 6.9 16 124 54 65 - 2.5 37 -43 13,090 154 521 1.6 819| --
Watler year 1958
Maximum, Aug. 21-31, 195Bccaea_ 2,930 13 76 17 122 4.6) 183 113 183 - -5 b645 BB 5,100 260 110 | 3.3] 1,n70|7.8
Minimum, Oct. 16-22, 1957 7.8 31 4.0 11 3.2 99 21 13 - 2.0 142 .19 28,370 94 13 5 246 8.0
Weighted Averagfeescacamacmam o 11 54 7.7 a7 3.8| 142 50 57 - 4.2 ao3 .41 9,710 166 501 1.2 SNR| ==
See footnotes at end ol table.
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Table 3

do-wBummary ol chemieal apalyses at datly stations on streams in the Brazos Hiver basin,

Foxin.

Continued

Dissolved solids Hardness
! Bi- (calculated) as CaCO, [ So- Epecitig
Date Mean Cal- | Mag- Po= | oore Fluod Ni- dium :‘?‘;-
o Discharge [S11€4) ¢y | fie- | Sodium | tas-| (o0 | Sulfate | Chloride ride |trate Tons Cal- | ad- L
collection (cts)  |S1Q)| (Ca) ?% (Na) '}'3' ate | (504 €n g (NO,) rarts per Tons clum, c:.::_ POI'P'(mTz:: pH
T r Mag- - >
(HCO,) mitlton | 2¢Te- ::,, | bon- rt:(t’?o imhos at
foot slum | Ate 25°C)
97. BRAZOS RIVER AT RICHMOND--Continued
Water year 1959 .
aximum, Apr. 1-7, 1959--—— -4 1,320 9.2] 841 19 124 5.1 188 125 198 0.3 0.5 b718| 0.98 2,560 288 1.160(B.1
Minimum, Apr. 11-22--.. =< 26,950 11 35 1.6 16 4.0f 108 23 22 - 2.0 171 .23| 12,440 106 298|7.6
Welighted average 12 19 B.0 49 4.% 130 51 74 - 1.9 323 44 3,880 156 583 ==
Water year 1960
MaxTmum, Sepl. 18-30, 1960--we- g 954 17 81| 18 134 211 110 198 - .B b694 .94 1,790 276 1.140(7.6
Minimum, June 26-27, 29-30-- j 32,180 11 29 3.9 17 100 16 18 - 1.2 bl55 -21| 13,470 88 245|7.4
Weighted average--c-ceocammmeeooo B, 869 12 54| 9.0 48 151 50 67 - 3.2 331 .45 7,930 172 552| --
Water year 1961
aximum, Aug. 18-31, 1961l-—--u-o 4 2,813 14 92| 18 160 187 147 244 4| 1.5 bB37| 1.14| 6,360 304 1,340|7.7
Minimum, Nov. 24-30, 1960- 25,910 12 30| 4.0 20 93 22 24 - 1.2 159 .22] 11,120 92 268|7 4
Weighted avernzo-------—------——q 16,130 13 49 B.0 44 132 49 64 -— 2.4 312 .42| 13,590 156 519| --
Water year 1962
aximum, Aug. 1-10, 1962---w----d 6,728 16 104 | 18 230 130 224 348 5 1.0 1,010f 1.37| 18,350 334 227) 5.5 1.740]2.58
Minimum, June 1821, -4 5,284 7.9 41 5.2 27 118 38 3z - 1.2 210 .29 3,000 124 28| 1.1 377|7.9
Weighted average--————coe—o -+ 4,508 13 71| 12 106 153 106 156 am 1.5 551 785 6,710 229 103[ 3.0 241]7.3
Water year 1963
aximum, Aug. 1-19, 1963-mremem= g 700 14 94| 22 201 171 178 308 4 1.5 903| 1.23 1,710 325 185 4.8 1,58017.0
Minimum, Dec. 26, 1962- -4 9,120 | == - -— 98 21 24 - -—- 159 .22 3,980 a7 16| == 25717.0
Weighted average 2,759 11 66| 12 97 140 100 145 - 1.3 513 .70 3,820 215 100| 2.8 B71|7.2
Water year 1964
aximum, Oct. B-29, 1963-- 817 9.7] 107 28 233 178 210 362 — 2.0 1,040| 1.41 2,290 370 224] 5.3 1.830|7.0
Minimum, Sept. 28-30, 9,390 18 33| 4.5 12 110 22 8.7 -- 1.8 154 .21 3,900 101 11 5 272\ 7
Weighted average-----ceeccceeeead 1,715 11 58| 11 7 151 74 111 - 1.9 419 .87 1,940 191 67| 2,2 742|7.2
103. BRAZOS RIVER AT HARRIS RESERVOIR, NEAR ANGLETON
Water year 1962
aximum, Way 2, 15 89| 12 583 138 133 910 | 0.4 | 4.2 1,810| 2.46 272 158/15 3.290| 7.5
Minimum, Feb. 2-12 13 19 8.2 52 122 59 74 3| 2.2 b3ido A5 156 56 1.8 552|7.2
Water year 1963
WaxTmum, Aug. 16 93| 23 181 201 148 282 .41 2.2 B45| 1.15 326 162) 4.4 1,500[7.10
Minimum, Jan, 13 33| 4.6 23 94 26 33 .3 1.0 180 .24 101 24( 1.0 318 7.0
Water year 1964
WaxTmum, Feb. 5-7, 15 77| 9.7 486 122 130 745 .2 | 2.2 1,530] 2.08 232 13214 2,760(7.5
Mindmum, Mar. 23-31 12 43| 6.5 39 120 46 418 .3 4.2 258 .35 134 36/ 1.5 454| 7.8
105. BRAZOS RIVER AT BRAZORIA RESERVOIR, NEAR BRAZORIA
Water year 1962
WaxTmum, Aug. 16 164|328 2,970 186 748 5,170 - -=| 9,490]/13 1.760]1 61031 15,3007 4
Minimum, Feb. 12 48 8.1 52 120 60 73 0.3 2.0 b328 .45 154 551 1.8 546] 7.1
Water year 1963
Waximum, Sept. 9.4 286|750 6,540 143 | 1,620 11,500 - =-=| 20,800(28.7 3,800|3,680/46 an. 100/ 7.1
Minimum, Jan. 12 32 4.0 25 86 27 a5 -8 1.2 179 .26 96 26( 1,1 an9| 7.6
Waler sear 1964
Waximum, Aug. 1-14, 17-21,
24-28. 1964=cccaa- e o 5.7| 184|328 3,400 142 817 5,840 - -=| 10,600[14.5 1,810011,690] -~ 17,000/ 6.9
Minimum, Mar. 24-3le-ecccccccas - 12 42 ) 39 124 47 a7 .4 4.0 260, .35 136 34/ 1.5 460 7.6
a 7lnr]udus days of less than 0.05 cubic leet per second discharge. Mean discharge for period of record; station started February 1, 1962.
b Residue at 180°C. Mean discharge for period of record; station started November 1, 1962

¢ Discharge at time of sampling
d  Mean discharge for period of yvecord:

station started October 12, 1962.

=R,

Represents 78 percent of flow for water year October
Represents 71 percent of flow for water year October

1959 to September 1960.
1959 to Seplember 1960.
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Table 4.--Chemical analyses of streams and reservoirs in the Brazos River basin for locations other than daily stations.

Dissolved solids Hardness Specit

Date Mag Po (calculated) as CaCo, d?:-m Soits

Cal- il ~ | Bicar- i Fluo- Ni- | Bo- duct-
of Discharge (mf'T :;,:'; clum .‘“" S&a‘l‘.l:‘l)m :“' bonate S‘Eééa;"e Ch.}%l;?ds ride |trate | ron | p Tons None gu Non- | 8= | ance | pH

collection (cfs)  |B1Ca (Cay | Sium fum | (1004) & ® |voy| B | P2 | per M) car- POTP-lmicro-

(Mg) ® | () per per Mag- tion
acre- day Hen bon- o8 at
foot stum | e 25°C)
1. DOUBLE MOUNTAIN FORK BRAZOS RIVER AT JUSTICEBURG
Dec. 22, 1964-——m- b0.03| 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| 5 411 | 198 5,630 250 887 9,180 B R 16,400(22.5 1,840(1,640| --|23)200|7.6
193 |13 40 7.5 77 236 43 39 | 1.2| 2.0 339| .48 131 o| 2.9 ’s85|7.0
4.51|13 a7 | 17 510 152 148 700 | 1.4] 1.5 1,500 2.04 162| 38|17 | 2,740[7.6
220 |12 16 4.4 118 248 44 45 | 1.0| 2.0 365| .50 58 o| 6.8 ’e23|7.4
94.3 |15 43 | 11 135 209 87 74 | 2.1 .2 514| .70 152 o| 4.8] 835/7.0
2. NORTH FORK DOUBLE MOUNTAIN FORK BRAZOS RIVER, 7.5 MILES NORTHWEST OF SLATON
Mar. 2.35 2.8 63 | 132 250 390 421 as5 | 5.0 2.0 1,400| 1.90 700| aso 2,320]8.2
Apr. 1.88| 10 B4 | 142 321 391 503 458 il 1,710| 2.33 794| 472 2/940|8.5
Apr. 22.5 | 7.4 40 |131 248 341 430 318 21 g 1,340 1.82 638| 358 2.230(8.6
Aug. .18 43 40 |124 247 358 371 328 | 4.8 1,330 1.81 610| 316 2'220(8.5
Sept. .29/ 38 42 | 123 245 393 352 320 -] 5.8 1,320 1.80 611| 289 2,170(8.4
oct. .50 20 62 | 127 248 451 375 az20 zz|. 5.8 1,390| 1.89 676 306 2,240(8.4
Nav. .61[ 30 62 |128 247 458 373 318 -] 5.8 1,390 1.89 681| 306 2.230|8.4
Dec. 2 3.20| 12 42 | 144 282 380 475 355 w458 1.500| 2.04 697| 385 2.400|8.5
Mar. 4.37 6.0 48 | 153 290 411 494 370 o 1,570 2.14 749| 412 2.560(8.6
Apr. 2.02| 7.7 50 | 158 296 419 516 375 —n| 12 1,620 2.20 774| 430 2.620(8.5
June 250 - — | 129 266 507 430 372 Fo BN 1,500| 2.186 812| 396 2,570|8.4
Aug. .21[ 19 52 | 189 371 454 645 460 | 6.4| 5.8 1.970| 2.68 906| 534 3.040(8.5
Sept. .13 36 58 | 147 287 507 371 388 | s5.2[12 1.550| 2.11 749| 333 2.490|8.4
Nov. 1.96| 14 | s Ly 2 324 238 e s b e zulll Tem 1,850| --
Jan. 1.83] 8.6 47 | 114 227 355 372 282 -] 4.8 1,230 1.67 586| 2904 2.050(8. 4
Mar. 1.88 6.8 49 | 138 279 405 483 325 -| 3.8 1.480| 2.01 690 358 2/350(8.5
3. LAKE BUFFALO SPRINGS NEAR LUBBOCK
Nov. 19, 1965--—m- | a.sl 48 | 77_[ 173 2[ 319 | 285 | 208 I 3.2[ 3.B| 992| ] 435[ 174' 3.6I 1,570’7.3
4. ROUGH CREEK AT MOUTH NEAR ROTAN
Aug. 19, 19509-——m-o b0.2 a1 | 6.3 es 935 36 1,000 922| --| 1,730[7.4
Jan. 20, 1960mmmm- .08 s —  |1,140 56 ae|  wm| o= 2 020| --
Aug. 9, 1961-—c——o .49 73 108 | 1,010 119 1,150 [1,060| --| 2! 080[7.6
7. DOUBLE MOUNTAIN FORK BRAZOS RIVER NEAR RULE
May 11 6.08) 8.6 415 | 35 188 67 | 1,000 282 | o0.4] 0.2 2,080 2.79 1,180]1,120( 2.4 2,640]6.2
Aug. 11.3 | 9.6 425 | 46 212 84 | 1,040 305 6| .8 27170 2.95 1.250(1,180| 2.6| 2 880|6.7
Sept. 196 |12 93 | 10 22 214 104 25 4| 2 arz| .s1 273| 98| .6| 'so4|7.1
Dec. b.15) 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-—mm- b0.04| 0.0 290 | 135 402 244 | 1,330 400 o 2,680 | 3.64 1,280(1,080 | 4.9] 3,470[7.3
Apr. 13mmeemm- b.o2 .1 285 | 124 374 188 | 1,290 380 i) 2,550  3.47 1.220(1,070 | 4.6] 3 410[7.4
May 11--— b.0l| 6.7 265 | 95 176 158 974 205 | o0.68] .2 1,800 2.45 1,050 ‘922 | 2.4| 2)380|7.6
Betits 1 Bsssmeayss 93.1 | 8.6 87 | 14 22 166 138 30 2| .8 382 | .52 274| 138| .6| '614/6.9

See footnotes at end of table.
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Table 4.

Chemical analyses of streams and reservoirs in the Brazos River basin for locations other than daily stations.--Continued

Dissolved solids Hardness
) (calculated) as CaCoO,
Date Cal- | Mag- Po- | picar- Fluo< Ni- | Bo-
of Discharge Silical Iron cium | Me- | Sodlum | tas-| popate | Sulfate Chloride ride |trate | ron Tons Cal- Non-
collection (cfs)  |BIQ0)| (Fe) | gy [8lum | (Na) |stum| (HCoy) [ (504) ©) |5y [Noy| By | Parts | oar | Toms | clum, o0
(Mg) (x) (a) per per Mag-
million | 3°7€-|  gay ne- | Pom-
foot atain ate
9. McDONALD CREEK AT MOUTH NEAR POST
Dec. 17, 1950--—-- 12.7 1,160 | 172 238 1,730 azo| 179 5,850|7.9
Jan. 20, 1960---o- .22 1,670 13,200 i 33,800
WEB TR m e i b.01 1,910 13,600 i 35,000
June 22, 196l-mmm- 1.90 2,530 59 3,960 702 12,300
10. RUNNING WATER DRAW AT PLAINVIEW
June 15, 1964-—mm-m 23.7 |14 a3 5.3 2.7] 6.9] 135 0.8 2.3| 0.8/ 0.2 132] 0.18 104 o|o.1] 22sl6.8
June 16-wmmemm—em~| 183 |16 54 5.9 12 212 4.4 a.z2| 7| .2 200 .27 159 ol .4| 333|e.7
June 1.41|16 33 5.8 2.8| 7.8 140 .8 1.5| .7| .2 138 .19 106 of .| 231e.8
11. WHITE RIVER NEAR CROSBYTON
oct. 6.29(30 50 | 35 52 374 48 18 —| 1.0 c447| 0.18 269 o| -=| e9sls.2
Jan. 4.46|36 44 | 63 105 528 94 40 aci| ol 64z2| .87 359 0| --| 1,060(8.2
Jan. 2.17|(46 - - - - 63 28 - .5 - - - - - 879 | --
Jan. 1.98|48 — || 48 i BT 64 23 ] T = = ] (R I [ |
Jan, 2.44|41 49 | 47 78 447 77 27 wxl .3 539 | .73 315 o|1.9] o14|s.2
June 1.25]|-~ -— - 57 '11 - 54 22 - - o - - - - 613 -~
Mar. .47 |== == |l == LS 446 60 24 as| ws o] - 274 ol —=| 7a2| —-
June 3.62|-- = |l = 22 | 8.5 203 19 8 = = =l == 137 o| --| assls.n
Sept. .65[—— = = 62 I 366 50 22 | R Ci| R 234 0| --| o8| --
Nov. 1.60(34 33 | a3 59 321 45 20 |3.1] .o 385| .52 218 o|1.7] e22|7.7
Aug. 9, .61|35 35 az2 68 350 40 20 3.6 .0 406 55 219 0j]2.0 659 |7.2
May 8, .92(33 38 | 41 63 |11 408 48 22 | a.0| .2 461| .63 264 o|1.7| 738l|7.7
Mg, Bessnasas .36(35 39 | 3e 71 384 45 20 |4.1| .o 439| .60 246 ol|z2.0] 702)7.2
12. WHITE RIVER RESERVOIR NEAR SPUR
June 3, 2.5 25 | 17 163 268 72 132 | 2.4] 0.5 546] 0.74 132 o|e6.2] asels.o0
Oct. 28 1.6 14 | 15 204 272 61 158 | 3.0| .5 611| .83 96 o|9.1| 1,0680(7.6
May 12, 7.6 22 | 12 179 264 74 137 | 2.6| 1.2 565 .77 104 o|7.6| 'voa|7.4
13. RED MUD CREEK AT MOUTH NEAR CLAIREMONT
June 15, 50.01 186 |11 80 620 250 830| 564 1,940[7.3
July 26~ .01 4,680 | = | 2,010 7,920 3,320 -- 22)100| --
Nov. 16 .04 99 | 6.9 142 | 1,400 158 1,540 (1,420 2'670(7.3
Jan. 4, 186lemamc= 12 152 | 4.8 173 | 1.640 220 1,800 |1.660 3'220(7.7
Mot Bl amsomans - .10 7,210 | = | 2)e90 11,600 1,080| " -- 30,200 | --
KB, st e .09 6,590 | 3,830 10,400 4,380 -- 29,100 —-
By 7 it s i .06 7,300 - = | 2s20 12,000 3,990| - 31,900 —
14. SALT CREEK NEAR CLAIREMONT
Jan. 27, 19859-—-an b0.15 56,600 101 5,120 87,300 i - 5,380 (5,300 143,000 (7.8
Mar. 16i--mecmmone e 1,190 | 803 67,500 85 | 5,980 | 104’000 180,000 |277 6,270 [6,200 B71 [152,000 (7.8
May 12, 1964-mmm-- b.05| 4.6 863 1,050 92,900 - 6,380 143,000 244, 000|394 6,470 -- 164,000 | --

See footnotes at end of table.
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Table 4.--Chemical analyses of streams and reservoirs in the Brazos River basin for locations other than daily stations.--Continued

Dissolved solids Hardness Specif
P (calculated) as CaCo, d?:n con-
Date Cal- | Meg- 0- | Bicar- Fluo-| Ni- | Bo- duct-
of Discharge |8ilical Iron clum | 7e- Sodium | tas-| ponate | Sulfate Chloride ride |trate | ron Harta Tons o (ill- Non- ad- | ooce pH
collsction (cfs)  [B10a)| (Fe) | (g [slum | (Na) |stum| (uCOy) | (S04) €0 | (p) |(voy| (B) per clum,| " o s feros
: (Mg) (K) (a) por | xr Mag- bon- | Hon at
’ million y ne- rtﬂnl .
foot st ate 25°C)
15. DUCK CREEK NEAR JAYTON
Mar. 2.51| 7.1 435 157 153 112 1,570 235 0.6] 5.8 2,820| 3.56 1,730(1,640( 1.6| 3,140 7.1
Apr. 1.82] 5.4 450 150 150 76 1,600 238 --] 4.3 2,630 3.58 1,740|1,680| 1.6| 3,140 7.5
June 8.41(10 163 56 51 94 556 65 .4 .2 948| 1.29 637 560 .91 1,310 6.7
16. BUTTE CREEK AT MOUTH NEAR JAYTON
Dec. 0.60 30 4.8 112 1,260 22 1,320]|1,230 2,090 7.9
Jan 4. .20 212 5.2 126 1,710 235 1,730|1,630 3 640 7.7
19. BALT CROTON CREEK NEAR ASPERMONT
Water year 1957
aximum, Oct. 9,
1956 —mmmmm e -4 - 89,700 -— 3,370 | 146,000 9,860 --po3 |166,000| --
Minimum, May 31,
1957 - 760 - 517 12 167 1,450 800 1,580 (1,440 56 4,810|6.9
Water year 1958
aximum, Sept.3,
19568 .43 - 101,000 - 2,590 | 159,000 10,400 = {431 (144 ,000| --
Minimum, Nov. 5,
1O BT e 360 =5 778 140 1,080 1,130 1,110 --| 10| 5,010(7.6
Water year 1959
Waximum, Aug. 5,
1959 cm e .6 - 98,800 - 2,710 | 155,000 9,830 433| --|149,000| ==
Minimum, July 17 280 — 1,790 e 640 2,800 o ==l o Bo240) -
Water year 1960
Ximum, Aug. 4,
L0 6 i .36 - 98, 500 - 2,920 | 156,000 10,100 - --[152,000| --
Minimum, Oct. 2,
1959 670 - 1,970 -— B0OO 3,220 1,060 - ==|10,600| -~
Water year 1961
Waximum, June 1,
Y} - J8AY e 99,600 — 2,630 | 158,000 8,890 — --Fsa,ono —
Minimum, Oct.17,
1060 cumauaina 8,400 =5 1,110 100 1,390 1,680 1,450 1,370 --| 7,000|7.1
Water year 1962
aximum, July 10,
1982 ccaccace .3 - 99,100 e 2,690 | 158,000 10,300 -- 424 35,000| -~
Minimum, Sept.17 450 - 2,090 e 1,450 3,310 1,630 -=|23[11,200] -~
Water year 1963
aximum, Mar. 14, =
1963 - .8 - 85,800 — 3,680 | 136,000 9,080 — --164,000( -~
Minimum, Sept.15 | 5,400 17 728 140 1,030 1,050 7.0 1,090 976 | 9.6 | 4,980(7.5
Water year 1964
aximum, Aug. 19,
T 17 Do e .8 e 100,000 o 3,150 | 158,000 8,400 --| --H63,000| -~
Minimum, July 2- 7.8 | 6.2 549 107| 6,110 e 1,230 9,790 17,800 {24.5 1,810 -~ | | =<| 26,100] -=

See footnotes at end of table.
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Table 4.--Chemical analyses of streams and reservoirs in the Brazos River basin for loecations other than daily stations.--Continued

Dissolved solids Hardness

(calculated) as CaCO; | So- Bp::ih

Date Cal- | Mag- Po- | picar- Fluo{ Ni- | Bo- dum) guct-
Rt et Ca o e PR S A N PN R o o -

collection (cts) Q)| (Fe) | (cqy |slum | (Na) |slum| (yco,) . €D | '(r |(noy| (B) per 5 car- [FOTP{tmicro-

(Mg) ® | (@ Per | ocre- 3"' Mag-| | on. | ton
¥y ne~ ratio e
foot i ate 25°C)
21. NORTH CROTON CREEK AT MOUTH NEAR KNOX CITY
Feb. 0.78 4,230 - 2,190 | 6,940 2,980 - 20,700 | —-
Mar. .71 3,510 i 2,400 5,960 3,260 - 18,800 | ——
June 2.27 904 68 1,280 | 1,460 1,430|1,370 6,120(7.5
Nov. 5.36 1,700 o 1'a70 | 2. 990 2 490| ' - 11000 | —-
Jan. 5.71 1,260 184 1,790 | 2,120 2,170|2,020 8,880 (7.4
Dec. 57| 3.2 680| 147 1,890 — 1,700 | 3,200 7,690 | 10.5 2300|2,180{17 [10.800|7.5
22. MUSTANG CREEK AT MOUTH NEAR KNOX CITY
35.4 19 | 4.0 68 324 22 37o| 314 774|7.8
b. 02 572 | --| 126 2,260 700 2,160(2,060 5,350 (7.7
b.38 832 | --| 94 1,130 | 1,280 1,230(1,150 5,500(7.5
29.8 25 | 5.2] 91 358 30 415 340 901 |7.3
b. 02 2,520 | -- g 2,910 | 3,680 2,890 - 13,800 | —
Q6L Tl e a e SR .01 1,900 | —-| -- 2,860 | 2,990 2,950 - 11,900 | —-
May 11, 1961--——— 4.51 278 (13 86 1,760 495 1,940|1,870 4,040 7.4
24, MILLERS CREEK NEAR MUNDAY
Oct. 434 9.8 25 5.9 4.1l5.0[ 104 1.8 3.0[0.3|2.2 11| o.15 87 1| o2l 191(6.9
May .9.48| 9.8 32| 9.8 14 162 9.0 4.2 .4]2.2 161 .22 120 ol .68 288l6.8
May 2.33|13 26 4.9 11 116 7.4 3.3| .3|1.2 124 17 85 ol .s| 216l6.7
May 1.49| 8.6 32| 11 19 174 15 4.4 .al| 2 177 .24 125 ol .7 336l7.3
June 2.93|11 28| 8.8 17 152 9.0 4.5 .3[1.2 155 .21 106 ol .71 266l6.7
25, MILLERS CREEK NEAR SEYMOUR
6.2 |17 38 6.0 13 142 14 11 0.3] 1.0 cl76 | 0.24 120 3| 0.5 295(6.7
7.10(16 68| 17 39 184 98 50 .3| .8 379 .52 240 88| 1.1] s6186.8
b.14[11 92| 38 58 216 244 56 .3| 1.0 c638 .87 386 =209| 1.3] 943l6.8
2.55(13 101| 38 65 274 202 80 8| 1.0 c670 .91 408| 184| 1.4|1,000l6.9
b.20| 2.3 100| 33 63 150 305 72 .3| 1.0 ¢660 .90 408| 284 1.4/1.010](7.1
Feb b.10| 1.4 210 115 218 316 784 280 4] 1.2 1,760 | 2.39 997| 738| 3.0|2,4406.9
Mar bvd || 172 228| 134 266 304 956 320 4 1.8 2,060 | 2.80 1,120 871| 3.5/2,750(7.0
Apr 6.42|14 72( 25 53 188 147 63 4] 1.8 c468 .64 282| 128| 1.4 '750(6.7
May 2.59| 10 47| 14 24 |5.5| 142 77 28 .2| 2.0 300 .41 175| 58| .8 462)6.9
June 11 34.7 |12 36| 7.1 20 137 24 17 4| .o 184 .25 119 71 .8] 321(6.7
26. LAKE TRAMMEL NEAR SWEETWATER
July 2, 1946-mm—m-m 7.6 0.00 52 6.8 ] 164 16 16 |o0.0| 1.0 c193 | 0.26 158 23 338 (7.6
Apr. 22, 1964--—- -4 57| 14 25 156 73 34 3| .5 281 .38 200| 72| o.8] 501(7.2
27. LAKE SWEETWATER NEAR SWEETWATER

Jan, 18, 195Zca-mm 3.0| 0.05| 59| 13 13 197 41 20 |o0.0]0.0 c270| 0.37 201 39| o.4 4s3|7.7
Apr. 22 1064-——c- 6.8 53| 15 24 184 50 30 a2 269 .37 104| 43| .7 485(7.3

See footnotes at end of table.



Table 4.--Chemical analyses

of streams and reservoirs in the

Brazos River basin for locations other than daily stations.--Continued

16

g Dissolved solids Hardness Spacitil
@ (caleulated) as CaCO, con-
Date Cal- | Mag- Bicar- Fluo- Bo- dlum| g0t
of Discharge Silical cium | 7e- | Sodium bonate | Sulfate ride ron Tons Cal- Non- | ™= | ance pH
collection (cfs)  |(®1Qa) (Ca) |8um | (Na) |stum| (HCO5) | (504) (F) (B) | FArtS | pgp | Tons |clum,| . OrP-liniero-
(Mg) (a) per per Mag- tion
millton | %R"1 day ne- | D00 oy
0d slum
28. LAKE ABILENE NEAR ABILENE
18, 1946---mn 9.6 51 | 15 9.3] 5.1 210 21 0.2 c234| 0.32 189 17 407(7.8
22, 1964man=-n 4.0 a0 | 21 34 185 43 4 soz| . 209 58 555|7.3
) 29. LAKE KIRBY NEAR ABILENE
18, 1946--=~- 5.5 44 12 13 I 4.9 202 11 1.0 c209 0.28 159 0 390(|8.0
22, 1964mmnnm 4 44 |12 182 23 4 219 .30 150 10 409|7.3
30. LAKE LYTLE AT ABILENE
. 22, 1964--mn- | s.z[ [81 13 | 210 45 I [o.1| o.z[ :ml o.-ul 2oel :u[:.a' 579[1.2
31. FORT PHANTOM HILL RESERVOIR NEAR NUGENT
4.7 aa | 22 63 211 52 0.4 365 | 0.50 173 0 652[7.9
1.2 10 |23 57 | 8.0| 238 40 .3 0.17 | cae2| .49 104 38 642|7.8
4.0 a6 | 15 160 42 A 305| .41 176 16 549|7.1
.8 46 | 17 176 47 4 az1| .44 185 41 586(7.3
33. LAKE STAMFORD NEAR HASKELL
2, 1953-—--mn 9.4 33 9.5] 10 |s.2] 157 9.4 0.4 0.0] 178] o0.24 121 0 297[7.9
12, 1965-mm=mn 9.0 s | 21 220 56 .5 - 3| a7 182 1 598 (7.4
34. LAKE HAMLIN NEAR HAMLIN
20, 1046-=--= 9.0 27 7.1 9.8] 5.6] 118 8.1 0.0 c168 | o0.21 97 0 249[6.8
. 22, 1964mneu .9 43 8.9 4.0 182 10 .3 178 | .24 144 0 330(7.2
46. HUBBARD CREEK RESERVOIR NEAR BRECKENRIDGE
30, 1963---- 3.7 68 10 58 I 7.8 166 16 0.2 0.11 384 0.52 210 74 737|7.1
.9, 1064-- 2.7 72 | 15 148 26 .3 47| el 241 120 883 (7.0
22, 1965---- 3.6 57 9.2 114 15 .3 318 | .43 180 58 617|7.4
LAKE DANIELS NEAR BRECKENRIDGE
. 12, 1959ccmn= 1.3 36 4.1 1'4 123 9.6 0.2 cl50 0.20 107 6 27417.7
. 4, 1963—mcmm- 2.4 14 4.5 8.3 5.6 144 8.4 .3 182 .22 128 10 292(6.5
53. LAKE GRAHAM N
2.4 278 | 74 655 157 130 0.2] 0.0 2,750] 3.74 998 | 870[9.0] 5,020[7.9
4.9 56 | 11 138 12 R 422 | .57 184 72[2.9| '819|7.8
1.2 67 | 15 106 167 17 2| .8 504 .69 228 92|3.1| 1,000[7.9
2.0 64 | 15 114 139 15 3| .o es18| i70 221 | 107|3.3| 1)070|7.5
2.8 56 | 12 126 11 3| .5 ciso| .65 189 86{3.0| ’'854|7.4
5.9 34 7.2 .95 6.8 2| .8 c287| .30 114 ar|2.1| 493|7.2
4.4 44 8.7 124 5.6 3| .o caod | .41 146 44|2.2| s93|7.3
2.7 a1 7.4 115 B.8 4| .0 caod| .41 148 54[2.1| e12[6.6
2.7 40 7.1 113 6.8 3| .0 0252 | .34 129 36|1.8| 505/6.8

See footnotes at end of table.
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Table 4.--Chemical analyses of streams and reservoirs in the Brazos River basin for locations other than daily stations.--Continued
Dissolved solids Hardness
(calculated) as CaCO,
Date Cai- | Mag- Po- Fluo{ Ni- | Bo-
of Discharge Silical Iron | 4,0 | rie- | Sodium | tas- | Bicar- |Sulfate | Chloride | yalirate | ron Tona Cal- | on-
collection (cfs) (SIQ.) (Fe) (Cl) sium (Na) slum | bonate (504) (Cl) (F) (NO,) (B) Parts per Tons cium, car-
(Mg) () | (HCOy) per = per Mag- B
(a) million aic :' day ne- | e
09 sium
56. KEECHI CREEK NEAR GRAFORD
Dec. 11, 1962-———o 14.4 9.2 84 12 35 265 43 51 0.3) 0.2 c374 0.5 259 42| 0.9 64317.0
Jan. 10, 1963 8.98 - - - - - - 89 - - - - - - - -] -=
Mar. 12-- 2.38| 8.8 84 20 98 227 112 143 .2 .0 cb10 .8 292 106| 2.5 97417.2
Apr. 10- 1.88] 7.1 102 20 99 3.4 259 L1, 161 +3 «0 631 .8 337 124 2.3{ 1,080|7.1
May 9mcmmmmcc—a——e 14.3 |11 80 12 51 3.9 230 60 83 .3 .2 c450 .6 249 60] 1.4 715)|7.2
June lle—mmmmmeeoo 1.46| 9.6 49 8.2 36 146 29 59 .41 1.2 264 | 156 36| 1.3 483(6.9
July 1Becc e 02117 74 13 53 236 46 78 .4 .0 397 . 5 238 44 1 1.5 680(7.1
57. KEECHI CREEK RESERVOIR NEAR GRAFORD
Oct. 30, 1961l-—-—- 7.7 42 6.0 15 149 12 19 0.5] 0.0 175 0.2 129 710.6 323|7.1
NOV. [Bemeaicime s - -~ - - 154 —-— 21 - - - - 130 4 - 330)7.1
Jan. 4, 1962-———-- - - - - 181 - 25 —_ - — - 158 10 - 395|6.7
Feb., Teommmmmmmmeee -— - - - 212 - 30 - - - - 184 10 - 44117.2
Apr. 10-eee e 4.3 50 8.1 28 183 - 30 4 .2 c236 .32 158 8|1.0 402)17.1
June ld-memmmee o T8 28 3.8 14 B2 17 22 .3 2 133 .18 86 18 S 23916.8
58. LAKE HAGAMAN NEAR RANGER
Nov. 1945eccmccaan 5.0| 0.04 39 6.2 38 102 18 73 0.2| 0.0 c248 0.34 123 39 438(7.2
Oct. 30, 1963-———-- 1.7 36 2.7 17 116 10 22 .3 .0 147 .20 101 6| 0.7 275|7.0
59. PALO PINTO CREEK NEAR SANTO
4.3 43 10 28 132 49 35 0.3]| 0.0 c236 0.32 148 401 1.0 415(7.5
i 66 15 47 230 73 44 .3 <0 c376 .51 226 381|1.4 617)7.5
3.0 94 24 121 158 139 226 -3 2.0 c763 1.04 333 204 2.9]1,190|7.6
5.0 43 B.2 44 99 43 78 «31 1.0 272 37 141 60| 1.6 485)7.0
9.6 42 4.7 14 131 17 18 .3 2.8 172 .23 124 17 i, 295(7.3
— — - - 208 - 52 - - - - 206 36 - 563(6.8
— e - - 117 - 75 - —— - - 149 53 - 503|6.7
7.8 37 4.6 27 105 12 50 - .5 191 .26 111 25|1.1 358|6.6
7.9 36 3.9 15 98 17 28 .0] 1.0 157 .21 106 26 .6 289(6.7
7:2 34 2.6 7.2] 3.0 110 6.2 13 .0 1.0 128 17 96 5 =3 219|7.0
8.4 42 5.1 15 133 14 24 -1 -2 174 .24 126 17 .6 31716.9
8.5 48 6.6 29 142 27 46 -2 .8 236 .32 147 31|1.0 421(6.6
s - - - 191 - 56 - - - - 186 30 - 539(7.1
5.8 38 3.3 1.G| 3.4 132 8 1.0 2] 1.5 121 .16 108 0 W7 215|7.3
- S - - 142 - 12 - - - —_— 125 9 - 278|7.3
48 9.8 58 9.8 39 188 34 56 .3 .2 c312 .42 185 31 (1.2 525(7.1
15 - - - - 259 - 70 - - - - 256 44 - 711)17.3
30 - - - - 309 - 76 - - - - 304 51 - 806(7.4
78 J— i - - 212 - 75 - - - —— 232 58 - 6717.3
11 9.3 97 20 85 270 82 142 .3 .2 cB05 .82 324 103 | 2.1 997|7.4
Kovs 2Temmm—mmmmm— 240 — o = - 159 - 108 - - - - 232 102 —_— 763|7.0
Nov. 28=————camaa- 56 — - —— - 173 —-— 142 - - - - 273 131 - 971|7.0
See footnotes at end of table.
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Table 4.--Chemical analyses of streams and reservoirs in the Brazos River basin for locations other than daily stations.--Continued

Dissolved solids Hardness Specif
(calculated) as CaCO, con-
tP:l- Cal duct-
of Discharge Sodium =| Bicar- Sulfate Tons ~ | Non- ance
collection (cfa) (Na) |slum| bonate (804) Parts per Tons clum,| oo “(micro-
(HCO4) per per Mag-
(a) acre~ day ne- bon- ,o's at
foot aum ate 5°C)
60. LAKE MINERAL WELLS NEAR MINERAL WELLS
Oct. 1943-mmmmmmn= 22 160 42 c262| 0.36 163 32 428
Nov. 1945-ccmmaaax 14 | 137 33 c221 .30 136 24 348
Oct. 30, 1963-----| 17 162 26 196 .27 145 12 347
PALUXY CREEK AT
Dec. 5, 196l-=we== 41.6 24 206 45 0.0 c274| 0.37 203 34| 0.7 475|7.4
Jan. 10, 1962-=-= 56.8 22 200 47 -2 c269 .37 204 40 T 482(7.5
Mar., 20--ccccacccmaa 27.2 26 176 52 .2 265 .36 188 14 .8 465|7.5
May Feecccmamcsn=s 27.1 23 213 47 .0 c322 .44 222 48 4 514|7.3
June S---m—mmmmeee 10.4 23 198 43 .0 c276 .38 204 42 = 48417.3
July lleceececaaad . 20 196 30 .0 c248 .34 182 21 .6 430|7.0
Sept. 10-———eeeeeq 27 16 143 20 .5 170 .23 123 .6 286|7.3
Sept. 18--wm- - 18 179 26 ‘0 211 .29 158 11 .8 365|7.1
62, LAKE PAT CLEBURNE NEAR CLEBUR
May 14, 1965-w--u- 10 146 14 1656| 0.21 124 5 286(6.9
June 2leccmcameaaa 10 159 12 165 .22 132 2 299|7.4
63. NOLANDS RIVER
Jan. B, 1962-caca- 28.3 7.8 54 188 47 c282| 0.38 136 of 2.0 48717.7
Feb. 19.0 B.4 60 297 56 «398 .54 226 0| 1.7 667)|7.6
Mar. 17.9 7 73 296 61 cd01 .55 206 0] 2.2 682|7.9
Apr. 14.4 6.9 ik 297 53 cdld .56 193 0| 2.4 666(7.1
June dececemmcaaaaa 5.1 122 320 58 453 .62 126 0| 4.7 757|6.9
July 6.0 46 228 33 c302 .41 162 of 1.6 506|6.8
Sept. 3.6 35 172 26 230 .31 118 0| 1.4 362(6.8
Oct. 31.4 2.9 23 136 18 169 .23 29 0ol 1.0 290|6.6
Mar. ed.8 5.3 169 370 100 570 .78 132 0] 6.4 958(8.0
AQUILLA CREEK NE
Dec. 4, 196lemcmns] 35.0 6.8 58 187 173 .6 5.4 c473| 0.64 260 107] 1.6 127175
Jan. 8, 1962----- - 28.1 9.4 75 192 222 - 4.0 c580 .79 208 140 1.9 B76|7.0
Feb. 12--cenee- - 19.1 12 101 264 289 7 4.8 ¢760| 1.03 394 178| 2.2| 1,120]7.0
Mar. 19«cccccacaa - 17.0 - 176 P i - - - 328 - -=-|1,030]|7.4
Apr. 24-ccccccaaad 28.6 15 139 295 321 9 3.8 c903| 1.23 398 156 | 3.0 1,260|7.6
Juneg decccccccaaa 4 8.1 72 199 210 o ; 4.0 cHB3 .79 307 144 1.8 B95|7.2
July 10--cccecaa=d 9.7 76 299 210 .8 2.0 c640 .B7 364 120 1.7 966|7.0
Oct. 10=ccmem=—= -] 124 2.6 17 206 73 .5 1.8 c328 .45 228 58 .5 501(6.6
May 9-11, 1965«~ae3, b27 1.5 12 126 37 3.8 178 24 126 23 ) 293|7.6
May 12-13-cc-cac=d @510 3.1 22 154 83 11 289 .39 190 64 ot 471)|7.9
May 14-17-coccuaadd ¢h, 630 1.5 6.7 124 31 2.8 166 .23 121 19 .3 274|7.7
May 1B-19-cacacaad @500 3.1 20 161 57 4.2 251 L34 170 a8 ot 410|7.8
See footnotes at end of
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Table 4.--Chemical analyses of streams and reservoirs in the Brazos River basin for locations other than daily stations.--Continued

Dissolved solids Hardness
B (calculated) as CaCO,
Date Cal~ 0= Fl
uo- Ni-
of Discharge clum Sodium | tas-| Bicar- |[Sulfate Chloride Cal-
collection (cf8) (Ca) (Na) |sfum| bomate | (504) () | pe|ixake Parts | TON8 Tons | cium,| N
(HCOg) (P) |(NOy per car-
(K) per per Mag-
(a) acre- bon-
million foot day De- | ie
sium
67. GREEN CREEK NEAR ALEXANDER
Oct. 18, 1962-ae-- 0.25| 3.6 41 32 134 29 51 0.3 0.0 233| 0.32 143 34 429)6.6
Jan. 18, .65| 3.3 47 40 197 38 55 .4 .2 299 .41 192 30 530|7.6
/TR S—— .01] 4.4 49 26 184 29 38 .3 .0 251 .34 180 29 466|7.6
Feb. 4, 91.8 | 5.3 32 18 114 19 28 .2| 1.0 168 .23 114 21 323(6.9
Feb. Secemmccamea- 25.4 4.7 30 22 101 20 33 .2 2 167 .23 104 21 317|6.8
Feb. Bomemm. o 9.95| 3.5 35 28 118 27 43 .2| .o 204 .28 125 28 389|6.9
0 5.5 54 16 181 16 20 .3] 1.0 208 .28 161 13 382|6.9
Apr. 29-—ce-- ————— 2.86] 2.4 45 36 168 az2 54 3 5 267 .36 170 3z 503|6.9
68. NORTH BOSQUE RIVER NEAR CLIFTON
Dec. 2, 1961-aece 114 9.4 82 8.6 18 248 36 25 0.3| 3.8 c319( 0.43 240 37] 0.5 533|7.1
Dec. 29————uo == 118 8.1 74 8.1 23 234 38 23 4] 4.1 <300 .41 218 26| .7 505|7.4
Jan. 31, 1962--——-] 82.4 4.9 79 8.8 21 241 38 26 23| 4.4 c304 .41 233 36 .6 526|7.1
Mar. lescoecomeoeas 73.9 6.8 76 9.5 25 239 40 29 4] 2.8 308 .42 228 32 AT 536|7.2
Mar. 29-cccmcccan- 56.8 6.4 49 9.2 26 164 37 30 .3] 1.8 c252 .34 160 26 9 420(7.4
828 9.0 52 3.7 13 157 21 14 3| 2.2 €206 .28 145 16| .5 323|6.9
41.9 B.4 65 7.4 18 200 26 21 4] 2.2 c252 .34 193 21 8 444|6.9
44.1 8.0 57 6.1 13 174 20 21 -4] 2.0 214 .29 167 25 .4 390|6.7
T F S —— 4.12| 14 68 7.2 24 228 22 26 4| 4.8 278 .38 199 12 7 462|7.0
Sept. 10-m=me=aa-d 150 8.8 34 4.5/ 5.6 4.3 120 11 6.0 .3] 1.2 c138 .19 103 5| .2 228(7.1
Oct. 1 8.18| 10 67 6.4 13 217 18 16 .2] 3.8 c251 .34 193 16 .4 410(7.1
Oct 3,630 8.7 44 4.1] 4.9 L 3.5 145 8.8 7.5 .4] 1.2 154 .21 127 8| .2 274|6.8
Oct 59.2 | 7.0 56 6.4 1 188 21 16 .4| 2.0 217 .30 166 12| .5 382|7.6
Nov 72.9 8.9 70 7.8 21 229 29 22 3] 1.8 273 .37 206 18 <8 480(7.1
Dec 24.9 6.8 77 8.5 17 238 31 24 .4| 2.5 284 .39 227 32 B ] 502(7.0
Jan, 18.2 | 4.2 78 9.4 22 241 39 28 3| 8 c312 .42 233 36| .6 528|7.3
Feb. 11.5 2.4 74 9.3 23 238 36 26 4] 2.2 c292 .40 223 28 K 3 514|7.4
Apr. 7.70 5.1 86 8.8 23 215 32 28 3| .8 c276 .38 200 24| .7 479]6.8
Apr. 181 6.2 64 22 63 252 57 B85 .4 2 422 .57 250 141 1.7 741|7.2
May 30—-————eeme= 142 6.8 40 3.7| 6.2 4.9 130 10 10 .2| 1.8 148 .20 115 8| .3 253|6.7
Jiiig 2P s 11.6 | 8.4 39 6.5 13 140 13 16 3] 3 165 .22 124 9| .5 285/6.9
July 31- g 11 66 5.9 17 210 20 21 .3] 2.8 247 .34 189 iy f S 418/6.9
FUTT S PR — .10 12 38 7.6 21 157 12 21 .41 .0 189 .26 126 of .8 33316.7
Sept. 30-=—=e—ea] .07 9.8 32 7.8 23 142 11 24 | [ 178 .24 112 o| .9 316|7.7

See footnotes at end of table.
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Table 4.--Chemical analyses of streams and reservolrs in the Brazos River basin for locations other than daily stations.--Continued

Dissclved solids Hardness Speclt

Mag P (calculated) as CaCO, | So- con-

Date Cal- | MRg- 0= - L dium -
of Bilica Iron | o~ | re- | Sodium | tas-| Bicar- | Sulfate | Chloride 'll'll‘;l.:h}'l;lta f:n T Cal- | o | ad- m‘. ol

collection (d') (m] (Fe) (Ca) sium (Nl) slum| bonate ( 804) (cl) (F) (m (B) Parts per Tons clum, jporp-~
(Mg) (=) (HCOy) per per Mag- oar tion
(a) million | RCTE- day e bon- 4 at|
foot sium | 2t® ratio gy C)
69. MIDDLE BOSQUE RIVER NEAR McGREGOR
Dec. 1, 198leceem- 96.0 | 8.9 70 2.8 8.7 |1 199 19 12 0.3| 8.6 229 | 0.31 186 23| 0.3 398|7.0
DR0  FOcmimimsiomais 60.2 | 6.5 83 2.5 12 176 21 13 .4 9.4 215| .29 188 23| .4 373|7.1
Jan. 31, 1962-—w-- 28 5.1 70 2.6 12 198 22 14 4| 8.1 c235| .32 185 23| .4 404|7.2
T S — 28.3 | 7.5 63 2.6 12 181 22 13 4| 4.8 214 | .29 188 20| .4 3768(7.2
MAY | Besumsmmmmin 15 6.9 50 2.5 11 141 22 12, .3| 2.2 cled | .25 135 20| .4 318(7.2
APr. 30meme—— e ——— 16.1 | 7.5 55 2.5 10 158 19 13 4| .8 c200| .27 148| 18| .4 325(7.4
95 11 42 1.8| 4.8 I 2.4 126 10 5.5| .3| 1.5 cl4s | .20 112 9| .2 243(8.7
15.7 | 8.9 56 2.6| 8.8 1.6 169 16 10 1 187 | .25 150 12| .3 331(6.9
.5 |14 44 2.8 12 132 19 12 Sl =0 169 | .23 120 12| .5 281(7.1
.06 |11 38 8.3 18 107 27 15 4| .0 183 | .22 104 17| .7 275(6.9
b.05| 7.2 36 2.4| 6.9 ' 2.44 110 17 5.8| .3| .o 138| .18 100 10| .3 226(6.9
BY et esioine b.04| 4.5 38 2.6 13 110 25 12 5| .0 150 | .20 108 15| .5 262(7.4
NOV., B30-—cmmmemmme b.05| 4.5 47 2.6 1 127 28 12 3| 1.2 169 | .23 128| 24| .4 296(6.8
[ TSP ) P — b3.3 | 7.9 47 2.1| 5.8 1.9 136 186 7.0| .4]2.0 187| ;1 126| 14| .2 265|7.5
Jan, 30, 1963----- 3.40| 4.1 68 2.8 11 183 29 10 .4] 6.0 c228| .31 176| 26| .4 380(7.2
Fobi ATeccmcusnnas 3.1 | 1.5 58 2.6 12 156 27 11 4] 1.2 188 | .26 148| 20| .4 335(7.5
Apr. .80| 4.5 44 2.5 13 125 24 14 4] .o 163 | .22 120 18| .5 292(6.7
Apr. b3.4 | 9.1 50 2.4 8.4 147 18 10 3] 1.2 189 | .23 13| 14| .3 201|7.0
May 32.7 | 9.8 44 1.0| 4.9 2.0 130 9.6 5.2| .4| .8 142| .19 114 I 2 238|6.8
Mar 4.99| 3.0 62 .8| 8.7 1.4 142 33 11 .3 14 204 | .28 158| 42| .3 359)6.9
Apr. 19.0 | 4.2 61 1.9| 8.5 1.8 164 25 11 4|51 200| .27 160 26| .3 357|7.3
May 1d--— 28.2 | 5.8 89 Q.1 16 157 39 10 4| 8.8 218| .30 156] 27| .8 350|7.0
June 24-- 59.0 | 7.5 52 2.5 10 144 22 10 .4| 8.0 183| .25 140 22| .4 320[/7.5
July 29--- 1.06(10 49 1.9 14 130 28 13 .4| 6.0 186 .25 130 24| .5 317(6.9
PN | e i 32|11 46 2.5 14 118 29 15 3 7.0 183| .25 125/ 28| .5 308(6.9
Bapts Ricsescecam 39| 9.3 a9 1.1 12 122 186 7.6| .3| .8 146 | .20 102 21 =5 243(6.9
70, WACO RESERVOIR NEAR WACO
Jan. B, 1943 7.6| 0.08] 70 | 11 30 0.8 217 52 33 0.8 5.9 ¢335 220 42 | 83
Feb. 29, 1952-——w- 6.2 .o1| s0 6.6| 15 .0 164 30 14 .3| .5| 0.30] c225 152 18 367|7.6
Sept. 17, 1956=mmm e | - i - 130 = 17 S = = 122| 16 312|7.4
May 24, 1965-mw—m-| 7.5 .oo| 54 2.7 9.3 128 32 18 .2 2.5 189 | 0.26 146 41| 0.3 335/7.6
71. BOSQUE RIVER NEAR WACO

720 5.7 67 5.9 17 197 32 20 0.3] 5.3 c258| 0.35 191 30| 0.5 432|7.3
714 6.6 60 5.4 17 174 32 20 .3|5.8 c238( .32 172| 29| .8 405/ 7.1
62.2 | 3.4 62 6.3 24 182 46 23 .3| 3.8 258 | .35 181 31| .8 446(7.6
73.7 — - - et 127 - 24 W3] == - o Y — 357|7.4
104 4.6 58 6.7 19 172 34 24 3] 2.0 c251( .34 172] 31| .8 417| 7.0
60.7 | 7.5 53 5.5 19 164 32 19 3] .5 c221| .30 188 20| .7 380/ 7.0
FUTT P § Se—— 2.28/13 85 8.7 43 188 53 52 3 .0 c325| .44 190 36| 1.4 557/ 6.9
T T | IS—— 7.54|10 54 4.4 11 159 36 14 ) I B c226| .31 1580 881 .6 360{ 7.1
[P D & N—— 5.84| 9.4 46 5.8| 8.7 32 148 20 12 0 .8 180 | 5.84 138 16| .3 310{7.1
LI S—— 4.08| 7.9 64 5.9 16 196 32 16 a| .5 239| .33 184] 23| .5 7.3

Bew footnotes at end of table.




926

Table 4.--Chemical analyses of streams and reservoirs

in the Brazos River basin for locations other than daily stations.--Continued

Dissolved solids Hardness

(calculated) as CaCO, So- sl’::l:{m

Date Ccal- | Mag- Po- | Ni- | Bo- dium| - g0
of Discharge [Siica) Iron | oy | rie- | Sodlum | tas-| Bicar- | Sulfate | Chloride Pz‘-li‘cl!: t.:':te ron Tons Cal- | o [ 8- | ance | pm

calleeton (cts) |©1Q)| (Fe) | (cqy [Bium | (Na) |slum| bonate | (504) € | (#) |nog| (B) Parts |~ e Tons elum,| " BOrP-lioro-

(Mg) ® | (B50a) Per | acre- per Mag-| pon- | Hon byhog at

(a) million foot day ne- S ratio 25°C)

sfum
71. BOSQUE RIVER NEAR WACO--Continued
19.4 | 6.3 57 5.5 13 178 25 14 0.4| 0.2 c221| 0.30 165 19| 0.4 36916.9
4.63| 5.6 64 5.6 15 193 30 18 -8 .0 c246| .33 183 a5 .8 40306.9
5.14] 3.2 62 6.3 19 192 33 19 =F| 0 237| .32 181 23| .6 416(6.9
15.4 | 4.8 53 5.8 24 162 39 28 4| B 230 .31 156 23| .B 39106.8
B.23]| 9.4 46 6.1 51 172 58 34 A .o 290| .39 140 of1.9 478 (7.1
b1.8 | 8.9 69 7a 31 178 69 35 4] .0 309 | .42 202 56| .9 558 |7.0
4.68| 7.4 72 57 23 179 56 32 3| T 286 .39 203 56| .7 52006.7
1.86( 4.0 68 6.4 14 186 57 9.9| .3| .2 251 | .34 196 44| .4 467 (7.8
369 5.4 62 3.5 15 170 42 12 <3| 2.0 226 | .31 169 30| .5 399 6.9
129 4.8 56 4.0 15 160 37 12 .3| 3.0 211 .20 156 25| .5 376 (7.0
41.6 | 7.1 54 3.5 12 156 29 9.9 .3| 2.2 195 .27 149 21 .4 3436.9
1.12]12 64 4.9 20 186 42 18 3| 5 253 | .34 180 27| .6 431)7.0
73. COW CREEK AT MOOREVILLE
2,19 4.1 111 5.6 27 176 176 20 0.5) 2.8 434 | 0.59 300 156 | 0.7 680|7.5
106 12 82 2.5 11 212 52 5.6 .3 1.8 271 <37 215 41 .3 447 (6.8
61.1 | 9.1 68 2.5 10 177 45 5.3| <3| 2:2 229 | .31 180 35| .3 387(6.9
3.53| 2.7 85 3.6 23 165 115 15 6 .0 326 | .44 227 g2 | .7 533 (7.4
.55 5.4 83 3.9 25 182 a7 18 .6 0 322 .44 223 74 T 53117.0
75. LEON RESERVOIR NEAR RANGER
Apr. 15, 1955-—-a 0.7 0.01| 50 6.6 12 | 8.6 186 T2 20 0.4| 1.5| 0.06] c205| 0.28 152 0]|0.4 364 |7.6
Mar. 12, 1959---—- 3.0 48 6.6 26 137 24 46 Rl R | c236 | .32 147 35| .9 415(8.1
Mar. 4, 5 1.6 43 6.7 21 118 18 46 .3 .0 c212 .29 135 38 .8 37916.7
Oct. 30 4.1 40 5.3 23 124 14 38 2 .o 186 .25 121 20| .9 346 6.8
76 PROCTOR RESERVOIR NEAR PROCTOR
Jan. 30, 1964-——m- 1.9 | 42 185 22 73 0.3] 0.2 298 | 0.41 187 36|1.3 557 17.6
June 30--ecmmmemm—— i 54 15 87 174 34 100 B +0 347 .47 196 54 | 1.8 G47 |7.6
NOV. G e o o v o 6.5 34 8.3 17 112 13 35 2 ] 170 .23 119 27 o7 325(7.4
Oct. 1, 1965-————c 4.2| .18| 58 | 13 59 170 34 106 2 L0 358 | .49 198 58 | 1.8 685 (7.1
77. LEON RIVER NEAR HASSE

Oct: ‘30, 1961-r=w= 2.3 11 756 | 32 102 248 105 160 0.5|0.2 c656 | 0.89 318 | 116 [ 2.5| 1,060(7.5
Feh. 16, 1962————~ 14.8 7.4 108 55 160 358 160 270 6] 1.6 938 | 1.28 496 202 | 3.1 1,620(7.4
16.1 | B.8 96 | 48 148 301 130 265 5 1.2 845 | 1.15 437 | 190 |3.1| 1,530(7.4
3.64 |11 64 | 54 143 203 143 211 .9|3.2 c833 | 1.13 382 | 142 [3.2|1,390(6.9
7.5 | 8.1 52 | 16 48 167 42 84 Al 2 358 | .49 196 58 [ 1.5 629 16.9
14.9 | 9.9 84 | 15 91 212 43 177 23| -0 524 | .71 271 98 | 2.4 974 (7.2
7,300 7.3 21 2.8 5.9 | 5.0 74 4.2 12 2| .2 94 13 63 Bl = 158 6.9
7,100 5.9 24 3.1 10 T 4.4 19 .1 .0 104 .14 78 10 5] 188 |6.5
94.0 |12 94 19 81 258 66 147 AL | -0 546 .74 312 101 | 2.0 980 |7.0

See

footnotes

at end of table.
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Table 4.--Chemical analyses of streams and reservoirs in the Brazos River basin for locations other than daily stations.--Continued

Dissolved solids Hardness
» " (calculated) as CaCO, | So- Sp::li.l.ld
Date Cal- ag- 0- Fl dium
. uo-{ Ni- | Bo- duct-
of Dncm‘. Silical Iron clum ne- Sodium | tas-| Bicar- Sulfate Chloride ride [rate | ron Tons Cal- Non- ad- Ande H
collection (cts)  [(S1Qu)| (Fe) | (o | 8lum | (Na) |slum| bonate | (S04) €0 1'r) |Nvoy (my | Perte | o0 Tons | ctum,| 07 Worp-looyico | P
(Mg) (R) | (HCOs) per per | Mag-
(a) milljon | #cre- day ne | bon- catt 8 at
foot sium ate 25°C)
78. LAKE EANES NEAR COMANCHE
Mar. 20, 1946----- 6.4 0.08] 54 ] 13 32 5.2 zoo 47 36 | o.2] 0.0 202 0.40 188] 24| 1.0 s08[7.4
Oct. 30, 1963-c-mn 2.4 36 | 7.8] 13 6.7| 133 22 18 3| .o 171 .23 121 12| .s5| 30s|7.0
79. LAKE COMANCHE NEAR COMANCHE
Oct. 30, 1963-—mmm I 3.GI ] 36 | 13 l 29 [ 146 ] 34 I 36 | 0.4] °'°I [ 224—l o‘aol ] 143] 24] 1.1J 405]7.2
80. LAKE HAMILTON NEAR HAMILTON
Mar. 19, 1946-——— 7.8] 0.22] s0 | s.2] 9.4 ] 48] 183 25 13 | o.2] 0.5 226| 0.31 169 19] 0.3] a37s]s.0
Sept. 24, 1964---- 2.7 34 | 3.7 6.7 | 4.0 110 18 9.5 .3| o 133 .18 wo| 10| 3] 244|6.9
81. BELTON RESERVOIR NEAR BELTON
Sept. 9, 1955-mnn- 6.4] o.o1] 44| 4.4 16 159 9.2 15 | o.2] 0.5 c196| 0.27 128 o| 0.6] 319]7.3
2.9| .o2| 44| s.0 15 163 7.9 14 3] s 170| .23 131 o| 6| 37|74
2.8 .o2| 49| s.0 15 157 17 19 3| 2 185| .25 12| 13| 5| 338|7.9
9.6] .oa|] 37| 3.4 8.2 122 10 7.5| .4f 2.2 138 .19 106 6| .a| 24s[7.2
9.0 .o0|] 87| 9.1 22 201 30 35 2| 7.7 cao0| .41 204| 40| 7| asals1
6.4 .oz| 46| 13 39 160 37 59 4| .2 280 .38 168| 38| 1.3] s11f{7.3
a4 22| as | 12 33 158 33 48 .3| .3 254| .35 162 32| 1.1  4e4|7.8
4.8 - 40| 10 15 138 19 28 2| .o 85| .25 11| 28| .s| a3si|7.5
5.8 .13| 85| 8.7 24 182 22 36 .3| .8 242| .33 173| 24| 8| aas|7.0
82. LEON RIVER NEAR BELTON
Mar. 28, 1961-----|e2,130 8.4 65| 9.5 18 206 28 27 | 0.3] 5.4 c272| 0.37 201 3z2[ o.8] 4e3]7.5
May 31, 1962--ca-n az 7.0 62 | 11 22 215 29 28 3| 2.0 267 | .36 200 24| .7| 475|7.0
TlE B esias 103 5.2 52 | 12 26 185 34 34 3| T 255| .35 179| 28| 8| a49|7.3
June 22-— oo 440 3.4 52 [ 11 26 178 a2 36 4| .5 240 | .34 175 20| o 447|7.4
JULY: JEaewmucmay 225 1.4 19 | 13 23 171 33 36 5 243| .33 176| 36| .8| 456/6.8
AUE: 16-mmmmmmme 5.00| 8.8 a2 | 15 66 196 57 62 .5 1.2 aa8| .47 166 6| 2.2| 609]6.9
Bept: Socccmscomen 6.48| 6.8 53 | 13 24 189 31 35 4| 5 c262| .36 186 31| .8| 454|7.0
Sept. 17-eemmmea=s| 3,200 7.0 51| 13 27 186 30 38 3| s c276| .38 181 28| .o ass|e.8
[P O A —— 246 7.0 48 | 13 26 171 32 39 4| o c258| .35 173| 33| .9| as3|e.8
MOy BT iswiiom s 31 6.5 45 | 13 26 163 32 38 4| .2 2a1| .33 166| 32| .e| 437|6.9
Jan 273 5.7 38 | 11 22 132 26 37 4l .2 205| .28 10| 32| .8 as2|s.0
Feb. 12.6 | 1.9 56 | 13 32 194 36 16 4| .2 ca0z| .40 193] 31| 1.0| 515/6.8
Mar. a.20| 6.0 54 | 13 36 194 37 48 .4 1.0 caol| .41 188| 29| 1.1] s14]6.9
ApF, 18 6.3 54 | 12 a7 192 35 49 5| .8 280 | .39 84| 26| 1.2| s08|7.7
May 15.7 | 7.0 54 | 13 39 192 39 52 4| 2 200 | .4 188| 30| 1.2| s21|6.9
June 349 6.0 46 | 14 36 160 38 56 3| .o 275 .37 172| 42| 1.2| 481|7.3
July 13.2 | 7.5 50 | 13 16 184 11 60 4| o o8| 42 178| 28| 1.5 s38|6.7
Aug. 3.66| 8.0 47 | 14 60 191 19 69 5| Lo ad2| a7 178| 18| 2.0 61168
Oct. 6.64| 6.6 a8 | 14 43 186 37 56 4| .2 206| .40 178| 25| 1.4] s43|6.9
Nov. 6.4 | 8.1 56 | 13 43 198 36 58 4| 8 a1l .42 190 28| 1.4| s67|6.8

See footnotes at end ol table,



86

Table 4.--Chemical analyses of streams and reservoirs in the Brazos River basin for locations other than dally stations.--Continued

Dissolved solids ) Hardneas Specifid
S . (calculated) as CaCO, d?" con-
Date Cal- iag- 0= s o um .
of Disec ica| Iron cium | "e- | Sodlum | tas-| Bicar- | Sulfate | Chloride E;-II:T t:'a!te f:n Tons Cal- Non- | - ‘::t. H
collection (cf8) (81Q,)| (Fe) (Ca) | Blum [ (Na) |slum| bonate (504) (c1) Parts Tons cium, jsorp- P
( (F) [(NOY| (B) per car- micro-
Mg) (K) | (HCOy4) i per per Mag- bon... | tion
e million | "1 day | me- | T |ratio [Tt
00 slum )
82. LEON RIVER NEAR BELTON--Continued
5.45| 8.3 54 |14 43 201 36 58 0.5| 0.8 314 0.43 192 28| 1.4 566 7.2
5.44| 7.4 52 |13 40 184 36 57 4] .8 297 | .40 183 32| 1.3 543(7.8
21.0 | 7.4 54 |13 10 189 36 56 4| 1.8 302| .41 188 33| 1.3 537(7.8
9.1 | 5.6 54 |13 34 188 34 49 4| 1.8 284| .39 188 34f 1.1 521(7.1
2,230 5.8 49 |13 37 171 37 55 A 2 281| .as 176 36| 1.2 513(7.2
June 15.0 | 6.9 57 |12 33 189 35 50 W31 1.2 288 | .39 192 36| 1.0 531|7.3
July 1,330 6.2 40 6.4 18 132 21 25 .4 .0 182 | .25 126 18| .7 335(6.5
Aug. 5.0 | 9.3 51 7.5 21 180 17 25 4| 2.8 223| .30 158 1] .7 392(7.8

83. SULPHUR CREEK BELOW LAMPASAS

s.oa] e.zl l 77 ] 53 I 439 I 192 | 20 ] 840 |o.3[ o.o, Ll,saolz.osl | uol 252[9.4]2,590[5.9
84. LAMPASAS RIVER NEAR KEMPNER

July

June 3, 1963—————— 10.1 5.3 56 40 230 192 21 440 0.4] 0.1 887 | 1.21 302 144 | 5.8| 1,680(7.5
Mar. 20, 1964--——- 227 7.8 50 9.5 20 170 16 36 -2 .8 204 - 30 164 24 .7 418]7.2
June Z2eccmmemee o 23.5 5.7 61 26 148 195 17 285 -3 .2 639 .87 259 99| 4.0| 1,240|6.9
B68. NORTH SAN GABRIEL RIVER AT GEORGETOWN

Feb. 24, 1961-em-- b80 11 92 15 13 310 22 18 -=|21 c364 [ 0.50 291 371 0.3 586 (7.3
Mar, 2Bec—occccaooo 121 - - - - 234 27 27 - - -— - 238 46 - 520 |7.3
Jan. 4, 1962-——a- 23.0 7.4 65 19 17 244 24 a2 0.2] 6.6 c302 .41 240 40 - 52017.3
Aug, 24eecmcme e 1.88|16 29 18 25 123 22 54 .3 5 § 237 .32 146 46 -9 392(7.5
Sept. Beeemmemee =10 418 5.4 2.1 3.5 163 11 3.5 2] 3.5 167 .23 142 8 w1 284(7.0
Oct. 3lemmmmeme——— 15.7 7.9 45 2.2 5.4 2.0 162 12 10 3 .0 cl78 .24 150 17 .2 307 (6.6
L e —— 4.56] 5.3 41 20 13 175 24 30 .21 1.2 221 .30 185 41 -4 40917.5
Jan. 11, 1963-———- 1.63] 5.7 47 15 11 154 42 21 .31 2.0 220 .30 179 53 | 394(6.9
Feb., Bememcmmee o 5.53| 3.6 5.5 21 14 216 26 33 2| 2.2 c268 .36 224 46 -4 480(7.3
Mar., 22 5.92] 4.6 48 18 14 196 24 26 »3 .8 232 .32 194 a3 4 428|7.

Apr. 25-ccce e 4.53| 7.0 39 19 20 173 19 410 B .8 €237 «32 175 34 .7 42017.2
May 27-cmmeeceeeem 1.75| 9.6 33 16 16 152 15 30 «3 .0 195 .27 148 24 .6 344|7.4
June 20=-cccmcemee 64|20 32 19 24 140 21 52 .3 .2 238 «32 158 43 -8B 401(7.2

87, SOUTH SBAN GABRIEL RIVER AT GEORGETOWN

Feb, 24, 1P6le-—— b440 10 74 14 14 254 25 18 -=117 c3ll | 0.42 242 34) 0.4 520|7.6
Mar. 28 75 - - - - 230 29 25 - - - - 220 32 - 506]7.0
Jan. 16.6 5.1 57 15 17 211 26 23 0.2 81 258 .35 204 n 8 44917.4
Oet. 5.64 9.4 43 12 14 137 42 2] -3 .0 €217 .30 157 44 .5 368(6.5
Nov. 2.63( 5.9 44 14 12 1.5 141 45 20 2.0 c216 .29 167 52 A 379|7.2
Jan. 10.8 5.1 50 18 11 -8 194 21 24 3| 8.5 231 .31 199 40 .3 42216.9
Feb. 1.32| 5.0 52 16 17 180 44 25 3] 3.5 254 .35 196 48 ) 436(7.1
Mar. 2.61| 4.2 45 15 14 158 11 22 .3 1.2 221 .30 174 44 B 388|7.0
Apr. 1.66| 7.3 36 15 16 137 37 23 .7 .8 203 .28 152 39 .6 347|7.5
May .04 7.3 28 17 16 126 29 28 3 51 188 .26 140 36 .6 340|6.5
June 30-cememee——— .25] 6.8 28 18 16 136 26 25 3] 6.0 193 .26 144 32 .6 334|7.3

See footnotes at end of table.




Table 4.--Chemical analyses of streams and reservoirs in the Brazos River basin for locations other than daily stations.--Continued

66

Dissolved solids Hardness
cific
t B (calculated) as CaCOy | So- sp:(m_
Date Cal- | Mag- 9 Fluo{ Ni- | Bo- dlum| g0t
Silica| Ir e- = - Sul qihey i e
of Discharge | ) {Fm)l clum | Te- | Sodium | tas Eéﬁﬁi: - ‘;SS“§9 Chloride | 1yge |trate | ron partg | Ton8 " Cinl Non- | 8= | ance
collection (cts) O, e (Ca) slum (Na) |[slum 2 4 cn ons clum, - [BOTP-{(miero-
(NGO04 ) (F) |(NOy| (B) per car (micro:
(Mg) (K} 3 per per Mag- tion
(a) million | 6re- day ne. | bon- #iHo mho'l at
foot sfum ate 25°C)
88. SAN GABRIEL RIVER AT GEORGETOWN
Feb. 24, 1961-——— e527 9.8 75 | 15 14 262 24 18 0.1(18 c300 | 0.42 248 34| 0.4 532(7.7
Mar. 28 e201 &= & | =5 = 248 28 26 sa| e =5 -_ 246 43| - 538 (7.5
Dec. 11 62.5 7.6 - 17 - - 21 24 <3111 - - — - - -] ==
Jan. 4, 53.9 [ 7.0 70 | 18 14 256 23 26 211 c297 | .40 248 38| .4 520(7.2
43 7.5 68 | 18 14 249 23 26 2|12 c208 | .41 244 40| .4 523(7.0
34 7.2 33 | 17 14 138 23 28 2| 7.0 197 | .27 152 38| .5 357(7.5
B9.3 7.6 53 13 12 199 18 18 2| 4.0 c240 .33 186 23 .4 396|7.5
50.5 [11 58 | 14 1 219 18 17 3| 3.0 240 | .33 202 23| .3 421(7.4
8.08(12 78 | 19 15 297 17 26 .3| 7.6 321 | .44 272 20| .4 567 (7.0
Sefit, Rlesnmsenns 11 9.1 76 | 18 13 286 18 22 .2| 9.8 307 | .42 264 29 .3 531(7.2
Nov. 13 7.6 65 | 19 15 255 20 24 .3|10 286 | .39 240 31| .4 509 (7.0
Nov 17 7:3 74 | 18 12 274 23 22 .3| 6.2 298 | .41 258 a4| .3 537 (7.1
Jan 19.7 | 4.0 39 | 12 7.8 | .6 146 14 16 .2| 5.1 171 | .23 147 27| .3 333(7.3
Feb 16 6.9 71 | 19 13 266 23 24 .2| 9.0 307 | .42 255 ar| .4 529 7.1
Mar 21 6.8 66 17 15 250 24 23 .3| 4.8 296 .40 234 30 4 495|7.0
15.4 | 5.3 76 | 17 19 286 21 26 a2t s c3ls | .43 260 25| .5 521(7.8
16.4 8.5 80 19 13 304 18 21 .3] 8.8 318 +43 278 28 P 1 54217.2
7.95(10 76 | 20 16 300 18 26 .3| 6.8 321 | .44 272 26| .4 549 7.3
1.54|15 39 19 16 198 16 21 «3| 1.2 224 .30 175 13 «B 39317.5
2.7 |12 86 | 22 i 342 14 19 .3| 8.1 340 | .46 305 24| .3 596 6.8
91. LITTLE BRAZOS RIVER AT STATE HIGHWAY 21 NEAR BRYAN
3.94(13 43 8.7 68 209 40 55 0.4| 0.0 c341 | 0.46 144 ol 2.5 573(7.5
30.4 |15 51 | 11 60 152 76 70 3f o ¢370 | .50 172 48| 2.0 596 /6.5
24.2 |11 56 | 13 68 146 94 86 .3l .o c424 | .58 193 74| 2.1 681 6.6
90.6 |15 59 | 13 84 200 89 88 4 1.8 448 | .61 200 36| 2.8 734(6.9
6.66(13 84 | 23 234 318 178 258 .3] 1.8 948 | 1.29 304 44| 5.8 1,560(6.8
oct .15 9.8 45 | 17 59 176 23 100 4| 1.0 342 | .47 182 38| 1.9 618)7.2
Dec 3.80| 7.3 51 10 134 350 62 76 .5 il 513 ST0 168 0| 4.5 880(7.1
Feb 9.06| 6.1 48 | 10 87 196 79 76 .3| .o 402 | .55 161 o| 3.0 658 (8.4
Mar. 2 28.2 |12 41 | 11 38 28 71 52 3| 1.5 275 | .37 148 67| 1.4 488 (6.8
TS - ——— idla i 60 | 14 127 280 93 106 4| 8.1 558 | .76 207 o| 3.8 932|7.0
Aug. 20— 4.14 112 53 28 260 430 153 212 .3 .0 929 | 1.26 247 ol 7.2] 1,550(7.4
94. LAKE MEXTA NEAR MEXIA
Feb. 13, 1962-———- I L J | 128 I r 120 -I l l 350| | 125[ 20] ‘ 630|7v4

See footnotes at end of table.
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Table 4.--Chemical analyses of streams and reservoirs in the

Brazos River basin for locations other than daily stations.--Continued

Dissolved solids Hardness
Mag Po (calculated) as CaCoO,
Date Cal- | W88~ 8 Fluo- Ni- | Bo-
of Discharge foirs) £o0 | clum | fe- | Sodium | tas- | Bicar- | Sultate Cnon ' | ide |trate | ron | poey [Tons [ gy [ Gor | Non- | 34
collection (cf8) (Ca) (HCOs ) (F) |(NOy| (B) per ' car- [POTP
(Mg) (K) a per per Mag-
(a) acre- bon-
million foot day ne- Y
sium
99. BIG CREEK AT FARM ROAD 1994 NEAR GUY
May 2, 1062-—cuuu= b30 22 219
June Feemmme e b50 18 195
e T bB9O 10 116
Feb. 14, 1963-mau- b2 75 564
00t A= wmmenuszca b1.3 310 1,550
Feb. 6, 1964--——--| b330 16 190
MAT, Zecaccweseam=|bl,100 4.7 398
100. BIG CREEK AT FARM ROAD 762 NEAR GUY

May 2, 1962-——u--- b50 402 1,480
June 9e—ee—o b60 13 176
Dec. bl K 100 6,890 18,700
Feb. b2 85 652
oct. bl.8 202 1,500
Feb. 6, 1964-————- b440 13,000 33,400
Mar., Zececcocaamaeo b660 9,150 25,100

101. BIG CREEK AT COUNTY ROAD 9 MILES NORTHEAST OF GUY
May 2, 1962-————u b50 225 934
June 9emecmm e b60 18 232
Dee,. Jomvnmmie bl,100 5,460 15,300
Feb. 14, 1963————- b2 121 954
Oat, 18=ccmaa—aoo b2.2 298 1,470
Feb. 6, 1964-———m- b550 8,850 24,100
Mar: Zememswca—vu| bSO 63 457

102. COW CREEK AT KITTY NASH ROAD 8 MILES NORTHEAST OF DAMON

Apr. 10, 1962-——— bo.8 208 943
Dt Jomcwasmoumes b45 10 164
Feb. 14, 1963-——m- b.3 16 320
[ TTT" RN . S —— b220 12 180
0ot B b.4 645 2,510
Feb. 4, b550 15 187
Feb. 6 b220 21 199
Aug . bl.3 121 772

104. VARNER CREEK AT STATE HIGHWAY 35 AT EAST COLUMBIA
May 2, 1962-———-. b17 40 262
Dec  Fmmmmmmmmeee b13 1,060 3,460
Feb. 14, 1963-—mm- b. 08 1,520 5,000
Arigs: e s o b4 5 385 1,540
Jan. 14, 1964----- b.1 305 1,540
Feb. 5, 1964-—aew- b550 61 325
June 16-ermeemm———— b2.2 2,600 7,830
Sept. 17=ccmmmeeu- b66 910 3,040

Includes the equivalent of any carbonate (CO4) present.

a
b Field estimate.

¢ Residue on evaporation at 180°C.

d Total Iron.

e  Mean daily discharge,
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Table 5.--Concentrations of selected constituents (in parts per million) that were equaled or exceeded for
indicated percentage of days of flow.

Stitiog Stream and location SHESONE BI
(Fig. 3) ' 10 25 50 75 90
6 Double Mountain Fork Brazos River near Aspermont
1949-51, 1957-64 water years: .
1P g ol e o) S RN & R N 1,900 1,720 1,480 870 425
Chlordde. CETYNns gt b ssdisianosli g o SRR 68 & AR 1,950 1,520 1,050 425 170
Dissolved 8011d8, v sasass o s s wuismmes s vas s smeiie 5,750 | 4,850 3,770 2,000 1,040
Hardness a8 1Cal0anuw s erunisines & § isie s s s ko a - 2,470 2,110 1,670 900 460
20 Salt Fork Brazos River near Aspermont
1949-51, 1957-64 water years:
Bulfate [805) 15 ammniwesas wamsEessis s s Cowmeins 3,000 2,920 2,600 1,720 780
Chlloride (CL) . ¢« ssmmamamiaias s & walsaeeses § 5 @ wwamms e 29,400 |25,500 |18,700 7,800 2,280
Digsolved. BoLIdE: wumsimmmies & 1 4 s SRR R § 5 S r 51,500 |45,000 [33,900 [15,000 4,900
Bardtiess @8 CaDnqwummmsmans i 5 Eamaenis 5 § 945 muials0n 4,650 4,400 3,800 2,300 1,830
23 Brazos River at Seymour
1960-64 water years:
SHLEREE THO) 5 151 o shunnlobs ot L5 o 5 wence V0% ¢ § 3 3 Samaieen 1,910 1,740 1,500 980 600
Chloride (OL) i axe seomawea » s 8 @ sEeEEESE & 5 5 3 Freeamng 6,200 5,200 | 3,750 1,650 720
Dissplved, 80118 seweiomanme o5 5 s sosisem s s s 54 Saiaiass s 12,400 |10,700 | 8,100 | 4,100 2,120
Hardne8s A8 CalDas smawio s s i i & 5 Sasbume » & v sieimmereie o o 2,300 2,100 1,750 1,060 630
35 California Creek near Stamford
1963-64 water years:
BULEREE TROLY & o5 o b buinipomew & 5§ 24 o RiSiuce b s v 1 S imdmsess & 24950 2,220 1,930 1,220 440
Chloride GOLY, s 40 swawmasiw s s & 5 wieamiie s & s % 4 $0aerews s s 2,600 2,200 1,800 1100 380
Dissodved Solid g s vasiewimes o ¢ ¢ o § SEeEEE £ 5 § 5 SEEEIE 7,100 6,150 | 5,200 | 3,500 1,460
Hardfiess 88 CaC0qx: swivmmive.in s 435 msess s 555 5 5 pamaiens 2,600 2,300 2,000 1,400 640
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Table 5.--Concentrations of selected constituents (in parts per million) that were equaled or exceeded for

indicated percentage of days of flow.--Continued

?;i;%og) Stream and location VRERRULE Caps
10 25 50 75 90
47 Hubbard Creek near Breckenridge
1956-61 water years:
BULEETE (S0 05 & 5 fieisrmimssinmainss & a siocacmsesmunnis & 4 & Sabssaiesasaiens o o 220 140 62 25 14
CHIDELHE 01D + « « o sroimucsmimpese « » arsimimeaems  » ursweremess o s 930 580 240 92 48
Dissolved Solids: .. s 4 o samaren & ¢ s v o e TE 1,810 1,280 680 335 210
Hardness ag Calln swowwveaus & & swamisli .4 5 § 5 wHR0E0 4 & & 740 550 320 175 115
1963-64 water years:
Sulfate (504) .- vcuiveteeeneesasnenanonnnnensasnnnas 340 72 18 13 11
Chloride (Cl).....vuuunn aiia 4 & @ B @ BEOEEIETETS N B 8 A GRS § § 215 155 115 94 80
Digsolved mOldds, «ammmemmns o s v soonmmmees & § § - mEes 9 1,000 470 330 278 250
Herdregs @8 LaB0ayy wswimeins ¢ o4 v amiseee & 5 &0 Siseen s« & 525 258 184 156 141
49 Clear Fork Brazos River at Eliasville
1962-64 water years:
Sulfate (SO4).v.vcuvv. SiwaA e 8 WS § § 6 R TR § 620 400 205 64 30
Chloride (CL)s s« wpmmmina s v s s nwemmas s s 58 eusmeassss 880 650 410 190 120
Bissolved BOTLd8: v ewwmms o 3 5 & 5o wwmEns § 3 & 55 F s § s 2,210 | 1,600 1,000 500 365
Hatdrness a8 CRCOauswnamimes i 0% 45 enes 605 3 L8 Taes i & ¢ 890 640 410 225 175
54 Brazos River below Possum Kingdom Dam, near Graford
1943-1964 water years:
Sulfate (B804 )y s« s s wsamars o v e o wmmmss s s s § e mwews § 5§ 390 340 305 280 245
Chlordde (ELY) s o5 ¢ uswamm s 5 5 3 55 5Hese 566 § Semasm s 1 650 565 500 450 380
Diggolyed HoLidsy covmieinnns i 55 8 4 armeanni @ 8 5 ¢ 55 mnieee § i . 1,710 | 1,510 1,350 | 1,230 1,080
Hardriess 45 CAC0as s wamsinins 5 5 3 5 5 uaividin @ & s 0 wmismiomss o v » 515 465 425 395 370
64 Brazos River below Whitney Dam, near Whitney
1949-51 water years:
SULLEEE (800 i 4 s 50 svoseinis & 5 £ 3 3 SERAENLE §5 555 vanamd s s 330 300 245 148 59
Ehloride 0O10) 5 5 5 5 stiamimmmed s § 4 SEREmIE | 5 4 B 55 v e 510 470 400 250 102
Dissolved SolT08s 13 amails 5 5 5 60 sia & 5 s ermmmmmione 5 s 1,380 1,290 1,120 770 395
Hardness am Callg. s vvmuies s <58 msasEss i s a smammeme s s 450 425 375 275 165
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Table 5.--Concentrations of selected constituents (in parts per million) that were equaled or exceeded for

indicated percentage of days of flow.--Continued

Station Stream and location EErceqt of dags
(Fig. 3)
10 25 50 75 90
64 Brazos River below Whitney Dam, near Whitney
1953-64 water years:
Sulfate (SOg)s wemsrecsvesss s sds s ey ST § ¥ E Y W 280 245 200 155 113
Chiloride (OLY: sumaewa 3 8 92 SmeEwina £ 5 54 80 naim s & &£ 4 = Sorse 445 400 330 265 195
Dissolved solids............... 3 GGG 0 0T T O 0 5 0 1,230 1.51:20 960 795 635
Hardness @8 Cal0zce v x o s wwmooem v & v« 3w wumcasen « &« 3 0308 405 375 330 280 235
85 Lampasas River at Youngsport
1962-64 water years
Stlfata (80D »mmwms s 5 5% AR £ F ¥ F SO § 5 e 28 23 20 15 12
Chiloride: COLY: waieiims s 55 5 ¢ lbubsbn = » 2 o 5ooumsmesseie 5 5 & 2 5 2k 280 215 170 117 81
DiieB0lved! s8 Gl A B e o v v a0 s mmsane s v v« % % oo o o w8 w0 660 550 468 370 298
Hardness a8 CAGOg vu e o« x s n o om0 @ ¢ 8 o o wcassem & o v 5 % 55 295 262 235 200 172
89 Little River at Cameron
1961-64 water years:
Stlfate G504 mummes s 585 50 b & v s & n » Susmessne o o o % 2o 59 50 42 36 30
Chloride (CL) v uvueee et eaeaaenes e 81 66 52 43 32
Diggalved SOlldE. mme v o w s sxommmne o o « o o 64 s e 447 385 325 289 242
Hardmess, @8 CabOguwe v s v o o nwrimrumm s ¢ 3 7 % 9ra@uing & 6 6 3 5 4% 269 234 202 182 156
90 Brazos River at State Highway 21, near Bryan
1962-64 water years:
SULLEEE. (SOa)ewmmmeas o3 o s 5 0 Eiee s 156 5 S REEEd 25 5 5 8 fuw 195 172 143 107 71
Chloride (CLl) .. ettt ettt e nnns 330 280 220 152 89
Dilgsolved SOLAdS v e s oo s o o vmmvmmmm n o v « 0 anavemm e @ v o s a0 960 850 720 560 400
Hardnegs, @g CaB0guw s ¢ u s e cavines 5 & 5 4 508 a0 & 5 § 5 5 8@ 338 312 280 240 196
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Table 5.--Concentrations of selected constituents (in pasts per million) that were equaled or exceeded for

indicated percentage of days of flow.--Continued

Percent of days
?;:;Tog) Stream and location
10 25 50 75 90
93 Yegua Creek near Somerville
1962-64 water years:
Bulfate ((SO5Y 0 eurewiures s e 168 a bmsisie e s 6 a0 osmggig 4 8 275 212 125 66 41
Ch16rAae (BL)s summmeiimms & v & b walaissiass b s 5 pa oo as s 170 142 86 42 23
Diaaolved BolldSseaiwieis s s vimmmssiane s s 3 LnnaaEeEE g s 800 635 390 220 143
Hardness ‘as CaCOguisinais.as s s asiaiinmese s s o siemimsinss 382 300 180 98 62
96 Navasota River near Bryan
1959-64 water years:
Sulfate (SOL e crewvais s ooy emmmnsseyss s wem sisee 5y b 49 43 37 30 24
Chilordde: QLY vawereumn s in s & ammes s s o & o siEessmes we § 260 180 122 76 49
Plagolved MolIdEq e s wv i b winesies e vaaw s s 5 570 427 320 225 165
Hiardness 48 CACOai s s & s amiGo s i s Ruesiuemee s s 150 125 103 80 61
97 Brazos River at Richmond
1943-51 water years:
Bulfate: (B0 ) vonamemes s s o o immmisae s o Sismemsme i g 196 149 86 53 36
Chlordde: (O ) amremsise wa s s oi@eeie s o 4.4 & w5 e Eeeein s 330 240 127 72 45
Didgolved 801 A8 vw e sy swvmes s vs s as Swsme s v 960 750 465 315 235
Hardness as CaCO&:s v« s awinlins sesihesihesssisss 347 290 206 156 126
1955-64 water years:
Sulfate (80.4)cvvienion s aasanenssss amiesssiss s 182 137 92 60 40
Chloride (Cl)sseswwaws evnaoronsoness sosvmeesssass 300 219 136 82 51
Digasolved BOLId8. ciuw s s s wmemens s s s e wEameg e s e 895 695 490 345 255
Hardness as CaCO0ge..covsansosssnssosasosavsoannns 330 275 215 166 134




Table 6.--Annual summaries of water discharge and dissolved solids, chloride,
and sulfate loads at selected stations in the Brazos River basin.

Dissolved solids Chloride Sulfate
Water r = -
Weighted- Weighted- Weighted-
Pasat discharge 8 Load S Load PN Load
Year average aas) average (t dav) average
(cfs) concentration | (FOS PET day) | o entration ons per day) | .oncentration | (FO0S per day)
6. DOUBLE MOUNTAIN FORK BRAZOS RIVER NEAR ASPERMONT

1949 139 916 344 150 56.3 380 143
1950 171 1,010 466 148 68.3 460 212
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 23.7 875 444
Avg.

1949-51 = =

1957-564 180 1,090 530 189 91.9 438 223
Avg.

1949-64 184 1,040 520 180 90 430 215

20. SALT FORK BRAZOS RIVER NEAR ASPERMONT

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 1,710 2,420 823 666 227
1960 80.2 5,660 1,230 3,820 611 653 141
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 85& 186
1964 19.1 18,600 959 9,960 514 1,570 81.0
Avg.

1949-51 o

1957-64 125 5,270 1,780 2,480 837 776 262
Avg.

1949-564 132 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 1,410 334 711 168
Avg.

1960-64 356 2,540 2,440 962 925 616 592

47. HUBBARD CREEK NEAR BRECKENRIDGE

1956 22.7 212 13.0 58 3.5 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 1257
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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 Welghted- Welghted- Weighted
.- " | discharge & Load & Load SERLoes Load
Year (cfs) average CEgits pe da) average CtaiiE per 590 average
concentration P ¥ concentration P = concentration (fons:periday)
49. CLEAR FORK BRAZOS RIVER AT ELIASVILLE

19562 540 505 736 156 227 - 95 139
1963 194 661 340 203 106 149 780
1964 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 POSSUM KINGDOM DAM, NEAR GRAFORD

1943 1,161 994 3,110 370 1,160 201 630
1944 164 15310 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 2,150 490 798 291 474
1952 294 1,390 1,100 527 418 295 234
1933 220 1,610 956 636 378 322 191
1954 1,052 1,200 3,410 460 1,310 245 6596
1955 1,120 1,260 3,810 448 1,350 301 910
1956 983 1,370 3,640 445 1,180 379 1,010
1957 4,145 443 4,960 119 1,330 108 1,210
1958 1,226 1,180 3,910 443 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 72 307 191
Avg.

1949-64 1,010 1,130 3,080 406 1,110 257 701
Avg.

1943-64 924 1,160 2,890 422 1,050 260 649

64, BRAZOS RIVER BELOW WHITNEY DAM, NEAR WHITNEY

1949 1,566 765 3,230 242 1,020 172 727
1950 1,520 748 3,070 244 1,000 157 644
1951 840 1,1%0 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 4B8B
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 i70 1,070 122 765
1959 681 893 1,640 309 568 165 303
1960 1,882 705 3,580 229 1,160 130 661
1961 2,054 1,040 5,770 373 2,070 213 1,180
1962 1237 1,030 4,830 364 1,710 227 1,060
1963 15215 896 2,940 309 1,010 189 620
1964 434 1,070 1,250 396 464 226 265
Avg.

1949-64 1,527 777 3,200 257 1,060 163 672
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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 solids Chloride Sulfate
Water f < :
Water dizchares Weighted- Load Weighted- Yioad Weighted- tae
Year (cfs) average (tons per day) average {tons per day) average
concentration B 77| concentration 1 Y) | concentration | (FORS per day)
85. LAMPASAS RIVER AT YOUNGSPORT
1962 102 354 97.5 98 27.0 22 6.1
1963 57.4 373 57.8 119 18.4 20 34
1964 86.5 301 70.3 84 19,6 15 335
Avg.
1961-64 82.0 340 7543 98 2137 19 4,2
89. LITTLE RIVER AT CAMERON
1961 4,154 279 3,130 27 303 31 348
1962 854 302 696 43 991 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 1,160 130 792
93. YEGUA CREEK NEAR SOMERVILLE
1962 131 519 113 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.%
1960 532 248 356 85 122 33 47.4
1961 1,373 143 530 44 163 19 70.4
1962 289 328 256 125 37.5 40 31.2
1963 48.7 288 3r.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 84 609
1949 4,645 423 5,310 103 1,290 76 953
1950 5,783 368 5,750 87 1,360 58 906
1951 1,418 696 2,660 214 819 134 513
1952 1,820 370 1,820 85 418 54 265
1953 4,105 215 2,380 31 344 25 277
1954 2,727 453 3,340 127 935 72 530
1955 2,168 498 2,920 145 849 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 i i
Water discharge Weighted- ToEd Weighted Load Weighted foad
¥ear (cfs) ANCEAEE (tons r day) BVELARE (tons per day) i e (to r day)
concentration pe y concentration P ¥ concentration ne pe ¥
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
19561 16,130 312 13,590 64 2,790 49 2,130
1962 4,508 551 6,710 156 1,900 1086 1,290
1963 2,759 513 3,820 145 1,080 100 745
1964 1,715 419 1,940 111 514 74 343
Avg.

1949-64 5,651 367 5,600 85 1,300 62 946
Avg.

194H-564 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.

= 601 -

Dissolved-solids Chloride Sulfate
Contributing yield yield ield
Sub-basin and location drainage area Tons Tons per Tons Tons per Tons Tons per
(square miles) per sq mile | per sq mile | per sq mile
day per year day per year day per year
Upper Brazos River basin (area up-
stream from Possum Kingdom Dam)..... 13,310 3,080 84 1,110 30 700 19
Double Mountain Fork sub-basin
upstream from Aspermont station. 1,510 520 125 90 21 215 52
Salt Fork sub-basin upstream
from Aspermont station.......... 2,060 1,740 308 820 145 260 46
Salt Croton Creek sub-basin
upstream from Aspermont station. 64.3 850 4,830 485 2,750 30 170
Remainder of contributing area in
upper Brazos River basin....... . 9,740 825 31 200 8 230 9
Middle Brazos River basin (area between
Possum Kingdom and Whitney Dams).... 3,620 267 28 21 2 2L 2
Palo Pinto Creek sub-basin upstream
from Santo stations:cecsisvasiians 567 39 25 5 3 3 2
Lower Brazos River basin (area between
Whitney Dam and Richmond station)... 17,850 2,580 53 281 6 304 6
Bosque River sub-basin upstream
from Waco station:«-+:vvveiinonnn. 1,655 222 49 17 4 33 7
Little River sub-basin upstream
from Cameron station.............. 6,982 968 51 110 6 114 6
Yegua Creek sub-basin upstream
from Somerville station........... 1,008 125 45 25 9 37 13
Navasota River sub-basin upstream
friom: Bryan BLaAtiote:s « 5 o wewn s o vumm 1,429 220 56 76 19 28 7
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Table 8.--0Observed 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 cfs or less) of salt load of from Salt Croton Creek
C it ¢ average of Salt Croton Salt Croton controlled, plus partial
Rt Creek removed. Creek removed. control of other sources.
- Tons o Tons - Tons m Tons
PP per day PP per day PP per day PP per day
5/ 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 35390 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

5/ Data from Hughes (1965, p. 6)



Table 9.--Source and significance of dissolved mineral constituents and properries of water

Constituent
or
property

Source or cause

Significance

Silica (5i0p)

Iron (Fe)

Calcium (Ca) and
magnesium (Mg)

Sodium (Na) and
potassium (K)

Bicarbonate (HCOs3)
and carbonate (CO03)

Sulfate (S04)

Chloride (Cl1)

Fluoride (F)

Nitrate (NO3)

Dissolved solids

Hardness as CaCO5

Specific conductance
(micromhos at 25° C)

Hydrogen ionm
concentration (pH)

Dissolved from practically all rocks
and soils, commonly less than 30 ppm.
High concentrations, as much as 100
ppm, generally occur in highly
alkaline waters.

Dissolved from practically all rocks
and soils. May also be derived from
iron pipes, pumps, and other equip-
ment. More than ! or 2 ppm of iron
in surface waters generally indicate
acid wastes from mine drainage or
other sources.

Dissolved from practically all scils
and rocks, but especially from lime-
stone, dolomite, and gypsum. Calcium
and magnesium are found in large
quantities in some brines. Magnesium
is present in large quantities in sea
water.

Dissolved from practically all rocks
and soils. Found also in ancient
brines, sea water, industrial brines,
and sewage.

Action of carbon dioxide in water on
carbonate rocks such as limestone and
dolomite.

Dissolved from rocks and seils con-
taining gypsum, iron sulfides, and
other sulfur compounds. Commonly
present in mine waters and in some
industrial wastes.

Dissolved from rocks and soils,
Present in sewage and found in large
amounts in ancient brines, sea water,
and industrial brines.

Dissolved in small to minute quanti-
ties from most rocks and soils.
Added to many waters by fluoridation
of municipal supplies.

Decaying organic matter, sewage,
fertilizers, and nitrates in soil.

Chiefly mineral constituents dis-
solved from rocks and soils. Includes
some water of crystallization,

In most waters nearly all the hardness
is due to calcium and magnesium. All
the metallic cations other than the
alkali merals also cause hardness.

Mineral content of the water.

Acids, acid-generating salts, and free
carbon dioxide lower the pH.
Carbonates, bicarbonates, hydroxides,
and phosphates, silicates, and borates
raise the pH,

Forms hard scale in pipes and boilers. Carried over in steam
of high pressure boilers to form deposits on blades of turbines.
Inhibics dererioraticn of zeolite-type water softeners.

On exposure to air, iron in ground water oxidizes to reddish-brown
precipitate. More than about 0.3 ppm stain laundry and utensils
reddish-brown. Objectionable for food processing, textile pro-
cessing, beverages, ice manufacture, brewing, and other processes.
U.S. rublic Health Service (1962) drinking-water standards state
that iron should not exceed 0.3 ppm. Larger quantities cause
unpleasant taste and favor growth of iron bacteria,

Cause most of rhe hardness and scale-forming properties of water;
soap consuming (See hardness). Waters low 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 most purposes. Sodium salts may cause foaming in steam
boilers and a high content may limit the use of water for
irrigarion.

Bicarbonate and carbonate produce alkalinity. Bicarbonates of
calcium and magnesium decompose in steam boilers and hot water
facilities to form scale and release corrosive carbon dioxide
gas. In combination with calcium and magnesium, cause carbonate
hardness.

Sulfate in water containing calcium forms hard scale in steam
boilers. 1In large amounts, sulfate in combination with other
ions gives bitter taste to water, Some calcium sulfate is con-
sidered beneficial in the brewing process. U.S. Public Health
Service (1962) drinking-water standards recommend that the
sulfate content should not exceed 250 ppm.

In large amounts in combination with sodium, gives salty taste

to drinking water. In large quantities, increases the corrosive-
ness of warer, U.S. Public Health Service (1962) drinking-water
standards recommend that the chloride content should not exceed
250 ppm.

Fluoride in drinking water reduces the incidence of tooth decay
when the water is consumed 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, amount
of drinking water consumed, and susceptibility of the individual.
(Maier, 1950)

Concentration much greater than the local average may suggest
pollution. U.S. Public Health Service (1962) drinking-water
standards suggest a limit of 45 ppm. Waters of high nitrate
content have been reported to be the cause of methemoglobinemia
(an often fatal disease in infants) and rherefore should not be
used in infant feeding. Nitrate has been shown to be helpful
in reducing inter-crystalline cracking of boiler steel. It
encourages growth of algae and other organisms which produce
undesirable tastes and odors.

U.S., Public Health Service (1962) drinking-water standards
recommend that waters containing more than 500 ppm dissolved
solids not be used if other less mineralized supplies are
available., Waters containing more than 1000 ppm dissolved
solids are unsuitable for many purposes.

Consumes spap before a lather will form. Deposits soap curd
bathtubs. Hard water forms scale in boilers, water heaters,
pipes. Hardness equivalent to the bicarbonate and carbonate i
called carbonate hardness. Any hardness in excess of this is
called non-carbonate hardness. Waters of hardness as much as 60
ppm are considered soft; 61-120 ppm, moderately hard; 121-180
ppm, hard; more than 180 ppm, very hard.

Indicates degree of mineralization. Specific conductance is a
measure of the capacity of the water to conduct an electcric
current. Varies with concentration and degree of ionization of
the comstituents.

A pH of 7.0 indicates neutrality of a solution. Values higher
than 7.0 denote increasing alkalinity; values lower than 7.0
indicate increasing acidity. pH is a measure of the activity

of the hydrogen ions. Corrosiveness of water generally increases
with decreasing pH. However, excessively alkaline waters may
also attack metals.
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€11

Table 11.--Suitability of waters for irrigation

Salinity hazard (C) and sodium hazard (S)
that was equaled or exceeded for indicated

Salinity hazard (C) and
sodium hazard (S8) of water

Station S5iTee D::e 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, C4-84 C4-S4 C4-83 C4-82 |£3-51 -
1957-64
20 Salt Fork Brazos River near Aspermont 1949-51, C4-84 C4-54 Ch-84 Ch-54 C4-84 --
1957-64

23 Brazos River at Seymour 1960-64 C4-54 | C4-54 | C4=-S4 | C4-S54 | C4-S3 --
24 Millers Creek near Munday Oct. 10, 1962 - - - -- -- c2-51
49 Clear Fork Brazos River at Eliasville 1962-64 C4-82 | c4-S2 | C3-81 | C3-81 c2-s1 --
54 Brazos River below Possum Dam, near Graford 1943-64 C4-82 C4-82 C4-82 Cc3-82 C3-52 -
59 Palo Pinto Creek near Santo Oct.14, 1962 - -- -- - - Cc2-81
61 Paluxy Creek at Glen Rose June 5, 1962 - - - - - c2-81
62 Lake Pat Cleburne near Cleburne May 14, 1965 - -- - -- -- Cc2-51
64 Brazos River below Whitney Dam, near Whitney 1953-64 Cc3-s2 | €3-82 | C3-82 | €3-Sl c3-sl -
70 Wace Reservoir near Waco May 24, 1965 - - -- -- - c2-81
76 Proctor Reservoir near Proctor Oct. 1, 1965 -- -- -- -- - c2-81
81 Belton Reservoir near Belton Oct. 1; 1965 -- -- -- -- -- c2-81
85 Lampasas River at Youngsport 1962-64 C3-51 C3-81 C3-51 C2-51 c2-51 -
89 Little River at Cameron 1961-64 C3-81 Cc2-51 c2-81 c2-81 c2-81 --
93 Yegua Creek near Somerville 1962-64 Cc3-51 C3-51 c2-51 c2-51 Cl-sl -
96 Navasota River near Bryan 1959-64 c3-51 C3-51 Cc2-51 c2-51 Cc2-51 --
97 Brazos River at Richmond 1955-64 c3-81 | C3-81 | C3-51 ¢2-81 | c2-81 -







