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R E CON N A ISS A NeE o F THE C HEM I CAL QUA LIT Y

o F SUR F ACE W ATE R S o F

THE COL 0 R ADO R I V E R

ABSTRACT

BAS IN, T E X A S

The natural runoff in most of the Colorado River basin is of good chemical
quality and is suitable for most municipal, industrial, and agricultural pur
poses.

The kinds and quantities of minerals dissolved in surface water of the
basin are related to the geology of the area and to rainfall and streamflow
characteristics, but the quality of the water in the Colorado River below Lake
J. B. Thomas is influenced also by oil-field brines.

Most of the tributary streams yield surface water averaging less than 250
ppm (parts per million) in dissolved-solids content. but the saline inflow in
the upper basin keeps the average concentration in the main stem above 250 ppm
throughout its length. The discharge weighted-average concentrations of the
Colorado River near San Saba and at Wharton for the period 1958-65 are 295 ppm
and 255 ppm, respectively.

Surface water of the basin generally ranges from moderately hard (61 to
120 ppm) to very hard (over 180 ppm). From Lake J. B. Thomas to the mouth of
Pecan Bayou, the Colorado River and most of its tributaries contain very hard
water. Downstream from Pecan Bayou the water of the basin is hard.

The chloride concentration in surface water of the basin ranges from less
than 50 ppm to several thousand ppm. In the upper basin where brines are
reaching the streams, chloride concentrations of several thousand ppm are
common. Most of the remainder of the basin yields water averaging less than
50 ppm, but the saline inflow in the upper basin keeps the average concentration
in the main stem above 50 ppm all the way to Austin. Higher concentrations are
found in the South Concho River and in the headwater reaches of Pecan Bayou
probably because of oil-field operations.

All the major water-supply reservoirs contain water of acceptable quality
for most uses. The quality of the water that will be stored in Robert Lee
Reservoir will depend on the success of the upstream salt-water alleviation
program. Water available for storage at potential reservoir sites is of good
quality; the dissolved-solids concentration is usually less than 350 ppm.
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R E CON N A ISS A N C E o F THE C HEM I CAL QUA LIT Y

o F SUR F ACE WATE R S o F

THE COL 0 R ADO R I V E R

INTRODUCTION

BAS IN, T E X A S

The investigation of the chemical quality of the surface waters of the
Colorado River basin, Texas, is part of a statewide reconnaissance. Each major
river basin in the State is being studied, and reports presenting the results
of the studies and summaries of available chemical-quality data are being pre
pared. River basins on which reports have been completed and the area covered
by this report are shown in Figure 1.

The purpose of this report is to present the available info~ation on the
water quality of the Colorado River basin that will further the proper develop
ment, control, and use of the water resources of the area. In the study, the
following items were considered: the nature and amounts of mineral constituents
in solution; the geologic, hydrologic. and cultural influences that determine
the water quality; the amount and probable source of the salt discharged by the
streams; and the suitability of the water for domestic supply, industrial use,
and irrigation.

A network of daily chemical-quality stations on principal streams in Texas
is operated by the U.S. Geological Survey in cooperation with the Texas Water
Development Board and with other Federal and local agencies. This network has
been inadequate to inventory completely the chemical quality of the surface
waters of the State. To supplement the information being obtained by the net
work, a cooperative statewide reconnaissance by the U.S. Geological Survey and
the Texas Water Development Board was begun in September 1961. In this study,
samples for chemical analyses were collected periodically at numerous sites
throughout Texas so that some quality-of-water information would be available
where water-development projects are likely to be built. These data aid in the
delineation of areas having water-quality problems and in the identification
of probable sources of pollution, thus indicating areas where more detailed
investigations are needed.

During the period September 1961 to September 1965, water-quality data were
collected for the principal streams, the major reservoirs, a number of potential
reservoir sites, and many tributaries in the Colorado River basin.

Agencies that have cooperated in the collection of chemical-quality and
streamflow data include the U.S. Army Corps of Engineers, the Brown County Water
Improvement District No. I, the Colorado River Nunicipal Water District, the
Lower Colorado River Authority, the Texas Electric Service Company, the Texas
State Department of Health, and the cities of Austin, Brady, and San Angelo.

- 3 -
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COLORADO RIVER DRAINAGE BASIN

General Description

As measured by length and drainage area, the Colorado is the largest river
that is wholly in Texas. The basin extends into eastern New Mexico, but the
part of the basin there does not contribute to the river flow. The Colorado
River rises in north-central Dawson County near Lamesa, 011 the southern High
Plains, and flows southeastward to Matagorda Bay, on the middle Gulf Coast.
The Texas part of the basin, which includes all or part of 50 counties, is about
500 miles long and varies in width from 7 miles in southern Colorado County to
160 miles in the Brown-McCulloch County area. The average width is about 80
miles. The area of the basin in Texas is 39,890 square miles, or 15.2 percent
of the area of Texas.

The elevation at the point of origin of the Colorado River is about 3,000
feet above mean sea level. The river flows through a rolling, generally prairie
terrain to the vicinity of San Saba County where it enters the rugged Hill
Country of Central Texas. It then flows through a series of canyons, crosses
the Balcones Escarpment at Austin, and continues across the Coastal Plain to the
Gulf .

The principal tributaries, in downstream order, are: The Concho River,
Pecan Bayou, and the San Saba, Llano, and Pedernales Rivers. All except Pecan
Bayou are spring-fed, perennial streams that begin in the Edwards Plateau.

The average annual precipitation ranges from a minimum of 13 inches in the
upper part of the drainage area to a maximum of 43 inches at the mouth of the
river. The average for the basin in Texas is 28 inches. Average monthly pre
cipitation at three U.S. Weather Bureau stations and annual precipitation for
the period 1931-65 at one station are shown in Figure 2.

Runoff is defined as that part of the precipitation appearing in surface
streams, and is the same as streamflow unaffected by artificial storage or
diversion (Langbein and Iseri, 1960, p. 17). Temperature, seasonal distribution
of rainfall, storm intensity, infiltration rates, and types and density of
vegetation affect the amount of runoff from a drainage basin.

The average annual runoff in the COlorado River basin ranges from a maxi
mum of 6.6 inches (350 acre-feet per square mile) near the mouth of the river
to less than 1.0 inch (53 acre-feet per square mile) west of an approximate
north-south line through San Angelo. The runoff decreases more or less uni
formly from east to west along with the decrease in rainfall. The runoff varies
widely from year to year and between periods of wet and dry years.

Annual runoff, expressed as mean discharge in cubic feet per second and as
inches per year, is shown in Figure 2 for the gaging station Colorado River at
Columbus for the period 1940-65. The contributing drainage area at the station
is 29,170 square miles. Runoff ranged from 0.44 to 3.86 inches per year and
averaged 1.37 inches during the 26-year period of record.

- 5 -



Population and ~unicipalities

The population of the Colorado River basin in 1965 was about 850,000, which
was about 8 percent of the total population of the State. Less than one-fourth
of the people in the basin live on farms. Austin is the largest city in the
basin, with a 1965 population of about 240,000. San Angelo, Midland, and Odessa
are other cities that have more than 50,000 inhabitants. Twelve other cities
had 1965 populations of more than 5,000.

Agricultural and Industrial Development

The basin's economic base is oil production and agriculture. The western
part of the basin has a heavy concentration of oil fields and petrochemical
industries. Ranching and farming throughout the basin support a wool industry,
cottonseed oil plants, cattle marketing operations, textile plants, creameries,
and other industries. Miscellaneous light manufacturing includes aircraft and
boat fabrication. The chief crops are cotton, wheat, grain sorghum, vegetables,
and sugar beets. State and Federal offices, The University of Texas, tourism,
and recreation on the Highland Lakes contribute substantially to the Austin
area's economy.

Development of Surface-Water Resources

The Colorado River basin contributes about 6 percent of the State's total
runoff (Figure 3). Runoff increases from west to east with the increase in
rainfall, and the quantity of surface water available for development differs
widely between the upper and lower ends of the basin. In the High Plains the
only surface water available is the small quantity periodically salvageable
from playas.

The Texas Water Development Board reported that 1,258,000 acre-feet of
water was used in the Colorado River basin in 1960. Of this amount only
173,300 acre-feet was from surface-water sources. Municipal and industrial
use of surface water was 83,400 acre-feet. Surface water supplements ground
water supplies for some cities and provides the total supply for others. Cities
using surface water impounded in the Colorado River basin include Colorado City,
Big Spring, Odessa, Snyder, Sweetwater, San Angelo, Brady, Coleman, Brownwood,
and Austin.

In 1964, 89,900 acre-feet of surface water was used for irrigation. In
the middle part of the basin about 40,000 acre-feet of surface water was
diverted from the Colorado and its tributaries to irrigate cotton, peanuts,
pastures, hay, and feed crops. In the coastal rice area 40,000 acre-feet of
surface water was diverted for irrigation.

The Colorado River basin has 21 major reservoirs existing or under con
struction as of December 31, 1966, with capacities ranging from 8,640 to
1,950,000 acre-feet. Table 1 lists these reservoirs and gives their capacities
and uses. Several of the reservoirs in the upper part of the basin were built
by cities or by water districts to supply water for local municipal and indus
trial use. Twin Buttes Reservoir was constructed by the U.S. Bureau of Recla
mation for flood control, conservation storage, recreation, and irrigation.
San Angelo Reservoir was constructed by the U.S. Army Corps of Engineers

- 6 -
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primarily for flood control and municipal supply. The six Lower Colorado River
Authority lakes--Buchanan, Inks, Lyndon B. Johnson, Marble Falls, Travis, and
Austin--are operated as a unit for generating hydroelectric power. Buchanan
provides conservation storage, and Travis provides both conservation storage
and flood control. Lake Bastrop. owned by the Lower Colorado River Authority,
provides cooling water for a steam-electric generating plant.

Projects under construction in the Colorado River basin include Robert Lee
Reservoir for additional municipal and industrial supply for the cities of Big
Spring, Odessa, Snyder, and Midland; and Decker Lake to provide cooling water
for a new steam-electric generating plant near Austin.

Figure 4 shows locations of the existing reservoirs, the two reservoirs
under construction, and a number of potential dam sites which have been con
sidered by various agencies.

The Soil Conservation Service of the U.S. Department of Agriculture was
authorized by the Flood Control Act of 1936 to investigate and prescribe meas
ures for runoff and water-flow retardation and soil-erosion prevention. As of
September 3D, 1966, 207 upstream floodwater-retarding structures had been built
under this program in the Colorado River basin. These structures partly control
flow from 1,180 square miles. Nineteen of the reservoirs are in the Cummings
Creek subbasin in Fayette and Lee Counties in the lower part of the basin. The
remaining 188 structures are in Callahan, Coke. Runnels, Menard, Schleicher,
McCulloch, Coleman, and Brown Counties in the northwestern and north-central
part of the basin.

CHEMICAL QUALITY OF THE WATER

Chemical-Quality Records

The U.S. Geological Survey has been collecting quality-of-water data in
the Colorado River basin since 1944 when a daily-sampling station was estab
lished on the Colorado River at Wharton. Currently (1966), eleven daily
sampling stations are in operation. In addition to collecting daily samples
for chemical analyses, the Geological Survey has operated a continuously record
ing conductivity meter on the Colorado River near Cuthbert since March 1965.

Collection of chemical-quality data for this reconnaissance began in 1961
and continued through September 1965. Samples were collected periodically from
most of the principal tributary streams and reservoirs. Numerous miscellaneous
samples have been collected by the Geological Survey since 1941, and the results
of the analyses of these samples have been included in this report. Most of the
sampling for this study was done at gaging stations. When sampling was do~e at
other sites, discharge measurements were usually made when the samples were
collected.

The periods of record of all data-collection sites are shown on Table 4
and the locations are shown on Figure 10. The chemical-quality data for the
daily stations are sununarized in Table 5, and the complete records are published
in an annual series of U.S. Geological Survey Water-Supply Papers and in reports
of the Texas Water Development Board. (See table in the list of references.)
Results of all the periodic and miscellaneous analyses are given in Table 6.

- 13 -



The Texas State Department of Health makes available to the U.S. Geological
Survey the data collected in its statewide stream-sampling program, which
includes the periodic determination of pH, biochemical oxygen demand, total
solids, dissolved oxygen, chloride, chlorine demand, and sulfate at 26 locations
in the Colorado River basin. The data-collection sites of the Texas State
Department of Health are listed in the following table. Most of them are at
Geological Survey gaging stations and the numbers refer to locations on Figure
10.

•

Location No.

9

25

30

36

38

53

58

59

62

80

84

89

91

96

99

103

114

122

State Department of Health data-collection site

Colorado River at Colorado City

Beals Creek at FR 821 near Big Spring

Colorado River at Robert Lee

Colorado River at Ballinger

South Concho River at Christoval

Middle Concho River near Tankersley

North Concho River near Carlsbad

Concho River near San Angelo

Concho River near Paint Rock

Colorado River at Winchell

Pecan Bayou at Brownwood

San Saba River at Menard

San Saba River at San Saba

Colorado River near San Saba

Colorado River near San Saba

Llano River near Junction

Llano River at Llano

Pedernales River near Johnson City

Colorado River below Mansfield Dam

Colorado River at Austin

Colorado River at Bastrop

(Continued on next page)
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Location No. State Department of Health data collection site

125 Colorado River at Smithville

130 Colorado River at Columbus

133 Colorado River at Wharton

134 Colorado River near Bay City

-- Colorado River at Matagorda above Intracoastal Canal

Streamflow Records

Streamflow records in the Colorado River basin date from 1894, when the
U.S. Geological Survey began collecting gage-height records of the Colorado
River at the dam above Austin. The daily flow of the Colorado River at Austin
has been measured continuously since 1898. More than 40 years of continuous
discharge records are available for several stations on the main stem of the
Colorado River, and records for more than 20 years are available for many of
the principal tributaries. In 1966 the Geological Survey operated 57 stream
flow stations, 12 reservoir-content stations, 13 low-flow partial-record
stations, and 19 crest-stage partial-record stations. During this reconnais
sance, discharge measurements were made at other sites where water samples were
collected for chemical analysis.

The periods of record for all the streamflow stations are given in Table 4
and the locations are shown on Figure 10. Records of discharge and stage of
streams and contents and stages of lakes or reservoirs from 1898 to 1960 have
been published in the annual series of U.S. Geological Survey Water-Supply
Papers. (See table in the list of references.) Beginning with the 1961 water
year, streamflow records have been released by the Geological Survey in annual
state reports (U.S. Geological Survey, 1961, 1962, 1963, 1964b, 1965, 1966).
Summaries of discharge records giving monthly and annual totals have been
published (Texas Board of Water Engineers, 1958; U.S. Geological Survey, 1960,
1964a).

Environmental Factors and Their Effects
on the Chemical Quality of the Water

Many environmental factors determine the chemical quality of a water. the
most important of which are geology, patterns and characteristics of streamflow,
and the activities of man.

Geology

When industrial and municipal influences are small, the chemical character
of a river water is dependent primarily upon the composition of the geologic
formationp that are traversed and the time that the water is in contact with
the rocks.

The amount of soluble minerals in rocks and soils is decreased by leaching.
In arid or semiarid regions, most soils and the rocks from which they originated

- 15 -



are incompletely leached and still contain large quantities of readily soluble
material. Conversely. in areas of high rainfall, the mantle rock and residual
soil contain relatively small amounts of readily soluble minerals. In the
Colorado River basin, where the average annual precipitation varies from less
than 13 inches in the north...'estern part to over 42 inches ncar the coast, the
amount of leaching varies geographically. Partly because of this. the
dissolved-solids content of surface runoff and of ground-water inflow to streams
is greatest in the western part of the basin and decreases toward the coast.

FigurE' 5 shows the geochemical character and ionic concentration of some
surface waters in the Colorado River basin. The total ionic concentration in
equivalents per million is equal to twice the length of either the vertical or
horizontal axis. If the major part of the quadrilateral is in the lower left
quarter, sulfate or chloride predominate among the anions. and sodium or potas
sium among the cations. If the major part is in the upper right quarter,
calcium or magnesium. and carbonate or bicarbonate, are predominant.

Headwaters of the Colorado River rise primarily on the Dockum Group of
Triassic age, which is composed of sand and shale. Water from this area,
represented by the water stored in Lake J. B. Thomas, is generally dilute, of a
mixed type, and has sodium and bicarbonate as its principal ions. Downstream
from Lake J. B. Thomas, the Colorado River traverses sediments of Permian age
composed of sand, shale, limestone. anhydrite, and salt. This is an area of
saline inflow that degrades much of the water of the upper basin.

Inflow from small tributaries dilutes the water in the main stem by the
time it reaches Ballinger, but sodium and chloride are still the predominant
ions. Salinity is further decreased between the chemical-quality stations at
Ballinger and near San Saba due to inflow from three major tributaries. Two of
these. the Concho and San Saba Rivers, rise on Cretaceous rocks composed mainly
of limestone, shale, sand, and silt. Runoff from these formations is generally
of the calcium bicarbonate type and is dilute. Pecan Bayou primarily drains
rocks of Pennsylvanian age, which are composed of marine sand, shale, and lime
stone. The water contributed by Pecan Bayou is of a mixed type and is low in
dissolved solids. The inflow from these tributaries dilutes the main stem to
a dissolved-solids content less than 300 ppm (parts per million); calcium and
bicarbonate are the predominant ions.

Downstream from San Saba the tributaries that influence the chemical
quality of the Colorado River are the Llano and Pedernales Rivers, which enter
the main stem in the chain of Highland Lakes above Austin. Both of these
streams drain a limestone terrain and contribute water saturated or nearly
saturated with calcium and bicarbonate.

No major tributaries enter the Colorado River downstream from Austin, and
most of the flow in the river is maintained by releases from the Highland Lakes.
The quality of the water is uniform from Austin to the mouth. The water usually
contains about 250 ppm of dissolved solids and is calcium bicarbonate in type.

Streamflow

The patterns and characteristics of streamflow usually affect the chemical
character of water in streams. In most streams where the flm" is not regulated
by upstream reservoirs, the concentrations of dissolved-mineral constituents
vary inversely with the flow of the stream. The base flow, or sustained low
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flow, of a stream is predominantly water that has entered the stream from the
ground-water reservoir. Usually this I<'ater has been in contact with rocks and
soils for a sufficient time to dissolve part of their soluble minerals. At
high stages most of the flO'" of a stream consists of surface runoff that has
been in contact ,,,ith rocks and soils for only a short time. Therefore, the
dissolved-solids concentration of the stream is usually lowest during periods
of high flO'". This relationship is applicable in the upper Colorado River
basin, but in the central portion of the basin where streams drain a limestone
terrain, dissolved-solids concentrations vary only slightly with changes in
discharge. In the lm"er par.t of the basin, streamflm" is sustained by releases
from the Highland Lakes, and tributary inflow is not sufficient to affect
greatly the quality of the main stern.

Although the dissolved-solids concentration of the upper Colorado River is
related in a general way to water discharge, the dissolved-solids concentration
of the water cannot be estimated from streamflow data. The first increased
streamflow resulting from a particular rain is usually more saline than an equal
discharge that occurs later. Tributary inflow may also contribute significantly
to streamflow but not be dilute enough to affect the concentration of the flow
in the main stem. Figure 6 is a plot of electrical conductance of the water
and discharge of the Colorado River near Cuthbert. Conductance is a measure of
the total concentration of ions in water and can be directly related to
dissolved-solids content. The general inverse relation of discharge to con
centration of dissolved solids is well shown in Figure 6A, which shows a short
duration rise following a period of no flow. Figure 6B shol<'s a short duration
rise following a period of low flow. The initial decrease in conductance is
caused by local runoff; the sharp increase in conductance ,,'hile the discharge
was still increasing is the flushing out effect of the runoff from upstream.
Figure 6C is a plot of an extended runoff event. The flushing out effect is
again obvious. Discharge varies considerably during this rise but tbe con
ductance remains fairly uniform after the first 24 hours.

Duration curves of dissolved solids and water discharge for the Colorado
River near San Saba and Colorado River at Wharton are given in Figure 7. The
dissolved solids duration curve is a cumulative frequency curve that shm"s the
percent of time during which specified dissolved-solids concentrations were
equaled or exceeded during a specified period. The flm,,-duration curve is a
cumulative frequency curve that shows the percent of time that water discharge
was equal to or less than a specified discharge. The curves, therefore, show
the inverse relation of dissolved-solids concentration to ,,,ater discharge. For
example, the Colorado River near San Saba had a dissolved-solids concentration
of more than 285 ppm and flowed at a rate of less than 640 cfs (cubic feet per
second) 80 percent of the time, and had a dissolved-solids concentration of
more than 750 ppm and a discharge of less than 18 cfs 5 percent of the time,
during the period 1948-65.

Activities of Man

The activities of man often have a deteriorative effect on the chemical
quality of water. Oil-field brine, municipal and industrial wastes, and irri
gation return flol<'s increase the concentration of dissolved materials in
streams. Evaporation from reservoirs increases the dissolved-solids concen
tration of the remaining water.
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Oil is produced in many areas in the Colorado River basin (Figure 8).
Brine is produced in nearly all oil fields and it may, if improperly handled,
eventually reach the streams. The composition of oil-field brine varies; but
the principal chemical constituents in order of magnitude of their concentration
(in ppm) are generally chloride, sodium, calcium, and sulfate. The quality of
the water in the Colorado River and Beals Creek in Mitchell, Howard, and Scurry
Counties is seriously affected by brines. Investigators in the past have dis
agreed as to the origin of the brine, but Reed (1961) in a consulting report to
the Colorado River Municipal Water District presents convincing evidence that
the brines entering the river are directly related to oil-field operations.
The purpose of Reed's study was to determine the various sources of salt water
present in the Colorado River principally in the area between Lake J. B. Thomas
and Colorado City, a distance of about 24 river miles. The study was divided
into three parts: first, a detailed study of the geology of the upper 1,000
feet of section with particular emphasis on the nature and structure of the
surface beds which provide all the low flow of the Colorado River; second, a
study of the ground water adjacent to the Colorado River and its tributaries,
including chemical analyses and determinations of the altitude of the water
table; and third, a study of U.S. Geological Survey quality and flow data of
the Colorado River together with measurements of the thickness of underflow
gravel in the river channel. As a result of his study, Reed concluded:

1. The probable maximum chloride ion concentration of
the Colorado River prior to the development of the
oil fields between the present site of Lake J. B.
Thomas and Colorado City, Texas, was of the order
of 300 to 500 parts per million during periods of
maximum evaporation.

2. There is no known source of natural inflow of salt
water to the river with chlorides significantly
higher than 500 parts per million.

3. A great percentage of the total mineral content of
brines produced with oil in the watershed of the
Colorado River does eventually find its way into
the Colorado River itself.

4. There are an unknown number of abandoned oil wells
which were improperly plugged and which are now
contributing salt water to the Colorado River
and which must be controlled.

An indication of the magnitude of the man-made pollution problem is given
by the tremendous volume of salt water produced with oil or gas in the area.
The Texas Water Commission and Texas Water Pollution Control Board (1963) com
piled an inventory conducted by the Railroad Commission of Texas which showed
that approximately 222,400,000 barrels (28,680 acre-feet) of brine was produced
in 1961 in the Colorado River basin in Texas. Of this amount, 63.2 percent or
140,650,000 barrels (18,130 acre-feet) was reinjected into the subsurface, with
the remaining 10,550 acre-feet being placed in unlined surface pits or dumped
directly into surface watercourses. Some of the salt water reinjected into the
subsurface also contributed to the problem because of inadequately completed
injection wells and improperly plugged abandoned wells and test holes.
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Robert Lee Reservoir is being built (1966) on the Colorado River down
stream from the area of saline inflow. The Colorado River Hunicipal Water
District plans to divert the low flows of the river upstream from the reservoir,
and impound only the storm runoff, thereby allowing only the better-quality
water to enter the reservoir. Extensive cleanup measures in the oil fields will
also be necessary to insure that the water impounded will be satisfactory for
municipal use.

Oil-field brines are also causing some deterioration of water quality in
the Concho River and Pecan Bayou subbasins.

Municipal use o~ water tends to increase the concentration of dissolved
solids in a stream system. The depletion of flow by diversion and consumptive
use, the loss of water because of increased evaporation, and the disposal of
municipal wastes into a stream result in higher average concentrations of dis
solved solids in the remaining water. The municipal use of water in the
Colorado River basin has not caused significant changes in water quality, but
the disposal of municipal and industrial wastes has degraded the quality of the
water of the Colorado River immediately downstream from Austin.

The waste load carried by a stream can also have significant effects on
the water impounded in downstream reservoirs. Connell (1964) was especially
concerned ahout the increasing phosphate in Texas reservoirs and the potential
phosphate loading of many of the projected reservoirs. He lists the principal
source of phosphate as municipal and industrial waste water, but also says sur
face runoff may contribute significantly to the phosphate content of streams
and reservoirs, from leaching and erosion of mineral phosphate from soil, decay
of vegetation and animal wastes, and use of phosphate fertilizers and
phosphorus-containing insecticides. Dr. Connell lists the following serious
quality threats caused by phosphate loading of projected reservoirs:

First, production of excessive biological activity and
associated odors and tastes rendering the water diffi
cult and expensive to purify for domestic use. Second,
promotion of heavy algal bloom and subsequent oxygen
consuming decay of organic matter sufficient to kill
fish and to render water undesirable for recreation
activities. Third, production of sufficient organic
matter--"slimy soupy growth"--to render water difficult
and expensive to process, distribute and use for indus
trial purposes. Fourth, very objectionable calcium
phosphate scaling in cooling and boiler water uses.

Algal blooms may be promoted by as small amounts as 0.05 to 0.1 ppm of
inorganic phosphate, or 0.2 to 0.6 ppm of inorganic plus organic phosphate
(phosphate expressed in equivalent P0 4). Other factors favoring development
of algal bloom are presence of essential nutrients, quiescence, clear \,'ater,
and abundant sunlight. These conditions will frequently be attained in many
reservoirs.

Connell (1966) reports phosphate concentrations as high as 0.3 to 0.4 ppm
in the Colorado River at \,lharton and Bay City. He concludes that 90 percent
of this total is attributable to the municipal and industrial ",'aste water from
the city of Austin. In reference to the proposed Columbus Bend Reservoir he
makes the following statement.
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The periodic production and deposition of organic matter
through algal growth, and subsequent lifting and trans
port, have not been of sufficient proportions to produce
seriously adverse effects on the current use of the
water, i.e. for fishing, boating, and irrigation. But
some curtailment of phosphate sources will probably be
necessary for adequate protection of the quality of
water in Columbus Bend Reservoir.

Relation of Quality of Water to Use

Quality-of-water studies are usually concerned with determining the suit
ability of water--judged by the chemical. physical. and biological character
istics--for its proposed use. In the Colorado River basin, surface water is
used primarily for municipal and industrial supplies and for irrigation. This
report considers only the chemical character of the water and its relationship
to the principal uses.

All natural water contains dissolved-mineral matter. Most of this mineral
matter in water is dissociated into charged particles. or ions. Principal
cations (positive-charged ions) in natural water are calcium (Ca), magnesium
(Mg) , sodium (Na) , potassium (K), and iron (Fe). The principal anions
(negative-charged ions) are carbonate (CO)). bicarbonate (HC03), sulfate (5°4),
chloride (CI), fluoride (F), and nitrate (NO)). Other constituents and proper
ties are often determined to help define the chemical and physical quality of
water. Table 2 lists the constituents and properties commonly determined by
the U.S. Geological Survey, and includes a resume of their sources and
significance.

Domestic Supply

Because of differences in individuals. varying amounts of water used, and
other factors, the safe limits for mineral constituents in drinking water are
difficult to define. The limits usually accepted in the United States are the
drinking-water standards established by the United States Public Health Service.
Originally established in 1914 to control the quality of water used on inter
state carriers for drinking and culinary purposes, these standards have been
revised several times. The latest revision 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 all public water supplies.

The maximum concentrations permitted by these standards are given for
selected constituents in the table on page 28.
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T~h]e 2. --Source and .ignificanco of di«olveJ nineHl conotitucnl. ,nd propo<lh. of wate<

Constituent

"p<operty
S<HJrce or cause Sir.nilico"ce

Silica (Si02) Di.<ol""d fr"" practically all r""k,
a"d .,oih, "","",only Ie" lh.n 30 pf"'l.
High concenteHion., .. ",ueh a. Ill{)

pp", gen~r,l1y O~eur in highly ,lka
lIne ~'''er"

Fom' hard .c,le in pipes ."d boilers.
hl~h-preosure boilers to fom dep,,5its
Inhibit> deterioration of «olite-type

C...d~d over in >tea", of
0" hl,de. of lurbine,.
wHor ,ofte"cr<.

Iron (Fe) Di",olved fN'" pracllc,lly ,II rocx,
.nd soil.. May ,Iso be deri~ed fr=
iro~ pipe" pu:np., and other e~uip

me~t. More than I or 2 ppm of iron ln
,urface water< generally i"dlcHc
.cid waHes fratIl ",i"c dr.inage or
other .ou<ce•.

On expQsur~ tel 'ir, I run In ground water oxidize< to «ddi.h-brown
preci.pit~te. More thon about 0.3 ppm «.'In 1.undry .nd utenoil,
reddish-broo..'O. Objocti"nable for foco> pro,e"inf., textile pro,e••
<ing, beverage<, ice Olanufocture, brewi"g, .nd other prOcesses. U.S.
Puhlh Ile.Ul> S~rvieo (1962) drinking-~'ate< sto~dardo <c~te that iro~

sho,dd not exceed 0.3 PP"l. Larger qu~ntitLes c,u,e unplea••nt taH~

and fovor y,ro-.lh of iro<\ b.curio.

C$lcl"" (Ca) and
,"goesi"" (Mg)

DiMolved fr"", pu<:t;e,lly ,ll ,oi.l,
and ro~x•• bul esp~ciolly frC<l lime
Hone, dQl""ite, and ~ypSt<D. Calcil<ll
• od m~g~e,lt<D are fou~d in large
quantitle, in s""e bri.nes. Ma~nesi""

U pU'~nt ln lor~e qu,ntities in se.
"Hoc.

C,u,e "'oot of the ha<dn....nd o".le-fot"ming pcopeuio< of "ater;
'oap consuming (,ee h"rd~e•• ). ,."t~... 10-. in 0,1<:1"" ond ""'gne,i...
de,lred in electroplotlng, tan~ing, dyeing, 'nd textile =nufac
luring •

Lotge ,,,,ounh, ;n c"mbin.. I,,~ with ch10r!d~, give a "lty tasto.
M<Xl~r,t" q=ntltie, have little effect On Ihe u.efu1nMs of wote<
for "'Oot purpo,e,. S(xli."" salt> may cau,e fo,,,,inz in He"", boUer,
"nd. hlgll .<Jdit<D cuntent ""y lilll;t th•. u,e of ~'ater fnr irrtg.tion.

hOlOl pr~ctically ~ll rocks
Found olso i" andent
w.ter, i"dustri.l brine<,

Dis.ol"ed
a~d sol Is.
brine., sea
and se~·age.

S<Xli"" (N~) ond
IFotu,i,"" (K)

Blc~<b<mote (HCO)
'nd Cotbonate (CO»

ActIon of corbon dioxide i~ ~·ater on
esrbonate rock" ,uch as limestone and
dol""Lte.

BicahonHe and carbonat~ peod"ce alk.linHy. Bic.<bonHe. of cd·
ciu:n ."d "",g"~.I",,, d.c",".po,~ in .t.~<n boil~<, ."J ho~-,,"t.e he! lL
tie< to for", .,cale ~~d ale.,e corro.h·~ cub"" diodd~ ga•. 1n
c"",bi".hon ~'Ill, c.lci= 'nd 11,gne.ho., cau.e c~rhoMto hudness.

Dissolved fr= rods ~nd soil. co,,
taining gypsu:o, tron sulfide<, a"d
othe< sulfur compollilds. C","",Oo\ly pre
sent in ",ine wateH and in s=e induS
triol "astes.

SulfH" In water cOnt~;~;nf. cold"" fon", hud sc,le In st<.alll
boU"CS. In lorge "",ount" .ulhte in c""bl~otlon with uther Ion.
give, hltter IHte to "ater. S""'e c,ld1El oulfate i, cOMidorod
h~dLci,1 l~ the brewing proce". U.S. Public Ileolth Service
(1962) dr!~xl~g·"ater standords recrno.end that the oulbto oontent
.h"uld nut exceed 250 ppm.

Chloride (CI) Dissolved h"" rocb .nd ,oil,. Pre-
•ent io .e~ago ."d found In laq;e
a",ounts in ancient b<i"cs, sea wate<,
and industrial brines.

In lorge ''''Qunts in c""binotion ~·i.th ,<Xli"", give, >alty taste to
drinkin~ water. In lorge ~uantitie" inc<oas~s tho cOHosi"""e..
of water. U.S. Publlc He.lth Service (1962) drinking-~'ater otan
dard, roca=end th~t the ohlorlde content ohould "ot exc~~d 250 ppm.

fluoride (F) D1..olv~d In 'mall to minute quanti.
ties fr= ",ost rod:s ."d .oil.. Added
to many wators by fluoridotiOo\ of
",unici.pal.upplies.

Fluorid~ in drinking wal~r "edu~u ,h. i~d<ience <>f tooth dec.y
~h~n th~ ,,"to< h eon"",ed ~urI~g Ih~ perIod of enoOle] c~ldfic.

Cion. 1I0000ever, it Ul~y <au.~ mottling of the teeth, dep~nding On
lhe conc~nlralLon of fll,odd., tile 'g~ of the. chIld, ",,"unt of
drtnking .'Her cO~'Ullled, "~d .u.ceptibi lity of the indiv;du,l.
(Maler, F. J., 1950.)

Dec,yi.n~ organic ",atter, sew.ge,
fertilJzers, and nttrate< in aoil.

Concenlr.lion n""h gre,hr th,n Ihe 10e,1 avenge ""y su~ge5t pol
IUli"", U.S. Pub1i~ H~,lt.h S~<viee (1962) ~r!n~;ng-;.·.ter srond,rds
.uggeot. li",H of 4} PP'". \O.,~ro of high "iteMe ~ont"nt h,ve
been repoeled lo h~ <h~ c.u'e of "'etb~moglob;n"",i, (a~ ofh~ f.tal
dh~..e I~ inh~t.) ~nd th~refore .hould nn! b~ us~d i~ lnhnt
fe~<l!ng. NH""te h., b~en ,hown to he helpf,,1 in r~duclng into<
~tY't.l11ne Hacxl~g of boiler Sl.~I. It ~~eouugu g<o""10 of
,lg~~ 'nd other org.n;s"" whIch pr<Xl""e undoen1rable tast~o .nd
odo<••

Dissolved soli&< Chtefly mineral constituents dL,
solved free <ocxs aod <oils. IncludU
• "",e water of cry<talllzation.

u.S. Puhlic I!~.lth Servic~ (1962) drlnking-w.'er <l.nd"rds
re<c..n~nd lhal "a<or. containing mOee th.n 500 ppm dl"ol""d so1!d.'
"ot ho uoed if othe< leos ",i,,~,~lized .upplie. are avail.ble .
W.,,,,, contai"lng ",oro th." WOO ppm di<.ol,,~d ,olld< H~ ",,'uita
ble [0' "'"'-ny pu,po,~,.

In ",uH water, nearly all the hardne<a
15 due lo oalci"" and mag"esb... All
th~ "'etallie oations other th." the
alkali metal. also cause h.<dn~H.

COn<LOC< oo~p hcfo," • lHher will fo,.,. Deposito ""'p ~"rd on
bathlub,. H."d water [Or"'.' ".le in hoU~«, "'.l~r )"'.I~"', .",1
pipes. lIa<d,,"s' ~quiv.lont to the hica<bo"al~ and e.,.boMte is
c~lled c.rbo"H" hHd"e«. A"y h~rd"e" in ~<~e.. of this Is
c~lled "O<\carbonale h~<dne",. WHe<~ of hHdne" ., 1:lueh ~. 60
pp;o are considered <oft; 61 to 120 PI'<', ",cxlo<Hely h.,.d; 121 to
ISO PP"', h.rd; "o<~ ,h." ISO PP'", ""ry hud.

SpQci.!ie conductance
(",L<:TOIDhos at 25' C)

Miner.l COnten, of lhe w~ter. Indic"US Mgr~e of mlneralbation.
sure of the capacity of the water to
V~de. with concentration and deg<ee
tue~to.

Spocific condueta"ce io 0 ",e~

conduct ~n electric eunent.
of ionizatio" of lho ~on<ti·

Hydrogen ion
~on~entratiOf1 (pH)

Adds, .cid-g~ocr.ting s~I,", .nd fr~.

corhon dioxide lo;>er '.he pH. CHbo
n-roo, bica<bonHe., hydroxide" 'nd
pho,phates, .illc.t~., 'nd oorateo
<oi.e th~ pH.

A pH of 7.0 indie~tes ,,~ul<.lJty of ,solution. V,l,,~, higher thon
7.0 denote I~c<e~.'ing .lk.l1nIly; valu•• l""er th,n 7.0 indl~~te

increasing ~eidity. pH i. , me.. ure of the activity of th hydro
gen io.,.. CorrosiveM" of .'Her gener.l.ly Incre"e. ",it.l, de<:rea,
in8 pH. Hoo..'eve<. ~xee"ively dk.lln~ woten ""'y .ho Hlacx
metals.
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Constituents
Haximum

concentration (ppm)

Sulfate 250

Chloride 250

Nitrate 45

Fluoride '!./ .9

Dissolved solids 500

~/ Based on temperature records for Austin.

In the Colorado River basin the concentrations of these constituents are
generally lower than the maximum concentrations recommended by the U.S. Public
Health Service. The exception is the area between Ira and Ballinger in the
upper Colorado River basin, where concentrations frequently exceed these recom
mended limits.

Industrial Use

The industrial use of water in the Colorado River basin is primarily as
cooling water for steam generators and for the generation of hydroelectric
power, but additional industrial development in the basin is expected and sur
face water will probably be used to meet the demands. The quality requirements
vary greatly for almost every industrial application, as indicated by the water
quality tolerances given in Table 3. One requirement of most industries is that
concentrations of various constituents of the water remain relatively constant.
When concentrations of undesirable substances in water vary, constant monitoring
is required, and thus operating expenses are increased.

Hardness is one of the more important properties of water that affects its
utility for industrial purposes. Excessive hardness is objectionable because
it contributes to the formation of scale in steam boilers, pipes, water heaters,
and various other equipment where water is heated, evaporated, or treated with
alkaline materials. The accumulation of scale increases costs for fuel, labor,
repairs and replacement, and lowers the quality of many wet-processed products.
However, some calcium hardness may be desirable because calcium carbonate some
times forms protective coatings on pipes and other equipment and reduces
corrosion.

The corrosive property of water receives considerable attention in indus
trial water supplies. A high concentration of dissolved solids in a water may
be closely associated with the corrosive property of the water, especially if
chloride is present in appreciable quantities. Water that contains a large
concentration of magnesium chloride may be highly corrosive because the hydroly
sis of this salt yields hydrochloric acid.

The surface water of the Colorado River basin is hard and often suffi
ciently mineralized to require treatment for many industrial uses. However, it
usually is satisfactory as cooling water.
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Irrigation

The extent to which chemical quality limits the suitability of a water for
irrigation depends on such factors as: the nature, composition, and drainage of
the soil and subsoil; the amounts of water used and the methods of applying it;
the kind of crops grown; and the climate of the region. Because these factors
are highly variable, every method of classifying waters for irrigation is some
what arbitrary.

The most important characteristics in determining the quality of irrigation
water, according to the U.S. Salinity Laboratory Staff (1954, p. 69), 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 salinity of the soil may drastically reduce crop yields by decreasing
the ability of the plants to take up water and essential plant nutrients from
the soil solution. The 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
?nd magnesium in irrigation water can adversely affect soil structure. Cations
in the soil solution become fixed on the surface of the soil particles; calcium
and magnesium tend to flocculate the particles, whereas sodium tends to defloc
culate them. This adverse effect on soil structure caused by high sodium con
centrations in an irrigation water is called the sodium hazard of the water.
An index used for predicting the sodium hazard is the sodium-adsorption ratio
(SAR), which is defined by the equation:

Na+
8M = -;:.=====:=;=

"' / Ca++ + Mg++
V 2

where the concentrations are expressed in equivalents per million.

The U.S. Salinity Laboratory Staff has prepared a classification for irri
gation waters in terms of salinity and sodium hazards. Empirical equations
were used in developing a diagram, reproduced in modified form as Figure 9.
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 which can be used for irrigation of most crops on most soils as well as
those waters which are usually unsuitable for irrigation.

Representative data from analyses of water from Twin Buttes Reservoir and
the percentage of time that the specific conductance exceeded the indicated
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value for the Colorado River near San Saba and at Wharton are shown in Figure 9.
The data show that the sodium hazard for water of the Colorado River basin is
low and that the salinity hazard generally is medium.

In the lower Colorado River basin, great quantities of surface water are
used for irrigation of rice and grain sorghums. Surface water of the lower
basin is excellent for irrigation of these crops.

Geographic Variations in Water Quality

Variations of dissolved solids, hardness, and chloride in the streams in
the Colorado River basin are shown in Figures II, 12, and 13. These values
are based on the discharge-weighted average concentrations, as calculated from
chemical-quality data. The discharge-weighted average represents approximately
the chemical character of the water if all the water passing a point in the
stream were impounded in a reservoir, and mixed, with no adjustments for evapo
ration, rainfall, or chemical changes that might occur during storage. For
many of the streams, chemical-quality data are limited, especially data on the
chemical quality of flood flows. All the streams will at times have concen
trations exceeding those shown, but the averages shown on the maps are indica
tive of the type of water that would be stored in a reservoir.

Dissolved Solids

The concentration of dissolved solids in surface ~ater of the Colorado
River basin is shown on Figure 11. Water of Lake J. B. Thomas in the upper part
of the basin contains slightly more than 250 ppm dissolved solids. Below Lake
J. B. Thomas is an area of saline inflow that badly degrades the water of much
of the upper basin. Part of the inflow is definitely the result of oil-field
operations. Most of the remainder of the basin yields surface water averaging
less than 250 ppm in dissolved-solids content, but the effect of the saline
inflow keeps the average concentration in the main stem above 250 ppm through
out its length (Figure 11). Higher concentrations are found in Beals Creek and
Concho River subbasins because of oil-field operations.

The discharge-weighted average concentrations of dissolved solids of the
Colorado River near San Saba and at Wharton for the period 1948-65 were 295 and
255 ppm, respectively. The analyses showing annual maximum and minimum
dissolved-solids concentrations and the weighted averages for the stations are
shown in Table 5.

Time-weighted averages are usually higher than discharge-weighted averages.
The duration curves (Figure 7) for concentration of dissolved solids for the
Colorado River near San Saba and at Wharton show that 400 ppm dissolved solids
has been equaled or exceeded 50 percent of the time at San Saba and that 280
ppm was equaled or exceeded 50 percent of the time at Wharton.

Hardness

Surface water of the Colorado River basin generally is moderately hard
(61 to 120 ppm) to very hard (over 180 ppm). Water in Lake J. B. Thomas is
moderately hard. From Lake J. B. Thomas to the mouth of Pecan Bayou, the
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Colorado River and its major tributaries contain very hard water (Figure 12).
Pecan Bayou and most of the downstream tributaries contribute water that is
hard (121 to 180 ppm), and the Colorado River contains hard water from the
mouth of Pecan Bayou to the coast.

Chloride

The concentration of chloride in surface waters of the Colorado River basin
ranges from less than 50 ppm to over 500 ppm (Figure 13). Water of Lake J. B.
Thomas contains less than 50 ppm chloride. Below Lake J. B. Thomas, where oil
field brine and some natural saline flow is reaching the streams, chloride con
centrations of several thousand ppm are common. Most of the remainder of the
basin yields surface water averaging less than 50 ppm chloride, but the effects
of the saline inflow in the upper basin keeps the average concentration in the
main stem ahove 50 ppm all the way to Austin. Higher concentrations are found
in the South Concho River and in the upstream portion of Pecan Bayou probably
because of oil-field operations.

Other Constituents

Other constituents of importance in the evaluation of the quality of a
water include silica, sodium, bicarbonate, sulfate, fluoride, and nitrate.

Most of the streams in the Colorado River basin contain less than 15 ppm
silica, and the annual weighted-average concentration of the Colorado River has
usually been less than 10 ppm .

Sodium concentrations are generally less than 50 ppm in most of the streams.
In those waters having high chloride concentrations, sodium occurs in quantities
approximately equivalent to the chloride. It is therefore present in highest
concentrations in the Colorado River in the Ira-Colorado City area. The annual
weighted-average concentration of the Colorado River at Austin and Wharton is
usually less than 50 ppm.

Bicarbonate is the principal anion in water draining rocks of Cretaceous
age. The water of the Concho, San Saba, Llano, and Pedernales Rivers has
bicarbonate as the principal anion; concentrations generally range between 200
and 300 ppm. In the lower part of the basin, water draining the younger forma
tions contains much smaller concentrations. The weighted-average concentrations
of bicarbonate for the 18-year period 1948-65 for the daily sampling stations on
the Colorado River near San Saba and at Wharton are 156 ppm and 164 ppm, respec
tively.

Sulfate concentrations are generally less than 50 ppm in most of the
streams in the basin, although higher concentrations are found in the polluted
streams. Although concentrations of over 3,000 ppm are not uncommon, the
weighted-average concentration for the Colorado River at Colorado City has
ranged from 42 to 456 ppm. The weighted-average concentration for the Colorado
River has ranged from 16 to 70 ppm near San Saba and 18 to 45 ppm at Wharton.
Fluoride concentrations seldom exceed 1.0 ppm and generally range from 0.2 to
0.4 ppm. Nitrate concentrations are generally less than 3.0 ppm in most of
the streams in the basin.
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Water Quality in Reservoirs

The principal reservoirs in the Colorado River basin were sampled during
the reconnaissance and the chemical analyses are given in Table 6. Analyses
are also available for some of the small reservoirs used for public supply
(Sundstrom and others, 1949).

Lake J. B. Thomas.--Lake J. B. Thomas, in the upper Colorado River basin,
contains water of good quality. Ten analyses during the period 1953-65 show
that the water usually contains about 250 ppm dissolved solids, about 25 ppm
chloride, and about 60 ppm sulfate.

•

Lake Colorado City and Champion Creek Reservoir.--Owned and
Texas Electric Service Company, these reservoirs provide cooling
steam-electric plant and the municipal supply for Colorado City.
quality of the water in the two reservoirs is similar. about 300
solids and about 40 ppm chloride.

operated by the
water for a

The chemical
ppm dissolved

Robert Lee Reservoir.--Construction of the dam that will form Robert Lee
Reservoir began late in 1966. The reservoir site is on the Colorado River
downstream from an area of saline inflow in Mitchell and Scurry Counties. The
Colorado River Municipal Water District is building the reservoir, and plans to
catch the highly mineralized low flow of the river upstream from the reservoir
for use in waterflooding projects in several oil fields in the area. This salt
water alleviation program will greatly improve the quality of the water stored
in the reservoir, but the chloride content of the stored water probably will,
at times, exceed the limits recommended by the U.S. Public Health Service.

Oak Creek Reservoir.--The quality of the water in Oak Creek Reservoir,
though still good, has deteriorated slightly since 1953. An analysis in 1953
showed 1.5 ppm chloride and 127 ppm dissolved solids. The most recent analysis
in 1965 showed 29 ppm chloride and 239 ppm dissolved solids.

Twin Buttes Reservoir.--Twin Buttes Reservoir was completed in 1962 but
because of drought conditions had not impounded much water during this study.
For the period that analyses are available (September 1964 to August 1965) the
dissolved-solids content of the water has ranged from about 400 to 700 ppm.
The quality of the water in Twin Buttes Reservoir is probably adversely affected
by oil-field operations in the South Concho River and Spring Creek drainage
areas, but the concentrations measured during this study are higher than can be
expected when the reservoir is filled.

Lake Nasworthy.--Lake Nasworthy is just downstream from Twin Buttes Reser
voir and most of its inflow is water released or pumped from Twin Buttes.
Therefore, the water in Lake Nasworthy is similar in chemical quality to that
stored in Twin Buttes Reservoir. Two analyses in 1965 showed 451 and 500 ppm
dissolved solids.

San Angelo Reservoir.--San Angelo Reservoir, on the North Concho River,
impounds water of very good quality; dissolved-solids content has usually been
less than 200 ppm.

Coleman Reservoir.--Coleman Reservoir was not impounding water during this
study but the probable quality can be inferred from chemical analyses of Jim
Ned Creek (site 71, Table 6). Dissolved-solids content of Jim Ned Creek near
Coleman has ranged from 130 to 433 ppm and averaged about 200 ppm.
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Hords Creek Reservoir.--Hords Creek Reservoir contains water of excellent
quality, averaging about 15 ppm chloride and 150 ppm dissolved solids.

Brownwood Reservoir.--The water in Brownwood Reservoir is always of good
quality as shown by analyses of samples from the Brmm County Hater Improvement
District No. I Canal (site 78, Table 6). The dissolved-solids concentration of
water drawn from the lake has ranged from 166 to 241 ppm.

Brady Creek Reservoir.--Brady Creek Reservoir was built to provide a
municipal water supply for the city of Brady. The water is of excellent
quality, usually containing less than 200 ppm dissolved solids.

Lake Buchanan, Inks Lake, Lake Lyndon B. Johnson, Marble Falls Lake, Lake
Travis, and Lake Austin. As a result of the successive impoundment, the quality
of the water in these reservoirs is very similar. The Texas State Department of
Health has sampled the outflow from Lake Buchanan and Lake Travis since 1957,
and the Geological Survey has sampled the outflow from Lake Austin on a daily
basis since October 1947. The analyses show that the water is always of good
quality. Calcium and bicarbonate are the predominant ions, and dissolved-solids
content is usually between 250 and 350 ppm.

Decker Lake.--Construction of Decker Lake began in 1966 and no water was
impounded during this study. The reservoir, when completed, will store water
pumped from the Colorado River to be used for cooling at the city of Austin's
Decker Creek steam-generating plant. The water will be diverted from the river
downstream from the Austin sewage outfall. The dissolved-solids content of the
water should range from 250 to 350 ppm, but the organic quality of the water
may at times be poor.

Lake Bastrop.--Lake Bastrop is a Colorado River off-channel reservoir that
stores cooling water for a Lower Colorado River Authority steam-generating
plant. Chemical analyses are not available, but the water is similar to that
of the Colorado River passing Austin, which usually contains from 250 to 350
ppm dissolved solids.

Eagle Lake.--Eagle Lake is a Colorado River off-channel reservoir owned by
the Lakeside Irrigation Company. During flood flows, water is pumped from the
Colorado River and stored until needed for irrigation. An analysis in 1959
showed the water to be of good quality; the dissolved-solids concentration was
176 ppm.

Water Quality at Potential Reservoir Sites

One of the purposes of the reconnaissance was to appraise the quality of
the water which will be available for storage at potential reservoir sites.
Many sites studied by various Federal, State, and local agencies are indicated
on Figure 4.

Stacy.--A reservoir on the Colorado River at the Stacy site would impound
water from the Colorado and Concho Rivers. The water of the Colorado River
impounded at the Stacy site would contain slightly more than 500 ppm dissolved
solids.
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Upper Pecan Bayou.--A reservoir at the Upper Pecan Bayou site would impound
water of good quality; the water would be hard and contain less than 250 ppm
dissolved solids.

Brownwood Reservoir (Enlargement).--The enlargement of Brownwood Reservoir
should not cause any change in the quality of the water stored. The water
should still be hard and contain less than 250 ppm dissolved solids.

San Saba.--The quality of the \"ater at the San Saba site can be determined
from the chemical quality data for the San Saba River at San Saba. The water
that would be stored will be very hard but contain less than 250 ppm dissolved
solids.

Mason.--The quality of the water that could be impounded at the Mason site
on the Llano River can be inferred from analyses of the Llano River at Junction
and Llano. The water available for storage is calcium bicarbonate in type and
is hard; the dissolved-solids concentration is usually less than 250 ppm.

Pedernales.--According to periodic chemical-quality data for the Pedernales
River near Johnson City, water impounded at the Pedernales site would be hard
and contain about 250 ppm dissolved solids.

Columbus Bend.--Water available at this site would be very similar in
quality to the water sampled at the daily quality station at Wharton where the
weighted-average dissolved-solids concentration has ranged from 198 to 328 ppm.

Matagorda.--Water available at the Matagorda site would also be very simi
lar to the water sampled at the daily quality station at Wharton.

Problems Needing Additional Investigation

This reconnaissance of the chemical quality of the Colorado River basin
has shown that the natural runoff of the basin is generally of good chemical
quality.

However, saline inflow principally from oil-field operations makes the
water in the upper part of the basin unfit for most uses and increases the salt
load in the main stem throughout its length. Continuing study will be necessary
to evaluate the salt-water alleviation program that is planned for the area
above the Robert Lee Reservoir site. Small areas in the Concho River and Pecan
Bayou subbasins are slightly polluted with salt water produced with oil or gas.

A potential water-quality hazard exists in the portion of the Colorado
River basin that is usually considered noncontributing. In the drainage area
of Beals Creek just upstream from Big Spring, natural and oil-field brines are
impounded in a depression called Natural Dam Salt Lake (site 19. Table 6). The
impounded water may contain more than a hundred thousand ppm of dissolved
solids, and the lake bed is covered by a thick layer of deposited salts. Levees
have been built as a precaution against overflow. If the lake should overflow
the small amount of brine in storage would not cause serious pollution in down
stream reservoirs, but many tons of the deposited salt in the lake would be
dissolved and carried downstream, thereby greatly increasing the possibility of
serious water-quality damage.
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Organic quaJity is generally good throughout the basin; however, some
concern is being expressed regarding bacterial contamination of the Highland
Lakes by septic-tank effluent in areas of housing developments, and by waste
discharges from pleasure boats.

Continued municipal and industrial growth in the basin will cause an
increase in the waste-disposal burdens of the stream system. Meanwhile, the
impoundment of water in upstream reservoirs will cause a reduction of stream
flow now utilized for the assimilation of municipal wastes. Consequently,
continued municipal and industrial growth will require that wastes be consist
ently treated to the maximum extent if gross pollution of streams is to be
avoided in the future.

Impoundment of water will likewise result in some changes of water quality.
Beneficial effects will include: the reduction in turbidity, silica, color,
and coliform bacteria; the evening-out of sharp variations in chemical quality;
the entrapment of sediment; and a reduction in temperature. On the other hand,
detrimental effects of impoundment will include: an increase in the growth of
algae; the reduction of dissolved oxygen; and an increase of dissolved solids
as a result of evaporation. The continued extensive development of the water
resources of the Colorado River basin will necessitate detailed study of the
changes in water quality .
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Quality-of-water records for the Colorado River basin are published in the
following U.S. Geological Survey Water-Supply Papers and Texas Water Develop
ment Board Reports (including Bulletins formerly published by the Texas Water
Commission and Texas Board of Water Engineers):

U.S.G.S.
T.W.D.B. Water U.S.G.S.Water Water-Supply T.W.D.B.

year Report No. year Water-Supply Report No.
Paper No. Paper No.

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

1946 1050 *1946 1956 1452 Bull. 5905

1947 1102 *1947 1957 1522 Bull. 5915

1948 1133 *1948 1958 1573 Bull. 6104

1949 1163 *1949 1959 1644 Bull. 6205

1950 1188 *1950 1960 1744 Bull. 6215

1951 1199 *1951 1961· 1884 Bull. 6304

1952 1252 *1952 1962 1944 Bull. 6501

1953 1292 *1953 1963 1951 Rept. 7

1954 1352 *1954

* "Chemical Composition of Texas Surface Waters" was designated only by
water year from 1938 through 1955.
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The following U.S. Geological Survey Water-Supply Papers contain results of
stream measurements in the Colorado River basin, 1898-1960:

Year
Water-Supply

Year
Water-Supply

Year
Water-Supply

Paper No. Paper No. Paper No.

1898 28 1919 508 1940 898
1899 37 1920 508 1941 928
1900 50 1921 528 1942 958
1901 75 1922 548 1943 978
1902 84 1923 568 1944 1008
1903 99 1924 588 1945 1038
1904 132 1925 608 1946 1058
1905 174 1926 628 1947 1088
1906 210 1927 648 1948 1118
1907 248 1928 668 1949 1148
1908 248 1929 688 1950 1178
1909 268 1930 703 1951 1212
1910 288 1931 718 1952 1242
1911 308 1932 733 1953 1282
1912 328 1933 748 1954 1342
1913 358 1934 763 1955 1392
1914 388 1935 788 1956 1442
1915 408 1936 808 1957 1512
1916 438 1937 828 1958 1562
1917 458 1938 858 1959 1632
1918 478 1939 878 1960 1712
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