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PREFACE

This report is a companion document to Volume 1—WATER FOR TEXAS: A Comprehensive
Plan for the Future. This Volume contains specific technical detail about the topics and planning
concepts presented in Volume 1. Current water development and use, future water needs, and
potentially developable water supplies to meet projected needs are presented and described for each
of the 23 major river and coastal basins in the State.

The information contained herein is based upon Texas water, demographic, economic, and
technical data of the recent past. Projections of the future are based on these data and take into
account estimates of future trends in economic conditions and in technology that affects water use. It
is important to note that the planning information and the plans contained herein must of necessity
be couched in existing water law and existing institutional arrangements affecting water resources
and water use. In particular, water resources planning to meet future needs must safeguard and
protect water rights that are now recognized. Planning for the future must be based upon and depart
from the point of existing conditions. The materials contained herein are based upon these
principles.
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PART I

INTRODUCTION AND BACKGROUND

Between 1930 and 1980, the population of Texas
increased from 5.8 million to 14.2 million people, and it is
projected to be between 19.6 million and 21.2 million in
2000, and between 28.2 million and 34.3 million in
2030. As the population has increased, so has the demand
for water. The quantity of water used in Texas has
increased from about two million acre-feet (one acre- foot
is 325,851 gallons) in 1930, to about 17.9 million acre-
feetin 1980. As population has increased, the economy of
the State has grown, and in order to meet the future
employment, economic, and social needs of the people of
Texas, the economy must be continually expanded at a
satisfactory rate. In order to meet acceptable levels of
economic and social welfare, the people, the industries,
and the environment must have sufficient supplies of suit-
able quality water. This can only be achieved through care-
ful planning and timely implementation, operation, and
maintenance of water quality protection, water conserva-
tion, water supply development, and flood protection
facilities.

Although Texashasfifteen major river basins and eight
coastal basins, which together have 3,700 streams and
tributaries and more than 80,000 miles of streambed, and
seven major aquifers and sixteen minor aquifers, water
supplies vary widely from year to year and from place to
place within the State. Average annual precipitation is 56
inches on the eastern border and less than eight inches at
El Paso. Average annual recharge to aquifers is 5.3 million
acre-feet. Average annual surface-water runoff is about 49
million acre-feet, but runoff ranges from about 1,100
acre-feet per square mile in the easternmost parts of the
State to nearly zero in far West Texas. From 1940 through
1950—a period of high rainfall—average annual runoff
was 57 million acre-feet. During the State’s longest and
most severe drought of record—1950 through 1956—
average annual runoff was only 23 million acre-feet, leav-
ing many parts of the State short of water.

In order to meet water needs as the Texas economy
has grown, local and regional governments and federal and
State agencies have developed well fields, lakes and reser-
voirs, and sewage collection and treatment systems.
According to water use statistics obtained from annual
water use surveys of the municipalities of Texas, about SO
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percent of municipal water is obtained from ground-water
sources. Ground water is used for municipal purposesin all
areas of Texas and in practically every county. However, in
many areas, the long-term use of well fields is lowering the
water tables to an extent that major water supply problems
are occurring, or are projected to occur, in the foreseeable
future.

More than 50 percent of Texas is underlain by seven
major aquifers and sixteen minor aquifers. The seven
major aquifers, plus the sixteen minoraquifers, have a total
average annual natural recharge of about 5.3 million acre-
feet and a total recoverable reserve of about 430 million
acre-feet, of which about 89 percent or 385 million acre-
feet is in the High Plains (Ogallala) Aquifer in West Texas.
Of the 17.9 million acre-feet of water that Texans used in
1980, about 10.85 million acre-feet was from ground-
water sources. Of the 10.85 million acre-feet of ground
water used, 11.9 percent or 1.29 million acre-feet was for
municipal uses, 2.3 percent or 249 thousand acre-feet was
for manufacturing purposes, 0.5 percent or 53 thousand
acre-feet are forsteam-electric power generation, 1.7 per-
cent or 183 thousand acre-feet are for mining, 1.1 percent
or 120 thousand acre-feet was for livestock watering, and
82.5 percent or 8.95 million acre-feet was for irrigation.

The dependable water supply from major reservoirs—
the uniform yield that can be withdrawn annually through
extended drought periods from major reservoirs—is about
11 million acre-feet annually. About 7.0 million acre-feet
(64 percent) of this dependable surface-water supply is
now being used. A little over 21.7 percent goes for munici-
pal uses, 18.2 percent for manufacturing purposes, 3.9
percent for steam-electric power generation, 0.8 percent
for mining, 1.8 percent is for livestock watering, and 53.5
percent for irrigation. A large portion of the remaining 4.0
million acre-feet of dependable surface-water supply is
committed or planned to meet growing municipal and
industrial needs of major metropolitan areas of the State
over the next 30 years. This supply, however, will not meet
all of the municipal and industrial needs of many Central,
South, North Central, and West Texas cities where practi-
cally no dependable surface-water supplies exist. Projec-
tions also show that many cities in eastern portions of the
State will need additional surface-water supplies in the



immediate future. It is important to note that growthin use
of surface water has been about six percent peryear during
the last six years, and the time required to plan and con-
struct a typical reservoir is more than 15 years.

The maintenance and recovery of the quality of Texas’
limited water supplies is absolutely essential, especially so
in areas of the State that are water-short. Recognition of
this fact occurred years ago and led to the passage of water
quality legislation, instream water quality monitoring, and
water quality standards. These standards define the quality
of water necessary in each stream to provide for the benefi-
cial uses that stream should yield. Of the more than 16,000
stream miles subject to quality standards, over 90 percent
currently meet the 1983 fishable and swimmable goals of
federal clean water legislation. About two percent will not
be compliant due to natural conditions, leaving about eight
percent of the 16,000 miles of streams needing further
work to eliminate sources of pollution. It is necessary to
continuously operate sewage collection and treatmentsys-
tems in order to protect the quality of water in all the
streams and aquifers of the State.

Increasing demands for limited quantities of water
require that long-range plans be developed to meet the
many water resources needs of the future. The present
quantity of ground- and surface-water supplies cannot
meet the projected future needs of municipalities, indus-
try, agriculture, fisheries, and the environment. The qual-
ity of present supplies must be protected from pollution
and contamination, while the quality of supplies in some
parts of the State must be improved if these supplies are to
be useful. Thus, it is essential that water resources plansbe
continually revised and amended in order to meet chang-
ing economic, social, physical, legal, institutional, and
environmental conditions.

Texas water planning must be flexible with respect to
local conditions of climate, hydrology, topography, and
local area needs, taking into account State water law,
existing rights to ground water and surface water, and local
area leadership’s goals and objectives with respect to
growth and development. Climatic factors, including pre-
cipitation levels and seasonal distribution, temperatures,
evaporation rates, solar energy levels, winds, and length of
growing seasons are data relevant to each area for which
water planning is to be done. Likewise, hydrology and
topography affecting both the demands and supplies of
water of an area are data essential to water planning.

The resource base, existing economy, and potentials
for development within an area are both explicit and
implicit data which must be taken into account in water
resources planning. In effect, these factors are the founda-
tions for water use in the present and establish the trends
for future water supply and water quality protection needs.
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Particular attention must be given to the water resources
needed in order to realize the potential development and
use of other natural resources and capital within an area, as
this development might assist in meeting local, State,
national, and even international needs for employment,
income, and trade. In addition, the goals and objectives of
each local area must also be taken into account, since local
cultural, business, and quality of life desires directly affect
the need for water supplies and water quality protection.

Among the important factors affecting the use of water
in Texas and long-range planning for future supplies of
water is that of waterrights. Ground water is recognized as
private property, subject to the right of capture by land-
owners. Surface water is public property, the use of which is
administered by the State through a system of water rights.
Riparian domestic and livestock uses of surface water are
exempt from the need for authorization from the Texas
Department of Water Resources, and are considered as
superior rights. The water rights granted or otherwise rec-
ognized by the Department have a priority status under the
principal of first-in-time, first-in right, with the condition
that these water rights may be subject to cancellation for
nonuse.

In addition to recognizing existing water rights, water
planning must also take into account the overlappingjuris-
diction of federal, State, regional, and local governments,
each having water resources responsibilities. Of these, the
Texas Department of Water Resources is the principal
State agency having water resources administration and
planning responsibilities. The Texas Department of Health
regulates the quality of water for public supplies and the
Texas Railroad Commission regulates disposal of wastes
associated with petroleum production. The Department of
Water Resources working with local governments, other
State agencies, federal agencies, and the private sector,
and using the latest available information, ideas, and rec-
ommendations from the public, is responsible for main-
taining a comprehensive statewide water plan to meet the
water resources needs of Texas. In addition, the Depart-
ment is responsible for the administration and enforce-
ment of water rights permits, the administration and
regulation of wastewater disposal permits, water quality
protection, and the collection and analysis of various
hydrologic, meteorologic, and economic data. The
Department also provides some financial assistance to
political subdivisions in the form of loans for water and
wastewater projects and the purchase of storage capacity in
local surface-water supply projects.

Federal legislation governs several water resources
functions. These include flood protection, dam safety,
stream quality standards and the quality of wastewater
effluent that can be discharged by water users, dredge and
fill in navigable waters and wetlands, navigation, hydro-



electric generation, endangered species, fish and wildlife
habitat protection, and cultural and environmental factors
affected by water resources projects and programs. Federal
agencies also assist with planning studies and in the con-
struction and operation of major facilities such as multi-
purpose water projects, as well as participate in the
regulation and enforcement of water quality protection,
for which Congress has authorized participation and
appropriated funds.

Local governments, regional water authorities, utility
districts, and the private sponsor construct, operate, and
maintain water supply, water quality protection, and flood
protection projects and facilities. Although such functions
are at the discretion of local and regional governments, all
such water resources projects and services must be man-
aged and administered in accordance with relevant and
applicable State and federal laws. In these efforts, local and
regional authorities are responsible for securing the neces-
sary water rights, property, and rights-of-way, and the
construction and operating permits. These local and
regional authorities must also arrange financing, construct
and operate facilities, pay operating costs and debtservice,
and repay bonds and federal contracts used in project
financing. Water planning and water administration take
these factors into account.

TEXAS WATER PLANNING OBJECTIVE

The objective of water resources planning is to provide
a comprehensive State water plan that will serve as a flexi-
ble guide to State policy for the development, manage-
ment, conservation, and protection of water resources for
the State. The plan will identify and equitably consider the
public and private interests and institutions of the entire
State, giving appropriate attention to environmental fac-
tors, while promoting economic welfare. The plan, as a
flexible guide, will identify alternative strategies for imple-
mentation in order to give direction to appropriate private
and public institutions in the State to enable them to:

1. supplyina cost-effective manner sufficient quanti-
ties of suitable quality water in each area of the
State, as the population and the economy of Texas
grow, taking into account the practically achiev-
able effects of improved water use efficiency and
water conservation;

2. continuously protect the quality of both surface
arid ground water in each area of the State, and
where practical and feasible, improve its quality;
and,

3. provide protection of human life and public and
private property from flooding and flood damage,
to the extent such flood protection can be deter-
mined to be economically feasible.
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Water resources planning information to be presented
includes descripsions of water problems, estimates of water
supplies in each area of the State, projections of future
water requirements for each of 11 categories of water use
in each area of the State, an identification of water conser-
vation practices and technologies that can affect the quan-
tity of water use, as well as identification of technologies
that may have potential for extending and increasing the
usable supplies of water. Present and future water quality
protection needs of each area are identified, along with
alternative conservation and development methods and
projects. Specific analyses are given for each of the 23 river
and coastal basins, including a presentation ofinformation
about the ground- and surface-water resources, economic
and demographic characteristics, quantities of water use,
water resource development, waterrights, water conserva-
tion, water quality protection needs, and water develop-
ment options within each basin.

WATER RESOURCES PROBLEMS AND
POTENTIAL TYPES OF SOLUTIONS

In Texas, there is a wide range of water problems,
including the contamination and the threat of pollution of
existing supplies, shortages of supply to meetthe needs of a
dynamic and growing economy, flooding, conservation
and more efficient use of water supplies, freshwater for
environmental purposes, declining water tables, land sub-
sidence resulting from ground-water use, saltwater intru-
sion into aquifers, increasing costs to secure water and to
treat wastewater, and adequate sources of financing for
sewerage, water supply, and flood protection facilities.
Major problems and some potential types of solutions are
identified and briefly described below.

Water Quality

There are limited supplies of water in several regions of
the State, and the poor quality of some existing supplies of
surface- and ground-water resources limits the quantity of
usable water and increases the costs of use. Both natural
contamination and man-made pollution affect the quality
of existing supplies, and although different uses of water
have different parameters of water quality, the degree and
kind of contamination and pollution can render water
unusable or perhaps too costly for use.

Natural Contamination

Several ground- and surface-water resourcesare pres-
ently unusable because of large concentrations of natural
minerals and salts. This occurs because wateris a solvent,
and as such, it dissolves salts, metals, and minerals from
surrounding rock and soil. Chemical materials are present



to some degree in mostsources of both ground and surface
water. In greater concentrations, the water’s usefulness is
impaired.

Concentrations of salts and minerals affect several
river basins in Texas, including upper reaches of the Red,
Brazos, Colorado, Canadian, Pecos, and Rio Grande, and
preclude the development and use of some waterresources
in these basins. Chloride control projects have been
planned in some basins to prevent surface water with high
salinity concentations from contaminating better quality
water. In some areas, ground-water supplies also are
adversely affected because of high concentrations of salts
and minerals.

In addition to salinity, sediment also affects the quality
of surface water. Soil erosion from storm and flood waters
reduces the fertility of range and cropland as well as adds
sediment to streams and rivers. This sediment clogs chan-
nels, reduces the storage capacity of reservoirs, and
adversely affects some wildlife habitats. Controlling ero-
sion and sedimentation through greater use of soil conser-
vation and stabilizing measures would benefit both
agriculture and water resources programs.

Polludon

Water pollution is the alteration of the quality of water
to the detriment of plant or animalllife or the public. Both
the quantity and complexity of pollution are increasing
with increasing concentrations of population and increas-
ing levels of economic activities. While rivers, streams, and
lakes are convenient for the disposal of many types of
wastes, these are also the sources of watersupplies in many
areas and are habitats for fish and some wildlife species.
Therefore, water resources must be protected from pollu-
tion. The quantity of municipal wastewater and drainage
from storm sewers has increased with population and
industrial growth, necessitating the installation and opera-
tion of a larger number of sewerage collection and treat-
ment systems in order to produce effluent of suitable
quality for discharge into State streams.

Some pollutants can be controlled at the point of
discharge, while more dispersed sources of pollution
require other measures. To meet federal and State clean
water requirements, municipal and domestic wastes must
have the equivalent of secondary treatment, and the use of
septic tanks, except under suitable conditions, is discour-
aged. While industrial wastes that are discharged should
receive “best practical treatment economically achiev-
able,” new technologies are needed to provide for recycling
some industrial wastes and neutralizing other industrial
wastes prior to any land disposal of the wastes. In addition,
runoff can be managed with structural measures such as
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detention ponds, or nonstructural measures that include
street sweeping and catch-basin maintenance. Significant
progress has been made toward treating wastewater to
acceptable standards for discharge into streams, but addi-
tional planning and construction of such facilities is
needed and will be included in subsequent parts of this
report.

Water Supply

A shortage of adequate water supplies to meet the
foreseeable future municipal, industrial, and agricultural
needs could occur in many regions of the State. In many
areas where demand is growing, the long-range renewable
supplies are quite limited. In addition, long-term depen-
dence upon ground water, the historical water supply for
much of the State, has caused ground-water resources to
decline significantly. Consequently, there will be greater
demand for surface-water supplies, which, in some cases,
are insufficient to meet current needs during periods of
drought.

In order to solve future water supply problems, it will
be necessary to increase the available supplies and to
increase water use efficiency through water conservation,
thereby reducing demand. Techniques to increase supplies
include development of new sources, recycling and reuse
of some existing supplies, and increased efficiency in water
use and distribution. Techniques to reduce the quantity of
water required for a given population and a given eco-
nomic purpose include the implementation of water con-
servation programs to reduce waste and to increase
efficiency of use of existing supplies. Where ground-water
supplies are declining, increased conservation, encour-
agement of recharge using flood waters, and reduced rates
of pumping and use could extend the useful life of some
aquifers.

In addition to increased conservation and manage-
ment of water use by individuals, businesses, industries,
farmers, and ranchers, meeting projected future water
needs requires that supplies be increased through the
development of additional reservoirs. The potential for
such development is limited, and costs will be high in the
future in relation to costs of similar projects in the past. Asa

“part of planning for the future, individual reservoir projects

to meet projected future needs are identified, along withan
estimate of the time such projects will be needed and the
costs at that time. In view of the fact that the number of
suitable reservoir sites is limited, and the potential uses of
suchsites for other purposes mayimpinge upon theirfuture
availability for water supply purposes, local water supplying
authorities and the State should give serious consideration
to protecting such sites for water supply purposes. Since
these sites are privately owned, it will be necessary to



arrange for compensation of the landowners and to
develop long-term management plans for the lands
involved.

Flooding

Flooding is a serious problem in Texas, resulting in
millions of dollars in damages annually to urban and rural
areas, industry, transportation, and public utilities. Even
with flood protection programs, damages from flooding
will continue to increase along floodplains and in coastal
areas, if these areas are selected for residential and business
locations. Most people, however, do not perceive or con-
sider the risk of flooding, and flood-prone areas continue
to be developed to accommodate population and eco-
nomic growth.

Since some flooding cannot be averted, the manage-
ment of flood-prone areas is required to protect lives and to
reduce the damages from flooding. Both structural and
nonstructural flood protection measures can be used.
Structural measures such as the flood-proofing of buildings
and the construction of reservoirs, drainage channels, and
levees provide flood protection. Nonstructural measures
such as regulation of the use of flood-prone areas, regula-
tion of land use upstream of flood-prone areas, evacuation
and recovery plans, flood forecasting, and flood warnings
provide means for protecting lives and property. Flood
insurance provides means for compensating flood dam-
ages. Since federal funding for structural flood control
projects is being reduced, State and local governments
must assume more flood protection responsibilities,
including flood protection planning and financing. Flood
protection that is associated with water supply develop-
ment is included in water planning described herein. How-
ever, more detailed local area flood protection planning is
required.

Coastal Areas

Floods often occur in coastal areas as a result of inun-
dation from heavy inland rains, hurricanes, high tides, and
insufficient natural drainage. In these areas, both struc-
tural and nonstructural means can protect lives and prop-
erty and reduce the damages from flooding. Structural
measures applicable to flood protection in coastal areas
include the construction oflevees and floodways and flood-
proofing existing structures. Nonstructural measures such
as regulating the development of flood-prone areas, flood
forecasting, advance warning, and evacuation systems
should also be used to deal with flooding in coastal areas.
Detailed planning for flood protection in coastal areas by
local and regional governments is needed.
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Inland Areas

In Texas, the character and intensity of floods differ
widely on account of the varied physiography and climate
within and among river basins. Because topography aggra-
vates the severity and impactof flood waters, different flood
protection measures are appropriate for different regions
of the State.

Broad, flat, slow-moving floods generally occur in the
upper coastal areas and eastern part of the State where
rainfall is highest. Valleys are wide with gradualslopes, and
timber and dense vegetation bordering rivers and streams
brake the flow of runoff. This type of flood inundates these
areas for prolonged periods of time and can be very damag-
ing. Given the topography of these areas, structural mea-
sures such as flood storage in reservoirs, levees, and
channelization can be used forflood protection. Nonstruc-
tural measures, including limited use of floodplains, flood
insurance, and flood forecasting and warnings are also
appropriate flood protection measures.

Flash floods occur in central and western regions of
the State where slopes are steep, ground cover is sparse,
and soils are generally thin and relatively unabsorbent.
While intense, flash floods cause shorter periods of inunda-
tion. Although generally brief, these floods can be devastat-
ing, Under these conditions, both structural and
nonstructural flood control measures can be used.

Water Conservation and Improving
Water Use Efficiency

Through planning and management of municipal,
industrial, agricultural, and other water uses, it may be
possible to reduce waste and improve water use efficiency,
thereby allowing existing water supplies to serve more
people, meet growing industrial needs, and maintain
existing levels of irrigated acreages in agriculture than
would be possible otherwise. Through increased water
conservation on the water demand side, the objective is to
substitute management, labor, and capital for water and
thereby reduce the rate of future growth in the demand for
scarce water and expensive wastewater treatment facili-
ties. In this respect, water conservation requires the adop-
tion and use of methods and practices to prevent waste.
Water conservation can be increased through the use of
equipment, technologies, and management to reduce per
capita water use by people, the quantities of waterused per
unit of product produced by industry, and the quantities of
water used per acre irrigated by agriculture. However, the
extent that water conservation can be used to reduce water
use now and in the future, through improving water use
efficiency, will be constrained by the costs of water-saving



equipment and the incentive to purchase and use such
equipment in the short run. In making projections of future
municipal, industrial, and agricultural water require-
ments, conservation potentials have been taken into
account. Water conservation plans are described in a later
section of this report.

Municipal and Commercial Water Conservation

Currently, annual water use for municipal and domes-
tic purposes accounts for 2.8 million acre-feet or 15.8
percent of the total water use in Texas. Long-term average
daily per capita water use has increased four gallons per
decade since the mid-1960’s. At present rates and with
expected population growth, municipal and domestic
water requirements are projected to increase at least 25
percent by the year 2000 and todouble by 2030. These are
projected to range between 3.5 million and 5.1 million
acre-feet annually in the year 2000, and between 5.1
million and 8.2 million acre-feet in 2030.

There are, however, water conserving methods avail-
able to reduce per capita water use, some at little cost.
Principal methods include public information and educa-
tion to encourage people to repair leaky plumbing and to
more carefully manage household appliances and
bathroom fixtures in order to reduce water use. Municipal
plumbing codes can encourage the use of water-saving
appliances, while city ordinances can encourage the use of
native landscaping, permit the use of ‘gray water” (shower,
bath, and laundry discharge) for lawn watering, and allow
lot sizes and drainage grades to be selected so as to reduce
the quantities of water needed for lawns and landscaping
purposes.

Industrial Water Conservation

Water conservation measures are being ai:»plied in
manufacturing and energy sectors to reduce energy and
water costs, including costs of treating wastewater. While
further reductions are possible, many require changes in
the technology of production processes, which may be
quite costly. If large, these added costs may reduce the
competitive advantage of some industries in Texas. Addi-
tional water conservation by industry involves identifying
appropriate incentives to reduce water use without unduly
increasing costs.

Among the water conservation measures for industry
are reduction of leaks, recycling and reuse, metering,
measuring, and controlling the quantity of water used in
industry. In cases where water conservation involves the
purchase and use of costly equipment, governments could
use tax incentives to encourage the installation of such
equipment.
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Agricultural Water Conservation

Future levels of irrigated agriculture in Texas are
threatened by limited quantities of water supplies. Irriga-
tion of about eight million of Texas’ 30 million cropland
acres uses more than 70 percent of the water used in the
State, of which 75 percent is from ground-water resources
having little recharge. It is important to note thatirrigation
is responsible for more than 40 percent or about 81.7
billion of the annual value of crops sold from Texas farms
and ranches in 1980, and that data show that without
improvement in irrigation efficiency, some aquifers which
now supply irrigation water will be depleted to a severe
degree within the next 20 years. With a high degree of
water conservation, the water supplies of these aquifers
could be made to support nearly 80 percent of present
irrigated acreages during a foreseeable 30 to 40 year period
of time, thus extending the useful life of these aquifers by 10
to 20 years.

Several water conservation techniques and practices
can be used to reduce the quantities of water that need to
be diverted from streams and reservoirs and the quantities
that need to be pumped from wells per acre irrigated.
Those conservation practices that can reduce the quanti-
ties of water diverted from surface-water sources per acre
irrigated, without adversely affecting crop yields include:
improvements to surface-water conveyance systems,
including concrete lining of canals and the use of pipe for
conveyance; scheduling and measuring quantities of water
diverted: automating weirs and headgates; and pricing of
water per acre-foot as opposed to charging per acre
irrigated.

In the case of irrigation from ground-water sources,
the use of pipe and lined canals to convey water from the
wells to all parts of the fields to be irrigated can reduce the
quantity of water that must be pumped per acre irrigated.
In general, regardless of whether the source of irrigation
water is aquifers or surface systems, several other conserva-
tion measures can reduce water use. These include: moni-
toring soil moisture and irrigating only when moisture
conditions require it; using the knowledge of crop moisture
needs in relation to growth and maturation stages and
applying irrigation water only when plants need it; use of
growth regulating chemicals, use of evaporation suppres-
sants on the soil surface, and use of evapotranspiration
suppressants on the plants; use of sprinklers, drip, and
trickle methods to apply irrigation water; use of soil prepa-
ration and cultivation methods that retain precipitation
and irrigation waters; use of crop residue as mulch; control
of weeds and phreatophytes; careful monitoring and
management of irrigation and cultivation systems; and,
where possible, selection of less water-intensive crops and
strains of crops that require less water. However, some
agricultural water conservation methods mentioned here
are not cost-effective at current agricultural prices and



interest rates, and some methods are not well understood.
Thus, technical assistance to irrigation farmers, and tax
and economic incentives to adopt and use water conserva-
tion equipment, would make contributions to solving
some agricultural water supply problems in the short run.

Environmental Factors

As the competition for limited water supplies increases
among existing and potential users, a serious dilemma may
arise involving establishment of acceptable trade-offs
between the water needs of Texas’ natural environmental
resources and the State’s social and economic needs for
water. Among the environmental issues are concerns
about freshwater inflows to Texas bays and estuaries,
instream flow needs of the State’s fish and wildlife, and
protection of land resources or mitigation for loss of fish
and wildlife habitat. Also at issue is how to apportion the
State’s surface waters among competing users as well as to
determine who is responsible for paying costs associated
with the provision of water for environmental uses.

Bays and Estuaries

The Texas bays, estuaries, and shallow Gulf environ-
ments of the State territorial waters (offshore boundary at
nine nautical miles) are economically and ecologically
important public resources. These resources provide
inputs to the State economy through seafood products,
tourism and recreational activities, marine commerce,
and oil and gas production. In addition, these waters con-
tain essential habitats for coastal fish and wildlife. The
problems of these coastal areas are complex, involving
public lands, public waters, and public wildlife.

In the 2.6 million acre estuarine area in Texas, more
than 100 million pounds of seafoods is harvested annually,
having an estimated annual impact on the State economy
of more than $1.25 billion (1981 dollars). The fishery
resources of these areas are estuarine-dependent, while
the estuaries are specifically dependent on freshwater
inflows for nutrients, sediments, and a viable salinity gra-
dient for inhabiting organisms. State policy is to maintain
the coastal environments and the health of their living
marine resources; thus water planning work includes the
collection and analyses of information about the relation-
ships among freshwater inflows and the living organisms of
the bays and estuaries. Water planning and use takes this
information into account.

Instrecam Flows

Instream flows are necessary to retain Texas stream
values for maintenance of waste assimilative capacity, gen-

1-7

eral water quality, livestock water, and fish and wildlife
environments. Fisheries are particularly sensitive to flow
depletion that affects spawning or nursery habitats for the
young. Other instream flow needs include hydroelectric,
navigation, and recreation. However, the rate of stream-
flow needed cannot be easily generalized for such divergent
uses. Moreover, significant trade-offs must occur to obtain
maximum benefits from water development projects,
since Texas streams must continue to provide for multiple
use. Development of surface-water projects for the storage
of flood flows which are released and used downstream at
later dates, as well as the use, treatment, and return of
wastewater effluent, some of which is from ground-water
sources, provides a source of instream flows for many seg-
ments of Texas streams that would be dry during many
seasons without such development.

Fish and Wildlife Habitats

Water resources development and use, and particu-
larly the development of reservoirs, involves the inundation
of large acreages of land and the associated streambeds.
This, of course, is a conversion of land use from agricul-
ture, ranching, forestry, and other purposes to reservoir
sites and a change from terrestrial and stream habitat to a
freshwater-lake environment. Although the lands involved
are purchased at market price, thus compensating the
sellers for the lands that are converted into reservoir sites,
the total quantity of wildlife terrestrial and stream habitats
is reduced as reservoirs are built. Lake habitat, shoreline,
and waterfront types of habitat are increased. The latter
group is usually considered to be a benefit in project eval-
uation, while the loss of terrestrial and stream habitats is
considered by many to be costs for which some form of
mitigation is desired. Such mitigation may be in the form of
purchasing additional land to be managed specifically for
wildlife habitat, the development of lakeside parks and
recreation areas for public uses, the use of fish hatcheries
and fisheries management programs to enhance instream
fisheries downstream of lakes as well as the lake fisheries,
minimum releases for downstream fish, wildlife, recrea-
tion, water quality, and other purposes, and perhaps other
compensating measures. Most of these forms of mitigation
are costly and if added to water supply projects, resultin an
increase in the cost of water to water customers.

Land Subsidence

Some aquifers in coastal areas of Texas are composed
of alternating strata of sand, gravel, and clay. As water is
withdrawn, pressures decrease, and the clay strata are
compressed. As this phenomenon occurs, the overlying
strata sink, resulting in a lowering of the elevations of land
surfaces, changing of surface gradients, and the activation
of faults. These changes affect drainage patterns, which



aggravate flooding problems in coastal areas and increase
the risk of hurricane tidal surges and flooding of coastal
areas. Increased fault activity damages structures such as
homes and commercial buildings, highways, airport run-
ways, pipelines, and railroad tracks, in addition to allowing
the entry of poorer quality water into ground-water
resources. Subsidence is a problem in coastal areas of
Texas where the water table has been lowered as freshwater
has been withdrawn.

To avoid further subsidence, ground-water withdraw-
als must be limited to the extent that only the quantity of
recharge entering the dewatered upper layers of aquifers is
pumped. Further lowering of the water tables will likely
result in further subsidence. Quantities of water needed
above those that can be obtained from these ground-water
sources must be obtained from surface sources. Planning
and development of surface-water projects to meet future
needs are in progress, and will be identified and described
in later parts of this document.

Salt-Water Intrusion into Aquifers

Salt-water intrusion and the threat of salt-water intru-
sion into aquifers are present in both coastal regions and in
some inland areas that now depend on ground water.
Salt-water intrusion occurs from the migration of saline
water from adjacent strata into areas from which large
quantities of nonsaline ground water have been withdrawn
without having been adequately recharged. Similar to the
problem of subsidence, salt-water intrusion threatens the
usefulness of aquifers. In addition to contaminating fresh-
water supplies, available recharge capacity is lost. Because
the recovery of an aquifer from contamination is relatively
slow, salt-water intrusion may become a long-terin condi-
tion that precludes further use of such aquifers.

Like subsidence, measures to avert salt-water contam-
ination include the reduction in demand for ground water
through the implementation of conservation with reduced
ground-water withdrawals and the development of alter-
native water supplies. Aquifer management techniques,
including artificial recharge, may be used to assist in con-
trolling salt movements in aquifers. In addition, in-well
blending of water from saline and freshwater strata may
.also be used in some areas and thereby increase the total
supply available. Of course, such mixtures must meet safe
drinking water standards for public supply, must be care-
fully controlled to meet industrial water quality needs, and
in the case of agriculture, must not be too concentrated to
meet crop needs nor to increase soil salinity levels above
those tolerated by crops.
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LEGAL AND INSTITUTIONAL FACTORS
AFFECTING WATER

Planning for the development and use of water and the
protection of its quality must be done in accordance with
provisions of State water law, interstate compacts, interna-
tional treaties, federal law, established water institutions,
public opinion, public preferences, public desires, and
information on physical and economic conditions. Among
the fundamental considerations are the distinctly different
status of ownership of ground and surface water and the
local, State, and federal agencies having specific authority
and jurisdiction for water resources management.

Ground water is private property subject to the right of
capture by owners beneath whose property ground water is
found. Thus, decisions about the time and quantity of use
of ground water reside with a large number of individuals
whose actions are difficult to predict. Although ground
water is private property, under State law, some under-
ground water conservation districts having some regula-
tory powers have been formed to reduce waste, to
conserve, and to manage this very important water
resource. Additional such districts are needed and can be
formed through referenda within areas to be affected.

In Texas, surface water flowing in public watercourses
is public property, the use of which is subject to administra-
tion by the State. Texas water law has recognized claims to
surface water rights granted under Spanish, Mexican, Eng-
lish, Republic of Texas, and United Stateslaws, in addition
to the State’s Appropriation Doctrine. These claims are
currently under review by the Texas Water Commission in
accordance with the Water Rights Adjudication Act of
1967. Investigations of rights and claims of all 23 river and
coastal basins are to be completed by 1983. Upon comple-
tion of the adjudication process, Texas surface waterrights
and claims will have been standardized under State law,
giving priority recognition to riparian rights holders and to
permits and claims having the longest history of use. The
principal of first-in-time, first-in-right establishes the
seniority of each recognized water use permit. However, in
order to continue holding such permits, the holder must
put them to beneficial use. Water rights information must
also be taken into account in all water planning, so as to
safeguard recognized surface-water rights. Furthermore,
in planning which involves the transfer of surface water
among river basins, provision must be made to meet basin
of origin water needs in the foreseeable 50-year period.
Only those quantities of surface water that are surplus to the
basin of origin’s foreseeable 50-year future needs can be
considered for transfer, except on an interim basis.



Surface water of five interstate streams involving
Texas is divided among the states through which they flow
by compacts with neighboring states. Additionally, the
United States has two treaties with Mexico to govern the
international waters of the Rio Grande. The terms and
conditions of these permits and treaties must also be taken
into account in all water administration and water plan-
ning work.

Water resources in Texas are managed by hundreds of
local agencies with the assistance of several State and fed-
eral agencies. Legislation specifies the conditions, rules,
and guidelines for planning in addition to providing tech-
nioal resources or programs for the collection and mainte-
nance of water resources data and information. Those that
define the principal legal and institutional parameters for
planning are briefly described below.

State Agencies and Statutes

There are ten state agencies and five river compact
commissions that administer water law and water policy in
Texas. Of these, the Texas Department of Water Resources
has the major responsibility for managing water resources.
As the legislative arm of the Department, the Texas Water
Development Board establishes general policies and rules
to implement the Department’s statutory responsibilities,
makes loans for water supply development, and makes
loans and grants for water quality protection. Acting as the
judicial branch, the Texas Water Commission adjudicates
water rights and approves plans to appropriate State sur-
face water, construct levees, and dispose of treated waste-
water and industrial solid wastes. The Department’s
Executive Director and staff monitor water quality and
water rights and provide enforcement activities when war-
ranted. The Executive Director supervises the manage-
ment of the Water Development and Water Loan
Assistance Funds, prepares and maintains a comprehen-
sive State water plan, and reviews and audits water dis-
tricts. The Department develops procedures, plans, and
processes for water quality protection consistent with the
Texas Water Code and the Federal Clean Water Act, and
has applied to the Environmental Protection Agency for
authority to administer the National Pollutant Discharge
Elimination System permits for wastewater disposal. The
Department acts as the coordinating agency for the
National Flood Insurance Program and administers the
dam safety program, which involves scheduled inspections
to insure that no dam or reservoir in Texas will become a
public hazard.

The Texas Department of Health administers legisla-
tion that regulates the disposal of municipal and mixed
municipal-industrial solid wastes. The Health Department
establishes drinking water standards for public water sup-

plies, reviews plans for the construction of drinking water
projects and sewer projects, has primacy in administering
the provisions of the federal Safe Drinking Water Act, and
maintains surveillance over the operation of all public
drinking water supplies. The Department of Healthand the
Department of Water Resources jointly administer the
Texas hazardous waste management program, for which
federal funding and oversight authority have been dele-
gated by the Environmental Protection Agency.

The Railroad Commission of Texas regulates water
pollution resulting from the exploration, development,
and production of petroleum, natural gas, surface mining,
and geothermal resources, along with its responsibility for
and jurisdiction over transportation enterprises operating
within Texas.

Other State agencies having water resources responsi-
bilities include the General Land Office, in the leasing of
mineral resources in riverbeds and tidelands; the Parks and
Wildlife Department has responsibility for management of
lakes, streams, and marine resources to protect wildlife
and to provide public recreation; and the Texas Depart-
ment of Agriculture certifies and regulates pesticides and
herbicides, and monitors for pesticide residues. The State
Soil and Water Conservation Board and local soil and
water conservation districts develop soil and water conser-
vation plans and plan and install irrigation water convey-
ance facilities for individual farms. The Water Well Drillers
Board licenses water well drillers, and the Board of Irriga-
tors licenses commercial installation of lawn irrigation
equipment.

Several public and private educational institutions in
Texas perform water resources and related research stud-
ies made by Agricultural and Engineering Experiment Sta-
tions that have led to improved efficiencies in irrigation
techniques and improved methods for water use in the
home, industry, and the environment. The transfer of new
technologies to various sectors of the State economy
involved in food and fiber production is the responsibility of
the Agricultural Extension Service.

Regional and Local Agencies

Political subdivisions at the regional and local levels of
government construct, operate, and maintain the water
quality protection, water resource conservation, and water
supply programs of Texas. Currently, there are 1,092 pub-
lic municipal systems, 800 rural water supply corpora-
tions, and 750 investor-owned public watersupplysystems
now operating in Texas. In addition to municipalities that
construct and operate water supply and wastewater treat-
ment facilities, there are special purpose subdivisions that
include 28 river authorities and regional water supply dis-



tricts that handle water supply and distribution, flood con-
trol, and water quality protection. There are 950 water
supply, irrigation, and municipal utility districts, 45 flood-
ing and drainage organizations, 56 drainage districts, nine
ground water conservation districts, and one subsidence
district presently engaged in water conservation and in
supplying or regulating water for irrigation, domestic and
commercial uses, navigation, and recreation. The Harris-
Galveston Coastal Subsidence District is engaged in regu-
lation to reduce subsidence resulting from pumping
ground water. These local entities plus the thousands of
businesses, farmers, ranchers, and citizens must imple-
ment and operate the plans described herein.

Federal Agencies and Statutes

There are several federal agencies and departments
with authority and responsibility in water resource
management that affect Texas water resources programs.
The U.S. Army Corps of Engineers has responsibility for
flood protection, regulation of the use of the Nation’s
navigable waters, dam safety, floodplain mapping, and the
planning and construction of multipurpose waterresource
projects. Within the U.S. Department of the Interior, the
U.S. Geological Survey (USGS) operates programs that are
the foundation for national water data and water studies,
and the Bureau of Reclamation (BUREC) conducts basin-
wide water resource planning studies and constructs sur-
face water supply reservoirs and conveyance works; and,
the U.S. Fish and Wildlife Service has responsibility for the
protection of fish and wildlife resources through a number
of programs for conservation, development, and
management.

The U.S. Soil Conservation Service (SCS), of the U.S.
Department of Agriculture, implements soil conservation
programs cooperatively with State and local agencies and
constructs floodwater retarding structures in small water-
sheds. In some cases these structures are also used for water
supply purposes. The Environmental Protection Agency
(EPA) regulates and funds federal water quality programs
concerned with water quality planning as well asstandards
for water quality, solid waste management, underground
injection of wastes, construction grants formunicipal sew-
erage systems, and the federal safe drinking water act.

Within the U.S. Department of Commerce, the
National Oceanic and Atmospheric Administration
(NOAA), through the National Weather Service (NWS),
provides meteorological activities, hydrologic forecasts
and services, and oceanographic and climatological ser-
vices. The International Boundary and Water Commission
oversees the treaty-mandated division of surface waters of
the Rio Grande, and the Colorado River of the western
states between the United States and Mexico. The National

Marine Fisheries Service (NMFS) provides federal review,
technical data, and services for the conservation, develop-
ment, and management of coastal and marine fisheries.
The Economic Development Administration (EDA),
through the development of areas having high unemploy-
ment or low family incomes, provides funding for water
supply distribution projects and wastewater collection
systems.

There are other federal agencies that are directly
involved in water resource development that impact Texas
water programs, notably the U.S. Department of Housing
and Urban Development, which administers loans, grants,
and other assistance for programs concerned with flood
protection, and the Federal Energy Regulatory Commis-
sion, which regulates hydroelectric power production from
federal water projects. The Farmers Home Administration
makes grants and loans to rural water supply corporations.
The Federal Emergency Management Agency has respon-
sibility for the National Flood Insurance Program and fed-
eral disaster relief response and recovery.

Federal legislation enacted in recent years affects
three broad facets of State water resources programs. With
respect to water conservation and development, the Water
Resources Planning Act of 1965 encourages the coopera-
tion among federal agencies for the conservation, develop-
ment, and use of the Nation’s water. The planning and
development of water resources must consider the pres-
ence of endangered species and the protection of their
habitats as mandated by the Endangered Species Act of
1973. The Water Resources Development Act of 1974
authorizes the U.S. Army Corps of Engineersto assiststates
in the development, utilization, and conservation of water.
The Coastal Zone Management Act makes available grants
to coastal states for the development of procedures to
manage land and water resources in coastal zones. The
Fish and Wildlife Coordination Act requires the equal con-
sideration for fish and wildlife conservation in any federal
project that modifies streams or other bodies of water.

With respect to water quality, the Federal Water Pollu-
tion Control Act of 1972, as amended, provides for the
restoration and maintenance of the chemical, physical,
and biological integrity of the Nation's waters through per-
mitting public participation in permitting and planning
programs for discharge of pollutants and through grants for
wastewater treatment works and other water pollution
control mechanisms. The National Environmental Policy
Act of 1969 provides for environmental assessment and
coordination review of all major federal actions, including
water resource projects, that may significantly affect the
environment. The Safe Drinking Water Act of 1974 estab-
lishes uniform national safety and quality standards for
drinking water. A third facet of water programs—the pre-
vention and control of floodwaters—was addressed by the



Flood Control Acts of 1936 and 1938. In addition, the
Watershed Protection and Flood Prevention Act of 1956
made available federal financial assistance to local political
subdivisions for implementing watershed protection and
flood-prevention measures. The 1968 National Flood
Insurance Program established nonstructural alternatives
and local floodplain management to deal with flood
hazards and made available federally subsidized flood
insurance.

Surface-Water Law in Texas

Sources of water generally are categorized as surface
or underground. Surface water may be classified either as
diffused surface water or as water within a defined water-
course. Diffused surface waters are those which occur in a
natural state in places on the earth’s surface other thanina
watercourse, lake, or pond. In Hoefs v. Short, 114 Tex.
501, 273 S.W. 785 (1925), the Texas Supreme Court
defined a watercourse as having the following legal
elements:

(1) a well-defined permanent natural channel—
although in places the bed and banks may be
absent.

a permanency of source of water—an intermittent
stream can qualify despite having a channel that is
dry for long periods of time if the flow of water
recurs with some degree of regularity. Otherwise,
it is but a ravine which is a drainage area of diffused
surface water.

(2)

Rain that falls on a watershed of a stream in suffi-
cient volume to produce concentrated runoff to
make artificial irrigation valuable is a permanent
source of water supply.

The point of formation of a watercourse is often difficult to
establish. Waters present in a watercourse may be subclas-
sified as (a)ordinary or normal flow, (b)underflow, and
(¢)storm and floodwater.

(a) The ordinary or normal flow of a watercourse has
been judicially defined as a flow below the line
“which the stream reaches and maintains for a
sufficient length of time to become characteristic
when its waters are in their ordinary, normal and
usual conditions, uninfluenced by recent rainfall
or surface runoff’ [Motl v. Boyd, 116 Tex. 82,
286, S.W. 458 (1926)].

The underflow consists of water in the sand, soil,
and gravel immediately below the bed of an open
stream, which supports the surface stream in its

(b)
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natural state or feeds it directly, together with the
water in the lateral extensions of the subterranean
water-bearing material on each side of the surface
channel.

The storm and floodwater is that portion of the
flow in a watercourse derived from the diffused
surface water from recent precipitation that has
reached the watercourse.

()

Diffused surface waters are considered to be private
waters and are subject to capture and use by the owners of
the surface estate prior to its entry into a watercourse. No
State regulation of use is exercised with respect to diffused
surface water until it reaches a watercourse.

Two basic doctrines of surface water are recognized in
Texas, the Prior Appropriation Doctrine and the Riparian
Doctrine. The corresponding water rights perfected there-
under are commonly referred to, respectively, asappropri-
ative rights and riparian rights. Simplistically, the riparian
right arises by operation of common law concepts as an
incident to the ownership of land abutting a stream or
watercourse, requiring no act other than the acquisition of
title to the land (but see the Water Rights Adjudication Act
of 1967, discussed later). The appropriative right, on the
other hand, is regulated by statute. It is not related to the
land ownership and is today acquired by compliance with
statutory requirements implemented by the rules and regu-
lations of the Texas Department of Water Resources.

The Riparian Doetrine

Although not defined in Texas statutes, riparian rights
are mentioned in legislative acts. Some of these statutory
references appear contradictory.

In 1840, the Republic of Texas adopted the Common
Law of England as the rule of decision insofar as it was not
inconsistent with the Constitution and acts then in force.
The judicial application and recognition of the riparian
right concept in Texas began in 1856 with whatappears to
he the first reported Texas court decision involving any
phase of water law (Haas v. Choussard, 17 Tex. 588). In
this case, the court quoted with approval the classic com-
mon law riparian doctrine that, except for his natural
wants, a riparian user could not diminish the quantity of
water in a stream that would otherwise flow past down-
stream riparian owners.

A subsequent series of court decisions created consid-
erable contradiction and confusion. Initially, the courts
held that irrigation was a natural use and that downstream
riparian owners could not complain if upstream riparian
owners consumed the entire water supply for irrigation.



This was followed by contradictory decisions thatirrigation
was not a natural use of water, but was an artificial use. Still
later, the courts held that if a particular stream was suffi-
ciently large to permit irrigation without unreasonable
impairment of the rights of downstream riparian owners,
the use of water for irrigation would be lawful. Unlike the
absolute right to use water for domestic and livestock pur-
poses, the right toirrigate by riparian doctrine is a correla-
tive right. In 1926, the entire subject of riparian and
appropriative rights was considered by the Supreme Court
of Texas in the case of Motl. v. Boyd, 116 Tex. 82, 286
S.W. 458 (1926). The court concluded that since the
Mexican Colonization Lawof1823 (1 Gammel, p. 28), all
of the several governmentswhich had been sovereign in the
State had recognized the right of the riparian owner to use
water, not only for his domestic and household use, but for
irrigation as well.

However, in 1962 the State Supreme Court, in Val-

- mont Plantations v. The State of Texas, 163 Tex. 381,

355S.W.2d 502, held that Spanish and Mexican grantsdo

not have appurtenant riparian rights in the absence of
specific grants of irrigation water.

The Prior Appropriation Doctrine

Historical Origin

The Prior Appropriation Doctrine evolved in the arid
western states of the United States, from whence Texas
water statutes were largely borrowed. Nevada, Colorado,
and particularly Nebraska, contributed substantially to the
text of early Texas water statutes.

Unlike the other western states which entered the
union as territories, with the United States government
assuming ownership of the public domain, Texas joined
the union with full ownership of her land and water. Water
rights to both surface and ground water in the other west-
ern states are subject to the Desert Land Act of 1853 and
the Reservation Doctrine by which federal jurisdiction is
asserted over uses of water which is often in conflict with
state regulatory systems. However, in the early develop-
ment of the West, rights to use of water from streams were
not acquired by any orderly or systematic administrative
procedure.

The early failure of the federal and state governments
to assert control overstreams as a public resource left water
to be treated as though it belonged to no one, and could be
appropriated in a manner similar to that of a gold claim. In
the absence of public control, men took water from
streamsand used it; that is, they appropriated it—using the
word appropriate in its ordinary sense—to take for one’s
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own use. When water laws were enacted, this appropria-
tion practice was legalized, and the basis of such laws
became known as the Doctrine of Appropriation. This
concept is contrary on the one hand to the common law
doctrine of riparian right (which strictly construed
demands that water must not be taken from the stream
unless it can be returned undiminished in volume), and on
the other hand, to a public policy of permanent govern-
mental control under a system whereby all water is dis-
posed of by license, which had been adopted in some
European countries, the British Colonies, and a few of the
arid states.

Originally the Prior Appropriation Doctrine was
simply that any one needing water had the right to take it.
Changed conditions in the West, resulting from population
growth, and the consequent increase in demand for water,
produced many limitations and modifications. Early defi-
nitions of appropriations contained in court decisions do
not agree. The following is a synopsis of early equitable
concepts and/or doctrines which, in combination, form
the basis of the Prior Appropriation Doctrine:

Doctrine of Priority

Justice demanded that when there was not
enough for all, those who first used water from a
stream should have the superior right to continue that
use, and the Doctrine of Priority resulted. The doc-
trine originated with the belief of the first settlers that
their claims were superior to those of latecomers, and
they insisted that the owner of the last ditch or facility
built should be the first to suffer when a stream failed
to supply the needs of all. The first builders of water
facilities could not anticipate how many were to fol-
low. Unless protected by some such principle, the
greater their success, the sooner they would be
injured by the attempts of others to benefit by their
experience. The general principle that among
appropriators the first-in-time is the first-in-right is
now a recognized rule in the water laws of the arid
regions of the United States and wasso recognized by
end of the last century.

Doctrine of Relation

Since many ditches were built about the same
time, it became necessary to prescribe rules in deter-
mining when a right should attach. If the right should
date from the time of actual use of the water, a pre-
mium would be placed upon poor construction. It
might happen that during the construction of a large
canal, smaller canals or those more easily built might
be begun and completed and appropriate all water,



leaving the large canal a total loss to its builders. To
avoid this, the Doctrine of Relation evolved, that is,
the right does not date from the time the water is used
but relates back to the time of the beginning of the
worls.

Modification as to Due Diligence

To prevent abuse, the Doctrine of Relation was
modified by the provision that the work of construc-
tion must be carried on continuously and with “due
diligence.” Under the Doctrine of Relation, a water
right is initiated when the work of construction beg-
ins, and dates from that time, but is not perfected
until the water has been actually diverted and benefi-
cially used. The question of “What is due diligence?”
is a question of fact to be determined in each particu-
lar case, and when such diligence is not exercised,
the right dates from the time of use.

Beneficial Use Limit as to Quantity

As scarcity of water led to the adoption of the
Doctrine of Priority, the two led to the necessity of
defining the quantity of water to which an appropria-
tor should be entitled. While the early appropriators
were entitled to protection in their use of water, the
latecomers had equal claim to protection from an
enlargement of those uses. The first appropriator had
the first right, but he did not have the right to take all
the water he might want at any future time. His rights
must, in justice to others, be defined as to quantity as
well as to time. By Section 11.002 and 11.025 ofthe
Texas Water Code, “beneficial use” has been made
the measure of arightas to quantity. What constitutes
“beneficial use,” and the determination of the quan-
tity of water so used, is left to the courts in most states.

Notice

With the adoption of the Doctrine of Priority, the
need to provide notice of the extent of rights already
acquired became apparent. Such notice was needed
both for the protection of the rights already in exis-
tence, and as a warning to intending investors, of the

extent to which the stream had already been
absorbed.

Initially, most western states, except Colorado and
Texas, required the actual physical posting of a written
notice at the intended point of diversion. While this proce-
dure was undoubtedly an adaptation of the system of “post-
ing” a gold or mineral claim with a physical monument
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containing a written description of the claim, there is little
similarity between a stationary gold claim and the fluid
movement of water on its way to the sea.

The diversion of water without any centralized official
record of the time or place of use produced much confusion
and hardship when it became necessary to determine the
priorities and amounts of appropriations. In early years,
the absence of official records meant that facts which gov-
erned rights in the stream had to be established by testi-
mony. Often, this determination was required many years
after the irrigation appropriation had begun and continued
for several generations. Eyewitnesses to the early develop-
ment frequently were unavailable. The memory of those
actually present was often faulty. Wide discrepancies
regarding the dates of beginning the work, the size of the
ditches, and the amounts of water used were the rule rather
than the exception.

To achieve greater permanence, and to afford some-
thing approaching actual notice, most state statutes even-
tually required public registration of the claim in the office
of the county clerk. Inadequate supervision coupled with
poor understanding of the law by appropriators resulted in
a “system” whereby all one need to do to claim his own
stream or river was present a proper fee to the registry
official with a document setting forth his claim.

For many streams, appropriations have been initiated
which aggregate to many times the available yield. Some-
times cities claimed entire rivers without regard to earlier
established concepts requiring “beneficial use.” (On occa-
sion, e.g., pueblo rights, these claims have been upheld.)
Disregard, carelessness, and misunderstanding of the law
and its requirements evolved into habit; habitinto commu-
nity accepted custom; and custom in some instances
became generally, but erroneously, accepted as law.
Throughout the arid western states, it is today common for
holders of these early filings to flaunt them as superior
vested rights—absolute and secure against the state—when
there exists no relation between “beneficial use” and the
appropriation claimed, and the requirement of “due dili-
gence” has been completely disregarded.

Development of Appropriative Rights in Texas

Prior to the 1870’s, Texas water legislation was
limited to an 1852 Act giving each County Commissioners
Court administrative control over water distribution sys-
tems within the county and to a limited number of special
laws granting franchises to canal companies and to indi-
viduals authorizing the construction of specific dams and
canals to utilize specified quantities of water for stated
beneficial purposes.



Acts were passed in 1875 and 1876 to encourage
development which authorized the donation of public
lands to canal companies for canal construction. These
acts were later construed to mean that the act of incorpo-
rating a canal company authorized the company to acquire
a right to use water, but did not actually confer the per-
fected right.

The first effort to establish the Doctrine of Prior
Appropriation with the State was made in the Irrigation Act
of 1889. This statute was rewritten and reenacted in 1895.

The 1889 Act declared that the unappropriated
waters of every stream “within the arid portions” of the
State in which, by reason of the insufficient rainfall irriga-
tion is necessary for agricultural purposes, may be diverted
from its natural channel for irrigation, domestic, and other
beneficial uses, provided, that water shall not be diverted so
as to deprive landowners along the stream of domestic use.
The 1895 Actextended the area affected to “those portions
of the State of Texas in which by reason of the insufficient
rainfall or by reason of the irregularity of rainfall, irrigation
is beneficial for agricultural purposes.” A system of regis-
tration was established which required the filing of a sworn
statement describing the proposed appropriation of water
with a county clerk in the county where the point of diver-
sion was to be located. As between appropriators, the first
in time was to have a prior claim to a given water supply.

In 1913, the Texas Legislature rewrote the laws relat-
ing to the use of water. The new act extended the classical
system of prior appropriation to the entire State. The most
important feature of the new act was the establishmentofa
Board of Water Engineers with original jurisdiction over all
applications to appropriate water. That agency has func-
tioned since 1913, having been renamed the Texas Water
Commission in January 1962, the Texas Water Rights
Commission September 1965, and the Texas Department
of Water Resources effective September 1, 1977.

Certified Filings

The 1913 Irrigation Act required everyone who had
constructed or partially constructed a system for the diver-
sion and use of water, and who had actually diverted and
used water prior to January 1, 1913, to file a sworn state-
ment describing the system with the county clerk of the
county where the point of diversion was located, iftheyhad
not previously done so in accordance with the acts of 1889
and 1895 and to file such with the Board of Water Engi-
neers. The actalso required anyone who had actually taken
or diverted water for beneficial use prior to January 1,
1913, to file a certified copy of the previous statement
describing the system and the amount and purpose for
which water was diverted and used with the Board ofWater

Engineers. An initial time limit of one year for compliance
with the provision was later extended to 1916. In 1964, in
State Board of Water Engineers v. Slaughter, 382 S.W.2d
111 (TEX.CIV.APP.-San Antonio 1964, writ refd-
.ar.e.), the requirement of filing a sworn statement with
the Board of Water Engineers was held to be directory only.
The act provided that those who filed with the Board “shall,
as against the State, have the right to take and divert such
water to the amount or volume thus being actually used and
applied.”

Together, the two statements and map filed with the
Board came to be known as “certified filings” and are now
so defined by statutes. Many of these filings declared an
intent to irrigate several hundred thousand acres of land.
Many of these large filings were never developed in accor-
dance with the sworn statement describing the irrigation
system, nor have the vast acreages been irrigated. Some of
these undeveloped certified filings have been canceled in
whole or in part by subsequent action of the Texas Water
Commission. The extent to which other undeveloped cer-
tified filings will be recognized as vested rights to water use
remains one of the several unresolved questions affecting
optimum development of the water resources within the
State. It is a matter of conjecture as to how many of these
early rights could be maintained in litigation today since
many declared appropriations (1) were never attached by
virtue of lack of due diligence, or (2) were never limited as
to quantity measured by “beneficial use,” or (3) have been
abandoned.

Appropriatve Permiss

The Irrigation Act of 1913 was revised and reenacted
in 1917. A principal feature of the Act of 1917 authorized
the Texas Board of Water Engineers to adjudicate water
rights. This provision of the act was held unconstitutional
in 1921. The Act of 1917, without the adjudicative provi-
sion, was reenacted in the 1925 revision of the Texas Civil
Statutes and, with numerous amendments, remains the
statutory basis for appropriative rights conceptsin the State
today.

Present-day statutes retain the cornerstone of the
Doctrine of Prior Appropriation in that “as between
appropriators, the first in time is the first in right.” To this
cornerstone, the statutes add the following concept of
actual beneficial use as a limit to the measure and extentof
a perfected water right: “Aright to use State water undera
permit or a certified filing is limited not only to the amount
specifically appropriated but also to the amount which is
being or can be beneficially used for the purposes specified
in the appropriation, and all water not so used is consid-
ered not appropriated” §11.025, Texas Water Code.
Beneficial use is defined as “the amount of water which is



economically necessary for a purpose authorized by this
chapter, when reasonable intelligence and reasonable dili-
gence are used in applying the water to that purpose”
(Section 11.002(3), Texas Water Code).

In 1931, the Wagstaff Act was enacted which provided
that “any appropriation made after May 17, 1931, for any
purpose other than domestic and municipal use, is subject
to the right of any city or town to make appropriations of
water for domestic or municipal use without paying for the
water.” The Rio Grande was specifically excluded (Section
11.028, Texas Water Code).

In Texas today, anyone who desires to appropriate
water must make an application in writing to the Texas
Department of Water Resources. The Texas Water Com-
mission of the Department, as a regulatory agency with
broad discretionary powers, is charged with the admini-
stration of rights to the surface-water resources of the
State. The Commission consists of three members
appointed by the Governor for six-year staggered terms
with the consent of the Senate. The Chairman is desig-
nated by the Governor.

The Rules of the Texas Department of Water
Resources prescribe the proceduresfor applying for a water
permit. The Department and the Commission will con-
sider an application for approval if the application is in
proper form and complies with statutory provisions. It may
be granted only if unappropriated water is available, if the
application contemplates a beneficial use of water, does
not impair existing water rights or vested riparian rights,
and is not detrimental to the public welfare.

After approval of an application, the Commission
issues a permit giving the applicant the right to take and use
water only to the extent stated. Permits may be regular,
seasonal or temporary, or emergency in nature. A regular
permit may be permanent in nature or issued for a term,
and does not limit the appropriator to the taking of water
during a particular season or between certain dates. A
seasonal permit is also normally issued in perpetuality, but
the taking of water is limited to certain months or days
during the year. A temporary permit is granted for a period
of time not exceeding three years and does not vest in the
holder any permanent right to the use of water.

The Texas Water Commission may also grant permits
for the impoundment and storage of water with the use of
the impounded water to be determined at a later date by
the Commission.

Once the right to the use of water has been perfected
by the (1) issuance of a permit from the Texas Water
Commission and (2) the subsequent beneficial use of the
water by the permittee, the water authorized to be appro-
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priated under the terms of the particular permit is not
subject to further appropriation until the permit is can-
celled. Formal cancellation of unused permits, certified
filings, or certificates of adjudication is possible by admin-
istrative action initiated by the Executive Director and
subsequent Commission hearings.

Section 11.142 (formerly Article 7500a) allows a
landowner to construct a dam and reservoir on his own
property, that is, on a nonnavigable stream, and to
impound not to exceed 200 acre-feet of waterfor domestic
and livestock purposes only, without securing a permit. A
simplified, short form application for permit to appropriate
water for other than domestic and livestock purposes is
available for the owner of such an exempt reservoir which
was originally built for domestic and livestock purposes.

Water Righs Adjudication

In 1956, the Attorney General of Texas filed suitin the
93rd District Court of Hidalgo County seeking a judicial
adjudication of the water rights to the American share of
the waters of the Rio Grande on that segment of the river
lying immediately below the International Falecon Dam and
extending to the mouth of the Rio Grande.

After alengthy trial, on August 1, 1966, District Judge
J.H. Starley rendered an order, but attempted to retain
continuing jurisdiction. In 1969, alandmark decision, the
State of Texas v. Hidalgo County Water Control District
No. 18, 443 S.W.2d 728, the Corpus Christi Court of Civil
Appeals entered a judgment modifying and affirming the
trial court judgment. Writ of error was refused by the Texas
Supreme Court.

In an earlier decision, of Valmont Plantationsv. State,
in 1962, the Supreme Court of Texasaffirmed the decision
of the Court of Civil Appeals and adopted it as its opinion.
This was an appeal out of the same lawsuit. It held that the
original Spanish and Mexican grants did not carry with
them rights of irrigation unless the rights were specific in
the grants.

While the Hidalgo County Water Control and
Improvement District No. 18 decision, commonly known
as the Lower Valley Case, is a momentous ruling, the
segment adjudicated is unique in two respects: (1) the Rio
Grande is an international stream upon which Falcon and
Amistad Reservoirs were constructed under a treaty with-
out an allocation of the American share of the storage
therein, and (2) the lower valley has a long history of
development for irrigation.

In 1967, the Texas Legislature enacted the Water
Rights Adjudication Act which is codified as Section



11.301 et seq. of the Texas Water Code. The declared
purpose of the act was to require a recordation with the
Texas Water Rights Commission of claims of water rights
which were presently unrecorded, to limit the exercise of
those claims to actual use, and to provide for the adjudica-
tion and administration of water rights. Pursuant to the
act, all persons wishing to be recognized waterrights at the
end of the administrative adjudication who were claiming
water other than under permits or certified filings were
required to file a claim with the Commission by September
1, 1969. Such a claim is to be recognized only if valid
under existing law and only to the extent of the maximum
actual application of water to beneficial use without waste
during any calendar year from 1963 to 1967, inclusive.
Riparians were allowed to file an additional claim on or
before July 1, 1971, to establish a right based on use from
1968 to 1970, inclusive.

Pursuant to the authority and responsibility of this act,
The Texas Water Rights Commission (now the Texas
Water Commission of the Texas Department of Water
Resources) initiated a series of administrative adjudica-
tions of water rights other than domestic and livestock uses
on a river segment by river segment basis as shown by the
accompanying table and map. After an initial investigation
by a Department engineer, and required notices, claim-
ants are afforded an administrative hearing conducted by
the Commission to show the nature and extent of their
claim. After the Commission renders a preliminary deter-
mination, which includes an evaluation of each claim pre-
sented in the segment, affected claimants in the
adjudication are afforded an opportunity to file contests. At
the contest hearings, claimants and protestants are again
given an opportunity to present additional evidence and
oral argument. The Commission then enters a final deter-
mination. After ruling on motions for rehearing from the
final determination, the Commission is required to file a
certified copy of the final determination, together with all
evidence presented to orconsidered byit, in a district court
of any county in which the stream segment is located. After
a final hearing, the Court enters a decree affirming or
modifying the order of the Commission. Section 11.326 of
the Texas Water Code provides that the Executive Director
may appoint a watermaster for the purpose of administrat-
ing adjudicated water rights in those areas of the State
where adjudication has become finalized.

On February 29, 1984, the adjudication process was
about 91 percent complete, with plans for completion of
all investigations by September 1, 1984, with the excep-
tion of the Rio Grande segment above Fort Quitman. Work
in this area is not underway because of litigation.

The question of constitutionality of the Water Rights
Adjudication Act has been resolved. On November 24,
1982, in re: The Adjudication of Water Rights in the Llano
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River Watershed of the Colorado River Basin, the Supreme
Court of Texas rendered the decision that the act is
constitutional.

Ground-Water Law in Texas

As a prelude to any discussion of the ground-water law
of Texas, it is desirable to understand the term “ground
water” as defined by statute and case law. A more accurate
term would probably be percolating water.

Percolating waters are defined as those waters below
the surface of the ground not flowing through the earth in
known and defined channels, but are waters percolating,
oozing, or filtrating through the earth. Percolating waters
are distinguished from: (1) “subterranean streams flowing
in well-defined beds and having ascertainable channels”
and (2) “the ordinary underflow of every river and natural
stream of the state.”

The state of the law with respect to ownership of
subterranean streams flowing in well-defined channels is
not settled in Texas. However, “stream underflow” (the
water that flows beneath and alongside of asurface stream
channel) is the property of the State (Section 11.021,
Texas Water Code). Both stream underflow and subterra-
nean streams have been expressly excluded from the defi-
nition of underground water in Section 52.001 of the
Texas Water Code, which article recognizes the ownership
and rights of Texas landowners to underground water.

There exists a legal presumption in Texas that all
sources of ground water are percolating waters as opposed
to subterranean streams. The courts in the past have been
reluctant to accept testimony of engineers and hydrologists
as conclusively rebutting this presumption. Consequently,
the surface landowner is presumed to own underground
water until it is conclusively rebutted by a showing that the
source of such supply is a subterranean stream or stream
underflow, a burden of proof that may be very difficult to
carry.

Texas courts have followed unequivocally the “Eng-
lish” or “common law” rule that the landowner has a right
to take for use or sale all the water he can capture from
beneath his land. The judiciary early chose not to adopt the
“American rule” with respect to ground water, which is
based on “reasonable use” and correlative rights. Conse-
quently, neither an injured neighbor nor the State can
effectively exercise control overwater-use practices involv-
ing ground water. This is in contrast with the extensive and
direct involvement of the State in conserving and control-
ling surface-water supplies. The situation is paradoxical
when one realizes the actual interrelationship of ground
and surface water, and even more so when one realizes the
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necessary interrelationship of ground- and surface-water
development for future State needs and the necessity of
adequate ground-water supplies to meet future municipal
and domestic requirements in certain areas.

Owners of land overlying defined ground-water reser-
voirs may adopt voluntary well regulation through mutual
association in underground water conservation districts;
Section 52.001, Texas Water Code provides the frame-
work for these districts, and to date, 12 have been created,
but only nine are currently active.

Impairment of a landowner’s right in the percolating
waters under his land, when this impairment is the result of
a trespass on the land is, of course, actionable. To date
there are only three legal actions available to a landowner
in Texas for outside interference with his percolating water
rights. The first is the common law right recognized in
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jurisdictions which apply the English rule. This right arises
when there is malice or wanton conduct which results in a
taking for the for sole purpose of injuring a neighbor. The
second action recognized in Texas arises when artesian
flow results in no beneficial use, and as such, is defined as
“waste.” Section 11.205 of the Texas Water Code defines
“waste” in relation to artesian wells, and provides, among
other exceptions, that waste will not exist if the water is
“used for the purposes and in the manner in which it may
be lawfully used on the premises of the owner of such well.”
The third action arises as a result of contamination of the
quality of water in a landowner’s well. Cases within the
third category have arisen mostly in areas where it can be
conclusively shown that oil and gas operations have
allowed brines, oil, and other substances to escape into the
percolating freshwater-bearing strata. See Continental Oil
Company v. Berry, 42 S.W.2d 953, (TEX.CIV.APP.-Fort
Worth 1932, writ refd).
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PART II

WATER RESOURCES AND WATER DEMANDS

In this section, the components and quantities of the
State’s water resources are identified and described.
Methods, data, and assumptions whereby projections were
made of future water quality protection and water supply
needs of each area of the State are also presented and
explained, along with the resulting projections of the State
totals. Projections for individual zones and river basins are
presented in Part III. The quantity of water that was esti-
mated to have been used in 1980 is shown. Estimates are

based upon reported use of water for municipal, commer--

cial, and manufacturing purposes, and surveys of agricul-
tural water use. Projections of quantities of water that will
be needed in the future are shown here and in Part III for
each decade from 1990 through 2030.

PROJECTING FUTURE WATER SUPPLIES

The source of water in each area of the State is precipi-
tation, although everyday current supplies are obtained
from storage in aquifers, storage in reservoirs, and flowing
streams. In Texas, the particular climate and physiography
combine to affect the distribution of precipitation across
the State. Also, certain characteristics of the climate—
temperature, drought, hurricanes, and other weather
phenomena—affect the quantity of precipitation that
occurs in different regions of the State. Weather, ground
water, and surface water resources are described in the
following discussion.

Weather and Climate

The climate of Texas is characterized by variations in
the weather. There are wide variations in precipitation and
temperature across the State. This is determined primarily
by the confluence of warm, moist Gulf air and relatively
cool, dry air from the continental United States. While the
western half of the State has a semi-arid, continental-type
climate, characterized by rapid and drastic fluctuations in
temperature, the remainder of the State is influenced by a
humid, subtropical climate, having moderate tempera-
tures. Thus, the different parts of the State receive quite
different quantities of precipitation annually.

II-1

Precipitation

Because the Gulf is the major source of moisture for
precipitation across the State, rainfall gradually decreases
with greater distance westward from the Gulf. Generally,
rainfall decreases from east to west across Texas at a rate of
about one inch every 15 miles. For instance, average
annual precipitation ranges from more than 56 inches at
the eastern border to less than eight inches in the western-
most region of the Trans-Pecos (Figure 1I-1).

Variation in average annual rainfall is also a feature of
the climate. The wettest year of this centuryin Texas was
1941, when there was a statewide average of more than 42
inches of rain. The driest year was in 1917, with only 14
inches of rain statewide. Although an integral part of the
climate, these variations are difficult to predict.

Most precipitation in Texas is in the form of rain,
although some snowfall occurs in North and West Texas.
The heaviest snowfall occurs in the northern High Plains,
although every few years the greatest annual snowfall will
occur in the Red River Valley or in the mountains of the
Trans-Pecos. Rarely is the snowfall ever substantial enough
to contribute significantly to the quantities of water sup-
plies in the State.

Drought

Drought is also a feature of the climate, during which
there are long periods of time having little or no precipita-
tion. Because it occurs at random, there is no predictable
cycle of drought in Texas. The water supply is directly
related to drought conditions, since the pattern of rainfall
is interrupted and the loss and use of wateris increased with
sustained, higher temperatures. At least 14 significant
periods of drought of varying severity and geographical
extent have occurred in Texas in the 20th century. The
most severe drought on record occurred during the period
1950-1956.Beginning in the western part of the State, it
spread across the remainder of Texas until about 94 per-
cent of Texas’ 254 counties was classified as disaster areas
at the end of 1956. Another drought, nearly as severe as
thatin 1950-1956, began in 1916 and lasted three years.
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Based on data collected by the National Oceanic and
Atmospheric Administration, U.S. Department of Com-
merce for the period 1951-1980.

Figure II-1. Normal Annual Precipitation (Inches)
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Because drought reduces the available water supply
and increases the consumption requirements from water
in storage, the water supply entities of Texas must be
prepared to store and deliver sufficient quantities of suit-
able quality water to meet regular needs through the
drought cycle. Management for drought conditions is done
by establishing dependable water supplies through the
installation of additional wells for immediate use or by
constructing surface water storage facilities in which flood-
water of high precipitation periods is stored for future use.

Hurricanes

Like drought, hurricanes are a facet of the climate and
affect the quantity of water supplies where these occur.
Tropical cyclones, particularly tropical storms and hurri-
canes, are a perennial threat to the Texas Gulf coastal
region during the summer and autumn. Virtually all of the
tropical cyclones that affect the Texas coast originate in the
Gulf of Mexico, Caribbean Sea, or in other parts of the
North Atlantic Ocean. Although the hurricane season in
Texas extends from June to October, tropical cyclones are
most frequent in August and September. These infre-
quently affect the Coast before mid-July or after mid-
October. Hurricanes contribute large quantities of
precipitation in addition to producing high winds, signifi-
cant storm tides, and usually result in significant property
damage and loss of life.

Temperature

Unlike precipitation, the average annual temperature
decreases with increasing latitude. This change is most
pronounced in the western half of the State which is influ-
enced by drier, continental air, whereas the eastern half is
influenced by moist, Gulf air. As a result of the differences
in moisture, there are higher average annual high tempera-
tures in the west, and this directly affects evaporation rates
and the quantities of water required for people and eco-
nomic activity. The relatively greater moisture content of
the Gulf air in the eastern half acts to moderate the affects
of heating.

Average annual temperature ranges from 53°F in the
northwestern edge of the High Plains to 74°F along the Rio
Grande in the southernmost section ofthe State. Exceptin
the Trans-Pecos and along the eastern edge of the Edwards
Plateau, where physiography plays an important role in the
spatial variation of temperature, mean annual tempera-
tures generally increase from north to south. Usually, Jan-
uary is the coldest month of the year, while July and August
are the warmest.

Evaporation

Evaporation is a function of temperature and signifi-
cantly affects the quantity of water in storage. Evaporation
is a continuous process, even in the more humid sections of
the State, but rates of evaporation vary considerably in the
State. Mean annual net evaporation rates vary from zero
inches in East Texas near the Sabine River to approxi-
mately 100 inches in the Trans-Pecos, near El Paso. While
evaporation is largely offset by rainfall in theeastern part of
the State, it is not offset in the western part of Texas
because rainfall is much less. Lake surface evaporation
rates are uniform moving from north to south across the
State.

Maximum evaporation occurs throughout the State
during the summer months, while the least evaporation
usually takes place in winter. During wet years, when water
is plentiful, net lake surface evaporation rates are low.
During years of drought, evaporation from lakesand trans-
piration rates of vegetation increase and more rapidly
deplete water supplies. Evaporation losses are an impor-
tant consideration in reservoir design and in the volume of
reservoir storage to meet water supply requirements in
years of drought.

Physiography

The physiography of Texas affects the variation and
distribution of precipitation. Areas of the State in the
higher elevations have a cooler, drier climate because they
are not as affected by the general circulation of moist, Gulf
air that is characteristic for the lower, easternmost eleva-
tions of the State.

Texas is a part of four major physiographic subdivi-
sions of North America—the Gulf Coastal Forested Plains,
the Great Western Lower Plains, the Great Western High
Plains, and the Rocky Mountain Region. Moreover, there
are three major plains divisions within the State—the
Staked Plains, or Llano Estacado, the North Central
Plains, and the Gulf Coastal Plain (Figure II-2). Elevation
increases from the Gulf Coastal Plain westwards through
the Staked Plains.

The Staked Plains, reaching an elevation of aboutfour
thousand feet above sea level in the Panhandle, is a part of
the Great Western High Plains, an alluvial mantle extend-
ing east from the Rocky Mountains. In the Panhandle, and
to a line marked by the caprock escarpment, the Staked
Plains is known as the High Plains of Texas, characteristi-
cally level, relatively treeless, and semi-arid. Below the
caprock escarpment that delineates the High Plains is the
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Edwards Plateau, roughly 35 thousand square miles of
limestone, deeply dissected and rapidly drained, and rang-
ing in elevation from about 2,600 feet above sea level in the
west to about 700 feet in the east.

The Balcones fault system spreads across Central
Texas from Del Rio on the Rio Grande, eastward to San
Antonio and northeastward to Austin. This fault marks the
boundary between the lowland, coastal plains and the
upland plains and plateaus. Above the fault system, on the
Edwards Plateau and through Central Texas, streams have
eroded and cut through the land surface, while below the
fault escarpment sediment loads have been released from
which deep soils have been formed.

The North Central Plains is the southern extension of
the Great Plains and includes the West Texas Rolling Prai-
ries, Grand Prairie, and East and West Cross Timbers
regions. Level to rolling topographically, the area is a typi-
cal prairie environment, with the occurrence of timber
increasing to the east.

The Balcones fault system marks the western edge of
the Texas Gulf Coastal Plain, a part of the Coastal Plains
extending along the Gulf from the Atlantic to beyond the
Rio Grande. Rising from sea level at the coast to around
550 feet above sea level below the fault system, the area is
topographically rolling to hilly. It is marked by a heavy
growth of pine and hardwood in East Texas. While in the
more arid west, vegetation consists largely of post oak,
further west, the prairies are treeless.

Ground Water

Aquifers presently supply 61 percent of the water used
in Texas. An aquifer isa formation, group of formations, or
part of a formation that is water-bearing. In the past,
municipalities, industries, and irrigators, as well as rural
inhabitants, have generally turned to this resource to satisfy
water demands because of: (1) the widespread geographi-
cal occurrence of aquifers, (2) the absence of sufficient
surface-water supplies or lack of facilities for storing and
distributing available supplies, and (3) the relatively low
costs of developing and pumping this resource as com-
pared to the costs of constructing storage and treatment
facilities for surface-water supplies in areas where both
surface water and ground water exist.

Major Aquifers

During the period 1957 through 1962, the Board of
Water Engineers, in cooperation with the U.S. Geological
Survey, conducted reconnaissance investigations of the
ground-water resources of the State. Data collected from
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these studies, as well as previous and subsequent investiga-
tions, resulted in the delineation of the major and minor
aquifers in Texas (Figures II-3 and II-4).

A major aquifer is defined herein as one which yields
large quantities of waterin a comparatively large area of the
State. These include the High Plains (Ogallala), Alluvium
and Bolson Deposits, Edwards-Trinity (Plateau), Edwards
(Balcones Fault Zone), Trinity Group, Carrizo-Wilcox,
and Gulf Coast Aquifers. Collectively, these aquifers supply
most of the ground water used in the State.

High Plains (Ogallala) Aquifer

The Ogallala Formation of Pliocene age occurs at or
near the surface over much of the High Plains area of
northwest Texas. The formation consists of alternating
beds of silt, clay, sand, gravel, and caliche, reaching a
maximum known thickness of more than 900 feet in
southwestern Ochiltree County. The High Plains aquifer
consists primarily of the Ogallala Formation, and includes
all water-bearing units, mainly Cretaceous and Triassic
sediments, with which it is in hydraulic continuity. How-
ever, the Canadian River has cut through the formation
dividing it into two parts, the North Plains and the South
Plains.

The zone of saturation in the aquifer ranges in thick-
ness from only a few feet to more than 500 feet. The
thickest saturated sections occur in the northeastern part
of the South Plains. In the large irrigation area north and
west of Lubbock, the saturated interval generally ranges
between 100 and 300 feet. South of Lubbock, the satu-
rated zone is generally between 50 and 150 feet thick.

Depth to water in the aquifer ranges between 100 and
200 feet throughout much of the South Plains, but, depths
to water commonly exceed 300 feet in parts of the North
Plains. Yields of wells range from less than 100 gpm (gal-
lons per minute) to more than 2,000 gpm, averaging
about 500 gpm.

Small quantities of natural recharge to the High Plains
(Ogallala) Aquifer result from precipitation on the land
surface and underflow from that part of the aquifer in New
Mexico. Water moves slowly through the formation in a
generally southeasterly direction toward the eastern
escarpment of the High Plains.

Alluvium and Bolson Deposits
Deposits of alluvium occurin many parts of Texas, and

generally consist of alternating and discontinuous beds of
silt, clay, sand, and gravel of recent geologic age. In some
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areas, these deposits contain comparatively large volumes
of water, and the five largest and most productive of these
local aquifers collectively make up a major aquifer in the
Trans-Pecos area.

In the El Paso area and the El Paso Valley, alluvium
and bolson deposits ranging to more than 9,000 feet thick
contain fresh water to depths of about 1,200 feet. Large-
capacity wells completed in this aquifer commonly yield
between 1,000 and 1,500 gpm, supplying waterfor irriga-
tion and municipal use.

Alluvium and Bolson deposits extending from north-
eastern Hudspeth County to northern Presidio County
supply large volumes of waterfor irrigation. Large-capacity
wells completed in the aquifer yield up to 2,500 gpm. At
the present rate of pumpage, however, it is projected that
these supplies will be largely depleted before the year 2020.

In the upper part of the Pecos River drainage system in
Texas, deposits of alluvium ranging up to 1,500 feet or
more in thickness yield large volumes of water used princi-
pally forirrigation. This aquifer also supplies municipal and
industrial water needs in this region, including supplies for
the Cities of Monahans and Pecos. Legal rights to the water
in a large volume of the aquifer in northwestern Winkler
and northeastern Loving Counties have been acquired by
the City of Midland as a potential source of future supply for
that city; however, these supplies can furnish only a part of
Midland’s projected future water needs.

Isolated areas of alluvium (principally erosional rem-
nants of the Seymour Formation) furnish domestic,
municipal, and irrigation supplies to areas of North and
West Central Texas. These local aquifers in the upper Red
and Brazos River Basins vary greatly in thickness, but in
most areas the saturated interval is less than 100 feet.
Pumpage at times and in local areas has exceeded the rate
of recharge. Yields of large-capacity wells range from less
than 100 gpm to 1,300 gpm, with the average beingabout
300 gpm.

Along the Brazos River, between northern McLennan
County and central Fort Bend County, stream-deposited
alluvial material ranging from less than one mile to about
seven miles wide supplies water for irrigation and other
purposes. Thickness of the saturated interval in the aquifer
ranges to 85 feet or more, with the maximum thickness of
saturation occurring in the central and southeastern part of
the aquifer.

Edwards-Trinity (Plateau) Aquifer

The Edwards-Trinity (Plateau) Aquifer underlies the
Edwards Plateau and extends westward into the Trans-
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Pecos region of Texas. The aquifer consists of water-
saturated sand and sandstone of the Trinity Group and
limestone of the overlying Fredericksburg and Washita
Groups of Cretaceous age. These water-bearing units
range to more than 800 feet in thickness. Large-capacity
wells completed in fractured and cavernous limestone
locally yield as much as 3,000 gpm.

The Edwards-Trinity (Plateau) Aquifer supplies small
cities and communities of the area with water. Industrial
supplies are also obtained from the aquifer locally, princi-
pally for petroleum recovery. Natural discharge of water
from the aquifer constitutes a substantial part of the base
flow of several streams, including the Pecos, Devils, Nue-
ces, Frio, and Llano Rivers.

Water supplies of the Edwards-Trinity (Plateau)
Aquifer have proved difficult to develop, however, because
of the irregular distribution of permeability in the lime-
stone beds and the variable thickness of the lowermost
sand and sandstone beds. In heavily pumped areas, water
levels have declined significantly. Sustained heavy pump-
age over long periods would result in substantial depletion
of the base flows of streams draining the plateau, thus
reducing somewhat the surface-water supplies of these
river basins, and recharge to the Balcones Fault Zone
Aquifer.

Edwards (Balcones Fault Zone) Aquifer

The Edwards (Balcones Fault Zone) Aquifer extends
from central Kinney County east and northeast into south-
ern Bell County. It includes the Edwards Limestone and
stratigraphically associated limestone beds of Cretaceous
age. Conditions favorable for the development of extensive
solution channels and cavities and the consequentaccum-
ulation of large volumes of water in these formations have
resulted from faulting along the Balcones Fault Zone.

This aquifersupplies municipal and industrial water to
numerous cities and towns, including the total municipal
supply for the City of San Antonio. Capacities of wells
operated by the city are among the largest in the world,
some wells yielding over 16 thousand gallons per minute
each. Industrial and irrigation water supplies are also
pumped from the aquifer.

Some of the largest springs in the State result from the
discharge of water from the aquifer. These include Leona
Springs at Uvalde, San Pedro and San Antonio Springs in
San Antonio, Comal Springs at New Braunfels, San Marcos
Springs at San Marcos, Barton Springs at Austin, and
Salado Springs at Salado.



The aquifer is recharged partly by precipitation on the
recharge zone, storm runoff which enters the recharge
zone, and streams which head in the Edwards Plateau. The
West Nueces, Nueces, Frio, Sabinal, Medina, and Blanco
Rivers and Seco, Hondo, and Cibolo Creeks, flow across
the Balcones Fault Zone, losing water into the extensive
fracture system of the aquifer. Water moves rapidly through
the aquifer, and the volume of water in storage and the rate
of springflow change rapidly in response to rainfall. For
example, the depletion of water in storage resulting from
continuous heavy pumpage during the drought years
1948-1956 was almost completely restored during the wet
years 1957 and 1958.

Highly saline water, containing hydrogen sulfide gas,
occurs in the Edwards and associated limestone beds south
of the heavily pumped areas. The possibility of saline water
intrusion and the necessity to maintain springflow at ade-
quate levels for environmental and recreational purposes
are constraints upon increased pumping from the aquifer,
particularly during drought periods, as water needs
increase.

Trinity Group Aquifer

The Trinity Group Aquifer extends over a large area of
North and Central Texas. The thickness of the aquifer
ranges from a few feet along its western edge to more than
1.200 feet in the eastern part. Yields oflarge-capacity wells
range up to several thousand gpm. In thin sections of the
aquifer, where water is withdrawn principally for irrigation
and domestic use, most wells yield less than 100 gpm.

The Trinity Group Aquifer has been intensively devel-
oped for municipal and industrial water supply in the
Dallas-Fort Worth area and formerly provided much of the
municipal water supply for the City of Waco. In these
heavily pumped areas, significant reduction in artesian
head has occurred, thus lowering pumping levels and
increasing pumping costs.

Carrizo-Wilcox Aquifer

The Carrizo-Wilcox Aquifer, one of the most exten-
sive in Texas geographically, furnishes water to wells in a
wide belt extending from the Rio Grande northeastward
into Arkansas and Louisiana. The aquifer consists of
hydrologically connected sand, sandstone, and gravel of
the Wilcox Group and overlying Carrizo Formation.

The Carrizo-Wilcox Aquifer is recharged by precipita-
tion and storm runoff on the outcrop areas and by streams
which cross the outcrop area. The water-bearing beds dip
beneath the land surface toward the Gulf, except in the
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East Texas structural basin where the formations form a
trough and are exposed at the surface on both sides of the
trough’s axis. The net thickness of the aquifer rangesfrom a
few feet in the outcrop to more than 3,000 feet downdip.

Water in the Carrizo-Wilcox Aquifer is generally under
artesian pressure, and flowing wells are common in areas
of low elevation. However, in heavily pumped irrigation
areas, such as the Winter Garden area, and in municipal
and industrial well fields, such as those north of Lufkin,
water levels have declined and pumping costs have
increased significantly.

Yields of wells vary widely, but yields of more than
1,000 gpm from large-capacity wells are common, and
some wells yield as much as 3,000 gpm. Usable quality
water occurs at greater depths (up to about 5,300 feet)
than in any other aquifer in the State.

Water from the Carrizo-Wilcox Aquifer is used for
irrigation in the Winter Garden area and for municipal and
industrial use in Angelina and Nacogdoches Counties. The
municipal and industrial use in these two counties has
exceeded 20 million gallons of water per day.

Gulf Coast Aquifer

The Gulf Coast Aquifer underlies most of the Coastal
Plain from the Lower Rio Grande Valley northeastward
into Louisiana, extending about 100 miles inland from the
Gulf. The aquifer consists of alternating clay, silt, sand, and
gravel beds belonging to the Catahoula, Oakville, Lagarto,
Goliad, Willis, Lissie, and Beaumont Formations, which
collectively form a regional, hydrologically connected unit.

Fresh water occurs in the aquifer to depths of more
than 3,000 feet, and large quantities of water are pumped
for municipal, industrial, and irrigation use. In the Hous-
ton metropolitan area, from 300 to 350 million gallons is
pumped daily for municipal and industrial use. Large-
capacity wells yield as much as 4,500 gpm in this area. In
the central and southern parts of the coast, the net thick-
ness of water-bearing zones in the aquifer decreases, and
yields of wells are somewhat less, although locally wells may
yield as much as 3,000 gpm.

The aquifer is recharged by precipitation on the sur-
face and seepage from streams crossing the outcrop area.
The rate of natural recharge is estimated to be sufficient to
sustain present levels of pumpage from the aquifer; how-
ever, in heavily developed areas withdrawals must be
limited to quantities equal to local arearecharge, otherwise
the water table will be lowered further and additional subsi-
dence will occur. In some areas where the aquifer is essen-
tially undeveloped, substantial volumes of potential



recharge are rejected. Problems related to withdrawal of
water from the Gulf Coast Aquifer are: (a) land-surface
subsidence, (b) increased chloride content in the water of
the southwest portion of the aquifer, and (c) salt-water
encroachment along the coast.

Minor Aquifers

The 16 minor aquifers in Texas are important and in
some areas are the only sources of water supply. Minor
aquifers are defined as those which yield large quantities of
water in small areas or relatively small quantities of waterin
large areas of the State (Figure II-4).

Minor aquifers are the Woodbine, Queen City, Sparta,
Edwards-Trinity (High Plains), Santa Rosa, Hickory,
Ellenburger-San Saba, Marble Falls, Blaine, Igneous
Rocks, Marathon, Bone Spring and Victorio Peak, Capi-
tan, Rustler, Nacatoch, and Blossom. Bonham, Brady,
Bryan, Burnet, Carrollton, Commerce, Crockett, Frede-
ricksburg, Italy, and Kermitare examples of cities depend-
ing partially or entirely upon minor aquifers for a water
supply.

Availability of Water

Current appraisals indicate that about 430 million
acre-feet of ground water isrecoverable fromstorage in the
aquifers of Texas, using conventional water-well technol-
ogy (Table II-1). Estimated average annual recharge to
Texas aquifers is 5.3 million acre-feet. Annual ground-
water use in recent years has ranged from 10.8 to 13.8
million acre-feet.

The quantities of water that can be obtained from each
aquifer per unit time in the future, in this case average
quantities per year, are the sum of average annual recharge
and the quantities that can be withdrawn annually from
storage. The former is determined by precipitation, aquifer
characteristics, vegetative cover, and other factors. The
latter, annual withdrawals from storage, are determined by
annual demands for water, physical properties of each
aquifer that affect water yield, the number and size of water
wells, and the length of time wellsare pumped. Projections
of annual ground-water withdrawals from most aquifers for
the period 1983 through 2029 were based upon estimates
of annual water demands, recharge, projected demand for
water in future years, and specific physical limitations of
each aquifer (Table II-1). For the Gulf Coast Aquifer,
pumpage estimates were limited to that quantity which
could be withdrawn annually without unacceptable levels
of subsidence. For the Edwards (Balcones Fault Zone) and
most other aquifers, annual pumpage is estimated at the
annual recharge rate (Table II-1). For the Ogallala, Bol-
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son, and some alluvium aquifers of Western Texas, average
annual recharge is quite low and average annual demand
exceeds recharge manyfold. Thus, withdrawals to meet
annual needs are from the stocks or reserves thathave been
accumulating in storage over long periods of time. The
average annual rate of withdrawal can be varied widely,
thus lengthening orshortening the period of time the aquif-
ers can serve as a source of water supply in the future. The
estimates of annual withdrawal from these aquifers are
based upon data about the quantity of withdrawal in the
recent past and projected future water demands in the
local areas that they serve. It is emphasized that the annual
quantities of ground-water supply that could be available
from aquifers having water in storage can vary significantly
from the estimates presented here, if water users’demands
differ from those used as a basis for these computations;
i.e., ifannual overdraft is increased or decreased from that
estimated herein. This, of course, can only be done until
such aquifers are depleted, at which time the maximum
average annual supply would be equal to average annual
recharge.

Quality of Water

The quality of water in the major and minoraquifers of
Texas varies according to location, type, and lithologies of
the individual aquifers. In the eastern portion of the State
usable-quality water generally occurs at greater depths
than in other areas of Texas. Isolated aquifers, such as the
High Plains (Ogallala), Edwards-Trinity (Plateau), and
certain of the Alluvium aquifers, tend to have water which
lies within a specific quality range. Aquifers that are over-
lain by successively younger formations contain water in
which the amount of dissolved solids increases at greater
depths. The chemical quality of ground water is largely
dependent on the lithology of the aquifer; limestone aquif-
ers contain water high in concentrations of calcium, mag-
nesium, and bicarbonate; aquifers containing large
amounts of gypsum contain water high in concentrations
of calcium and sulfate; and in aquifers composed primarily
of sand and gravel the quantity of dissolved solids generally
is considerably less than in other types of aquifers.

The quality of ground water in some areas is thought to
be threatened by disposal of wastes, in other areas by
increases in mineralization as a result of recycling ofirriga-
tion return flows and seepage losses, and in some areas by
saline water intrusion caused by modification of the natural
hydrodynamics of aquifers as water is withdrawn.

Major Aquifers

The High Plains (Ogallala) Aquifer contains water
generally ranging between 300 and 1,000 milligrams per
liter (mg/1) of dissolved solids, of which calcium, magne-



Table 11-1. Estimates of Ground-Water Supplies With Projections of Ground-Water Withdrawals,
High Case, 1990-2030.
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Projected Average Annual Ground-Water Supplies Approximate
Approximate (Annual Recharge and Storage Depletion)! Remaining
Quantity Quantity
Approximate Recoverable Recoverable
Annual From Storage from
Aquifer Recharge As of 1980 1990 2000 2010 2020 2030 Storage 2031
Major
High Plains, (Ogallala) 438,900 385,480,700 6,543,400 8,219,500 7,659,800 6,015,000 4,575,600 152,512,900
Alluvium and Bolson Deposits 434,000 32,265,500 952,100 989,700 1,027,500 1,016,900 469,900 3,014,200
Edwards-Trinity (Plateau) 776,000 6 776,000 776,000 776,000 776,000 776,000 6
Edwards (Balcones Fault Zone)? 438,7003 6 438,700 438,700 438,700 438,700 438,700 6
Trinity Group 95,100 795,500 110,100 110,100 110,100 110,100 95,100 0
Carrizo-Wilcox 644,900 9,909,200 828,700 828,700 828,700 828,700 644,900 0
Gulf Coast 1,229,800+ 6 1,229,800 1,229,800 1,229,800 1,229,800 1,229,800 6
Minor
Woodbine 26,100 6 26,100 26,100 26,100 26,100 26,100 6
Queen City 682,100 6 682,100 682,100 682,100 682,100 682,100 6
Sparta 163,800 6 163,800 163,800 163,800 163,800 163,800 6
Edwards-Trinity (High Plains)s — 886,000 —_ — —_ — —_ 886,000
Santa Rosa 23,500 6 23,500 23,500 23,500 23,500 23,500 6
Hickory Sandstone 52,600 6 52,600 52,600 52,600 52,600 52,600 6
Ellenburger-San Saba 29,400 6 29,400 29,400 29,400 29,400 29,400 6
Marble Falls Limestone 26,400 6 26,400 26,400 26,400 26,400 26,400 6
Blaine Gypsum 142,600 6 142,600 142,600 142,600 142,600 142,600 6
Igneous Rocks 10,700 6 10,700 10,700 10,700 10,700 10,700 6
Marathon Limestone 18,300 6 18,300 18,300 18,300 18,300 18.300 6
Bone Spring and Victorio Peak
Limestones 17,000 6 17,000 17,000 17,000 17,000 17,000 6
Capitan Limestone 12,500 375,000 19,400 19,400 19,400 19,400 12,500 0
Rustler 4,000 6 4,000 4,000 4,000 4,000 4,000 6
Nacatoch Sand 1,500 6 1,500 1,500 1,500 1,500 1,500 6
Blossom Sand 700 6 700 700 700 700 700 6
Permnian and Pennsylvanian (undivided) 2,400 6 2,400 2,400 2,400 2,400 2,400 6
TOTALS 5,271,000 429,711,900 12,099,300 13,813.000 13,291,100 11,635,700 9,443,600 156,413,100

SOURCE: Texas Department of Water Resources.
1Estimated withdmwals for the projected high case of waterdemands. Estimates shown here are annual rates of supply available at each decadal pointin time. Estimates of annual

supply rates for intervening ycars can be obtained by interpolating between decadal points.

2lncludes San Antonio and Austin Regions.

3The estimate provides for spring flow at San Marcos Springs and protection against water quality deterioration.
“The cstimate provides for minimum land-surface subsidence.
SPart of this aquifer’s availability is included in the High Plains (Ogallala) Aquifer.

6Not determined duc to lack of sufficient data.



sium, and bicarbonate are the principal constituents. The
water is hard but suitable for most uses. Comparatively
small, widely distributed areas of saline water occur, prin-
cipally associated with large saline playas in the southeast-
ern part of the South Plains where the water table is
shallow. In these areas, solution of salt deposits and evapo-
ration are largely responsible for the increase in the salinity
of the ground water.

The Alluvium and Bolson Deposits Aquifer occurs in
many parts of Texas with water qualityvarying correspond-
ingly. In the Trans-Pecos area most of the water contains
between 1,000 and 4,000 mg/1 of dissolved solids. The
quality of ground water in North Central Texas varies
widely but generally ranges from less than 500 to more
than 2,500 mg/! of dissolved solids. High concentrations
of nitrate, which are considered to be undesirable for
human consumption, occur in this area. Salinity of the
ground water has increased in some of the heavily pumped
areas. The chemical quality of water in the Brazos River
alluvium varies widely, even withinshort distances, and in
many areas concentrations of dissolved solids exceed
1,000 mg/1.

The Edwards-Trinity (Plateau) Aquifer contains
water that varies widely in concentrations of dissolved sol-
ids. The water is generally hard with the principal dissolved
solids being calcium, magnesium, and bicarbonate. The
salinity of the ground water generally increases toward the
west, where the aquifer is overlain by younger geologic
formations.

The Edwards (Balcones Fault Zone) Aquifer contains
water with an average dissolved solids concentration of
about 300 mg/l. Toward the west, the water is generally
somewhat more mineralized. The water contains calcium,
magnesium, and bicarbonate, and consequently is hard.
This aquifer is extremely sensitive to pollution in recharge
areas due to lack of soil cover and almost immediate
response to recharge.

The Trinity Group Aquifer’s concentration of dis-
solved solids generally does not exceed 500 mg/1 through-
out its western extent. Toward the east, where the
water-bearing zones become deeply buried, usable quality
water occurs to depths of about 3,500 feet, and dissolved
solids concentrations range from 500 mg/1to about 1,500
mg/l near the fresh-saline water interface. In some areas,
improper well-completion methods and failure of well cas-
ings have allowed saline water in overlying beds to enter the
fresh water-bearing zones.

The Carrizo-Wilcox Aquifer yields fresh to slightly
saline water throughout most of its extent in Texas. Water
in the deeper, heavily pumped areas of the aquifer contains
sodium and bicarbonate and is, therefore, comparatively
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soft. However, hydrogen sulfide and methane gas occur
locally, and iron, frequently in objectionable quantities, is
common throughout much of the northeastern extent of
the aquifer. Where geologic formations overlying the
aquifer contain saline water, as in the Winter Garden area,
improper water well completion practices, failure of well
casings from corrosion, and decline in the artesian head
have resulted in interformational leakage of saline water.

The Gulf Coast Aquifer generally yields water ranging
from 500 to 1,500 mg/1dissolved solids. Throughout most
of the eastern part of the aquifer the water is low in dis-
solved solids, generally containing less than 500 mg/I1.
Sodium and bicarbonate are commonly the principal con-
stituents, and the wateris comparatively soft. The presence
of iron and dissolved gases and slight acidity of the water are
local problems that frequently require appropriate pre-
treatment. Water generally is more saline in the southern
part of the aquifer, and in some areas highly saline water
overlies the fresh water and also underlies the aquifer at
relatively shallow depth. In the Lower Rio Grande Valley,
water pumped from the aquifer for irrigation and munici-
pal use contains between 1,000 and 1,500 mg/1 of dis-
solved solids.

Minor Aquifers

Minor aquifers contain some of the same minerals
found in major aquifers, such as calcium, magnesium,
bicarbonate, sodium, chloride, sulfate, nitrate, iron, and
dissolved gases such as hydrogen sulfide. The Woodbine,
Edwards-Trinity (High Plains), Ellenburger-San Saba,
Marble Falls, Marathon, Bone Springs and Victorio Peak,
Capitan, and Rustler are all limestone aquifers, containing
water which is hard and high in calcium, magnesium, and
bicarbonate minerals. Additionally, the Edwards-Trinity,
Bone Springs and Victorio Peak, Capitan, and Rustler
aquifers have high concentrations of chloride and sulfate
ions in some areas.

The Woodbine, Queen City, Sparta, Santa Rosa,
Hickory, Nacatoch, and Blossom are sandstone aquifers
and contain chloride and sulfate ions. The Queen City and
Hickory contain high concentrations of iron. Hydrogen
sulfide gas is abundant in the Queen City Aquifer. Addi-
tionally, the Woodbine is generally high in concentrations
of chloride and sulfate ions.

Water from the Blaine Aquifer is high in dissolved
solids, chiefly calcium and sulfate.
Protection of Ground-Water Quality

Much of the ground-water resources in Texas is
vulnerable to quality degradation from a variety of man’s



activities unless consideration is given to protecting it. To
establish quality criteria, measures of chemical, physical,
and bacterial constituents must be specified, as well as
standard methods for reporting results of water analyses.

The Department assists the Railroad Commission of
Texas by making recommendations to the oil and gas
industry and the Commission for the protection of usable-
quality ground water during the exploration for and pro-
duction of oil, gas, and other minerals, aswell as during the
disposal of oil-field brine by injection into subsurface for-
mations. Additionally, recommendations are made to the
Railroad Commission for the protection of usable-quality
ground water in surface mining and in-situ gasification
operations regulated by the Commission.

The Departmentissues permits to regulate the dispos-
al of municipal, industrial, and mining wastes by under-
ground injection to protect the quality of ground and
surface water. The agency also regulates sulfur and salt
solution mining, as well as uranium leach mining opera-
tions. The Water Well Drillers Board is provided adminis-
trative, technical, and legal assistance by the Department.
This is accomplished by maintaining records of licensed
water-well drillers, conducting investigations of alleged
violations of the Texas Water Well Drillers Act, and making
recommendations for the proper plugging of abandoned
water wells. The Department makes investigations of
alleged ground-water contamination or conditions which
might cause or threaten to cause deterioration of the qual-
ity of underground water in the State. A statewide ground
water quality monitoring network is maintained in which
standard chemical analyses are made periodically to deter-
mine changes in quality.

Surface Water

State waters are defined by Texas water law as the
ordinary flow, underflow, and tides of every flowing river,
natural stream, and lake; and of every bay or arm of the
Gulf of Mexico; and the storm-water, floodwater, and rain-
water of every river, natural stream, canyon, ravine,
depression, and watershed in the State. Forthe purposes of
water planning and administration, surface-water
resources are considered to include the waters flowing in
Texas streams, as well as those waters in interstate streams
which are allocated to Texas under interstate compacts
and international treaties.

River Basins

Texas has 15 river basins and 8 coastal basins. Each
basin is designated as a planning area for purposes of

calculating in-basin water supplies and for projections of
in-basin water requirements for the 50-year foreseeable
future. Also, since Texas river basins cross climatic zones
as they traverse the State in a northwest to southeasterly
direction, the individual basins are further subdivided into
43 relatively homogeneous zones (Figure II-5).

Reservoirs

There are 184 major reservoirs in Texas, each with a
capacity of 5,000 acre-feet or greater. In addition, S reser-
voirs are under construction and when completed will
bring the total number of reservoirs to 189. Of this total,
148 or 80 percent will have been developed without fed-
eral funds. Conservation storage in the 189 reservoirs is
estimated to be about 32.3 million acre-feet of water
(includes only Texas share of interstate and international
reservoirs), with an additional 17.5 million acre-feet of
flood controlstorage (see PartIIl). However, the estimated
dependable water supply in year 2,000 from the State’s
major water supply reservoirs is about 11 million acre-feet
annually. This volume represents the maximum safe yield
which can be withdrawn each year through an extended
drought.

Hydrology

Atmospheric moisture precipitates to earth in the form
of rain, sleet, or snow. Upon reaching ground surface, the
precipitation can evaporate back to the atmosphere, pene-
trate the soil layers of the root zone where plants capture it
for use and through transpiration return it to the atmo-
sphere, penetrate the soil layers to the water table and
become part of the ground waters, or run off the land
surface into watershed drainages which contribute to
streamflows. Thus, the surface waters of Texas are primar-
ily derived from direct rainfall runoff, plus spring flows
emanating from the State’s aquifers.

The runoff from rainfall has averaged 52 million acre-
feet per year in Texas over the 1941 through 1980 histori-
cal period, but was only 23 million acre-feet annually
during the 1950 through 1956 drought interval. Approxi-
mately 50 percent of the total Texas runoff originates in the
eastern quarter of the State where the average runoff rate is
about 650 acre-feet per square mile. Runoffrate decreases
across the State to near zero in large areas of West Texas,
and, about 16 percent of the total runoff in Texas is in the
coastal areas, where the possibilitiesfor capture and use are
limited because reservoir sites are generally not available in
this topographically flat region. However, the runoff con-
tributes freshwater inflows to Texas bays and estuaries
which are essential to the production of fish and shellfish.
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Availability of Water

Since Texas streamflows are highly variable, and in
some cases are intermittent, the requirement for depend-
able water supplies has necessitated the construction of
reservoirs to capture and store a portion of the normal and
flood flows. The quantity of water continuously available
from each reservoir is referred to as the “firm yield.” The
firm yield of a reservoir is defined as the quantity of water
that can be annually withdrawn or released from the
impoundment over a period of time which spans the length
of the most severe droughtrecorded in the catchment area.
The firmyield depends on inflows to the reservoir, capacity
and shape of the reservoir, evaporation and seepage, and
any required outflows from the impoundment.

Firm yields of existing and potential reservoirs in each
river basin are computed in an upstream to downstream
order. Eachreservoirin the basin is assumed to be operated
over the critical drought period so as to maximize the
capture of runoff from the watershed. Water spilled from
upstream impoundments and return flows from upstream
water users are included in the water available for down-
stream storage. In this way, flow depletions resulting from
upstream land-use activities and instream construction of
reservoir and floodwater retention structures can be con-
sidered in calculating the availability of future downstream
flows.

An increasingly important component of the State
waters is return flow from nonconsumptive water uses.
Return flows generally originate as wastewater discharges
or treated effluents from municipal, industrial, and agri-
cultural water users. Return flow projections are essential
to both determining water availability and evaluating
wastewater reuse potentials. In addition, the location or
spatial distribution of return flows throughout the State can
have a significant impact on the future availability of sur-
face waters in some zones of Texas river basins. Therefore,
total consumptive use or reuse of State waters in some
zones may not be desirable because of the resultant flow
depletions in other zones.

Sedimentaton

Texas streams can carry large volumes of sediment
produced by erosion in the contributing watersheds, par-

ticularly during heavy rainfall and flood events. Some of

this sediment is trapped in the first downstream reservoir,
gradually reducing its storage capacity. Currently, storage
volume for an estimated 100 years of sediment is included
in the design of new reservoirs. However, it is though that
improvement in overall river basin development can be
realized by construction of sediment catchment basins
above major water supply reservoirs, as well as by river
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channel stabilization, improvement in grass cover on
rangelands, reforestation, and increased use of other soil
conservation techniques in the contributing watersheds.
Information about sediment loadings to the watercourses
is useful for planning land conservation measures, design-
ing instream structures, and analyzing the transport and
deposition of some pollutants and toxic materials.

Quality of Water

The physical, chemical, and biological characteristics
of water define its quality. Although there has been rapid
population growth (three million people between 1970
and 1980), accompanied by increased water use in Texas,
the quality of the State’s surface waters has improved signif-
icantly. Much of this improvement is directly related to the
Texas Water Quality Management Program and advances
in wastewater treatment by industries and municipalities.
The fact that these improvements have been accompanied
by water-dependent State growth demonstrates that rising
levels of water quality and economic activity are occurring
simultaneously in Texas.

Water Quality Management Programs

The Texas Water Quality Management Program is
designed to provide long-range direction and planning for
the protection and improvement of the State’s surface-
water quality. In practice, the program is organized into
seven basic components: (1) assessment of water quality
problems, (2) inventory of stream water quality, (3) devel-
opment of a multi-year management strategy, (4) devel-
opment of detailed local and statewide work plans, (5)
implementation of the work plans, (6) evaluation of pro-
gress, and (7) reassessment of the water quality program.

An important part of the water quality program
involves the State’s management strategy, which includes
environmental goals for the next three to five years, identi-
fication of priority water quality problem areas, cost esti-
mates for control of the problems, identification of
responsible entities, and a summary of anticipated funding
from federal and State sources. A major emphasis of the
strategy is on solving specific water quality problems in
specific locations, consistent with current State laws and
applicable national laws such as the Federal Clean Water
Act. Also, the Texas Department of Water Resources funds
projects with water quality management and construction
grants and loans that control pollution and contribute to
the solution of priority problems identified in the State’s
strategy.

Texas water quality standards have been established
for maintenance of the quality of surface waters, and as



goals for water quality management under State laws and
policies. These standards contain two parts: (1) general
criteria applicable to all surface waters, and (2) explicit
numerical criteria for water quality parameters that are
applicable to specified surface waters for maintenance of
identified desirable water uses. The standards pertain to
water quality degradation attributable to man’s activities,
and not that which is related to natural phenomena. The
concentrations of many dissolved and suspended surface
water quality constituents are largely the result of natural
geographic variations in precipitation, evaporation, geol-
ogy, vegetation, and the quality of spring flows from the
State’s aquifers.

The general criteria apply limitations on taste and
odor producing substances, radioactive materials, oil,
grease, and related residues, and against conditions
whereby floating debris, suspended solids, turbidity, toxic
materials, nutrient concentrations, or water temperatures
that would adversely affect biological species or man’s use
of the waters. However, the numerical criteria establish
exact quantitative limits on water quality parameters such
as temperature, pH (acidity), dissolved oxygen, chloride,
sulfate, total dissolved solids (salts), and fecal coliform
bacteria. The numerical criteria are applied to specific
surface-water areas on the basis of possible uses which are
deemed desirable. These uses include contact recreation,
noncontact recreation, propagation of fish and wildlife,
and domestic raw water supply. For example, surface-
water streams and pools suitable for contact recreation,
such asswimming, are notto have alogarithmic mean fecal
coliform count that exceeds 200 bacteria per 100 millilit-
ers of water; whereas, noncontactrecreation waters should
not exceed an average logarithmic mean fecal coliform
content of 2,000 per 100 milliliters.

Another important part of the State’s water quality
program involves designation of Texas stream segments
and the inventory of water quality in these segments on at
least a biennial basis. For water quality management pur-
poses, the 23 riverand coastal basins of the State have been
divided into 311 stream and coastal segments with a total
16,115 stream miles. The Texas Department of Water
Resources has determined that 244 of the 311 segments
comply with the applicable stream standards, or are pro-
jected to be in compliance following implementation of
best practicable wastewater treatment plans by industries
and municipalities (Plate 2). These segments are classified
as effluent limited. However, the remaining, noncom-
pliant segments are classified as water quality limited,
because monitoring data indicate that violations of the
applicable State water quality standards continue to occur
or they have been placed under special Board order for
more stringent treatment requirements.

The purpose of the stream segment inventory is to
evaluate water quality conditions, trends, and projections
of the State’s surface waters, to determine whether: (1) the
water quality is adequate to provide for the protection and
propagation of balanced populations of fish and wildlife;
(2) the water quality is suitable to allow recreation in and
on the water; (3) this level of waterquality can be expected
by 1984; or (4) the desired water quality level can be
reasonably attained at some later date. The inventory also
includes an assessment of non point source pollution prob-
lems and useful information on ground-water use, availa-
bility, quality, and activities which may be impacting this
water resource. Basically, the inventory provides a means
by which the State can assess the effectiveness of the water
quality management program and develop recommenda-
tions for changes in the federally approved program. The
inventoryis alsousedin preparing state-federal waterqual-
ity reports in cooperation with the U.S. Environmental
Protection Agency under the Federal Clean Water Act.

As an adjunct to the State’s Water Quality Manage-
ment Program, waste load allocation studies are per-
formed on each of the water quality limited segments to
determine stream assimilative capacity. Another object of
the studies is to determine the theoretical treatment level
each discharger in a particular segment would be required
to provide, in order for that segment to be brought into
compliance with the State’s stream standards. In addition,
the waste load evaluations provide a basis for discharge
permit parameters. The waste load allocations require
updating and continuous study in order to assure that they
remain viable and adequately serve the State’s water quality
management program.

Waste Discharge Programs

An essential part of the State’s water quality manage-
ment programinvolves the establishment of effluent stan-
dards for wastewaters and the issuance of waste discharge
permits. Also, any activity which results in a waste dis-
charge into the State’s navigable waters requires that Texas
certify to the U.S. Environmental Agency (EPA) that the
discharge complies with all applicable provisions of Federal
Clean Water legislation. This allows EPA to issue a
National Pollutant Discharge Elimination System
(NPDES) permit concurrent with the State’s waste dis-
charge permit. The Department of Water Resources has
promulgated a set of effluent quality standards, required
under the federal law, which are consistent with treatment
classes and are necessary to meet required treatment lev-
els. Also, specific water quality protection plans are being
developed for Texassurface waters thatinclude wastewater
treatment requirements and other water quality manage-
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ment methods, based on information the State has col-
lected concerning both point and nonpoint pollution
sources in Texas.

In addition, Texas has initiated a Hazardous Waste
Management Program that satisfies both State require-
ments, under the Texas Solid Waste Disposal Act, and
national requirements of the Federal Resource Conserva-
tion and Recovery Act. Since federal law allows a state
program to be implemented in lieu of a federal program,
the Texas program is being implemented and operated by
the Texas Department of Water Resources and the Texas
Department of Health, with financial assistance and over-
sight from the U.S. Environmental Protection Agency.

Methods to Extend and to Increase
Water Supplies

Additional quantities of both surface and ground water
can be made available through the use of one or more
existing technical and management practices. Increased
water use efficiency in agriculture and industry, reduced
per capita use of municipal and commercial supplies, and
reduction of leakage and other forms of waste can allow
existing supplies to meet the needs of a larger number of
people and support larger levels of industry and agricul-
ture. In cases where ground-water supplies are declining,
water conservation can allow existing levels of water-using
activities to be continued for longer periods of time than
will otherwise be possible. Through more effective water
conservation, present water supplies could be extended to
meet some of the water supply needs of the State’s growing
economy. However, it is clear that water conservation
cannot meet all of the growing needs for water. Thus, it will
be necessary to increase the use of ground water, where this
is possible, to develop additional surface water where pos-
sible, to continue the research and development of desalt-
ing and weather modification technologies, with a view
toward using these methods to increase water supplies in
some areas, and to consider importing water from outside
the State. Each of these water management and potential
water development methods are described and explained
below.

Water Conservation by Individuals

Due to the fact that supplies of surface and ground
water are limited in some parts of the State, demands for
water are increasing, and costs of securing newsuppliesare
rising, it is necessary for individuals to practice water con-
servation. In this sense, water conservation means the
efficient use of water and the reduction of waste. Thus,
conservation involves the use oftechnologies and practices

to reduce per capita water use by people and quantity of
water used per unit of products produced by industry and
agriculture. Water conservation methods include wide-
spread distribution of conservation information to the pub-
lic, water pricing policies that encourage conservation,
and the organization and operation of local area water
conservation districts.

Municipal and Commercial Water Conservation

Many water conservation measures are available to
reduce the quantities of waterused in residential, commer-
cial, and institutional purposes for drinking, bathing,
cooking, toilet flushing, lawn watering, fire protection,
swimming pools, and sanitation.

For residential water use, most water is used in the
bathroom and forexterior purposes such as watering lawns
and shrubbery and washing cars. While exterior water use
can be reduced significantly with the use of native vegeta-
tion, in-home water use can be reduced as much as 35
percent using presently available technology. These resi-
dential conservation measures include the repair of
plumbing to stop leakages, the use of low-flow shower
heads, low-flush and dual flush toilets, faucet aerators and
spray taps, efficient lawn watering equipment, and water-
efficient landscaping. City ordinances that govern plumb-
ing codes, lot sizes, drainage grades and slopes, and
landscaping can also be used to influence the quantities of
water used within a city.

Many of the water conservation techniques and prac-
tices mentioned above can also reduce water use for com-
mercial establishments, such as office buildings and other
places of work. These practices are also somewhat effective
for those establishments using large quantities of water
such as cafeterias, restaurants, laundries, and car washes.
However, effective conservation in these types of establish-
ments requires careful controls of water-using equipment
and may require modification of production processes.

Public education and information are needed in order
to change habits and behavior of the water-using public,
thereby reducing waste and encouraging the use of equip-
ment that is more water efficient. Examples of these con-
servation measures include shutting off faucets when
shaving or brushing teeth, using dishwashers and clothes
washers for only full loads, and watering lawns in the
mornings or evenings to reduce losses from evaporation.
Some water-efficient appliances such as dishwashers,
clothes washers, low-flow shower heads, and devices to
reduce the quantity of water required for toilets are avail-
able at minimal additional costs.
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Industrial Water Conservation

Water conservation is being practiced by many of
Texas’ major water-using industries to reduce energy and
water costs. Generally, water for cooling or for processing
operations accounts for the large majority of industrial
water use.

The quantity of freshwater used for cooling can be
reduced through the substitution of air cooling devices for
those requiring water or the use of saline or brackish water
in place of freshwater. Furthermore, processes can be
altered to reduce waste heat or apply it to other purposes to
conserve energy as well as water. In addition, municipal
and commercial sewage effluent can be substituted in
some areas for some freshwater used for cooling. However,
reuse of treated effluent by industry is somewhat limited,
since a proportion of this water may be required for down-
stream water rights, instream flow needs, and mainte-
nance of bays and estuaries.

Agricultural Water Conservation

. Declining ground-water supplies, rising costs of
pumping, and limited supplies of surface water are requir-
ing that water conservation practices be applied within
irrigated agriculture. The purposes of agricultural water
conservation are to allow existing, but exhaustible,
ground-water reserves to support present irrigated
acreages for longer periods of time in the future, to reduce
costs of production, and to the extent possible to allow
growth of irrigation in future decades in order to meet
growing market demands for food and fiber.

Water savings can be realized by using pipelines and
concrete linings of ditches to eliminate seepage and evapo-
ration losses common with earthen irrigation ditches. Sig-
nificant reductions in water use can be achieved with the
use of efficientirrigation systems; the efficiency depends on
an even application of water at the proper rate and time.
While sprinkler systems are more efficient than gravity
application methods, drip and trickle irrigation or subirri-
gation reduce water use appreciably. Sprinkler systems
average 70 percent efficiency, although wind is a major
consideration in obtaining higher efficiency. Drip or trickle
irrigation applies water to the base or root zone of each
plant, using plastic tubes with small outlets near the plant.
Water use is reduced because water is applied in smaller
quantities, and runoff and evaporation from wet soils are
eliminated. Subirrigation involves the use of perforated,
small-diameter plastic pipe that is buried beneath each
crop row. Like drip or trickle irrigation, subirrigation has
higher capital costs than sprinkler or gravity systems.
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The timeliness of water application is equally impor-
tant with respect to reducing water use. Some crops can be
grown under controlled stress during certain stages of
growth without adversely affecting yields. Since water is
applied only at critical stages, water use is reduced.

Several other conservation practices include row
dams to hold water in the furrows of row crops, stubble
mulch tillage, minimum tillage, and no-till planting to
keep plant residue on the surface of the soil in order to
reduce erosion, increase infiltration, and reduce evapora-
tion loss. Narrowrowspacing of crops and careful timing of
planting dates can also reduce water use. In addition,
improved varieties of plants, requiring less water and res-
istant to disease, are becoming available. Crops that
require less water can be substituted for those having
greater water requirements, when market conditions and
production costs are favorable. Satisfactory weed and
brush control can also reduce water use. Water is lost to
plants having little or no economicvalue such as mesquite,
saltcedar, cottonwood, and willow.

Water Reuse and Recycling

Limited water supplies and pollution control laws that
require better quality wastewater discharges are encourag-
ing the reuse and recycling of water in place of additional
freshwater supplies. While recycling involves recirculating
relatively clean water in internal processes, reuse concerns
the further use of wastewater from external or other
sources.

Currently, recycling is a common practice in all pro-
cess industries in Texas. For example, in the pulp and
paper industry, water is used without additional treatment
for different stages in processing. Wastewater reuse is most
evident in the use of treated sewage effluent for irrigation
and cooling electric power generators. However, because
the discharges used for reuse add to the water supply for
downstream users, there are some limitations on the wide-
spread application of wastewater reuse.

Water Pricing

It has been suggested that by increasing the price of
water, the quantity used would decrease, and thus the
development of new supplies could be delayed or elimi-
nated altogether. While increased price has resulted in a
reduction in the quantity of various goods and services
purchased in normal markets, it is not known to what
extent water prices would have to be increased in order to
accomplish a given level of reduction in water use in Texas.



In the past, surface water has been available to municipal
customers at a price equivalent to the amortized cost of
facility construction plus the costs of maintaining and
operating water supply systems; that is, water has been
priced at the cost of production. In the case of water supply
from ground-water sources, the cost to customers also
includes a component to repay costs that have been
incurred to secure water rights. However, pricing policies
vary among systems. Most systems charge a fixed price per
month for a given quantity of water with a declining price
for additional quantities, while for others, a price is charged
for a minimum quantity with an increasing rate for addi-
tional quantities. The latter policy also has been used to
discourage water use during peak demand, usually during
summer months. Thus, several pricing options are avail-
able to individual system operators, if price is to be chosen
as a local area conservation tool.

Conscrvation Institudons

In Texas, some local water resources associations
were organized as a mechanism for the efficient use, devel-
opment, protection, and management of surface- and
ground-water resources. These include underground
water conservation districts, whose purpose is to prevent
waste, protect the quality, and conserve or save ground-
water supplies. This is accomplished primarily through
regulating the spacing of wells within the district bound-
aries, by enjoining wasteful water management practices
such as allowing water to flow into roadside drainage
ditches, by promoting the use of tailwater recovery pits,
and by public education programs about water construc-
tion methods. Ground-water pumping is currently regu-
lated through a permit system in the Harris-Galveston
Coastal Subsidence District to prevent or control land
subsidence. Similarly, there are surface water conservation
districts, river authorities, and water supply districts that
act to store floodwaters and convert these to water sup-
plies. The State Soil and Water Conservation Board
administers local Soil and Water Conservation Districts
and associated soil and water conservation programs and
water quality protection planning for some rural areas.
Organizations such as these are expected to have a major
role in conserving water supplies in many areas of the State
in the future.

Conservation Management Methods

In some areas of the State long-term water supplies
can be increased through the joint use of ground- and
surface-water supplies. In parts of South Texas and in West
Texas, where precipitation is light and surface-water sup-
plies are extremely limited, ground water has been devel-
oped and with continued use will ultimately be exhausted.
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In Gulf coast areas ground-water development and use has
lowered water tables and resulted in subsidence. In both
types of environments, the development and use of supple-
mental surface-water supplies can serve to reduce the sev-
erity of declining ground-water supplies. In the latter case,
average annual recharge to aquifers can be withdrawn in
future years without further subsidence, but additional sup-
plies of water to meet growing needs should be obtained
from surface-water sources. In the case of arid regions
where ground water is being mined and will ultimately be
exhausted, surface-water reservoirs can be used to supple-
ment local area supplies, particularly for municipal and
industrial purposes. Even though such projects may have
very low quantities of dependable supplies, the average
supplies are greater and can be drawn upon to meet a part
or all of the water supply needed for short periods of time,
leaving ground water in storage forlater use. In the tradi-
tional sense of yield of reservoirs, such projects would be
overdrafted in the short run in order to use the water before
evaporation returned it to the atmosphere. By using such
projects in this manner, exhaustible ground-watersupplies
would be saved for later use. Several cities in West Texas
could benefit from this type of water management. Projects
are being planned on the basis of this principal.

The use of treated municipal wastewater for some
industrial purposes and for agriculture reducesthe demand
for water from original sources, and in effect, is a water
conservation tool. Recharging aquifers with highly treated
effluent can increase the effective supply of water is some
areas. This practice is being adopted by El Paso.

In addition to water management methods men-
tioned above, the system operation of reservoirs within a
basin, and the system operation of neighboring basins can
increase the yields of such basins. Using the principals of
system operation, downstream reservoirs are overdrafted
to meet downstream needs. Water is retained in storage in
the upstream reservoirs and released for downstream use
after other downstream supplies have been depleted. In
this manner, downstream reservoirs will have more vacant
conservation volume in which to capture and store flows
than would otherwise be possible. Likewise, if conveyance
facilities are developed between neighboring basins, flood-
waters can perhaps be moved into vacant conservation
storage in neighboring basins and thereby increase water
supply yields.

Water Supply Development

The construction of dams and reservoirs and the
development and use of ground-waterresources have been
and continue to be the primary methods of increasing
water supplies. Although water conservation is a viable
method to extend watersupplies, the development of addi-



tional sources will be required to ensure adequate future
water supplies for the State. Each method is described
briefly below.

Surface-Water Development

About 64 percent of the dependable yield of Texas
reservoirs is being used to meet current needs; the
remainder is committed for expanding municipal and
industrial needs of the next 20 to 30 years in areas which
can be served by these supplies. However, these supplies
will not meet the projected future needs within their
respective locations, with a few exceptions, and of course
cannot meet all future needs in neighboring and more
distant locations. A part of projected future needs of some
basins can be met if additional reservoir sites within these
basins and in nearby basins are developed. Reservoir sites
have been identified, and the time of need for water supply
from each site and costs of developing each site have been
estimated. These estimates are shown in Part III.

Development of Texas’ remaining 65 major reservoir
sites will add about 4.3 million acre-feet of dependable
water supply and 1.0 million acre-feet of wateryield from
recapturable, treated wastewater return flows. However,
parts of sites suitable for reservoirs are being converted to
other uses that would conflict with future water develop-
ment. Some sites have significant quantities of lignite
which must be mined before reservoir development can
proceed. Some sites have environmental concerns which
must be resolved.

Ground-Water Development

Ground water is presently providing 61 percent or
10.9 million acre-feet of water each year in the State. In
1980, the estimated total quantity of water that could be
recovered from storage in both major and minor aquifers
across the State was approximately 430 million acre-feet.
Like surface-water supplies, ground-water resources are
unevenly distributed and recharged at unequal rates. For
example, the High Plains (Ogallala) Aquifer in the High
Plains region contains about 89 percent of the State’s
ground water, but receives only eight percent of the esti-
mated annual recharge of the State’s majoraquifers (Table
11-1).

The continued long-term development and use of
ground water is limited by the fact that more ground water
is being removed in many areas of the State than is being
replaced by natural recharge. In these areas, the resource is
being mined, while in some other areas of the State, the
ground water resources are not completely developed. It is
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expected, however, that ground water will continue to be
an important source of water in the future.

Ground-water resources include not only the water
itself, but also the storage capacity of aquifers and the
capability of aquifers to transmit water from areas of
recharge to points of withdrawal. Since some aquifers can
be artificially recharged through the use of recharge dams
and injection wells, some additional water supply develop-
ment is possible. Where these conditions do not exist, the
continued use and development of ground water requires
programs of conservation to extend ground-water sup-
plies. However, it is emphasized that in many areas now
using ground water the reserves will ultimately be
exhausted, even though more aggressive water conserva-
tion programs are carried out. In other areas ground water
can continue to be an important part of the long-range
supply. Specific estimates are given in Part III.

Desalting

The conversion of brackish and saline water resources
to potable water can produce new sources of freshwater.
Desalting is a process by which this saline and brackish
water is converted to freshwater by the removal of dissolved
salts, other inorganic materials and particulates, as well as
viruses and bacteria. These processes include distillation,
electrodialysis, and reverse osmosis. In distillation, fresh-
water is condensed from water vapor produced from heat-
ing saline water, while electrodialysis is an electrically
accelerated process that separates salts from saline water
through a membrane. In reverse osmosis, freshwater is
produced from a saline solution by pumping the solution
through a membrane filter under pressure.

Recent research and development have reduced the
costs of converting saline water to freshwater so that such
conversion is currently being used commercially for
municipal and industrial supplies at approximately 650
locations in the United States and 1,600 locations in other
countries. Today, there are 71 desalting plants in Texas
producing about 52 acre-feet of water per day for munici-
pal and industrial purposes. Of these, the majority is for
industrial purposes followed by those producing boiler
feedwater for electric power generation. Seven plants pro-
duce about 2.5 acre-feet of water perdayfor municipal use
in Dell City and several suburban areas.

In some parts of Texas desalting may prove to be the
most economical and feasible means to supplement
municipal water supplies or to comply with federal drink-
ing water standards. This could include the use of brackish
and saline ground and surface wateras well asseawaterand
is applicable in much of the Panhandle, Westand Western



Central Texas, the Lower Rio Grande Valley, and along the
coast. Nevertheless, some constraints do exist to its wide-
spread use. Because desalting is an energy-intensive pro-
cess, the costs of energy may be a limitation. Furthermore,
one of the important considerations of a desalting system is
the disposal of waste brine, since this increases the costs of
the project.

Weather Modification

Efforts to artificially induce or modify precipitation
with the use of silver iodide, frozen carbon dioxide, and
other means may be a potential way to increase water
supplies in the future. Although weather modification
includes techniques to increase rain or snow, suppress hail,
dissipate fog, and to mollify severe storms; in Texas,
weather modification has involved the seeding of clouds to
increase rainfall. While a number of independent research
projects indicate that rainfall can be increased as much as
10 to 50 percent in the western United States, in the target
area of a cloud-seeding project conducted in West Texas
during the 1970’s, approximately 28 percent more rain
was reported than was observed in neighboring areas in the
same years. Although promising, these techniques are not
yet proven, and additional research is required in order to
appropriately consider weather modification as a viable
method to increase water supplies. If weather modification
is developed into a viable water supply tool, it will be
necessary to also develop legal and institutional arrange-
ments for its administration.

Importation

Water supplies of several areas of the State are insuffi-
cient to meet projected long-term needs. Rapid metropoli-
tan growth in Houston has resulted in the development of
surface water to supplement and replace ground-water
use. Agriculture and municipalities in the Winter Garden
area are competing with San Antonio for water from the
Edwards Aquifer. In addition, areas in East Texas will
require more water to meet population growth and to
support the production oflignite, while ground-water min-
ing for municipalities and agriculture in the High Plains is
depleting the Ogallala Aquifer. El Paso and other areas
within the Rio Grande Basin will also need water from
other sources. To meet the expanding water needs of the
State, it is important to consider all alternatives to supple-
ment these diminishing supplies, including the importa-
tion of surplus water from outside the State. Efforts are
being continued to locate excess supplies, to evaluate the
feasibility and costs of transporting water into the State,
and to provide arrangements that are mutually beneficial
to Texas and the areas from which water might be
imported.
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PROJECTING FUTURE WATER DEMANDS

In this section, each major water-using purpose is
identified, defined, and explained, and a brief explanation
is given of the methods, procedures, data, and assumptions
used in making projections of future water demands for
each purpose. The major water-using purposes are:
municipal and commercial, industrial, steam-electric
power, agriculture, mining, hydroelectric power, naviga-
tion, bays and estuaries, instream flows, parks and fish
hatcheries, and public recreation. Projections of future
demands for each purpose are presented in Part Il for each
zone of each river basin within the State, for each decade
from 1980 to 2030. Projections are made for two different
rates of growth, referred to in the discussion as “low” and

“high.”

Municipal and Commercial Water Demand

With the exception of some light manufacturing oper-
ations, the municipal and commercial water use category
contains the quantity of water used by business establish-
ments, public offices and institutions (except municipally-
owned steam-electric generating plants), private
residences and the maintenance of their grounds, fire pro-
tection, and other users supplied from municipal systems.
Light manufacturing water use is counted in the municipal
category, in distinction to the industrial use category, since
the characteristics of water use—drinking, sanitation, air-
conditioning—in these manufacturing firms more closely
compare to the characteristics of municipal use than to the
characteristics of industrial use. Of the 17.9 million acre-
feet of water used in Texas in 1980, municipal and com-
mercial use accounted for 15.6 percent or 2.8 million
acre-feet.

Future municipal and commercial requirements are
based upon population projections and per capita water
use data. Projections of population were made for each
Texas county by decade to the year 2030. Within the
constraint of the overall county projections, the future
population of cities and towns located within counties was
also projected, along with that portion of each county’s
population residing in rural areas. The county, city, and
rural-area projections were grouped into their respective
zones and river basins in order to be able to project water
demands for each of these water resource areas. State
projections of population are the sum of the 254 individual
county projections.

Two sets of population projections were made: one,
the high case, uses vital statistics from each Texas county
and net migration data of the 1970’s, and a low case is
based on the same vital statistics data but with net migra-
tion characteristics that reflect migration patterns of the
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Figure II-6. Texas Population, With High and Low Projections to 2030

past three decades (1950-1980), which has the effect of from 14.2 million in 1980 to 28.3 millionin 2030. Under

reducing the influence of the very high rate of immigration the conditions of this set of projections, the population of
into Texas in the latter portion of the decade of the 1970’s. Texas in the year 2000 is estimated at 19.6 million
persons. .
In the high set of projections, the State population

total is over 21 million by 2000, increasing to 29.1 million Per capita use of water is projected for each city and
by 2020, and to over 34 million by 2030 (Figure II-6 and each county, based on water use data reported by the
Table II-2). The slowing of the growth rate after 1990 municipal and commercial suppliers within each county.
reflects anticipated changes in fertility, migration, and Thus, the climatological, economic, and other factors
economic variables which affect population changes. affecting water use for municipal purposes in the different
Texas growth is projected to continue to outpace almost all areas of the State are taken into account within the respec-
other states, however, with a doubling of present popu- tive water use reports.

lation by about the year 2020.
Although per capita water use for individual cities
The low set of projections has a slower rate of growth differs from the State average of all cities, the long-term
over its entire range with the State population increasing average daily per capita water use in Texas cities has been
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Table II-2. Texas Population with Low and High Projections to 2030.

Low Case High Case
: Rate of Rate of

Population Growth Populadon Growth
Year (millions) (percent)* {millions) {percent)*
1930 5.8 — 5.8 —
1940 6.4 10.3 6.4 10.3
1950 7.7 20.3 7.7 20.3
1960 9.6 24.7 9.6 24.7
1970 11.2 16.7 11.2 16.7
1980 14.2 26.8 14.2 26.8
1990 16.8 18.3 17.8 25.4
2000 19.6 16.7 21.2 19.1
2010 223 13.8 24.8 17.0
2020 25.1 12.6 29.1 17.3
2030 28.3 12.7 34.3 17.9

SOURCE: U.S. Burcau of the Census with projections by the Texas Department of Water Resources.

increasing at about four gallons per person per decade
since the early 1960’s. In 1960, per capita water use in
Texas was reported at 128 gallons per day. In 1974, per
capita water use was 144 gallons per day, and in 1980 was
176 gallons per day. Average per capita water use is pro-
jected to be 156 gallons per dayin 1990 and 160, per day
in 2000.!

For planning purposes, municipal system water
requirements were projected for two cases of future popu-
lation and two different per capita use rates—low and high
population projections and average and drought condition
per capita water use rates, with the estimated potential
effects of water conservation factored into each case. Pro-
jections were made for individual cities and for rural areas
of each county (Appendix A).

The differences between the low and high population
projections for each city are due to projected differences in
net immigration to each city. The low projection is based
on average net immigration rates for the decades of the
1950’s, 1960’s, and 1970’s. The high population projec-
tion is obtained by using the same immigration data, but
without dampening or reducing the high rates of the late
1970’s, as is done when making the low projections.

1Actual per capita municipal water usc in 1980 ishigherthan projected average

per capita usc in 1990 and 2000 duc to extremely hot, dry weather conditions
throughout most of Texas during the summer of 1980. Mcasured against the
long-term trend, actual useage in 1980 was about 20 percent higher, In con-
trast, 1960 wns an cxceptionally cool, wet year,
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* Rate is per 10 years.

The differences between the average and droughtcon-
dition per capita water use rates are due to expected differ-
ences in water use between normal and drought seasons.
The per capita water use in a city during years of normal
precipitation is best estimated by the average per capita
water use computed from water use reports for such years.
However, during drought years per capita water use
increases because temperatures are higher, causing a
higher water demand by all water-using functions, and
during droughts thelack of precipitation causes water users
to have to obtain more water from storage than would
otherwise be necessary. Thus, municipal water systems
must be prepared to meetaverage condition demands atall
times, and must also be prepared to either meet drought
condition demands or to ration water during drought peri-
ods. Managers of each system are free to decide whether or
not to try to meet drought condition demands. Obviously, a
larger quantity of water will be needed than is needed for
average weather and climate conditions. Information from
Texas municipal water systems indicates that during
drought years per capita water use is greater than during
average years by a quantity which is approximated by two
standard deviations above average per capita use. Thus, for
planning purposes the drought condition per capita water
use statistic is chosen to be the average per capita water use
plus the estimate of two standard deviations of State
municipal water use.

The high set of projected municipal water require-
ments is obtained by using the high set of population pro-
jections and drought condition per capita water
requirements, with per capita use held constant in 2010,



2020, and 2030 at the per capita drought rate projected
for 2000. This projected flattening of the per capita rate
after the year 2000 would be a result of water conservation.
The low set of projected water requirementsis based on the
low population projections and average climatic condi-

sons, with per capita use held constant in 2010, 2020,

and 2030 at the per capita rate for average conditions in
2000.

The potential effects of conservation practices on
municipal and commercial water use, mentioned above
and discussed in more detail in Part IV, play an important
role in determining the future per capita water use rates
applied in estimating future municipal and commercial
water requirements. For the high set of projections, based
on per capita usage under drought conditions, the adop-
tion of water conserving practices and installation of water
saving devices directly enter into the computation of esti-
mated future requirements in that per capita water use in
the years 2010, 2020, and 2030 are held constant at the
use rate projected for 2000. That is, the long-term tem-
poral increase in per capita water use rates statistically
observed in Texas is projected to stop growing after the
year 2000. The period of time between the present and the
year 2000 is anticipated to be needed for homeowners and
commercial managers to adopt practices and install equip-
ment designed to reduce water use and for public authori-
ties to adopt changes and enact codes directed toward
water pricing, plumbing, fixtures, allowances for gray-
water usage, and for public education programs. The use of
drought condition per capita water use rates in preparing
the High Case projections is designed to provide planning
data useful in making engineering determinations of the
necessary size of watersupply projects and water treatment
and distribution facilities. Decisions regarding facility siz-
ing are made by local authorities in response to local con-
ditions and the needs and preferences of their water
customers.

The Low Case projections, based on average condi-
tion per capita water use rates, with no future increase in
average use rates anticipated beyond the year 2000, con-
tinues the effects of conservation practices factored into
the High Case projections. However, systems engineered
and built to meet only average condition demands will be
strained beyond their limits in the event of a drought or a
hot, dry summer and would not be expected to meetall the
demands placed upon it. Thus, in addition to implemented
conservation practices, drought contingency plans
designed to reduce water use in the event of drought or
excessive demand on a water supply or treatment and
delivery system will have to be put in effect. Such plans,
discussed in detail in Part IV, must have the effect of res-
tricting and rationing water use.
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The projections of municipal and commercial water
requirements for the low case increase from the 1980
statewide level of 2.8 million acre-feet to a total of 3.5
million acre-feet per year in 2000 and to 5.1 million
acre-feet annually by 2030 (Table II-3 and Figure I1-7).
For the high case, water requirements for municipal and
commercial purposes are projected to increase to 5.1 mil-
lion acre-feet annually in 2000 and to 8.2 million acre-
feet annually in 2030. Projections of municipal and
commercial water requirements by decade for each zone
and river basin area of the State are presented in Part III.

Industrial Water Demand

Since the 1940’s, the Texas economy has expanded
and the economic base has been broadened from petro-
leum and agriculture to petroleum, agriculture, electron-
ics, machinery and equipment, construction, trades,
communications, and many types of professional and busi-
ness services. During the 1970’s, chemicals, petroleum
refining, metals, and oil field machinery experienced rapid
growth in production, employment, value of output, and
wages paid. These and other industries used 1.5 million
acre-feet or 8.5 percent of total water used in Texas in
1980. For planning purposes it is necessary to make pro-
jections of the quantities of water that will be needed by
industry in future years.

While the basic industries remain a solidly significant
portion of the Texas industrial base, it is not anticipated
that all of them can maintain the highratesof growthofthe
recent past. Primarily, the abundantly available and low-
cost input resources that gave Texas a comparative advan-

Table I1-3. Municipal and Commercial Water Use in
1980 with Low and High Projections of Requirements to
2030.

Projccted Water Requirements

Year Low Casc High Casc
(millions of acre-fcet)
1980t 2.81 2.81
1990 2.96 4.20
2000 3.51 5.08
2010 3.99 5.93
2020 4.50 6.95
2030 5.06 8.18

IReported municipal and commereial use, The summer of 1980 was extremely
hot and precipitation was low for about four months. Reported water use for -
1980 was greater than average, but was below the estimated quantity that would
have been used if o drought had prevailed for the entire year.
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Figure II-7. Projected Municipal and Commercial Water Requirements,
High and Low Series, 1980 to 2030

tage in attracting and developing these industries are either
becoming scarce in Texas or are becoming relatively less
costly elsewhere, especially outside the United States. For
example, the production of aluminum and bulk plastics
initially were attracted to Texas by the availability of inex-
pensive electricity, oil, and natural gas. None is as inex-
pensive in Texas today as has been the condition in the
past. Similarly, the production of ferrous metals and oil
field materials and machinery are mature industries and
their future will to an extent parallel drilling and produc-
tion of Texas’ crude oil and natural gas. Thus, slower
growth is expected for these industries than has occurred in
the past. Other factors, especially world market condi-
tions, now impact Texas industry more directly and inten-
sely than in the past. National economic conditions and
rates of growth are steadily becoming more important
determinants of industrial growth because the structure of
Texas industry is beginning to resemble that of the Nation,
as diversification increases within Texas. All of these fac-
tors impinge upon water requirements for industry in the
future.

Water used for industrial purposes is distinguished
from water used for municipal and commercial purposes in
that it is an integral part of the production process. In
addition to drinking and sanitary water uses, industrial
water requirements serve such process-specific purposes as
cooling, boiler feed, cleaning and washing, pollution con-
trol, and extraction and separation of desirable materials
from by-products and waste materials. Incorporation of
water into the final product also is a major aspect of indus-
trial water demand, especially in the production of food
and beverage products.

Of the total quantity of water used by industry, five
major groups of industries accounted for over 90 percent of
total usage in 1980. Organized into industrial groups by
the Standard Industrial Classification (SIC) System and
ordered by their respective share of industrial water use, the
five major industrial water using industries are: ( 1) chemi-
cals (SIC 28), 36.6 percent; (2) petroleum refining (SIC
29), 19.4 percent; (3) primary metals (SIC 33), 15.0
percent; (4) paper products (SIC 26), 12.7 percent; and
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effectiveness, of the maximum reduction in water needed
for production in the five largest water-using industries
operating in Texas. Adoption of these feasible water con-
serving techniques was stretched out over a future period of
time to allow for an adoption path consistent with an
installation lag-time and for ordinary practices of replace-
ment of worn out equipment with new, more efficient
equipment. The low set of manufacturing requirements
projections-has factored into them the full measure of
feasible reductions in water required per unit of output; the
high set was adjusted, to reflect the effect of conservation,
by one-half this measure of practicable possible gain in
water use efficiency.

From a 1980 statewide total of 1.5 million acre-feet,
industrial water demands in the low case are projected to
increase to 2.4 million acre-feet annually by 2000 and 4.2
million acre-feet annually by 2030. The potential high
demand projections are 2.7 million acre-feet annually and
5.0 million acre-feet annually for 2000 and 2030, respec-
tively (Table II-4 and Figure II-8). These projections indi-
cate an anticipated increase in industrial water
requirements in Texas for the year 2000 of between 58.6
percent and 78.9 percent, comparing 1980 actual use
with the amounts projected for requirements in 2000, low
and high case, respectively. By the year 2030 this same
comparison to base-year usage indicates increases of
178.3 percent and 229.6 percent, respectively, a near
tripling of requirements for the low case and more than
tripling for the high case. Part Ill contains projections of
future industrial water demand by decade for each zone
and river basin of the State.

Steam-Electric Power Water Demand

Steam-electric power plants require large volumes of
water, principally for condenser cooling. Water in small

Table 11-4. Industrial Water Use in 1980 with Low and
High Projections of Requirements to 2030,

Projected Water Requirements

Year Low Case High Case
(millions of acre-feet)
19801 1.52 1.52
1990 1.97 2.12
2000 2.41 2.72
2010 2.86 3.31
2020 3.47 4.08
2030 4.23 5.01

1Reported and estimated industrial water use in 1980. Projections to 1990 and
beyond were based uponplantutilization data which were corrected forunderuti-
lization in 1980 due to the economic recession that began in mid-1980.
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quantities is also required for boiler feed makeup, sanita-
tion and grounds maintenance, and in the case of coal and
lignite fueled plants, for flue gas scrubbing (air pollution
control), dust control at the fuel handling facilities, and for
ash removal. In instances where a mine is associated with
the plant, as is common at Texas lignite-fired plants, water
will also be reqiired for the mining operations. Consump-
tive (evaporative) water requirements for power plant
cooling typically range from one-third to one-halfgallon of
water for each kilowatt-hour of electricity produced. The
actual quantity depends on the specific type and design of
the power plant and most importantly on the type of cool-
ing system used. Consumptive water requirements for all
other minor purposes will add about 10 percent to the per
kilowatt-hour consumptive requirements for cooling.

The most commonly used cooling systems are recircu-
lating cooling reservoirs, evaporative cooling towers,
once-through cooling systems, and multipurpose reser-
voirs used as cooling reservoirs. In all of these systems, from
20 to 60 gallons of water are circulated through the power
plant condenser for each kilowatt-hour of electricity pro-
duced. The water is then cooled and recirculated, as in the
case of evaporative cooling towers and recirculating cool-
ing reservoirs, or it is discharged into a lake where only a
small portion of the same wateris recirculated through the
plant.

Water requirements forsteam-electric power genera-
tion were based on projections of electric power demand,
the energy source used for generation, and the spatial
location of generating capacity. The water coefficients
used were based on engineering analyses of the thermody-
namics of power plant operations, including an analysis of
secondary water uses. For plants in the design phase of
development, specific engineering design coefficients per-
taining to water requirements were used, whenever avail-
able, in estimating future water requirements. For
generating capacity scheduled for placement for which
design work had begun, future water requirements were
based upon the types of fuel anticipated for use in the basin
and zone of plant location and upon an advanced plant
engineering design appropriate for each fuel type. The
projections of electric power demand to the year 2000 are
based on projections made by the power industry, and
projections beyond 2000 are based on data developed by
the Department of Water Resources. Population projec-
tions were used to estimate electric power demand in
residential, commercial, and institutional sectors, and
manufacturing projections were used to estimate power
demand in the industrial sectors.

Two cases, low and high, of power demand were made
based on different rates of growth (Table II-5 and Figure
I1-9). The projections of future installed net thermoelect-
ric generating capacity indicate that the net capacity in



(5) food products (SIC 20), 7.2 percent. Since future
water use in the industrial use category is expected to be
dominated by these five industrial groups, future projec-
tions of water requirements will depend on the level of
production and rate of growth of these industries in the
future. Based upon data, advice, and judgments by repre-
sentatives of these industries, a growth outlook for each
industry was developed for use in making projections of
future water requirements. The growth projections are as
follows:

Chemicals (bulk)—Major changes in markets and
worldwide competition from new petrochemical
complexes pose a long-term threatto Texas’ position
in the industry. Texas producers expect to maintain
rapid growth in output for the short term, ten to
twenty years; however, significant long-term expan-
sion of capacity is unlikely. The compound annual
growth rate projected for chemicals during the
decade of the 1980’s is 4.94 percent per year, which
includes an allowance for reutilization of excess pro-
ductive capacity thatexisted in 1980. Forthe decade
of the 1990’s the projected compound annual growth
rate is 3.79 percent per year; for the period 2000-
2030 the projected growth rate is 2.79 percent per
year.

Petroleum Refining—Demand for products is heavily
impacted by improved energy use efficiency in trans-
portation and by substitute energy sources in the long
term. Little growth is projected for this sector. Petro-
leum Refining output is projected to grow at a com-
pound annual growth rate of 1.26 percent per year
during the 1980’s and at 0.42 percent per year dur-
ing the 1990’s, where each growth rate reflects
exclusively the utilization of excess capacity existing
in 1980—no new facilities will be installed. No
growth is projected during the period 2000 to 2030.

Primary Metals—Annual growth rate of output from
Texas producers isinfluenced by: (1) foreign compe-
tition, (2)eventual decline in demand from oil and
gas exploration markets, (3) the use of recycled
aluminum which requires relatively little water per
unit of output, and (4) prohibitive process-energy
costs which render primary metals’ production unec-
onomical in the State. Modest growth is projected for
Primary Metals during the decade of the 1980’s, 3.0
percent per year, including recovery of excess plant
capacity, slowing to 0.5 percent per year compound
annual growth during the 1990’s. No growth is pro-
jected for this sector beyond the year 2000.

Pulp and Paper—Available Texas timber resources
will constrain the long-term growthrate of the indus-
try, although growth in market demand for paper
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products is expected to remain strong. The eventual
substitution of other methods of communication
such as electronics and alternative methods of pack-
aging may result in a dampening effect on industry
growth. This sector is projected to grow at a com-
pound annual rate of 4.01 percent per year during
the 1980’s, including reutilization of existing excess
capacity, and at 2.0 percent annually during the
1990’s. In the period 2000 to 2030, compound
annual growth s projected tobe 0.9 percent peryear.

Food Processing—Texas industry is anticipated to
grow faster than the national average for food pro-
ducts. Over the long-term, output will be slowed
somewhat as population growth rates slow, yet steady
growth is likely. The Food Processing sector is pro-
jected to have reasonably steady compound annual
growth of 2.38 percent per year during the 1980’s,
2.64 percent per year during the 1990’s, and 2.15
percent per year for the period 2000-2030.

As with the projections of future municipal water
requirements, a low and a high set of future industrial water
requirements projections was made. The principal charac-
teristics that distinguish between the low and high set of
projections are the differentrates of overall industry growth
in Texas and the rate of implementation of industrial water
conservation techniques.

Two rates of growth in output were projected for Texas
industries and, thus, projections were obtained of two
different volumes of industrial water requirements to sup-
port the respective levels of industrial output. The two
growth rates, a low and a high, reflect different underlying
growth patterns in national and international economic
activity as well as a smaller or larger share of national and
international markets held by Texas producers. Also fac-
tored into the low and high series of industrial water
requirements projections were two different rates of gain in
industrial water-use conservation: a modest rate of gain
was applied to the high set of requirements projections, a
more accelerated rate of gain into the low set.

Considerable gains have been made in recent years in
reducing the amount of water used per unit of final output
manufactured. By changing machinery and equipment,
production processes, or mix of inputs, efficiencies in
water use can be achieved. Current developments, the
state of existing available technologies and management
practices, and continuing attention to potential produc-
tion cost savings from using less water in production of
manufactured goods point to the potential for further
reducing water intake required per unit of industrial out-
put, especially in those industries in Texas that are heavy
users of water. Estimates were made, within the con-
straints of existing state-of-the-art technologies and cost
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Figure 11-8. Projected Industrial Water Requirements,
High and Low Series, 1980 to 2030

Texas will grow from 50.7 thousand megawattsin 1980 to
between 88 thousand and 100 thousand megawatts in the
year 2000, then increase to between 120 and 152 thou-
sand megawatts by the year 2030, low and high case,
respectively. ‘

Table 11-5. Steam-Electric Water Usc in 1980 with Low
and High Projections of Requirements to 2030.

Projected Water Requirements

Ycar Low Casc High Casc
’ (millions of acre-fect)
19801 330.0 330.0
1990 535.0 535.0
2000 717.4 816.7
2010 835.4 1.017.0
2020 975.6 1.217.0
2030 " 1,118.6 1,417.5

1Reported and estimated stcam-clectric water requirements for 1980.
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At present, natural gas is still used as the primary fuel
for about 65 percent of the electricity generated in Texas,
but coal, lignite, and uranium will be the major fuelsin the
future. In 1980, Texas had 5,300 megawatts of lignite-
fired generating capacity and 6,431 megawatts of coal-
fired generdting capacity. By 1990, an additional 8,759
megawatts of new lignite capacity, 3,324 megawatts of
new coal-fired capacity, and 4,800 megawatts of nuclear
capacity will be added to the system, according to the utility
industry plans. Between 1990 and the year 2000, lignite is
projected to fuel two-thirds of the new plants, while coal
will fuel the remainder. This will place total projected
lignite-fueled generating capacity in Texas at between 24
and 33 thousand megawatts in the year 2000. Beyond the
year 2000, lignite is projected to continue to playa signifi-
cantrole, butlignite-fueled capacity is projected to peak at
65 thousand to 75 thousand megawatts around the year
2015. Then, because of limited lignite resources, lignite
generating capacity is projected to decline to around 40
thousand megawatts by the year 2030. Coal is projected to
account for most of the remaining capacity.
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Figure II-9. Projected Steam-Electric Water Requirements,
High and Low Series, 1980-2030

The distribution of generating capacity was based on
announced power plant locations, historical development
by basin, projected demand for power, availability of local
fuel sources such as lignite, environmental factors, and
institutional constraints.

Total (cooling and other needs) consumptive water
requirements (evaporasion) for steam-electric power pro-
duction were projected to increase from 330 thousand
acre-feetin 1980 to between 717 and 817 thousand acre-
feet annually in 2000, and to between 1.1 and 1.4 million
acre-feet per year in the year 2030, low and high case,
respectively. Although large volumes of water must be cir-
culated through power plant condensers (20-60 gal/kw-
hr), most of the water is returned to its source. Only the
quantity of water that is evaporated is shown when project-
ing steam-electric power plant water requirements. How-
ever, for operating purposes, it is necessary that the total
quantity of water required for circulation be available. The
projections of Part III take this latter factor into account.
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Surface water is projected to continue to constitute
the major portion of steam-electric power water use,
increasing from 277 thousand acre-feet per year in 1980
to between 580 and 641 thousand acre-feetperyearin the
year 2000, and to between 900 thousand and 1.14 million
acre-feet per year by 2030. Ground-water use is projected
to triple from current levels of 53 thousand acre-feet per
year to between 140 thousand and 176 thousand acre-feet
annually by the year 2000, and then nearly double again by
the year 2030 to between 150 thousand and 274 thousand
acre-feet per year. Treated municipal effluent is currently
used at four major power plants in Texas for cooling water
and other purposes. In 1980, these four plants used over
14 thousand acre-feet of treated effluent.

As indicated, the future water requirements specified
above account only for the volumes of water consumed
(evaporated) in the respective decades in steam-electric
power generation. Since nearly all the water used in power
generation is for cooling purposes and only a small portion



of this is evaporated, the pass-through requirements are a
large multiple of that volume of water evaporated. Pass-
through requirements for power plants operating in Texas
range from 20 to 60 gallons per kilowatt-hour. A typical
value for plants using fresh surface water cooling systems,
such as cooling ponds or once-through cooling, is around
40-50 gal/kw-hr. This translates to about 100 gallons of
total water pass-through requirements for each gallon of
water actually consumed by surface water cooled power
plants.

Based on the future projections for evaporative
requirements in steam-electric power generation, the
range of low and high projections for total pass-through
requirements in the year 2000 is from 50 million to 65
million acre-feet. For the year 2030, the projected range of
requirements is from 80 million to 115 million acre-feet.
This estimate of total pass-through requirements is made
only upon water supplied from a surface-water source,
since water supplied from a ground-water source is based
on total withdrawals and, thus, includes both evaporation
and recirculated flow. Total pass-through requirements
measure the volume of water required to satisfy the opera-
tional needs of steam-electric power generation (cooling
and other minor water requirements) but overstate by
several magnitudes the amount of water consumed from
available supplies, since most of the total withdrawal is
returned to its source and again becomes a part of available
supply. Thus, the actual water required throughout the life
of a plant operating from surface water is that amount
initially needed to fill the cooling pond and generate the
system plus those amounts needed to make up for evapora-
tion losses. Projections of consumptive water require-
ments for steam-electric power generation for each area of
the State are presented, by decade, in Part III.

Agricultural Water Demand

Texas ranks first in the Nation in the production of
cotton and cottonseed, grain sorghum, wool and mohair,
and in the total numbers of cattle, sheep, and goats. Texas
is also a leading producer of hay, pecans, peanuts, citrus,
commercial vegetables, rice, and wheat. Over 40 percent
of Texas crop sales is directly attributable to irrigation. Of
all major water use categories, agriculture accounts forthe
largest proportion of water used in Texas.

In 1980, agricultural water use was approximately
12.9 million acre-feet, 72 percent of the 17.9 million
acre-feet total water use in the State. Of this total, irriga-
tion of crops, orchards, and pasture accounted for 12.7
million acre-feet toirrigate 8.1 million acres, and livestock
use on farms, ranches, and in feedlots was about 0.24
million acre-feet. Irrigation in Texas was about 6.7 million
acres in 1958 and increased untilreachinga peakin 1974,

when 8.6 million acres was irrigated. The acreage irrigated
in 1980 was about six percent less than in 1974.

Approximately 38 million acres of land in the State is
physically suited to irrigation, including the 8.1 million
acres presently irrigated. Some land included in this esti-
mate is located such that irrigation development mightnot
be feasible, depending upon costs of supplying water.
Urban development continues to expand onto irrigable
land, especially in the Houston-Galveston, El Paso, San
Antonio, and Lubbock areas, in the suburbs of smaller
cities, and in the Lower Rio Grande Valley.

The quantity of land previously irrigated and still
equipped for irrigation, but not irrigated in 1980 due to
poor profit prospects, is approximately 2.0 million acres.
Much of the previously irrigated land is in the rice-
producing area of the Coastal Prairie, Reeves and Pecos
Counties, and a few counties in the High Plains. Most of
this acreage would be readily available for irrigation in the
future if economic conditions improve.

In estimating the future water needs of irrigated agri-
culture, the following factors were considered: the total
acreage suitable for irrigation, acreage currently in irri-
gated production, the 1980 water use per acre, the maxi-
mum potential reduction of water use through
technological improvements and conservation practices,
the economics of dryland versus irrigated production, and
the Nation and world’s potential food demands. One pro-
jection of water demand forirrigated agriculture, low case,
was derived by holding projected future acreages irrigated
at the 1980 levels, with per acre application rates reduced
through time to reflect the effects of technological
improvements, conservation measures, and reductions in
canal losses for irrigation operations served from surface-
water sources. The future agricultural water demand
required to continue irrigation ofthe same number ofacres -
irrigated in 1980, 8.1 million acres, making allowance for
reduction in application rates, is 10.1 million acre-feet in
year 2000 and 11.1 million acre-feet in 2030. These
low-case projected requirements reflect a reduction from
the 12.7 million acre-feet used in 1980 of 20 and 13
percent, respectively, in 2000 and 2030 (Table II-6 and
Figure 11-10).

For the high case projection of demand for irrigation
water, data about the number of acres that could be irri-
gated and still pay a positive return above that of dryland
production were controlling factors. In addition, techno-

logical improvements and conservation measures were
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considered in developing the rate of water applied per acre,
as well as factoring in reductions in canal loss rates for
surface water supplied irrigation. The projected demand at
this higher level is 16.2 million acre-feet per year for 13.9
million acres irrigated in 2000, and 15.0 million acre-feet



Table 1I-6. Irrigation Water Use in 1980 with Low and
High Projections of Requirements to 2030.

Projected Water Requirements!

Year " Low Case H_i&h Case

(millions of acre-feet)

19802 12.7 12.7
1990 . 10.2 12.3
2000 10.1 16.2
2010 10.6 T 16.2
2020 10.7 16.5
2030 : 11.1 ©15.0

Urrigation water requirements for all ycars include an estimate for water lost in
conveyance from a surface-water sourcé to the ficld.
2Reported and estimated irrigation water usc in' 1980.

annually with 11.5 million acres irrigated in 2030. The
high case projections of future irrigation water demand
represent an increase over 1980 usage of 28 and 18 per-
cent, respectively, for years 2000 and 2030. The corre-

sponding percentage increases in acreage in irrigation in
the two future time periods are 72 and 42 percent, respec-
tively. Whereas the low case projections were based on
constant 1980 irrigated acreages coupled with improved
water use efficiencies and conservation, the high case pro-
jections were based on an analysis of profitability of irriga-
tion, taking into account projected future agricultural
prices and production costs coupled with the same
improvements in water use efficiency and conservation.
Specific low and high projections are shown for each zone
and river basin area in Part I11.

Livestock water use in 1980 was 244 thousand acre-
feet, supplied both from local surface- and ground-water
sources (Table II-7). Projections of livestock water
demands are based on maintaining Texas’ share of
National livestock production until limited by availability of
land for grazing. Feedlot cattle, hogs, dairy, and poultry
sectors are not limited by this acreage requirement. Live-
stock water demands for the period 2000-2030 are
approximately 332 thousand acre-feet annually. Distribu-
tion of these demands into county, basin, and zone seg-

30
Year Low High
25 +—
1980 12.7 :
1990 10.2 12.3
2000 10.1 16.2
= 20 4+— 2010 106 162
K] 2020 - 10.7 16.5
@ 2030 1.1 15.0 High Projection
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2
=
= | L S & -9
= 10 e
Low Projection
5
0
1980 1990 2000 2010 2020 . 2030

Year

Figure 1I-10. Projected Irrigation Water Requirements,
High and Low Series, 1980-2030



ments is similar to the current distribution with the
exception that livestock water use is not expected to
increase in the major metropolitan counties.

Table II-7. Livestock Water Use in 1980 with Low and
High Projections of Requirements to 2030.

Projected Water Requirements!

Year (thousands of acre-feet)
19802 244.0
1990 287.5
2000 331.7
2010 331.7
2020 331.7
2030 331.7

10nly one set of projections was made for future livestock water requirements,
2Rcported and estimated water use in 1980.

Mining Water Demand

Mining activities in Texas include the production of
crude petroleum, natural gas, uranium, salt, sulfur, con-
struction materials, and the extraction and processing of
lignite for the production of synthetic fuels. In 1980, the
Texas mineral industry was foremost in the production of
crude petroleum and natural gas in the United States and
ranked fifth nationally in the value of output for a wide
variety of important nonfuel minerals. Texas is a leading
producer of nonmetals (Frasch sulfur, clay, gypsum, salt,
stone, and sand and gravel); however, petroleum produc-
tion accounts for most of the freshwater presently used in
the mining sector.

Mining was categorized into fuels, metals, and non-
metals for purposes of projecting the future freshwater
needs of this sector of the Texas economy. The principal
use of water in mining is for the recovery of petroleum by
fluid injection, commonly known as secondary recovery.
Both saline and freshwater are used for secondary oil re-
covery and maintenance of oil reservoir pressure. Esti-
mates contained herein are for freshwater. The
development of sand and gravel resources and the recovery
of minerals other than petroleum also require the use of
freshwater for the separation of desirable materials from
by-products and waste; however, consumptive use of fresh-
water in these operations is small in comparison to
requirements for the fuel industry.

The crude petroleum and natural gas producing
industries utilized 126 thousand acre-feetin the secondary
and enhanced recoveryofoil and for natural gas processing
out of a total for all mining purposes of 239 thousand
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acre-feet of freshwater in 1980. Fluid injection operations
have increased production from 30 percent in 1965 to
around 60 percent in 1980 of the total volume of oil
produced within the State. Calculations indicate that an
estimated three thousand acre-feet of freshwater will be
required in Texas by the year 2030 for secondary and
enhanced recovery of oil. Brackish water, saline water, or
freshwater can be used for injection operations, and the
choice is usually dictated by the economics of water supply
and operation and maintenance costs. The projection of
water requirements for secondary recovery operations was
based on an evaluation of the amount of oil available which
can be produced by water injection. Much of the total
water requirement for secondary oil recovery can be satis-
fied by saline water commonly produced with oil and gasin
the State, by the recycling of water used in secondary
recovery projects, or by locally available brackish or saline
waters, principally from ground-water sources.

A significant decrease in water demand for secondary
and enhanced oil recovery is the result of depletion of
known and projected newly discovered quantities of oil
available to be produced, increasing use of saline or brack-
ish waters for pressure maintenance and enhanced recov-
ery operations, and improving technological advances that
reduce demand for freshwater.

On account of recent development in international
energy markets and declining domestic oil and gas produc-
tion, synthetic fuels are being seriously considered as a
substitute for conventional fossil fuels. Since lignite
reserves in Texas are significant, there are tentative plans
to construct synthetic fuel plants in the State. With the
exception of experimental pilot plants, there were no syn-
thetic fuelsoperationsin Texasin 1980. Itis estimated that
by the year 2000, however, water use for the production of
synfuels should represent 16 percent of State mining water
requirements. By the year 2030, synthetic fuels are esti-
mated to be the second largest category of mining water
use in the State and to require 33 percent of estimated total
mining freshwater needs.

Metal and nonmetal mining activities in Texas
accounted for approximately half of mining freshwater use
in 1980 and are estimated to represent 60 percent of
mining freshwater requirements in 2030. The projected
demand in 2030 takes into account the projections of a
decline in the production of petroleum and natural gas,
significant development of synthetic fuels, andincreasesin
demand for construction materials in the metropolitan
areas.

For mining water use, only a single set of projections
were made, not a high and low case as in other use catego-
ries (Table II-8). In this single projection, mining water
requirements, fuels, metals, and nonmetals combined, in



Table 11-8. Mining Water Use in 1980with Projections of
Requiremenss to 2030.

Projected Water Requircments!

Year (thousands of acre-feet)
19802 239.0
1990 231.9
2000 267.7
2010 321.4
2020 375.3
2030 387.2

10nly one set of projections was made for future mining water requirements.

2Reported and estimated water use in 1980.

year 2000 are estimated to be about 268 thousand acre-
feet annually and about 387 thousand acre-feet in 2030.
These projected demands, compared with the 239 thou-
sand acre-feet used in 1980, indicate an increase of 12
and 62 percent, respectively, in the two future time peri-
ods. Mining water projections for each area of the State are
presented in Part III.

Hydroelectric Power Water Use

Presently, Texas has 22 hydroelectric power plants
with an installed hydroelectric generating capacity of 546
megawatts (Table I1-8). In 1980, these facilities provided
only about one-half of one percent of the electricity gener-
ated in the State. A new 32 megawatt unit is under con-
struction at Amistad Reservoir on the Rio Grande, and
several hydroelectric units on the Guadalupe River are
being reactivated.

Although water is not consumed (evaporated, etc.) in
the generation of hydroelectric power, large volumes of
water must flow through the turbine of a plant in order to
operate the generator. In 1980, total flow through hydro-
electric turbines in Texas exceeded 11 million acre-feet.
With the construction of additional reservoirs in Texas,
water used for hydroelectric power plants in 2030 is
expected to be more than double the current quantity of
use; however, such use will be a by-product of other water-
using activities, and is not considered an additional con-
sumptive demand upon State water supplies.

Navigation Water Use

Texas navigational facilities are primarily located
within the coastal area. Along the Gulf coast there are 12
Texas ports which will accommodate deep-draft vessels
(30-45 feet), and 13 Texas ports for shallow-draft vessels
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(6-14 feet). The Intracoastal Waterway connects ports of
Texas to other Gulf and Atlantic states by a protected,
shallow-draft channel. Extensions from thiscanal connect
important industrial areas with other coastal navigation
channels and sea lanes. Existing and planned navigational
facilities in Texas do not have regulated freshwater flow
requirements.

There is inland navigation currently on the down-
stream reaches of the Sabine, Neches, Trinity, Brazos, and
Colorado Rivers, but very little water release from reservoir
storage is required to maintain adequate navigational
depths. Normal streamflows plus impoundment releases
for other purposes are expected to continue to satisfy these
navigation needs. Also, there is some potential for addi-
tional inland navigation on Texas rivers, such as the
Cypress, Red, Trinity, San Jacinto, Neches, and Sabine,
which would necessitate providing locks and adequate
freshwater flows around dams. Streamflow might also be
needed to maintain satisfactory navigation depths in these
rivers. However, no estimates of the flows needed are pre-
sented here because the inland navigation projects are not
envisioned in the near future.

Bay and Estuary Freshwater Needs

Texas coastal environments contain natural and
man-made resources of significant economic importance
to the State. In particular, these areas contribute multiple-
use inputs to the Texas economy in several forms that
include, but are not limited to: (1) a navigation network of
national importance; (2) a resource base of State impor-
tance for minerals, seafoods, and recreational opportuni-
ties; and (3) a natural source of ecological treatment for
many nutritive wastes and by-products. Total annual eco-
nomic values are at billion dollar levels in each major
category such as shipping, oil and gas production, fishing,
and recreation and tourism. Freshwater requirements for
municipal, industrial, agricultural, and other uses in the
coastal areas have been included in Part III of this report.
The following discussion identifies inflow relationships and
estimates the freshwater needs of Texas bays and estuaries.

Major Estuarine Systems

The coastal bays are estuarine areas where seawater
from the Gulf of Mexico mixes with freshwater discharged
from Texas streams and rivers to create highly productive
and diverse natural environments. Texas has 11 major
river basins, 10 with headwaters originating within the
State, which are associated with bays and estuaries of pri-
mary or secondary importance. There are seven major and
several minor estuaries located along the 400 miles of
Texas Gulf coastline (Figure I1-11). Major bays are con-
tained in the Sabine-Neches, Trinity-San Jacinto, Lavaca-



Table 1I-9. Hydroelectric Power Plants in Texas, 1980.

Basin Dam
Red Denison
Sabine Toledo Bend
Neches Sam Rayburn
Brasos Morris Sheppard
Whitney
Subtotal
Colorado Buchanan
Roy Inks
Alvin Wirtz
Max Starke
Mansfield
Tom Miller
Subtotal
Guadalupe TP-1
Abbot (TP-3)
TP-5
H-4
H-5
Seguin
Subtotal
Rio Grande Red Bluff
Amistad
Eagle Pass
Falcon
Subtotal

Texas Total

SOURCE: Texas Department of Water Resources
1Part of the power gencrated at Denison Dam is sold in Oklahoma.

2Part of the power generated at Toledo Bend Dam is sold in Louisiana.

Tres Palacios, Guadalupe, Mission-Aransas, Nueces, and
Laguna Madre estuaries. Riverine estuaries that flow
directly into the Gulf include those of the Brazos, San
Bernard, Colorado, and Rio Grande rivers. Texas estua-
rine systems are generally characterized as drowned river
mouths (the result of an ancient rise in sea level), and are
complimented by elongate barrier islands that enclose
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Capacity
Reservoir (Megawatts)
Lake Texoma 701
Toledo Bend 852
Sam Rayburn 52
Possum Kingdom 22.5
Whitney 30.0
54.5
Buchanan 36
Inks 12
LBJ 52
Marble Falls 32
Travis 84
Austin 14
230
Dunlap 3.6
McQueeny 2.0
Molte 2.5
H-4 2.4
H-5 2.4
TP-4 2.4
16.1
Red Bluff 2.3
Amistad 66.0
(Canal) 9.6
Falcon 31.5
109.4
615.0

approximately 1.5 million surface acres of open water bay
area and at least an additional 1.1 million acres of marsh-
lands and tidal flats. Scientific and engineering studies
have been made on each estuary in recent years to better
understand the importance of freshwater to each estuarine
system, and for estimation of the seasonal timing and
quantities of freshwater flow needed by each estuary.
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Freshwater Inflow Factors

The inflow of freshwater is widely recognized as an
essential factor in maintaining the biological productivity
of Texas bays and estuaries. Virtually all of the coastal
fisheries species are considered estuarine dependent, while
the estuaries themselves are dependent upon freshwater
inflows for nutrients, sediments, and a viable salinity gra-
dient that allows inhabiting organisms to survive, grow,
and reproduce. In addition, it is known that periodic estu-
ary flushing by high inflows inundates river delta marshes,
stimulates the cycling of nutrients, transports food mate-
rials, and removes or limits many pollutants, parasites,
bacteria, and viruses harmful to estuarine-dependent
organisms. These effects and the relationships among
them are described below.

Hydrology

The inflows of fresh surface waters to Texas coastal
areas include flows measured at the most downstream
gaging station of each Texas stream (called “gaged” flows),
and inflows that usually originate aslocal runoff from rain-

fall on ungaged coastal watersheds (referred to as

“ungaged” flows). Therefore, sources of freshwaterflow to
Texas estuaries are: (1) gaged inflow from rivers, streams,
and creeks, as measured at their most downstream gaging
stations before entering the estuaries; (2) ungaged rainfall
runoff, primarily from the surrounding coastal basins; (3)
return flows, usually from municipal, industrial, and agri-
cultural water users in ungaged areas; and, (4) direct
precipitation on the estuary. The measurement or estima-
tion of each inflow source is necessary in order to quantify
the relationships among freshwater inflows and changes in
the estuarine environments. Historically, total annual
freshwater inflow to the seven ma jor Texas estuaries from
their combined river and coastal drainage basins has aver-
aged almost 30 million acre-feet per year, but minimum
annual gaged river flows have been as little as 4.1 million
acre-feet under drought conditions. Freshwater inflow to
the estuaries can be diminished by climate, evaporation,
ground-water (aquifer) recharge, and consumptive water
use. The timing of inflows to the bays can also be affected by
these factors. To realize estuarine benefits, freshwater
inflows should be at seasonally appropriate levels in each
Texas estuary. For example, adequate springtime inflows
are important for production of many fish and shellfish
species, while high inflows during cold periods can be
detrimental to most organisms overwintering in the
estuaries.

Circulaton and Salinity

The distribution of water quality constituents and liv-
ing resourcesin Texas baysis determined to a large extent
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by the movements of water within the estuarine systems.
Perhaps the most direct and apparent effects of freshwater
inflow occur as a result of changes related to estuarine
salinity. For example, the concentration of salts can inter-
act with other environmental factors to stimulate species-
specific biotic responses, such as reproduction or
migration. Salinity also affects species adaptation to the
environment, species distribution patterns, biological
community diversity of the ecosystem, and ultimately spe-
cies evolution. In addition, the evaluation of upstream
water development projects or wastewater discharges into
the bays often focuses on changes in the circulation and
salinity patterns of Texas bays and estuaries. The effects of
freshwater inflow on estuarine circulation and salinity have
been studied and the results taken into account for the
estimation of freshwater needs.

Nutrients and Water Quality

The biological productivity of Texas estuaries is
dependent upon the availability of essential nutrients,
including carbon, nitrogen, and phosphorus, as well as
trace elements like silicon, potassium, zinc, manganese,
and others. In addition, important water quality factors
include the presence of sufficient dissolved oxygen for the
respiration of aerobic organisms like fish and shellfish, and
the absence of toxic chemicals which can limit survival,
growth, and reproduction of estuarine-dependent orga-
nisms. Fortunately, the water quality of Texas estuaries is
generally considered to be good, except in some modified
environments such as harbors and ship channels where
chronic problems can persist. Nutrients required in large
quantities, like nitrogen, are. quickly depleted from the
coastal environments. Consequently, a deficiency in this
essential nutrient can limit the ecosystem’s productivity.
Three natural sources of nutrients to estuaries are stream-
flows, rainfall, and seawater exchange, although the latter
two are not considered major sources of nutrients to Texas
estuaries. Freshwater flows from the rivers and streams that
empty into the bays and estuaries of Texas are recognized
to be the primary source of nutrients responsible for the
biological productivity of the coastal environments.

Cridcal Periods

Because adequate freshwater flow during critical peri-
ods is more beneficial to ecological maintenance than
abundant flow during noncritical periods, the time of
inflow can be extremely important to Texas bays and estu-
aries. Biologically, seasonal timing of freshwater inflows
can affect the production of associated wetland areas, the
utilization of nursery habitats by juvenile fish and shellfish,
and the transport of sediments and nutritive food materials
(especially detritus) to the estuary. As a result, the fresh-
water inflow needs of Texas estuaries are not static annual



requirements. In fact, dynamic fluctuation about the pro-
ductive range, seasonally and annually, are both realistic
and desirable for the estuaries. However, extended periods
where inflow conditions consistently fall below mainte-
nance levels can lead todegradedestuarine environments,
loss of important nursery habitatsforseafood species, and a
substantial reduction in the potential for natural assimila-
tion of organic and nutritive wastes. Critical periods in the
life cycles of ecologically or economically important coas-
tal species were also taken into account when estimating
the freshwater needs of Texas estuaries.

Primary and Secondary Production

Fundamentally, biological communities are energy-
nutrient transfer systems. Primary producers (plants)
transfer nutrients and energy to secondary producers
(animals) through feeding relationships within an estuary’s
food web. Each bay and estuary has characteristic plant
and animal assemblages. Since these species respond to
changes in their environment, such as variations in water
quality or the rate offreshwater inflow, they can be useful as
indicators of major fluctuations in primary and secondary
production, and the general “health” of an estuarine eco-
system. Freshwater needs of the bays and estuariesinclude
levels of inflow that are estimated to maintain the primary
and secondary production of Texas coastal environments.

Fisheries

The coastal fisheries may be divided into two major
components—finfish and shellfish. Both are harvested in
large quantities by sport and commercial fisherman along
the Texas coast. Prominent coastal fisheries species
include brown shrimp, white shrimp, blue crab, bay oyster,
spotted seatrout, red drum (redfish), black drum, croaker,
sheepshead, flounder, and sea catfish. Distribution of the
finfish catch is approximately 72 percent inshore in Texas
bays and 28 percent offshore in the Gulf of Mexico. The
shellfish harvest is of an opposite distribution with about 79
percent offshore and 21 percent inshore. However,
regardless of where they were caught, virtually all of the
Texas coastal fisheries species are considered estuarine-
dependent during at least some portion of their life cycles.

Economic and Other Values of Coastal Areas

Texas bays and estuaries are the source of market and
nonmarket products and services. For example, some
nonmarket values of the coastal environments include the
benefits associated with waste assimilation, use as a source
of industrial cooling waters, buffering of inland areas from
flood and storm impacts, and aesthetic values. Resources
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which have market values include oil and gas production,
shipping, fishing, and recreation and tourism. However,
they are not all equally dependent on freshwater inflow to
the estuaries for their future use and continuity. Renewable
natural resources, such as water and fisheries, can be
extracted from the coastal environments for indefinitely
long periods of time, if properlymanaged; whereas, nonre-
newable resources like minerals are finite in natural supply
and with continuous extraction will ultimately be depleted.
Shipping and some tourism are not dependent upon fresh-
water inflow, but sport and commercial fishing, tourism
associated with coastal fishing, hunting, or nature studies,
and the food supplies of migratory waterfowl depend on
adequate inflows of freshwater.

Commercial Fishing

The commercial harvests of fish and shellfish species
dependent on Texas estuaries were recently reported to
have totaled about 113 million pounds (over 90 percent
shellfish) in 1981, with a direct dockside landings value of
$174.8 million. At this level of fishing activity, the total
annual economic impactis approximately $544.5 million,
which reflects the gross business, personal income, and tax
revenue values to the State’s economy. The Texas shrimp
harvest accounted for 94 percent of the 1981 dockside
landings value, and was approximately 36 percent of the
total shrimp catch in the United States. Overall, Texas
ranks fourth among the states in the value of its commercial
seafood landings.

Reereatdon and Tourism

The environments and abundant natural resources of
the bays and estuaries provide a wide variety of recreational
opportunities to both residents and visitors of the Texas
coast. There are approximately 15 million visitors to the
coast each year, but the economic values derived from this
tourism are difficult to estimate. Water-oriented recrea-
tional activities such as fishing, boating, and swimming are
readily available coastwide on the 1.5 million acres of open
water bayarea. Also, adjacent marsh wetlands and contig-
uous inland areas contain birds, mammals, and other wild-
life resources that provide opportunities for hunting,
sightseeing, nature studies, and aesthetic benefits to the
public. For example, over two-thirds of the ducks and
geese on the centralflyway of North America overwinteron
the Texas coast, to the enjoyment of thousands of water-
fowl hunters. Another recreational activity of both resi-
dents and tourists that depends on freshwater inflows to
Texas bays and estuaries is sport fishing. It has been esti-
mated that sports fishermen catch between 4 and 10 mil-
lion pounds of coastal fish annually, with the total
economic impactto Texasin 1979 valued at 3709 million.



Cultural and Sciendfic Values

The bays and estuaries are additionally valuable for
their cultural and scientific resources. For example, scien-
tific values accrue to the State because it has one of the
most diverse estuarine regions in the world. The estuarine
systems here vary from the low salinity environments char-
acteristic of the northeast part of the Texas coast, to the
extreme, high salinity bays and lagoons of the southwestern
coast. In particular, the Laguna Madre is one of only three
oceanic, hypersaline (salinity higher than seawater),
lagoonal areas known to exist. Cultural resources, such as
historical sites and archaeological discoveries, are also
common along the Texas coast and linl our present cul-
tural heritage to the past. Some living resources, like the
Whooping Crane, are rare and endangered, but find safe
repository in the natural environments of Texas bays and
estuaries.

Estimates of Freshwater Inflow Needs .

The physical, chemical, and biological relationships to
freshwater inflow were integrated and used to compute the
flows needed to meet specific objectives for marsh inunda-
tion (nutrient cycling), salinity gradients, and fisheries
harvests. These objectives provide a range of options that
include the survival, maintenance, and enhancement of
Texas bays.and estuaries.

Four different levels ofinflowwere selected for estima-
tion. The long-term ecosystem need (Level I) has the
objectives of meeting estimated salinity viability limits and
marsh inundation (nutrient cycling) requirements. Sum-
ming across the seven major Texas estuaries, the quantity
of freshwater needed is anaverage of 13.6 million acre-feet
per year of gaged river flows. By comparison, gaged river
flows to Texas estuaries during the 1941 through 1976
historical period have averaged 23.7 million acre-feet per
year. Effects of Level I inflows on the coastal fisheries are
not projected to be significantly different overall from the
average historical harvests, but effects on individual species
can vary.

The long-term freshwater need for maintenance of
the coastal fisheries (Level II) has the same objectives as
Level I, plus requires sufficient inflows to give predicted
fisheries harvests at the 1962 through 1976 average levels.
The Level II need is estimated to be an average of 9.6
million acre-feet per year of gaged river flows, but does not
include flows to Sabine Lake where data were not adequate
to make estimates beyond the Level I subsistence need of
5.7 million acre-feet per year.

Level 111, the long-term inflow need for enhancement
of selected fisheries species also has the same basic objec-

tives as Level I, but additionally includes the objective of
providing sufficient freshwater inflows to maximize the
harvest of an important fisheries species or species group in
each estuary. This level of inflow is estimated at an average
of 9.9 million acre-feet per year of gaged river flows to all
major Texas estuaries combined, except for the Sabine-
Neches estuary where again no estimate was possible.
Fisheries production was projected to increase almost 18
percent coastwide with this inflow regime.

Lastly, a short-term freshwater inflow need (Level IV)
was computed which has as its objective meeting only the
monthly salinity viability limits of estuarine-dependent
organisms ecologically characteristic of each estuary.
Adding up the 12 monthly estimates for an annual cycle,
and summing across all seven major estuaries, gives a
short-term minimum inflow need of 4.7 million acre-feet
per year. At this minimum level of inflow, Texas coastal
fisheries harvests are projected to decline overall by one-
quarter to one-half of the average historical production.
Estimates of freshwater inflow need for individual estuaries
are given in Part III of this report.

Instream Flows

The phrase “instream flow needs” refers to the quan-
tity of water flowing within a naturalstream whichis neces-
sary to maintain the stream’s values for instream beneficial
uses that include: (1) navigation, (2) hydropower (3)live-
stock water, (4) water quality maintenance, (5) mainte-
nance of fish and wildlife habitat, (6) recreation, and (7)
aesthetic enjoyment. Traditional and legal differences
between instream and offstream uses have historically
favored the latter, except for the paramount public right of
navigation which is established by the Commerce Clause of
the United States Constitution.

Purpose

In Texas, diffuse surface waters which originate from
natural precipitation become State waters when they reach
a stream watercourse or drainage channel. As property of
the State, the waters are subject to the appropriative rights
doctrine governing their use. To conserve and properly
utilize State waters, current State law prioritizes the benefi-
cialuses in the Texas Water Code. Preference forappropri-
ation is given in the Code as: (1) domestic and municipal,
(2) industrial, (3) irrigation, (4) mining, and recovery of
minerals, (5) hydroelectric, (6) navigation, (7) recreation
and pleasure, and (8) other beneficial uses. Although uses
of instream flows are not given the highest preference they
are recognized by the Code within beneficial uses (5)
through (8). These would implicitly include protection of
riverine fish and wildlife, as well as maintenance of fresh-
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water for the bays and estuaries. However, the instream
flows needed fordivergent beneficial uses cannot be gener-
alized into a single standard. It is inevitable that Texas
streams will provide for multiple water uses, and that trade-
offs will occur to obtain maximum benefits from this
limited public resource.

Permits issued by the Texas Water Commission pro-
vide that State waters can be appropriated for one or more
of the previously listed beneficial uses. Some uses are non-
consumptive, such as navigation and hydroelectric power
generation, and can be compatible with instream flow
needs of fish and wildlife. Other purposes of water use may
not be compatible because they are generally offstream
consumption uses, such as waters supplied for irrigation,
industrial, and municipal activities.

Stream Water Sources

Texas river systems have water sources that include
spring-feeding aquifers, ground-water seeps, and return
flows from offstream uses. The characteristics of these
instream flows are greatly influenced by climatological
conditions and human water demands. Since Texas
encompasses large arid areas, a significant percentage of
State streams exhibit a naturally intermittent flow pattern
with extended periods of little or no flow, while other
stream segments have historically had their base flows
almost constantly supplied by discharges from the State’s
major and minor aquifers. However, present and future
demands on some of these aquifers may exceed the rate of
recharge, and can diminish or even result in complete
cessation of spring flows.

Return flows from offstream water users are primarily
composed of treated effluents and wastewater discharges.
These flows must meet water quality standards set by the
Texas Department of Water Resources and can serve as a
dependable source of water for many of the State’s stream
segments which ordinarily would cease to flow during dry
seasons. Thus, instream benefits have been created for
fishing, hunting, and habitat maintenance by these flows.

Instream benefits are also obtained from construction
of reservoirs throughout the State. Texas reservoirs have
provided benefits to downstream environments through
releases for hydroelectric power generation, alleviation of
salt water intrusion, recreation, and municipal, industrial,
and agricultural water uses. Structural reservoir features,
such as multi-level outlet works, can allow selection or
blending of discharge waters for optimal water quality. In
addition, operational criteria have been established for
some reservoirs to providle a minimum continuous
instream flow for maintenance of downstream fish and
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wildlife habitats. Discharge schedules have also been stud-
ied for meeting instream recreational demands, as well as
maintenance of Texas bays and estuaries, but waterrights
permits must be issued on the basis of specific conditions in
each case.

Parks and Fish Hatcheries Water Needs

Programs in wildlife management have helped to
maintain favorable conditions for wildlife populations in
Texas. The Texas Parks and Wildlife Department presently
operates 17 wildlife management areas within the State for
preservation and research purposes. These areas provide
aquatic and terrestrial habitat for the large populations of
wildlife species native to the various geographical areas of
the State.

The fisheries resources of Texas have long provided
one of the more popular forms of outdoor recreation, sport
fishing. In recent years, efforts of the Fisheries Division of
the Texas Parks and Wildlife Department have been
directed toward sustaining a balance of fish populations in
the reservoirs, streams, and coastal waters which provide
habitat for the more popular species sought by sport fisher-
men. The Department presently operates 11 freshwater
fish hatcheries and one saltwater fish hatchery with a total
pond area of 532 acres. Water rights for these facilities total
more than 14.5 thousand acre-feet annually; this isa non-
consumptive use of water. An expansion of the hatchery
systems over the next ten years has been proposed which
would require an additional 5,000 to 6,000 acre-feet of
water annually. These proposed facilities would be located
in areas having sufficient water to meet their needs.

Recreational land resources in Texas include more
than two million acres, ofwhich 92 percentis State-owned
and operated land. Wildlife management areas adminis-
tered by the State account for more than 50 percent of the
recreational land resources, with the remaining land area
including State parks, historical sites, and designated
scenic areas. Sufficient water supplies to maintain these
established areas are now and can continue to be obtained
from locally available sources. However, when locating
additional recreation areas, careful attention should be
given to the selection of sites having sufficient water rights.

Recreatdon and Tourism Water Needs

The State’s water resources provide an important
recreation resource for the people of Texas as well as for
out-of-state visitors. Water-oriented recreation facilities in
Texas are operated by private developers and public agen-
cies, the latter of which includes the Corps of Engineers,
the Bureau of Reclamation, the Texas Parks and Wildlife



Department, Texas river authorities, special districts, and
municipalities.

Although recreation is a nonconsumptive use of water,
the magnitude of recreational use of the State’s water
resources is a viable indicator of the value to Texans of
these resources for recreational purposes. In 1980, almost
57 million people visited reservoirs in Texas under the
management of the U.S. Army Corps of Engineers, repre-
senting an increase of approximately 16 million visitors
since 1976.

Texas has 184 lakes and reservoirs which have a con-
servation storage capacity of five thousand acre-feet or
more each, and almost one million acres of water surface.
These lakes provide a variety of recreational activitiesrang-

ing from fishing to sightseeing, with fishing, the most popu- -
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lar activity, accounting for more than 48 percent of all
visitation in 1980.

The present level of use of water-oriented recreation
facilities indicates that as Texas’ population increases, the
use of water-oriented recreation facilities can be expected
to rise significantly. The 1980 Texas Outdoor Recreation
Plan (TORP), prepared by the Texas Parks and Wildlife
Department, provides a planning guide for meeting future
recreational needs throughout the State. By the year 2000,
the 1980 Texas Outdoor Recreation Plan estimates that
recreation demand for fishing, boating, skiing, and swim-
ming will increase by 227 million annual activity days.
Increased demand for these activities will require an addi-
tional 51.8 thousand surface acres of reservoirs. Accom-
modation of this additional requirement is within the total
number of water surface acres to be added in Texas by the
year 2000.



PART III

CURRENT WATER USE, FUTURE WATER REQUIREMENTS, AND PROPOSED WATER
SUPPLY DEVELOPMENT AND WATER QUALITY PROTECTION IN THE
RIVER AND COASTAL BASINS OF TEXAS

INTRODUCTORY OVERVIEW

In Parts I and II, water supply and related problems
have been identified; State and federal statutesand institu-
tions which govern or impact waterresources development
and use have been briefly described; planning methodol-
ogy and planning data have been described; and the
importance of water for the economic, environmental,
and social well-being of Texas has been presented.

In Part III, analyses of current water use and projec-
tions of water requirements and water-related needs to
meet the State’s foreseeable 50-year future needs are pre-
sented. Projections are made of available ground- and sur-
face-water supplies and use of these sources of supply to
meet projected needs in each river and coastal basin of the
State, including planning subareas asshown in Figure II-5.
Water resource development needs and alternatives are
assessed with respect to time of need, quantity of water
supply, water quality protection needs, and flood protec-
tion elements. Each basin analysis draws together local,
State, and federal water resource development and poten-
tial development into a complete description and account-
ing for the basin. In effect, the sum of the individual basin
analyses and projections represent a statewide overview of
the extremely complex and highly fragmented water
resources program in Texas. A statewide tabulation of the
specific basin analyses has been made (Table III-1).

Attention is given to water rights in the form of a
summary of the present structure of surface- and ground-
water-law in Texas and the current status of water rights
adjudication activities being carried on by the Texas
Department of Water Resources under provisions of the
Water Rights Adjudication Act of 1967. A summary of the
number of appropriative rights, claims, and filings and
associated quantities of surface water involved, as of
December 31, 1983, is also provided for each river and
coastal basin of the State.
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On the basis of new and revised projections of popula-
tion and economic growth and associated water needs,
water resource projects considered necessary to meet
future needs to theyear 2030 and intervening decades are
specifically identified and described in the discussion of
problems and needs within each river and coastal basin of
the State. These include additional or enlarged reservoirs
and new or enlarged water-delivery systems to convey raw
water supplies from existing or new sources to areas of
current or projected need. Existing supplies as well as
additional projects identified as necessary to meet pro-
jected needs will not provide for any significant expansion
of irrigated agriculture in Texas. In fact, because of compe-
tition for available supplies, declining ground-water
reserves, urban growth, and the necessity to improve
management of the State’s aquifers through more careful
development to avoid land subsidence and saline-water
intrusion into the freshwater bearing zones, irrigated agri-
culture may decline in some areas, particularly in parts of
the coastal region and West Central Texas, as well as the
High Plains. The problem of sustaining irrigated agricul-
ture in the High Plains is addressed in Part IV.

Figures I1-3 and II-4 illustrate the geographic distribu-
tion of major and minor aquifers in Texas. A majoraquifer
is herein defined as one which produces large quantities of
water in a comparatively large area of the State, whereas
minor aquifers produce significant quantities of water
within smaller geographic areas. Minor aquifers are impor-
tant in that they presently constitute the only significant
source of water supply in some regions of Texas. Estimates
have been made for each county of the quantities of water
in storage in each aquifer, the average annual recharge to
each aquifer, and the quantity of water recoverable from
storage in each aquifer. Using this information, estimates
have been made of the annual long-term quantities of
water supply that might be obtained from the aquifers
within each county to meet local area water demands.
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Table III-1. €cpulation, Qurrent Water Use, With Projected Population and Water Raquirements,
Statewide

1990-20302/

: 1980 : 1990 : 2000 : 2010 : 2020 : 2030

Rivex Basin Zone : Ground : Surface : : Ground : Surface : Ground : Surface : ¢ Qaund : Surface : : Ground : Surface : : Gromd : Surface :

& Cateqory of Use: Water : Water : Total : Water : Water : Total : Water : Water : fTotal : Water : Water : Total : Water : Water : Total : Water : Water : Total

Teas
evpulation 14,229.2 17,846.1 21,239.4 24,840.3 29,127.4 34,276.6
Manicipal 1,290.3  1,522.9 2,813.2 1,306.1  2,896.3 4,202.4 1,440.3 3,640.3  5,080.6 1550.4 4,383.7 5,934.1 1,636.7 5,316.5 6,953.2 1,604.1 6,573.4 8,177.5
Manufacturing 248.6 1,271.4 1,520.0 167.3 1,955.1 2,122.4 191.2 2,526.7 2,7.7.9 219.0 3,095.4 3,314.4 255.4 3,823.6 4,079.0 288.1 4,725.6  5,013.7
Steam Electric 53.0 277.0 330.0 1.9 463.1 535.0 175.8 640.9 816.7 239.6 777.4 1,017.0 267.8 949.2  1,217.0 274.1 1,143.4 1,417.5
Mining 178.4 60.7 239.0 137.8 94.1 231.9 120.6 147.1 267.7 142.8 178.6 321.4 155.5 219.8 375.3 156.2 231.0 387.2
Irrigation 8,957.0 3,749.4 12,706.4 8,407.7 3,918.0 12,325.7 11,631.6 4,579.2 16,210.8 11,342.8 4,854.5 16,197.3 11,767.6  4,746.2 16,513.8 9,907.1 5,111.8 15,018.9
Liveswock 119.6 124.3 243.9 128.4 159.1 287.5 140.8 190. 331.7 134.3 197.4 331.7 120.4 211.3 331.7 103.8 227.9 331.7
State Total Water 10,846.9 7,00s.7 17,852.6 10,219.2 9,485.7 19,704.9 13,7003 11,725.1 25,425.4 13,628.9 13,487.0 27,115.9 14,203.4 15,266.6 29,470.0 12,333.4 18,013.1 30,346.5

2/ eopulatian in thousands of persans, water requirements in thousands of acre—feet per year.



Generally speaking, the annual quantity of ground-
water supply available is estimated as the average annual
recharge plus the estimated annual quantity of water that
would be withdrawn from recoverable storage in order to
meet projected future annual needs of each area. However,
the annual supply estimates from some aquifers have been
constrained to the quantities, which if withdrawn, would
not result in degradation of the aquifer through salt-water
intrusion or other effects or would not result in land subsi-
dence in coastal areas. Estimates for each area are based
on water use data recently reported by those who use water
from the aquifers of each respective area, and from projec-
tions of future annual water demands of each area. In the
case of aquifers having very little recharge, the projected
future annual supplies decline and the aquifers will ulti-
mately be depleted. The time at which this will occur
depends upon the quantities of water withdrawn annually.
In other cases, where recharge is greater, the dependable
annual ground-water supplies are greater and of longer
duration. Exceptional cases are described briefly.

The projected average annual supply available from
the High Plains (Ogallala) Aquifer was estimated by impos-
ing a set of projected ground-water demands and are pro-
jections of the annual quantities of ground-water
withdrawals that the aquifer is hydrologically capable of
supplying under the conditions of the demands projected.
The annual quantities of supply estimated for this aquifer
are not estimates of the aquifer’ssafe annual yield because
of the very low recharge to this aquifer. Given the “High
Series” projected demands from 1980 through 2030, the
High Plains (Ogallala) Aquifer is estimated to be capable of
supplying 234.55 million acre-feet of ground water from
storage with 150.93 million acre-feet of water remaining
in storage in January, 2031. On an average annual basis
the aquifer receives about 438.9 thousand acre-feet of
recharge which means that the projected average annual
demands are 19 times greater than the average annual
recharge to the aquifer.

The projected average annual ground-water supplies
available from the Alluvium and Bolson Deposits Aquifers
in El Paso County, using projected high case water
demands are 143.7 thousand acre-feet in 1990, 181.4
thousand acre-feet in 2000, 219.1 thousand acre-feet in
2010, 208.5 thousand acre-feetin 2020, and 60.0 thou-
sand acre-feet in 2030. (Note: Will not correlate with
Table II-1 because the data pertain only to El Paso
County.) These annual supplies were estimated using fresh
water storage depletion analyses which assumed that only
one-half or about 5.38 million acre-feet of the 10.76
million acre-feet of fresh water in storage could be
removed without serious ground water quality degradation
in both the Hueco Bolson and Mesilla Bolson Aquifers.
Under these conditions, availability of fresh water from the
two bolson aquifers is reduced after the year 2000, primar-
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ily, in about the year 2003 from the Mesilla Bolson Aquifer
and in about the year 2020 from the Hueco Bolson
Aquifer. Any additional ground water removed from the
bolson aquifers would have to be desalted because of its
high salinity. The storage depletion analyses for the two
bolson aquifers took into consideration that the aquifers
would receive about 26,000 acre-feet of average annual
recharge and that by 2030 the Hueco Bolson Aquifer
would annually receive about 20,000 acre-feet of artificial
recharge.

The annual supplies available from the remaining
Alluvium and Bolson Deposits Aquifers, the Trinity Group
Aquifer, the Carrizo-Wilcox Aquiferand the Capitan Lime-
stone Aquifer through the year 2029 were projected to
include the aquifers’ average annual recharge plus quanti-
ties from storage which could be safely removed without
creating adverse effects due to excessive drawdowns and
saline-water encroachment. In the year 2030, the safe
annual yields of these aquifers would be reduced to their
average annual recharge if the use rates projected for the
1980 through 2030 period actually occur.

The annual yield of the Edwards (Balcones Fault
Zone) Aquifer in the San Antonio Region was estimated by
using a mathematical model of the aquifer in the Guada-
lupe, San Antonio, and Nueces River Basins. The model
analysis indicated that the safe yield of the aquifer in the
three basins should be limited to about 425.0 thousand
acre-feet per year if satisfactory levels of spring flows from
the aquifer are to be preserved. Under a 425.0 thousand
acre-feet annual withdrawal rate and a recharge sequence
which included a severe drought period, the model analysis
indicated that San Marcos Springs would be able to con-
tinue flowing and Comal Springs would go dry. However,
extreme water-level declines would not occur, and the
potential for saline-water encroachment would be greatly
reduced. The annual yield for the Edwards (Balcones Fault
Zone) Aquifer in the Austin Region (Colorado and Brazos
River Basins) is 13.7 thousand acre-feet and is equalto the
aquifer’s average annual recharge rate within that region.
The total projected average annual ground-water supply
available from the aquifer, therefore, is 438.7 thousand
acre-feet.

Forlong-range planning purposes, the projected aver-
age annual ground-water supplies available through the year
2030 from the Edwards-Trinity (Plateau) Aquifer, the Gulf
Coast Aquifer, and the fifteen other minor aquifers are
equal to the average annual recharge rates of these aqui-
fers. The quantities of ground-water available from storage
in most of these aquifers have not been estimated because
sufficient data are not available. The annual yield for the
Gulf Coast Aquifer was estimated using an aquifer model
analysis in which water-level drawdowns would be con-
strained in order to minimize land surface subsidence,



fault movement, and saline-water encroachment. Ground
water available from the Queen City Aquifer in the Trinity,
Neches, Sabine, Cypress, and Sulphur River Basins is only
suited for irrigation, steam-electric power generation
(cooling), mining and stock watering purposes, because
this water has inherently high concentrations of iron and
high acidity (low pH). Also the ground water available from
the Rustler and Blaine Gypsum Aquifers hasextremelyhigh
concentrations of sulfate, making them suitable only for
irrigation purposes.

Many of the major reservoir projects which are
urgently needed now, or will be needed before the year
2000, are federal projects which have been authorized by
Congress. These projects are identified in the discussions
of each river and coastal basin and are listed in Part V.
These projects are in various stages of post-authorization
planning, design, and construcsion in accordance with
specific provisions of the authorizing documents and
established procedures and policies of the federal govern-
ment and the principal construction agencies for civil
works projects. The current status of those authorized fed-
eral projects identified is briefly discussed. However, the
complexities of implementation of a multipurpose federal
project, from authorization to construction, including
procedures for local sponsorship, cost-sharing, and con-
tractual procedures, preclude a detailed explanation of the
status of each project. Additionally, since most projects
must conform to the provisions of the National Environ-
mental Policy Act of 1969 (NEPA), environmental assess-
ments and environmental impact statements for these
projects must be prepared in accordance with guidelines
established by the Council on Environmental Quality and
are in variousstages of completion, including public review
and comment and public hearing processes.

Other projects for which a clear need has been estab-
lished to meet current or projected water supply needs are
local projects, which are sponsored and financed entirely
through local efforts or will receive financial assistance
from federal sources or through the Texas Water Develop-
ment Fund. These projects are in various stages of imple-
mentation, ranging from very preliminary planning to
construction. The environmental impacts of local projects
in the planning and design stage, or which are under
construction, and which have received State financial
assistance from the Texas Water Development Fund have
been assessed or are currently being assessed through
methodology described in the Department’s Rules.

Reconnaissance-level studies have been performed to
identify several alternatives for developing additional water
supplies and delivering these supplies from areas of pro-
jected surplus to areas which will unquestionably have
critical water supply shortages long before the year 2030;
however, additional feasibility studies are necessary. Mul-
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tireservoir and multibasin operation studies utilizing highly
specialized and computerized systems analysis approaches
are required in order to find potential solutions to some of
these problems. Such analyses will be done in cooperation
with local sponsors as the need arises. In addition to
addressing the physical, hydrologic, and economic feasi-
bility of various alternative water development and convey-
ance facilities for meeting long-range water supply needs,
the mathematical simulation capabilities presently avail-
able canbe used to address the full range of environmental
interactions and consequences of each alternative under
consideration.

It is emphasized that this reanalysis and reassessment
of Texas water and water-related problems and needs has
been based, with few exceptions, upon an analysis of the
firm yields of existing, planned, and potential reservoirs in
each basin. Through such an analysis, itis assumed thatthe
total dependable supply which each reservoir will yield,
under the particular configuration of upstream develop-
ment imposed upon the basin, is “removed” eachyearfrom
all reservoirs. Thus, except where consideration has been
given to passage or “releases” of water to satisfy specific
downstream needs or vested water rights, such an analysis
does not provide a true representation of the volume of
water diverted from each reservoir for specified uses at any
particular point in time—unless, of course, the full
dependable yield is actually being diverted and utilized.
Streamflow below a reservoir project is a function of the
operating criteria for the reservoir, project purposes, and
the volume of water diverted for use. For example, water is
normally released from the flood-control pool until the
reservoir’s “normal” operating level is attained. Stream-
flows within a developed and regulated river basin and the
flowsavailable below the most downstream reservoir in the
basin at any point in time during a given hydrologic
sequence can be estimated with reliable accuracy only
through laboriously detailed simulation of the operation of
each rese