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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
feet in 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 p�ople 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 Texas has fifteen 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 obtain.ed from annual 
water use surveys of the municipalities of Texas, about 50 
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percent of municipal water is obtained from ground-water 
sources. Ground water is used for municipal purposes in 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 minor aquifers, 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 for steam-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 growth in use 
of surface water has been about six percent per year 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 treatment sys­
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 plans be 
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. 

1-2 

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 water rights. 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 debt service, 
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 .  supply i n  a 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 descriptions 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, water rights, 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 meet the needs of a 
dynamic and growing economy, fl�oding, consen?ation 
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 Contaminadon 

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



to some degree in most sources 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 water resources 
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 
atid 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. 

Pollution 

Water pollution is the alteration of the quality of water 
to the detriment of plant or animal life 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 water supplies 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 !lre 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 de pen­
deuce upon ground water, the historical water supply for 
much of the State, has caused ground-water resources to 
decline significandy. Consequendy, 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. As a 

·part of planning for the future, individual reservoir projects 
to meet projected future needs are identified, along with an 
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 
such sites for other purposes may impinge 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 of levees and flood ways 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. 

1-5 

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 impact of 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 gradual slopes, 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 for flood 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 periodsof 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 water used 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 to double 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 aPplied in 
manufacturing and energy sectors to reduce energy and 
water costs, including costs of treating wastewater. \Vhile 
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 that irrigation 
is responsible for more than 40 percent or about $1.7 
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 dh;erted 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 fanners, 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. 

Instrcam Flows 

Instream flows are necessary to retain Texas stream 
values for maintenance of waste assimilative capacity, gen-
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era! 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 \vildlife 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 lal<es 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, result in 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 acqvity 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-tenn condi­
tion that precludes further use of such aquifers. 

Lil;;:e 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. 

1-8 

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 States laws, 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 water rights 
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, rule�, 
and guidelines for planning in addition to providing tech­
niool 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-
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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 joindy 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 lrriga­
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 Lo�:al 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. Currendy, there are 1 ,092 pub­
lic municipal systems, 800 rural water supply corpora­
tions, and 7 50 investor-owned public water supply systems 
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 presendy 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 water resource 
projects. Within the U.S. Department of the Interior, the 
U.S. Geological Survey (USGS) operates programs that are 
the found11tion 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 as standards 
for water quality, solid waste management, underground 
injection of wastes, construction grants for municipal 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 
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Marine Fisheri�s 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 Engineers to assist states 
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 than in a 
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. 

(2) 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. 

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 
( c )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 runofr• (Mot! v. Boyd, 116 Tex. 82, 
286, s.w. 458 (1926)]. 

(b) 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 

1-11 

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. 

(c) 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, as appropri­
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 what appears 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 that irrigation 
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 to irrigate 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 Mot!. v. Boyd, 116 Tex. 82, 286 
S.W. 458 (1926). The court concluded that since the 
Mexican Colonization Lawof l823 (1 Gammel, p. 28), all 
of the several governments which 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, 

355 S.W.2d 502, held that Spanish and Mexican grants do 
not have appurtenant riparian rights in the absence of 
specific grants of irrigation water. 

The Prior Appropriation Doctrine 

Historical ()rigin 

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 N ebrasl<a, 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 over streams 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 
streams and 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 was so 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 
worlL 

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 a right as 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 \vithout 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; habit into 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 Act extended 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 establishment of a 
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 act also 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 
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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 rerd­
.n.r.e. ) ,  the requirement of filing a sworn statement with 
the Board of Water Engineers was held to be directoty 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. 

Appropriative Permits 

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 concepts in 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 
oornerstone, the statutes add the following concept of 
actual beneficial use as a limit to the measure and extent of 
a perfected water right: "A right to use State water under a 
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 \vithout 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 \vith 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 
\vith the consent of the Senate. The Chairman is desig­
nated by the Governor. 

The Rules of the Texas Department of Water 
Resources prescribe the procedures for applying for a water 
permit. The Department and the Commission \vill 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 \vith 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 ad min­
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 Rights Adjudication 

In 1956, the Attorney General of Texas filed suit in 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 Falcon Dam and 
extending to the mouth of the Rio Grande. 

After a lengthy trial, on August 1, 1966, District Judge 
J.H. Starley rendered an order, but attempted to retain 
continuing jurisdiction. In 1969, a landmark 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, ofValmont Plantations v. State, 
in 1962, the Supreme Court of Texas affirmed 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 \vith­
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 water rights 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 196 7, 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 or considered by it, 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 a surface 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 over water-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 

1-19 

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 ref'd). 
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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, com mer-· 
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 resenJoirs, 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. 
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Precipitadon 

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 11-1 ). 

Variation in average annual rainfall is also a feature of 
the climate. The wettest year of this century in 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 
that in 1950-1956, began in 1916 and lasted three years. 



Note: Caution should be exercised in interpolating for 
normal precipitation in the Trans·Pecos region where 
differences of several inches may occur in a short hori· 
zontal distance because of changes in elevation. 

Based on data collected by the National Oceanic and 
Atmospheric Administration, U.S. Department of Com· 
merce for the period 1 951 ·1980. 
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Figure 1 1- 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 Adantic Ocean. Although the hurricane season in 
Texas extends from June to October, tropical cyclones are 
most frequent in August and September. These infre­
quendy 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 direcdy 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 7 4 •F along the Rio 
Grande in the southernmost section of the State. Except in 
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. 
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Evaporation 

Evaporation is a function of temperature and signifi­
candy 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 the eastern 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 lakes and 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 Estacada, the North Central 
Plains, and the Gulf Coastal Plain (Figure 11-2). 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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Figu re 11-2. Major Physiographic Regions of Texas 
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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 is a formation, group of formations, or 
part of a formation that is water-bearing. hi 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 
surlace 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 11-3 and 11-4). 

A major aquifer is defined herein as one which yields 
large quantities ofwaterin 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 occur in many parts of Texas, and 
generally consist of alternating and discontinuous beds of 
silt, clay, sand, and gravel of recent geologic age. In some 



EXPLANATION 

MAJOR AQUIFERS 
Yields large quantities of water in large areas of the State 

� High Plains {Oga!lalal 

[illij Alluvium and Bolson Deposits 

[;S8 Edwurds·Trinity (Plateau) 

II] Edwards (Balcones Fault Zone-San Antonio Region) 

• Edwards {Balconas Fault Zone-Au�tin Region) 

g��:�� � Trinity Group 

g��:�� B:!l Carrizo-Wilcox 

� Gulf Coast 

Figure 11-3. Major Aquifers 
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OUTCROP DOWNOIP 

.... 

MINOR AQUIFERS 
Yields large quantities of water in small areas or relatively small 

quantities of water in large areas of the State 

ffi Woodbine 

ffi Queen City 

� Sparta 

Iii! Blaine Gypsum 

� Igneous Rocks 

[] Marathon Limestone 

� Edwards-Trinity [High Plains) 

I2Za Santa Rosa 

[lill Bone Spring and Victorio Peak Limestones 

� Capitan Limestone 

ffi Hickory Sandstone 

m Ellenburger-San Saba 

• Marble Falls Limestone 

� Rustler 

m Nacatoch Sand 

m Blossom Sand 

Note: Other Aquifers Undifferentiated (Not Shown) 

Figure 11-4. Minor Aquifers 
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areas, these deposits contain comparatively large volumes 
of water, and the five lar!lest 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 ran!lin!l to more than 9,000 feet thick 
contain fresh water to depths of about 1,200 feet. Lar!le­
capacity wells completed in this aquifer commonly yield 
between 1,000 and 1,500 !lpm, supplyin!l waterfor irri!la­
tion and municipal use. 

Alluvium and Bolson deposits extendin!l from north­
eastern Hudspeth County to northern Presidio County 
supply lar!le volumes of waterfor irri!lation. Lar!le-capacity 
wells completed in the aquifer yield up to 2,500 !lpm. At 
the present rate of pumpa!le, however, it is projected that 
these supplies will be lar!lely depleted before the year 2020. 

In the upper part of the Pecos River draina!le system in 
Texas, deposits of alluvium ran!lin!l up to 1,500 feet or 
more in thickness yield lar!le volumes of water used princi­
pally forirri!lation. This aquifer also supplies municipal and 
industrial water needs in this re!lion, includin!l supplies for 
the Cities of Monahans and Pecos. Le!lal ri!lhts to the water 
in a lar!le volume of the aquifer in northwestern Winkler 
and northeastern Lovin!l 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 irri!lation supplies to areas of North and 
West Central Texas. These local aquifers in the upper Red 
and Brazos River Basins vary !lreatly in thickness, but in 
most areas the saturated interval is less than 100 feet. 
Pumpa!le at times and in local areas has exceeded the rate 
of rechar!le. Yields of lar!le-capacity wells ran!le from less 
than 100 !lpm to 1,300 !lpm, with the avera!le bein!labout 
300 !lpm. 

Alon!l the Brazos River, between northern McLennan 
County and central Fort Bend County, stream-deposited 
alluvial material ran!lin!l 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 
ran!les 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 re!lion of Texas. The aquifer consists of water­
saturated sand and sandstone of the Trinity Group and 
limestone of the overlyin!l Fredericksbur!l and Washita 
Groups of Cretaceous a!le. These water-bearin!l units 
ran!le to more than 800 feet in thickness. Lar!le-capacity 
wells completed in fractured and cavernous limestone 
locally yield as much as 3,000 !lpm. 

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 dischar!le of water 
from the aquifer constitutes a substantial part of the base 
flow of several streams, includin!l 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 irre!lular 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 si!lnificantly. Sustained heavy pump­
aile over lon!l periods would result in substantial depletion 
of the base flows of streams drainin!l the plateau, thus 
reducin!l somewhat the surface-water supplies of these 
river basins, and rechar!le 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 
strati!lraphically associated limestone beds of Cretaceous 
a!le. Conditions favorable for the development of extensive 
solution channels and cavities and the consequent accum­
ulation of large volumes of water in these formations have 
resulted from faultin!l alon!l the Balcones Fault Zone. 

This aquifer supplies 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 amon!l the lar!lest in the world, 
some wells yieldin!l over 16 thousand !lallons per minute 
each. Industrial and irri!lation water supplies are also 
pumped from the aquifer. 

Some of the lar!lest sprin!ls in the State result from the 
dischar!le of water from the aquifer. These include Leona 
Sprin!ls at Uvalde, San Pedro and San Antonio Sprin!ls in 
San Antonio, Coma! Sprin!ls at New Braunfels, San Marcos 
Sprin!ls at San Marcos, Barton Sprin!ls at Austin, and 
Salado Sprin!ls 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 of large-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 ranges from 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 Lufl<in, 
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 area recharge, 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 water in 
l_arge areas of the State (Figure 11-4). 

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 Kermit are 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 is recoverable from storage in the 
aquifers of Texas, using conventional water-well technol· 
ogy (Table 11-1 ). 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 wells are 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 11-1). 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 11-1) .  For the Ogallala, Bol-
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son, and some alluvium aquifers ofWestern 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 that have been 
accumulating in storage over long periods of time. The 
average annual rate of withdrawal can be varied widely, 
thus lengthening or shortening 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., if annual 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 minor aquifers 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 of irrlga­
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-
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Table 11-1. Estimates of Ground-Water Supplies With Projections of Ground-Water Withdrawals, 
High Case, 1990-Z030. 

Projected Average Annual Ground� Water Supplies 
Approximate (Annual Recharge and Storage Depletion )1 

Quanoty 
Approximate Recoverable 

Annual From Storage 
Aquifer Recharge As of 1980 1990 2000 2010 

Major 
High Plains, (Ogallala) 438,900 385.480.700 6,543,400 8,219,500 7,659.800 

A11uvium and Bolson Deposits 434,000 32,265.500 952,100 989.700 1,027,500 

Edwards-Trinity (Plateau) 776,000 6 776,000 776.000 776,000 

Edwards (Balcones Fault Zone )2 438,7003 6 438,700 438,700 438,700 

Trinity Group 95,100 795,500 110,100 110,100 110,100 

Carrizo-Wilcox 644,900 9,909,200 828,700 828,700 828,700 

Gulf Coast 1,229,8004 6 1,229,800 1,229,800 1,229,800 

Minor 
Woodbine 26,100 6 26,100 26,100 26,100 

Queen City 682,100 6 682,100 682,100 682,100 

Sparta 163,800 6 163,800 163,800 163,800 

Edwards-Trinity {High Plains)5 - 886,000 - - -
Santa Rosa 23,500 6 23,500 23,500 23,500 

Hickory Sandstone 52,600 6 52,600 52,600 52,600 

Ellenburger-San Saba 29,400 6 29,400 29,400 29,400 

Marble Fal1s Limestone 26,400 6 26,400 26,400 26,400 

Blaine Gypsum 142,600 6 142,600 142,600 142.600 

Igneous Rocks 10,700 6 10,700 10,700 10,700 

Marathon Limestone 18,300 6 18,300 18,300 18,300 

Bone Spring and Victorio Peak 
Limestones 17,000 6 17,000 1 7,000 17,000 

Capitan Limestone 12,500 375,000 19,400 19,400 19,400 

Rustler 4,000 6 4,000 4,000 4,000 

Nacatoch Sand 1,500 6 1,500 1,500 1,500 

Blossom Sand 700 6 700 700 700 

Pennian and Pennsylvanian (undivided) 2,400 6 2,400 2,400 2,400 

TOTALS 5,271,000 429,711 ,900 12,099,300 13,813.000 13,291,100 

SOURCE: Texas Department of Water Resources. 
1 Estimated withdmWliiS for the projected high case ofwaterdemrmds. Estimates shown here are annual rates ofsupplrnl'llilnblcnt each dec."Jdal point in time. Estimates of annual 
supply rates for interveninlt years can be obtnined by interpolatin� between dccadnl points. 

2Jncludes San Antonio and Austin Rc�tions. 
JThe estimate provides for sprin�t now at San Marcos Sprin� and protection against water quality deterioration. 
4The estimate provides for minimum land-surface subsidence. 
5Part of this aquifer's availability is included in the Hi�th Plains (O�tallala) Aquifer. 
6Not determined due to lack of sufficient data. 
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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 quality varying 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/1 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 within shOrt 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 in ore 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/1 to about 1,500 
mg/1 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 slighdy 
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 interforrnational leakage of saline water. 

The Gulf Coast Aquifer generally yields water ranging 
from 500 to 1 ,500 mg/1 dissolved solids. Throughout most 
of the eastern part of the aquifer the water is low in dis­
solved solids, generally containing less than 500 mg/1. 
Sodium and bicarbonate are commonly the principal con­
stituents, and the water is 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 Rustier 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, as well 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 Department issues 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. For the 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 11-5). 

Reservoirs 

There are 184 major reservoirs in Texas, each with a 
capacity of 5 ,000 acre-feet or greater. In addition, 5 reser­
voirs are under construction and when completed 'viii 
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 control storage (see Part III). However, the estimated 
dependable water supply in year 2,000 from the State's 
major water supply reservoirs is about 1 1  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. Runoff rate 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 possibilities for 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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Figure 11-5. River and Coastal Basins and Zones 
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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 drought recorded in the catchment area. 
The firm yield 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. Each reservoir in 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. 

Scdinicntadon 

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 resenroir, 

. 

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 
consenration techniques in the contributing watersheds. 
Information about sediment loadings to the watercourses 
is useful for planning land consenration 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 th,e 
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 as swimming, are not to have a logarithmic mean fecal 
coliform count that exceeds 200 bacteria per 100 millilit­
ers of water; whereas, non contact recreation 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 river and 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. 
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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 water quality 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 
inventory is also used in preparing state-federal water qual­
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 program involves 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 Texas surface waters that include wastewater 
treatment requirements and other water quality manage-



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 new supplies are 
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 of technologies and practices 
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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 ofwaterused 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 for exterior 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. 



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 efficient irrigation 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. Narrow row spacing 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 economic value 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. 

Conscnradon Instirutions 

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 consenJation 
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 for later 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 reduces the 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 resen1oirs 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. Like\vise,  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 water supplies, 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 seJVed 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. ReseJVoir 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 water yield 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 reseJVoir development can 
proceed. Some sites have environmental concerns which 
must be resolved. 

Gronnd-Water Development 

Ground water is presendy 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 major aquifers (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 per day for 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 water as well as seawater and 
is applicable in much ofthe Panhandle, West and 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-watermin­
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 III 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 11-6. Texas Population, With High and Low Projections to 2030 

past three decades (1950-1980), which has the effect of 
reducing the influence of the very high rate of immigration 
into Texas in the latter portion of the decade of the 1970's. 

In the high set of projections, the State population 
total is over 21 million by 2000, increasing to 29.1 million 
by 2020, and to over 34 million by 2030 (Figure 11-6 and 
Table 11-2). The slowing of the growth rate after 1990 
reflects anticipated changes in fertility, migration, and 
economic variables which affect population changes. 
Texas growth is projected to continue to outpace almost all 
other states, however, with a doubling of present popu­
lation by about the year 2020. 

The low set of projections has a slower rate of growth 
over its entire range with the State population increasing 

11-22 

from 14.2 million in 1980 to 28.3 million in 2030. Under 
the conditions of this set of projections, the population of 
Texas in the year 2000 is estimated at 19.6 million 
persons. 

Per capita use of water is projected for each city and 
each county, based on water use data reported by the 
municipal and commercial suppliers within each county. 
Thus, the climatological, economic, and other factors 
affecting water use for municipal purposes in the different 
areas of the State are taken into account within the respec­
tive water use reports. 

Although per capita water use for individual cities 
differs from the State average of all cities, the long-term 
average daily per capita water use in Texas cities has been 



Table 11-2. Texas Population with Low and High Projections to 2030. 
Low Case High Case 

Rate of Rate of 
Population Growth Population 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 22.3 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. Bureau of the Census with projections by the Texas Department of Water Resources. • Rate is  per 10 years. 

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 day in 1990 and 160, per day 
in 2000.• 

For planning purposes, municipal system water 
requirements were projected for two cases offuture 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. 

I Actual per capita municipal wntcr use in 1980 is higher than projected avcra�e 

per capita use in 1990 and 2000 due to extremely hot, dry weather conditions 

throU):!hout most of Texas durin� the summer of 1980. Measured a!!ainst the 
long-term trend, actual useagc in 1980 was about 20 percent higher, In con­

trast, 1960 wns an exceptionally cool, wet year, 
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The differences between the average and drought con­
clition 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 the lack 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 meet average condition demands at all 
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 a( the per capiro drought rate projected 
for 2000. This projected flattening of the per capiro rate 
after the year 2000 would be a result of water conservation. 
The low set of projected water requirements is based on the 
low population proJections and average climatic condi­
tions, with per .capiro 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 
dam useful in making engineering determinations of the 
necessary size of water supply 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 consen.>"ation 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 meet all 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 11-3 and Figure 11-7). 
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 main min the high rates of growth ofthe 
recent past. Primarily, the abundantly available and low­
cost input resources that gave Texas a comparative advan-

Table 11- 3. Municipal and Commercial Water Usc in 
1980 with Low and High Projections of Requirements to 

2030. 

Year 

1980' 

1990 

2000 

2010 

2020 

2030 

Projected Water Requirements 

Low Case High Case 

(millions of acre-feet) 

2.81 

2.96 

3.51 

3.99 

4.50 

5.06 

2.81 

4.20 

5.08 

5.93 

6.95 

8.18 

!Reported municipnl nnd commcrclnl usc. The summer of 1980 was extremely 

hot and prceipitution was low for about four months. Reported water usc for 

1980 was �renter than :tvern�c. but wns below the estimated quantity that would 

have been used if n drou�ht h:td pre\'nlled for the entire year. 
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Figure 11-7. Projected Municipal and Commercial Water Requirements, 
High and Low Series, 1 980 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 bull< 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. 
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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 drinl<ing and sanitary water uses, industrial 
water requirements serve such process-specific purposes as 
cooling, boiler feed, cleaning and washing, pollution con­
trol, a·nd 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 



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
sening 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-feetannuallyand 
5 .0 million acre-feet annually for 2000 and 2030, respec­
tively (Table 11-4 and Figure 11-8). These projections indi­
cate an anticipated increase in industrial water 
require·ments 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. 

Year 

19801 

1990 

2000 

2010 

2020 

2030 

Projected Water Requirements 

Low Case High Case 

(millions of acre-feet) 

1.52 

1.97 

2.41 

2.86 

3.47 

4.23 

1.52 

2 . 1 2  

2.72 

3.31 

4.08 

5.01 

I Reported and estimated industrial water use in 1980. Projections to 1990 and 

beyond were based upon plant utilization data which were corrected forunderuti­
lizatlon 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 required 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 importandy 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 resenroirs, 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 water is recirculated through the 
plant. 

Water requirements for steam-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 11-5 and Figure 
11-9). 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 threat to 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 that existed in 1980. For the 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 is influenced 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 growth rate 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 is projected to be 0. 9 percent per year. 

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 different rates 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, 1 980 to 2030 

Texas will grow from SO. 7 thousand megawatts in 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. 

Year 

1980' 

1990 . 

2000 

2010 

2020 

2030 

Projcctcd'Water Requirements 

Low Case Hi�h Case 

(millions of acre-feet) 

330.0 330.0 

535.0 535.0 

717.4 816.7 

835.4 1.017.0 

975.6 1.217.0 

1'.118.6 1,.417.5 

lRcported and estimated stcam�clcctric 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 fuels in the 
future. In 1980, Texas had 5,300 megawatts of lignite­
fired generating capacity and 6,431 megawatts of coal­
fired generating 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
cant role, but lignite-fueled capacity is projected to peak at 
65 thousand to 7 5 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 11-9. Projected Steam-Electric Water Requirements, 
High and Low Series, 1 980-2030 

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 (evaporation) for steam-electric power pro­
duction were projected to increase from 330 thousand 
acre-feet in 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. 

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 
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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 for the 
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 to irrigate 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 until reaching a peak in 1974, 

when 8.6 million acres was irrigated. The acreage irrigated 
in 1980 was about six percent less than in 197 4.  

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 might not 
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 for irrigated 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 of the same number of acres · 
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 11-6 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 
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 
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Table 11-6. Irrigation Water Use in 1980 with Low and 
High Projections of Requirements ro 2030. 

Year 

1980' 

1990 

2000 

2010 

2020 

2030 

Projected Water RequiremcD.tst 

Low Case High Case 

(millions of acre-feet) 

12.7 

10.2 

10.1 

10.6 

10.7 

11.1 

12.7 

12.3 

16.2 

16.2 

16.5 

15.0 

lJrri�ation water requirements for all years include a n  estimate for water lost in 

conveyance from n surfacc�watcr source to the field. 

2Rcportcd 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-
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1 980 12.7 
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� 
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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 Ill. 

Livestock water use in 1980 was 244 thousand acre­
feet, supplied both from local surface- and ground-water 
sources (Table 11-7). 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-

High Projection 

Low Projection 

5 

0 
1 980 1 990 2000 201 0 2020 

Yaar 

Figu re 1 1- 1 0. Projected Irrigation Water Requirements, 
High and Low Series, 1 980-2030 
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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 11-7. Livestock Water Use in 1980 with Low and 
High Projections of Requirements to 2030. 

Year 

1980' 

1990 

2000 

2010 

2020 

2030 

Projected Water Requirements• 
(thousands of acre-feet) 

244.0 

287.5 

331.7 

331.7 

331.7 

331.7 

lQnly 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-feet in the secondary 
and enhanced recovery of oil 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 gas in 
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, then� are tentative plans 
to construct synthetic fuel plants in the State. With the 
exception of experimental pilot plants, there were no syn­
thetic fuels operations in Texas in 1980. !tis 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, and increases in 
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 11-8). In this single projection, mining water 
requirements, fuels, metals, and nonmetals combined, in 



Table 11-8. Mining Water Use in l980with Projections of 
Requirements to 2030. 

Year 

1980' 

1990 

2000 

2010 

2020 

2030 

Projected Water �cquircmentsJ 
(thousands "'f acre�feet) 

239.0 

231.9 

267.7 

321.4 

375.3 

387.2 

IQnlr 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 1 2  
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 11-8). 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 this canal 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 an:d 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 Il-11) .  Major bays are con­
tained in the Sabine-Neches, Trinity-San Jacinto, Lavaca-



Table 11-9. Hydroeleetrie Power Plants in Texas, 1980. 

Basin Dam 

Red Denison 

Sabine Toledo Bend 

Neches Sam Rayburn 

Brazos Morris Sheppard 
Whitney 

Subtotal 

Colorado Buchanan 

Roy Inks 
Alvin Wirt2 
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 

I Part of the pov.'Cr �en crated at Denison Dam is sold in Oklahoma. 
2P��rt of the power �cncratcd 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 1 2  
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. 



East Matagorda estuary 

Lavaca-Tres Palacios estuary 

Guadalupe estuary 

Mission-Aransas estuary 

Laguna Madre estuary 

Trinity-San Jacinto 
estuary 
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Figure 11-1 1 .  Location of Texas Estuaries 
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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 as local runoff from rain­
fall on ungaged coastal watersheds (referred to as 
"ungaged" flows). Therefore, sources of freshwater flow 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 major 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. 

Circulation and Salinity 

The distribution of water quality constituents and liv­
ing resources in Texas bays is 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 th.e 
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. Consequendy, 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. 

Critical 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 to degraded estuarine environments, 
loss of important nursery habitats for seafood 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 offreshwaterinflow, 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 estuaries include 
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 sea trout, 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 !In 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 properly managed; 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 impact is 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. 

Reereadon 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 bay area. 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 central flyway of North America overwinter on 
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 impact to Texas in 1979 valued at$709 million. 



Cultural and Scientific 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 archae;ological 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 
offreshwater needed is an average 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. 
Th.e 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 III, 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 
haiVest 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 N) 
was computed which has as its objective meeting only the 
monthly salinity viability limits of estuarinecdependent 
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 natural stream which is neces­
sary to maintain the stream's values for instream beneficial 
uses that include: ( 1 )  navigation, (2) hydropower ( 3)1ive­
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 prpperly 
utilize State waters, current State law prioritizes the benefi­
cial uses in the Texas Water Code. Preference for appropri­
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 in stream 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 for divergent 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 provide 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 water rights 
permits must be issued on the basis of specific conditions in 
each case. 

ParliS 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 is a 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, of which 92 percent is 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. 

Recreation 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 1 6  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 activities rang­
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 statutes and institu­
tions which govern or impact water resources 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 as shown in Figure 11-5. 
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-I). 

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 the year 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 are�s. 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 11-3 and 11-4 illustrate the geographic distribu­
tion of major and minor aquifers in Texas. A major aquifer 
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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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 \vithdrawn 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's safe 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-feet in 2020, and 60.0 thou­
sand acre-feet in 2030. (Note: Will not correlate with 
Table 11-1 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 degrad11tion 
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-WilcoxAquiferand 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 Coma! 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. 

For long-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 has extremely high 
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 construction 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 various stages 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 whici) 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 multi basin 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 \viii be done in cooperation 
\vith 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 can be 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, it is assumed that the 
total dependable supply which each reservoir will yield, 
under the particular configuration of upstream develop­
ment imposed upon the basin, is "removed" each year from 
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 
flows available 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 reservoir in the basin, with projected water demands 
placed upon each reservoir corresponding with the pro­
jected water requirements for the particular period of time� 
Utilizing existing mathematical modeling capabilities, 
river basin operation simulations are being carried on for 
proposed and potential water-resource development con­
figurations and future water-use projections described 
herein .  Existing water rights, as well as water rights adjudi­
cation activities, are being given careful consideration in 
these simulation analyses. These studies are providing 
estimates-using the current state-of-the-art mathemati­
cal simulation techniques-of the volume as well as the 
temporal and spatial distribution of instream flows and 
inflows to Texas major estuarine systems in the future. 

Financing reservoir development in Texas has histori­
cally relied upon federal appropriations, with local com­
mitments to long-term repayment of those costs allocated 



to project purposes such as water supply, hydroelectric 
power generation, and certain recreation facilities. The 
Texas Water Development Fund and local bonding have 
supplied most of the remaining funds with which water 
development, including delivery and storage facilities, 
have been financed in Texas. A brief discussion of current 
federal cost-sharing policies and procedures, rapidly 
changing attitudes and programs at the federal level which 
may significantly alter these policies and procedures, and 
financing needs and alternative methods of financing to 
accomplish the necessary water development and 
management needs in Texas is presented in Part V. The 
estimated costs of major new reservoir projects considered 
necessary to meet the water needs of the State are also 

Ill-S 

shown in Part V. These cost estimates also identify the 
tentative reimbursable costs for water supply in federal 
multipurpose projects-such costs must be borne by the 
local sponsor or sponsors of the projects. However, envi­
ronmental and financial elements are not addressed in 
empirical detail. The general nature of interactions 
between water development and management, and the 
methodology for measuring these environmental interac­
tions and changes, and the types of data required for envi­
ronmental impact analyses are presented in Part II. 
Detailed project-by-project and basin-by-basin environ­
mental analyses require significant time and funding and 
must be done for each project prior to project 
implementation. 
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1 .  CANADIAN RIVER BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physical Description 

The Canadian River heads in northeastern New Mex­
ico, flows eastward across the Texas Panhandle into Olda­
homa. and merges with the Arkansas River in eastern 
Oklahoma. Major streams joining the Canadian River in 
Texas are Punta de .Agua Creek near the northeast corner 
of Oldham County, Big Blue Creek near Borger, and Palo 
Duro Creek 20 miles southwest of Perryton. Total basin 
drainage area in Texas is about 12 ,700 square miles. For 
planning purposes, the Canadian River Basin has been 
divided into two zones (Figure lll-1-1). 

Surface Water 

Average runoff in the Texas part of the basin during the 
period 1941 through 1970 was approximately 15 acre­
feet per square mile. The average runoff for the 1941-70 
period within contributing drainage areas was about 19 
acre-feet per square mile. The lowest flows for consecutive 
years from 1941 through 1970 occurred during three peri­
ods. During the years 1952 through 1954, 1963 through 
1964, and 1966 through 1967, average runoff was 
approximately six acre-feet per square mile, two acre-feet 
per square mile, and two acre-feet per square mile, 
respectively. 

Flooding in the Canadian River Basin is an infrequent 
occurrence. Floods which do occur are most often of the 
"flash" variety and are characterized by rapid rise and fall 
and high flow velocities. Flooding also occurs periodically 
due to ponding of water in the playa lakes. 

The Canadian River at the New Mexico-Texas State 
line is moderately saline during periods of low flow. The 
low flow of the main stem generally contains dissolved­
solids concentrations ranging from 2,000 to 3,000 milli­
grams per liter (mg/1). By contrast, runoff from storm 
events generally contains less than 300 mg/1; however, the 
discharged weighted average dissolved solids concentra­
tions in the river at the State line generally ranges from 500 
to 1 ,000 mg/1. 

Overall, stream quality degrades somewhat as the 
Canadian River traverses Texas. Although increased 
streamflow results in a mot.e uniform quality, the 
discharge-weighted averages of the river remain between 
500 and 1 ,000 mg/1 west of Potter County. As the river 

flows eastward, it cuts through Permian age formations, 
drains oil and gas producing areas, and receives municipal 
and manufacturing return flows, all of which locally 
degrade water quality. The discharge weighted average 
dissolved solids concentrations of the river just above Lake 
Meredith is about 1 ,000 mg/1. Water stored in Lake Mere­
dith in recent years has contained between 300-340 mg/1 
chloride, 260-300 mg/1 sulfate, and 1,000-1 ,150 mg/1 
total dissolved solids. Total dissolved-solids concentra­
tions of the river below Lake Meredith generally exceed 
1 ,000 mg/1. In contrast, many tributaries such as Palo 
Duro Creek, Red Deer Creek, and Rita Blanca Creek have 
excellent water quality, with dissolved-solids concentra­
tions commonly below 500 mg/1. 

Ground Water 

The High Plains (Ogallala) Aquifer underlies most of 
the Canadian River Basin. In 1980, the saturated thickness 
of the High Plains Aquifer within the basin ranged from 
about 20 feet to. 540 feet. Yields of large-capacity wells 
average about 700 gallons per minute (gpm); although 
locally, w�lls produce up to 1 ,200 gpm. Generally, the 
water has less than 1 ,000 mg/1 total dissolved solids. How­
ever, in some areas of the basin ground water of the High 
Plains Aquifer has fluoride concentrations which exceed 
Environmental Protection Agency-Texas Department of 
Health primary standards for fluoride. 

Slightly to moderately saline water occurs locally in 
the lowermost saturated deposits of the Ogallala Forma­
tion. Development of the aquifer in such areas has caused 
saline-water encroachment to the wells. Future develop­
ment of the aquifer within or adjacent to such areas could 
result in saline-water encroachment. 

Population and Economic Development 

The population of the Canadian River Basin was 
reported at 167.5 thousand in 1980. Amarillo is the larg­
est city in the basin with an in-basin population of over 
53.2 thousand. The economy of the Canadian River Basin 
is based on oil and gas production, agriculture and agri­
business, and varied manufacturing activities. Amarillo 
serves as a regional center for transportation, distribution, 
and marketing. 

Water Use 

Municipal water use in the Canadian River Basin 
totaled 33.4 thousand acre-feet in 1980, of which 87 
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percent occurred in Zone 2 .  The City of Spearman used 20 
percent and the City of Perryton used 29 percent of the 
total municipal water use in Zone 1 .  Almost 41 percent of 
the municipal water requirement in Zone 2 was attributed 
to the City of Amarillo (Potter County). 

Freshwater use by manufacturing industries in the 
basin in 1980 was 35.0 thousand acre-feet. Use was 
almost tot.:'llly concentrated in Gray, Hutchinson, and 
Moore Counties of Zone 2. Manufacturing industries in 
these counties accounted for 90 percent of the total basin 
use and included the chemicals and petroleum refining 
industries. 

In 1980, there was 1 ,564 megawatts of installed 
steam-electric power generating capacity in the Canadian 
River Basin. Two power plants used a total of8. 7 thousand 
acre-feet of treated effluent from the City of Amarillo for 
cooling and other purposes in 1980. In addition, 3.6 
thousand acre-feet of ground water was withdrawn from 
the Ogallala and 2 .1  thousand acre-feet of water was 
diverted from Lake Meredith for steam-electric power pro­
duction in the Canadian River Basin in 1980. All plants 
were located in Zone 2 of the Basin. 

Irrigated acreage in the basin has increased from 356 
thousand acres in 1958 to 1 .3 million acres in 1980. Most 
irrigated acreage produces wheat, grain sorghum, and 
corn. In 1980, water used for irrigation in the basin totaled 
1 .  7 million acre-feet, of which all but one thousand acre­
feet was supplied by ground water from the High Plains 
Aquifer. Zone 1 of the basin contains about 41 percent of 
the irrigated acreage, with 534.3 thousand acres using 
765.3 thousand acre-feet of water in 1980. Zone 2 con­
tains the remaining 757.2 thousand acres, utilizing 984.2 
thousand acre-feet of water in 1980. 

Mining water use in the Canadian River Basin is pri­
marily for the extraction of fuels (petroleum and natural 
gas). An estimated total of 7.0 thousand acre-feet offresh­
water was withdrawn for mining in 1980. The most inten­
sive use of water for fuel production is concentrated in 
Hutchinson County, which accounts for approximately 40 
percent of the total mining water use in the basin. 

Livestocl< water use in the Canadian River Basin in 
1980 was 15.7 thousand acre-feet. Of this total, ground 
water provided approximately 12 .4 thousand acre-feet, 
and surface water supplied 3.3 thousand acre-feet. A total 
of 5 .6 thousand acre-feet ( 4.6 thousand acre-feet of 
ground water; 1 .0 thousand acre-feet of surface water) was 
used in Zone 1 of the basin and an additional 10.1 thou­
sand acre-feet was used in Zone 2 ( 7.8 thousand acre-feet 
of ground water; 2.3 thousand acre-feet of surface water). 

Return Flows 

In 1980, municipal and manufacturing return flows 
in the Canadian River Basin totaled 14.6 thousand acre­
feet. Zone 1 accounted for only 358 acre-feet of return 
flows, and the Zone 2 total was 98 percent of the basin total 
(14.2 thousand acre-feet). Industrial returns comprised 
approximately 64 percent of the basin total during 1980. 

Although a considerable volume of irrigation water is 
used (1 .7  million acre-feet in 1980), irrigation return 
flows are negligible. Most of the irrigation water applied but 
not consumed is either reused as tailwater or percolates 
deeply into the soil. 

Current Ground-Water Development 

In 1980, approximately 1 ,825.1 thousand acre-feet 
of ground water was used in the Canadian River Basin. Of 
this amount, 77 4.8 thousand acre-feet was used in Zone 1 
and 1 ,050.3 was used in Zone 2 .  Practically, all of this 
ground water was withdrawn from the High Plains (Ogal­
lala) Aquifer which is the primary fresh to slightly saline 
water-bearing formation in the basin. 

Of the 1 ,825.1  thousand acre-feet of ground water 
used in the basin, approximately 1 ,  7 48.5 thousand acre­
feet or 96 percent was used for irrigation and about 53.7 
thousand acre-feet or 3 percent was used for municipal 
and manufacturing purposes. 

Withdmwals of ground water from the High Plains 
Aquifer in 1980 are estimated at about 33 times the aqui­
fer's annual natural recharge in Zone 1 ,  and about 18 
times the annual natural recharge in Zone 2 of the basin. 
Annual current and historical pumpages for irrigation pur­
poses have removed large volumes of water from storage, 
which has caused significant water-level declines. 

Current Surface-Water Development 

Since 1952, development and use of the surface­
water resources of the Canadian River Basin have been 
governed by provisions of the Canadian River Compact 
among the states of New Mexico, Oklahoma, and Texas. 

There are presently two major reservoirs in the Cana­
dian River Basin in Texas. Rita Blanca Lake is on Rita 
Blanca Creek and Lake Meredith is on the Canadian River. 
Rita Blanca Lake, constructed by the U.S. Soil Conserva­
tion Service, is operated by Dallam and Hartley Counties 
for recreational purposes. The reservoir has a capacity of 
12 .1  thousand acre-feet and a surface area of 5 24 acres. 
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Lal<e Meredith, completed in 1965 by the U.S. Bureau 
of Reclamation for water supply and flood control, is oper­
ated by the Canadian River Municipal Water Authority 
(CRMWA). The lal<e, which has 500 thousand acre-feet of 
conservation storage,  364 thousand acre-feet of sediment 
storage and 543 thousand acre-feet of storage capacity 
allocated to flood control. effectively controls all of the 
developable surface-water resources of the Canadian River 
in Texas in accordance with provisions of the Compact. 
Under provisions of the water supply contract between the 
Canadian River Municipal Water Authority (CRMWA) and 
the Bureau of Reclamation, the 1 1  member cities of the 
Authority are allocated specific annual quantities of water 
from the reservoir for municipal and manufacturing uses 
totaling 103 thousand acre-feet annually. In times of water 
shortage, allocations are adjusted proportionally by the 
CRMWA Board of Directors. Member cities include Lub­
bocl<, Plainview, Amarillo, Borger, Pampa, Levelland, 
Brownsfield, Slaton, Tahoka, O'Donnel, and Lamesa. 
Water supplies are conveyed by an east aqueduct, which 
serves Borger and Pampa; and the main aqueduct, which 
extends southward through Amarillo and Lubbock to 
Lamesa. Laterals from the main aqueduct sen�e Plainview, 
Slaton, and O'Donnel. The southwest aqueduct extension 
from Lubbock serves Levelland and Brownsfield. 

Under provisions of the water supply contract, annual 
allotments of water from Lake Meredith to the Cities of 
Amarillo, Borger, and Pampa in the Canadian River Basin 
are 38.17, 5.72,  and 7.38 thousand acre-feet, respec­
tively. In the water short year 1980, actual deliveries of 
water through the aqueduct system to Amarillo, Borger, 
and Pampa were 20.83, 3.87, and 4.35 thousand acre­
feet, respectively. 

Water Rights 

A total of 185,863 acre-feet of surface water was 
authorized or claimed for diversion and use in the Cana­
dian River Basin as of December 31 ,  1983 (Table 111-1-1 ) .  
Municipal uses totaled 1 10,460 acre-feet, or60 percent of 
total authorized or claimed water in the basin (Table 111-1-
2 ). Zone 2 accounted for the greater portion of authorized 
or claimed water use, with 173,326 acre-feet, or 94.5 
percent of the total amount of water authorized and/or 
claimed in the basin (Table 111-1-2). 

Water Quality 

The principal water quality problem in the Canadian 
River Basin is the natural salinity of the Canadian River 
which adversely affects water stored in Lake Meredith. 
Water entering the Canadian River from New Mexico con­
tains high levels of dissolved salts. The problem is com-

Table 111-l-l. Authorized or Claimed Amount of Water, 
by Type of Right, Canadian River Basin 1 

Acre-Feet 
Type of Number Authorized 

Authorization of ltights and Claimed 

Permits 30 179.963 

Claims 17 5,900 

Certified Filings 0 0 

Certificates of 
Adjudication 0 0 

Total Authorizations 
and Claims 47 185,863 

I The Texas Water Ri�hts Adjudicntion Act of 1967 nuthorizcs the Texas Dcpnrt­
mcnt ofWutcr Resources to invcsti�utc :md determine, ''ith the Court's approml. 

the nature und mcusurc of water ri)!hts for all uutlwrizcd diversions from surf:lcc­

wmcr stream� or portions thereof except domestic :md livcstocli uses and to 
monitor und udministcr cnch :uljudicutcd wntcr rl�ht. These totals incorporate 

the results of mucr-ri)!hL� ndjudication in the husin :IS of December .11 ,  19S3. 

Certified FilinJ!s arc dcclurutions of appropriation which were filed \\ith the State 
Board of Water En�inccrs under the prmisions of Section 14, Chapter 171 ,  
<:Cncml Law�. Acts o f  the J."lrd Lc�isl:1turc, 1 9 1  J, us mncndcd. Permit... :Ire 
statutory appmpriati\'C ri�hts which lutvc been issued by the Texas Water Com­
mission or it.� predecessor u�cneics. Claims arc sworn stntcmcnts of historicul 
uses to be udjudicutcd in accordance \\ith the Tex1ts Water Hi�hts Adjudieution 

Act. A certificate of adjudication is the final result uftcr rccoJ!nition of:1 \':!lid ril!ht 

in thcudjudicmion proccssund is based on a permit, certified filin)torclnim oruny 
combination of the three. 

pounded by the high chloride content contributed by the 
geologic formations traversed by the Canadian River and 
its tributaries. In addition, phreatophytes, principally salt­
cedar, have become established and are spreading in the 
delta of Lake Meredith and upstream from the lake. During 
wet periods, saltcedar consume large quantities of water, 
leaving dissolved chemical constituents as residue. The 
residue is subsequently redissolved and transported down­
stream in "river flows. Infrequently, high fecal coliform 
counts occur in some waters of the

. 
basin, due in part to 

large livestock concentrations. Rita Blanca Lake appar-

Table 111-l-2. Authorized or Claimed Amount of Water, 
by Type of Usc and Zone, in Acre-Feet, 

Canadian River Basin 

Number 
1)·pc of of 

Usc lligh .. Zone l Zone 2 Total 

Municipal 2 10.460 100,000 110,460 

Industrial 5 0 51,604 51.604 

lrri�ation 34 1.215 8,414 9.629 

Recreation 6 862 13,308 14,170 

Other 1 0 0 0 

Total 47' 12,537 173,326 183,363 

'Docs not sum due to multipurpose ''ri,l!hts", which mny be applied to more than 

one type of usc. 
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ently suffers no bacteriological problems; however, exten­
sive algal blooms have occurred in the lake. 

The quality of water from the High Plains Aquifer in 
the Canadian River Basin is generally good, although fluo­
ride concentrations locally exceed the Environmental 
Protection Agency Interim Primary Drinking Water 
Standards. 

Flooding and Drainage 

Due to the limited urbanization of the Canadian River 
Basin, flood damages to urban areas have not been signifi­
cant. With the exception of the floods in 1941, for which 
damage estimates are not available, no major floods have 
occurred in the basin. This is primarily the result of con­
struction of Sanford Dam, completed in early 1965, which 
created Lake Meredith. 

Ofthe 32 communities which have been designated as 
having special flood hazards, nine cities are participating in 
the National Flood Insurance Program. All Participants are 
in the Emergency Phase of the Program. Due to the limited 
areas which are susceptible to damaging floods, no con­
centrated effort has been made to establish 1 00-year flood 
elevations in the basin with the exception of the City of 
Amarillo, which presently has a rate study underway. 

Flat topography, low permeability of soils, and lack of 
adequate natural drainage have produced drainage prob­
lems in some areas in the High Plains section of the basin. 
Many of these areas are visible as playa lakes during wet 
periods. 

Recreation Resources 

The two reservoirs in the Canadian River Basin have a 
combined total of 17.0 thousand surface acres of water 
available for water-oriented recreation activities. Rita 
Blanca Lake, the smaller of the two reservoirs with 524 
surface acres, is used solely for recreational purposes. Lake 
Meredith, located 10 miles northwest of Borger, has a 
surface area of 16.5 thousand acres and serves some of the 
recreational needs of the people in the Pimhandle and 
Southern High Plains areas. 

PROJECTED WATER REQUIREMENTS 

Population Growth 

The population of the Canadian River Basin is 
expected to increase 60 percent by the year 2030, from the 

present 167.5 thousand (1  percent of the State popula­
tion) to 267.3 thousand (O.S percent ofthe State popula­
tion), as shown in Table 111-1-3. A 15 percent increase to 
192.S thousand is forecast from 19SO to the year 2000, 
and a growth of 39 percent is anticipated for the following 
30 years (2000 to 2030). 

Population growth in Potter County (part of the Ama­
rillo Standard Metropolitan Statistical Area) is expected to 
increase 64 percent over the planning period 19SO to 
2030. The population of Ochiltree County is expected to 
increase 19 percent by 2030, from the present 9 .6 thou­
sand to 11 .4 thousand; and the population in Sherman 
County should move upward from 3.2 thousand in 19SO to 
7.1 thousand by 2030. 

Water Requirements 

Municipal 

Municipal water requirements were projected for two 
cases of future growth based on both population and per 
capita water use. Requirements in the Canadian River 
Basin are projected to increase from the 19SO level of 33.4 
thousand acre-feet by 12 to 15 percent by 2000. In the 
year 2030, water requirements are projected to range from 
49.7 to 73.7 thousand acre-feet. Eighty-seven percent of 
the municipal water requirements in the year 2000 are 
projected to occur in Zone 2.  

Industrial 

Manufacturing water requirements in 1980 were 
35.0 thousand acre-feet in the Canadian River Basin. Pro­
jections of future water requirements for manufacturing 
purposes were made by decade and for a low and high case 
for each industrial group. In 19SO, over 90 percentoftotal 
manufacturing water use was concentrated in five indus­
trial groups: chemicals, petroleum refining, primary 
metals, paper products, and food products. Because of this 
concentration, careful attention was given to the future 
growth outlook for these industries in making the 
projections. 

Manufacturing water requirements in the Canadian 
River Basin are projected to increase by at least 14 7 per­
cent (as compared to the State average of 17S percent) by 
the year 2030. Over 99 percent of the manufacturing 
water requirements are, and likely will remain, concen­
trated in Zone 2, which includes part of the Amarillo 
Standard Metropolitan Statistical Area. 
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Table Ill-1-3. Pcpllation, current Water use, With Projected PqW.ation and Water Ra;Uirarents, 199G-203@/ 
canadian River Basin 

1980 ' 1990 ' 2000 ' 2010 ' 2020 2030 iHV& Basin Zone : "'""" : Surface ' "'""" : Surfaoe ' "'""" ' Surface : ' <>o=d : Surface G<amd : Surfaoe ' G<amd : Surfaoe 
& CateQorv of Use: wat= ' "'""' Total ' wat= ' Wate< ' Total ' Wate< ' "'""' ' Tota1 ' Wate< ' "'""' Tota1 """"' ' W•te< ' Total ' "'""' ' Wate< ' Total 
Z� 1 

Pc.pJlation 22.7 23.0 24.9 27.0 30.4 34.4 
Municipal 4.4 0.0 4.4 6.0 0.0 6.0 6.7 0.0 6.7 7.3 0.0 7.3 8.2 0.0 8.2 7.0 2.3 9.3 
Manufacturing 0.1 o.o 0.1 0.1 o.o 0.1 0.2 0.0 0.2 0.2 0.0 0.2 .3 o.o 0.3 0.3 o.o 0.3 
Steam Electric 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 5.9 0.0 5.9 ll.7 0.0 ll.7 17.6 o.o 17.6 
Mining 1.1 o.o 1.1 0.8 0.0 o.8 0.5 0.0 0.5 0.5 0.0 0.5 .4 0.0 0.4 0.3 o.o 0.3 
Irrigation 764.6 0. 7 765.3 702.3 0.6 702.9 1,384.8 0.6 1,385.4 1,248.9 0.6 1,249.5 1,016.5 0.7 1,017.2 762.1 0.6 762.7 
Livestock 4.6 1.0 5.6 5.1 1.6 6. 7 5.9 1.8 7.7 5.4 2.3 7. 7 4.5 3.2 7. 7 3.4 4.3 7.7 
Zone Total Water 774.8 1. 7 776.5 714.3 2.2 716.5 1,398.1 2.4 1,400.5 1,268.2 2.9 1,271.1 1,041.6 3.9 1,045.5 790.7 7.2 797.9 

Zooe 2 
I'opllation 144.8 160.1 167.9 182.4 205.6 232.9 
M.micipal 17.6 ll.4 29.0 25.2 17.7 42.9 28.1 18.0 46.1 31.7 18.6 50.3 37.4 19.4 56.8 43.4 21.0 64.4 
Manufacturing 31.6 3.3 34.9 36.9 9.7 46.6 45.8 12.5 58.3 61.1 8.9 70.0 78.4 6.8 85.2 96.2 6.6 102.8 
Steam Electric 3.6 10.8 14.4 1.8 17.1 18.9 18.0 17.1 35.1 24.0 17.1 41.1 29.9 17.1 47.0 35.9 17.1 53.0 
Mining 5.8 0.1 5.9 4.7 0.5 5.2 4.3 0.1 4.4 4.4 0.1 4.5 4.5 0.1 4.6 4.6 0.2 4.8 
Irrigation 983.9 0.3 984.2 972.2 0.3 972.5 1,674.6 0.4 1,675.0 1,611.7 0.4 1,612.1 1,384. 7 0.4 1,385.1 980.9 0.4 981.3 
Livestock 7.8 2.3 10.1 8.9 3.1 12.0 10.5 3.5 14.0 9.8 4.2 14.0 8.0 6.0 14.0 6.7 7.3 14.0 
Zone Total Water 1,050.3 28.2 1,078.5 1,049. 7 48.4 1098.1 1, 781.3 51.6 1,832.9 1,742.7 49.3 1,792.0 1,542.9 49.8 1,592. 7 1,167.7 52.6 1,220.3 

""'"' = 
I'opllatioo 167.5 183.1 192.8 209.4 236.0 267.3 
Municipal 22.0 11.4 33.4 31.2 17.7 48.9 34.8 18.0 52.8 39.0 18.6 57.6 45.6 19.4 65.0 50.4 23.3 73.7 
Manufacturing 31.7 3.3 35.0 37.0 9.7 46.7 46.0 12.5 58.5 61.3 8.9 70.2 78.7 6.8 85.5 96.5 6.6 103.1 
Steam Electric 3.6 10.8 14.4 1.8 17.1 18.9 18.0 17.1 35.1 29.9 17.1 47.0 41.6 17.1 sa. 1 53.5 17.1 70.6 
Mining 6.9 0.1 7.0 5.5 0.5 6.0 4.8 0.1 4.9 4.9 0.1 5.0 4.9 0.1 5.0 4.9 0.2 5.1 
Irrigation 1, 748.5 1.0 1, 749.5 1,674.5 0.9 1,675.4 3,059.4 1.0 3,060.4 2,860.6 1.0 2,861.6 2,401.2 1.1 2,402.3 1,743.0 1.0 1, 744.0 
Livestock 12.4 3.3 15.7 14.0 4.7 18.7 16.4 5.3 21.7 15.2 6.5 21.7 12.5 9.2 21.7 10.1 11.6 21.7 
Basin Total Water 1,825.1 29.9 1,855.0 1, 764.0 50.6 1,814.6 3,179.4 54.0 3,233.4 3,010.9 52.2 3,063.1 2,584.5 53.7 2,638.2 1,958.4 59.8 2,018.2 

Y Pop.llation in thousands of persons, water re;Jiliratents in thousands of acre-feet per year. 

; .... ' 
o--



Steam-Electric Power Generation 

Water requirements for steam-electric power produc­
tion in the Canadian River Basin will continue to increase 
steadily in the future. During the next 20 years, installation 
of the projected additional generating capacity will occur 
in Zone 2 ,  so that by the year 2000 total water require­
ments will exceed 35 thousand acre-feet per year. By the 
year 2030, total freshwater requirements for steam­
electric power production in the basin are projected to 
increase an additional 54 percent to 101 percent, low and 
high case , respectively. 

Agriculture 

Irrigation 

Irrigation water requirements were projected for two 
cases of change based on improvements in on-farm appli­
cation efficiencies, reduction in ditch losses, changes in 
future resource costs and crop prices, and corresponding 
changes in cropping patterns to reflect more profitable 
crops. A low case projects demand for water based on the 
effects of changes in the above variables but with irrigated 
acreage held constant at 1980 levels in each zone for each 
future time period; a high case projects demand for water 
for irrigation constrained only by the requirement that 
irrigated farming produce a net positive return in excess of 
that possible from dryland farming and the requirement 
not to exceed the amount of irrigable soil in each zone. 
Thus, the projections of demand, low and high cases, based 
on the irrigation efficiency and market conditions men­
tioned above, give an estimate of the quantity of water 
needed for irrigation in each zone, at each decadal point 
for which projections were made. These projections of 
demand are compared to the projected supply of water 
locally available. When projected demand exceeds pro­
jected supply, the difference is a measure of shortage at that 
point in time. 

Irrigation water requirements in the Canadian River 
Basin are projected to increase from the 1980 level of 1.  7 
million acre-feet by a projected maximum 75 percent by 
the year 2000 in the high case, declining 3 percent in the 
low case. In the year 2030, water requirements in the basin 
are projected to decline to 1 .  7 million acre-feet annually, 
in the high case, to irrigate 1 . 2  million acres. 

Zone 1 is projected to account for about 45 percent, 
and 44 percent of total basin irrigation requirements in 
2000 and in 2030 respectively; Zone 2 is projected to 
account for about 55 and 56 percent of the total in the high 
case. 

A range of 0. 7 to 1 .4 million acre-feet and 1 .0 to 1 .  7 
million acre-feet of irrigation requirements is projected in 
Zones 1 and 2 by 2000. By 2030, the range is from 0.7 to 
0.8 million acre-feet and 1 .0 to 1 .1  million acre-feet 
annually in Zones 1 and 2 .  

Livcstocl' 

Livestock water requirements within the basin are 
projected to increase from 15.7 thousand acre-feet in 
1980 to 2 1 .7 thousand acre-feet annually by 2000. In 
1980, in Zone 1 ,  livestock used 5.6 thousand acre-feet 
and 10.1 thousand acre-feet in Zone 2. By2030, approxi­
mately 21 .7 thousand acre-feet of water will be required to 
satisfy livestock needs in the basin annually, with an esti­
mated 7. 7 thousand acre-feet required in Zone 1 and 14.0 
thousand acre-feet needed in Zone 2. 

Mining 

Mining water use in 1980, primarily oil and gas recov­
ery, totaled 7.0 thousand acre-feet in the Canadian River 
Basin. These requirements are projected to decrease to 5.1  
thousand acre-feet by 2030, due to a decline in quantities 
of potential oil to produce. The Canadian River Basin 
proportion of total State mining water use, three percent in 
1980, is expected to decline to one percent by 2030. 

Navigation 

No navigation facilities are planned in the Canadian 
River Basin. 

Hydroelectric Power 

There are no hydroelectric power generating facilities 
planned in the Canadian River Basin. 

WATER SUPPLY PROJECTS 
AND MEASURES TO MEET 

FUTURE BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

The ground-water availability through the year 2030 
for the High Plains (Ogallala) Aquifer was estimated by 
imposing a set of total ground-water demands on a digital 
ground-water model of the aquifer developed by the Texas 
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Department of Water Resources in 1982. The model anal­
ysis provided the follO\vinll annual amounts of ground 
water available from the High Plains Aquifer within the 
Canadian River Basin from 1990 through 2030 by decade: 
1 .  7.1 million acre-feet in 1990, 3.13 million acre-feet in 
2000, 2.99 million acre-feet in 2010, 2.55 million acre­
feet in 2020, and 1 .94 million acre-feet in 2030. The 
model analysis also estimated that from 1980 through 
2030 approximately 1 1 0  million acre-feet of ground water 
would be removed from storage, and that of the 99 million 
acre-feet remaining in recoverable storage in the year 
2031 about 32 million acre-feet would remain in the 
"caprock" (tillable) area and 67 million acre-feet would 
remain in the "breaks" (nontillable) area of the basin. 
Within the Canadian River Basin, the High Plains Aquifer 
receives on an average annual basis about 82.8 thousand 
acre-feet of recharge. The High Plains Aquifer is the only 
major fresh to slightly saline water-bearing formation 
within the Canadian River Basin. Very small, minor 
amounts of ground water may be available from thin alluvi­
al deposits along the flood plain of the Canadian River and 
from Mesozoic and Paleozoic rocl{s in the southwestern 
portion of the basin where the Ogallala Formation has been 
removed by erosion in the Canadian River Valley. 

The projected annual ground-water use within the 
Canadian River Basin by decade from 1990 through 2030 
is expected to be from 1. 76 to 3. 15 million acre-feet per 
year (Table III-1-4). The approximate average annual 
projected ground-water use within the basin is expected to 
be about 2.44 million acre-feet per year. Of the 2.44 
million acre-feet of average annual projected use, practi­
cally all is expected to be from the High Plains (Ogallala) 
Aquifer. 

Surface-Water Availability and 
Proposed Development 

An assessment of the available future water resources 
in the Canadian River Basin indicates that in all decades 
beginning in 2000, the basin will experience significant 
water shortages (Table III-1-4, Figure III-1-2). The 
surface-water export in Table III-1-4 is for municipal and 
manufacturing purposes outside of the basin. 

Water requirements in Zone 1 of the basin will not 
exceed available ground- and surface-water resources 
until after 2030 (Table 111-1-5, Figure III-1-3 ). Shortages 
amounting to 30.8 thousand acre-feet and 143.8 thou­
sand acre-feet per year (Table III-1-6, Figure 111-1-4) are 
projected to occur in Zone 2 in 2000 and 2030, respec­
tively. The water use category expected to experience these 
shortages is irrigated agriculture. Water shortages in the 
basin occur primarily due to the decline in available 
ground-water resources beginning around the year 1990. 

Total water shortages in the basin for irrigation increase 
from 6.2 thousand acre-feet in year 1990 to 147.0 thou­
sand acre-feet in the year 2030. 

The continued suitability of water from Lake Meredith 
for municipal and manufacturing purposes is potentially 
threatened by increasing salinity of the water in the lake. 
Salt concentrations in Lake Meredith have, during drought 
periods, reached levels considered undesirable for drink­
ing water by the U.S. Public Health Service and the Envi­
ronmental Protection Agency. The U.S. Bureau of 
Reclamation is studying the feasibility of the development 
of a pumping and surface storage system to control the flow 
of brine from artesian aquifers which contribute saline 
inflows to the Canadian River upstream of Lake Meredith. 
Such a control system is needed now to protect the water 
quality of Lake Meredith from further deterioration. 

The arid nature of the Canadian River Basin limits the 
future surface-water resources that can be developed. 
Because of local interest in developing a supplemental 
surface-water supply in the area, considerable study has 
been given to a potential reservoir on Palo Duro Creel;;:, a 
principal tributary of the North Canadian River. Following 
creation of the Palo Duro Water Authority by the 56th 
Legislature, the Authority conducted feasibility studies of 
potential reservoir sites on Palo Duro Creek. Subsequently, 
in 197 4 the Authority obtained a permit from the Texas 
Water Rights Commission for construction of a 60.9 thou­
sand acre-feet capacity resenroir on Palo Duro Creel;;: sev­
eral miles north of Spearman in Hansford County. The 
resenroir would provide municipal supplies, senre recrea­
tional needs· of the area, and provide some flood-control 
benefits along Palo Duro Creek below the dam. The project 
would have a dependable yield of approximately 10.5 
thousand acre-feet annually. Construction of Palo Duro 
Reservoir \viii depend upon final decisions oflocal interests 
and development of financing arrangements. Project 
sponsors are currently planning the resenroir and expect to 
have it constructed by 1990. 

Water Quality Protection 

A water quality management plan for the Canadian 
River Basin has been developed pursuant to the require­
ments of the federal and State Clean Water legislation. The 
purpose of the plan is to provide information for use in 
protecting and improving water quality. The plan serves as 
a basic element in the State's overall water quality strategy 
and provides guidance in establishing priorities for con­
struction grants for waste treatment facilities, permitting of 
wastewater facilities, revision of stream standards, and 
other program activities. 
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Table UI-1-4. Water Resources of the Canadian River Basin, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Basin Basin Flow Import Total --- Basin Basin Export Total M & I  (Shortage) Total 

1990 
Ground Water 1757.8 - - - 1757.8 1764.0 - - 1764.0 .0 (6.2) (6.2) 
Surface Water 103.0 - 18.0 .0 121.0 44.5 - 66.2 110.7 10.3 .0 10.3 
Total 1860.8 - 18.0 .0 1878.8 1808.5 - 66.2 1874.7 10.3 (6.2) 4.1 

2000 
Ground Water 3146.7 - - - 3146.7 3179.5 - - 3179.5 .0 (32.8) (32.8) 
Surface Water 103.0 - 18.3 .0 121.3 47.6 - 71.7 119.3 2.0 .0 2.0 
Total 3249.7 - 18.3 .0 3268.0 3227.1 - 71.7 3298.8 2.0 (32.8) (30.8) 

2010 
Ground Water 2975.1 - - - 2975.1 3010.0 - - 3010.0 .0 (35.9) (35.9) ' 
Surface Water 103.0 18:6 .0 121.6 44.6 74.2 118.8 2.8 .0 2.8 .... - -' Total "' 3078.1 - 18.6 .0 3096.7 3055.6 - 74.2 3129.8 2.8 (35.9) (33.1) 

2020 
Ground \Vater 2493.1 - - - 2493.1 2584.5 - - 2584.5 .0 (91.4) (91.4) 
Surface Water 103.0 - 19.1 .0 122.1 43.3 - 74.5 117.8 4.3 .0 4.3 
Total 2596.1 - 19.1 .0 2615.2 2627.8 - 74.5 2702.3 4.3 (91.4) (87.1) 

2030 
Ground Water 1811.4 - - - 1811.4 1958.4 - - 1958.4 .0 (14 7 .0) (147.0) 
Surface Water 113.6 - 19.6 .0 133.2 47.0 - 74.7 121.7 11 .4 .0 11 .4 
Total "1925.0 - 19.6 .0 1944.6 2005.4 - 74.7 2080.1 11 .4 (147.0) (135.6) 

'Units in thousands of acre-feet per year. Water demands are for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities of inig:ttion 

needs and other needs which will continue to be met from local. unregulated surface-water supplies. 

Definitions 

Intra-Basin: A transfer of water among zones within a ri�·cr basin. 
Import: A transfer of water from another river basin. 

Return Flows: \Vastcwatcr returned to a natural stream channel that can be recaptured at a downstream point. 

Export: A transfer of water to another river basin. 
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Figure 111- 1 -2.  Reported Use and Supply Source, With Projected Water Suppl ies 
and Demands, Canadian River Basi n,  1 980-2030 

Construction costs associated with municipal waste­
water collection treatment facilities needs have been esti­
mated to be approximately $3 7 .6 million for the planning 
period of 1 980 to the year 2000. These costs are estimated 
for the entire Canadian River Basin with approximately 
$34.6 million required in Zone 2, while approximately $3 
million is projected for Zone 1 .  All costs are in January 
1 980 dollars and arc subject to revision as new data 
become available. The list of projects, \vith project costs for 
1 982- 1 989, at 1 980 prices, is shown in Appendix B. 

Additional water quality management costs, such as 
for control of oil and gas, agricultural, and industrial poilu-

tants, cannot be estimated at this time, but are believed to 
be increasing. 

Flood Control Measures 

Lal<e Meredith is the only major flood-control reser­
voir in the Canadian River Basin. The reservoir has 543 . 2  
thousand acre-feet of flood-control storage. The U.S. 

Army Corps of Engineers is currently studying the basin to 
evaluate water-resource problems and needs. The objec­
tive of the study is to develop a comprehensive integrated 
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Table 111-l-5. Water Resources of the Canadian River Basin, Zone I, With 
Projected Water Supplies and Demands, 1990-20301 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigadon 
Decade Zone Basin Flow Import Total Zone Basin Export Total M & I  (Shortage) Total ---

1990 
Ground Water 714.3 - - - 714.3 714.3 - - 714.3 .0 .0 .o 
Surface Water .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
Total 714.3 .0 .0 .0 714.3 714.3 .0 .0 714.3 .0 .0 .0 

2000 
Ground Water 1398.1 - - - 1398.1 1398.1 - - 1398.1 .0 .0 .0 
Surface Water .0 .0 .0 .0 .0 . 0  .0 .0 .0 .0 .0 .0 
Total 1398.1 .0 .0 .0 1398.1 1398.1 .0 .0 1398.1 .0 .0 .0 

2010 
Ground Water 1268.2 - - - 1268.2 1268.2 - - 1268.2 .0 .0 .0 

' 
Surface Water .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .... ' 

1268.2 .0 .0 1268.2 1268.2 .0 1268.2 . 0  .0 .0 .... Total .0 .0 .... 

2020 
Ground Water 1041.6 - - - 1041.6 1041.6 - - 1041.6 .0 .0 .0 
Surface Water .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
Total 1041.6 .0 .0 .0 1041.6 1041.6 .0 .0 1041.6 . 0  .0 .0 

2030 
Ground Water 790.7 - - - 790.7 790.7 - - . 790.7 .0 .0 .0 
Surface Water 10.6 .0 .0 .0 10.6 2.2 .0 .0 2.2 8.4 .0 8.4 

Total 801.3 .0 .0 .0 801.3 793.0 .0 .0 793.0 8.4 .0 8.4 

I Units i n  thousands of acre-feet per year. Water demands arc for the "hi�h" case. Tabulated surface water demands d o  not include livestock needs, some quantities of irri,!!atlon 

needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 

Import: A tmnsfer of water from another river basin, 

Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a do\\'tlStream point. 

Export: A transfer of water to another river basin. 



plan of improvement for the Canadian River Basi n .  An 
interim report on the feasibility of a multipurpose project 

on Palo Duro Creek in Hansford County. near Spearman, 

Texas has been completed and is under review by the 

Corps' Southwestern Division. The project would provide 

standard project flood protection. 

Q; 1 500 

In the Canadian River Basin, 20 floodwater-retarding 

structures are planned for construction in Zone 2 under 
the U.S. Department of Agriculture-Soil Conservation 

Service Watershed Management Program. None are 
planned in Zone 1 .  There were no such structures in the 
basin as of October 1 980. 
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Figure 1 1 1-1 -3. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Ca nadian River Basin, Zone 1 ,  1 980-2030 
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Table 111-1-6. Water Resources of the Canadian River Basin, Zone 2, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shorf:a4e 

In Intra- Return In Intra- Irrigation 
Decade Zone Basin Flow Import Total Zone Basin Export Total M & I  {Shortage) Total ---

1990 
Ground Water 1043.5 - - - 1043.5 1049.7 - - 1049.7 .0 {6.2) {6.2) 
Surface Water 103.0 . 0  18.0 .0 121.0 44.5 .0 66.2 110.7 10.3 .0 10.3 
Total 1146.5 .0 18.0 .0 1164.5 1094.2 .0 66.2 1160.4 10.3 {6.2) 4.1 

2000 
Ground Water 1748.6 - - - 1748.6 1781.4 - - 1781.4 .0 {32.8) {32.8) 
Surface Water 103.0 . 0  18.3 .0 121.3 47.6 .0 71.7 119.3 2.0 .0 2.0 
Total 1851.6 .0 18.3 .0 1869.9 1829.0 .0 71.7 1900.7 2.0 {32.8) {30.8) 

2010 
Ground Water 1706.9 - - - 1706.9 1742.8 - - 1742.8 . 0  (35.9) (35.9) 

' 
Surface Water 103.0 . 0  18.6 .0 121.6 44.6 .0 74.2 118.8 2.8 .0 2.8 >-' ' 

1809.9 .0 18.6 .0 1828.5 1787.4 .0 74.2 1861.6 2.8 (35.9) (33.1) >-' Total "' 

2020 
Ground Water 1451.5 - - - 1451.5 1542.9 - - 1542.9 .0 (91.4) (91.4) 
Surface Water 103.0 . 0  19.1 .0 122.1 43.3 .0 74.5 117.8 4.3 .0 4.3 
Total 1554.5 .0 19.1 .0 1573.6 1586.2 .0 74.5 1660.7 4.3 (91.4) (87.1) 

2030 
Ground Water 1020.7 - - - 1020.7 1 167.7 - - 1167.7 .0 (147.0) (147.0) 
Surface Water 103.0 . 0  19.6 .0 122.6 44.7 .0 74.7 1 19.4 3.2 .0 3.2 
Total 1 1 23.7 .0 19.6 .0 1 143.3 1212.4 .0 74.7 1287.1 3.2 (147.0) (143.8) 

I Units in thousands of acre-feet per year. Water demands are for the "high" case. Tabu1ated surface water demands do not include livestock needs, some quantities of irrigation 

needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 

Import: A tmnsfer of water from another river basin. 

Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a do\\.nstream point. 

Export: A transfer of water to another river basin. 
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2. RED RIVER BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physieal Deseription 

The Red River Basin is bounded on the north by the 
Canadian River Basin and on the south by the Brazos, 
Trinity, and Sulphur River Basins. Beginning in the High 
Plains of eastern New Mexico at an elevation of about 
4,800 feet, the Red River flows eastward and forms the 
northern boundary of Texas east of the Panhandle. The 
river leaves Texas near Texarkana where the elevation of 
the streambed is about 250 feet. Total basin drainage area 
is 48,030 square miles, of which 24,463 square miles is in 
Texas. The North Fork of the Red River forms near Pampa 
and the Salt Fork of the Red River forms about 26 miles east 
of Amarillo. Both forks exit Texas into Oklahoma and join 
the Red River, individually, about 17 miles north of Ver­
non, Texas. Palo Duro Creek fonns near Canyon, Texas 
and becomes Prairie Dog Town Fork to the east, which in 
turn becomes the Red River at the 100th meridian. The 
Red River Basin has been divided into three zones for 
planning purposes (Figure III-2-1 ). 

Surfaee Water 

The average annual runoff in the basin from 1941 
through 1970 was about 203 acre-feet per square mile of 
contributing drainage area. The lowest flows occurred dur­
ing the period 1952-56 and 1963-67. From 1952 
through 1956, the average annual runoff was 110 acre­
feet per square mile, while from 1963 through 196 7 the 
average annual runoff was 95 acre-feet per square mile. 

Major flooding occurs infrequently on the upper 
branches and primary tributaries of the Red River in the 
drier High Plains region. However, localized "flash" flood­
ing, characterized by rapidly rising and falling peak dis­
charges and high flow velocities, occurs within the region. 
Progressing eastward through the Red River Basin, flood 
characteristics change as annual rainfall increases and 
wide, shallow stream channels become more wooded. 
Floods rise for several hours after intense rainfall and usu­
ally remain out of the banks for several hours. 

Extreme variations in chemical quality occur in 
streams in the Red River Basin in Texas. In the eastern, 
high-rainfall part of the basin, tributaries carry water con­
taining less than 100 milligrams per liter (mg/1) total 
dissolved solids, while in the western part of the basin many 

streams are highly saline and the water is unsuitable for 
most beneficial uses. 

Under low-flow conditions, waters of the lower 
reaches of the Prairie Dog Town Fork Red River, Pease 
River, and Wichita River are highly saline, frequently 
exceeding 25,000 mg/1 total dissolved solids, 3,000 mg/1 
sulfate, and 10,000 mg/1 chloride. These high salt loads 
are derived principally from salt springs and seeps. The 
average dissolved-solids concentration of water in Lake 
Kemp is about 3,000 mg/1, of which 700 mg/1 is sulfate 
and 1,200 mg/1 is chloride. Beaver and Buffalo Creeks, 
tributaries of the Wichita River, are periodically affected by 
drainage from oil fields, b!lt otherwise contribute water of 
good quality. Despite dilution by floodwaters, the water of 
the Wichita River averages more than 2,000 mg/1 total 
dissolved solids at the mouth. Water of the Little Wichita 
River is of excellent quality. The average dissolved-solids 
concentration is about 400 mg/1. 

The quality of the main stem of the Red River gradually 
improves downstream, but near Gainesville the concen­
tration of dissolved solids between 1977 and 1 980 ranged 
from 850 to 4,000 mg/1, with an average of 2,500 mg/1. 
Lake Texoma, on the main stem, receives good quality 
inflows from the Washita River in Oklahoma. The resulting 
dilution reduces the average concentration of total dis­
solved solids in water discharged from the lake to about 
1,000 mg/1. 

Below Lake Texoma, waters of all tributaries of the 
Red River are low in dissolved solids, thus improving the 
quality of the main stem. At De Kalb, Texas, the average 
concentration of dissolved solids in the Red River is about 
900 mg/1. 

Ground Water 

The High Plains (Ogallala) Aquifer underlies most of 
the upper Red River Basin. The Ogallala Formation is the 
most productive water-bearing unit of the High Plains 
Aquifer in Texas. In 1980, the saturated thickness of the 
High Plains Aquifer within the basin ranged from about 20 
feet to 420 feet. Yields of large-capacity wells average 
about 500 gallons per minute (gpm); although locally 
wells produce up to 1,100 gpm. Generally, the water has 
less than 1,000 mg/1 total dissolved solids. However, in 
some areas of the basin, water of the High Plains Aquifer 
has fluoride concentrations which exceed Environmental 
Protection Agency-Texas Department of Health primary 
standards for fluoride. 
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Figure 111-2-1. Red River Basin and Zones 
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The Alluvium Aquifer produces water in local areas in 
the central part of the Red River Basin. Generally, total 
thickness is 100 feetor less, but locally it ranges up to about 
360 feet. Saturated thickness is commonly less than 50 
feet, with a maximum of about 150 feet. Yields of high­
capacity wells average 300 gpm, .but locally wells produce 
up to 1,300 gpm. Water in the aquifer is fresh over most of 
the area, but in some locations is slightly saline. 

The Trinity Group Aquifer extends over the eastern 
and east-central parts of the basin. Total thickness ranges 
from approximately 400 feet to more than 1,000 feet. 
Yields of large-capacity wells average 325 gpm; locally 
wells produce up to 700 gpm. Water in the aquifer gener­
ally contains less than 1,000 mg/1 total dissolved solids, 
but salinity increases downdip and toward the east. 

The Blaine Gypsum Aquifer occurs in the west-central 
part of the Red River Basin. Total thickness ranges up to 
about 250 feet. Yields of high-capacity wells average 400 
gpm but locally wells produce up to 1,500 gpm. Water in 
the aquifer is of relatively poor quality, generally ranging 
from 2,000 to more than 5,000 mg/1 total dissolved solids. 

The Woodbine Aquifer occurs in the eastern part of the 
basin. Total thickness ranges from about 400 to 600 feet. 
Yields of large-capacity wells average 175 gpm; locally, 
wells produce up to about 700 gpm. Water in the aquifer 
generally contains less than 1,000 mg/1 total dissolved 
solids, but salinity increases downdip. 

The Blossom Sand Aquifer also extends through the 
eastern part of the basin. Total thickness ranges up to 
approximately 400 feet. Yields of high-capacitywells range 
up to about 650 gpm, but average well yields are signifi­
cantly lower. Water in the aquifer generally contains from 
about 500 to more than 2,000 mg/1 total dissolved solids. 

The Nacatoch Sand Aquifer occurs in Bowie County in 
the far eastern part of the basin. Total thickness ranges 
from 350 feet to 500 feet. The aquifer produces usable­
quality water to a depth of about 800 feet. Well yields range 
up to a maximum of about 500 gpm. Water in the aquifer 
generally contains from 400 to 1,000 mg/1 total dissolved 
solids, with salinity increasing downdip. 

Highly mineralized ground waters occur locally in the 
upper half of the Red River Basin. In these areas, depletion 
of storage within these aquifers will cause highly mineral­
ized ground waters to invade the depleted fresh to slightly 
saline ground waters. 

Population and Economic 
Development 

The population of the Red River Basin was reported to 
be 506.0 thousand in 1980. Amarillo is the largest city in 
the basin with an in-basin population of over 95.9 thou­
sand. It is followed in size by Wichita Falls, which has a 
population of 94.2 thousand; Sherman, Denison, Here­
ford, and Vernon all have populations of 12 thousand or 
more. 

The economy of the area is based on oil and gas 
production, agriculture and agribusiness, manufacturing, 
retail trade, and tourism. In the western portion of the 
basin, there is extensive crop irrigation. Wichita Falls 
serves as a retail trading center and the Sherman-Denison 
area is a leading manufacturing and trade center serving 
the north Texas and southern Oklahoma region. 

Water Use 

Municipal water use in the Red River Basin totaled 
98.4 thousand acre-feet in 1980. Zone 1 accounted for 38 
percent, Zone 2 consumed 39 percent, and Zone 3 used 
23 percent of the basin total. 

Cities using significant quantities of municipal water 
in Zone 1 in 1980 were Hereford, Friona, Amarillo (58 
percent of Zone 1 total), and Tulia; Wichita Falls was the 
largest user in Zone 2 ( 45 percent of the zone total), and 
the Cities of Denison, Sherman, and Paris accounted for 
over 61 percent of municipal water use in Zone 3. Over the 
basin, 19 percent of the total municipal water use (18.4 
thousand acre-feet) was used by rural population or by 
cities of less than one thousand population. 

Manufacturing industries in the Red River Basin used 
17.2 thousand acre-feet of freshwater during 1980. Fifty­
five percent of this amount originated in Zone 1, while 16 
and 29 percent of the total was used in Zone 2 and Zone 3, 
respectively. Food and kindred products was the major 
water-using industrial category in Zone 1. Manufacturing 
freshwater use in Zone 2, however, occurred predomi­
nantly in Wichita County where a relatively large variety of 
manufacutring industries used moderate quanitites of 
freshwater. In Zone 3, almost the entire use ( 5.0 thousand 
acre-feet) occurred in Grayson County, whose major 
industries were the manufacture of food products, electri­
cal machinery, and scientific instruments. 

In 1980, there was 1,144 megawatts of steam­
electric power generating capacity in the Red River Basin. 
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All plants used surface water for cooling, and together they 
consumed about 9.2 thousand acre-feet of water. This 
included 6.3 thousand acre-feet of estimated net natural 
evaporation from cooling reservoirs. In addition, 136 
acre-feet of ground water was used for power plant 
operations. 

Irrigation development in the Red River Basin in 
Texas is largely in the High Plains area (Zone 1 ). About 1.2 
million acres was irrigated in the basin during 1 980 using 
1.4 million acre-feet of water. About 87 percent of the 
irrigated acreage was located in Zone 1. Of the approxi­
mately 1.2 million acre-feet of irrigation water used in 
Zone 1 during 1980, allexcept2.4 thousand acre-feet was 
supplied by the High Plains (Ogallala) Aquifer. 

In the North-Central Texas area (Zone 2), about 
111.0 thousand acres was irrigated in 1980 using 143.6 
thousand acre-feet of water. The Alluvium Aquifer and the 
Blaine Gypsum Aquifer supplied 86.7 thousand acre-feet 
ol this total. Surface water supplied 56.9 thousand acre­
feet of on-farm use, most of which was supplied from Lake 
Kemp and Lake Diversion on the Wichita River. 

About 38.3 thousand acre-feet of water was used for 
irrigation in Zone 3 in 1980. Approximately 92 percent of 
the Zone 3 irrigation use was from surface-water sources. 

Petroleum and natural gas production in the Red River 
Basin accounted for approximately 87 percent of the 1980 
estimated total mining freshwater use of 2. 7 thousand 
acre-feet. The largest freshwater withdrawals for fuel pro­
duction occurred in Zone 1, with 1.1 thousand acre-feet. 
Major areas of mining water use are concentrated in Gray 
County, which accounts for approximately 29 percent of 
the total basin mining water use. 

Livestock water use in.1980 in the basin totaled 33.4 
thousand acre-feet. About 20.0 thousand acre-feet was 
used in Zone 1, 9.1 thousand in Zone 2, and the remainder 
was used in Zone 3. 

There is 70 megawatts of installed hydroelectric 
power generating capacity at Denison Dam. 

Return Flows 

In 1980, municipal and manufacturing return flows 
in the Red River Basin totaled 43.0 thousand acre-feet. 

In Zone 1 of the Red River Basin, irrigation return 
flows are negligible. Any excess irrigation water applied is 
generally either reused as tailwater or percolates into the 
soil. 

In Zone 2, the areas irrigated from ground-water sup­
plies contri.bute negligible amounts of irrigation return 
flows. An estimated 10.5 thousand acre-feet of return 
flows( 35 percent of surface-water use) originated in Zone 
2 in 1980. In-stream losses by seepage and evapotranspi­
ration deplete most of these return flows above Lake 
Texoma. 

In 1980, about 2.6 thousand acre-feet of return flows 
was estimated to originate in Zone 3 of the basin. 

Current Ground-Water Development 

In 1980, approximately 1,34 7.0 thousand acre-feet 
of ground water was used in the Red River Basin. Of this 
amount, 1,226. 7 thousand acre-feet was used in Zone 1 ,  
99.4 thousand acre-feet i n  Zone 2, and 20.9 thousand 
acre"feet in Zone 3 of the basin. Practically all of the 
ground water used in 1980 in Zone 1 of the basin was 
withdrawn from the High Plains (Ogallala) Aquifer. In. 
Zone 2, most of the ground water used in 1980 was from 
the Seymour Alluvial Aquifer. Most of the ground water 
used in Zone 3 was from the Woodbine and Trinity Group 
Aquifers. 

Of the 1,347.0 thousand acre-feet of ground water 
used in the basin approximately 1,264.3 thousand acre­
feet or 94 percent was used for irrigation and about 61.6 
thousand acre-feet or about 4 percent was used for munici­
pal and manufacturing purposes. 

Withdrawals of ground water in 1980 in Zone 1 from 
the High Plains Aquifer are estimated at about 22 times the 
aquifer's annual natural recharge. Annual current and his­
torical pumpages for irrigation purposes have .removed 
large volumes of water from storage which has caused 
significant water-level declines. 

In 1980 within Zone 2, small overdrafts of ground 
water from the Seymour Alluvial Aquifer for irrigation pur­
poses occurred in Collingsworth, Foard, and Wilbarger 
Counties. 

Within Zone 3 of the basin, overdrafts of ground water 
for mainly municipal purposes occurred in the Trinity 
Group Aquifer in Cooke and Grayson Counties, in the· 
Woodbine Aquifer in Grayson County, in the Nacatoch 
Aquifer in Bowie County, and in the Blossom Aquifer in 
Fannin, Lamar, ·and Red River Counties .. 

Current Surface-Water Development 

Since December 1 980, Texas use of water in the Red 
River Basin has been subject to the Red River Compact. 
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There are 23 major reservoirs in the Red River Basin of 
Texas. Of this total; 4 projects are located in Zone 1, 11 in 
Zone 2, and 8 in Zone 3. 

Zone 1 of the Red River Basin is served principally 
from ground-water sources; however, important surface­
water projects have been developed locally. Mackenzie 
Reservoir, located on Tule Creek in Briscoe County, is 
owned by the Mackenzie Municipal Water Authority. 
Member cities include Floydada and Lockney in the Brazos 
River Basin and the Cities of Silverton and Tulia in the Red 
River Basin. No diversions were made from the project in 
1980 because water conveyance and treatment facilities 
had not been constructed. It is anticipated that all future 
water needs of the member cities will be supplied through 
the facilities of the Authority. 

Greenbelt Reservoir, located in Donley County, is 
owned by the Greenbelt Municipal and Industrial Water 
Authority. Member cities include Clarendon and Hedley in 
Zone 1, and Childress, Crowell, Memphis, Quanah, and 
Wellington in Zone 2. Total diversions from Greenbelt 
Reservoir in 1980 totaled slightly over 4.4 thousand acre­
feet, of which about 715 acre-feet was used in Zone 1 and 
the remainder delivered to cities in Zone 2. 

Bivins Lake, owned by the City of Amarillo, is used for 
aquifer recharge, Buffalo Lake, owned by the U.S. Fish and 
Wildlife Service is no longer in use because of inadequacy of 
the dam structure. 

The City of Amarillo, part of which is located in the 
Red River Basin, is a member of the Canadian River 
Municipal Water Authority which delivered 20.83 thou­
sand acre-feet of water to the city in 1980 through its 
aqueduct system from Lake Meredith in the Canadian 
River Basin. 

Existing major reservoirs in Zone 2 are Baylor Creek, 
Electra, Kemp, Diversion, Santa Rosa, North Fork Buffalo 
Creek, Lake Wichita, Lake Kickapoo, Arrowhead, and 
Farmers Creek. The City of Wichita Falls owns and oper­
ates Lakes Wichita, Kickapoo, and Arrowhead, and is co­
owner of Lakes Kemp and Diversion with the Wichita 
County Water Improvement District No. 2. These projects 
serve the needs of the City of Wichita Falls and provide 
municipal and manufacturing supplies for much of 
Wichita, Archer, and Clay Counties. Lake Wichita is not 
currently being used because of the inadequacy of the dam 
structure. Lakes Kickapoo and Arrowhead are the princi­
pal sources of surface-water supply for the Wichita Falls 
area. Lakes Kemp and Diversion supplied 55.5 thousand 
acre-feet of water for irrigation purposes in 1980. Other 
reservoirs in Zone 2 supply local needs. Baylor Creek Res­
ervoir was constructed by the City of Childress for a munic­
ipal water supply; however, no water was used from this 
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source in 1980. North Fork Buffalo Creek Reservoir is 
owned by the Wichita County Water Control and Improve­
ment District No. 3 and supplies most of the municipal 
water used by the City of Iowa Park. Electra Reservoir is 
owned by the City of Electra and supplements the city's 
ground-water supply. Santa Rosa Reservoir is owned by the 
W.T. Waggoner Estate and is used for livestock watering 
and oil and gas secondary recovery operations. Farmers 
Creek Reservoir, owned and operated by the North Mon­
tague County Water Supply District, supplies the City of 
Nocona and other areas of Montague County. 

One element of the Arkansas-Red Basins Chloride 
Control Project, Truscott Brine Reservoir located in Knox 
County on the South Fork of the Wichita River, has been 
completed by the U.S. Army Corps of Engineers. 

Major reservoirs in Zone 3 are Moss, Texoma, Ran­
dell, Bonham, Coffee Mill Creek, Pat Mayse, Crook, and 
Valley. Hubert H. Moss Lake is owned and operated by the 
City of Gainesville in the Trinity River Basin. No water has 
been used from the project; however, it is anticipated that 
future requirements of the Cainsville area will be served 
from the project. Lake Bonham is owned by the Bonham 
Municipal Water Authority. In 1980, 1.4 thousand acre­
feet of water was diverted from the project for municipal 
and manufacturing purposes for the City of Bonham. Pat 
Mayse Reservoir is a multiple-purpose project constructed 
by the U.S. Army Corps of Engineers for flood control and 
water supply. The City of Paris, located partially in the 
Sulphur River Basin, has purchased the conservation stor­
age space in the reservoir to augment the city's supply from 
Lake Crook. In 1980, 12.7 thousand acre-feet was 
diverted from the two projects for municipal and manufac­
turing purposes in the City of Paris as well as other areas of 
Lamar County in both the Red and Sulphur River Basins. 

Lake Texoma, located on the main stem of the Red 
River, was constructed by the Corps of Engineers as a 
multiple-purpose project to include flood control, hydro­
electric power generation, water supply, and recreation. 
The City of Denison, Texas Power and Light Company, 
Atlantic Richfield Co., Texaco, Inc., and the Red River 
Authority have contracts with the Corps of Engineers for 
conservation storage capacity. In addition, the City of 
Sherman has the authority under P.L. 85-146 to contract 
for water-supply storage, although no contract has yet been 
consummated. Lake Randell, owned by the City of Deni­
son for a municipal water supply, is also used for regulating 
diversions from Lake Texoma. In 1980, about 6.1 thou­
sand acre-feet of water was diverted from Lake Randell for 
municipal and manufacturing uses in the City of Denison 
and other areas of Grayson County. Valley Lake, owned 
and operated by Texas Power and Light Company, is also 
supplemented by diversions from Lake Texoma to main­
tain a constant operating level for steam-electric power 



plant operation. The remaining major reservoir in Zone 3 
of the Red River Basin, Coffee Mill Creek Lake, is owned by 
the U.S. Department of Agriculture and is used for 
recreation. 

Surface water utilized for municipal and manufactur­
ing purposes in the lower reach of Zone 3 of the Red River 
Basin is supplied largely from Lake Wright Patman in the 
Sulphur River Basin. 

Water Rights 

The total quantity of surface water authorized or 
claimed for diversion and use in the Red River Basin was 
678,825 acre-feet as of December 31, 1983 (Table Ill-2-
1 ). Municipal use totaled 312,923 acre-feet, or 46.1 per­
cent of the basin total (Table Ill-2-2). Zone 2 has the 
largest quantity of authorized and claimed water in the 
basin with 418,791 acre-feet, or 61.7 percent of the total 
amount of water authorized and/or claimed in the basin 
(Table Ill-2-2). 

Water Quality 

A general water quality problem in the Red River Basin 
is the excessive dissolved-solids concentrations prevalent 
in most of the streams. These high concentrations are 
caused in large part by the presence of salt water springs 
and outcrops of gypsum. Salt water springs are located in 
the western portion of the basin in the upper reaches of the 
Wichita River, the North and South Forks of the Pease 
River, and on the Little Red River which is a tributary to the 
Prairie Dog Town Fork of the Red River. Gypsum outcrops 
are found in the area ranging westward from Wichita 
County to the High Plains caprock escarpment. The water 
from these areas is usually very high in dissolved solids and 
occasionally contains chemical concentrations compara­
ble to those found in sea water. 

The lower portion of the Wichita River and McKinney 
Bayou experience occasional low dissolved oxygen and 
elevated fecal coliform levels. These conditions are pri­
marily due to the discharge of treated wastewater and, in 
the case of McKinney Bayou, are complicated by the natu­
rally low reaeration capacity of the stream. 

Flooding, Drainage, and Subsidence 

Reliable estimates of monetary damages due to histor­
ical flooding in the basin are generally unavailable. Most of 
the damages from floods occur in localized areas, for which 
flood damages estimates have not been made. However, 
the Corps of Engineers has compiled flood histories for 

Table 111-2-1. Authorized or Claimed Amount of Water, 
by Type of Right, Red River Basin' 

Acre-Feet 

Type of Number Authorized 

Authorization of rugh"' and Claimed 

Permits 245 571.009 

Claims 161 22,407 

Certified Filings 4 85,409 

Certificates of 
Adjudication 0 0 

Total Authorizations 
and Claims 410 678.825 

'The Texas Water Rights Adjudication Act of 1967 authorizes the Texas Depart­
ment of Water Resources to investigate and determine, with the Court's approval, 
the nature and measure of water rights for all authorized diversions from surface­
water streams or portions thereof except domestic and livestock uses and to 
monitor and administer each adjudicated water right. These totals incorporate 
the results of water-rights ;Jdjudication in the basin as of December 31, 1983, 
Certified Filings are declarations of appropriation which were filed with the State 
Board of Water Engineers under the provisions of Section 14, Chapter 171, 
General Laws, Acts of the 33rd Legislature, 1913, as amended. Permits are 
statutory appropri�tivc rights which have been issued by the Texas Water Com­
mission or its predecessor agencies. Claims arc sworn statements of historical 
uses to he adjudicated in accordance with the Texas Water Rights Adjudication 
Act. A certificate of adjudication is the final result after recognition of a valid right 
in the adjudication process and is based on a permit, certified filing or claim or any 
combination of the three. 

several federal projects within the basin. Floods in 1954, 
1955, and 1957 on the Wichita River caused an estimated 
$4 million in damages. During the period 1950-71, six 
floods caused an estimated $395 thousand in damages on 
Big Pine Creek, and during the period 1950-62 floods 
caused an estimated $313 thousand in damages on Sand­
ers Creek. 

Table 111-2-2. Authorized or Claimed Amount 
of Water, by Type of Use and Zone, 

in Acre-Feet, Red River Basin 

Number 
Type of of 

u .. Ri�hts Zone I Zone 2 Zone 3 Total 

Municipal 45 19,620 206,443 86,860 312,923 
Industrial 17 2,721 51,081 53.157 106,959 
Irrigation 309 14,575 142,159 32,059 188,793 
Mining 10 1.045 4,771 100 5,916 
Recreation 46 32,818 6,277 17,079 56,174 
Other 4 0 8,060 0 8,060 

Total 4101 70,779 418,791 189,255 678,825 

1 Qocs not sum due to multipurpose "rights", which may be applied to more than 
one type of usc. 
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In recent years, floods in Amarillo in 1978, 1979, and 
1981: Wichita Falls in 1979 and 1980; and Sherman in 
1981 along with other minor floods throughout the basin 
produced 201 flood insurance claims for flood damages 
amounting to approximately ill.6 million. Flooding in 
October 1981 also brought a Presidential disaster declara­
tion to Grayson County resulting in expenditures of 
approximately il642 thousand by various federal agencies 
to offset flood damages in the Red River Basin. 

To date, 57 incorporated cities have been designated 
as having one or more flood hazard areas within their 
boundaries. Maps have been prepared which identify the 
areas subject to inundation by the 100-year flood. Thirty­
one of the designated cities have adopted minimum flood 
plain management standards in compliance with the 
National Flood Insurance Program. In the Cities of Sher­
man and \Vichita Falls, detailed flood insurance studies 
have been completed. Detailed studies are also underway 
in the Cities of Canyon, Lake Tanglewood, Burkburnett, 
Iowa Park, and Pleasant Valley. Completion of these stud­
ies will make additional layers of flood insurance coverage 
available to local residents and will also provide 100-year 
flood elevation data to the cities for use in future planning 
and growth. 

Drainage problems exist throughout the entire Red 
River Basin. In the High Plains region, numerous depres­
sions in the generally flat terrain collect storm runoff and 
form the playa lakes. Playa lake areas pose problems to 
lands under cultivation. In the lower part of the basin below 
Lake Texoma, drainage problems occur in alluvium-filled 
bottomlands. 

Land subsidence caused by withdrawals of ground 
water from the various aquifers is not a problem within the 
Red River Basin. However, the potential for locally signifi­
cant subsidence exists within the basin in the area of the 
Blaine Gypsum Aquifer. 

Recreation Resources 

There are 22 reservoirs in the Red River Basin \vith 
capacities of 5 thousand acre-feet or more. These 22 reser­
voirs provide over 159 thousand surface acres of water for 
recreational purposes. Zone 3 of the basin, contains over 
101 thousand of the surface acres, with Lake Texoma 
accounting for 88 percent of the zone total. Lake Texoma, 
located in Texas and Oklaholna, offers numerous water­
oriented recreation opportunities as indicated by the 
recorded recreation use ofthe reservoir which totaled more 
than 12.0 million visits by recreationists during 1980. An 
additional 1.0 million visits were recorded in 1980 at Pat 
Mayse Reservoir, located in Zone 3. 

PROJECTED WATER REQlliREMENTS 

Population Growth 

The population of the Red River Basin is projected to 
increase 82 percent by the year 2030, from 506.0 thou­
sand in 1980 to 919.7 thousand in 2030. A 23 percent 
growth, to over 624 thousand is anticipated from 1980 to 
the year 2000, and a gain of 4 7 percent is forecasted for the 
remainder of the planning period (2000 to 2030). In 
comparison, state population is projected to increase 49 
percent and 62 percent, respectively, over the same time 
period (Table III-2-3). 

In 1980, Zone 2 population was 38 percent of the 
total basin population, and this figure is not expected to 
change by 2030. In contrast, Zone 1 percentage of the 
basin population increases from 35 percent in 1980 to 36 
percent in 2030. Over the projection period, the popula­
tion in Zone 3 of the basin grows at a slower rate than the 
basin average (70 percent compared to 79 percent), and 
its share of basin population declines from 27 percent to 
25 percent. 

The growth in Zone 1 of the Red River Basin is attribu­
table largely to expected expansion of economic activity in 
Randall (part of the Amarillo Standard Metropolitan Sta­
tis tical Area) and Deaf Smith (which includes the City of 
Hereford) Counties. 

Almost all of Zone 2's population growth occurs in 
Wichita County (part of the Wichita Falls SMSA). 

Of the six counties partially in Zone 3 of the Red River 
Basin, Cooke and Lamar Counties are expected to grow 
faster than the basin average (95 and 90 percent respec­
tively, from 1980 to 2030 compared to 79 percent). Gray­
son County accounts for a large portion of the total 
projected population increase in this zone (an increase of 
52 thousand people out of a total zone gain of 95 
thousand). 

Water Requirements 

Municipal 

Municipal water requirements are projected for two 
cases of future growth based on both population and per 
capita water use. Water requirements in the Red River 
Basin are projected to increase from the 1980 level of98.4 
thousand acre-feet by a projected maximum of 59 percent 
by theyear2000. In the year2030, water requirements are 

III-2-7 



-
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"' ' 
00 

Zone 1 
Populatioo 
»micl.-J. 25.7 11.3 
Manufacturing 8.6 0 . 8  
Ste<ml Electric 0 . 0  0.0 
Mining 1 . 2  0 . 3  
Irrigation 1,174.7 2.4 
Livestock 16.5 3.5 
Zone Total water 1,226. 7 18.3 

Z<ne 2 
P<pllation 
M.micipal 10.0 28.7 
Manufacturing 0 . 8  2.0 
steam Electric 0.0 3.2 
Mining 0.6 0.2 
Irrigation 86.7 56.9 
Livestock 1.3 7.8 
zone Total water 99.4 98.8 

Z<ne 3 
Pqnlatioo 
M.tnicipal 13.2 9.5 
Manufacturing 3.3 1.7 
steam Electric 0.1 5.9 
Mining 0 . 4  0 . 0  
Irrigation 2.9 35.4 
Livestock 1.0 3.3 
Zone Total Water 20.9 55.8 

,..,. roi'ALS 
P<pllation 
M.tnicipal 48.9 49.5 
Manufacturing 12.7 4.5 
Ste<ml Electric 0.1 9.1 
Mining 2.2 0.5 
Irrigation 1,264.3 94.7 
Livestock 18.8 14.6 
Basin Total Hater 1,347.0 172.9 

Table III-2-3. Population, current water Use, With Projected Population and water Requirenvmts, 199o-2o3@/ 
Red River Basin 

178.8 206.3 228.2 254.7 
37.0 32.0 23.2 55.2 35.0 26.7 61.7 41.4 27.5 68.9 

9.4 13.0 0.1 13.1 17.8 0.1 17.9 23.0 0.0 23.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.3 0.0 2.3 
1.5 0.8 0.4 1.2 0.4 0.5 0.9 0.3 0.5 0.8 

1,177.1 1,034.3 2.3 1,036.6 2,060.5 2.3 2,062.8 2,003.8 2.3 2,006.1 
20.0 19.5 4.3 23.8 23.2 4.4 27.6 20.3 7.3 27.6 

1,245.0 1,099.6 30.3 1,129.9 2,136.9 34.0 2,170.9 2,091.1 37.6 2,128. 7 

192.3 198.5 233.9 268.0 
38.7 11.9 35.6 47.5 12.5 44.6 57.1 2.9 52.5 65.4 

2.8 1.4 3.0 4 . 4  1.9 4.4 6.3 2.5 6.0 8.5 
3.2 0.0 9.6 9.6 0.0 16.0 16.0 0.0 15.7 15.7 
o.8 0.5 0.1 0.6 0.4 0.1 0.5 0.3 0.0 0.3 

143.6 95.7 36.1 131.8 185.0 95.2 280.2 201.8 250.9 452.7 
9.1 2.2 8.6 10.8 2.2 10.3 12.5 2.2 10.3 12.5 

198.2 lll.7 93.0 204.7 202.0 170.6 372.6 219.7 335.4 555.1 

134.9 150.2 162.1 179.4 
22.7 4.0 29.8 33.8 4.0 33.2 37.2 4.1 37.1 41.2 

5.0 0.2 7.7 7.9 0.2 11.3 11.5 0.2 15.1 15.3 
6.0 0.1 5.9 6.0 0 . 1  10.4 10.5 0.1 17.0 17.1 
0.4 0.3 0.0 0.3 0.1 0.0 0.1 0.1 0.0 0.1 

38.3 2.1 36.5 38.6 2.1 39.8 41.9 2.1 43.2 45.3 
4.3 1.7 3.4 5.1 2.4 3.5 5.9 2.4 3.5 5.9 

76.7 8.4 83.3 91.7 8.9 98.2 107.1 9.0 115.9 124.9 

506.0 555.0 624.2 702.1 
98.4 47.9 88.6 136.5 51.5 104.5 156.0 58.4 117.1 175.5 
17.2 14.6 10.8 25.4 19.9 15.8 35.7 25.7 21.1 46.8 

9.2 0.1 15.5 15.6 0 . 1  26.4 26.5 2.4 32.7 35.1 
2. 7 1.6 0.5 2.1 0.9 0.6 1.5 o. 7 0.5 1.2 

1,359.0 1,132.1 74.9 1,207.0 2,247.6 137.3 2,384.9 2,207.7 296.4 2,504. 
33.4 23.4 16.3 39.7 27.8 18.2 46.0 24.9 21.1 46.0 

1,519.9 1,219.7 206.6 1,426.3 2,347.8 302.8 2,650.6 2,319.8 488.9 2,808. 

!!/ Pop.llation in t.bousands of persons, water rEqUire��a�ts in thousands of acre-feet per year. 

289.4 332.3 
51.0 27.6 78.6 63.0 27.5 90.5 
28.1 1.2 29.3 36.0 0 . 8  36.8 

4.5 0.0 4.5 6.8 0.0 6.8 
0.2 0.6 0.8 0.1 0.7 0 . 8  

2,692. 7 2.4 2,695.1 2,695.2 2.4 2,697.6 
13.4 14.2 27.6 8.8 18.8 27.6 

2, 789.9 46.0 2,835.9 2,809.9 50.2 2,860.1 

310.7 359.5 
13.8 61.9 75.7 14.6 72.9 87.5 

3.2 7.9 11.1 4.0 10.3 14.3 
0.0 15.3 15.3 0.0 15.0 15.0 
0.2 0.0 0.2 0.1 o.o 0.1 

247.0 194.9 441.9 221.9 252.0 473.9 
2.2 10.3 12.5 1.8 10.7 12.5 

266.4 290.3 556.7 242.4 360.9 603.3 

200.8 227.9 
4.3 41.7 46.0 4 . 3  48.0 52.3 
0.2 19.7 19.9 0 . 2  25.2 25.4 
0.1 23.5 23.6 0 . 1  30.1 30.2 
0.1 o.o 0.1 0.0 0.0 0 . 0  
2 . 1  43.2 45.3 2.1 43.2 45.3 
2.3 3.6 5.9 2.4 3.5 5 . 9  
9 . 1  131.7 140.8 9.1 150.0 159.1 

800.9 919.7 
69.1 131.2 200.3 81.9 148.4 230.3 
31.5 28.8 60.3 40.2 36.3 76.5 

4.6 38.8 43.4 6.9 45.1 52.0 
0 . 5  0 . 6  1.1 0 . 2  . 7  .9 

2,941.8 240.5 3,182.3 2,919.2 297.6 3,216.8 
17.9 28.1 46.0 13.0 33.0 46.0 

3,065.4 468.0 3,533.4 3,061.4 561.1 3,622.5 



projected to range from 148.5 to 230.3 thousand acre­
feet. Zone 1 is projected to account for 40 percent of total 
basin municipal requirements in 2000; in 2030, Zone 1 is 
projected to account for 39 percent of the total. 

A range of 39.8 to 57.1  thousand acre-feet of munici­
pal water requirements is projected in Zone 2 by 2000, 
most in Wichita County. Total municipal water require­
ments in Zone 3 are projected to range from 26 to 37 
thousand acre-feet in the year 2000, of which Grayson 
County accounts for the greatest portion. By 2030, Zone 3 
is projected to account for 22 to 23 percent of the total 
basin municipal water requirements. 

Industrial 

Manufacturing water requirements in 1980 were 
17.2  thousand acre-feet in the Red River Basin. Projec­
tions of future water requirements for manufacturing pur­
poses were made by decade and for a low and high case for 
each industrial group. In 1980, over 90 percent of total 
manufacturing water use was concentrated in five indus­
trial groups: chemicals, petroleum refining, primary 
metals, paper products, and food products. Because of this 
concentration, careful attention was given to the future 
growth outlook for these industries in making the 
projections. 

Manufacturing water requirements in the Red River 
Basin are projected to increase more than two times by the 
year 2030, to a potential high of 76.5 thousand acre-feet 
by 2030. 

Steam-Electric Power Generadon 

Provided announced changes in installed capacity by 
the electric power companies operating in Texas material­
ize, most of the growth in steam-electric power generating 
capacity will occur in Zones 2 and 3 of the Red River Basin. 
Based on these projections, water consumption require­
ments in the basin will increase 22 to 26.4 thousand 
acre-feet annually by 2000 and 36.4 to 52 thousand acre­
feet annually by 2030. 

Agriculture 

Irrigation 

Irrigation water requirements were projected for two 
cases of change based on improvements in on-farm appli-

cation efficiencies, reduction in ditch losses, changes in 
future resource costs and crop prices, and corresponding 
changes in cropping patterns to reflect more profitable 
crops. A low case projects demand for water based on the 
effects of changes in the above variables but with irrigated 
acreage held constant at 1980 levels in each zone for each 
future time period; a high case projects demand for water 
for irrigation constrained only by the requirement that 
irrigated farming produce a net positive return in excess of 
that possible from dryland farming and the requirement 
not to exceed the amount of irrigable soil in each zone. 
Thus, the projections of demand,lowand high cases, based 
on the irrigation efficiency and marl\et conditions men­
tioned above, give an estimate of the quantity of water 
needed for irrigation in each zone, at each decadal point 
for which projections were made. These projections of 
demand are compared to the projected supply of water 
locally available. When projected demand exceeds pro­
jected supply, the difference is a measure of shortage at that 
point in time. 

Irrigation water requirements in the Red River Basin 
are projected to increase from the 1980 level of 1 .4  million 
acre-feet by a projected maximum 7 5 percent by the year 
2000 in the high case. In the year 2030, water require­
ments in the Basin are projected to range from 1 .5  to 3.2  
million acre-feet annually, low and high case, respectively, 
to irrigate from 1 .2 to 2.5  million acres. 

Zone 1 is projected to account for about 86 percent of 
total basin irrigation requirements in 2000; in 2030, Zone 
1 is projected to accountfor about 84 percent of the total in 
the high case. 

A range of 1 08.2  to 280.2 thousand acre-feet of irri­
gation requirements is projected in Zone 2 by 2000. By 
2030, the range for this Zone is from 122.5  to 473.9 
thousand acre-feet annually. Irrigation water require­
ments in Zone 3 are small by comparison with the other 
two zones, at a range of 3 1 . 1  to 4 1 .9 thousand acre-feet 
annually for year 2000; in 2030, the range in irrigation 
requirements is from 31 .1  to 45.3 thousand acre-feet per 
year in Zone 3. 

Livcstocl< 

Livestock water requirements within the basin are 
projected to increase from 33.4 thousand acre-feet in 
1980 to 46.0 thousand acre-feet by 2000. Livestock water 
use in 2000 is expected to be 27.6 thousand acre-feet in 
Zone 1 ,  about 12 .5  thousand acre-feet in Zone 2 ,  and 5.9 
thousand acre-feet in Zone 3. By 2030, it is estimated that 
46.0 thousand acre-feet of water will be required annually 
to satisfy livestock needs in the basin. 
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Mining 

Mining water requirements in the Red River Basin are 
projected to decline from 2. 7 thousand acre-feet in 1980 
to 0.9 thousand acre-feet in 2030. The estimated decline 
in the basin's mining water requirements will result from 
technological advances and greater water-use efficiency in 
the recovery of crude petroleum and natural gas. Increas­
ing water requirements by nonmetal mining firms should 
correspond to expected increases in demand for 
construCtion-related raw materials. 

Navigation 

As part of the authorized Red River Waterway project, 
the Corps of Engineers has released a feasibility report of 
the economics of navigation. If this project becomes eco­
nomically favorable, no additional freshwater requirement 
is anticipated for the Red River Basin. 

Hydroelectric Power 

There are currently no plans to expand hydroelectric 
power generating capacity in the Red River Basin beyond 
the existing 70 megawatts of installed capacity at Denison 
Dam. 

WATER SUPPLY PROJECTS 
AND MEASURES TO MEET 

FUTURE BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

The ground-water availability through the year 2030 
for the High Plains (Ogallala) Aquifer was estimated by 
imposing a set of total ground-water demands on a digital 
ground-water model of the aquifer developed by the Texas 
Department of Water Resources in 1982. The model anal­
ysis provided the following annual amounts of ground 
water available from the High PlainsAquifer within the Red 
River Basin from 1990 through 2030 by decade: 1.02 
million acre-feet in 1990, 1.58 million acre-feet in 2000, 
1.48 million acre-feet in 2010, 0.93 million acre-feet in 
2020, and 0.69 million acre-feet in 2030. The model 
analysis also estimated that from 1980 through 2030 
approximately 43 million acre-feet of ground water would 
be removed from storage, and that of the 29 million acre­
feet remaining in storage in the year 2031 about 7 million 
acre-feet would remain in the "caprock" (tillable) area and 
22 million acre-feet would remain in the "breaks" (non till-

able) area of the basin. Within the Red River Basin, the 
High Plains (Ogallala) Aquifer receives on an average 
annual basis about 57.4 thousand acre-feet of recharge. 

The approximate annual ground-water yield to the 
year 2030 within the remaining portion of the Red River 
Basin is 321.3 thousand acre-feet with the following 
amounts annually available by aquifer: 159.8 thousand 
acre-feet from the Seymour Alluvial Aquifer, 142.6 thou­
sand acre-feet from the Blaine Aquifer, 14.0 thousand 
acre-feet from the Woodbine Aquifer, 4.4 thousand acre­
feet from the Trinity Group Aquifer, 0.3 thousand acre­
feet from the Blossom Aquifer, and 0.2 thousand acre-feet 
from the Nacatoch Aquifer. The quality of the ground water 
from the Blaine Aquifer is such that it can only be used for 
irrigation purposes. In the year 2030, the yields of the 
Seymour Alluvial Aquifer and the Trinity Group Aquifer 
within the basin would be reduced to their average annual 
recharge rates of 119.8 and 3.7 thousand acre-feet per 
year, respectively. These reductions decrease the total 
ground-water availability within the basin in 2030 to 
280.6 thousand acre-feet (High Plains Aquifer not 
included). 

The projected annual ground-water use within the 
Red River Basin by decade from 1990 through 2030 is 
expected to be from 0.91 to 1. 73 million acre-feet peryear 
(Table III-2-4). The approximate average annual pro­
jected ground-water use within the basin is expected to be 
about 1.31 million acre-feet per year. Of the 1.31 million 
acre-feet of average annual projected use about 86 percent 
is expected to be from the High Plains (Ogallala) Aquifer, 
about 9 percent from the Seymour Alluvial Aquifers, and 
about 2 percent from the Blaine Aquifer. 

Surfaee-Water Availability and 
Proposed Development 

Projected surface-water needs in the Red River Basin 
are estimated to exceed total basin existing and proposed 
surface-water resources beginning about 2000 and con­
tinuing through 2030 (Table III-2-4, Figure III-2-2). 
However, water shortages are projected to occur in irri­
gated agriculture by 1990. Projected surface-water needs 
for municipal and manufacturing purposes in the Red River 
Basin may be met from existing reservoirs in the basin and 
imports from adjacent basins until the year 2030 except in 
Zone 2. 

Zone 1 

By the year 2000, approximately 566 thousand acre­
feet per year of irrigation water need is estimated to be 
unsatisfied in Zone 1 of the basin (Table III-2-5, Figure 
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Table 111-2-4. Water Resources of the Red River Basin, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Basin Basin Flow Import Total Basin Basin Export Total M & I  (Shortage) Total 

1990 
Ground \Vater 1133.4 - - - 1133.4 1219.6 - - 1219.6 .0 (86.2) (86.2) 
Surface Water 507.1 - 32.9 22.2 562.2 151.7 - 114.4 266.1 306.5 (10.5) 296.0 
Total 1640.5 - 32.9 22.2 1695.6 1371.3 - 114.4 1485.7 306.5 (96.7) 209.8 

2000 
Ground \Vater 1731.2 - - - 1731.2 2347.7 - - 2347.7 .0 (616.5) (616.5) 
Surface \Vater 498.1 - 41.4 25.4 564.9 245.6 - 125.1 370.7 269.2 (75.1) 194.1 
Total 2229.3 - 41.4 25.4 2296.1 2593.3 - 125.1 2718.4 269.2 (691.6) (422.4) 

2010 
Ground Water 1657.4 - - - 1657.4 2319.8 - - 2319.8 .0 (662.4) (662.4) ' 
Surface Water 495.3 48.7 26.2 570.2 428.7 132.6 561.3 243.0 (234.1) 8.9 tv - -

' 
.... Total 2152.7 - 48.7 26.2 2227.6 2748.5 - 132.6 2881.1 243.0 (896.5) (653.5) .... 

2020 
Ground Water 1125.7 - - - 1125.7 3065.4 - - 3065.4 .0 (1939.7) (1939.7) 
Surface Water 492.4 - 57.5 26.6 576.5 403.4 - 137.6 541.0 213.5 (178.1) 35.4 
Total 1618.1 - 57.5 26.6 1702.2 3468.8 - 137.6 3606.4 213.5 (2117.8) (1904.3) 

2030 
Ground Water 907.4 - - - 907.4 3061.4 - - 3061.4 .0 (2154.0) (2154.0) 
Surface Water 551.6 - 67.7 27.3 646.6 491.0 - 145.8 636.8 244.9 (235.1) 9.8 
Total 1459.0 - 67.7 27.3 1554.0 3552.4 - 145.8 3698.2 244.9 (2389.1) (2144.2) 

'Units in thousands of acre-feet per year. Water demands are for the "high� case. Tabulated surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which \\ill continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A transfer of water from another river basin. 
Rctum Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 
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Figure 111-2-2. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Red River Basin, 1980-2030 

III-2-3 ). This shortage is projected to increase to about 2.0 
million acre-feet per year in 2030. The shortages pro­
jected for this zone occur as a consequence of the decline of 
available ground-water resources in the area. primarily 
from the High Plains ( Ogallala) Aquifer. Shortages for 
irrigation water use are estimated to begin by the year 
1990, with an acceleration in the volume of shortage 
around the year 2010. 

Sweetwater Creek Reservoir site is located on Sweet­
water Creek in Wheeler County. Studies performed by the 
Red River Authority indicate that a reservoir at this site with 
a capacity of 65.8 thousand acre-feet would have a 

dependable annual yield of 5 .  2 thousand acre-feet of water 
for municipal, industrial, and recreational purposes. In 
1982.  the Red River Authority reactivated a water use 
permit application for Sweetwater Creek Reservoir pre­
viously submitted to the Department of Water Resources. 
Based upon local interest and diminishing ground-water 
resources in the area, the reservoir is proposed for opera­
tion by 1990. Continuing administrative and potential 
legal actions will most likely delay completion past 1990. 

Should additional water needs develop in Zone 1 of 
the basin beyond the year 2000, potential reservoirs which 
could be_ constructed to meet such needs include Lower 
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Table 111-2-5. Water Resources of the Red River Basin, Zone 1, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Zone Basin Flow Import Total Zone Basin Export Total M & l  (Shortage) Total ---

1990 
Ground Water 1013.3 - - - 1013.3 1099.5 - - 1099.5 .0 (86.2) (86.2) 
Surface Water 22.7 .0 .0 19.8 42.5 23.3 3.7 .7 27.7 14.8 . 0  14.8 
Total 1036.0 .0 .0 19.8 1055.8 1 122.8 3.7 .7 1127.2 14.8 (86.2) (71.4) 

2000 
Ground Water 1570.6 - - - 1570.6 2136.8 - - 2136.8 .0 (566.2) (566.2) 
Surface Water 22.1 .0 .0 22.6 44.7 26.7 4.0 1 . 1  31.8 12.8 .0 12.8 
Total 1592.7 .0 .0 22.6 1615.3 2163.6 4.0 1 . 1  2168.7 12.8 (566.2) (553.4) 

2010 
Ground Water 1470.6 - - - 1470.6 2091.1 - - 2091.1 .0 (620.5) (620.5) 

' Surface Water 21.7 .0 .0 23.1 44.8 27.3 4.4 1.3 33.0 11 .8 .0 11 .8  "' ' 
Total 1492.3 .0 .0 23.1 1515.4 21 18.4 4.4 1.3 2124.1 11 .8 (620.5) (608.7) >-' 

"' 

2020 
Ground Water 948.2 - - - 948.2 2789.9 - - 2789.9 .0 (1841. 7) (1841.7) 
Surface Water 21.2 .0 .0 23.1 44.3 28.8 5.0 2.5 36.3 8.0 .0 8.0 
Total 969.4 .0 .0 23.1 992.5 2818.7 5.0 2.5 2826.2 8.0 (1841. 7) (1833.7) 

2030 
Ground Water 765.1 - - - 765.1 2809.9 - - 2809.9 .0 (2044.8) (2044.8) 
Surface Water 20.8 .0 .0 23.2 44.0 28.3 5.8 3.3 37.4 6.6 .0 6.6 
Total 785.9 . 0  .0 23.2 809.1 2838.2 5.8 3.3 2847.3 6.6 (2044.8) (2038.2) 

1 Units in thousands of acre-feet per year. Water demands are for the "hi�h" case. Tabulated surface water demands do not include livestock needs, some quantities of irrigation 

needs and other needs which llill continue to be met from local, unregulated surface-water supplies. 

Definitions 

Intra-Basin: A transfer of water among zones nithin a river.basin. 

Import: A tmnsfer of water from another river basin. 

Return Flows: Wastewater returned to a natuml stream channel that can be recaptured at a downstream point. 

Export: A tmnsfcr of water to another river basin. 
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Figure 111-2-3. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Red River Basin, Zone 1, 1980-2030 

McClellan Creek Reservoir and Lelia Lal<e Creel< 
Reservoir. 

The Lower McClellan Creek Reservoir site is located 
in Gray County on McClellan Creek near its confluence 
with the North Fork of the Red River. This potential reser­
voir would also provide municipal and industrial water 
supply and serve recreation needs. The Lelia Lake Creek 
Reservoir site, located in Donley County, could supple­
ment the Greenbelt Reservoir system should needs for 
additional water supply arise. The reservoir would have a 
capacity of about 17.2 thousand acre-feet and would also 
provide recreational benefits to the area. 

Zone 2 

Water requirements are projected to exceed water 
resources by 15 .5  thousand acre-feet and 208.0 thousand 
acre-feet per year in Zone 2 by 2000 and 2030, respec­
tively (Table 111-2-6, Figure 111-2-4 ) . The year 2030 short­
age includes a projected shortfall of 332 . 1  thousand 
acre-feet per year for irrigation and an annual surplus of 
124.1 thousand acre-feet for municipal and industrial 
uses. This water surplus occurs as a consequence of exist­
ing and proposed surface-water development to be used 
exclusively for municipal and industrial purposes. Surface 
water is estimated to supply 250.2 thousand acre-feet 
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Table 111-2-6, Water Resources of the Red River Basin, Zone 2, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Zone Basin Flow Import Total Zone Basin Export Total M & l  (Shortage) Total ---

1990 
Ground Water 111.7 - - - 111.7 111.7 - - 111.7 .0 .0 .0 
Surface Water 193.0 3.7 .7 .0 197.4 79.4 .0 1 .5 80.9 121.4 (4.9) 116.5 
Total 304.7 3.7 .7 .0 309.1 191.1 .0 1.5 192.6 121.4 (4.9) 116.5 

2000 
Ground Water 151.7 - - - 151.7 202.0 - - 202.7 .0 (50.3) (50.3) 
Surface Water 186.7 4.0 .8 .0 191.5 155.1 .0 1.6 156.7 101.0 (66.2) 34.8 
Total 338.4 4.0 .8 .0 343.2 357.1 .0 1.6 358.7 101.0 (116.5) (15.5) 

2010 
Ground Water 177.8 - - - 177.8 229.7 - - 229.7 .0 (41.9) (41.9) ' 

"' Surface Water 184.8 4.4 .9 .0 190.1 320.0 .0 1 .7 321.7 90.3 (221.9) (131.6) ' 
"' Total 362.6 4.4 .9 .0 367.9 539.7 .0 1.7 541.4 90.3 (263.8) (173.5) "' 

2020 
Ground Water 168.4 - - - 168.4 266.4 - - 266.4 .0 (98.0) (98.0) 
Surface Water 182.9 5.0 1 .1 .0 189.0 277.5 .0 1 .8 279.3 75.5 (165.9) (90.4) 
Total 351.3 5.0 1.1 .0 357.4 543.9 .0 1.8 545.7 75.5 (263.9) (188.4) 

2030 
Ground Water 133.2 - - - 133.2 242.4 - - 242.4 .0 (109.2) (109.2) 
Surface Water 243.1 5.8 1.3 .0 250.2 347.2 .0 1.8 349.0 124.1 (222.9) (98.8) 
Total 376.3 5.8 1.3 .0 383.4 589.6 .0 1.8 591.4 124.1 (332.1) (208.0) 

I Units in thousands of acre-feet per year. Water demands are for the .. high" case. Tabulated surface water demands do not include livestock needs, some quantities of irrigation 

needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of Willer among zones '�ithin a river basin. 

Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a naturnl stream channel that can be recaptured at a downstream point. 

Export: A trnnsfcr of water to another river basin. 
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Figure 111-2-4. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Red River Basin, Zone 2, 1980-2030 

annually in 2030, with 1 .8 thousand acre-feet exported 
for use outside of the basin. The irrigation water shortage 
occurs due to the limitation on available ground-water 
resources. 

Shortly after the year 2020, additional supplies are 
projected to be needed in Zone 2 for municipal and manu­
facturing purposes for the City of Wichita Falls and adjacent 
Wichita County. The potential Ringgold Reservoir on the 
Little Wichita River is proposed as the source of the addi­
tional water needed in this area until well after the year 
2030. Further studies will be needed by State and local 
interests to determine the economic feasibility of this 
project. 

In Zones 2 and 3 of the basin, surface-water needs to 
the year 2000 and through 2030 can be met from existing 
major reservoirs and small local systems provided mea­
sures for alleviating natural salinity are implemented and 
are successful. Construction of all elements of the 
Arkansas-Red Basins Chloride Control Project will sub-

stantially improve the quality of surface-water supplies in 
Zone 2 and Zone 3 .  Construction of Canal Creek Brine 
Reservoir, Little Red River Brine Reservoir, Dry Salt Creek 
Brine Reservoir, and Truscott Brine Reservoir and the 
appurtenant low-flow dams, pipelines, and pumping facili­
ties is essential. Natural salt-control facilities on the South 
Fork Wichita River is the only project which has received 
construction funding to date. Construction of all autho­
rized salinity-control measures will improve the water 
quality in Lake Kemp, Lake Diversion, and Lake Texoma. 
The quality of the Red River below Denison Dam will also 
be significantly improved for beneficial uses by several 
states. 

Studies are currently underway to determine feasibil­
ity of desalting water from the Lake Kemp and Lake Diver­
sion system for use in the Wichita Falls area. Preliminary 
indications are that Lake Kemp-Lake Diversion water, to 
which the City of Wichita Falls has a permit for 3 1 .0 thou­
sand acre-feet, can be desalted by reverse osmosis and 
delivered to the city for substantially less than water from 
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the potential Lake Ringgold. Other studies to determine 
the feasibility of desalting slightly to moderately saline 
ground-and surface-water in Zone 2 are also being 
conducted. 

Zone 3 

An excess in total surface-water supplies for all pur­
poses other than irrigation is projected to occur in each 
decade through 2030 in Zone 3 ofthe basin (Table Ill-2-7, 
Figure Ill-2-5). However, shortages of 12 .2  thousand 
acre-feet occur for irrigation needs as a conseQuence of 
limited ground-water resources. Surface-water supplies in 
year 2030 are estimated at 358.2 thousand acre-feet, with 
140.7 thousand acre-feet of this supply exported to other 
basins. Approximately 114 .2  thousand acre-feet of surface 
water is surplus for municipal and industrial purposes in 
year 2030. 

Future availability of surface water in Zone 3 will be 
influenced by the Red River Compact which was ratified in 
December 1980. The Compact governs use of the waters of 
the Red River Basin (and the Sulphur River and Cypress 
Creek Basins in Texas) by the States of Texas, Oklahoma, 
Arkansas, and Louisiana. The Red River Compact provides 
that 400 thousand acre-feet of water in Lake Texoma be 
allocated to conservation storage. This conservation stor­
age would be equally divided between Texas and Okla­
homa. Therefore, for planning purposes it has been 
assumed that the water supply available to Texas from Lake 
Texoma in the future for municipal and industrial uses will 
be 200 thousand acre-feet annually. 

Zone 3 of the Red River Basin may supply future 
surface-water needs in the adjacent Trinity River Basin. 
The North Texas Municipal Water District (NTMWD) is 
negotiating \vith the principals involved in Lake Texoma 
for up to 150.0 thousand acre-feet peryearofwatersupply 
from that lake. Legislation has been introduced in Con­
gress to authorize a reallocation of this same amount from 
hydroelectric power generation purposes to water supply 
use in Texas from Lake Texoma. Part of this annual reallo­
cation could be used to meet the water needs of the Sher­
man and Denison areas in the Red River Basin. For 
planning purposes, it was assumed that 100.0 thousand 
acre-feet of annual water supply would be available to 
NTMWD. Additional studies will have to be performed by 
the Department and regional interests to examine the 
engineering alternatives and the economic, environmen­
tal, and institutional considerations that would be involved 
in such a major interbasin transfer of water. 

The projected surplus water supplies in Zone 3 to the 
year 2030 are based on a comparison of water availability 
and currently projected water demands. Should additional 

water needs develop, several major reservoirs could be 
constructed in Zone 3; these projects could also serve other 
needs such as flood protection, recreation, fish and wildlife 
purposes, and irrigation. There are four potential, and one 
federally authorized, major reservoir projects which could 
be constructed in Zone 3 .  

Big Pine Lake is an authorized Corps of  Engineers 
reservoir project located on Big Pine Creel{ in Red River 
and Lamar Counties. Big Pine Lake would provide flood 
protection along Big Pine Creek, water-supply storage for 
regional municipal and manufacturing purposes, recrea­
tion, and fishing and hunting. 

Four potential reservoir projects in Zone 3 are Bon­
ham, Pecan Bayou, Liberty Hill, and Barkman Creel<. 
Bonham C. of E. (Corps of Engineers) Reservoir is one 
element of a combined plan for the Bois d' Arc Creek 
Basin, in Texas. The reservoir would lie in Fannin County 
on Bois d' Arc Creek and would provide flood control and a 
dependable water supply of about 27 thousand acre-feet 
per year. The reservoir is currently under study by NTMWD 
as an alternative water supply to the District's proposed Red 
River Diversion. The Pecan Bayou Reservoir site is located 
on Pecan Bayou near Clarksville in Red River County. The 
reservoir would provide a dependable annual firm yield of 
about 30 thousand acre-feet. Liberty Hill damsite is 
located on Mud Creek near New Boston in Bo\vie County. 
This reservoir would provide a dependable annual water 
supply of about 33.6 thousand acre-feet. Barkman Creek 
Reservoir is a potential industrial water-supply project 
located in Bowie County near Texarlmna. 

Water Quality Protection 

A water quality management plan for the Red River 
Basin has been developed pursuant to the requirements of 
federal and State Clean Water legislation. An areawide 
water quality management plan has also been developed 
for the Texarkana metropolitan area. The purpose of these 
plans is to provide information for use in making water 
quality management decisions. The plans serve as a basic 
element in the State's overall water quality strategy and 
provide guidance in establishing priorities for construction 
grants for waste treatment facilities, permitting of waste­
water facilities, revision of stream standards, and other 
program activities. 

Construction costs associated with municipal waste­
water treatment facilities needs have been estimated to be 
approximately $112.6 million for the planning period of 
1980 to the year 2000. These costs are estimated for the 
entire Red River Basin \vith approximately $52.8 million 
required for Zone 3, $36.9 million for Zone 2, and $22.9 
million for Zone 1.  All costs are in January 1980 dollars 
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Table UI-2-7. Water Resources of the Red River Basin, Zone 3, With 
Projected Water Supplies and Demands, 1990-20301 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Zone Basin Flow Import Total Zone Basin Export Total M & I  (Shortage) Total ---

1990 
Ground \Vater 8.4 - - - 8.4 8.4 - - 8.4 .0 .0 .0 

Surface Water 291.4 . 0  32.2 2.4 326.0 49.1 .0 112.2 161.3 170.3 (5.6) 164.7 

Total 299.8 . 0  32.2 2.4 334.4 57.5 .0 112.2 169.7 170.3 (5.6) 164.7 

2000 
Ground Water 8.9 - - - 8.9 8.9 - - 8.9 .0 .0 .0 

Surface Water 289.3 .0 40.6 2.8 332.7 63.8 .0 122.4 186.2 155.4 (8.9) 146.5 

Total 298.2 .0 40.6 2.8 341.6 72.7 .0 122.4 195.1 155.4 (8.9) 146.5 

2010 
Ground \Vater 9.0 - - - 9.0 9.0 - - 9.0 . 0  . 0  .0 

' Surface Water 288.8 .0 47.8 3.1 339.7 81.4 .0 129.6 211.0 140.9 (12.2) 128.7 "' ' 
Total 297.8 .0 47.8 3.1 348.7 90.4 .0 129.6 220.0 140.9 (12.2) 128.7 .... 

"' 

2020 
Ground Water 9.1 - - - 9.1 9.1 - - 9.1 .0 .0 .0 

Surface Water 288.3 .0 56.4 3.5 348.2 97.1 .0 133.3 230.4 130.0 (12.2) 117.8 

Total 297.4 .0 56.4 3.5 357.3 106.2 .0 133.3 239.5 130.0 (12.2) 117.8 

2030 
Ground Water 9.1 - - - 9.1 9.1 - - 9.1 .0 .0 .0 

Surface Water 287.7 .0 66.4 4.1 358.2 115.5 .0 140.7 256.2 1 14.2 (12.2) 102.0 

Total 296.8 .0 66.4 4.1 367.3 124.6 .0 140.7 265.3 114.2 (12.2) 102.0 

!Units in thousands of acre-feet per year. Water demands arc for the "high ..  case. Tabulated surface water demands do not include livestock needs, some quantities of irrigation 

needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 

Intra-Basin: A transfer of water among wnes within a river basin. 

Import: A transfer of water from another river basin. 

Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 

Export: A transfer of water to another river basin. 
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and are subject to revision as new data become available. 
The list of projects, with project costs for 1982-1989 at 
1980 prices, is shown in Appendix B. 

Additional water quality management costs, such as 
for control of agricultural, oil and gas, and industrial pollu­
tants, cannot be estimated at this time, but are believed to 
be increasing. 

Flood Control Measures 

The three major reservoirs in the Red River Basin 
which provide flood control as a project purpose are Lakes 
Kemp, Texoma, and Pat Mayse. These three reservoirs 
have a combined flood-control storage capacity of 2.9 
million acre-feet. 

The Corps of Engineers is currently studying the basin 
above Denison Dam to evaluate water-resource problems 
and needs. The study report is scheduled for completion in 
December 1990. The Corps has planning and engineering 
studies on Lake Wichita, Holliday Creek at Wichita Falls, 

I 
Texas. The proposed plan of improvement includes the 
replacement of the existing Lal<e Wichita Dam and 9.3 
miles of channel improvement below the dam. Feasibility 
studies are also underway on McGrath Creek as part of the 
continuation of planning and engineering for Lal<e 
Wichita-Holiday Creek. These projects when completed 
will provide protection for the 100-year flood. 

The Corps has completed preconstruction planning 
work on Big Pine Lake in Red River County and the project 
is awaiting funding to initiate construction. This project 
would provide 7 4,450 acre-feet �f storage for flood 
control. 

There is about 584 square miles of drainage area 
above 90 existing floodwater-retarding structures con­
structed under the U.S. Department of Agriculture-Soil 
Conservation Service Watershed Management Program 
within the Red River Basin. As of October 1980, an addi­
tional 41 structures with a combined drainage area of 279 
square miles were planned for construction. Existing and 
planned structures are distributed evenly throughout all 
three zones of the basin. 
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3. SULPHUR RIVER BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physical Description 

The Sulphur River Basin in Texas is bounded on the 
north by the Red River Basin, on the west by the Trinity 
River Basin, on the south by the Sabine and Cypress Creek 
Basins, and on the east by the Texas-Arkansas boundary. 
The Sulphur River joins the Red River in Arkansas. Origi­
nating in southeastern Fannin County, the North Sulphur 
River flows eastward, joining the South Sulphur River at a 
streambed elevation of about 330 feet. From an elevation 
of about 600 feet in south-central Fannin County, the 
South Sulphur River flows southeast past Commerce, then 
eastward, joining the Middle Sulphur River at a streambed 
elevation of about 420 feet. The Sulphur River exits Texas 
in Bowie County above the confluence with the Red River 
in Arkansas. Total basin drainage area in Texas is 3,558 
square miles. For planning purposes, the Sulphur River 
Basin is treated as a single hydrologic unit(Figure lll-3-1 ) .  

Surface Water 

Average annual runoff for the Sulphur River Basin in 
Texas during the 1941-70 period varied from approxi­
mately 600 acre-feet per square mile in the western part to 
1 ,000 acre-feet per square mile in the easternmost part of 
the basin. Lowest flows in consecutive years for the 1941-
56 period occurred during 1955 and 1956, when average 
annual runoff was 230 and 162 acre-feet per square mile, 
respectively. Runoff rates in the western part of the basin 
were 146 and 124 acre-feet per square mile in 1955 and 
1956, respectively. 

Due to channel rectification of the North Sulphur 
River, floods in this stream differ greatly from those in the 
South Sulphur River. Floods in the North Sulphur River 
characteristically rise and fall rapidly, rarely go beyond 
bankfull, and have high flow velocities. 

The South Sulphur River and its tributaries have small 
main channels and wide, timbered floodplains. Conse­
quently, floodwaters have lower velocities and extend 
beyond bankfull levels for long periods of time. 

The surface-water resources of the Sulphur River 
Basin are generally of good quality. Treated municipal and 
industrial waste discharges are small, particularly in th,e 
western part of the basin where the North Sulphur, Middle 
Sulphur, and South Sulphur Rivers originate. The Sulphur 

River also receives flow from White Oak Bayou before 
reaching Lake Wright Patman and then crossing into 
Arkansas. 

Concentrations of dissolved solids average about 250 
milligrams per liter (mg/1) in the North Sulphur River and 
about 150 mg/1 in the South Sulphur. White Oak Bayou 
contains good quality water above the Talco oil field; how­
ever, the quality is impaired in the lower reach of the 
stream. Flood runoff in this area has been sufficient, how­
ever, to dilute saline inflows. The concentration of total 
dissolved solids in Lake Wright Patman on the main stream 
of the Sulphur River generally ranges between 100 and 
150 mg/1. 

Ground Water 

The Trinity Group Aquifer occurs in the western part 
of the Sulphur River Basin. Total thickness ranges to 
approximately 1 ,000 feet. Yields of large-capacity wells 
completed in the aquifer in adjacent basins average about 
430 gallons per minute (gpm). The quality of water in the 
aquifer 'ranges from about 1 ,000 to 3,000 mg/1 total dis­
solved solids. 

The Carrizo-Wilcox Aquifer occurs in the south and 
eastern parts of the basin. Thickness ranges from about 
500 to 900 feet. Yields of large-capacity wells average 
about 275 gpm, but locally wells produce up to 700 gpm. 
Ground water in the aquifer generally contains less than 
500 mg/1 total dissolved solids. 

The Woodbine Aquifer occurs in a small area in the 
western part of the basin. Total thickness ranges from 400 
to 600 feet. Yields of large-capacity wells completed in the 
�quifer in nearby basins average about 150 gpm. The 
quality of water in the aquifer generally exceeds 1 ,000 
mg/1 total dissolved solids. 

The Blossom Sand Aquifer occurs in a narrow band 
across the northern edge of the basin. Maximum thickness 
is about 400 feet. Yields of high -capacity wells range 
upward to a maximum of about 500 gpm, but the average 
yield of most wells is much lower. The quality of water in 
the aquifer ranges from less than 1 ,000 to 3 ,000 mg/1 total 
dissolved solids. 

The Nacatoch Sand Aquifer occurs in a narrow band 
across the western part of the basin. Total thickness ranges 
from 350 to 500 feet. It produces usable-quality water in 
most places to a depth of about 800 feet. Maximum yields 
of large-capacity wells reach 500 gpm, but average consid-
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erably less. The water in the aquifer generally contains less 
than I ,OOO mg/1 total dissolved solids, but salinity 
increases with depth. 

The Queen City Aquifer occurs in the southeastern 
part of the basin. The aquifer ranges to about 500 feet in 
total thickness. Well yields are generally less than 250 
gpm. Water in the aquifer generally contains less than 500 
mg/1 total dissolved solids; salinity increases with depth. 

Saline-water encroachment is a potential problem 
within the basin due to local heavy withdrawals of ground 
waters from the Woodbine, Nacatoch, and Blossom 
Aquifers. 

Water in the Carrizo-Wilcox and Queen City Aquifers 
in the Sulphur River Basin is generally suitable for most 
purposes; however, both aquifers produce water with rela­
tively high iron concentrations throughout much of the 
basin. Water in the Queen City Aquifer is generally corro­
sive, as is water in the Carrizo-Wilcox Aquifer. Locally, the 
concentration of fluoride in the Woodbine, Nacatoch, and 
Blossom Aquifers exceeds the Interim Primary Drinking 
Water Standards promulgated by the Environmental Pro­
tection Agency-Texas Department of Health primary 
standards for fluoride. 

Population and Economic Development 

The population of the Sulphur River Basin was 
reported at I54.0 thousand in I980. Texarkana, the larg­
est city in the basin, had a I980 in-basin population of 
3 1 .0 thousand. The economy of the area is based primarily 
on agriculture, agribusiness, and to a lesser extent on 
manufacturing, government employment, and tourism. 
Hopkins County, located \vithin the basin, is the leading 
dairy county in Texas. Mineral activities in the basin are 
principally confined to oil, gas, and clay production. 

Water Use 

Municipal water use in the Sulphur River Basin totaled 
28.I thousand acre-feet in I980. Bowie County 
accounted for 15 .2  thousand acre-feet or 54 percent of 
basin municipal use. The city using the most significant 
quantity of water was Texarkana, 40 percent, of the total, 
including that portion of the city in Arlmnsas. Almost 99 
percent of the 45 .I  thousand acre-feet offreshwater use for 
manufacturing occurs in Bowie, Cass, and Lamar Coun­
ties. Major industries using significant quantities of water 
include food and related products, fabricated metal pro­
ducts, and paper and allied products. 

In I980, there was 110  megawatts of steam-electric 
power generating capacity in the Sulphur River Basin. The 
plant has an annual forced evaporation of about 150 acre­
feet of surface water. In addition, estimated net natural 
evaporation from the cooling reservoir exceeds 1 ,600 
acre-feet per year. Thus, total surface-water consumption 
was 1 ,  750 acre-feet per year. An additional i87 acre-feet 
of ground water was also used. 

In I980, there were only about 1 .8 thousand acre­
feet of water used for irrigation in the basin. 

Estimated mining water use in 1980 in the basin 
totaled 1 .3  thousand acre-feet of freshwater of which 7 36 
acre-feet was utilized for the mining of nonmetals. The 
remaining 591 acre-feet was used for fuel production. 

Livestocli water use in the Sulphur River Basin during 
1980 totaled 6.5 thousand acre-feet, with an estimated 
2.6 thousand acre-feet from ground water and 3.9 thou­
sand acre-feet from surface water. 

Return Flows 

In I980, municipal and manufacturing return flows 
totaled 15.8 thousand acre-feet in the Sulphur River Basin. 

Current Ground-Water Development 

Approximately 1 1 . 2  thousand acre-feet of ground 
water was used in I980 in the Sulphur River Basin. The 
most developed aquifers within the basin are the Carrizo­
Wilcox, Nacatoch, and Blossom .  Over 50 percent of the 
ground water used in the basin in 1980 was from the 
Carrizo-Wilcox Aquifer. 

Of the 1 1 .2 thousand acre-feet of ground water used 
in the basin, about 7 .I thousand acre-feet or 64 percent 
was for municipal purposes. 

Overdrafts of ground water for mainly municipal pur­
poses occurred in the Carrizo-\Vilcox Aquifer in Bowie, 
Cass, Franldin, and Morris Counties; in the Nacatoch 
Aquifer in Hunt County; and in the Blossom Aquifer in Red 
River County. 

Current Surface-Water Development 

Since December I980 Texas use of water in the Sul­
phur River Basin has been subject to the Red River 
Compact. 
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Lake Wright Patman was constructed and is operated 
by the U.S. Army Corps of Engineers for flood-control 
purposes. In 1958, the Cities of Texarkana, Texas and 
Texarkana, Arkansas contracted with the federal govern­
ment to reserve part of the storage capacity of the reservoir 
for water-supply purposes. In 1968, the City of Texarkana, 
Texas contracted with the federal government to make 
available, on an interim basis, an additional supply of water 
for municipal and industrial purposes through modifica­
tion of the reservoir operating rules. Total use from Lake 
Wright Patman in 1980 was about 5 1 .8 thousand acre­
feet, with the Cities of Texarkana, Texas and Texarkana, 
Arkansas using about 13.6 thousand acre-feet. About 
three thousand acre-feet of this total was delivered to the 
Cities ofWake Village, Hooks, New Boston, Maud, DeKalb, 
Avery, Annona, Atlanta, and Oak Grove. In addition, 
International Paper Company has contracted with the City 
of Texarkana, Texas to purchase raw water, in an amount 
up to 118 thousand acre-feet annually, for operation of its 
paper mill which is located near the Sulphur River down­
stream from Lake Wright Patman Dam. This includes pro­
cess water and water required for operation of the plant's 
waste treatment facilities in accordance with the current 
State-Federal National Pollutant Discharge Elimination 
System permit provisions and present stream-quality stan­
dards for the Sulphur River. 

Lake Sulphur Springs, located on White Oak Creek, is 
owned and operated by the City of Sulphur Springs. It 
provides municipal water supplies for the city and rural 
areas and various manufacturing plants served by the city in 
Hopkins County. The City of Sulphur Springs also supplies 
water to the CityofCooperand rural areas in Delta County. 
Approximately 2.9 thousand acre-feet of water was 
diverted from the reservoir in 1980. 

The Cooper Lake and Channels Project, on the South 
Sulphur River, is a multipurpose federal project which was 
under construction by the Corps of Engineers when halted 
by an order of the U.S. District Court in 1971 pursuant to 
litigation filed under provisions of the National Environ­
mental Policy Act of 1969. In July 1984, the 5th U.S. 
Circuit Court of Appeals overturned the construction 
injuction by the U.S. District Court. Appeal of this latest 
decision is a possibility, thereby continuing litigation on 
this project. The Sulphur River Municipal Water District 
holds water rights to 26.282 percent of the 273.0 thou­
sand acre-feet of conservation storage which the project 
will develop, when completed, as well as the right to divert 
its proportional share of the yield for use by the District's 
customers. Upon completion ofCooperLake, 120.0 thou­
sand acre-feet of flood-control storage in Lake Wright 
Patman will be transferred to Cooper Reservoir, thus 
increasing the water-supply storage in Lake Wright 
Patman. 

River Crest Resenroir, the remaining major reservoir 
in the basin, is an off-channel storage facility which pro­
vides water for steam-electric power plant cooling. Under 
permit provisions, up to 10.0 thousand acre-feet of water 
can be diverted annually from the Sulphur River, under 
specified river-flow conditions, into River Crest Reservoir 
to maintain a constant operating level. 

The City of Commerce, although supplied partially by 
ground water pumped from the Nacatoch Aquifer, 
obtained about 900 acre-feet of surface-water supplies in 
1980 from Lake Tawalwni in the Sabine River Basin 
through agreements \vith the Sabine River Authority. 
Pumping and pipeline facilities for the City of Commerce 
have the capability of delivering up to 10.0 thousand acre­
feet of water annually from Lake Tawakoni to the city. 

The City of Paris, part of which lies \vi thin the Sulphur 
River Basin, and domestic and manufacturing users which 
the city serves are supplied from Lake Creek and Lake Pat 
Mayse, both located in the Red River Basin. 

Water Rights 

A total of 36 7,  292 acre-feet of surface water was 
authorized or claimed for diversion and use in the Sulphur 
River Basin as of December 3 1 ,  1983 (Table III-3-1 ) .  
Municipal use accounted for 50.2 percent of the total 
amount of water authorized and/or claimed in the basin 
(Table III-3-2). 

Water Quality 

The Sulphur River above Lake Wright Patman and 
Days Creek in the Texarkana area frequently experience 
low dissolved oxygen and elevated nutrient and fecal coli­
form levels. These conditions are primarily due to the 
discharge of treated wastewater. Upon completion of 
Cooper Reservoir, a minimum water release will be main­
tained and should alleviate some of- these water quality 
problems in the Sulphur River. 

Flooding and Drainage 

Since 1953, the Sulphur River Basin has experienced 
damaging floods 1 1  times. Basinwide, historic damages 
tabulated by the Corps of Engineers total in excess of $9.3 
million. Completion of Lake Wright Patman in 1956 has 
greatly reduced flood potential for the extreme eastern part 
of the basin. Completion of the Cooper Lake and Channels 
Project will provide significant additional flood protection 
for the basin. 
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Table 111-3-1. Authorized or Claimed Amount of Water, 
by Type of Right, Sulphur River Basin' 

'I)rpc of 
Authorization 

Permits 
Claims 
Certified Filings 
Certificates of 

Adjudication 

Total Authorizations 
and Claims 

Number 
of RighJs 

36 

43 

2 

0 

8 1  

Acre-Feet 
Audtorizcd 

and Claimed 

365,552 

1, 730 

10 

0 

367,292 

I The Tcxns Water Hi�hts Adjudication Act of 196 7 authorizes the Texas Depart­
ment of Water Resources to invcstiAntc nnd determine, \\ith the Court's approval, 

the nature and measure of water riAhts for all authorized diversions from surfllcc­
wntcr strcnms or portions thereof except domestic and livestock uses and to 
monitor and ndministcr cnch adjudicated Witter riAht. These totllls incorporate 
the results of wntcr-riAhts :tdjudication in the bnsin ns of December J l ,  1983, 
Certified FilinAs arc dcclamtions of appropriation which were filed \\ith the Stzttc 
Board of Wutcr En�inccrs under the provisions of Section 14. Chapter 171,  
Gencr:tl Lnws, Acts o f  the 3Jrd Lc�islaturc, 1913,  :1s amcnd�d .  Permits nrc 
statutory appropriative ri�hts which hnvc been issued by the Texas W11ter Com­

mission or its predecessor a�cncics, Claims arc sworn statements of historical 
uses to be adjudie:lted in accordance with the Texas Water Ri�hts Adjudication 
Act. A ccrtific:ltc of adjudication is the final result after rcco�nition of a valid ri�ht 
in the adjudication process and is bused on a permit, certified filin� or claim or any 

combinution of the three. 

Table 111-3-2. Authorized or Claimed Amount of Water, 
by Type of Usc, in Acre-Feet, 

Sulphur River Basin 

Type of Number of Basin 

Usc Rights Torol 

Municipal 1 6  184,223 

Industrial 1 1  166,412 

Irrigation 46 10,143 

Recreation 1 2  6,514 

Totnl 8 1 1  367,292 

I Docs not sum due to multipurpose "ri�hts", which may be :1pplicd to more than 
one type of usc. 

The Federal Emergency Management Agency, has 
designated 27 communities within the Sulphur River Basin 
as having one or more potential flood-hazard areas. Six­
teen of these cities are participants in the National Flood 
Insurance Program. Nine participants are eligible for the 

sale of insurance at subsidized rates and seven cities are 
eligible for actuarial rates under the regular program. Stud­
ies to determine 1 00-year flood elevations within the Cities 
of Texarkana and Commerce have been completed. 

In the Sulphur River Basin, drainage problems occur 
in alluvial river bottoms and terraces, If additional tim­
bered areas are cleared for cultivation. on-farm drainage 
systems must be expanded for good crop production. 
Channels have been enlarged and levees constructed in 
local areas to enhance drainage capability of natural 
outlets and streams. Some of this work was accomplished 
by the Corps of Engineers in association with the Cooper 
Lake and Channels Project, At least one-half of the area 
which is feasible for drainage improvements will need to be 
provided \vith lateral ditches to connect farm drainage 
systems to major outlets and improved stream channels. 

Recreation Resources 

Lake Wright Patman, \vith over 20.0 thousand surface 
acres, accounted for 91 percent of the total surface area of 
lakes in the Sulphur River Basin available for flat-water 
recreation. This reservoir, operated by the Corps of Engi­
neers, had a recorded recreation use of more than 4.5 
million visits by recreationists during 1980. The Sulphur 
River, plus Lake Sulphur Springs with 1 .3  thousand surface 
acres and River Crest Lake \vith 600 surface acres, provides 
additional water-oriented recreation opportunities. 

PROJECTED WATER REQUIREMENTS 

Population Growth 

The population of the Sulphur River Basin is projected 
to increase 81 percent by the year 2030, from the present 
154.0 thousand ( 1 . 1  percent of the State population) to 
279.0 thousand (0.8 percent of the State population). A 
23 percent increase, to 189.3 thousand, is forecasted from 
1980 to the year 2000, and a growth of 4 7 percent is 
anticipated for the ensuing 30 years (Table 111-3-3). These 
rates of change are lower than the projected statewide 
trends of 49 percent and 62 percent, respectively. 

The Sulphur River Basin includes the City of Texar­
kana, in Bo,vie County, which is one of the fastest growing 
counties in the basin. Population of Bowie County is pro­
jected to increase by 83 percent from 1980 to 2030. The 
percentage of basin population in Bowie County is 
expected to increase from 4 1 .6 percent to 42.3 percent. 
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Table III-3-3. PopllaUon, current Water Use, With Projected Pop.llaUon and Water Requi.ratents, 199D-203� 
Sulphur River Basin 

1980 ' 1990 2000 ' 2010 2020 ' 2030 
River Basin Zone : "'""" Surface G<ami Surface G<amd Surface : : Gramd : surface : Ground Surface "'"""' : Surface 
& Catec!orv of Use: "''"' W•te< ToW ' ""'"' W•te< "'"" "''"' "''"' ' "'"" ' ""'"' ' W•te< "'"" ""'"' ' W•te< T<rtal wat� ' "''"' ToW 

Sulphur Basin 
PqW.a.Uon 154.0 171.8 189.3 211.6 242.1 279.0 
Municipal 7.1 21.0 28.1 2.9 39.8 42.7 1.9 46.4 48.3 2.0 52.0 54.0 2.1 59.7 61.8 1.8 69.7 71.5 
Manufacturing 0.1 45.0 45.1 0.0 51.4 51.4 0.0 59.1 59.1 0.0 81.1 81.1 0.0 106.8 106.8 0.0 122.6 122.6 
Steam Electric 0.2 1.7 1.9 0.0 1.9 1.9 0.0 14.7 14.7 0.0 21.6 21.6 0.0 28.4 28.4 o.o 38.3 35.3 
Mining 1.2 0.1 1.3 1.3 0.2 1.5 1.4 0.2 1.6 1.5 0.2 1.7 1.5 0.3 1.8 1.6 0.2 1.8 
Irrigation 0 . 0  1.8 1.8 1.0 4.3 5.3 1.0 6.1 7.1 1.0 8.0 9.0 1.0 8.0 9 . 0  1 . 0  8.0 9 . 0  
Livestock 2.6 3.9 6.5 0.9 6.7 7.6 0.9 7.9 8.8 0.9 7.9 8.8 0.9 7.9 8.8 0.9 7.9 8.8 
Basin Total Water 11.2 73.5 84.7 6.1 104.3 110.4 5.2 134.4 139.6 5.4 170.8 176.2 5.5 211.1 216.6 5.3 243.7 249.0 

!'! Pop.Jlation in thousands of persons, water requirarents in thousands of acre-feet per year 

' 
w 

' 
0> 



Water Requirements 

Municipal 

Municipal water requirements were projected for two 
cases of future growth based on both population and per 
capita water use. From 1980 to 2000, municipal water 
requirements in the Sulphur River Basin are projected to 
increase 52 percent (high set). From 1980 to 2030, an 
almost threefold increase is projected, with the majority of 
the growth occurring in Bowie County. 

Industrial 

Manufacturing water requirements in 1980 were 
45 .1  thousand acre-feet in the Sulphur River Basin. Pro­
jections of future water requirements for manufacturing 
purposes were made by decade and for a low and high case 
for each industrial group. In 1980, over90 percent of total 
manufacturing water use was concentrated in five indus­
trial groups: chemicals, petroleum refining, primary 
metals, paper products, and food products. Because of this 
concentration, careful attention was given to the future 
growth outlook for these industries in making the 
projections. 

Basin water requirements will increase to 57.4 thou­
sand acre-feet or 59.1 thousand acre-feet by 2000, low 
and high cases, respectively. From 2000 to 2030, water 
demands are projected to increase an additional 56 per­
cent (low set) to 107 percent (high set). 

Stcam .. Elcctric Power Generation 

Although the Sulphur River Basin consumes less than 
2000 acre-feet of surface water per year for steam -electric 
power generation, available near-surface lignite resetves 
will result in growth. By 2000, water consumption for 
power-plant cooling is projected to exceed 14 thousand 
acre-feet per year and, by 2030 be more than 35 thousand 
acre-feet annually (high case). 

Agriculture 

Irrigation 

Irrigation water requirements were projected for two 
cases of change based on improvements in on-farm appli­
cation efficiencies, reduction in ditch losses, changes in 
future resource costs and crop prices, and corresponding 
changes in cropping patterns to reflect more profitable 

crops. A low case projects demand for water based on the 
effects of changes in the above variables but with irrigated 
acreage held constant at 1980 levels in each zone for each 
future time period; a high case projects demand for water 
for irrigation constrained only by the requirement that 
irrigated farming produce a net positive return in excess of 
that possible from dryland farming and the requirement 
not to exceed the amount of irrigable soil in each zone. 
Thus, the projections of demand, low and high cases, based 
on the irrigation efficiency and market conditions men­
tioned above, give an estimate of the quantity of water 
needed for irrigation in each zone, at each decadal point 
for which projections were made. These projections of 
demand are compared to the projected supply of water 
locally available. When projected demand exceeds pro­
jected supply, the difference is a measure of shortage at that 
point in time. 

Irrigation water requirements in the Sulphur River 
Basin are projected to increase from the 1980 level of 1 .8 
thousand acre-feet by a projected threefold increase to the 
year 2000 in the high case, and declining 38 percent in the 
low case. In the year 2030, water requirements in the basin 
are projected to range from 1 . 1  to 9.0 thousand acre-feet 
annually, low and high case, respectively, to irrigate from 
1 .3 thousand acres to 10.2 thousand acres. 

Livcstocl< 

A slight increase in cattle production is expected to 
increase livestock water use to more than 8.8 thousand 
acre-feet by 2000. In 1980, livestock water use was 6.5 
thousand acre-feet. By 2030, water use is projected to 
increase 35 percent over the 1980 use. 

Mining 

Nonmetal mining water use in 1980 (737 acre-feet) 
is projected to more than double by 2030, however, water 
used in the recovery of crude petroleum and natural gas is 
not expected to exceed 300 acre-feet by the end of the 
planning period. By 2030, mining water use is projected to 
increase by 38 percent, 1 .8  thousand acre-feet. 

Navigation 

No navigation facilities are planned in the Sulphur 
River Basin. 

Hydroelectric Power 

There are no hydroelectric power generating facilities 
planned in the Sulphur River Basin. 

Ill-3-7 



WATER SUPPLY PROJECTS 
AND MEASURES TO MEET 

FUTURE BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

The approximate annual ground-water yield within 
the Sulphur River Basin to the year 2030 is 14.0 thousand 
acre-feet with the following amounts annually available by 
aquifer; 4.0 thousand acre-feet from the Carrizo-Wilcox, 
1 .3 thousand acre-feet from the Trinity Group, 1 .3  thou­
sand acre-feet from the Nacatoch, 0.4 thousand acre-feet 
from the Blossom, and 7.0 thousand acre-feet from the 
Queen City. Since the ground water available from the 
Queen City Aquifer within the basin has high concentra­
tions of iron and high acidity (low pH), it should not be 
considered a suitable source of water for municipal and 
most manufacturing purposes. However, Queen City 
ground water is suitable for irrigation, steam-electric 
power generation (cooling), mining and livestock water­
ing purposes. At the end of the year 2029, the annual yield 
of the Trinity Group Aquifer within the basin would be 
reduced from 1 .3 thousand acre-feet to zero, because all of 
the ground water in recoverable artesian storage would be 
removed. Since the artesian portion of the Trinity Group 
Aquifer within the basin does not receive B.ny effective 
recharge, the yield of the aquifer in the year 2030 is zero. 
This reduction decreases the total ground-water availabil­
ity within the basin in 2030 to 12 .7  thousand acre-feet. 

The projected annual ground-water use within the 
Sulphur River Basin by decade from 1990 through 2030 is 
expected to be from 5 .2  to 6.1  thousand acre-feet per year 
(Table III-3-4 ). The approximate average annual pro­
jected ground-water use within the basin is expected to be 
about 5 .  5 thousand acre-feet per year. Of the 5 .5  thousand 
acre-feet of average annual projected use, about 5 1  per­
cent is expected to be from the Carrizo-Wilcox Aquifer, 
and about 24 percent is expected to be from the Queen 
City Aquifer. 

Surface-Water Availability and 
Proposed Development 

Projected surface-water requirements can be fully sat­
isfied by existing and proposed surface-water projects in 
the Sulphur Basin through the year 2030 (Table III-3-4, 
Figure III-3-2). An excess of 244.5 thousand acre-feet of 
annual surface-water supply is projected to occur in the 
river basin by 2030. A slight shortage of 6.8 thousand 
acre-feet for irrigation is estimated to occur due to locally 

limiting ground-water supplies. The total surface-water 
supply in the basin is anticipated to be 963. 1  thousand 
acre-feet in year 2030, with imports accounting for 40.4 
thousand acre-feet and exports totaling 485.0 thousand 
acre-feet. 

The Sulphur River Basin surface-water needs may be 
met from existing reservoirs in the basin and imports from 
adjacent basins through the year 2030. However, major 
surface-water storage and conveyance facilities will be 
needed in the Sulphur River Basin to supply water to adja­
cent river basins, particularly the Trinity River Basin. 
Water demand and supply analyses indicate that Cooper 
Reservoir, in the upper basin, would be needed by the year 
2000 to meet anticipated increases in the water require­
ments for municipal and manufacturing use for the City of 
Irving and the service area for the North Texas Municipal 
Water District (NTMWD) in the Trinity River Basin. Pipe­
lines connecting Cooper Reservoir to Lake Lavon and the 
City of Irving would be needed upon completion of the 
reservoir project. Upon completion of the Cooper Lake 
and Channels Project, 1 20.0 thousand acre-feet of flood­
control storage will be reallocated from Lake Wright Pat­
man to Cooper Lake, thus increasing the water supply 
storage capacity in Wright Patman by 120.0 thousand 
acre-feet. 

By the year 2010, the increased needs for the cities 
serviced by NTMWD are projected to exceed available 
supplies even with Cooper Reservoir. An alternative for 
additional surface-water resources is the development of 
Stage I of George Parl<house Reservoir, located down­
stream of Cooper Reservoir. 

Increases in water needs for municipal and manufac­
turing purposes in the upper Trinity River Basin are antici­
pated to exceed available supplies by the year 2020. These 
shortages could be met from the development of Stage II of 
George Parkhouse Reservoir on the North Sulphur River. 
Water from this project, in addition to waters provided by 
Cooper and Parkhouse Stage I Reservoirs could be used to 
meet the year 2020 needs in the Trinity River Basin for the 
Tarrant County Water Control and Improvement District 
No. 1 (TCWCID-1) and NTMWD. 

Cooper and Parkhouse Reservoirs could supply the 
increased water needs for NTMWD through the year 2030. 
However, TCWCID-1 and the City of Dallas are projected 
to need additional surface-water resources to meet water 
demands. Stage I of the Marvin C. Nichols Reservoir pro­
ject downstream of Parkhouse Reservoir could provide this 
water supply. Conveyance facilities consisting of pipelines 
and/ or open channels would have to be constructed to 
ffiove available water from Nichols ResenJoir to the upper 
Trinity River Basin. 
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Table UI-3-4. Water Resources of the Sulphur River Basin, With 
Projected Water Supplies and Demands, 1990-2030' 

Waler Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Zone Basin Flow Import Total Zone Basin Export Total M & l  (Shorta!le) Total 

---

1990 
Ground Water 6.1 - - - 6.1 6.1 - - 6.1 .0 .0 .0 

Surface Water 129.3 - 21.2 19.1 169.6 96.0 - 4.9 100.9 71.8 (3.1) 68.7 

Total 135.4 - 21.2 19.1 175.7 102.1 - 4.9 107.0 71.8 (3.1) 68.7 

2000 
Ground Water 5.2 - - - 5.2 5.2 - - 5.2 .0 .0 .0 

Surface Water 320.6 - 26.4 23.3 370.3 124.5 - 72.6 197.1 178.2 (5.0) 173.2 

Total 325.8 - 26.4 23.3 375.5 129.7 - 72.6 202.3 178.2 (5.0) 173.2 

2010 

s Ground \Vater 5.4 - - - 5.4 5.4 - - 5.4 .0 .0 .0 
' Surface Water 446.6 - 32.0 28.0 506.6 160.9 - 115.2 276.1 237.3 (6.8) 230.5 w 
' 

Total 452.0 32.0 28.0 512.0 166.3 115.2 281.5 237.3 (6.8) 230.5 '<) - -

2020 
Ground Water 5.5 - - - 5.5 5.5 - - 5.5 .0 .0 .0 

Surface Water 584.5 - 39.1 33.7 657.3 201.1 - 232.4 433.5 230.6 (6.8) 223.8 

Total 590.0 - 39.1 33.7 662.8 206.6 - 232.4 439.0 230.6 (6.8) 223.8 

2030 
Ground Water 5.3 - - - 5.3 5.3 - - 5.3 .0 .0 .0 

Surface Water 875.3 - 47.4 40.4 963.1 233.6 - 485.0 718.6 251.3 (6.8) 244.5 

Total 880.6 - 47.4 40.4 968.4 238.9 - 485.0 723.9 251.3 (6.8) 244.5 

•Units in thousands of acre-feet per year, Water demands arc for the '"high" case. Tabulated surface water demands do not include livestock needs. some quantities ofirril!ation 

needs and other needs which v.ill continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones ,,;thin a ri\'Cr basin. 

Import: A tmnsfer of water from another river basin. 

Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 

Export: A transfer of water to another river basin. 
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and Demands, Sulphur River Basin, 1980-2030 

Additional studies will have to be performed by the 
Department and regional interests to examine the engi­
neering alternatives and the economic, environmental, 
and institutional considerations that would be involved in 
such major interbasin transfers ofwateras proposed above. 

Water Quality Protection 

A water quality management plan for the Sulphur 
River Basin has been developed pursuant to the require­
ments of federal and State Clean Water legislation. An 
areawide water quality management plan has also been 
developed for the Texarkana metropolitan area. The pur-

pose of these plans is to provide information for use in 
mal<ing water quality management decisions. The plans 
serve as a basic element in the State's overall water quality 
strategy and provide guidance in establishing priorities for 
construction grants for waste treatment facilities, permit­
ting of wastewater facilities, revision of stream standards, 
and other program activities. 

Construction costs associated with municipal waste­
water treatment facilities needs have been estimated to be 
approximately .$65.6 million for the planning period of 
1980 to the year 2000. These costs are estimated for the 
entire Sulphur River Basin in January 1980 dollars and are 
subject to revision as new data become available. The list of 
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projects, with project costs for 1982-1989, at 1980 pri­
ces, is shown in Appendix B. 

Additional water quality management costs, such as 
for control of industrial, agricultural, and oil and gas pollu­
tants, cannot be estimated at this time, but are believed to 
be increasing. 

Flood Control Measures 

Wright Patman Reservoir is presently the only reser­
voir in the basin with flood-control storage capacity, which 

totals 2 .5  million acre-feet; however, it is planned to real­
locate part of the flood-control storage to Cooper Lake, as 
previously described. 

Construction of floodwater-retarding structures in the 
basin by the U.S. Department of Agriculture, Soil Conser­
vation SeiVice includes 40 square miles of drainage area 
above 25 existing floodwater-retarding structures. As of 
October 1980 there were no additional structures planned 
for construction. 
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4. CYPRESS CREEK BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physical Description 

The Cypress Creek Basin is bounded on the north by 
the Sulphur River Basin, on the west and south by the 
Sabine River Basin, and on the east by the Texas' Arkansas 
and Texas-Louisiana state boundaries. The headwaters of 
Big Cypress Creek form in southeastern Hopkins County at 
a streambed elevation of 445 feet. Big Cypress Creek is 
joined from the north by Boggy Creek near Lone Star and 
becomes Big Cypress Bayou in Marion County. Lily Creek 
and Carney Creek join to form Little Cypress Creek near 
Gilmer, becoming Little Cypress Bayou in Harrison 
County. Big Cypress Bayou and Little Cypress Bayou join at 
the boundary of Marion and Harrison Counties at a 
streambed elevation of about 1 70 feet. The Cypress Creek 
Basin enipties into the Red River near Shreveport, Louisi­
ana. Total basin drainage area in Texas is 2,812 square 
miles. For planning purposes, the basin is treated as a 
single hydrologic unit (Figure Jll-4-1 ). 

Surface Water 

The average runoff in the Cypress Creel< Basin in 
Texas during the period 1941 through 1958 was 696 
acre-feet per square mile. The lowest consecutive runoff 
rates during the 1941-58 period occurred in 1954, 1955, 
and 1956, when runoff rates averaged 256, 248, and 1 2 2  
acre-feet per square mile, respectively. 

Floods frequently occur in the Cypress Creek Basin. 
Floods generally rise and fall slowly and have relatively low 
flow velocities. Heavily timbered flood plains retard surface 
runoff and create natural obstructions to flood flows, caus­
ing additional backwater problems. 

Principal streams of the Cypress Creek Basin flow 
through dense, undeveloped forested areas. The quality of 
water in these streams and existing resentoirs is generally 
good. Dissolved-solids concentrations average between 50 
to 200 milligrams per liter ( mg/1) in the principal streams, 
and about 100 mg/1 in Lake 0' the Pines on Big Cypress 
Creek. 

Ground Water 

The Carrizo-Wilcox Aquifer occurs over the entire 
Cypress Creek Basin. Yields of high-capacity wells average 

200 gallons per minute (gpm), but locally wells produce 
up to 900 gpm. The water generally contains less than 500 
mg/1 total dissolved solids. 

The Queen City Aquifer occurs in a wide band across 
the central part of the basin. Total thickness ranges up to 
about 500 feet. Well yields are generally low, but locally 
wells produce as much as 200 gpm. Water in the aquifer 
generally contains less than 500 mg/1 total dissolved 
solids. 

Ground waters contained in the shallow water­
bearing sands of the Carrizo-Wilcox and Queen City Aqui­
fers within the basin usually have excessive concentrations 
of iron and low pH (high acidity) values. Also, due to 
excessive pumpage, saline-water encroachment may 
occur from saline water-bearing sands laterally adjacent to 
or beneath the fresh water-bearing sands of the aquifers. 

Population and Economic Development 

The population of the Cypress Creek Basin was 
reported at 1 18.2 thousand in 1980. Mount Pleasant is the 
largest population center in the basin. The economy of the 
Cypress Creek Basin is based on agriculture, agribusiness, 
manufacturing, paper and wood products, and steel pro­
duction. Oil and gas processing and tourism round out the 
basin economy. Mineral activities in the basin include 
lignite mining and the production of gas, oil, iron ore, 
sand, gravel, and clay. 

Water Use 

Municipal water use in the Cypress Creel{ Basin in 
1980 totaled 15.6 thousand acre-feet. The City of Mount 
Pleasant, in Titus County, used 10 percent of the total 
basin municipal water in 1980; 5 1  percent of the total 
basin use was in rural areas or in cities and communities of 
less than one thousand population. 

Manufacturing industries in the Cypress Creek Basin 
used 198.4 thousand acre-feet of freshwater in 1980. Most 
of the water use was concentrated in Harrison, Morris, and 
Titus Counties where food and kindred products, chemi­
cals, petroleum, and primary metals establishments are the 
major water-using industries. 

In 1980, there was 3,885 megawatts of steam­
electric power generating capacity in the Cypress Creek 
Basin. Surface-water consumption (including net evapo­
ration) for power generation was 29.6 thousand acre-feet 
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during 1980 while ground-water consumption totaled 62 
acre-feet. Net evaporation from power plant cooling reser­
voirs was estimated at 9.5 thousand acre-feet in 1980. 

In 1980, irrigation use was only 0.5 thousand acre­
feet in the Cypress Creek Basin. Although small acreages 
have been irrigated periodically with ground water, none 
was used in 1980. Irrigation is not expected to become 
widespread in the basin, as rainfall is generally adequate for 
the production of grazing and feed crops grown in the area. 

Estimated freshwater withdrawals associated with 
nonmetal production (primarily sulfur) accounted for 
approximately 25  percent of the total mining water use 
( 1 .  9 thousand acre-feet) in the Cypress Creek Basin in 
1980. The largest mining water use was in Harrison 
County, where 243 acre-feet of fresh water was used for 
petroleum production. 

Livestock water use in 1980, principally for cattle 
production,  totaled about 3.4 thousand acre-feet in the 
basin. Of this 1 .8  thousand acre-feet was surface water. 

Return Flows 

In 1980, reported municipal and manufacturing 
return flows totaled 108.5 thousand acre-feet in the 
Cypress Creek Basin. Steel production in Morris County 
accounted for most of this return flow. 

In the Cypress Creel{ Basin, irrigation is expected to 
continue with water diverted directly from streams, small 
impoundments, farm ponds, or pumped from wells. This 
small amount of scattered irrigation is not anticipated to 
produce any significant volumes of return flows. 

Current Ground-Water Development 

Approximately 14.7 thousand acre-feet of ground 
water was used in 1980 in the Cypress Creek Basin. The 
Carrizo-Wilcox and Queen City Aquifers are the only fresh 
to slightly saline water-bearing formations occurring 
within the basin. In 1980, about 75 percent ofthe ground 
water used in the basin was from the Carrizo-Wilcox 
Aquifer. 

Of the 14.7 thousand acre-feet of ground water used 
in the basin, about 10.7 thousand acre-feet or 73 percent 
was for municipal purposes. 

Overdrafts of ground water for municipal purposes 
occurred in Upshur County from the Carrizo-Wilcox 
Aquifer. 

Current Surface-Water Development 

There are eight major reservoirs in the Cypress Cree];;: 
Basin: Cypress Springs, Bob Sandlin, Lake 0' the Pines, 
Monticello, Welsh, Ellison Creek, Johnson Creek, and 
Caddo. Caddo Lal<e lies partly within Texas and partly in 
Louisiana, with Caddo Dam located in Louisiana. Since 
December 1980, Texas use of water in the Cypress Creek 
Basin has been subject to the Red River Compact. 

Lake Cypress Springs, located near the headwaters of 
Big Cypress Creel<, is owned by the Franklin County Water 
District. The District currently supplies raw water to the 
City of Mount Vernon, located in the Sulphur River Basin, 
and has commitments to serve rural areas in the Franldin 
County area through the South Franklin Water Supply 
Corporation. Also, up to 3.8 thousand acre-feetannuallyis 
committed to Texas Utilities Generating Company for 
steam-electric power plant cooling. Lake Bob Sandlin, 
owned and operated by the Titus County Fresh Water 
Supply District No. 1 just downstream from Lake Cypress 
Springs, supplies the municipal and manufacturing water 
needs of the City of Mount Pleasant, and supplies up to 
38.5 thousand acre-feet of water annually to Texas Utili­
ties Generating Company for steam-electric power plant 
cooling. 

Lake 0' the Pines, located downstream from Lake Bob 
Sandlin, was constructed and is operated by the U.S. Army 
Corps of Engineers for flood control and water-supply 
purposes. The Northeast Texas Municipal Water District 
owns the 251 thousand acre-feet of conservation storage 
in the reservoir and presently supplies municipal and 
manufacturing water to the Cities of Daingerfield, Lone 
Star, and Hughes Springs as well as industrial use described 
below. 

Monticello, Ellison Creek, Welsh, and Johnson Creek 
Reservoirs are located on tributaries of Big Cypress Creek 
and all serve manufacturing and steam-electric power 
plant cooling water needs. Monticello Reservoir, located 
on Blundell Creek, was constructed by Dallas Power and 
Light Co. and others, to supply cooling water and other 
water required for operation of steam-electric power 
plants near the reseiVoir. In order to maintain a constant 
operating level necessary for power plant operation, make­
up water is diverted to Monticello Reservoirfrom Lake Bob 
Sandlin, as necessary, pursuant to water supply contracts 
with Titus County Fresh Water Supply District No. 1 ,  
Franklin County Fresh Water Supply District, and Dallas 
Power and Light Co. Welsh Reservoir, located on Swauano 
Creek, is owned by Southwestern Electric Power Company 
and provides cooling water and other water requirements 
for operation of the steam-electric power plant located at 
the reservoir. The reservoir is maintained at constant oper-
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ating level by supplemental diversions, as necessary, from 
Lake 0' the Pines through a contractual agreement with 
the Northeast Texas Municipal Water District. Ellison 
Creek Reservoir, owned by Lone Star Steel Co., supplies 
water for its steel mill located near Daingerfield. Through 
prior water rights held by the company to the flows of 
Cypress Creek, supplemental water is diverted from 
Cypress Creek into Ellison Creek Reservoir. In 1980, a 
total of 195.6 thousand acre-feet of water was diverted 
from the combined Cypress Creek-Ellison Creek Reservoir 
supply system for industrial use. Johnson Creek Reservoir, 
located on Johnson Creek, is owned by Southwestern 
Electric Power Company. The reservoir supplies cooling 
'Yater and other water needs associated with operation of 
the company's steam-electric power plant located at the 
reservoir and is maintained at a constant operating level by 
diversions, as necessary, from Lake 0' the Pines. 

Caddo Lake, on the Louisiana border, is created by 
Caddo Dam on Big Cypress Bayou in Caddo Parish, Louisi­
ana. The lake is owned and operated by the Caddo Lake 
Levee District. The original dam, constructed in 1914 by 
the federal government for local navigation purposes, was 
reconstructed by the Corps of Engineers in 1971 .  The City 
of Marshall diverts water from Big Cypress Bayou. In 1980, 
the city diverted about 7.1 thousand acre-feet of water 
from Cypress Creek. Oil City and Mooringsport, Louisiana 
currendy withdraw muniCipal supplies from Caddo Lake. 
Cooling water is also withdrawn from the lake by a steam­
electric power plant located near Mooringsport. The Red 
River Compact provides that each state shall have unres­
tricted right to use 50 percent of the conservation storage 
capacity, subject to the provision that supplies for existing 
uses of water from the lake on date of Compact, are not 
reduced. 

Owing to the complexities arising from the appropria­
tion of waters of the Cypress Creek Basin, and the rapid 
development and use of the basin supplies, extensive 
hydrologic studies of the basin have been performed which 
led to the development of an operating agreement between 
the Franklin County Water District, the Titus County Fresh 
Water Supply District No. 1 ,  the Northeast Texas Munici­
pal Water District, the Texas Water Development Board, 
and Lone Star Steel Company. The agreement, approved 
by the participants in 1972 includes rules for the operation 
of reservoirs owned by various entities and provisions for 
accounting for the waters held in storage. In 1973, the 
Texas Water Rights Commission adopted an order approv­
ing the operating agreement. Basically, the agreement 
provides that Lakes Cypress Springs and Bob Sandlin can 
impound and store water previously appropriated to down­
stream entities (specifically Lake 0' the Pines and Lone 
Star Steel Company) subject to call for releases from 
upstream storage to satisfy downstream requirements as 
needed. The agreement establishes storage accounts in the 

main stem reservoirs and Ellison Creek Reservoir such that 
the basin waters are appropriately divided, in accordance 
\vith existing water rights, through exchange of storage. 

Water Rights 

A total of 422,013 acre-feet of surface water was 
authorized or claimed for diversion and use in the Cypress 
Creek Basin as of December 31,  1983 (Table Ill-4-1). 
Municipal use accounted for 22.7 percent of the total 
amount of water authorized and/or claimed in the basin 
{Table Ill-4-2). 

Water Quality 

Some streams in the Cypress Creek Basin periodically 
exhibit low dissolved-oxygen concentrations. This prob­
lem is caused by the discharge of treated sewage and is 
compounded by low stream discharge rates and low reaer­
ation rates characteristic of streams in the area. Cypress 
Creek above Lake 0' the Pines experiences periodic low 
dissolved-oxygen concentrations under low-flow condi­
tions. Black Bayou occasionally experiences low dissolved­
oxygen concentrations, as the result of the discharge of 

Table 111-4-1. Authorized or Claimed Amount of Water, 
by Type of Right, Cypress Creek Basin • 

Acre-Feet 

Type of Number Authorized 

Authorization of Right8 and Claimed 

Permits 54 417,485 

Claims 97 4.528 

Certified Filings 0 0 

Certificates of 
Adjudication 0 0 

Total Authorizations 
and Claims 1 5 1  422,013 

I The Texas Water Rights Adjudication Act of 1967 authorizes the Texas Depart­
ment of Water Resources to investigate and determine, with the Court's approval, 
the nature and measure of water ri�hts for all authorized diversions from surface­

water streams or portions thereof except domestic and livestock uses and to 
monitor and administer each adjudicated water right. These totals incorporate 
the results of water-rights adjudication in the basin as of December 31,  1983. 
Certified Filings are declarations of appropriation which were filed with the State 
Board of Water Engineers under the provisions of Section 14, Chapter 171, 
General Laws, Acts of the 33rd Legislature, 1913, as amended. Permits arc 
statutory appropriative rights which have been issued by the Texas Water Com­
mission or its predecessor agencies. Claims arc sworn statements of historical 
uses to be adjudicated in accordance with the Texas Water Rights Adjudication 
Act. A certificate of adjudication is the final result after rcco�nition of a valid right 
in the adjudication process and is based on a permit, certified filing or claim or any 
combination of the three. 
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Table 111-4-2. Authorized or Claimed Amount 
of Water, by Type of Use, in Acre-Feet, 

Cypress Creel< Basin 

Number 
of Basin 

Type of Usc rughts TotJd 

Municipal 13 95,729 

Industrial 1 6  310.824 

Irrigation 108 7,056 

Mining 1 282 

Recreation 23 8,122 

Total 1 5 1 1  422,013 

I Docs not sum due to multipurpose "rights", which may bc·npplicd to more than 
one type of usc. 

treated wastewaters in the Atlanta area. James (Jim's) 
Bayou also has low dissolved-oxygen concentrations. This 
condition results also from the discharge of treated sewage, 
low stream discharge rates and low reaeration rates. 

Flooding and Drainage 

Very few estimates of dollar losses due to flooding are 
available for the Cypress Creel< Basin. Floods in April and 
June of 1957 caused an estimated S420 thousand in dam­
ages to agriculture and nonagricultural properties. It has 
been estimated that the May 1958 flood in Atlanta and 
vicinity caused damages in excess of S 1  million to highways 
and bridges. Minor flooding in Jefferson in 1979 and 
Mount Pleasant in 1981 produced three flood insurance 
claims for slightly over S11  thousand in flood damages. 

Within the Cypress Creel< Basin, 18 cities have one or 
more flood-hazard areas within their corporate limits. 
Maps identifying areas inundated by the 1 00-year flood 
have been prepared for these cities, and work is underway 
to identify flood plains within unincorporated areas of the 
basin. Presently, nine of the 18 designated cities have 
adopted flood plain management standards in compliance 
with the National Flood Insurance Program. 

The most critical drainage problems in the basin occur 
in the alluvial bottoms and terraces along the major 
streams. Changes in land use may preclude the necessity 
for improving drainage, as cultivated lands in the area 
between Lake 0' the Pines and Caddo Lal<e are being 
progressively coverted to improved pasture land. 
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Recreation Resources 

The seven reseiVoirs in the Cypress Creek Basin with 
capacities of 5.0 thousand acre-feet or more provide over 
64.0 thousand surface acres of water available for flat­
water recreation. Caddo Lake, which extends into Louisi­
ana, accounts for over 41 percent of this surface area. 
Caddo Lake State Park, located adjacent to the shoreline of 
Caddo Lake, provides additional recreation ·facilities with a 
recorded 138.0 thousand visits by recreationists during 
1980. Lake O'the Pines, with 18.7 thousand surface acres, 
provides 29 'percent of the water surface area available for 
flat-water recreation in the basin. Almost 4.0 million visits 
were made to this resell'oir by water-oriented recreation­
isiS during 1980. 

PROJECTED WATER REQUIREMENTS 

Population Growth 

The population of the Cypress Creek Basin is expected 
to increase about 99 percent by 2030, from a level of 
l18.2 thousand in 1980 to over 235 thousand. A 37 
percent growth, to almost 162 thousand, is predicted from 
1980 to 2000, and an increase of45 percent is forecast for 
the period 2000 to 2030 (Table III-4-3). 

Cass County, the most populous county with 22 per­
cent of the 1980 basin population, is expected to expe­
rience a population growth of 82 percent from 1980 to 
2030, when it is expected to account for 20 percent of the 
2030 basin population. 

Water Requirements 

Municipal 

Municipal water requirements in the Cypress Creek 
Basin were 15 .6 thousand acre-feet in 1980. Municipal 
water requirements were projected for two cases of future 
growth based on population changes, and per capita water 
use. From the 1980 level, both the high and low projec­
tions estimate a near doubling of water use by 2030. By 
2000, municipal water use is projected to increase by 32 
percent, 20.6 thousand acre-feet (low set), and increase 
another 35 to 45 percent by 2030. The proportionate 
share of use among the counties in the basin is projected to 
remain fairly constant. 



Table III-4-3. Pcp.ilation, CUrrent Water Use, With Projected Population and water Requira�ents, 199G-203@/ 
Cypress Creek Basin 

1980 1990 ' 2000 ' 2010 2020 2030 
River Basin Zone : """"" : Surface G>coond : surface "'""" Surface : "'"""" Surface : Gcound : Surface <>cooed : Surface 
& cate<:Jorv of Use: Wa<= ' Wa<= Total ' Wa<= ' Wa<= Total Wat& Wat& ' Total Wat& Wat& ' Total Wa<= ' Water Total Wat& ' Wat& Total 

Cypress Basin 
PcpJ.lation 118.2 142.4 161.9 181.5 205.8 235.4 
Municipal 10.7 4.9 15.6 8.5 18.8 27.3 9.0 23.0 32.0 9.4 26.4 35.8 9.9 30.7 40.6 10.0 36.5 46.5 
Manufacturing 0.9 197.5 198.4 0.3 235.3 235.6 0.3 222.8 223.1 0.3 228.3 228.6 0.3 234.6 234.9 0 . 3  242.4 242.7 
Steam Electric 0.1 29.6 29.7 0.0 38.7 38.7 12.0 46.1 58.1 12.0 63.0 75.0 12.0 80.0 92.0 12.0 97.0 109.0 
Mining 1.4 0.5 1.9 1.0 o. 7 1.7 0.6 1.0 1.6 3.8 1.1 4.9 7.0 1.2 8.2 10.2 1.3 u.s 
Irrigation 0.0 o.s o.s 0.2 0.3 0.5 0.2 0.4 .6 0.3 0.3 0.6 0.3 0.3 0.6 0.2 0.4 0.6 
Livestock 1.6 1.8 3 . 4  1.2 2.8 4.0 1.4 3.3 4. 7 1.2 3.5 4. 7 1.2 3 . 5  4. 7 1.0 3.7 4. 7 
Basin Total water 14.7 234.8 249.5 ll.2 296.6 307.8 23.5 296.6 320.1 27.0 322.6 349.6 30.7 350.3 381.0 33.7 381.3 415.0 

!!I POpJ.].ation in thousands of persons, water nquirenents in thousands of acre-feet per year. 

s ' 
... ' 
"' 



Industrial 

Manufacturing water needs in 1980 were 198.4 thou­
sand acre-feet in the Cypress Creek Basin. Projections of 
future water requirements for manufacturing purposes 
were made by decade and for a low and high case for each 
industrial group. In 1980, over 90 percent of total manu­
facturing water use was concentrated in five industrial 
groups: chemicals, petroleum refining, primary metals, 
papPr products, and food products. Because of this con­
centration, careful attention was given to the future growth 
outlook for these industries in maldng the projections. 

In the low case projection, manufacturing water use is 
projected to decline 1 6  percent by 2000, then increase 
gradually back to near the 1980 level by 2030. The pre­
dicted decline in water requirements for manufacturing 
does not result from an anticipated reduction in economic 
activity, but from projected major technological improve­
ments in water use efficiency. 

The anticipated reduction in industrial water require­
ments occurs primarily in Morris County. Almost all of the 
projected reduction in Morris County manufacturing 
water requirements results from anticipated greater water 
use efficiency in the production of steel and related primary 
metals products. 

Steam-Electric Power Generation 

Rapid development of the vast, near-surface lignite 
reserves in the Cypress Creel\ Basin, in conjunction with 
available water supplies, is projected to spur future growth 
of steam-electric generating capacity in the basin. 

In 1980, 29.7 thousand acre-feet of water was con­
sumed in steam-electric power generation. Future growth 
in this industry was projected for two electricity demand 
levels. By 2000, water requirements for power generation 
are projected to range from 38.7 to 58.1 thousand acre­
feet. Water requirements are projected to increase from 
2000-2030 by 88 to 99 percent. 

Agriculture 

Irrigation 

Irrigation water requirements were projected for two 
cases of change based on improvements in on-farm appli­
cation efficiencies, reduction in ditch losses, changes in 
future resource costs and crop prices, and correspondiqg 
changes in cropping patterns to reflect more profitable 
crops. A low case projects demand for water based on the 

effects of changes in the above variables but with irrigated 
acreage held constant at 1980 levels in each zone for each 
future time period; a high case projects demand for water 
for irrigation constrained only by the requirement that 
irrigated farming produce a net positive return in excess of 
that possible from dryland farming and the requirement 
not to exceed the amount of irrigable soil in each zone. 
Thus, the projections of demand, low and high cases, based 
on the irrigation efficiency and market conditions men­
tioned above, give an estimate of the quantity of water 
needed for irrigation in each zone, at each decadal point 
for which projections were made. These projections of 
demand are compared to the projected supply of water 
locally available. When projected demand exceeds pro­
jected supply, the difference is a measure of shortage at that 
point in time. 

Irrigation water requirements in the Cypress Creek 
Basin are projected to increase from the 1980 level of 0. 5 
thousand acre-feet to 0.6 thousand acre-feet by the year 
2000 in the high case, declining 37 percent in the low 
case. In the year 2030, water requirements in the basin are 
projected to range from 0.3 to 0.6 thousand acre-feet 
annually, low and high case, respectively, to irrigate from 
0.3 thousand acres to 0. 7 thousand acres. 

Livestocl< 

Some increase in cattle production is projected for the 
Cypress Creek Basin. Livestock water requirements by 
2000 are estimated to be 4. 7 thousand acre-feet annually. 
Livestock water requirements are projected to increase 38 
percent from 1980 to 2030. 

Mining 

Mining water use in the Cypress Creek Basin, which 
totaled 1 .  9 thousand acre-feet in 1980, is projected to 
decrease 14 percent by 2000. This slight decrease is the 
result of a decline in quantities of oil and gas available for 
production in the Cypress Creek Basin. Nonmetal mining 
water requirements are projected to increase from 465 
acre-feet in 1980 to 1 ,180 acre-feet in 2030. Total min­
ing water use estimates are projected to increase to 1 1 .5 
thousand acre-feet by 2030 mostly due to the production 
of synfuels. 

Navigation 

As part of the authorized Red River Watenvay project, 
the Corps of Engineers has released a feasiblity report of the 
economics of navigation between Louisiana and Morris 
County. If this project becomes economically favorable, 
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availability of lockage water requirements will be studied. 
At present, no supplemental diversions are anticipated. 

Hydroelectric Power 

No hydroelectric power generating facilities are 
planned for the Cypress Creek Basin. 

WATER SUPPLY PROJECTS 
AND MEASURES TO MEET 

FUTURE BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

The approximate annual ground-water yield within 
the Cypress Creek Basin to the year 2030 is 250.3 thou­
sand acre-feet with the following amounts annually avail­
able by aquifer: 15 .8 thousand acre-feet from the 
Carrizo-Wilcox Aquifer, and 234.5 thousand acre-feet 
from the Queen City Aquifer. Since the ground water avail­
able from the Queen City Aquifer within the basin has high 
concentrations of iron and high acidity (low pH), it should 
not be considered a suitable source of water for municipal 
and most manufacturing purposes. However, Queen City 
ground water is suitable for irrigation, steam-electric 
power generation (cooling), mining, and livestock water­
ing purposes. In the year 2030, the yield of the Carrizo­
Wilcox Aquifer within the basin would be reduced to the 
aquifer's average annual effective recharge of 15 .0 thou­
sand acre-feet per year. This reduction decreases the total 
ground water available within the basin in 2030 to 249.5 
thousand acre-feet. 

The annual ground-water use within the Cypress 
Creek Basin by decade from 1990 through 2030 is pro­
jected to increase from 1 1 . 2  to 33.7 thousand acre-feet 
per year (Table III-4-3). The approximate average annual 
projected ground-water use within the basin is expected to 
be about 25.2  thousand acre-feet per year. Of the 25.2  
thousand acre-feet of  average annual projected use, about 
58 percent is expected to be from the Queen City Aquifer, 
and about 42 percent is expected to be from the Carrizo­
Wilcox Aquifer. 

Surface-Water Availability and 
Proposed Development 

The Cypress Creek Basin has projected surface-water 
resources from proposed and existing reservoirs in excess 
of forecasted water requirements through the year 2030 

(Table III-4-4, Figure III-4-2). Approximately 104.8 
thousand acre-feet annually is available as surplus in the 
year 2030 for meeting additional basin municipal and 
manufacturing demands and for export to adjacent river 
basins. Surface-water supplies in the basin are projected at 
493.8 thousand acre-feet per year in 2030, with 13 .1  
thousand acre-feet annually proposed for export to other 
basins. 

Projected surface-water needs in the Cypress Creek 
Basin may be satisfied from existing sources with the 
exception that anticipated municipal and manufacturing 
water needs for the City of Marshall and adjacent area are 
projected to exceed available supplies by the year 1990. An 
anticipated supply source for additional surface water is the 
Big Sandy Reservoir project on the Big Sandy Creek tribu­
tary of the Sabine River. This project would provide the 
basin with sufficient quantities of surface water to meet 
projected needs through the year 2020. The project is 
needed by 1990. 

Between 2020 and 2030, additional surface water 
will be needed in the Marshall area. Water pumped by 
pipeline from Toledo Bend Reservoir in the Sabine River 
Basin is proposed to meet the needs. Additional studies will 
have to be performed by the Department and regional 
interests to examine the engineering alternatives and the 
economic, environmental, and institutional considera­
lions that would be involved in such a inter basin transfer of 
water. 

An alternative additional surface-water supply for the 
basin is the proposed Little Cypress Reservoir in Harrison 
County. Feasibility-level studies of construction of the pro­
ject have been performed by federal, State and local agen­
cies. A project with a water conservation storage capacity 
of 782.3 thousand acre-feet would yield 284.1 thousand 
acre-feet of annual water supply during the critical drought 
period. 

The Black Cypress Reservoir project offers potential 
for the development of additional firm supplies in the basin 
for use in water-short areas of the State. Reconnaissance­
level studies performed by the Department indicate a pro­
ject could be constructed on Black Cypress Bayou with a 
total storage capacity of 824.4 thousand acre-feet. 

Water Quality Protection 

A water quality management plan for the Cypress 
Creek Basin has been developed pursuant to the require­
ments of federal and State Water legislation. The plan 
serves as a basic element in the State's overall water quality 
strategy and provides guidance in establishing priorities for 
construction grants for waste treatment facilities. permit-
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Table 111-4-4. Water Resources of dte Cypress Creek Basin, Widt 
Projected Water Supplies and Demands, 1990-2030• 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Basin Basin Flow Import Total Basin Basin Export Total M & l  (Shortage) Tolal 

1990 
Ground Water 11.2 - - - 11.2 11.2 - - 11.2 .0 .0 .0 
Surface Water 254.9 - 221.0 2.4 478.3 292.7 - 15.0 307.7 170.6 .0 170.6 
Total 266.1 - 221.0 2.4 489.5 303.9 - 15.0 318.9 170.6 .0 170.6 

2000 
Ground Water 23.5 - - - 23.5 23.5 - - 23.5 .0 .0 .0 
Surlace Water 254.9 - 211.0 2.9 468.8 292.0 - 14.3 306.3 162.5 .0 162.5 
Total 278.4 - 211.0 2.9 492.3 315.5 - 14.3 329.8 162.5 .0 162.5 

2010 
:::: Ground Water 27.0 - - - 27.0 27.0 - - 27.0 .0 .0 .0 ' 

Surface Water 254.9 217.2 3.3 475.4 317.7 13.6 331.3 144.1 .0 144.1 "' - -' "' Total 281.9 - 217.2 3.3 502.4 344.7 - 13.6 358.3 144.1 .0 144.1 

2020 
Ground Water 30.7 - - - 30.7 30.7 - - 30.7 .0 .0 .0 
Surface Water 254.9 - 224.5 3.7 483.1 345.2 - 13.0 358.2 124.9 .0 124.9 
Total 285.6 - 224.5 3.7 513.8 375.9 - 13.0 388.9 124.9 .0 124.9 

2030 
Ground Water 33.7 - - - 33.7 33.7 - - 33.7 .0 .0 .0 
Surface Water 254.9 - 233.5 5.4 493.8 375.9 - 13.1 389.0 104.9 (.1) 104.8 

Total 288.6 - 233.5 5.4 527.5 409.6 - 13.1 422.7 104.9 (.1) 104.8 

!Units in thousands of acre-feet per year. Water demands arc for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities of irrigation 

needs and other needs which will continue to be met from local, unregulated surface-face supplies. 

Definitions 

Intra-Basin: A transfer of water among zones within a river basin. 

Import: A transfer of water from another river basin. 

Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 

Export: A transfer of water to another river basin. 
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Figure 111-4-2. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Cypress Creek Basin, 1980-2030 

ting of wastewater facilities, revision of stream standards, 
and other program activities. 

Construction costs associated with municipal waste­
water treatment facilities needs have been estimated to be 
approximately $31.2  million for the planning period of 
1.980 to the year 2000. These costs are estimated for the 
entire Cypress Creel< Basin in January 1.980 dollars and 
are subject to revision as new data become available. The 
list of projects, with project costs for 1982-1.989, at 1980 
prices, arc shown in Appendix B. 

Additional water quality management costs, such as 
for control of agricultural, oil and gas, and industrial pollu­
tants cannot be estimated at this time, but are believed to 
be increasing. 

Flood Control Measures 

Lal<e 0' the Pines is the only reservoir in the Cypress 
Creek Basin which has flood-control storage as a project 
purpose. The amount of flood-control storage capacity 
available is 587.2 thousand acre-feet. No reservoirs are 
planned by the year 2000 that would provide additional 
flood-control storage. 

The Corps of Engineers has a study underway to deter­
mine the feasibility of federal participation in flood-control 
improvements within the Cypress Creek Basin .  This study 
is scheduled for completion in fiscal year 1985. 
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5. SABINE RIVER BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physi�al Des�ription 

The Sabine River Basin is bounded on the north by the 
Sulphur River and Cypress Creek Basins, on the west by the 
Trinity and Neches River Basins, and on the east by the Red 
and Calcasieu River Basins. Headwaters of the Sabine River 
originate in northwest Hunt County at an elevation of 
about 650 feet. Flowing eastward, the Sabine River is 
joined by the South Fork at the intersection of Hunt, Van 
Zandt, and Rains Counties. The Sabine River flows south­
ward from the southeast corner of Panola County, 
becomes the Texas-Louisiana boundary near Logansport, 
Louisiana, and continues southward to Sabine Lake on the 
Gulf Coast. The total basin drainage area is 9,756 square 
miles, of which 7,426 square miles is in Texas. The Sabine 
River Basin has been divided into two zones for planning 
purposes (Figure III-5-1) .  

Surfa�e Water 

Average runoff within about 97 percent of the Sabine 
River Basin during the 1941-67 period was about 640 
acre-feet per square mile. In the southernmost part of the 
basin near Buna, average runoff in the 1953-70 period was 
about 687 acre-feet per square mile. The westernmost part 
of the basin near Quinlan had an average runoff of about 
508 acre-feet per square mile during the 1960-70 period. 
Average runoff for drainage areas west of Logansport, 
Louisiana was about 530 acre-feet per square mile during 
the 1941-67 period. 

During the 1941-67 period, lowest flows occurred 
during the 1954-56 and 1963-64 periods when the aver­
age runoff was 334 and 229 acre-feet per square mile, 
respectively. The lowest runoff in the earlier period was 
269 acre-feet per square mile ( 1956) and 210 acre-feet 
per square mile (1963) in the later period. Low flows of the 
main stem at Logansport, Louisiana occurred during the 
same intenrals; the average runoff was 226 acre-feet per 
square mile in the earlier period and 104 acre-feet per 
square mile in the later period. In 1956 and 1964, the 
runoff rates were 152 and 82 acre-feet per square mile, 
respectively. 

The Sabine River Basin is characterized by flat slopes 
and wide, timbered flood plains. Floods generally rise and 

fall slowly and have low flow velocities, although flash 
flooding occasionally occurs in the basin. The extreme 
southern portion of the Sabine River Basin is subject to 
hurricane flooding. 

The main stem of the Sabine River and the majority of 
its tributaries exhibit good inorganic quality, with 
discharge-weighted average concentrations of dissolved 
solids ranging from 100 to 250 milligrams per liter(mg/1). 
Salinity problems occur locally in the basin in Dry, Lake 
Fork, Socagee, Rabbit, and Grand Saline Creeks. Mineral­
ization in Grand Saline Creel{ is a result of natural salt 
contributions from the Grand Saline Salt Dome, while 
salinity problems in the other streams result principally 
from oil-field drainage. Water stored in major reservoirs in 
the basin generally contains less than ISO mg/1 of dissolved 
solids, and the Sabine River near Ruliff in southern Newton 
County seldom exceeds ISO mg/1 of dissolved solids. Chlo­
ride and sulfate concentrations of the basin'ssurface waters 
generally fall below 80 and 35 mg/1, respectively. 

Ground Water 

The Gulf Coast Aquifer occurs throughout the south­
ern part of the Sabine River Basin. This system extends to 
depths of more than 3,000 feet. Yields of large-capacity 
wells average about 1 .800 gallons per minute (gpm),  with 
some producing 3,500 gpm. Water pumped from the aqui­
fer is generally suitable for most uses. Total dissolved-solids 
concentrations are commonly less than 500 mg/1. 

The Carrizo-Wilcox Aquifer crops out at the surface in 
the central part and underlies much of the basin. Thickness 
ranges from zero to 1 ,600 feet for the entire Carrizo­
Wilcox Aquifer. Yields from large-capacity wells average 
about 275 gpm, but locally wells produce as much as 700 
gpm. Water throughout the aquifer generally contains less 
than 1 ,000 mg/1 total dissolved solids and is suitable for 
most purposes. 

In the extreme upper part of the Sabine River Basin, 
the Trinity Group Aquifer contains usable-quality water 
near its down dip limits. Thickness ranges from 100 to 300 
feet. Productive portions of the aquifer occur northwest of 
the Mexia-Talco fault zone at depths of about 2,700 to 
4,000 feet near the fault zone. No wells are known to be 
producing from this portion of the aquifer. Total dissolved­
solids concentrations in ground water in the aquifer in this 
area range from about 1 ,000 to 3,000 mg/1. Excessive 
depth and unknown water quality characteristics may limit 
development of the aquifer in the Sabine River Basin. 
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Figure 111-5- 1 .  Sabine River Basin and Zones 
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The Sparta Aquifer occurs in the south-central part of 
the Sabine River Basin. Limited data suggest that the thick­
ness of the aquifer ranges from 200 to 260 feet. Data on 
yields of wells in the basin are unavailable; however, in the 
adjacent Neches River Basin well yields are estimated to 
average about 200 gpm, but locally wells produce up to 
500 gpm. Generally, water produced from the Sparta 
Aquifer contains less than 500 mg/1 total dissolved solids in 
its outcrop area, but water quality deteriorates rapidly with 
depth. 

The Queen City Aquifer is present in the north-central 
part of the Sabine River Basin. Thickness ranges from zero 
to 600 feet. Water-bearing sand comprises 25 to 75 per­
cent of the total thickness of the aquifer. Water in the 
aquifer is generally under water-table conditions. Well 
yields range up to 400 gpm. Water produced from the 
Queen City Aquifer is usually of good quality, having total 
dissolved-solids concentrations ranging from less than 
100 to 300 mg/1. 

The Nacatoch Sand Aquifer occurs in the upper part of 
the Sabine River Basin. Generally, the water-bearing zone 
occurs in the top 30 to 40 feet of the aquifer; however, its 
thickness ranges up to 100 to 150 feet downdip from the 
outcrop. Well yields generally average between 20 to 45 
gpm, but may reach 200 gpm. Quality of water produced 
from the Nacatoch Sand Aquifer ranges from about 800 to 
1 ,350 mg/1 total dissolved solids, increasing 'vith depth. 

The Woodbine Aquifer occurs in the extreme upper 
part of the Sabine River Basin. Depths of the aquifer range 
from 1 ,600 to 1 ,800 feet below land surface, and its 
thickness varies between 550 and 650 feet. 

Ground waters contained in the shallow water­
bearing sands ofthe Carrizo-Wilcox and Queen City Aqui­
fers within the basin usually have excessive concentrations 
of iron and low pH (high acidity) values. Also, due to 
excessive pumpage, saline-water encroachment may 
occur from saline water-bearing sands laterally adjacent to 
or beneath the fresh water-bearing sands of the aquifers. 

Population and Economic Development 

Population of the Sabine River Basin was reported at 
407.3 thousand in 1980. Longview is the largestcityin the 
basin, having a 1980 population of 62,762. It is followed 
by Marshall, Orange, and Greenville. The economy of the 
basin is diversified but is based principally on mineral 
production, agriculture, agribusiness, manufacturing, and 
recreation and tourism. The Port of Orange serves as a 
distribution and shipping center for many basin products. 

Water Use 

Municipal water use in the Sabine River Basin totaled 
6 1 .8 thousand acre-feet in 1980. Zone 1 used about 73 
percent of total basin municipal water and Zone 2 utilized 
about 27 percent. Major municipal water- using counties 
in Zone 1 were Gregg, Harrison, and Hunt. The City of 
Longview (Gregg County) used 18 percent of total Zone 1 
use. In Zone 2 ,  Orange County used over 52 percent of the 
Zone total. 

Water use by manufacturing industries in the Sabine 
River Basin totaled 84.3 thousand acre-feet in 1980. 
Upper basin areas (Zone 1 ) used 45 percent of the total 
manufacturing requirement, and the lower basin (Zone 2) 
used 55 percent. Zone 1 water use originated almost 
entirely in Gregg and Harrison Counties. In Zone 2, water 
use was concentrated principally in Orange County where 
large water-using industries of paper and allied products 
and chemicals are located. These industries used approxi­
mately 95 percent, or 43.9 thousand acre-feet, of the total 
water used in Zone 2 in 1980. 

In 1980, there was 4,810 megawatts of steam­
electric power generating capacity in the Sabine River 
Basin. Sixty percent of this capacity was in Zone 1 and used 
fresh surface water. The remaining 40 percent was located 
in Zone 2 ,  and used fresh and saline water for cooling. A 
total of 1 .5  thousand acre-feet of ground water was with­
drawn for power production purposes. In addition, 23.0 
thousand acre-feet of fresh surface water was consumed 
(including l l .  5 thousand acre-feet of estimated net evap­
oration from cooling reservoirs). 

In Zone 1, approximately 600 acre-feet of irrigation 
water was used in 1980. lrrigable lands in the upper basin 
are typically located in small, scattered tracts. Generally 
adequate and evenly distributed rainfall makes irrigation 
unnecessary most of the time, although supplemental 
water use is occasionally beneficial on improved pasture, 
hay, peanuts, some vegetables, and nursery stock. In the 
rice-grmving area of the lower basin (Zone 2) ,  about 8.4 
thousand acre-feet of water was used in 1980. Of the total 
basin irrigation water use of 9.0 thousand acre-feet in 
1980, ground water provided negligible amounts. 

Mining water use in the Sabine River Basin was esti­
mated at 6.8 thousand acre-feet of freshwater in 1980. 
Water use was concentrated in Zone 1. Petroleum and 
natural gas production used 5 .2  thousand acre-feet, \vith 
the remaining water use being for nonmetals (sulfur and 
salt). 

Livestock water use in 1980 totaled 8. 7 thousand 
acre-feet in the Sabine River Basin. About 7.2 thousand 
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acre-feet was used in Zone 1 ;  Zone 2 used 1 .5 thousand 
acre-feet. 

Navigation facilities in the Sabine River Basin include 
portions of the Sabine-Neches Waterway, the Sabine Pass 
Channel, the Sabine-Neches Canal, the Sabine River to 
Orange, the Gulf Intracoastal Waterway, Adams Bayou 
Channel, and Cow Bayou Channel. These marine naviga­
tion facilities have no regulated freshwater requirements. 

There is 85 megawatts of hydroelectric power gener­
ating capacity in the Sabine River Basin at Toledo Bend 
Dam, with a design rate of 16,000 cubic feet per second. 

Return Flows 

In 1980, municipal and manufacturing return flows 
in the Sabine River Basin totaled 6 7.0 thousand acre-feet. 
Zone 2 accounted for 44 percent of total basin return flows 
(29.5 thousand acre-feet) and the Zone 1 total was 37.5 
thousand acre-feet. 

Return flows from irrigation in Zone 1 were insignifi­
cant in 1980. Return flows from irrigated rice farms 
totaled about 1 .3 thousand acre-feet in Zone 2 in 1980. 
These return flows enter the river at a point below all 
diversions and are therefore not reused. 

Current Ground-Water Development 

In 1980, approximately 54.6 thousand acre-feet of 
ground water was used in the Sabine River Basin. Of this 
amount, 30.3 thousand acre-feet was used in Zone 1 ,  and 
24.3 thousand acre-feet in Zone 2. In Zone 1 in 1980, 
about 81 percent of the ground water used was from the 
Carrizo-Wilcox Aquifer, and about 1 5  percent was from 
the Queen City Aquifer. In Zone 2,  about 87 percent was 
used from the Gulf Coast Aquifer, and about 1 1  percent 
from the Carrizo-Wilcox Aquifer. 

Of the 54.6 thousand acre-feet of ground water used 
in the basin approximately 42.7 thousand acre-feet or 80 
percent was used for municipal and manufacturing 
purposes. 

In 1980 within Zone 2, significant overdraft of ground 
water from the Carrizo-Wilcox Aquifer for municipal pur­
poses occurred in Smith County. In Zone 2, significant 
overdrafts of ground water occurred in Orange County 
from the Gulf Coast Aquifer for municipal and manufactur­
ing purposes, and in Shelby County, from the Carrizo­
Wilcox Aquifer for municipal purposes. 
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Current Surface-Water Development 

Since 1954, Texas use of Sabine River Basin water has 
been subject to the Sabine River Compact. 

There are 1 2  major reservoirs in the Sabine River 
Basin, 1 1  of which are located in Zone 1 and one in Zone 
2 .  Existing major reservoirs include Lakes Tawakoni, Hol­
brook, Hawkins, Quitman, Lake Fork, Winnsboro, Glade­
water, Cherokee, Martin, and Murvaul in Zone 1 ,  and 
Toledo Bend in Zone 2 .  

Lake Tawakoni and Lake Fork are owned and oper­
ated by the Sabine River Authority of Texas. The City of 
Dallas, located in the upper Trinity River Basin, has con­
tracted with the Sabine River Authority for 80 percent of 
the water supply in Lake Tawakoni, or approximately 
184.5 thousand acre-feet annually. The existing 72-inch 
diameter pipeline facility from Lake Tawakoni to the Dallas 
area is capable of delivering about 1 1 2  thousand acre-feet 
of water annually. The City of Dallas presently has under 
construction an additional 84-inch pipeline from Tawa­
koni and plans to increase the withdrawal capacity from 
Tawakoni to 200 million gallons per day. In 1980, 35 .9 
thousand acre-feet ofwaterwas delivered from Lake Tawa­
koni to Dallas; however, in previous years deliveries have 
exceeded 50 thousand acre-feet. Additional existing 
exports from the Sabine River Authority's remaining supply 
in Lake Tawakoni include deliveries to the City of Com­
merce in the Sulphur River Basin (933 acre-feet in 1980). 
The City of Terrell in the Trinity River Basin has also 
contracted with the Sabine River Authority for supplemen­
tal supplies from Lake Tawakoni. Lake Tawakoni also 
supplies water to Greenville, Wills Point, and other small 
cities in the Sabine River Basin. Deliveries to these areas 
totaled about 6.6 thousand acre-feet in 1980. 

Lakes Holbrook, Quitman, Hawkins, and Winnsboro 
are owned and operated by Wood County Fresh Water 
Supply District and are utilized for recreation and flood­
regulation purposes. 

Lake Gladewater, owned and operated by the City of 
Gladewater, provides municipal and manufacturing water 
supplies for the City of Gladewater and its customers in 
Gregg and Upshur Counties. Diversions from the reservoir 
in 1980 totaled 1 .  2 thousand acre-feet. 

Lake Cherokee, owned and operated by the Cherokee 
Water Company, provides cooling water for Southwestern 
Electric Power Company's Knox Lee Power Plant located 
at the reservoir, and municipal and manufacturing water 
for the Cities of Kilgore, Longview, and White Oak in Gregg 
County. 



Martin Lake, located on Martin Creek in Rusk and 
Panola Counties, is owned and operated by a consortium 
of electric power utility companies to provide cooling water 
and related water needs for four 750 megawatt capacity 
steam-electric power plant units near the reservoir. 

Lake Murvaul, owned by Panola County Fresh Water 
Supply District, provides municipal and manufacturing 
water supplies for the City of Carthage and its customers in 
Panola County. 

Lake Fork Reservoir, completed in 198 1 ,  is owned by 
the Sabine River Authority. Provisions of the amended 
permit issued by the Texas Water Commission allow 
annual use of 77,940 acre-feet of water for municipal 
purposes, 70,500 acre-feet for municipal or industrial, 
and 16,500 acre-feet for industrial purposes. 

In addition, the Sabine River Authority, the City of 
Dallas, and Texas Utilities Generating Company have 
entered into a Water Supply Contract and Conveyance 
affecting the 1 20,000 acre-feet portion of the water 
covered by this permit, as follows: 

1 .  The City of Dallas would be entitled to 7 4 percent of 
the yield from Lake Fork Reservoir, not to exceed 
120,000 acre-feet per year, reduced by the amount 
that Phillips Coal Company (30,000 acre-feet per 
year maximum), Tenneco Coal Company (20,000 
acre-feet per year maximum), and Texas Utilities 
Generating Company (17  ,000 acre-feet per year 
maximum as set forth in paragraph No. 2 below) 
decide to take. 

2 .  The City of Dallas gives Texas Utilities Generating 
Company an option to purchase up to 1 7,000 acre­
feet of water annually out of its 120,000 acre-feet, 
which option must be exercised prior to September 
1 ,  1994. 

3. In the event either Phillips or Tenneco fail to take all 
of the water to which each is entitled under their 
respective agreements with the Sabine River Author­
ity, then the Authority has the right to sell up to an 
additional 10,000 acre-feet out of the City of Dallas' 
120,000 acre-feet. 

4 .  The term of this Contract runs from October 1 ,  
198 1 ,  until November 1 ,  2014, and it is to be 
renewed for additional terms of 40 years unless the 
City of Dallas terminates its option to renew. 

The Sabine River Authority has also agreed to enter 
into a Water Purchase Agreement with Texas Utilities Gen­
erating Company to sell 20,000 acre-feet of water annu­
ally in addition to the amount to be sold to the City of 
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Dallas. Out of this amount, Texas Utilities Generating 
Company will release 3,500 acre-feet of water annually 
upon request by the Authority to be sold for municipal use. 

The Sabine River Authority has been granted changes 
to the permit contemplated as a result of the contracts. 
These include a request for authorization to transfer as 
much as 120,000 acre-feet of water per y<,mr from Lake 
Fork in the Sabine River Basin to the Trinity River Basin. 

Within Zone 1 ,  water is also diverted from the main 
stem of the Sabine River under existing permits. Major 
diversions occur in Gregg and Harrison Counties, princi­
pally for manufacturing ose. 

In Zone 2 ,  Toledo Bend Reservoir, owned jointly by 
the Sabine River Authorities of Texas and Louisiana, is the 
fifth largest reservoir in the United States \vith a total 
capacity of 4.4 77 million acre-feet. The project, com­
pleted in 1968 , is operated jointly by the two river Authori­
ties in accordance with terms of the Sabine River Compact 
between Texas and Louisiana. Toledo Bend Reservoir pro­
vides water for municipal, manufacturing, irrigation, 
hydroelectric power generation, and recreation purposes. 
The existing permit issued to the Sabine River Authority of 
Texas by the Texas Water Rights Commission provides for 
use of 100 thousand, 600 thousand, and 50 thousand 
acre-feet annually for municipal, industrial, and irrigation 
purposes, respectively. At the present time, the only cities 
obtaining municipal supplies from the reservoir are Hem­
phil!, in Sabine County and Huxley, in Shelby County. In 
addition, several private water companies have contracted 
with the Authority for water from the reservoir. 

In accordance with a contract between the two 
Authorities and several utility companies in both Louisiana 
and Texas, the Authorities are compensated by the pay­
ment of an aggregate sum of money each year for hydro­
electric power generated through releases of water through 
the dam between elevations 172 .0 and 162.2 mean sea 
level (top of power head storage). Subject to the availability 
of water in storage, releases are made through the two 
turbines sufficient to produce at least 65.7 million l<ilowatt 
hours of electricity during the period May to September 
each year. 

Below Toledo Bend Reservoir, the Sabine River 
branches, and part of the river flow enters Old River, in 
Louisiana, through Cutoff Bayou. Privately owued compa­
nies in Louisiana periodically divert these flows through the 
Krause and Managon Canal and Sabine Canal Systems for 
rice irrigation. Several miles downstream from Cutoff 
Bayou, part of the flow of the river enters Indian Bayou in 
Texas. The Sabiue River Authority of Texas periodically 
diverts these flows through its diversion channel westward 
for irrigation and manufacturing uses. In 1980, approxi-



mately 35.5 thousand acre-feet of water was diverted 
through this system and used by manufacturing plants in 
the Orange area under contracts with the Sabine River 
Authority of Texas. In addition, 3.6 thousand acre-feet was 
supplied through the system in the Orange area for cooling 
water in steam-electric power generation. 

During periods of low flow, saline water from the Gulf 
and Sabine Lake intrudes significant distances upstream 
into both the Sabine and Old Rivers such that diversion 
facilities are negatively affected, especially by Louisiana 
diverters. However, this has not been a problem since 
Toledo Bend Reservoir became operational in 1968. 

Water Rights 

A total of 1 ,671 ,505 acre-feet of surface water was 
authorized or claimed for diversion and use in the Sabine 
River Basin as of December 3 1 ,  19S3 (Table III-5-1) .  
Municipal use accounted for 37.4 percent of  the total 
amount of water authorized and/ or claimed in the basin 
(Table III-5-2). Zone 2 accounted for the greater portion 
of authorized or claimed water use, with 902,338 acre-feet 
or 54.0 percent of the total. 

Table 111-5-l. Authorized or Claimed Amount of Water, 
by Type of Right, Sabine River Basin' 

Type of 
Authorization 

Permits 
Claims 
Certified Filings 
Certificates of 

Adjudication 

Total Authorizations 
and Claims 

Number 
of Rightli 

1 1 6  

190 

0 

0 

306 

Acre-Feet 
Authorized 
and Claimed 

1,648,076 

23,429 

0 

0 

1,671,505 

lThc Texas Water Rights Adjudication Act of 1967 authorizes the Texas Depart­
ment of \Vater Resources to investigate 11nd determine, with the Court's approval, 
the nature and measure of water rights for all authorized diversions from surface­
water streams or portions thereof except domestic and livestock uses and to 
monitor and administer each adjudicated water ri�ht. These totals incorporate 
the results of w:1ter-ri�hts adjudication in the basin as of December 31. 1983. 
Certified Filin�s nrc declarations of appropriation which were filed with the State 
Board of Water Engineers under the provisions of Section 14, Chapter 171, 
General Laws, Acts of the 33rd Legislature, 1913, as amended. Permits are 
statutory appropriative rights which have been issued by the Texas Water Com­
mission or its predecessor a�encics. Claims are sworn statements of historical 
uses to be adjudicated in accordance with the Texas Water Rights Adjudication 
Act. A certificate of adjudication is the final result after reco�nition of a valid ril!ht 
in the adjudication process and is based on a permit, certified filing or claim or n�ty 
combination of the three. 

Table 111-5-2. Authorized or Claimed Amount of Water, 
by Type of Use and Zone, in Aere-Feet, 

Sabine River Basin 

Number 
Type of of 

Use rughts Zone 1 Zone 2 Total 

Municipal 31 492,885 131,460 624,345 

IndustriaJ2 25 199.329 671,735 871.064 

Irrigation 173 15,246 98.868 114.294 

Mining 3 951 0 951 

Recreation 82 60,576 275 60,851 

Other 1 0 0 0 

Total 3061 769,167 902,338 1,671,505 

I Does not sum due to multipurpose "rights", which may be applied to more than 
one type of usc. 

2Does not include an authorized diversion of saline water in Zone 2 in the amount 
of 360,000 acre-feet/year. 

Water Quality 

The Sabine River below the Longview area and the 
Adams Bayou have experienced periodic dissolved-oxygen 
depressions and recurrent fish kills attributable primarily 
to discharge of treated municipal and industrial effluents. 
However, improved waste treatment in the past few years 
has improved the water quality. The tidally affected areas of 
the basin, particularly in the area of Adams and Cow Bay­
ous, are experiencing rapid increases in population and 
industrial growth resulting in high volumes of treated 
industrial wastewaters. 

Flooding, Drainage, and Subsidence 

According to the U.S. Army Corps of Engineers, the 
Sabine River Basin has incurred damages from major 
llooding 11  times since 1957. Damages from Hurricane 
Carla in 1961 were not as substantial to Orange County as 
they were in other coastal counties. However, damages 
totaled over 11750 thousand, mostly nonagricultural. The 
most costly flood occurred in 197 4 when agriculture losses 
amounted to $582.2 thousand and nonagricultural dam­
ages amounted to $2.64 million. Major floods in 1979 and 
1980 in the lower basin produced major damages in 
Orange County and Bridge City. During the period 1978-
198 1 ,  203 flood insurance claims were filed for $869 
thousand in flood damages. Floods in April 1979 and 
Tropical Storm Claudette in July 1979 resulted in two 
Presidential disaster declarations with the expenditure of 
slightly over $1 .2  million in disasterreliefbyvarious federal 
agencies. 
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The Federal Emergency Management Agency has 
designated 49 cities in the Sabine River Basin as having one 
or more special flood-hazard areas. Currently, 27 of these 
cities are participating in the National Flood Insurance 
Program. Flood insurance rate studies have been com­
pleted for the Cities of Gladewater, Kilgore, Longview, 
Marshall, Greenville and 100-year base flood elevations 
are available. The incorporated cities within Orange 
County are currently being studied to determine 100-year 
flood elevations. 

In the upper Sabine River Basin, drainage problems 
occur in the river bottomlands and adjoining terraces 
above Toledo Bend Reservoir. On-farm drainage improve­
ments and lateral ditching can abate mostofthe problems. 
Drainage problems in the lower basin are more complex 
and require substantial improvements to achieve proper 
drainage, particularly where large quantities of irrigation 
water are used to flood rice farms. Accumulations of sur­
face water from intense storm activity associated with hur­
ricanes or tropical storms compound drainage problems in 
the lower basin. 

Land subsidence due to compaction of clays caused by 
ground-water withdrawals and oil production is a potential 
problem in southern Newton, southern Jasper, and eastern 
Orange Counties within the Sabine River Basin. Also, fault 
activation and movement which can cause considerable 
damage to property are associated with subsidence. Dam­
ages caused by fault movement are very evident in urban 
areas of the Gulf Coastal Plain. Subsidence and fault move­
ment also are caused locally by extractions of sulfur and 
other minerals in the Gulf Coastal Plain. 

Recreation Resources 

Sixteen percent of the total surface area of all reser­
voirs (5 .0 thousand acre-feet capacity or more) in the 
State is located in the Sabine River Basin. The Sabine River 
Basin is exceeded only by the Trinity River Basin in total 
number of reservoir surface acres available for water­
oriented recreation activities. Toledo Bend Reservoir in 
Zone 2 of the basin, \vith 181.6 thousand surface acres, is 
the largest lake in the State in terms of surface area. It is the 
only major reservoir in Zone 2 ,  but accounts for over 75 
percent of the basin's total reservoir surface area. Toledo 
Bend Reservoir offers excellent black bass, crappie, and 
white bass fishing. There are also many facilities for pic­
nicking and camping. Lake Tawakoni (36.7 thousand 
surface acres) is the largest of the nine fresh water 
impoundments in Zone 1 ,  providing approximately 63 
percent of the available water-oriented recreation 
resources in the Zone. 

PROJECTED WATER REQUIREMENTS 

Population Growth 

The population of the Sabine River Basin is projected 
to increase by 97 percent between 1980 and 2030 (Table 
III-5-3). By 2000, the population is expected to grow by 
37 percent; from 2000 to 2030, a 45 percent increase is 
projected. 

Gregg County (including the Cities of Gladewater, 
Kilgore, and Longview) is the most populous county in the 
basin with 24 percent of the basin's total population in 
1980. By 2030, a projected increase in population of 91 
percent is expected. Orange County population was 14 
percent of the basin total in  1980 and is expected to 
remain at 14 percent in 2030. 

Water Requirements 

Municipal 

Municipal water requirements are projected for two 
cases of future growth based on both population and per 
capita water use. Municipal water requirements in the 
Sabine River Basin are estimated to increase from 23 to 88 
percent by the year 2000 over the 1980 level of 6 1 .8 
thousand acre-feet. By 2030, municipal water require­
ments are expected to range from 102.8 to 167.6 thou­
sand acre-feet. Seventy-five percent of the projected basin 
requirements in 2000 and 76 percent in 2030 is located in 
Zone 1 .  

Industrial 

Manufacturing water requirements in 1980 were 
84.3 thousand acre-feet in the Sabine River Basin. Projec­
tions of future water requirements for manufacturing pur­
poses were made by decade and for a low and high case for 
each industrial group. In 1980, over 90 percent of total 
manufacturing water use was concentrated in five indus­
trial groups: chemicals, petroleum refining, primary 
metals, paper products, and food products. Because ofthis 
concentration, careful attention was given to the future 
growth outlook for these industries in making the 
projections. 

Manufacturing water requirements in the Sabine 
River Basin are projected to increase more than fourfold by 
the year 2030 from the 1980 level. In 1980, Zone 2 ofthe 
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Table III-5-3. Pop.llation, OJrrent Water Use, With Projected Popl].ation and Watei -R€quirarents, 199Q-203os/ 
Sabine River Basin 

1990 2000 ' 2010 2020 2030 
' G<amd : Surface "''""" Surface : : Gr:oond Surface : Ground : Surface ' "''""" : Surface 

Total Wate< ' Wate< Total Wate< Water ' Thtal ' wat= Wat& Total ' wat= ' Wat& Total wat= ' wat& Total 

,� 3 
Pop.l].ation 296.8 364.5 416.4 468.6 535.9 609.2 
Municipal 18.9 26.2 45.1 11.2 63.2 74.4 11.7 75.3 87.0 12.1 85.9 98.0 12.9 99.1 112.0 14.2 113.0 127.2 
Manufacturing L.9 35.9 37.8 0.3 60.5 61.8 L.3 86.5 87.8 3.3 117.3 118.6 3 . 3  151.4 152.7 L.3 195.0 196.3 
Steam Electric 0.0 17.5 17.5 0 . 0  39.5 39.5 0 . 0  48.4 48.4 11.2 58.3 69.5 7.3 75.8 82.9 6.9 93.2 100.1 
Mining 6.3 0.5 6.8 6.4 0.2 6.6 6.3 16.4 22.5 5.5 24.8 30.3 4 . 8  33.2 38.0 4.L 25.6 29.7 
Irrigation 0.1 0.5 0.6 0.2 0.4 0.6 0.2 0.5 o. 7 0.2 0.5 0 . 7  0.2 0.5 0.7 0.2 0.5 0.7 
Livestock 3.1 4.L 7.2 L.5 7.0 8.5 L.5 8.4 9.9 L.5 8.4 9.9 L.5 8.4 9.9 L.3 8.6 9.9 
Zone Total Water 30.3 84.7 ill.O 20.6 170.8 191.4 20.8 235.5 256.3 31.8 295.2 327.0 27.8 368.4 396.2 28.0 435.9 463.9 

- 2  
Population 110.5 126.6 139.8 153.9 171.6 194.7 
Municipal 14.3 2.4 16.7 15.5 10.2 25.7 17.4 ll.7 29.1 18.1 13.9 32.0 18.8 16.8 35.6 19.8 20.6 40.4 
Manufacturing 7.6 38.9 46.5 14.5 71.7 86.2 14.5 100.1 114.6 14.5 126.8 141.3 14.5 157.8 172.3 14.5 195.1 209.6 
Steam Electric L.5 5.5 7.0 0 . 0  7.0 7.0 0.0 8.8 8.8 0.0 19.3 19.3 0.0 37.5 37.5 o.o 51.9 51.9" 
Mining 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Irrigation 0.0 8.4 8.4 0 . 0  3 . 3  3 . 3  0 . 0  3 . 3  3 . 3  0 . 0  3 . 3  3 . 3  0 . 0  3 . 3  3.3 0.0 3.3 3.3 
Livestock 0.9 0.6 L.5 L.2 0.6 3.8 L.2 0.9 2.3 1.3 0.8 2.3 L.3 0.8 2.3 L.2 0.9 2.3 
Zone Total Water 24.3 55.8 80.1 31.2 92.8 124.0 33.1 124.8 157.9 33.9 164.1 198.0 34.6 216.2 250.8 35.5 271.8 307.3 

msrn = 
Popl].ation 407.3 491.1 556.2 622.5 707.5 803.9 
Municipal 33.2 28.6 61.8 26.7 73.4 100.1 29.1 87.0 116.1 30.2 99.8 130.0 31.7 115.9 147.6 34.0 133.6 167.6 
Manufacturing 9.5 74.8 84.3 15.8 132.2 148.0 15.8 186.6 202.4 15.8 244.1 259.9 15.8 309.2 325.0 15.8 390.1 405.9 
Steam Electric 3.5 23.0 24.5 0.0 46.5 46.5 0.0 57.2 57.2 11.2 77.6 88.8 7.3 113.3 120.4 6.9 145.1 152.0 
Mining 6.3 0.5 6.8 6.4 0.2 6.6 6.3 16.4 22.5 5.5 24.8 30.3 4.8 33.2 38.0 4.3 25.6 29.7 
Irrigation 0.3 8.9 9.0 0.2 3. 7 3.9 0.2 3.8 4.0 0.2 3 . 8  4.0 0.2 3.8 4.0 0.2 3.8 4.0 
Livestock 4.0 4.7 8.7 2 .  7 7.6 10.3 2.7 9.3 12.0 2.8 9.2 12.0 2.8 9.2 12.0 2.5 9.5 12.0 
Basin Total Water 54.6 140.5 195.1 51.8 263.6 315.4 53.9 360.3 414.2 65.7 459.3 525.0 62.4 584.6 647.0 63.5 707.7 771.2 

,; Popllation in thous.arrls of persons, water requirarents in thous.arrls of acre-feet per year. 
' "' 
a, 



basin accounted for 55 percent of the total industrial water 
use; by 2030, 52  percent of the projected water need is in 
Zone 2 .  Orange County accounted for most of the Zone 2 
requirement in 1980 and is anticipated to continue to 
dominate water use in 2030. Major water-using industries 
in Orange County include industrial organic chemicals, 
plastic materials, synthetics, paperboard mills, and petro­
leum refineries. 

In Zone 1 of the Sabine River Basin, Harrison County 
accounts for the majority of the 1980 manufacturing water 
requirements. 

Steam-Electric Power Generation 

Large near-surface lignite deposits and available water 
supplies are supporting growth of steam-electric power 
generating capacity in the Sabine River Basin. Additional 
growth of plant capacity in the coastal area, using fresh and 
saline water for cooling, is also projected to occur. In 
1980, 24.5 thousand acre-feet of water was consumed for 
steam-electric power generation, with 71 percent occur­
ring in Zone 1 .  Future growth was projected for two 
demand cases for electricity. Water requirements are pro­
jected to range from 55.4 to 57.2 thousand acre-feet by 
2000; and increase from 98 to 161 percent by 2030 (low 
and high case, respectively). 

Agriculture 

Irrigation 

Irrigation water requirements were projected for two 
cases of change based on improvements in on-farm appli­
cation efficiencies, reduction in ditch losses, changes in 
future resource costs and crop prices, and corresponding 
changes in cropping patterns to reflect more profitable 
crops. A low case projects demand for water based on the 
effects of changes in the above variables but with irrigated 
acreage held constant at 1980 levels in each zone for each 
future time period; a high case projects demand for water 
for irrigation constrained only by the requirement that 
irrigated farming produce a net positive return in excess of 
that possible from dryland farming and the requirement 
not to exceed the amount of irrigable soil in each zone. 
Thus, the projections of demand, low and high cases, based 
on the irrigation efficiency and market conditions men­
tioned above, give an estimate of the quantity of water 
needed for irrigation in each zone, at each decadal point 
for which projections were made. These projections of 
demand are compared to the projected supply of water 
locally available. When projected demand exceeds pro­
jected supply, the difference is a measure of shortage at that 
point in time. 

Irrigation water requirements in the Sabine River 
basin are projected to decrease from the 1980 level of 9.0 
thousand acre-feet by a projected maximum 56 percent by 
the year 2000 in the high and the low case. In the year 
2030, water requirements in the Basin are projected to be 
about 4.0 thousand acre-feet annually, in both the low and 
high case, respectively, to irrigate about 2 .0 thousand 
acres. 

Zone 2 is projected to account for about83 percent of 
total basin irrigation requirements in 2000 and 2030. 
Zone 1 is projected to account for about 17 percent of the 
total. 

Livcstocl< 

A projected increase in livestoch: production in the 
Sabine River Basin would increase lives toe}{ water needs. It 
is estiffiated that annual livestock water requirements will 
increase from 8.7 thousand acre-feet in 1980 to 1 2  thou­
sand acre-feet by 2030. Livestock water use in Zone 1 is 
expected to increase from 7. 2 thousand acre-feet in 1980 
to 9.9 thousand acre-feet in 2030. Livestock water needs 
on Zone 2 are projected to expand from 1 .  5 thousand 
acre-feet in 1980 to 2 .1  thousand acre-feet by 2030. 

Mining 

Total mining water requirements in the Sabine River 
Basin are projected to increase significantly during the 
planning period primarily from the production of Frasch 
sulfur and synfuels. In 1980, mining water requirements 
were 6.8 thousand acre-feet, with use concentrated in 
Zone 1. By 2000, water requirements are projected to 
increase 231 percent mostly due to the production of 
synfuels. From 2000 to 2030, water use estimates are 
projected to increase another 32 percent to 29.7 thousand 
acre-feet. 

Navigation 

If a last downstream lock is maintained at river mile 
19.4 north of Orange, then freshwater requirements are 
projected to be 18.5 thousand acre-feet in 2000, and 20.8 
thousand acre-feet in 2030. 

Hydroelectric Power 

There are currently no plans or federal authorizations 
to expand the existing 85 megawatts of installed hydro­
electric capacity in the Sabine River Basin. With the con­
struction of additional reservoirs, water needs for 
hydroelectric power could increase. 
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Esruarine Freshwater Inflows 

The Sabine River, along with the Neches River, dis­
charges into the Sabine-Neches estuary. Estimates of fresh­
water inflow needs for the Sabine-Neches estuary are based 
on the total flow from both river basins. 

The Subsistence Alternative estimate of gaged river 
inflows necessary to sustain monthly salinities within a 
range of desirable salinities and maintain historical marsh 
inundation frequency totals about 5.69 million acre-feet 
annually (Table III-5-4). The annual inflowfroni ungaged 
portions of the Sabine and Neches River Basins is estimated 
at l .SJ million acre-feet. The Biotic Species Viability 
Alternative estimate of gaged river inflows necessary to 
maintain the short-term (monthly) upper viability limits 
for salinity in the Sabine-Neches estuarine system totals 
about 2.02 million acre-feet per year (Table III-5-4). 

Table III-5-4. Gaged River Inflow Needs of the 
Sabine-Neches EsbJary Under Two Alternative 

Levels of Fisheries Production' 

Ecosystem Biotic Species 

Month Subsistence Viability 

January 350.7 2 1 1 .0 

February 361.7 2 1 2 . 1  

March 340.4 2 1 5 . 1  

April 535.4 253.0 

May 1,282.3 228.6 

June 477.5 186.1 

July 204.3 89.7 

August 178.5 76.5 

September 132.2 130.2 

October 1,282.3 134.9 

November 189.1 107.1 

December 352.0 175.8 

Annual 5.686.4 2,020.1 

!Combined gaged streamflow of Sabine River ncar Ruliff and Neches River at 
Evadale in thousand acre-feet. 

The freshwater inflow needs for the two additional 
Alternatives (Fisheries Harvest Maintenance and Fisheries 
Harvest Enhancement) could not be evaluated for this 
estuary because the fisheries harvest equations derived for 
this estuary were not valid for the range of possible flows. If 
the freshwater inflows were consistently limited to those 
estimated by the Subsistence Alternative, the salinity 
regime of Sabine Lake would shift from the existing low 
salinity regime to a more truly estuarine environment. This 
change in the salinity regime could increase the species 
diversity and productivity in Sabine Lake, presuming an 
absence of toxic materials and assuming that existing 

marsh habitats are maintained. However, the quantity and 
quality of possible changes in the estuary cannot be accu­
rately assessed from existing data which reflect only past 
conditions in the estuary. The Sabine-Neches estuary is the 
only estuary, of six estuaries studied, for which it was not 
possible to compute estimates of freshwater inflow needs 
for all four of the Alternatives. 

WATER SUPPLY PROJECTS 
AND MEASURES TO MEET 

FUTURE BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

The approximate annual ground-water yield within 
the Sabine River Basin to the year 2030 is 244.8 thousand 
acre-feet with the following amounts annually available by 
aquifer: 54.0 thousand acre-feetfrom the GulfCoastAqui­
fer, 45.2 thousand acre-feet from the Carrizo-Wilcox 
Aquifer, 7.4 thousand acre-feet from the Sparta Aquifer, 
0.4 thousand acre-feet from the Trinity Group Aquifer, 
and 137.8 thousand acre-feet from the Queen City Aqui­
fer. Since the ground water available from the Queen City 
Aquifer within the basin has high concentrations of iron 
and high acidity (low pH), it should not be considered a 
suitable source of water for municipal and most manufac­
turing purposes. However, Queen City ground water is 
suitable for irrigation, steam-electric power generation 
(cooling), mining and livestock-watering purposes. At the 
end of the year 2029, the annual yield of the TrinityGroup 
Aquifer within the basin would be reduced from 0.4 thou­
sand acre-feet to zero, because all of the ground water in 
recoverable artesian storage would have been removed. 
Since the artesian portion of the Trinity Group Aquifer 
within the basin does not receive any effective recharge, the 
yield of the aquifer in the year 2030 would be zero. In the 
year 2030, the yield of the Carrizo-Wilcox Aquifer within 
the basin would be reduced to the aquifer's average annual 
effective recharge of 44.0 thousand acre-feet per year. 
These reductions decrease the total ground-water availa­
bility within the basin in 2030 to 243.2 thousand acre­
feet. 

The projected annual ground-water use within the 
Sabine River Basin by decade from 1990 through 2030 is 
expected to be from 5 1 .8 to 65.7 thousand acre-feet per 
year (Table III-5-3). The approximate average annual 
projected ground-water use within the basin is expected to 
be about 59.5 thousand acre-feet per year. Of the 59.5 
thousand acre-feet of average annual projected use, about 
54 percent is expected to be from the Gulf Coast Aquifer, 
about 43 percent from the Carrizo-Wilcox Aquifer, and 
about 3 percent from the Queen City Aquifer. 

III-5-10 



Surface-Water Availability and 
Proposed Development 

Projected surface-water needs in the Sabine River 
Basin can be fully met from existing and potential reser­
voirs through the year 2030 (Table lll-5-5, Figure Ill-5-
2) .  Currently available surface-water resources in the 
Sabine River Basin are sufficient to meet all projected 
suriace-water needs within the basin through the year 
2030, except in Zone 1 .  

Zone 1 

Surface-water resources, existing and proposed, are 
estimated to exceed surface-water requirements in Zone 
1 ,  including water export needs to adjacent river basins, by 
about 36.2 thousand acre-feet in the year 2030 (Table 
Ill-5-6, Figure lll-5-3). Approximately 301.8 thousand 
acre-feet of the year 2030 total water requirements in this 
Zone is estimated for export, principally to the upper Trin­
ity River Basin. In that same year, approximately 59.1 
thousand acre-feet is projected for import, primarily from 
the Toledo Bend Reservoir in Zone 2 of the Basin, to meet 
water needs in this Zone. 

Water needs in Zone 1 may be met through the devel­
opment by the year 1990 of the Big Sandy Reservoir project 
in the Sabine River Basin, although it is highly unlikely that 
the project can be constructed by that time. The Big Sandy 
Reservoir project, authorized by Congress in 1970, will be 
located on Big Sandy Creek in Wood County, with the dam 
located about 13 miles upstream above the confluence of 
Big Sandy Creek and the Sabine River. Additional studies 
of the project are currently underway by the U.S. Bureau of 
Reclamation and are lih:ely to result in modifications to the 
authorized project. The authorized project would provide a 
dependable yield of 76.9 thousand acre-feet annually. 
Water from the project is proposed to be used by 1990 to 
supply the Marshall and Kilgore areas with municipal and 
manufacturing water. 

Between 2020 and 2030, additional suriace water 
will be needed in the Marshall area. Water pumped by 
pipeline from Toledo Bend Reservoir in Zone 2 of the basin 
is proposed to meet the needs. Additional studies will have 
to be performed by the Department and regional interests 
to examine the engineering alternatives and the eco­
nomic, environmental, and institutional considerations 
that would be involved in such a major intrabasin transfer 
of water. 

The City of Longview is currently studying the pro­
posed Prairie Creek Reservoir on Prairie Creek in Gregg 
and Smith Counties. The project is estimated to supply a 
yield of 40.0 thousand acre-feet annually with approxi-

mately 30.0 thousand acre-feet of this yield supplied as a 
result of direct diversion of water from the Sabine River. 
For planning purposes, this reservoir is proposed to be 
constructed by 2000 to meet the additional future water 
needs of the City of Longview. 

The City of Dallas has contracted with the Sabine River 
Authority for 53.0 thousand acre-feet of firm annual supply 
from Lake Fork. By 2000, Dallas will need this supply to 
meet future needs and will have to construct pumping and 
pipeline facilities to convey this water. 

By the year 2020, steam-electric power requirements 
in the upper Sabine River Basin are projected to exceed 
available supplies necessitating the development of addi­
tional water resources to avoid shortages. An alternative to 
meet this need and provide water for export to the upper 
Trinity River Basin for the City of Dallas is the Carl Estes 
Reservoir on the Sabine River below Lake Tawakoni. Pipe­
line facilities would be required to convey water to the City 
of Dallas through Lake Tawalwni. 

The authorized Carl L. Estes Reservoir project has 
undergone advanced engineering and design studies by the 
Corps of Engineers. ')'he Corps determined that the project 
was not a currently feasible federal project in part due to 
extensive shallow lignite beds under the reservoir site. The 
Corps estimates that the lignite could be mined by 2020 
thereby allowing construction of the project before 2020. 

Considerable study has also been given to the feasibil­
ity of the Carthage Reservoir project, which would be 
located in Zone 1 .  This project could be on the main stem 
of the Sabine River above Toledo Bend Reservoir at about 
river mile 321 .  Additional studies are needed to determine 
the firm water supply available from this project. 

Zone 2 

Total surface-water supplies are projected to exceed 
in-basin and export water demands in Zone 2 of the Sabine 
River Basin by 499.9 thousand acre-feet in the year 2030 
under existing and proposed suriace-water development 
(Table JII-5-7, Figure JII-5-4 ). The surface-water require­
ments for this zone in 2030 are estimated at approximately 
1 .27 million acre-feet, with about 961 .7  thousand acre­
feet projected to be exported from this zone to other basins 
in the year 2030. This water is projected as the supply for 
import into the Houston-Galveston area to meet projected 
municipal and manufacturing water needs. 

Zone 2 of the Sabine River Basin will continue to have 
substantial supplies of surface water surplus to projected 
in-basin needs. Except during recurrences of critical 
drought period, surpluses in excess of both in-basin needs 
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Table 111-5-5. Water Resources of the Sabine River Basin, With 
Projected Water Supplies and Demands, 1990-2030• 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Basin Basin Flow Import Total Basin Basin Export Total M & I  (Shortage) Total ---

1990 
Ground Water 51.8 - - - 51.8 51.8 - - 5 1 .8 . 0  .0 .0 
Surface Water 1762.3 - 62.0 19.3 1843.6 226.1 - 141.8 367.9 1475.7 . 0  1475.7 
Total 1814.1 - 62.0 19.3 1895.4 277.9 - 141.8 419.7 1475.7 .0 1475.7 

2000 
Ground Water 53.9 - - - 53.9 53.9 - - 53.9 .0 . .  0 .0 
Surface Water 1802.3 - 78.1 19.7 1900.1 321.0 - 251.6 572.6 1327.5 .0 1327.5 
Total 1856.2 - 78.1 19.7 1954.0 374.9 - 251.6 626.5 1327.5 .0 1327.5 

2010 
Ground Water 65.7 - - - 65.7 65.7 - - 65.7 . 0  . 0  . 0  

' 
Surface Water 1814.5 95.2 19.5 1929.2 420.1 615.4 1035.5 893.7 .0 893.7 "' - -

' 
.... Total 1880.2 - 95.2 19.5 1994.9 485.8 - 615.4 1101.2 893.7 .0 893.7 IV 

2020 
Ground Water 62.4 - - - 62.4 62.4 - - 62.4 . 0  . 0  .0 
Surface \Vater 1905.8 - 114.5 19.3 2039.6 545.3 - 655.6 1200.9 838.7 . 0  838.7 
Total 1968.2 - 114.5 19.3 2102.0 607.7 - 655.6 1263.3 838.7 .0 838.7 

2030 
Ground Water 63.5 - - - 63.5 63.5 - - 63.5 .0 .0 .0 
Surface Water 2279.5 - 168.1 20.1 2467.7 668.1 - 1263.5 1931.6 536.1 .0 536.1 
Total 2343.0 - 168.1 20.1 2531.2 731.6 - 1263.5 1995.1 536.1 .0 536.1 

I Units in thousands of acre-feet per year. Water demands arc for the "high" case. Tabulated surface water demands do not include livestock needs. some quantities of irrigation 

needs and other needs which \\ill continue to be met from local, unregulated surface-face supplies. 

Definitions 

Intrn-Basin: A transfer of water among zones \\1thin a rh•cr basin. 

Import: A transfer of water from another river basin. 

Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 

Export: A transfer of water to another river basin. 
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Figure 111-5-2. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Sabine River Basin, 1980-2030 

and freshwater requirements of the Sabine Lal'e estuarine 
system will be available for conveyance to water-deficient 
areas provided appropriate institutional arrangements can 
be made. Studies performed by and for the Department 
indicate that it is physically feasible to convey relatively 
large quantities of water from the lower Sabine River to the 
Trinity River Basin in order to meet the severe water short­
ages projected to occur in the San Jacinto River Basin and 
contiguous areas in the coastal area beyond the year 2000. 

Existing surface-water resources in the Brazos and 
San Jacinto River Basins and San Jacinto-Brazos and 
Brazos-Colorado Coastal Basins are estimated to be insuf­
ficient to satisfy projected surface-water needs in these 
basins. Water supplies from Toledo Bend Reservoir, that 
are surplus to the projected Sabine River Basin needs could 
be diverted through a gravity flow and pumping convey­
ance system to the Houston metropolitan area and lower 
Brazos River Basin (Zone 6) and adjacent coastal basins to 

IIJ-5-13 



Table 111-5-6. Water Resources of the Sabine River Basin, Zone 1, With 
Projected Water Supplies and Demands, 1990-20301 

Water Supply \Vater Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Zone Basin Flow Import Total Zone Basin Export Total M & l  (Shortage) Total ---

1990 
Ground \Vater 20.6 - - - 20.6 20.6 - - 20.6 .0 .0 .0 
Surface Water 508.3 .0 6.9 15.1  530.3 137.2 .0 136.2 273.4 256.9 .0 256.9 
Total 528.9 .0 6.9 15.1 550.9 157.8 .0 136.2 294.0 256.9 .0 256.9 

2000 
Ground Water 20.8 - - - 20.8 20.8 - - 20.8 .0 .0 .0 
Surface Water 548.3 .0 8.1 14.8 571.2 200.4 .0 245.1 445.5 125.7 .0 125.7 
Total 569.1 . 0  8.1 14.8 592.0 221.2 .0 245.1 466.3 125.7 .0 125.7 

2010 
Ground Water 31.8 - - - 31.8 31.8 - - 31.8 .0 .0 .0 

' 
Surface Water 568.3 .0 9.3 14.6 592.2 260.1 .0 259.8 519.9 72.3 .0 72.3 "' 

.:.. Total 600.1 .0 9.3 14.6 624.0 ... 291.9 . 0  259.8 551.7 72.3 .0 72.3 

2020 
Ground Water 27.8 - - - 27.8 27.8 - - 27.8 .0 .0 .0 
Surface Water 667.5 .0 10.7 14.4 692.6 333.2 .0 298.7 631.9 60.7 .0 60.7 
Total 695.3 .0 10.7 14.4 720.4 361.0 .0 298.7 659.7 60.7 . 0  60.7 

2030 
Ground Water 28.0 - - - 28.0 28.0 - - 28.0 .0 . 0  . 0  
Surface Water 667.5 43.9 1 1.9 15.2 738.5 400.5 .0 301.8 702.3 36.2 .0 36.2 
Total 695.5 43.9 11.9 15.2 766.5 428.5 .0 301.8 730.3 36.2 .0 36.2 

�'units in thousands of acre-feet per year. Water demands are for the ''hil!h� case. Tabulated surface water demands do not include livestock needs, some quantities ofirrij!ation 

needs and other needs which \\ill continue to be met from local, unrcJ!ulatcd surface-face supplies. 

Definitions 
Intra-Basin: A transfer of water among zones v.ithin a river basin. 

Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 

Export: A transfer of water to another river basin. 
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Figure 111-5-3. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Sabine River Basin, Zone 1 ,  1980-2030 

meet these anticipated shortages. Waterfrom Zone 2 of the 
Sabine River Basin could be needed by year 2010. Antici­
pated increases in water needs in the Houston area that 
could be met from the Sabine River Basin are projected to 
exceed the available surface water from Toledo Bend Res­
ervoir between 2020 and 2030. 

The potential Bon Wier Reservoir project, studied by 
the Corps of Engineers and included in the Report of 
Sabine River Basin Comprehensive Study, would provide 
additional water supply, recreation, and possibly hydro­
electric power generation in the lower Sabine River Basin. 
The project, with the dam site tentatively located at river 
mile 102, would also provide re-regulation of hydro­
electric power generation releases from Toledo Bend 
Dam. Based on preliminary design criteria , \vithout flood 
control as a project purpose Bon Wier Reservoir would 
have a conservation storage of 339.8 thousand acre-feet, 
23 thousand acre-feet of sediment storage, and a depend­
able yield of about 441 . 5  thousand acre-feet annually. 

With 124.5 thousand acre-feet of storage capacity allo­
cated to flood control and/or re-regulation of power 
releases from Toledo Bend Dam, the alternative project 
would have a dependable yield of approximately 381.5 
thousand acre-feet. Additional surface water for the Hous­
ton area could be developed by the construction of the Bon 
Weir Reservoir project by year 2030. 

Additional studies will have to be performed by the 
Texas Department of Water Resources and regional inter­
ests to examine the engineering alternatives and the eco­
nomic, environmental, and institutional considerations 
that would be involved in such a major interbasin transfer 
of water. 

The Cities of Newton, Jasper, and Kirbyville and sev­
eral rural water-supply corporations in Jasper and Newton 
Counties have worked for many years toward the develop­
ment of a central water supply and regional treated-water 
system to serve these areas in Zone 2 of the Sabine River 
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Table 111-5-7. Water Resources of the Sabine River Basin, Zone 2, With 
Projected Water Supplies and Demands, 1990-20301 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Zone Basin Flow Import Total Zone Basin Export Total M & l  (Shortage) Total ---

1990 
Ground Water 31.2 - - - 31.2 31.2 - - 31.2 .0 .0 .0 
Surface Water 1254.0 .0 55.1 4.2 1313.3 88.9 .0 5.6 94.5 1218.8 .0 1218.8 
Total 1285.2 .0 55.1 4.2 1344.5 120.1 .0 5.6 125.7 1218.8 .0 1218.8 

2000 
Ground Water 33.1 - - - 33.1 33.1 - - 33.1 .0 .0 .0 
Surface Water 1254.0 . 0  70.0 4.9 1328.9 120.6 .0 6.5 127.1 1201.8 .0 1201.8 
Total 1287.1 . 0  70.0 4.9 1362.0 153.7 .0 6.5 160.2 1201.8 .0 1201.8 

2010 
Ground Water 33.9 - - - 33.9 33.9 - - 33.9 .0 .0 .0 

' 
Surface Water 1246.2 .0 85.9 4.9 1337.0 160.0 .0 355.6 515.6 821.4 .0 821.4 "' ' .... Total 1280.1 .0 85.9 4.9 1370.9 193.9 .0 355.6 549.5 821.4 .0 821.4 a-

2020 
Ground Water 34.6 - - - 34.6 34.6 - - 34.6 .0 .0 .0 
Surface Water 1238.3 .0 103.8 4.9 1347.0 212.1 .0 356.9 569.0 778.0 .0 778.0 
Total 1272.9 .0 103.8 4.9 1381.6 246.7 .0 356.9 603.6 778.0 .0 778.0 

2030 
Ground Water 35.5 - - - 35.5 35.5 - - 35.5 .0 . 0  .0 
Surface Water 1612.0 .0 156.2 4.9 1773.1 267.6 43.9 961.7 1273.2 499.9 .0 499.9 
Total 1647.5 .0 156.2 4.9 1808.6 303.1 43.9 961.7 1308.7 499.9 .0 499.9 

I Units in thousands of acre-feet per year, Water demands are for the ''high" case. Tabulated surface water demands do not include livestock needs, some quantities of irrigation 

needs and other needs which will continue to be met from local. unregulated surface-face supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 

Export: A transfer of water to another river basin. 
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Figure 111-5-4. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Sabine River Basin, Zone 2, 1980-2030 

Basin. Although additional ground-water supplies can be 
developed in the Gulf Coast Aquifer in the Jasper-Newton 
Counties region, the ground water contains objectionable 
concentration of iron and is excessively corrosive due to 
low pH. Studies of the feasibility of a reservoir project on 
Big Cow Creek in Newton County have been carried on 
since 1955. The Sabine River Basin Comprehensive Study 
Report included Big Cow Creek Reservoir as a long-range 
project for the lower Sabine River Basin, as does the Sabine 

River Authority Master Plan. Independent studies com­
pleted by the Sabine River Authority indicate that a dam on 
Big Cow Creek approximately four miles northwest of the 
City of Newton, Newton County, would create a 34.2 
thousand acre-foot capacity reservoir with a dependable 
yield of 34 thousand acre-feet annually. Construction of 
the Big Cow Creek project will depend upon decisions of 
the local interests. 
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Water Quality Protection 

A water quality management plan for the Sabine River 
Basin has been developed pursuant to the requirements of 
federal and State Clean Water legislation. An areawide 
water quality management plan has also been developed 
for the Beaumont-Port Arthur-Orange Metropolitan area. 
The plans serve as a basic element in the State's overall 
water quality strategy and provide guidance in establishing 
priorities for construction grants forwaste-treatmentfacil­
ities, permitting of wastewater facilities, revision of stream 
standards, and other program activities. The list of pro­
jects, with projects costs for 1982-1989, at 1980 prices, 
are shown in Appendix B. 

Construction costs associated with municipal waste­
water collection and treatment facilities needs have been 
estimated to be approximately $170.8 million for the 
planning period of 1980 to the year 2000. These costs are 
estimated for the entire Sabine River Basin with approxi­
mately $91 . 1  million required in Zone 1 ,  while approxi­
mately $79.7 million are projected necessary in Zone 2.  
All costs are in January 1980 dollars and are subject to 
revision as new data become available. 

Additional water quality management costs, such as 
for control of oil and gas, industrial, and agricultural pollu­
tants, cannot be estimated at this time, but are believed to 
be increasing. 

Flood Control Measures 

Greenville Channel Improvement and Little Cypress 
Creek Levee represent two Corps of Engineers flood dam­
age prevention projects constructed within the Sabine 
River Basin. Under the Corps of Engineers' Small Flood 
Control Project Authority, a study has been initiated on 
Trout and Pin Oak Creeks to assess flood damage preven­
tion measures in Kirbyville, Texas. 

Construction of floodwater-retarding structures by 
the U.S. Department of Agriculture, Soil Conservation 
Service includes 70 square miles of drainage area above 22 
existing floodwater-retarding structures within the Sabine 
River Basin. As of October 1980, an additional 1 6  struc­
tures, with a combined drainage area of 62 square miles, 
were planned for construction. The existing and planned 
structures are all located within Zone 1 of the basin. 
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6. NECHES RIVER BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physical Description 

The Neches River Basin is bounded on the north and 
east by the Sabine River Basin, on the west by the Trinity 
River Basin, and on the south by the Neches-Trinity Coas­
t..'ll Basin. The northeastern one-third of the basin area is 
drained by the Angelina River, while the remaining two­
thirds of the 10,0ll square-mile area of the basin is 
drained by the Neches River, Pine Island Bayou, and Vil­
lage Creek. The basin empties into the Sabine Lake estu­
ary. The Angelina River originates near Freeneytown 
(Rusk County) at an elevation of 290 feet and joins the 
Neches River at Lake B.A. Steinhagen. Headwaters of the 
Neches River originate near Colfax (Van Zandt County) at 
an elevation of about 550 feet. Downstream from the 
confluence "ith the Angelina River, the Neches River is 
joined by Pine Island Bayou about three miles north of 
Beaumont before flowing into the Sabine Lake estuary. 
The Neches River Basin is divided into two zones for plan­
ning purposes (Figure III-6-1 ) .  

Surface Water 

The average annual runoff from 1941-70 was 522 
acre-feet per square mile, and ranged from about 930 
acre-feet per square mile at the mouth of the Neches River 
to about 376 acre-feet per square mile at the upper end of 
the basin. Ten of the twelve lowest annual flows from 1941 
to 1970 occurred in two periods, 1951-56 and 1963-67. 
During 1951-56, the average annual runoff was 312 acre­
feet per square mile. During 1963-67, runoff averaged 
203 acre-feet per square mile annually. 

The comparatively wide flood plains in the Neches 
River Basin have small main channels with generally flat 
slopes. High rainfall rates produce frequent flooding of 
low-lying areas, and floods of large magnitude occur on an 
average five-year frequency. Heavy timber and vegetation 
in floodways cause baclnvater flood problems by retarding 
surface runoff and flood flows. Floods in the basin are 
lengthy in duration, and are characterized by low flow 
velocities and slowly rising and falling flood peaks. Because 
runoff is usually slow, a broad but flat-crested flood is set in 
motion when substantial amounts of rain occur over peri­
ods lasting several days. The lowest portion of this basin 
usually remains inundated for many days, and sometimes 
even several weeks, during flood events. 

Since virtually all of the Neches River Basin is at least 
50 miles from the Gulf of Mexico, the inhabitants of the 
basin are not directly subject to many of the hazards asso­
ciated with hurricanes. Only the extreme southern tip of 
the basin is concerned with destructive storm surges. 

Except for localized conditions of stream degradation, 
inorganic water quality of the Neches River Basin is excel­
lent \vith low dissolved solids and low hardness. Stril<er 
Creek Reservoir and its tributaries have experienced 
increased salinity due to runoff from the East Texas Oil 
Field. Dissolved-solids concentrations generally exceed 
500 milligrams per liter (mg/1). The Angelina River near 
Lufkin, several miles upstream from Sam Rayburn Reser­
voir, contains dissolved-solids concentrations less than 
150 mg/1 about one-half the time, and the Neches River 
near Evadale in southern Jasper County also contains 
dissolved-solids concentrations less than 150 mg/1 about 
50 percent of the time. 

Ground Water 

Covering the upper half of the Neches River Basin is 
the Carrizo-Wilcox Aquifer. Thickness of this part of the 
aquifer ranges from about 400 feet in the outcrop to more 
than 2,000 feet in the down dip areas. Large-capacity wells 
have yields which average about 400 gallons per minute 
(gpm),  although locally wells produce as much as 1 ,200 
gpm. Generally, water produced from this aquifer contains 
less than 1 ,000 mg/1 total dissolved solids and is suitable 
for most uses. 

The Gulf Coast Aquifer covers the southern part of the 
Neches River Basin. The aquifer extends to depths of 
greater than 2,800 feet. Large-capacity well yields average 
about 1 ,600 gpm, but locally wells produce as much as 
4,500 gpm. Total dissolved-solids concentrations of 
waters pumped from the aquifer are less than 500 mg/1 in 
most areas. 

The Queen City Aquifer has an extensive outcrop area 
which covers much of the extreme northern part of the 
Neches River Basin. Thickness of the aquifer ranges up to 
about 600 feet. Yields of wells range upward to about 400 
gpm. Water in the aquifer generally contains less than 500 
mg/1 total dissolved solids, but quality deteriorates 
downdip. 

The Sparta Aquifer occurs as a thin band in the central 
part of the Neches River Basin. Downdip, the aquifer 
ranges in thickness from 250 to 350 feet. No large­
capacity wells are completed in the aquifer in the basin; 
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Figure 111-6- 1 .  Neches River Basin and Zones 
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however, based on reservoir characteristics, it is estimated 
that large-capacity wells would yield up to 500 gpm. Water 
pumped from the aquifer generally contains less than 500 
mg/1 total dissolved solids, but quality deteriorates rapidly 
downdip. 

Ground waters contained in the shallow water­
bearing sands·of the Carrizo-Wilcox and Queen City Aqui­
fers within the basin usually have excessive concentrations 
of iron and low pH (high acidity) values. Also, due to 
excessive pumpage, saline-water encroachment may 
occur from saline water-bearing sands laterally adjacent to 
or beneath the fresh water-bearing sands of the aquifers. 

Population and Economic Development 

The population of the Neches River Basin was reported 
at 506.3 thousand in 1980. Tyler is the largest city in the 
basin, having an in-basin population of 70,500 in 1980. 
Other basin cities having major in-basin populations are 
Beaumont, Lufkin, and Nacogdoches. The economy of the 
Neches River Basin is based on a significant timber and 
wood products industry, agriculture, agribusiness, manu­
facturing, oil, gas, and other mineral production, and 
recreation and tourism. 

Water Usc 

Municipal water use in the Neches River Basin in 1980 
was approximately 80.0 thousand acre-feet. Fresh water 
use in Zone 1 was 55 percent of basin total; Zone 2 used 45 
percent of the total. Smith County, including the City of 
Tyler, in Zone 1 used 26 percent of the basin's total fresh 
water supply in 1980. In Zone 2 ,  Angelina and Jefferson 
Counties consumed 28 percent of the basin total. 

Industries engaged in manufacturing activities used 
1 80.2 thousand acre-feet of fresh water in 1980. Almost 
96 percent of all uses originated in Zone 2. Industries 
located in Zone 2 include paper and allied products, 
chemical, �tnd petroleum refining industries. These are 
primarily located in Angelina, Jasper, and Jefferson 
Counties. 

In 1980, there was 1 , 102 megawatts of steam­
electric power generating capacity in the Neches River 
Basin. Total fresh water consumption during 1980 from 
surface-water sources was approximately 7.3 thousand 
acre-feet (this includes 2.9 thousand acre-feet of esti­
mated net evaporation from power plant cooling rese­
voirs ) . An additional 4. 9 thousand acre-feet of ground 
water was used. 

Irrigation is not widespread in the basin, although rice 
production is quite important in the lower portion of Zone 

2 in the coastal area. An estimate of irrigation in 1980 
showed 32.4 thousand acre-feet of water was used in irri­
gating about 8.5 thousand acres in the basin. Surface 
diversions water accounted for about 24.9 thousand acre­
feet. Only 0. 3 thousarid acre-feet was used for irrigation in 
Zone 1 in 1980. 

In 1980, an estimated total of 4. 9 thousand acre-feet 
of freshwater was used for mining purposes in the Neches 
River Basin. Of this total, mining industries in Zone 1 ,  
primarily in Anderson County, used about 2.6 thousand 
acre-feet, principally for petroleum and natural gas pro­
duction. About 2.3 thousand acre-feet ofwaterwas used in 
Zone 2, principally for nonmetal mining operations. 

Livestock water use in the Neches River Basin for 
1980 totaled about 8.3 thousand acre-feet. About 6. 7 
thousand acre-feet was used in Zone 1 and 1 .6  thousand 
acre-feet was used in Zone 2. 

Navigation facilities in the Neches River Basin include 
portions of the Sabine-Neches Waterway-the Sabine­
Neches Canal and the Neches River to Beaumont. These 
marine navigation facilities have no regulated freshwater 
requirements. 

Hydroelectric power generating facilities are located 
in Sam Rayburn Dam, which has a hydroelectric generat­
ing capacity of 52 megawatts. Maximum design worh: 
release rating of the turbines is 0.205 feet per second per 
ldlowatt. 

Return Flows 

Of the 164.7 thousand acre-feet of municipal and 
manufacturing return flows in the Neches River Basin in 
1980, industrial fresh water return flows totaled 1 28.9 
thousand acre-feet. 

Practically all of the irrigation return flows in the 
Neches River Basin were from rice-producing acreage in 
the lower basin. Return flows represented about 40 per­
cent of the water applied for irrigation, or about 7.4 thou­
sand acre-feet in 1980. Most return flows from rice 
irrigation are discharged near the Coast and therefore are 
unavailable for reuse. 

Current Ground-Water Development 

In 1980, approximately 14  7.6 thousand acre-feet of 
ground water was used in the Neches River Basin. Of this 
amount, 35.3 thousand acre-feet was used in Zone 1 ,  and 
1 1 2.3 thousand acre-feet in Zone 2. In Zone 1 in 1980, 
about 83 percent of the ground water used was from the 
Carrizo-Wilcox Aquifer, and about 13 percent was from 
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the Queen City Aquifer. In Zone 2, about 70 percent of the 
ground water used was from the Gulf Coast Aquifer, and 
about 25 percent was from the Carrizo-Wilcox Aquifer. 

Of the 1 4  7.6 thousand acre-feet of ground water used 
in the basin approximately 1 29.1  thousand acre-feet or 8 7 
percent was used for municipal and manufacturing 
purposes. 

In 1980, overdrafts of ground water did not occur in 
Zone 1 of the basin. However, significant overdrafts of 
ground water occurred in Zone 2, and were evident in 
Angelina County from the Carrizo-Wilcox Aquifer for 
lllanufacturing purposes, and in Jasper and Orange Coun­
ties from the Gulf Coast Aquifer for manufacturing and 
steam-electric power generation purposes. 

Current Surface-Water Development 

There are ten existing major resenroirs located in the 
Neches River Basin, seven in Zone 1 and three in Zone 2.  
Major reservoirs located in Zone 1 are Athens, Palestine, 
Jacksonville, Tyler, Striker Creek, Nacogdoches, and 
Pinkston. Lake Athens, owned by the Athens Municipal 
Water Authority, is located on Flat Creek in Henderson 
County and provides municipal water to the City of Athens 
in the Trinity River Basin. Lake Palestine, located on the 
Neches River in Anderson and Cherokee Counties, is 
owned and operated by the Upper Neches River Municipal 
Water Authority for municipal and industrial purposes. 
Conservation storage in the reservoir is allocated by agree­
ment to the Upper Neches River Municipal Water Authority 
( 46.27 percent) and to the City of Dallas (53. 73 percent) 
in the Trinity River Basin. Lake Jacksonville, located on 
Gum Creek in Cherokee County, is owned by the City of 
Jacksonville for municipal and recreational uses. Lalw 
Tyler is located upstream from the confluence of Mud and 
Prairie Creeks in Smith County. Separate dams impound 
two individual reservoirs joined by a connecting canal 
which collectively form Lake Tyler. The reservoir is owned 
and operated by the City of Tyler for municipal water 
supplies. Striker Creek Reservoir, owned by the Angelina 
and Nacogdoches Counties Water Control and Improve­
ment District No. 1 ,  is located on Striker Creek in Rusk 
and Cherol{ee Counties. The reservoir provides water for 
industrial purposes and steam- electric power plant cool­
ing. Lake Nacogdoches is located on Bayou Loco in Nacog­
doches County. The reservoir is owned and operated by the 
City of Nacogdoches for municipal water supply purposes. 
Pinkston Reservoir, located on Sandy Creel< southwest of 
Shelby in Shelby County, is owned and operated by the City 
of Center in the Sabine River Basin, and supplies the city's 
municipal water needs. 
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Zone 2 reservoirs include Kurth, Sam Rayburn, and 
B.A. Steinhagen. Lake Kurth is located in Angelina County 
and is operated as an off-channel storage project for indus­
trial water diversions from the Angelina River by Southland 
Paper Mills, Inc. Sam Rayburn Reservoir and B.A. Steinha­
gen Lake were constructed and are operated by the Corps 
of Engineers. Sam Rayburn, located on the Angelina River 
in Jasper County, provides storage for municipal, indus­
trial, and irrigation supplies; hydroelectric power genera­
tion; and flood control. B.A. Steinhagen Lake is located on 
the Neches River below the confluence of the Neches and 
Angelina Rivers in Tyler and Jasper Counties. Permit pro­
visions authorize the Lower Neches Valley Authority to 
appropriate water for municipal, industrial, and irrigation 
uses from Sam Rayburn Reservoir, such waters to be 
impounded and re-regulated in B.A. Steinhagen Lake. 

Water Rights 

A total of 1 , 787,721 acre-feet of surface water was 
authorized or claimed in the Neches River Basin as of 
December 3 1 ,  1983 (Table III-6-1) .  Municipal use 

Table 111-6-1. Authorized or Claimed Amount of Water, 
by Type of Right, 

Neches River Basin' 

Number of Aere-.. �eet Authorized 

Type of Autltorization Rights and Claimed 

Permits 130 1 , 325,907 

Claims 331 369,424 

Certified Filings 4 92,390 

Certificates of 
Adjudication 0 0 

Total Authorizations 
and Claims 465 1 , 787,721 

I The Tcx:1s Wutcr Ri�hts Adjudication Act of 1967 authorizes the Tcx:1s Depart­
ment of Water Resources to invcsti�atc and determine, with the Court's approval, 
the nature und measure of water ri�hts for all authorized divcThions from surface­

water streams or portions thereof except domestic and livestock uses and to 
monitor and administer c:1ch udjudicntcd wntcr ri�ht. These totuls incorporate the 

results of wnter-ri�hts adjudicntion in the basin us of December 31. 1983. These 
totals do not include 7 authorized diversions of saline water :mwuntin� to 

1,019,653 ncrc-fcct/ycnr. Certified Filin�s arc dcdumtions of approprintion 

which were filed with the State Board of Water EnAinccTh under the provisions of 
Section 14, Chapter 171.  General Laws, Acts of the 33rd Lc�islaturc, 1913, as 
amended. Permits nrc statutory appropriative ri�hts which have been issued by the 

Texas Wutcr Commission or its predecessor a�cncics. Claims nrc sworn st:ltc­
mcnts of historicnl uses to be adjudicntcd in uccordancc with the Texas Water 
Ri�hts Adjudication Act. A certificate of adjudication is the final result after 
rcco�nition of u vnlid ri�ht in the 11djudicntion process and is based on a permit, 
certified filin� or claim or any combitwtion of the three. 



accounted for 26.7 percent of the total amount of water 
authorized and/or claimed in the basin (Table Ill-6-2). 
Over 78 percent of the total quantityofwater authorized or 
claimed in the basin for all uses is in Zone 2. 

Water Quality 

Lowlands along the Neches River consist of fresh- and 
salt-water marsh areas. Stagnant water is flushed into the 
Neches River during high runoff conditions. Problems of 
low dissolved-oxygen concentrations occur locally during 
low-flow conditions and during the warm weather seasons. 
Areas adjacent to the tidally-influenced reach of the 
Neches River are heavily industrialized. Upstream diver­
sions, particularly during the rice growing season. result in 
the lower reach of the river being frequently composed 
entirely of treated municipal and industrial'effluent. Cedar 
Creek below Lufldn frequently contains low dissolved­
oxygen concentrations due to discharges oftreated munic­
ipal and industrial effluents. Since more than 75 percent of 
the drainage area of the upper Neches River is forested, 
decaying vegetation creates natural non-point pollution 
sources, with the decaying matter in the river and its tribu­
taries exerting seasonally variable oxygen demands on the 
stream . .  Relatively high fluoride concentrations occur 
locally in the Sparta and Carrizo-Wilcox Aquifers, and high 
iron concentrations occur in all of the aquifers in the basin. 
In many areas, water in the Queen City Aquifer is corrosive 
and therefore objectionable without pretreatment. 

Flooding, Drainage, and Subsidence 

Flood damages in the upper part of the basin are 
primarily restricted to agricultural property, timberlands, 
and logging facilities. Urban damages occur along Ayish 
Bayou at San Augustine, Bayou LaNana at Nacogdoches, 
and several small communities located on principal tribu­
taries. Significant urban flood damages also occur in the 
general vicinity of Beaumont. Floods in 1957, 1969, 
1 973, 1974, 1975, and 1976 caused an estimated $2.8 
million in damages to property within the basin. Damages 
were severe enough in Jefferson and Orange Counties 
during the June 1973 flood to warrant a Presidential disas­
ter declaration. Hardin, Jasper, and Tyler Counties were 
included in the 12-county disaster areas due to severe 
flooding in July 1973. 

As a result of the February 1975 flood in Nacogdoches 
County, five political entities received over .S300 thousand 
in federal disaster relief funds. Heavy flooding hit the lower 
basin again in 1979 and 1980. Hardin, Orange, and Tyler 
Counties were included in a Presidential flood disaster 
declaration in April 1979 with over $1 .3  million spent in 
the federal relief effort. A major flood in Nacogdoches 
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again resulted in another disaster declaration \vith over 
$72 thousand in federal money spent for flood relief. Dur­
ing the period 1978-1981 ,  373 flood insurance claims 
were made for over .S2. 7 million in flood damages. 

Use of the National Flood Insurance Program to pro­
vicle a means of protection against financial losses due to 
flooding has not been widespread in the Neches River 
Basin. Of the 50 cities within the basin designated as flood 
prone by the Federal Emergency Management Agency, 
only 28 cities have adopted the flood-plain management 
criteria necessary for participation in the Program. Offi­
cials of Hardin, San Augustine, Smith, Liberty, Jefferson, 
and Orange Counties have adopted FEMA's flood-plain 
management standards to mal{e flood insurance available 
to residents of the unincorporated areas. The City of Port 
Neches is currently a participant in the Regular Phase of the 
Program. Detailed flood insurance rate studies used to· 
convert communities to Regular Program status are cur­
rently underway for the Cities of Nacogdoches, Vidor, and 
in all unincorporated areas and incorporated cities in Har­
din County. 

Inadequate natural drainage compounds drainage 
problems in the Neches River Basin system. Narrow chan­
nels and depressions which drain the basin have very low 
gradients. Surface runoff from heavy rainfall moves slowly 
through vegetation-choked channels, resulting in frequent 
inundation of wide areas for long periods of time. In many 
areas, soil conditions inhibit adsorption of surface water, 
thus compounding the drainage problem. 

Land subsidence due to compaction of clays caused by 
ground-water withdrawals from the Gulf Coast Aquifer is a 

Table 111-6-2. Authorized or Claimed Amount of Water, 
by Type of Usc and Zone, in Acre-Feet, 

Neches River Basin 

Type of Number of 
Usc Ri�hts Zone I Zone 2 Total 

�·lunicipal 23 315,141 162.483 477,624 

lndustrial2 28 31,371 1 . 027.628 1 ,058,999 

lrri�ation 333 14,958 203,702 218.660 

Mining 2 60 0 60 

Recreation 90 23.461 8.877 32.338 

Other 1 40 0 40 

Tota.l 4651 385,031 1.402,690 1.787,721 

I Docs not sum due to multipurpose "ri�hts", which mny be :�pplicd to more th:�n 

one type of usc, 
2Does not include 8 :mthorized diversions of saline wnter in Zone 2 amountin� to 

1,0 19,65.1 ncrc-fcct/year. 



potential problem in southern Hardin, southern Jasper, 
northern Jefferson, and western Orange Counties within 
the Neches River Basin. Also, fault activation and move­
ment which can cause considerable damage to property 
are associated with subsidence. Damages caused by fault 
movement are very evident in urban areas of the Gulf 
Coastal Plain. Subsidence and fault movement also are 
caused locally by withdrawals of petroleum and associated 
saline waters and by extractions of sulfur and other miner­
als in the Gulf Coastal Plain. 

Recreation Resources 

ReseiVoirs within the Neches River Basin provide over 
168.0 thousand surface acres available for water-oriented 
recreation activities. Three of these reservoirs located in 
Zone 2 account for approximately 77 percent of the total 
basin surface-water area. Sam Rayburn ReseiVoir, located 
in Zone 2 ,  is the second largest lake in the State with 1 14.5 
thousand surface acres. Over 2.6 million visitors were 
reported by the U.S. Army Corps of Engineers at Sam 
Rayburn Reservoir during 19SO. Lake Palestine ( 25.6 
thousand surface acres) is the largest reseiVoir in Zone 1 of 
the basin. 

PROJECTED WATER REQUIREMENTS 

Population Growth 

The N eches River Basin population should increase by 
1 1 1  percent by the year 2030, approaching 1 . 1  million 
residents (Table lll-6-3). A 39 percent increase is antici­
pated by 2000, and a 52  percent increase from 2000 to 
2030. These growth rates are slightly below those of the 
entire State, which are 49 percent and 62 percent, respec­
tively, for the 1980-2000 and 2000-2030 time periods. 

Smith County, including Tyler, had the largest share 
of the basin population in 1980, 22 .1  percent. Tyler's 
population should increase to nearly 25  percent of the 
basin total by 2030. Angelina County is the next most 
populous county, containing 13 percent of the basin total. 

Water Requirements 

Municipal 

Municipal water requirements are projected for two 
cases of future growth based on population changes and 
per capita water use. Water requirements in the Neches• 
River Basin are projected to illcrease by 22 to 86 percent 

by 2000; low and high case, respectively. By 2030, water 
requirements are projected to range from 135.9 thousand 
acre-feet (low case) to 224.7 thousand acre-feet (hillh 
case). Municipal water requirements are almost equally 
divided between zones. 

Industrial 

Projections of future water requirements for manu­
facturing purposes were made by decade and for a low and 
high case for each industrial group. In 1980, over 90 
percent of total manufacturing water use was concen­
trated in five industrial groups: chemicals, petroleum 
refining, primary metals, paper products, and food pro­
ducts. Because of this concentration, careful attention was 
given to the future growth outlook for these industries in 
making the projections. 

Manufacturing freshwater requirements in the Neches 
River Basin are projected to more than double by the year 
2030, from a 1980 requirement of 180.2 thousand acre­
feet to a 2030 requirement of 371.1  to 417.0 thousand 
acre-feet annually (Table lll-6-3). In comparison, State 
manufacturing freshwater requirements will more than 
double over the planning period ( 230 percent relative to 
1 30 pe(cent for the Neches River Basin). Consequently, 
while 11 .9  percent of 1980 State manufacturing fresh­
water requirement originated in the Neches, this basin is 
projected to provide only 8.3 percent of the 2030 total. 

Zone 2 (Jefferson, Jasper, and Angelina Counties) of 
the Neches River Basin is expected to require over 92 
percent of the 2030 basin demands. Petroleum refining 
and chemical production are projected as the heaviest 
industrial freshwater users in Jefferson County. Paper­
board mills in Jasper County and Angelina County will 
constitute the major sources of increased water 
requirements. 

Steam-Electric Power Generation 

Although near-surface lignite deposits are substan­
tially lower in the Neches River Basin than in the Sabine 
and Trinity Basins, these deposits will still be a factor in the 
future growth of steam-electric power generating capacity 
in the basin. 

Future growth was projected for two electricity 
demand cases. Water requirements are projected to 
increase from 12 .2  thousand acre-feet for 1980 by 275 to 
518  percent by 2030; low and high case, respectively. The 
increased demand for. electricity is divided approximately 
equally between zones. 

lll-6-6 



Table lli-6-3. l'qlulation, current water Use, With Projected Pop.llation and water RequiraJEnts, 199Q-203a¥ 
Neches River Basin 

1980 1990 ' 2000 2010 2020 2030 
River Basin Zone : G">md : Surface G<oond Surface G<oond Surface G<=d Surface <koond : Surface "'"""' Surface 
& Cate®rv of Use: ... ter ' water ' ToW water ' water ToW water Water ' Total Water ' water ' Total Water ' wat� ' Total water ' Water Obtal 

Zone 1 
Population 259.9 323.7 366.6 410.5 465.5 526.4 
Municipal 26.2 17.6 43.8 24.4 43.8 68.2 26.4 52.8 79.2 28.0 60.6 88.6 30.3 70.1 100.4 33.1 80.3 113.4 
Manufacturing 3.5 4.4 7.9 5.5 7.8 13.3 5.9 10.9 16.8 6.3 14.2 20.5 6.8 18.2 25.0 7.4 23.1 30.5 
Steam Electric 0.3 5.3 5.6 0.0 5.6 5.6 0.0 12.4 12.4 0.0 21.7 21.7 0.0 31.1 31.1 0.0 40.4 40.4 
Mining 2.1 0.5 2.6 1.3 o. 7 2.0 0.5 16.9 17.4 10.7 7. 7 18.4 u.s 7.9 19.4 3.2 1.3 4.5 
Irrigation 0.1 0.2 0.3 0.0 0.3 0.3 0.0 0.3 0.3 0.0 0.3 0.3 0.0 0.3 0.3 0.0 0.3 0.3 
Livestock 3.1 3.6 6.7 2.2 5.7 7.9 2.2 7.0 9.2 2.1 7.1 9.2 2.1 7.1 9.2 2.2 7.0 9.2 
Zone Total Water 35.3 31.6 66.9 33.4 63.9 97.3 35.0 100.3 135.3 47.1 111.6 158.7 50.7 134.7 185.4 45.9 152.4 198.3 

Zone 2 
Population 246.4 296.8 338.7 391.5 457.2 544.2 
Municipal 29.1 7.1 36.2 30.2 29.4 59.6 36.1 33.5 69.6 45.2 37.8 80.3 49.0 44.6 93.6 57.1 54.2 lll. 3  
Manufacturing 70.3 102.0 172.3 14.8 196.8 211. 6 15.1 234.9 250.0 17.3 270.3 287.6 15.5 317.3 332.8 14.9 371.6 386.5 
Steam Electric 4.6 2.0 6.6 2.0 4.6 6.6 2.0 11.4 13.4 2.0 18.6 20.6 2.0 25.8 27.8 2.0 33.0 35.0 
Mining 0.1 2.2 2.3 0.1 2.8 2.9 0.1 3.4 3.5 0.1 4.0 4.1 0.1 4.5 4.6 0.0 5.1 5.1 
Irrigation 7.4 24.7 32.1 5.4 14.1 19.5 5.4 14.1 19.5 5.4 14.1 19.5 5.4 14.1 19.5 2.8 16.7 19.5 
Livestock 0.8 0.8 1.6 0. 7 1.2 1.9 0. 7 1.5 2.2 0.8 1.4 2.2 0. 7 1.5 2.2 0.8 1.4 2.2 
zone Total Water 112.3 138.8 251.1 53.2 248.9 302.1 59.4 298.8 358.2 68.1 346.2 414.3 72.7 407.8 480.5 77.6 482.0 559.6 

�?�<;IN rorALS 
Population 506.3 620.5 705.3 802.0 922.7 1,070.6 
Municipal 55.3 24.7 80.0 54.6 73.2 127.8 62.5 86.3 148.8 70.5 98.4 168.9 79.3 ll4. 7 194.0 90.2 134.5 224.7 
Manufacturing 73.8 106.4 180.2 20.3 204 . 6  224.9 21.0 245.8 266.8 23.6 284.5 308.1 22.3 335.5 357.8 22.3 394.7 417.0 
Steam Electric 4.9 7.3 12.2 2.0 10.2 12.2 2.0 23.8 25.8 2.0 40.3 42.3 2.0 56.9 58.9 2.0 73.4 75.4 
Mining 2.2 2. 7 4.9 1.4 3.5 4.9 0.6 20.3 20.9 10.8 ll.7 22.5 11.6 12.4 24.0 3.2 6.4 9.6 
Irrigation 7.5 24.9 32.4 5.4 14.4 19.8 5.4 14.4 19.8 5.4 14.4 19.8 5.4 14.4 19.8 2.8 17.0 19.8 
Livestock 3.9 4.4 8.3 2.9 6.9 9.8 2.9 8.5 ll.4 2.9 8.5 11.4 2.8 8.6 ll.4 3.0 8.4 ll.4 
Basin Total water 147.6 170.4 318.0 86.6 312.8 399.4 94.4 399.1 493.5 115.2 457.8 573.0 123.4 542.5 665.9 123.5 634.4 757.9 

"' ' !Y Pop.llation in thousands of persons, water rEqllirments in thousands of acre-feet per year. ..., 



J\griculh1re 

Irrigation 

Irrigation water requirements were projected for two 
cases of change based on improvements in on-farm appli­
cation efficiencies, reduction in ditch losses, changes in 
future resource costs and crop prices, and corresponding 
ch:mges in cropping patterns to reflect more profitable 
crops. A low case projects demand for water based on the 
effects of changes in the above variables but with irrigated 
acreage held constant at 1980 levels in each zone for each 
future time period; a high case projects demand for water 
for irrigation constrained only by the requirement that 
irrigated farming produce a net positive return in excess of 
that possible from dryland farming and the requirement 
not to exceed the amount of irrigablc soil in each zone. 
Tlms, the projections of demand, low and high cases, 
based on the irrigation efficiency and market conditions 
mentioned above, give an estimate of the quantity of water 
needed for irrigation in each zone, at each decadal point 
for which projections were made. These projections of 
demand are compared to the projected supply of water 
locally available. When projected demand exceeds pro­
jected supply, the difference is a measure of shortage at that 
point in time. 

Irrigation water requirements in the Neches River 
Basin are projected to decrease from the 1980 level of 
32.4 thousand acre-feet by a projected maximum 39 per­
cent by the year 2000 in the high and low case. In the year 
2030, water requirements in the Basin are projected to 
remain at 19.8 thousand acre-feet annually in both the 
low and high ease, respectively, to irrigate about 8.5 thou­
sand acres. 

Zone 2 is projected to account for about 98 percent of 
total basin irrigation requirements in 2000 and 2030. 
Zone 1 is projected to account only for about two percent 
of the total. 

In 1980, livcstoc){ water requirements within the 
basin were 8.3 thousand acre-feet annually (Table IJJ-6-
3 ). Approximately 81 percent of the total was used in Zone 
1 .  By 2030, 1 1 .4 thousand acre-feet of water will be 
required for livestock needs. 

Mining 

Mining freshwater use in the Neches H.iver Basin is 
projected to increase from 4. 9 thousand acre-feet in 1980 

IIJ-6-8 

to 9.6 thousand acre-feet in 2030 (Table III-6-3). Fuel 
extraction water requirements (crude petroleum and nat­
ural gas) will decline from 2, 170 acre-feet to 2 1 5  acre­
feet annually in 2030, while the basin nonmetal mining 
freshwater requirements are expected to double over the 
50-year period. 

Navigation 

As part of an authorized comprehensive study of the 
Neches River and its tributaries, the Corps of Engineers has 
completed and released a report relating to construction of 
a permanent salt water barrier on the Neches River. The 
freshwater requirements associated with the navigation 
aspects of the project would be approximately 10,000 
acre-feet annually. 

Hydroelectric Power 

Hydroelectric power generation capacity in the 
Neches River Basin is limited to 52 megawatts at Sam 
Rayburn Dam. There are no current plans to expand gen­
erating capacity. 

Estuarine Freshwater Intlows 

The Neches River, along with the Sabine River, dis­
charges into the Sabine-Neches estuary. Estimates of 
freshwater inflow needs for the Sabine-Neches estuary are 
based on the total flow from both river basins. These esti­
mates arc presented in Table JIJ-5-4, of the Sabine Basin 
discussion. 

WATER SUPPLY PROJECTS AND 
MEASURES TO MEET 

FUTURE BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

The approximate annual ground-water yield within 
the Neches River Basin to the year 2030 is 570.8 thousand 
acre-feet with the following amounts annually available by 
aquifer: 1 54 .1  thousand acre-feet from the Carrizo­
Wilcox Aquifer, 101.0 thousand acre-feet from the Gulf 
Coast Aquifer, 54.4 thousand acre-feet from the Sparta 
Aquifer, and 261.3 thousand acre-feet from the Queen 
Ciry Aquifer. Since the ground water available from the 
Queen City Aquifer within the basin has high concentra­
tions of iron and high acidity (low pH), it should not be 



considered a suitable source of water for municipal and 
most manufacturing purposes. However, Queen City 
ground water is suitable for irrigation, steam-electric 
power generation (cooling), mining, and stock watering 
purposes. In the year 2030, the yield of the Carrizo-Wilcox 
Aquifer within the basin would be reduced to the aquifer's 
average annual recharge of 150.0 thousand acre-feet per 
year. This reduction decreases the total ground-water 
availability within the basin in 2030 to 566.7 thousand 
acre-feet. Consequently, since less ground water will be 
available in 2030, the total ground-water use projected for 
the basin in 2030 also may be reduced. 

The projected annual ground-wHter usc within the 
Neches River Basin by decade from 1990 through 2030 is 
expected to be from 86.6 to 1 23.5 thousand acre-feet per 
year (Table Ill-6-3). The approximate average annual 
projected ground-water usc within the basin is expected to 
be about 1 08.7  thousand acre-feet per year. Of the 108.7 
thousand acre-feet of average annual projected use, about 
49 percent is expected to be from the Gu1f Coast Aquifer, 
about 4 7 percent from the Carrizo-\Vilcox Aquifer, and 
about 1 percent from the Queen City Aquifer. 

Surface-Water Availability and 
Proposed Development 

Surface-water requirements projected for the Neches 
River Basin and for adjacent areas supplied by exports from 
this basin arc estimated to be fully satisfied through the year 
2030, except for minor irrigation shortages, based upon 
supplies from existing and proposed reservoir develop­
ment (Table Ill-6-4, Figure Ill-6-2). 

Zone l 

Zone 1 of the Neches River is projected to have a 
surface-water surplus for existing reservoirs of 67.9 thou­
sand acre-feet in the year 2030 (Table Ill-6-5, Figure 
Ill-6-3). Total surface-water supply available is projected 
to be some 364.4 thousand acre-feet in year 2030, with 
surface-water requirements totaling an estimated 296.5 
thousand acre-feet. Approximately 142.5 thousand acre­
feet of the water demand on Zone 1 in 2030 is assigned for 
export to the upper Trinity River Basin. 

There are three potential reservoir projects in Zone 1 
of the Neches River Basin, Weches, Ponta, and Eastex 
Reservoirs. The proposed site of \Veches Reservoir is 
located on the Neches River in Houston and Cherokee 
Counties. As presently designed, it would provide for flood 
control, water conservation and supply, recreation, and 
potentially could be used for hydroelectric power produc­
tion. Although presently inactive, studies have been per-

formed by the Corps of Engineers to examine the 
possibility of enlarging the authorized design capacity of 
the authorized Rocldand Reservoir Project in Zone 2,  
downstream of \Veches, and eliminating this potential 
project. 

The proposed site of Ponta Reservoir is located on the 
Angelina River in Cheroliee and Nacogdoches Counties 
upstream from Sam Rayburn Reservoir. Ponta Reservoir 
has been studied extensively by the Corps of Engineers. 
The project would provide 649.2 thousand acre-feet of 
flood-control storage and 804.8 thousand acre-feet of 
conservation storage, as well as recreation and the poten­
tial for hydroelectric power generation. 

The proposed Lake Eastcx is located in Cherolwe 
County, upstream of the proposed Ponta Resenroir. The 
project has been studied by local interests as a water supply 
reservoir for municipal and industrial purposes. Construc­
tion of the project will depend upon local initiative. 

Zone 2 

A projected surface-water surplus of 18.6 thousand 
acre-feet based upon existing and proposed reservoirs is 
estimated to occur in year 2030 in Zone 2 of the basin 
(Table III-6-6, Figure Ill-6-4). Approximately 1 .23 mil­
lion acre-feet of the total estimated 1 .  71 million acre-feet 
of surface-water requirement on the zone in 2030 is pro­
jected to occur outside of the basin. The majority of this 
export demand in the year 2030 would be in the San 
Jacinto, San .Jacinto-Brazos, and lower Brazos River 
Basins. Slight shortages in projected future irrigation arc 
forecast to occur in this zone due to limiting supplies of 
ground water. 

Although additional rcsenroir projects are not needed 
in Zone 2 to meet water supply needs of the basin through 
2030, a m:tjor water storage facility is needed now to solve 
a long-standing water supply problem. During periods of 
low flow .and high water withdrawals

-
, salt water from the 

Gulf of Mexico intrudes up the Neches River in sufficient 
quantity to contaminate the freshwater supplies diverted 
from the river by the City of Beaumont and the Lower 
Neches VaHey Authority. To prevent contamination of its 
water supply, the Lower Neches Valley Authority, through 
the years, has adopted the practice of installing temporary 
salt-water barriers downstream from their diversion points 
for 4 to 6 months every year. Although these temporary 
barriers arc effective and cconomic.al, they completely 
blocl< navigation by recreational and commercial vessels. 

Construction of the Corps of Engineers authorized 
Salt \Vater Barrier project at Beaumont would perma­
nently eliminate this problem. The project would provide a 

Ill-6-9 



Table 111-6-4. Water Resources of. the Neches River Basin, With 
Projected Water Supplies and Demands, 1990-:2030' 

Water Supply Water Demand Surplus or Shortage 
-··-- ·--

In Intra- Return In Intra- Irrigation 
Decade Basin Basin Flow Import Total Basin Basin Export Total M & I  (Shortage) Total ---

1990 
Ground Water 86.6 - - - 86.6 86.6 - - 86.6 .0 .0 .0 
Surface Water 1255.1 - 90.0 6.1  1351.2 289.2 - 474.8 764.0 589.4 (2.2) 587.2 
Total 1341.7 - 90.0 6.1 1437.8 375.8 - 474.8 850.6 589.4 (2.2) 587.2 

2000 
Ground Water 94.4 - - - 94.4 94.4 - - 94.4 . 0  . 0  .0 
Surface Water 1253.5 - 104.2 7.1 1364.8 373.2 - 456.9 830.1 536.9 (2.2) 534.7 
Total 1347.9 - 104.2 7.1 1459.2 467.6 - 456.9 924.5 536.9 (2.2) 534.7 

2010 

- Ground Water 115.2 - - - 115.2 115.2 - - 115.2 .0 .0 .0 
' Surface Water 1240.7 - 118.0 8.1 1366.8 431.2 - 660.5 1091.7 277.3 (2.2) 275.1 "' ' 

Total 1355.9 - 1 18.0 8.1 1482.0 546.4 660.5 1206.9 277.3 (2.2) 275.1 >-' -
0 

2020 
Ground Water 123.4 - - - 123.4 123.4 - - 123.4 .0 .0 .0 
Surface Water 1910.4 - 134.1 9.4 2053.9 515.0 - 1153.5 1668.5 387.6 (2.2) 385.4 
Total 2033.8 - 134.1 9.4 2177.3 638.4 - 1153.5 1791.9 387.6 (2.2) 385.4 

2030 
Ground Water 123.5 - - - 123.5 123.5 - - 123.5 .0 .0 .0 
Surface Water 1897.6 - 153.6 11 .1  2062.3 606.5 - 1369.3 1975.8 91.2 (4.7) 86.5 
Total 2021.1 - 153.6 11 .1  2185.8 730.0 - 1369.3 2099.3 91.2 (4.7) 86.5 

1 Units in thousands of acre-feet per year. Water demands are for the "high" case. Tabu1atcd surface water demands do not include livestock needs, some quantities ofirrigation 

needs and other needs which \\ill continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a ri\'er basin. 
Import: A transfer of water from another river basin. 
Return Flom;: Wastewater returned to a natuml stream channel that can be recaptured at a dov.nstream point. 

Export: A tmnsrcr or water to another river basin. 
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Figure 111-6-2. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Neches River Basin, 1980-2030 

navigation gate by-pass channel, auxiliary dam, and 
appurtenances to permanently control salt-water intru­
sion in the Neches River and tributaries. The freshwater 
requirements associated with the navigational aspects of 
the project would be approximately 10,000 acre-feet 
annually. These requirements can be met from projected 
surplus supplies in Zone 2 of the Neches River Basin. 

Existing surface-water resources in the Neches River 
Basin exceed projected surface-water needs in the Neches 
River Basin and Zone 1 of the Neches-Trinity Coastal 
Basin through the year 2030. However, projected needs in 
the Houston-Galveston metropolitan area and in Zone 6 
of the Brazos River Basin could necessitate providing addi­
tional water supplies for that area. Studies performed by 
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Table 111-6-5. Water Resources of the Neches River Basin, Zone 1, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Zone Basin Flow Import Total Zone Basin Export Total M & l  (Shortage) Total ---

199!} 
Ground Water 33.4 - - - 33.4 33.4 - - 33.4 .0 .0 .0 
Surface Water 335.2 .0 18.5 .5 354.2 57.3 9.8 134.2 201.3 152.9 .0 152.9 
Total 368.6 .0 18.5 .5 387.6 90.7 9.8 134.2 234.7 152.9 .0 152.9 

2000 
Ground Water 35.0 - - - 35.0 35.0 - - 35.0 . 0  .0 . 0  
Surface Water 333.6 .0 22.0 .7 356.3 92.3 10.0 136.2 238.5 1 17.8 .0 117.8 
Total 368.6 .0 22.0 .7 391.3 127.3 10.0 136.2 273.5 117.8 .0 117.8 

2010 
Ground Water 47.1 - - - 47.1 47.1 - - 47.1 .0 .0 .0 

' 
Surface Water 332.4 .0 25.1 .8 358.3 103.3 10.0 137.8 251.1 107.2 .0 107.2 "' ' 

137.8 298.2 107.2 .0 >-' Total 379.5 .0 25.1 .8 405.4 150.4 10.0 107.2 "' 

2020 
Ground Water 50.7 - - - 50.7 50.7 - - 50.7 .0 .0 .0 
Surface Water 331.0 .0 29.0 .9 360.9 126.2- 10.0 139.9 276.1 84.8 . 0  84.8 
Total 381.7 .0 29.0 .9 411.6 176.9 10.0 139.9 326.8 84.8 .0 84.8 

2030 
Ground Water 45.9 - - - 45.9 45.9 - - 45.9 .0 .0 .0 

Surface Water 329.8 .0 33.6 1.0 364.4 144.0 10.0 142.5 296.5 67.9 . 0  67.9 
Total' 375.7 .0 33.6 1.0 410.3 189.9 10.0 142.5 342.4 67.9 .0 67.9 

I Units in thousands of acre-feet per year. Water demands are for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities of irrigation 

needs and other needs which will continue to be met from local, unregulated surface-face supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A transfer of water from another river basin. 
Return FloM: Wastewater returned to a natura] stream channe1 that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 
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Figure 111-6-3. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Neches River Basin, Zone 1 ,  1980-2030 

and for the Texas Department of Water Resources indicate 
that it is physically feasible to convey relatively lar�c quan­
tities of water from the Neches River to the Trinity River 
Basin in order to meet the severe water shorta�es projected 
to occur in the San .Jacinto River Basin and conti�uous 
areas a Ion� the Coast by the year 2000. Preliminary desi�n 
and cost studies have been performed. Water conveyance 
systems consistin� of open channels and pipelines from the 
Neches River Basin would need to be constructed. Supplies 
currently available in the Neches River Basin to meet this 
export need could be depleted by the year 2020. Rockland 
Reservoir on the Neches River upstream of B.A. Steinha­
�cn Reservoir is proposed for construction by 2020 to 
meet this need. Rocldand Reservoir, as presently autho­
rized, would provide a dependable yield of 682 .7  thousand 
acre-feet annually. Surpluses in excess of in -basin needs 
and freshwater requirements of the Sabine Lake estuary 
would be available for conveyance to water-deficient areas 
provided appropriate institutional arrangements can be 
consumatcd. 

Additional studies are planned to examine the engi­
neering alternatives and the institutional and environ­
mental considerations that would be involved in 
implcmentin� such a project. There is clearly an oppor­
tunity for such an undertaldng to provide for maximum 
beneficial usc of surplus waters over and above in-basin 
needs and the freshwater requirements of the Sabine Lake 
estuarine system. 

Water Quality Protection 

A water quality management plan for the N cchcs River 
Basin has been developed pursuant to the requirements of 
federal and State Clean Water legislation. An areawide 
water quality mana�ement plan has also been developed 
for the Beaumont-Port Arthur-Orange metropolitan area. 
The plans serve as a basic element in the State's overall 
water quality strate�y and provide guidance in establishing 
priorities for construction grants for waste treatment facil-
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Table 111-6-6. Water Resources of the Neches River Basin, Zone 2, With 
Projected Water Supplies and Demands, 1990-2030• 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Zone Basin Flow Import Toial Zone Basin Export Totlll M & l  (Shortage) Total ---

1990 
Ground Water 53.2 - - - 53.2 53.2 - - 53.2 .0 .0 .0 
Surface Water 919.9 9.8 71.5 5.6 1006.8 231.9 .0 340.6 572.5 436.5\ (2.2) 434.3 
Total 973.1 9.8 71.5 5.6 1060.0 285.1 .0 340.6 625.7 436.5 (2.2) 434.3 

2000 
Ground Water 59.4 - - - 59.4 59.4 - - 59.4 .0 .0 .0 
Surface Water 919.9 10.0 82.2 6.4 1018.5 280.9 .0 320.7 601.6 419.1 (2.2) 416.9 
Total 979.3 10.0 82.2 6.4 1077.9 340.3 .0 320.7 661.0 419.1 (2.2) 416.9 

2010 

s Ground Water 68.1 - - - 68.1 68.1 - - 68.1 .0 .0 .0 
' Surface Water 908.3 10.0 92.9 7.3 1018.5 327.9 .0 522.7 850.6 170.1 (2.2) 167.9 "' ' 

Total 976.4 10.0 92.9 7.3 1086.6 396.0 .0 522.7 918.7 170.1 (2.2) 167.9 '"' 
... 

2020 
Ground Water 72.7 - - - 72.7 72.7 - - 72.7 .0 .0 .0 
Surface Water 1579.4 10.0 105.1 8.5 1703.0 388.8 .0 1013.6 1402.4 302.8 (2.2) 300.6 
Total 1652.1 10.0 105.1 8.5 1775.7 461.5 .0 1013.6 1475.1 302.8 (2.2) 300.6 

2030 
Ground Water 77.6 - - - 77.6 77.6 - - 77.6 .0 .0 .0 
Surface Water 1567.8 10.0 120.0 10.1 1707.9 462.5 .0 1226.8 1689.3 23.3 (4.7) 18.6 
Total 1645.4 10.0 120.0 10.1 1785.5 540.1 .0 1226.8 1766.9 23.3 (4.7) 18.6 

I Units in thousands of acre-feet per year. Water demands are for the "high .. case. Tabu1ated surface water demands do not include livestock needs, some quantities of inigation 

needs and other needs which will continue to be met from local. unregulated surface-water supplies. 

Definitions 

Intra-Basin: A transfer of water among zones within a river basin. 

Import: A tmnsfer of water from another river basin. 

Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 

Export: A transfer of water to another river basin. 
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Figure 111-6-4. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Neches River Basin, Zone 2, 1980-2030 

ities, permitting of wastewater facilities, revision of stream 
standards, and other pro�ram activities. 

Construction costs associated with municipal waste­
water treatment facilities needs have been estimated to be 
approximately $149.9 million for the planning period of 
1980 to the year 2000. These costs are estimated for the 
entire Neches River Basin with approximately $88.6 mil­
lion required in Zone 2, while approximately $61.3 mil­
lion is projected necessary in Zone 1 .  All costs are in 

January 1980 dollars and are subject to revision as new 
data becomes available. The list of projects, with project 
costs for 1982-1989, at 1980 prices, are shown in Appen­
dix B. 

Additional water quality mana�cment costs, such as 
for control of industrial, oil and gas, and agricultural pollu­
tants, cannot be estimated at this time, but are believed to 
be increasin�. 
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Flood Control Measures 

Sam Rayburn Reservoir is the only reservoir in the 
Neches River Basin which currently provides flood-control 
storage. The reservoir has 1 ,099.4 thousand acre-feet of 
flood control storage capacity. Construction of the autho­
rized Rockland Reservoir, as presently designed, would 
provide an additional 1 ,020 thousand acre-feet of flood­
control storage capacity for the basin. 

The Corps of Engineers is currently conducting a flood 
damage prevention study on Pine Island Bayou. The study 
report is scheduled for completion January 1987. 

Construction of floodwater-retarding structures by 
the U.S. Department of Agriculture, Soil Conservation 
Service includes about 45 square miles of drainage area 
above 1 2  existing floodwater-retarding structures within 
the Neches River Basin. As of October 1980, an additional 
1 7  structures with a drainage area of 1 1 7  square miles were 
planned. 
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7. NECHES-TRINITY COASTAL BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physical Description 

The Neches-Trinity Coastal Basin is bounded on the 
east by Sabine Lake and Sabine Pass, on the north by the 
Neches and the Trinity River Basins, and on the west by 
Trinity and Galveston Bays. Maximum elevation in the 
basin is about 50 feet, although most of the basin is less 
than 25 feet in elevation. Total basin drainage area is 769 
square miles. For planning purposes, the Neches-Trinity 
Coastal Basin has been divided into two zones (Figure 
Jll-7-1) .  Sabine Lake and Taylor Bayou are in Zone 1 of 
the Neches-Trinity Coastal Basin. Oyster Bayou, East Bay 
Bayou, and the East and West Forks of Double Bayou 
constitute the drainage system of Zone 2 of the Neches­
Trinity Coastal Basin. 

Surface Water 

Average annual runoff in the basin ranges from a 
maximum of about 850 acre-feet per square mile in the 
eastern part to about 550 acre-feet per square mile in the 
western part of the basin. The runoff varies widely from 
year to year and between periods of wet and dry years. 
Because most of the natural watercourses contain return 
flows, have been modified, are tidally-influenced, or are 
affected by upstream draina�e operations, reliable data on 
low-flow characteristics arc unavailable. 

Extremely flat slopes and poorly-defined natural 
drainage systems produce ponding and shallow sheet 
flooding during periods of heavy rainfall. Average ground 
elevations of five feet above mean sea level, and the close 
proximity of the Gulf, pose serious hazards to structural 
developments from tidal overflow due to hurricanes. 

Streams in the western part of the basin are subject to 
tidal intrusion. Much of the major drainage system in the 
eastern part of the basin has been modified for the regula­
tion and distribution of irrigation supplies delivered from 
the Neches and Trinity River Basins; upstream intrusion of 
tidal waters in these can�ls and channels is inhibited by 
systems of barriers and diversion dams. Taylor Bayou, 
which is the longest and largest stream in the basin, exhib­
its good water quality except for occasional problems with 
low dissolved oxygen and dense algae populations. Sabine 
Lalie has the most serious potential water-quality problem 
since it receives treated municipal and industrial return 
flows from the Beaumont-Port Arthur area. The natural 

runoff from the basin normally contains dissolved-solids 
concentration below 500 milligrams per liter (mg/1). 

Ground Water 

The Gulf Coast Aquifer occurs over all but the south­
ern edge of the Neches-Trinity Coastal Basin. The aquifer 
extends to a maximum depth of about 800 feet in the upper 
part of the basin. Yields from large capacity wells average 
about 250 gallons per minute (gpm); however, locally 
wells are capable of producing up to 1 , 500 gpm. The 
chemical quality of the ground water varies widely, ranging 
from fresh to slightly saline. 

Population and Economic Development 

The population of the Neches-Trinity Coastal Basin 
was reported at 203.7 thousand in 1980. Presently, 95 
percent of the basin population resides in Jefferson 
County. Beaumont is the largest city, with over 80 thou­
sand of its population in the Neches-Trinity Coastal Basin. 
It is closely followed by Port Arthur with an in-basin popu­
lation of more than 59 thousand. Together, these two 
cities comprise 69 percent of the total basin population. 
The only other basin cities with a 1980 population of 10 
thousand or  more are Nederland and Groves, making up 
eight percent and five percent of the basin population, 
respectively. The basin population is dense and more 
urban than the State as a whole. 

The economy of the area is based on chemical and 
petrochemical manufacturing, oil production, agriculture, 
agribusiness, and shipping activities associated with the 
Ports of Beaumont and Port Arthur, which rani{ second 
and fifth among Texas ports. Commercial fishing rounds 
out the area's highly-diversified economy, although 
numerous recreational attractions including beaches, 
fresh and saltwater fishing, and hunting (principally water­
fowl) support a large tourist industry. 

Water Usc 

Municipal water use in the Neches-Trinity Coastal 
Basin totaled 31 .0  thousand acre-feet in 1980. Surface­
water sources supplied over 78 percent of the total use. 
Almost 95 percent of total basin municipal water use was 
in .Jefferson County (Zone 1 ), including the City of Beau­
mont which used about 4 7 percent of the municipal use in 
the basin. 
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Figure 111-7- 1 . Neches-Trinity Coastal Basin and Zones 
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Freshwater use by manufacturing industries in the 
Neches-Trinity Coastal Basin totaled 78.1 thousand acre­
feet in 1980. This usc was concentrated within the Beau­
mont and Port Arthur area where petroleum refining and 
chemical industries are the major users. 

Irrigation estimates indicated 544.9 thousand acre­
feet of water use to irrigate about 119  thousand acres in the 
basin in 1980. AU irrigation water was derived from 
surface-water supplies. Zone 1 accounted for 362.5 thou­
sand acre-feet of this water use, while Zone 2 utilized 
182.4 thousand acre-feet. Most of the water for irrigation 
is delivered through major canal and appurtenant convey­
ance facilities, except for minor quantities diverted locally 
from streams. In Zone 1 ,  the Lower Neches Valley Author­
ity supplies water to irrigators from the Neches River Basin; 
however, Zone 2 irrigators obtain water from the Trinity 
River Basin through the Trinity River Authority's Devers 
Canal Company system and the Chambers-Liberty Coun­
ties Navigation District facilities. Existing systems for water 
delivery are physically adequate to meet current and near­
term future irrigation needs provided water supplies con­
tinue to be available. Rice farming constitutes the basin's 
major irrigation water requirements. 

Mining industries in the Neches-Trinity Coastal Basin 
used an estimated 1 .4 thousand acre-feet of freshwater in 
1980. The most intensive usc of mining water is concen­
trated in Zone 1 ,  which accounted for approximately 64 
percent of the total basin water usc. Nonmetal mining 
water usc in .Jefferson County was approximately 43 per­
cent of the quantity of mining water used in the basin. 

Livcstocl< water requirement.<.; totaled about 0.8 thou­
sand acre-feet in the basin in 1980. About 500 acre-feet 
was derived from ground-water resources. Of the total 
livestocl< water used, Zone 1 accounted for 427 acre-feet 
while Zone 2 utilized 362 acre-feet. 

Navigation facilities in the Neches-Trinity Coastal 
Basin include portions of the Sabine-Neches \Vaterway­
the Sabine Pass Channel and Port Arthur Canal, the Gulf 
Intracoastal Waterway, the Anahuac Channel, Double 
Bayou Channel, the lower reach ofthe Trinity River Chan­
nel from it..., intersection \vith the Houston Ship Channel to 
below Anahuac, and the lower reach of the Houston Ship 
Channel. These marine navigation facilities have no regu­
lated freshwater requirements. 

Return Flows 

In 1980, total municipal and manufacturing return 
flows in the Neches-Trinity Coastal Basin exceeded 95.8 
thousand acre-feet. Only about 34 thousand acre-feet of 

these return flows had dissolved-solids concentrations suf­
ficiently low to be considered potentially reusable. 

In 1980, irrigation return flows, primarily from rice 
production, constituted about 40 percent of the irrigation 
water applied from ground- or surface-water supplies. Irri­
gation return flows in the basin in 1980 were estimated to 
total 114 thousand acre-feet. Of this amount, 65.2 thou­
sand acre-feet originated in Zone 1 ,  while Zone 2 contrib­
uted the remaining 48.8 thousand acre-feet. Although 
these return flows arc of considerable magnitude, they do 
not constitute a major supply for reuse since in most areas 
they are discharged into estuarine waters. 

Current Ground-Water Development 

In 1980, approximately 9. 7 thousand acre-feet of 
ground water was used in the Neches-Trinity Coastal 
Basin. Of this amount, 7. 9 thousand acre-feet was used in 
Zone 1 ,  and 1 .8  thousand acre-feet in Zone 2 of the basin. 
All of the ground water used in both zones of the basin was 
from the Gulf Coast Aquifer. 

Of the 9. 7 thousand acre-feet of ground water used in 
the basin, approximately 8 .6 thousand acre-feet, or almost 
89 percent, was used for municipal and manufacturing 
purposes. 

Within both zones of the basin, the only area having 
overdrafts of ground water was in Jefferson County where 
excessive withdrawals from the Gulf Coast Aquifer 
occurred for municipal, manufacturing and mining 
purposes. 

Current Surface-Water Development 

There arc presently no major water-supply resenroirs 
in the basin. J.D. Murphree Wildlife Management Area 
Impoundments, a group of shallow impoundments having 
a capacity of 32 thousand acre-feet, is owned and operated 
by the Texas Parks and Wildlife Department for wildlife 
management purposes. Surface-water supplies are deli­
vered into the basin by the major canal systems originating 
in the Neches and Trinity River Basins. 

Water Rights 

The total amount of surface water authorized or 
claimed for diversion and use in the Neches-Trinity Coastal 
Basin was 510,237 acre-feet as of December 31 ,  1983 
(Table III-7-1 ) .  Authorizations and claims for irrigation 
use amounted to 206,656 acre-feet, or40.5 percent of the 
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Table 111-7-l. Authorized or Claimed Amount of Water, 
by Type of Right, 

Ncchcs-Trinily Coastal Basin' 

Number of Acre� Feet Authorized 
Type of Authorization IUglus and Claimed 

Permits 5 2  356.276 

Clnims 49 1 1 0,248 

Certified Filin�s 1 6  43,713 

Ccrtificntcs of 

Adjudic:uion 0 0 

Total Authorizntions 
nnd Claims 1 1 7  510.237 

l'['hc Tcx:1s Water Ri�lm Adjudicntion Act of 1967 authorizes the Texas Depart­

ment of Water Resources to hwcsti�ntc and determine, \\ith the Court's appro­
val, the nature :md measure of wntcr ri�ht..; for :tll nuthorizcd diversions from 

surface-water streams or portions thereof except domestic and livcstocl< uses 
:md to monitor ami administer c:tch :ldjudicatcd w:1tcr ri�ht. These totals 
incorporntc the results of watcr·ri,!!hts ndjudic:uion in the basin :L� of J)cccmhcr 
.) I .  1 98.1. These totnls do not include 2 :wtborizcd diversions of saline water 

amountin� to 2,61,1, 1 1 7 acre-feet/year. Certified Filin�s lire dccl:trlltions of 
approprimion which were filed with the Stntc Bm1rd of Water En�inccrs under 

the prmisions of Section 14, Chapter 1 7 1 .  General Laws, Acts of the 33rd 
Lc�islnturc, 1 9 1 .1, as mncndcd. Permits arcstmutory appropri:•tivc ri�htswhich 

have been issued hy the Texas \\':Her Commission or it.'l predecessor a�cncics. 
Clnims nrc sworn statement.<; of historicul uses to he adjudicated in accordance 

"ith the Tcxns Water Ri�hts Adjudication Act, Accrtificntcofadjudiclltion is the 

final result uftcr rcco,i!nition of a \'lllid ri�ht in the adjudiclltion process and is 
h:1scd on a permit, certified filin� or claim or any combination of the three. 

basin total. Zone 1 accounted for 440,617 acre-feet, or 
86.4 percent of total authorized and claimed water in the 
basin (Table 111-7-2). 

Water Quality 

Water-quality problems in this basin are confined 
principal1y to Taylor Bayou and its tributaries, where low 
dissolved oxygen levels and high nutrient levels occur peri­
odical1y. These conditions result in part from sluggish flow 
characteristics and assimilation of waste loads from the 
Hillebrandt Bayou tributary. Low dissolved oxygen prob­
lems in Hillcbrandt Bayou result primarily from treated 
municipal effluents with some contribution from industrial 
effluents. The problem extends for a short distance below 
the confluence with Taylor Bayou. Recent construction of 
a new municipal wastewater treatment plant for the City of 
Beaumont has improved the situation considerably. 

Flooding, Drainage, and Subsidence 

Commercial and industrial properties and the high 
density residential concentrations around Beaumont and 

Port Arthur are subject to varying degrees of damage from 
· flooding. Hurricane Audrey in 1957 caused nine deaths 

and approximately $700 thousand in damages to urban 
property. Major damages were inflicted on the area by 
Hurricane Carla in 1961 when Chambers County suffered 
$1 . 1  million in damages to nonagricultural property, and 
in Jefferson County damages amounted to nearly $16.7 
million. Agricultural losses in both counties were esti­
mated at $3.5 million. 

In 1962, a hurricane levee protection system was 
authorized by Congress for the Port Arthur area. Hurricane 
Cindy, which caused damages in Jefferson County in 
1963, further emphasized the need for hurricane protec­
tion . Areas flooded by Hurricanes Carla and Cindy in Jef­
ferson County were declared disaster areas by the 
President. In Jefferson County, areas damaged as a result 
of the June 1973 flood were included in a massive 12· 
county disaster declaration. 

Massive flooding again returned to the Beaumont­
Port Arthur area in 1979 and 1980. Floods in April, 1979 
and Tropical Storm Claudette in July 1979 produced Pre­
sidential disaster declarations in the basin with over .S l  
million spent in  federal relief funds. Flood insurance 
claims in 1979 totaled 741 for $5 million in flood damages 
and in 1980, 1217  claims were filed for $5.9 million in 
flood damages. 

The Federal Emergency Management Agency has 
designated eight cities in the basin as having one or more 
potential flood-hazard areas. Seven of these cities are par­
ticipants in the National Flood Insurance Program. 

Table 111-7-2. Aud10rizcd or Claimed Amount of Water, 
by Type of Usc and Zone, in Acre-Feet, 

Ncchcs-Trinily Coastal Basin' 

Type of Numher of 
Usc Rights Zone I Zone 2 Toad 

.MLmicipal 0 0 0 0 
Industri:JI2 6 2,526 6,320 8.846 

lrri�ation 1 0 7  164 .. 156 42.300 206,656 

Minin,l! 2 239,335 0 2.19.335 

Recreation 3 34,400 2 1 ,000 55,400 

Total 1 1 7 1 440,617 69,620 5 1 0 , 237 

•Docs not sum due to multipurpose "riAhts", which may he upplicd to more than 
one type of usc. 

2Docs not include 2 authorized diversions ofsalincwatcrin Zone 1 anwuntin� to 
2,61 3, 1 1 7  acre-feet/year. 
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Detailed flood insurance rates studies and maps with 100-
year floodwater surface elevations have been prepared for 
six communities participating in the Regular Program. 
Jefferson and Chambers Counties are participating in the 
Emergency Program; however, rate studies are underway 
to provide detailed flood data for the county unincorpo­
rated areas. The Beaumont-Port Arthur area, one of the 
earliest participants in the National Flood Insurance Pro­
gram, has a level of coverage on insurable structures and 
contents now amounting to well over $100 million. 

The major area needing drainage improvements in 
the Neches-Trinity Coastal Basin is the Coastal Prairie 
land-resource area where intensive rice farming occurs. 
Some of the area under cultivation is satisfactorily drained 
due to previous improvements. Heavy clay soils and large 
quantities of water from rainfall and irrigation necessitate 
use of on-farm drainage improvements. As in most coastal 
areas where terrain is flat and natural drainage is poorly 
defined, worl{ will be necessary to provide outlets for col­
lection systems and to improve and maintain the few exist­
ing natural outlets. However, drainage necessary for 
successful agricultural operations and prevention of resi­
dential flooding conflicts with natural wetlands preserva­
tion in some areas. 

Since 1918 within the Neches-Trinity Coastal Basin, 
more than 0.5 foot of subsidence has occurred in several 
areas of northern and eastern .Jefferson County and in 
extreme eastern Galveston County on the Bolivar Penin­
sula. The most subsidence attributed to ground-water 
withdrawals was about 0. 75 foot ncar the center of the City 
of Beaumont. Oil, gas, sulfur, and associated saline-water 
withdrawals .. have caused more than 1 5  feet of subsidence 
in eastern .Jefferson County in the Spindletop Dome area. 
Petroleum and associated saline-water withdrawals have 
caused more than 3.0 feet of subsidence in the Port Acres 
area of eastern .Jefferson County. Also fault activation and 
movement which can cause considerable damage to prop­
erty are :�ssociated with subsidence. Damages caused by 
fault movement arc very evident in urban areas of the Gulf 
Coastal Plain. 

Recreation Resources 

.Major freshwater recreation resources in the Neches­
Trinity Coastal Basin include the .J.D. Murphree Wildlife 
Management Area lakes, with approximately 7 thousand 
surface acres. The Sabine Lake estuary covers a total of 45 
square miles. It receives large volumes of fresh water from 
the Neches and Sabine Rivers, but becomes increasingly 
saline toward the Gull. 

PROJECTED WATER REQUIREMENTS 

Population Growth 

The population of the Neches-Trinity Coastal Basin is 
projected to increase 61 percent by the year 2030, from 
the present 203.7 thousand to 327.4 thousand (Table 
lll-7-3). An 18 percent increase to 239.5 thousand is 
expected from 1980 to the year 2000, and a higher growth 
rate of 37 percent is projected lor the 2000 to 2030 
period. .Jefferson County's percenta�e of the Neches­
Trinity Coastal Basin is expected to drop from 95 percent 
in 1980 to 90 percent in the year 2030. 

Water Requirements 

Municipal 

Municipal water requirements arc projected for two 
cases of future growth based on both population and per 
capita water usc. In 1980, water demands were 31 .0 
thousand acre-feet. This requirement is projected to 
increase 12 percent by 2000 in the lowcnse projection. By 
2030 municipal water requirements are projected to 
increase an additional 26 to 3 7 percent; low and high case, 
respectively. Approximately 95 percent of the basin's 1980 
requirement occurs in Zone 1 ;  this predominance of usc is 
expected to continue throughout the planning period. 

Industrial 

Manufacturing water requirements in 1980 were 
78.1 thousand acre-feet in the Neches-Trinity Coastal 
Basin. Projections of future water requirements for manu­
facturing purposes were made by decade and for a low and 
high case lor each industrial group. In 1980, over 90 
percent of total manufacturing water usc was concentrated 
in five industrial groups: chemicals, petroleum refining, 
primary metals, paper products, and food products. 
Because of this concentration, careful attention was given 
to the future growth outlook for these industries in maldng 
the projections . 

Manufacturing water use in the Neches-Trinity Coas­
tal Basin is projected to increase from 3 to 19 percent by 
the year 2030, from a 1980 use of 78.1 thousand acre-feet 
to a 2030 requirement of 80.8 to 93.3 thousand acre-feet 
annually (low and high case, respectively). Virtually all of 
this growth in manufacturing water requirements is 
expected to occur in Zone 1 of the basin. 
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Table III-7-3. Pop.llation, CUrrent Water Use, With Projected Pop.l].ation and Water Requirarents, 199Q-203o¥ 
Neches-Trinity Coastal Basin 

' 1960 ' 1990 
:r Basin Zone : Gmmd : Surface ' "'""" : Surface ' "'� 
"""""-

Zone 1 
Population 193.0 206.8 223.3 242.0 264.6 300.6 
Municipal 5.1 24.2 29.3 0.1 43.7 43.8 0.1 47.9 46.0 .1 51.9 52.0 0.1 56.8 56.9 0.2 64.4 64.6 
Manufacturing 1.9 76.1 78.0 1.2 84.9 66.1 1.2 89.8 91.0 1.2 87.6 89.0 1.2 89.7 90.9 1.2 92.1 93.3 
Steam Electric 0.0 o.o o.o 0.0 0.0 0.0 0.0 0.0 o.o .0 .0 .0 0.0 0.0 0.0 o.o 0.0 0.0 
Mining 0.6 0.3 0.9 0.9 0.2 1.1 1.1 0.2 1.3 1.2 .2 1.4 1.3 0.2 1.5 1.5 0.1 1.6 
Irrigation 0.0 362.5 362.5 0.0 244.1 244.1 0.0 213.1 213.1 .o 213.1 213.1 0.0 213.1 213.1 0.0 213.1 213.1 
Livestock 0.3 0.1 0.4 0.1 0.4 0.5 0.1 0.5 0.6 .1 .5 .6 0.1 0.5 0.6 0.1 0.5 0.6 
Zone Total Water 7.9 463.2 471.1 2.3 373.3 375.6 2.5 351.5 354.0 2.6 353.5 356.1 2.7 360.3 363.0 3.0 370.2 373.2 

'-<>ne 2  
Pop.llation 10.7 12.8 16.2 20.4 24.2 26.8 
Municipal 1.5 0.2 1.7 2.2 0.5 2.7 2.8 0.8 3.6 3. 7 . 8  4.5 4.5 0.9 5.4 5.0 0.9 5.9 
Manufacturing 0.1 o.o 0.1 o.o 0.0 0.0 0.0 0.0 o.o .0 .0 .0 0.0 0.0 0.0 0.0 0.0 0.0 
Steam Electric 0.0 o.o 0.0 o.o 0.0 0.0 0.0 0.0 0.0 .0 .0 .0 0.0 0.0 0.0 0.0 0.0 0.0 
Mining 0.0 0.5 0.5 0.0 0.5 0.5 0.1 0.4 0.5 .1 .3 .4 0.0 0.3 0.3 0.0 0.2 0.2 
Irrigation 0.0 182.4 182.4 0.0 172.6 172.8 0.0 168.4 168.4 .o 168.4 168.4 0.0 168.4 168.4 0.0 168.4 168.4 
Livestock 0.2 0.2 0.4 0.1 0.3 0.4 0.1 0.4 0.5 .1 .4 .5 0.1 0.4 0.5 0.1 0.4 0.5 
Zone Total Water 1.8 183.3 185.1 2.3 174.1 176.4 3.0 170.0 173.0 3.9 169.9 173.8 4.6 170.0 174.6 5.1 169.9 175.0 

MSrn 'IC1l'ALS 
Pop.ll.ation 203.7 219.6 239.5 262.4 288.8 327.4 
Municipal 6.6 24.3 31.0 2.3 44.2 46.5 2.9 48.7 51.6 3.8 52.7 56.5 4.6 57.7 62.3 5.2 65.3 70.5 
Manufacturing 2.0 76.1 78.1 0.2 84.9 86.1 1.2 89.8 91.0 1.2 87.8 89.0 1.2 89.7 90.9 1.2 92.1 93.3 
Steam Electric 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o .o .0 .0 0.0 o.o 0.0 0.0 0.0 0.0 
Mining 0.6 0.8 1.4 0.9 o. 7 1.6 1.2 0.6 1.8 1.3 .5 1.8 1.3 0.5 1.8 1.5 0.3 1.8 
Irrigation 0.0 544.9 544.9 0.0 416.9 416.9 0.0 381.5 381.5 .o 381.5 381.5 0.0 381.5 381.5 0.0 381.5 381.5 
Livestock 0.5 0.3 0.8 0.2 0. 7 0.9 0.2 0.9 1.1 . 2  .9 1.1 0.2 0.9 1.1 0.2 0.9 1.1 
Basin Total water 9. 7 646.5 656.2 4.6 547.4 552.0 5.5 521.5 527.0 6.5 523.4 529.9 7.3 530.3 537.6 8.1 540.1 548.2 

21 Pop.llation in thousands of persons, water r8:lllirarents in thousands of acre-feet per year. 
-' ..., ' 
a-



The rate of increase projected for manufacturing 
water requirements in the basin is less than the State aver­
aile ( 3  to 19 percent for 1980-2030, compared to 178 to 
2.10 percent for the State) .  Much of the differcnccisdue to 
the fact that the petroleum refining and chemical indus­
tries arc expected to significantly improve their water use 
efficiency through increased recirculation and technologi­
cal change. 

Steam .. Eiectrie Power Generation 

Currently, there are no steam-electric power plants 
located in the Neches-Trinity Coastal Basin and none are 
planned through 2030. Therefore, there is no projected 
freshwater requirement for steam-electric power genera­
tion in this basin. It is possible that a power plant could be 
located within the basin using saline water as a cooling 
source. If this occurs, such a plant would also require 
freshwater for boiler feedwater makeup and sanitary and 
ground maintenance purposes. Such uses arc small when 
compared to the power plant cooling water requirements. 
If the plant were a coal-fired plant, significant quantities of 
freshwater would be required if stacl<gas scrubbers (based 
on current technology which requires freshwater for 
scrubber makeup) were used for sulfur dioxide control. 

Agriculture 

Irrigation 

Irrigation water requirements were projected for two 
cases of change based on improvements in on-farm appli­
cation efficiencies, reduction in ditch losses, changes in 
future resource costs and crop prices, and corresponding 
changes in cropping patterns to reflect more profitable 
crops. A low case projects demand for water based on the 
effects of changes in the above variables but with irrigated 
acreage held constant at 1980 levels in each zone for each 
future time period; a high case projects demand for water 
for irrigation constrained only by the requirement that 
irrigated farming produce a net positive return in excess of 
that possible from dryland farming and the requirement 
not to exceed the amount of irrigablc soil in each zone. 
Thus, the projections of demand, low and high cases, based 
on the irrigation efficiency and marl{et conditions men­
tioned above, give an estimate of the quantity of water 
needed for irrigation in each zone, at each decadal point 
for which projections were made. These projections of 
demand are compared to the projected supply of water 
locally available. When projected demand exceeds pro­
jected supply, the difference is a measure of shortage at that 
point in time. 
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Irrigation water requirements in the Neches-Trinity 
Coastal Basin are projected to decrease from the 1980 
level of 544.9 thousand acre-feet by a projected maximum 
30 percent by the year 2000 in the high case, and also in 
the low case. In the year 2030, water requirements in the 
basin are projected to remain at 381.5 thousand acre-feet 
annually in both the low and high case, respectively, to 
irrigate about 1 19 thousand acres. 

Zone_} is projected to account for about 56 percent of 
total basin irrigation requirements in 2000 and 2030. 
Zone 2 is projected to account for about 44 percent of the 
total. 

Lh'cstoch. 

Livestocl{ production is not expected to increase sig­
nificantly in the basin. It is anticipated that annual live­
stock water requirements will reach 1 . 1  thousand 
acre-feet by 2030 (0.6 thousand acre-feet, Zone 1 ;  0.5 
thousand acre-feet, Zone 2).  

Mining 

Mining water use in the Neches-Trinity Coastal Basin 
is projected to increase 29 percent from 1980 to 2030 
(from 1.4 thousand to 1.8 thousand acre-feet). Nonmetals 
mining water use is projected to increase from 622 acre­
feet in 1980 to 1 . 5  thousand acre-feet in 2030, primarily 
in Zone 1 .  

Ntnigution 

No navigation facilities are planned in the Neches­
Trinity Coastal Basin. 

Hydroelectric Power 

There are no hydroelectric power generating facilities 
planned in the Neches-Trinity Coastal Basin. 

WATER SUPPLY PROJECTS AND 
MEASURES TO MEET FUTURE 

BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

The approximate annual ground-water yield within 
the Neches-Trinity Coastal Basin through the year 2030 is 



1 1 .0 thousand acre-feet. This amount of annual ground­
water supply is from the Gulf Coast Aquifer which is the 
only fresh to slightly saline water-bearing formation within 
the basin. 

The projected annual ground-water use within the 
Neches-Trinity Coastal Basin by decade from 1990 
through 2030 is expected to be from 4.6 to 8 . 1  thousand 
acre-feet per year (Table III-7 -3 ) . The approximate aver­
age annual projected ground-water use within the basin is 
expected to be about 6.4 thousand acre-feet per year. 
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Surface-Water Availability and 
Proposed Development 

The projected surface-water needs of the Neches­
Trinity Coastal Basin can be fully met through the year 
2030 (Table III-7-4, Figure III-7-2 ) .  I n  Zone 1 of the 
basin, the total annual surface-water requirement of 
351 .9 thousand acre-feet projected in 2030 is proposed to 
be met through the importation of surface water from the 
Neches River (Table III-7-5, Figure III-7-3). The surface 
water would be provided through existing conveyance sys-

20 1 0  2020 2030 

SUPPLY 

� Surface Water-Export 

[2£) Surface Water-Import 

D Surface Water-In Basin 

- Gro und Water 

Figure 111-7-2. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Neches-Trinity Coastal Basin, 1980-2030 
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Table 111-7-4. Water Resources of the Neches-Trinity Coastal Basin, With 
Projected Water Supplies and Demands, 1990-2030' 

Waler Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Zone Basin Flow Import Total Zone Basin Export Total M&l (Shortage) Total ---

1990 
Ground Water 4.6 - - - 4.6 4.6 - - 4.6 .0 .0 .0 
Surface Water .0 - .0 528.4 528.4 528.4 - .0 528.4 .0 .0 .0 
Total 4.6 - .o 528.4 533.0 533.0 - .0 533.0 .0 .0 .0 

2000 
Ground Water 5.5 - - - 5.5 5.5 - - 5.5 .0 .0 .0 
Surface Water .0 - .0 502.4 502.4 502.4 - .0 502.4 .0 .0 .0 
Total 5.5 - .0 502.4 507.9 507.9 - .0 507.9 .0 .0 .0 

2010 
' Ground Water 6.5 - - - 6.5 ..., 6.5 - - 6.5 .0 .0 .0 
' Surface Water .0 .o 504.3 504.3 504.3 .0 504.3 .0 .0 .0 "' - -

Total 6.5 - .0 504.3 510.8 510.8 - .0 510.8 .0 .0 .0 

2020 
Ground Water 7.3 - - - 7.3 7.3 - - 7.3 .0 .0 .0 
Surface Water .0 - .0 511.3 511.3 511.3 - .0 511.3 .0 .0 .0 
Total 7.3 - .0 511.3 518.6 518.6 - .0 518.6 .0 .0 .0 

2030 
Ground Water 8.1 - - - 8.1 8.1 - - 8.1 .0 .0 .0 
Surface \Vater .0 - .0 521.1 521.1 521.1 - .0 521.1 .0 .0 .0 
Total 8.1 - .0 521.1 529.2 529.2 - .0 529.2 .0 .0 .0 

I Units in thousands of acre-feet per year. Water demands are for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which ,,;n continue to be met from local, unregulated surface-water supplies, 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 



Table 111-7-5. Water Resources of the Neches-Trinity Coastal Basin, Zone 1, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Zone Basin Flow Import Total Zone Basin Export Total M&I (Shortage) Total ---

1990 
Ground Water 2.3 - - - 2.3 2.3 - - 2.3 .0 .0 .0 
Surlace Water .0 .0 .0 355.1 355.1 355.1 .0 .0 355.1 .0 .0 .0 
Total 2.3 .0 .0 355.1 357.4 357.4 .0 .0 357.4 .0 .0 .0 

2000 
Ground Water 2.5 - - - 2.5 2.5 - - 2.5 .0 .0 .0 
Surface Water .0 .0 .0 333.2 333.2 333.2 .0 .0 333.2 .0 .0 .0 
Total 2.5 .0 .0 333.2 335.7 335.7 .0 .0 335.7 .0 .0 .0 

2010 
Ground Water 2.6 - - - 2.6 2.6 - - 2.6 .0 .0 .0 

' Surface Water .0 .0 .0 335.2 335.2 .... 
' 

335.2 .0 .0 335.2 .0 .0 .0 
.... Total 2.6 .0 .0 335.2 337.8 337.8 .0 .0 337.8 .0 .0 .0 0 

2020 
Ground Water 2.7 - - - 2.7 2.7 - - 2.7 .0 .0 .0 
Surface Water .0 .0 .0 342.0 342.0 342.0 .0 .0 342.0 .0 .0 .0 
Total 2.7 .0 .0 342.0 344.7 344.7 .0 .0 344.7 .0 .0 .0 

2030 
Ground Water 3.0 - - - 3.0 3.0 - - 3.0 .0 .0 .0 
Smface Water .0 .0 .0 351.9 351.9 351.9 .0 .0 351.9 .0 .0 .0 
Total 3.0 .0 .0 351.9 354.9 354.9 .0 .0 354.9 .0 .0 .0 

!Units in thousands of acre-feet per year. Water demands are for the "high .. case. TabuJatcd surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which will continue to be met from local. unregulated surlace-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natuml stream channel that can be recaptured at a downstream point. 
Export: A tmnsfer of water to another river basin. 





Table 111-7-6. Water Resources of the Neches-Trinity Coastal Basin, Zone 2, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra- Remrn In Intra- Irrigation 
Decade Zone Basin Flow Import Total --- Zone Basin Export Total M&I (Shortage) Total 

1990 
Ground Water 2.3 - - - 2.3 2.3 - - 2.3 .0 .0 .0 
Surface Water .0 .0 .0 173.3 173.3 173.3 .0 .0 173.3 .0 .0 .0 
Total 2.3 .0 .0 173.3 175.6 175.6 .0 .0 175.6 .0 .0 .0 

2000 
Ground Water 3.0 - - - 3.0 3.0 - - 3.0 .0 .0 .0 
Surface Water .0 .0 .0 169.2 169.2 169.2 .0 .0 169.2 .0 .0 .0 
Total 3.0 .0 .0 169.2 172.2 172.2 .0 .0 172.2 .0 .0 .0 

2010 

- Ground Water 3.9 - - - 3.9 3.9 - - 3.9 .0 .0 .0 
' Surface Water .0 .0 .0 169.1 .., 169.1 
' 

169.1 .0 .0 169.1 .0 .0 .0 ... Total 3.9 .0 .0 169.1 173.0 173.0 .0 .0 173.0 .0 .0 .0 
"' 

2020 
Ground Water 4.6 - - - 4.6 4.6 - - 4.6 .0 .0 .0 
Surface Water .0 .0 .0 169.3 169.3 169.3 .0 .0 169.3 .0 .0 .0 
Total 4.6 .0 .0 169.3 173.9 173.9- .0 .0 173.9 .0 .0 .0 

2030 
Ground Water 5.1 - - - 5.1 5.1 - - 5.1 .0 .0 .0 
Surface Water .0 .0 .0 169.2 169.2 169.2 .0 .0 169.2 .0 .0 .0 
Total 5.1 .0 .0 169.2 174.3 174.3 .0 .0 174.3 .0 .0 .0 

•Units in thousands of acre-feet per year. Water demands are for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities ofirrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A tmnsfer of water from another river basin. 
Return Flows: Wastewater returned to a natuml stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 



Construction costs associated with municipal waste­
water treatment facilities needs have been estimated to be 
approximately 8112.5 million for the plannin~ period of 
19HO to the yc:~r 2000. These costs arc estimated for the 
entire Neches-Trinity Coastal Basin with approximately 
S 100.7 million required in Zone 1 . while approximately 
S 11 .H million is projected necessary in Zone 2. All costs 
arc in January 1980 dollars and arc subject to revision as 
new dat:l becomes available. The list of projects. with 
project costs for 1982 -1989, at 1980 prices, arc shown in 
Appendix B. 

Additional water quality mana~cmcnt costs, such as 
for the con tml of industrial, oil and ~as, and a~ricultural 
pollutants. cannot be estimated at this time, but arc 
believed to be incrcasin~. 
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Flood Control Measures 

Valuable residential, commercial, and industrial 
developments arc subject to hazardous flooding from hur­
ricanes and associated storms in the basin. The Flood 
Control Act of 1962 authorized the U.S. Army Corps of 
En~ineers to provide protection from hurricane flood tides 
to Port Arthur and vicinity. The Port Arthur llurricane­
Fiood Protection project, bc~un in 1966, enlarged and 
strcn~thened existing levees and floodwalls and provided 
for 29 miles of new and cnlar~cd earth levees. The project 
was completed in 1981. 

The Taylor Bayou project, now under construction by 
the Corps of En~inecrs . provides for 4 7 miles of channel 
improvements, construction of a diversion channel and a 

1980 1990 2000 2010 2020 2030 
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rw&J !W&l Irrigation ~ Surface Water·Export 
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D D Manufacturing IZZ1 Surface Water-In Zone 

~ - Municipal and Commercial - Ground Water 

Figure 111-7-4. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Neches-Trinity Coastal Basin, Zone 2, 1980-2030 
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gated salt-water barrier structure. The project will provide 
flood protection for parts of the City of Beaumont and will 
improve agricultural drainage when completed in 1990. 

Additional levee and channel improvement projects 
will be needed locally to provide protection to urban devel­
opments, landfills, and sewage treatment facilities. Politi­
cal subdivisions within the basin must rely heavily on 

nonstruetural flood-plain management such as zoning and 
flood-plain construction standards to reduce flood damage 
potential. 

There are no U.S. Soil Conservation Senricc 
floodwater-retarding structures in the Neches-Trinity 
Coastal Basin, however, there are about 20 miles of chan­
nel improvement worl\ in the basin. 
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8. TRINITY RIVER BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physical Description 

The Trinity River Basin is bounded on the north by the 
Red River Basin, on the east by the Sabine and Neches 
River Basins and the Neches-Trinity Coastal Basin, and on 
the west by the Brazos and San Jacinto River Basins and the 
Trinity-San Jacinto Coastal Basin. The West Fork Trinity 
River heads in southeastern Archer County at an elevation 
of about 1,200 feet and combines with East Fork, Elm 
Fork, and Clear Fori<, and with Denton, Mountain, and 
Village Creeks to form the upper Trinity River Basin drain­
age system. Total basin drainage area is 17,969 square 
miles, virtually all of which is contributing. For planning 
purposes, the Trinity River Basin is divided into three zones 
as shown in Figure Jll-S-1. 

Surface Water 

Average annual runoff for the 1941-70 period was 
310 acre-feet per square mile for the entire basin, with a 
range of 153 to 606 acre-feet per square mile from the 
upper to the lower basin, respectively. During the 1941-70 
period, nine of the lllowest annual main stem river flows 
occurred during the 1951-56 and 1962-64droughtyears. 
Annual runoff averaged 114 acre-feet per square mile dur­
ing 1951-56, while the 1962-64 period runoff averaged 
14 2 acre-feet per square mile. Lowest runoff in 3 consecu­
tive years occurred from 1954 through 1956 and averaged 
77 acre-feet per square mile, while the lowest runoff 
occurred in 1956 when the rate was 53 acre-feet per 
square mile. 

In the upper Trinity River Basin, rolling topography 
and narrow stream channels, combined with rapid surface 
runoff during intense thunderstorm activity, produce dan­
gerous flash flooding. These flash floods are common in the 
small secondary tributaries and upper reaches of primary 
tributaries and are of short duration; however, high flood 
peaks and velocities pose serious problems. Extensive 
urbanization has compounded flood problems in the met­
ropolitan areas due to alteration of drainage patterns which 
have aggravated storm runoff characteristics. 

The middle and lower Trinity River Basin drains all or 
parts of14 counties and is characterized by gently rolling to 
flat terrain with wide, shallow stream channels. Heavy 
thunderstorm activity and rainfall, often associated with 

inland movement of tropical weather disturbances, pro­
duces slow-moving floods of long duration. Shallow sheet 
flooding and tidal flooding are also problems in the lower 
Trinity River Basin. Floods have been particularly damag­
ing to agricultural properties in the lower basin. 

The southern extremity of the Trinity River Basin 
often suffers as well from hurricane-induced surge tides 
and strong winds, in addition to torrential rains, when a 
major tropical weather system migrates out of the Gulf of 
Mexico across the upper coastline. Weather records dating 
back to 1871 show that the coastal extremity of the Trinity 
River Basin has been crossed by a hurricane or tropical 
storm one out of every three years. 

The quality of the surface waters of the Trinity River 
Basin varies widely, from the effluent-dominated, 
nutrient-rich waters of the main stem below the Dallas­
Fort Worth metroplex to the small, clean, headwater 
streams of the basin. The Trinity River extends some 250 
river miles below Dallas and Fort Worth to the headwaters 
of Livingston Resenroir, and has the poorest water quality 
in the basin. Water quality in this reach of the river steadily 
improves going downstream. The river is suitable for all 
uses in its lower reaches. Several major sewage treatment 
plants release flow to the river, and during low-flow condi­
tions, the main stem is composed almost entirely oftreated 
effluents from sewage treatment plants. Major sewage 
treatment plants discharging to the river include Village 
Creek, and TRA-Central located on the West Fork and 
Dallas-Central on the main stem of the Trinity River. On 
the East Fork, Duck Creel< sewage treatment plant, just 
below Ray Hubbard Dam, contributes a significant amount 
of treated effluent to the river. Texas Municipal Water 
District sewage treatment plant at Mesquite also mal{es 
effluent contributions to the East Fork. 

In the headwater reaches of the basin, reservoirs which 
supply the needs of the metropolitan Fort Worth-Dallas 
area contain water of excellent quality. 

Natural runoff throughout most of the Trinity River 
Basin is of good quality and is suitable for almost all uses. 
Runoff generally contains 100 to 250 milligrams per liter 
(mg/1) of dissolved solids throughout most of the upper 
basin, and water impounded in existing water supply reser­
voirs generally contains less than 250 mg/1 of dissolved 
solids. In the main stem of the river near Rosser in south­
eastern Kaufman County, the discharge-weighted average 
concentration of dissolved solids is less than 300 mg/1. and 
the discharge-weighted average concentration near 
Romayor in northern Liberty County is about 240 mg/1. In 
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Figure 111-8-1. Trinity River Basin and Zones 
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general. water in the upper part of the basin is harder than 
water in the lower part of the basin. 

Ground Water 

Major aquifers in the Trinity River Basin include the 
Trinity Group, Carrizo-Wilcox, and Gulf Coast. Minor 
aquifers lying within the basin include the Woodbine, 
Queen City, Sparta, and Nacatoch. 

The Trinity Group Aquifer produces usable-quality 
ground water in the upper Trinity River Basin. It includes 
the Paluxy (Antlers), Glen Rose, and Travis Peal< (Twin 
Mountains) Formations. Total thickness of the aquifer 
ranges from less than 100 to more than 1, 200 feet. Yields 
of large-capacity wells average about 430 gallons per min­
ute (gpm), with wells in some areas yielding more than 
2,000 gpm. Water quality ranges from fresh to slightly 
saline; salinity generally increases with depth. 

The Carrizo-Wilcox Aquifer produces usable-quality 
water in the central part of the Trinity River Basin. It 
includes the Wilcox Group and the Carrizo Formation of 
the Claiborne Group. The underlying Wilcox Group con­
sists of interbedded sand, sandstone, sandy shale, shale, 
and lignite. Aquifer thickness ranges from less than 100 to 
more than 2,500 feet, with about 50 percent of the thick­
ness being sand. Yields of large-capacity wells average 
about 420 gpm, with maximum yields of more than 1,000 
gpm. The quality of the ground water is generally quite 
good, but gradually deteriorates downdip. The water 
ranges from fresh to slightly saline. 

The Gulf Coast Aquifer produces usable-quality water 
in the lower part of the Trinity River Basin. The aquifer 
includes the Catahoula, Oakville, Fleming, Goliad, Willis, 
Lissie, and Beaumont Formations, as well as overlying 
surface deposits of alluvium. This system reaches a maxi­
mum thickness of about 3,000 feet, of which about 40 
percent is water-bearing sand. Yields of large-capacity 
wells average 1,500 gpm, but locally wells produce up to 
3,400 gpm. Generally, water produced from this aquifer is 
fresh, but gradually deteriorates in quality downdip and 
becomes slightly to moderately saline, particularly near the 
Coast. 

The Woodbine Aquifer produces water in the upper 
part of the Trinity River Basin. Maximum thickness is 
about 600 feet, with 50 percent commonly consisting of 
sand. Usable-quality water is produced to a maximum 
depth of about 2,000 feet. Yields of high-capacity wells 
average 130 gpm, but locally wells produce as much as 600 
gpm. The quality of water produced from the aquifer is 
relatively poor, exceeding!, 500 mg/1 total dissolved solids 
in most areas. Salinity increases downdip. 

The Queen City Aquifer occurs in the middle part of 
the Trinity River Basin. It ranges from zero to more than 
500 feet in thickness, with 60 to 70 percent being sand. 
Yields of wells are commonly low, generally less than 250 
gpm. Water produced from most of this aquifer usually 
contains less than 500 mg/1 total dissolved solids, but 
quality deteriorates downdip. 

The Sparta Aquifer also occurs in the central part of 
the Trinity River Basin. Thickness ranges up to more than 
300 feet, with sand making up about 60 to 70 percent of 
the total thickness. Yields of large-capacity wells average 
about 550 gpm, but locally wells produce up to a maxi­
mum of approximately 1,200 gpm. Water produced from 
most of the Sparta Aquifer generally contains less than 500 
mg/1 total dissolved solids, but water quality deteriorates 
downdip. 

The Nacatoch Aquifer occurs in the upper part of the 
Trinity River Basin. Thickness ranges from 350 to 500 
feet. Yields of high-capacity wells range up to 500 gpm, but 
generally range from 100 to 200 gpm. Quality of water in 
the Nacatoch Aquifer ranges from fresh to slightly saline. 

During the 1970's, ground-water \vithdrawals from 
the Trinity Group Aquifer caused water level declines of 19 
to 32 feet per year within the Trinity River Basin. Reduc­
tions in artesian pressures that result from lowered water 
tables significantly increased the potential for saline-water 
encroachment in Denton, Tarrant, and Dallas Counties. 
Also, the extremely large regional cone of depression 
associated with these ground-waterwithdrawals has proba­
bly intercepted the fresh-slightly saline water and slightly 
saline-moderately saline water interfaces within the aqui­
fer which has probably caused invasion of the fresh and 
slightly saline waters by the more saline waters. The poten­
tial for this condition is greatest in western Kaufman, 
southeastern Dallas, and eastern Ellis Counties. Similar 
reductions of artesian pressures within the Woodbine 
Aquifer has probably caused the same conditions in 
southwestern Fannin and eastern Ellis Counties within the 
basin. 

Ground waters contained in the shallow water­
bearing sands of the Carrizo-Wilcox and Queen City Aqui­
fers within the basin usually have excessive concentrations 
of iron and low pH (high acidity) values. To alleviate these 
problems, new wells should be properly cased and 
cemented from the land surface to at least 150 feet, and 
properly screened opposite the deepest and most produc­
tive freshwater sands encountered below 150 feet. If possi­
ble, the ground-water quality in these wells should be 
closely monitored to detect excessive downward leakage of 
the poor quality, shallow ground waters due to pumpage of 
the deeper freshwater sands. Also, due to excessive pump­
age, saline-water encroachment may occur from saline 
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water-bearing sands laterally adjacent to or beneath the 
fresh water-bearing sands of the aquifers. Proper location 
and again, proper completion of new water wells in these 
aquifers can effectively control the potential for saline­
water encroachment. Locations of new water wells should 
be as far as possible from the known downdip ( coastward) 
extent of the aquifers. Also, wells should be completed at 
depths sufficiently above the known base of fresh or slightly 
saline water-bearing deposits of the Carrizo-Wilcox and 
Queen City Aquifers. 

In southern Liberty and Chambers Counties the fresh­
water deposits of the Gulf Coast Aquifer are surrounded by 
deposits containing saline waters. The potential for saline­
Water encroachment is very great, but can be controlled in 
these coastal areas by proper well location, completion, 
and pumpage. 

Population and Economic Development 

The population of the Trinity River Basin was reported 
at 3.2 million in 1980. Of this basin total, 75 percent 
reside in Dallas and Tarrant Counties. Dallas, with a 1980 
population of 904.1 thousand, is the largest city in the 
Trinity River Basin followed by Fort Worth, with a popula­
tion of 385.1 thousand. Together, these two cities com­
prise 40 percent of the total basin population. Other basin 
citie~ with a 1980 population of 50,000 or more are the 
Cities of Arlington, Garland, Irving, Richardson, Plano, 
Grand Prairie, and Mesquite, which collectively comprise 
22 percent of the basin population. 

The principal population center of the Trinity River 
Basin, the Dallas-Fort Worth metroplex, ranks much 
higher than the State in population density, percent urban, 
and median family income. 

The economy of the Trinity River Basin is as diverse as 
the geography and demography of the basin. The Dallas­
Tarrant County area is a leading center of insurance, 
banking, transportation, and manufacturing. The econ­
omy of the Dallas-Fort Worth area includes large federal 
defense-related manufacturing and services industries. 
Additional transportation-related economic benefits are 
derived from the Dallas-Fort Worth Regional Airport, one 
of the nation's largest air transportation facilities. Recrea­
tion and tourism round out the metroplex economy, with 
both cities serving as centers for conventions, trade shows, 
and professional meetings. The remainder of the basin 
economy is based on extensive agribusiness. 

Water Use 

Municipal water use in the Trinity River Basin totaled 
675.5 thousand acre-feet in 1980, over 96 percent of 

which occurred in Zone 1. Dallas County used 53 percent 
and Tarrant County used 28 percent of the total basin use. 
Although the basin contains widespread manufacturing 
activities, most of these industries currently do not require 
large quantities of water per unit of product. Freshwater 
used by manufacturing industries in 1980 totaled 97.6 
thousand acre-feet. Almost all of the manufacturing water 
use in the basin was obtained from surface-water sources, 
most of which was consumed in Zone 1. 

In 1980, there was 7,360 megawatts of steam­
electric generating capacity in the Trinity River Basin. 
Most of this capacity (6,202 megawatts) was located in 
Zone 1. A total of 1.1 thousand acre-feet of ground water 
was withdrawn from the Trinity Group Aquifer and 100 
acre-feet from the Carrizo-Wilcox Aquifer for power plant 
production. Also an estimated 45.9 thousand acre-feet of 
fresh surface water was consumed (including 24.1 thou­
sand acre-feet of estimated net adjustment evaporation). 
In addition, about 320 acre-feet of treated municipal efflu­
ent was used for cooling purposes. There were no power 
plants in Zone 3 of the basin in 1980. 

In 1980, a total of 79.9 thousand acre-feet of water 
was used for irrigating 34.4 thousand acres in the Trinity 
River Basin, predominantly in the coastal rice-producing 
area. Almost 79 percent of all the water used for irrigation 
in 1980 was supplied by surface sources. Development of 
ground water for irrigation is largely in the lower part of the 
basin, using water from the Gulf Coast Aquifer. 

Estimated freshwater use for mining purposes in the 
Trinity River Basin totaled 17 .J thousand acre-feet in 
1980. Of this total, Zone 1 accounted for 8.8 thousand 
acre-feet of withdrawals, or approximately 51 percent of 
the total freshwater use. The most intensive use of water is 
concentrated in the mining of nonmetals, particularly in 
Wise, Dallas, and Liberty Counties. 

Livestock water use in the Trinity River Basin in 1980 
totaled 22.4 thousand acre-feet. Of this total, it is esti­
mated that ground water provided 7. 9 thousand acre-feet 
and surface water 14.5 thousand acre-feet. In 1980, a 
total of 15.7 thousand acre-feet was used for livestock in 
Zone 1 and 6. 7 thousand acre-feet in Zones 2 and J. 

The Trinity River is presently navigable from Anahuac 
Channel upstream to Liberty at river mile 41.4. The Chan­
nel to Liberty project which currently has an authorized 
depth of six feet was completed in 1925 and was main­
tained until 1940. Maintenance of the project was 
resumed in 1968. There are no regulated freshwater 
requirements for this navigation channel other than that 
provided by flows released from upstream reservoirs for 
other downstream uses. 

There are currently no hydroelectric power genera­
tion facilities in the Trinity River Basin. 
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Return Flows 

In 1980, return flows from all municipalities and 
manufacturing industries in the basin totaled 464.6 thou­
sand acre-feet. Of these return flows, 97 percent occurred 
in Zone 1, which includes the Dallas-Fort Worth area. 
These return flows constitute a significant part of the total 
streamflow in the main stem below these two cities, partic­
ularly during low-flow periods. 

It is estimated that 15 to 20 percent of the ground 
water applied in the upland irrigation areas of Zones 1 and 
2 ultimately returns to streams as return flows, and there­
fore potentially can be captured for reuse. Most of the 
surface water supplied irrigation in the upper part of the 
basin is by direct diversion to the flood plains along the 
streams. In these areas, return flows amount to as much as 
20 to 30 percent of the water applied. A total of 750 
acre-feet of agricultural return flows is estimated to occur 
annually in the upper part of the basin. 

Practically all of the irrigation in Zone 3 is for rice 
production. Return flows of approximately 40 percent of 
the water applied, or 23.4 thousand acre-feet annually, are 
returned to streams and bayous near the Coast-most of 
which is not recoverable for reuse. 

Current Ground-Water Development 

In 1980, approximately 116.3 thousand acre-feet of 
ground water was used in the Trinity River Basin. Of this 
amount, 75.9 thousandacre-feetwasusedinZone 1, 14.3 
thousand acre-feet in Zone 2, and 26.1 thousand acre-feet 
in Zone 3. Ground-water use in Zone 1 was about 77 
percent from the Trinity Group Aquifer, 16 percent from 
the Woodbine Aquifer, and 4 percent from the Carrizo­
Wilcox Aquifer. Use in Zone 2 was about 31 percent from 
the Gulf Coast Aquifer, 29 percent from the Carrizo­
Wilcox Aquifer, 15 percent from the Sparta Aquifer, and 
13 percent from the Queen City Aquifer. Ninety-six per­
cent of the ground-water use in Zone 3 was from the Gulf 
Coast Aquifer. 

Of the 116.3 thousand acre-feet of ground water used 
in the basin, approximately 82.8 thousand acre-feet or 71 
percent was used for municipal purposes, and 16.8 thou­
sand acre-feet or 14 percent was used for irrigation 
purposes. 

In 1980, small to large overdrafts of ground water 
from the Trinity Group Aquifer occurred within Zone 1 in 
Cooke, Dallas, Denton, Hood, Johnson, and Tarrant 
Counties, mainly for municipal purposes. Also, overdrafts 
occurred in Zone 1 in Ellis, Fannin, and Grayson Counties 
for municipal purposes from the Woodbine Aquifer. No 

ground-water overdrafts occurred in Zone 2 of the basin in 
1980. In Zone 3 a significant overdraft occurred in 
Chambers County from the Gulf Coast Aquifer, mainly for 
mining purposes. 

Current Surface-Water Development 

There are 27 major reservoirs and four major projects 
currendy under construction in the Trinity River Basin. Of 
the 27 reservoirs, 23 are located in Zone 1, two in Zone 2, 
and two in Zone 3. Of the four reservoirs under construc­
tion, three projects (Ray Roberts, Lakeview, and Richland 
Creek) are in Zone 1, with the remaining reservoir, Lake 
Wallisville, in Zone 3. In Zone 1, six projects including 
Benbrook, Grapevine, Lewisville, Lavon, Bardwell, and 
Navarro Mills, were constructed by the U.S. Army Corps of 
Engineers for flood-control and water-supply purposes. 
Total allocated flood-control storage in these projects 
amounts to about 1.37 million acre-feet. Dallas, Denton, 
Fort Worth, Grapevine, the North Texas Municipal Water 
District, the Trinity River Authority, and other cities obtain 
water from these reservoirs through acquisition of storage 
and/ or through contractual arrangements. Locally owned 
and operated municipal lakes include Eagle Mountain, 
Amon G. Carter, Arlington, Halbert, Waxahachie, Worth, 
Weatherford, Terrell, White Rock, Ray Hubbard, Cedar 
Creek, and Bridgeport. Mountain Creek and North Lakes, 
owned by Dallas Power and Light Company, and Lake 
Trinidad and Forest Grove Reservoir, owned by Texas 
Power and Light Company, are used solely for supplying 
cooling water for steam-electric plants. Kiowa, owned by 
Lake Kiowa, Inc., is used solely for recreational purposes. 

In Zone 2, most of the smaller public water systems 
and a significant portion of the manufacturing water 
demand is supplied by ground water. There are two major 
reservoirs in Zone 2, Houston County Reservoir and Lake 
Fairfield. Houston County Reservoir, owned by Houston 
County WCID No. 1, supplies the Cities of Crockett, Love­
lady, and Grapeland. Lake Fairfield, owned by Texas Utili­
ties, Inc., supplies water for cooling purposes at its Big 
Brown steam-electric power plant in central Freestone 
County. The City of Mexia, in Limestone County, is sup­
plied from Lake Mexia on the Navasota River in the adja­
cent Brazos River Basin. 

In 1980, municipal and manufacturing water 
requirements in Zone 3 were supplied totally by ground 
water, the principal use of surface water being for irrigation 
in the lower part of the basin. Lake Livingston, a joint 
project of the Trinity River Authority and the City of Hous­
ton, was completed in 1968 and is presently capable of 
providing a dependable yield of about 1.25 million acre­
feet annually under existing conditions of upstream devel­
opment. The Trinity River Authority holds rights to 30 
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percent of the yield and the City of Houston the remaining 
70 percent. 

Lake Anahuac, owned by the Chambers-Liberty 
Counties Navigation District, will constitute a future 
municipal water supply for the City of Anahuac, although 
its principal purpose will continue to be a water supply and 
regulating facility of the Chambers-Liberty Counties Navi­
gation District's canal system supplying irrigation water for 
the Lower Trinity River Basin and Neches-Trinity Coastal 
Basin. 

The Wallisville Lake project, authorized for construc­
tion by Congress, was nearing completion when construc­
tion was halted by order of the Federal District Court in 
1973 subsequent to litigation filed under the National 
Environmental Policy Actof1969 because of inadequacies 
in the project's Environmental Impact Statement. The 
Fifth Circuit Court of Appeals broadly reversed and 
remanded the case in 1974. The project would provide an 
initial dependable yield of approximately 2S.6 thousand 
acre-feet annually and, most importantly, would serve as a 
salt-water barrier to protect the major upstream munici­
pal, industrial, and irrigation diversion systems from salt­
water intrusion. A 1979 Corps of Engineers Report 
estimated that about 200 thousand acre-feet of Lake Liv­
ingston yield currently required to combat saltwater intru­
sion could be made available for water supply. In 
accordance with provisions of the court order, a supple­
ment to the Environmental Impact Statement on the Wal­
lisville Lake project was prepared by the Corps of Engineers 
and is currently being reviewed in the Office of the Chief of 
Engineers in Washington, D.C. 

The Coastal Industrial Water Authority {CIWA), 
created in 1967 by the 60th Texas Legislature, has com­
pleted construction of the principal components of a major 
conveyance and distribution system designed to ultimately 
convey an average of about 1.4 million acre-feet of water 
annually from the Trinity River to the Trinity-San Jacinto 
Coastal Basin and San Jacinto River Basin. Initial deliver­
ies began in 197 4 to major industrial plants in southwest 
Chambers County. Trinity River supplies delivered by the 
CIWA facility are derived from the City of Houston's share 
of storage in Lake Livingston, Wallisville Lake (when com­
pleted ), and water rights associated with the former South­
ern Canal Company canal system now owned by the City of 
Houston. 

Water Rights 

The total quantity of surface water authorized or 
claimed for diversion and use in the Trinity River Basin was 
5,283,841 acre-feet as of December 31. 1983 (Table 
III-8-1). Authorizations and claims for municipal use 

amounted to 2,882,134 acre-feet, or 54.7 percent of the 
basin total (Table III-8-2) . .Zone 1 has the largest quantity 
of authorized and claimed water in the basin, with 
3,356,267 acre-feet or 63.5 percent of the basin total 
(Table III-8-2). 

Table III -8-1. Authorized or Claimed Amount of Water, 
by Type of Right, 

Trinity River Basin' 

Number of Acre-Feet Authorized 
'I)'pc of Authorization Rights and Claimed 

Permits 281 3.242.153 
Claims 268 36.790 
Certified Filings 8 199.138 
Certificates of 

Adjudication 110 1.805.760 

Total Authorizations 
and Claims 667 5.283.841 

I The Texas Water Rights Adjudication Act of 1967 authorizes the Texas Depart~ 
ment ofWatbr Resources to investigate and dctermipc, with the Court's approval. 
the nature and measure of water ri~hts for all authorized diversions from surface­
water streams or portions thereof except dome~tic and livestock uses and to 
monitor nnd administer each mijudicatcd water right. These totals incorporate the 
results of watcr~rights adjudication in the basin as of December 31, 1983. Certi­
fied Filings are declarations of appropriation whi.ch were filed with the State Board 
of Wnter Engineers under the provisions of .Section 14, Chapter 171. General 
Laws, Acts of the 33rd Legislature, 1913, as .amended. Permits arc statutory 
appropriative rights which have been issued by the Texas Water Commission or its 
predecessor a~cncics. Claims are sworn statements of historical uses to be adjudi~ 
catcd in accordance with the Texas Water Ri~htsA9.judication Act. A certificate of 
adjudication is the final result aftcrrceognition·of a vnlid right in the adjudication 
process and is based on a permit, certified filin~ or claim or any combination of the 
three. 

Water Quality 

The Trinity River in the vicinity of the Dallas-Fort 
Worth metropolitan area suffers from pollution as indi­
cated by both chemical and bacteriological data. Treated 
municipal effluent from the Dallas-Fort Worth metroplex 
frequently comprises most of the streamflow of the Trinity 
River downstream from the metropolitan area. Poor water 
quality conditions occur in the West Fork from Fort Worth 
to Dallas and in the East Fork below Lake Ray Hubbard 
Dam to the confluence with the main stem of the Trinity 
River. Although the quality of the river improves down­
stream, water quality problems occur all the way down­
stream to Lake Livingston. 

Because of water quality problems, much of the main 
stem of the Trinity River, as well as portions of the West 
Fork and East Fork, are normally unsuitable for contact 
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Table 111-8-2. Authorized or Claimed Amount of Water, 
by 1'ype of Use and Zone, in Aere-Feet, 

Trinity River Basin 

Number 
Type of of 

u.c Ri~htH Zone I Zone :Z Zone 3 Total 

Municipnl 69 2,160,832 214,355 506,947 2,882,134 
Industrial J6 966,237 25.100 760.150 1.751,487 
lrri.~tntion 424 188,715 20,994 364,415 574.124 
Minin,l! 10 11,765 160 18,000 29,925 
Recreation 164 27,169 11,686 5,767 44,622 
Other 12 1.549 0 0 1,549 

Total 667' 3.356,267 272.295 1.655,279 5,283,841 

I Docs not sum due to nmll!purposc "ri,l!ht.~··. which mur be npplicd tn more thun one type ofu.sc. 

and noncontact recreation, domestic water supply, and 
industrial use (without pretreatment). Downstream, the 
headwaters of Lake Livingston exhibit pollutant loadings 
from the main stem in the form of occasional low dissolved 
oxygen concentrations and high fecal coliform counts. 
Excessive aquatic growth may be related to high nutrient 
concentrations contributed from upstream. Algal blooms 
and excessive growth of water hyacinth and duckweed are 
examples of specific water quality problems resulting from 
over-nourishment of lal<e waters by incoming pollutants. 
The main pool of Lake Livingston and the other lakes of the 
basin have only occasional water quality problems, how­
ever. The river is designated suitable for fish and wildlife 
below Trinidad, and Lake Livingston is designated suitable 
for all uses from its headwaters to Livingston Dam. 

Flooding, Drainage, and Subsidence 

Due to the intensive use of flood-plain lands within the 
Trinity River Basin, the damage potential from major 
floods is extremely high. Since 1953, federal agencies have 
investigated 23 major floods in the basin but many floods 
with localized damages were not recorded. Agricultural 
interests have suffered the most from damaging floods, 
incurring an estimated $80.3 million in damages. Non­
agricultural interests have incurred at least $19.7 million. 

The Federal Emergency Management Agency has 
designated 204 cities within the Trinity River Basin as 
having one or more potential flood-prone areas within 
their respective boundaries. Identification and mapping of 
these designated areas continues at a rapid pace with the 
Federal Insurance Administration striving to complete 
100-year flood elevation/insurance rate studies for the 
more critical areas of the State by 1985. To date, 51 of the 
designated cities are participants in the Emergency Phase 

of the National Flood Insurance Program. Seventy-three 
cities are participants in the regular program. As more 
communities enter the program, and future rate studies are 
completed, a comprehensive basin-wide standard for flood 
plain nonstructural alternatives will emerge. 

Inadequate drainage is a problem in the Trinity River 
flood plain and many principal tributaries. Areas underlain 
by heavy clay soils which have low permeability and are 
subjected to frequent inundation are wetland areas. Block­
age of outlets is locally caused by natural levees such as old 
river channels, debris, and sediment. Drainage outlets are 
also blocked in some areas by flood-control levees, and 
lack of maintenance of interior drainage systems has led to 
loss of potential croplands. 

A large percentage of slowly drained cultivated land is 
found in the rice belt region of the Coast Prairie land 
resource area. The flat surface of the prairie has a poorly 
defined natural drainage system of small channels and 
shallow interconnected depressions. During periods of 
heavy rainfall and upstream runoff, inland areas are often 
inundated for considerable periods. 

Land subsidence is a potential problem in Liberty and 
Chambers Counties within the Trinity River Basin. Part of 
the area of subsidence primarily caused by clay compaction 
due to ground-water withdrawals in the Houston­
Galveston region occurs in southwestern Liberty and west­
ern Chambers Counties. Approximately 1.0 to 2.8 feet of 
subsidence has occurred in these areas since 1906. Subsi­
dence greater than 15 feet has been reported to have 
occurred at the Moss Bluff Salt Dome in southern Liberty 
and northern Chambers Counties. This subsidence was 
caused by extractions of sulfur associated with the salt 
dome. Fault activation and movement which can cause 
considerable damage to property are associated with subsi­
dence. Damages caused by fault movement are very evi­
dent in urban areas of the Gulf Coastal Plain. 

Recreation Resources 

Resen-oirs within the Trinity River Basin provide 
approximately 257.0 thousand surface acres of water 
available for recreational purposes. This is over 17 percent 
of the State total surface-water area. ReseiVoirs located in 
Zone 1 account for 63 percent of the total basin flat-water 
surface area, with Zone 3 and Zone 2 having approxi­
mately 35 percent and 2 percent, respectively. Lake Liv­
ingston, located in Zone 3, provides over 32 percent of the 
flat-water surface area available for recreational opportun­
ities in the basin. Lakes Lewisville and Grapevine, both 
located in the Dallas-Fort Worth metroplex area and oper­
ated by the Corps of Engineers, had a recorded recreation 
use of more than 10.4 million visits by water-oriented 
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recreationists during 1980. An additional6.4 million visits 
by recreationists were recorded during 1980 at other 
reseiVoirs operated by the Corps of Engineers \vithin the 
basin. 

PROJECTED WATER REQillREMENTS 

Population Growth 

The population of the Trinity River Basin is projected 
to more than double by the year 2030, from the present 
3.2 million to over 6.8 million. A 42 percent increase, to 
4.6 million, is projected between 1980 and the year 2000, 
and an even larger growth of 50 percent is anticipated from 
2000 to 2030 (Table lll-8-3 ). 

The Dallas County population is projected to grow 
from 1.5 million to almost 3.0 million, but its percentage 
of Trinity River Basin population decreases from 48 per­
cent to 42 percent. The anticipated growth for Tarrant 
County is from 860.9 thousand in 1980 to 1.4 million in 
2030. Denton County population is expected to increase 
over fourfold, from 143.1 thousand in 1980 to 624.5 
thousand in 2030. The Denton County percentage of in­
basin population consequently increases from 4.5 percent 
to 9.1 percent. The Trinity River Basin is anticipated to 
decrease its percent of State population from 23 percent in 
1980 to 20 percent in 2030. 

Water Requirements 

Municipal 

Municipal water requirements were projected for two 
cases of future growth based on population changes and 
per capita water use. Water requirements in 1980 for the 
Trinity River Basin were 675.5 thousand acre-feet; over 
96 percent of use occurred in Zone 1. From 1980 to 2030, 
municipal water requirements are projected to increase 
from 49 to 138 percent, low and high case, respectively. 
This projection represents 2 to 20 percent of total munici­
pal requirements for the State in year 2030. Zone 1 is 
estimated to have almost 95 percent of total basin use in 
year 2000. 

Industrial 

Manufacturing water use in the Trinity River Basin for 
1980 was 97.6 thousand acre-feet. Projections of future 
water requirements for manufacturing purposes were 

made by decade and for a low and high case for each 
industrial group. In 1980, over 90 percent oftotal manu­
facturing water use was concentrated in fiVe industrial 
groups: chemicals, petroleum refining, primary metals, 
paper products, and food products. Because of this con­
centration, careful attention was given to the future growth 
outlook for these industries· in m·aldng the projections. 
Total basin use is projected to increase threefold from 
1980 to 2030. Zone 1, which in.Cltides the Dallas-Fort 
Worth metroplex, originated almost 99.0 percent of the 
basin manufacturing water re.quirements in 1980, and is 
expected to account for almost the Same percentage in 
2030. 

By 2030, principal indu~trial water users in Dallas 
County are projected to be manufacturers of soap, cleaners 
and toilet goods, electronic components and accessories, 
and miscellaneous chemical products. 

Steam-Electric Power Generation 

Steam-electric power genera~ion.water requirements 
are expected to grow rapidly in the Trinity River Basin. By 
the year 2000, water consumption could more than triple 
if electric power demand growth rates predicted by the 
electric power generating industry materialize. Over 68 
percent of the water use in 1980 occurred in Zone 1 and 
the remaining 32 percent in Zol)e 2. The presence of 
extensive near-surface lignite deposits in the lower part of 
Zone 1 and throughout Zone 2 could stimulate additional 
growth. 

Water requirementS for steam.:.electric poWer genera­
tion are projected to range from 84.1 to 98.6 thousand 
acre-feet by year 2000, and.from 151.5 to 211.0 thou­
sand acre-feet in 2030 (low and.high case, respectively). 
Zone 1 is projected to require 60 percent of the total basin 
need for power generation in 2030. 

Agriculture 

Irrigation 

Irrigation water reqllireme~ts were proje~ted for two 
cases of change based on improvemel)ts in on-farm appli­
cation efficiencies, reduction in 9-itch losses, changes in 
future resource costs and crop pr?ces, and correspOnding 
changes in cropping patterns t9 reflect more profitable 
crops. A low case projects·demand (or.water based on the. 
effects of changes in the above .variables but \vith irrigated 
acreage held constant at 1980 levels fn each zone for each 
future time period; a high case proj~cts demand for water 
for irrigation constrained only by th·e requirement that 

lll-8-8 

------------- --~~---



' , 
' ~ 

Z~1 
Population 
Municipal 62.6 588.4 
Manufacturing 5.4 90.9 
Steam Electric 1.1 31.4 
Mining 0.6 8.2 
Irrigation 1.3 2.9 
Livestock 4.9 10.8 
Zone Total Water 75.9 732.6 

""'' 2 Population 
Municipal ll.3 4.1 
Manufacturing 0.2 0.9 
Steam Electric 0.1 14.8 
Mining 0.1 0.0 
Irrigation 0.0 3. 7 
Livestock 2.6 3.2 
Zone Total Water 14.3 26.7 

Zone 3 
Pop..ilation 
Municipal 8.9 0.2 
Manufacturing 0.1 0.1 
Steam Electric 0.0 0.0 
Mining 1.2 7.2 
Irrigation 15.5 56.5 
Livestock 0.4 0.5 
Zone Total Water 26.1 64.5 

"'"IN """"' Pop.llation 
Municipal 82.8 592.7 
Manufacturing 5. 7 91.9 
Steam Electric 1.2 46.2 
Mining 1.9 15.4 
Irrigation 16.8 63.1 
Livestock 7.9 14.5 
Basin Total water 116.3 823.8 

Table III-8-3. Population, current water Use, With Projected Pop.llation and water Reguiremmts, 199D-2031@/ 
Trinity River Basin 

3,045.5 3,694.2 4,286.6 4,964.5 
651.0 38.3 830.6 868.9 39.5 980.8 1,020.3 40.5 1,137.7 1,178,2 

96.3 1.6 145.7 147.3 1.6 206.8 208.4 1.6 272.2 273.8 
32.5 0.0 52.5 52.5 .o 59.5 59.5 .o 81.6 81.6 
8.8 0.8 9. 7 10.5 .6 11.6 12.2 .5 13.4 13.9 
4.2 2.9 4. 7 7.6 2.9 4. 7 7.6 2.9 4.8 7. 7 

15.7 3.3 15.1 18.4 2.8 18.4 21.2 2.8 18.4 21.2 
808.5 46.9 1,058.3 105.2 47.4 1,281.8 1,329.2 48.3 1,528.1 1,576.4 

103.3 132.5 152.5 173.0 
15.4 13.1 l4.7 27.8 15.2 17.7 32.9 16.9 20.5 37.4 
1.1 1.4 0.3 1.7 1.4 0.9 2.3 1.4 1.6 3.0 

14.9 0.0 14.9 14.9 0.0 31.6 31.6 0.0 42.8 42.8 
0.1 0.1 0.0 0.1 0.1 10.1 10.2 0.1 21.9 22.0 
3.7 o.o 2. 7 2.7 0.0 2.7 2. 7 0.0 2.7 2.7 
5.8 2.1 4.8 6.9 1.7 6.2 7.9 2.1 5.8 7.9 

41.0 16.7 37.4 54.1 18.4 69.2 87.6 20.5 95.3 115.8 

67.2 93.8 122.5 151.9 
9.1 10.5 8.5 19.0 9.6 15.7 25.3 10.3 21.0 31.3 
0.2 0.2 0.0 0.2 0.3 0.0 0.3 0.3 0.0 0.3 
0.0 0.0 o.o 0.0 0.0 7.5 7.5 0.0 11.7 11.7 
8.4 0.0 9.8 9.8 0.1 11.1 11.2 0.1 15.9 16.0 

72.0 13.0 53.2 66.2 13.0 51.6 64.6 13.0 51.6 64.6 
0.9 0.1 0.9 1.0 0.1 1.1 1.2 0.1 1.1 1.2 

90.6 23.8 72.4 96.2 23.1 87.0 110.1 23.8 101.3 125.1 

3,216.0 3,920.5 4,561.6 5,289.4 
675.5 61.9 853.8 915.7 64.3 1,014.2 1,078.5 67.7 1,179.2 1,246.9 
97.6 3.1 146.0 149.2 3.3 207.7 211.0 3.3 273.8 277.1 
47.4 0.0 67.4 67.4 0.0 98.6 98.6 .o 136.1 136.1 
17.3 0.9 19.5 20.4 0.8 32.8 33.6 .7 51.2 51.9 
79.9 15.9 60.6 76.5 15.9 59.0 74.9 15.9 59.1 75.0 
22.4 5.5 20.8 26.3 4.6 25.7 30.3 5.0 25.3 30.3 

940.1 87.4 1,168.1 1,255.5 88.9 1,438.0 1,526.9 92.6 1,724.7 1,817.3 

!Y Pop.Jlation in thousands of persons, water requiremmts in thousands of acre-feet per year. 

5,676.4 6,411.2 
42.1 1,301.8 1,343.9 40.5 1,474.0 1,514.5 
1.6 350.8 352.4 1.2 447.0 448.2 
0.0 103.8 103.8 o.o 126.0 126.0 
0.4 15.3 15.7 0.3 17.1 17.4 
2.9 4.8 7. 7 2.1 5.6 7.7 
2.4 18.8 21.2 2.0 19.2 21.2 

49.4 1, 795.3 1,844. 7 46.1 2,088.9 2,135.0 

198.5 224.8 
19.3 23.5 42.8 21.8 26.6 48,4 
1.5 2.3 3.8 1.5 3.4 4.9 
0.0 53.9 53.9 0.0 65.0 65.0 
0.1 33.7 33.8 0.0 35.6 35.6 
0.0 2. 7 2. 7 0.0 2. 7 2.7 
2.1 5.8 7.9 2.0 5.9 7.9 

23.0 121.9 144.9 25.3 139.2 164.5 

177.0 207.7 
10.9 25.4 36.31 l.l.4 31.1 42.5 

0.4 0.0 0.4 0.4 0.0 0.4 
0.0 15.8 15.8 0.0 20.0 20.0 
0.0 20.8 20.8 0.0 25.6 25.6 

13.0 51.6 64.6 13.0 51.6 64.6 
0.1 1.1 1.2 0.1 1.1 1.2 

24.4 114.7 139.1 24.9 129.4 154.3 

6,051.9 6,843. 7 
72.3 1,350. 7 1,423.0 73.7 1,531.7 1,605.4 
3.5 353.1 356.6 3.1 450.4 453.5 
0.0 173.5 173.5 0.0 2l.l.O 211.0 
0.5 69.8 70.3 0.3 78.3 78.6 

15.9 59.1 75.0 15.1 59.9 75.0 
4.6 25.7 30.3 4.1 26.2 30.3 

96.8 2,031.9 2,128. 7 96.3 2,357.5 2,453.8 



irrigated farming produce a net positive return in excess of 
that possible from dryland farming and the requirement 
not to exceed the amount of irrigable soil in each zone. 
Thus, the projections of demand, low and high cases, 
based on the irrigation efficiency and market conditions 
mentioned above, give an estimate of the quantity of water 
needed for irrigation in each zone, at each decadal point 
for which projections were made. These projections of 
demand are compared to the projected supply of water 
locally available. When projected demand exceeds pro­
jected supply, the <Jifference is a measure of shortage at that 
point in time. 

Irrigation water requirements in the Trinity River 
Basin are projected to decrease from the 1980 level of 
79.9 thousand acre-feet by a projected maximum six per" 
cent by the year 2000 in the high case, decreasing about 
seven percent in the low case. In the year 2030, water 
requirements in the basin are projected to remain abou't 
74.2 and 75.0 thousandacre-feetannually, in the low and 
high case, respectively, to irrigate about 34.4 thousand 
acres. 

Zone 3 is projected to account for about 86 percent of 
total basin irrigation requirements in 2000 and 2030. 
Zone 1 is projected to account for about 10 percent of the 
total with Zone 2 accounting for only four percent of the 
total. 

Livestock 

Livestock water requirements within the basin in 
1980 were 22.4 thousand acre-feet. By 2030, an esti­
mated 30.3 thousand acre-feet of water will be required to 
satisfy livestock needs in the basin annually. Zone 1 has the. 
greatest water demand, 70 percent of the total basin live­
stock water needs. 

Mining 

Mining water use in the Trinity River Basin is pro­
jected to increase from 17.3 thousand acre-feet in 1980to 
78.6 thousand acre-feet in 2030. The majority ofthe 
Trinity River Basin mining water is used in nonmetal pro­
duction and the remainder in the secondary recovery of 
crude petroleum and natural gas. While nonmetal water 
use accounted for 80 percent of the basin total 1980 
mining water requirements, by 2030 over 33.2 thousand 
acre-feet, or 42 percent of the basin total mining water 
requirements, is expected to be used in mining nonmetals, 

primarily in the Dallas-Fort Worth area. Water require­
ments for the secondary recovery of crude petroleum and 
natural gas in the Trinity River Basin amounted to 11.2 
thousand acre-feet in 1980 and are expected to decrease 
to a little over 1.3 thousand acre-feet by 2030. Synfuels 
will require 45.4 thousand acre-feet by 2030, 58 percent 
of the total basin requirement. 

Navigation 

There are no anticipated additional water require­
ments for navigation other than a lastlockage requirement 
of 67.0 thousand acre-feet annually if the multipurpose 
channel component of the Trinity River project becomes a 
reality. 

Hydroelectric Power 

The installation of a 60 megawatt unit at Lake Living­
ston is under consideration. 

Estuarine Freshwater Inflows 

The Trinity River discharges into the Trinity-San 
Jacinto estuary. Analysis of inflows sufficient to provide 
salinities within acceptable limits for maintaining the via­
bility of estuarine-dependent fishery species, and to pro­
vide marsh inundation, yields an estimate of 
approximately 3.17 miilion acre-feet per year of gaged 
inflows from the Trinity River Basin for the Subsistence 
Alternative (Table lll-8-4). Estimated gaged inflow needs 
from the Trinity River to maintain commercial fish and 
shellfish harvests at levels equal to or greater than their 
average for the 1962 through 1976 period amounts to 
3.19 million acre-feet per year for the Fisheries Harvest 
Maintenance Alternative (Table lll-8-4). The Fisheries 
Harvest Enhancement Alternative, which considers max­
imizing the offshore commercial shrimp harvest for the 
offshore fishing area (designated as Gulf Area No. 18) 
adjacent to the estuary, would require an estimated 3.18 
million acre-feet of gaged inflow annually from the Trinity 
River Basin (Table lll-8-4). The estimated annual inflow 
from the ungaged portion of the Trinity River Basin totals 
approximately 414 thousand acre-feet for each of the 
above three alternatives. The gaged inflow from the Trinity 
River Basin necessary to maintain the short-term viability 
limits of salinity is estimated to be 423 thousand acre-feet 
per year for the Biotic Species Viability Alternative (Table 
lll-8-4). 
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Table 111-8-4. Gaged River Inflow Needs of the Trinity-San Jacinto Estuary From the Trinity River Basin 
Under Four Alternative Levels of Fisheries Productivity' 

Trinity River Basinl 

Fisheries Shrimp Biotic 
Ecosystem Harvest Hanrcst Species 

Month Subsistence Maintenance Enhancement Viability 

January 96.1 96.1 96.1 30.2 
February 97.1 97.1 97.1 29.3 
March 81.4 81.4 81.4 25.2 
April 691.2 691.2 691.2 51.1 
May 702.2 702.2 702.2 46.7 
June 429.9 429.9 429.9 38.7 
July 56.5 56.5 56.5 18.7 
August 59.0 59.0 69.4 21.7 
September 70.2 70.2 70.2 49.9 
October 670.2 670.2 670.2 47.6 
November 94.8 114.2 94.8 29.2 
December 119.1 119.1 119.1 34.8 

Annual 3,167.7 3,187.1 3,178.1 423.1 

IAJI in Rows arc mean monthly values in thousand acre-feet. 
ZGngcd streamflow of Trinity River at Romayor. 

WATER SUPPLY PROJECTS AND 
MEASURES TO MEET FUTURE 

BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

The approximate annual ground-water yield within 
the Trinity River Basin to the year 2030 is 257.9 thousand 
acre-feet with the following amounts annually available by 
aquifer: 83.0 thousand acre-feet from the Carrizo-Wilcox 
Aquifer, 61.4 thousand acre-feet from the Gulf Coast 
Aquifer, 52.4 thousand acre-feet from the Trinity Group 
Aquifer, 35.0 thousand acre-feet from the Sparta Aquifer, 
11.1 thousand acre-feet from the Woodbine Aquifer, and 
15.0 thousand acre-feet from the Queen City Aquifer. 
Since the ground water available from the Queen City 
Aquifer within the basin has high concentrations of iron 
and high acidity (low pH), it should not be considered a 
suitable source of water for municipal and most manufac­
turing purposes. However, Queen City ground water may 
be considered to be suitable for irrigation, steam-electric 
power generation (cooling), mining, and livestock water­
ing purposes. In the year 2030, the yields of the Carrizo­
Wilcox Aquifer and the Trinity Group Aquifer within the 

basin would be reduced to their average annual effective 
recharge rates of 79.0 and 45.5 thousand acre-feet per 
year, respectively. These reductions decrease the total 
ground-water availability within the basin in 2030 to 
24 7.0 thousand acre-feet. 

The projected annual ground-water use within the 
Trinity River Basin by decade from 1990 through 2030 is 
expected to be from 87.4 to 96.8 thousand acre-feet per 
year (Table 111-8-3). The approximate average annual 
projected ground-water use within the basin is expected to 
be about 92.5 thousand acre-feet per year. Of the 92.5 
thousand acre-feet of average annual projected use, about 
42 percent is expected to be from the Trinity Group Aqui­
fer, about 28 percent from the Gulf Coast Aquifer, about 
14 percent from the Carrizo-Wilcox Aquifer, about 7 per­
cent from the Woodbine Aquifer, and 4 percent from the 
Sparta Aquifer. 

Surface-Water Availability and 
Proposed Development 

Projected surface-water needs in the Trinity River 
Basin can be fully met from existing and potentially deve­
lopable water supplies through the year 2030, except for 
minor irrigation shortages (Table 111-8-5, Figure 111-8-2). 
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Table 111-8-5. Water Resources of the Trinity River Basin, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Basin Basin Flow Import Total Basin Basin Export Total M &I (Shortage) Total ---

1990 
Ground Water 87.4 - - - 87.4 87.4 - - 87.4 .0 .0 .0 
Surface \Vater 2065.3 - 644.4 474.4 3184.1 1114.8 - 999.2 2114.0 1072.4 (2.3) 1070.1 
Total 2152.7 - 644.4 474.4 3271.5 1202.2 - 999.2 2201.4 1072.4 (2.3) 1070.1 

2000 
Ground Water 88.9 - - - 88.9 88.9 - - 88.9 .0 .0 .0 
Surface Water 2024.6 - 776.2 566.6 3367.4 1373.3 - 1178.0 2551.3 818.4 (2.3) 816.1 
Total 2113.5 - 776.2 566.6 3456.3 1462.2 - 1178.0 2640.2 818.4 (2.3) 816.1 

2010 
' 'f Ground \Vater 92.6 - - - 92.6 92.6 - - 92.6 .0 .0 .0 ,... 

Surface \Vater 1959.3 918.2 591.6 3469.1 1654.5 1180.2 2834.7 636.7 (2.3) 634.4 
"' - -

Total 2051.9 - 918.2 591.6 3561.7 1747.1 - 1180.2 2927.3 636.7 (2.3) 634.4 

2020 
Ground \Vater 96.8 - - - 96.8 96.8 - - 96.8 .0 .0 .0 
Surface Water 1939.1 - 1071.7 748.1 3758.9 1955.0 - 1211.8 3166.8 594.4 (2.3) 592.1 
Total 2035.9 - 1071.7 748.1 3855.7 2051.8 - 1211.8 3263.6 594.4 (2.3) 592.1 

2030 
Ground Water 96.3 - - - 96.3 96.3 - - 96.3 .0 .0 .0 
Surface Water 1921.1 - 1238.8 1024.0 4183.9 2273.0 - 1224.3 3497.3 689.7 (3.1) 686.6 
Total 2017.4 - 1238.8 1024.0 4280.2 2369.3 - 1224.3 3593.6 689.7 (3.1) 686.6 

!Units in thousands of acre-feet per year. Water demands arc for the ''hi~h" case. Tabulated surface water demands do not include livestock needs. some quantities ofirri~ation 
needs and other needs which uill continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones uithin a river basin. 
Import: A transfer of water from another river basin, 
Return F1ows: Wastewater returned to a natuml stream channel that can be recaptured at a downstream point. 
Export: A tmnsfer of water to another river basin. 
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Figure 111-8-2. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Trinity River Basin, 1980-2030 

Zone 1 

In Zone 1 of the basin, asurface-waterrequirementof 
2.04 million acre-feet in the year 2030 can be fully met 
from existing and proposed supply sources, including 
importation into the zone of approximately 1.0 million 
acre-feet (Table 111-8-6, Figure 111-8-3). A total net sur­
plus for all purposes of 17 3.1 thousand acre-feet in the 
zone, primarily return flows, is projected to occur in year 
2030, with 176.2 thousand acre-feet of net surplus avail-

able for additional municipal and industrial purposes. An 
irrigation shortage of 3.1 thousand acre-feet is forecast to 
occur due to limited ground-water supplies. 

Existing surface-water supplies in the Trinity River 
Basin are not sufficient to meet anticipated surface-water 
needs through the year 2030 in Zone 1. Analysis of the 
future water requirements and water supplies for each of 
the principal water supply systems in Zone 1 is presented 
below. 
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Table 111-8-6. Water Resources of the Trinity River Basin, Zone 1, With 
Projected Water Supplies and Demands, 1990-2030• 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Zone Basin Flow Import Total Zone Basin Export Total M&I (Shortage) Total ---

1990 
Ground Water 46.9 - - - 46.9 46.9 - - 46.9 .0 .o .0 
Surface Water 1004.5 .0 89.5 471.3 1565.3 1027.0 .3 3.1 1030.4 537.2 (2.3) 534.9 
Total 1051.4 .0 89.5 471.3 1612.2 1073.9 .3 3.1 1077.3 537.2 (2.3) 534.9 

2000 
Ground Water 47.4 - - - 47.4 47.4 - - 47.4 .0 .0 .0 
Surface \Vater 954.0 .0 118.8 562.6 1635.4 1242.5 .3 4.2 1247.0 390.7 (2.3) 388.4 
Total 1001.4 .0 118.8 562.6 1682.8 1289.9 .3 4.2 1294.4 390.7 (2.3) 388.4 

2010 
' "' Ground Water 48.3 ' 

- - - 48.3 48.3 - - 48.3 .0 .0 .0 
>-' 

Surface \Vater 946.6 ... 46.8 151.8 586.5 1731.7 1484.6 .3 5.5 1490.4 243.6 (2.3) 241.3 
Total 994.9 46.8 151.8 586.5 1780.0 1532.9 .3 5.5 1538.7 243.6 (2.3) 241.3 

2020 
Ground \Vater 49.4 - - - 49.4 49.4 - - 49.4 .0 .0 .0 
Surface \Vater 939.8 46.7 185.4 741.7 1913.6 1746.7 .4 6.3 1753.4 162.5 (2.3) 160.2 
Total 989.2 46.7 185.4 741.7 1963.0 1796.1 .4 6.3 1802.8 162.5 (2.3) 160.2 

2030 
Ground Water 46.1 - - - 46.1 46.1 - - 46.1 .o .0 .0 
Surface \Vater 932.9 46.5 220.6 1015.9 2215.9 2034.5 .2 8.1 2042.8 176.2 (3.1) 173.1 
Total 979.0 46.5 220.6 1015.9 2262.0 2080.6 .2 8.1 2088.9 176.2 (3.1) 173.1 

I Units in thousands of acre-feet per year. Water demands arc for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water amon~ zones within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 
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Figure 111-8-3. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Trinity River Basin, Zone 1, 1980-2030 

Dallas and North Texas 
Municipal Water District 

Existing and under-construction surface-water stor­
age and conveyance facilities available to the City of Dallas 
are sufficient to supply Dallas' water needs until year 2000. 
To meet future needs, Dallas has purchased 53.0 thousand 
acre-feet per year of firm annual supply from Lake Fork 
Reservoir in the Sabine River Basin. Construction of pipe­
lines from Lake Fork to Lake Tawakoni and on to Dallas 
could make this water available to meet the anticipated 
shortage in 2000. 

Additional projected growth in the water needs of 
Dallas and adjacent communities anticipated to be served 
by the Dallas system is expected to exceed available sup­
plies including Dallas' portion of the Lake Fork yield. To 
meet this need, the City of Dallas, which owns 53.63 
percent of the conservation storage in Lake Palestine in 
the Neches River Basin, can further develop by 2010 
approximately 114.0 thousand acre-feet annually by con­
struction of pumping and conveyance facilities and deliv­
ery of the city's proportional share of the yield of Lake 
Palestine to the Dallas area. 
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Additional water will be needed by Dallas in 2020 to 
meet projected needs. The proposed Carl Estes and Mar­
vin Nichols, Stage I, Reservoirs, in the Sabine and Sulphur 
River Basins, respectively, are alternative sources to meet 
these water demands through 2030. For this planning 
study, it is assumed that water will be available by 2020 
from Carl Estes Reservoir and by 2030 from Marvin 
Nichols Reservoir for the Dallas system. Additional studies 
will be necessary to determine the economic, engineering, 
and institutional feasibilities, as well as environmental 
impacts, of these projects and the associated proposed 
major interbasin water transfers. 

Surface-water supplies currently available to the 
North Texas Municipal Water District (NTMWD) are esti­
mated to be insufficient to meet current demands during a 
critical drought period. The District has applied to the 
Texas Department of Water Resources for a water use 
permit to divert and use 92.0 thousand acre-feet annually 
from the Red River below Denison Dam. For this planning 
study, it is assumed that this project will supply the District 
with the additional water needed by 1990. The District 
and the Red River Authority are also studying a potential 
joint reservoir on Bois d'Arc Creek in the lower Red River 
Basin for future water supply. 

The Cooper Lake and Channels project, located in 
the Sulphur River Basin, was under construction when 
halted by an order of the Federal District Court in 1971 
pursuant to litigation filed under provisions of the National 
Environmental Policy Act of 1969. However, in July 
19S4, the 5th U.S. Circuit Court of Appeals overturned the 
District Court's ruling. Litigation may continue if this latest 
decision is appealed. The City of Irving and the North 
Texas Municipal Water District together hold water rights 
to 73.7 percent of the 273.0 thousand acre-feet of conser­
vation storage which the project will develop when com­
pleted, as well as rights for diversion of their proportional 
share of the yield into the upper Trinity River Basin. With 
construction of pumping and conveyance facilities from 
Cooper Lake to the Dallas area, approximately 90.0 thou­
sand acre-feet of additional water could be delivered 
annually to the area. Assuming a resolution of the legal 
proceeding in favor of the project's construction, the pro­
ject is proposed to supply NTMWD and Irving by the year 
2000. 

Projected water needs of the NTMWD service area will 
exceed existing supplies and those available from the pro­
posed Red River Diversion and Cooper Reservoir between 
2000 and 2010. The George Parkhouse Reservoir, Stage 
I, in the Sulphur River Basin and associated water convey­
ance facilities are proposed in this study as likely additional 
surface-water sources to meet the District's needs through 
2010. Additional shortages expected by 2020 can be met 

by constructing Stage II of George Parkhouse Reservoir 
before 2020. Further water supplies will be needed by 
2030 to meet projected additional growth in demand. A 
probable source of these supplies is the potential Marvin 
Nichols Reservoir, Stage I, in the Sulphur River Basin. 

Additional studies will have to be performed by the 
Department and regional interests to examine the engi­
neering alternatives and the economic, environmental, 
and institutional considerations that would be involved in 
such major interbasin transfers of water. 

Additional alternative sources of surface water for the 
District are the potential Bonham (Corps of Engineers) 
and Bois D'Arc Reservoir projects in Zone 3 of the Red 
River Basin. These sources could supply long-term needs 
of the District should the proposed projects not develop. 

Fort Worth, Tarrant County WCID No.I, 
and Arlington System 

Assuming the West Fork system of reservoirs con­
tinues to be operated under current criteria, and pumping 
and pipeline facilities are added to move water from the 
under-construction Richland-Chambers Creek Reservoir 
to the Fort Worth area, the firm supply for the Fort Worth, 
Tarrant County WCID No. 1, and Arlington system will be 
sufficient to meet projected municipal and manufacturing 
requirements on the system by the year 2000. However, by 
2010, additional water supplies will be needed. 

The potential Tehuacana Reservoir project, located 
on Tehuacana Creek in Zone 2, is a logical future supple­
mental supply for Tarrant County WCID No. 1 as the 
second stage on an integrated Richland-Tehuacana pro­
ject. Based on preliminary design criteria, the project 
would yield 46.S thousand acre-feet annually. The con­
struction of Tehuacana Creek Reservoir and appurtenant 
conveyance facilities should provide sufficient supplemen­
tal supplies to meet system requirements to the year 2010. 
By the year 2030, however, increases in municipal, manu­
facturing, and steam-electric power plant cooling water 
demands on system reservoirs will create a deficit. The 
proposed George Parkhouse, Stage II, and Marvin Nichols, 
Stage I, Reservoirs in the Sulphur River Basin could supply 
water needed by 2020 and 2030, respectively. These pro­
jects could be funded jointly by the Dallas, Tarrant County 
WCID No. 1, and NTMWD systems since each of these 
systems could draw additional supplies from them. Further 
investigations will be needed to provide detailed evalua­
tions of the institutional. engineering, and environmental 
aspects of these major surface-water development 
proposals. 
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Zone 2 

In Zone 2 of the Trinity River Basin, all projected 
water requirements can be fully met through the year 2030 
(Table JIJ -8-7, Figure JIJ -8-4). A slight surplus of 2. 9 
thousand acre-feet for municipal and industrial purposes is 
projected in 2030. Total surface-water supply in 2030 for 
the zone, including importation, is projected to be 180.3 
thousand acre-feet. · 

Construction of Tehuacana Resentoir in Zone 2, as a 
"second stage" of the Richland-Tehuacana project, could 
provide supplemental supplies for long-range needs 
beyond the year 2000 in Zone 2, although most of the yield 
of Tehuacana Reservoir will ultimately be needed in Zone 
1. 

The authorized Tennessee Colony Reservoir project is 
needed for flood control in Zones 2 and 3 now and poten­
tially available for supplemental water supply for Zone 3 
and adjacent basins. Provided all current issues concern­
ing construction of Tennessee Colony Resetvoir are 
resolved, particularly the conflict between needed devel­
opment of near-surface lignite deposits and reservoir con­
struction, and the project is constructed, Tennessee 
Colony Reservoir could offer additional supplies for use in 
Zone 2 should needs develop. 

The Trinity River Authority has prepared a master 
plan for the entire Trinity River Basin which identified a 
number of potential reservoir projects in Zones 2 and 3 of 
the basin. In addition to Tennessee Colony and Tehua­
cana, the projects identified were Upper Keechi, Big Elk­
hart, Hurricaqe Bayou, Lower Keechi, Bedias, Nelson, 
Harman, Gail, Mustang, Caney, and Long King Reser­
voirs. The potential Bedias Reservoir, in Madison, Grimes, 
and Walker Counties, is currently under study by the Trin­
ity River Authority and the U.S. Bureau of Reclamation as a 
possible water supply for future municipal and industrial 
purposes in the Houston and local areas. 

Zone 3 

Projected water supplies exceed projected water 
requirements on Zone 3 of the basin by approximately 
510.7 thousand acre-feet in the year 2030 (Table III-8-8, 
Figure III-8-5). Of the total surface-water resource avail­
able in year 2030 of approximately 1. 95 million acre-feet, 
slightly more than one million acre-feet is due to munici­
pal and manufacturing return flows from Zones 1 and 2 of 
the basin entering into this Zone. Provided these return 
flows are not reused upstream to a significant extent, this 
surplus is available for municipal and industrial purposes 
should the return flows be allocated under water rights 

permits for additional water diversions on the lower Trinity 
River. 

The City of Houston holds rights to 70 percent of the 
yield of Lake Livingston and 42 percent of the authorized 
Wallisville Lake project. Plans are underway by the City of 
Houston for construction of the Luce Bayou project, a 
combined pipeline-canal facility which will divert up to 
450.0 thousand acre-feet annually of the city's share of 
Lake Livingston storage into Lake Houston in the San 
Jacinto River Basin for municipal and industrial use. Water 
would be diverted by pumping facilities on the Trinity River 
in northern Liberty County. To meet anticipated shortages 
in the City of Houston system, it is assumed for this plan­
ning study that the Luce Bayou project \vill be fully opera­
tional by 1990. 

Water Quality Protection 

A water quality management plan for the Trinity River 
Basin has been developed pursuant to the requirements of 
federal and State Clean Water legislation. An areawide 
water quality management plan has also been developed 
for the Dallas-Fort Worth metropolitan area. These plans 
serve as a basic element in the State's overall water quality 
strategy and provide guidance in establishing priorities for 
construction grants for waste treatment facilities, permit­
ting of wastewater facilities, revision of stream standards, 
and other program activities. 

Construction costs associated with municipal waste­
water treatment facilities needs have been estimated to be 
approximately $1,16 7.6 million for the planning period of 
1980 to the year 2000. These costs are estimated for the 
entire Trinity River Basin with approximately $1,102.9 
million required for Zone 1,$40.8 million for Zone 3, and 
$23.9 million for Zone 2. All costs are in January 1980 
dollars and are subject to revision as new data become 
available. The list of projects, \vith project costs for 1982-
1989, at 1980 prices, are shown in Appendix B. 

Additional water quality management costs, such as 
for control of agricultural, oil and gas, and industrial pollu­
tants, cannot be estimated at this time, but are believed to 
be increasing. 

Flood Control Measures 

Six reservoirs within the Trinity River Basin currently 
provide major flood-control benefits to many urban areas 
in the upper part of the basin. Total allocated flood-storage 
capacity in Benbrook, Lewisville, Grapevine, Lavon, 
Navarro Mills, and Bardwell Reservoirs amounts to about 
1.37 million acre-feet. Construction of Ray Roberts and 
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Table 111-8-7. Water Resources of the Trinity River Basin, Zone 2, With 
Projected Water Supplies and Demands, 1990-20301 

Warer Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigadon 
Decade Zone Basin Flow Import Total Zone Basin Export Total M&l (Shortage) Total ---

1990 
Ground Water 16.7 - - - 16.7 16.7 - - 16.7 .0 .0 .0 
Surface Water 7.0 22.3 .0 3.1 32.4 29.7 .0 .4 30.1 2.3 .0 2.3 
Total 23.7 22.3 .o 3.1 49.1 46.4 .0 .4 46.8 2.3 .0 2.3 

2000 
Ground Water 18.4 - - - 18.4 18.4 - - 18.4 .0 .0 .0 
Surface Water 7.0 51.2 .0 4.0 62.2 60.0 .0 .5 60.5 1.7 .0 1.7 
Total 25.4 51.2 .0 4.0 80.6 78.4 .0 .5 78.9 1.7 .0 1.7 

2010 
;-

Ground \Vater 20.5 20.5 20.5 20.5 .0 .o .0 00 - - - - -
' ,.. 

Surface Water 53.6 76.3 1.8 5.1 136.8 86.5 46.8 .5 133.8 3.0 .0 3.0 00 

Total 74.1 76.3 1.8 5.1 157.3 107.0 46.8 .5 154.3 3.0 .0 3.0 

2020 
Ground Water 23.0 - - - 23.0 23.0 - - 23.0 .0 .0 .0 
Surface Water 53.6 101.6 2.0 6.4 163.6 113.1 46.7 .5 160.3 3.3 .0 3.3 
Total 76.6 101.6 2.0 6.4 186.6 136.1 46.7 .5 183.3 3.3 .0 3.3 

2030 
Ground Water 25.3 - - - 25.3 25.3 - - 25.3 .0 .0 .0 
Surface Water 53.6 116.3 2.3 8.1 180.3 130.3 46.5 .6 177.4 2.9 .0 2.9 
Total 78.9 116.3 2.3 8.1 205.6 155.6 46.5 .6 202.7 2.9 .0 2.9 

lUnits in thousands of acre-feet per year. Water demands arc for the ''high" case. TabuJatcd surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones \\-ithin a river basin. 
Import: A transfer of water from another river basin. 
Return Flow:;: Wastewater returned to a naturnl stream channel that can be recaptured at a downstream point. 
Export: A trnnsfer of water to another river basin. 
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Figure 111-8-4. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Trinity River Basin, Zone 2, 1980-2030 

Joe Pool Lal<es will increase reservoir flood-storage capac­
ity within the basin by 184.4 thousand acre-feet. Comple­
tion of Ray Roberts Lake, with its authorized flood-control 
storage capacity of 260.8 thousand acre-feet, will allow 
partial reallocation of flood-storage capacity in Lal<e 
Lewisville. 

In conjunction with reservoir flood-control storage, 
additional flood protection has been provided to major 
urban areas by extensive channel projects, levees, and 
floodway systems. The Dallas Flood way System, consisting 
of approximately 23 miles of levee and improved floodway 
channel. was constructed by local interests during the 
period 1928-32. Work by the Corps of Engineers to 
strenghten the levee and improve the channel and drain­
age facilities was completed in 1960. 

Another major project is the Fort Worth Floodway 
System, completed in 1957. Extensions of the system 

were completed in 1970 on the Clear Fork up to Benbrook 
Dam and on the West Fork up to Lake Worth . The Big 
Fossil Creek project, completed in 1956, consists of chan­
nel improvements and levees to provide flood protection 
for the City of ruchland Hills. 

Additional federally authorized channel improve­
ments and levee projects are under study and construction 
is needed. These projects include: the South Dallas Flood­
way Extension and the Multi-Purpose Channel to Liberty, 
Texas. Committments from local interests for cost sharing 
are required before these can move forward. 

The Corps of Engineers is currently conducting a 
flood damage prevention study on Johnson Creek in 
Arlington, Texas. The study is scheduled for completion in 
September 1986. 
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Table UI-8-8. Water Resources of the Trinily River Basin, Zone 3, With 
Projected Water Supplies and Demands, 1990-20301 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigadon 
Deeade Zone Basin Flow Import Total --- Zone Basin Export Total M&I (Shortage) Total 

1990 
Ground Water 23.8 - - - 23.8 23.8 - - 23.8 .0 .0 .0 
Surface Water 1053.8 .0 554.9 .0 1608.7 58.1 22.0 995.7 1075.8 532.9 .0 532.9 
Total 1077.6 .0 554.9 .0 1632.5 81.9 22.0 995.7 1099.6 532.9 .0 532.9 

2000 
Ground Water 23.1 - - - 23.1 23.1 - - 23.1 .0 .0 .0 
Surface Water 1063.6 .0 657.4 .0 1721.0 70.8 50.9 1173.3 1295.0 426.0 .0 426.0 
Total 1086.7 .0 657.4 .0 1744.1 93.9 50.9 1173.3 1318.1 426.0 .0 426.0 

- 2010 -' Ground Water 23.8 23.8 23.8 23.8 .0 .0 .0 "' - - - - -
' "' Surface Water 959.1 .0 764.6 .0 1723.7 83.4 76.0 1174.2 1333.6 390.1 .0 390.1 0 

Total 982.9 .0 764.6 .0 1747.5 107.2 76.0 1174.2 1357.4 390.1 .0 390.1 

2020 
Ground Water 24.4 - - - 24.4 24.4 - - 24.4 .0 .0 .0 
Surface Water 945.7 .0 884.3 .0 1830.0 95.2 101.2 1205.0 1401.4 428.6 .0 428.6 
Total 970.1 .0 884.3 .0 1854.4 119.6 101.2 1205.0 1425.8 428.6 .0 428.6 

2030 
Ground Water 24.9 - - - 24.9 24.9 - - 24.9 .0 .0 .0 
Surface Water 934.6 .0 1015.9 .0 1950.5 108.2 116.0 1215.6 1439.8 510.7 .0 510.7 
Total 959.5 .0 1015.9 .0 1975.4 133.1 116.0 1215.6 1464.7 510.7 .0 510.7 

I Units in thousands of acre-feet per year. Water demands are for the "high" case. Tabu1atcd surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A tmnsfcr of water from another river basin. 
Return Flows: Wastewater returned to a natural stream ·channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 



2000 1975 - 1854 Q) 
Q) -Q, .... 
u 
0 - 1500 0 

"' ""'0 
c 
0 
"' ::> 
0 

..I: -c 1000 

"' -c 
Q) 

E 
Q) .... 
::> 
o-

500 
Q) .... 
.... 
Q) -0 

3 
0 

1980 1990 2000 2010 2020 2030 

LOW HIGH DEMAND SUPPLY 

W&J ~ Irrigation ~ Surface Water-Export 

D D Other c::::J Surface Water-Import 

D D Manufacturing D Surface Water-In Zone 

~ - Municipal and Commercial - Ground Water 

Figure 111-8-5. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Trinity River Basin, Zone 3, 1980-2030 

Under the Corps' Small Flood Control Project Author­
ity, flood damage prevention studies have been initiated on 
Calloway Branch at Hurst, Calloway Branch at North Rich­
land Hills, Elm Fork at Gainesville, Hickory Creek at Balch 
Springs, Lorean Branch at Hurst, and Pecan Creek at 
Gainesville. A flood damage prevention project on Wheeler 
Creek at Gainesville is currently under construction. 

Numerous levee projects have been constructed by 
local interests to provide flood protection to agricultural 
lands, sanitary landfills, and other urban developments. 
Review and approval of these types of local projects will be 
continued by the Texas Water Development Board to 
assure safety and compliance with State and federal stat­
utes regulating levee construction and alteration of flood 
plains. 

The U.S. Soil Conservation Service, through the Small 
Watershed Protection Program, has developed plans for 

providing flood and erosion control primarily to agricul­
tural lands in the subbasins of the Trinity River. To date, 
859 floodwater-retarding structures have been con­
structed and over 99 miles of channel improvement has 
been completed. Future construction plans provide for an 
additional 235 retarding structures and 49 miles of chan­
nel worl< to be completed within the Trinity River Basin. 
Most of the existing and planned structures are in Zone 1, 
and a few are in Zone 2. There are no existing or planned 
structures in Zone 3. Studies of the potential for coordi­
nated operation of reservoirs operated by the Corps of 
Engineers for flood-control purposes and major reservoirs 
not operated with flood control as a principal project pur­
pose \viii be intensified. Additional nonstructural flood­
control studies are underway. 
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9. TRINI1Y-SAN JACINTO COASTAL BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physical Description 

The Trinity-San Jacinto Coastal Basin is bounded on 
the east by the Trinity River Basin and the Neches-Trinity 
Coastal Basin, on the west and north by the San Jacinto 
River Basin and the San Jacinto-Brazos Coastal Basin, and 
on the south by Trinity and Galveston Bays. The Trinity­
San Jacinto Coastal Basin drains directly into Trinity Bay, 
primarily through Cedar Bayou. Maximum elevation is 
about llO feet, but most of the area is less than 50 feet in 
elevation. Total basin drainage area is 24 7 square miles. 
For planning purposes, the basin is treated as a single 
hydrologic unit (Figure lll-9-1). 

Surface Water 

Average runoff within the basin is approximately 600 
acre-feet per square mile. Because most of the natural 
watercourses contain return flows, have been modified, or 
are affected by upstream drainage operations, reliable data 
on low-flow characteristics are unavailable. 

The Trinity-San Jacinto Coastal Basin is subject to 
intense, and often highly localized, thunderstorms of short 
durations, general storms extending over periods of several 
days, and torrential rainfall associated with hurricanes and 
other tropical disturbances. Relatively long durations of 
flooding from rainfall are the result of flat slopes, small 
channel capacities, and wide, gently-sloping flood plains. 
The lower reaches of the basin are subject to inundation 
from tidal flooding during hurricanes. 

The lower reaches of all streams are tidally influenced; 
therefore, the salinity of these lower reaches is similar to 
estuarine waters. Dissolved-solids concentrations in the 
nontidal.reach of Cedar Bayou are generally less than 600 
milligrams per liter (mg/1), although the salinity of Cedar 
Bayou increases from the Mount Belvieu area possibly due 
to saline runoff from oil and gas producing areas. 

Ground Water 

The Gulf Coast Aquifer extends beneath the Trinity­
San Jacinto Coastal Basin. The aquifer extends to a maxi­
mum depth of about 2,800 feet. Net sand thickness ranges 
from 400 to 800 feet. Yields oflarge-capacitywells average 
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about 1,900 gallons per minute (gpm), but locally wells 
produce up to 3,400 gpm. Water in theaquiferisfreshover 
much of the area, usually containing less than 500 mg/1 
total dissolved solids. 

Within the Trinity-San Jacinto Coastal Basin, fresh 
water deposits of the Gulf Coast Aquifer are surrounded by 
extensive deposits containing saline waters. The potential 
for saline-water encroachment is very great, but can be 
controlled within the basin by proper well location, com­
pletion, and pumpage. 

Population and Economic Development 

The population of the Trinity-San Jacinto Coastal 
Basin was reported at 80.2 thousand in 1980. Ofthis basin 
total. 92 percent resides in Harris County, with the 
remainder living in Chambers and Liberty Counties. Bay­
town is the largest city \vith a 1980 population of 56.9 
thousand, 71 percent of the total basin population. 

The economy of the Trinity-San Jacinto Coastal Basin 
is based primarily on petroleum refining and petrochemi­
cal and steel manufacturing centered at Baytown. Agricul­
ture, agribusiness, manufacturing, and water-oriented 
recreation round out the basin economy. 

Water Use 

Municipal freshwater use in the Trinity-San Jacinto 
Coastal Basin totaled 11.7 thousand acre-feet in 1980. 
Ninety-five percent of the total basin water requirement 
was in the Harris County portion of the basin, and water 
use in the City of Baytown constituted 7 4 percent of the 
total basin water use. 

In 1980, manufacturing industries in the basin used 
56.0 thousand acre-feet of freshwater. Most of the water 
use was concentrated in the Baytown area, where almost 
86 percent of the 1980 total basin water use occurred. 

There are currently no steam-electric power generat­
ing plants in the Trinity-San Jacinto Coastal Basin using 
freshwater for cooling. One 2,250 megawatt capacity unit 
located in the basin uses saline water. This plant consumed 
about 16.0 thousand acre-feet of saline water for cooling 
in 1980, and slightly over 0.9 thousand acre-feet of fresh 
surface water for boiler feed water makeup, domestic plant 
use. and ground maintenance. The plant also used about 
100 acre-feet of ground water. 



Figure 111-9-1. Trinity-San Jacinto Coastal Basin 
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In 1980, about 16.2 thousand acres of rice was irri­
gated in the basin using 45.0 thousand acre-feet of water. 
Ground-water use for irrigation was 14.4 thousand acre­
feet and surface-water use for irrigation was 30.6 thousand 
acre-feet. Surface water used for irrigation is supplied from 
the Trinity River Basin. Municipal and industrial develop­
ment is rapidly encroaching on agricultural lands, a trend 
which is expected to continue. 

Mining industries in the Trinity-San Jacinto Coastal 
Basin used an estimated 13.7 thousand acre-feet of fresh­
water in 1980. Liberty County is the major water use area 
for nonmetal production, accounting for 42 percent of the 
basin's total nonmetal mining water. 

Livestock water use in the basin totaled about 200 
acre-feet of water in 1980. 

Navigation facilities in the Trinity-San Jacinto Coastal 
Basin include the Cedar Bayou Channel and a portion of 
the Houston Ship Channel. These marine navigation facili­
ties have no regulated freshwater requirements. 

Return Flows 

In 1980, return flows from municipal and manufac­
turing sources in the Trinity-San Jacinto Coastal Basin 
totaled more than 19.9 thousand acre-feet. Most return 
flows originated in the heavily industrialized area along the 
Houston Ship Channel. Most of the industrial return flows 
are high in dissolved solids. 

Irrigation return flows in the basin in 1980 were esti­
mated at approximately 40 percent of the water applied for 
irrigation, or about 15.9 thousand acre-feet. Most of the 
return flows are discharged near the Coast and are there­
fore not recapturable for reuse. 

Current Ground-Water Development 

Approximately 27.0 thousand acre-feet of ground 
water was used in 1980 in the Trinity-San Jacinto Coastal 
Basin. All of the ground water used in the basin was from 
the Gulf Coast Aquifer. 

Of the 27.0 thousand acre-feet of ground water used 
in the basin, about 14.4 thousand acre-feet or 53 percent 
was for irrigation purposes, and 11.7 thousand acre-feet or 
43 percent was for municipal purposes. 

Within the basin, an overdraft of ground water from 
the Gulf Coast Aquifer occurred in 1980 in Liberty County, 
due to excessive withdrawals for irrigation purposes. 

Current Surface-Water Development 

Cedar Bayou Reservoir is the only major resenroir in 
the Trinity-San Jacinto Coastal Basin. Cedar Bayou Reser­
voir is owned and operated by Houston Lighting and Power 
Company as a part of the cooling water facilities for the 
Cedar Bayou Steam-Electric Power Plant. Saline cooling 
water withdrawn from the lower reach of Cedar Bayou is 
discharged into Cedar Bayou Reservoir prior to being dis­
charged into Trinity Bay. 

In 1980, approximately 100.6 thousand acre-feet of 
surface water was used in the Trinity-San Jacinto Coastal 
Basin, 55.4 thousand acre-feet for manufacturing pur­
poses and 30.6 thousand acre-feet for irrigation. About 
4 7.1 thousand acre-feet of manufacturing water was sup­
plied by the San Jacinto River Authority to industrial plants 
in the Baytown area. These raw-water supplies are diverted 
directly from Lake Houston through agreements between 
the Authority and the City of Houston. 

The remaining 8.3 thousand acre-feet of manufactur­
ing water used in the basin was supplied from the Trinity 
River Basin through the Coastal Industrial Water Authority 
(CIWA) canal system. Of the 30.6 thousand acre-feet of 
irrigation water supplied from surlace-water sources, 2.6 
thousand acre-feet was diverted directly from Cedar 
Bayou, 8.3 thousand acre-feet was supplied by the San 
Jacinto River Authority from Lake Houston in the San 
Jacinto River Basin, and about 19.7 thousand acre-feet 
was delivered from the Trinity River Basin through the 
CIW A canal system. 

Water Rights 

A total of 2 5 ,4 7 6 acre-feet of surface water was a utho­
rized or claimed for diversion and use in the Trinity-San 
Jacinto Coastal Basin as of December 31, 1983 (Table 
III-9-1). Diversions for irrigation use accounted for 
24,854 or almost 98 percent of the total amount of water 
authorized or claimed in the basin (Table III-9-2). 

Water Quality 

Localized dissolved-oxygen problems occur periodi­
cally in the immediate vicinity of a number of individual 
point-source discharges into the Galveston Bay System. 
The estuary is closely monitored by the Texas Department 
of Water Resources for signs of eutrophication which would 
necessitate reduction of nutrient inflows. Urban, indus­
trial, and agricultural runoff contribute to periodic water 
quality degradation. 
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Table 111·9·1. Authorized or Claimed Amount of Water, 
by Type of Right, 

Trinity-San Jacinto Coastal Basin' 

Acre-Feet 
Type of Number Aud10rizcd 

Authorization of Rights and Claimed 

Permits 9 12,832 
Claims 13 12,644 
Certified Filinf!s 0 0 
Certificates of 

Adjudication 0 0 

Total Authorizations 
nnd Claims 22 25,476 

I The Texas W:ucr Ri~hts Adjudic:ttion Act of 1967 authorizes the Tcx:1s Dcpurt­
mcnt of Water Hcsourccs to invcsti~atc and determine, ''ith the Court's upprm·:~I, 
the nature :md measure of \\~Iter ri~hts for 11!1 authorized diversions from surfncc­
watcr streams or portions thereof except domestic and livcstocl< uses and to 
monitor and mlministcr each adjudiclltcd wntcr ri~ht. These tott1ls incorpomtc the 
results ofw:ttcr-riAht...; adjudicntion in the h:tsin :IS of December .11, 198.1. These 
totals do not include the authorized diversion of 3,620,000 ncrc-fcct/ycar from 
snlinc sources. Certified FilinJ!s nrc dcclamtions of :1pproprintion which were filed 
with the State Bm1rd of Water En!!inccrs under the prmisions of Section 14, 
Clmptcr 171, General Laws, Acts of the ,1Jrd Le~islnturc, 191.1, as amended. 
l'cnnits arc statutory appropriative ri~hts which hnvc been issued by the Texas 

' Water Commission or iL~ predecessor u~cncics. Cl:1ims nrc sworn stntcmcnts of 
historical uses to be adjudicated in nccordancc with the Tcxus \\':Iter lti~hts 
Adjudiclltion Act. A certificate of adjudication is the finn] rcsultaftcrrcco~nition of 
n vnlid ri~ht in the adjudication process and is based on a permit, certified filin~ or 
cluim or uny comhin:nion of the three. 

Table 111-9-2. Authorized or Claimed Amount of Water, 
by Type of Use, in Acre-Feet, 

Trinity-San Jacinto Coastal Basin 

Type of Number of HoNin 
u,. !tights Total 

Municip:1l 0 0 
Industrial• 0 0 
Irri~ation 20 24,854 
Rccrc:Jtion 2 622 

Total 22 25,476 

1Docs not include the authorized diversion of 3,620,000 acre-feet/year for saline 
sources. 

Flooding, Drainage, and Subsidence 

As development and land subsidence continue, the 
flood potential approaches severe and hazardous levels. 
Heavy damages from flooding during Hurricane Carla in 
1961 and the June flood in 1973 necessitated a Presiden­
tial disaster declaration. Federal disaster relief loans were 
made available to repair and rebuild the damaged 
communities. 

Tropical Storm Claudette in July 1979, produced 
another disaster declaration for the basin with 6 7 6 thou­
sand federal dollars spent for relief efforts. Heavy flooding 
in 1981 also produced significant damages in the Bay­
town, Chambers County areas. During the period 1979· 
1981, 663 flood insurance claims were filed for ll3.8 
million in flood damages. 

Four basin cities designated as flood prone by the 
Federal Emergency Management Agency are participants 
in the National Flood Insurance Program. Flood insurance 
studies have been completed for the Cities of Baytown and 
Anahuac and studies are underway for Beach City, Mont 
Belvieu. and Chambers County. Chambers and Liberty 
Counties are participants in the Emergency Phase of the 
Program. 

Heavy clay soils, inadequate natural outlets, flat topo­
graphy, and rice cultural practices continue to necessitate 
installation of on-farm drainage improvements such as 
land leveling, field drains, and collection ditches. Lateral 
ditches to connect farm drainage systems to adequate main 
outlets are needed in some areas, and existing outlets are 
in need of improvement and maintenance. 

Since 1906 within the Trinity-San Jacinto Coastal 
Basin, approximately one to more than nine feet of subsi­
dence has occurred in Liberty, Chambers, and Harris 
Counties. The least amounts of subsidence have occurred 
in the northern and eastern portions of the basin. More 
than nine feet of subsidence has occurred in western Bay­
town due to clay compaction caused by ground-water 
withdrawals from the Gulf Coast Aquifer for industrial and 
municipal needs. In the area of the Goose Creek Oil Field, 
more than nine feet of subsidence has occurred due to 
petroleum and fresh to saline ground-water withdrawals. 
Fault activation and movement which can cause consider­
able damage to property are associated with subsidence. 
Damages to roads and buildings caused by fault movement 
is very evident in Baytown and in western Chambers 
County. Subsidence and possibly faulting in and near the 
Brownwood Subdivision in western Baytown has caused 
abandonment of many homes because of inundation of the 
subsided area by bay waters. 

Recreation Resources 

Freshwater recreation activities in the basin are locally 
restricted to shoreline activities along the Gulf and along 
streams and ponds in the basin. Studies by the Texas 
Department of Water Resources and the Texas Parks and 
Wildlife Department indicate an estimated 306 thousand 
sport fishing parties visited the Trinity-San Jacinto estuary 
during 1976·1977. This recreation use produced an esti­
mated total economic impact of $13.4 million to regional 
and State economies. 
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PROJECTED WATER REQUIREMENTS 

Population Growth 

The population of the Trinity-San Jacinto Coastal 
Basin is projected to more than double by 2030, from the 
present level of 80.2 thousand to 203.2 thousand (Table 
III-9-3). A 71 percent increase to 136.8 thousand is 
expected from 1980 to year 2000, and a lower growth rate 
of 49 percent is projected from 2000 through 2030. The 
Harris County population, primarily in Baytown, was 
almost 92 percent of the total basin population in 1980, 
and is projected to make up almost 87 percent by 2030. 

Water Requirements 

Municipal 

Municipal water requirements are projected for two 
cases of future growth based on both population and per 
capita water use. Water requirements in the Trinity-San 
Jacinto Coastal Basin were 11.7 thousand acre-feet in 
1980. Municipal freshwater requirements in 2000 are 
estimated to increase from 63 to 150 percent; low and 
high case, respectively. By 2030, water demands are pro­
jected to be from 26.0 to 43.7 thousand acre-feet for the 
two cases of future growth. 

Industrial 

Manufacturing water requirements in 1980 were 
56.0 thousand acre-feet in the Trinity-San Jacinto Coastal 
Basin. Projections of future water requirements for manu­
facturing purposes were made by decade and for a low and 
high case for each industrial group. In 1980, over 90 
percent of total manufacturing water use was concentrated 
in five industrial groups: chemicals, petroleum refining, 
primary metals, paper products, and food products. 
Because of this concentration, careful attention was given 
to the future growth outlook for these industries in making 
the projections. 

Manufacturing water use in the Trinity-San Jacinto 
Coastal Basin is projected to more than double by the year 
2030, from a 1980 level of 56 thousand acre-feet to a 
2030 range of96.4 to 115.8 thousand acre-feet. The rate 
of change projected for manufacturing freshwater use in 
the Trinity-San Jacinto Coastal Basin is substantially less 
than the State average (72-107 percent for 1980-2030, 
compared to 178-230 percent for the State). 

Most of basin manufacturing freshwater use was con­
centrated in Harris County, and is expected to continue 
through 2030. Principal manufacturing water users in 
Harris County are petroleum refineries. 

Steam-Electric Power Generation 

In 1980, approximately one thousand "acre-feet was 
used for power generation in the Trinity-San Jacinto Coas­
tal Basin. By 2030, 15.0 thousand acre-feet (high case) 
could be required to meet increased demands for electric­
ity. From 1980 to 2010, energy water demand increases 
slowly to 2.5 and 5.7 thousand acre-feet, low and high 
cases, respectively. From 2010 to 2030, demands 
increase from 164 to 236 percent; low and high case, 
respectively. 

Agriculture 

Irrigation 

Irrigation water requirements were projected for two 
cases of change based on improvements in on-farm appli­
cation efficiencies, reduction in ditch losses, changes in 
future resource costs and crop prices, and corresponding 
changes in cropping patterns to reflect more profitable 
crops. A low case projects demand for water based on the 
effects of changes in the above variables but with irrigated 
acreage held constant at 1980 levels in each zone for each 
future time period; a high case projects demand for water 
for irrigation constrained only by the requirement that 
irrigated farming produce a net positive return in excess of 
that possible from dryland farming and the requirement 
not to exceed the amount of irrigable soil in each zone. 
Thus, the projections of demand,lowand high cases, based 
on the irrigation efficiency and market conditions men­
tinned above, give an estimate of the quantity of water 
needed for irrigation in each zone, at each decadal point 
for which projections were made. These projections of 
demand are compared to the projected supply of water 
locally available. When projected demand exceeds pro­
jected supply, the difference is a measure of shortage at that 
point in time. 

Irrigation water requirements in the Trinity-San 
Jacinto Coastal Basin are projected to ihcrease from the 
1980 level of 45.0 thousand acre-feet by a projected maxi­
mum 8 and 11 percent by the year 2000 in the high and 
low cases, respectively. In the year 2030, water require­
ments in the basin are projected to be about44.2 thousand 
acre-feet annually in the high case to irrigate about 15.5 
thousand acres. 
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Trinity-San Jacinto Basin 
Population 
Municipal 11.7 0.0 
Manufacturing 0.6 55.4 
Steam Electric 0.1 0.9 
Mining 0.1 13.6 
Irrigation 14.4 30.6 
Livestock 0.1 0.1 
Basin Total Wate:c 27.0 100.6 

Tahle III-9-3. Pop.llation, current Wate:c Use, With Projected Population and water REguiratents, 199D-203@/ 
Trinity-San Jacinto Coastal Basin 

Total ' Wat& ' W.t& ' Total ' wat& ' Wat& ' Total Wat& ' wat& ' Total 

80.2 111.2 136.8 153.6 
11.7 3.4 20.1 23.5 4.4 24.9 29.3 5.2 27.8 33.0 
56.0 2.0 67.0 69.0 2.0 77.4 79.4 2.0 85.9 87.9 
1.0 0.2 0.8 1.0 0.2 0.8 1.0 0.2 5.5 5.7 

13.7 0.1 13.6 13.7 0.1 13.7 13.8 0.1 14.4 14.5 
45.0 4.3 47.9 52.2 4.3 44.3 48.6 4.3 42.5 46.8 
0.2 0.0 0.2 0.2 0.0 0.2 0.2 0.0 0.2 0.2 

127.6 10.0 149.6 159.6 11.0 161.3 172.3 11.8 176.3 188.1 

fY Popllation in thousands of persons, water requirE!!IE!lts in thousands of acxe-feet per year 

' Wat& wat& ' Total Wat& ' water ' Total 

174.2 203.2 
5.9 31.5 37.4 6.4 37.3 43.7 
2.0 98.3 100.3 2.0 113.8 115.8 
.2 10.1 10.3 0.2 14.8 15.0 
.1 15.0 15.1 0.0 15.8 15.8 

4.3 41.1 45.4 4.3 39.9 44.2 
.o 0.2 0.2 0.0 0.2 0.2 

u.s 196.2 208.7 U.9 221.8 234.7 
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Livestoel< 

Due to a small expected increase in cattle production 
within the basin, annual livestock freshwater requirements 
are projected at 0.2 thousand acre-feet by 2030. 

Mining 

Mining freshwater requirements in the Trinity-San 
Jacinto Coastal Basin are projected to increase from 13.7 
thousand acre-feet in 1980 to 15.8 thousand acre-feet by 
2030. The greatest expansion is expected to occur 
between 2000 and 2030 when mining water requirements 
will increase IS percent (2 thousand acre-feet) as com­
pared to only 0.01 percent (92 acre-feet) during the 
1980-2000 period. The basin's share of total State mining 
freshwater requirements amounted to less than six percent 
in 1980 and is not expected to exceed five percent in 
2030. 

Only two industries in the mining sector in the Trinity­
San Jacinto Coastal Basin depend on measurable quanti­
ties of freshwater for production, the nonmetal mining 
industry and the fuel mining industry. In 19SO, nonmetal 
mining operations (crushed and broken limestone, sand 
and gravel, clay, and sulfur) utilized 5.8 thousand acre-feet 
of water; however, this is projected to increase to 12.7 
thousand acre-feet by year 2030. Mining water used for 
injection in secondary recovery of crude petroleum and 
natural gas amounted to 7.9 thousand acre-feet in 1980 
but is expected to only require 3.1 thousand acre-feet of 
the basin's mining water by 2030. 

Navigation 

There are no navigation facilities in the Trinity-San 
.Jacinto Coastal Basin requiring the use of regulated fresh­
water supplies. 

Hydroelectric Power 

As there are no major reservoirs in the basin, there are 
no hydroelectric power generating facilities in the.basin. 

WATER SUPPLY PROJECTS AND 
MEASURES TO MEET 

FUTURE BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

The approximate annual ground-water yield within 
the Trinity-San Jacinto Coastal Basin through the year 

2030 is 42.0 thousand acre-feet. This amount of annual 
ground-water supply is from the Gulf Coast Aquifer which 
is the only fresh to slightly saline water-bearing formation 
in the basin. 

The projected annual ground-water use within the 
Trinity-San Jacinto Coastal Basin by decade from 1990 
through 2030 is expected to be from 10.0 to 12.9 thou­
sand acre-feet per year (Table III-9-3). The approximate 
average annual projected ground-water use within the 
basin is expected to be about 11.6 thousand acre-feet per 
year. 

Surface-Water Availability and Proposed 
Development 

Water importation from the Trinity River Basin is pro­
jected to provide sufficient supplies to meet anticipated 
surface-water needs in the Trinity-San Jacinto Coastal 
Basin through the year 2030 (Table III-9-4, Figure III-9-
2). Approximately 215.6 thousand acre-feet of surface 
water is estimated to be imported through existing water 
diversion facilities to meet the projected requirements in 
2030. 

The limited drainage area and flat topography pre­
clude the development of major reservoir projects in the 
basin. Projected surface-water needs in the basin through 
the year 2030 will be met through water importation under 
existing water rights and contracts from the Trinity River 
Basin. 

Water Quality Protection 

A water quality management plan for the Trinity-San 
Jacinto Coastal Basin has been developed pursuant to the 
requirements of federal and State Clean Water legislation. 
An areawide water quality management plan has also been 
developed for the Greater Houston metropolitan area. The 
plans serve as a basic element in the State's overall water 
quality strategy and provide guidance in establishing prior­
ities for construction grants for waste treatment facilities, 
permitting of wastewater facilities, revision of stream stan­
dards, and other program activities. 

Construction costs associated with municipal waste­
water treatment facilities needs have been estimated to be 
approximately $28.2 million for the planning period of 
1980 to the year 2000. These costs are estimated for the 
entire Trinity-San Jacinto Coastal Basin in January 1980 
dollars and are subject to revision as new data become 
available. The list of projects, with projects costs for 1982-
1989, at 1980 prices, are shown in Appendix B. 
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Table UI-9-4. Water Resources of the Trinity-San Jacinto River Basin, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra- Rerurn In Intra- Irrigation 
Decade Basin Basin Flow Import Total Basin Basin Export Total M&I (Shorta!le) Total ---

1990 
Ground Water 10.0 - - - 10.0 10.0 - - 10.0 .0 .0 .0 
Surface Water .0 - .0 143.4 143.4 143.4 - .o 143.4 .0 .0 .0 
Total 10.0 - .0 143.4 153.4 153.4 - .o 153.4 .0 .0 .0 

2000 
Ground Water 11.0 - - - 11.0 11.0 - - 11.0 .0 .0 .0 
Surface Water .0 - .0 155.1 155.1 155.1 - .o 155.1 .0 .0 .0 
Total 11.0 - .0 155.1 166.1 166.1 - .o 166.1 .0 .0 .0 

2010 
; Ground Water 11.8 - - - 11.8 11.8 - - 11.8 .0 .0 .0 "' ' Surface Water .0 "' - .0 170.1 170.1 170.1 - .o 170.1 .0 .0 .0 

Total 11.8 - .0 170.1 181.9 181.9 - .o 181.9 .0 .0 .0 

2020 
Ground Water 12.5 - - - 12.5 12.5 - - 12.5 .0 .0 .0 
Surface Water .0 - .0 190.0 190.0 190.0 - .0 190.0 .0 .0 .0 
Total 12.5 - .0 190.0 202.5 202.5 - .0 202.5 .0 .0 .0 

2030 
Ground Water 12.9 - - - 12.9 12.9 - - 12.9 .0 .0 .0 
Surface Water .0 - .0 215.6 215.6 215.6 - .0 215.6 .0 .0 .0 
Total 12.9 - .0 215.6 228.5 228.5 - .0 228.5 .0 .0 .0 

I Units in thousands of acre-feet per year. Water demands are for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities ofirrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another ri\'er basin. 
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Figure 111-9-2. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Trinity-San Jacinto Coastal Basin, 1980-2030 

Additional water quality management costs, such as 
for control of agricultural, oil and gas, and industrial pollu­
tants, cannot be·cstimated at this time, but are believed to 
be increasing. 

Flood Control Measures 

There are no existing flood-control reservoirs in the 
basin and none are planned through the year 2000. Pres­
ent flood-control measures are limited to local levee 
worl<s. channel improvements, and such nonstructural 
measures as flood-proofing, structural elevation, and 
flood-plain zoning. Another nonstructural alternative to 
control flood losses is evacuation of seriously flood-pro ne 

areas. Federal funds have been appropriated to the U.S. 
Army Corps of Engineers to accomplish detailed planning 
for the evacuation and relocation of structures in the Bay­
town area which have become increasingly flood prone due 
to land-surface subsidence. 

Evacuation and relocation in association with flood­
plain management construction st.·mdards will be widely 
used for future flood protection. The Corps of Engineers 
has additional studies underway in the Burnett, Crystal, 
and Scott Bays area to consider improvements for relief 
from flooding and drainage problems created by general 
land subsidence of the area. Future studies by the Corps of 
Engineers will include the Cedar Bayou area to consider 
possible improvements for flood control in the vicinity of 
Baytown, Texas. 
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10. SAN JACINTO RIVER BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physical Description 

The San Jacinto River Basin is bounded on the north 
and east by the Trinity River Basin and the Trinity-San 
Jacinto Coastal Basin, on the west by the Brazos River 
Basin, and on the south by the San Jacinto-Brazos Coastal 
Basin. Total basin drainage area is 5,600 square miles. 
Principal drainage systems in the basin are the San Jacinto 
River and Buffalo Bayou which drain into Galveston Bay 
through the Houston Ship Channel. Drainage area of the 
San Jacinto River above the confluence of the East and 
West Forks is 2,800 square miles, of which 1,750 square 
miles is in the West Fork drainage area and 1 ,050 square 
miles is in the East Fork drainage area. Originating at an 
elevation of 44 feet, Buffalo Bayou has a drainage area of 
1,034 square miles. For planning purposes, the basin is 
treated as a single hydrologic unit (Figure 111-10-1). 

Surface Water 

Average runoff for the period 1941 through 1970 in 
the basin was about 440 acre-feet per square mile. The 
lowest consecutive annual flows in the eastern part of the 
basin during the 1941-70 period occurred during 1954-
56 and 1962-63. The average runoff was 125 acre-feet per 
square mile during 1954-56 and 224 acre-feet per square 
mile during 1962-63. The lowest runoff rate occurred in 
1956 and averaged 70 acre-feet per square mile. 

The San Jacinto River Basin is subject to intense rain­
storms in every season of the year, with many of the most 
severe storms coming in the late summer and early autumn 
when tropical weather disturbances move inland out of the 
Gulf of Mexico. 

F1ooding is not confined to the San Jacinto River. 
Many of its principal tributaries are sources of massive flood 
problems. Buffalo Bayou, Brays Bayou, Sims Bayou, and 
Clear Creek are tributaries which are frequently sources of 
extensive damage to urban developments. Continued land 
subsidence aggravates this flood problem and increases the 
limits of flooding. 

Urban development has increased the intensity of sur­
face runoff to the point that many existing drainage systems 
are no longer capable of conveying flood waters from 

flooded areas. When bayous overflow in the Houston area, 
extensive damage results. 

The San Jacinto River Basin exhibits wide variations in 
water quality. The upper part of the West Fork San Jacinto 
River flows into Lake Conroe, which supplies Wgh-quality 
water to the area and also serves as a recreational resource. 
Occasional elevated levels of nutrients and bacteria have 
been noted in recent data from the West Fork San Jacinto 
River. The East Fork San Jacinto River, along with Peach 
Creek and Caney Creek, contribute consistently good­
quality water to Lake Houston, which currently serves as 
the City of Houston's primary surface-water supply. Lake 
Houston also receives inflows from Cypress Creek and 
Spring Creek, which contain significant amounts of return 
flows. As the Houston metroplex has expanded toward the 
north, a proliferation of small sewage treatment plants has 
increased the nutrient loadings to Cypress Creek and 
Spring Creek and has caused localized dissolved-oxygen 
deficiencies. Althqugh Lake Houston has a high nutrient 
concentration,-the high turbidity level precludes the devel­
opment of an intensive phytoplankton community. 

The San Jacinto River flows approximately 20 miles 
from Lake Houston to its confluence with the upper por­
tion of the Houston Ship Channel. The river then flows 
another 10 miles into Galveston Bay at Morgan's Point. 
Discharges from industries and municipalities, including 
the City of Houston's Northside and Sims Bayou sewage 
treatment plants, impact the quality of the lower San 
Jacinto River-Houston Ship Channel system. The upper 
part of the Houston Ship Channel is suitable for navigation 
and industrial water supply, but the water quality improves 
markedly below the San Jacinto River confluence and is 
adequate for most intended purposes, including fishing 
and recreation. 

Ground Water 

The Gulf Coast Aquifer underlies the entire San 
Jacinto River Basin. The aquifer extends to a maximum 
depth of about 3,000 feet. Yields of large-capacity wells 
average about 1,800 gallons per minute (gpm ), but locally 
wells produce up to 2,900 gpm. The water in the aquifer 
generally contains less than 500 milligrams per liter 
(mg/1} total dissolved solids. 

Importation of water from the Trinity River has 
decreased significantly the potential for additionalland­
surlace subsidence and saline-water encroachment into 
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the Gulf Coast Aquifer in the eastern Houston and Pasa­
dena areas along the Houston Ship Channel. 

Population and Ellonomie Development 

The population of the San Jacinto River Basin was 
reported at 2.4 million in 1980. At present, 92 percent of 
the basin population resides in Harris County. Houston is 
the largest city, with over 1.5 million of its population 
within the San Jacinto River Basin. Other principal cities in 
the basin include Pasadena and Bellaire in Harris County, 
and Conroe in Montgomery County. The San Jacinto River 
Basin ranks much higher than the statewide average in 
percent urban and population density. 

The economy of the basin is based on chemical and 
petrochemical manufacturing, oil production, diversified 
manufacturing, agribusiness, and shipping activities 
associated with the Port of Houston complex, the third 
largest port in the nation. The City of Houston is a leading 
center of banking and financial activity and wholesale and 
retail trade. Recreation, tourism, and convention business 
round out the highly diversified economy of the basin. 

Water Use 

Municipal freshwater use in the San Jacinto River 
Basin totaled 4 76.8 thousand acre-feet in 1980, and 
approximately 93 percent of total municipal use occurred 
in Harris County. An estimated 65 percent of total basin 
municipal water use in 1980 was supplied from ground 
water. 

In 1980, freshwater use by manufacturing industries 
in the San Jacinto River Basin amounted to 227.6 thou­
sand acre-feet. This represents about 15 percent of total 
manufacturing water use in the State in 1980. A significant 
part of this use occurred in, and adjacent to, the City of 
Houston, which has the largest number of manufacturing 
establishments of any city in Texas. Almost 79 percent, or 
176.5 thousand acre-feet of the total1980 manufacturing 
use, was derived from surface-water sources, while 51.1 
thousand acre-feet was obtained from ground-water 
sources. Manufacturing industries in the basin which use 
significant quantities of freshwater include paper and allied 
products, chemicals, petroleum refining, and primary 
metals. 

In 1980, there was 1,996 megawatts of installed 
steam -electric power generating capacity in the_ San 
Jacinto River Basin, which used 15.9 thousand acre-feet of 
ground water and 7.0 thousand acre-feet of fresh surface 
water. In addition large volumes of saline water was used 
for cooling. 

In 1980, about35.3 thousand acres was irrigated with 
86.7 thousand acre-feet of water in the basin. About 96 
percent was irrigated with ground water from the Gulf 
Coast Aquifer. The major crop irrigated was rice. Some 
soybeans and grain sorghum are grown as dryland crops. 
Urban and industrial development have significantly 
encroached upon agricultural lands in Harris and Montgo­
mery Counties utilizing some of the best agricultural land 
for homesites, subdivisions, and industrial developments. 

Mining water use in the San Jacinto River Basin was 
estimated at 5.5 thousand acre-feet in 1980. The most 
intensive use of water is concentrated in nonmetal mining 
industries, primarily Frasch sulfur production. 

Livestock water requirements in 1980 amounted to 
about 2,400 acre-feet in the San Jacinto River Basin, 
principally in the production of cattle. About 1,100 acre­
feet of the water used was supplied by surface-water 
sources. 

The portion of the Houston Ship Channel which occu­
pies the San Jacinto River and Buffalo Bayou is located in 
the San Jacinto River Basin. This marine navigation facility 
has no regulated freshwater requirements. 

Return Flows 

In 1980, municipal and manufacturing return flows 
in the San Jacinto River Basin exceeded 315 thousand 
acre-feet and 162 thousand acre-feet, respectively. Over 
97 percent of these return flows originated in the heavily 
populated and industrialized areas of Harris County. 

Irrigation return flows in 1980 were estimated to total 
34.5 thousand acre-feet. These return flows represent 35 
to 40 percent of the water used in irrigation of rice land. 
Most return flows are not recoverable for reuse since they 
are discharged into saline waters near the Coast. 

Current Ground-Water Development 

Approximately 466.5 thousand acre-feet of ground 
water was used in 1980 in the San Jacinto River Basin. All 
of the ground water used in the basin was from the Gulf 
Coast Aquifer. 

Of the 466.5 thousand acre-feet of ground water used 
in the basin, about 309.8 thousand acre-feetor66 percent 
was for municipal purposes, 82.9 thousand acre-feet or 18 
percent was for irrigation purposes, and 51.1 thousand 
acre-feet or 11 percent was for manufacturing purposes. 

Within the basin, an extremely large overdraft of 
ground water from the Gulf Coast Aquifer occurred in 
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1980 due primarily to excessive withdrawals for municipal 
purposes generally in central and western Harris County. 
This extremely large overdraft has caused significant water 
level declines, compaction of clays within the Gulf Coast 
Aquifer, and consequently, an increase in the rate of land­
surface subsidence and probably fault movement in the 
western and southwestern portion of Harris County. 
Within the basin, a significant overdraft of ground water 
from the Gulf Coast Aquifer occurred in 1980 in Waller 
County, due to excessive withdrawals for irrigation 
purposes. 

Current Surface-Water Development 

Major reservoirs and impoundments in the San 
Jacinto River Basin include Lakes Conroe and Houston, 
Lewis Creek and Sheldon Reservoirs, and Addicks and 
Barker flood control dams. Lake Conroe, owned and oper­
ated by the San Jacinto River Authority, presently provides 
municipal and manufacturing water supplies for the City of 
Houston through releases to Lake Houston. The City of 
Houston has rights to two-thirds of the storage in Lake 
Conroe. Water is also diverted from Lake Conroe to Lewis 
Creek Reservoir, owned by Gulf States Utilities Co., to 
provide make-up water for consumptive use due to opera­
tion of the Lewis Creek steam-electric power plant. 

Lake Houston is owned and operated by the City of 
Houston. The San Jacinto River Authority, which holds 
prior water rights to the low flows of the main-stem San 
Jacinto River, diverts raw water directly from Lake Hous­
ton, through an agreement with the City of Houston, to 
industrial plants in the Baytown area in the Trinity-San 
Jacinto Coastal Basin and for irrigation. Highlands Reser­
voir, owned by the San Jacinto River Authority, is used for 
regulation of these deliveries, which totaled about 4 7 thou­
sand acre-feet for industrial use and 8 thousand acre-feet 
for irrigation purposes in 1980. Raw water is also conveyed 
from Lake Houston to a number of industries in Hams 
County and to the Galveston County Water Authority in 
Galveston County through contractual agreements with 
the City of Houston. Treated water from Lake Houston is 
utilized by the City of Houston and its present customers, 
which include the City of Galveston, Galveston County 
Water Authority, and the City of Pasadena. In 1980, in 
addition to the 246.1 thousand acre-feet of ground water 
pumped by the City of Houston from its well fields com­
pleted in the Gulf Coast Aquifer, 195.8 thousand acre-feet 
of water was diverted from Lake Houston by the city. A 
large portion of this amount was conveyed directly to 
industrial users, including a large paper mill and Houston 
Lighting and Power Company. The remainder was treated 
at the city's Federal Road Water Treatment Plant prior to 
use by the city and its customers. 

Sheldon Reservoir is owned and operated by the Texas 
Parks and Wildlife Department for purposes of recreation, 
wildlife management, and as a fish hatchery. Addicks Dam 
and Barker Dam were constructed by the U.S. Army Corps 
of Engineers and are operated for flood control. These 
projects have no conservation storage pools. 

The Coastal Industrial Water Authority (CIWA) 
pumping and conveyance system, designed to deliver 
water from the Trinity River Basin to the major industrial 
areas of the San Jacinto River Basin, is nearing comple­
tion. The CIWAMain Canal System (22 miles long) to the 
principal regulating reservoir, Lynchburg Reservoir, and 
much of the distribution system which will serve industrial 
complexes in the Houston Ship Channel, Bayport, La 
Porte, Clear Lake, Pasadena, and Galena Park areas, as 
well as future municipal needs, have been completed. 

The CIW A System delivers part of the City of Houston 
share of the yield of Lake Livingston and the supplies pro­
vided under prior water rights associated with the former 
Southern Canal Company, into the Trinity-San Jacinto 
Coastal Basin, the San Jacinto River Basin, and the San 
Jacinto-Brazos Coastal Basin. The CIWA System, when 
fully completed, will have the capability of delivering an 
average of about 1.39 million acre-feet annually from the 
pumping station on the Trinity River, of which about 235 
million gallons per day (263.2 thousand acre-feet per 
year) will be delivered through the Cedar Point Lateral 
System (formerly the Southern Canal Company canal sys­
tem) to industrial users and irrigated areas in the Trinity­
San Jacinto Coastal Basin. 

Water Rights 

A total of 691,961 acre-feet of surface water was 
authorized or claimed for diversion and use in the San 
Jacinto River Basin as of December 31, 1983 (Table III-
10-1). Authorized and claimed diversions for municipal 
use accounted for 231,000 acre-feet or about 33 percent 
of the total amount of water authorized or claimed in the 
basin (Table III-10-2). 

Water Quality 

The Houston metropolitan area is drained almost 
entirely by Buffalo Bayou, which has been channelized to 
form the Houston Ship Channel in its lower reach. The 
channel now receives heavy pollution loadings of both 
municipal and industrial wastes. These heavy waste loads, 
together with the sluggish flow characteristics of the water­
way and tidal action, have overloaded the natural waste­
assimilative capacity of the channel. 
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Table 111-10-1. Authorized or OaimedAmountofWater, 
by Type of Right, San Jacinto River Basin' 

Number of Acre-Feet Authorized 
Type of Authorizadon JUgh<s and Claimed 

Permits 76 686,574 
Claims 16 5,387 
Certified Filings 0 0 
Certificat~s of 

Adjudication 0 0 

Total Authorizations 
and Claims 92 691,961 

1The Texas Water Rights Adjudication Act of 1967 authorizes the Texas Depart­
ment of Water Resources to investigate and determine, with the Court's approval, 
the nature and measure of wnter rights for all authorized diversions from surface­
water streams or portions thereof except domestic and livestock uses and to 
monitor and administer each adjudicated water right. These totals lncorpomte the 
results of water-rights adjudication in the basin as of December 31 .• 1983. These 
totals do not include 9 authorized diversions of saline wnter amounting to 
2,734,931 acre-feet/year. Certified Filings are declarations of appropriation 
which were filed with the State Board of Water Engineers under the provisions of 
Section 14, Chapter 171, General Laws, Acts of the J3rd Legislature, 1913, as 
amended. Permits are statutory appropriative rights which have been issued by the 
Texas Water Commission or its predecessor agencies. Claims arc sworn state­
ments of historical uses to be adjudicated in accordance with the Texas Water 
Rights Adjudication Act. A certificate of adjudication is the final result after 
recognition of a valid right in the adjudication process and Is based on a permit, 
certified filing or claim or any combination of the three. 

Certain areas within the basin experience periodic 
algal blooms as a result of high nutrient concentrations. 
This is partly a response to natural conditions, but is aggra­
vated by mnnicipal and industrial point source nutrients. 
Several areas in the basin experience water quality prob-

Table 111-10-l.Authorized or ClaimedAmountofWater, 
by Type of Use, in Acre-Feet, 

San Jacinto River Basin 

Type of Number of Basin 
Use IUghts Total 

Municipal 3 231,000 
Industria12 11 427,112 
Irrigation 35 20,835 
Mining 1 5,500 
Recreation 47 7,514 

Total 92' 691,961 

t Docs not sum due to multipurpose "rights", which may be applied to more than 
one type of use. 

2Does not include 9 authorized diversions of saline water amounting to 2, 734,931 
acre-feet/year. 

!ems resulting from natural runoff oflargely uncontrollable 
nonpoint sources of pollutants. The high turbidity and 
coloration of the waters of Lake Houston and slightly 
depressed dissolved-oxygen levels in the East Fork flows 
are considered to be largely attributed to point source 
discharges into the tributaries of the lake, especially 
Cypress Creek and Spring Creek. 

Flooding, Drainage, and Subsidence 

Due to extensive use of flood plains for high value 
developments, flood damages have been extremely severe 
in the basin. Hurricane Carla (1961) caused in excess of 
$21 million in damages to nonagricultural properties in 
Harris County. In 1972. a heavy rainstorm in the City of 
Houston caused an estimated ll5 million in damages to 
urban development. A flood in June 1973, was so severe 
that an area including Galveston, Harris. Liberty, Montgo­
mery, and San Jacinto Counties was declared a disaster 
area by the President. 

In June 197 5, an intense thunderstorm centered over 
Sims Bayou in the southern part of Houston resulting in 
damages estimated at ll8.8 million. One month later, a 
similar flood, again centered in Sims Bayou, caused an 
additional $2.6 million in damages. A year later, a thun­
derstorm dropped 14 inches of rain, causing extensive 
flooding along Sims and Brays Bayous and produced total 
flood damages estimated near $20 million. Ponded flood­
waters damaged areas which were previously unharmed by 
flooding. The huge medical complex in the southern part 
of Houston suffered an estimated $15 million in damages 
when ponded water poured into basement storage areas. 
Flood-proofing of the complex was undertaken to prevent 
recurrence of this flooding. 

The year 1979 will go down in history as one of the 
most disastrous flood years in the basin. Floods in April 
1979, Tropical Storm Claudette in July 1979. and floods 
in September 1979 resulted in three Presidential disaster 
declarations for the basin. More than ll2.1 million was 
spent by various federal agencies for flood relief. In 1979, 
6,093 flood insurance claims were filed for $64.4 million 
in flood damages. Flooding in 1981 produced 3,665 flood 
insurance claims for $28.2 million in flood damages. Less 
serious flooding in 1977, 1978, and 1980 produced an 
additional 426 flood insurance claims for $1.9 million in 
flood damages. 

Forty-one cities in the basin have been designated by 
the Federal Emergency ManagementAgencyas having one 
or more flood-prone areas. Thirty-three of these cities have 
adopted flood-plain management controls and are partici­
pating in the National Flood Insurance Program. Nineteen 
flood insurance rate studies have been completed in the 
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basin and additional studies are in progress to convert most 
of the remaining cities to the Regular Program. 

Rapidly changing land use has brought about many 
complicated drainage problems. Much land area is charac­
terized by low permeability and the lack of well-defined 
drainage channels for rapid discharge of floodwaters. 
Urban developments require extensive planning for ade­
quate drainage systems. Development in some areas has 
created or aggravated downstream drainage problems, and 
in many cases has created new wedand areas. Increased 
surface runoff from urbanization has overtaxed major 
drain outlets, resulting in flooding of land previously free 
from inundation. An example is the recent flood and 
drainage problems experienced along Sims and Brays Bay­
ous in Harris County. 

Since 1906, land subsidence ranging from approxi­
mately six inches to more than nine feet, has occurred in 
Harris, Montgomery, and Liberty Counties. Subsidence is 
least in the central and northern portions of the basin. 
More than nine feet of subsidence has occurred in Pasad­
ena along the Houston Ship Channel due to clay compac­
tion caused by ground-water withdrawals from the Gulf 
Coast Aquifer for industrial needs. Fault activation and 
movement are associated with subsidence within the basin. 
In Harris County, rates of vertical displacement along 
active faults have been observed to be from 0.012 to0.111 
foot per year. In urban and industrialized areas of the basin, 
active faults have caused severe damage to buildings, 
streets, highways, airport runways, railroads, and various 
pipeline systems. Along 95 miles of active faults in the 
Houston area, the total cost of damage to homes in the 
early 1970's was estimated to be over $2.6 million. Also in 
the Houston area, repair of damage to highways, railroads, 
pipelines, and storm and sanitary sewers was estimated to 
cost about S 140 thousand annually. Subsidence and fault­
ing within the basin are also caused by withdrawals of 
petroleum and saline ground water. To stop subsidence 
and faulting due to ground-water withdrawals, large sup­
plies of surface water are being conveyed from the Trinity 
River and Lake Houston to eastern Harris County. How­
ever, significant rises of the land surface will not occur, 
since ground water cannot reenter the compacted clays. 

There are indications that ground-water pumpage is 
increasing in the southwestern portion of the basin because 
of westward growth of the City of Houston. At this time 
there are no facilities to distribute surface waters to this 
area. For example, during the 1970's, pumpage in eastern 
Harris County decreased 4 7 percent, while pumpage in 
western Harris, northern Fort Bend, and eastern Waller 
Counties increased 26 percent. Municipal pumpage in the 
southwestern portion of the basin increased 730 percent 
during the 1970's. If this trend continues, subsidence and 
active faulting are expected to increase in the southwestern 

portion of the San Jacinto River Basin. For example, the 
area had about 1.4 feet of subsidence between 1943 and 
1978. Between 1973 and 1978, about 0.50 foot or 36 
percent of the 1.4 feet of subsidence occurred. 

Recreation Resources 

In addition to the San Jacinto River, major freshwater 
recreation resources in the basin include Lake Houston 
( 12. 2 thousand surface acres), Sheldon Reservoir ( 1. 7 
thousand surface acres), Lake Conroe (21 thousand sur­
face acres), and Buffalo Bayou. 

PROJECTED WATER REQUIREMENTS 

Population Growth 

The population of the San Jacinto River Basin is pro­
jected to grow 153 percent by 2030, from the present 2.4 
million, which is 17 percent of the State population, to 6 
million, 18 percent of the State population (Table III-10-
3 ). A 56 percent increase to 3. 7 million is expected from 
1980 to the year 2000, and an even larger growth of 62 
percent is anticipated from 2000 to 2030. 

Harris County contains 92 percent of the basin popu­
lation. From 1980 to 2030, the Harris County in-basin 
population is projected to increase 130 percent, but Harris 
County's percentage of basin population is expected to 
decline to 83 percent. Montgomery County population is 
expected to increase sixfold to 794.2 thousand by 2030, 
thereby increasing its percentage of basin population from 
5.4 percent to 13.1 percent. 

Water Requirements 

Municipal 

Municipal water requirements are projected for two 
cases of future growth based on both population and per 
capita water use. Water requirements in the San Jacinto 
River Basin were 4 7 6. 8 thousand acre-feet in 1980. 

Municipal requirements are projected to reach from 
609.4 to 887.8 thousand acre-feet by year 2000. From 
2000 to 2030, water needs are projected to increase 45-
63 percent. The year 2000 and 2030 estimates are about 
17 percent of total statewide municipal water 
requirement. 
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san Jacinto Basin 
Pop.llation 
Municipal 309.8 167.0 
Manufacturing 51.1 176.5 
Steam Electric 15.9 7.0 
Mining 5.5 0.0 
Irrigation 82.9 3.8 
Livestock 1.3 1.1 
Basin Total Water 466.5 355.4 

Table III-lQ-3. Popllation, current water Use, With Projected PopJla.tion and Water Requiranants, 199Q-203n¥ 
san Jacinto River Basin 

"'"" waeer waeer ToW. Wa<= ' waeer ToW. waeer Wa<= ' ToW. 

2,369.2 3,080.6 3,687.8 4,293. 7 
476.8 202.0 531.4 733.4 214.4 673.4 887.8 221.5 813.9 1,035.4 
227.6 28.9 277.5 306.4 28.8 357.0 385.8 27.0 413.0 440.0 

22.9 16.9 6.0 22.9 16.9 17.0 33.9 16.9 22.4 39.3 
5.5 5.8 .0 5.8 5.6 .4 6.0 5.8 0.4 6.2 

86.7 46.3 21.5 67.8 39.4 21.5 60.9 33.8 21.5 55.3 
2.4 .4 2.3 2. 7 .4 2.6 3.0 0.4 2.6 3.0 

821.9 300.3 838.7 1,139.0 305.5 1,071.9 1,377.4 305.4 1,273.8 1,579.2 

!f Popllation in thousands of persons, water r~errents in thousands of acre-feet per year 

waeer ' waeer ' "'"" waeer ' Wa<= ' "'"" 
5,029.1 5,987.1 

227.1 987.0 1,214.1 234.3 1,2ll.S 1,445.8 
27.0 517.1 544.1 27.0 651.0 678.0 
16.9 27.7 44.6 16.9 33.1 50.0 

6.1 0.3 6.4 6.4 0.2 6.6 
29.2 21.5 so. 7 25.3 21.6 46.9 
0.4 2.6 3.0 0.4 2.6 3.0 

306.7 1,556.2 1,862.9 310.3 1,920.0 2,230.3 



Industrial 

Manufacturing water requirements in 1980 were 
227.6 thousand acre-feet in the San Jacinto River Basin. 
Projections of future water requirements for manufactur­
ing purposes were made by decade and for a low and high 
case for each industrial group. In 1980, over 90 percent of 
total manufacturing water use was concentrated in five 
industrial groups: chemicals, petroleum refining, primary 
metals, paper products, and food products. Because of this 
concentration, careful attention was given to the future 
growth outlook for these industries in making the 
projections. 

Manufacturing water requirements in the San Jacinto 
River Basin are expected to almost double by the year 2030 
to a potential high of 678 thousand acre-feet by 2030. 

Approximately 15 percent of the statewide manufac­
turing water requirements in 1980 is centered in the San 
Jacinto River Basin, and this percentage is expected to be 
13 percent by 2030. In 19SO, almost all of the manufac­
turing water requirements in the San Jacinto River Basin 
was in Harris County, and this trend is expected to 
continue. 

Major water users in the Harris County portion of the 
basin are petroleum refineries, industrial organic chemical 
producers, plastic materials and synthetics plants, and 
agricultural chemical manufacturers. 

Steam-Electric Power Generation 

Water requirements for steam-electric power genera­
tion will expand rapidly in the San Jacinto River Basin, 
with a projected significant increase in the use of saline 
water. Combined annual ground-water withdrawals could 
reach 50 thousand acre-feet annually in 2030, plus saline­
water consumption for steam-electric power plant cooling 
(Table III-10-3). 

Current efforts to reduce ground-water pumpage in 
the Houston area to avoid increasing land subsidence will 
affect future ground-water use by steam-electric power 
plants. The result will be an even more rapid shift from 
from ground-water sources to saline and fresh surface­
water sources. If saline surface-water sources are chosen, it 
is also probable that future plants will be located in coastal 
basins rather than in the San Jacinto River Basin. 

Technological innovations and concerted water­
conservation efforts may alter this case: however, the use of 
saline water for cooling will still be the most effective 
means of conserving freshwater. Despite innovation and 

conservation, some freshwater will be needed at electrical 
generating plants to provide for boiler feedwater makeup 
and sanitary and maintenance uses. These freshwater 
requirements are very small when compared to cooling 
water requirements; however, if the plant is a coal- or 
lignite-fired power plant, freshwater requirements for dust 
control and especially stackgas scrubbing for sulfur dioxide 
control could be signficant. 

Agriculture 

Irrigation 

Irrigation water requirements were projected for two 
cases of change based on improvements in on-farm appli­
cation efficiencies, reduction in ditch losses, changes in 
future resource costs and crop prices, and corresponding 
changes in cropping patterns to reflect more profitable 
crops. A low case projects demand for water based on the 
effects of changes in the above variables but with irrigated 
acreage held constant at 1980 levels in each zone for each 
future time period; a high case projects demand for water 
for irrigation· constrained only by the requirement that 
irrigated farming produce a net positive return in excess of 
that possible from dryland farming and the requirement 
not to exceed the amount of irrigable soil in each zone. 
Thus, the projections of demand, low and high cases, based 
on the irrigation efficiency and market conditions men­
tioned above, give an estimate of the quantity of water 
needed for irrigation in each zone, at each decadal point 
for which projections were made. These projections of 
demand are compared to the projected supply of water 
locally available. When projected demand exceeds pro­
jected supply, the difference is a measure of shortage at that 
point in time. 

Irrigation water requirements in the San Jacinto River 
Basin are projected to decrease a maximum of 30 percent 
from the 19SO level of 86.7 thousand acre-feet to 60.7 
thousand by the year 2000 in the high and low cases. By 
2030, water requirements in the basin are projected to be 
about 46.9 thousand acre-feet annually in the low and high 
cases to irrigate about 18.9 thousand acres. 

Livestocl< 

Small increases in livestock production are expected 
to develop in the basin. The projected annual livestock 
water requirement in 2030 is almost 3 thousand acre-feet. 
From the 1980 level of 2.4 thousand acre-feet, livestock 
water requirements are expected to gradually increase by 
25 percent by 2030. 
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Mining 

Between 1980 and 2030, mining water use in the San 
Jacinto River Basin is projected to increase from 5.5 thou­
sand acre-feet to 6.6 thousand acre-feet. The basin share 
of total State mining water requirements is two percent in 
1980 and is projected to maintain this percentage to the 
year 2030. 

Water requirements by fuel mining industries engaged 
in secondary recovery of petroleum and natural gas are 
projected to account for 16 percent of the total increase in 
San Jacinto River Basin mining water requirements in 
2030. Nonmetal mining water use is expected to increase 
from 3 thousand acre-feet in 1980 to 5.6 thousand acre­
feet in 2030. 

Navigation 

No provisions are required for water supply to serve 
navigation in the San Jacinto River Basin. All navigation is 
in the coastal waters of the Houston Ship Channel, which 
has no freshwater loch:age requirements. 

Hydroelectric Power 

There are no hydroelectric power generating facilities 
planned in the San Jacinto River Basin. 

Estnarine Freshwater Inflows 

The San Jacinto River discharges into the Trinity-San 
Jacinto estuary. An estimated 1.44 million acre-feet per 
year of gaged inflow from the San Jacinto River Basin, plus 
666 thousand acre-feet of inflow from ungaged areas of the 
basin, to the Galveston Bay portion of this estuarine system 
is needed to sustain desired salinity limits for the Subsis­
tence Alternative (Table 111-10-4). Estimated gaged river 
inflows of 1. 7 million acre-feet per year are needed from 
the San Jacinto River Basin, in addition to 693 thousand 
acre-feet annually of ungaged inflow from the basin, to 
meet salinity needs and maintain annual commercial 
fisheries harvests at no less than average historic levels for 
the 1962-1976 period (Harvest Maintenance Alternative) 
(Table 111-10-4). The estimated gaged freshwater inflows 
needed from the San Jacinto River Basin for meeting the 
Fisheries Hanrest Enhancement Alternative of maximizing 
shrimp production in the adjacent offshore area (Gulf Area 
No. 18) equals the annual inflow limit set at the average 
(1941-1976) annual gaged basin inflow. This inflow 
volume is slightly less than 1.6 million acre-feet (Table 
III-10-4 ). Ungaged inflows from the basin for this alterna­
tive are estimated at 693 thousand acre-feet. An estimated 

398 thousand acre-feet per year of gaged inflow from the 
San Jacinto River Basin is needed for the Biotic Species 
Viability Alternative to maintain the monthly salinity limits 
(Table 111-10-4). 

WATER SUPPLY PROJECTS AND 
MEASURES TO MEET 

FUTURE BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

The approximate annual ground-water yield within 
the San Jacinto River Basin through the year 2030 is 33 7 
thousand acre-feet. This supply is from the Gulf Coast 
Aquifer which is the only fresh to slightly saline water­
bearing formation within the basin. 

The projected annual ground-water use within the 
San Jacinto River Basin by decades from 1990 through 
2030 is expected to be from 300.3 to 310.3 thousand 
acre-feet per year (Table 111-10-3). The average ground­
water use within the basin is expected to be about 305.6 
thousand acre-feet per year. 

Surfaee-Water Availability and 
Proposed Development 

Based only on existing water supply sources, shortages 
are expected in the San Jacinto River Basin beginning 
around the year 2010. However, under the proposed 
development for surface-water supplies to meet these 
anticipated shortages, the San Jacinto River Basin will have 
a net surplus of surface water in all decades through the 
year 2030 (Table 111-10-5, Figure 111-10-2). The pro­
jected annual surplus for all purposes amounts to 201.2 
thousand acre-feet in 2000 and 95.4 thousand acre-feet in 
2030. Yet, due to local limitations on ground water, irriga­
tion water \viii be in short supply by about 17.9 thousand 
acre-feet in 2030. To meet all needs, water would have to 
be imported annually into the basin at the rate of 868.1 
thousand acre-feet in 2000 and 1.57 million acre-feet by 
2030. 

The population growth of the Houston metropolitan 
area \viii necessitate additional water supplies for meeting 
the manufacturing and municipal needs of the basin by the 
year 2010. Anticipated needs up to the year 2010 can be 
met through the development of the Luce Bayou diversion 
project which will convey water from below Lake Livings­
ton on the Trinity River to Lake Houston in the San Jacinto 
River Basin for the City of Houston and adjacent suburban 
areas. 
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Table 111-10-4. Gaged River Inflow Needs of the Trinity-San Jacinto Estuary From the San Jacinto River 
Basin Under Four Alternative Levels of Fisheries Productivity' 

Son Jacinto River Basinl 

Fisheries Shrimp Diode 
Ecosystem Han' est Han' est Species 

Monlh Subsistence Maintenance Enhancement Viability 

January 181.5 181.5 181.5 24.4 
February 153.0 153.0 153.0 10.6 
March 110.6 110.6 110.6 18.2 
April 154.5 154.5 154.5 55.2 
May 197.0 197.0 197.0 49.3 
June 124.1 124.1 124.1 30.9 
July 85.4 85.4 182.5 37.1 
August 84.4 84.4 117.5 24.8 
September 98.0 98.0 98.0 59.0 
October 57.0 57.0 57.0 42.4 
November 52.9 230.5 52.9 19.3 
December 139.0 224.4 139.0 26.8 

Annual 1,437.4 1,700.4 1,570.6 398.0 

lAJI inflows nrc mean monthly values in thousand acre-feet. 
2San Jacinto River Basin inflow represents spills from Lnl>c Houston plus downstream contributions from gaged bayous. 

The permitted Luce Bayou diversion project, cur­
rently in the advanced planning and design stage by the 
City of Houston, will provide when completed, the capabil­
ity for delivery of the remainder of the city's share of the 
Lake Livingston water supply. The project, as presently 
designed, will consist of a pumping station on the main 
stem of the Trinity River approximately 10 miles north of 
Liberty in Liberty County, a combined 96-inch diameter 
pipeline and 14 thousand-foot long open canal system 
extending across the Trinity-San Jacinto River Basin 
divide to the headwaters of Luce Bayou in the San Jacinto 
River Basin, and the bed and banks of Luce Bayou which 
flows into Lake Houston. The Luce Bayou diversion project 
will be capable of delivering up to 450 thousand acre-feet 
of water annually into Lake Houston-400 thousand acre­
feet for municipal use and 50 thousand acre-feetforindus­
trial purposes. The project is needed before 1990. 

A significant portion of the projected manufacturing 
water needs in the Houston Ship Channel area could be 
satisfied in an economical manner through the reuse of 
municipal effluent from the City of Houston. Cost studies 
have indicated that 100 thousand acre-feet per year of 
municipal wastewater could be provided, at prices com­
parable to existing manufacturing water delivery systems, 
to major manufacturing water users along the Houston 
Ship Channel by the year 2000. This reuse would likely 
occur after full utilization of supplies provided by the Luce 
Bayou project and the Coastal Industrial Water Authority 
Canal. 

By the year 2010, water will be needed from addi­
tional sources to avoid shortages in the San Jacinto River 
Basin. Several potential reservoir sites exist in the basin, 
and extensive studies of the feasibility and yields of these 
potential projects have been performed. Projects pre­
viously given serious consideration include the Lake 
Creek, Lower East Fork, and Cleveland Reservoir sites. 
However, urban and industrial development, the atten­
dant escalating land costs associated with such develop­
ment, and structural problems present at one site present 
serious difficulties for the economical development of these 
sites. The U.S. BureauofReclamationiscurrentlystudying 
the water resources of the basin to determine any viable 
major reservoir sites that could increase the basin's water 
supply storage. 

Additional firm supplies are potentially available from 
the Trinity River Basin should the authorized Tennessee 
Colony Reservoir project be constructed. Agreements 
would have to be reached with local sponsors of this project 
and appropriate contracts consummated with the Corps of 
Engineers for acquisition of the conservation storage in this 
project. The incremental yield of the Tennessee Colony 
Reservoir project would satisfy only a part of the ultimate 
2030 requirements in the San Jacinto River Basin, 
however. 

Additional sources of water include the Neches and 
Sabine River Basins in East Texas. Existing reservoirs in 
those basins could meet anticipated in-basin needs, as well 
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Table 111-10-5. Water Resources of the San Jacinto River Basin, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Zone Basin Flow Import Total Zone Basin Export Total M&I (Shortage) Total ---

1990 
Ground \Vater 300.3 - - - 300.3 300.3 - - 300.3 .0 .0 .0 
Surface Water 258.2 - 43.1 866.2 1167.5 832.6 - .0 832.6 352.6 (17. 7) 334.9 
Total 558.5 - 43.1 866.2 1467.8 1132.9 - .0 1132.9 352.6 (17.7) 334.9 

2000 
Ground Water 305.5 - - - 305.5 305.5 - - 305.5 .0 .0 .0 
Surface \Vater 242.8 - 155.8 868.1 1266.7 1065.5 - .0 1065.5 218.9 (17.7) 201.2 
Total 548.3 - 155.8 868.1 1572.2 1371.0 - .0 1371.0 218.9 (17.7) 201.2 

2010 
' >-' Ground Water 305.4 - - - 305.4 305.4 - - 305.4 .0 .0 .0 0 
' Surface Water 237.6 173.1 912.0 1322.7 1267.4 .0 1267.4 73.0 (17. 7) 55.3 >-' - -

>-' 
Total 543.0 - 173.1 912.0 1628.1 1572.8 - .0 1572.8 73.0 (17. 7) 55.3 

2020 
Ground Water 306.7 - - - 306.7 306.7 - - 306.7 .0 .0 .0 
Surface Water 232.3 - 192.5 1199.8 1624.6 1549.8 - .0 1549.8 92.5 (17. 7) 74.8 
Total 539.0 - 192.5 1199.8 1931.3 1856.5 - .0 1856.5 92.5 (17. 7) 74.8 

2030 
Ground Water 310.3 - - - 310.3 310.3 - - 310.3 .0 .0 .0 
Surface Water 227.1 - 213.2 1568.7 2009.0 1913.6 - .0 1913.6 113.3 (17.9) 95.4 
Total 537.4 - 213.2 1568.7 2319.3 2223.9 - .0 2223.9 113.3 (17.9) 95.4 

!Units in thousands of acre-feet per year. \Vater demands arc for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities ofirriJ!ation 
needs and other needs which \\ill continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones \\ithin a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A trnnsfer of water to another river basin. 
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Figure 111-10-2. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, San Jacinto River Basin, 1980-2030 

as provide water to the Houston area through the year 2030 
if Rockland Reservoir in the Neches River Basin is con­
structed by the year 2020 and Bon Weir Reservoir is com­
pleted in the Sabine by the year 2030. Additional 
conveyance facilities would be required to move surplus 
surface waters from the Neches and Sabine River Basins 
into the San Jacinto River Basin . 

The feasibility and costs of conveying supplemental 
water from the lower Sabine and/ or Neches River Basins 
into the Trinity River Basin, thence into the San Jacinto 
River Basin, have been given serious study in the past. 
Additional studies will have to be performed by the Depart­
ment and regional interests to examine the engineering 

alternatives and the economic, environmental, and insti­
tutional considerations that would be involved in such a 
major interbasin transfer of water. 

Water Quality Protection 

A water quality management plan for the San Jacinto 
River Basin has been developed pursuant to the require­
ments of the federal and State Clean Water legislation . An 
area'\vide water quality management plan has also been 
developed for the greater Houston metropolitan area. 
These plans serve as a basic element in the State's overall 
water quality strategy and provide guidance in establishing 
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priorities for construction grants for waste-treatment facil­
ities, permitting of wastewater facilities, revision of stream 
standards, and other program activities. 

Construction costs associated with municipal waste­
water treatment facilities needs have been estimated to be 
approximately lll ,037 .2 million for the planning period of 
1980 to the year 2000. These costs are estimated for the 
entire San Jacinto River Basin in January 1980 dollars and 
are subject to revision as new data become available. The 
list of projects, with project costs for 1982-1989, at 1980 
prices, is shown in Appendix B. 

Additional water quality management costs, such as 
for control of agricultural, oil and gas, and industrial pollu­
tants, cannot be estimated at this time, but are believed to 
be increasing. 

Flood Control Measures 

Existing water supply reservoirs in the San Jacinto 
River Basin have no provisions for flood-control storage. 
Dams on the Buffalo Bayou watershed, Addicks and 
Barker, were constructed by the Corps of Engineers in the 
1940's for flood-control purposes. They provide a total 
storage capacity of 411.5 thousand acre-feet. Impounded 
waters are stored only until releases can be made without 
damaging property in downstream areas. 

To date, flood-control measures implemented in the 
San Jacinto River Basin have been limited to local entities 
acting alone and the Corps of Engineers in cooperation 
with local entities. The Corps of Engineers has three autho­
rized projects in the San Jacinto River Basin. The Buffalo 
Bayou and tributaries flood-control project has been 
underway for many years and, if funded, will ultimately 
result in a comprehensive plan for the control of flooding 
throughout the watershed. An interim feasibility report has 
been completed on Sims Bayou and has been forwarded to 
the Secretary of the Army with a favorable recommenda­
tion. There is a separately authorized project for channel 
improvement of Vince and Little Vince Bayous, which are 
also tributary to Buffalo Bayou. Construction is underway 
and is scheduled for completion in December 1986. Plan­
ning and engineering studies are underway on Upper 
White Oak Bayou and tributaries and are scheduled for 
completion in September 1985. 

The authorized San Jacinto River and Tributaries pro­
ject provides for a flood-control study of the San Jacinto 
River watershed including consideration of both structural 
and nonstructural measures. A survey report is due to be 
completed in September 1989. 

The plan for the San Jacinto River Basin provides for 
coordination of local flood-control and flood-protection 
measures with planned projects and studies by the Corps of 
Engineers. 
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II. SAN JACINTO-BRAZOS COASTAL BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physical Description 

The San Jacinto-Brazos Coastal Basin is bounded on 
the north by the San Jacinto River Basin, on the east by 
Galveston Bay and the Trinity-San Jacinto Coastal Basin, 
and on the west by the Brazos River Basin. Maximum 
elevation in the basin is about 100 feet, although most of 
the basin area has an elevation of less than 50 feet. The 
small streams which drain into Galveston Bay include 
Clear Creek, and Dickinson, Mustang, Chocolate, and 
Bastrop Bayous. Total basin drainage area is 1,440 square 
miles. For planning purposes, the basin is treated as a 
single hydrologic unit (Figure 111-11-1). 

Surface Water 

Average annual runoff during the 194 7-70 period was 
802 acre-feet per square mile within the northern and 
central parts of the basin above the tidal-affected regions of 
the basin. The lowest runoff rates during the 194 7-70 
period occurred during 1954-56 and averaged 284 acre­
feet per square mile. Lowest runoff occurred in 1956, with 
13 7 acre-feet per square mile. 

The majority of floods that strike this coastal basin 
result from torrential and persistent rainfall produced by 
tropical weather disturbances that migrate from the Gulf of 
Mexico inland across Texas' c,oastal plain. Some serious 
flooding occurs every few years in the spring as a result of 
bands of thunderstorms triggered by slow-moving cold 
fronts. The flood of 1957, which helped erase a long­
standing, extreme drought, was one ofthe most memora­
ble floods not related to a tropical cyclone. The basin 
sustained other disastrous floods in 1900, 1915, 1959, 
1961, 1979, and 1981. 

Non tidal reaches of streams in the San Jacinto-Brazos 
Coastal Basin generally have low concentrations of dis­
solved solids, commonly less than 400 milligrams per liter 
(mg/1). In tidal reaches, salinity increases markedly. Clear 
Lake varies widely in salinity, commonly containing from 
more than 12,000 to less than 400 mg/1 total dissolved 
solids. 

Ground Water 

The Gulf Coast Aquifer underlies the entire San 
Jacinto-Brazos Coastal Basin. The aquifer extends to a 
maximum depth of about 2,600 feet in the northwest part 
of the basin. Yields of large-capacity wells average about 
1, 500 gallons per minute (gpm ), but locally wells produce 
up to 3,200 gpm. The quality of water in the aquifer ranges 
from fresh to slightly saline. Over much of the area, total 
dissolved solids are less than 500 mg/1. 

In the past, well fields for the Cities of Galveston and 
Freeport have had to be located further inland because of 
saline-water encroachment. Importation of surface water 
from the Trinity and Brazos Rivers to replace or supple­
ment municipal and industrial ground-water pumpage 
should decrease the potential for saline-water encroach­
ment. Within the basin, freshwater deposits of the Gulf 
Coast Aquifer are surrounded by extensive deposits con­
taining saline waters. The potential for saline-water 
encroachment is very great but can be controlled by proper 
well location, completion, and pumpage. 

Population and Economic Development 

The population of the San Jacinto-Brazos Coastal 
Basin was reported at 536.8 thousand in 1980. About 36 
percent of the basin population resides in Galveston 
County, with another 29 percent and 25 percent living in 
portions of Harris and Brazoria Counties, respectively. 
Galveston, with a population over 61.9 thousand, is the 
largest city in the basin. It is followed by Texas City with a 
population over 41.4 thousand and Lake Jackson with an 
in-basin population of 18.1 thousand. 

The economy of the area is based on oil production, 
petrochemical and other chemical manufacturing, agri­
culture, agribusiness, commercial fishing, and shipping 
activities associated with the Ports of Galveston, Freeport, 
and Texas City. Convention and recreation business round 
out the diversified basin economy. 

Water Use 

Municipal freshwater use in the San Jacinto-Brazos 
Coastal Basin totaled 86.8 thousand acre-feet in 1980, 
over 67 percent of which was supplied by ground water. 
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Twenty percent, or 17.3 thousand acre-feet, was used in 
Brazoria County, 39 percent (34.1 thousand acre-feet) in 
Galveston County, and 29 percent (25.5 thousand acre­
feet) in Harris County. 

Manufacturing industries used almost 22 percent 
(114.2 thousand acre-feet) of the total basin freshwater 
use in 1980. Ninety-six percent (109.2 thousand acre­
feet) of the total used by manufacturers was derived from 
surface-water sources, while the remaining four percent 
( 5.0 thousand acre-feet) was obtained from ground-water 
sources. The chemicals and petroleum refinery industries 
accounted for the largest part of the water required by 
manufacturing industries in 1980. 

There was 3,385 megawatts of installed steam­
electric power generating capacity in the San Jacinto­
Brazos Coastal Basin in 1980, all plants used saline water 
for cooling. Small amounts of fresh water were used for 
boiler feedwater makeup, employee sanitation, and 
grounds maintenance. Ground-water pumpage for these 
purposes was about 1.8 thousand acre-feet, and surface­
water use totaled less than 200 acre-feet. Saline-water 
consumption totaled approximately 13.0 thousand acre­
feet. 

In 1980, over 73.2 thousand acres was irrigated, 
mostly using surface water diverted from the Brazos River 
and from streams in the basin. In 1980, a total of 325.7 
thousand acre-feet of water was used for irrigation in the 
basin, principally for rice production. About 316.1 thou­
sand acre-feet of this on-farm use was supplied from 
surface-water diversions. 

Estimated freshwater use by mining industries in the 
San Jacinto-Brazos Coastal Basin totaled 790 acre-feet in 
1980. Nonmetal mining in Galveston County accounted 
for 57 percent of the total mining water used in the basin. 

Livestock water use, predominantly for cattle produc­
tion totaled about 1.1 thousand acre-feet in the basin in 
1980. About 400 acre-feet was supplied from surface­
water sources. 

Navigation facilities in the San Jacinto-Brazos Coastal 
Basin include a portion of the Houston Ship Channel and 
Galveston Harbor and Channel, the Texas City Channel, 
Clear Creek and Clear Lake, Dickinson Bayou, and the 
Gulf Intracoastal Waterway and its tributary channels­
Chocolate Bayou, Offatts Bayou, Bastrop Bayou, and Oys­
ter Creek. These marine navigation facilities have no 
regulated freshwater requirements. 

Return Flows 

In 1980, total municipal and manufacturing return 
flows in the San Jacinto-Brazos Coastal Basin exceeded 
131.8 thousand acre-feet. 

Irrigation return flows in the San Jacinto-Brazos 
Coastal Basin in 1980 were estimated to total 7 4 thousand 
acre-feet, primarily from rice irrigation. Most of these 
return flows are discharged into estuarine waters. 

Current Ground-Water Development 

Approximately 76.2 thousand acre-feet of ground 
water was used in 1980 in the San Jacinto-Brazos Coastal 
Basin. Approximately 99 percent of this ground-water use 
was from the Gulf Coast Aquifer. The remaining small use 
was from the Brazos River Alluvium Aquifer. 

Of the 76.2 thousand acre-feet of ground water used 
in the basin, 58.3 thousand acre-feet or 77 percent was for 
municipal purposes, and 9.6 thousand acre-feet or 13 
percent was for irrigation purposes. 

Within the basin, a significant overdraft of ground 
water from the Gulf Coast Aquifer occurred in 1980 in 
Galveston County due to excessive withdrawals for munici­
pal, manufacturing, and steam-electric power generation 
purposes. 

Current Surface-Water Development 

There are no major reservoirs with conservation stor­
age in the San Jacinto-Brazos Coastal Basin. However, two 
major diversion systems, the Canal A and Canal B systems 
owned and operated by the Brazos River Authority, serve as 
conveyance facilities to bring water from the Brazos River 
Basin to the irrigated areas and to the rapidly expanding 

.industrial areas in the basin. The Chocolate Bayou Com­
pany and Dow Chemical also operate major diversion sys­
tems. Water is conveyed for irrigation and industrial 
purposes in Fort Bend and Brazoria Counties. Dow Chemi­
cal Company operates a Brazos River diversion in connec­
tion with an off-channel reservoir, Harris Reservoir in 
Brazoria County. Releases from this reservoir are conveyed 
downstream via Oyster Creek to the Dow Canal System. 
The water is used forindustrial purposes and as a municipal 
water supply for the City of Freeport. 

In the eastern part of the basin, the Galveston County 
Water Authority operates a 12.5 thousand acre-feet capac­
ity off-channel reservoir which stores and regulates water 
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diverted from the Brazos River through the Canal B system 
for municipal and manufacturing uses. 

In 1980, approximately 454.4 thousand acre-feet of 
surface water was used within the San Jacinto-Brazos 
Coastal Basin. Of this total, 28.5 thousand acre-feet was 
used for municipal purposes, 109.2 thousand acre-feet 
was used by manufacturing industries, and 316.1 thou­
sand acre-feet was used for irrigation. Diversions from the 
Brazos River Basin under existing permits supplied 394.2 
thousand acre-feet of raw water through the Canal A and 
Canal B systems, while 28.0 thousand acre-feet was sup­
plied from the San Jacinto River Basin through sales of 
treated water by the City of Houston to the Cities of Pasa­
dena and Galveston, and an additional 31.1 thousand 
acre-feet supplied from the Trinity River Basin through the 
Coastal Industrial Water Authority System. 

Water Rights 

A total of 204,426 acre-feet of surface water was 
authorized or claimed for diversion and use in the San 
Jacinto-Brazos Coastal Basin as of December 31, 1983 
(Table Ill-11-1). Authorized and claimed diversions for 
municipal use amounted to 12,000 acre-feet, or almost 
six percent of the total amount of water authorized or 
claimed in the basin (Table III-11-2). 

Water Quality 

Most of the segments in this basin are small coastal 
streams, bayous, and bays which receive various amounts 
of treated sewage, industrial discharges, and agricultural, 
urban, and industrial runoff. Nutrients, especially phos­
phorus, are consistently high throughout most of the basin. 
Phytoplankton standing crops are also high throughout 
most of the basin, resulting in wide dissolved-oxygen fluc­
tuations due to algal photosynthesis and respiration. Total 
and fecal coliform bacterial levels are also elevated in many 
segments. 

The Clear Lake basin experiences the most 
eutrophication-related problems, probably because the 
population density in the basin is high and the water quality 
in the adjacent portion of Galveston-Bay is relatively poor. 
Bastrop, Christmas, and Drum Bays characteristically have 
good water quality because they are located in a sparsely 
populated area and receive no direct wastewater dis­
charges. Lower Oyster Creek also exhibits problems with 
low dissolved oxygen levels and elevated levels of nutrients 
and bacteria. 

Table UI-11-1. Authorized or Claimed Amount ofWater, 
by Type of Right, 

San Jacinto-Brazos Coastal Basin' 

Type of Number of Acre-Feet Authorized 
Authorization Rl!lht8 and Claimed 

Permits 23 168.733 
Claims 40 27.103 
Certified Filings 4 8,590 
Certificates of 

Adjudication 0 0 

Total Authorizations 67 204.426 
and Claims 

I The Texas Water Rights Adjudication Act of196 7 authorizes the Texas Depart­
ment of Water Resources to invcstil!ate and determine, with the Court's approval, 
the nature and measure of water rights for all authorized diversions from surface­
water streams or portions thereof except domestic and livestock uses and to 
monitor and administer each adjudicated watertight. These totals incorpomte the 
results of water-rights adjudication in the basin as of December 31, 1983. These 
totals do not include 10 authorized diversions of saline water amounting to 
9,407,385 acre-feet/year. Certified Filings are declamtions of appropriation 
which were filed with the State Board of Water Engineers under the provisions of 
Section 14, Chapter 171, General Laws, Acts of the 33rd Legislature, 1913, as 
amended. Permits are statutory appropriative rights which have been issued by the 
Texas Water Commission or its predecessor agencies. Claims are sworn state­
ments of historical uses to be adjudicated In accordance with the Texas Water 
Rights Adjudication Act. A certificate of adjudication Is the final result alter 
recognition ol a valid right in the adjudication process and is based on a permit, 
certified filing or claim or any combination of the three. 

Flooding, Drainage, and Subsidence 

As a result of Hurricane Carla in 1961, Brazoria and 
Galveston Counties recorded flood damages to agriculture 

Table 111·11-:Z. Authorized or ClaimedAmountofWater, 
by Type of Use, in Acre-Feet, 

San Jacinto-Brazos Coastal Basin 

Type of Number of Basin 
Uoe Rlght8 Total 

Municipal 1 12.000 
Industrial2 7 95.669 
Irrigation 58 94.037 
Recreation 7 2,720 

Total 67' 204.426 

tDoes not sum due to multipurpose "rights", which may be applied to more than 
one type ol use. 

2Does not include 10 authorized diversions of saline water amounting to 
9,407,385 acre-feet/year. 

III-11-4 



of jl4. 25 million and nonagricultural flood damages of 
il96.5 million. Tropical Storm Claudette in July 1979 
produced record rainfall and record flood damages. As a 
result of a federal disaster declaration, over jl4.1 million 
was spent in flood relief and 9, 737 flood insurance claims 
were filed for il138. 7 million in flood damages. Additional 
heavy rainfall in September 1979 resulted in another 
disaster declaration for the basin and an additionalll574 
thousand in flood relief. Massive flooding in 1981 in the 
Galveston-La Marque-Texas City area produced 2,464 
flood insurance claims for ll11.5 million in flood damages. 
During the years 1977, 1978, and 1980, less serious 
flooding produced 570 flood insurance claims for S2.5 
million in flood damages. 

Unincorporated areas of Brazoria, Galveston, and 
Harris Counties are participating in the Regular Phase of 
the National Flood Insurance Program, and have 100-year 
base flood elevation data. Fort Bend County has not as yet 
entered the program. Within the basin, a total of 31 cities 
are in the Regular Phase and 7 cities are in the Emergency 
Phase. Efforts are underway to establish 100-year flood 
elevations throughout the basin. 

As urbanization has increased so have drainage prob­
lems. Improvement of major drainage outlets is required if 
drainage systems are to keep pace with urbanization. This 
is evident in the Clear Creek area where increased urban 
runoff frequently exceeds channel capacities. In cultivated 
areas, drainage improvements are necessary to enhance 
·crop yields. These improvements may consist ofland level­
ling or more elaborate installations of subsurface drainage 
and collection ditches. Work is necessary in most areas to 
improve the shallow, natural drainage systems; however, 
care must be taken to avoid damaging wetland habitats. 

Since 1906 within the San Jacinto-Brazos Coastal 
Basin, subsidence, ranging from approximately 0.5 foot to 
more than eight feet, has occurred in Galveston, Harris, 
Brazoria, and Fort Bend Counties. The least amounts of 
subsidence are in south-central Brazoria County. More 
than six feet of subsidence has occurred in Texas City. The 
subsidence is due to clay compaction caused by ground­
water withdrawals from the Gulf Coast Aquifer for indus­
trial needs. More than two feet of subsidence has occurred 
at Freeport due to ground-water withdrawals. The most 
subsidence within the basin was about eight feet in Deer 
Park in the northern part of the basin southwest of the San 
Jacinto Monument. This area is part of the subsidence 
"bowl" caused mainly by the concentrated historical 
ground-water withdrawals in the Houston Ship Channel 
area in the San Jacinto River Basin. Fault activation and 
movement are associated with subsidence within the San 
Jacinto-Brazos Coastal Basin. Active faults have been 
identified in Harris and Galveston Counties within the 
basin. In urban and industrialized areas in Harris and 

Galveston Counties, active faults have caused severe dam­
age to buildings, streets, highways, airport runways, rail­
roads, and various pipeline systems. Subsidence and 
faulting has caused inundation by bay waters of part of the 
San Jacinto Monument State Park in eastern Harris 
County within the basin. Subsidence and faulting are also 
caused by withdrawals of petroleum and associated saline 
ground-water within the basin. To stop subsidence and 
faulting due to ground-water withdrawals, large supplies of 
surface water are being conveyed from the Brazos and 
Trinity Rivers to Harris and Galveston Counties within the 
basin. 

Recreation Resources 

Similar to other coastal basins in the State, water­
oriented recreation resources available in the San Jacinto­
Brazos Coastal Basin are directed primarily toward 
meeting the needs of the marine recreationist. An esti­
mated 306 thousand sport fishing parties visited the 
Trinity-San Jacinto estuary during 1976-1977. The 
Trinity-San Jacinto estuary extends into the San Jacinto­
Brazos Coastal Basin. The recreation use by the sport 
fishermen produced an estimated total economic impact 
of l!l3.4 million to regional and State economies. There 
are no major reservoir facilities located in the basin and the 
limited amount of freshwater recreation resources avail­
able in the area are restricted to shoreline activities along 
streams and ponds. 

PROJECTED WATER REQUIREMENTS 

Population Growth 

The population of the San Jacinto-Brazos Coastal 
Basin is projected to more than double by 2030, from the 
present 536.8 thousand to 1.4 million {Table III-ll-3). A 
7 3 percent increase is projected from 1980 to the year 
2000, yielding a population of 926.9 thousand. A slightly 
smaller growth of 55 percent is anticipated from 2000 to 
2030. 

Galveston County population is expected togrow106 
percent by 2030, compared to 142 percent for the State. 
However, the county percentage of basin population is 
expected to decline from 36.2 pe<cent in 1980 to 28.3 
percent in 2030. In comparison, the Fort Bend County 
in-basin population is predicted to grow the fastest, 396.4 
percent from 1980 to 2030, and as a result its percentage 
of basin population is projected to increase from 9. 9 per­
cent to 18.7 percent by 2030. Harris County, with a 1980 
to 2030 growth of 163.5 percent, is expected to maintain 
its in-basin population percentage of 29 percent. 
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San Jacinto--Brazos Basin 
Pop.llation 
Municipal 58.3 28.5 
Manufacturing 5.0 109.2 
Steam Electric 1.8 0.2 
Mining 0.8 0.0 
Irrigation 9.6 316.1 
Livestock 0. 7 0.4 
Basin Total Water 76.2 454.4 

Table III-11-3. Po!;Ulation, current Water Use, With Projected Pq:ul.ation and Water REqllirenents, 199G-203@/ 
San Jacinto--Brazos coastal Basin 

536.8 738.9 926.9 1,077.5 
86.8 63.5 99.4 162.9 82.5 126.2 208.7 88.3 154.6 242.9 

114.2 o.o 168.4 168.4 0.0 224.3 224.3 0.0 287.1 287.1 
2.0 2.0 0.0 2.0 2.0 0.0 2.0 2.0 0.0 2.0 
0.8 0.9 0.0 0.9 1.1 0.0 1.1 1.1 0.0 1.1 

325.7 9.4 217.1 226.5 6.3 205.8 212.1 6.3 205.1 2ll.4 
1.1 0.5 0.8 1.3 0.5 0.9 1.4 0.5 0.9 1.4 

530.6 76.3 485.7 562.0 92.4 557.2 649.6 98.2 647.7 745.9 

!i!/ Pop.ll.ation in thousands of persons, water raquirerents in thousands of acre-feet per year 

1,242.1 1,434.1 
92.3 188.0 280.3 97.7 226.2 323.9 
0.0 362.0 362.0 0.0 458.4 458.4 
2.0 0.0 2.0 2.0 0.0 2.0 
1.1 0.0 1.1 1.0 0.0 1.0 
3.3 208.2 211.5 2.3 208.9 2ll.2 
0.5 0.9 1.4 0.5 0.9 1.4 

99.2 759.1 858.3 103.5 894.4 997.9 



Water Requirements 

Municipal 

Municipal water requirements are projected for two 
cases of future growth based on both population and per 
capita water use. Water requirements in the San Jacinto­
Brazos Coastal Basin are projected to increase from the 
1980 level of 86.8 thousand acre-feet by a projected maxi­
mum of 140 percent by the year 2000. By 2030, water 
requirements range from 194.9 to 323.9 thousand acre­
feet low and high case, respectively. 

Industrial 

Manufacturing water requirements in 1980 were 
114.2 thousand acre-feet in the San Jacinto-Brazos Coas­
tal Basin. Projections of future water requirements for 
manufacturing purposes were made by decade and for a 
low and high case for each industrial group. In 1980, over 
90 percent of total manufacturing water use was concen­
trated in five industrial groups: chemicals, petroleum 
refining, primary metals, paper products, and food pro­
ducts. Because of this concentration, careful attention was 
given to the future growth outlook for these industries in 
making the projections. 

Manufacturing water requirements in the San 
Jacinto-Brazos Coastal Basin are projected to increase 
more than three times by the year 2030, to a potential high 
of 458.4 thousand acre-feet by 2030 (high case). Galves­
ton County accounts for most of the basin use in the 
production of industrial organic chemicals and petroleum 
refining. 

Steam-Electric Power Generation 

In 1980, almost two thousand acre-feet was used for 
power generation in the San Jacinto-Brazos Coastal Basin. 
Little increase is projected in consumption of fresh water in 
this basin. From 1980 to 2030 steam-electric generating 
water requirements are projected to increase only one 
percent. Plants using saline water for cooling require small 
amounts of fresh water for boiler feedwater makeup, 
employee use, sanitation, and other applications such as 
grounds maintenance. These freshwater consumption 
requirements will probably not exceed several hundred 
acre-feet, although total freshwater withdrawal require­
ments will be higher. Significant amounts of fresh water, 
however, will be required if expanded or new plants are 
coal- or lignite-fueled and are required to use stackgas 
scrubbers. 

Aj!riculture 

Irrigation 

Irrigation water requirements were projected for two 
cases of future change based on improvements in on-farm 
application efficiencies, reduction in ditch losses, changes 
in future resource costs and crop prices, and correspond­
ing changes in cropping patterns to reflect more profitable 
crops. A low case projects demand for water based on the 
effects of changes in the above variables but with irrigated 
acreage held constant at 1980 levels in each zone for each 
future time period; a high case projects demand for water 
for irrigation constrained only by the requirement that 
inigated farming produce a net positive return in excess of 
that possible from dryland farming and the requirement 
not to exceed the amount of irrigable soil in each zone. 
Thus, the projections of demand, low and high cases, based 
on the inigation efficiency and market conditions men­
tioned above, give an estimate of the quantity of water 
needed for irrigation in each zone, at each decadal point 
for which projections were made. These projections of 
demand are compared to the projected supply of water 
locally available. When projected demand exceeds pro­
jected supply, the difference is a measure of shortage at that 
point in time. 

Irrigation water requirements in the San Jacinto­
Brazos Coastal Basin are projected to decrease from the 
1980 level of 325.7 thousand acre-feet by a projected 
maximum 35 percent by the year 2000 in the high case. In 
the year 2030, water requirements in the basin are pro­
jected to be about 211.2 thousand acre-feet annually in 
the low and high cases to irrigate about 71.0 thousand 
acres. 

Livestock 

Cattle production in the San Jacinto-Brazos Coastal 
Basin is expected to increase livestock water use to 1.4 
thousand acre-feet annually by the year 2030. From 1980 
to 2030, livestock water requirements are predicted to 
increase by 27 percent. 

Mining 

Mining water use in the San Jacinto-Brazos Coastal 
Basin is projected to only increase 25 percent from 1980 
to 2030 (0.8 thousand to 1.0 thousand acre-feet). Non­
metal mining operations required 62 percent of the basin 
mining water use in 1980; by 2030, nonmetal mining is 
projected to be 85 percent or 0. 9 thousand acre-feet 
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annually. By the year 2030, water used in the secondary 
recovery of petroleum and natural gas is expected to 
account for 0.1 thousand acre-feet primarily in Brazoria 
and Harris Counties. 

Navigation 

There is no anticipated regulated freshwater require­
ment for navigation in the basin through the year 2030. 

Hydroelectric Power 

No hydroelectric power generation facilities are 
planned in the basin. 

WATER SUPPLY PROJECTS AND 
MEASURES TO MEET 

FUTURE BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

The approximate annual ground-water yield within 
the San Jacinto-Brazos Coastal Basin through the year 
2030 is 110.5 thousand acre-feet. This amount of annual 
ground-water supply is from the Gulf Coast Aquifer which 
is the only fresh to slightly saline water-bearing formation 
within the basin. 

The projected annual ground-water use within the 
San Jacinto-Brazos Coastal Basin by decade from 1990 
through 2030 is expected to be from 76.3 to 103.5 thou­
sand acre-feet per year (Table III-11-3). The approximate 
average annual projected ground-water use within the 
basin is expected to be about 93.7 thousand acre-feet per 
year. 

Surface-Water Availability and 
Proposed Development 

The San Jacinto-Brazos Coastal Basin is projected to 
experience water shortages by 1990 if only the existing 
water supply sources are available to supply the anticipated 
needs. However, based on the proposed development, the 
projected surface-water requirements in the basin can be 
met with only minor irrigation shortages through the year 
2030 (Table III-11-4, Figure III-11-2). Supplies to the 
basin provided from the Brazos River Basin and proposed 
interbasin surface-water transfers from the Neches and 
Sabine River Basins are projected to be 545.3 thousand 

acre-feet annnally in 2000 and 881.7 thousand acre-feet 
by 2030. The irrigation shortages are forecast to occur due 
to localized limited ground-water availability. 

There are no major reservoirs proposed for the basin. 
Off-channel reservoirs for holding excess flows pumped 
from the Brazos River Basin may be developed to augment 
existing surfacecwater resources and to abate the effects of 
high salinity conditions. Projected surface-water needs are 
anticipated to be partially met through existing water rights 
and contracts with the Brazos River Authority for water 
from the Brazos River Basin. Additional surface-water sup­
plies will be needed by the year 1990 above those currently 
available from the Brazos River Basin. The development of 
the proposed South Bend Reservoir in the Braws River 
Basin by 1990 would supply additional projected water 
needs until 2000. An alternative for providing surface 
water needed by 2000 and beyond to year 2030 is the 
construction of water conveyance canals and pipelines 
from the Neches and Sabine River Basins in East Texas. 
Sufficient supplies presently exist in those basins to meet 
anticipated increases in surface-water needs in this basin 
until the year 2020 when Rockland Reservoir or alterna­
tive water supply projects are projected to be needed in the 
Neches River Basin. By the year 2030, projected increases 
in surface-water needs_in this basin will require the con­
struction of an additional major reservoir in the Sabine or 
Neches River Basins if water shortages are to be avoided. 
Additional studies will have to be done by the Department 
and regional interests to examine the engineering alterna­
tives and the economic, environmental, and institutional 
considerations that would be involved in such major inter­
basin transfers of water. Bon Wier Reservoir in the Sabine 
River Basin is an alternative project to meet this need. 

Water Quality Protection 

A water quality management plan for the San Jacinto­
Brazos Coastal Basin has been developed pursuant to the 
requirements of federal and State Clean Water legislation. 
An areawide water quality management plan has also been 
developed for the greater Houston metropolitan area. 
These plans serve as a basic element in the State's overall 
water quality strategy and provide guidance in establishing 
priorities for construction grants for waste treatment facili­
ties, permitting of wastewater facilities. revision of stream 
standards, and other program activities. 

Construction costs associated with municipal waste­
water treatment facilities needs have been estimated to be 
approximately l!158.6 million for the planning period of 
1980 to the year 2000. These costs are estimated for the 
entire San Jacinto-Brazos Coastal Basin in Jannary 1980 
dollars and are subject to revision as new data become 
available. The list of projects, with project costs for 1982-
1989, at 1980 prices, is shown in Appendix B. 
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Table UI-11-4. Water Resources of the San Jacinto-Brazos Coastal Basin, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand 

Intra· Return In Intra· 
Decade Basin Basin Flow Import Total Basin Basin Export Total M&I ---

1990 
Ground Water 76.3 - - - 76.3 76.3 - - 76.3 .0 
Surface Water .0 - .0 474.0 474.0 474.0 - .0 474.0 .0 
Total 76.3 - .0 474.0 550.3 550.3 - .0 550.3 .0 

2000 
Ground Water 92.4 - - - 92.4 92.4 - - 92.4 .0 
Surface Water .0 - .0 545.3 545.3 545.3 - .0 545.3 .0 
Total 92.4 - .0 545.3 637.7 637.7 - .0 637.7 .0 

2010 
Ground Water 98.2 - - - 98.2 98.2 - - 98.2 .0 
Surface \Vater .0 - .0 634.0 634.0 635.8 - .0 635.8 .0 
Total 98.2 - .0 634.0 732.2 734.0 - .0 734.0 .0 

2020 
Ground Water 99.2 - - - 99.2 99.2 - - 99.2 .0 
Surface Water .0 - .0 745.9 745.9 747.2 - .0 747.2 .0 
Total 99.2 - .0 745.9 845.1 846.4 - .0 846.4 .0 

2030 
Ground Water 103.5 - - - 103.5 103.5 - - 103.5 .0 
Surface Water .0 - .0 881.7 881.7 882.5 - .0 882.5 .0 
Total 103.5 - .0 881.7 985.2 986.0 - .0 986.0 .0 

•Units in thousands of acre-feet per year. Water demands are for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among woes within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natuml stream channel that· can be recaptured at a downstream point. 
Export: A tmnsfer of water to another river basin. 

Surplus or Shortage 

Irrigation 
(Shortage) Total 

.0 .0 

.o .0 

.0 .0 

.0 .0 

.0 .0 

.0 .0 

.o .0 
(1.8) (1.8) 
(1.8) (1.8) 

.0 .0 
(1.3) (1.3) 
(1.3) (1.3) 

.0 .0 
(.8) (.8) 
(.8) (.8) 
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Figure 111-11-2. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, San Jacinto-Brazos Coastal Basin, 1980-2030 

Additional water quality management costs, such as 
for control of agricultural, oil and gas, and industrial pollu­
tants, cannot be estimated at this time, but are believed to 
be increasing. 

Flood Control Measures 

There are no existing flood-control reservoirs in the 
San Jacinto-Brazos Coastal Basin. Present flood-control 
measures include channel improvements, levees, flood­
proofing, flood-plain zoning, and elevation of structures. 
The Texas City Hurricane-Flood Protection project, 
authorized in 1958, provides hurricane and tidal flood 

protection to Texas City. The project consists of approxi­
mately 17 miles of levees and sea walls. 

The Flood Control Act of 1968 authorized the U.S. 
Army Corps of Engineers to enlarge and rectify the natural 
channel of Clear Creek. The project is awaiting appropria­
tions from Congress for construction. The project will 
eliminate most damages from floods having an expected 
recurrence interval of 100 years or less in the active growth 
areas of Harris and Galveston Counties. 

Construction of the Highland Bayou Flood Protection 
project was begun by the Corps of Engineers in August 
1974. The project, consisting of channel improvements 
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and a diversion channel, will provide flood protection to La 
Marque and Hitchcock. 

The Galveston Seawall provides some protection to 
downtown Galveston from tidal flooding, and additional 
studies are underway by the Corps of Engineers to deter­
mine feasibility of providing hurricane flood protection to 
low-lying areas. 

The Freeport Hurricane Flood Protection project, 
begun by the Corps of Engineers in 1965, has been com-

pleted. The project, which provides protection from hurri­
cane flooding to Freeport and vicinity, includes 38 miles of 
improved levees, 2 miles of new levees, drainage struc­
tures, pumping plants, and a tide-control structure. 

The Corps has a flood damage prevention study 
underway on Dickinson Bayou. This study is scheduled for 
completion in April 198 7. 
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12. BRAZOS RIVER BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physical Description 

The Brazos River Basin is bounded on the north by the 
Red River Basin, on the east by the Trinity and San Jacinto 
River Basins and the San Jacinto-Brazos Coastal Basin, 
and on the south and west by the Colorado River Basin and 
the Brazos-Colorado Coastal Basin. Elevation ranges from 
about 4,700 feet near Plainview on the High Plains to sea 
level at the mouth of the Brazos River near Freeport. Total 
basin drainage area is 45,573 square miles, of which about 
43,000 square miles is in Texas and the remainder in New 
Mexico. Approximately 9,566 square miles of drainage 
area in the basin, mostly in the High Plains, is noncontri­
buting. The Brazos River Basin varies in width from about 
70 miles in the High Plains to approximately 110 miles in 
the vicinity of Waco, then decreases gradually in width to 
approximately 10 miles near Richmond. Headwaters of 
the White River form near Floydada (Floyd County), south­
east of Plainview. Headwaters of the Salt Fork form in 
northwestern Garza County at an elevation of approxi­
mately 2,400 feet. The White River joins the Salt Fork 
Brazos River in northwestern Kent County, and the conflu­
ence of the Salt Fork and Double Mountain Forks of the 
Brazos River is located in eastern Stonewall County. Prin­
cipal tributaries of the Brazos River downstream from this 
confluence include the Clear Fori{ Brazos River, Bosque 
River, Little River (formed by the confluence of the Leon 
and Lampasas Rivers) Yegua Creek, and the Navasota 
River. For planning purposes, the basin is divided into six 
zones (Figure III-12-1). 

Snrface Water 

The average annual runoff in the Brazos River Basin 
for the period 1941 through 1970 was 156 acre-feet per 
square mile of contributing area. The average annual 
runoff ranged from about 530 acre-feet per square mile 
near the mouth to less than 50 acre-feet per square mile 
near the escarpment of the High Plains. 

The lowest runoff for consecutive years during the 
period 1941 through 1970 occurred during the years 
1951 through 1956 and 1962 through 1964. During the 
period 1951 through 1956, annual runoff averaged 39 
acre-feet per square mile, and for the period 1962 through 
1964 annual runoff averaged 45 acre-feet per square mile. 
The two lowest annual runoff rates occurred in 1951 and 

1956, when annual runoff was 20 and 22 acre-feet per 
square mile, respectively. 

The flat terrain of the High Plains portion of the Brazos 
River Basin produces shallow or sheet flooding due to the 
slow movement of water over the surface. Flooding is 
almost exclusively confined to the warmer half of the year 
(April-September); during this time gigantic thunder­
storms will unleash very heavy rainfall in short periods of 
time. These short-term deluges can fill a dry streambed in a 
matter of a few hours-if not minutes-and the resultant 
overflow inundates bridges, overpasses, and low-lying resi­
dential areas. Normally, most of the water flows into playa 
lakes where it forms ponds and causes local, minor 
flooding. 

The coastal regions of the Brazos River Basin expe­
rience flooding from frontal-type storms, hurricanes, and 
thunderstorms. The two most devasting storms and result­
ing floods occurred in 1913 and 1957. These floods were 
the result of prolonged, torrential rains. 

Sources of saline water, primarily of natural origin, in 
the upper Brazos River Basin partially degrade the chemi­
cal quality of the river throughout its entire length. Flows of 
the Salt Fori<, parts of the Double Mountain Fori<, and the 
mainstream of the Brazos River above Possum Kingdom 
Reservoir are too saline for most beneficial uses. As a result 
of this natural salt pollution in the upper basin, waters in 
the three mainstream reservoirs, Possum Kingdom, Gran­
bury, and Whitney, are unsuitable for municipal water 
supply without special and costly treatment processes. The 
principal sources of natural salt (sodium chloride) in the 
upper basin are springs and seepages in the drainage area 
of the Salt Fork. The major salt contributing tributaries 
include Croton, Salt Croton, and North Croton Creeks in 
Stonewall County; Salt Creek in Kent County; and McDo­
nald Creek in Northern Garza County. In addition, large 
quantities of calcium and sulfate are contributed from the 
solution of gypsum-bearing formations which are wide­
spread in the upper Brazos Basin. The daily loads of dis­
solved solids to the Salt Fork Brazos River are estimated to 
be 1. 760 tons per day. 

The quality of the river improves significantly in the 
lower basin as the salinity decreases because of the sub­
stantial dilution by good quality water from tributaries 
below Whitney Reservoir. The contributions of water from 
tributaries such as the Paluxy River, Little River, and the 
Navasota River decrease the extreme variations in mineral 
concentrations and thus provide water of a uniform quality 
in the lower basin. However, during periods of decreased 
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Figure 111-12-1. Brazos River Basin and Zones 
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streamflow in the lower basin, the total dissolved-solids 
concentrations in the mainstem nearer Richmond in Fort 
Bend County have exceeded 500 milligrams per liter 
(mg/1). 

Highly saline waters resulting from oil and gas explo­
ration and production continue to degrade the chemical 
quality of many streams in the basin, particularly within the 
drainage areas of the Clear Fork Brazos River and the 
Navasota River; however, the quality of the rivers has 
improved significantly in recent years. Regulation of 
streamflow by Possum Kingdom Lake and Lake Whitney 
on the main stem, and contributions of good quality water 
from most downstream tributaries such as the Paluxy 
River, Little River, Navasota River, and San Gabriel River, 
decrease extreme variations in mineral concentrations 
and thus provide water of a more uniform quality in the 
lower basin. Nevertheless, chloride and sulfate concentra­
tions and the excessive hardness of flows of the main stem 
have severely limited full potential use of the surface-water 
resources of the basin. 

Ground Water 

The Trinity Group Aquifer produces water in the cen­
tral part of the Brazos River Basin. Total thic]{ncss ranges 
from about 230 to 1, 200 feet. Yields of large-capacity 
weils average 200 gallons per minute (gpm), although 
locally wells produce up to 1,000 gpm. The ground water is 
fresh through much of the aquifer, but quality deteriorates 
gradually downdip. 

The Edwards (Balcones Fault Zone) Aquifer extends 
into Williamson and southern Bell Counties in the central 
part of the basin. The aquifer is approximately 250 feet 
thick. Yields of high-capacity wells range up to 2,000 gpm. 
Ground water produced from the aquifer is relatively hard, 
but in most areas contains less than 500 mg/1 total dis­
solved solids. 

The Carrizo-Wilcox Aquifer occurs in the central part 
of the basin, and includes the Wilcox Group and the Car­
rizo Formation of the Claiborne Group. Total thickness of 
the aquifer ranges from less than 100 to more than 2,200 
feet. Yields of large-capacity wells range between 300 and 
3,000 gpm. The water generally contains less than 1,000 
mg/1 total dissolved solids, but quality deteriorates rapidly 
downdip. 

The Gulf Coast Aquifer occurs in the lower part of the 
basin and extends to a maximum depth of about 3,000 
feet. Yields of large-capacity wells average 1, 500 gpm, 
ranging up to 3,400 gpm. Ground water produced from 
the Gulf Coast Aquifer is generally fresh, but quality deteri­
orates with depth, particularly near the Coast. 

The High Plains (Ogallala) Aquifer underlies a large 
portion of the upper Brazos River Basin. In 1980, the 
saturated thickness of the High Plains Aquifer within the 
basin ranged from about 20 to 260 feet. Yields of large­
capacity wells average about 550 gpm; although locally 
wells produce up to 1,000 gpm. Generally, the water has 
less than 1,000 mg/1 total dissolved solids. However, in 
some areas of the basin ground water of the High Plains 
(Ogallala) Aquifer has fluoride concentrations which 
exceed Environmental Protection Agency-Texas Depart­
ment of Health primary standards for fluoride. 

The Alluvium Aquifer within the Brazos River Basin 
includes the Seymour Formation and the Brazos River 
Alluvium. The Seymour Formation constitutes an impor­
tant aquifer in isolated areas within the west-central part of 
the basin. The total thickness ranges up to 165 feet. Yields 
of large-capacity wells average 2SO gpm, but locally wells 
produce up to 1,300 gpm. The quality of the water ranges 
from 500 to more than 3,000 mg/1 total dissolved solids. 

The Brazos River Alluvium Aquifer occurs in a narrow 
band along the course of the Brazos River from McLennan 
County to Fort Bend County. The total thickness ranges 
from approximately 15 to 200 feet. Yields of large-capacity 
wells average 500 gpm, but locally wells produce as much 
as 1,350 gpm. Most of the water in the aquifer contains less 
than 1,000 mg/1 total dissolved solids, but locally the 
ground water contains as much as 2,700 mg/1 total dis­
solved solids. 

The Santa Rosa Aquifer occurs in the western part of 
the Brazos River Basin, primarily in Scurry County. The 
total thickness is approximately 300 feet. Well yields range 
from about 50 to 100 gpm. The water is generally fresh, 
containing less than 500 mg/1 total dissolved solids. 

The Woodbine Aquifer produces water in a small area 
in Hill and Johnson Counties in the central part of the 
basin. The total thickness is less than 500 feet, with 40 to 
50 percent net sand. Yields of high-capacity wells average 
less than 200 gpm. Water in the aquifer is fresh to slightly 
saline, with quality deteriorating downdip and to the south 
where the sand facies of the Woodbine Formation pinches 
out. 

The Queen City Aquifer occurs in the lowerpartofthe 
Brazos River Basin. Total thickness ranges up to about 500 
feet, with 50 to 60 percent sand. Yields of most wells are 
relatively low, few exceeding 250 gpm. The water gener­
ally contains less than 500 mg/1 total dissolved solids, but 
quality deteriorates downdip. 

The Sparta Aquifer occurs in the lower part of the 
Brazos River Basin. Total thickness reaches a maximum of 
approximately 300 feet. Yields oflarge-capacitywells aver-
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age about 325 gpm although locally wells produce as much 
as 500 gpm. Total dissolved solids of water in the aquifer is 
generally less than 1,000 mg/1, but water quality deterio­
rates downdip. 

Within the Brazos River Basin, the Nacatoch Sand 
Aquifer occurs only in a small part of Limestone County. 
Total thickness ranges up to about 350 to 400 feet. No 
large-capacity wells are known to produce from this aqui­
fer in the basin. The water ranges from fresh to slightly 
saline. 

The Hickory Sandstone Aquifer occurs in a narrow 
strip in the central part of the basin. The thickness ranges 
from 300 to 450 feet. Few wells have been completed in 
the Hickory Sandstone in the Brazos River Basin, but high­
capacity wells produce from 200 to 500 gpm in the adjoin­
ing Colorado River Basin. The quality of water in the 
Hickory Sandstone in the Brazos River Basin is slightly 
saline, as only the down dip portion of the aquifer is present 
in the basin. 

The Ellenburger-San Saba Aquifer also occurs in a 
narrow strip in the central part of the Brazos River Basin. 
The total thickness ranges up to about 1,000 feet in the 
basin. Wells producing from the aquifer in the adjoining 
Colorado River Basin yield as much as 1,000 gpm. 

The Marble Falls Limestone Aquifer occurs only in two 
isolated areas in Lampasas and Burnet Counties. The unit 
reaches a maximum thickness of approximately 600 feet. 
Wells completed in the aquifer in the Colorado River Basin 
yield as much as 2,000 gpm. 

The Edwards-Trinity (High Plains) Aquifer occurs in 
the far western part of the Brazos River Basin. Total thick­
ness ranges up to 300 feet. Well yields are generally low 
except in local areas where the limestone portion of the 
aquifer is saturated. The quality of the water ranges from 
slightly to moderately saline. 

Highly mineralized ground water occurs locally in 
Quaternary, Cretaceous, Triassic, Permian, and Pennsly­
vanian rocks within the upper part of the Brazos River 
Basin. Where these rocks are in contact locally with satu­
rated deposits of the High Plains (Ogallala), Alluvium, 
Santa Rosa, and Trinity Group Aquifers, the potential for 
saline-water encroachment is great. In these local areas 
depletion of storage within these aquifers will cause highly 
mineralized ground water to invade the depleted fresh to 
slightly saline water deposits. In the High Plains area within 
the Brazos River Basin, brine occurs in and beneath saline 
lakes. Some of the water in some of the lakes and in the 
Quaternary and Cretaceous deposits beneath the lakes 
have total dissolved solids in excess of 100,000 mg/1. In 
most cases, the water in the lakes and the ground water 

beneath the lakes are hydraulically connected to the High 
Plains (Ogallala) Aquifer. Mining of usable quality ground 
water from the High Plains (Ogallala) Aquifer in areas 
adjacent to these saline lakes and their associated saline 
water-bearing deposits, particularly near the southeastern 
flanks of the lakes, can cause saline-water encroachment. 
Saline lakes with associated saline water-bearing deposits 
are known to occur in Bailey, Lamb, Hockley, Terry, and 
Lynn Counties within the Brazos River Basin. 

Potential saline-water encroachment problems due to 
reductions in artesian pressures exist in the Trinity Group 
Aquifer in Hill, McLennan, Falls, and Bell Counties, and in 
the Gulf Coast Aquifer in Brazoria County. If the reduction 
in artesian pressure continues, saline water which is under 
high artesian pressure will move into the depressured fresh­
water zones. 

Population and Economic Development 

The population of the Brazos River Basin was reported 
at 1.53 million in 1980. Lubbocl< is the largest city in the 
basin with a 1980 population of 174.0 thousand or 11.4 
percent of the basin total. It is followed in size by Waco, 
Abilene, Bryan-College Station, Killeen, and Temple, all 
of which have populations of 25.0 thousand or more. 

The overall economy of the basin is based principally 
on agriculture, agribusiness, varied manufacturing, and 
mineral production and processing. Lubbock, in the High 
Plains, is the location of the world's largest cottonseed 
processing center. Agricultural production throughout the 
basin is varied and extensive. Principal crops include cot­
ton, sorghums, vegetables, soybeans, and peanuts. Live­
stock production includes cattle, poultry, hogs, sheep, 
goats, and turkeys. 

The diverse manufacturing activities in the basin 
include processing of oilseed, manufacture of earth­
moving and farm equipment, mobile homes, food contain­
ers, glass products, tires, furniture, clothing, and rocket 
fuel. Mineral activities include oil, gas. stone, cement, 
sand, gravel, clay, salt, and sulphur production. Federal 
government expenditures and extensive recreation round 
out the basin economy. 

Water Use 

Municipal water use in the Brazos River Basin totaled 
290.4 thousand acre-feet in 1980. Ground-water sources 
supplied over 42 percent of the total municipal water needs 
in 1980. 

The City of Lubbock used almost 12 percent of the 
total municipal water used in the basin in 1980, the City of 
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Abilene used almost 8 percent, and the City of Waco over 
10 percent. 

Manufacturing industries in the basin rely heavily 
upon surface-water supplies. In 1980, about 95 percent of 
the total manufacturing water use (209.5 thousand acre­
feet) was supplied from surface-water sources. About 87 
percent (182.4 thousand acre-feet) of the total 1980 
water use occurred in Zone 6. 

In 1980, there was 8,861 megawatts of steam­
electric power generation capacity operating in the Brazos 
River Basin. About 5.3 thousand acre-feet of ground water 
was withdrawn and over 50.1 thousand acre-feet of surface 
water was evaporated by steam-electric power plants in the 
basin during 1980. This includes 17.2 thousand acre-feet 
of estimated net adjusted evaporation for cooling reser­
voirs. In addition, 10.0 thousand acre-feet of water was 
used to fill Comanche Peak Reservoir, an off-stream cool­
ing reservoir, and 4.2 thousand acre-feet oftreated munic­
ipal effluent was used for power plant cooling. Much of the 
electric power generated in the basin is distributed to other 
areas of the State. 

In 1980, about 2.6 million acres was irrigated in the 
Brazos River Basin requiring 3.4 million acre-feetofwater. 
Of this amount, 3.3 million acre-feet of ground water was 
used while 123.7 thousand acre-feet of surface water was 
used for irrigation in the basin. 

In 1980, there was 2.3 million acres irrigated in Zone 
1, using 3.1 million acre-feet of water supplied primarily 
from ground-water sources. 

In 1980, 130.9 thousand acres was irrigated in Zone 
2 using about 119.1 thousand acre-feet of water. The 
Seymour Aquifer and other alluvial aquifers supplied 109.8 
thousand acre-feet of ground water for irrigation of about 
123.8 thousand acres in Zone 2. In 1980, almost 7.0 
thousand acres was irrigated with 9.3 thousand acre-feet of 
surface water in Zone 2. 

Irrigation in Zone 3 is concentrated in the peanut­
producing area in Erath County, scattered areas along the 
Bosque River and Brazos River above and below' Lake 
Whitney, and small areas in McLennan County. About 
26.9 thousand acres was irrigated in 1980 using 31.2 
thousand acre-feet of water. There was 10.6 thousand 
acre-feet of ground water and 20.6 thousand acre-feet of 
surface water used in Zone 3 for irrigation. 

In Zone 4, about 4 7.3 thousand acres was irrigated in 
1980, using 48.9 thousand acre-feet of water. Of this total, 
20.0 thousand acre-feet of ground water, and 28.9 thou­
sand acre-feet of surface water was used in Zone 4. The 
irrigated acreage occurs along the Little, Leon, and San 

Gabriel Rivers, and in the peanut-producing areas in 
Comanche and Eastland Counties. 

In 1980, about 41.4 thousand acres was irrigated in 
Zone 5, using 39.6 thousand acre-feet of water. Of this 
total, 29.4 thousand acre-feet of ground water and 10.2 
thousand acre-feet of surface water was used in Zone 5. 

Almost 24.2 thousand acres was irrigated with 72.9 
thousand acre-feet of waterin 1980 in Zone 6. About 33.2 
thousand acre-feet of ground water, and 39.7 thousand 
acre-feet of surface water was used for irrigation in Zone 6. 

!vlining industries in the Brazos River Basin used an 
estimated total of 27.1 thousand acre-feet of fresh water, of 
which 19.4 thousand acre-feet was used for secondary oil 
recovery and production operations in 1980. Most of the 
mining water was used for petroleum and natural gas pro­
duction, particularly in Hockley County (9.2 thousand 
acre-feet) and Stephens County ( 4. 7 thousand acre-feet). 

Livestocl{ water use in 1980 in the Brazos River Basin 
totaled about 52.0 thousand acre-feet, of which 28.7 
thousand acre-feet was surface water and 23.3 thousand 
acre-feet was ground water. The High Plains portion of the 
basin (Zone 1) used the most ground water (10.0 thou­
sand acre-feet) and the least surface water ( 1.1 thousand 
acre-feet) for a total of 11.1 thousand acre-feet. Livestock 
water use in Zones 2 through 6 was 40.9 thousand acre­
feet, with all but 13.3 thousand acre-feet supplied by sur­
face water. 

Navigation facilities in the Brazos River Basin include 
the Gulf Intracoastal Waterway and Freeport Harbor. 
These marine navigation facilities have no regulated fresh­
water requirements. 

Hydroelectric power generating facilities are installed 
at both Possum Kingdom Lake ( 22.5 megawatts) and Lake 
Whitney (30 megawatts). 

Return Flows 

In 1980, over 224.1 thousand acre-feet of municipal 
and manufacturing return flows was discharged in the Bra­
zos River Basin, primarily from municipal water use in the 
Lubbock, Waco and Temple-Belton, and Bryan-College 
Station areas. 

Irrigation in the Brazos Basin is practiced under widely 
diverse conditions which produce diverse patterns of irri­
gation return flows. In Zone 1, irrigation activities use large 
quantities of water. However, the physiography of the High 
Plains area results in negligible quantities of irrigation 
return flows. Part of the irrigation water applied percolates 
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back into the aquifer from which irrigation water is 
obtained; at the present time there are no reliable esti­
mates of the total quantity of water recycled to the aquifer. 

In Zones 2 through 5 of the basin, ground-water irri­
gation contributes negligible return flows to local streams. 
It is estimated that about 20 percent of direct diversions of 
surface waters for irrigation reenters streams as return 
flow. Irrigation return flows in 1980 were estimated at 
1,000 acre-feet in Zone 2, about 2.3 thousand acre-feet in 
Zone 3, 3.3 thousand· acre-feet in Zone 4, and 1.3 thou­
sand acre-feet in Zone 5. These flows enter streams at 
many locations but represent only a small contribution to 
streamflow. 

Zone 6 of the basin is mainly an irrigated rice produc­
tion area. Return flows are estimated to be 35 and 40 
percent of diversions from ground- and surface-water 
sources, respectively. Return flows in Zone 6 were esti­
mated to total about 23 thousand acre-feet in 1980. Much 
of these return flows reenters Streams below points of 
paten tial reuse. 

Current Ground-Water Development 

In 1980, approximately 3,439.5 thousand acre-feet 
of ground water was used in the Brazos River Basin. Ofthis 
amount, 3,111.6 thousand acre-feet was used in Zone 1, 
117.9 thousand acre-feet in Zone 2, 41.7 thousand acre­
feet in Zone 3, 50.2 thousand acre-feet in Zone 4, 65.9 
thousand acre-feet in Zone 5, and 52.2 thousand acre-feet 
in Zone 6. Practically all of the ground water used in Zone 
1 was from the High Plains (Ogallala) Aquifer. In Zone 2, 
87 percent of the ground water used was from the Seymour 
Alluvium Aquifer. Ninety-five percent of the ground water 
used in Zone 3 was from the Trinity Group Aquifer. In Zone 
4, 78 percent of the ground water used was from the Trinity 
Group Aquifer, and 14 percent of the use was from the 
Edwards (Balcones Fault Zone) Aquifer. Of the total 
ground water used in Zone 5 in 1980,42 percent was from 
the Carrizo-Wilcox Aquifer, 41 percent was from the Bra­
zos River Alluvium Aquifer, 5 percent was from the Gulf 
Coast Aquifer, and 3 percent was from the Queen City 
Aquifer. Practically all of the ground water used in Zone 6 
of the basin was from the Gulf Coast Aquifer. 

Of the 3,439.5 thousand acre-feet of ground water 
used in the basin, approximately 3,260.0 thousand acre­
feet or 95 percent was used for irrigation purposes, and 4 
percent for municipal purposes. 

Withdrawals of ground water in 1980 in Zone 1 from 
the High Plains Aquifer are estimated at about 35 times the 
aquifer's annual natural recharge. Annual current and his­
torical pumpages for irrigation purposes have removed 

large volumes of water from storage which has caused 
significant water level declines within Zone 1 of the basin. 

In Zone 2 in 1980, large overdrafts of ground water 
from the Seymour Alluvium Aquifer for irrigation purposes 
occurred in Haskell and Knox Counties. Also significant 
overdrafts of ground water from the Santa Rosa Aquifer 
primarily for irrigation purposes occurred in Nolan and 
Scurry CountieS within Zone 2. 

Large overdrafts of ground water primarily for munici­
pal purposes from the Trinity Group Aquifer occurred in 
1980 in Erath, Hill, Hood, Johnson, and McLennan 
Counties \vithin Zone 3 of the basin. 

Within Zone 4 in 1980, withdrawals of ground water 
for irrigation purposes caused large overdrafts from the 
Trinity Group Aquifer in Comanche and Eastland Coun­
ties. Large overdrafts from the same aquifer due to with­
drawals for municipal purposes occurred in Coryell and 
Williamson Counties. Also, a significant overdraft from the 
Edwards {Balcones Fault Zone )Aquifer due to withdrawals 
for municipal purposes occurred in Williamson County. 

Within Zone 5, withdrawals of ground water for 
municipal purposes caused a significant overdraft in Brazos 
County. The Trinity Group Aquifer was overdrafted in Falls 
County due to withdrawals for municipal purposes. Large 
irrigation withdrawals of ground water from the Brazos 
River Alluvium Aquifer in Robertson County caused a large 
overdraft in 1980. 

Significant overdrafts of ground water from the Gulf 
Coast Aquifer primarily for municipal purposes occurred in 
1980 in Brazoria and Fort Bend Counties within Zone 6 of 
the Brazos River Basin. 

Current Surface-Water Development 

There are 40 existing major reservoirs in the Brazos 
River Basin. Lakes Whitney, Proctor, Waco, Stillhouse 
Hollow, Belton, Somerville, Granger, Georgetown, and 
Aquilla are multipurpose projects constructed by the U.S. 
Army Corps of Engineers as part of a basinwide plan for 
flood control. By entering into contracts with the United 
States to pay the costs associated with the inclusion of 
conservation storage space in these lakes, the Brazos River 
Authority has acquired the authorization to use these pro­
jects as part of its basinwide water supply system, along 
with Lakes Possum Kingdom, Granbury, and Limestone, 
which are owned and operated by the Authority itself. The 
remaining 28 major reservoirs within the basin include 
water supply lakes owned and operated by municipalities, 
special-purpose districts, and private interests, and 
special-purpose projects such as cooling lakes for steam­
electric power plants. 
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White River Reservoir is the only major resentoir in 
Zone 1. This project, owned and operated by the White 
River Municipal \Vater District, currently sentes the Cities 
of Post, Crosbyton, Ralls, and Spur. The Canadian River 
Municipal Water Authority'sAqueductfrom Lake Meredith 
in the Canadian River Basin provides raw water supplies to 
the Cities of Plainview, Lubbock, Levelland, Slaton, and 
Tahoka in Zone 1. 

In Zone 2, existing major resentoirs include Sweet­
water, Abilene, Kirby, Fort Phantom Hill, Hubbard Creek, 
Daniel, Davis, Stamford, and Millers Creek. Lakes Abi­
lene, Kirby, and Fort Phantom Hill are owned by the City of 
Abilene. The yield of Lake Fort Phantom Hill is supple­
mented by diversions into the resentoir from the Clear Fori{ 
Brazos River under permit provisions which stipulate max­
imum allowable diversion rates under specific high-flow 
conditions. Lal{e Sweetwater is owned and operated by the 
City of Sweetwater; however, the city presently is supplied 
by diversions from Oak Creek Resentoir, which it owns and 
which is located in the adjacent Colorado River Basin. 
Hubbard Creek Reservoir is owned by the West Central 
Texas Municipal Water District, whose member cities 
include Abilene, Breckenridge, Anson, and Albany. Lake 
Stamford, constructed for the principal purpose of provid­
ing cooling water for steam-electric power plant opera­
tion, also provides municipal supplies for the Cities of 
Stamford and Hamlin. Millers Creek Reservoir, owned by 
the North Central Texas Municipal Water District, provides 
water for its member cities, Seymour, Haskell, Knox City, 
Aspermont, Rule, and Munday. Lake Daniel is owned by 
the City of Breckenridge. Lake Davis, owned and operated 
by the League Ranch, consists of two lakes with a combined 
capacity of 7,4 79 acre-feet and is used for irrigation pur­
poses. Other small reservoirs with capacities of less than 
5.0 thousand acre-feet which provide municipal supplies 
in Zone 2 include Lakes Trammel (Sweetwater), Baird, 
McCarty, and Throc]{morton. Surface-water supplies are 
also delivered to several cities and communities in Zorie 2 
from water systems in the Colorado River Basin (supplied 
from Lake J.B. Thomas). 

Lake Whitney and Lake Waco, in Zone 3, are multi­
purpose projects constructed by the Corps of Engineers. 
Lake Waco provides water supply and flood control and 
Lake Whitney flood control, water supply, and hydro­
electric power generation. The consentation storage in 
Lake Waco is owned by the Brazos River Authority (BRA) 
but assigned to the City of Waco. TheBRAalsohas rights to 
use conservation storage in Lake Whitney for water supply 
purposes. Further, water released from the power pool in 
Lake Whitney to generate power marketed by the Southw­
estern Power Administration contributes to main stem 
flows diverted from the lower part of the basin for munici­
pal, industrial, and irrigation purposes. Possum Kingdom 
Resentoir is owned and operated by the Brazos River 

Authority for hydroelectric power generation and water 
supply purposes. Under water supply contracts with users, 
water from Possum Kingdom is supplied to users who mal{e 
direct diversion from storage and, through releases from 
storage, to users who divert the water at downstream loca­
tions. Lalw Graham provides the municipal water needs of 
the City of Graham. Lake Graham also provides cooling 
water for steam-electric power generation. Lal{e Mineral 
Wells and Lake Palo Pinto, through the Palo Pinto County 
Municipal Water District No. 1, serve the City of Mineral 
\Veils and its customers which include numerous small 
water districts and water supply corporations in the area. 
The City of Cleburne and its customers are supplied from 
Lake Pat Cleburne and from Lake Whitney under a con­
tract with the BRA. Lake Granbury is owned and operated 
by the BRA for water supply purposes. Water is delivered 
from Lake Granbury to Squaw Cree]{ Resentoir to provide 
cooling water for the Comanche Peak Nuclear Power Plant 
currently under construction in Somentille County. Trad­
inghouse Creel{ and Lalw Creel{ Resentoirs are owned and 
operated by utility companies for steam-electric power 
plant cooling. Mal{e-up water to maintain constant oper­
ating levels in these lakes is provided from Lake Granbury 
and Possum Kingdom, as needed, under contracts with the 
BRA. The City of Olney in northern Young County is 
supplied from two small resentoirs in the Red River Basin. 

A desalting water treatment plant is under construc­
tion to treat 0.5 million gpd from Lake Granbury to serve 
the City of Granbury to supplement the ground-water 
supply. 

There are six existing resentoirs in Zone 4. La]{e Cisco 
is owned and operated by the City of Cisco for municipal 
water supply. Lake Leon is owned and operated by the 
Eastland County Water Supply District and provides 
municipal water supplies to the Cities of Ranger, Olden, 
and Eastland. Alcoa Reservoir, located in the lower part of 
the zone, is owned and operated by the Aluminum Com­
pany of America and supplies water for manufacturing and 
for cooling of a steam-electric poWer plant. Lal{e levels are 
maintained at desired operation levels through supple­
mental diversions by pumping facilities located on the 
Little River. The remaining reservoirs within the zone are 
Proctor, Belton, and Stillhouse Hollow Lakes. These pro­
jects were constructed by the Corps of Engineers for flood­
control and water supply purposes, with consentation 
storage owned by the BRA. 

The Upper Leon River Municipal Water District has 
contracted with the BRA for purchase of water to supply the 
Cities of Comanche, Dublin, DeLeon, and Gorman. The 
City of Dublin is located in Zone 3. 

The Bell County Water Control and Improvement 
District No. 1 is supplied water from Lake Belton through a 
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contract with the BRA. The District supplies water to Kil­
leen, Copperas Cove, Belton, Harker Heights, and Nolan­
ville as well as a number of local individual systems. The 
City of Temple and a number of water supply corporations, 
smaller water districts, and individual water users in the 
area are also supplied from Lake Belton through contracts 
with the BRA. The BRA also utilizes releases from Lake 
Belton in coordination ·with other reservoirs in its basin­
wide system to meet commitments under contracts with 
downstream users. 

The Central Texas Water Supply Corporation, 
Kempner Water Supply Corporation, the City of Lampasas, 
and the Salado Water Supply Corporation have contracts 
with the BRA for water supplies from Stillhouse Hollow 
Reservoir. The remaining yield ofStillhouse Hollow is used 
by the BRA to meet downstream needs through coordi­
nated releases with other reservoirs in its basinwide system. 

Two reservoir projects, Georgetown and Granger, 
were constructed by the Corps of Engineers on the San 
Gabriel watershed for flood-control and water supply pur­
poses. These projects, when water conveyance and treat­
ment facilities are completed, will serve the water supply 
needs for local municipalities. The BRA has contracted 
with the Corps of Engineers for the conservation storage in 
both projects and has in turn contracted to supply water 
from them to the Cities of Round Rock, Georgetown, and 
Taylor, and to the Lake Granger Water Supply 
Corporation. 

In Zone 5, existing major reservoirs include Somer­
ville, Mexia, Camp Creek, Lake Limestone, Gibbons 
Creek, and Bryan Utilities Lake. Lake Somerville is a 
multipurpose flood-control and water supply reservoir 
constructed by the Corps of Engineers, with the BRA own­
ing the conservation storage in the project. From Lake 
Somerville, the BRA supplies water for municipal purposes 
to the City of Brenham, and for diversions from the main 
stem downstream from Lake Somerville. Lake Limestone 
was constructed on the Navasota River by the BRA, uses the 
project to supply water for municipal and industrial pur­
poses. Under contract with the BRA, Houston Lighting and 
Power Company will obtain make-up water from Lake 
Limestone for the off-channel cooling lake for the Lime­
stone Electric Generating Station, currently under con­
struction on the east shore of Lake Limestone. In the 
future, Lake Limestone will also supply make-up water to 
off-channel cooling lakes for the Oak Knoll and Twin Oak 
lignite-fueled steam-electric power plants soon to be con­
structed by Texas Power and Light on Steele and Duck 
Creeh:s in Limestone and Robertson Counties, respec­
tively. The Twin Oak cooling lake is under construction at 
this time. Gibbons Creek Reservoir is owned and operated 

by Texas Municipal Power Agency and provides cooling 
water for a lignite-fueled steam-electric power plant. Sup­
plemental waters to Gibbons Creek are delivered from 
Lake Limestone through contractural agreements with the 
BRA. Lake Mexia supplies the City of Mexia in the Brazos 
River Basin and other customers through the Bistone 
MWD. Camp Creek Lake is owned by the Camp Creek 
Water Co., and is used for recreation. Bryan Utilities Lake 
provides cooling water for a steam-electric power plant 
and is also used for recreation. Other small local munici­
pally owned lakes in Zone 5 include Teague Lake, Marlin 
Town Lake, and Rosebud Lake. 

In Zone 6, the principal impoundments include Bra­
zoria, William Harris, Eagle Nest, Manor, and Smithers, all 
located on tributary streams. Smithers Lal<e provides cool­
ing water for a steam-electric power plant. Brazoria and 
William Harris Reservoirs are operated by the Dow Chemi­
cal Company to provide off-channel storage and regulation 
of water diverted from the main stem and Oyster Creek, 
principally for manufacturing purposes at the industrial 
complex in southern Brazoria County. Eagle Nest and 
Manor are irrigation system storage and regulating facili­
ties. Major diversion systems in Zone 6 include: the Canal 
A and Canal B systems, owned and operated by the Brazos 
River Authority; the Richmond Rice Grower's Association 
canal system; the Chocolate Bayou Water Company canal 
system; and the Dow Chemical complex in Brazoria 
County. 

In Zone 6 of the Brazos River Basin, approximately 
243.5 thousand acre-feet of surface water was used in 
1980, primarily for manufacturing, irrigation, and steam­
electric power plant cooling. Over 31.0 thousand acre-feet 
of water was diverted through the Richmond Rice Grower's 
Association canal system for irrigation and to supply 
Smithers Lake, a power plant cooling reservoir. The 
remaining surface-water use in Zone 6 of the Brazos River 
River Basin in 1980 Was principally for manufacturing 
purposes by the Dow Chemical complex. 

The Canal A and Canal B systems and the Chocolate 
Bayou Water Company system convey industrial and irri­
gation supplies into the San Jacinto-Brazos Coastal Basin. 
In 1980, these systems delivered approximately 394.2 
thousand acre-feet of water to the San Jacinto-Brazos 
Coastal Basin. Of this total amount, about 78.1 thousand 
acre-feet was used by manufacturing industries and 316.1 
thousand acre-feet was used for irrigation, primarily in 
Brazoria County. Approximately 44.3 thousand acre-feet 
of the manufacturing water was used by the Galveston 
County Water Authority system, with the remaining 33.8 
thousand acre-feet used by industries in Fort Bend and 
Brazoria Counties. 
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Water Rights 

A total of 4,662,554 acre-feet of surface water was 
authorized or claimed for diversion and use in the Brazos 
River Basin as of December 31, 1983 (Table lll-12-1). 
Table lll-12-2 indicates the distribution of authorized or 
claimed rights by use category. The total quantity of water 
authorized or claimed was greatest in Zone 3, followed 
closely by Zones 5, 6, and 4. Authorized and/or claimed 
diversions for municipal use amounted to 787,377 acre­
feet or almost 17 percent of the total amount of water 
authorized or claimed in the basin. Hydroelectric power is 
generated by run -of-the-river water or water released from 
resen>"oir storage for other downstream uses. Hydroelectric 
use is nonconsumptive. 

Water Quality 

Overall water quality in the basin is relatively good with 
the exception of the salinity problems resulting from natu­
ral salt pollution previously described. Localized problem 
areas include Nolan Creek, which receives large volumes of 
treated municipal wastewater which frequently exceed the 
natural waste-assimilative capacity of the stream. This 
causes a depression of the stream's dissolved-oxygen con-

Table 111-12-1. Authorized or ClaimedAmountofWatcr, 
by Type of Right, 

Brazos River Basin I 

Number of Acre~ Feet Authorized 
Type of Authorization Rights and Claimed 

Permits 570 4,435,468 
Claims 882 14.185 
Certified Filings 15 10.385 

Certificates of 
Adjudication 216 75.616 

Total Authorizations 
:md Claims 1,683 4.662.554 

I The Texas Water Ri~hts Adjudication Act of 196 7 authorizes the Texas Depart­
ment of Water Resources to invcstil!,atc and determine, with the Court's approval. 
the nature and measure of water ri!!,hts for all authorized diversions from surfncc­
V.1!tcr streams or portions thereof except domestic and livestock uses and to 
monitor and administer each adjudicated water ri!!,ht. These totals incorporate the 
results of water-rights adjudication in the basin as of December 31, 1983. These 
totals do not include 7 authorized diversions of saline water nmountinl!, to 
1.019.653 acre-feet/year. Certified Filin)!s arc declarations of appropriation 
which were filed with the State Board of Water Enl!,inccrs under the provisions of 
Section 14, Chapter 171, General Laws, Acts of the 33rd Legislature. 1913, as 
amended. Pennits arc statutory appropriative rights which have been issued by the 
Texas Water Commission or its predecessor agencies. Claims arc sworn state­
ments of historical uses to be adjudicated in accordance with the Texas Water 
Ri)!hts Adjudication Act. A certificate of adjudication is the final result after 
recognition of a valid right in the adjudication process and is based on a permit, 
certified filin)! or clnim or any combination of the three. 

centration. However, Nolan Creek water quality has 
improved substantially as a result of new treatment facili­
ties. The Clear Fork Brazos River is a nutrient-rich stream. 
This condition apparently results from several factors, 
including treated municipal effluents and high nitrogen 
levels in springs and seeps issuing from alluvial deposits in 
the upper part of the Clear Fork Brazos River. The Clear 
Fork is also affected by runoff from oil and gas producing 
areas and possible seepage from abandoned and improp­
erly plugged oil and gas wells. Water quality degradation 
due to agricultural runoff occurs locally throughout the 
basin, particularly in the Bosque River and the Clear Fork 
Brazos River. The Bosque River, Nolan River, and Brushy 
Creek all experience depressed dissolved oxygen levels as a 
result of sewage treatment plant discharges. 

Although water stored in all reservoirs in the basin is 
presently in compliance with stream quality standards, 
Hubbard Creek Lake and Lake Fort Phantom Hill have 
exhibited progressive increases in salinity in recent years. 

Ground water in the High Plains (Ogallala) and Allu­
vium Aquifers in the Brazos River Basin is generally fresh; 
however, in many areas fluoride and nitrate concentra­
tions exceed the U.S. Environmental Protection Agency 
(EPA) Interim Primary Drinking Water Standards. 
Ground water in the Santa Rosa Aquifer is generally of 
poorer quality and, in some areas, also exceeds the EPA 
Interim Primary Drinking Water Standards. Water in the 
Trinity Group Aquifer is suitable for most uses; however, 
locally fluoride concentrations exceed the EPA Interim 
Primary Drinking Water Standards. 

Flooding, Drainage, and ~.ubsidence 

Most of the flood damages in the High Plains region of 
the basin have been in the form of agricultural losses. The 
central and southern parts of the basin are much more 
urbanized, and are more susceptible to flooding due to 
changing patterns of runoff. One of the most devastating 
floods on record, in terms of economic losses, was the flood 
of 1957. Flood damages amounted to $44 million, with 
agricultural losses accounting for approximately two­
thirds of this total. When Tropical Storm Amelia moved 
through North Central Texas in August 1978, many areas 
experienced record-breaking flood levels. This storm 
brought a Presidential disaster declaration to the basin and 
expenditure of $6.8 million in federal funds for flood relief. 
Many areas flooded in this storm were not covered by flood 
insurance as only 19 flood claims were filed for $72 thou­
sand in damages. The Roscoe flood in 1980, and the 
October 1981 flooding in the mid-basin region brought 
two additional disaster declarations and more than $2.3 
million in federal relief. Flooding in 1979, 1980, and 
1981 produced 350 flood insurance claims for $2.8 mil­
lion in flood damages. 
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Number of 
Type of Use Rights 

Municipal 101 
Industrial 69 
Irrigation 1,437 
Mining 35 
Hydroelectric 1 
Recreation 92 
Other 1 

TOTAL 1,6831 

-

Table 111-12-2. Authorized or Claimed Amount of Water, 
by Type of Use and Zone, in Acre-Feet, 

Brazos River Basin 

Zone 1 Zone 2 Zone 3 Zone4 Zone5 

10,216 120,700 142,863 350,146 135,228 
6,680 15,536 145,625 62,083 1,073,045 

27,310 16,846 73,114 62,608 70,921 
6,470 30,860 1,621 2,115 1,140 

0 0 1,500,000 0 0 
6,051 5,135 6,551 1,658 18,687 

0 0 0 0 0 
-

56,727 189,077 1,869,774 478,610 1,299,021 

I Does not sum due to multipurpose .. rights'', which may be applied to more than one type o£ usc. 

Zone6 Total --
28,244 787,377 

414,411 1,717,380 
270,392 521,191 

52,000 94,206 
1,500,000 

4,318 42,400 
0 0 

769,345 4,662,554 



The Federal Emergency Management Agency has 
designated 191 cities within the Brazos River Basin as 
having one or more potential flood-prone areas within 
their respective boundaries. Identification and mapping of 
these designated areas continues at a rapid pace with the 
Federal Insurance Administration striving to complete 
1 00-year flood elevation and insurance rate studies for the 
more critical areas of the State by 1985. 

To date, 69 designated cities are participating in the 
Emergency Phase of the National Flood Insurance Pro­
gram, and 42 cities are now participating in the Regular 
Phase of the Program. As more communities enter the 
Program, a comprehensive basinwide standard for flood­
plain management will emerge to combat flood damages 
through nonstructural alternatives. 

More than one-half of the inadequately drained 
acreage in the Brazos River Basin lies in the bottomlands 
and flood-plain terraces along the main stem from Waco to 
the Gulf of Mexico. The remaining drainage problem areas 
occur primarily in the coastal prairie in the lower part of the 
basin. 

In the bottomland areas, drainage problems are 
aggravated by infrequent major flooding of the Brazos River 
and more frequent minor flooding of principal tributaries. 
The principal problem results from lack of adequate drain­
age for isolated depressions and traces of former river 
channels. Removal of excess water through shallow, 
vegetation-choked channels is retarded by backwater 
effects during high flows of the main stream. 

Except for the area of the Gulf Coast Aquifer, land 
subsidence due to clay compaction caused by withdrawals 
of ground water is not a problem within the Brazos River 
Basin. However, the potential for locally significant subsi­
dence exists within the upper part of the basin in the 
outcrop of Permian rocks. Due to compaction of clays 
caused by ground-water withdrawals from the Gulf Coast 
Aquifer, additional subsidence is a potential problem in the 
Freeport area of Brazoria County where from 1906 to 
1978 subsidence between 2.0 and 2.5 feet occurred. 
Land-surface subsidence increases the potential for flood 
damages and intensifies drainage problems in the low­
lying flat terrain of the Coastal Plain. Also, fault activation 
and movement associated with subsidence can cause con­
siderable damage to property. Damage caused by fault 
movement is very evident in urban areas of the Gulf Coastal 
Plain. Subsidence and fault movement also are caused 
locally by petroleum withdrawals and extractions of sulfur 
and other minerals in the Gulf Coastal Plain. 

Recreation Resources 

The 34 reservoirs in the Brazos River Basin with 
capacities of 5 thousand acre-feet or more provide about 
158.0 thousand surface acresforflat-water recreation pur­
poses. Nearly 45 percent of the total surface area is located 
in Zone 3 of the basin, serving the recreational needs of the 
Central Texas area. Zone 1, in the High Plains, and Zone 
6, in the Gulf Coast area, contain only 1 percent and 4 
percent, respectively, while Zone 5 accounts for 10 per­
cent of the surface area. The remaining water surface area 
available for flat-water recreation is divided about equally 
between Zone 2 and Zone 4. The largest recorded recrea­
tion use of any reservoir operated by the Corps of Engineers 
in the Brazos River Basin occurred at Lake Waco, with 
more than 3.3 million visits byrecreationists during 1980. 
Recreation visitation at the remaining five reservoirs oper­
ated by the Corps of Engineers totaled 8. 9 million visits 
during 1980. 

PROJECTED WATER REQUIREMENTS 

Population Growth 

The population of the Brazos River Basin is projected 
to grow 146 percent by 2030, from the present 1.5 million 
(11 percent of the State population) to almost 3.8 million 
(11 percent of the State population). A 47 percent 
increase, to 2.2 million, is forecastfrom 1980 to the year 
2000, and a growth of 68 percent is anticipated during the 
period 2000-2030 (Table III-12-3). Williamson County's 
percentage ofin-basin population is projected to increase 
from 5 percent to 14 percent, and Bell County's percent­
age from 10 percent to 15 percent by the year 2030. 

From 1980 to 2030, Lubbocl< County is projected to 
increase in population by 96 percent (211. 7 thousand to 
415.7 thousand), causing its percentage of in-basin popu­
lation to decrease from 14 percent to 11 percent. Brazos 
County is projected to grow 135 percent during this period 
(a total increase in population of 126.0 thousand), while 
Fort Bend County is projected to grow 1 70 percent (an 
increase in population of 119.4 thousand}. 

Water Requirements 

Municipal 

Municipal water requirements are projected for two 
cases of future growth based on both population and per 
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Table Ili-12-3. I'(:pJl.ation, current Water Use, With Projected Pop.llation and Water Re::]uirments, l99o-2030!if 
Brazos River Basin 

' 1990 
G<ruoo : Surface ' ' G<rum ' s 

ToW Wa<= ' waeer ' ToW ' Wa<= waeer ' ToW ' waeer ' waeer ToW ' Wa<= ' Wa<= ToW ' Wa<= ' waeer ToW -----

,~1 

Pq:W.ation 346.6 392.2 443.5 501.0 573.3 672.1 
Municipal 25.5 39.1 64.6 46.9 48.4 95.3 44.9 65.3 110.2 44.5 80.0 124.5 56.2 B6.3 142.5 79.4 B7.B 167.2 
Manufacturing 4.3 1.8 6.1 5.1 3.7 8.8 6.9 5.4 12.3 8.8 7.2 16.0 14.0 6.8 20.8 19.1 7.2 26.3 
steam Electric 4.3 4.4 8.7 17.3 13.2 30.5 17.3 13.2 30.5 19.6 13.2 32.B 22.0 13.2 35.2 24.3 13.2 37.5 
Mining 10.5 o. 7 11.2 7.1 0.0 7.1 3.5 0.0 3.5 2.4 0.0 2.4 1.4 0.0 1.4 0.4 0.0 0.4 
Irrigatioo 3,057.0 15.0 3,072.0 3,129. 7 15.0 3,144. 7 3,557.9 15.0 3,572.9 3, 726.7 15.0 3, 741.7 3,BB5.9 15.1 3,901.0 2,944. 7 15.0 2,959. 7 
Livestock 10.0 1.1 11.1 11.2 1.9 13.1 13.2 2.0 15.2 11.9 3.3 15.2 8.8 6.4 15.2 6.6 8.6 15.2 
Zone Total Water 3,111.6 62.1 3,173. 7 3,217.3 B2.2 3,299.5 3,643.7 100.9 3, 744.6 3,Bl3.9 118.7 3,932.6 3,9BB.3 127.B 4,116.1 3,074.6 131.7 3,206.3 

=· 2 Pq:W.ation 194.6 214.B 22B.l 248.6 2B4.0 328.9 
Municipal 5.4 38.3 43.7 5.1 45.3 50.4 5.7 4B.8 54.5 6.3 53.0 59.3 6. 7 61.2 67.9 7.0 71.6 7B.6 
Manufacturing 0.1 2.8 2.9 0.0 4.2 4.2 0.1 5.7 5.8 0.1 7.5 7.6 0.1 9.6 9. 7 0.1 12.2 12.3 
Steam Electric 0.0 3.3 3.3 0.0 3.3 3.3 0.0 3.3 3.3 o.o 5.5 5.5 0.0 7.8 7.8 0.0 10.0 10.0 
Mining 1.0 7.0 8.0 0.8 4.2 5.0 0.3 1.7 2.0 0.2 1.3 1.5 0.2 0.7 0.9 0.1 0.3 0.4 
Irrigation 109.B 9.3 119.1 82.7 75.2 157.9 140.0 78.5 21B.5 120.6 164.B 2B5.4 174.6 107.0 2Bl.6 163.7 129.4 293.1 
Livestock 1.6 5.9 7.5 3.4 5.5 8.9 3.5 6.8 10.3 3.5 6.8 10.3 3.5 6.8 10.3 3.2 7.1 10.3 
Zone Total Water 117.9 66.6 1B4.5 92.0 137.7 229.7 149.6 144.B 294.4 130.7 23B.9 369.6 185.1 193.1 378.2 174.1 230.6 404.7 

Zooe 3 
Pq:W.ation 332.5 404.5 451.5 SOB. 7 572.2 646.3 
Municipal 24.B 44.0 6B.8 9.6 86.B 96.4 9.8 9B.6 10B.4 9.7 111.4 121.1 10.4 125.2 135.6 9.3 143.2 152.5 
Manufacturing 2.2 3.3 5.5 1.0 7.9 8.9 0.8 12.2 13.0 0.7 16.8 17.5 0.6 22.4 23.0 0.4 29.0 29.4 
Steam Electric 0.4 21.9 22.3 0.0 46.3 46.3 0.0 59.8 59.B 0.0 65.0 65.0 0.0 70.2 70.2 0.0 75.4 75.4 
Mining 0.3 1.8 2.1 0.2 2.4 2.6 0.1 3.1 3.2 0.1 3.6 3.7 0.0 4.1 4.1 0.0 4.6 4.6 
Irrigation 10.6 20.6 31.2 0. 7 40.5 41.2 0.7 40.6 41.3 0.7 40.7 41.4 0.7 40.7 41.4 0.6 40.8 41.4 
Livestock 3.4 6.1 9.5 2.3 8.9 11.2 2.3 10.6 12.9 2.3 10.6 12.9 2.3 10.6 12.9 2.0 10.9 12.9 
Zone Total Water 41.7 97.7 139.4 13.B 192.B 206.6 13.7 224.9 23B.6 13.5 24B.l 261.6 14.0 273.2 2B7.2 12.3 303.9 316.2 

=· 4 

= Pqul.ation 36B.B 476.8 642.7 B36.5 1.,062.B 1,412.B 

' Municipal 23.4 40.6 64.0 16.0 90.6 106.6 17.2 1.28.2 145.4 18.2 169.2 187.B 19.4 217.9 237.3 lB. 7 295.1 313.B ._. Manufacturing 1.8 9.6 11.4 0.9 11.6 12.5 0.9 12.9 13.8 0.9 14.2 15.1 0.9 15.8 16.7 0.9 17.B 18.7 

':' Steam Electric 0.0 0.0 0.0 0.0 4.0 4.0 7.1 20.7 27.8 6.9 25.6 32.5 6.7 30.6 37.3 6.4 35.6 42.0 ._. Mining 1.3 0.3 1.6 0.2 1.8 2.0 0.2 2.2 2.4 0.3 2.5 2.8 0.3 2.9 3.2 0.3 3.3 3.6 

"' 
Irrigation 20.0 2B.9 48.9 1.8 101.5 103.3 1.8 101.2 103.0 1.8 101.2 103.0 1.8 101.2 1.03.0 1.3 101.7 103.0 
Livestock 3.7 6.5 10.2 3.8 8.3 12.1 3.6 10.3 13.9 3.6 10.3 13.9 3.6 10.3 13.9 3.0 10.9 13.9 
Zone Total Water 50.2 B5.9 136.1 22.7 217.8 240.5 30.8 275.5 306.3 31.7 323.4 355.1 362.7 378.7 4ll.4 30.6 464.4 495.0 

=· 5 PcpJlation 200.5 273.0 313.6 348.5 375.9 403.4 
Municipal 30.5 5.4 35.9 20.9 41.6 68.5 29.5 52.0 81.5 31.9 58.6 90.5 34.7 62.8 97.5 37.0 67.6 104.6 
Manufacturing 0.9 0.4 1.3 0. 7 1.2 1.9 0.9 1.7 2.6 1.2 2.2 3.4 1.4 3.0 4.4 1.7 3.8 5.5 
Steam Electric 0.0 3.0 3.0 9.4 27.6 37.0 33.6 44.5 78.1 40.4 44.5 84.9 45.2 46.5 91.7 50.4 48.1. 98.5 
Mining 1.6 0.3 1.9 2.2 0.0 2.2 2.8 o.o 2.8 11.9 4.1 16.0 20.9 8.3 29.2 26.2 16.2 42.4 
Irrigation 29.4 10.2 39.6 20.3 15.3 35.6 20.6 15.5 36.1 20.8 15.8 36.6 20.4 16.2 36.6 18.8 1.7.8 36.6 
Livestock 3.5 7.7 11.2 2.1 11.2 13.3 2.2 13.2 15.4 2.2 13.2 15.4 2.0 13.4 15.4 1.7 13.7 15.4 
Zone Total Water 65.9 27.0 92.9 61.6 96.9 15B.5 89.6 126.9 216.5 108.4 138.4 246.8 124.6 150.2 274.B 135.8 167.2 303.0 

=e6 
Pcpllation 86.9 126.2 163.5 210.5 258.7 304.0 
Municipal 12.8 0.6 13.4 15.3 12.3 27.6 18.8 17.8 36.6 22.4 24.5 46.9 26.1 31.4 57.5 29.3 38.1 67.4 
Manufacturing 2.2 180.1 182.4 0.2 301.7 301.9 0.2 429.5 429.7 0.3 576.5 576.8 0.3 752.1 752.4 0.4 971.3 971.7 
Steam Electric 0.6 21.7 22.3 0.0 34.3 34.3 11.0 34.3 45.3 22.9 34.3 57.2 34.8 34.3 69.1 46.7 34.3 81.0 
Mining 2.3 0.0 2.3 3.3 o.o 3.3 4.4 0.0 4.4 4.8 0.0 4.8 5.2 0.0 5.2 5.6 0.0 5.6 
Irrigation 33.2 39.7 72.9 49.8 18.9 68.7 45.B 18.9 64.7 42.6 19.0 61.6 39.8 19.0 58.8 35.4 20.B 56.2 
Livestock 1.1 1.4 2.5 0.5 2.5 3.0 0. 7 2.8 3.5 o. 7 2.8 3.5 o. 7 2.8 3.5 0.7 2.8 3.5 
Zone Total Water 52.2 243.5 295.7 69.1 369.7 438.8 80.9 503.3 584.2 93.7 657.1 750.8 106.9 839.6 946.5 ll8.1 1,067.3 1,185.4 

.-.srn""""'"' 
Population 1,529.9 1,887.5 2,242.9 2,653.8 3,126.9 3,767.5 
Municipal 122.4 l6B.O 290.4 119.8 325.0 444.8 125.9 410.7 536.6 133.0 497.1 630.1 153.5 584.8 738.3 180.7 703.4 884.1 
Manufacturing u.s 198.0 209.5 7.9 330.3 33B.2 9.8 467.4 477.2 12.0 624.4 636.4 17.3 809.7 827.0 22.6 1,.41.3 1,063.9 
Steam Electric 5.3 54.3 59.6 26.7 128.7 155.4 69.0 175.8 244.8 89.8 188.1 277.9 108.7 202.6 311.3 127.8 216.6 344.4 
Mining 17.0 10.1 27.1 13.8 8.4 22.2 11.3 7.0 18.3 19.7 11.5 31.2 28.0 16.0 44.0 32.6 24.4 57.0 
Irrigation 3,260.0 123.7 3,383. 7 3,285.0 266.4 3,551.4 3, 766.8 269.7 4,036.5 3,913.2 356.5 4,269. 7 4,123.2 299.2 4,422.4 3,164.5 325.5 3,490.0 
Livestock 23.3 28.7 52.0 23.3 3B.3 61.6 25.5 45.7 71.2 24.2 47.0 71.2 20.9 50.3 71.2 17.2 54.0 71.2 
Basin Total 3,439.5 5B2.B 4,022.3 3,476.5 1,097.1 4,573.6 4,008.3 1,376.3 5,384.6 4,191.9 1,724.6 5,916.5 4,451.6 1,962.6 6,414.2 3,545.5 2,365.1 5,910.6 
Wa<= 

fY Popllation in thousands of persons, water requirete'lts in thousands of acre-feet per year. 



capita water use. Water requirements in the Brazos River 
Basin are projected to increase from the 1980 level of 
290.4 thousand acre-feet by a projected maximum of 85 
percent by the year 2000. In the year 2030, water require­
ments are projected to range from 517.3 to 884.1 thou­
sand acre-feet. Zone 1 is projected to account for 21 to 2 2 
percent of total basin municipal requirements in 2000; in 
2030, Zone 1 is projected to accountfor 19 to 20 percent 
of the total. Most of the water use in Zone 1 is in Lubbock 
County. 

A range of 39.3 to 54.5 thousand acre-feet of munici­
pal water requirements is projected in Zone 2 by 2000. 
Total municipal water requirements in Zone 3 are pro­
jected to range from 73.4 to 108.4 thousand acre-feet in 
the year 2000; by 2030, Zone 3 is projected to account for 
between 93.6 and 152.5 thousand acre-feet of the total 
basin municipal water requirements. 

Municipal water requirements in Zone 4 are projected 
to increase from 22 percent of the 1980 total basin water 
demand to 35.5 percent in 2030. 

Zone 5 required 35.9 thousand acre-feet in 1980. 
This water requirement is projected to range from 57.6 to 
81.5 thousand acre-feet in 2000; and, by 2030 rise to 
73.9 to 104.6 thousand acre-feet (low and high case, 
respectively). 

Zone 6 consumed five percent of the total basin water 
requirement in 1980. By 2030, this portion is projected to 
rise to eight percent. 

Industrial 

Manufacturing water requirements in 1980 were 
209.5 thousand acre-feet in the Brazos River Basin. Pro­
jections of future water requirements for manufacturing 
purposes were made by decade and for a low and high case 
for each industrial group. In 1980, over90 percentoftotal 
manufacturing water use was concentrated in five indus­
trial groups: chemicals, petroleum refining, primary 
metals, paper products, and food products. Because ofthis 
concentration, careful attention was given to the future 
growth outlook for these industries in making the 
projections. 

Manufacturing water requirements in the Brazos River 
Basin are projected to increase more than five times by the 
year 2030, to a potential high of 1,063.9 thousand acre­
feet. 

By the year 2030, it is projected that about 21 percent 
of manufacturing water use in Texas will be supplied from 
Brazos River Basin sources. Zone 6, which accounted for 

almost 87 percent of basin manufacturing water use in 
1980, is expected to account for almost 91 percent of the 
2030 manufacturing water requirements. 

It is anticipated that the growth in manufacturing 
water requirements in Zone 6 of the basin will be centered 
in Brazoria County and will be concentrated in the produc­
tion of industrial organic chemicals. These projections are 
based on national trends and are directly linked to national 
industrial organic chemical markets. If water is not avail­
able in the future to meet these demands in Brazoria 
County, changes in plantlocations, especially in the case of 
large chemical complexes which use large quantities of 
water for processing, would result in a relocation of water 
demands. Plants now targeted for Brazoria County might 
locate in other Texas coastal counties where water supplies 
are available and are in suitable proximity to proposed new 
deepwater ports in the Gulf. 

Steam-Electric Power Generation 

Freshwater requirements for steam-electric power 
generation are projected to expand dramatically between 
1980 and 2000 as extensive development of the basin's 
near-surface lignite reserves occurs. Large lignite deposits 
throughout Zone 5 and the lower part of Zone 4 should 
support rapid growth in these areas. 

In 1980, 59.6 thousand acre-feet was used in steam­
electric power generation. Future requirements were pro­
jected for two different levels of electricity demand. By 
2000, total basin water requirements are projected to 
range from 205.2 to 244.8 thousand acre-feet. In 2030, 
this water requirement is projected to increase an addi­
tional 38 to 41 percent. 

Agriculture 

Irrigation 

Irrigation water requirements were projected for two 
cases of change based on improvements in on-farm appli­
cation efficiencies, reduction in ditch losses, changes in 
future resource costs and crop prices, and corresponding 
changes in cropping patterns to reflect more profitable 
crops. A low case projects demand for water based on the 
effects of changes in the above variables but with irrigated 
acreage held constant at 1980 levels in each zone for each 
future time period; a high case projects demand for water 
for irrigation constrained only by the requirement that 
irrigated farming produce a net positive return in excess of 
that possible from dryland farming and the requirement 
not to exceed the amount of irrigable soil in each zone. 

JII-12-13 



Thus, the projections of demand, low and high cases, based 
on the irrigation efficiency and market conditions men­
tioned above, give an estimate of the quantity of water 
needed for irrigation in each zone, at each decadal point 
for which projections were made. These projections of 
demand are compared to the projected supply of water 
locally available. When projected demand exceeds pro­
jected supply, the difference is a measure of shortage at that 
point in time. 

Irrigation water requirements in the Brazos River 
Basin are projected to increase from the 1980 level of 3.4 
million acre-feet by a projected maximum 19 percent by 
the year 2000 in the high case, declining 26 percent in the 
low case.ln the year 2030, water requirements in the basin 
are projected to range from 2.9 to 3.5 million acre-feet 
annually, low and high case, respectively, to irrigate from 
2.9 to 3.0 million acres. 

Zone 1 is projected to account for about89 percent of 
total basin irrigation requirements in 2000; in 2030, Zone 
1 is projected to accountfor about 85 percent of the total in 
the high case and approximately the same in the low case. 
A range of2 .2 to 3.6 million acre-feet of irrigation require­
ments is projected in Zone 1 by 2000. By 2030, the range 
for this Zone is from 2.6 to 3.0 million acre-feet annually. 

Irrigation water requirements in Zones 2, 3, 4, 5, and 
6 are projected to be about 8, 1, 3, 2, and 1 percent 
respectively of the 2030 requirements in the high case. 

Livestock 

It is anticipated that annual livestock water require­
ments will be 71.2 thousand acre-feet by 2030. The High 
Plains region of the basin (Zone 1) is expected to use 
approximately 15.2 thousand acre-feet annually by 2030. 
It is estimated that ground water will primarily supply fel!d­
lot cattle and surface water will supply the remainder. 
Livestock water requirements in Zones 2 through 6 will be 
approximately 56.0 thousand acre-feet annually by year 
2030. 

Mining 

Mining water use in the Brazos River Basin is projected 
to increase from 27.1 thousand acre-feet in 1980 to 57.0 
thousand acre-feet in 2030, with fuel mining require­
ments reaching 39.5 thousand acre-feet by the end ofthe 
planning period. 

Water use by nonmetal mining firms in the Brazos 
River Basin is projected to increase from 7.2 thousand 
acre-feet in 1980 to 16.3 thousand acre-feet in 2030. 

Navigation 

Although extensive studies of the feasibiity of naviga­
tion of the Brazos River have been conducted, upstream 
navigation is not considered economically feasible at the 
present time. 

Hydroelectric Power 

There is currently 52.5 megawatts of capacity at the 
existing hydroelectric facilities in the Brazos River Basin. 
There is significant potential for the development of addi­
tional hydroelectric generating capacity in the basin. 

WATER SUPPLY PROJECTS AND 
MEASURES TO MEET 

FUTURE BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

The ground-water availability through the year 2030 
for the High Plains (Ogallala) Aquifer was estimated by 
imposing a set of total ground-water demands on a digital 
ground-water model of the aquifer developed by the Texas 
Department of Water Resources in 1982. The model 
analysis provided the following annual amounts of ground 
water available from the High Plains Aquifer within the 
Brazos River Basin from 1990 through 2030 by decade: 
2.62 million acre-feet in 1990, 2.44 million acre-feet in 
2000, 2.39 million acre-feet in 2010, 1.85 million acre­
feet in 2020, and 1.39 million acre-feet in 2030. The 
model analysis also estimated that from 1980 through 
2030 approximately 56 million acre-feet of ground water 
would be removed from recoverable storage, and that of 
the 10.9 million acre-feet remaining in recoverable stor­
age in the year 2031 about 10.6 million acre-feet would 
remain in the "caprocl<" (tillable) area and about 0.3 
million acre-feet would remain in the .. breal{s" (non­
tillable) area of the basin. Within the Brazos River Basin, 
the High Plains Aquifer receives on an average annual basis 
about 88.9 thousand acre-feet of recharge. 

The approximate annual ground-water yield to the 
year 2030 within the remaining portion of the Brazos River 
Basin is 500.9 thousand acre-feet with the following 
amounts annually available by aquifer: 132.5 thousand 
acre-feet from the Carrizo-Wilcox Aquifer, 124.7 thou­
sand acre-feet from the Brazos River Alluvium Aquifer, 
108.5 thousand acre-feet from the Seymour Alluvium 
Aquifers, 72.5 thousand acre-feet from the Gulf Coast 
Aquifer, 37.3 thousand acre-feet from the Trinity Group 
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Aquifer, 7.0 thousand acre-feet from the Sparta Aquifer, 
6.3 thousand acre-feet from the Marble Falls Limestone 
Aquifer, 5.0 thousand acre-feet from the Edwards (Bal­
cones Fault Zone) Aquifer, 3.4 thousand acre-feet from 
the Santa Rosa Aquifer, 2.7 thousand acre-feet from the 
Queen City Aquifer, and 1.0 thousand acre-feet from the 
Woodbine Aquifer. In the year 2030, the yields of the 
Carrizo-Wilcox, Brazos River Alluvium, Seymour Allu­
vium, and Trinity Group Aquifers within the basin were 
reduced to the average annual effective recharge of the 
aquifers which is 349.3 thousand acre-feet per year. These 
reductions decrease the total ground-water availability 
within the basin in 2030 to 44 7. 2 thousand acre-feet 
(High Plains (Ogallala) Aquifer not included). 

The projected annual ground-water use within the 
Brazos River Basin by decade from 1990 through 2030 is 
expected to be from 1.81 to 2.88 million acre-feet per year 
(Table Ill-12-3). The approximate average annual pro­
jected ground-water use within the basin is expected to be 
about 2.48 million acre-feet per year. Ofthe 2.48 million 
acre-feet of average annual projected use, about 87 per­
cent is expected to be from the High Plains (Ogallala) 
Aquifer, about 4 percent from the Carrizo-Wilcox Aquifer, 
and about 3 percent from the Seymour Alluvium Aquifer. 

Surfa~e-Water Availability and 
Proposed Development 

Surface-water supplies available in the Brazos River 
Basin are not sufficient to meet all projected water require­
ments through the year 2030 (Table Ill-12-4, Figure Ill-
12-2). Shortages vary throughout the zones in the basin 
with the most significant shortages occurring in Zone 1 due 
to the declining ground-water resources of the High Plains 
(Ogallala) Aquifer. 

Zone 1 

Zone 1 of the Brazos River Basin has annual water 
shortages, essentially all for irrigated agriculture, projected 
to be about 1.2 million acre-feet in 2000 and 1.6 million 
acre-feet in 2030 (Table Ill-12-5, Figure Ill-12-3). Sur­
face water use in 2030 in this zone is projected to be about 
108 thousand acre-feet annually, with 50.2 thousand 
acre-feet per year provided from sources outside of the 
basin. 

Municipal and manufacturing water requirements in 
Zone 1, which will total about 122.5 thousand acre-feet 
annually by the year 2000, will continue to be met through 
combined use of ground- and surface-water supplies. 

Deliveries of water from Lal<e Meredith through the Cana­
dian River project Main Aqueduct can be increased as the 
cities served by this system gradually receive their full allot­
ment under provisions of the water supply contracts for the 
project. The Lubbocl< area will need supplemental supplies 
before 1990, however, as the city's existing well fields and 
Canadian River supply will be capable of producing only 
about 4 7.5 thousand acre-feet annually as compared to a 
projected need of approximately 53.5 thousand acre-feet 
annually by 1990. This deficit could be met by construc­
tion of the permitted Post Reservoir, on the North Fork 
Double Mountain Fork Brazos River in Garza County, by 
the White River Municipal Water District, and acquisition 
of a portion of the project's estimated dependable yield of 
10.6 thousand acre-feet by the City of Lubbock. 

The Justiceburg Reservoir project, proposed by the 
City of Lubbock for construction on the South Fork Double 
Mountain Fork Brazos River, could provide an additional 
dependable yield of up to about 29.9 thousand acre-feet 
annually. The City of Lubbock applied to the Texas Water 
Commission in 1981 for a permit to construct Justiceburg 
Reservoir. After extensive public hearings on the project 
the Texas \Vater Commission issued a permit in August 
1984 for diversion of 35.0 thousand acre-feet per year. 
Based on the need for additional surface water, it is pro­
posed that Justiceburg Reservoir begin supplying Lubbocl< 
by 1990, with Post Reservoir water available by 2000. 
Acquisition by Lubbock of additional ground-water rights 
in adjacent counties will be necessary if the presently 
planned surface-water development is not carried out. 

Even with the development of the Post and Justiceburg 
Reservoir sites, the City of Lubbock will experience water 
shortages by 2010 if additional sources are not provided. 
Large volumes of suitable quality ground; water from the 
High Plains (Ogallala) Aquifer are available in areas of the 
eastern Canadian River Basin in Texas. Preliminary engi­
neering studies have determined that an extensive well 
field and conveyance pipeline could develop sufficient 
water to supply Lubbock's anticipated additional growth in 
water demand through 2030, with sufficient surplus to 
supply additional municipalities on the High Plains in the 
Canadian, Red, Brazos, and Colorado River Basins. In 
addition to serving Lubbock, the potential pipeline system 
could supply the Cities of Bovina, Sudan, Littlefield, Dim­
mitt, Plainview, Albernathy, Slaton, Tahol<a, O'Donnell, 
and Shallowater in the Brazos River Basin with sufficient 
water to meet projected additional demands through 
2030. Additional studies will have to be performed by the 
Department and regional interests to examine the engi­
neering alternatives and the economic, environmental, 
and institutional considerations that would be involved in 
such a major interbasin transfer of water. 
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Table 111-12-4. Water Resources of the Brazos River Basin, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra- Rerum In Intra· Irrigation 
Decade Basin Basin Flow Import Total Basin Basin Export Total M&l (Sborrage) Total 

1990 
Ground Water 2877.2 - - - 2877.2 3376.5 - - 3376.5 .0 (599.3) (599.3) 
Surface Water 1186.4 - 196.3 54.6 1437.3 979.5 - 408.2 1387.7 216.4 (166.8) 49.6 

Total 4063.6 - 196.3 54.6 4314.5 4456.0 - 408.2 4864.2 216.4 (766.1) (549. 7) 

2000 
Ground Water 2738.0 - - - 2738.0 4008.3 - - 4008.3 .0 (1270.3) (1270.3) 
Surface Water 1291.4 - 238.5 145.4 1675.3 1249.7 - 449.2 1698.9 147.9 (171.5) (23.6) 
Total 4029.4 - 238.5 145.4 4413.3 5258.0 - 449.2 5707.2 147.9 (1441.8) (1293.9) 

-
' 

2010 
>-' Ground Water 2740.9 2740.9 4192.3 4192.3 .0 (1451.4) (1451.4) "' - - - - -
' >-' Surface Water 1280.6 - 286.9 376.9 1944.4 1593.4 - 502.7 2096.1 106.7 (258.4) (151. 7) 

"' Totaf 4021.5 - 286.9 376.9 4685.3 5785.7 - 502.7 6288.4 106.7 (1709.8) (1603.1) 

2020 
Ground Water 2245.4 - - - 2245.4 4451.5 - - 4451.5 .0 (2206.1) (2206.1) 

Surface Water 1422.9 - 334.5 489.4 2246.8 1828.9 - 514.1 2343.0 105.0 (201.2) (96.2) 

Total 3668.3 - 334.5 489.4 4492.2 6280.4 - 514.1 6794.5 105.0 (2407.3) (2302.3) 

2030 
Ground Water 1810.3 - - - 1810.3 3545.4 - - 3545.4 .0 (1735.1) (1735.1) 

Surface Water 1412.5 - 384.4 772.2 2569.1 2225.5 - 530.2 2755.7 41.4 (228.0) (186.6) 

Total 3222.8 - 384.4 772.2 4379.4 5770.9 - 530.2 6301.1 41.4 (1963.1) (1921.7) 

t Units in thousands of acre· feet per year. Water demands are for the "high .. case. Tabu1ated surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A transfer of water from another river basin. 
Return F1ows: Wastewater returned to a natuml stream channel that can be recaptured at a downstream point. 
Export: A tmnsfcr of water to another river basin. 
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Figure 111-12-2. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Brazos River Basin, 1980-2030 

Zone 2 

Existing water resources are no.t sufficient to meet 
projected water needs in Zone 2 from 1990 onward (Table 
III-12 -6, Figure III-12-4). However, existing and pro­
posed surface-water development is estimated to meet 
projected surface-water needs for municipal and industrial 
purposes in Zone 2 of the basin through the year 2030. 
Shortages a re projected to occur, however, in the supply for 
irrigation water. The annual irrigation shortage is esti­
mated to be 68.8 thousand acre-feet in year 1990, 
increasing to 213.1 thousand acre-feet in 2030. These 

shortages are the result of localized limited availability of 
ground water. 

Existing surface-water supplies for municipal and 
manufacturing purposes are expected to be capable of 
meeting projected demands in Zone 2 through 2010. 
However, by 2020, additional firm supplies of 9.9 thou­
sand acre-feet per year are estimated to be needed. Short­
ages of 23.0 thousand acre-feet annually are projected by 
2030. Possible solution alternatives include ( 1) diversions 
from Possum Kingdom Lake and ( 2) construction of the 
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Table Ul-12-5. Water Resources of the Brazos River Basin, Zone 1, With 
Projected Water Supplies and Demands, 1990-20301 

Water Supply Water Demand Surplus or Shorfa4e 

In Intraw Return In Intra- Irrigadon 
Decade Zone Basin Flow Import Total Zone Basin Export Total M&l (Shortage) Total ---

1990 
Ground Water 2620.1 - - - 2620.1 3217.8 - - 3217.8 .0 (597.2) (597.2) 
Surface Water 14.8 .0 13.2 43.1 71.1 65.3 .5 .0 65.8 5.3 .0 5.3 
Total 2634.9 .0 13.2 43.1 2691.2 3282.6 .5 .0 3283.1 5.3 (597.2) (591.9) 

2000 
Ground Water 2430.2 - - - 2430.2 3643.7 - - 3643.7 .0 (1213.5) (1213.5) 
Surface Water 44.5 .0 13.2 45.7 103.4 83.8 .5 .0 84.3 19.1 .0 19.1 
Total 2474.7 .0 13.2 45.7 2533.6 3727.5 .5 .0 3728.0 19.1 (1213.5) (1194.4) 

2010 
' >-' Ground Water 2396.8 - - - 2396.8 3814.3 - - 3814.3 .0 (1417.5) (1417.5) "' ' Surface Water 44.4 .0 13.2 47.7 105.3 100.4 .6 .0 101.0 4.3 .0 4.3 >-' 

"' Total 2441.2 .0 13.2 47.7 2502.1 3914.7 .6 .0 3915.3 4.3 (1417.5) (1413.2) 

2020 
Ground Water 1871.4 - - - 1871.4 3988.3 - - 3988.3 .0 (2116.9) (2116.9) 
Surface Water 44.4 .0 13.2 49.1 106.7 106.3 .4 .0 106.7 .0 .0 .0 
Total 1915.8 .0 13.2 49.1 1978.1 4094.6 .4 .0 4095.0 .0 (2116.9) (2116.9) 

2030 
Ground Water 1431.6 - - - 1431.6 3074.5 - - 3074.5 .0 (1642.9) (1642.9) 
Surface Water 44.4 .0 13.2 50.2 107.8 108.1 .0 .0 108.1 (.3) 0 (.3) 
Total 1476.0 .0 13.2 50.2 1539.4 3182.6 .0 .0 3182.6 (.3) (1642.9) (1643.2) 

tUnits in thousands of acre-feet per year, Water demands are for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which ,,;11 continue to be met from local, unrc!!ulated surlace-water supplies, 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 
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Figure 111-12-3. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Brazos River Basin, Zone 1, 1980-2030 

potential Breckenridge Reservoir on the Clear Fork Brazos 
River in southern Throckmorton County. 

Use of water stored in Possum Kingdom Reservoir for 
municipal and many manufacturing purposes is severely 
limited because of its salinity. Congress has authorized the 
Corps of Engineers to construct a series of brine-retention 
lakes (Croton , Dove, and Kiowa Peak) and pumping and 
conveyance facilities to control the major natural salt­
providing areas in the Brazos River Basin. Operation of this 
control system is projected to significantly improve salinity 
in Possum Kingdom Reservoir. The feasibility of this alter­
native for m eeting the areas' future needs will depend to a 
large extent upon construction of the authorized salt con-

trol facilities, equitable allocation of the construction costs 
and annual operating costs for these projects, and realiza­
tion of the anticipated benefits through improvement in 
the quality of the main stem Brazos River. 

The construction of the Breckenridge Reservoir would 
provide an estimated 38.9 thousand acre-feet of firm 
annual yield. This supply would be more than sufficient to 
meet all municipal and manufacturing needs in Zone 2 
through 2030. A detrimental impact of additional devel­
opment of the Clear Fork Brazos River drainage system 
would be to diminish the beneficial effects of the authorized 
Brazos River Natural Salt Control project. Further, the salt 
control project would provide benefits to water users 
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Table 111-12-6. Water Resources of the Brazos River Basin, Zone 2, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shor~e 

In Intra- Return In Intra- Irrigation 
Decade Zone Basin Flow Import Total Zone Basin Export Total M&I (Shortage) Total ---

1990 
Ground Water 89.9 - - - 89.9 92.1 - - 92.1 .0 (2.1) (2.1) 
Surface Water 57.0 .6 7.8 5.9 71.3 122.7 .0 .0 122.7 15.2 (66.7) (52.4) 
Total 146.9 .6 7.8 5.9 161.2 214.7 .0 .0 214.7 15.2 (68.8) (53.6) 

2000 
Ground Water 92.8 - - - 92.8 149.6 - - 149.6 .0 (56.8) (56.8) 
Surface Water 51.7 .5 8.8 6.3 67.3 128.6 .0 .0 128.6 8.7 (70.2) (61.3) 
Total 144.5 .5 8.8 6.3 160.1 278.2 .0 .0 278.2 8.7 (126.8) (118.1) 

-' 2010 ,... 
Ground Water 96.8 - - - 96.8 130.7 - - 130.7 .0 (33.9) (33.9) "' ' Surface Water 49.5 .6 9.9 7.5 67.5 222.5 .0 .0 222.5 1.3 (156.3) (155.0) "' 0 
Total 146.3 .6 9.9 7.5 164.3 353.2 .0 .0 353.2 1.3 (190.2) (188.9) 

2020 
Ground Water 95.8 - - - 95.8 185.0 - - 185.0 .0 (89.2) (89.2) 
Surface Water 86.2 .4 11.6 9.2 107.4 176.8 .0 .0 176.8 29.0 (98.4) (69.4) 
Total 182.0 .4 11.6 9.2 203.2 361.8 .0 .0 361.8 29.0 (187.6) (158.6) 

2030 
Ground Water 81.9 - - - 81.9 174.1 - - 174.1 .0 (92.2) (92.2) 
Surface Water 84.0 .0 13.8 11.2 109.0 214.0 .0 .0 214.0 15.9 (120.9) (105.0) 
Total 165.9 .0 13.8 11.2 190.9 388.1 .0 .0 388.1 15.9 (213.1) (197.2) 

I Units in thousands of acre-feet per year. Water demands are for the "high" case. Tabu1ated surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natuml stream channel that can be recaptured at a downstream point. 
Export: A tmnsfer of water to another river basin. 
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Figure 111-12-4. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Brazos River Basin, Zone 2, 1980-2030 

throughout the middle and lower Brazos Basin. It is there­
fore recommended that the Brazos River Natural Salt Con­
trol project be constructed as soon as practicable, with the 
Brecl<enridge Reservoir to be constructed by 2020 as an 
alternative if the salt control project proves impossible to 
accomplish. 

Zone 3 

Zone 3 of the Brazos River Basin has existing and 
proposed surface-water development sufficient to meet 
projected surface-water requirements for all purposes 
other than irrigated agriculture through the year 2030 
(Table III-12 -7, Figure III- 12-5). A projected irrigation 
shortage of about 21.4 thousand acre- feet per year is esti­
mated to occur beginning in the year 1990. This shortage 
is forecast as a result of insufficient ground-water 
resources. Surface-water supplies in this zone are pro­
jected to increase from 616.5 thousand acre-feet in year 

1990 to 7 42.7 thousand acre-feet in year 2030 as a result 
of proposed project development and increased return 
flows. 

Although most areas in Zone 3 have sufficient surface 
water to meet projected municipal and manufacturing 
needs through 2010, localized shortages are anticipated by 
1990 largely due to severely limited availability from the 
Trinity Group Aquifer. The Cities of Stephenville and Glen 
Rose and areas in Erath and Hood Counties are projected 
to be supplied by the proposed Paluxy Reservoir. Local 
sponsors of the project have applied for a water rights 
permit for the reservoir. The permit application is currently 
under review by the Department. 

Before the year 2020, additional municipal and 
industrial surface-water supplies will be needed for John­
son and Hill Counties in this zone. These needs as well as 
those in other areas of the basin could be met through the 
reallocation of storage from hydroelectric power genera-

III-12-21 



Table UI-12-7, Water Resources of the Brazos River Basin, Zone 3, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigadon 
Decade Zone Basin Flow Import Tolal Zone Basin Export Tolal M&I (Sbortage) Tolal 

1990 
Ground Water 13.8 - - - 13.8 13.8 - - 13.8 .0 .0 .0 
Surface Water 586.8 .7 26.2 2.8 616.5 163.2 406.6 .0 569.8 68.1 (21.4) 46.7 
Total 600.6 .7 26.2 2.8 630.3 177.0 406.6 .0 583.6 68.1 (21.4) 46.7 

2000 
Ground Water 13.7 - - - 13.7 13.7 - - 13.7 .0 .0 .0 
Surface Water 578.8 .8 31.5 3.3 614.4 193.1 416.1 .0 609.2 26.7 (21.5) 5.2 
Total 592.5 .8 31.5 3.3 628.1 206.8 416.1 .0 622.9 26.7 (21.5) 5.2 

- 2010 
' .... Ground Water 13.5 - - - 13.5 13.5 - - 13.5 .0 .0 .0 "' ' Surface Water 575.9 .9 37.5 3.9 618.2 214.1 407.0 .0 621.1 18.6 (21.5) (2.9) "' "' Total 589.4 .9 37.5 3.9 631.7 227.6 407.0 .0 634.6 18.6 (21.5) (2.9) 

2020 
Ground Water 14.0 - - - 14.0 14.0 - - 14.0 .0 .0 .0 
Surface Water 686.9 .9 44.2 4.6 736.6 240.9 501.2 .0 742.1 16.0 (21.5) (5.5) 
Total 700.9 .9 44.2 4.6 750.6 254.9 501.2 .0 756.1 16.0 (21.5) (5.5) 

2030 
Ground Water 12.3 - - - 12.3 12.3 - - 12.3 .0 .0 .0 
Surface Water 684.0 1.0 52.4 5.3 742.7 270.5 484.8 .2 755.5 8.8 (21.6) (12.8) 
Total 696.3 1.0 52.4 5.3 755.0 282.8 484.8 .2 767.8 8.8 (21.6) (12.8) 

1Units in thousands of acre-feet per year. Water demands are for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities ofirrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 
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Figure 111-12-5. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Brazos River Basin, Zone 3, 1980-2030 

tion to water supply in Lal<e Whitney. Lal<e Whitney cur­
rently has a reserved power pool at a water-surface 
elevation of 523 feet above mean sea level. By removing 
this minimum storage pool, the firm annual yield of the 
reservoir would increase by 113.9 thousand acre-feet. Any 
conversion of storage in Lake Whitney will require Con­
~rcssional authorization. 

Additional surface-water supplies will also be required 
to meet municipal and industrial needs in McLennan and 
Bosque Counties. The proposed Bosque Watershed project 
is currently under study by the BRA. This two-stage project 
will consist of constructing Lake Bosque on the North 
Bosque River and raising the surface of the conservation 
pool in Lake Waco. The Bosque Watershed project will 
meet water supply needs for municipal and industrial use in 
the Waco metropolitan area of McLennan County. The 
potential Stephenville Reservoir on the North Bosque River 
is an alternative future project for this area. 

Another surface-water project being planned for 
development in Zone 3 of the Brazos River Basin is the 
South Bend project on the Brazos River in Young County. 
The BRA is studying this project as a potential water supply, 
hydroelectric power generation , and flood-control pro­
ject. Should this project prove to be feasible, the BRA 
proposes to have it operational by the mid-1990's to meet 
additional needs in Zone 3 and to free up water for use in 
Zone 4 of the Brazos River Basin. 

Future water needs in Zone 3 for municipal and 
manufacturing purposes may be partially met through 
desalting slightly to moderately saline ground and surface 
waters. The City of Granbury is currently constructing a 
desalting plant to satisfy part of its water demands. Further 
studies are necessary to determine the engineering and 
economic feasibility of desalting to satisfy area water needs. 
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Zone 4 

Projected surface-water requirements are estimated 
to exceed available surface-water supplies in Zone 4 of the 
Brazos River Basin by the year 1990 (Table lll-12-8, Fig­
ure lll-12-6). However, existing and proposed surface­
water supplies for municipal and industrial purposes are 
sufficient to meet projected needs through 2030. Pro­
jected irrigation needs in this zone exceed available 
surface-water supplies by about 74 thousand acre-feet per 
year from the present through the year 2030. Surface­
water supplies in this zone are estimated at363. 9 thousand 
acre-feet in the year 2030. 

The rapidly expanding population and associated 
municipal and manufacturing surface-water requirements 
within Coryell and Bell Counties, including the require­
ments for Fort Hood, are projected to exceed the depend­
able yield of Lake Belton by 2010. Large portions of the 
yields of both Lakes Belton and Stillhouse Hollow are pres­
ently used to meet water supply needs in the lower Brazos 
Basin. The Brazos River Authority plans to use the yield of 
the proposed South Bend Reservoir to supply the down­
stream needs now being met from Lakes Belton and Still­
house Hollow, thereby freeing up their total yields for use in 
Zone 4. All of Lake Belton and part of Lal<e Stillhouse 
Hollow will thus be available for use with other sources in 
the area to meet the municipal and industrial needs in Bell 
and Coryell Counties through 2030. 

Rapidly increasing municipal and manufacturing 
water requirements in Burnet and Williamson Counties 
are expected to be met largely from surface-water sources. 
Rapidly declining ground-water levels and inferior quality 
of these supplies, particularly in Williamson County, dic­
tate that future ground-water pumpage not exceed the 
present level. Existing supplies from Lakes Granger and 
Georgetown are projected to be fully utilized before 2000. 
The construction of the authorized Corps of Engineers 
South Fork Reservoir on the South Fork San Gabriel River 
could supply an additional5.4 thousand acre-feet annually 
to Williamson County. The project is proposed for con­
struction prior to 2000. 

If South Fork Reservoir is built, it will meet anticipated 
shortages in Williamson County only until the year 2000. 
Utilizing all of Lake Stillhouse Hollow's yield not commit­
ted to Bell and Coryell Counties' use could add 42 thou­
sand acre-feet per year to the supplies available to 
Williamson County for municipal and industrial uses. This 
would make it possible to meet the needs in Williamson 
County through the year 2020. Area needs through 2030 
could be met from water made available from Lake Som­
merville as a result of the construction of Caldwell Reser­
voir in Zone 5. 

In cooperation with cities, water supply corporations, 
and districts in Wi11iamson County, the Brazos River 
Authority is currently conducting studies to determine the 
feasibility and costs of delivering water from Stillhouse 
Hollow to Williamson County after it is freed up by con­
struction of the proposed South Bend Reservoir. 

Zone 5 

Proposed and existing surface-water supplies are esti­
mated to provide 258.6 thousand acre-feet in the year 
2030 for Zone 5 of the basin (Table lll-12-9, Figure 
III-12-7). Supplies of surface water are sufficient through 
year 2030 to meet industrial and manufacturing water 
requirements for the zone. Irrigated agriculture has pro­
jected shortages in all decades from the present through the 
year 2030, with shortages of 5.1 thousand acre-feet and 
7.6 thousand acre-feet annually in years 1990 and 2030, 
respectively. 

The Brazos County area, which includes the rapidly 
grO\ving Bryan-College Station area, will require surface­
water supplies to supplement available ground-water 
resources. Although a small part of these surface-water 
requirements could be met by Lake Limestone, the autho­
rized Corps of Engineers system of reservoirs on the Nava­
sota River (Lakes Millican and Navasota) will provide the 
major part of these requirements provided development of 
the Navasota River can be implemented in a timely 
manner. The Millican Reservoir project, authorized for 
construction first, is in the advanced engineering and 
design phase with the Phase I General Design Memoran­
dum originally scheduled for completion at an early date. 
However, the existence of potentia11y commercial, near­
surface lignite deposits in the reservoir area, part of which 
has been acquired by utilities, poses a significant conflict. 
The Corps of Engineers is currently reassessing the plan of 
development for the Navasota River. which includes exam­
ination of several alternatives and possible reformulation of 
the authorized plan of development of the Navasota River. 
It is recognized that the authorized Navasota Lake project 
could also provide additional supplies to meet area needs if 
further studies show economic feasibility. Currently esti­
mated yields of these projects are subject to revision pend­
ing additional studies of the projects and the related impact 
of Lake Limestone. 

An alternative surface-water supply in Zone 5 is the 
Caldwell Reservoir project, currently planned by the BRA. 
The preliminary site for the reservoir is on Cedar Creek in 
Burleson and Milam Counties, with an estimated project 
surface area of 8.0 thousand acres. The project will store 
water from Cedar Creek, as well as Brazos River floodwat­
ers pumped to the reservoir through a planned pipeline. If 
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Table 111-12-8. Water Resources of the Brazos River Basin, Zone 4, With 
Projected Water Supplies and Demands, 1990-20301 

Water Supply Water Demand Surplus or Shortage 

In Intra· Return In Intra• Irrigadon 
Decade Zone Basin Flow Import Total Zone Basin Export Total M&I (Shortage) Total ---

1990 
Ground Water 22.7 - - - 22.7 22.7 - - 22.7 .0 .0 .0 
Surface Water 258.7 .0 17.5 2.6 278.8 186.1 103.7 .0 289.8 61.0 (72.0) (11.0) 
Total 281.4 .0 17.5 2.6 301.5 208.8 103.7 .0 312.5 61.0 (72.0) (11.0) 

2000 
Ground Water 30.8 - - - 30.8 30.8 - - 30.8 .0 .0 .0 
Surface Water 254.2 4.7 20.0 3.7 282.6 240.7 114.9 .0 355.6 .0 (73.0) (73.0) 
Total 285.0 4.7 20.0 3.7 313.4 271.5 114.9 .0 386.4 .0 (73.0) (73.0) 

- 2010 
' >-' Ground Water 31.7 - - - 31.7 
"' 

31.7 - - 31.7 .0 .0 .0 

' Surface Water 249.7 16.7 25.6 5.2 297.2 287.6 83.0 .0 370.6 .0 (73.4) (73.4) "' "' Total 281.4 16.7 25.6 5.2 328.9 319.3 83.0 .0 402.3 .0 (73.4) (73.4) 

2020 
Ground Water 32.7 - - - 32.7 32.7 - - 32.7 .0 .0 .0 
Surface Water 245.3 38.0 31.3 6.4 321.0 341.9 52.8 .0 394.7 .0 (73. 7) (73.7) 

Total 278.0 38.0 31.3 6.4 353.7 374.6 52.8 .0 427.4 .0 (73. 7) (73. 7) 

2030 
Ground Water 30.6 - - - 30.6 30.6 - - 30.6 .0 .0 .0 

Surface Water 241.0 77.5 37.0 8.4 363.9 425.6 12.7 .0 438.3 .0 (74.4) (74.4) 

Total 271.6 77.5 37.0 8.4 394.5 456.2 12.7 .0 468.9 .0 (74.4) (74.4) 

I Units in thousands of acre-feet per year. Water demands are for the "hi~h" case. Tabulated surface water demands do not include livestock needs, some quantities of inigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 





Table UI-12-9. Water Resources of the Brazos River Basin, Zone 5, With 
Projected Water Supplies and Demands, 1990-2030• 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Zone Basin Flow Import Total Zone Basin Export Total M&l (Shortage) Total ---

1990 
Ground Water 61.6 - - - 61.6 61.6 - - 61.6 .0 .0 .0 
Surface Water 118.1 3.6 31.1 .2 153.0 75.1 10.2 .6 85.9 72.2 (5.1) 67.1 
Total 179.9 3.6 31.1 .2 214.6 136.7 10.2 .6 146.9 72.2 (5.1) 67.1 

2000 
Ground Water 89.6 - - - 89.6 89.6 - - 89.6 .0 .0 .0 
Surface Water 211.2 3.6 37.0 .2 252.0 103.0 53.6 .6 157.2 100.2 (5.4) 94.8 
Total 300.8 3.6 37.0 .2 341.6 192.6 53.6 .6 246.8 100.2 (5.4) 94.8 

' 
2010 

.... Ground Water 108.4 - - - 108.4 108.4 - - 108.4 .0 .0 .0 "' ' "' .... Surface Water 210.1 4.6 41.0 .2 255.9 114.5 57.2 .7 172.4 89.1 (5.6) 83.5 
Total 318.5 4.6 41.0 .2 364.3 222.9 57.2 .7 280.8 89.1 (5.6) 83.5 

2020 
Ground Water 124.6 - - - 124.6 124.6 - - 124.6 .0 .0 .0 
Surface Water 209.1 3.1 43.9 .2 256.3 126.2 69.5 .7 195.7 66.6 (6.0) 60.6 
Total 333.7 3.1 43.9 .2 380.9 250.8 69.5 .7 320.3 66.6 (6.0) 60.6 

2030 
Ground Water 135.8 - - - 135.8 135.8 - - 135.8 .0 .0 .0 
Surface Water 208.1 3.3 47.0 .2 258.6 142.8 100.0 .7 242.8 23.4 (7.6) 15.8 
Total 343.9 3.3 47.0 .2 394.4 278.6 100.0 .7 378.6 23.4 (7.6) 15.8 

I Units in thousands of acre-feet per year. Water demands arc for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water amon~ zones \\ithin a river basin. 
Import: A tmnsfcr of water from another river basin. 
Return Flo\\'S: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 
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Figure 111-12-7. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Brazos River Basin, Zone 5, 1980-2030 

to requirements \Vithin the basin, part of the projected 
future needs in the San Jacinto-Brazos Coastal Basin 
(municipal, manufacturin~. and irrigation) will continue 
to be met by diversions from the Brazos River throu~h the 
canal systems under existin~ permits and contracts. 

The projected 1990 surface-water needs in Zone 6 
and adjacent areas of the San Jacinto-Brazos Coastal Basin 
exceed estimated available supplies from existin~ sources. 
The construction of South Bend Reservoir by 1990 would 
forestall the projected deficit until 2000. To provide water 
needed by 2000 and throu~h the year 2030 for this area, 
water importation from the Neches and Sabine River 
Basins is a possible alternative. Existin~ reservoirs in those 
basins have a surplus of surface water which could be 
diverted through a system of pipelines and open channels 
to the lower Brazos River Basin and adjacent coastal areas. 
Such a conveyance system could also be used to provide 
water to meet municipal and manufacturing needs in the 

San Jacinto River Basin. Additional studies will have to be 
performed by the Department and rc~ional interests to 
examine the engincerin~ alternatives and the economic, 
environmental, and institutional considerations that 
would be involved in such a major interbasin transfer of 
water. 

Water Quality Protection 

A water quality mana~ement plan for the Brazos River 
Basin has been developed pursuant to the requirements of 
federal and State Clean Water legislation. An areawide 
water quality management plan has also been developed 
for the Temple-Belton metropolitan area. These plans 
serve as a basic element in the State's overall water quality 
strategy and provide guidance in establishing priorities for 
construction grants for waste treatment facilities , permit­
tin~ of wastewater facilities, revision of stream standards, 
and other program activities. 
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Table 111-12-10. Water Resources of the Brazos River Basin, Zone 6, With 
Projected Water Supplies and Demands, 1990-20301 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Zone Basin Flow Import Total Zone Basin Export Total M&I (Shortage) Total ---

1990 
Ground Water 69.1 - - - 69.1 69.1 - - 69.1 .o .0 .0 
Surface Water 151.0 521.6 100.5 .0 773.1 367.1 .0 407.6 774.7 .0 (1.6) (1.6) 
Total 220.1 521.6 100.5 .0 842.2 436.2 .0 407.6 843.8 .0 (1.6) (1.6) 

2000 
Ground Water 80.9 - - - 80.9 80.9 - - 80.9 .0 .0 .0 
Surface Water 151.0 582.3 128.0 86.2 947.5 500.5 .0 448.6 949.1 .0 (1.6) (1.6) 
Total 231.9 582.3 128.0 86.2 1028.4 581.4 .0 448.6 1030.0 .o (1.6) (1.6) 

-
' 

2010 

'"' Ground Water 93.7 - - - 93.7 93.7 - - 93.7 .o .0 .0 "' ' Surface Water "' "' 
151.0 531.6 159.7 312.4 1154.7 654.3 .0 502.0 1156.3 .0 (1.6) (1.6) 

Total 244.7 531.6 159.7 312.4 1248.4 748.0 .0 502.0 1250.0 .0 (1.6) (1.6) 

2020 
Ground Water 106.9 - - - 106.9 106.9 - - 106.9 .0 .0 .0 
Surface Water 151.0 587.4 190.3 419.9 1348.6 836.8 .0 513.4 1350.2 .0 (1.6) (1.6) 
Total 257.9 587.4 190.3 419.9 1455.5 943.7 .0 513.4 1457.1 .0 (1.6) (1.6) 

2030 
Ground Water 118.1 - - - 118.1 118.1 - - 118.1 .0 .0 .0 
Surface Water 151.0 521.4 221.0 696.9 1590.3 1064.5 .0 529.3 1593.8 .0 (3.5) (3.5) 
Total 269.1 521.4 221.0 696.9 1708.4 .1182.6 .0 529.3 1711.9 .0 (3.5) (3.5) 

1 Units in thousands of acre-feet per year. Water demands arc for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which ,,;u continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A transfer of water from another rh•er basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 
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Figure 111-12-8. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Brazos River Basin, Zone 6, 1980-2030 

Construction costs associated with municipal waste­
water treatment facilities have been estimated to be 
approximately $482.0 million for the planning period of 
1980 to the year 2000. These costs are estimated for the 
entire Brazos River Basin with approximately $131.4 mil­
lion required for Zone 4, $117.0 million for Zone 3, $73.7 
million for Zone 5, $69.8 million for Zone 1, $61.0 mil­
lion for Zone 6, and $29.1 million for Zone 2. All costs are 
in January 1980 dollars and are subject to revision as new 
data become available. The list of projects, with project 
costs for 1982-1989, at 1980 prices, is shown in Appen­
dix B. 

Additional water quality management costs, such as 
for control of agricultural, oil and gas, and industrial pollu­
tants, cannot be estimated at this time, but are believed to 
be increasing. 

Flood Control Measures 

The eight existing major reservoirs in the Brazos River 
Basin which have flood-control storage as a project pur­
pose are Whitney, Belton, Proctor, Waco, Somerville, 
Stillhouse Hollow, Georgetown, and Granger. These 
reservoirs have a combined flood-control storage capacity 
of 3.86 million acre-feet. 

Aquilla Lake, located on Aquilla Creek, has recently 
been completed and will provide an additional89.5 thou­
sand acre-feet of flood-control storage capacity. 

The Munday Floodway System, completed in 1975, 
provides for flood protection to the City of Munday. 

Millican Lake, one of the two authorized projects on 
the Navasota River, will initially provide 784.8 thousand 
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acre-feet of flood-control storage capacity under current 
design criteria. 

Under the Corps of Engineers' Small Flood Control 
Project Authority the following studies have been initiated: 
Burton Creek at Bryan, Texas; California Creek at Ham­
lin, Texas; Lake Creek at Round Rock, Texas; and Mun­
day, Texas. 

In addition to the work being done by the Corps of 
Engineers, the U.S. Soil Conservation Service has con-

structed 270 floodwater-retarding structures in the basin. 

As of October 1980, an additional 97 structures were 
planned. About 90 percent of the existing and planned 
structures are located in Zones 3 and 4. The remaining 10 
percent are distributed fairly equally among Zones 1, 2, 
and 5. There are no existing or planned structures in Zone 
6. 
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13. BRAZOS-COLORADO COASTAL BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physical Description 

The Brazos-Colorado Coastal Basin is bounded on the 
east by the Brazos River Basin, on the west by the Colorado 
River Basin, and on the south by the Gulf of Mexico. The 
San Bernard River and Caney Creel< are the principal 
streams in the basin. Headwaters of the San Bernard River 
rise at an elevation of about350 feet. Elevations in the area 
south of Bay City are generally below 50 feet. Total basin 
drainage area is 1,850 square miles. For planning pur­
poses, the basin is treated as a single hydrologic unit (Fig­
ure lll-13-1). 

Surface Water 

The average annual runoff during the period 1955 
through 1970 was 446 acre-feet per square mile. The 
lowest annual flows during the period 1955-70 occurred 
in 1955 through 1956 and 1961 through 1963. Annual 
runoff averaged 101 acre-feet per square mile during 1955 
through 1956, and 188 acre-feet per square mile during 
1961 through 1963. Lowest runoff was 39 acre-feet per 
square mile in 1956. 

Areas within the basin experience flooding occasion­
ally from overflow of the Colorado River. The most severe 
flood occurred in the area in 1913. Other floods occurred 
within the basin in 1922, 1929, 1935, 1938, 1940, 
1960, 1961, and 1979. 

From June through November of each year, the 
Brazos-Colorado Coastal Basin, because of its proximity to 
the Gulf of Mexico, is subject to the threat of tropical 
cyclones. 

Available water quality data indicate that runoff 
throughout the basin is generally low in concentrations of 
dissolved solids. Although low flows of the San Bernard 
River are sometimes saline in some reaches, as a result of 
oil and gas exploration and development, moderate to high 
flows commonly contain less than 100 milligrams per liter 
(mg/1) dissolved solids. The San Bernard River and the 
other coastal tributaries are tidally affected for several miles 
upstream. 

Ground Water 

The Gulf Coast Aquifer underlies the entire Brazos­
Colorado Coastal Basin. The aquifer extends to a depth of 
more than 2,500 feet. Yields of large-capacity wells aver­
age 1,500 gallons per minute (gpm), but locally wells 
produce up to 3,100 gpm. The water generally contains 
less than 1,000 mg/1 total dissolved solids. 

In the past, intensive withdrawals of fresh to slightly 
saline ground water in the vicinity of the Gulf Sulfur mine 
located near the coast has lowered water levels to about 
100 feet below sea level. Consequently, saline-water 
encroachment has occurred. In areas immediately adja­
cent to the coast in Matagorda and Brazoria Counties 
within the basin, freshwater deposits of the Gulf Coast 
Aquifer are surrounded by extensive deposits containing 
saline waters. The potential for saline-water encroach­
ment as well as land-surface subsidence are very great, but 
can be controlled by proper well location, completion, and 
pumpage. 

Population and Economic Development 

The population of the Brazos-Colorado Coastal Basin 
was reported to be 81.7 thousand in 1980. Principal cities 
in the basin are Bay City, with a 1980 population of 17.8 
thousand, and Wharton, with an in-basin population of 
8.2 thousand. 

The Brazos-Colorado Coastal Basin ranks lower than 
the statewide average in population density, percent 
urban, and median family income. The economy of the 
area is based on petroleum and petrochemical manufac­
turing, agriculture, agribusiness, and other manufactur­
ing. Over two-thirds of the agricultural income is from 
crops. Mining activities in the basin include oil, gas, sulfur, 
clay, salt, and shell production. Recreational activities 
such as hunting, fishing, and coastal activities are also 
important to the basin economy. 

Water Use 

Municipal water use in the Brazos-Colorado Coastal 
Basin totaled 11.4 thousand acre-feet in 1980; over 98 
percent of this amount was supplied by ground water. 
Municipal freshwater use in Brazoria County constituted 
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Figure 111-13-1. Brazos-Colorado Coastal Basin 

III-13-2 



30 percent of the total basin use in 1980; Matagorda 
County, 35 percent: and Wharton County, 21 percent. 

Manufacturing industries in the basin used 20.0 thou­
sand acre-feet of freshwater in 1980. This amount 
accounts for approximately six percent of the total use in 
the basin during 1980. The water used by manufacturing 
included 16.4 thousand acre-feet from surface-water sup­
plies and 3.6 thousand acre-feet from ground-water 
sources. 

In 1980, about 74.5 thousand acres was irrigated in 
the basin with 304.8 thousand acre-feet of water, mostly 
for growing rice. Ground water pumped from the Gulf 
Coast Aquifer supplied about 26 percent of the total water 
used. Most of the surface water was supplied from the 
adjacent Colorado River Basin. Although additional lands 
in this area are suitable for irrigation, future municipal and 
industrial development can be expected to compete for 
both land and freshwater supplies. 

Estimated freshwater use for mining in the Brazos­
Colorado Coastal Basin totaled 11.5 thousand acre-feet in 
1980. Of this total, virtually all water used was for nonme­
tal production, primarily in Wharton County. Freshwater 
withdrawals for oil and gas production were relatively small 
compared to other nonmetal production. 

Livestock water use in 1980 totaled 1. 7 thousand 
acre-feet in the Brazos-Colorado Coastal Basin, mostly for 
raising beef cattle. 

Navigation facilities in the Brazos-Colorado Coastal 
Basin consist of the Gulf Intracoastal Waterway and its 
tributary waterway, the San Bernard River Channel. These 
navigation facilities have no regulated freshwater 
requirements. 

Return Flows 

In 1980, municipal and manufacturing return flows 
in the Brazos-Colorado Coastal Basin totaled about 15.6 
thousand acre-feet. Irrigation return flows in the Brazos­
Colorado Coastal Basin in 1980 were estimated to total 
95.3 thousand acre-feet, mostly from rice irrigation. Most 
of the return flows are discharged into coastal waters. 

Current Ground-Water Development 

Approximately 100.3 thousand acre-feet of ground 
water was used in 1980 in the Brazos-Colorado Coastal 
Basin. All of the ground water used in the basin was from 
the Gulf Coast Aquifer. 

Of the 100.3 thousand acre-feet of ground water used 
in the basin, 79.5 thousand acre-feet or 79 percent was for 
irrigation purposes, and 11.2 thousand acre-feet or 11 
percent was for municipal purposes. 

A large overdraft of ground water occurred throughout 
the entire basin, due primarily to excessive withdrawals for 
irrigation purposes. 

Current Surface-Water Development 

There are no major reservoirs in the basin, although 
several off-channel storage facilities have been developed. 
Texas Gulf Sulphur operates a freshwater storage reservoir 
at Newgulf. Supply is obtained from the San Bernard River 
and from the Gulf Coast Aquifer. 

Water Rights 

A total of 91,116 acre-feet of surface water was autho­
rized or claimed for diversion or use in the Brazos­
Colorado Coastal Basin as of December 31, 1983 (Table 
Ill-13-1). This total was almost equally divided among 
industrial, irrigation, and mining uses (Table Ill-13-2). 

Water Quality 

Under low-flow conditions, Caney Creek has expe­
rienced dissolved-oxygen problems due primarily to indus­
trial effluent. Caney Creek periodically contains high 
chloride concentrations due to runoff from oil and gas 
fields. 

Flooding, Drainage, and Subsidence 

Due to the limited amount of urbanization within the 
Brazos-Colorado Coastal Basin, flood damage estimates 
have not been sufficient to reveal the precise amount of 
damage experienced within the basin. However, the data 
indicate that flooding is a serious problem. In 1979, two 
federal flood disaster declarations occurred in the basin 
with $292 thousand spent in federal relief. During the 
period 1979-1981, 500 flood insurance claims were filed 
for $2.1 million in flood damages. 

Austin, Matagorda, Colorado, and Brazoria Counties 
have adopted the necessary regulations for participation in 
the Flood Insurance Program. Matagorda and Brazoria 
Counties have entered the Regular Phase of the Program. 
Wharton and Fort Bend Counties have not yet entered the 
Program; howevei-, rate studies are underway to provide 
more accurate 1 00-year flood data. 
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Table 111-13-1. Authorized or ClaimcdAmountofWater, 
by Type of Right, Brazos-Colorado Coastal Basin I 

AcrcRFcct 
Type of Number Authorized 

Authorization of Right8 and Claimed 

Permits 36 73,601 
Claims 24 4,255 
Certified Filings 2 13,260 
Certificates of 

Adjudication 0 0 

Total Authorizations 
and Claims 62 91,116 

t The Texas Water Rights Adjudication Act of 196 7 authorizes the Texas Depart~ 
mcnt of Water Resources to investigate and determine, with the Court's approval, 
the nature and measure of water rights for all authorized diversions from surfacc­
wntcr streams or portions thereof except domestic nnd livestock uses and to 
monitor and administer each adjudicated wntcr right. These totals incorporate 
the results of mucr-ri)!hts adjudication in the basin as o£ December 31, 1983. 
Certified Filings arc declarations of appropriation which were filed with the State 
Board of Water Engineers under the provisions of Section 14, Chapter 171, 
General Laws, Acts of the J3rd Legislature, 1913, as amended. Permits arc 
statutory appropriative rights which have been issued by the Texas Water Com­
mission or its predecessor agencies, Claims arc sworn stntcmcnts of historical 
uses to be adjudicated in accordance with the Texas Water Rights Adjudication 
Act. A certificate of adjudication is the final result after recognition of a valid right 
in the adjudication process and is based on a permit, certified filing or claim or any 
combination of the three. 

A total of six cities have become eligible for the sale of 
flood insurance. Bay City, Wallis, and Sweeny have com­
pleted flood insurance rate studies and are participating in 
the Regular Phase of the Program. Efforts are underway to 
establish 100-year flood elevations in the remaining areas. 

Table 111-13-2. Authorized or Claimed Amonnt 
of Water, by Type of Use, in Acre-Feet, 

Brazos-Colorado Coastal Basin 

Type of Number of Basin 
Use rugh .. Total 

Municipal 0 0 
Industrial 2 32,000 
Irrigation 57 33,766 
Mining 2 25,350 
Recreation 1 0 

Total 62 91,116 

I Does not sum due to multipurpose "rights", which may be applied to more than 
one type of use. 

Drainage problems in the Brazos-Colorado Coastal 
Basin are similar to drainage problems in other coastal 
basins. Rice-farming areas need on-farm drainage 
improvements and continued maintenance of ditches, 
outlets, and irrigation facilities. Minor urban drainage 
problems occur in and near Bay City and in isolated subdi­
visions within incorporated areas of Wharton County. 

Since 1918, approximately 1.2 feet of subsidence has 
occurred at Bay City within the Brazos-Colorado Coastal 
Basin. This subsidence was probably caused by withdrawals 
of petroleum and associated saline waters as well as with­
drawal of fresh ground water from the Gulf Coast Aquifer. 
The western edge of the subsidence "bowl", related pri­
marily to ground-water withdrawals in the Houston· 
Galveston region, occurs in Fort Bend, Brazoria, and 
Matagorda Counties within the basin. However, the 
"bowl's" extension into eastern Matagorda County was 
caused by withdrawals of petroleum and associated saline 
ground waters from the Old Ocean Oil and Gas Field. A 
very large but unknown amount. of subsidence has 
occurred locally at Gulf in southern Matagorda County. 
This subsidence was caused by large extractions of sulfur 
from the cap rock of a salt dome. Fault activation and 
movement, which can cause considerable damage to prop­
erty, are associated with subsidence. Damages caused by 
fault movement are very evident in urban areas of the Gulf 
Coastal Plain. 

Recreation Resourees 

There are no major reservoir facilities for providing 
flat-water recreation opportunities in the Brazos-Colorado 
Coastal Basin. Freshwater recreation resources available in 
the area include shoreline activities along the San Bernard 
River and other streams and ponds in the basin. Bay and 
coastal waters fronting the basin provide the major water­
oriented recreation opportunities available to the public. 

PROJECTED WATER REQUIREMENTS 

Population Growth 

The population of the Brazos-Colorado Coastal Basin 
is projected to more than double by the year 2030, from 
the present 81.7 thousand to 222.5 thousand (Table 111-
13-3). A 71 percent increase to 139.3 thousand is antici· 
pated from 1980 to 2000. This growth rate is expected to 
be 60 percent for the 2000·2030 period. 

Brazoria and Fort Bend Counties are expected to con· 
tain 44 percent (61.0 thousand) of the 2000 population in 
the basin, In 2030, this portion of the basin population will 
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Brazos-colorado Basin 
Pqulation 
Municipal 11.2 0.2 
Manufacturing 3.6 16.4 
Steam Electric 0.0 0.0 
Mining 5.1 6.4 
Irrigation 79.5 225.3 
Livestock 0.9 0.8 
Basin Total Water 100.3 249.1 

Table III-B-3. Pop.llation, CUrrent Water Use, With Projected Pop.!lation and Water REquirarents, 199G-203@/ 
Brazos-O:Ilorado COastal Basin 

81.7 1,107.0 139.3 168.1 
11.4 14.9 8.3 23.2 19.3 10.7 30.0 23.5 12.7 36.2 
20.0 4.3 18.1 22.4 4.6 19.3 23.9 2.6 21.1 23.7 
0.0 .0 .0 .o .0 .0 .o 0.0 0.0 0.0 

11.5 4.9 7.2 12.1 4.9 7.8 12.7 5.4 8.8 14.2 
304.8 39.5 192.7 232.2 36.4 179.2 215.6 33.7 180.9 214.6 

1.7 .3 1.8 2.1 .3 2.1 2.4 0.3 2.1 2.4 
349.4 63.9 228.1 292.0 65.5 219.1 284.6 65.5 225.6 291.1 

!!f Pop.Ilation in thousands of perso!L'l, water requirarents in thousands of acre-feet per year 

196.1 222.5 
27.5 14.8 42.3 30.7 17.3 48.0 

4.1 20.5 24.6 2.6 23.0 25.6 
0.0 0.0 0.0 0.0 o.o 0.0 
5.9 9.8 15.7 8.2 9.0 17.2 

33.3 180.2 213.5 31.1 181.3 212.4 
0.3 2.1 2.4 0.3 2.1 2.4 

71.1 227.4 298.5 72.9 232.7 305.6 



increase to 101.9 thousand. By 2030, Brazoria's percent­
age of basin population should be about 29 percent and 
Fort Bend's percentage should grow from 8 percent in 
1980 to 16 percent in 2030. Although Matagorda Coun­
ty's population is projected to grow 157 percent by 2030, 
its share of the basin population is expected to be about 29 
percent. 

Water Requirements 

Municipal 

Municipal water requirements are projected for two 
cases of future growth based on both population and per 
capita water use. Water requirements in the Brazos­
Colorado Coastal Basin are projected to increase from the 
1980 level of 11.4 thousand acre-feet by a projected maxi­
mum of 163 percent by the year 2000. In the year 2030, 
water requirements are projected to range from 29.1 to 
48.0 thousand acre-feet. 

Industrial 

Manufacturing water requirements in 1980 were 
20.0 thousand acre-feet in the Brazos-Colorado Coastal 
Basin. Projections of future water requirements for manu­
facturing purposes were made by decade and for a low and 
high case for each industrial group. In 1980, over 90 
percent of total manufacturing water use was concentrated 
in five industrial groups: chemicals, petroleum refining, 
primary metals, paper products, and food products. 
Because of this concentration, careful attention was given 
to the future growth outlook for these industries in making 
the projections. 

Manufacturing water requirements in the Brazos­
Colorado Coastal Basin are projected to increase 28 per­
cent by the year 2030, to a potential high of 25.6 thousand 
acre-feet by 2030. Most of the 1980 water use occurred in 
Brazoria County, and this trend is expected to continue 
throughout the planning period. In Brazoria County, 
industrial organic chemicals were the source of most of the 
manufacturing water requirements. 

Stcam .. Eieetrie Power Generation 

No steam-electric power generation facilities are cur­
rently planned for construction in the basin. 

Agriculture 

Irrigation 

Irrigation water requirements were projected for two 
cases of change based on improvements in on-farm appli­
cation efficiencies, reduction in ditch losses, changes in 
future resource costs and crop prices, and correspOnding 
changes in cropping patterns to reflect more profitable 
crops. A low case projects demand for water based on the 
effects of changes in the above variables but with irrigated 
acreage held constant at 1980 levels in each zone for each 
future time period; a high case projects demand for water 
for irrigation constrained only by the requirement that 
irrigated farming produce a net positive return in excess of 
that possible from dryland farming and the requirement 
not to exceed the amount of irrigable soil in each zone. 
Thus, the projections of demand, low and high cases, based 
on the irrigation efficiency and market conditions men­
tioned above, give an estimate of the quantity of water 
needed for irrigation in each zone, at each decadal point 
for which projections were made. These projections of 
demand are compared to the projected supply of water 
locally available. When projected demand exceeds pro­
jected supply, the difference is a measure of shortage at that 
point in time. 

Irrigation water requirements in the Brazos-Colorado 
Coastal Basin are projected to decrease from the 1980 
level of 304.8 thousand acre-feet by a projected maximum 
29 percent by the year 2000 in the high and low cases. In 
the year 2030, water requirements in the basin are pro­
jected to be about 212.4 thousand acre-feet annually in 
the high case to irrigate about 71.8 thousand acres. 

Livestoeh. 

Livestock production is expected to expand slightly in 
the coastal basin. The projected annual livestocl{ water 
requirement by 2030 is 2.4 thousand acre-feet per year. 

Mining 

Projections of mining freshwater use in the Brazos­
Colorado Coastal Basin for the 1980-2030 period indicate 
that the basin's 2030 mining water requirements are 
expected to total 17.2 thousand acre-feet. 

Nonmetal mining freshwater requirements are 
expected to grow from 10.4 thousand acre-feet in 1980 to 
16.8 thousand acre-feet in 2030. 
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Navigation 

Currently, no navigation facilities which would 
require the use of regulated freshwater supplies are planned 
in the basin. 

Hydroelectric Power 

There arc no planned hydroelectric power generating 
facilities in the basin. 

WATER SUPPLY PROJECTS 
AND MEASURES TO MEET FUTURE 

BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

The approximate annual ground-water yield within 
the Brazos-Colorado Coastal Basin through the year 2030 
is 68.0 thousand acre-feet. This amount of annual ground­
water supply is from the Gulf Coast Aquifer which is the 
only fresh to slightly saline water-bearing formation within 
the basin. 

The projected annual ground-water usc within the 
Brazos-Colorado Coastal Basin by decade from 1990 
through 2030 is expected to be from 63.9 to 72.9 thou­
sand acre-feet per year (Table Ill-13-3). The approximate 
average annual projected ground-water use within the 
basin is expected to be about 67.8 thousand acre-feet per 
year. 

Surface-Water Availability 
and Proposed Development 

Surface-water requirements in the Brazos-Colorado 
Coastal Basin are projected to be satisfied through the year 
2030 for all municipal and industrial purposes (Table 
lll-13-4, Figure lll-13-2). The water to meet the pro­
jected needs would be provided by importation from the 
Colorado and Brazos River Basins in the amount of 201.9 
thousand acre-feet per year by the year 2030. Localized 

shortages for projected irrigation needs are forecast to be 
12.8 thousand acre-feet by the year 2030. These shortages 
occur due to limitations in ground-water supplies in the 
basin. 

Limited drainage area and relatively flat topography 
preclude the development of economically viable major 
reservoirs in this coastal basin. No reservoir projects are 
proposed for this basin. 

Water Quality Protection 

A water-quality management plan for the Brazos­
Colorado Coastal Basin has been developed pursuant to 
the requirements of Federal and State Clean Waterlegisla­
tion. The plan serves as a basic element in the State's 
overall water-quality strategy and provides guidance in 
establishing priorities for construction grants for waste 
treatment facilities, permitting of wastewater facilities, 
revision of stream standards, and other program activities. 

Construction costs associated with municipal waste­
water treatment facilities needs have been estimated to be 
approximately $38.2 million for the planning period of 
1980 to the year 2000. These costs are estimated for the 
entire Brazos-Colorado Coastal Basin in January 1980 
dollars and are subject to revision as new data becomes 
available. The list of projects, with project costs for 1982-
1989, at 1980 prices, are shown in Appendix B. 

Additional water-quality management costs, such as 
for control of agricultural, oil and gas, and industrial pollu­
tants, cannot be estimated at this time, but are believed to 
be increasing. 

Flood Control Measures 

Drainage improvements and levees are needed to pro­
tect agricultural lands and urban developments from 
potential flood damage in the basin. 

There are no existing floodwater-retarding structures 
in the basin and none are currently planned, however, 
14.5 miles of channel improvement have been completed 
by the Soil Conservation Service. 
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Table 111-13-4. Water Resources of the Brazos-Colorado Coastal Basin, With 
Projected Water Supplies and Demands, 1990-20301 

Water Supply Water Demand 

Return In Intra-
Decade Basin Basin Flow Import Total Basin Basin Export Total M&I 

1990 
Ground Water 63.9 - - - 63.9 63.9 - - 63.9 .0 
Surface Water .0 - .0 200.6 200.6 211.9 - .0 211.9 .0 
Total 63.9 - .0 200.6 264.5 275.8 - .0 275.8 .0 

2000 
Ground Water 65.5 - - - 65.5 65.5 - - 65.5 .0 
Surface. Water .0 - .0 189.9 189.9 202.0 - .0 202.0 .0 
Total 65.5 - .0 189.9 255.4 267.5 - .0 267.5 .0 

2010 
Ground Water 65.5 - - - 65.5 65.5 - - 65.5 .0 
Surface Water .0 - .0 195.0 195.0 207.4 - .0 207.4 .0 
Total 65.5 - .0 195.0 260.5 272.9 - .0 272.9 .0 

2020 
Ground Water 71.1 - - - 71.1 71.1 - - 71.1 .0 
Surface Water .0 - .0 196.5 196.5 208.2 - .0 208.2 .0 
Total 71.1 - .0 196.5 267.6 279.3 - .0 279.3 .0 

2030 
Ground Water 72.9 - - - 72.9 72.9 - - 72.9 .0 
Surface Water .0 - .0 201.9 201.9 214.7 - .0 214.7 .0 
Total 72.9 - .0 201.9 274.8 287.6 - .0 287.6 .0 

t Units in thousands of acre-feet per year. Water demands are for the "high" case. Tabulated surface ·water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among wnes within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 

Surplus or Shortage 

Irrigation 
(Shorrage) Total 

.0 .0 
(11.3) (11.3) 
(11.3) (11.3) 

.0 .0 
(12.1) (12.1) 
(12.1) (12.1) 

.0 .0 
(12.4) (12.4) 
(12.4) (12.4) 

.0 .0 
(11.7) (11.7) 
(11. 7) (11.7) 

.0 .0 
(12.8) (12.8) 
(12.8) (12.8) 
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14. COLORADO RIVER BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physi~al Des~ription 

The Colorado River Basin is bounded on the north and 
east by the Brazos River Basin and the Brazos-Colorado 
Coastal Basin, and on the south and west by the Lavaca, 
Guadalupe, Nueces, and Rio Grande Basins and the 
Colorado-Lavaca Coastal Basin. Maximum basin width is 
about 154 miles and the total basin drainage area is 
41,763 square miles, of which 39,893 square miles is in 
Texas and the remainder in New Mexico. Drainage in the 
upper part of the basin in the High Plains is poorly defined. 
Headwaters of the Colorado River form in eastern Dawson 
County at an elevation of about 3,000 feet. The North and 
South Concho Rivers join in Tom Green County, emptying 
into the Colorado River at a streambed elevation of about 
1,480 feet in Concho County. The San Saba River flows 
eastward from Schleicher County and joins the Colorado 
River near San Saba at a streambed elevation of about 
1.102 feet. The North and South Llano Rivers join near 
Junction to form the Llano River, which flows eastward to 
join the Colorado River near Kingsland. The Pedernales 
River joins the Colorado River in western Travis County at 
a streambed elevation of about 681 feet, and Barton Creek 
joins the Colorado River at Austin at an elevation of about 
428 feet. For planning purposes, the Colorado River Basin 
is divided into three zones as shown in Figure Ill-14-1. 

Surfa~e Water 

The average annual runoff during the 1941-70 period 
was about 80 acre-feet per square mile in the contributing 
area. About 31 percent of the basin in Zone 1 does not 
contribute runoff. Average annual runoff ranges from 
approximately 350 acre-feet per square mile near the 
mouth of the Colorado River to less than 50 acre-feet per 
square mile in contributing areas in the western part ofthe 
basin. 

Low flows during the 1941-70 period occurred in 
1951-52, 1954, 1956, and 1962-64. Average annual 
runoff for the 1951-52 interval was about 23 acre-feet per 
square mile, and about 17 acre-feet per square mile during 
the 1962-64 period. During 1954 and 1956, average 
runoff was about 16 and 17 acre-feet per square mile, 
respectively. 

In the upper Colorado River Basin, the flood plain is 
characterized by narrow, steep-sloped stream channels 

and low-density vegetation. Runoff is rapid from the rocky 
soils, and tributary streams produce sharp-crested floods 
with high peak discharges and velocities. As floods pass 
downstream, discharges and velocities are greatly reduced 
in the wider, shallow flood plains. 

In the lower portion of the basin, the December 1913 
flood produced a record gage height of 38.9 feet near 
Wharton; the June 1935 flood reached 38.2 feet, and the 
July 1938 flood reached 3 7.4 feet. 

Areas where most of the serious flood damages can be 
expected to occur are in the vicinities of Lal{e Travis and 
Lake Austin, and in the Cities of Austin, Big Spring, 
Brownwood, Ballinger, La Grange, Columbus, Wharton, 
and Matagorda. The coastal portion of the basin is 
impacted by a hurricane in two out of every five years. 

Water stored in Lake J.B. Thomas in the upper part of 
the basin is of good quality, with dissolved-solids concen­
trations generally not exceeding 60 milligrams per liter 
(mg/1) chloride, 60 mg/1 sulfate, and 400 mg/1 total dis­
solved solids. Below Lake J .B. Thomas, water quality dete­
riorates as the main stem of the Colorado River receives 
saline inflows from both natural and man -made sources. 
In the past, the total dissolved-solids concentrations of the 
low flow of the river between Lake J.B. Thomas and Lake 
E.V. Spence have exceeded 10,000 mg/1; however, 
salinity-control measures carried out by the Colorado 
River Municipal Water District in recent years have signifi­
cantly improved the quality of the river. 

Inflows from Morgan and Champion Creeks are low in 
total dissolved solids with discharge-weighted average con­
centrations less than 500 mg/1, thereby diluting the highly 
mineralized Colorado River waters. By contrast, other 
streams in the area are high in dissolved solids, particularly 
Beals Creek which drains a large part of the West Texas 
area of the basin. Beals Creek receives inflows from Natural 
Dam Salt Lake, where dissolved-solids concentrations 
occasionally exceed 250,000 mg/1. Beals Creek imme­
diately downstream of Natural Dam Salt Lake often con­
tains total dissolved-solids concentrations ranging from 
5,000 to 40,000 mg/1, but where Beals Creek flows into 
the Colorado River, dissolved-solids concentrations are 
about 1,000 mg/1. 

Water stored in Lake E.V. Spence contains about450 
to 500 mg/1 chloride, 300 to 350 mg/1 sulfate, and 1,400 
to 1,500 mg/1 total dissolved solids, although salinity has 
varied widely since the reservoir was completed in 1968. 
Below Lake Spence, many streams containing good quality 
water flow into the Colorado River, significantly improving 
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Figure 111-14-1. Colorado River Basin and Zones 
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the quality of the river. The Concho River, Pecan Bayou, 
and the San Saba River, between Lake Spence and the 
Highland Lakes system, have total dissolved-solids con­
centrations generally below 500 mg/1. Water in both the 
Concho and San Saba Rivers, which traverse limestone 
terrains, is very hard, while the water of Pecan Bayou is 
moderately hard. 

Concentrations of dissolved solids in the Colorado 
River near San Saba are generally less than 500 mg/1, 
sulfate and chloride concentrations less than 100 mg/1, 
and hardness (as calcium carbonate) averages 250 to 300 
mg/1. 

The Highland Lakes system, which includes Lakes 
Buchanan, Inks, Lyndon B. Johnson, Marble Falls, Travis, 
Lake Austin, and Town Lake, receives inflow from the 
main stem and tributaries including the Llano and Peder­
nales Rivers. The quality of tributary inflows is excellent, 
and the water impounded by the lakes as well as runoff 
throughout the remainder of the Colorado River Basin is of 
good chemical quality. Total dissolved-solids concentra­
tions seldom exceed 400 mg/1, and are below 300 mg/1 
over 50 percent of the time. Hardness levels are around 
200 mg/1 and sulfate and chloride concentrations average 
30 to 40 mg/1. 

Ground Water 

The High Plains (Ogallala) Aquifer underlies most of 
the upper Colorado River Basin. The 1980 saturated thick­
ness of the High PlainsAquiferwithin the basin ranges from 
about 20 to 300 feet. Yields oflarge-capacitywells average 
about 400 gallons per minute (gpm) and generally range 
from 200 to 900 gpm per minute. Locally, wells may yield 
as much as 2,000 gpm. The quality of water in the aquifer 
varies widely, ranging from about 300 to more than 3,000 
mg/1 total dissolved solids. In some areas of the basin, 
ground water of the High Plains (Ogallala) Aquifer has 
fluoride and nitrate concentrations which exceed Envi­
ronmental Protection Agency-Texas Department of 
Health primary standards for fluoride and nitrate. 

The Edwards-Trinity (Plateau) Aquifer underlies a 
large area in the west-central part of the Colorado River 
Basin. The lower part of the aquifer is generally less than 
100 feet thick and consists of the Trinity Sands. Upper 
parts of the aquifer are commonly less than 500 feet thick. 
Yields of high-capacity wells average about 250 gpm, but 
locally wells produce up to 1,800 gpm. Water in the aquifer 
is generally fresh and contains from 200 to 700 mg/1 total 
dissolved solids, although concentrations reach about 
3,500 mg/1 in the northwest part of the aquifer within the 
basin. 

The Trinity Group Aquifer extends in a band across 
the south-central part of the basin. Well yields are generally 
less than 100 gpm. Water quality ranges from fresh to 
slightly saline. 

The Edwards (Balcones Fault Zone) Aquifer extends 
in a narrow band across Hays and Travis Counties in the 
south-central part of the Colorado River Basin. Few large­
capacity wells have been completed in the aquifer in the 
basin, but wells could yield several hundred gpm. Water in 
the aquifer generally contains less than 500 mg/1 total 
dissolved solids, with salinity increasing with depth. 

The Carrizo-Wilcox Aquifer extends across the south­
east part of the Colorado River Basin. Total thickness 
ranges up to about 2,000 feet. Yields of large-capacity 
wells average about 200 gpm, but locally yields exceed 600 
gpm. The water generally contains less than 1,000 mg/1 
total dissolved solids, but salinity increases with depth. 

The Gulf Coast Aquifer lies beneath the lower part of 
the Colorado River Basin. The aquifer extends to a maxi­
mum depth of about 2,500 feet. Yields of large-capacity 
wells average about 1,500 gpm, but locally reach 3,400 
gpm. Water in the aquifer generally contains less than 500 
mg/1 total dissolved solids, but concentrations increase 
downdip, particularly near the Gulf. 

The Edwards-Trinity (High Plains) Aquifer underlies 
the Ogallala in much of the western part of the Colorado 
River Basin. Total thickness ranges to about 300 feet. 
Yields of wells producing from the aquifer are generally 
low, but locally wells yield as much as 600 gpm where there 
is significant saturation of the limestones. The quality of 
water in the aquifer is relatively poor, with dissolved-solids 
concentrations ranging from 1,000 to 10,000 mg/1, 

In east-central Tom Green County, along and south of 
the Concho River and east of San Angelo, are water­
bearing deposits of alluvium which are part of the Alluvium 
and Bolson Deposits Aquifer. Saturated thickness of these 
water-bearing strata range up to a maximum of 117 feet. 
Yields to irrigation wells generally range from about 100 
gpm to nearly 7,000 gpm. 

The Santa Rosa Aquifer occurs in two areas of the 
western part ofthe Colorado River Basin. Thickness ranges 
to about 400 feet and averages about 200 feet. Yields of 
large-capacity wells average about 250 gpm, but locally 
reach 1,150 gpm. The western part ofthe aquifer underlies 
the High Plains (Ogallala) Aquifer and in most places 
contains poor quality water (1,000 to 10,000 mg/1 total 
dissolved solids). The eastern part of the aquifer commonly 
contains water having less than 1,000 mg/1 total dissolved 
solids, but concentrations increase rapidly downdip. 
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The Hickory Sandstone Aquifer occurs in the central 
part of the basin near the Llano Uplift. Total thickness 
averages approximately .400 feet. Yields of large-capacity 
wells generally range between about 200 and 500 gpm, 
but locally wells produce up to 1 ,500 gpm. Water in the 
aquifer commonly contains less than 500 mg/1 total dis­
solved solids, but concentrations increase downdip. 

The Ellenburger-San Saba Aquifer also occurs in the 
central part of the Colorado River Basin. Total thickness 
ranges to more than 1,000 feet. Wells yield as much as 
1,000 gpm, but most wells yield less than 500 gpm . .Water 
in the aquifer commonly contains less than 1,000 mg/1 
total dissolved solids, but concentrations increase 
downdip. 

The Marble Falls Limestone Aquifer is also located in 
the central part of the Colorado River Basin. It reaches a 
maximum thickness of about 600 feet, and well yields 
range up to 2,000 gpm. The quality of the water is good at 
or near the outcrop area of the aquifer, although total 
dissolved-solids concentrations increase with depth. 

The Queen City Aquifer occurs in a narrow band 
across the lower part of the basin. It reaches a maximum 
thickness of about 200 feet. Yields of most wells are less 
than 200 gpm, locally ranging up to about400 gpm. Water 
quality varies considerably, ranging from less than 1,000 
to more than 3,000 mg/1 total dissolved solids. 

The Sparta Aquifer also occurs in a narrow band 
across the lower part of the basin. Maximum thickness is 
about 90 feet, and yields of most wells are less than 100 
gpm; however, properly constructed wells may yield up to 
400 gpm. Water in the aquifer contains from less than 
1 ,000 to over 3,000 mg/1 total dissolved solids. 

Except for the area of the Gulf Coast Aquifer, wide­
spread land subsidence due to clay compaction caused by 
withdrawals of ground water is not a problem within the 
Colorado River Basin. However, the potential for locally 
significant subsidence exists within the upper-middle part 
of the basin. Due to compaction of clays caused by ground­
water withdrawals from the Gulf Coast Aquifer, additional 
subsidence is a potential problem in Colorado, Wharton, 
and Matagorda Counties within the Colorado River Basin. 
Data to determine specifically the amounts and distribu­
tion of subsidence within the Colorado River Basin in 
Colorado and Wharton Counties are not available. Fault 
activation and movement which can cause considerable 
damage to property is sometimes associated with subsi­
dence. Damages caused by fault movement are very evi-

. dent in urban areas of the Gulf Coastal Plain. Subsidence 
and fault movement also are caused locally by petroleum 
withdrawals and extractions of sulfur and other minerals in 
the Gulf Coastal Plain. 

Population and Economic 
Development 

The Colorado River Basin had a population of 1.06 
million in 1980. Austin is the largest city in the Colorado 
River Basin and had a 1980 population of 345 thousand, 
32.5 percent of the basin total. It is followed in population 
size by Odessa, San Angelo, Midland, Big Spring, and 
Brownwood. 

The economy of the large and diverse geographic area 
of the Colorado River Basin is based on petroleum and 
other minerals, State and federal government, agriculture, 
agribusiness, research and industry, and manufacturing 
activities. 

Water Use 

Municipal water use in the Colorado River Basin 
totaled 224.4 thousand acre-feet in 1980. The distribu­
tion, by zone, and percent of total basin use was: Zone 1, 
6 7.8 thousand acre-feet or 30 percent; Zone 2, 48.7 
thousand acre-feet or 22 percent; and Zone 3, 107.9 
thousand acre-feet or 48 percent. Travis County used 39 
percent of the total basin water use; Tom Green, 10 per­
cent; Midland, 9 percent; Howard, 4 percent; and Ector, 
11 percent. 

Water use by manufacturing industries in the basin 
totaled 24.8 thousand acre-feet in 1980. Almost 38 per­
cent of the total basin manufacturing use occurred in Zone 
1, while 14 percent and 48 percent of the 1980 water use 
occurred in Zones 2 and 3, respectively. 

There was 4,105 megawatts of steam-electric power 
generating capacity in the Colorado River Basin in 1980. 
During 1980, these plants consumed nearly 30.1 thou­
sand acre-feet of surface water (including 14.5 thousand 
acre-feet of estimated net adjusted evaporation) and used 
almost one thousand acre-feet of ground water. 

About 1.1 million acres was irrigated in the Colorado 
River Basin in 1980 using almost 1.4 million acre-feet of 
water. Ground water supplied almost 1.2 million acre-feet 
and surface-water use totaled 211.0 thousand acre-feetfor 
irrigation. 

In the High Plains region of the basin (most of Zone 
1 ), the Ogallala Formation supplies irrigation water from 
relatively shallow depths. In Zone 1, 889.1 thousand acres 
was irrigated in 1980 with 1.0 million acre-feet of water. 

There was about 115.4 thousand irrigated acres in 
Zone 2, requiring 155.6 thousand acre-feet of water in 
1980. Ground-water use totaled 75.9 thousand acre-feet 
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and surface-water use totaled 79.7 thousand acre-feet. 
Ground water is supplied by the Alluvium Aquifer; surface 
water is diverted from the Colorado River and tributaries. 

Irrigated acreage in Zone 3 was about 45.9 thousand 
acres using 172.5 thousand acre-feet of water in 1980. A 
total of 44.7 thousand acre-feet of ground water and 
127.8 thousand acre-feet of surface water was used. 

Estimated freshwater withdrawals for mining purposes 
in the Colorado River Basin totaled 70.7 thousand acre­
feet in 1980, representing the largest mining water use in 
any river or coastal basin in Texas. Petroleum and natural 
gas production accounted for the major portion of the 
basin mining water requirements, with a total of 62.3 
thousand acre-feet. The most intensive use ofwaterforfuel 
production was concentrated in Yoakum County (21.0 
thousand acre-feet), Gaines County (16.3 thousand acre­
feet), Andrews County {7.6 thousand acre-feet), and 
Cochran County (5.4 thousand acre-feet). 

Livestock water requirements in 1980 totaled about 
27.9 thousand acre-feet in the Colorado River Basin, 
mostly for cattle production. Ground water supplied 
approximately 15.5 thousand acre-feet and surface water 
an additional 12.4 thousand acre-feet in 1980. It is esti­
mated that livestock water use was 2 .8 thousand acre-feet 
in Zone 1, 14.0 thousand acre-feet in Zone 2, and 11.1 
thousand acre-feet in Zone 3. 

The navigation facilities in the Colorado River Basin 
consist of the Gulf Intracoastal Waterway and its tributary 
waterway, the Channel to Bay City. The Channel to Bay 
City extends 15.5 miles up the Colorado River from its 
intersection with the Gulf Intracoastal Waterway. The river 
channel is navigable for small boats from the Gulf Intra­
coastal Waterway to the Gulf of Mexico. However, the river 
mouth is subject to severe shoaling and requires frequent 
dredging. These navigation facilities have no regulated 
freshwater requirements. 

There is 230 megawatts of hydroelectric generating 
capacity in the Colorado River Basin. 

Return Flows 

In 1980, municipal and manufacturing return flows 
totaled 81.2 thousand acre-feet. Travis County accounted 
for 50.3 thousand acre-feet (62 percent) of the total fresh­
water municipal and manufacturing return flows in the 
Colorado River Basin. 

Irrigation in Zone 1 is supplied almost entirely by 
ground water. Return flows from this irrigated acreage are 
negligible. 

In the middle part of the basin, considerable irrigated 
acreage is supplied by ground water but very little return 
flow reaches streams. In 1980, 79.7 thousand acre-feet of 
surface water was used in the region. It is estimated that as 
much as 14.5 thousand acre-feet of return flows resulted 
from this irrigation. 

In the lower basin (Zone 3), slightly more than 60 
percent of the 50 thousand irrigated acres is supplied by 
surface water. Zone 3 return flows were estimated to total 
about 20.0 thousand acre-feet in 1980, largely from irri­
gated rice lands. These return flows are generally not re­
coverable for reuse. 

Current Ground-Water Development 

In 1980, approximately 1,314.2 thousand acre-feet 
of ground water was used in the Colorado River Basin. Of 
this amount, 1,143.0 thousand acre-feet was used in Zone 
1, 96.5 thousand acre-feet in Zone 2, and 74.7 thousand 
acre-feet in Zone 3. Ground-wateruse in Zone 1 was about 
95 percent from the High Plains (Ogallala) Aquifer, and 
about 4 percent from the Edwards-Trinity {Plateau) Aqui­
fer. Use in Zone 2 was about SO percent from the Edwards­
Trinity (Plateau) Aquifer, 17 percent from minor Permian 
and other aquifers, 10 percent from the Santa Rosa Aqui­
fer, 9 percent from the Hickory Sandstone Aquifer, and 4 
percent from the Trinity Group Aquifer. In Zone 3, 
ground-water use in 1980 was about 45 percent from the 
Gulf Coast Aquifer, 24 percent from the Hickory Sand­
stone Aquifer, 6 percent from the Edwards-Trinity (Pla­
teau) Aquifer, 6 percent from the Trinity Group Aquifer, 5 
percent from the Carrizo-Wilcox Aquifer, and 4 percent 
from the Edwards (Balcones Fault Zone) Aquifer. 

Of the 1,314.2 thousand acre-feet of ground water 
used in the basin, approximately 1,166.2 thousand acre­
feet or 89 percent was for irrigation purposes, 63.1 thou­
sand acre-feet or 5 percent for mining purposes, and 5 
percent for municipal purposes. 

Withdrawals of ground water in 1980 in Zone 1 from 
the High Plains (Ogallala) Aquifer are estimated at about 5 
times the aquifer's annual natural recharge. Annual cur­
rent and historical pumpages for irrigation purposes have 
removed large volumes of water from storage which has 
caused significant water level declines in some areas of 
Zone 1 \vithin the Colorado River Basin. Also, large over­
drafts of ground water primarily for irrigation purposes 
from the Edwards-Trinity (Plateau) Aquifer occurred in 
1980 in Ector and Glasscock Counties within Zone 1 of 
the basin. 

Within Zone 2 of the basin, large overdrafts of ground 
water for irrigation purposes occurred in 1980 in Reagan 
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and Upton Counties. Excessive withdrawals of ground 
water for municipal, manufacturing, and irrigation pur­
poses in McCulloch County caused an overdraft of ground 
water from the Hickory Sandstone Aquifer in 1980. 

Overdrafts of ground water from the Gulf Coast Aqui­
fer in Zone 3 occurred in Colorado and Wharton Counties, 
due to withdrawals for irrigation purposes. A small over­
draft due to withdrawals for manufacturing purposes from 
the Edwards (Balcones Fault Zone) Aquifer occurred in 
1980 in Hays County within Zone 3. Also a small overdraft 
due to withdrawals for municipal purposes fioom the Trinity 
Group Aquifer occurred in Travis County within Zone 3 of 
the basin. 

Current Surface-Water Development 

The Colorado River Basin has 25 major reservoirs. 
There are no major reservoirs in Zone 1; however, surface 
water is supplied to the area through the facilities of the 
Colorado River Municipal Water District and the Canadian 
River Municipal Water Authority Aqueduct. In 1980, the 
Canadian River Municipal Water Authority supplied 3.5 
thousand acre-feet of surface water. to the Cities of Brown­
field, Lamesa, and O'Donnel. The Colorado River Munici­
pal Water District supplied 36.4 thousand acre-feet of 
surface water to Zone 1 in 1980 for municipal and manu­
facturing purposes. Surface water was delivered to the Cit­
ies of Odessa, Big Spring, Coahoma, Stanton, and 
Midland, as well as to various manufacturing concerns 
within Zone 1. 

Reservoirs located in Zone 2 include Lakes J.B. Tho­
mas and E.V. Spence, both owned and operated by the 
Colorado River Municipal Water District. Diversions from 
these two projects totaled over 38.5 thousand acre-feet in 
1980, with the principal demand areas in Zone 2 being the 
Cities of Snyder and San Angelo plus a small amount of 
water delivered to Fisher County in the Brazos River Basin. 
Most of the water diverted was delivered to Zone 1. 

Lake Colorado City and Champion Creek Reservoir in 
Zone 2 are owned and operated by Texas Electric Service 
Company for steam-electric power generation cooling 
purposes. In addition, in 1980 Colorado City diverted l.S 
thousand acre-feet of water from Lake Colorado City for 
municipal water supply. 

Oak Creek Reservoir is owned and operated by the 
City of Sweetwater, which is located in the Brazos River 
Basin. In 1980, 6.3 thousand acre-feet of water was 
diverted from Oak Creek Reservoir for municipal and 
manufacturing purposes, principally for the City of Sweet­
water. The reservoir also provides cooling water for the 

steam-electric power generating plant at the reservoir, 
owned by West Texas Utilities Company. 

0. C. Fisher Reservoir was constructed and is operated 
by the U.S. Army Corps of Engineers for flood-control and 
water supply purposes. The Upper Colorado River Author­
ity has purchased the conservation storage. Twin Buttes 
Reservoir was constructed and is operated by the U. S. 
Bureau of Reclamation for water conservation and flood 
control. The San Angelo Water Supply Corporation owns 
the conservation storage in the reservoir for supplying 
municipal and manufacturing water to the City of San 
Angelo and project irrigation water in Tom Green County. 
Lake Nasworthy is owned by the City of San Angelo. These 
three reservoirs, plus surface water purchased from the 
Colorado River Municipal Water District, comprise the 
City of San Angelo's surface-water supply. Almost 21.0 
thousand acre-feet of water was diverted from these pro­
jects in 1980 for municipal and manufacturing purposes in 
San Angelo. Twin Buttes Reservoir also supplied 23.8 
thousand acre-feet of water for irrigation of 10.0 thousand 
acres. 

Hords Creek Reservoir was constructed and is oper­
ated by the Corps of Engineers for flood control and water 
supply. The City of Coleman owns the conservation storage 
in the reservoir which, together with Lake Coleman which 
is owned and operated by the City of Coleman, provides 
surface-water supplies for the city. In 1980, 1. 7 thousand 
acre-feet of water was diverted from the two projects. 

Lake Clyde was constructed by the U.S. Department of 
Agriculture, Soil Conservation Service (SCS), for water 
supply and floodwater detention. The City of Clyde owns 
water supply storage in the project. In 1980, 400 acre-feet 
of water was diverted from Lake Clyde for municipal use. 

Lake Brownwood is owned and operated by the Brown 
. County Water Improvement District No. 1. The project 
provides municipal and manufacturing water for Brown 
and parts of Coleman Counties as well as water for irriga­
tion. In 1980, slightly over 8.9 thousand acre-feetofwater 
was supplied for municipal and manufacturing users as well 
as 5.5 thousand acre-feet for the irrigation of 5.0 thousand 
acres. 

Brady Creek Reservoir is owned by the City of Brady to 
sen?e the city's long-term municipal water needs. No water 
was diverted from the project in 1980. 

The City of Winters has completed construction of a 
new Lake Winters, about one mile downstream of the 
present city lake. The new lake has a capacity of 8,374 I 
acre-feet and gives the city a firm annual supply of 1,160 
acre-feet. 
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The City of Ballinger recently completed a dam down­
stream from its old surface-water reservoir. Both reservoirs 
combined will have a total capacity in excess of 5,000 
acre-feet. 

In Zone 3 of the Colorado River Basin, the Lower 
Colorado River Authority operates Lakes Buchanan, Inks, 
Lyndon B. Johnson, Marble Falls, Travis, and Austin for 
water supply and hydroelectric power generation. Lake 
Lyndon B. Johnson also provides water for the steam­
electric power generation plant located adjacent to the 
reservoir. Lake Austin is operated by the Lower Colorado 
River Authority through a lease agreement with the City of 
Austin, owner of the project. Lakes Buchanan and Travis 
are the principal water supply projects, with the remaining 
reservoirs operated at or near constant level at all times. 
Four other projects in the basin-Lake Long, owned by the 
City of Austin; Lakes Bastrop and Cedar Creek, owned by 
the Lower Colorado River Authority; and Eagle Lake, 
owned by Lakeside Irrigation Company-are all off­
channel reservoirs which are dependent upon diversions 
from the Colorado River for maintaining a firm supply. 
Long Lake, Cedar Creek Lake, and Lake Bastrop supply 
cooling water for steam-electric power generating plants, 
and Eagle Lake is used for storage and regulation of irriga­
tion water pumped from the Colorado River. Through 
contracts with the Lower Colorado River Authority, the 
Lakeside Irrigation Company can purchase 60.0 thousand 
acre-feet annually from the Authority, and may also divert 
an additional 40.0 thousand acre-feet annually from the 
Colorado River as authorized by a 1901 certified filing. 

The South Texas Reservoir Project, located in the 
Colorado-Lavaca Coastal Basin, was recently completed. 
The project, jointly owned by Houston Lighting and Power 
Company, Central Power and Light Co., and the Cities of 
Austin and San Antonio, will be operated by Houston 
Lighting and Power Company to provide cooling water for 
a nuclear-fueled electric power generation plant presently 
under construction. Water will be diverted from the Colo­
rado River to a 187.0 thousand acre-feet capacity off­
channel reservoir to maintain constant operating level for 
cooling and water quality control. 

In 1980, approximately 97.6 thousand acre-feet of 
surface water was used for municipal and manufacturing 
purposes in Zone 3. The Colorado River provided slightly 
over 580.0 thousand acre-feet of surface water for project 
irrigation purposes, not only in Zone 3 of the Colorado 
River Basin but also for project irrigation in the Brazos­
Colorado and Colorado-Lavaca Coastal Basins and Colo­
rado and Wharton Counties in the Lavaca River Basin. 

Water Rights 

The total amount of surface water authorized or 
claimed for diversion and use in the Colorado River Basin 
was 9,037,023 acre-feet as of December 31, 1983 (Table 
III-14-1). Zone 3 accounted for over 94 percent of total 
basin rights including almost 6.8 million acre-feet to be 
used for hydroelectric use. Of the basin total, hydroelectric 
uses were 75 percent, irrigation uses 14 percent, industrial 
uses 6 percent, and municipal uses totaled 4 percent 
(Table III-14-2). Hydroelectric power is generated byrun­
of-the-rivCr water or water released from reservoir storage 
for other downstream uses. Hydroelectric use is non­
consumptive and the figure attributed to hydroelectric use 
is obtained by accumulating the use of water through each 
successive hydroelectric plant. 

Table 111-14-1. Authorized or Claimed AmountofWater, 
by Type of Right, Colorado River Basin I 

Acre~ Feet 
l)']le of Number Authorized 

Authorization of Rights and Claimed 

Permits 135 7,566,746 
Claims 188 42,047 
Certified Filings 23 1,011,171 
Certificates of 
Adjudication 1,079 417,059 

Total Authorizations 
and Claims 1,425 9,037,023 

I The Texas Water Rights Adjudication Act of 196 7 rmthorizcs the Texas Depart­
ment of Water Resources to invcstil!ntc nnd determine, with the Court's approval, 
the nature und measure of water ri~hts for nil authorized diversions from surface­
water streams or portions thereof except domestic and livestock uses and to 
monitor and administer each adjudicated water right. These totals incorporate 
the results of water-rights ndjudicution in the basin as of December 31, 1983. 
Certified F'ilinl!s nrc declrirntions of appropriation which were flied with the State 
Board of Water Engineers under the provisions of Section 14, Chupter 171, 
General Luws, Acts of the 33rd Legislature, 1913, as amended. Permits arc 
statutory rippropriativc ril!hts which hm·c been issued by the Texas Water Com­
mission or it-. predecessor agencies. Claims arc sworn stutcmcnts of historical 
uses to be udjudicnted in accordance with the Texas Water Ril!hts Adjudicution 
Act. A Certificate of Adjudication is the linn! result after recognition of n valid right 
in the adjudication process, und is based on a permit, certified filing, or cluim or 
any combination of the three. 

Water Quality 

The upper Colorado River Basin is significantly 
affected by salinity problems; however, the remainder of 
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Table 111-14-2. Authorized or Claimed Amount 
of Water, by Type of Usc and Zone, 
in Acre-Feet, Colorado River Basin 

Number 
1)'pc of of 

u .. Rights Zone 1 Zone 2 Zone 3 Tolal 

1\Iunicipal 49 1.700 315,041 56,465 373,206 
Industrial 32 0 53,813 527,047 580,860 
Irrigation 1.286 4.492 123,746 1,139,730 1,267,968 
Mining 22 3,016 8,157 5,772 16,945 
Recreation 45 322 3,974 3,011 7,307 
Hydroelectric 14 0 0 6,790,736 6,790.736 
Other 2 0 0 I I 

Totnl 1,4251 9,530 504,731 8,522,762 9,037,023 

1 Docs not sum due to multipurpose "ri!!hts", which may be applied to more than 
one type of usc, 

the basin has comparatively few water quality problems. 
Inflows of saline water in the upper Colorado Basin below 
Lake J.B. Thomas seriously degrade the quality of the main 
stem above Lake E.V. Spence. The principal salt­
contributing area lies within a 30-milesegmentofthe river 
between Lake J.B. Thomas Dam and Colorado City in 
northern Mitchell County. The salt load contributed to the 
main. stem within this 700-square mile drainage area is of 
both natural and man-made origin, and since chemical­
quality data for the river do not precede the initial effects of 
man-made pollution, the relative contribution from each 
of these sources has proved difficult to define accurately. 

Pecan Bayou in the vicinity of Brownwood experien­
ces frequent low dissolved oxygen levels as a result of 
municipal wastewater discharges. 

Flooding and Drainage 

The main stem of the Colorado River has been spared 
in recent years from major floods such as those which 
severely impacted the basin in the 1930's and in 1957. 
Localized flooding and associated damages have occurred 
on numerous occasions on tributaries to the Colorado and 
at widely scattered points along the river. 

May and June ofl981 will long be remembered by the 
City of Austin as the months when devastating floods 
turned the City's usually tranquil creeks into deadly tor­
rents. The Memorial Day flood took 13lives and caused an 
estimated Jl30. 5 million in flood damages. Much of the 
damaged property was not covered by flood insurance as 
only 304 flood insurance claims were filed in 1981 for 
)13.3 million in damages. In other parts of the basin, floods 
in 1981 resulted in an additional 71 flood insurance 

claims for $652 thousand in flood damages. During the 
period 1978-1980, floods resulted in 69 flood insurance 
claims for )1397 thousand in damages. 

The Federal Emergency Management Agency has 
designated 78 incorporated cities as flood prone in the 
Colorado River Basin. Maps identifying areas subject to 
inundation from a 100-year frequency flood have been 
prepared for all but 3 of these cities and mapping of unin­
corporated areas is continuing at a slow pace. 

Presently 49 of the designated cities have adopted 
flood plain management programs which satisfy the 
requirements of the National Flood Insurance Program. 
Detailed flood insurance rate studies which designate 100-
year flood surface elevations are completed for 21 basin 
cities. Additional studies are underway for the City of 
Wharton and Travis County unincorporated areas. 

Most drainage problems on agricultural lands in the 
basin occur in the alluvial plains along the Colorado River 
from below Bastrop to the Gulf of Mexico. Soils drain 
slowly when floods fill old river channels and low areas, 
resulting in blocked natural outlets which retard drainage 
from on-farm improvements. Frequent heavy rainfall and 
runoff from upland areas cause overflow of channels, and 
water spreads over large areas. 

Urban drainage problems occur in cities located 
within the basin. In rapidly growing areas such as Travis 
County, new developments are approved and planned 
insuring that increased urban drainage will not aggrevate 
flood or drainage problems downstream. New subdivisions 
are required to provide adequate drainage. 

Recreation Resources 

The 23 major reservoirs in the Colorado River Basin 
provide a combined area of ll6.3 thousand surface acres 
available for water-oriented recreation activities. Fifty-one 
percent of the total surface area is located in Zone 3, and 
the remaining 49 percent is in Zone 2. The largest reser­
voir in Zone 2 is Lake Spence ( 15.0 thousand surface 
acres). Lake Spence has 26 percent of the total surface 
area of the 13lakes in Zone 2. Lakes Buchanan and Travis, 
with 23.1 and 18.9 thousand surface acres, respectively, 
account for over 7 5 percent of the surface area available for 
flat-water recreation of the nine lakes in Zone 3. In addi­
tion to the major reservoirs, the Colorado, Concho, San 
Saba, Llano, and Pedernales Rivers are also major water­
oriented recreation resources available to recreationists. 
An estimated 1. 29 million visits by recreationists were 
reported at reservoirs operated by the Corps of Engineers 
in the basin during 1980. 
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PROJECTED WATER REQUIREMENTS 

Population Growth 

The population of the Colorado River Basin is pro­
jected to more than double by 2030, to about2.6 million. 
From 1980 to 2000, a growth rate of 55 percent is 
expected, and from 2000 to 2030 the projected increase 
is 58 percent. The growth rates for the Colorado River 
Basin are comparable to those of the State, 49 percent and 
62 percent, respectively {Table 111-14-3). 

Travis County, which includes the City of Austin, con­
tained 39.5 percent of the basin population in 1980. 
Given an anticipated growth rate of over 200 percent, 
Travis County's share of the basin total will increase to 51 
percent by 2030. This growth rate will produce a county 
population in excess of 1.3 million. 

Ector County is the second most populous county in 
the basin, with 10.9 percent of the basin population in 
1980. Although the county population, including Odessa, 
is expected to double by 2030, its share of the basin 
population is projected to decline to 8.9 percent. 

Water Requirements 

Municipal 

Municipal water requirements are projected for two 
cases of future growth based on both population and per 
capita water use. Water requirements in the Colorado 
River Basin are projected to increase from the 1980 level 
of 224.4 thousand acre-feet by a projected maximum of 
82 percent by the year 2000. In the year 2030, water 
requirements are projected to range from 391.1 to 643.6 
thousand acre-feet. Zone 1 is projected to account for 26 
percent of total basin municipal requirements in 2000; in 
2030, Zone 1 is projected to accountfor23 percent of the 
total. 

A range of 48.4 to 66.7 thousand acre-feet of munici­
pal water requirements is projected in Zone 2 by 2000. 
Total municipal water requirements in Zone 3 are pro­
jected to range from 162.0 to 234.6 thousand acre-feet in 
the year 2000, of which Travis County accounts for the 
greatest portion. By 2030, Zone 3 is projected to account 
for 60 to 62 percent of the total basin municipal water 
requirements. 

Industrial 

Manufacturing water requirements in 1980 were 
24.8 thousand acre-feet in the Colorado River Basin. Pro­
jections of future water requirements for manufacturing 
purposes were made by decade and for a low and high case 
for each industrial group. In 1980, over90 percent of total 
manufacturing water use was concentrated in five indus­
trial groups: chemicals, petroleum refining, primary 
metals, paper products, and food products. Because of this 
concentration, careful attention was given to the future 
growth outlook for these industries in making the 
projections. 

Manufacturing water requirements in the Colorado 
River Basin are projected to increase more than eight times 
by the year 2030, to a potential high of 212.0 thousand 
acre-feet by 2030. 

Zone 3, which includes Matagorda and Travis Coun­
ties, accounted for 48 percent of the basin 1980 manufac­
turing water use; by 2030, this share is expected to be 77 
to 78 percent. Almost all of Matagorda County's require­
ments originate from the production of industrial organic 
chemicals. 

Steam-Electric Power Generation 

Installed steam-electric generating capacity will 
expand rapidly between 1980 and 2000, then grow more 
slowly through the year 2030. Projected increases include 
those uses associated with the large nuclear-fueled plant in 
Matagorda County which, although located partly in the 
Colorado-Lavaca Coastal Basin, will rely largely on Colo­
rado River water for cooling purposes, and a large coal­
fired plant in Fayette County. 

These projections indicate water use will exceed 95.1 
thousand acre-feet annually by the year 2000. By 2030, 
water consumption will approach 104.4 thousand acre­
feet and 111.0 thousand acre-feet per year, low and high 
case, respectively. 

Agriculture 

Irrigation 

Irrigation water requirements were projected for two 
cases of change based on improvements in on-farm appli­
cation efficiencies, reduction in ditch losses, changes in 
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Table lli-14-3. Fqlulation, CUrrent Water Use, With Projected Pqlulation and Water Requirarents, 199G-203@/ 
COlorado River Basin 

1980' ' 1990 ' 2000 ' 2010 2020 ' 2030 
River Basin Zone : G<amd : Surfaoe ' "'"""' : Surface ' "'"""' Surface : ; Gramd : Surface ' ' "'"""' : Surface "'"""' : Surface 
& cateoorv of use: "'"" ' "'"" ToW ' "'"" ' Wate< Total "'"" ··- ' ToW "'"" ' "'"" Total ··- ' Wa<er ToW "'"" ' "'"" ' ToW 

Z~1 
Pqlul.ation 306.2 385.9 426.3 464.9 520.7 588.5 
Municipal 32.0 35.8 67.8 40.4 54.5 94.9 37.2 68.6 105.8 38.8 76.4 115.2 33.5 95.4 128.9 39.7 105.7 145.4 
Manufacturing 2.6 6.7 9.3 1.5 11.9 13.4 1.6 16.1 17.7 2.0 20.3 22.3 2.4 25.5 27.9 2.9 32.0 34.9 
Steam Electric 1.0 0.0 1.0 1.0 0.0 1.0 1.0 0.0 1.0 2.6 0.0 2.6 4.3 0.0 4.3 6.0 0.0 6.0 
Mining 59.4 0.9 60.3 39.1 0.9 40.0 19.1 0.4 19.5 14.3 0.3 14.6 9.5 ·0.1 9.6 4.6 0.1 4. 7 
Irrigation 1,045.6 3.5 1,049.1 1,511.9 3.5 1,515.4 1,703.9 3.5 1,707.4 1,512.8 3.5 1,516.3 1,466.4 3.4 1,469.8 1,541.4 3.5 1,544.9 
Livestock 2.4 0.4 2.8 2.9 0.4 3.3 3.4 0.4 3.8 2.9 0.9 3.8 2. 7 1.1 3.8 2.4 1.4 3.8 
Zone Total Water 1,143.0 47.3 1,190.3 1,596.8 71.2 1,668.0 1,766.2 89.0 1,855.2 1,573.4 101.4 1,674.8 1,518.8 125.5 1,644.3 1,597.0 142.7 1, 739.7 

Zooe 2 
Pqulation 214.2 239.1 264.4 297.0 337.9 385.7 
Municipal 9.5 39.2 48.7 11.3 47.9 59.2 12.0 54.7 66.7 12.7 62.3 75.0 13.5 71.8 85.3 15.8 81.4 97.2 
Manufacturing 2.1 1.5 3.6 1.7 3.4 5.1 2.2 4.4 6.6 2.8 5.3 8.1 3.9 6.1 10.0 4.2 8.0 12.2 
Steam Electric 0.0 4.9 4.9 0.0 4.9 4.9 0.0 16.9 16.9 0.0 19.6 19.6 0.0 22.3 22.3 0.0 25.0 25.0 
Mining 2.2 0.6 2.8 2.4 0.4 2.8 2.4 0.4 2.8 1.9 0.3 2.2 1.4 0.2 1.6 0.9 0.2 1.1 
Irrigation 75.9 79.7 155.6 100.6 104.5 205.1 109.4 94.4 203.8 110.9 94.8 205.7 111.7 94.0 205.7 77.4 133.4 210.8 
Livestock 6.8 7.2 14.0 12.0 4.4 16.4 12.7 6.1 18.8 12.3 6.5 18.8 12.3 6.5 18.8 12.2 6.6 18.8 
Zone Total Water 96.5 133.1 229.6 128.0 165.5 293.5 138.7 176.9 315.6 140.6 188.8 329.4 142.8 200.9 343.7 110.5 254.6 365.1 

Zooe3 
Population 540.4 738.7 951.1 1,160.9 1,385.7 1,620.0 
Municipal 20.0 87.9 107.9 27.5 152.1 179.6 32.6 202.0 234.6 37.0 249.6 286.6 40.2 302.4 342.6 43.5 357.5 401.0 
Manufacturing 2.2 9. 7 11.9 2.2 22.2 24.4 3.7 74.0 77.7 5.2 93.4 98.6 7.1 120.8 127.9 9.5 155.4 164.9 
steam Electric o.o 25.2 25.2 0.0 61.2 61.2 0.0 77.2 77.2 0.0 78.2 78.2 0.0 79.1 79.1 0.0 80.0 80.0 
Mining 1.5 6.1 7.6 0.2 9.4 9.6 0.3 11.3 11.6 0.2 13.1 13.3 0.1 14.9 15.0 0.0 16.8 16.8 
Irrigation 44.7 127.8 172.5 17.6 79.9 97.5 17.8 74.7 92.5 17.9 74.9 92.8 17.9 74.9 92.8 17.8 75.0 92.8 
Livestock 6.3 4.8 11.1 6.6 6.2 12.8 6.9 7.7 14.6 6.9 7. 7 14.6 6.9 7.7 14.6 6.8 7.8 14.6 
Zone Total Water 74.7 261.5 336.2 54.1 331.0 385.1 61.3 446.9 508.2 67.2 516.9 584.1 72.2 599.8 672.0 77.6 692.5 770.1 

..SrnTOI"AL9 
Population 1,060.7 1,363. 7 1,641.8 1,922.8 2,244.3 2,594.2 - Municipal 61.5 162.9 224.4 79.2 254.5 333.7 81.8 325.3 407.1 88.5 388.3 476.8 87.2 469.6 556.8 99.0 544.6 643.6 ' .... Manufacturing 6.9 17.9 24.8 5.4 37.5 42.9 7.5 94.5 102.0 10.0 119.0 129.0 13.4 152.4 1.65.8 16.6 195.4 212.0 ... Steam Electric 1.0 30.1 31.1 1.0 66.1 67.1 1.0 94.1 95.1 2.6 97.8 100.4 4.3 101.4 105.7 6.0 105.0 111.0 

' Mining 63.1 7.6 70.7 41.7 10.7 52.4 21.8 12.1 33.9 16.4 13.7 30.1 11.0 15.2 26.2 5.5 17.1 22.6 .... 
0 Irrigation 1,166.2 211.0 1,377.2 1,630.1 187.9 1,818.0 1,831.1 172.6 2,003.7 1,641.6 173.2 1,814.8 1,596.0 172.3 1, 768.3 1,636.6 211.9 1,848.5 

Livestock 15.5 12.4 27.9 21.5 11.0 32.5 23.0 14.2 37.2 22.1 15.1 37.2 21.9 15.3 37.2 21.4 15.8 37.2 
Basin Total Water 1,314.2 441.9 1, 756.1. 1, 778.9 567.7 2,346.6 1,966.2 712.8 2,679.0 1, 781.2 807.1 2,588.3 1, 733.8 926.2 2,660.0 1, 785.1 1,089.8 2,874.9 

fY Popllation in thousands of persons, water rEQUirenents in thousands of acre-feet per year. 



future resource costs and crop prices, and corresponding 
changes in cropping patterns to reflect more profitable 
crops. A low case projects demand for water based on the 
effects of changes in the above variables but with irrigated 
acreage held constant at 1980 levels in each zone for each 
future time period. A high case projects demand for water 
for irrigation constrained only by the requirement that 
irrigated farming produce a net positive return in excess of 
that possible from dryland farming and the requirement 
not to exceed the amount of irrigable soil in each zone. 
Thus, the projections of demand, low and .high cases, 
based on the irrigation efficiency and market conditions 
mentioned above, give an estimate of the quantity of water 
needed for irrigation in each zone, at each decadal point 
for which projections were made. These projections of 
demand are compared to the projected supply of water 
locally available. When projected demand exceeds pro­
jected supply, the difference is a measure of shottage at that 
point in time. 

Irrigation water requirements in the Colorado River 
Basin are projected to increase from the 1980 level of 1.4 
million acre-feet by a projected maximum 45 percent by 
the year 2000 in the high case, declining 39 percent in the 
low case. In the year 2030, water requirements in the 
basin are projected to range from 0.9 to 1.8 million acre­
feet annually, low and high case, respectively, to irrigate 
from 1.1 to 2.1 million acres. 

Zone 1 is projected to account for about 85 and 84 
percent of total basin irrigation requirements in 2000 and 
2030, respectively. Zone 2 is projected to account for 
about 11 percent of the total and Zone 3 is projected to 
account for about 5 percent of the total in the high case in 
2030. 

A range of 0.6 to 1. 7 million acre-feet of irrigation 
requirements is projected in Zone 1 by 2000. By 2030, the 
range for this Zone is from 0. 7 to 1.5 million acre-feet 
annually. Irrigation water requirements in Zone 2 range 
from 111.0 to 203.8 thousand acre-feet in 2000 and from 
111.1 to 210.8 thousand acre-feet in 2030. Zone 3 
requirements are about 92.5 and 92.8 thousand acre-feet 
in 2000 and 2030, respectively, for the high case. 

Livestoclt 

Livestock water requirements within the basin are 
projected to increase from 27.9 thousand acre-feet in 
1980 to 37.2 thousand acre-feet annually by 2030. It is 
anticipated that livestock water use in Zone 1 will total3 .8 
thousand acre-feet; Zone 2-18.8 thousand acre-feet; 
and Zone 3-14.6 thousand acre-feet annually in 2030. 
By 2030, livestock needs in the basin are predicted to have 
increased 33 percent. 

Mining 

By 2030, mining water requirements in the Colorado 
River Basin are projected to decline from 1980 levels 
(70.7 thousand acre-feet) to 22.6 thousand acre-feet 
annually. 

Mining water used in the secondary recovery of petro­
leum and natural gas in the basin was 62.3 thousand 
acre-feet in 1980. 

Navigation 

The Mouth of Colorado River project, authorized by 
Congress, will not require regulated freshwater releases in 
order to accommodate specified project purposes. 

Hydroelectric Power 

There are currently no plans to expand any of the 
existing hydroelectric power generating facilities in the 
Colorado River Basin. Therefore, total water releases for 
hydroelectric power production are not projected to 
exceed the currently permitted annual amount. 

Estuarine Freshwater Inflows 

The Colorado River discharges into the complex 
Colorado River delta. A portion of the water entering the 
delta flows directly into the Gulf of Mexico and a portion 
flows through a network of channels into the eastern arm of 
Matagorda Bay of the Lavaca-Tres Palacios estuary. Stud­
ies by the Department have developed a relationship 
between the Colorado River flows at the Bay City gaging 
station and the amount of Colorado River flows diverted 
into Matagorda Bay. An estimated 882.3 thousand acre­
feet per year of gaged inflows to the eastern arm of Mata­
gorda Bay is needed in order to sustain basic salinity 
gradients specified by the Subsistence Alternative. The 
actual gaged flow at the last downstream gage on the Colo­
rado River at Bay City of 1.11 million acre-feet (Table 
III-14-4) is estimated to supply the needed inflow of 882 
thousand acre-feet into the estuary, since the Colorado 
River delta has channels leading both to Matagorda Bay 
and to the Gulf and a portion of the gaged flow passes 
directly into the Gulf. For the Fisheries Maintenance Alter­
native, gaged river inflow needs of almost 1.27 million 
acre-feet per year from the Colorado River Basin ( corre­
sponding to 1.8 million acre-feet of flow at the Bay City 
gage) are estimated to meet salinity and inundation needs, 
and maintain the major commercial fisheries harvests 
categories at no less than their average historical levels for 
the 1962-1976 period {Table III-14-4). For the Harvest 
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Table 111-14-4. Gaged River Inflow Needs of the Lavaca-Tres Palacios Estuary 
From the Colorado River Basin Under Four Alternative Levels of Fisheries Productivity' 

Colorado River Basin2 

Fisheries ShcUflsh Biotic 
Ecosystem Honest Honrcst Species 

Month Subsistence Maintenance Enhancement Viability 

January 88.1 88.1 88.1 9.7 
February 99.2 99.2 92.1 10.0 
March 76.4 76.4 76.4 23.1 
April 101.1 133.2 101.1 100.5 
l\.·lay 139.7 188.0 139.7 116.3 
.June 105.4 160.8 105.4 81.6 
.July 53.4 53.4 162.5 32.9 
August 49.1 49.1 109.7 45.2 
September 147.7 147.7 147.7 145.5 
October 91.6 91.6 91.6 93.7 
November 79.5 387.7 383.7 9.4 
December 82.2 322.3 325.1 13.0 

Annual 1,113.4 1,797.5 1,830.2 680.9 

'All inflows are mean monthly values in thousand acre-feet. 
2Gagcd streamflow of Colorado River at Bay City. 

Enhancement Alternative, it is also established that max­
imizing the shellfish production in the estuary requires 
volumes of water from the Colorado River Basin equal to 
the annual inflow limit set at the average (1941-1976) 
annual gaged inflow. This inflow volume is 1.28 million 
acre-feet (1.8 million acre-feet at the Bay City gage) 
(Table III-14-4). Since the upper limit on annual fresh­
water inflow was met, it is believed, but not fully verified, 
that additional inflow from the basin (consistent with 
salinity and inundation bounds) could increase the annual 
shellfish harvest. For the Biotic Species Viability Alternative 
it is estimated that a total of 681 thousand acre-feet per 
year of gaged flow at Bay City is needed from the Colorado 

· River Basin to maintain monthly salinities within the spe­
cies limits of viability in the eastern arm of Matagorda Bay 
(Table III-14-4 ). 

WATER SUPPLY PROJECTS AND 
MEASURES TO MEET FUTURE 

BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

The ground-water availability through the year 2030 
for the High Plains (Ogallala) Aquifer was estimated by 

imposing a set of total ground -water demands on a digital 
ground-water model of the aquifer developed by the Texas 
Department of Water Resources in 1982. The model anal­
ysis provided the following annual amounts of ground 
water available from the High Plains (Ogallala) Aquifer 
within the Colorado River Basin from 1990 through 2030 
by decade: 1.16 million acre-feet in 1990, 1.07 million 
acre-feet in 2000, 0.80 million acre-feet in 2010, 0.69 
million acre-feet in 2020, and 0.56 million acre-feet in 
2030. The model analysis also estimated that from 1980 
through 2030 approximately 24 million acre-feet of 
ground water would be removed from storage, and that of 
the 13.4 million acre-feet remaining in recoverable stor­
age in the year 2031 about 10.9 million acre-feet would 
remain in the "caprock" (tillable) area and about 2.5 
million acre-feet would remain in the "breaks" (non­
tillable) area of the basin. Within the Colorado River Basin, 
the High Plains Aquifer receives on an average annual basis 
about 209.8 thousand acre-feet of recharge. 

The approximate annual ground-water yield to the 
year 2030 within the remaining portion of the Colorado 
River Basin is 507.6 thousand acre-feet with the following 
amounts annually available by aquifer: 262.1 thousand 
acre-feet from the Edwards-Trinity (Plateau) Aquifer, 
52.6 thousand acre-feet from the Hickory Sandstone 
Aquifer, 50.1 thousand acre-feet from the Carrizo-Wilcox 
Aquifer, 29.4 thousand acre-feet from the Ellenburger-
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San Saba Aquifer, 26.0 thousand acre-feet from the Gulf 
Coast Aquifer, 20.1 thousand acre-feet from the Marble 
Falls Aquifer, 20.1 thousand acre-feet from the Santa Rosa 
Aquifer, 14.3 thousand acre-feet from the Trinity Group 
Aquifer, 10.5 thousand acre-feet from the Leona Alluvial 
Aquifer, 10.0 thousand acre-feet from the Sparta Aquifer, 
8. 7 thousand acre-feet from the Edwards (Balcones Fault 
Zone) Aquifer, and 3.7 thousand acre-feet from the 
Queen City Aquifer. In the year 2030, the yields of the 
Carrizo-Wilcox, Trinity Group, and Alluvium and Bolson 
Deposits Aquifers within the basin would be reduced to the 
average annual effective recharge of the aquifers which is 
70.5 thousand acre-feet per year. These reductions 
decrease the total ground-water availability within the 
basin in 2030 to 503.2 thousand acre-feet (High Plains 
Aquifer not included). 

The projected annual ground-water use within the 
Colorado River Basin by decade from 1990 through 2030 
is expected to be from 0.76 to 1.34 million acre-feet per 
year (Table Ill-14-3). The approximate average annual 
projected ground-water use within the basin is expected to 
be about 1.05 million acre-feet per year. Of the 1.05 
million acre-feet of average annual projected use, about 
82 percent is expected to be from the High Plains (Ogal­
lala) Aquifer, about 8 percent from the Edwards-Trinity 
(Plateau) Aquifer, about 2 percent from the Gulf Coast 
Aquifer, and about 1 percent from the Carrizo-Wilcox 
Aquifer. 

Surface-Water Availability and 
Proposed Development 

Existing and proposed surface-water development in 
the Colorado River Basin is estimated to be insufficient to 
supply all needs in the basin from 1990 through the year 
2030 (Table Ill-14-5, Figure Ill-14-2). 

Zone 1 

The majority of the projected water shortage in the 
basin occurs in Zone 1 (Table Ill-14-6, Figure Ill-14-3 ). 
The projected annual water shortages, consisting essen­
tially of water for irrigated agriculture, in this zone amount 
to about .66 million acre-feet in 2000 and 1.0 million 
acre-feet in 2030. The annual surface-water supply in year 
2030 amounts to about 138 thousand acre-feet in this 
zone. 

Existing surface-water resources in the Colorado 
River Basin are anticipated to be insufficient to meet all 
projected municipal and manufacturing water needs by 
the year 1990 in Zones 1 and 2 of the basin. The Colorado 
River Municipal Water District has been granted a permit 

by the Texas Water Commission to construct the Stacy 
Reservoir project on the Colorado River east of San Angelo 
by 1990. The permit is currently under litigation before 
the Texas Supreme Court. This reservoir in conjunction 
with existing supplies will supply anticipated water needs 
of the Cities of San Angelo, Midland, and Odessa through 
the year 2030. 

Zone 2 

All municipal and industrial water needs are projected 
to be satisfied in Zone 2 ofthe basin through the year 2030, 
with a surplus of 40.5 thousand acre-feet for municipal 
and industrial uses in 2030 (Table Ill-14-7, Figure Ill-14-
4 ). An irrigation shortage of 94.4 thousand acre-feet is 
forecast in the year 2030. Total surface-water supply in 
this zone is estimated at 308.1 thousand acre-feet by the 
year 2030. Approximately 133.1 thousand acre-feet of 
this water supply is used in Zone 1 of the basin. 

The authorized Upper Pecan Bayou Reservoir project, 
located on Pecan Bayou in Coleman and Callahan Coun­
ties, offers the potential for additional firm supplies in Zone 
2 provided additional water needs develop in the area over 
and above current projections. 

Zone 3 

Existing and proposed surface-water supplies in Zone 
3 of the basin are estimated to meet all surface-water needs 
through the year 2020, with a shortage in year 2030 of 
approximately 58.7 thousand acre-feet for irrigation pur­
poses (Table Ill-14-8, Figure Ill-14-5). The surface­
water supply in this zone by the year 2030 is projected at 
96 7.1 thousand acre-feet. Surface water exported from 
this zone to adjacent basins along the Coast is estimated at 
350.3 thousand acre-feet in year 2030. 

Projected surface-water needs for the Lower Colo­
rado River Authority (LCRA) service area are projected to 
exceed available supplies from the Highland Lakes system 
soon after the year 2000. 

The Bureau of Reclamation is currently addressing the 
present and long-range water resource needs of the Colo­
rado River Basin below Mansfield Dam, which impounds 
Lake Travis. The study, termed the "Colorado Coastal 
Plains Study, Texas", was authorized by P.L. 89-561, 
89th Congress, and funds were appropriated to the Bureau 
of Reclamation by the 93rd Congress for initiation of the 
study in 197 5. Previous studies of the lower Colorado River 
Basin have been conducted by the Bureau of Reclamation. 
Prior and current studies by the Bureau and studies by the 
Department have defined several alternative major reser-
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Table 111-14-5. Water Resources of the Colorado River Basin, With 
Projected Water Supplies and Demands, 1990-Z030' 

Water Supply Water Demand Surplus or Shortage 

In Intra· Return In Intra- Irrigation 
Decade Basin Basin Flow Import Total --- Basin Basin Export Total M&I (Shortage) Total 

1990 
Ground \Vater 1338.2 - - - 1338.2 1778.9 - - 1778.9 .o (440. 7) (440.7) 
Surface Water 935.6 - 107.5 4.3 1047.4 476.7 - 365.4 842.1 251.3 (46.1) (205.2) 
Total 2273.8 - 107.5 4.3 2385.6 2255.6 - 365.4 2621.0 251.3 (486.8) (235.5) 

2000 
Ground Water 1255.9 - - - 1255.9 1966.3 - - 1966.3 .o (710.4) (710.4) 
Surface Water 931.7 - 137.0 4.8 1073.5 617.4 - 337.7 955.1 154.7 (36.2) 118.5 
Total 2187.6 - 137.0 4.8 2329.4 2583.7 - 337.7 2921.4 154.7 (746.6) (591.9) 

' 
2010 

.... Ground Water 996.0 - - - 996.0 1781.2 - - 1781.2 .o (785.2) (785.2) "" ' Surface Water .... 
"" 

1045.7 - 167.1 6.1 1218.9 705.1 - 349.0 1054.1 201.3 (36.5) 164.8 
Total 2041.7 - 167.1 6.1 2214.9 2486.3 - 349.0 2835.3 201.3 (821. 7) (620.4) 

2020 
Ground Water 885.4 - - - 885.4 1733.7 - - 1733.7 .o (848.3 (848.3) 
Surface Water 1040.3 - 200.5 6.1 1246.9 827.7 - 355.2 1182.9 99.6 (35. 7) 63.9 
Total 1925.7 - 200.5 6.1 2132.3 2561.4 - 355.2 2916.6 99.6 (884.0) (784.4) 

2030 
Ground Water 756.3 - - - 756.3 1786.5 - - 1786.5 .o (1030.2) (1030.2) 
Surface \Vater 1037.2 - 236.5 6.2 1279.9 988.6 - 361.5 1350.1 64.5 (134.7) (70.2) 
Total 1793.5 - 236.5 6.2 2036.2 2775.1 - 361.5 3136.6 64.5 (1164.9) (1100.4) 

I Units in thousands of acre-feet per year. Water demands are for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 
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Figure 111-14-2. Reported l}se and Supply Source, With Projected Water Supplies 
and Demands, Colorado River Basin, 1980-2030 

voir projects in the lower Colorado River Basin to meet the 
additional water supply demands in the lower basin. One 
of the alternatives presently under consideration is the 
potential Colorado Coastal Plains (CCP) Reservoir, which 
would be located on the main stem nea r Columbus, Colo­
rado County. Although studies of the various alternative 
storage capacities of the CCP Project are continuing, for 
present planning purposes a reservoir at the proposed 
Columbus Bend site with an initial conservation storage 
capacity of 235.0 thousand acre-feet has been included in 
the present plan to meet projected water needs of the lower 
basin and adjacent coastal areas shortly after the year 
2000. The project would provide a dependable supply of 

about 189.8 thousand acre-feet annually in year 2030 and 
has been included in the projected firm supply for Zone 3 
of the basin. Future water needs in the LCRA service area 
through the year 2020 could be met through the construc­
tion of the Colorado Coastal Plains Reservoir on the Colo­
rado River near Columbus during the 1990's. 

Anticipated steam-electric power demands will 
necessitate construction of an additional cooling reservoir 
in Zone 3 before 2000. The Baylor Creek Reservoir in 
Fayette County is planned by the LCRA to meet this 
demand. 

III-14-15 



Table UI-14-6. Water Resources of the Colorado River Basin, Zone 1, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
De~ade Zone Basin Flow Import Total Zone Basin · Export Total M&I (Shortage) Total 

1990 
Ground Water 1193.5 - - - 1193.5 1596.9 - - 1596.9 .0 (403.4) (403.4) 
Surface Water .0 62.5 .0 4.0 66.5 66.5 .0 .0 66.5 .0 .0 .0 
Total 1195.5 62.5 .0 4.0 1262.0 1663.4 .0 .0 1663.4 .0 (403.4) (403.4) 

2000 
Ground Water 1102.7 - - - 1102.7 1766.3 - - 1766.3 .0 (663.6) (663.6) 
Suriace Water .0 80.1 .0 4.5 84.6 84.7 .0 .0 84.7 (.1) .0 (.1) 
Total 1102.7 80.1 .0 4.5 1187.3 1851.0 .0 .0 1851.0 (.1) (663.6) (663.7) 

:::: 
' 

2010 ,... 
Ground Water 836.9 - - - 836.9 1573.5 - - 1573.5 .0 (736.6) (736.6) .. 

' Surface Water .0 ,... 
"' 

92.0 .0 4.7 96.7 96.7 .0 .0 96.7 .0 .0 .0 
Total 836.9 92.0 .0 4.7 933.6 1670.2 .0 .0 1670.2 .0 (736.6) (736.6) 

2020 
Ground Water 719.9 - - - 719.9 1518.7 - - 1518.7 .0 (798.8) (798.8) 
Surface Water .0 116.1 .0 4.7 120.8 120.7 .0 .0 120.7 .1 .0 .1 
Total 719.9 116.1 .0 4.7 840.7 1639.4 .0 .0 1639.4 .1 (798.8) (798.7) 

2030 
Ground Water 585.2 - - - 585.2 1597.0 - - 1597.0 .0 (1011.8) (1011.8) 
Surface Water .0 133.2 .0 4.7 137.9 137.8 .0 .0 137.8 .1 (.0) .1 
Total 585.2 133.2 .0 4.7 723.1 1734.8 .0 .0 1734.8 .1 (1011.8) (1011. 7) 

I Units in thousands of acre-feet per year. Water demands arc for the "high" case. Tabu1ated surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point, 
Export: A transfer of water to another river basin. 
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Figure 111-14-3. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Colorado River Basin, Zone 1, 1980-2030 

Additional surface-water supplies to meet anticipated 
shortages may be developed in Zones 2 and 3 of the Colo­
rado River Basin at three reservoir sites in the Texas Hill 
Country: San Saba, in San Saba County; Mason, in Mason 
County; and Pedernales, in Blanco County. These sites 
have received only preliminary study and further extensive 
evaluations will be needed by State and local interests to 
determine the economic, environmental, and engineer­
ing feasibility of these projects. 

Water Quality Protection 

Construction costs associated with municipal waste­
water treatment facilities needs have been estimated to be 

approximately $341.6 million for the planning period of 
1980 to the year 2000. These costs are estimated for the 
entire Colorado River Basin with approximately $240.0 
million required for Zone 3,$53.2 million for Zone 1, and 
$48.4 million for Zone 2. All costs are in January 1980 
dollars and are subject to revision as new data become 
available. The list of projects, with project costs for 1982-
1989, at 1980 prices, is shown in Appendix B. 

A water quality management plan for the Colorado 
River Basin has been developed pursuant to the require­
ments of Federal and State Clean Water legislation . The 
plan serves as a basic element in the State's overall water 
quality strategy and provides guidance in establishing 
priorities for construction grants for waste treatment facil-
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Table 111-14-7. Water Resources of the Colorado River Basin, Zone 2, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra- Rcmrn In Intra- Irrigadon 
Decade Zone Basin Flow Import Total --- Zone Basin Export Total M&I (Shortage) Total 

1990 
Ground Water 90.6 - - - 90.6 127.9 - - 127.9 .0 (37 .3) (37.3) 
Surface \Vater 294.6 .0 17.1 .0 311.7 114.1 62.4 5.9 184.4 175.3 (46.1) 129.2 
Total 385.2 .0 17.1 .0 402.3 242.0 62.4 5.9 310.4 175.3 (83.4) 91.9 

2000 
Ground Water 91.9 - - - 91.9 138.7 - - 138.7 .o (46.8) (46.8) 
Surface Water 290.7 .0 19.5 .0 310.2 123.7 80.2 6.3 210.2 136.2 (36.2) 100.0 
Total 382.6 .0 19.5 .0 402.1 262.4 80.2 6.3 348.9 136.2 (83.0) 53.2 

- 2010 
' Ground Water 91.9 91.9 140.5 140.5 .0 (48.6) (48.6) ,_, - - - - -... 
' Surface Water 286.3 .0 22.3 .0 308.6 135.1 92.1 7.5 234.7 110.4 (36.5) 73.9 ,_, 
"' Total 378.2 .0 22.3 .0 400.5 275.6 92.1 7.5 375.2 110.4 (85.1) 25.3 

2020 
Ground \Vater 93.3 - - - 93.3 142.8 - - 142.8 .0 ( 49.5) ( 49.5) 
Surface \Vater 280.9 .0 25.9 .0 306.8 147.2 116.1 9.2 272.5 70.0 (35. 7) 34.3 
Total 374.2 .0 25.9 .0 400.1 290.0 116.1 9.2 415.3 70.0 (85.2) (15.2) 

2030 
Ground Water 93.5 - - - 93.5 111.9 - - 111.9 .0 (18.4) (18.4) 
Surface Water 277.8 .0 30.3 .0 308.1 199.4 133.1 11.2 343.7 40.5 (76.0) (35.5) 
Total 371.3 .0 30.3 .0 401.6 311.3 133.1 11.2 455.6 40.5 (94.4) (53.9) 

lUnits in thousands of acre-feet per year. Water demands are for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities olirrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A trnnsfer of water among zones within a river basin. 
Import: A transfer of water from another river basin. 
Return F1ows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of wa~er to another river basin. 
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Figure 111-14-4. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Colorado River Basin, Zone 2, 1980-2030 

ities, permitting of wastewater facilities, revision of stream 
standards, and other program activities. 

Additional water quality management costs, such as 
for control of agricultural, oil and gas, and industrial pollu­
tants, cannot be estimated at this time, but are believed to 
be increasing. 

Flood Control Measures 

The four existing reservoirs which provide flood con­
trol in the basin are San Angelo, Twin Buttes, Hords 
Creek, and Lake Travis, with a combined flood-control 
storage capacity of 1,529,700 acre-feet. 

Stacy Reservoir, or an alternative project in Zone 2 , 
would be located on the Colorado River a few miles below 
Ballinger. A single-purpose water supply project would 
provide some flood -control benefits. Previous studies have 
included a multipurpose project at or near the Stacy site 

with flood-control storage capacity of 659,300 acre-feet. 
Additional studies of water supply needs in Zones 1 and 2 
will include full evaluation of flood-control needs and ben­
efits. The potential San Saba, Mason, and Pedernales Res­
ervoir projects (Figure N-14-4) require additional studies 
for long-range water supply needs and detailed analyses of 
flood-control capabilities and benefits. The Lake Brown­
wood Dam project, which will raise the dam height for 
additional flood protection , was completed October 1983. 

The Corps of Engineers has also accomplished work in 
the lower part of the basin at Matagorda. The project 
consisted of enlarging an existing levee to protect the 
community from floods on the main stem of the Colorado 
River. Improvements consisted of 6.8 miles of earthen 
levees encircling · the town, two roads and two railroad 
crossings, and alterations to 11 drainage structures. The 
project was completed in April 1962. 

There is about 2,053 square miles of drainage area 
above 320 SCS floodwater-retarding structures within the 
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Table 111-14-8. Water Resources of the Colorado River Basin, Zone 3, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra .. Return In Intra- Irrigadon 
Decade Zone Basin Flow Import Total Zone Basin Export Total M&I (Shortage) Total ---

1990 
Ground Water 54.1 - - - 54.1 54.1 - - 54.1 .0 .0 .0 
Surface Water 641.0 .0 90.4 .3 731.7 296.1 .0 359.5 655.6 76.1 .0 76.1 
Total 695.1 .0 90.4 .3 785.8 350.2 .0 359.5 709.7 76.1 .0 76.1 

2000 
Ground Water 61.3 - - - 61.3 61.3 - - 61.3 .0 .0 .0 
Surface Water 641.0 .0 117.5 .3 758.8 409.0 .0 331.4 740.4 18.4 .0 18.4 
Total 702.3 .0 117.5 .3 820.1 470.3 .0 331.4 801.7 18.4 .0 18.4 

- 2010 
' 67.2 .0 .0 - Ground Water 67.2 - - - 67.2 67.2 - - .0 ... 
' Surface Water 759.4 .0 144.8 1.4 905.6 473.3 .0 341.5 814.8 90.8 .0 90.8 "' 0 Total 826.6 .0 144.8 1.4 972.8 540.5 .0 341.5 882.0 90.8 .0 90.8 

2020 
Ground Water 72.2 - - - 72.2 72.2 - - 72.2 .0 .0 .0 
Surface Water 759.4 .0 174.6 1.4 935.4 559.8 .0 346.0 905.8 29.6 .0 29.6 
Total 831.6 .0 174.6 1.4 1007.6 632.0 .0 346.0 978.0 29.6 .0 29.6 

2030 
Ground Water 77.6 - - - 77.6 77.6 - - 77.6 .0 .0 .0 
Surface Water 759.4 .0 206.2 1.5 967.1 651.4 .0 350.3 1001.7 24.1 (58. 7) (34.6) 
Total 837.0 .0 206.2 1.5 1044.7 729.0 .0 350.3 1079.3 24.1 (58. 7) (34.6) 

I Units in thousands of acre-feet per year. Water demands are for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A tnmsfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 
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Figure 111-14-5. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Colorado River Basin, Zone 3, 1980-2030 

Colorado River Basin. As of October 1980, an additional 
31 structures with a drainage area of 2 2 6 square miles were 
planned for construction. About 90 percent of the planned 
and existing structures are located within Zone 2 of the 
Colorado River Basin, and the remaining 10 percent are 
located in Zone 3. 

The Corps has completed the Phase II General Design 
Memorandum for channel improvements on Boggy Creek 

at Austin, Texas. The project is awaiting authorization for 
construction from Congress. 

The Corps has feasibility studies underway for flood­
damage protection on Walnut, Shoal, Onion, and William­
son Creeks in the Austin area. These studies are due for 
completion in December 1986. 
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15. COLORADO-LAVACA COASTAL BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physical Description 

The Colorado-Lavaca Coastal Basin is bounded on the 
east by the Colorado River Basin and on the west by the 
Lavaca River Basin and the Lavaca-Guadalupe Coastal 
Basin. Average elevation in the basin is less than 50 feet, 
reaching a maximum of approximately 100 feet. Tres 
Palacios Creek, in the eastern partofthe basin, and Caran­
cahua Creek, in the western part, form the principal drain­
age system. Total area of the basin is 939 square miles. For 
planning purposes, the Colorado-Lavaca Coastal Basin is 
treated as a single hydrologic unit (Figure Ill-15-1). 

Surface Water 

The average annual runoff in the basin is estimated to 
be about 300 acre-feet per square mile. Very little data are 
available on low-flow characteristics of basin streams, 
since stream gages were installed in 1971 and no prior 
records exist. Tres Palacios Creek, above the tidally­
affected reach, had a runoff rate of 485 acre-feet per square 
mile in 1971. However, streamflow includes irrigation 
return flows during the rice-growing seasons. 

Because the Colorado-Lavaca Coastal Basin consists 
of the kind of flat terrain that is common to most of the 
coastal areas, heavy rainfall generally results in flooding for 
long durations. Severe flooding is most likely to occur in 
the late spring from very heavy thunderstorms triggered by 
rapidly-moving cold fronts or during the late summer and 
early autumn from weather systems moving westward out 
of the Gulf of Mexico. 

Streams of the Colorado-Lavaca Coastal Basin have 
low dissolved-solids concentrations, generally less than 
500 milligrams per liter ( mg/1). However, both Tres Pala­
cios Creek and Carancahua Creek are tidally-affected for 
considerable distances upstream from Tres Palacios and 
Carancahua Bays, respectively. During low-flow periods, 
Tres Palacios Creek is effluent-dominated as a result of 
discharges of treated municipal and industrial effluents 
from the El Campo area. Historically, data indicate pesti­
cide residues have been relatively low, even with the sub­
stantial agricultural activity within the basin. 

Ground Water 

The Gulf Coast Aquifer underlies the entire Colorado­
Lavaca Coastal Basin. The aquifer extends to a maximum 
depth of about 1,600 feet. Yields of high-capacity wells 
average 1,500 gallons per minute (gpm), but locally wells 
produce up to about 3,500 gpm. The water generally 
contains less than 1,000 mg/1 total dissolved solids, but 
salinity increases downdip. Near the Gulf, fresh water in 
the aquifer is overlain by saline water. 

In areas immediately adjacent to the Coast in Jackson, 
Matagorda, and Calhoun Counties within the basin, fresh­
water deposits of the Gulf Coast Aquifer are surrounded by 
extensive deposits containing saline water. The potential 
for saline-water encroachment is very great, but can be 
controlled by proper well location, completion, and 
pumpage. In the past, industrial pumpage of ground water 
has lowered water levels below sea level in Calhoun and 
southern Jackson Counties. Consequently, saline-water 
encroachment has occurred in these areas. 

Population and Economic Development 

The estimated population in the Colorado-Lavaca 
Coastal Basin in 1980 was reported at 25.6 thousand. El 
Campo, in Wharton County, is the largest city in the basin 
with an estimated in-basin population of9,400 in 1980. 

The principal economic activities in the Colorado­
Lavaca Coastal Basin are agriculture and petroleum pro­
duction. The average annual income from agriculture in 
the basin, principally rice production, exceeds l!100 mil­
"lion. El Campo has a significant manufacturing sector, 
centering around aluminum and other metal products. 

Water Use 

Municipal water use in the Colorado-Lavaca Coastal 
Basin amounted to 4.3 thousand acre-feet in 1980. Most 
of the water was used in Wharton County (52.7 percent) 
and Matagorda County (36.8 percent). Cities using signif­
icant amounts of the total municipal use were Palacios (22 
percent) and El Campo (31 percent). Water use by manu­
facturing industries in the basin during 1980 totaled over 
2. 0 thousand acre-feet. Almost all ofthis water was used in 
the Calhoun County portion of the basin for manufacturing 
of primary metals. 
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There are no steam-electric power plants in the 
Colorado-Lavaca Coastal Basin which use freshwater for 
cooling; however, a 240 megawatt unit located near Cox 
Bay consumed about 1,200 acre-feet of saline water in 
1980. This plant used almost 100 acre-feet of ground 
water for boiler feedwater makeup, sanitation, and other 
uses. 

In 1980, about 66.1 thousand acres in the Colorado­
Lavaca Coastal Basin was irrigated with 245.0 thousand 
acre-feet of water. About 40.8 thousand acres was irri­
gated with 118.0 thousand acre-feet of ground water and 
the remaining 25 thousand acres was irrigated with 127.0 
thousand acre-feet of surface water. Use ofthe clay and clay 
loam soils of the Coastal Prairie is rotated between rice and 
pasture. Industrial and urban development are encroach­
ing on the irrigable soils in the coastal areas. Most of the 
surface water used for irrigation is diverted from the Colo­
rado River. 

Mining industries in the Colorado-Lavaca Coastal 
Basin required an estimated 400 acre-feet of freshwater in 
1980. Mining of nonmetals and production of petroleum 
and natural gas throughout the basin accounted for most of 
the water use. 

Livestock water use in 1980 totaled 900 acre-feet in 
the Colorado-Lavaca Coastal Basin. Of this total, surface 
water supplied 400 acre-feet while ground water supplied 
the remaining 500 acre-feet. 

The navigation facilities in the Colorado-Lavaca 
Coastal Basin include the Gulf Intracoastal Waterway and 
its tributary channel to Palacios and a portion of the Mata­
gorda Ship Channel. These marine navigation facilities 
have no regulated freshwater requirements. 

Return Flows 

In 1980, municipal and manufacturing return flows 
in the Colorado-Lavaca Coastal Basin totaled 2. 9 thou­
sand acre-feet. 

Irrigation water requirements in the Colorado-Lavaca 
Coastal Basin are primarily for rice production. Irrigation 
return flows in the basin in 1980 amounted to approxi­
mately 86 thousand acre-feet. Most of the return flows 
cannot be reused as they are discharged into tidal waters. 

Current Ground-Water Development 

Approximately 125.3 thousand acre-feet of ground 
water was used in 1980 in the Colorado-Lavaca Coastal 

Basin. All of the ground water used in the basin was from 
the Gulf Coast Aquifer. 

Ofthe 125.3 thousand acre-feet of ground water used 
in the basin, 118.0 thousand acre-feet or 94 percent was 
for irrigation purposes, and 4.3 thousand acre-feet or 3 
percent was for municipal purposes. 

In 1980, excessive withdrawals of ground water for 
irrigation purposes caused large to very large overdrafts 
from the Gulf Coast Aquifer throughout the Colorado­
Lavaca Coastal Basin. 

Current Surface-Water Development 

There is one major reservoir in the basin. This reser­
voir is a 187 thousand acre-feet capacity cooling lake 
which is part of the South Texas Project, a major nuclear­
fueled electric power generating complex now under con­
struction, owned by Houston Lighting and Power 
Company, City Public Service Board of San Antonio, Cen­
tral Power and Light Company, and the City of Austin. The 
cooling lake covers 7 thousand acres, which includes about 
seven miles (13. 7 square miles of the drainage area) of 
Little Robbins Slough, a coastal tributary which drains into 
marshlands adjacent to the Gulf Intracoastal Waterway. 
The lake will be maintained at desired operating levels for 
salinity and temperature control by recirculation of Colo­
rado River flows through the reservoir. Water will be 
diverted from the main stem of the Colorado River for 
initial filling of the cooling lake and, when operational, 
discharges will be made periodically through a spillway 
discharge channel to the main stem of the river down­
stream from the river ihtake structure. With two 1,250 
megawatt nuclear-fueled steam turbine generators in 
operation, the project will use water diverted from the 
Colorado River Basin, with a maximum annual diversion 
not to exceed 102 thousand acre-feet. Water requirements 
for the project are included in the Colorado River Basin 
data. 

Natural lakes, old river channels, and natural depres­
sions provide some storage in the basin; however, these are 
subject to salt-water contamination, both by tidal intru­
sion during periods of low stream flow and by wind-borne 
salt water during hurricanes. Most of the surface water used 
for irrigation in the basin is delivered from the adjoining 
Colorado River Basin through the Lower Colorado River 
Authority Canal System. Total water use for irrigation in 
the basin in 1980 amounted to about 245.0 thousand 
acre-feet, of which approximately 127.0 thousand acre­
feet, or 52 percent, was surface water. 

Total surface-water use within the Colorado-Lavaca 
Coastal Basin in 1980 was 127.4 thousand acre-feet. 
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Municipal and manufacturing water use within the 
Colorado-Lavaca Coastal Basin was supplied from ground­
water sources. 

Water Rights 

A total of 41,348 acre-feet of surface water was autho­
rized or claimed for diversion and use in the Colorado­
Lavaca Coastal Basin as of December 31, 1983 (Table 
III-15-1). Irrigation uses accounted for 34,748 acre-feet 
or 84 percent of the total quantity of water authorized or 
claimed in the basin (Table III-15-2). 

Table 111-15-1. Authorized or ClaimedAmountof Water, 
by Type of Right, Colorado-Lavaca Coastal Basin' 

Acre-Feet 
Type of Number Authorized 

Authorization of Rif!htB and Claimed 

Permits 8 31,850 
Claims 15 5,333 
Certified Filings 2 4,165 
Certificates of 
Adjudication 0 0 

Total Authorizations 
and Claims 25 41,348 

'The Texas Water IUghts Adjudication Act of 1967 authorizes the Texas Depart­
ment of Water Resources to investigate and dctcnnine, with the Court's approval, 
the nature and measure of water rights for all authorized diversions from surface­
water streams or portions thereof except domestic and livestock uses and to 
monitor and administer each adjudicated water right. These totals incorporate 
the results of water-rights adjudication in the basin as of December 31, 1983. 
Certified Filings are declarations of appropriation which were £lied with the State 
Board of Water Engineen> under the provisions of Section 14, Chapter 171, 
General Laws, Acts of the 33rd Legislature, 1913, as amended, Permits arc 
statutory appropriative rights which have been issued by the Texas Water Com­
mission or its predecessor agencies. Claims are sworn statements of historical 
uses to be adjudicated in accordance with the Texas Water Rights Adjudication 
Act. A Certificate of Adjudication is the final result after recognition of a valid right 
in the adjudication process, and is based on a pcnnit, certified filing, or claim or 
any combination of the three. 

Water Quality 

There are no major water quality problems in the 
Colorado-Lavaca Coastal Basin. Lavaca Bay receives 
treated effluent from a relatively large number of point 
sources. The Texas Department of Water Resources is 
closely monitoring the basin to assure continued com­
pliance with stream quality standards. 

Table III-15-2. Authorized or Claimed Amount 
of Water, by Type of Usc, in Acre-Feet, 

Colorado-Lavaca Coastal Basin 

Type of Number of Basin 
Usc Right8 Basin 

Municipal 0 0 
Industria]t 1 6,600 
Irrigation 24 34,748 
Recreation2 0 0 

Total 25 41,348 

I Does not sum due to multipurpose "rights", which may be applied to more than 
one type of usc. 

2Qoes not include an authorized diversion of 315 acre-feet/year from a saline 
source 

Flooding, Drainage, and Subsidence 

Due to limited urbanization within the Colorado­
Lavaca Coastal Basin, flood induced damages have not 
been substantial. Urban areas throughout the basin expe­
rienced considerable flooding from Hurricane Carla in 
1961. During the period of 1979-1981, minor flooding 
produced 24 flood insurance claims for 1!4 7 thousand in 
flood damages. 

The Federal Emergency Management Agency has 
designated four communities within the Colorado-Lavaca 
Coastal Basin as having one or more potential flood 
hazards. Three of these communities are participating in 
the National Flood Insurance Program. 

The Cities of Palacios and El Campo completed flood 
insurance rate studies and are participating in the Regular 
Phase of the Program. A study is nearing completion for 
Point Comfort. The City of La Ward has completed a study, 
but is currently suspended from the Regular Program for 
noncompliance with Program requirements. 

Due to the flat terrain of the basin, drainage occurs 
very slowly. Streams in the basin flood frequently and fill 
depressions and old channels; irrigation drainage systems 
are not adequate in many areas for proper drainage. Since 
much of the land area of the basin is under cultivation, poor 
drainage frequently causes crop damages. Problems have 
been mitigated in some areas through the use of on-site 
and group drainage facilities. 
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Since 1918, subsidence of one foot or more has 
occurred in a relatively large area in eastern Jackson and 
western Matagorda Counties within the Colorado-Lavaca 
Coastal Basin. Maximum amounts of measured subsi­
dence within the area range from 1.3 to 2.0 feet. Correla­
tion of this area with the locations of oil and gas fields and 
areas of concentrated ground-waterwithdrawals for irriga­
tion indicate that the primary cause of the measured subsi­
dence probably is due to petroleum and associated saline 
ground-water withdrawals in the Francitas North, Mid­
field, and Blessing Oil Fields. However, measured subsi­
dence data are not available for the areas of concentrated 
ground-water withdrawals. Therefore, subsidence in the 
areas of ground-water withdrawals may be as great or 
greater than the measured subsidence related to petroleum 
withdrawals. Fault activation and movement, which can 
cause considerable damage to property, are associated 
with subsidence. Damages caused by fault movement are 
very evident in urban areas of the Gulf Coastal Plain. 

Recreation Resources 

As there are no existing major reservoir facilities 
located in the Colorado-Lavaca Coastal Basin, freshwater 
recreation consists principally of activities along streams, 
ponds, and shoreline in the basin. Matagorda Bay and the 
coastal shoreline in Calhoun and Jackson Counties pro­
vide a combined bay shoreline frontage of 298 miles, 90 
miles of which is considered accessible to the general 
public. 

PROJECTED WATER REQillREMENTS 

Population Growth 

The population of the Colorado-Lavaca Coastal Basin 
is projected to increase 123 percent between 1980 and 
2030, resulting in a total gain of over 31 thousand people 
from the 1980 population of25 .6 thousand (Table III-15-
3). Population increases are expected in all counties in the 
basin. 

Wharton County is the most populous county with a 
1980 population of 11,805. Although Wharton County is 
expected to double in population by 2030, its percentage 
of the basin total should decline from 46 in 1980 to 44 
percent in 2030. Matagorda County percentage of the 
basin population should increase from 40 percent in 1980 
to 45 percent in 2030. 

Water Requirements 

Municipal 

Municipal water requirements are projected for two 
cases of future growth based on both population and per 
capita water use. Water requirements in the Colorado­
Lavaca Coastal Basin are projected to increase from the 
1980 level of 4.3 thousand acre-feet by a projected maxi­
mum of 86 percent by the year 2000 (high case). In the 
year 2030, water requirements are projected to range from 
7.6 to 12.1 thousand acre-feet. Wharton County is 
expected to account for most of the projected municipal 
water required in the basin. 

Industrial 

Manufacturing water requirements in 1980 were 2.0 
thousand acre-feet in the Colorado-Lavaca Coastal Basin. 
Projections of future water requirements for manufactur­
ing purposes were made by decade and for a low and high 
case for each industrial group. In 1980, over 90 percent of 
total manufacturing water use was concentrated in five 
industrial groups: chemicals, petroleum refining, primary 
metals, paper products, and food products. Because of this 
concentration, careful attention was given to the future 
growth outlook for these industries in making the 
projections. 

Manufacturing water requirements in the Colorado­
Lavaca Coastal Basin are projected to increase more than 
ten times by the year 2000, to a potential high of 20.8 
thousand acre-feet. By 2030, manufacturing water 
requirements are predicted to have increased an additional 
62 percent. 

In 1980, almost all of the manufacturing water 
requirement was in Calhoun County. This trend is 
expected to continue to 2030. In Calhoun County, manu­
facturing of industrial organic chemicals requires almost 
all of the projected industrial water requirements. 

Steam-Electric Power Generation 

Currently, there are no plans to install additional 
steam-electric power generating capacity using freshwater 
for cooling in the Colorado-Lavaca Coastal Basin. How­
ever, installed capacity of plants using saline cooling water 
is projected to increase. Small volumes of freshwater will be 
needed at these plants to provide water for boiler feedwater 
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Table III-15-3. Pop.llation, CUrrent Water Use, With Projected Popllation and Water Re:;Iuiratents, 199D-203@/ 
Co1ora00-Lavaca O:>astal ~in 

1980 1990 2000 2010 
River Basin Zone : "''""' : Surface ' "'"""' : Surface "'"""' Surface : "''""' : Surface 
& cate<lorv of Use: Wa'& ' wa<= ToW wa<= Wa<= ToW wa<= water ' ToW ' water ' wat& ' ToW 

Co1ora00-Lavaca Basin 
Pop.llation 25.6 31.4 37.1 43.9 
Municipal 4.3 0.0 4.3 2.6 4.2 6.8 2.6 5.4 8.0 2.5 6.9 9.4 
Manufacturing 2.0 0.0 2.0 u 12.8 12.9 0.2 20.8 21.0 0.2 24.4 24.6 
Steam Electric 0.1 0.0 0.1 0.1 0.0 0.1 o.o 0.1 0.1 0.0 0.4 0.4 
Mining 0.4 0.0 0.4 0.3 0.0 0.3 0.3 o.o 0.3 0.2 0.0 0.2 
Irrigation ll8.0 127.0 245.0 5.3 186.6 191.9 5.3 177.9 183.2 4.8 178.9 183.7 
Livestock 0.5 0.4 0.9 0.1 0.9 1.0 0.1 1.1 1.2 0.1 1.1 1.2 
Basin Total Water 125.3 127.4 252.7 8.5 204.5 213.0 8.5 205.3 213.8 7.8 211.7 219.5 

y Pop.llation in thousands of persons, water nquirenents in thousands of acre-feet per year 

2020 2030 

' """"" : Surface """"" : Surface 
Wa'& ' water ToW Wa'& ' water ToW 

50.1 57.1 
2. 7 8.0 10.7 2.8 9.3 12.1 
0.3 28.6 28.9 0.3 33.8 34.1 
o.o 0.7 o. 7 0.0 1.0 1.0 
0.2 0.0 0.2 0.2 0.0 0.2 
4.8 178.9 183.7 4.4 179.4 183.8 
0.1 1.1 1.2 0.1 1.1 1.2 
8.1 217.3 225.4 7.8 224.6 232.4 



makeup and sanitary and plant maintenance uses. If, how­
ever, plants are coal-or lignite-fired power plants, fresh­
water consumption requirements for dust control and 
stackgas scrubbing (based on current technology) for sul­
fur dioxide control could increase total water 
consumption. 

Agriculture 

Irrigation 

Irrigation water requirements were projected for two 
cases of change based on improvements in on-farm appli­
cation efficiencies, reduction in ditch losses, changes in 
future resource costs and crop prices, and corresponding 
changes in cropping patterns to reflect more profitable 
crops. A low case projects demand for water based on the 
effects of changes in the above variables but with irrigated 
acreage held constant at 1980 levels in each zone for each 
future time period; a high case projects demand for water 
for irrigation constrained only by the requirement that 
irrigated farming produce a net positive return in excess of 
that possible from dryland farming and the requirement 
not to exceed the amount of irrigable soil in each zone. 
Thus, the projections of demand, low and high cases, based 
on the irrigation efficiency and market conditions men­
tioned above, give an estimate of the quantity of water 
needed for irrigation in each zone, at each decadal point 
for which projections were made. These projections of 
demand are compared to the projected supply of water 
locally available. When projected demand exceeds pro­
jected supply, the difference is a measure of shortage at that 
point in time. 

Irrigation water requirements in the Colorado-Lavaca 
Coastal Basin are projected to decrease from the 1980 
level of 245.0 thousand acre-feet by a projected maximum 
27 percent by the year 2000 in the high case and in the low 
case. In the year 2030, water requirements in the basin are 
projected to remain at 183.8 thousand acre-feet annually, 
in the low and high cases to irrigate about 66.1 thousand 
acres. 

Livestock 

Livestock water requirements in the basin are pro­
jected to increase from 900 acre-feet in 1980 to 1.2 thou­
sand acre-feet annually in 2030. 

Mining 

Mining water requirements in the Colorado-Lavaca 
Coastal Basin are projected to nearly half between 1980 

and 2030, to about 200 acre-feet annually. The quantity 
available for the secondary recovery of crude petroleum 
and natural gas is projected to decline in the basin, with a 
corresponding decrease in the need for freshwater. 

Navigation 

Currently, no navigation facilities which would 
require the use of regulated freshwater supplies are planned 
in the basin. 

Hydroelectric Power 

There are no planned hydroelectric power generating 
facilities in the basin. 

WATER SUPPLY PROJECTS 
AND MEASURES TO MEET FUTURE 

BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

The approximate annual ground-water yield within 
the Colorado-Lavaca Coastal Basin through the year 2030 
is 8.0 thousand acre-feet. This amount of annual ground­
water supply is from the Gulf Coast Aquifer which is the 
only fresh to slightly saline water-bearing formation within 
the basin. 

The projected annual ground-water use within the 
Colorado-Lavaca Coastal Basin by decade from 1990 
through 2030 is expected to be from 7.8 to 8.5 thousand 
acre-feet per year {Table III -15-3). The approximate aver­
age annual projected ground-water use within the basin is 
expected to be about 8.1 thousand acre-feet per year. 

Surface-Water Availability and 
Proposed Development 

The Colorado-Lavaca Coastal Basin has projected 
surface-water needs for irrigation in excess of available 
water resources in decades from 1990 through 2030 
(Table III-15-4, Figure III-15-2). However, municipal 
and industrial needs, as well as a portion of the irrigation 
requirement, are projected to be satisfied from the present 
through 2030 with surface water imported from the Lavaca 
and Colorado River Basins. The annual irrigation short­
ages of about 80 thousand acre-feet for 1990 through 
2030 are forecasted to occur as a result of limited ground-
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Table 111-15-4. Water Resources of the Colorado-Lavaca Coastal Basin, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Basin Basin Flow Import Total Basin Basin Export Total M &I (Shortage) Total ---

1990 
Ground Water 8.5 - - - 8.5 8.5 - - 8.5 .0 .0 .0 
Surlace Water .0 - .0 114.9 114.9 196.2 - .0 196.2 .0 (81.3) (81.3) 
Total 8.5 - .0 114.9 123.4 204.7 - .0 204.7 .0 (81.3) (81.3) 

2000 
Ground Water 8.5 - - - 8.5 8.5 - - 8.5 .0 .0 .0 
Surface Water .0 - .0 115.5 115.5 196.8 - .0 196.8 .0 (81.3) (81.3) 
Total 8.5 - .0 115.5 124.0 205.3 - .0 205.3 .0 (81.3) (81.3) 

2010 
' >" 

"' 
Ground Water 7.8 - - - 7.8 7.8 - - 7.8 .0 .0 .0 

' Surface Water .0 - .0 123.2 123.2 203.2 - .0 203.2 .0 (80.0) (80.0) 00 

Total 7.8 - .0 123.2 131.0 211.0 - .0 211.0 .0 (80.0) (80.0) 

2020 
Ground Water 8.1 - - - 8.1 8.1 - - 8.1 .0 .0 .0 
Surface Water .0 - .0 128.8 128.8 208.8 - .0 208.8 .0 (80.0) (80.0) 
Total 8.1 - .0 128.8 136.9 216.9 - .0 216.9 .0 (80.0) (80.0) 

2030 
Ground \Vater 7.8 - - - 7.8 7.8 - - 7.8 .0 .0 .0 

Surface Water .0 - .0 136.1 136.1 216.1 - .0 216.1 .0 (80.0) (80.0) 

Total 7.8 - .0 136.1 143.9 223.9 - .0 223.9 .0 (80.0) (80.0) 

t Units in thousands of acre-feet per year. Water demands are for the "high .. case. Tabu1ated surface water demands do n_ot include livestock needs, some quantities of irrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A tmnsfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that c~n be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 
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Figure 111-15-2. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Colorado-Lavaca Coastal Basin, 1980-2030 

water resources in the basin. Surface-water import into the 
basin is projected to be 136.1 thousand acre-feet annually 
by 2030. 

There are no major reservoirs proposed for this basin. 
Surface-water needs projected for municipal and indus­
trial uses in the basin are anticipated to be met from 1990 
through the year 2030 from Lake Texana in the Lavaca 
River Basin and the Highland Lakes of the Colorado River 
Basin. 

Water Quality Protection 

A water quality management plan for the Colorado­
Lavaca Coastal Basin has been developed pursuant to the 
requirements of federal and State Clean Water legislation . 
The plan serves as a basic element in the State's overall 
water quality strategy and provides guidance in establish­
ing priorities for construction grants for waste treatment 
facilities, permitting of wastewater facilities , revision of 
stream standards, and other program activities. 
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Construction costs associated with municipal waste­
water treatment facilities needs have been estimated to be 
approximately $4.5 million for the planning period of 
1980 to the year 2000. These costs are estimated for the 
entire Colorado-Lavaca Coastal Basin in January 1980 
dollars and are subject to revision as new data become 
available. The list of projects, with project costs for 1982-
1989, at 1980 prices, are shown in Appendix B. 

Additional water quality management costs, such as 
for control of agricultural, oil and gas, and industrial pollu­
tants, cannot be estimated at this time, but are believed to 
be increasing. 

Flood Control Measures 

Structural flood control measures in the Colorado­
Lavaca Coastal Basin have been limited largely to local 
projects. Local efforts to protect agricultural lands from 
flooding will continue to consist of levee construction and 
drainage improvements. 

Flood-plain management regulations need to be 
established by political subdivisions within the basin to 
manage development in areas subject to hazardous 
flooding. 
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16. LAVACA RIVER BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physical Description 

The Lavaca River Basin is bounded on the north and 
east by the Colorado River Basin, on the west by the Guada­
lupe River Basin, on the southeast by the Colorado-Lavaca 
Coastal Basin, and the southwest by the Lavaca-Guadalupe 
Coastal Basin. Drainage area of the basin is 2,309 square 
miles. Headwaters of the Lavaca River originate at an ele­
vation of 4 70 feet and flow southeast from southern Fayette 
County into Lavaca Bay. About 60 percent of the basin is 
drained by the N avidad River and its principal tributary 
Mustang Creek. Headwaters of the Navidad River rise in the 
East and West Navidad Rivers which form a tan elevation of 
440 feet in southern Fayette County, joining near Oakland 
at an elevation of 201 feet. The Navidad drains into the 
Lavaca River about two miles east of Vanderbilt in Jacl<son 
County. The basin empties into Lavaca Bay, an arm of 
Matagorda Bay. For planning purposes the Lavaca River 
Basin is treated as a single hydrologic unit (Figure 111-16-
1). 

Surface Water 

Average annual runoff during the 1941-70 period in 
the western and eastern parts of the Lavaca River Basin was 
236 and 335 acre-feet per square mile, respectively. Low 
flows in the western part of the Lavaca River Basin during 
1941-70 occurred in two periods, 1950-56 and 1962-
64. Average annual runoff was 75 acre-feet per square mile 
during the 1950-56 drought and 77 acre-feet per square 
mile during the period 1962-64. Lowest runoff during two 
consecutive years ( 4 7 acre·-feet per square mile) occurred 
in 1950 and 1951. 

Floodwaters in the upper part of the Lavaca River 
Basin generally rise and fall quickly. The lower part of the 
basin is characterized by flat slopes, narrow main chan­
nels, and wide, timbered flood plains which are inundated 
frequently. The eastern extremity of the basin, the sector 
closest to the Gulf of Mexico, is susceptible to the effects of 
damaging storm surges, as well as the combination of 
flooding rains, high winds, and occasional tornadoes dur­
ing the hurricane season, which traditionally extends from 
June through November. 

Total suspended solids concentrations of the Lavaca 
and Navidad River vary between about 50 and 100 milli­
grams per liter ( mg/1). Although concentrations of total 

dissolved solids vary widely, runoff throughout the basin is 
of excellent quality. Total dissolved solids concentrations 
of the Navidad River in the vicinity of Lake Texana has 
historically ranged from less than 45 to about 650 mg/l. 
The discharge-weighted average concentration is about 
150 mg/l. Chloride and sulfate concentrations are sim­
ilarly very low. The Lavaca River is of similar quality, \vith 
total dissolved solids concentrations of the river above the 
tidal reach seldom exceeding 500 mg/l. 

Ground Water 

The Carrizo-Wilcox Aquifer occurs in a very narrow 
strip along the northwest edge of the Lavaca River Basin. 
Only the most downdip part of the aquifer occurs in this 
basin. ln adjacent basins, total thickness ranges upward to 
about 2,000 feet. Large-capacity wells yield an average of 
about 200 gallons per minute (gpm) with a maximum of 
about 600 gpm. The quality of the ground water ranges 
from about 2,000 to 10,000 mg/1 total dissolved solids. 

The Gulf Coast Aquifer underlies the entire Lavaca 
River Basin. The aquifer extends to a maximum depth of 
about 1,800 feet. Yields of large-capacity wells average 
about 1,000 gpm, but locally wells yield up to a maximum 
of about 3,000 gpm. Water in the aquifer generally con­
tains less than 1,000 mg/1 total dissolved solids, but salin­
ity increases downdip and near Lavaca Bay. Saline water 
overlies fresh water in the lowermost part of the basin. 

Population and Economic Development 

There were approximately 43.9 thousand residents in 
the Lavaca River Basin in 1980. Yoakum is the largest 
population center. The economy of the Lavaca River Basin 
is based largely on agriculture and mineral production. 
Although livestock and poultry dominate agricultural pro­
duction, rice and grains are also important. Oil-field sup­
plies and setvices are important support activities to the 
area. Lavaca County is a center for leather goods. 

Water Use 

Municipal water use in the Lavaca River Basin totaled 
7. 7 thousand acre-feet in 1980. Large portions of total use 
originated in Lavaca County (38.0 percent) and Jackson 
County (36.4 percent). Rural areas and cities of less than 
1,000 population accounted for almost 42 percent of total 
basin municipal use. Freshwater use by manufacturing 
industries totaled 0.6 thousand acre-feet in 1980. There 
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are a small number of manufacturing establishments oper­
ating in the basin. 

In 1980, 315.7 thousand acre-feet of water was used 
on about 92.8 thousand irrigated acres in the Lavaca River 
Basin. Most irrigation was for rice production on coastal 
prairie soils which are well suited for rice production in this 
basin. Ground water supplied about two-thirds of the 1980 
water use. Surface water was supplied largely from the 
Colorado River and conveyed to irrigators through distri­
bution systems which serve the area. Surface water is 
diverted locally from the Lavaca River in Jacl<son County. 
Competition for land by municipal and industrial expan­
sion may limit future irrigated acreage to about the present 
level. 

Mining water requirements in the Lavaca River Basin 
were estimated at three thousand acre-feet offreshwater in 
19SO. The largest freshwater withdrawals were associated 
with mining of nonmetals (sand and gravel washing opera­
tions), and petroleum and natural gas production. Water 
use was concentrated in Colorado County. 

Livestocl{ water use in the Lavaca River Basin was 3.3 
thousand acre-feet in 1980. Of this total, ground water 
provided approximately one thousand acre-feet and sur­
face water supplied 2.3 thousand acre-feet. 

The navigation facility in the Lavaca River Basin con­
sists of the channel to Red Bluff. This channel extends from 
its intersection with the channel to Port Lavaca, across 
Lavaca Bay, up the Lavaca River to the Navidad River, and 
then up the Navidad River for approximately three miles to 
Red Bluff. This channel has no regulated freshwater 
requirements. 

Return Flows 

In 1980, municipal and manufacturing return flows 
in the Lavaca River Basin totaled 2. 9 thousand acre-feet, 
most of which originated in Lavaca County. Based on 
detailed studies by the Department, irrigation return flows 
in the basin are considered to be 40 percent of on ..,farm use 
of irrigation water applied from surface-water supplies and 
35 percent of ground-water supplies, or about 107 thou­
sand acre-feet in 1980. 

Current Ground-Water Development 

Approximately 220.5 thousand acre-feet of ground 
water was used in 1980 in the Lavaca River Basin. All of the 

ground water used in the basin was from the Gulf Coast 
Aquifer. 

Of the 220.5 thousand acre-feet of ground water used 
in the basin, 208.8 thousand acre-feet or 95 percent was 
for irrigation purposes, and 7. 7 thousand acre-feet or 3 
percent was for municipal purposes. 

In 1980, withdrawals of ground water primarily for 
irrigation purposes caused very large overdrafts from the 
Gulf Coast Aquifer in Colorado, Jackson, and Wharton 
Counties within the Lavaca River Basin. 

Current Surface-Water Development 

Lake Texana, constructed by the U.S. Bureau of Rec­
lamation, is the only major reservoir project in the Lavaca 
River Basin, This project, which is operated by the Lavaca­
Navidad River Authority, will supply municipal and indus­
trial water to meet expanding water demands within the 
region. Lake Texana provides a dependable annual firm 
supply of 75.0 thousand acre-feet of water. 

In 1980, total water use within the Lavaca River Basin 
exceeded 330.3 thousand acre-feet, approximately 96 
percent of which was for irrigation purposes. The inajor 
source of water in the Lavaca River Basin is ground water. 
However, surface water for irrigation is delivered from the 
Colorado River Basin via the Garwood Irrigation District. 
The water-rights permit for this project allows an annual 
diversion of 120 thousand acre-feet. In 1980, 104.8 thou­
sand acre-feet was delivered to the Lavaca River Basin. The 
major agricultural areas which receive water from the Dis­
trict are located in Colorado and Wharton Counties. 

Water Rights 

The total amount of surface water authorized or 
claimed for diversion and use in the Lavaca River Basin was 
100,608 acre-feet as of December 31, 1983 {Table III-
16-1). Most of the rights were for industrial uses, 56.8 
percent; municipal use accounted for 17.7 percent and 
irrigation for 25.0 percent of total authorized or claimed 
rights {Table JII-16-2). 

Water Quality 

The Lavaca River Basin contains oil and gas fields, 
which present a potential threat oflocalized pollution, Fish 
!<ills which have occurred in the past have been linked to 
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the use of pesticides in adjacent irrigation fields. Through­
out parts of the basin, there are frequent incidents of high 
coliform levels. 

Table 111-16-1. Authorized or Claimed AmountofWatcr, 
by Type of Right, Lavaca River Basin • 

Acre-Feet 
Type of Number Authorized 

Authorization of rughrs and Claimed 

Permits 17 10,781 
Claims 0 0 
Certified Filings 0 0 
Certificates of 
Adjudication 27 89,827 

Total Authorizations 
and Claims 44 100,608 

I The Texas WHtcr R.ij;!,hts Adjudication Act of 1967 authorizes the Texas Depart­
ment of Water Resources to invcsti)!atc and determine, \\ith the Court'sappro\'111, 
the nature and mc11Surc ofwatcrriJ!hts £or all authorized diversions from surfacc­
v.oatcr streams or portions thereof except domestic and livestock uses and to 
monitor and administer each adjudicated water ril!ht. These totnls incorporate 
the results of wutcr-riJ!hts adjudication in the basin ns of December .11, 1983. 
Certified Filin~s :tre declarations of upproprintion which were filed \\ith the State 
Bonrd of Wutcr En~inccrs under the provisions of Section 14, Chapter 171, 
Gcileral Luws, Acts of the .13rd Lc~islnture, 1913, as amended. Pcrmil~ arc 
stntutorr npproprintivc ri~hts which have been issued by the Tcxns Wuter Com­
mission or its predecessor a~cncics. Clnims arc swom llttltcmcnts of historical 
uses w be adjudicated in nccordancc with the Texas Water RiAhts Adjudicntion 
Act. A Ccrtificntc of Adjudication is the final result aftcrrccoAnition of n v:tlid ri~ht 
in the adjudication process, nnd is based on a pcmtit, certified filinA, or claim or 
any combination of the three. 

Table 111-16-2. Authorized or Claimed Amount 
of Water, by Type of Use, 

in Acre-Feet, Lavaca River Basin 

'l)'P• of Numbl;lr of Basin 
u •• rughrs Basin 

Municipal 1 17,826 
Industrial 1 57,174 
Irrigation 42 25,153 
Recreation 1 455 

Total 441 100.608 

I Docs not sum due to multipurpose "riAhts", which mny he applied to more than 
one trpc of usc. 

Flooding, Drainage, and Subsidence 

Average annual damages for the period 1939 through 
1959, based on analysis of flood peaks and the area 
flooded, are $101.9 thousand for the Lavaca River and 
$99.8 thousand for the Navidad River. In August 1981, 
major flooding occurred in Hallettsville, Shiner, Yoakum, 
and areas in Lavaca County. A resulting Presidential disas­
ter declaration brought more than ll96J thousand in fed­
eral relief. A total of 44 flood insurance claims were filed 
for 11745 thousand in flood damages. 

The Federal Emergency Management Agency has 
designated seven communities within the Lavaca River 
Basin as having one or more potential flood hazards. At 
present, six cities are participating in the National Flood 
Insurance Program. Flood insurance rate studies, which 
determine the 100-year flood elevations, have been com­
pleted for the Cities of Hallettsville, Ganado, and Edna and 
for Jackson County. All of these cities have adopted the 
necessary regulations to make them eligible for participa­
tion in the Regular Phase. A flood insurance study is cur­
rently in progress for Wharton County. 

Inadequate drainage systems in many areas have 
resulted in slow removal of excess water in rice fields. Lack 
of land levelling has created depressions in otherwise well 
drained fields and has caused locally severe drainage prob­
lems. Drainage problems are further complicated by fre­
quent flooding of the Lavaca and Navidad Rivers and their 
tributaries, blocking tributary channels with sediment and 
debris. 

Maximum amounts of measured subsidence since 
1918, within the Lavaca River Basin occur in Jackson 
County and range from 0. 9 to 1. 2 feet. The largest amount 
measured was 1. 2 feet in the Lolita Oil and Gas Field on the 
eastern edge of the basin. Approximately 1.1 feet of subsi­
dence was measured near the confluence of the Lavaca and 
Navidad Rivers. These amounts of measured subsidence 
correlate with oil, gas, and related saline ground-water 
withdrawal areas in the southern part of the basin. Subsi­
dence slightly greater than 1.0 foot has occurred due to 
fresh and saline ground-water and petroleum withdrawals 
in the Cordele area of northern Jackson County. Measured 
subsidence data is not available for Wharton, Colorado, 
Lavaca, DeWitt, and Fayette Counties within the basin. 
Fault activation and movement which can cause consider­
able damage to property are associated with subsidence. 
Damages caused by fault movement are very evident in 
urban areas of the Gulf Coastal Plain. 
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Recreation Resources 

The recently completed Lake Texana will provide 9.9 
thousand surface acres of water available for flat-water 
recreation. Freshwater recreation resources currently 
available in the basin include the Lavaca and Navidad 
Rivers and smaller streams and ponds. 

PROJECTED WATER REQUIREMENTS 

Population Growth 

The Lavaca River Basin population is projected to 
increase 56 percent by the year 2030, from the present 
43.9 thousand to 68.4 thousand (Table lll-16-3). A 22 
percent increase to 53.5 thousand is expected from 1980 
to the year 2000, and a growth rate of 28 percent is 
projected for the 2000 to 2030 period. Lavaca County 
population is expected to increase by 80.4 percent by 
2030. Its share of the basin population is anticipated to 
increase from 43.0 percent in 1980 to 46.2 percent in 
2030. 

Water Requirements 

Municipal 

Municipal water requirements are projected for two 
cases of future growth based on both population and per 
capita water use. Water requirements in the Lavaca River 
Basin are projected to increase from the 1980 level of 7. 7 
thousand acre-feet by a projected maximum of 52 percent 
by the year 2000 (high case). In the year 2030, water 
requirements are projected to range from 10.4 to 15.0 
thousand acre-feet. 

Industrial 

Manufacturing water requirements in 1980 were 0.6 
thousand acre-feet in the Lavaca River Basin. Projections 
of future water requirements for manufacturing purposes 
were made by decade and for a low and high case for each 
industrial group. In 1980, over 90 percent of total manu­
facturing water use was concentrated in five industrial 
groups: chemicals, petroleum relining, primary metals, 
paper products, and food products. Because of this con­
centration, careful attention was given to the future growth 
outlook for these industries in making the projections. 

Manufacturing water requirements in the Lavaca 
River Basin are projected to increase more than four times 

by the year 2030, to a potential high of 2.5 thousand 
acre-feet by 2030. 

Steam-Electric Power Generation 

There are currently no plans to install steam-electric 
power generating capacity in the Lavaca River Basin. If 
steam-electric power generating capacity is installed in the 
future, saline water could be used for cooling. However, 
freshwater would be needed at these plants to provide 
water for boiler feedwater makeup and sanitary and main­
tenance uses. These freshwater uses are small when com­
pared to cooling water requirements, but if the plant were a 
coal- or lignite-fired power plant, freshwater consumption 
for dust control and stackgas scrubbing for sulfur dioxide 
control could increase total water consumption. 

Agriculture 

Irrigation 

Irrigation water requirements were projected for two 
cases of change based on improvements in on-farm appli­
cation efficiencies, reduction in ditch losses, changes in 
future resource costs and crop prices, and corresponding 
changes in cropping patterns to reflect more profitable 
crops. A low case projects the demand for water based on 
the effects of changes in the above variables, but with 
irrigated acreage held constant at 1980 levels in each zone 
for each future time period: a high case projects demand for 
water for irrigation constrained only by the requirement 
that irrigated farming produce a net positive return in 
excess of that possible from dryland farming and the 
requirement not to exceed the amount of irrigable soil in 
each zone. Thus, the projections of demand, low and high 
cases, based on the irrigation efficiency and market condi­
tions mentioned above, give an estimate of the quantity of 
water needed fo~·irrigation in each zone, at each decadal 
point for which projections were made. These projections 
of demand are compared to the projected supply of water 
locally available. When projected demand exceeds pro­
jected supply, the difference is a measure of shortage at that 
point in time. 

Irrigation water requirements in the Lavaca River 
Basin are projected to decrease from the 1980 level of 
315.7 thousand acre-feet by a projected maximum 21 
percent by the year 2000 in the high and low cases. In the 
year 2030, water requirements in the basin are projected 
to remain at 236.6 thousand acre-feet annually in the low 
and high cases to irrigate 92.8 thousand acres. 
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Table III -1.6-3. POpJ].ation, current Water use, With Projected Population and water Ra:lllirarents, 199o-2031B" 
Iavaca River Basin 

' 1.990 ' 2000 2010 

' "'"""' : Surface """""' Surface : G'oond Surface 
""""- ' Water ' Water ToW. ' water water ' """"- ' water ' Water ToW. 

Lavaca Basin 
Pcp.Jlation 43.9 48.9 53.5 59.3 
Municipal 7.7 0.0 7. 7 9.6 0.8 10.4 10.6 1.1 11.7 11.6 1.4 13.0 
Manufacturing 0.6 0.0 0.6 0.8 0.1 0.9 1.2 0.0 1.2 1.5 0.1 1.6 
Steam Electric 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Mining 2.4 0.6 3.0 2.4 0.7 3.1 2.3 0.8 3.1 2.4 0.9 3.3 
Irrigation 208.8 106.9 315.7 52.6 203.7 256.3 52.6 195.6 248.2 52.6 196.2 248.8 
Livestock '-' 2.3 3.3 1.3 2.6 3.9 1.3 3.2 4.5 1.3 3.2 4.5 
Basin Total Water 220.5 109.8 330.3 66.7 207.9 274.6 68.0 200.7 268.7 69.4 201.8 271.2 

2f Pop.llation in thousands of persons, water requirarents in thousands of acre-feet per year 

2020 

"'"""" : Surface 
Water ' water ToW. water Water ToW. 

64.0 68.4 
12.4 1.6 14.0 13.1 1.9 15.0 
1.9 0.1 2.0 2.5 0.0 2.5 
0.0 0.0 0.0 0.0 0.0 0.0 
2.6 1.0 3.6 2.7 1.1 3.8 

51.7 197.3 249.0 47.4 189.2 236.6 
1.3 3.2 4.5 1.3 3.2 4.5 

69.9 203.2 273.1 67.0 195.4 262.4 



Livestocl' 

The livestock requirement in the basin is projected to 
increase from 3.3 thousand acre-feet in 1980 to 4.5 thou­
sand acre-feet in 2030. 

Mining 

Estimates of mining water requirements in the Lavaca 
River Basin are projected to increase to over.3.8 thousand 
acre-feet by 2030. Almost all ofthe increase will be used in 
nonmetal mining operations, requiring 83 percent of the 
basin total mining water use at the end of the planning 
period. The remaining requirements will be for the sec­
ondary recovery of petroleum and natural gas. 

Navigation 

Currently, no navigation facilities which would 
require the use of regulated freshwater supplies are planned 
in the basin. 

Hydroelectric Power 

There are no planned hydroelectric power generating 
facilities in the basin. 

Estuarine Freshwater Inflows 

The Lavaca River discharges into the Lavaca-Tres 
Palacios estuary. Combining inundation and salinity 
requirements for the Subsistence Alternative yields a 343 
thousand acre-feet per year estimate of gaged Lavaca Basin 
inflows needed for the Lavaca Bay portion of this estuarine 
system (Table Ill-16-4). Ungaged inflow needs from the 
basin for this alternative are estimated at 70 thousand 
acre-feet annually. For the Fisheries Maintenance Alterna­
tive, a gaged river inflow from the Lavaca River Basin of 
611 thousand acre-feet per year, in addition to 127 thou­
sand acre-feet per year of ungaged inflow, is estimated to 
satisfy the salinity and marsh inundation needs, and to 
maintain annual commercial fisheries hanrests at levels 
greater than the mean harvests for the 1962-1976 period 
(Table Ill-16-4). For the Harvest Enhancement Alterna-

Table 111-16-4. Gaged River Inflow Needs of the 
Lavaca-Tres Palacios Estuary From the Lavaca River Basin 

Under Four Alternative Levels of Fisheries Productivity1 

Lavaca River Basin2 

Fisheries Finfish Biotic 
Ecosystem Harvest Hanrest Species 

Month Subsistence Maintenance Enhancement Viability 

January 21.8 21.8 21.8 8.8 
February 26.8 26.8 26.8 8.8 
March 17.0 17.0 17.0 5.5 
April 25.6 67.5 114.8 17.8 
May 116.2 116.2 167.0 15.7 
June 32.0 98.4 116.4 8.7 
July 15.6 18.4 15.6 5.7 
August 10.4 35.1 10.4 7.3 
September 24.2 97.1 24.2 17.0 
October 18.2 77.8 18.2 13.3 
November 17.6 17.6 17.6 7.2 
December 17.5 17.6 17.5 9.8 

Annual 342.9 611.3 617.3 125.6 

!All inflows arc mean monthly values in thousand acre-feet. 
2Combined gaged streamflow of Lavaca River near Edna and Navidad River near Ganado. 
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tive, the annual commercial shellfish harvest of the estuary 
is maximized while using no more than the average ( 1941-
1976) annual inflow. The estimated inflows needed from 
the ungaged portion of the Lavaca River Basin amount to 
123 thousand acre-feet yearly. The inflow needs from the 
gaged portion of the basin total 617 thousand acre-feet 
(Table lll-16-4). An estimated 126 thousand acre-feet 
annually of gaged inflow from the Lavaca River Basin is 
needed to maintain salinities within the species limits of 
viability in upper Lavaca Bay. 

WATER SUPPLY PROJECTS 
AND MEASURES TO MEET FUTURE 

BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

The approximate annual ground-water yield within 
the Lavaca River Basin through the year 2030 is 86.0 
thousand acre-feet. This amount of safe annual ground­
water supply is from the Gulf Coast Aquifer which is the 
only readily accessable fresh to slightly saline water­
bearing unit within the basin. 

The projected annual ground-water use within the 
Lavaca River Basin by decade from 1990 through 2030 is 
expected to be from 66.7 to 69.9 thousand acre-feet per 
year (Table lll-16-3). The approximate average annual 
projected ground-water use within the basin is expected to 
be about 68.2 thousand acre-feet per year. 

Surface-Water Availability 
and Proposed Development 

Projected annual surface-water needs in the Lavaca 
River Basin exceed supplies available by 54.8 thousand 
acre-feet in 2000 and 63.2 thousand acre-feet in 2030 
(Table lll-16-5, Figure lll-16-2). These net shortages 
result from irrigation shortages of about 100.0 thousand 
acre-feet per year balanced with annual surpluses for 
municipal and industrial purposes of 48.2 thousand acre­
feet in 2000 and 29.8 thousand acre-feet in 2030. 
Approximately 87.4 thousand acre-feet of the 163.4 thou­
sand acre-feet of surface water supplied to the basin in year 
2030 is projected to be provided from sources outside of 
the basin, principally the Colorado River Basin. 

Projected surface-water needs for municipal and 
manufacturi~g purposes in the Lavaca River Basin can be 
met from Lake Texana (Stage I, Palmetto Bend Reservoir) 
through the year 2030. No additional reservoirs are pro­
posed for this basin. 

Should future surface-water needs for municipal and 
manufacturing purposes in the Lavaca River Basin and 
adjacent areas exceed projections, regional water deficits 
can be supplied, in part, by construction of the authorized 
Stage II Palmetto Bend Reservoir. This project would add 
about 35 thousand acre-feet of firm annual yield to the 
basin supply. 

Water Quality Protection 

A water quality management plan for the Lavaca River 
Basin has been developed pursuant to the requirements of 
federal and State Clean Water legislation. The plan serves 
as a basic element in the State's overall water quality strat­
egy and provides guidance in establishing priorities for 
construction grants for waste treatment facilities, permit­
ting of wastewater facilities, revision of stream standards, 
and other program activities. 

Construction costs associated with municipal waste­
water treatment facilities needs have been estimated to be 
approximately $5.3 million for the planning period of 
1980 to the year 2000. These costs are estimated for the 
entire Lavaca River Basin in January 1980 dollars and are 
subject to revision as new data become available. The list of 
projects, with project costs for 1982-1989, at 1980 pri­
ces, is shown in Appendix B. 

Additional water quality management costs, such as 
for control of agricultural, oil and gas, and industrial pollu­
tants, cannot be estimated at this time, but are believed to 
be increasing. 

Flood Control Measures 

There are presently no flood control structures in the 
Lavaca River Basin, nor are any currently planned. The 
only structural flood-control measure in the basin has been 
channel rectification at Hallettsville, which has included 
clearing, straightening, and enlarging the upstream 
reaches of the Lavaca and Navidad Rivers. The works, 
which are located 88 miles above the mouth of the Lavaca 
River, were completed in September 1960. 
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Table 111-16-5. Water Resources of the Lavaca River Basin, With 
Projected Water Supplies and Demands, 1990-20301 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Basin Basin Flow Import Total Basin Basin Export Total M&l {Shortage) Total ---

1990 
Ground Water 66.7 - - - 66.7 66.7 - - 66.7 .0 .0 .0 
Surface Water 75.0 - .8 92.0 167.8 195.7 - 17.2 212.9 57.9 (103.0) ( 45.1) 
Total 141.7 - .8 92.0 234.5 262.4 - 17.2 279.6 57.9 (103.0) ( 45.1) 

2000 
Ground Water 68.0 - - - 68.0 68.0 - - 68.0 .0 .0 .0 
Surface Water 75.0 - .9 83.8 159.7 187.8 - 26.7 214.5 48.2 (103.0) (54.8) 
Total 143.0 - .9 83.8 227.7 255.8 - 26.7 282.5 48.2 (103.0) (54.8) 

s 2010 
' Ground Water 69.4 - - - 69.4 69.4 - - 69.4 .0 .0 .0 >-' 

"' Surface Water 75.0 1.0 86.4 162.4 188.7 - 32.0 220.7 42.5 (100.8) ( 58.3) ' -
"' Total 144.4 - 1.0 86.4 231.8 258.1 - 32.0 290.1 42.5 (100.8) (58.3) 

2020 
Ground Water 69.9 - - - 69.9 69.9 - - 69.9 .0 .0 .0 
Surface Water 75.0 - 1.0 87.4 163.4 190.0 - 37.7 227.7 36.7 (101.0) (64.3) 
Total 144.9 - 1.0 87.4 233.3 259.9 - 37.7 297.6 36.7 (101.0) (64.3) 

2030 
Ground Water 67.0 - - - 67.0 67.0 - - 67.0 .0 .0 .0 
Surface Water 75.0 - 1.0 87.4 163.4 182.1 - 44.5 226.6 29.8 (93.0) (63.2) 
Total 142.0 - 1.0 87.4 230.4 249.1 - 44.5 293.6 29.8 (93.0) (63.2) 

I Units in thousands of acre-feet per year, Water demands are for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities ofirrigation 
needs and other needs which will continue to be met from local, unregulated surlace-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A trarn;fer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 
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17. LAVACA-GUADALUPE COASTAL BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physical Description 

The Lavaca-Guadalupe Coastal Basin is bounded on 
the east by the Lavaca River Basin and the Colorado­
Lavaca Coastal Basin and on the west by the Guadalupe 
River Basin and the San Antonio-Nueces Coastal Basin. 
The basin originates in southeastern DeWitt County at an 
elevation of about 200 feet and is approximately 20 miles 
wide and 60 miles long. Arenosa, Garcitas, and Placedo 
Creeks and Chocolate Bayou are the principal streams 
draining the basin. Runoff from the basin flows into 
Lavaca, Matagorda, Espiritu Santo, and San Antonio Bays. 
Total area of the basin is 99S square miles. For planning 
purposes, the Lavaca-Guadalupe Coastal Basin is treated 
as a single hydrologic unit (Figure III-17-1). 

Surface Water 

The average annual runoff in the basin is 
approximately 200 acre-feet per square mile. Available 
data are insufficient to accurately define low-flow 
characteristics of streams draining the basin. Stream gages 
were installed in 1970 on Garcitas and Placedo Creeks, 
above their tidal-affected reaches. There are substantial 
diversions, principally for irrigation, and return flows 
above the gages during rice-growing seasons. 

Flat terrain typical of much of the Texas coastal plain 
characterizes the Lavaca-Guadalupe Coastal Basin. 
Consequently, appreciable rains frequently cause 
widespread flooding. Rainfall from heavy thunderstorms in 
the spring often is substantial enough to cause flooding, but 
the most severe flooding is usually reserved for the late 
summer and early autumn, when hurricanes and other 
tropical weather systems bring torrential rains that may 
persist for one or several days. 

Runoff within the Garcitas Creek drainage system is of 
good quality. Dissolved-solids concentrations in water 
from Garcitas Creek near Inez have ranged from 40 to 400 
milligrams per liter (mg/1), and concentrations of 
dissolved solids in Arenosa Creek near Inez have ranged 
from 30 to 600 mg/1. However, data collected periodically 
in the lower part of the basin indicate total dissolved-solids 
concentrations locally exceed 3,000 mg/1. High 
concentrations of dissolved solids, particularly chloride, 

indicate local degradation of stream quality by oil-field 
wastes. 

Ground Water 

The Gulf Coast Aquifer covers the entire Lavaca­
Guadalupe Coastal Basin. The aquifer extends to a 
maximum depth of approximately 1,800 feet. Large­
capacity well yields average about 1, 200 gallons per 
minute (gpm); however,locallywells produce upto3,000 
gpm. The quality of water in the aquifer is suitable for most 
purposes, generally containing less than 1,000 mg/1 total 
dissolved solids. In some areas of Calhoun County, saline 
water overlies fresh water. 

Population and Economic Development 

The Lavaca-Guadalupe Coastal Basin population was 
37,900 in 1980. Nearly30 percent of the basinpopuiation 
resided in Port Lavaca, the major population center in the 
basin. The economy of the basin is dominated by mineral 
production, which yields products valued at about Jl120 
million annually. Oil-field services and equipment 
dominate the manufacturing sector. Agriculture is a major 
contributor to the area economy, with produce valued at 
over Jl37 million annually. Another important influence 
on the economy is tourism and water-oriented recreation. 

Water Use 

Municipal water use in the Lavaca-Guadalupe Coastal 
Basin totaled 5.4 thousand acre-feet in 1980. Portions of 
Calhoun and Victoria Counties accounted for 4 7 and 52 
percent, respectively, of the total municipal water use in 
the basin. Cities using significant portions of the total basin 
municipal use were Port Lavaca (32 percent) and the in­
basin portion of the City of Victoria ( 30 percent). Thirty 
percent of the basin total municipal use was in rural areas 
or in cities with less than 1,000 population. 

The 1980 freshwater use by manufacturing industries 
in the basin totaled 14.2 thousand acre-feet, primarily for 
manufacturing of chemicals and allied products. 

In 1980, a total of 98.1 thousand acre-feet of water 
was used to irrigate 27.4 thousand acres in the Lavaca­
Guadalupe Coastal Basin. Nearly all of this water was used 
to irrigate rice, with some water used for irrigation of 
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improved pasture. Irrigation in the upper part of the basin 
is supplied principally from ground-water sources. Surface 
water diverted primarily from the Guadalupe River supplies 
the Calhoun County area in the lower basin. Relatively 
small quantities of water were diverted for irrigation from 
the Lavaca River in Jackson County and from Garcitas 
Creek. Water supplied from ground and surface sources for 
irrigation in the basin in 1980 was about 53.8 thousand 
acre-feet from ground water and 44.3 thousand acre-feet 
from surface water. 

Estimated freshwater withdrawals associated with 
mining operations in the Lavaca-Guadalupe Coastal 
Basin, primarily in Victoria County, totaled almost 700 
acre-feet in 1980. 

Livestock water use in 1980 totaled 1. 2 thousand 
acre-feet in the Lavaca-Guadalupe Coastal Basin. Surface­
and ground-water sources supplied approximately 500 
and 700 acre-feet, respectively. 

The navigation facilities in the Lavaca-Guadalupe 
Coastal Basin include a portion of the Matagorda Ship 
Channel to Point Comfort, the side channel to Port Lav­
aca, the Gulf Intracoastal Waterway and its tributary chan­
nel to Seadrift, and a portion of the Victoria Barge Canal. 
These navigation facilities have no regulated freshwater 
requirements from the Lavaca-Guadalupe Coastal Basin. 

Return Flows 

In 1980, municipal and manufacturing return flows 
in the Lavaca-Guadalupe Coastal Basin totaled 11.9 thou­
sand acre-feet. Over 95 percent of the total was produced 
by industry and municipalities in Calhoun County. 

Irrigation return flows, principally from irrigated rice, 
total about 40 percent of surface water applied and 35 
percent of ground water applied. Irrigation return flows in 
the basin totaled 33 thousand acre-feet in 1980. Return 
flows are generally not recoverable as they are discharged 
into tidal waters. 

Current Gr.ound-Water Development 

Approximately 58.2 thousand acre-feet of ground 
water was used in 1980 in the Lavaca-Guadalupe Coastal 
Basin. All of the ground water used in the basin was from 
the Gulf Coast Aquifer. 

Of the 58.2 thousand acre-feet of ground water used 
in the basin, 53.8 thousandacre-feetor92 percent was for 
irrigation purposes, and 3.3 thousand acre-feet or 6 per­
cent was for municipal purposes. 

In 1980, withdrawals of ground water for irrigation 
purposes caused very large overdrafts from the Gulf Coast 
Aquifer in Calhoun and Jackson Counties within the 
Lavaca-Guadalupe Coastal Basin. 

Current Surfa~:e-Water Development 

There are no major reseiVoirs in the Lavaca­
Guadalupe Coastal Basin. Green Lake, a natural lake in 
Calhoun County and the largest natural lake in the State, 
has been used as a source of irrigation water. Garcitas 
Creek and other creeks also furnish small amounts of irri­
gation water. The Guadalupe-Blanco River Authority cur­
rently supplies surface water from the Guadalupe River to 
the coastal basin for municipal, manufacturing, and agri­
cultural purposes through the Calhoun County Diversion 
System. Water is supplied through this system to the City of 
Port Lavaca and neighboring rural areas. 

In 1980, water use in the Lavaca-Guadalupe Coastal 
Basin totaled about 119.6 thousand acre-feet. Of this 
quantity, 61.4 thousand acre-feet was supplied from sur­
face sources, with the remainder coming from ground 
water. Almost all of the surface water was supplied by the 
Guadalupe-Blanco River Authority which delivered 43.4 
thousand acre-feet of water to Calhoun County irrigation 
users and 16.2 thousand acre-feet of water to cities and 
industries. 

Water Rights 

A total of 2,010 acre-feet of surface water was autho­
rized or claimed for diversion and use in the Lavaca­
Guadalupe Coastal Basin (Table III-17-1). This entire 
quantity was authorized and claimed for agricultural uses 
in the basin. 

Water Quality 

The basin has no significant surface-water quality 
problems at present. The basin is being closely monitored 
by the Texas Department of Water Resources to assure 
continued compliance with stream quality standards. 

Flooding, Drainage, and Subsiden~:e 

Due to limited development within the Lavaca­
Guadalupe Coastal Basin, flooding of streams has caused 
only minor damage. Damages are principally incurred in 
the agricultural sector. This damage commonly results 
from poor drainage. Minor flooding during 1979, 1980, 
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Table 111-17-1. Authorized or ClaimedAmountofWater, 
by Type of Right, Lavaca-Guadalupe Coastal Basin • 

Acre-Feet 
Type of Number Authorized 

Authorization of Rights and Claimed 

Penn its 1 2,000 
Claims 0 0 
Certified Filings 0 0 
Certificates of 

Adjudication 1 10 

Total Authorizations 
and Claims 2 2,0102 

'The Texas Water Rights Adjudication Act of 1967 authorizes the Texas Depart­
ment of Water Resources to investigate and detcnnine, with the Court's approval, 
the nature and measure of water rights for all authorized diversions from surface­
water streams or portions thereof except domestic and livestock uses and to 
monitor and administer each adjudicated water right. These totals incorporate 
the results of water-rights adjudication in the basin as of December 31, 1983. 
Certified Filings arc declarations of appropriation which were filed with the State 
Board of Water Engineers under the provisions of Section 14, Chapter 171, 
General Laws, Acts of the JJrd Legislature, 1913, as amended. Permits arc 
statutory appropriative rights which have been issued by the Texas Water Com­
mission or its predecessor agencies. Claims are swam statements of historical 
uses to be adjudicated in accordance with the Texas Water Rights Adjudication 
Act. A Certificate of Adjudication is the fina] result after recognition of a valid 
right in the adjudication process, and is based on a pcnnit, certified filing, or 
claim or any combination of the three. 

2Jrrigation 

and 1981 produced 99 flood insurance claims for $580 
thousand in flood damages. 

The Federal Emergency Management Agency has 
designated two communities within the Lavaca· 
Guadalupe Coastal Basin as having one or more special 
flood-hazard areas. The Cities of Seadrift and Port Lavaca 
have completed Flood Insurance Rate Studies and are par­
ticipating in the Regular Phase of the National Flood Insur· 
ance Program. Unincorporated areas of Calhoun County 
are also covered by insurance under the Regular Phase. 

As is common in most of the coastal basins, drainage 
waters in the Lavaca-Guadalupe Coastal Basin result lar­
gely from irrigation of rice fields. The flat terrain and poorly 
defined drainage systems produce slow drainage. Exces· 
sive rainfall in the basin results in stream overflow and 
causes considerable inundation of the area. Wetlands pre­
vail in many areas. 

Since 1918, the maximum amount of subsidence 
measured within the Lavaca-Guadalupe Coastal Basin was 
about 1.2 feet near Placedo in southern Victoria County. 
Approximately 0.6 foot of subsidence occurred near the 
LaSalle Oil Field at the eastern edge of the basin. Since 

1943, subsidence of 0.5 to 1.0 foot has been measured 
near Highway 59, halfway between Victoria and Edna, and 
just south of the intersection of Highway 87 and the 
Calhoun-Victoria County line. All ofthis recorded subsi­
dence is believed to be due to withdrawals of petroleum and 
related saline ground waters. Fault activation and move­
ment which can cause considerable damage to property 
are associated with subsidence. Damages caused by fault 
movement are very evident in urban areas of the Gulf 
Coastal Plain. 

Recreation Resources 

Water-oriented recreation resources available in the 
Lavaca-Guadalupe Coastal Basin are largely marine 
related. Since there are no major reservoirs in the basin, 
freshwater recreation is limited to the streams and ponds. 
Green Lake, a large natural lake located near the Guada­
lupe River in western Calhoun County, is privately owned 
but is available for fishing on a fee basis. Information from 
surveys by the Texas Department of Water Resources and 
the Texas Parks and Wildlife Department indicates an 
estimated 50 thousand sport fishing parties visited the 
Guadalupe estuary during 1976-1977. This recreation use 
produced an estimated total economic impact of over $6 
million to local and State economies. 

PROJECTED WATER REQillREMENTS 

Population Growth 

Population of the Lavaca-Guadalupe Coastal Basin is 
expected to more than double between 1980 aud 2030, 
(Table 111-17-2), with a projected growth rate of 109 
percent during the period. The projected growth rate from 
1980 to 2000 is 42 percent and 4 7 percent from 2000 to 
2030. These rates compare to the projected statewide 
rates of 49 and 62 percent for the 1980· 2000 and 2000-
2030 periods, respectively. 

Victoria County, currently the most populous county 
in the basin, is expected to have the highest growth rate 
(134.2 percent) from 1980 to 2030. Its share of the total 
basin population is projected to increase from 52 percent 
iu 1980 to 53.4 percent in 2030. 

Water Requirements 

Municipal 

Municipal water requirements are projected for two 
cases of future growth based on both population and per 
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Table III-17-2. Pcpllation, current Water Use, With Projected Pcp.llation and water RequirEmeJ~ts, 199o-203@/ 
t.avaca-G.ladalupe Coastal Basin 

1980 ' 1990 2000 2010 
River Basin Zone : G«"m : Surfae2 G<amd : Surface "'""" Surface : "'""" : Surface 
& cateQorv of Use: Watec ' watec Tobil ' watec Watec To<cal watec ' Watec ' To<cal watec ' watec To<cal 

Lavaca-Guadalupe Basin 
PcpJ.lation 37.9 46.5 53.7 61.0 
Municipal 3.3 2.1 5.4 5.5 3.9 9.4 6.3 4.9 ll.2 6.9 5.8 12.7 
Manufacturing 0.1 14.1 14.2 0.0 32.4 32.4 0.0 44.4 44.4 0.0 59.0 59.0 
Steam Electric o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Mining 0.3 0.4 0. 7 0.8 0.0 0.8 1.0 0.0 1.0 1.0 0.0 1.0 
Irrigation 53.8 44.3 98.1 29.9 43.2 73.1 30.0 43.0 73.0 30.0 43.0 73.0 
Livestock 0.7 0.5 1.2 0.2 1.2 1.4 0.2 1.4 1.6 0.2 1.4 1.6 
Basin Total Water 58.2 61.4 119.6 36.4 80.7 117.1 37.5 93.7 131.2 38.1 109.2 147.3 

,; Pop.llation in thousands of ~sons, water requiramnts in thousands of acre-feet ~ year 

2020 2030 

"""""" : Surface """"' Surface 
Watec ' watec To<cal Watec Watec To<cal 

70.4 79.1 
7.8 6.8 14.6 8.8 7.6 16.4 
0.0 76.5 76.5 0.0 98.2 98.2 
0.0 0.0 0.0 0.0 0.0 0.0 
1.0 0.0 1.0 1.1 0.0 1.1 

30.0 43.0 73.0 30.0 43.0 73.0 
0.2 1.4 1.6 0.2 1.4 1.6 

39.0 127.7 166.7 40.1 150.2 190.3 



capita water use. Water requirements in the Lavaca­
Guadalupe Coastal Basin are projected to increase from 
the 1980 level of 5.4 thousand acre-feet by a projected 
maximum of 107 percent by the year 2000. In the year 
2030, water requirements are projected to range from 
10.1 to 16.4 thousand acre-feet. Calhoun County is 
expected to account for over half of the water 
requirements. 

Industrial 

Manufacturing water requirements in 1980 were 
14.2 thousand acre-feet in the Lavaca-Guadalupe Coastal 
Basin. Projections of future water requirements for manu­
facturing purposes were made by decade and for a low and 
high case for each industrial group. In 1980, over 90 
percent of total manufacturing water use was concentrated 
in five industrial groups: chemicals, petroleum refining, 
primary metals, paper products, and food products. 
Because of this concentration, careful attention was given 
to the future growth outlook for these industries in making 
the projections. 

Manufacturing water requirements in the Lavaca­
Guadalupe Coastal Basin are projected to increase more 
than six times by the year 2030, to a potential high of98.2 
thousand acre-feet by 2030 {high case). 

Manufacturing water requirements in the Lavaca­
Guadalupe Coastal Basin are projected to grow 592 per­
cent by the year 2030 (compared to the State average of 
230 percent over the same period). 

Almost all of the in-basin industrial water use in 1980 
occurred in Calhoun County. This concentration of water 
requirement in Calhoun County is not expected to change 
over the projection period. In 2030, manufacturing of 
industrial organic chemicals is expected to account for 
almost all of Calhoun County's projected requirements. 

Steam-Electric Power Generation 

Currently, there are no plans forinstallation of steam­
electric power generation plants in the basin. 

Agriculture 

Irrigation 

Irrigation water requirements were projected for two 
cases of change based on improvements in on-farm appli­
cation efficiencies, reduction in ditch losses, changes in 

future resource costs and crop prices, and corresponding 
changes in cropping patterns to reflect more profitable 
crops. A low case projects demand for water based on the 
effects of changes in the above variables but with irrigated 
acreage held constant at 1980 levels in each zone for each 
future time period; a high case projects demand for water 
for irrigation constrained only by the requirement that 
irrigated fanning produce a net positive return in excess of 
that possible from dryland farming and the requirement 
not to exceed the amount of irrigable soil in each zone. 
Thus, the projections of demand, low and high cases, based 
on the irrigation efficiency and market conditions men­
tioned above, give an estimate of the quantity of water 
needed for irrigation in each zone, at each decadal point 
for which projections were made. These projections of 
demand are compared to the projected supply of water 
locally available. When projected demand exceeds pro­
jected supply, the difference is a measure of shortage at that 
point in time. 

Irrigation water requirements in the Lavaca­
Guadalupe Coastal Basin are projected to decrease from 
the 1980 level of 98.1 thousand acre-feet by a projected 
maximum 26 percent by the year 2000 in the high case 
and in the low case. In the year 2030, water requirements 
in the basin are projected to be about 73.0 thousand 
acre-feet annually in the low and high cases to irrigate 
about 27.4 thousand acres. 

Livestoci< 

Livestock water requirements within the basin are 
projected to increase from 1. 2 thousand acre-feet in 1980 
to 1.6 thousand acre-feet annually in 2030. 

Mining 

Mining water requirements in the Lavaca-Guadalupe 
Coastal Basin are projected to total1.1 thousand acre-feet 
in the year 2030. Nonmetal mining water use, as a share of 
total basin requirements, is projected to increase. while 
water use in the recovery of crude petroleum and natural 
gas is expected to decline as the potential quantities avail­
able for production decrease throughout the planning 
period. 

Navigation 

There are presendy no authorized improvements or 
modifications of existing coastal navigation facilities in the 
basin other than authorized maintenance dredging of the 
Gulf Intracoastal Waterway. There are presently no 
requirements for regulated freshwater releases for naviga­
tion in the basin, and none are projected. 
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Hydroelectric Power 

Currently, there are no plans to install hydroelectric 
power generating facilities in the Lavaca-Guadalupe Coas­
tal Basin. 

WATER SUPPLY PROJECTS AND 
MEASURES TO MEET FUTURE 

BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

The approximate annual ground-water yield within 
the Lavaca-Guadalupe Coastal Basin through the year 
2030 is 48.0 thousand acre-feet. This amount of annual 
ground-water supply is from the Gulf Coast Aquifer which 
is the only fresh to slightly saline water-bearing formation 
within the basin. 

The projected annual ground-water use within the 
Lavaca-Guadalupe Coastal Basin by decade from 1990 
through 2030 is expected to be from 36.4 to 40.1 thou­
sand acre-feet per year (Table lll-17-2). The approximate 
average annual projected ground-water use within the 
basin is expected to be about 38.2 thousand acre-feet per 
year. 

Surface-Water Availability 
and Proposed Development 

The Lavaca-Guadalupe Coastal Basin has projected 
water needs slightly in excess of projected water supplies in 
each decade from 1990 through 2030 (Table lll-17-3, 
Figure lll-1 7-2). Shortages of 4. 7 thousand acre-feet are 
projected to occur in the irrigation water demands through 
the year 2030. This irrigation shortage results from limited 
ground-water supplies. Sufficient water is projected to be 
available for all other purposes in the basin through the year 
2030, if surface water continues to be imported to the 
basin from the Guadalupe and San Antonio River Basins. 
In 2000 and 2030, this import is projected to be 86.7 
thousand and 143.2 thousand acre-feet per year, 
respectively. 

No major reservoirs are proposed for construction in 
this coastal basin. Future surface-water needs can be fully 

met through the development of water resources in the San 
Antonio and Guadalupe River Basins and the diversion of a 
portion of these waters through existing and potential con­
veyance facilities. 

Water Quality Protection 

A water quality management plan for the Lavaca­
Guadalupe Coastal Basin has been developed pursuant to 
the requirements of federal and State Clean Water legisla­
tion. The plan serves as a basic element in the State's 
overall water quality strategy and provides guidance in 
establishing priorities for construction grants for waste 
treatment facilities, permitting of wastewater facilities, 
revision of stream standards, and other program activities. 

Construction costs associated with municipal waste­
water treatment facilities needs have been estimated to be 
approximately Jl15.6 million for the planning period of 
1980 to the year 2000. These costs are estimated for the 
entire Lavaca-Guadalupe Coastal Basin in January 1980 
dollars and are subject to revision as new data become 
available. The list of projects, with project costs for 1982-
1989, at 1980 prices, are shown in Appendix B. 

Additional water quality management costs, such as 
for control of agricultural, oil and gas, and industrial pollu­
tants, cannot be estimated at this time, but are believed to 
be increasing. 

Flood Control Measures 
Existing structural flood-control measures consist of 

local projects to protect agricultural lands and improve 
drainage. Urban developments in the basin subject to hur­
ricane tidal flooding will continue to be studied by the U.S. 
Army Corps of Engineers to determine the feasibility of 
providing flood protection. Construction of any economi­
cally feasible project will depend upon Congressional 
appropriations and the ability of local sponsors to contrib­
ute their share of project costs. 

There are no U.S. Soil Conservation Service 
floodwater-retarding structures in the basin, however 48 
miles of channel work has been completed. 

Nonstructural measures such as zoning and minimum 
building standards will continue to assist in minimizing 
future flood damages. 
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Table 111-17-3. Water Resources of the Lavaca-Guadalupe Coastal Basin, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Basin Basin Flow Import Total --- Basin Basin Export Total M&I (Shor~e) Total 

1990 
Ground Water 36.4 - - - 36.4 36.4 - - 36.4 .0 .0 .0 
Surface Water .0 - .0 73.9 73.9 78.6 - .0 78.6 .0 (4.7) ( 4.7) 
Total 36.4 - .0 73.9 110.3 115.0 - .0 115.0 .0 ( 4.7) (4.7) 

2000 
Ground Water 37.5 - - - 37.5 37.5 - - 37.5 .0 .0 .0 
Surface Water .0 - .0 86.7 86.7 91.4 - .0 91.4 .0 (4.7) (4.7) 
Total 37.5 - .0 86.7 124.2 128.9 - .0 128.9 .0 (4.7) ( 4.7) 

-
' 

2010 
.... Ground Water 38.1 - - - 38.1 38.1 - - 38.1 .0 .0 .0 _, 
' Surface Water .0 .0 102.2 102.2 106.9 .0 106.9 .0 (4.7) (4.7) 00 - -

Total 38.1 - .0 102.2 140.3 145.0 - .0 145.0 .0 (4.7) (4.7) 

2020 
Ground Water 39.0 - - - 39.0 39.0 - - 39.0 .0 .0 .0 
Surface Water .0 - .0 120.7 120.7 125.4 - .0 125.4 .0 (4.7) (4.7) 
Total 39.0 - .0 120.7 159.7 164.4 - .0 164.4 .0 (4.7) (4.7) 

2030 
Ground Water 40.1 - - - 40.1 40.1 - - 40.1 .0 .0 .0 
Surface Water .0 - .0 143.2 143.2 147.9 - .0 147.9 .0 (4.7) ( 4.7) 
Total 40.1 - .0 143.2 183.3 188.0 - .0 188.0 .0 (4.7) (4.7) 

t Units in thousands of acre-feet per year. Water demands are for the "high., case. Tabulated surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 
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18. GUADALIWE RIVER BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physical Description 

The Guadalupe River Basin is bounded on the north by 
the Colorado River Basin, on the east by the Lavaca River 
Basin and Lavaca-Guadalupe Coastal Basin, and on the 
west and south by the Nueces and San Antonio River 
Basins. Total basin drainage area is 6,070 square miles. 
Headwaters of the Guadalupe River form in southwestern 
Kerr County at an elevation of approximately 2,360 feet. 
The river flows easterly to Gonzales and then southeasterly 
into Guadalupe Bay, part of the San Antonio Bay system. 
The Blanco and San Marcos Rivers are the principal tribu­
taries of the Guadalupe River. For planning purposes, the 
Guadalupe River Basin has been divided into two zones 
(Figure Ili-1S-1 ). 

Surface Water 

The average annual runoff in the southern part of the 
basin during the period 1941-70 was 178 acre-feet per 
square mile. In the northeastern part ofthe basin, average 
annual runoff during the period 1960-71 was 236 acre­
feet per square mile. West of Comfort, the average annual 
runoff was 123 acre-feet per square mile for the period 
1940-71. The lowest runoff rate during the 1941-70 
period was 22 acre-feet per square mile in 1956. Low 
runoff rates occurred during the droughts of 1950-56 and 
1960-64, when average runoff was S4 and 88 acre-feet 
per square mile, respectively. 

The Balcones Fault Zone, which crosses the basin in 
Hays and Coma! Counties, is the dividing line between 
distinctly different flood-plain characteristics. Above the 
fault zone in the Edwards Plateau Region, stream slopes 
are steep, channels are narrow, and runoff is rapid from the 
sparsely vegetated, shallow, rocky soils. In the Coastal 
Plain below New Braunfels, the topography is gently rolling 
with wide, shallow flood plains. Deep soils, wooded terrain, 
and highly cultivated areas retard runoff of floodwaters. As 
the sharp-crested, high-velocity floods cross the fault zone 
and enter the coastal plain, peai{S and velocities diminish 
rapidly. 

Devastating floods are a perennial threat to this basin 
during the hurricane season, which extends from early 
June through the end of November. All of the basin is 
subject to widespread flooding from torrential rains that 

often accompany the invasion of a hurricane or tropical 
storm from the Gulf of Mexico. 

Concentrations of dissolved solids in the upper part of 
the Guadalupe River Basin are generally less than 500 
milligrams per liter(mg/1). Canyon Reservoir, on the main 
stem of the Guadalupe River, has dissolved-solids concen­
trations ranging from less than 200 mg/1 to about 325 
mg/1. Low flows of several streams in the lower part of the 
basin, particularly Peach Creek and Sandies Creek, con­
tain relatively high concentrations of dissolved solids; how­
ever, floodflows are of good quality and the long-term 
discharge-weighted average dissolved-solids concentra­
tion of the Guadalupe River at Victoria is less than 300 
mg/1. 

Ground Water 

The Edwards-Trinity (Plateau) Aquifer occurs in a 
small area in the northern part of the Guadalupe River 
Basin. Total thickness ranges up to about 500 feet. Most 
existing wells have low yields, but well yields of 250 to 500 
gallons per minute (gpm) are possible where there is suffi­
cient saturation in the limestones. The quality of water in 
the aquifer is good, generally containing less than 500 
mg/1 total dissolved solids. 

The Trinity Group Aquifer also occurs in a small area 
in the northern part of the Guadalupe River Basin. Well 
yields range up to about 100 gpm. Water in the aquifer is 
generally fresh. 

The Edwards (Balcones Fault Zone) Aquifer extends 
across Comal and Hays Counties in the north-central part 
of the Guadalupe River Basin. Thickness ranges from 400 
to 500 feet. Yields of large-capacity wells average 1,500 
gpm, but locally wells produce up to 3,000 gpm. Water in 
the aquifer generally contains less than 500 mg/1 totai 
dissolved solids. 

The Carrizo-Wilcox Aquifer occurs in the central part 
of the Guadalupe River Basin. To b.! thickness ranges up to 
more than 2,000 feet. Yields ofhigh-capacitywells average 
500 gpm, but locally reach 1,500 gpm. Water in the aqui­
fer generally contains less than 1,000 mg/1 total dissolved 
solids. 

The Gulf Coast Aquifer occurs over the entire southern 
part of the basin. The aquifer extends to a maximum depth 
of about 1,600 feet. Yields of large-capacity wells average 
500 gpm, but locally reach 1,500 gpm. The water gener­
ally contains less than 1,000 mg/1 total dissolved solids. 
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The Hickory Sandstone Aquifer occurs in a small area 
along the northern edge of the upper part of the Guadalupe 
River Basin. Total thickness averages about 400 feet. Only 
the down dip part of the aquifer extends into the Guadalupe 
River Basin. Few wells penetrate the Hickory Sandstone 
Aquifer in the basin, but in adjacent basins well yields 
range from 200 to 1,500 gpm. Water in the aquifer varies 
widely, containing from less than 3,000 to 10,000 mg/1 
total dissolved solids. 

The Ellenburger-San Saba Aquifer also occurs along 
the northern edge of the Guadalupe River Basin. Only the 
most downdip portion of the aquifer extends into the 
Guadalupe River Basin. No wells are known to penetrate 
the aquifer in the basin; however, in adjacent basins the 
total thickness ranges up to about 1,000 feet and yields of 
large-capacity wells range up to 1,000 gpm. 

The Queen City Aquifer occurs in a narrow band 
across the middle part of the Guadalupe River Basin. The 
aquifer has a maximum thickness of about 400 feet. Yields 
oflarge-capacity wells are generally less than 200 gpm, but 
locally reach a maximum of about 400 gpm. Water in the 
aquifer varies widely, containing from less than 1,000 to as 
much as 3,000 mg/1 total dissolved solids. 

The Sparta Aquifer occurs in a narrow band across the 
middle part of the Guadalupe River Basin. Maximum 
thickness is approximately 100 feet. Yields of most wells 
are less than 100 gpm, but properly constructed wells 
could produce higher yields. Water in the aquifer contains 
from less than 1,000 to about 3,000 mg/1 total dissolved 
solids. 

Over pumpage of the Trinity Group Aquifer in Coma! 
and Hays Counties can cause gradual deterioration of 
ground-water quality because of saline-water encroach­
ment. The same condition is true for the Carrizo-\Vilcox 
Aquifer in eastern \Vilson, northern Karnes, southern and 
eastern Gonzales, and western Fayette Counties within the 
basin. Saline-water encroachment adjacent to the down­
dip extents of these aquifers, as well as the Queen City and 
Sparta Aquifers, can be controlled by proper well location, 
completion, and pumpage. 

The potential for saline-water encroachment may be 
very great in the Edwards ( Balcones Fault Zone) Aquifer 
within the basin. Since the aquifer is composed of fractured 
and faulted limestones with locally unpredictable second­
ary porosity and permeability, it is impossible to define or 
predict with any accuracy the aquifer's flow system on a 
local basis. Of great importance is the aquifer's regional 
flow system which generally consists of major natural 
recharge (inflow) in the Nueces River Basin, movement of 
water in the subsurface artesian zone northeastward 

beneath the Nueces and San Antonio River Basins, and 
major natural discharge (outflow) of water at Coma! and 
San Marcos Springs in the Guadalupe River Basin. At the 
aquifer's downdip extent under natural conditions, 
ground-water quality deteriorates rapidly across the fresh­
saline water interface. Therefore, a very large amount of 
saline waters occurs immediately adjacent to and southeast 
of the fresh water-bearing deposits of the aquifer. During 
the drought of the 1950's when water level elevations were 
at historical lows and when amounts of ground-water with­
drawals from the aquifer were large, no significant saline­
water encroachment was detected. However, what will 
happen to the aquifer's water quality if water level eleva­
tions are lowered below the levels of the 1950's? Consider­
ing the aquifer's regional flow system, an extreme lowering 
of water levels below the 1950's level in the Nueces, San 
Antonio, and Guadalupe River Basins may cause a signifi­
cantly large invasion of saline water which may contami­
nate not only the municipal, industrial, and irrigation 
freshwater supplies but also any reduced flows at Coma!, 
San Marcos, and other springs which are located near the 
fresh-saline water interface of the aquifer. 

In areas immediately adjacent to the Coast in Victoria 
County, freshwater deposits of the Gulf Coast Aquifer are 
surrounded by extensive deposits containing saline waters. 
The potential for saline-water encroachment is very great, 
but can be controlled by proper well location, completion, 
and pumpage. 

Population and Economic Development 

The 1980 population of the Guadalupe River Basin 
was reported to be 243.4 thousand. Victoria is the largest 
population center in the basin, with an in-basin population 
of 40 thousand, followed by San Marcos, New Braunfels, 
and Seguin. 

The basin economy is fairly diversified. Oil and gas are 
produced in most counties, as well as sand, gravel, and 
clay. The area is heavily agricultural, primarily livestock 
and dairy products. 

Water Usc 

Municipal water use in the Guadalupe River Basin 
totaled 44.3 thousand acre-feet in 1980. Forty-eight per­
cent was used in Zone 1 and 52 percent was used in Zone 
2. Twenty-five percent of the total municipal freshwater 
use was in rural areas or in cities ofless than 1,000 popula­
tion. Cities using significant portions of the total use were 
New Braunfels, San Marcos, Kerrville, Seguin, and Victo­
ria. Victoria used 14 percent of the total basin use. 
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In 1980, manufacturing industries used 41.5 thou­
sand acre-feet of freshwater. Most of the freshwater use ( 88 
percent) originated in the lowerpartofthe basin (Zone 2). 
Manufacturers of chemicals are the predominant users of 
water in Zone 2, and textile product manufacturers use 
relatively large quantities of water in Zone 1. 

In 1980, there was 1,036 megawatts of installed 
steam-electric generating capacity in the Guadalupe River 
Basin. These power plants withdrew 2.2 thousand acre­
feet of ground-water and consumed 18.4 thousand acre­
feet of surface water (including 9.9 thousand acre-fe'et of 
estimated net evaporation). All plants are located in Zone 
2. 

A total of about 10.5 thousand acres was irrigated in 
the Guadalupe River Basin with about 10.7 thousand acre­
feet of water in 1980. About 4.6 thousand acres was irri­
gated with ground water, and 5.9 thousand acres was 
irrigated with surface water. Zone 1 required 3.1 thousand 
acre-feet of water in 1980, while Zone 2 used 7.6 thou­
sand acre-feet. About 4.5 thousand acre-feet of surface 
water was applied in Zone 2 of the basin. Most of the Zone 
1 acreage is in scattered farms and fields along spring-fed 
streams of the Edwards Plateau area. 

Mining industries in the Guadalupe River Basin used 
an estimated 1.1 thousand acre-feet of freshwater in 1980. 
Nonmetal mining operations (e.g., sand and gravel) 
accounted for almost all of the mining use in the basin, with 
Coma! and Victoria Counties using approximately 99 per­
cent of the total basin mining freshwater. 

Livestock water use in the basin in 1980 totaled 9.0 
thousand acre-feet, with 4.8 thousand acre-feet being sur­
face water and 4.2 thousand acre-feet ground water. Zone 
1 supplied 1.3 thousand acre-feet in 1980 from ground­
water sources. Livestock water use in Zone 2 was 7.4 
thousand acre-feet, with surface water supplying 4. 5 thou­
sand acre-feet and ground water 2.9 thousand acre-feet. 

The upper portion of the Victoria Barge Canal and the 
turning basin are located in the Guadalupe River Basin. 
The canal which extends from the Gulflntracoastal Water­
way through the Lavaca-Guadalupe Coastal Basin requires 
approximately 7 thousand acre-feet per year of freshwater 
for periodic flushing and maintenance. Rainfall and local­
ized runoff provides a substantial amount of freshwater to 
the barge canal. This inflow is generally sufficient to meet 
the flushing need. 

There is 16.1 megawatts of hydroelectric generating 
capacity in the Guadalupe River Basin. These turbines are 
installed in a series of small impoundments located on the 
main stem in the reach between Canyon Dam and Victoria; 

specifically, Lake Dunlap ( 3.6 megawatts), Lake Mc­
Queeny (2.8 megawatts), Lake Placid (2.4 megawatts), 
Nolte (2.5 megawatts), H-4 Dam (2.4 megawatts), and 
H-5 Dam (2.4 megawatts). Other small unitsatCueroand 
Gonzales are now being reactivated. 

Return Flows 

In 1980, municipal and manufacturing return flows 
in the Guadalupe River Basin totaled 44.1 thousand acre­
feet. Return flows from Victoria County alone totaled 26 
thousand acre-feet, of which nearly 18.2 thousand acre­
feet was from industrial sources. 

Irrigation return flows in 1980 totaled approximately 
200 acre-feet in Zone 1. In Zone 2, irrigation return flows 
in 1980 totaled about 1.0 thousand acre-feet. Return 
flows from irrigation are reused in the lower part of the 
basin. 

Current Ground-Water Development 

In 1980, approximately 51.6 thousand acre-feet of 
ground water was used in the Guadalupe River Basin. Of 
this amount, 26.1 thousand acre-feet was used in Zone 1, 
and 25.5 thousand acre-feetinZone 2. In Zone 1 in 1980, 
about 6 7 percent was used from the Edwards ( Balcones 
Fault Zone) Aquifer, about 20 percent from the Edwards­
Trinity (Plateau) Aquifer, and about 12 percent from the 
Trinity Group Aquifer. In Zone 2, about 68 percent ofthe 
ground water used was from the Gulf Coast Aquifer, and 
about 27 percent was from the Carrizo-Wilcox Aquifer. 

Of the 51.6 thousand acre-feet of ground water used 
in the basin, approximately 35.8 thousand acre-feet or 69 
percent was used for municipal purposes. 

In 1980, no overdraft of ground water was evident in 
Zone 1. However, in Zone 2, overdrafts occurred in 
Fayette and Victoria Counties due to withdrawals of ground 
water from the Gulf Coast Aquifer, primarily for municipal 
purposes. 

Current Surface-Water Development 

Canyon Lake, located in Coma! County on the Guad­
alupe River, is a multipurpose project, providing flood 
control, water conservation and supply, and recreation. 
The project was constructed and is operated by the U.S. 
Army Corps of Engineers. The Guadalupe-Blanco River 
Authority (GBRA) has acquired the conservation storage 
(386.2 thousand acre-feet) in the project and currently 
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holds a permit from the Texas Water Rights Commission to 
divert up to 50 thousand acre-feet of water annually from 
the reservoir. 

The six small hydroelectric power dams in Zone 2 on 
the Guadalupe River between New Braunfels and the con­
fluence with the San Marcos River are owned and operated 
by the GBRA. Three of these projects, McQueeney, Dunlap 
and H -4, have storage capacities greater than 5,000 acre­
feet. Releases of water from flood-control storage in 
Canyon Lake, runoff below Canyon Lake, and flows from 
Comal Springs provide water for hydroelectric power gen­
eration at these facilities. No releases are m3.de from con­
servation storage in Canyon Lake for hydroelectric 
purposes. Supplies from the lower basin (Zone 2) are 
presently diverted to the adjacent Lavaca-Guadalupe 
Coastal Basin through the GBRA Calhoun County Canal 
System under existing permits. 

The GBRA operates Coleto Creek Reservoir, located 
in Victoria and Goliad Counties, as a cooling pond for the 
steam-electric plant being constructed by Central Power 
and Light Company. The reservoir contains approximately 
35,000 acre-feet of storage at normal elevation. !tis antic­
ipated as the power plant expands, a channel dam will be 
constructed across the Guadalupe River to divert releases 
from Canyon Reservoir. 

Also, the GBRA operates a salt-water barrier located 
below the confluence of the San Antonio and Guadalupe 
Rivers. This dam prevents salt-water intrusion upstream 
and allows diversion of river flows into the Calhoun Canal 
System. Consequently, the dam is important to basin 
development and operation. 

Water Rights 

The total amount of surface water authorized or 
claimed for diversion and use in the Guadalupe River Basin 
was 11,874,970 acre-feet as of December 31, 1983 
(Table 111-18-1). Zone 2 accounted for over 94 percent of 
total basin rights including almost 10.3 million acre-feet 
to be used for hydroelectric use. Of the basin total, hydro­
electric uses were 90 percent (Table 111-18-2). Hydro­
electric power is generated by run-of-the-river water or 
water released from reservoir storage for other downstream 
uses. Hydroelectric use is nonconsumptive and the figure 
attributed to hydroelectric use is obtained by accumulating 
the use of water through each successive hydroelectric 
plant. 

Water Quality 

The Guadalupe River Basin is characterized by gener­
ally high quality water throughout; however, localized 

problems occur. Between New Braunfels and Gonzales, 
the Guadalupe River experiences prolific growths of rooted 
aquatic vegetation. Because of the intensity of recreational 
development in the area and use of Guadalupe River flows 
for domestic water supply, this problem is being closely 
monitored by the Texas Department of Water Resources. 

Table 111-18-1. Authorized or ClaimedAmountofWater, 
by Type of Right, Guadalupe River Basin I 

Acrc-l<~cct 

Type of Number Authorized 
Authorizution of ltillhts and Claimed 

Permits 110 10.065.626 
Claims 141 202.966 
Certified Filings 26 1,597.182 
Certificates of 

Adjudication 148 9.197 

Total Authorizations 
and Claims 425 11,874,970 

1Thc Tcx:1s Wntcr H.i)!hts Adjudicntion Act of 1967 authorizes the Texas Dcp:lrt­
mcnt of \Vater Resources to invcsti)!:uc and determine, \\ith the Court's approval. 
the nnturc nnd measure ofwntcr ril!hts for all authorized diversions from surface­
water streams or portions thereof except domestic :md livcstocll uses :md to 
monitor :md 11dministcr each adjudicated wmcr ril!ht. These totals incorporate 
the results of watcr-ri)!hts adjudication in the basin ns of December .11. 1983, 
Certified FilinJ!s arc declarations of appropriation which were filed with the Stntc 
Board of Water En)!inccrs under the provisions of Section 14, Chapter 171, 
Gcncml Luws, Acts of the .)Jrd LcJ!islaturc, 1913. :1s nmcndcd. l'cnnil~ arc 
statuto!)' appropriative riJ!}Us which hm·c been issued by the Texas Water Com­
mission or its predecessor uJ!cncics. Claims nrc sworn st:ltcmcnts of historical 
uses to be adjudicated in accordance with the Texas Wntcr Ril!hts Adjudication 
Act. A Certificate of Adjudication is the finn! rcsultaftcrreco)!niticm ofn mlid ri~ht 
in the :1djudic:1tion process. and is hnscd on n pcnnit, certified filin)!, or claim or 
any combinntion of the three. 

Table 111-18-2. Authorized or Claimed Amount 
of Water, by Type of Usc and Zone, 
in Acre-Feet, Guadalupe River Basin 

Number 
Type of of 

U!ic Rights Zone 1 Zone 2 Torol 

Municipal 31 41,325 12,163 53,488 
Industrinl 23 160.936 811.931 972,867 
Irrigation2 335 13.106 101.435 114,541 
Mining 5 1,353 60 1.413 
1-Iydroelectrie 8 470,580 10,251.431 10,722,011 
Recreation 48 8.399 2,251 10.650 

Total 4251 695.699 11,179,271 11.874.970 

I Docs not sum due to multipurpose "riJ!hts", which may he applied to more tlwn 
one type of usc. 

ZDocs not include an authorized diversion of 9,676 ucrc-fcct/ycar from a saline 
source, 
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Flooding, Drainage, and Subsidence 

Floods in the Guadalupe River Basin over the past 10 
years have been extremely damaging. Although numerous 
floods occurred prior to 1965, the only reliable estimates 
of flood damages are for the 1957 flood. Basin-wide flood 
damages to agriculture were estimated to be in excess of $3 
million, and nonagricultural damages exceeded $160 
thousand. 

In May 1965, a flood on the Guadalupe River caused 
$932 thousand in agricultural damages from New Braun­
fels downstream to the mouth of the river. Nonagricultural 
damages were heavy in Gonzales and Victoria. Total esti­
mated nonagricultural damages were ll82 thousand. 

The floods of 1967 and 1968 caused extensive dam­
age in the lower Guadalupe River Basin from Gonzales to 
the Coast, with an estimated $4.9 million in total damages. 

The May 1972 flood was the most devastating flood of 
record in the Guadalupe River Basin. The flood caused an 
estimated $4.1 million in damages to nonagricultural 
properties outside of urban areas. New Braunfels suffered 
severe urban damages estimated to have exceeded $9.1 
million. Total combined damages from the 1972 flood 
were estimated as approximately $14.7 million. 

Floods in 1973 and 1975 caused total estimated dam­
ages near $5.8 million. 

Hurricane flood damages in the lower basin have 
resulted in two Presidential disaster declarations. Victoria 
County was one of 14 counties included in the disaster 
declaration as a consequence of Hurricane Carla in 1961. 
Heavy damage from Hurricane Beulah in 196 7 necessi­
tated that DeWitt, Victoria, and Gonzales Counties be 
included in a 26-county disaster declaration. Other areas 
within the Guadalupe River Basin which were declared 
disaster areas by the President due to flooding included 
Hays County in May 1970 and Caldwell, Coma!, Gonzales, 
Guadalupe, and Hays Counties in May 1972. 

Tropical Storm Amelia, in August 1978, produced 
record flood levels on many streams in the upper basin. A 
Presidential disaster declaration brought more than $3.1 
million in federal relief. Fifty-six flood insurance claims 
were filed for $378 thousand in flood damages. During 
1981, major flooding in San Marcos pushed basin flood 
insurance claims to 197 for a total of $2.1 million in flood 
damages. 

The Federal Emergency Management Agency has 
designated 17 cities as having one or more flood-prone 

areas within their respective boundaries. Urgent need for 
flood insurance coverage has led to 15 cities adopting 
flood-plain management standards for participation in the 
National Flood Insurance Program. Eight counties have 
also chosen to participate in the program. Detailed flood 
insurance rate studies have been completed for 12 basin 
cities and 4 counties. All are participants in the Regular 
Phase. A study for Caldwell County is nearing completion. 
-Flood-plain maps showing areas subject to inundation by 
the 1 00-year flood are available for the incorporated cities. 
Work is underway to identify and map the flood plain in the 
unincorporated areas of the county. Detailed flood maps 
with expected 100-year flood surface elevations are avail­
able in areas where flood insurance studies have been 
completed. 

Drainage problems in the Guadalupe River Basin are 
confined largely to the Rio Grande Plain and the Coastal 
Prairie land-resource areas. The Rio Grande Plain is char­
acterized by poorly defined channels which do not have 
sufficient capacities to carry large volumes of storm runoff. 
The flat topography of the Coastal Prairie and relatively 
impermeable soils make artificial surface channels neces­
sary to remove excess rainfall. 

The amount and distribution of subsidence in the 
coastal areas of the Guadalupe River Basin are unknown. 
The potential for subsidence and active faulting in the Kay 
Creek and McFaddin North Oil Fields exists in southern 
Victoria County. However, the subsidence associated with 
petroleum and related saline-water withdrawals in these 
fields is probably less than 0.5 foot. 

Recreation Resources 

Canyon Lake, with 8.2 thousand surface acres, is the 
only major reservoir in Zone 1, but it provides 64 percent 
of the total surface area in the Guadalupe River Basin 
available for flat-water recreation purposes. Lake Dunlap 
( 400 surface acres), Lake McQueeney ( 400 surface 
acres), and H-4 Lake (700 surface acres), all in Zone 2, 
provide additional flat-water recreation opportunities. The 
Corps of Engineers reported over 1.3 million visitors at 
Canyon Lake in 1980. The Corps manages seven parks 
totaling 1,401 land acres adjacent to the lake. The 
recently completed Coleta Creek Lake will provide 3.1 
thousand acres for flat-water recreation in Zone 2. In 
addition to the flat-water recreation opportunities avail­
able in the basin, canoeing on the Guadalupe River is a very 
popular recreation activity in the basin. The extensive 
recreation opportunities available by developments at 
Coma! Springs and San Marcos Springs are virtually unique 
in Texas. 
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PROJECTED WATER REQUIREMENTS 

Population Growth 

Population of the Guadalupe River Basin is expected 
to more than double between 1980 and 2030 (Table 
111-18-3 ). A 56 percent rise is projected between 1980 
and 2000, and 58 percent between 2000 and 2030. 

Although Victoria County has the largest percentage of 
the total basin population and is expected to double in size, 
its share of the basin population should drop slightly. The 
largest increase, an estimated 357 percent, should occur 
in Hays County, the second most populous county in the 
basin in 1980. By 2030, it should be the most populous, 
with 25.1 percent of the basin population. 

Water Requirements 

Municipal 

Municipal water requirements are projected for two 
cases of future growth based on both population and per 
capita water use. Water requirements in the Guadalupe 
River Basin are projected to increase from the 1980 level of 
44.3 thousand acre-feet by a projected maximum of 97 
percent by the year 2000. In the year 2030, water require­
ments are projected to range from83.9 to 139.3 thousand 
acre-feet. Zone 1 is projected to account for 52 to 54 
percent of total basin municipal requirements in 2000; in 
2030, Zone 1 is projected to account for 57 to 59 percent 
of the total. 

A range of 27.5 to 40.1 thousand acre-feet of munici­
pal water requirements is projected in Zone 2 by 2000. 

Industrial 

Manufacturing water requirements in 1980 were 
41.5 thousand acre-feet in the Guadalupe River Basin. 
Projections of future water requirements for manufactur­
ing purposes were made by decade. Low and high case 
projections were made for each industrial group. In 1980, 
over 90 percent of total manufacturing water use was 
concentrated in five industrial groups: chemicals, petro­
leum refining, primary metals, paper products, and food 
products. Because of this concentration, careful attention 
was given to the future growth outlool< for these industries 
in maldng the projections. 

Manufacturing water requirements in the Guadalupe 
River Basin are projected to increase more than four times 

by the year2030, to a potential high of 205.7 thousand 
acre-feet. The rate of change project~d for manufacturing 
freshwater requirements in the Guadalupe River Basin is 
396 percent, compared to 230 percent for the State by the 
year 2030. 

In 1980, 88 percent of total basin manufacturing 
water use oCcurred in. Zone 2. Because of the iii crease in 
water requirements projected for Victoria County~ this fig­
ure should reach 93 percent by 2030. In 2030, the pro­
duction of industrial organic chemicals will dominate 
Victoria County's industrial freshwater requirements. 

Steam-Electric Power Generation 

Steam-electric power generating capacity in the 
Guadalupe River Basin is projected to expand rapidly by 53 
percent to the year 2000, and then expand more slowly 
between 2000 and 2030. One of the major projects in the 
basin is the Coleta Creek coal-fired plant near Victoria, 
which will have an ultimate capacity of 1,100 megawatts. 
Unit Number 2 of the Coleto Creek Power Station with a 
capacity of 720 megawatts is scheduled for commercial 
operation in 1990. 

The projections show that water consumption will 
approach 31.6 thousand acre-feet annually by the year 
2000. By 2030, water consumption is projected 1o be 37 
thousand acre-feet annually (Table III-18-3). 

Agriculture 

Irrigation 

Irrigation water requirements were projected for two 
~ases of change based on improvements in on-farm appli­
c_ation efficiencies, reduction in ditch losses, changes in 
future resource costs and crop prices, and corresponding 
changes in cropping· patterns to reflect more profitable 
crops. A low case projects demand for water based on the 
effects of changes in the aboye variables, but with irrigated 
acreage held constant at 1980 levels in each zone·for each 
future time period; a high case projects the demand for 
water 'for- iffigation cOnstrained onlY- by ihe reqUirement 
that irrigated farming produce a net positive· return in 
excess of that possible from dryland farming and the 
requirement- ·not to exceed---the amOunt of irriga]:)ie: soil in 
each zone. Thus, the projections of demand, low and high 
cases, based on the irrigation efficiency and marketcondi­
tions ·-mentioned above, give an estimate· of the quantity of 
water ·n-eeded -for irrigatiori- in eaCh ·zori~ •. at each decadal 
Point' fof··Whibli- projec:tiOns JVere :-nia-de. These P~ojections 
of demalld are compared to the projected supply of water 
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Table III-18-3. Population, OJrrent water Use, With Projected Population and water REquirE'llellts, 199Q-203@/ 
G.ladalupe River Basin 

1980 ' 1990 ' 2000 ' 2010 2020 ' 2030 
River BaSin Zone : Graml : Surface ' "'"""" '""~ ' ' Graurl ' Surface : ' Graml '""~ ' """"' : Surface """"' : Surface 
& CateQxv of Use: Water ' Water ' Total Water ' Wat& ' To<al ' Wat& ' iiat& ' To<al ' Water ' Water ' To<al ' Wat& ' wat= ' Total ' water ' water To<al 

Z~1 
Population 102.5 145.2 194.4 246.9 290.7 333.7 
Municipal 20.3 0.9 21.2 26.2 8.1 34.3 34.9 12.1 47.0 31.5 28.5 60.0 33.6 37.5 71.1 36.1 45.7 81.8 
Manufacturing 2.4 2.7 5.1 2.1 3.9 6.0 2.9 4. 7 7.6 3.0 6.3 9.3 3.2 8. 7 11.9 3.4 l.l.5 14.9 
Steam Electric 0.0 o.o 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 
Mining 0.9 0.0 0.9 1.1 0.0 1.1 1.4 o.o 1.4 1.6 0.0 1.6 1.8 0.0 1.8 2.1 o.o 2.1 
Irrigation 1.2 1.9 3.1 0.2 2.3 2.5 0.3 2.2 2.5 0.2 2.4 2.6 0.2 2.4 2.6 0.2 2.4 2.6 
Livestock 1.3 0.3 1.6 1.6 0.3 1.9 1.7 0.4 2.1 1.7 0.4 2.1 1.7 0.4 2.1 1.7 0.4 2.1 
Zone Total Water 26.1 5.8 31.9 31.2 14.6 45.8 41.2 19.4 60.6 38.0 37.6 75.6 40.5 49.0 89.5 43.5 60.0 103.5 

"""2 
Pcp.Jlation 140.9 168.0 185.0 203.3 232.4 266.0 
Municipal 15.5 7.6 23.1 14.7 20.9 35.6 14.3 25.8 40.1 16.4 27.6 44.0 17.5 32.8 50.3 18.4 39.1 57.5 
Manufacturing 1.8 34.6 36.4 1.2 58.4 59.6 1.4 83.3 84.7 1.5 112.0 113.5 1.7 146.3 148.0 1.9 188.9 190.8 
Steam Electric 2.2 18.4 20.6 2.0 24.6 26.6 2.0 29.6 31.6 2.0 31.4 33.4 2.0 33.2 35.2 2.0 35.0 37.0 
Mining 0.0 0.2 0.2 0.1 0.3 0.4 0.2 0.3 0.5 0.1 0.4 0.5 0.1 0.4 0.5 0.0 0.5 0.5 
Irrigation 3.1 4.5 7.6 1.3 6.2 7.5 1.3 6.3 7.6 1.3 6.3 7.6 1.3 6.3 7.6 1.3 6.3 7.6 
Livestock 2.9 4.5 7.4 2. 7 6.0 8.7 2.8 7.2 10.0 2.8 7.2 10.0 2.5 7.5 10.0 2.6 7.4 10.0 
Zone Total Water 25.5 69.8 95.3 22.0 116.4 138.4 22.0 152.5 174.5 24.1 184.9 209.0 25.1 226.5 251.6 26.2 277.2 303.4 

.-.srn """'"'-' 
Population 243.4 313.2 379.4 450.2 523.1 599.7 
Municipal 35.8 8.5 44.3 40.9 29.0 69.9 49.2 37.9 87.1 47.9 56.1 104.0 51.1 70.3 121.4 54.5 84.8 139.3 
Manufacturing 4.2 37.3 41.5 3.3 62.3 65.6 4.3 88.0 92.3 4.5 118.3 122.8 4.9 155.0 159.9 5.3 200.4 205.7 
Steam Electric 2.2 18.4 20.6 2.0 24.6 26.6 2.0 29.6 31.6 2.0 31.4 33.4 2.0 33.2 35.2 2.0 35.0 37.0 
Mining 0.9 0.2 1.1 1.2 0.3 1.5 1.6 0.3 1.9 1.7 0.4 2.1 1.9 0.4 2.3 2.1 0.5 2.6 
Irrigatioo 4.3 6.4 10.7 1.5 8.5 10.0 1.6 8.5 10.1 1.5 8.7 10.2 1.5 8. 7 10.2 1.5 8. 7 10.2 
Livestock 4.2 4.8 9.0 4.3 6.3 10.6 4.5 7.6 12.1 4.5 7.6 12.1 4.2 7.9 12.1 4.3 7.8 12.1 
Zone Total Water 51.6 75.6 127.2 53.2 131.0 184.2 63.2 171.9 235.1 62.1 222.5 284.6 65.6 275.5 341.1 69.7 337.2 406.9 

:::: 
¥ Pop.l].ation in thousands of persons, water nquireneots in thousands of acre-feet per year. 
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locally available. When projected demand exceeds pro­
jected supply, the difference is a measure of shortage at that 
point in time. 

Irrigation water requirements in the Guadalupe River 
Basin are projected to decrease from the 1980 level of10. 7 
thousand acre-feet by a projected maximum 36 percent by 
the year 2000 in the high case. In the year 2030, water 
requirements in the basin are projected to be 10.2 thou­
sand acre-feet annually in the high case to irrigate about 
10.5 thousand acres. 

Zone 1 is projected to account for about 25 percent of 
total basin irrigation requirements in 2000 and 2030. 
Zone 2 is projected to account for about 7 5 percent of the 
total in the high case. 

In Zone 2, 7.6 thousand acre-feet of irrigation water 
requirements is projected in 2000 and 2030. 

Livcstocl< 

Livestoc]{ water needs in the basin are projected to 
increase from 9 thousand acre-feet in 1980 to 12.1 thou­
sand acre-feet by 2030. In Zone 1, livestock water uses 
required 18 percent of the basin total livestock water need 
in 1980. 

Mining 

Mining water use in the Guadalupe River Basin is 
projected to total 2.6 thousand acre-feet annually in the 
year 2030. Nonmetal mining requirements are expected 
to more than double by 2030. The remainder of the basin's 
mining freshwater requirements will be used in the recov­
ery of petroleum and natural gas. 

Navigation 

No additional freshwater requirement is anticipated 
for navigation other than that needed to maintain the 
Victoria Barge Canal. 

Hydroelectric Power 

Currently, there is 16.1 megawatts of installed capac­
ity in the Guadalupe River Basin, including several units 
which are being reactivated. A substantial addition of 
hydroelectric capacity is planned for the basin based on 
studies by the Guadalupe-Blanco River Authority in coop­
eration with the Guadalupe Valley Electric Cooperative, 
DeWitt County Electric Cooperative, and New Braunfels 

Utilities. A 6,070-kilowatt hydroelectric unit is proposed 
for installation at Canyon Dam, and eightlow-head hydro­
electric plants are proposed in Guadalupe, Gonzales, 
DeWitt, and Victoria Counties with an aggregate capacity 
of 13,070 kilowatts. These proposed hydroelectric plants 
will have no effect on Canyon Lake operations for water 
supply purposes and will have no effect on the flows of the 
Guadalupe River. 

Estuarine Freshwater Inflows 

The Guadalupe River discharges into the Guadalupe 
estuary. Gaged freshwater inflows to meet marsh inunda­
tion and salinity needs for the Subsistence Alternative are 
estimated at 1. 24 million acre-feet per year from the 
Guadalupe River Basin. In addition, 250 thousand acre­
feet per year of ungaged inflow from the basin is needed for 
this alternative level (Table III -18-4 ). The estimated 
annual inflows to maintain commercial fishery harvests in 
the estuary (Harvest Maintenance Alternative) at no less 
than the average 1962 through 1976 harvests total 1.62 
million acre-feet, with an additional 317 thousand acre­
feet needed from ungaged portions of the basin (Table 
III-18-4 ). It is also established that the Fisheries Harvest 
Enhancement Alternative objective of maximizing the 
shrimp production in the estuary requires volumes of water 
from the Guadalupe River Basin equal to the annual inflow 
limit set at the average annual gaged inflow for the period 
1941-1976. The gaged inflow need is approximately 1.8 
million acre-feet from the basin (Table III-18-4 ). The 
ungaged inflow is estimated at 353 thousand acre-feet 
annually from the Guadalupe River Basin. Since the esti­
mated inflow need equals the upper limit on inflow ana­
lyzed in this study, it is likely that additional freshwater 
inflow (consistent with salinity and marsh inundation lim­
its) will increase the predicted shrimp harvest. An esti­
mated 754 thousand acre-feet per year of gaged inflow 
from the Guadalupe River Basin is needed for the Biotic 
Species Viability Alternative in order to maintain salinities 
within the viability limits for organisms in the Guadalupe 
estuarine system (Table III-18-4 ). 

WATER SUPPLY PROJECTS 
AND MEASURES TO MEET FUTURE 

BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

The approximate annual ground-water yield within 
the Guadalupe River Basin to the year 2030 is 130.1 
thousand acre-feet with the following amounts annually 
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Table 111-18-4. Gaged River Inflow Needs of the 
Guadalupe Estuary Under Four Alternative 

Levels of Fisheries Productivity• 

Guadalupe River Basin• 

Fisheries Finfish Biotic 
Ecosystem Harvest Harvest Species 

Month Subsistence Maintenance Enhancement Viability 

January 86.4 116.4 279.6 42.8 
February 96.2 136.9 196.8 47.5 
March 80.3 111.6 156.5 56.2 
April 134.1 162.2 152.4 83.8 
May 138.1 255.8 240.6 82.4 
June 104.0 193.5 182.1 59.2 
July 57.6 57.6 57.6 45.6 
August 80.6 80.6 80.6 59.5 
September 207.8 207.8 207.8 109.5 
October 104.0 104.0 118.1 75.0 
November 76.9 101.4 76.9 42.4 
December 76.5 91.9 76.5 50.3 

Annual 1,240.7 1,619.7 1,825.5 754.2 

IAJI inflows are mean monthly values in thousand acre-feet. 
2Combined gaged streamflow of Guadalupe River at Victoria and San Antonio River near Goliad. 

available by aquifer: 42.9 thousand acre-feet from the 
Carrizo-Wilcox Aquifer, 38.2 thousand acre-feet from the 
Edwards (Balcones Fault Zone) Aquifer, 21.0 thousand 
acre-feet from the Gulf Coast Aquifer, 20.0 thousand acre­
feet from the Sparta Aquifer, and 8.0 thousand acre-feet 
from the Queen City Aquifer. Annual amounts of yield for 
the Edwards-Trinity (Plateau) and Trinity Group Aquifers 
within the basin were not included because extensive with­
drawals of natural recharge and recoverable storage from 
these aquifers would deplete available surface~water sup­
plies and adversely affect recharge to the Edwards (Bat­
cones Fault Zone) Aquifer. In the year 2030, the yield of 
the Carrizo-Wilcox Aquifer within the basin would be 
reduced to the aquifer's average annual effective recharge 
of 38.6 thousand acre-feet per year. This reduction 
decreases the total ground-water availability within the 
basin in 2030 to 125.8 thousand acre-feet per year. 

The projected annual ground-water use within the 
Guadalupe River Basin by decade from 1990 through 
2030 is expected to be from 53.2 to 69.7 thousand acre­
feet per year (Table III-18-3). The approximate average 
annual projected ground-water use within the basin is 
expected to be about 62.7 thousand acre-feet per year. Of 
the 62.7 thousand acre-feet of average annual projected 
use, about 54 percent is expected to be from the Edwards 

(Balcones Fault Zone) Aquifer, 18 percent from the Gulf 
Coast Aquifer, and 17 percent from the Carrizo-Wilcox 
Aquifer. 

Surface-Water Availability 
and Proposed Development 

Using only existing water supply sources, the Guada­
lupe River Basin is projected to experience water shortages 
by 1990. However, the proposed water development pro­
jects for this basin are projected to supply sufficient surface 
water to meet all anticipated surface-water needs, except 
irrigation, through 2030 (Table III-18-5, Figure III-18-
2). 

Zone I 

With existing and proposed supplies, a surface-water 
surplus in the year 2030 of 14.5 thousand acre-feet per 
year is estimated for Zone 1 of the basin (Table III-18-6, 
Figure III-18-3). This surplus is available for municipal 
and industrial purposes. Total surface water supplied to the 
zone is projected to be 58.3 thousand acre-feet per year in 
2000 and 101.1 thousand acre-feet per year in 2030. 
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In 
Decade Basin 

1990 
Ground Water 53.2 
Surface Water 240.8 
Total 294.0 

2000 
Ground Water 63.2 
Surface Water 400.8 
Total 464.0 

2010 
Ground.Water 62.1 
Surface Water 443.6 
Total 505.7 

2020 
Ground Water 65.6 
Surface Water 494.6 
Total 560.2 

2030 
Ground Water 69.7 
Surface Water 494.6 
Total 564.3 

Table UI-18-5. Water Resources of the Guadalupe River Basin, With 
Projected Water Supplies and Demands, 1990-20301 

Water Supply Water Demand 

Intra- Return In Intra-
Basin Flow Import Total Basin Basin Export Total ---

- - - 53.2 53.2 - - 53.2 

- 27.0 .0 267.8 114.4 - 67.3 181.7 

- 27.0 .0 321.0 167.6 - 67.3 234.9 

- - - 63.2 63.2 - - 63.2 

- 34.1 .0 434.9 153.1 - 150.4 303.5 

- 34.1 .0 498.1 216.3 - 150.4 366.7 

- - - 62.1 62.1 - - 62.1 
- 42.7 .0 486.3 203.6 - 223.6 427.2 

- 42.7 .0 548.4 265.7 - 223.6 489.3 

- - - 65.6 65.6 - - 65.6 

- 51.3 .0 545.9 256.7 - 224.9 481.6 
- 51.3 .0 611.5 322.3 - 224.9 547.2 

- - - 69.7 69.7 - - 69.7 

- 61.9 .0 556.5 318.2 - 224.7 542.9 
- 61.9 .0 626.2 387.9 - 224.7 612.6 

M&I 

.0 
86.5 
86.5 

.0 
132.9 
132.9 

.o 
60.7 
60.7 

.0 
65.9 
65.9 

.0 
15.2 
15.2 

'Units in thousands of acre-feet per year. Water demands are for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which will continue to be met from local. unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water amon~ zones within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 

Surplus or Shortage 

Irrigation 
(Shortage) Total 

.0 .o 
(.4) 86.1 
(.4) 86.1 

.0 .0 
(1.5) 131.4 
(1.5) 131.4 

.0 .0 
(1.6) 59.1 
(1.6) 59.1 

.0 .0 
(1.6) 64.3 
(1.6) 64.3 

.0 .o 
(1.6) 13.6 
(1.6) 13.6 
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Figure 111-18-2. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Guadalupe River Basin, 1980-2030 

Although the entire zone has a net water surplus in 
1990 with only existing reservoirs, surface-water shortages 
are projected for municipal purposes in areas upstream of 
Canyon Lake. It is anticipated that before the year 1990, 
Ingram Reservoir. or an equivalent project, will need to be 
constructed upstream from Canyon Lake. Ingram Reser­
voir will provide a dependable yield of 8.3 thousand acre­
feet annually to supplement ground-water supplies for 
meeting projected municipal and manufacturing require­
ments in the Kerrville area. 

The Guadalupe-Blanco River Authority and Upper 
Guadalupe River Authority have made a joint study of 

surface-water and ground-water development to meet the 
requirements of the Upper Guadalupe River Basin in Kerr, 
Kendall, and Coma) Counties. Generally, the study con­
cluded that an off-channel reservoir which could store 
water pumped from the Guadalupe River during periods of 
high flow would meet the requirements of Kerr County in 
the most cost effective manner. Also. the requirements of 
Kendall County and that portion of Coma) County above 
Canyon Lake could be met by diversion from the Guada­
lupe River with some off-channel storage as needed. 
Further efforts by local interests will be necessary to imple­
ment this project, which would be an alternative to Ingram 
Reservoir. 
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Table 111-18-6. Water Resour~es of the Guadalupe River Basin, Zone 1, 
With Proje~ted Water Supplies and Demands, 1990-20301 

Water Supply Water Demand Surplus or ShorJage 

In Intra- Return In Intra- Irrigation 
Decade Zone Basin Flow Import Tolal Zone Basin Export Tolal M&I (ShorJage) Tolal ---

1990 
Ground Water 31.2 - - - 31.2 31.2 - - 31.2 .0 .0 .0 
Surface \Vater 58.3 .0 .0 .0 58.3 8.2 12.9 10.4 31.5 27.2 (.4) 26.8 
Total 89.5 .0 .0 .0 89.5 39.4 12.9 10.4 62.7 27.2 (.4) 26.8 

2000 
Ground Water 41.2 - - - 41.2 41.2 - - 41.2 .0 .0 .0 
Surface Water 58.3 .0 .0 .0 58.3 12.2 14.6 11.5 38.3 20.3 (.3) 20.0 
Total 99.5 .0 .0 .0 99.5 53.4 14.6 11.5 79.5 20.3 (.3) 20.0 

- 2010 
' Ground Water 38.0 38.0 38.0 38.0 .0 .0 .0 .... - - - - -

00 
' Surface Water 101.1 .0 .0 .0 101.1 30.4 15.2 13.6 59.2 42.3 (.4) 41.9 .... 
w Total 139.1 .0 .0 .0 139.1 68.4 15.2 13.6 97.2 42.3 (.4) 41.9 

2020 
Ground Water 40.5 - - - 40.5 40.5 - - 40.5 .0 .0 .0 
Surface Water 101.1 .0 .0 .0 101.1 42.1 17.6 14.9 74.6 26.9 (.4) 26.5 
Total 141.6 .0 .0 .0 141.6 82.6 17.6 14.9 115.1 26.9 (.4) 26.5 

2030 
Ground Water 43.5 - - - 43.5 43.5 - - 43.5 .0 .0 .0 
Surface Water 101.1 .0 .0 .0 101.1 52.9 19.0 14.7 86.6 14.9 (.4) 14.5 
Total 144.6 .0 .o .0 144.6 96.4 19.0 14.7 130.1 14.9 (.4) 14.5 

tUn its in thousands of acre-feet per year. Water demands are for the "high" case. Tabulated surface water demands do not include li\'estock needs, some quantities ofirrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones \\ithin a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natuml stream channel that can be recaptured at a downstream point. 
·Export: A tmnsfer of water to another river basin. 
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Figure 111-18-3. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Guadalupe River Basin, Zone 1, 1980-2030 

By the year 2010, projected surface-water needs in 
Zone 1 of the basin are proJected to require additional 
surface-water supplies for Hays County municipal and 
manufacturing water needs to supplement ground-water 
supplies from the Edwards (Balcones Fault Zone) Aquifer. 
An alternative for meeting these needs is construction or' 
the Cloptin Crossing Reservoir on the Blanco River by 
2010. Cloptin Crossing Reservoir could meet anticipated 
needs in the upper basin through the year 2030. Cloptin 
Crossing, as authorized by Congress, will provide a 
dependable yield of 42 .8 thousand acre-feet annually. 

Lockhart Reservoir is an alternative source of surface 
water to provide supplemental municipal supplies for the 
City of Lockhart. Lockhart presently obtains its municipal 
supplies from the Carrizo-Wilcox Aquifer. Ground water in 
this area is of inferior quality and is highly corrosive. Lock-

hart Reservoir will provide a dependable yield of about 6.4 
thousand acre-feet annually, which is sufficient to meet the 
projected needs of this area for the foreseeable future. 

Zone 2 

In Zone 2 of the basin, projected water requirements 
for all purposes other than irrigation can be met from the 
present through the year 2030 with supplies from existing 
and proposed surface-water projects (Table 111-18-7, Fig­
ure III-18-4 ). An irrigation shortage of 1. 2 thousand acre­
feet per year occurs in year 2030 as a result of localized 
limited ground-water availability. In 2030, approximately 
19.0 thousand acre-feet of the total4 74.4 thousand acre­
feet of available surface-water supply could be provided by 
sources in Zone 1 of the basin. 
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Table 111-18-7. Water Resources of the Guadalupe River Basin, Zone 2, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Zone Basin Flow Import Total --- Zone Basin Export Total M&l (Sbortage) Total 

1990 
Ground \Vater 22.0 - - - 22.0 22.0 - - 22.0 .0 .0 .0 
Surface Water 182.5 12.9 27.0 .0 222.4 106.2 .0 56.9 163.1 59.3 .0 59.3 
Total 204.5 12.9 27.0 .0 244.4 128.2 .0 56.9 185.1 59.3 .0 59.3 

2000 
Ground Water 22.0 - - - 22.0 22.0 - - 22.0 .0 .0 .0 
Surface Water 342.5 14.6 34.1 .0 391.2 140.9 .0 138.9 279.8 112.6 (1.2) 111.4 
Total 364.5 14.6 34.1 .0 413.2 162.9 .0 138.9 301.8 11~.6 (1.2) 111.4 

2010 
' Ground Water 24.1 - - - 24.1 24.1 - - 24.1 .0 .0 .o "' "' Surface Water 342.5 15.2 42.7 .0 400.4 173.2 .0 210.0 383.2 18.4 (1.2) 17.2 ' "' "' Total 366.6 15.2 42.7 .0 424.5 197.3 .0 210.0 407.3 18.4 (1.2) 17.2 

2020 
Ground Water 25.1 - - - 25.1 25.1 - - 25.1 .0 .0 .0 
Surface Water 393.5 17.6 51.3 .0 462.4 214.6 .0 210.0 424.6 39.0 (1.2) 37.8 
Total 418.6 17.6 51.3 .0 487.5 239.7 .0 210.0 449.7 39.0 (1.2) 37.8 

2030 
Ground Water 26.2 - - - 26.2 26.2 - - 26.2 .0 .0 .0 
Surface Water 393.5 19.0 61.9 .o 474.4 265.3 .0 210.0 475.3 .3 (1.2) (.9) 
Total 419.7 19.0 61.9 .0 500.6 291.5 .0 210.0 501.5 .3 (1.2) (.9) 

'Units in thousands of acre~ feet per year. Water demands arc for the "high" ease. TabuJated surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A trnnsfer of water among woes within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 
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Figure 111-18-4. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Guadalupe River Basin, Zone 2, 1980-2030 

A program for limited withdrawals of the Edwards 
(Balcones Fault Zone) Aquifer may necessitate additional 
surface-water development in Zone 2 of the Guadalupe 
River Basin to meet the needs of the basin and the City of 
San Antonio. This development would include the use of 
supplies developed by the proposed Lindenau and Cuero 
Reservoirs. Analyses performed by the Department indi­
cate developments in the Guadalupe River Basin could 
take place in the following order: 

1. Construction by 1990 ofLindenau Reservoir on San­
dies Creel< in the Guadalupe River Basin and convey-

ance facilities to provide 56.9 thousand acre-feet 
annually to Applewhite Reservoir in the San Antonio 
River Basin. 

2. Construction by 2000 of a low-flow diversion struc­
ture on the Guadalupe River near Cuero and pipeline 
facilities to pump excess flows from the Guadalupe 
River to Lindenau Reservoir. An increase in the 
capacity of conveyance facilities from Lindenau Res­
ervoir to Applewhite Reservoir to convey 138.9 thou­
sand acre-feet yearly by 2000 and 210.0 thousand 
acre-feet yearly by 2010. 
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3. Construction by 2020 of the Cuero Reservoir on the 
Guadalupe River near Cuero and a storage equaliza­
tion channel between Cuero and Lindenau 
Reservoir. 

Additional studies will have to be performed by the 
Department and regional interests to examine the engi­
neering alternatives and the economic, environmental, 
and institutional considerations that would be involved in 
such major interbasin transfers of water. 

Water needs in the City of Victoria metropolitan area 
for municipal and manufacturing purposes in year 2020 
are projected to be in excess of available surface-water 
supplies and could necessitate the development of addi­
tional water resources for the area. Potential alternatives to 
meet the needs of the Victoria area are the Lindenau and 
Cuero Reservoirs in the lower basin. Construction of Cuero 
Reservoir by 2020 would provide sufficient water to meet 
anticipated shortages through the year 2030. 

Water Quality Protection 

A water quality management plan for the Guadalupe 
River Basin has been developed pursuant to the require­
ments of federal and State Clean Water legislation. The 
plan serves as a basic element in the State's overall water 
quality strategy and provides guidance in establishing 
priorities for construction grants for waste treatment facili­
ties, permitting of wastewater facilities, revision of stream 
standards, and other program activities. 

Construction costs associated with municipal waste­
water treatment facilities needs have been estimated to be 
approximately $94.8 million for the planning period of 
1980 to the year 2000. These costs are estimated for the 
entire Guadalupe River Basin with approximately $54.4 
million reguired for Zone 1 and $40.4 million projected 
for Zone 2. All costs are in January 1980 dollars and are 
subject to revision as new data become available. The list of 

projects, with project costs for 1982-1989, at 1980 pri­
ces, is shown in Appendix B. 

Additional water quality management costs, such as 
for control of agricultural, oil and gas, and industrial pollu­
tants, cannot be estimated at this time, but are believed to 
be increasing. 

Flood Control Measures 

Canyon Lake is the only reservoir in the basin having 
flood control as a project purpose. The reservoir provides 
7 40.9 thousand acre-feet of controlled storage capacity of 
which 346.4 thousand acre-feet is allocated for flood con­
trol. Ingram Reservoir which would be owned by the Upper 
Guadalupe River Authority, would have 36.4 thousand 
acre-feet of flood-control storage as presently designed. 
Cloptin Crossing Reservoir, a Corps of Engineers project, 
would provide 119.9 thousand acre-feet of flood-control 
storage as presently authorized. 

In the past, logjams in the lower part of the Guadalupe 
River Basin have caused considerable flooding to agricul­
tural lands. The Corps of Engineers completed a project 
which involved removing the jams in 197 5. The 
Guadalupe-Blanco River Authority has assumed responsi­
bility for keeping the river free of log jams in the section 
cleared by the Corps of Engineers. 

There is about 268 square miles of drainage area 
above SO existing floodwater-retarding structures within 
the Guadalupe River Basin. As of October 1980, an addi­
tional 10 structures with a drainage area of 148 square 
miles were planned for construction. About one-third of 
the planned and existing structures are located in Zone 1, 
and the remaining two-thirds are located in Zone 2. 

A study by the Corps is underway on Walnut Branch, 
Seguin, Texas. 
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19. SAN ANTONIO RIVER BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physical Description 

The San Antonio River Basin is bounded on the north 
and east by the Guadalupe River Basin, and on the south 
and west by the Nueces River Basin and the San Antonio­
Nueces Coastal Basin. Elevation ranges from about 2,000 
feet at the headwaters of the Medina River in the northwest 
corner of Bandera County to about sea level at the conflu­
ence with the Guadalupe River near Tivoli. Total basin 
drainage area is 4,180 square miles. Major streams include 
the Medina River, Leon Creek, Salado Creek, Cibolo 
Creek, and the San Antonio River. For planning purposes, 
the San Antonio River Basin has been divided into two 
zones (Figure III-19-1). 

Surface Water 

The average annual runoff from 1955-70 was about 
150 acre-feet per mile in the lower part of the basin, and 
from 1963-70 average annual runoff was about 185 acre­
feet in the northern part of the basin near Boerne. Much of 
the runoff in the upper part of the basin enters the Edwards 
and associated limestones in the Balcones Fault Zone. 

During 1941-70, low runoff rates occurred during 
1950-56 and 1962-64, averaging 48 and 50 acre-feet per 
square mile, respectively. The lowest annual runoff rate 
was 23 acre-feet per square mile in 1956. 

In the upper basin, flood plains of the Edwards Plateau 
are narrow and steep-sided. Rapid runoff from the shallow 
soils produce rapidly rising, high-velocity floods on the 
principal tributaries. Floods in the coastal plain region 
below San Antonio are slower-moving and overflow the 
wide, shallow flood plains. The San Antonio River Basin is 
impacted by hurricanes and other tropical weather distur­
bances at least once every two or three years. 

The average concentration of dissolved solids in 
streams within the upper part of the San Antonio River 
Basin range from about 300 to 350 milligrams per liter 
(mg/1). Water stored in Medina Lake usually contains 
dissolved-solids concentrations of about ISO to 350 mg/1, 
and the quality of the river remains good downstream to the 
western edge of the San Antonio metropolitan area. 
Dissolved-solids concentrations of the main stem of the 
San Antonio River below San Antonio usually exceed 600 

mg/1. The average dissolved-solids concentration of the 
river at Goliad is about400 mg/1. Below Goliad, the chem­
ical quality of the river does not change significantly. 

Water quality of the upper reaches of the San Antonio 
River is relatively poor, particularily during periods of low 
flow. Under such conditions, flow consists predominantly 
of treated municipal wastewater from the City of San Anto­
nio's three large sewage treatment plants which can-not be 
sufficiently assimilated without the development of acute 
water quality problems. The reach between Interstate 
Highway 410 and Falls City (70 river miles) is consistently 
stressed with low levels of dissolved oxygen and elevated 
levels of ammonia nitrogen, biochemical oxygen demand, 
nutrient compounds, and fecal coliform bacteria. Low 
dissolved oxygen levels have caused seven major fish kills 
within this reach since 1970. Water quality is also stressed 
in the lower portions of Leon Creek and the Medina River 
and can be attributed to the discharge of treated waste­
water from the City of San Antonio Leon Creek Plant. 
Similar poor water quality conditions exist in the upper 
reaches of Cibolo Creek between Interstate Highway 35 
and Shaefer Road (7 river miles) and result from the dis­
charge of treated wastewater from the Cibolo Creek 
Municipal Authority Plant near Schertz. 

Ground Water 

The Edwards-Trinity (Plateau) Aquifer occurs in part 
of Kerr and Bandera Counties in the far western part ofthe 
San Antonio River Basin. Total thickness generally ranges 
from 400 to 500 feet. Well yields are generally small within 
the basin. Water in the aquifer generally contains between 
500 to 3,000 mg/1 total dissolved solids. 

The Trinity Group Aquifer occurs in the northwestern 
part of the San Antonio River Basin. Most wells completed 
in the aquifer yield less than 100 gallons per minute (gpm ). 
Water quality ranges from fresh to slightly saline. 

The Edwards (Balcones Fault Zone) Aquifer extends 
across Carnal. Bexar, and Medina Counties in the upper 
middle part of the San Antonio River Basin. Total thickness 
ranges from 400 to 600 feet. Yields of large-capacity wells 
average 1,500 gpm, but locally wells produce up to 9,000 
gpm. Generally, the water contains less than 500 mg/1 
total dissolved solids. 

The Carrizo-Wilcox Aquifer occurs in a wide band 
across the central part of the basin. Total thickness ranges 
from 800 to more than 2,000 feet. Yields of high-capacity 
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Figure 111-19-1. San Antonio River Basin and Zones 
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wells average 900 gpm, but local wells produce up to 
2,000 gpm. Water in the aquifer contains from less than 
1,000 to as much as 3,000 mg/1 total dissolved solids. 

The Gulf Coast Aquifer underlies the lower part of the 
San Antonio River Basin. The aquifer extends to a maxi­
mum depth of 1,800 feet. Yields of large-capacity wells 
average 800 gpm but may reach 2,000 gpm. Water quality 
generally ranges from 500 to 1,500 mg/1 total dissolved 
solids. 

The Queen City Aquifer occurs in a narrow band 
across the middle part of the basin. Total thickness ranges 
up to about 500 feet. Yields of wells generally do not 
exceed 200 gpm. Water quality ranges from less than 
1,000 to as much as 3,000 mg/1 total dissolved solids. 

The Sparta Aquifer also occurs in a narrow band 
across the middle part of the basin. Maximum thickness is 
approximately 100 feet. Well yields are usually less than 
100 gpm. Water quality varies from less than 1,000 to 
about 10,000 mg/1 total dissolved solids. 

Over pumpage of the Trinity Group Aquifer in Bexar 
County near the downdip extent of the aquifer can cause 
gradual deterioration of ground-water quality because of 
saline-water encroachment. The same condition is true for 
the Carrizo-Wilcox Aquifer in western and northern 
Karnes County within the basin. 

The potential for saline-water encroachment may be 
very great in the Edwards (Balcones Fault Zone) Aquifer 
within the basin. Since the aquifer is composed offractured 
and faulted limestones with locally unpredictable second­
ary porosity and permeability, it is impossible to define or 
predict with any accuracy the aquifer's flow system on a 
local basis. Of great importance is the aquifer's regional 
flow system which generally consists of major natural 
recharge (inflow) in the Nueces River Basin, movement of 
water in the subsurface artesian zone northeastward 
beneath the Nueces and San Antonio River Basins, and 
major natural discharge (outflow) of water at Coma! and 
San Marcos Springs in the Guadalupe River Basin. At the 
downdip extent of the aquifer, under natural conditions, 
ground-water quality deteriorates rapidly across the fresh 
and saline water interface. Therefore, a very large amount 
of saline waters occurs immediately adjacent to and south­
east of the fresh water-bearing deposits of the aquifer. 
During the drought of the 1950's when water level eleva­
tions were at historical lows and when amounts of ground­
water withdrawals from the aquifer were large, no 
significant saline-water encroachment was detected. 
However, what will happen to the aquifer's water quality if 
water level elevations are lowered below levels of the 
1950's? Considering the aquifer's regional flow system, an 

extreme lowering of water levels below the 1950's level in 
the Nueces, San Antonio, and Guadalupe River Basins may 
cause a significantly large invasion of saline water which 
not only may contaminate municipal, industrial, and irri­
gation freshwater supplies but also any flows at Coma!, San 
Marcos, and other springs which are located near the fresh 
and saline water interface of the aquifer. 

In areas immediately adjacent to the Coast in Victoria 
and Refugio Counties, freshwater deposits of the Gulf Coast 
Aquifer are surrounded by extensive deposits containing 
saline waters. The potential for saline-water encroach­
ment is very great, but can be controlled by proper well 
location, completion, and pumpage. 

Population and Economic 
Development 

The population of the San Antonio River Basin was 
reported at 1.05 million in 1980. San Antonio, the third 
largest city in the State, had a population of over 780 
thousand in 1980. 

Agriculture, mineral production, tourism, and 
government are the primary economic activities. The five 
military installations have a large federal government 
expenditure. Seven colleges within the City of San Antonio 
make education a major economic activity locally. 

Water Usc 

Municipal water use in the San Antonio River Basin in 
1980 totaled 232.9 thousand acre-feet. Ninety-seven per­
cent of the total basin use occurred in Zone 1, with almost 
all of this use concentrated in Bexar County. The City of 
San Antonio and its environs were the largest users of 
municipal water in the basin. 

Manufacturing industries in the basin used 14.3 thou­
sand acre-feet of freshwater in 1980. Almost the entire 
quantity was used in Zone 1, and approximately 99 per­
cent of the zone requirements occurred in Bexar County 
where the food and kindred products industry used 
approximately 64 percent of the total basin manufacturing 
freshwater requirement. 

Manufacturing industries in the basin used 14.3 thou­
sand acre-feet of fresh water in 1980. Almost the entire 
quantity was used in Zone 1, and approximately 99 per­
cent of the zone requirements occurred in Bexar County 
where the food and kindred products industry used 
approximately 64 percent of the total basin manufacturing 
freshwater requirement. 
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In 1980, there was 3,344 megawatts of installed 
stream -electric power generating capacity in the San 
Antonio River Basin. During that year, ground-waterwith­
drawals for stream-electric power plant cooling totaled 1.4 
thousand acre-feet and surface-water consumption was 
27.9 thousand acre-feet of which 17.8 thousand acre-feet 
was estimated net adjusted evaporation. 

A total of 60.9 thousand acre-feet of water was used 
for irrigation in the entire basin in 1980. Of this amount, 
36.3 thousand acre-feet was from ground-water sources 
and 24.6 thousand acre-feet was supplied from surface­
water sources. The Edwards ( Balcones Fault Zone) Aquifer 
supplies water for both Zones 1 and 2, while the Carrizo­
Wilcox Aquifer supplies Zone 2. A portion of the surface­
water irrigation was in the Mitchell Lake area, using 
treated effluent discharged by the City of San Antonio. In 
addition, water from Medina Lake was diverted for the 
Medina Irrigation project in the adjacent Nueces River 
Basin. A total of 51.8 thousand acre-feet ofwaterwas used 
in Zone 1 in 1980, of which nearly 61 percent was from 
ground-water sources. In Zone 2, 9.1 thousand acre-feet 
of water was used of which almost 53 percent was supplied 
from ground-water sources. 

Estimated freshwater use for mining in the San Anto­
nio River Basin totaled 1.0 thousand acre-feet in 1980. 
Most of the fresh water used for mining occurs in Bexar 
County for nonmetal production (sand and gravel, etc.) 
which constitutes approximately 41 percent of the total 
mining water use in the basin. 

Livestock water use in 1980 totaled 5.1 thousand 
acre-feet in the basin, mostly for cattle production. 
Ground water supplied 1.2 thousand acre-feet and surface 
water 3.9 thousand acre-feet. In Zone 1, 1.9 thousand 
acre-feet of water was used, with 1.2 thousand acre-feet of 
surface water and 700 acre-feet of ground water. Livestock 
water use in Zone 2 totaled 3.2 thousandacre-feet(2,700 
acre-feet of surface water, 500 acre'feet of ground water). 

Return Flows 

The heavily urbanized Bexar County area produced 
over 97 percent of the 145.6 thousand acre-feet of munici­
pal and manufacturing return flows in the San Antonio 
River Basin in 1980. 

Due to the soil types and the irrigation pattern, areas 
irrigated by ground water do not produce any significant 
volume of return flows. In 1980, a total of about 6 thou­
sand acre-feet of return flows originated from surface­
water irrigation in both zones of the basin. 

Current Ground-Water Development 

In 1980, approximately 285.8 thousand acre-feet of 
ground water was used in the San Antonio River Basin. Of 
this amount, 273.0 thousand acre-feet was used in Zone 1, 
and 12.8 thousand acre-feet in Zone 2. In Zone 1, 98 
percent of the ground water used was from the Edwards 
(Balcones Fault Zone) Aquifer. In Zone 2, 57 percent of 
the ground water used was from the Carrizo-Wilcox Aqui­
fer, and 33 percent was from the Gulf Coast Aquifer. 

Of the 285.8 thousand acre-feet of ground water used 
in the basin, approximately 231.9 thousand acre-feet or 
81 percent was used for municipal purposes, and 36.3 
thousand acre-feet or 13 percent was used for irrigation 
purposes. 

In 1980, large overdrafts of ground water from the 
Edwards (Balcones Fault Zone) Aquifer occurred in Zone 
1 in Coma! County due to excessive withdrawals for 
municipal purposes. and in Medina County due to exces­
sive withdrawals for irrigation. No overdrafts of ground 
water occurred in 1980 in Zone 2 of the San Antonio River 
Basin. 

Current Surfa~:e-Water Development 

Major reservoirs in Zone 1 of the San Antonio River 
Basin include Medina Lake, Ol~os Reservoir, Victor Brau­
nig Lake, and Calaveras Creek Reservoir. Medina Lake, 
located on the Medina River in Bandera and Medina 
Counties, is owned and operated by the Bexar-Medina­
Atascosa Counties Water Improvement District Number 1. 
Under existing permits, Medina Lake provides water for 
irrigation in the San Antonio and adjoining Nueces River 
Basins. Olmos Reservoir ,located on Olmos Creek in Bexar 
County, is owned and operated by the City of San Antonio. 
This project is used as a floodwater-retention reservoir. 
Impounded floodwaters are stored only until releases can 
be made without damaging property in downstream areas. 
During periods when the reservoir is empty, the reservoir 
basin provides park and playground facilities. Victor Brau­
nig Lake and Calaveras Creek Reservoir are located in 
Bexar County on Arroyo Seco and Calaveras Creek, 
respectively. These projects are owned by the City of San 
Antonio and operated by the City Public Service Board to 
supply cooling water for stream-electric power generation. 
Under existing permits, local runoff is supplemented by 
water pumped from the San Antonio River. Mitchell Lake 
is an 850-acre reservoir located south of the City of San 
Antonio in Bexar County and, until 1930, served as the 
only waste treatment facility for San Antonio. An existing 
Texas Water Quality Board discharge permit authorizes the 
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discharge of domestic sewage effluent and other wastewat­
ers into the lake, and further authorizes discharges from the 
lake under certain emergency conditions, based on the 
volume of water in the lake and rainfall conditions in the 
watershed. Although not considered a major reservoir, 
Mitchell Lake for many years has served a large role in the 
irrigation of land (as much as 4,000 acres) below and 
adjacent to it. Since 1980, however, no irrigation has 
taken place from Mitchell Lake. 

There are no major existing reservoirs located in Zone 
2 of the San Antonio River Basin. 

Water Rights 

The total quantity of surface water authorized or 
claimed for diversion and use in the San Antonio River 
Basin was 216,739 acre-feet as of December 31, 1983 
(Table III-19-1 ). Authorizations and claims for municipal 
and industrial use amounted to a combined total of 
120,773 acre-feet (Table III-19-2). Zone 1 has the largest 
quantity of authorized and claimed water in the basin with 
204,957 acre-feet (Table III-19-2). 

Table 111-19-1. Authorized or Claimed AmountofWater, 
by Type of Right, San Antonio River Basin• 

Acre-Feet 
1)-pc of Number Authorized 

Authorization of Rights and Claimed 

Permits 56 82,531 
Claims 1 518 
Certified Filings 0 0 
Certificates of 

Adjudication 137 133,690 

Total Authorizations 
and Claims 194 216,739 

I The Texas Water Ri~hts Adjudication Act of 1967 authorizes the Texas Depart­
ment of Water Resources to investigate and determine, \\ith the Court's approval, 
the nature and measure of miter rights for all authorized diversions from surface­
water streams or portions thereof except domestic and livestock uses and to 
monitor and administer each adjudicated water right, These totals incorporate 
the results of water-rights adjudication in the basin as of December 31, 1983, 
Certified Filings nrc declarations of appropriation which were filed with the State 
Board of Water En~incers under the provisions of Section 14, Chapter 171, 
General Laws, Acts of the JJrd Lc~islaturc, 1913, as amended. Permits nrc 
statutory appropriative rights which have been issued by the Texas Water Com­
mission or its predecessor agencies. Claims arc sworn statements of historicnl 
uses to be adjudicated in accordance with the Texas Water Rights Adjudication 
Act. A Certificate of Adjudication is the final result after rccoAnition of a valid right 
in the adjudication process, and is based on a permit, certified filing, or claim or 
any combination_ of the three. 

Table 111-19-2. Authorized or ClaimedAmountofWater, 
by Type of Use and Zone, in Acre-Feet, 

San Antonio River Basin 

Number 
Type of of 

Usc Rights Zone I Zone 2 Total 

Municipal 6 71,862 0 71,862 
Industrial 3 48,911 0 48,911 
Irrigation 161 79,403 11,181 90,584 
Mining 2 766 0 766 
Recreation 21 3,054 601 3,655 
Recharge 1 961 0 961 
Other 5 0 0 0 

Tot:.:! I 1941 204,957 11,782 216,739 

t Does not sum due to multipurpose "ril!hts", which mny be applied to more tlum 
one type of usc. 

Water Quality 

During periods of low flow, the San Antonio River 
below the City of San Antonio consists almost entirely of 
treated municipal and industrial effluents. Cibolo Creek, 
below U.S. Interstate Highway 3 5, has relatively heavy algal 
growths caused by nutrients derived from treated munici­
pal wastewaters and agricultural runoff, and Leon Creek is 
effluent-dominated during periods of low flow. Uranium 
mining activities in Wilson and Karnes Counties are being 
closely monitored and regulated to prevent water quality 
degradation. 

Flooding, Drainage, and Subsidence 

Floods have damaged urban developments in the San 
Antonio area. Basin-wide flooding in 1957 resulted in 
1!3.7 million in nonagricultural damages. In May 1965, 
the greater San Antonio area suffered an estimated I! 1.1 
million in flood damages. In September 1967, Hurricane 
Beulah caused an estimated 1!3.3 million in agricultural 
damages and $2.9 million in nonagricultural damages. 

The January 1968 flood caused 1!350 thousand in 
damages, the September 1973 flood caused an estimated 
1!6.6 million in damages, the August and November 197 4 
flood caused $2.8 million in damages, and flooding of 
Apache Creek in February 1975 caused $75 thousand in 
damages to urban property in the greater San Antonio 
area. In May and June 1976, flooding along Martinez, San 
Pedro, and Apache Creeks produced damages in excess of 
1!790 thousand. 
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In August 1978, Tropical Storm Amelia produced 
record level floods in Bandera County and the resulting 
Presidential disaster declaration brought more than jl2 
million in federal flood relief. During the period 1978-
1981, 139 flood insurance claims were filed for ll718 
thousand in flood damages. 

Presently, 36 cities have been designated as flood 
prone by the Federal Emergency Management Agency. 
Maps have been prepared for all the cities and unincorpo­
rated flood-prone areas in all but one county to show areas 
subject to inundation by the 100-year flood. Participation 
in the emergency phase of the National Flood Insurance 
Program includes seven cities which have adopted building 
standards for flood-plain construction. Twenty three cities 
have completed flood insurance rate studies and are partic­
ipating in the Regular Phase of the Program. The City of 
San: Antonio and Bexar County currently have rate studies 
in progress. 

The San Antonio River Basin experiences only minor 
drainage problems, which are located primarily in the Rio 
Grande Plain land resource area. Narrow channels with 
insufficient capacities to carry storm runoff cause occa­
sional ponding from overflow. Generally, these problems 
are confined to local areas and are alleviated by on -site and 
ground drainage facilities. 

The amount and distribution of subsidence in the 
coastal areas of the San Antonio River Basin are unknown. 
The potential for subsidence and active faulting in the Kay 
Creek and Huff Oil Fields exists in southern Victoria 
County and northern Refugio County. However, the subsi­
dence associated with petroleum and related saline-water 
withdrawals in these fields is probably less than 0.5 foot. 

Recreation Resources 

There are three reservoirs in the San Antonio River 
Basin with a combined surface area of 11.6 thousand 
acres. Medina Lake, with 5.6 thousand surface acres avail­
able for flat-water recreation, accounts for over 49 percent 
of the total surface area in the basin. Victor Braunig Lake 
(1.4 thousand surface acres) and Calaveras Lake (3.5 
thousand surface acres) are both located in Bexar County 
and serve part of the recreational needs of the San Antonio 
metropolitan area. 

PROJECTED WATER REQIDREMENTS 

Population Growth 

The population of the San Antonio River Basin is 
projected to increase 17 4 percent from 1980 to 2030 

(Table III -19-3 ). Bexar County, containing the San Anto­
nio metropolitan area, has 93.6 percent of the basin popu­
lation. The county population more than doubled by 2030 
will result in over 2.8 million people and a slight increase 
(to 94.7 percent) in the county's share of the total basin 
population. 

Water Requirements 

Municipal 

Municipal water requirements are projected for two 
cases of future growth based on both population and per 
capita water use. Water requirements in the San Antonio 
River Basin are projected to increase from the 1980 level of 
232.9 thousand acre-feet by a projected maximum of 78 
percent by the year 2000. In the year 2030, water require­
ments are projected to range from 442.5 to 747.8 thou­
sand acre-feet. Zone 1 is projected to account for 97 
percent of the total. 

A range ofll.3 to 16.6 thousand acre-feet of munici­
pal water requirements is projected in Zone 2 by 2000. 

Industrial 

Manufacturing water requirements in 1980 were 
14.3 thousand acre-feet in the San Antonio River Basin. 
Projections of future water requirements for manufactur­
ing purposes were made by decade and for a low and high 
case for each industrial group. In 1980, over 90 percent of 
total manufacturing water use was concentrated in five 
industrial groups: chemicals, petroleum refining, primary 
metals, paper products, and food products. Because of this 
concentration, careful attention was given to the future 
growth outlook for these industries in making the 
projections. 

Manufacturing water requirements in the San Anto­
nio River Basin are projected to increase more than three 
times by the year 2030, to a potential high of 50.7 thou­
sand acre-feet by 2030. The projected increase in manu­
facturing freshwater use in the San Antonio River Basin is 
greater than the State average (255 percent for 1980-
2030, compared to 230 percent for the State). 

Projected 2030 requirements in Bexar County are 
distributed among many different manufacturing groups. 
The heavier water-using industries include: agricultural 
chemicals, hydraulic cement, concrete, gypsum and plas­
ter products, meat products, beverages, millwork, veneer, 
plywood and structural wood members, and petroleum 
refining. 
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Table III-19-3. FOp.llation, CUrrent Water Use, With Projected Pop.llation and Water REquirarents, 199Q-2030!if 
san Antonio River Basin 

1980 ' 1990 2000 2010 2020 2030 
River Basin Zone : "'""" : Surface G<oond : Surface "'"""' Surface : G<oond Surface Grow>d : SUrface ' G<oond : Surface 
& cateoorv of Use: "'"' ' "'"' Total "'"' ' "'"' Total Water Wat= ' Total "'"' "'"' Total "'"' ' Wat= Total ' iiat& ' iiat& ' Total 

><ooo > 
Pop.ilation 1,008.1 1,250.5 1,519.8 1, 784.8 2,174.5 2,787.9 
Municipal 225.1 >.0 226.1 264.0 58.9 322.9 262.9 134.8 397.7 265.1 200.8 465.9 264.8 301.6 566.4 275.3 449.2 724.5 
K>!nufacturing ].3.8 0.3 14.1 5.7 13.4 19.1 5. 7 19.7 25.4 5. 7 26.4 32.1 5.5 34.7 40.2 0.0 49.9 49.9 
Steam Electric L4 27.9 29.3 0.0 29.3 29.3 6.8 29.3 36.1 12.4 29.3 41.7 o.o 47.4 47.4 0.0 53.0 53.0 
Mining 0.5 0.0 0.5 0.6 0.0 0.6 0.6 0.> o. 7 L6 0.2 1.8 2.6 0.4 3.0 3.6 0.5 u 
Irrigation 31.5 20.3 51.8 12.3 17.9 30.2 12.3 16.8 29.1 13.5 17.3 30.8 13.4 17.4 30.8 9.7 22.3 32.0 
Livestock o. 7 >.2 1.9 L3 0.8 2.> L3 0.9 2.2 L3 0.9 2.2 >.3 0.9 2.2 0.9 >.3 2.2 
Zone Total Water 273.0 50.7 323.7 283.9 120.3 404.2 289.6 201.6 491.2 299.6 274.9 574.5 287.6 402.4 690.0 289.5 576.2 865.7 

><ooo2 
Pcpllation 46.3 6l..O 71.2 78.7 88.4 100.1 
Municipal. 6.8 0.0 6.8 13.4 0.3 13.7 16.0 0.6 16.6 17.6 0.7 18.3 19.6 0.9 20.5 22.0 1.3 23.3 
K'!nufacturing 0.2 0.0 0.2 0.3 0.0 0.3 0.4 0.0 0.4 0.5 0.0 0.5 0.6 0.0 0.6 0.8 0.0 0.8 
Steam Electric 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Mining 0.5 0.0 0.5 0.5 0.0 0.5 0.6 o.o 0.6 0.6 0.0 0.6 0.6 0.0 0.6 0. 7 0.0 0.7 
Irrigation 4.8 4.3 '-' 4.8 4.2 9.0 4. 7 4.4 9.> 5.0 4.4 9.4 5.0 4.4 9.4 3.4 6.0 9.4 
Livestock 0.5 2.7 3.2 0.5 3.3 3.8 0.5 3.9 4.4 0.5 3.9 4.4 0.5 3.9 4.4 0.4 4.0 4.4 
Zone Total Water 12.8 7.0 19.8 19.5 7.8 27.3 22.2 8.9 31.1 24.2 9.0 33.2 26.3 9.2 35.5 27.3 11.3 38.6 

""'INIDI"ALS 
Population 1,054.4 1,311.5 1,591.0 1,863.5 2,262.9 2,888.0 
Municipal. 231.9 1.0 232.9 277.4 59.2 336.6 278.9 135.4 414.3 282.7 201.5 484.2 284.4 302.5 586.9 297.3 450.5 747.8 
Manufacturing 14.0 0.3 14.3 6.0 ].3.4 19.4 6.> 19.7 25.8 6.2 26.4 32.6 6.> 34.7 40.8 0.8 49.9 50.7 
Steam Electric >.4 27.9 29.3 0.0 29.3 29.3 6.8 29.3 36.1 12.4 29.3 41.7 0.0 47.4 47.4 o.o 53.0 53.0 
Mining LO 0.0 LO u 0.0 u L2 0.1 1.3 2.2 0.2 2.4 3.2 0.4 3.6 4.3 0.5 4.8 
Irrigation 36.3 24.6 60.9 17.1 22.1 39.2 17.0 21.2 38.2 18.5 21.7 40.2 18.4 21.8 40.2 13.1 28.3 41.4 - Livestock L2 3.9 5.> L8 u 5.9 L8 4.8 6.6 L8 4.8 6.6 LB 4.8 6.6 L3 5.3 6.6 

' Basin Total Water 285.8 57.7 343.5 303.4 128.1 431.5 311.8 210.5 522.3 323.8 283.9 607.7 313.9 411.6 725.5 316.8 587.5 904.3 

'"' "' ' _,; Pop.llation in thousands of persons, water re;JUirarents in thousands of acre-feet per year. ..., 



Steam-Electric Power Generation 

Installed steam-electric power generating capacity 
will expand rapidly in the Bexar County area of the San 
Antonio River Basin as the V.H. Braunig, O.W. Sommers, 
and J. T. Deeley plants expand to full capacities. Projected 
water requirements to support this level of power genera­
tion will include water withdrawals of about 36.1 thousand 
acre-feet per year by the year 2000 (high case). Water 
requirements are projected to increase from 41.9 to 53.0 
thousand acre-feet annually by 2030. 

Agriculture 

Irrigation 

Irrigation water requirements were projected for two 
cases of change based on improvements in on-farm appli­
cation efficiencies, reduction in ditch losses, changes in 
future resource costs and crop prices, and corresponding 
changes in cropping patterns to reflect more profitable 
crops. A low case projects demand for water based on the 
effects of changes in the above variables but with irrigated 
acreage held constant at 1980 levels in each zone for each 
future time period; a high case projects demand for water 
for irrigation constrained only by the requirement that 
irrigated farming produce a net positive return in excess of 
that possible from dryland farming and the requirement 
not to exceed the amount of irrigable soil in each zone. 
Thus, the projections of demand, low and high cases, based 
on the irrigation efficiency and market conditions men­
tioned above, give an estimate of the quantity of water 
needed for irrigation in each zone, at each decadal point 
for which projections were made. These projections of 
demand are compared to the projected supply of water 
locally available. When projected demand exceeds pro­
jected supply, the difference is a measure of shortage at that 
point in time. 

Irrigation water requirements in the San Antonio 
River Basin are projected to decrease from the 1980 level 
of 60.9 thousand acre-feet by a projected maximum 37 
percent by the year 2000 in the high case, declining 40 
percent in the low case. In the year 2030, water require­
ments in the basin are projected to range from 33.3 to 
41.4 thousand acre-feet annually, low and high case, 
respectively, to irrigate from 38.6 to 44.2 thousand acres. 

Zone 1 is projected to account for about 76 and 77 
percent of total basin irrigation requirements in 2000 and 
2030, respectively. Zone 2 is projected to account for 
about 23 percent of the total. 

Livestoch. 

Future livestock water requirements within the basin 
are expected to increase from 5.1 thousand acre-feet in 
1980 to 6.6 thousand acre-feet annually by 2030. Live­
stock water use in 2000 is expected to be 2.2 thousand 
acre-feet annually in Zone 1 and 4.4 thousand acre-feet 
annually in Zone 2. 

Mining 

Between 1980 and 2030, mining water use in the San 
Antonio River Basin is projected to increase from 1.0 
thousand acre-feet to 4.8 thousand acre-feet. Much of the 
increase in basin requirements will be by nonmetal mining 
firms (limestone, sand and gravel, and clay) in Bexar 
County, while water use in the recovery of petroleum and 
natural gas is projected to decline as the potential quanti­
ties available for production decrease over the projection 
period. 

Navigation 

Currently, no navigation facilities which would 
require the use of regulated freshwater supplies are planned 
in the basin. 

Hydroelectric Power 

There are no planned hydroelectric power generating 
facilities in the basin. 

WATER SUPPLY PROJECTS 
AND MEASURES TO MEET 

FUTURE BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

The approximate annual ground-water yield within 
the San Antonio River Basin to the year 2030 is 381.8 
thousand acre-feet with the following amounts annually 
available by aquifer: 285.1 thousand acre-feet from the 
Edwards (Balcones Fault Zone) Aquifer, 70.1 thousand 
acre-feet from the Carrizo-Wilcox Aquifer, 13.0 thousand 
acre-feet from the Gulf Coast Aquifer, 10.0 thousand acre­
feet from the Sparta Aquifer, and 3.6 thousand acre-feet 
from the Queen City Aquifer. Annual amounts of yield for 
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the Edwards-Trinity (Plateau) and Trinity Group Aquifers 
within the basin were not included because extensive with­
drawals of natural recharge and recoverable storage from 
these aquifers would deplete their spring flows and thereby 
reduce downstream available surface-water supplies and 
adversely affect recharge to the Edwards (Balcones Fault 
Zone) Aquifer. In the year 2030, the yield of the Carrizo­
Wilcox Aquifer within the basin would be reduced to the 
aquifer's average annual effective recharge of 43.4 thou­
sand acre-feet per year. This reduction decreases the total 
ground-water availability within the basin in 2030 to 
35 5.1 thousand acre-feet. 

The projected annual ground-water use within the 
San Antonio River Basin by decade from 1990 through 
2030 is expected to be from 303.4 to 323.8 thousand 
acre-feet per year (Table III-19-3). The approximate aver­
age annual projected ground-water use within the basin is 
expected to be about 313.9 thousand acre-feet per year. 
Of the 313.9 thousand acre-feet of average annual pro­
jected use, about 89 percent is expected to be from the 
Edwards (Balcones Fault Zone) Aquifer, and about seven 
percent is expected to be from the Carrizo-Wilcox Aquifer. 

Surface-Water Availability and 
Proposed Development 

The San Antonio River Basin is projected to expe­
rience water shortages before the year 1990 if no addi­
tional water supply sources are developed. Based upon 
proposed Sl!_rface-water development, the San Antonio 
and Guadalupe River Basins could fully meet projected 
surface-water requirements in the San Antonio River Basin 
from the present through 2030 (Table III-19-4, Figure 
III-19-2). A surplus of surface water for municipal and 
industrial purposes is projected in all decades in both 
Zones 1 and 2 through the year 2030. 

Zone l 

Zone 1 of the basin is projected, under the proposed 
surface-water plan in this report, to have an annual water 
surplus of 39.0 thousand acre-feet in 2000 and 28.2 thou­
sand acre-feet in 2030 (Table III-19-5, Figure III-19-3 ). 
In 2030, a total of 564.9 thousand acre-feet of surface 
water is projected to be used in this zone, with an importa­
tion of 210.0 thousand acre-feet per year of surface water 
to the City of San Antonio from the Guadalupe River Basin. 

Studies of the Edwards (Balcones Fault Zone) Aquifer 
have indicated that limitations on withdrawals of ground 
water from the aquifer will be needed to maintain spring 
flow in the Guadalupe River Basin at San Marcos Springs 
and to avoid possible degradation of water quality in the 

aquifer. Such pumpage limits will necessitate, at some 
future time, the curtailment of additional development by 
some users of the aquifer and must involve Bexar County, 
as municipalities and industry in Bexar County are the 
largest users of water from the Edwards. If economic 
growth in Bexar County is not to be inhibited by water 
shortages, then alternative water supplies must be devel­
oped from the most economically available sources. The 
most likely future water sources for Bexar County are 
surface-water supplies in the Guadalupe and San Antonio 
River Basins. 

In 1982, the City Water Board of San Antonio was 
granted a permit by the Texas Water Commission to con­
struct and operate the Applewhite Reservoir on the Medina 
River south of San Antonio. This reservoir, associated 
floodwater diversion works on Leon Creek, and pumping 
and treatment facilities will provide a maximum annual 
surface-water supply of 70.0 thousand acre-feet per year, 
with an average annual diversion of 50.0 thousand acre­
feet of surface water to the City of San Antonio. However, 
the annual yield of the reservoir during the historical 
drought is only 15.0 thousand acre-feet. Development of 
the Applewhite Reservoir site will supplement existing 
ground-water supplies for San Antonio and provide a ter­
minal storage facility for additional supplies of surface 
water for the city. 

Projected water needs for the City of San Antonio 
exceed available supplies, including the proposed Apple­
white Reservoir, by the year 1990. A likely alternative for 
meeting the shortages anticipated in 1990 for the City of 
San Antonio is the development of the Lindenau Reservoir 
project in the Guadalupe River Basin. This reservoir could 
supply the anticipated shortage for the City of San Antonio 
of 56.9 thousand acre-feet per year in 1990. 

Additional surface water would need to be developed 
to meet projected year 2000 shortages for San Antonio. By 
the year 2000, flood-flow diversion facilities from the 
Guadalupe River to Lindenau Reservoir and associated 
pipelines to Applewhite Reservoir could be constructed to 
provide the needed waters. By the year 2030, additional 
surface water in excess of that available from the Lindenau 
and Applewhite sites would be needed. A likely alternative 
would be the development of the Goliad Reservoir and 
associated pumping facilities to San Antonio before the 
year 2020. Further engineering, environmental, and insti­
tutional studies will be required before the least-cost sizing 
and sequencing of these projects can be established. 

Zone 2 

An annual surface-water surplus of 133.0 thousand 
acre-feet in 2000 is projected to occur in Zone 2 of the 
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Table 111-19-4. Water Resources of the San Antonio River Basin, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Basin Basin Flow Import Total Basin Basin Export Total M&l (Shortage) Total ---

1990 
Ground Water 303.4 - - - 303.4 303.4 - - 303.4 .0 .0 .0 
Surface Water 103.1 - 164.3 57.3 324.7 111.2 - 78.8 190.0 134.7 .0 134.7 
Total 406.5 - 164.3 57.3 628.1 414.6 - 78.8 493.4 134.7 .0 134.7 

2000 
Ground Water 311.8 - - - 311.8 311.8 - - 311.8 .0 .0 .o 
Surface Water 103.1 - 214.1 139.4 456.6 192.4 - 92.2 284.6 172.1 (.1) 172.0 
Total 414.9 - 214.1 139.4 768.4 504.2 - 92.2 596.4 172.1 (.1) 172.0 

2010 
' 323.8 323.8 323.8 323.8 >-' Ground Water - - - - - .0 .0 .0 

>0 
' Surface Water 103.1 - 259.0 210.7 572.8 265.4 - 114.9 380.3 192.7 (.2) 192.5 ..... 

0 Total 426.9 - 259.0 210.7 896.6 589.2 114.9 704.1 192.7 (.2) 192.5 -

2020 
Ground \Vater 313.9 - - - 313.9 313.9 - - 313.9 .0 .0 .0 
Surface Water 235.1 - 325.0 211.0 771.1 392.9 - 152.9 545.8 225.6 (.3) 225.3 
Total 549.0 - 325.0 211.0 1085.0 706.8 - 152.9 859.7 225.6 (.3) 225.3 

2030 
Ground Water 316.8 - - - 316.8 316.8 - - 316.8 .0 .0 .0 
Surface Water 235.1 - 401.0 210.0 846.1 568.0 - 238.3 806.3 41.7 (1.9) 39.8 

Total 551.9 - 401.0 210.0 1162.9 884.8 - 238.3 1123.1 41.7 (1.9) 39.8 

I Units in thousands of acre-feet per year, Water demands arc for the "high" case, Tabulated surface water demands do not include livestock needs. some quantities ofinigation 
needs and other needs which \\ill continue to be met from local, unregulated surface-water supplies. 

Definitions 
lntm-Basin: A transfer of water amon~ zones within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a naturnl stream channel that can be recaptured nt a dO\vnstream point. 
Export: A transfer of water to another river basin. 
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Figure 111- 19-2. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, San Antonio River Basin, 1980-2030 

basin (Table III-19-6, Figure III-19-4) if all proposed 
water development is instituted. Of the 524.0 thousand 
acre-feet of surface water projected for 2030 to be avail­
able for this zone, a total of 392.0 thousand acre-feet of 
return flow from Zone 1 is available. Exports from this zone 
in 2030 are projected to be 213.0 thousand acre-feet of 
surface water to adjacent river and coastal basins, and 
296.3 thousand acre-feet to Zone 1 of the basin. 

The major reservoir proposed for construction in 
Zone 2 is the Goliad Reservoir project. The potential dam 
site is located on the San Antonio River several miles 
upstream from the City of Goliad in Goliad County. Pre­
liminary capacity-cost studies of this project were initially 

performed by the U.S. Bureau of Reclamation for the 
United States Study Commission-Texas in 1960; and the 
project has been studied by the Department. The Goliad 
site is proposed for development by the year 2020 to meet 
needs in San Antonio and to provide water to the Nueces­
Rio Grande Coastal Basin, particularly the City of Corpus 
Christi. Pipelines to convey water from Goliad to Lake 
Corpus Christi and to the City of San Antonio would need 
to be constructed prior to the year 2020. Additional studies 
will have to be performed by the Department and regional 
interests to examine the engineering alternatives and the 
economic, environmental, and institutional considera­
tions that would be involved in such a major interbasin 
transfer of water. 
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Table ID-19-5. Water Resources of the 81111 Antonio River Basin, Zone 1, 
With Projected Water Supplies and Demands, 1990-20301 

Water Supply Water Demand Surplus or Shortage 

In Intra .. Return In Intra· Irrigation 
Deeade Zone Basin Flow Import Tolal Zone Basin El<JlOrl Tolal M&I _(Shortage) Total ---

1990 
Ground Water 283.9 - - - 283.9 283.9 - - 283.9 .0 .0 .0 
Surface Water 103.1 .0 4.0 56.9 164.0 110.8 .0 15.0 125.8 38.2 .0 38.2 
Total 387.0 .0 4.0 56.9 447.9 394.7 .0 15.0 409.7 38.2 .0 38.2 

2000 
Ground Water 289.6 - - - 289.6 289.6 - - 289.6 .0 .0 .0 
Surface Water 103.1 .0 5.0 138.9 247.0 191.6 .0 16.4 208.0 39.0. .0 39.0 
Total 392.7 .0 5.0 138.9 536.6 481.2 .0 16.4 497.6 39.0 .0 39.0 

- 2010 = ' .... Ground Water 299.6 - - - 299.6 
"' 

299.6 - - 299.6 .0 .0 .0 
' Surface Water 103.1 .0 5.8 210.0 318.9 264.5 .0 24.6 289.1 29.8 .0 29.8 .... 
"' Total 402.7 .0 5.8 210.0 618.5 564.1 .0 24.6 588.7 29.8 .0 29.8 

2020 
Ground Water 287.6 - - - 287.6 287.6 - - 287.6 .0 .0 .0 
Surface Water 103.1 128.5 7.0 210.0 448.6 391.8 .0 25.0 416.8 31.9 (.1) 31.8 
Total 390.7 128.5 7.0 210.0 736.2 679.4 .0 25.0 704.4 31.9 (.1) 31.8 

2030 
Ground Water 289.5 - - - 289.5 289.5 - - 289.5 .0 .0 .0 
Surface Water 103.1 296.3 9.0 210.0 618.4 564.9 .0 25.3 590.2 28.3 (.1) 28.2 
Total 392.6 296.3 9.0 210.0 907.9 854.4 .0 25.3 879.7 28.3 (.1) 28.2 

lUnits in thousands of acre-feet per year. Water demands are for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 
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Figure 111-19-3. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, San Antonio River Basin, Zone 1, 1980-2030 

A potential surface-water development in Zone 2 of 
the San Antonio River Basin is the authorized Cibolo Res­
ervoir. Hydrologic studies have determined that the firm 
annual yield of the Cibolo Reservoir project, under year 
2000 conditions , will total approximately 22 thousand 
acre-feet. Approximately 2 thousand acre-feet of the yield 
of Cibolo Reservoir has been tentatively allocated to supply 
the projected water requirements of the Karnes County 
area, thus leaving 20 thousand acre-feet available annually 
for possible delivery to Bexar County. 

Large volumes of ground water are available for devel­
opment in ce rtain areas of the Carrizo-Wilcox Aquifer 

south of Bexar County. Through the application of a 
mathematical model of the Carrizo-Wilcox Aquifer, it was 
concluded that approximately 40 thousand acre-feet could 
be pumped annually from the artesian zone of the aquifer 
in Wilson County, in the Guadalupe River Basin, over a 
50-year period without dewatering the aquifer. However, 
severe declines in water levels which would occur under 
this development alternative could affect the availability of 
this part of the aquifer as a perpetual source of water for 
local uses. Subject to further study, the Carrizo-Wilcox 
Aquifer is not presently considered a suitable long-term 
water-supply source for large municipal and manufactur­
ing demands in Bexar County. 
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Table 111-19-6. Water Resources of the San Antonio River Basin, Zone 2, 
With Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigadon 
Decade Zone Basin Flow Import Total Zone Basin Export Total M&I (Shortage) Total ---

1990 
Ground Water 19.5 - - - 19.5 19.5 - - 19.5 .0 .0 .0 
Surface Water .0 .0 160.3 .4 160.7 .4 .0 63.8 64.2 96.5 .0 96.5 
Total 19.5 .0 160.3 .4 180.2 19.9 .0 63.8 83.7 96.5 .0 96.5 

2000 
Ground Water 22.2 - - - 22.2 22.2 - - 22.2 .0 .0 .0 
Surface Water .0 .0 209.1 .5 209.6 .8 .0 75.8 76.6 133.1 (.1) 133.0 
Total 22.2 .0 209.1 .5 231.8 23.0 .0 75.8 98.8 133.1 (.1) 133.0 

- 2010 
' Ground Water 24.2 24.2 24.2 24.2 .0 .0 .0 .... - - - - -

"" ' Surface Water .0 .0 253.2 .7 253.9 .9 .0 90.3 91.2 162.9 (.2) 162.7 .... ... Total 24.2 .0 253.2 .7 278.1 25.1 .0 90.3 115.4 162.9 (.2) 162.7 

2020 
Ground Water 26.3 - - - 26.3 26.3 - - 26.3 .0 .0 .0 
Surface Water 132.0 .0 318.0 1.0 451.0 1.1 128.5 127.9 257.5 193.7 (.2) 193.5 
Total 158.3 .0 318.0 1.0 477.3 27.4 128.5 127.9 283.8 193.7 (.2) 193.5 

2030 
Ground Water 27.3 - - - 27.3 27.3 - - 27.3 .0 .0 .0 
Surface Water 132.0 .0 392.0 .0 524.0 3.1 296.3 213.0 512.4 13.4 (1.8) 11.6 
Total 159.3 .0 392.0 .0 551.3 30.4 296.3 213.0 539.7 13.4 (1.8) 11.6 

1Units in thousands of acre-feet per year. Water demands are for the "high" case. Tabulated surince water demands do not include livestock needs, some quantities ofirrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin, 
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Water Quality Protection 

A water quality management plan for the San Antonio 
River Basin has been developed pursuant to the require­
ments of federal and State Clean Water legislation. The 
plan serves as a basic element in the State's overall water 
quality strategy and provides guidance in establishing 
priorities for construction grants for waste-treatment facil ­
ities, permitting of wastewater facilities, revision of stream 
standards, and other program activities. 

Construction costs associated with municipal waste­
water treatment facilities needs have been estimated to be 
approximately $437.0 million for the planning period of 
1980 to the year 2000. These costs are estimated for the 
entire San Antonio River Basin with approximately $413.4 
million required for Zone 1 and $23.6 million projected 
for Zone 2 . All costs are in January 1980 dollars and are 
subject to revision as new data become available. The list of 

projects, with project costs for 1982-1989, at 1980 pri­
ces, is shown in Appendix B. 

Additional water quality management costs, such as 
for control of agricultural, oil and gas, and industrial pollu­
tants, cannot be estimated at this time, but are believed to 
be increasing. 

Flood Control Measures 

The San Antonio Channel Improvement project is 
perhaps the single most important project being accom­
plished in the basin with respect to flood control. The 
project provides for clearing, widening, deepening, and 
straightening the channel of the San Antonio River within 
and near the City of San Antonio as well as sections of San 
Pedro, Apache, Alazan, Martinez, and Six Mile Creeks. 
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When completed, the total length of improved chan­
nel will be nearly 35 miles, of which 14.4 miles is the San 
Antonio River channel. Estimated federal cost for the pro­
ject is S46 million with an additional Sl.J million being 
cash contributions by local interests which are represented 
by the San Antonio River Authority. In addition to the 
financial contribution, local interests are providing the 
necessary right-of-ways and easements, modifying utili­
ties, reconstructing five channel dams, constructing 14 
new low-water crossings and 81 new bridges, and modify­
ing five existing bridges totalling an estimated $48.9 mil­
lion. This project is scheduled for completion in 
September 1989. 

Olmos Dam, completed in 1926 on Olmos Creek by 
the City of San Antonio, does not normally impound water 
but serves to hold high peak discharges during flood flow. 
Water is later released to lessen the effects of flooding. 
Inspections of the dam indicated that work was needed on 
the structure to maintain the integrity of the dam for con­
tinued use of its 12,600 acre-feet of flood storage. This 
rehabilitation work has been completed. 

The authorized Cibolo Reservoir, which will be 
located in Wilson County, will provide flood-control stor­
age of 202.5 thousand acre-feetforflood protection along 
Cibolo Creek and the lower San Antonio River Basin. 

In addition, the U.S. Soil Conservation Service (SCS) 
has constructed floodwater-retarding structures on several 
small streams in the basin. Forty-six of the planned 61 
structures are complete. The study on Ecleto Creek has 
been approved for operation and will have a total of eleven 
structures when complete. 

There are about 400 square miles of drainage area 
above 46 existing SCS floodwater-retarding structures 
within the San Antonio River Basin. As of October 1980, 
an additional15 structures with a combined drainage area 
of 190 square miles were planned for construction. Both 
the planned and existing structures are divided fairly evenly 
between Zones 1 and 2 of the basin. 
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20. SAN ANTONIO-NUECES COASTAL BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physical Description 

The San Antonio-Nueces Coastal Basin is bounded on 
the north and east by the San Antonio River Basin and the 
Lavaca-Guadalupe Coastal Basin, and on the south and 
west by the Nueces River Basin and the Nueces-Rio Grande 
Coastal Basin. Runoff from the basin drains into Copano 
Bay, Mission Bay, St. Charles Bay, and Aransas Bay. Total 
basin drainage area is 2,652 square miles. For planning 
purposes, the San Antonio-Nueces Coastal Basin is treated 
as a single hydrologic unit (Figure III-20-1). 

Surface Water 

The average annual runoff in the basin during the 
1941-70 period was about 102 acre-feet per square mile. 
The years of lowest flow during the 1941-70 period 
occurred from 1954 to 1956 and 1963 to 1964. The 
average annual runoff during the 1954-56 period was 
about eight acre-feet per square mile, reaching a low of six 
acre-feet per square mile in 1955. The average annual 
runoff during the 1963-64 period was 10 acre-feet per 
square mile, with a low of seven acre-feet per square mile in 
1963. The lowest runoff rate (four acre-feet per square 
mile) occurred in 1950. 

Flood problems associated with the San Antonio­
Nueces Coastal Basin are similar to those experienced in 
other coastal basins. The terrain contributes to shallow 
flooding of long duration. 

Records dating back to 1871 show that, on the aver­
age, a tropical storm or hurricane has affected the coastline 
of the San Antonio-Nueces Coastal Basin once every three 
years. 

Runoff from the upper part of the basin is of good 
quality, and the average concentration of dissolved solids 
in flows of Medio and Blanco Creeks above Refugio is less 
than 250 milligrams per liter (mg/1). However, the main 
stem of the Mission River is usually highly saline for the 
entire length, principally as a result of runoff from oil fields 
in the Refugio area. Dissolved-solids concentrations in low 
flows of the river at Refugio often exceed 50,000 mg/l. and 
during dry years the concentration of dissolved solids has 
averaged between 30,000 and 45,000 mg!l. The average 
dissolved-solids concentration of the river below Refugio 
commonly exceeds 1,250 mg/l. Runoff to the Aransas 

River is of good quality, but is degraded locally by drainage 
from oil fields. Low flows frequently contain between 
1,000 and 2,000 mg/1 total dissolved solids. The discharge 
weighted average dissolved solids concentration of the river 
is estimated to be about 650 mg/l. 

Ground Water 

Except for the southern parts of Aransas and San 
Patricio Counties, the entire San Antonio-Nueces Coastal 
Basin is underlain by the Gulf Coast Aquifer. The aquifer 
extends to depths of 1,800 feet below land surface. The net 
water-bearing sand thickness ranges from 200 to 500 feet. 
Large-capacity well yields average about 500 gallons per 
minute (gpm); however, locally wells yield as much as 
3,000 gpm. The ground water generally contains about 
1,000 mg/1 total dissolved solids, but ranges up to 3,000 
mg/1 total dissolved solids. 

In areas immediately adjacent to the coast in Refugio, 
Aransas, San Patricio, and Nueces Counties within the 
basin, freshwater deposits of the Gulf Coast Aquifer are 
surrounded by extensive deposits containing saline waters. 
The potential for saline-water encroachment is very great, 
but can be controlled by proper well location, completion, 
and pumpage. 

Population and Economic Development 

The San Antonio-Nueces Coastal Basin had a popula­
tion of 98.7 thousand in 1980. The economic structure of 
the coastal basin is diversified, with petroleum-related 
activities, agriculture, and tourism providing the base. 
Agricultural activities contribute over $76 million to the 
basin economy. Mineral production yields over $500 mil­

·lion annually to the area economy, principally from oil and 
gas, and to a lesser extent shell, stone, and clay. 

Water Use 

Municipal water use in 1980 in the San Antonio­
Nueces Coastal Basin amounted to 14.2 thousand acre­
feet. San Patricio County accounted for the greatest 
portion of the total use ( 45 percent), followed by Bee 
County (25 percent), Aransas County (20 percent), and 
Refugio County (10 percent). Cities accounting for signifi­
cant portions of the total basin use were Rockport ( 11 
percent), Beeville (16 percent), Aransas Pass (7 percent), 
Portland (11 percent), and Sinton (5 percent). 
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Manufacturing industries in the basin used 14.5 thou­
sand acre-feet of freshwater during 1980, concentrated in 
San Patricio County. Major water-using manufacturing 
industries within the basin include chemicals and allied 
product industries and primary metals industries. 

In the San Antonio-Nueces Coastal Basin, 5.8 thou­
sand acres was irrigated with 3.3 thousand acre-feet of 
water in 1980. All but about 0.1 thousand acres was irri­
gated from ground-water sources. 

Estimated mining water use in the San Antonio­
Nueces Coastal Basin totaled almost 900 acre-feet in 
1980. Most of the fresh water was used for petroleum and 
natural gas production. 

Livestocl{ water use in the San Antonio-Nueces Coas­
tal Basin in 1980 totaled 2. 2 thousand acre-feet. The total 
livestocl< requirements were supplied by 400 acre-feet and 
1.8 thousand acre-feet of ground-water and surface­
water, respectively. 

Navigation facilities in the San Antonio-Nueces Coas­
tal Basin include the Gulf Intracoastal Waterway and its 
tributary waterways-the channels to Fulton, Rockport, 
and Aransas Pass, the Lydia Ann Channel, the Aransas Pass 
Entrance Channel, the La Quinta Channel, and a portion 
of the Corpus Christi Ship Channel. These marine naviga­
tion facilities have no regulated freshwater requirements. 

Return Flows 

In 1980, municipal and manufacturing return flows 
in the San Antonio-Nueces Coastal Basin totaled 11.3 
thousand acre-feet. San Patricio County contributed the 
majority of the return flows, 66 percent. 

Return flows from irrigation in the basin were esti­
mated to be approximately 15 percent of the water applied 
for irrigation. Irrigation return flows in 1980 were esti­
mated to be about 500 acre-feet. Much of these return 
flows were discharged near the Coast. 

Current Ground-Water Development 

Approximately 12.3 thousand acre-feet of ground 
water was used in 1980 in the San Antonio-Nueces Coastal 
Basin. All of the ground water used in the basin was from 
the Gulf Coast Aquifer. 

Of the 12.3 thousand acre-feet of ground water used 
in the basin, about 7.8 thousand acre-feet or 63 percent 
was for municipal purposes, and 3. 2 thousand acre-feet or 
26 percent was used for irrigation purposes. 

Significant overdrafts of ground water from the Gulf 
Coast Aquifer occurred in Aransas County due to with­
drawals for municipal purposes, and in San Patricio 
County due to excessive withdrawals for municipal and 
irrigation purposes. 

Current Surface-Water Development 

There are no major reservoirs in the San Antonio­
Nueces Coastal Basin. The San Patricio Municipal Water 
District (MWD) purchases raw and treated waterfrom the 
City of Corpus Christi. The San Patricio MWD supplies 
water to industries and the Cities of Odem, Taft, Gregory, 
Portland, Ingleside, Port Aransas, Rockport, and Aransas 
Pass. The San Patricio MWD has a contractual agreement 
with the City of Corpus Christi to purchase up to 26 million 
gallons per day (gpd) of raw water and five million gpd of 
treated water, for a total of 34.7 thousand acre-feet 
annually. 

In 1980, water use in the San Antonio-Nueces Coas­
tal Basin totaled about 35.1 thousand acre-feet. Of this 
quantity, 22.8 thousand acre-feet was supplied from 
surface-water sources and 12.3 thousand acre-feet was 
supplied from ground-water sources. Almost all of the 
surface-water use was supplied by the San Patricio MWD, 
which delivered 17.3 thousand acre-feet of water to 
member cities and industries. The remaining major 
municipalities in the San Antonio-Nueces Coastal Basin, 
including Beeville, Sinton, Woodsboro, and Refugio 
obtained their water supplies from ground-water sources. 

Water Rights 

A total of 53,151 acre-feetof surface water was autho­
rized or claimed for diversion and use in the San Antonio­
Nueces Coastal Basin as of December 31, 1983 (Table 
III-20-1 ). Recreation uses accounted for nearly all of the 
basin total (99.2 percent) (Table JII-20-2). 

Water Quality 

Residual effects of previous discharges of oil-field 
brines in unlined earthen pits and into the Mission River 
are expected to impact the quality of the river for some 
time. High pH, chloride, sulfate, and total dissolved-solids 
concentrations are the principal problems. 

Flooding, Drainage, and Subsidence 

Flood damages in the San Antonio-Nueces Coastal 
Basin usually result from the effects of hurricanes and 
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Table 111-20-1. Authorized or ClaimcdAmountofWater, 
by Type of Right, San Antonio-Nucccs Coastal Basin' 

Type of 
Authorization 

Permits 
Claims 
Certified Filings 
Certificates of 

Adjudication 

Total Authorizations 
and Claims 

Number 
of Rights 

5 
3 
0 

0 

8 

Acre-Feet 
Authorized 

and Claimed 

585 
52,566 

0 

0 

53,151 

1Thc Texas Water Ri)!hts Adjudication Act of 1967 authorizes the Tcxns Depart­
ment of Water Resources to invcstiJ!atc nnd determine, with the Court's approval, 
the nature and measure of water riJ!hts for nll:Juthorizcd diversions from surfncc­
wntcr streams or portions thereof except domestic and livcstoc]t uses :md to 
monitor and administer each adjudicated water ri)!ht. These totals incorpumtc 
the results of wntcr-riJ!hts mljudicntion in the basin as of December 31, 1983, 
Certified Filin,i!s nrc dccl:1mtions ofapproprintion which were filed with the State 
Bo:1rd of Water En!tinccrs under the provisions of Section 14, Chnptcr 171, 
General Lmvs. Acts of the 3Jrd Lc,i!islnturc, 1913, as :~mended. Permits nrc 
swtutorr :1ppropriativc ri,i!hts which lmvc been issued by the Tcxns W:1tcr Com­
mission or its predecessor n,i!cncics. Claims arc sworn statements of historical 
uses to be adjudic:ltcd in uccordancc with the Tcxns W:~tcr Ri,i!hts Adjudication 
Act. A certificate of :1djudication is the fin:1l result lifter rcco,l!nition of:• vnlid ri,i!ht 
in thcadjudicution proccssnnd is lmsed on a permit, certified filin,!!orcl:1im or:1ny 

,<.'ombination of the three. 

Table 111-20-2. Authorized or Claimed AmountofWater, 
by Type of Usc, in Acre-Feet, 

San Antonio-Nucccs Coastal Basin 

Type of Number Basin 
Usc of rughts Total 

Municipal I 240 
Industrial 0 0 
Irri~ntion 4 166 
Recreation 3 52,745 

Total 8 53,151 

hurricane related storms. Hurricane Carla caused consid­
erable damage to the basin in 1971. Flood damages 
exceeded $2 million in Aransas County and amounted to 
$106 thousand and $195 thousand respectively, in Refu­
gio and San Patricio Counties. 

Hurricane Beulah was one of the most devastating 
events to occur in the basin in recent years. Flood losses 
within the basin totaled approximately $14 million. San 
Patricio County suffered the worst damages, with over $11 

million in total flood damages. Aransas County suffered 
nonagricultural losses in excess of $1.5 million. 

In 1970, Hurricane Celia produced extensive dam­
ages in this area of the Coast. Marine, as well as industrial, 
agricultural, and residential properties suffered great 
losses. Damages from Hurricane Celia totaled $14 million 
in San Patricio, Aransas, and Refugio Counties. 

The basin suffered damages again in 1971 as a result 
of Hurricane Fern, although total damages from this hurri· 
cane were not as widespread as from Hurricane Beulah. 
Damages totaled $177 thousand in Aransas County, $400 
thousand in Bee County, $302 thousand in Refugio 
County, and nearly ll900 thousand in San Patricio County 
from Hurricane Fern. 

September flooding in 1979 and Hurricane Allen in 
August 1980 brought two Presidential disaster declara­
tions to the basin with over $2.1 million being expended by 
various federal agencies for flood relief. Flood insurance 
claims for 1979, 1980, and 1981 have totaled 996 for 
$5.3 million in flood damages. 

The Federal Emergency Management Agency has 
designated 11 communities within the San Antonio· 
Nueces Coastal Basin as having one or more special flood­
hazard areas. All eleven of these communities are 
participating in the National Flood Insurance Program. 
Flood insurance rate studies have been completed for nine 
communities. Insurance is available in the unincorporated 
portions of Aransas, Bee, Refugio, and San Patricio Coun· 
ties. Aransas, Refugio and San Patricio Counties are par­
ticipating in the Regular Phase of the Program and Bee 
County has a rate study underway. 

Drainage problems in the San Autonio-Nueces Coas· 
tal Basin result from streams \vith insufficient channel 
capacities to carry storm runoff. Shallow depressions, 
ponds, and swales are covered with water for extended 
periods of time after heavy rains. Damage to crops often 
occurs as a result of numerous scattered depressions 
throughout the basin. Due to the low permeability of the 
soils in the area, on-site drainage facilities must be imple­
mented to alleviate the problem. 

Since 1918, more than 0. 7 foot of subsidence has 
been measured at Refugio. This subsidence was caused by 
fresh ground-water withdrawals from the Gulf Coast Aqui­
fer by Refugio, and petroleum and associated saline-water 
withdrawals from various oil and gas fields in and near 
Refugio. Fault activation and movement which can cause 
considerable damage to property are associated with subsi­
dence. Damages caused by fault movement are very evi­
dent in urban areas of the Gulf Coastal Plain. 
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Recreation Resources 

Mission River, Copano Creel{, and the many smaller 
streams and ponds offer limited freshwater recreation 
opportunities in the San Antonio-Nueces Coastal Basin. 
These freshwater resources offer opportunities for boating 
and fishing. By comparison. coastal waters provide signifi­
cantly more opportunities to the public, with both beach 
and shoreline areas as well as bay and Gulf waters available. 
Information from studies by the Texas Department of 
Water Resources and the Texas Parks and Wildlife Depart­
ment shows an estimated 319.9 thousand sport fishing 
parties visited the Nueces and Mission-Aransas estuaries 
during 1976-1977. This recreation use generated an esti­
mated total economic impact of over $60 million to 
regional and State economies. 

PROJECTED WATER REQUIREMENTS 

Population Growth 

The population of the San Antonio-Nueces Coastal 
Basin is projected to increase 113 percent from 19SO to 
2030 (Table lll-20-3). The growth rate is expected to be 
48 percent from 1980 to 2000 and 44 percent between 
2000 and 2030. 

San Patricio, Bee, and Aransas Counties are the three 
most populous counties in the basin. Although San Patricio 
County is expected to experience a 121 percent growth 
rate over the 1980-2030 period. its share of the total basin 
population is expected to increase slightly from 50 percent 
in 1980 to 52 percent in 2030. Bee County is expected to 
experience a 97 percent increase, yet decrease slightly in 
its share of total basin population. In contrast, Aransas 
County's share of total basin population is projected to 
grow from 14 percent to 20 percent, with a projected 
growth rate of 196 percent between 1980 and 2030. 

Water Requirements 

Municipal 

Municipal water requirements are projected for two 
cases of future growth based on both population and per 
capita water use. Water requirements in the San Antonio­
Nueces Coastal Basin are projected to increase from the 
1980 level of 14.2 thousand acre-feet by a projected maxi­
mum of 121 percent by the year 2000. In the year 2030, 
water requirements are projected to range from 27.9 to 
45.4 thousand acre-feet. San Patricio County is projected 
to account for almost half of the total basin municipal 
requirements in the year 2000. 

Industrial 

Manufacturing water requirements in 1980 were 
14.5 thousand acre-feet in the San Antonio-Nueces Coas­
tal Basin. Projection·s of future water requirements for 
manufacturing purposes· were made by decade and for a 
low and high case for each industrial group. In 1980, over 
90 percent of total manufacturing water use was concen­
trated in five industrial groups: chemicals, petroleum 
refining, primary metals, paper products, and food pro­
ducts. Because of this concentration, careful attention was 
given to the future growth outlook for these industries in 
making the projections. 

Manufacturing water requirements in San Antonio­
Nueces Coastal Basin are projected to increase more than 
two and a half times by the year 2030, to a potential high of 
40.7 thousand acre-feet by 2030. Manufacturing water 
requirements in the basin are expected to increase by 
141-180 percent between 1980 and 2030, which is less 
than the statewide average of 178-230 percent. 

In 1980, most of the manufacturing water use in the 
San Antonio-Nueces Coastal Basin occurred in San Patri­
cio County. 

Steam-Electric Power Generation 

There are currently no plans to install steam -electric 
power generating capacity in San Antonio-Nueces Coastal 
Basin. 

Agriculture 

Irrigation 

Inigation water requirements were projected for two 
cases of change based on improvements in on-farm appli­
cation efficiencies, reduction in ditch losses, changes in 
future resource costs and crop prices, and corresponding 
changes in cropping patterns to reflect more profitable 
crops. A low case projects demand for water based on the 
effects of changes in the above variables but with irrigated 
acreage held constant at 1980 levels in each zone for each 
future time period; a high case projects demand for water 
for irrigation constrained only by the requirement that 
irrigated farming produce a net positive return in excess of 
that possible from dryland farming and the requirement 
not to exceed the amount of irrigable soil in each zone. 
Thus, the projections of demand, low and high cases, based 
on the irrigation efficiency and market conditions men­
tioned above, give an estimate of the quantity of water 
needed for irrigation in each zone, at each decadal point 
for which projections were made. These projections of 
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' "' 0 
' a-

San Antonio-Nueces Basin 
Pqclatioo 
Municipal 7.8 6.4 
Manufacturing 0.1 14.4 
Steam Electric 0.0 0.0 
Mining 0.8 0.1 
Irrigation 3.2 0.1 
Livestock 0.4 1.8 
Basin Total Water U.3 22.8 

Table III-20-3. Pop..l].ation, CUrrent Water Use, With Projected Popllation and Water ReqlliraJEllts, 199o-203oY 
san Antonio-Nueces coastal Basin 

Total ' water ' wat& Total water water ' Total water ' water Total ; 

98.7 125.0 146.2 164.9 
14.2 6.2 20.2 26.4 6.6 24.8 31.4 6.5 29.0 35.5 
14.5 0.0 19.4 19.4 0.0 23.6 23.6 0.0 28.2 28.2 

0.0 0.0 0.0 0.0 0.0 0.0 o.o 0.0 0.0 o.o 
0.9 0.9 0.1 1.0 1.0 0.2 1.2 0.9 0.0 0.9 
3.3 4.2 0.7 4.9 4.2 0.8 s.o 4.3 0.8 5.1 
2.2 0.4 2.2 2.6 0.4 2.6 3.0 0.4 2.6 3.0 

35.1 11.7 42.6 54.3 12.2 52.0 64.2 12.1 60.6 72.7 

.; Pop.llation in thousands of I,:eJ:SOns, water requiraJEllts in thousands of acre-feet per year 

water ' Water ' Total Water ' water Total 

187.6 209.8 
7.2 33.2 40.4 7.4 38.0 45.4 
0.0 33.8 33.8 0.0 40.7 40.7 
0.0 o.o 0.0 0.0 0.0 0.0 
0.6 0.1 0. 7 0.4 0.0 0.4 
4.3 0.8 5.1 4.3 0.8 5.1 
0.4 2.6 3.0 0.4 2.6 3.0 

u.s 70.5 83.0 12.5 82.1 94.6 



demand are compared to the projected supply of water 
locally available. When projected demand exceeds pro­
jected supply, the difference is a measure of shortage at that 
point in time. 

Irrigation water requirements in the San Antonio­
Nueces Coastal Basin are projected to increase from the 
1980 level of 3.3 thousand acre-feet by a projected maxi­
mum 52 percent by the year 2000 in the high case, and in 
the low case. In the year 2030, water requirements in the 
Basin are projected to remain about 5.1 thousand acre­
feet annually in the low and high cases to irrigate about 5.8 
thousand acres. 

Livcstocli 

Livestock water needs within the basin are projected 
to increase from 2. 2 thousand acre-feet in 1980 to 3.0 
thousand acre-feet annually by 2030. 

Mining 

Mining water requirements, used mainly in the recov­
ery of oil and natural gas in the San Antonio-Nueces Coas­
tal Basin are projected to decrease from 0. 9 thousand 
acre-feet in 1980 to 0.4 thousand acre-feet annually in 
2030. This decrease in water demand is the result of 
declining potential quantities of oil and natural gas avail­
able for future production. 

Navigation 

Currently, no navigation facilities which would 
require the use of regulated freshwater supplies are planned 
in· the basin. 

Hydroelectric Power 

There are no planned hydroelectric power generating 
facilities in the basin. 

Estuarine Freshwater Inflows 

The Mission and Aransas Rivers discharge from the 
San Antonio-Nueces Coastal Basin into the Mission­
Aransas estuary. Estimates of freshwater inflow needs of 
the Mission -Aransas estuary are based on the Mission River 
gaged flows at Refugio and the total fisheries harvests for the 
Mission-Aransas and Nueces estuaries. The total fisheries 
harvests for the Mission-Aransas and Nueces estuaries are 
used because these two estuaries share a common outlet to 
the Gulf of Mexico. 

Estimates of the gaged inflows needed to sustain the 
desired salinity limits for the Subsistence Alternative yield a 
15.5 thousand acre-feet annual gaged inflow volume 
(Table lll-20-4). The inflows needed annually, from the 
gaged portion of the Mission River (Table lll-20-4), to 
maintain the average 1962 through 1976 commercial 
fisheries harvests (Fisheries Harvest Maintenance Alterna­
tive) for the combined Mission-Aransas and Nueces estu­
aries totals 19.4 thousand acre-feet. For the Harvest 
Enhancement Alternative, it is established that maximiz­
ing the finfish production in the Mission-Aransas and Nue­
ces estuaries requires volumes of water from the 
contributing drainage areas of the estuary equal to the 
annual inflow limit set at the average (1941-1976) com­
bined inflows of 368 thousand acre-feet per year, with an 
annual gaged inflow need of 42.7 thousand acre-feetfrom 
the Mission River Basin (Table lll-20-4). Since the esti­
mated freshwater inflow need equals the upper limit on 
inflow, it is likely that additional inflow (consistent with 
salinity limits) will increase the annual finfish harvest. The 
gaged inflow needed from the Mission River Basin for the 
Biotic Species Viability Alternative to maintain salinities 
within the viability limits for organisms in the Mission­
Aransas estuarine system is estimated to be 2.8 thousand 
acre-feet annually (Table lll-20-4). 

WATER SUPPLY PROJECTS AND 
MEASURES TO MEET 

FUTURE BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

The approximate annual ground-water yield \vithin 
the San Antonio-Nueces Coastal Basin through the year 
2030 is 30.0 thousand acre-feet. This amount of annual 
ground-water supply is from the Gulf Coast Aquifer which 
is the only fresh to slightly saline water-bearing formation 
within the basin. 

The projected annual ground-water use within the 
San Antonio-Nueces Coastal Basin by decade from 1990 
through 2030 is expected to be from 11.7 to 12.5 thou­
sand acre-feet per year (Table lll-20-3 ). The approximate 
average annual projected ground-water use within the 
basin is expected to be about 12.2 thousand acre-feet per 
year. 

Surface-Water Availability and 
Proposed Development 

Dependable surface-water supplies in the San 
Antonio-Nueces Coastal Basin are currently provided from 
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Table 111-20-4. Gaged River Inflow Needs of the 
Mission-Aransas Estuary From the San Antonio-Nueces Coastal Basin 

Under Four Alternative Levels of Fisheries Productivity1 

Mission River2 

Fisheries Finfish Biotic 
Ecosystem Harvest Harvest Species 

Month Subsistence Maintenance Enhancement Viability 

January .7 
February 1.2 
March .9 
April 1.5 
May 2.9 
June 1.8 
July .8 
August .8 
September 1.9 
October 1.2 
November .9 
December .9 

Annual 15.5 

I All inflows are mean monthly values in thousand ncrc-fcet, 
2Qagcd streamflow of Mission River at Rcful,!io. 

the Nueces River Basin. These supplies are projected to be 
insufficient to meet all anticipated needs after 2010. How­
ever, based upon proposed surface-water development, 
projected future surface-water requirements in the San 
Antonio-Nueces Coastal Basin can be fully satisfied for all 
purposes other than irrigation through the year 2030 
(Table 111-20-5, Figure 111-20-2). An estimated 48.6 
thousand acre-feet and 78.6 thousand acre-feet of surface 
water are proposed to be supplied annually to this basin 
through interbasin transfers from the San Antonio or Nue­
ces River Basins or both in 2000 and 2030, respectively. A 
slight annual shortage for irrigation is estimated to occur in 
each decade from 1990 through 2030 due to insufficient 
ground water to meet all projected irrigation needs. This 
shortage is approximately 0.8 thousand acre-feet per year. 

No major resentoirs are proposed in this coastal basin. 
Projected surface-water needs in the San Antonio-Nueces 
Coastal Basin can be supplied through existing reservoirs 
and conveyance facilities in the Nueces River Basin until 
the year 2020. By the year 2020, additional surface-water 
supplies will be needed. An alternative source proposed for 
meeting these needs is Goliad Reservoir on the San Anto­
nio River. This reservoir could supply sufficient surface 

.7 .7 .14 
1.2 1.2 .07 

.9 .9 .13 
1.5 3.9 .30 
2.9 9.9 .61 
1.8 6.3 .21 
2.8 2.8 .14 
1.8 9.1 .22 
1.9 1.9 .36 
1.2 1.2 .34 
.9 1.9 .16 

1.8 2.9 .12 

19.4 42.7 2.80 

water to meet anticipated needs in the basin through the 
year 2030. Additional studies will need to be undertaken 
by State and local interests to assess the economic, engi­
neering, and environmental feasibility of this project. 

Water Quality Protection 

A water qualiry management plan for the San 
Antonio-Nueces Coastal Basin has been developed pursu­
ant to the requirements of federal and State Clean Water 
legislation. An areawide water quality management plan 
has also been developed for the Corpus Christi metropoli­
tan area. The plans serve as a basic element in the State's 
overall water quality strategy and provide guidance in 
establishing priorities for construction grants for waste 
treatment facilities, permitting of wastewater facilities, 
revision of stream standards, and other program activities. 

Construction costs associated with municipal waste­
water treatment facilities needs have been estimated to be 
approximately $41.2 million for the planning period of 
1980 to the year 2000. These costs are estimated for the 
entire San Antonio-Nueces Coastal Basin in January 1980 
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Table 111-20-5. Water Resources of the San Antonio-Nueces Coastal Basin, With 
Projected Water Supplies and Demands, 1990-20301 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Basin Basin Flow Import Total Basin Basin Export Total M&l (Shortage) Total ---

1990 
Ground \Vater 11.7 - - - 11.7 11.7 - - 11.7 .0 .0 .0 
Surface Water .0 - .0 39.6 39.6 40.3 - .0 40.3 .0 (.7) (.7) 
Total 11.7 - .0 39.6 51.3 52.0 - .0 52.0 .0 (.7) (.7) 

2000 
Ground Water 12.2 - - - 12.2 12.2 - - 12.2 .0 .0 .0 
Surface Water .0 - .0 48.6 48.6 49.3 - .0 49.3 .0 (.7) (.7) 
Total 12.2 - .0 48.6 60.8 61.5 - .0 61.5 .0 (.7) (. 7) 

2010 -' Ground \Vater 12.1 - - - 12.1 12.1 - - 12.1 .0 .0 .0 IV 
0 

Surface Water .0 .0 57.2 57.2 57.9 .0 57.9 .1 (.8) (.7) ' - -
'<> 

Total 12.1 - .0 57.2 69.3 70.0 - .0 70.0 .1 (.8) (. 7) 

2020 
Ground Water 12.5 - - - 12.5 12.5 - - 12.5 .0 .0 .0 
Surface Water .0 - .0 67.0 67.0 67.8 - .0 67.8 .0 (.8) (.8) 
Total 12.5 - .0 67.0 79.5 80.3 - .0 80.3 .0 (.8) (.8) 

2030 
Ground Water 12.5 - - - 12.5 12.5 - - 12.5 .o .0 .0 
Surface Water .0 - .0 78.6 78.6 79.4 - .0 79.4 .0 (.8) (.8) 
Total 12.5 - .0 78.6 91.1 91.9 - .0 91.9 .0 (.8) (.8) 

I Units in thousands of acre-feet per year. Water demands arc for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities ofirrigation 
needs and other needs which v.ill continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra- Basin: A transfer of water among zones within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point, 
Export: A transfer of water to another river basin. 
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Figure 111-20-2. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, San Antonio-Nueces Coastal Basin, 1980-2030 

dollars and are subject to revision as new data become 
available . The list of projects, with project costs for 1982-
1989, at 1980 prices, are shown in Appendix B. 

Additional water quality management costs, such as 
for control of agricultural, oil and gas, and industrial pollu­
tants, cannot be estimated at this time, but are believed to 
be increasing. 

Flood Control Measures 

Local projects have afforded some protection from 
flooding in the coastal areas of the basin; however, major 
hurricane protection is not available. Coastal urban areas 

will be studied by the U.S. Army Corps of Engineers to 
determine the feasibility of providing future hurricane flood 
protection. An additional study has been made on Chil­
tipin Creel\ to consider improvements for flood protection 
to the City of Sinton. As with all federal projects, benefits 
must justify costs, and local sponsors must be able to con­
tribute their share of the project cost. 

As federal efforts are uncertain at the present time, 
local flood-protection measures and flood-plain manage­
ment measures and regulations seem to offer the best 
alternative for minimizing flood damages . Levees and 
drainage improvements can help correct flood problems 
affecting existing developments, and proper site selection 
and conformance to minimum building standards will 
reduce flood potential to new developments. 
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21. NUECES RIVER BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physical Description 

The Nueces River Basin is bounded on the north and 
east by the Colorado, Guadalupe, and San Antonio River 
Basins and the San Antonio-Nueces Coastal Basin, and on 
the west and south by the Rio Grande Basin and the 
Nueces-Rio Grande Coastal Basin. Total basin drainage 
area is 16,950 square miles. The basin empties into Nue­
ces Bay, an arm of Corpus Christi Bay. Principal streams 
include: the Atascosa River: the Frio River and its principal 
tributaries (San Miguel Creek, Hondo Creek, and the Sab­
inal, Dry Frio, and Leona Rivers); and the Nueces River. 
The Atascosa and Frio Rivers join the Nueces River above 
Lake Corpus Christi. For planning purposes, the Nueces 
River Basin is treated as a single hydrologic unit (Figure 
lll-21-1). 

Surface Water 

In the Edwards Plateau area above the Balcones Fault 
Zone, the average annual runoff (1941-70)was 118 acre­
feet per square mile. In the southwestern part of the basin, 
the average annual runoff during the 1962-1970 period 
was 7 4 acre-feet per square mile. In the eastern part of the 
basin, the average annual runoff between 1941 and 1970 
was 88 acre-feet per square mile. The Balcones Fault Zone 
crosses the basin along an approximate east-westline from 
San Antonio to Del Rio, passing just north of Uvalde. A 
substantial part of the flows of the Nueces River and its 
principal tribuaries enter the fractured and cavernous 
limestone formations as they cross the fault zone. Low 
runoff rates between 1941 and 1970 occurred during four 
periods-194 7-48, 1950-52, 1954-56, and 1962-66, 
and were 14, 16, 10, and 14 acre-feet per square mile in 
these periods, respectively. The lowest runoff in each 
period, in acre-feet per square mile, was 8 in 1948, 10 in 
1952, 8 in 1955, and 5 in 1962. 

The Edwards Plateau portion of the basin is known for 
extremely high peak discharges such as those experienced 
during the floods of June 1935 and September 1955. 
These floods produced some of the highest peak discharges 
ever recorded in drainage areas of comparable size in 
Texas. The gaging station at Laguna, Texas on the Nueces 
River recorded its maximum discharge of 307 thousand 
cubic feet per second and a gage height of 29.95 feet 
during the flood of September 24, 1955. This was the 
greatest known river stage since 1866. 

Downstream from the Balcones Fault Zone, the Nue­
ces River and its tributaries cross various permeable forma­
tions and have small channel capacities with wide flood 
plains. As flood peaks cross the fault zone, there are sub­
stantial reductions due to in-channellosses and losses to 
bank storage. 

The lower part of the basin has been significantly 
affected by floods associated with hurricanes and tropical 
storms moving inland from the Coast. Records dating back 
to 1871 show that, on the average, a tropical storm or 
hurricane has affected the Nueces River Basin once every 
three years. 

The average dissolved-solids concentrations of 
streams in the upper parts of the basin range from 150 to 
400 milligrams per liter (mg/1). Higher concentrations 
have been observed during low-flow periods; however, 
water-quality data indicate that most streams in the basin 
contain relatively good-quality water. 

Ground Water 

The Edwards-Trinity (Plateau) Aquifer occurs in the 
upper part of the Nueces River Basin. Yields of wells are 
generally low. The water generally contains from 200 to 
300 mg/1 total dissolved solids. 

The Trinity Group Aquifer occurs in the upper part of 
the Nueces River Basin. Well yields are commonly low. The 
quality of water in the aquifer is generally good, but deteri­
orates with depth. Total dissolved-solids concentrations 
range from less than 1,000 to about 3,000 mg/1. 

The Edwards (Balcones Fault Zone) Aquifer occurs in 
a band across the upper middle part of the Nueces River 
Basin. Total thickness ranges from about 400 to 900 feet. 
Yields of large-capacity wells average about 900 gallons 
per minute (gpm), but locally wells produce up to 1,200 
gpm. Water in the aquifer generally contains less than 500 
mg/1 total dissolved solids. 

The Carrizo-Wilcox Aquifer occurs over most of the 
central part of the Nueces River Basin. Total thiclmess 
ranges up to 3,000 feet. Yields of high-capacity wells aver­
age about 700 gpm, but locally wells produce a maximum 
of about 1,200 gpm. The water generally contains less 
than 1,000 mg/1 total dissolved solids, but is moderately 
saline locally. 

The Gulf Coast Aquifer covers the lower part of the 
Nueces River Basin. The aquifer extends to a maximum 
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depth of about 1,600 feet. Yields of large-capacity wells 
average about 500 gpm, but locally wells produce up to 
1,800 gpm. Water quality varies, but in most areas the 
water contains from 1,000 to 1,500 mg/1 total dissolved 
solids. 

The Queen City Aquifer occurs in a band across the 
middle of the Nueces River Basin. Total thickness ranges 
up to about 1,400 feet, but generally is considerably less. 
Well yields are generally low, but higher yields can be 
developed from properly constructed wells. Water quality 
ranges from less than 1,000 to 3,000 mg/1 total dissolved 
solids. 

The Sparta Aquifer also occurs in a band across the 
middle part of the Nueces River Basin. Total thickness 
ranges from about 50 to 200 feet. Yields of wells are 
generally low, but yields of more than 100 gpm can be 
developed from properly constructed wells. The water gen­
erally contains from less than 1,000 to over 10,000 mg/1 
total dissolved solids. 

Over pumpage of the Trinity Group Aquifer in Uvalde 
and Medina Counties can cause gradual deterioration of 
ground-water quality because of saline-water encroach­
ment. The same condition is true for the Carrizo-Wilcox 
Aquifer in central Webb, southeastern La Salle, central 
McMullen, northern Live Oak, and southwestern Karnes 
Counties within the basin. Saline-water encroachment 
adjacent to the downdip extents of these aquifers as well as 
the Queen City and Sparta Aquifers can be controlled by 
proper well location, completion, and pumpage. 

The potential for saline-water encroachment may be 
very great in the Edwards (Balcones Fault Zone) Aquifer 
within the basin. Since the aquifer is composed of factured 
and faulted limestones with locally unpredictable second­
ary porosity and permeability, it is impossible to define or 
predict with any accuracy the aquifer's flow system on a 
local basis. Of great importance is the aquifer's regional 
flow system which generally consists of major natural 
recharge (inflow) in the Nueces River Basin, movement of 
water in the subsurface artesian zone northeastward 
beneath the Nueces and San Antonio River Basins, and 
major natural discharge (outflow) of water at Coma! and 
San Marcos Springs in the Guadalupe River Basin. At the 
aquifer's downdip extent under natural conditions, 
ground-water quality deteriorates rapidly across the fresh­
saline water interface. Therefore, a very large amount of 
saline water occurs immediately adjacent to and southeast 
of the fresh water-bearing deposits of the aquifer. During 
the drought of the 1950's when water-level elevations were 
at historical lows and when amountsofground-waterwith­
drawals from the aquifer were large, no significant saline­
water encroachment was detected. However, what will 
happen to the aquifer's water quality if water-level eleva-

tions are lowered below the levels of the 1950's? Consider­
ing the aquifer's regional flow system, an extreme lowering 
of water levels below the 1950's level in the Nueces, San 
Antonio, and Guadalupe River Basins may cause a signifi­
cantly large invasion of saline water which may contami­
nate not only municipal, industrial, and irrigation fresh 
water supplies but also any reduced flows at Coma!, San 
Marcos, and other springs which are located near the fresh­
saline water interface of the aquifer. 

In areas immediately adjacent to the coast in Nueces 
and San Patricio Counties fresh water deposits of the Gulf 
Coast Aquifer are surrounded by extensive deposits con­
taining saline waters. The potential for saline-water 
encroachment is very great, but can be controlled by 
proper well location, completion, and pumpage. 

Population and Economic Development 

The population of the Nueces River Basin in 1980 was 
153.5 thousand. Uvalde is the largest population center 
with over 14 thousand residents. Crystal City, Pearsall, 
Hondo, Carrizo Springs, and Cotulla all have populations 
of 9 thousand or less. 

The economy of the Nueces River Basin is based on 
agriculture and mineral production. The Nueces River 
Basin contains the extensively irrigated agricultural area of 
the Winter Garden. In a few counties, hunting and tourism 
are significant economic activities, notably Uvalde County 
and Live Oak County where Lake Corpus Christi is located. 
Food processing is an important support industry in some 
counties. 

Water Use 

Municipal water use in 1980 in the Nueces River Basin 
totaled 30.4 thousand acre-feet. The most significant 
water-using areas are Uvalde County (20 percent), Nueces 
County (10 percent), Medina County (12 percent), and 
Atascosa County (13 percent). Twenty-two percent of the 
basin water use occurred in rural areas or in cities which 
had less than one thousand population. The City of Uvalde 
used the largest volume of water of any city in the basin, 
accounting for 16 percent of the basin municipal use. 

A total of 2.5 thousand acre-feet of freshwater was 
used by manufacturing industries in the Nueces River Basin 
in 1980. Most of this water was used in the manufacture of 
food and kindred products, chemicals and allied products, 
and petroleum refining and related products. 

In 1980, there was a total of 608 megawatts of 
installed steam-electric power generating capacity in the 
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Nueces River Basin. During 1980, almost 700 acre-feet of 
ground water was withdrawn and 3.0 thousand acre-feet of 
surface water consumed by these power plants. 

Large quantities of ground water are pumped from 
both the Edwards (Balcones Fault Zone) and Carrizo­
Wilcox Aquifers for irrigation use. In 1980, irrigation 
showed a total of about 277.4 thousand acres using 4 71.8 
thousand acre-feet of water for irrigation in the Nueces 
River Basin. This includes irrigation in the Chacon Lake 
and Devine areas, which is supplied with water diverted 
from Medina Lake in the San Antonio River Basin. Of the 
total annual use, ground water supplied 397.5 thousand 
acre-feet. Surface water furnished 74.3 thousand acre­
feet, including Medina Lake water used in the Chacon 
Lake and Devine areas. 

In 1980, mining industries in the Nueces River Basin 
used 5.1 thousand acre-feet offreshwater. Mining of non­
metals (primarily sulfur mining operations) used 1. 7 thou­
sand acre-feet. Mining water use associated with 
petroleum and natural gas production totaled 1.6 thou­
sand acre-feet of freshwater. In situ uranium mining oper­
ations accounted for the remaining freshwater use in the 
basin. 

Livestock water use in 1980 totaled 13.2 thousand 
acre-feet in the Nueces River Basin. Most of this total was 
used in the production of cattle. Ground water supplied 
approximately 4.6 thousand acre-feet and surface water 
supplied the remaining 8.6 thousand acre-feet. 

Return Flows 

In 1980, a total of 6.4 thousand acre-feet of munici­
pal and manufacturing return flows originated in the Nue­
ces River Basin. Nueces County accounted for 2.2 
thousand acre-feet of the total in the basin. 

In 1980, irrigation return flows in the basin were 
small, although approximately 10 thousand acre-feet of 
return flows resulted from the surface-water irrigation in 
the Chacon Lake and Devine project area. 

Current Ground-Water Development 

Approximately 437.0 thousand acre-feet of ground 
water was used in 1980 in the Nueces River Basin. Approx­
imately, 63 percent of the ground water used was from the 
Carrizo-Wilcox Aquifer, 26 percent was from the Edwards 
(Balcones Fault Zone) Aquifer, and about 6 percent was 
from the Leona Formation, an alluvial aquifer in southern 
Uvalde and northwestern Zavala Counties. 

Of the 43 7.0 thousand acre-feet of ground water used 

in the basin, 397.5 thousand acre-feet or 91 percent was 
used for irrigation purposes, and about 26.7 thousand 
acre-feet or 6 percent was used for municipal purposes. 

Small to large overdrafts of ground water from the 
Carrizo-Wilcox Aquifer occurred in 1980 in Atascosa, 
Bexar, Frio, Medina, Wilson, and Zavala Counties, due 
primarily to withdrawals for irrigation purposes. A large 
overdraft of the Edwards (Balcones Fault Zone) Aquifer 
occurred in Medina County1 due primarily to withdrawals 
for irrigation. 

Current Surface-Water Development 

Lake Corpus Christi and Choke Canyon Reservoir are 
the largest existing reservoirs in the Nueces River Basin. 
The Lower Nueces River Water Supply District owns Lake 
Corpus Christi and the City of Corpus Christi operates the 
reservoir. Choke Canyon Reservoir is jointedly owned by 
the Nueces River Authority and the City of Corpus Christi. 

The City of Corpus Christi is the largest purchaser of 
water from the Lal<e Corpus Christi. Water released from 
the reservoir for the Corpus Christi area is treatedl settled 1 
filtered, and pumped from the river at Calallen, some 35 
miles downstream from Lake Corpus Christi. The city also 
delivers both treated and untreated water to Reynolds 
Metals Company and the San Patricio Municipal Utility 
District. The San Patricio Municipal Water District supplies 
water to industries and the Cities of Odem, Taft, Gregory, 
Portland, Ingleside, Rockport, and Port Aransas, all 
located in the adjacent San Antonio-Nueces Coastal 
Basin. In addition, the city sells raw water to the City of 
Mathis, the Celanese Corporation at Bishop in Zone 1 of 
the adjacent Nueces-Rio Grande Coastal Basin, and Sun­
tide Refinery near Corpus Christi in the Nueces River 
Basin. The Alice Water Authority purchases waterfrom the 
city at Lake Corpus Christi for municipal use. In 1980, 
about 109.5 thousand acre-feet of water was sold through 
the Corpus Christi system and exported from Lal<e Corpus 
Christi to adjoining coastal basins. Contracts and appro­
priate water rights permits have been consummated 
whereby the City of Corpus Christi will increase the current 
commitment by senring the future surface-water need of 
the City of Beeville in the San Antonio-Nueces Coastal 
Basin and the South Texas Water Authority in the Nueces­
Rio Grande Coastal Basin, Zone 1. 

The water demands placed on Lake Corp11s Christi are 
rapidly approaching the annual dependable supply which 
the reservoir will yield. The City of Corpus Christi and the 
Nueces River Authority are co-sponsors of the recently 
completed Choke Canyon Reservoir on the Frio River. 
Choke Canyon Reservoir, when filled and fully opera­
tional, and Lake Corpus Christi will be operated as a system 
in order to optimize the dependable annual firm yields. 

III-21-4 



In 1980, ground-water and surface-water use in the 
Nueces River Basin totaled 526.7 thousand acre-feet, with 
ground water the major water-supply source. Although 
irrigation water is provided primarily from ground-water 
sources, water for irrigation purposes in the basin is 
diverted from Lake Medina in the San Antonio River Basin. 
In 1980, about 38.4 thousand acre-feet was diverted from 
this source into the Nueces River Basin. In addition, Upper 
Nueces Resentoir, located on the Nueces River in Zavala 
County, is an important source of irrigation water for the 
Winter Garden area. 

Municipal and manufacturing water use in 1980 
amounted to 32.9 thousand acre-feet within the Nueces 
River Basin. Ground-water sources provided over 88 per­
cent of the water supply to meet this demand. Surface­
water use in 1980 for municipal and manufacturing 
supplies amounted to only 3.8 thousand acre-feet. A major 
portion of this demand was supplied from Lal<e Corpus 
Christi as a municipal water supply for the portion of the 
City of Corpus Christi lying within the Nueces River Basin. 

Water Rights 

A total of 721,643 acre-feet of surface water was 
authorized or claimed for diversion and use in the Nueces 
River Basin as of December 31, 1983 (Table III-21-1). 
Irrigation uses accounted for 265,331 acre-feet ( 36.8 
percent) of the basin total, followed by municipal and 
industrial uses which totaled 222,211 and 228,930 acre­
feet, respectively (Table III-21-2). 

Water Quality 

The Nueces River Basin has relatively good quality 
surface water. The quality in the less inhabited upper 
reaches of the basin is excellent. Tributaries originating in 
the northern part of the basin lose substantial amounts of 
water when crossing the recharge zone of the Edwards 
(Balcones Fault Zone) Aquifer. As a result, streamflows in 
the Nueces River Basin downstream from the recharge 
zone consist almost entirely of storm runoff. Above Lake 
Corpus Christi runoff from oil-field areas and agricultural 
runoff have increased dissolved-solids concentrations of 
the Nueces River in the past; however, mostofthese prob­
lems have been alleviated. 

Flooding, Drainage, and Subsidence 

Most of the damage from floodwaters in the Nueces 
River Basin is chiefly to crops, pasture land, and associated 
agricultural properties. In the upper basin, limited urban 
damage occurs in Uvalde, Utopia, and D'Hanis from local-

ized flooding produced by intense thunderstorm activity. 
Several smaller communities suffer from occasional flood 
problems. Hondo Creek has caused flooding problems in 
the area around the City of Hondo in Medina County, and 
localized flooding occurs in Devine and Lytle. 

Table 111-21-1. Authorized or ClaimcdAmountofWatcr, 
by Type of Right, Nucces River Basin' 

Type of 
Authorization 

Permits 
Claims 
Certified Filin~s 
Certificates of 

Adjudication 

Total Authorizations 
and Clnims 

Number 
of Rights 

111 
168 

54 

8 

341 

Acre-Feet 
Authorized 

and Claimed 

169,253 
123,019 
110.218 

319.153 

721,643 

I The Tcxns Water Ri~hts Adjudication Act of 1967 authorizes the Texas Depart­
ment of \Vater Resources to invcsti~atc and determine, with the Court's approval. 
the mtturc nnd measure of water ri~hts for all authorized diversions from surface­
water streams or portions thereof except domestic and livestock uses nnd to 
monitor and administer each adjudicated wmcr ri~ht. These totals incorporate 
the results of watcr-ri~hts adjudication in the basin ns of December 31, 1983. 
Certified Filin~s :1re dcclamtions of appropriation which were filed \\ith the State 
Board of Wntcr En~inccrs under the provisions of Section 14, Chapter 171, 
General Laws, Acts of the 3Jrd Lc~islature, 1913, as :!mended. Permits nrc 
st.'\ tutory appropriative ri)!hts which h:wc been issued by the Texas Water Com­
mission or its predecessor a)!cncics. Claims arc swom smtcmcnts of historical 
uses to be adjudicated in accordance with the Texas Water Hi~hts Adjudication 
Act. A ccrtificntc of adjudication is the final result after rcco~nition of n valid ri~ht 
in the adjudication process and is based on a permit, certified filin~ or claim or any 
combination of the three. 

Table 111-21-2. Authorized or Claimed Amount 
of Water, by Type of Usc, in Acre-Feet, 

N ucces River Basin 

Type of Number Uasin 
Usc of IUghts Total 

Municipal 21 222,211 
Industrial 3 228,930 
Irrigation 307 265.331 
Mining 3 22 
Recharge 3 2,290 
Recreation 13 2,859 

Total 3411 721,643 

I Docs not sum due to multipurpose "ri~hts", which may be :1pplicd to more than 
one type of usc. 
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Flood problems in Crystal City are extremely serious. 
Numerous floods over the years have produced substantial 
damage to residential developments located within the 
flood plains of Turkey Creek and the Nueces River. A flood 
on October 9, 1959 flooded 107 homes in Crystal City. It 
is possible for large magnitude floods to block major high­
ways and evacuation routes, thus isolating the city. 

Minor flooding in urban areas during the period 
1978-1981 produced 22 flood insurance claims for $136 
thousand in flood damages. 

Flood-prone areas have been identified by the Federal 
Emergency Management Agency in 2 5 incorporated cit­
ies. Maps showing areas subject to inundation by the 100-
year flood have been prepared for most of the cities within 
the basin, and work is currently underway to map flood­
prone areas in the counties. Presently, 18 cities have 
adopted flood plain management standards for participa­
tion in the National Flood Insurance Program. Atascosa, 
Duval, Kinney, McMullen, Medina, Real, Uvalde, and 
Zavala Counties have also chosen to participate in the 
program. Flood insurance rate studies have been com­
pleted for eight cities and two counties in the basin and a 
study is completed in Uvalde. As funds and time permit, 
additional studies will be conducted within the basin. 

Drainage problems in the Nueces River Basin are lar­
gely restricted to the Rio Grande Plains land-resource 
area. The natural surface drainageways, which are princi­
pally small channels, shallow depressions, ponds, and 
swales, are insufficient to carry intense storm runoff. Since 
surface depressions are common in the area, cultivated 
fields often include areas of standing water which damage 
field crops. The soils have low permeability, and surface 
drainage is required to protect agricultural investments 
from damage. 

The amount and distribution of subsidence in the 
coastal areas of the Nueces River Basin are unknown. The 
potential for subsidence and active faulting in the Saxet Oil 
and Gas Field exists in Nueces County. However, the subsi­
dence associated with petroleum and related saline-water 
withdrawals in this area within the basin is probably less 
than 0.5 foot. 

Recreation Resources 

Lal<e Corpus Christi ( 21.9 thousand surface acres), 
Choke Canyon Reservoir (26.0 thousand surface acres), 
and the Upper Nueces Reservoir ( 300 surface acres) in 
Zavala County are the only three reservoirs of 5.0 thousand 
acre-feet capacity or more in the Nueces River Basin. Lake 
Corpus Christi is located in San Patricio, Jim Wells, and 
Live Oak Counties and serves the recreational needs of the 

Corpus Christi metropolitan area. Among the other major 
freshwater recreation resources located within the basin 
are the Frio, Atascosa, and Nueces Rivers. 

PROJECTED WATER REQUIREMENTS 

Population Growth 

The population of the Nueces River Basin is projected 
to increase 102 percent from 1980 to 2030 (Table lll-21-
3 ). An increase of 41 percent is expected by the year 2000, 
then an additional 43 percent increase is expected by 
2030. Atascosa County, which is the most populous with 
16 percent of the basin total in 1980, is expected to 
experience a 113 percent increase in population by 2030. 
Uvalde County, currently the second most populous 
county in the basin, is anticipated to grow by 227 percent 
and become the largest county with 21 percent of the basin 
population by 2030. 

Water Requirements 

Municipal 

Municipal water requirements are projected for two 
cases of future growth based on both population and per 
capita water use. Water requirements in the Nueces River 
Basin are projected to increase from the 1980 level of 30.4 
thousand acre-feet by a projected maximum of 77 percent 
by the year 2000 (high case). In the year 2030, water 
requirements are projected to range from 52.9 to 77.1 
thousand acre-feet. 

Industrial 

Manufacturing water requirements in 1980 were 2.5 
thousand acre-feet in the Nueces River Basin. Projections 
of future water requirements for manufacturing purposes 
were made by decade and for a low and high case for each 
industrial group. In 1980, over 90 percent of total manu­
facturing water use was concentrated in five industrial 
groups: chemicals, petroleum refining, primary metals, 
paper products, and food products. Because of this con­
centration, careful attention was given to the future growth 
outlool{ for these industries in maldng the projections. 

Manufacturing water requirements in the Nueces 
River Basin are projected to increase more than three times 
by the year 2030, to a potential high of 8.5 thousand 
acre-feet by 2030 (high case). Most of the present manu­
facturing water requirements are associated with the 
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Table III-21-3. Pcp.!lation, current water Use, Hith Projected Pcpl].ation and WB.ter Rtquirarents, 199G-20JO!I 
Nlleoe5 River Basin 

1980 ' 1990 ' 2000 ' 2010 
River Basin zone : "'""" : Surface ' ' "'""" : Surface ' ' "'""" Surface : ' "'""" : SUrface ' & CateQorv of Use: water ' ... ter ' Total ' water ' Water ' Total ' water ' water ' Total ' water ' ... ter ' Total 

"""'"" Bruoin 
Pop.Jlation 153.5 186.4 216.4 248.1 
Municipal 26.7 3.7 30.4 39.4 S.4 44.8 47.7 6.0 53.7 54.8 6.9 61.7 
Manufacturing 2.4 0.1 2.S 1.8 1.6 3.4 2.4 2.1 4.S 3.0 2.6 S.6 
s~ Electric 0.7 3.0 3. 7 6.1 3.0 9.1 u.s 3.0 14.5 17.0 3.0 20.0 
Mining S.1 0.0 S.1 S.9 0.0 S.9 6. 7 0.0 6.7 8.4 0.1 s.s 
Irrigation 397.5 74.3 471.8 153.6 125.8 279.4 144.9 133.6 278.5 147.3 156.5 303.8 
Livestock 4.6 8.6 13.2 6.4 9.2 15.6 6.9 U.1 18.0 6.4 U.6 18.0 
Basin Total Water 437.0 89.7 526.7 213.2 145.0 358.2 220.1 155.8 375.9 236.9 180.7 417.6 

y Pop.llation in thousands of persons, water requirerrents in thousands of acre-feet per year 

2020 ' 2030 

"'""" : Surface ' ' "'""" : Surface 
Water ' water ' Total ' ... ter ' water ' Total 

279.5 309.3 
61.5 8.2 69.7 67.4 9.7 n.1 
3.7 3.2 6.9 4.7 3.8 s.s 

22.5 3.0 25.S 19.2 u.s 31.0 
10.3 0.1 10.4 U.4 0.6 12.0 

144.9 158.9 303.8 91.0 212.9 303.9 
6.S u.s 18.0 4.3 13.7 18.0 

249.4 184.9 434.3 198.0 252.5 450.5 



basin's economy-chemicals, processed fruits and vegeta­
bles, and petroleum refining. By 2030, the chemical 
industry is predicted to require the majority of basin water 
use. 

Steam-Eleetrie Power Generation 

The development of near-surface lignite deposits in 
the McMullen County area of the Nueces River Basin will 
contribute significantly to growth in steam-electric power 
generating capacity through the year 2000. Beyond 2000, 
growth will continue but at a slower pace. Two cases of 
future electricity demand were used to develop projections 
of steam-electric power generating water use. From 1980 
to 2000, rapid expansion is projected to occur-a growth 
of 292 percent. By 2030, water requirements are pro­
jected to range from 23.2 to 31.0 thousand acre-feet. 

Agricultnre 

Irrigation 

Irrigation water requirements were projected for two 
cases of change based on improvements in on-farm appli­
cation efficiencies, reduction in ditch losses, changes in 
future resource costs and crop prices, and corresponding 
changes in cropping patterns to reflect more profitable 
crops. A low case projects demand for water based on the 
effects of changes in the above variables but with irrigated 
acreage held constant at 1980 levels in each zone for each 
future time period; a high case projects demand for water 
for irrigation constrained only by the requirement that 
irrigated farming produce a net positive return in excess of 
that possible from dryland farming and the requirement 
not to exceed the amount of irrigable soil in each zone. 
Thus, the projections of demand, low and high cases, based 
on the irrigation efficiency and market conditions men­
tioned above, give an estimate of the quantity of water 
needed for irrigation in each zone, at each decadal point 
for which projections were made. These projections of 
demand are compared to the projected supply of water 
locally available. When projected demand exceeds pro­
jected supply, the difference is a measure of shortage at that 
point in time. 

Irrigation water requirements in the Nueces River 
Basin are projected to decrease from the 1980 level of 
471.8 thousand acre-feet by a projected maximum 41 
percent by the year 2000 in the high case, declining 55 
percent in the low case. In the year 2030, water require­
ments in the basin are projected to range from 239.0 to 
303.9 thousand acre-feet annually, low and high case, 
respectively, io irrigate from 277.4 to 345.8 thousand 
acres. 

Livestock 

Livestock water use in 1980 (13.2 thousand acre­
feet) is expected to increase to 18.0 thousand acre-feet by 
2030 (Table III-21-3). 

Mining 

Mining water requirements in the Nueces River Basin 
are expected to increase from 5.1 thousand acre-feet in 
1980 to 12.0 thousand acre-feet by 2030 (Table III-21-
3). Nonmetal mining water use is expected to decrease 
from 32 percent of the total mining water use in 1980 to 
20 percent of the basin total in 2030. Metal mining, which 
was 33 percent of the 1980 total basin water use, is pro­
jected to increase to 57 percent of the total basin use. 

Navigation 

No additional navigation projects which would require 
regulated freshwater supplies are planned in the Nueces 
River Basin. 

Hydroelectric Power 

Hydroelectric power generation is not a project pur­
pose in the authorized Choke Canyon Reservoir. 

Estuarine Freshwater Inflows 

The Nueces River discharges into the Nueces estuary. 
Estimates of fresh water inflow needs of the Nueces estuary 
are based on Nueces River flows at the Mathis gaging sta­
tion and the total fisheries harvests of the Nueces and 
Mission-Aransas estuaries. The total fisheries harvests of 
the Nueces and Mission-Aransas estuaries are used 
because these two estuaries share a common outlet to the 
Gulf of Mexico. An annual inflow of 356 thousand acre­
feet per year of gaged inflows is estimated as needed to 
sustain inundation processes and desired salinity regimes 
for this estuarine system (Subsistence Alternative) (Table 
III-21-4 ). Based upon relationships derived among the 
1962 through 1976 commercial fishery harvests and sea­
sonal inflows, a 397 thousand acre-feet per year estimate 
of gaged Nueces River inflows (Table III-21-4) is necessary 
to meet the objective of the Fisheries Harvest Maintenance 
Alternative of maintaining fishery harvests of the Nueces 
and Mission-Aransas estuaries at no less than their mean 
historical levels, ·as well as meeting salinity bounds and 
inundation needs. It is also estimated that the Fisheries 
HanJest Enhancement Alternative objective of maximizing 
finfi~h production in the Nueces and Mission-Aransas estu­
aries requires volumes of water from the Nueces River 
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Table III-21-4. Gaged River Inflow Needs of the 
Nueces Estuary From the Nueces River Basin 

Under Four Alternative Levels of Fisheries Productivity• 

Nueces River Basin2 

Fisheries Finfish Biotic 
Ecosystem Harvest Harvest Species 

Month Subsistence Maintenance Enhancement Viability 

January 6.5 6.5 6.5 4.6 
February 7.2 7.2 7.2 4.4 
March 7.9 7.9 7.9 8.0 
April 21.5 21.5 21.5 21.2 
May 72.8 72.8 66.7 22.0 
June 30.5 30.5 50.1 10.8 
July 19.8 34.5 84.2 3.6 
August 12.2 20.4 50.6 6.3 
September 129.2 129.2 129.2 16.1 
October 30.8 30.8 30.8 13.1 
November 11.2 27.2 42.9 3.4 
December 6.2 8.1 52.5 4.1 

Annual 355.8 396.6 550.1 117.6 

I All inflows are mean monthly values in thousand acre-feet. 
2Gagcd streamflow of Nucces River near Mathis. 

Basin equal to an annual inflow set at the average 1941 
through 1976 annual combined gaged and ungaged inflow 
of 604 thousand acre-feet from the basin, with the annual 
gaged inflow from the basin being 550 thousand acre-feet 
(Table III-21-4). Additional inflow from the Nueces River 
Basin is likely to increase the estimated finfish harvest 
(consistent with marsh inundation and salinity limits). An 
estimated 118 thousand acre-feet per year of gaged inflow 
is needed from the Nueces River Basin for the Biotic Spe­
cies Viability Alternative to maintain salinities within the 
viability limits for organisms in the Nueces estuarine system 
(Table III-21-4). 

WATER SUPPLY PROJECTS AND 
MEASURES TO MEET 

FUTURE BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

The approximate annual ground-water yield within 
the Nueces River Basin to the year 2030 is 361.1 thousand 
acre-feet with the following amounts annually available by 
aquifer: 216.9 thousand acre-feet from the Carrizo-

Wilcox Aquifer, 101.7 thousand acre-feet from the 
Edwards (Balcones Fault Zone) Aquifer, 20.0 thousand 
acre-feetfrom the Sparta Aquifer, 14.0 thousand acre-feet 
from the Gulf Coast Aquifer, and 8.5 thousand acre-feet 
from the Queen City Aquifer. Annual amounts of yield for 
the Edwards Trinity (Plateau) and Trinity Group Aquifers 
within the basin were not included, because extensive 
withdrawals of natural recharge and recoverable storage 
from these aquifers would deplete available surface-water 
supplies and adversely affect recharge to the Edwards (Bal­
cones Fault Zone) Aquifer. In the year 2030, the yield of 
the Carrizo-Wilcox Aquifer within the basin would be 
reduced to the aquifer's average annual effective recharge 
of 78.7 thousand acre-feet per year. This reduction 
decreases the total ground-water availability within the 
basin in 2030 to 222.9 thousand acre-feet per year. Con­
sequently, the total ground-water use projected for the 
basin in 2030 also has been reduced. 

The projected annual ground-water use within the 
Nueces River Basin by decade from 1990 through 2030 is 
expected to be from 198.0 to 249.4 thousand acre-feet 
per year (Table III-21-3). The approximate average 
annual projected ground-water use within the basin is 
expected to be about 223.5 thousand acre-feet per year. 
Of the 223.5 thousand acre-feet of approximate average 
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annual projected use, about 53 percent is expected to be 
from the Carrizo-Wilcox Aquifer, 38 percent from the 
Edwards (Balcones Fault Zone) Aquifer, and 4 percent 
from the Gulf Coast Aquifer. 

Surface-Water Availability and 
Proposed Development 

Available water resources in the Nueces River Basin 
are not sufficient to meet all projected surface-water needs 
beginning after the year 2000 (Table Ill-21-5, Figure 
Ill-21-2). The estimated surface-water shortages amount 
to 16.8 thousand acre-feet and 137.5 thousand acre-feet 
per year in 2000 and 2030, respectively, with 81.4 thou­
sand acre-feet and 151.8 thousand acre-feet of these 
shortages for irrigated agriculture. The municipal and 
industrial surface-water requirements are projected to be 
fully satisfied through the year 2030. Surface-water sup­
plies available to the basin amount to some 304.0 thou­
sand acre-feet in year 2030. This volume exceeds the 
surface-water needs within the basin by approximately 
101.5 thousand acre-feet. However, a commitment to 
supply municipal and manufacturing needs in adjacent 
coastal basins places an additional demand on the basin of 
239.0 thousand acre-feet in 2030. The irrigation water 
demand in the basin exceeds surface-water supplies avail­
able for irrigation by some 75.1 thousand acre-feet in 
1990 increasing to 151.8 thousand acre-feet in year 
2030. This shortage occurs due to the limited availability of 
ground-water resources. 

Existing reservoirs in the Nueces River Basin can 
supply projected surface-water needs for municipal and 
manufacturing purposes in the basin through the year 
2030. However, surface-water needs for the City of Corpus 
Christi in the Nueces-Rio Grande Coastal Basin and for 
parts of San Patricio County in the San Antonio-Nueces 
Coastal Basin supplied from the major Nueces River reser­
voirs, Choke Canyon and Corpus Christi, are projected to 
exceed the.yield of these reservoirs by the year 2020. An 
alternative source proposed for additional surface-water 
resources is Goliad Reservoir in the San Antonio River 
Basin. Water conveyed from the Goliad project through 
pipelines could provide sufficient water to meet all munici­
pal and manufacturing water needs in the San Antonio­
Nueces Coastal Basin through the year 2030. Additional 
studies will have to be performed by the Department and 
regional interests to examine the engineering alternatives 
and the economic, environmental, and institutional con­
siderations that would be involved in such a major inter­
basin transfer of water. 

The potential Cotulla Reservoir project in La Salle 
County might assist in meeting some of these demands and 
in redistributing additional developable supplies within the 

basin. However, detailed studies will be required to fully 
evaluate the effect of this alternative upon existing water 
rights in the basin. 

Additional potential reservoirs in the basin are the 
Montell and Sabinal Reservoirs on the Upper Nueces and 
Sabinal Rivers, respectively. These projects would be used 
primarily to increase recharge to the Edwards Aquifer by 
storing flood flows for later release into the aquifer recharge 
zone. Flood control benefits would also occur. 

Water Quality Protection 

A water quality management plan for the Nueces River 
Basin has been developed pursuant to the requirements of 
federal and State Clean Water legislation. An areawide 
water quality management plan has also been developed 
for the Corpus Christi metropolitan area. The plans serve 
as a basic element in the State's overall water quality strate­
gy and provide guidance in establishing priorities for con­
struction grants for waste treatmentfacilities, permitting of 
wastewater facilities, revision of stream standards, and 
other program activities. 

Construction costs associated with municipal waste­
water treatment facilities needs have been estimated to be 
approximately $41.8 million for the planning period of 
1980 to the year 2000. These costs are estimated for the 
entire Nueces River Basin in January 1980 dollars and are 
subject to revision as new daia becomes available. The list 
of projects, with project costs for 1982-1989, at 1980 
prices, are shown in Appendix B. 

Additional water quality management costs, such as 
for control of agricultural, oil and gas, and industrial pollu­
tants, cannot be estimated at this time, but are believed to 
be increasing. 

Flood Control Measures 

No major resen?oirs exist, nor are any planned'by the 
year 2000, that would provide flood-control storage. The 
only structural flood-control measures have been in the 
form of channel rectifications and levee systems. 

Under the Small Flood Control Project Authority of 
the U.S. Army Corps of Engineers, flood damage preven­
tion projects have been completed at Pleasanton, Poteet, 
and Three Rivers, Texas. 

There are no U.S. Soil Conservation Service (SCS) 
floodwater-retarding structures within the Nueces River 
Basin. As of October 1980, four structures were planned 
for construction in the basin under the SCS program. 
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Table UI-21-5. Water Resources of the Nueces River Basin, With 
Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Basin Basin Flow Import Total Basin Basin Export Total M&l (Shortage) Total ---

1990 
Ground Water 213.2 - - - 213.2 213.2 - - 213.2 .0 .0 .0 
Surface Water 252.0 - 8.5 15.0 275.5 100.1 - 159.6 259.7 90.9 (75.1) 15.8 
Total 465.2 - 8.5 15.0 488.7 313.3 - 159.6 472.9 90.9 (75.1) 15.8 

2000 
Ground \Vater 220.1 - - - 220.1 220.1 - - 220.1 .0 .0 .0 
Surface Water 252.0 - 10.2 16.4 278.6 108.9 - 186.5 295.4 64.6 (81.4) (16.8) 
Total 472.1 - 10.2 16.4 498.7 329.0 - 186.5 515.5 64.6 (81.4) (16.8) 

- 2010 -' "' Ground Water 236.9 - - - 236.9 236.9 - - 236.9 .0 .0 .0 .... 
' Surface Water 252.0 - 11.8 24.6 288.4 133.4 - 215.7 349.1 35.4 (96.1) (60.7) .... .... 

Total 488.9 11.8 24.6 525.3 370.3 215.7 586.0 35.4 (96.1) (60.7) - -

2020 
Ground Water 249.4 - - - 249.4 249.4 - - 249.4 .0 .0 .0 
Surface \Vater 252.0 - 13.2 25.0 290.2 137.7 - 237.7 375.4 13.1 (98.3) (85.2) 
Total 501.4 - 13.2 25.0 539.6 387.1 - 237.7 624.8 13.1 (98.3) (85.2) 

2030 
Ground Water 198.0 - - - 198.0 198.0 - - 198.0 .0 .0 .0 
Surface Water 252.0 - 14.8 37.2 304.0 202.5 - 239.0 441.5 14.3 (151.8) (137.5) 
Total 450.0 - 14.8 37.2 502.0 400.5 - 239.0 639.5 14.3 (151.8) (137.5) 

I Units in thousands of acre-feet per year. Water demands are for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which v.ill continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones \\ithin a river basin. 
Import: A transfer of water from another river basin. 
Rctum Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 
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22. NUECES-RIO GRANDE COASTAL BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physical Description 

The Nueces-Rio Grande Coastal Basin is bounded on 
the north by the Nueces River Basin on the west and south 
by the Rio Grande Basin. Maximum elevation in the basin 
is about 900 feet in southeastern Webb County. The total 
drainage area is 10,442 square miles. Runoff from the 
basin drains into Laguna Madre, Baffin Bay and Oso Bay. 
For planning purposes, the Nueces-Rio Grande Coastal 
Basin has been divided into two zones (Figure III-22-1 ). 

Surface Water 

Average annual runoff during the 1968-7 4 period was 
23 acre-feet per square mile within the 480 square-mile 
drainage area west of Falfurrias. The runoff declines in the 
area west of Alice. Runoff increases toward the north and 
east, but in all areas is less than 50 acre-feet per square 
mile. Most streams are intermittent, except in tidally 
affected reaches. 

The Nueces-Rio Grande Coastal Basin is character­
ized by flat terrain and narrow stream channels that flood 
frequently. The upper part of the basin is generally agricul­
tural, and poor drainage results in considerable damage to 
croplands. Near the coast, the threat of a hurricane tidal 
surge is significant. The lower basin, commonly referred to 
as the Valley, is more highly urbanized. Hurricanes and 
hurricane-produced rainstorms have caused considerable 
flooding. 

The average dissolved-solids concentrations of 
streams in the inland part of the basin range from about 
100 to 3,000 milligrams per liter ( mg/1 ). During low-flow 
periods, dissolved-solids concentrations as high as 28,400 
mg/1 have been recorded in the lower reaches of some 
streams. High salinity is partly due to oil-field activities, but 
primarily due to tidal effects. Most streams in the basin 
contain relatively good-quality water. 

Ground Water 

The Gulf Coast Aquifer underlies the entire Nueces­
Rio Grande Coastal Basin, except for eastern parts of 
Cameron, Nueces, and Willacy Counties. The aquifer 
extends to a maximum depth of about 2,500 feet. Yields of 
large-capacity wells average about 300 gallons per minute 

(gpm), but locally wells produce up to 2,000 gpm. The 
quality of water in the aquifer varies widely, but generally 
the water contains 1,000 to 1,500 mg/1 total dissolved 
solids. In much of the eastern part of the basin, saline water 
overlies usable fresh water in the aquifer. 

In Jim Wells, Nueces, Kleberg, Kenedy, Willacy, and 
Ca10eron Counties within the basin, freshwater deposits of 
the Gulf Coast Aquifer are surrounded by extensive depos­
its containing saline waters. The potential for saline-water 
encroachment is very great, but can be controlled by 
proper well location, completion, and pumpage. The City 
of Alice has supplemented its ground-water supply with 
surface water because of deterioration of grouhd-water 
quality due to saline-water encroachment. The City of 
Brownsville uses water from the Rio Grande because 
saline-water encroachment has affected its well field. Cur­
rently, there are plans to supplement or replace ground­
water pumpage with water from the Nueces River at Aqua 
Dulce, Banquete, Driscoll, Bishop, and Kingsville, because 
saline-water encroachment is causing serious deteriora­
tion of ground-water quality. 

Population and Economic Development 

There were 853.4 thousand people living in the 11 
counties in the Nueces-Rio Grande Coastal Basin in 1980. 
Corpus Christi, with an in-basin population of 221,100 
people, is the largest population center in the area. Other 
population centers are the Brownsville-San Benito­
Harlingen and the McAllen-Pharr-Edinburg Standard 
Metropolitan Statistical Areas. 

Agriculture and oil and gas production provide the 
foundation for the area's economy. Irrigation is a major 
factor in the high level of agricultural production in the 
basin. 

Water Use 

Municipal water use in the Nueces-Rio Grande Coas­
tal Basin totaled 172.9 thousand acre-feet in 1980. The 
City of Corpus Christi accounted for almost 33 percent of 
the basin total; cities in the Lower Rio Grande Valley (Zone 
2) used almost 46 percent of the total municipal use in this 
area. 

Use of freshwater by manufacturing industries in the 
basin in 1980 totaled 32.2 thousand acre-feet. Most of this 
water use occurred in the manufacturing of food and 
kindred products, chemicals and allied products, primary 
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Figure 111-22-1. Nueces-Rio Grande Coastal Basin and Zones 
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metals, and petroleum refining and related products. Most 
of the basin use, 84 percent, is centered in Nueces County 
with the Lower Rio Grande Valley industries using much of 
the remaining 16 percent. 

In addition to the 1,138 megawatts ofinstalled steam­
electric power generating capacity in the Nueces-Rio 
Grande Coastal Basin which uses saline water for cooling, 
there was 413 megawatts of power generation capacity 
cooled by freshwater in 1980, all in Zone 2. During 1980, 
these plants consumed 5.6 thousand acre-feet of fresh 
surface water. 

In 1980, about 747.9 thousand acres was irrigated in 
the basin using almost 1.3 million acre-feet of water. Zone 
1 of the basin had about 10.2 thousand irrigated acres 
using 5.8 thousand acre-feet of water. Almost all irrigation 
water in Zone 1 was ground water. Zone 2 includes most of 
the Lower Rio Grande Valley where irrigation is highly 
developed. In 1980, 737.7 thousand acres was irrigated 
using almost 1.3 million acre-feet of water. Most of the 
water supply was surface-water diverted from the Rio 
Grande. 

Mining industries in the Nueces-Rio Grande Coastal 
Basin used 3.1 thousand acre-feet of freshwater in 1980. 
Withdrawals of freshwater for mining purposes totaled 2.5 
thousand acre-feet in Zone 1, and almost 600 acre-feet in 
Zone 2. Mining water use in the basin results primarily 
from petroleum and natural gas production, which was 
concentrated in Zone 1. 

Livestock water use in the basin in 1980 totaled 8.4 
thousand acre-feet, about 81 percent of which was sup­
plied from surface-water sources. Zone 1 use totaled 3.5 
thousand acre-feet of water and Zone 2 use amounted to 
4.8 thousand acre-feet. 

Navigation facilities in the Nueces-Rio Grande Coastal 
Basin include a portion of the Corpus Christi Ship Chan­
nel, the Corpus Christi Inner Harbor, the Gulf Intracoastal 
Waterway and its tributary waterways-the Port Mansfield 
Channel, Harlingen Channel, Port Isabel Small Boat Basin 
and Channel, Braws Island Harbor, and the Brownsville 
Ship Channel. These marine navigation facilities have no 
regulated freshwater requirements. 

Return Flows 

In 1980, municipal and manufacturing return flows 
in the Nueces-Rio Grande Coastal Basin totaled 70.8 
thousand acre-feet. 

Of the total of 7 4 7. 9 thousand acres irrigated in the 
Nueces-Rio Grande Coastal Basin in 1980, 737.7 thou-

sand acres was located in the Lower Rio Grande Valley 
region in Zone 2. Except for small amounts of water 
obtained from resacas or local streams, most of the surface 
water used for irrigation in Zone 2 is diverted from the Rio 
Grande Basin. Even though return flows from surface­
water irrigation are substantial, high salinity makes them 
unsuitable for reuse in most areas. 

Current Ground-Water Development 

In 1980, approximately 39.2 thousand acre-feet of 
ground water was used in the Nueces-Rio Grande Coastal 
Basin. Ofthis amount, 21.8 thousand acre-feetwas used in 
Zone 1, and 17.4 thousand acre-feet was used in Zone 2. 
All of the ground water used in both zones of the basin was 
from the Gulf Coast Aquifer. 

Of the 39.2 thousand acre-feet of ground water used 
in the basin, approximately 19.3 thousand acre-feet or 49 
percent was for municipal purposes, and about 14.8 thou­
sand acre-feet or 38 percent was for irrigation purposes. 

A small overdraft of ground water from the Gulf Coast 
Aquifer occurred in 1980 in Hidalgo County within Zone 
2, .due to withdrawals for municipal and irrigation 
purposes. 

Current Surface-Water Development 

Existing major reservoirs in Zone 1 of the Nueces-Rio 
Grande Coastal Basin are Alice Terminal Reservoir and 
Barney M. Davis Cooling Reservoir. The Alice Water 
Authority purchases raw water from the City of Corpus 
Christi for municipal and manufacturing use. Raw water is 
pumped from Lake Corpus Christi to Alice Terminal Res­
ervoir. In 1980, the Alice Water Authority purchased 3.2 
thousand acre-feet of water from Corpus Christi. The 
remaining major reservoir in Zone 1, BameyM. Davis, is a 
cooling pond for Central Power and Light Company's Bar­
ney Davis steam-electric power plant located adjacent to 
the Laguna Madre near Corpus Christi. Saline water fi 
withdrawn from Laguna Madre for cooling of the plant 
condensers. After retention in the Barney Davis cooling 
pond, the water is returned to Laguna Madre. 

The City of Corpus Christi's principal water supply is 
Lake Corpus Christi in the Nueces River Basin. Water for 
the Corpus Christi area is treated, setded, filtered, and 
pumped at the Cunningham and Stevens Filtration Plants 
at Calallen, some 35 miles downstream from Lake Corpus 
Christi. The city also delivers up to 34.7 thousand acre-feet 
of water annually to the San Patricio Municipal Water 
District in the San Antonio-Nueces Coastal Basin. In 
1980, the city and surrounding municipalities and indus-
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tries in Zone 1 of the Nueces-Rio Grande Coastal Basin 
used almost 87.0 thousand acre-feet of water from the 
Nueces River Basin. 

Water requirements within Zone 1 of the Nueces-Rio 
Grande Coastal Basin, particularly within the City of Cor­
pus Christi, are growing rapidly. To insure that future water 
supplies are available for the Coastal Bend area, the City of 
Corpus Christi and the Nueces River Authority jointly 
sponsored the construction of Choke Canyon Reservoir on 
the Frio River. Deliberate impoundment began in 1982. 
Water-supply contracts with the U.S. Bureau of Reclama­
tion for construction of the reservoir have been finalized. 
Choke Canyon Reservoir and Lake Corpus Christi will be 
operated as a system in order to optimize the yields of the 
two reservoirs. 

In 1980, the total surface- and ground-water use 
within Zone 1 was 117.0 thousand acre-feet. Municipal 
and manufacturing water uses accounted for most of the 
1980 water use in Zone 1. 

The Cities of Benavides, San Diego, Orange Grove, 
Premont, Kingsville, and Bishop obtained their water 
supply from the Gulf Coast Aquifer. However, surface­
water supplies for Kingsville and other communities are 
being sought due to declining water levels and the inferior 
chemical quality of ground water in much of the basin. 

There are three major surface-water reservoirs in 
Zone 2 of the Nueces-Rio Grande Coastal Basin: Delta 
Lake, Valley Acres Reservoir, and Lorna Alta Reservoir. 
The reservoirs are used for temporary storage and regula­
tion of water diverted from the Rio Grande Basin. 

Delta Lake, located in east-central Hidalgo County, 
has a capacity of 2 5. 0 thousand acre-feet and is owned and 
operated by Hidalgo and Willacy Counties Water Control 
and Improvement District No. 1. Valley Acres Reservoir, 
north of Mercedes in eastern Hidalgo County, has a capac­
ity of 7.8 thousand acre-feet and is owned and operated by 
the Valley Acres Water District. Water is diverted into this 
reservoir from the North Floodway. Lorna Alta Reservoir, 
northeast of Brownsville, has a capacity of 26.5 thousand 
acre-feet and is owned and operated by the Brownsville 
Navigation District. Currently, only a small part (700 acre­
feet) of Lorna Alta Reservoir is in operation. 

In Cameron, Willacy, and Hidalgo Counties, there are 
24 additional reservoirs with capacities of less than 5.0 
thousand acre-feet, most of which are used for off-channel 
storage of irrigation water. Some are off-channel reser­
voirs, while the remainder are on arroyos, resacas, drain­
age ditches, and floodways. 

Except for runoff which is captured in resacas, farm 
ponds, drainage facilities, etc., all of the surface water used 
in Zone 2 of the Nueces-Rio Grande is diverted from the 
Rio Grande Basin, principally for use in Cameron, Willacy, 
and Hidalgo Counties. 

In 1980, surface-water use for municipal and manu­
facturing purposes in Zone 2 totaled 88.5 thousand and 
4. 7 thousand acre-feet, respectively. Irrigation supplied by 
surface water totaled in excess of 1,264.2 thousand acre­
feet in 1980 in Zone 2. Because virtually all surface water 
used in Zone 2 is supplied from the Rio Grande, and users 
of these waters are governed by allotments based upon 
court decree and rules of the Texas Water Rights Commis­
sion, current water uses and problems within Zone 2 of the 
Nueces-Rio Grande are described in the discussion of the 
Rio Grande Basin. 

Water Rights 

The total amount of surface water authorized or 
claimed for diversion and use in the Nueces-Rio Grande 
Coastal Basin was 154,962 acre-feet as of December 31, 
1983 (Table III-23-1). Irrigation accounted for 101,315 
acre-feet, or 65.4 percent, and recreation use represCnted 
43,077 acre-feet, or 27.8 percent of total basin authorized 
or claimed quantities of water. The basin percentages of 
water claimed or authorized for use in Zones 1 and 2 were 
9 and 91 percent, respectively (Table III-23-2). 

Water Quality 

Water quality data in the Nueces-Rio Grande Coastal 
Basin are limited because most streams, except the Arroyo 
Colorado, are intermittent. Los Olmos Creek, which has 
an intermittent base flow of about 0.1 ft3/s, generally 
contains about 2,500 mg/1 total dissolved solids. In the 
Lower Rio Grande Valley, the Arroyo Colorado and the 
North Floodway carry flood flows from the Rio Grande as 
well as irrigation return flows. Pesticide residues have been 
a recurring problem in the Arroyo Colorado. 

Flooding, Drainage, and Subsidence 

Hurricane-related flooding has caused severe damage 
in the Nueces-Rio Grande Coastal Basin. Hurricanes Carla 
(1961), Beulah (1967), Celia (1970), Fern (1971), and 
Allen (1980) caused severe agricultural and nonagricultu­
ral property losses. During the years 1978, 1979, and 
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Table 111-:Z:Z-1. Authorized or ClaimedAmountofWater, 
by Type of Ri!lllt, Nueces-Rio Grande Coastal Basin' 

Type of 
Authorization 

Permits 
Claims 
Certified Filings 
Certificates of 

Adjudication 

Total Authorizations 
and Claims 

Number 
of WghJs 

45 
28 

0 

0 

73 

Acre-Feet 
Authorized 

and Claimed 

122,579 
32,383 

0 

0 

154,962 

I The Texas Water Rights Adjudication Act of 1967 authorizes the Texas Depart­
ment of \Vater Resources to investigate and determine, lvith the Court's approval, 
the nature and measure ofwatcrrights lor all authorized diversions from surface­
water streams or portioits thereof except domestic and livestock uses and to 
monitor and administer each adjudicated water right. These totals incorporate 
the results of water-rights adjudication in the basin as of December 31, 1983. 
Certified Filings arc declarations of appropriation which were filed with the State 
Board of Water Engineers under the provisions of Section 14, Chapter 171, 
Generol Laws, Acts of the JJrd Legislature, 1913, as amended. Permits are 
statutory appropriative rights which have been issued by the Texas Water Com­
mission or its predecessor agencies. Claims are sworn statements of historical 
uses to be adjudicated in accordance with the Texas Water Rights Adjudication 
Act. A certificate of adjudication is the final result after recognition of a valid right 
in the adjudication process and is based on a permit, certified filing or claim or any 
combination of the three. 

1981, additional flooding caused 548 flood insurance 
claims to be filed for $1.9 million in flood damages. 

The Federal Emergency Management Agency has 
designated 45 communities in the Nueces-Rio Grande 

Table 111-:Z:Z-:Z. Authorized or ClaimedAmountofWater, 
by Type of Use and Zone, in Acre-Feet, 

Nueces-Rio Grande Coastal Basin 

Number 
Type of of 

Use rugh .. Zone I Zone 2 ToJal 

Municipal 5 7,500 2,870 10,370 
lndustrial2 1 0 200 200 
Irrigation 63 1,333 99,982 101,315 
Recreation 6 5,577 37,500 43,077 

Total 731 14,410 140,552 154,962 

I Does not sum due to multipurpose "rights", which may be applied to more than 
one type of use. 

2Does not include 4 authorized diversions of saline water in Zone 1 amounting to 
1,514,200 acre-feet/year and 2 authorized diversions of saline water in Zone 2 
amounting to 480,000 acre-feet/year. 

Coastal Basin as having one or more potential flood-hazard 
areas. Forty-four of these are participating in the National 
Flood Insurance Program. Thirty-four cities have com· 
pleted flood insurance rate studies and are participating in 
the Regular Phase of the Program. The unincorporated 
portions of Nueces, Jim Wells, Duval, Kleberg, Jim Hogg, 
Brooks, Hidalgo, Willacy, and Cameron Counties have 
insurance available to their residents. Nueces, Cameron, 
Hidalgo and Kleberg Counties are in the Regular Phase of 
the Program and rate studies are underway in Jim Wells, 
Kenedy, and Willacy Counties to determine elevations of a 
100-year frequency flood. 

There are substantial drainage problems in the 
Nueces·Rio Grande Coastal Basin, particularly in the 
northern part of Cameron County, in the area east and 
south of Raymondville, and in the irrigated areas of 
Hidalgo, Willacy, and Cameron Counties. 

Subsidence and fault movement are very evident 
within the basin in the Saxet Oil and Gas Field in the 
Clarkwood area west of Corpus Christi. The maximum 
amount of subsidence within the field since 1930 has been 
about 6.2 feet. Since discovery in 1930, the SaxetField has 
produced about 1 .0 trillion cubic feet of gas, more than 86 
million barrels of crude oil and hydrocarbon liquids, and 
probably more than 1. 5 billion barrels of saline ground 
water. Although rates and amounts of fault movement are 
unknown, movement of the Saxet Fault is probably correl­
ative with rates of subsidence, which since 1942 have 
ranged from 0.086 to 0.133 foot per year. Movement of 
the Saxet Fault has damaged highways, railroads, streets, 
buildings, and a stadium in and near Clarkwood. 

Reereanon Resources 

Major freshwater recreation resources in the Nueces­
Rio Grande Coastal Basin include Delta Lake (2.4 thou· 
sand surface acres) and Valley Acres ReseJVoir (900 
surface acres). These surface-water impoundments are in 
the southern part of the basin in Cameron and Hidalgo 
Counties. Other freshwater recreation opportunities avail­
able in the basin include shoreline activities along the 
streams and ponds in the region. At the eastern boundary 
of the basin, the coastal waters of Laguna Madre provide 
recreation opportunities to the public within both beach 
and shoreline areas as well as bay and Gulf waters. 

PROJECTED WATER REQUIREMENTS 

Populanon Growth 

The population of the Nueces·Rio Grande Coastal 
Basin is projected to increase 231 percent, from 853 
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thousand in 1980 to 2.83 million in 2030 (Table Ill-22-
3). A 70 percent increase is expected by 2000, accelerat­
ing to 95 percent between 2000 and 2030. 

All counties, except Kenedy County are expected to 
gain in population. Hidalgo County is expected to have the 
largest growth rate, 398 percent, and by 2030 its popula­
tion will represent 49.2 percent of the total basin 
population. 

Water Requirements 

Municipal 

Municipal water requirements are projected for two 
cases of future growth based on both population and per 
capita water use. Water requirements in the Nueces-Rio 
Grande Coastal Basin are projected to increase from the 
1980 level of 172.9 thousand acre-feet by a projected 
maximum of 108 percent by the year 2000 (high case). In 
the year 2030, water requirements are projected to range 
from 410.1 to 693.8 thousand acre-feet. Zone 1 is pro­
jected to account for 30 to 31 percent of total basin munic­
ipal requirements in 2000; in 2030, Zone 1 is projected to 
account for 26 percent of the total in both the low and high 
case. 

A range of 298.5 to 513.6 thousand acre-feet of 
municipal water requirements is projected in Zone 2 by 
2030. 

Industrial 

Manufacturing water requirements in 1980 were 
32.2 thousand acre-feet in the Nueces-Rio Grande Coastal 
Basin. Projections of future water requirements for manu­
facturing purposes were made by decade and for a low and 
high case for each industrial group. In 1980, over 90 
percent of total manufacturing water use was concentrated 
in five industrial groups: chemicals, petroleum refining, 
primary metals, paper products, and food products. 
Because of this concentration, careful attention was given 
to the future growth outlook for these industries in making 
the projections. 

Manufacturing water requirements in the Nueces-Rio 
Grande Coastal Basin are projected to increase more than 
two times by the year 2030, to a potential high of 81.2 
thousand acre-feet by 2030 (high case). 

Zone 1 (Nueces County) accounted for 84 percent of 
the total basin use in 1980 and is expected to decrease its 
share of basin manufacturing water requirements to 78 
percent by 2030. 

Steam-Electric Power Generation 

Both fresh and saline water requirements for steam­
electric power generation are projected to increase steadily 
in the Nueces-Rio Grande Coastal Basin. Water consump­
tion by plants using freshwater for cooling is projected to be 
5.6 thousand acre-feet annmilly by 2000 and 15.4 to 20.0 
thousand acre-feet annually by 2030. Zone 2 required 96 
percent of the total basin water requirement in 1980, and 
is projected to need 50 percent by 2030. Where saline 
water is used for cooling, freshwater will also be needed at 
plants to provide water for boiler feedwater makeup, and 
sanitary and maintenance uses. 

Agriculture 

Irrigation 

Irrigation water requirements were projected for two 
cases of change based on improvements in on-farm appli­
cation efficiencies, reduction in ditch losses, changes in 
future resourc~ costs and crop prices, and corresponding 
changes in cropping patterns to reflect more profitable 
crops. A low case projects demand for water based on the 
effects of changes in the above variables but with irrigated 
acreage held constant at 1980 levels in each zone for each 
future time period; a high case projects demand for water 
for irrigation constrained only by the requirement that 
irrigated fanning produce a net positive return in excess of 
that possible from dryland farming and the requirement 
not to exceed the amount of irrigable soil in each zone. 
Thus, the projections of demand, low and high cases, based 
on the irrigation efficiency and market conditions men­
tioned above, give an estimate of the quantity of water 
needed for irrigation in each zone, at each decadal point 
for which projections were made. These projections of 
demand are compared to the projected supply of water 
locally available. When projected demand exceeds pro­
jected supply, the difference is a measure of shortage at that 
point in time. 

Irrigation water requirements in the Nueces-Rio 
Grande Coastal Basin are projected to increase from the 
1980 level of 1.3 million acre-feet by a projected maxi­
mum seven percent by the year 2000 in the high case, 
increasing four percent in the low case. In the year 2030, 
water requirements in the Basin are projected to range 
from 1.1 to 1.4 million acre-feet annually, low and high 
case, respectively, to irrigate from 0.75 to 0.81 million 
acres. 

Zone 2 is projected to account for about 99 percent of 
total basin irrigation requirements in 2000 and 2030. 
Zone 1 is projected to account for only one percent of the 
total. 
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2~1 
Popllation 
Municipal 12.7 
Manufacturing 0.6 
Steam Electric o.o 
Mining 2.4 
Irrigation 5.5 
Livestock 0.6 
Zone Total Water 21.8 

"""'2 
l'op.llation 
Municipal 6.6 
Manufacturing 0.2 
Steam Electric o.o 
Mining 0.4 
Irrigation 9.3 
Livestock 0.9 
Zone Total Water 17.4 

BASrn """"' 
Pop.l].ation 
MW'Iicipal 19.3 
Manufacturing 0.8 
Steam Electric 0.0 
Mining 2.8 
Irrigation 14.8 
Livestock 1.5 
Basin Total Water 39.2 

Table III-22-3. Popllation, CUrrent Water Use, With Projected Pop.llation and Water Requiramnts, 199D-203@/ 
Nueces-Rio Grande Coastal Basin 

333.1 387.0 426.5 487.8 
65.1 77.8 8.2 88.0 96.2 8.8 99.3 108.1 9.3 114.3 123.6 
26.6 27.2 2.7 31.5 34.2 2.6 38.1 40.7 2.7 43.6 46.3 
0.2 0.2 o.o 0.2 0.2 0.0 0.2 0.2 3.3 0.1 3.4 
0.1 2.5 2.1 0.5 2.6 2.1 0.5 2.6 2.3 0.6 2.9 
0.3 5.8 8.4 0.4 8.8 8.5 0.4 8.9 8.6 0.4 9.0 
2.9 3.5 0.6 3.6 4.2 0.6 4.3 4.9 0.6 4.3 4.9 

95.2 117.0 22.0 124.2 146.2 22.6 142.8 165.4 26.8 163.3 190.1 

520.3 764.2 1,025.6 1,317.4 
88.5 95.1 16.8 166.5 183.3 20.5 231.5 252.0 2L5 300.7 322.2 
4. 7 4.9 o.o 6.6 6.6 0.0 8.8 8.8 0.0 11.2 11.2 
5.4 5.4 0.0 5.4 5.4 0.0 5.4 5.4 0.0 6.9 6.9 
0.2 0.6 0.4 0.2 0.6 0.3 0.3 0.6 0.3 0.3 0.6 

1,264.2 1,273.5 3.2 1,366.9 1,370.1 3.2 1,353.1 1,356.3 3.2 352.3 1,355.5 
3.9 4.8 1.2 4.5 5.7 1.3 5.3 6.6 1.3 5.3 6.6 

1,366.9 1,384.3 21.6 1,550.1 1,571.7 25.3 1,604.4 1,629.7 26.3 676.7 1, 703.0 

853.4 1,151.2 1,452.1 1,805.2 
153.6 172.9 25.0 254.5 279.5 29.3 330.8 360.1 30.8 415.0 445.6 

31.3 32.2 2.7 36.1 40.8 2.6 46.9 49.5 2.7 54.6 57.5 
5.6 5.6 0.0 5.6 5.6 0.0 5.6 5.6 3.3 7.0 10.3 
0.3 3.1 2.5 o. 7 3.2 2.4 0.8 3.2 2.6 0.9 3.5 

1,264.5 1,279.3 11.6 1,367.3 1,378.9 11.7 1,353.5 1,365.2 11.6 1,352.7 1,364.5 
6.8 8.4 1.8 8.1 9.9 1.9 9.6 11.5 1.9 9.6 11.5 

1462.1 1501.3 43.6 1,674.3 1,717.9 47.9 1,747.2 1,795.1 53.1 1,840.0 1,693.1 

y Pop.llation in thousands of persons, water rO"Jiliramnts in thousands of acre-feet per year: • 

589.6 711.0 
10.0 139.4 149.4 10.7 169.5 180.2 
2. 7 51.4 54.1 2.7 61.0 63.7 
6.6 0.1 6.7 9.8 0.2 10.0 
2.6 0.6 3.2 2.8 0.6 3.4 
8.6 0.4 9.0 8.6 0.4 9.0 
0.6 4.3 4.9 0.6 4.3 4.9 

31.1 196.2 227.3 35.2 236.0 271.2 

1,693.2 2,117.3 
21.9 390.4 412.3 20.1 493.5 513.6 
0.0 14.1 14.1 0.0 17.5 17.5 
0.0 8.5 8.5 0.0 10.0 10.0 
0.2 0.4 0.6 0.2 0.4 0.6 
3.2 1,350.8 1,354.0 3.2 1,349.3 1,352.5 
1.3 5.3 6.6 1.3 5.3 6.6 

26.6 1, 769.5 1, 796.1 24.6 1,676.0 1,900.8 

2,282.6 2,828.3 
31.9 529.8 561.7 30.6 663.0 693.8 
2.7 65.5 66.2 2.7 78.5 81.2 
6.6 8.6 15.2 9.8 10.2 20.0 
2.8 1.0 3.8 3.0 1.0 4.0 

11.8 1,351.2 1,363.0 11.8 1,349. 7 1,361.5 
1.9 9.6 11.5 1.9 9.6 11.5 

57.7 1,965. 7 2,223.4 60.0 2,112.0 2,172.0 



Livestocl< 

Livestock water requirements within the basin are 
projected to increase from 8.4 thousand acre-feet in 1980 
to 11.5 thousand acre-feet annually in 2030. Livestock 
water use is expected to be 4.9 thousand acre-feet per year 
in Zone 1 and 6.6 thousand acre-feet annually in Zone 2 
by 2030. 

Mining 

Mining water requirements in theN ueces-Rio Grande 
Coastal Basin are projected to increase 29 percent 
between 1980 and 2030 (from 3.1 thousand acre-feet to 
4.0 thousand acre-feet annually). 

Mining water requirements for fuels are expected to 
decrease to 1.0 thousand acre-feet in 2030, compared to 
2.5 thousand acre-feet in 1980. The remaining mining 
water requirements in the Nueces-Rio Grande Coastal 
Basin are for nonfuels. 

Navigation 

No navigation facilities requiring freshwater resources 
for their operation are planned in the Nueces-Rio Grande 
Coastal Basin. 

Hydroelecuic Power 

There are no hydroelectric power generating facilities 
planned in the Nueces-Rio Grande Coastal Basin. 

Estoarine Freshwater Inflows 

The drainage from the Nueces-Rio Grande Coastal 
Basin discharges into the Laguna Madre estuarine system. 
Estimates of freshwater inflow needs of the Laguna Madre 
estuarine system are based on the total gaged flows of San 
Fernando (at Alice) and Los Olmos (near Falfurrias) 
Creeks for Baffin Bay and Upper Laguna Madre, and the 
total gaged flow of the Arroyo Colorado (near Harlingen) 
and the North Floodway (near Sebastian) for the lower 
Laguna Madre. 

Estimates of the annual gaged inflows needed to sus­
tain the desired salinity limits for the Subsistence Alterna­
live yield 4.2 thousand acre-feet and 177.7 thousand 
acre-feet of gaged inflow into Baffin Bay and lower Laguna 
Madre, respectively (Table III-22-4). The inflows needed 
annually from the gaged portion of the drainage area of 
Baffin Bay and lower Laguna Madre (Table III-22-4) to 

maintain the average 1962 through 1976 commercial 
fisheries harvest (Fisheries Harvest Maintenance Alterna­
tive) total 5.9 thousand acre-feet and 278.8 thousand 
acre-feet, respectively. For the Harvest Enhancement 
Alternative, it is estimated that maximizing the finfish 
commercial harvest in upper Laguna Madre and the 
shrimp harvest offshore of the lower Laguna Madre requires 
volumes of water from the contributing areas of the estuary 
equal to the annual inflow limit set at the average 1941-
1976 annual combined inflows of 689 thousand acre-feet, 
with the annual gaged inflow need of 8.8 thousand acre­
feet from the Baffin Bay drainage area (Table III-22-4) and 
283 thousand acre-feet from the lower Laguna Madre 
drainage basin. The inflows needed annually to maintain 
the desired species salinity limits for the Biotic Species 
Viability Alternative are estimated to be 710 thousand 
acre-feet of gaged inflow into Baffin Bay and 136.8 thou­
sand acre-feetof gaged inflow into the lower Laguna Madre 
(Table III-22-4). 

WATER SUPPLY PROJECTS AND 
MEASURES TO MEET 

FUTURE BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

The approximate annual ground-water yield within 
the N ueces-Rio Grande Coastal Basin through the year 
2030 is 115.0 thousand acre-feet. This amount of annual 
ground-water supply is from the Gulf Coast Aquifer which 
is the only fresh to slightly saline water-bearing formation 
within the basin. 

The projected annual ground-water use within the 
Nueces-Rio Grande Basin by decade from 1990 through 
2030 is expected to be from 43.6 to 60.0 thousand acre­
feet per year (Table III-22-3). The approximate average 
annual projected ground-water use within the basin is 
expected to be about 52.5 thousand acre-feet per year. 

Surface-Water Availability and 
Proposed Development 

The Nueces-Rio Grande Coastal Basin, Zone 1, cur­
rently receives surface water from the Nueces River Basin 
under existing water rights and contracts. Sufficient water 
supplies are estimated to be available from existing reser­
voirs in the Nueces River Basin to meet all demands for 
surface water in Zone 1 of the Nueces-Rio Grande Coastal 
Basin through 2030 except for irrigation (Table III-22-5, 
Figure III-22-2). No additional reservoirs are proposed for 
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Table UI-22-4. Gaged River Inflow Needs of the Laguna Madre Estuary From the 
Nueees-Rio Grande Coastal Basin Under Four Alternative Levels of Fisheries Productivity' 

Baffin Bay and Upper Laguna 1\fadrc2 

Fisheries Finfish Biotic 
Ecosystem Harvest Hanrest Species Ecosystem 

Month Subsistence Maintenance Enhancement Viability Subsistence 

January .13 .08 .13 .05 10.35 
February .08 .11 .26 .06 10.52 
March .25 .23 .07 .01 11.55 
April .08 .39 .88 .18 15.69 
May .48 1.29 2.74 .10 16.54 
June .61 .55 1.24 .01 16.40 
July .36 1.02 1.05 .01 12.65 
Au~ust .58 .57 .78 .01 10.99 
September .97 .97 .98 .15 25.96 
October .16 .20 .41 .01 19.48 
November .46 .42 .21 .06 13.86 
December .07 .11 .07 .06 13.73 

Annual 4.23 5.94 8.82 .71 177.72 

'The upper and lower portions of the estuary arc separated by the "land cut."' AJI inflows arc mean monthly values in thousand of acre-feet. 
2Combincd gaged streamflow of San Fernando ·creek at Alice and Los Olmos Creek ncar Falfurrias. 
JCombined gaged streamflow of Arroyo Colorado ncar Harlingen and North Floodway ncar Sebastian. 

Lower Laguna Madrc3 

Fisheries Finfish 
Hancst Han·cst 

Maintenance Enhancement 

10.35 26.15 
10.52 23.18 
11.55 18.93 
15.69 15.69 
16.54 16.54 
23.38 16.40 
17.25 12.65 
19.86 10.99 
68.59 62.50 
57.50 52.40 
13.86 13.86 
13.73 13.73 

278.83 283.01 

Biotic 
Species 
Viability 

9.21 
5.88 
9.36 

15.45 
15.98 
13.64 

8.09 
6.94 

15.88 
15.04 
11.27 
10.07 

136.81 



Table 111-22-5. Water Resources of the Nueces-Rio Grande Coastal Basin, Zone I, 
With Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra· Return In Intra .. Irrigation 
Decade Zone Basin Flow Import Total Zone Basin Export Total M&I (Shortage) Total ---

1990 
Ground Water 22.0 - - - 22.0 22.0 - - 22.0 .0 .0 .0 
Surface Water .0 .0 .0 119.9 119.9 120.3 .0 .0 120.3 (.3) (.1) (.4) 
Total 22.0 .0 .0 119.9 141.9 142.3 .0 .0 142.3 (.3) (.1) (.4) 

2000 
Ground Water 22.6 - - - 22.6 22.6 - - 22.6 .0 .0 .0 
Surface Water .0 .0 .0 137.9 137.9 138.2 .0 .0 138.2 (.2) (.1) (.3) 
Total 22.6 .0 .0 137.9 160.5 160.8 .0 .0 160.8 (.2) (.1) (.3) 

- 2010 
' "' Ground Water 26.8 - - - 26.8 26.8 - - 26.8 .0 .0 .0 
"' ' Surface Water .0 .0 .0 158.4 158.4 158.7 .0 .0 158.7 (.2) (.1) (.3) ,... 
0 

Total 26.8 .0 .0 158.4 185.2 185.5 .0 .0 185.5 (.2) (.1) (.3) 

2020 
Ground Water 31.1 - - - 31.1 31.1 - - 31.1 .0 .0 .0 
Surface Water .0 .0 .0 190.7 190.7 191.6 .0 .0 191.6 (.8) (.1) (.9) 
Total 31.1 .0 .0 190.7 221.8 222.7 .0 .0 222.7 (.8) {.1) (.9) 

2030 
Ground Water 35.2 - - - 35.2 35.2 - - 35.2 .0 .0 .0 
Surface Water .0 .0 .0 231.2 231.2 231.4 .0 .0 231.4 (.1) (.1) (.2) 
Total 35.2 .0 .0 231.2 266.4 266.6 .0 .0 266.6 (.1) (.1) (.2) 

I Units in thousands of acre-feet per year. Water demands are for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones \\ithin a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 
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Figure 111-22-2. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Nueces-Rio Grande Coastal Basin, Zone 1, 1980-2030 

Zone 1. Annual surface-water requirements for municipal 
and almost all industrial purposes in the zone can be satis­
fied through water transfer from the Nueces River Basin 
under existing water rights. Minor mining shortages ofless 
than 1. 0 thousand acre-feet per year are projected to occur 
through 2030. The basin irrigation shortage amounts to 
only 100 acre-feet annually from the present to 2030 and 
is due to limited ground-water availability. 

Water supplies and requirements of Zone 2 of the 
basin are considered with Zone 2 of the Rio Grande Basin. 

Projected surface-water needs in Zone 2 of the basin 
exceed available surface-water supplies from the lower Rio 
Grande Basin by the year 1990. Studies by the Interna­
tional Boundary and Water Commission, U.S. Section, 
indicate that relatively little additional yield can be devel­
oped from another major reservoir on the Rio Grande. 
Thus, it is unlikely that projected shortages in surface­
water needs for the basin can be met from water develop­
ment on the Rio Grande Basin. Alternative sources for 
water for municipal and manufacturing purposes include 
Lake Texana in the Lavaca River Basin and potential reser-

III-22-11 



voirs in the Guadalupe and San Antonio River Basins. 
These surface-water sources, however, may be prohibi­
tively expensive due to the construction and operating 
costs of water conveyance and storage facilities. 

Water Quality Protection 

A water quality management plan for the Nueces-Rio 
Grande Coastal Basin has been developed pursuant to the 
requirements of federal and State Clean Water legislation. 
Areawide water quality management plans have also been 
developed for the Lower Rio Grande Valley and the Corpus 
Christi metropolitan area. The plans serve as a basic ele­
ment in the State's overall water quality strategy and pro­
vide guidance in establishing priorities for construction 
grants for waste treatment facilities, permitting of waste­
water facilities, revision of stream standards, and other 
program activities. 

Construction costs associated with municipal waste­
water treatment facilities needs have been estimated to be 
approximately Jl365 .6 million for the planning period of 
1980 to the year 2000. These costs are estimated for the 
entire Nueces-Rio Grande Coastal Basin with approxi­
mately 1!27 4.3 million required for Zone 2 and 1!91.3 
million projected for Zone 1. All costs are in January 1980 
dollars and are subject to revision as new data become 
available. The list of projects, with project costs for 1982-
1989, at 1980 prices, is shown in Appendix B. 

Additional water quality management costs, such as 
for control of agricultural, oil and gas, and industrial pollu­
tants, cannot be estimated at this time, but are believed to 
be increasing. 

Flood Control Measures 

There are no reservoirs with flood-control storage in 
the basin. Flood control has been accomplished largely 
through channel rectification and construction of flood­
ways. In 1955, the U.S. Army Corps of Engineers com­
pleted work on channel improvements on San Diego 
Creek in the City of Alice. The project consists of an 

earthen levee on the right bank of the creek, two concrete 
flood wall sections on the right bank forming a part of the 
levee system, riprap bank-slope protection, scour protec­
tion under the U.S. Highway 281 bridge, and sodding and 
seeding of levee and channel slopes. The project consisted 
of approximately 3.41 miles of stream channel, 16,332 
feet of levee, and 1,843 feet of concrete flood wall. Major 
floods in recent years have indicated the need for addi­
tional study and reexamination of the project, particularly 
with respect to the possible extension of the existing levee, 
construction of additional levees, and evaluation of flood­
control needs in the Lattas Creek area within the City of 
Alice. Funds have been requested for these studies. 

The Corps completed a flood-protection project for 
the City of Kingsville in 1956. The project consists of 
enlargement of 14,9 55 feet of Tranquitas Creek and con­
struction of an excavation channel with an average depth 
of seven feet and average width of 80 feet, with concrete 
paving under three bridges. In addition to channel enlar­
gement, clearing was performed on approximately 3.5 
miles of stream downstream from the excavation channel. 

Under the Corps' Small Flood Control Project Author­
ity a study has been initiated on Petronilla Creek in Nueces 
County. 

The Corps has completed a feasibility report for flood­
damage prevention on Palo Blanco and Cibolo Creeks at 
Falfurrias, and the report is presently under review. The 
project recommends diverting waters from Palo Blanco 
and Cibolo Creeks and conveying the floodwaters around 
the west side of Fulfurrias. 

The lo:wer Rio Grande Basin project for flood control, 
drainage, and land treatment measures, authorized by the 
Water Resources Development Act of 197 4, is discussed in 
the section addressing the Rio Grande Basin. 

There is about 299 square miles of drainage area 
above 18 U.S. Soil Conservation Service floodwater­
retarding structures within the Nueces-Rio Grande Coastal 
Basin. As of October 1980, one additional structure with a 
drainage area of 42 square miles was planned for construc­
tion. All of the existing and planned structures are in Zone 
1. 
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23. RIO GRANDE BASIN 

BACKGROUND AND CURRENT 
CONDITIONS 

Physical Description 

The Rio Grande originates in southern Colorado, 
flows southerly across New Mexico, and,enters Texas about 
20 miles northwest of El Paso. It forms the international 
boundary between the United States and Mexico from El 
Paso to the Gulf of Mexico. Elevation of the streambed at 
the New Mexico-Texas state line is approximately 3,800 
feet and the total basin drainage area is 182,215 square 
miles, of which 88,968 square miles is in the United States 
and 48,259 square miles is in Texas. The Pecos and Devils 
Rivers are the principal tributaries of the Rio Grande in 
Texas. The Rio Grande Basin has been divided into three 
zones for planning purposes; Zone 2 of the Nueces-Rio 
Grande Coastal Basin has been added in the supply and 
demand computations (Figure Ill-23-1). 

Surface Water 

The average annual runofffrom 1941-70 was approx­
imately 29 acre-feet per square mile in Texas and Mexico. 
Amounts and rates of runoff vary widelythroughout the Rio 
Grande Basin. Reservoirs, numerous diversions, and sub­
stantial return flows also modify the flows of the main stem 
throughout its length. Upstream development has progres­
sively reduced the flow of the Rio Grande as it enters Texas. 
The average annual flow of the Rio Grande at El Paso for 
the period 1890-1940 was 699.6 thousand acre-feet. 
From 1941-70, the annual flow averaged 375.4 thousand 
acre-feet. The lowest runoff rate of the basin above Laredo 
from 1941-70 occurred during 1950-53 and 1955-56; 
each period averaged 14 acre-feet per square mile. 

Localized flooding from heavy rainstorms and inade­
quate drainage is a serious problem in the El Paso area. 
Downstream, the City of Presidio experiences problems 
associated with flooding of Cibolo Creek, although a levee 
on the Rio Grande provides some protection. Develop­
ments in the flood plain in Del Rio, Eagle Pass, and Laredo 
are subject to damages from infrequent river flooding hut 
more serious flooding of local tributaries. 

. The completion of several major flood-control reser­
voirs and an extensive levee and floodway system in the 
Lower Valley area have lessened flooding along the main 
stem of the Rio Grande. Flooding remains a severe prob­
lem in areas not protected by levees, and flooding could 
occur during severe stonns associated with hurricanes. 

As the Rio Grande enters Texas at El Paso, total 
dissolved-solids concentrations vary from 500 to over 
3,000 milligrams per liter (mg/1); the long-term 
discharge-weighted average concentration is about 800 
mg/1. Lowest concentrations occur in the spring and 
summer when reservoirs in New Mexico are releasing 
water, and highest levels occur in winter during low-flow 
periods. Discharge-weighted average chloride and sulfate 
concentrations at this point are about 130 mg/1 and 260 
mg/1, respectively. 

Diversions for irrigation and municipal use at the 
American Canal in Texas and the Acequia -Madre Canal in 
Mexico remove most of the flow of the Rio Grande which 
reaches Texas. Below El Paso, most of the flow consists of 
treated municipal wastewater from El Paso and irrigation 
return flows. While these flows are relatively high in dis­
solved solids, they are periodically diluted by local storm 
runoff. As a result, the long-term discharge-weighted 
dissolved-solids concentrations have averaged about 
2,100 mg/1 and annual discharge-weighted concentra­
tions have ranged from less than 300 mg/1 to over 4,400 
mg/1. Water quality improves as inflows of good quality 
water enter downstream. At Langtry, annual discharge­
weighted average dissolved-solids concentrations are 
about 500 mg/1 and sulfate and chloride levels are around 
200 and 50 mg/1, respectively. Dissolved-solids levels 
increase somewhat due to the inflow of the more saline 
Pecos River, but water quality in the International Amistad 
Reservoir above Del Rio, Texas is still very good, with 
dissolved-solids concentrations commonly between 500 
to 650 mg/1. 

Tributaries in this reach of the Rio Grande Basin to 
Amistad Dam include the Devils River, Alamito Creek, and 
the Pecos River on the American side and the Rio Conchos 
on the Mexican side. The Devils River and Alamito Creek 
are of excellent quality, with total dissolved solids normally 
under 500 to 600 mg/1. By contrast, the Pecos River is a 
major source of salt in the Rio Grande Basin and the Rio 
Conchos has been identified as a source of pesticides to the 
Rio Grande. 

The Pecos River drains a substantial part of the far 
West Texas portion of the Rio Grande Basin. Natural dis­
charge of highly saline ground water into the Pecos River in 
New Mexico keeps total dissolved-solids levels in the water 
in and above Red Bluff Reservoir very high. Except during 
floods, the flow of the Pecos River for a considerable dis­
tance downstream from Red Bluff Reservoir consists prin­
cipally of releases and some seepage from the reservoir. As 
a result, total dissolved solids in this reach vary between 

· 2, 700 and 15,000 mg/1 and exceed 7,500 mg/1 50 per­
cent of the time. 
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Additional inflow from saline water-bearing aquifers 
below Red Bluff Dam, irrigation return flows, and runoff 
from old oil fields continue to degrade water quality 
between the dam and the vicinity of Girvin in northern 
Pecos County. In this area, annual discharge-weighted 
average concentrations of total dissolved solids exceed 
14,000 mg/1. 

Below Girvin, water quality improves substantially as 
runoff and ground water from limestone aquifers in Crock­
ett, Terrell, and Val Verde Counties dilute the highly min­
eralized Pecos River streamflows. By the time the Pecos 
River reaches the Rio Grande near Langtry, in Val Verde 
County, the discharge-weighted average dissolved-solids 
concentration is about 1,600 mg/1, 570 mg/1 chloride, 
and 325 mg/1 sulfate. The water throughout the Pecos 
River watershed is very hard, with calcium carbonate con­
centrations often exceeding 200 mg/1. 

Between International Amistad and International 
Falcon Reservoirs, water quality improves to a discharge­
weighted average dissolved-solids level of 500 mg/1. Sul­
fate and chloride concentrations average about 150 mg/1 
and 85 mg/1, respectively. Major tributaries in this reach 
include (on the American side) Chacon Creek, Los Olmos 
Creek, Eight Mile Creek and La Joga Creek, all of which 
are slightly saline, and Sycamore Creek near Del Rio. On 
the Mexican side, the Rio San Diego, Rio San Rodrigro, 
and Rio Escondido flow into the Rio Grande near Eagle 
Pass. The quality of these tributaries is very good. 

International Falcon Reservoir provides water of very 
good quality for the municipalities, irrigators, and indus­
tries of the Lower Rio Grande Valley, although the quality 
varies in response to extended wet or dry periods. 

Saline irrigation return flows entering the Rio San 
Juan in Mexico increase dissolved-solids concentrations of 
the Rio Grande as it passes through the Valley. Also, the 
Morillo Drain in Mexico formerly conveyed saline irriga­
tion return flows to the lower Rio Grande. In July 1969, 
this drain was diverted through a 7 S-mile long canal 
directly to the Gulf of Mexico. Preliminary analyses indi­
cate that this has resulted in a significant improvement in 
the quality of the Rio Grande in the Valley area. 

Ground Water 

The Alluvium and Bolson Deposits Aquifer underlies 
much of the upper part of the Rio Grande Basin. Total 
thickness ranges to more than 5,000 feet, but the deepest 
known occurrence of fresh water is about 1,400 feet. 
Yields of high-capacity wells generally range from 1,000 to 

1,500 gallons per minute (gpm), although individual wells 
produce up to 3,000 gpm. Water quality ranges from fresh 
to moderately saline. 

The Edwards-Trinity (Plateau) Aquifer underlies a 
large area in the middle part of the Rio Grande Basin. The 
thickness of the limestone section ranges up to 1,000 feet. 
The sand is usually less than 100 feet thick. Well yields 
range up to 3,000 gpm. Water quality ranges from fresh to 
slightly saline. 

The Carrizo-Wilcox Aquifer occurs in the lower mid­
dle part of the Rio Grande Basin. Total saturated thickness 
of the aquifer ranges from approximately 200 to 700 feet, 
with net saturated sand thickness ranging from 100 to 500 
feet. Yields of wells range up to 500 gpm. Water quality 
ranges from fresh to slightly saline. 

The Gulf Coast Aquifer occurs in the lower part of the 
Rio Grande Basin. Maximum thickness of the aquifer, 
where it contains fresh to slightly saline water, ranges up to 
500 feet, with a net sand thickness of 30 to 40 percent. 
Yields of large-capacity wells range up to 2,000 gpm, but 
most wells average 500 gpm. Water quality ranges from 
fresh to slightly saline, with salinity increasing rapidly 
downdip. 

The Bone Spring and Victorio Peak Limestones Aqui­
fer occurs in the northeast corner of Hudspeth County in 
the upper part of the Rio Grande Basin. Yields of wells vary 
considerably, ranging from 160 to 2,240 gpm. Water 
quality ranges from about 1,000 to 8,000 mg/1 total dis­
solved solids. 

The Capitan Limestone Aquifer occurs along the 
Culberson-Hudspeth County line in the upper part of the 
Rio Grande Basin. The aquifer is productive to a depth of 
approximately 1,000 feet. Wells yield up to about 350 
gpm. Water quality ranges from 850 to 1,500 mg/1 total 
dissolved solids. 

The Marathon Limestone Aquifer occurs in a small 
area in northwestern Brewster County in the upper part of 
the Rio Grande Basin. Total thickness ranges from 350 to 
900 feet, but most wells are less than 250 feet deep. Well 
yields range up to 300 gpm. Water quality usually ranges 
from 500 to 1,000 mg/1 total dissolved solids. 

Igneous Rocks comprise an aquifer which occurs in 
the upper part of the Rio Grande Basin near Alpine and 
Marfa. Thickness varies considerably and wells locally 
exceed 1,000 feet in depth. Reported well yields vary from 
375 to 1,000 gpm. Water quality ranges from fresh to 
moderately saline. 
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The Rustier Aquifer occurs in the upper part of the Rio 
Grande Basin mosdy in Reeves County. Total thickness 
ranges up to a maximum of 500 feet. Yields of acidized 
wells range from 300 to 1,000 gpm. Water quality is gen­
erally poor, ranging from 2,000 to more than 6,000 mg/1 
total dissolved solids. 

The Santa Rosa Aquifer occurs in the eastern part of 
the upper Rio Grande Basin. Thickness ranges up to about 
300 feet. Most wells yield less than 300 gpm, but individual 
well yields exceed 1,000 gpm. Toial dissolved-solids con­
centrations range from less than 100 to more than-4,100 
mg/1, usually exceeding 1,000 mg/1. 

Continued decline of water levels in the Alluvium and 
Bolson Deposits, and Gulf Coast Aquifers in the Rio 
Grande Basin will increase the threat of vertical and lateral 
saline-water encroachment into the freshwater bearing 
zones. Land-surface subsidence is also a potential problem 
near the Coast due to declines in artesian pressure in the 
Gulf Coast Aquifer. Excessive withdrawals of water from 
the Cenozoic Alluvium in the Reeves-Pecos County area 
have caused a change in direction of ground-water move­
ment which has resulted in water of inferior quality moving 
into the aquifer from the Pecos River. Serious and steady 
ground-water quality deterioration is occurring in the 
Hueco Bolson due to heavy pumpage for municipal and 
industrial water needs in El Paso County and Juarez, Mex­
ico. fBecause of this saline-water encroachment, El Paso 
will probably need additional freshwater supplies before 
the year 2000. 

Population and Economic Development 

The population of the Rio Grande Basin was reported 
at 780.9 thousand in 1980. El Paso is by far the largest city 
in the Rio Grande Basin with a 1980 population of 425.3 
thousand. It is followed in population size by Laredo, Del 
Rio, Eagle Pass, and Pecos. 

The economy of the area is based on mineral produc­
tion, wholesale and retail trade, agriculture, agribusiness, 
and manufacturing. The economies of many of the border 
counties are centered around international trade and tour­
ism with Mexico. Hunting and water-oriented recreation, 
principally at International Amistad and International Fal­
con Reservoirs, round Out the basin economy. 

Water Use 

Total municipal freshwater use in the Rio Grande 
Basin was 175.9 thousand acre-feet in 1980. Zone 1 used 
almost 59 percent of the basin total, almost entirely con­
centrated in El Paso County. Zone 2, including the Cities 

of Eagle Pass, Laredo, and Del Rio, accounted for almost 
J2 percent of the basin total use. Zone 3, including Pecos, 
Monahans, Fort Stockton, and Kermit, accounted for 
more than nine percent. 

Freshwater use by manufacturing industries in the 
basin in 1980 was 10.2 thousand acre-feet. Ninety-four 
percent of this amount was used in the El Paso area in Zone 
1 and six percent of the total was used in Zones 2 and 3. 
Collectively, the petroleum refining industry and the pri­
mary metals industry accounted for approximately 59 per­
cent of the total manufacturing freshwater use in the basin 
during 1980. 

In 1980, there was 1,387 megawatts of steam­
electric power generating capacity in the Rio Grande 
Basin. Most of this capacity was located in the western part 
of the basin. During 1980, over 13.0 thousand acre-feet of 
ground water was withdrawn and about 1. 7 thousand acre­
feet of fresh surface water was consumed in steam-electric 
power plant operations. 

According to 1980 irrigation data, a total of 921.7 
thousand acre-feet of water was applied to 338.2 thousand 
acres in the Rio Grande Basin, approximately 51 percent 
of which was from ground-water sources. This does not 
include diversions from the Rio Grande into the Nueces­
Rio Grande Coastal Basin for Valley irrigation. The major 
portion of ground-water irrigation was located in Pecos, 
Reeves, Hudspeth, Culberson, and Jeff Davis Counties. 
Ground water is used to supplement surface-water supplies 
in El Paso and Hudspeth Counties along the Rio Grande 
flood plain in years when surface water is in short supply. 
About 186.8 thousand acres was irrigated in 1980 using 
about 451.1 thousand acre-feet of surface water. This 
acreage was concentrated in the El Paso and Maverick 
County project areas and in Starr County. 

In 1980, mining freshwater use in the Rio Grande 
Basin totaled 51.3 thousand acre-feet. Nonmetal mining 
operations accounted for 92 percent of the total mining 
water use. Ground-water withdrawals for petroleum and 
natural gas production occur principally in Zone 3, with 
Winkler County being the major user of freshwater for this 
purpose. 

In 1980, livestock water use in the Rio Grande Basin 
was 16.2 thousand acre-feet. Livestock water use in 1980 
was 1. 2 thousand acre-feet in Zone 1, 11.0 thousand 
acre-feet in Zone 2, and 4.0 thousand acre-feet in Zone 3. 

On the American side of the Rio Grande, thereis41.1 
megawatts of hydroelectric power generating capacity with 
an additional 66 megawatts to begin operation at Amistad 
Dam in mid-1983. 
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Return Flows 

In 1980, municipal and manufacturing return flows 
in the Rio Grande Basin totaled 65.0 thousand acre-feet, 
of which El Paso County accounted for about 63 percent. 

Irrigation return flows in the Rio Grande Basin vary 
greatly among regions of the basin. In the Dell City area, 
irrigation from ground water produces no significant 
return flows. In the remainder of Zone 1, return flows from 
the El Paso and Hudspeth Valley irrigation areas amount to 
about 10 percent or less of the water applied for irrigation. 
Return flows from the El Paso Valley area are reused in 
Hudspeth County; thus, no usable return flows leave Zone 
1. About 20 thousand acre-feet are reused within Zone 1. 

Return flows in Zone 2 originate in areas using 
surface-water supplies, such as the Maverick Irrigation Dis­
trict, the Lower Rio Grande Valley, and smaller areas in 
Starr, Zapata, Webb, and Val Verde Counties. About 50 
thousand acre-feet of return flows originated in these areas 
in 1980. At least one-half of this amount reenters the river 
and can be reused downstream. 

Irrigation in Zone 3 of the basin is concentrated in 
Pecos and Reeves Counties. Irrigation return flows in Zone 
3 are negligible due to high evapotranspiration losses and 
recirculation. 

Current Ground-Water Development 

In 1980, approximately 667.9 thousand acre-feet of 
ground water was used in the Rio Grande Basin. Of this 
amount about 241.5 thousand acre-feet was used in Zone 
1, about 14 7.6 thousand acre-feet was used in Zone 2, and 
about 278.8 thousand acre-feet was used in Zone 3. 
Within Zone I. about 55 percent ofthe ground water used 
in 1980 was from the Bone Spring and Victorio Peak 
Limestones Aquifer, and about 43 percent used was from 
the Alluvium and Bolson Deposits Aquifer. About 70 per­
cent of the ground water used in 1980 in Zone 2 was from 
the Alluvium and Bolson Deposits Aquifer. Also, about 16 
percent of the ground water used in Zone 2 was from the 
Edwards-Trinity (Plateau) Aquifer. Within Zone 3 in 
1980, approximately 64 percent of the ground water used 
was from the Alluvium and Bolson Deposits Aquifer, and 
about 27 percent of the use was from the Edwards-Trinity 
(Plateau) Aquifer. 

Of the 66 7. 9 thousand acre-feet of ground water used 
within the basin, about 4 70.6 thousand acre-feet or 70 
percent was for irrigation purposes, about 111.8 thousand 
acre-feet or 17 percent was for municipal purposes, and 
about 50.9 thousand acre-feet or 8 percent was for mining 
purposes. 

Large ground-water withdrawals for municipal and 
manufacturing purposes have caused significant removal of 
ground water from storage in the El Paso area. Current and 
historical annual withdrawals from the Hueco and Mesilla 
Bolsons in the El Paso area of Zone 1 are estimated to be 4 
to 5 times greater than the aquifers' average annual natural 
recharge. Also within Zone 1 of the basin, withdrawals for 
irrigation purposes from the Bone Spring and Victorio 
Peak Limestones Aquifer in northwestern Hudspeth 
County are estimated to be seven to eight times greater 
than the annual natural recharge. 

Within Zone 2, a small overdraft of ground water from 
the Alluvium and Bolson Deposits Aquifer within the Salt 
Basin in Culberson County occurred in 1980, due primar­
ily to irrigation in the Van Hom area. 

Small to large overdrafts of ground water from the 
Cenozoic Alluvium in Pecos and Reeves Counties within 
Zone 3 of the Rio Grande Basin occurred in 1980, due 
primarily to withdrawals for irrigation purposes. 

Current Surface-Water Development 

Allocation of the surface waters of the Rio Grande 
Basin is governed by two interstate compacts and two 
international treaties. The United States and Mexico 
signed a treaty in 1906 providing for the delivery of 60 
thousand acre-feet of Rio Grande water annually by the 
United States to Mexico in the El Paso-Juarez Valley above 
Fort Quitman, Texas. The Rio Grande Compact, approved 
by the Legislatures of Colorado, New Mexico, and Texas in 
1939, allocated the uncommitted waters of the Rio 
Grande above Fort Quitman, Texas. A treaty between the 
United States and Mexico, signed in 1944 and ratified by 
Congress in 1945, dealt with the division of waters of the 
Rio Grande and two other international rivers. The section 
pertaining to the Rio Grande allocated the waters from Fort 
Quitman, Texas to the Gulf of Mexico. This treaty also 
allowed for as many as three major storage reservoirs to be 
constructed within this reach of the basin to provide for 
water supply, flood control, and the generation of hydro­
electric power. The International Boundary and Water 
Commission administers the responsibilities and obliga­
tions set forth by the treaty. The waters from the drainage 
area of the Pecos River were allocated by the Pecos River 
Compact, entered into by Texas and New Mexico in 1948 
and approved and adopted by the Texas Legislature in 
1949. 

There are no major reservoirs in Zone 1 of the Rio 
Grande Basin; however, the City of El Paso, the U.S. Sec­
tion of the International Boundary and Water Commis­
sion, the U.S. Bureau of Reclamation, and water districts 
in El Paso and Hudspeth Counties have substantial invest-
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ments in canals, diversion facilities, and small storage and 
regulating reservoirs. 

Deliveries of surface water to Zone 1 are provided for 
by the Rio Grande Compact and are made through the 
facilities of the Rio Grande Project of New Mexico-Texas. 
The Rio Grande Project was designed by the Bureau of 
Reclamation to provide irrigation water for 90.6 thousand 
acres in the Elephant Butte Irrigation District in the Rincon 
and Mesilla Valleys of New Mexico and 69.0 thousand 
acres in the El Paso County Water Improvement District 
No. 1 in the Mesilla and El Paso Valleys of Texas. Although 
the local share of the original costs of the Rio Grande 
Project have now been repaid by the Texas and New Mex­
ico local sponsors, the Bureau of Reclamation continues to 
administer the Project water supply and to deliver water 
allotments (based on acre-feet per acre) to the headgates 
of the Elephant Butte and El Paso County Districts. The 
Hudspeth County Conservation and Reclamation District 
No. 1 (18.3 thousand acres). which is located within the 
lower part of the El Paso Valley, is not part of the Rio 
Grande Project but has secondary rights to excess flows of 
the Rio Grande (through a contract with the Rio Grande 
Project) and drainage waters in excess of project needs. 
Deliveries to Mexico, as provided for in the 1906 treaty, are 
in proportion to deliveries from Elephant Butte Reservoir, 
in New Mexico, under provisions of the Rio Grande Com­
pact, and incremental flows of the Rio Grande above the 
diversion point to Mexico in the El Paso-Juarez Valley. 

The Rio Grande Compact provides for scheduled 
annual deliveries of water from Colorado to New Mexico, 
thence to Texas, but allows for annual accrued credits 
and/ or debits. Article V1 of the Compact provides that 
beginning with the year following the effective date of the 
Compact (May 31, 1939), all credits and debits of Colo­
rado and New Mexico will be computed for each calendar 
year, provided that in a year of actual spills (Elephant Butte 
Reservoir spills) no annual credits nor debits are computed 
for that year. 

In the case of Colorado, no annual debit nor accrued 
debit is to exceed 100 thousand acre-feet, except as either 
or both may be caused by holdover storage of water in 
reservoirs constructed after 193 7 in the drainage area of 
the Rio Grande above Lobatos, Colorado. Colorado is to 
retain water in storage at all times to the extent of any 
accrued debit. 

In the case of New Mexico, the accrued debit is not to 
exceed 200 thousand acre-feet at any time, except as such 
debit may be caused by holdover storage in reservoirs con­
structed after 1929 in the drainage area of the Rio Grande 
Basin between Lobatos, Colorado and San Marcial, New 
Mexico. New Mexico is to retain water in reservoir storage 
to the extent of its accrued debit. In computing annual 

accrued credits or debits, New Mexico is not to be charged 
with any greater debit in any one year than the sum of 
150.0 thousand acre-feet and all gain in reservoir storage 
in such year. The deliveries by New Mexico, are in effect 
deliveries to Elephant Butte Reservoir in New Mexico, 
which supplies water for the Rio Grande Project, New 
Mexico-Texas. 

Other provisions of the Compact include the right of 
the Compact Commission, by "unanimous" action, to 
authorize release of water being held in storage by reason of 
accrued debits of Colorado or New Mexico. Also, during 
the month of January of any year, the Commissioner for 
Texas may demand of Colorado and New Mexico, and the 
Commissioner for New Mexico may demand of Colorado, 
release of water from reservoirs constructed after 1929 up 
to the amount of accrued debits of Colorado and New 
Mexico, respectively. Such releases are to be made at the 
greatest practicable rate under prevailing conditions, and 
in proportion to the total debit of each, and in amounts 
limited by their accrued debits, sufficient to bring the 
quantity of usable water in project storage to 600 thousand 
acre-feet by March 1 of the year and to maintain 600 
thousand acre-feet of storage until April 13 such that a 
normal release of 790 thousand acre-feet may be made 
from project storage in that year. As indicated, the accrued 
water debit for Colorado, as computed by Compact rules, 
was 674.6 thousand acre-feet as of December 31, 1980, 
although Colorado does not officially concur with conclu­
sions as to its indebtedness because of the litigation before 
the Supreme Court of the United States which is held in 
obeyance as long as Colorado meets its annual delivery 
obligation. The computed accrued debit of New Mexico 
was 148.0 thousand acre-feet as of December 31, 1980. 

The discharge of the Rio Grande at the gaging station 
at El Paso, Texas provides an indication of the amount of 
Rio Grande water available to Texas. The wide variations 
in annual flow and the steady decline in available supply 
beginning in about 1943 (as compared to records dating 
back to 1895) is significant. 

Exclusive of the water delivered to Mexico, most of the 
Rio Grande water passing the El Paso station is used for 
irrigation, with the remaining supply used principally by 
the City of El Paso. In 1980, the city used 19.9 thousand 
acre-feet of Rio Grande water. 

In recent years, the City of El Paso has acquired 
ownership to about 2.0 thousand acres of water-right land 
and has gradually contracted for about 3.5 thousand acres 
of surface water rights belonging to individuals under the 
administration of the El Paso County Water Improvement 
District No. 1. The amount of surface-water rights from 
which the city can receive the Rio Grande Project water 
allocation per acre now slightly exceeds 5.5 thousand 
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acres in both the Mesilla and El Paso Valleys in Texas. The 
amount of surface water received annually by the city is 
calculated by the number of acres ( 5.5 thousand) times the 
annual allotment (acre-feet per acre) determined annu­
ally by the Bureau of Reclamation Rio Grande Project. 

The four existing major reservoirs in Zone 2, include 
San Esteban Lake, International Amistad Reservoir, Casa 
Blanca Lake, and International Falcon Reservoir. 

San Esteban Lake on Alamito Creek in Presidio 
County had a capacity of 18.8 thousand acre-feet at one 
time but is now heavily silted. Ownership has changed 
several times since the reservoir was constructed in 1911. 
At the present time, it is the property of a private estate. 
Because of insufficient local runoff, the lake is dry most of 
the time. Records of the Texas Department of Water 
Resources indicate the owner holds a water right to use the 
lake for recreation purposes only. 

International Amistad Reservoir,located on the main 
stem of the Rio Grande in Val Verde County, is the se.cond 
of two multipurpose reservoirs constructed under the 1944 
treaty between the United States and Mexico. Completed 
in 1968, the reservoir has a total controlled capacity of 
5,128.0 thousand acre-feet, of which 3,383.7 thousand 
acre-feet is conservation storage and 1,744.2 thousand 
acre-feet is allocated to flood control. The United States is 
assigned 56.2 percent of the conservation storage and 
Mexico 43.8 percent. The United States (Texas) share of 
conservation storage is thus 1,901.7 thousand acre-feet. 

CasaBlanca Lake, on Chacon Creeldn Webb County, 
was completed in 1951. This reservoir, which has a capac­
ity of 20.0 thousand acre-feet, is owned and operated by 
Webb County for recreation and irrigation of a golf course. 

International Falcon Reservoir, located on the main 
stem of the Rio Grande in Starr and Zapata Counties, was 
completed in 1953. It was the first major reservoir con­
structed under the 1944 treaty between the United States 
and Mexico. The reservoir has a total controlled capacity of 
3,177.1 thousand acre-feet, of which 2,667.6 thousand 
acre-feet is allocated to conservation storage and 509.5 
thousand acre-feet is allocated to flood control. The 
United States is assigned 58.6 percent of the conservation 
storage capacity and Mexico 41.4 percent. Thus, the 
United States (Texas) share of conservation storage is 
1,563.2 thousand acre-feet. 

Detailed reservoir operation studies of the combined 
Amistad-Falcon Reservoir system have been performed by 
the Texas Department of Water Resources and the Interna­
tiona! Boundary and Water Commission in order to deter­
mine both the firm yields of the reservoirs and the yield 
when operated as a system. Such studies have been per-

formed using historical hydrologic sequences covering the 
periods 1900-56 and 1900-70 and water demands as 
supplied by the Texas Department of Water Resources. 

Anzalduas Diversion Dam, while not considered a 
major reservoir, is a vital project for diversion of municipal, 
industrial, and irrigation supplies in the Lower Rio Grande 
Valley as well as providing flood-relief measures. This pro­
ject was completed by the International Boundary and 
Water Commission in 1960on the main channel of the Rio 
Grande in Hidalgo County, subsequent to joint approval 
between the United States and Mexico in 1951. 

Both Amistad and Falcon Reservoirs are operated by 
the International Boundary and Water Commission as a 
system for flood-control purposes. The United States share 
of conservation storage in the projects is administered by 
the Texas Department of Water Resources, currently under 
provisions compliant with the decision of the Thirteenth 
Court of Civil Appeals in (State of Texas et al., v. Hidalgo 
Water Control and Improvement District No. 18 et al.,) 
443 S. W. 2d 728, as approved by the Supreme Court of 
Texas in 1969. This milestone case is commonly referred 
to as the "Lower Rio Grande Valley Water Case." 

According to the judgement rendered in the court 
case, water was allocated for 742,808.61 acres of irriga­
tion use below Falcon Dam. Of this amount, 641,221 
acres was awarded Class A irrigation and 101,587.48 
acres was awarded Class B irrigation. Stipulated alloca­
tions of water for municipal, industrial, and domestic use 
were 135,980 acre-feet annually, with an additional 
7,209. 7 43 acre-feet annually under Section III of the Trial 
Court Judgement. Further, municipal use under a Class A 
basis was 11,813.525 acre-feet annually, and a reserve of 
60,000 acre-feet annually was provided for municipal and 
industrial demands. 

A watermaster employed by the Texas Department of 
Water Resources is responsible for allocating the amount of 
water which can be diverted byeachAand B class irrigator, 
and for supervising each use of water. 

Under current rules and regulations of the Texas 
Water Development Board, allocations of water in the 
Lower Rio Grande Valley from the two reservoirs, operated 
as a unit, are based upon the "Lower Rio Grande Valley 
Water Case" and, in the middle Rio Grande (between 
Amistad and Falcon Reservoir), upon water rights recog­
nized in the Texas Water Commission's Final Determina­
tion of water rights and claims. A reserve of 100.0 
thousand acre-feet of storage must be held for domestic 
and municipal uses. In the Lower Valley, the allotment for 
municipal, industrial, and domestic use must be in the 
amount necessary to provide 25.0 thousand acre-feet at 
the beginning of each "accounting period" (each month); 
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in no event may this allotment exceed 25.0 thousand 
acre-feet at any one time. 

Additionally, a reserve not to exceed 375.0 thousand 
acre-feet of water must be maintained in storage to provide 
for: losses by seepage, evaporation, and conveyance; 
emergency requirements; and adjustments of amounts in 
storage as may be necessary by finalization of "provisional 
computations" by the International Boundary and Water 
Commission. As of April 13, 1977, adjudicated water 
rights in the Lower Rio Grande Valley (Starr, Hidalgo, 
Willacy, and Cameron Counties) were as follows: 
Municipal-148,198 acre-feet, Industrial-10,393 acre­
feet, Irrigation-I ,852,193 acre-feet, Irrigated Acreage-
740,355 acres. There are additional permits and claims 
(principally claims) which have not been adjudicated. 

There are currently more than 33 active irrigation 
districts in the four-county Lower Rio Grande Valley region 
in addition to individual and corporate irrigation systems. 
In 1980, over seven thousand operating units used over 
1.3 million acre-feet of water (principally Rio Grande 
supplies released from International Falcon Reservoir) for 
irrigation of about 800 thousand acres. In addition to 
individual industrial plants which have independent water 
systems, there are about 74 purveyors of municipal, 
domestic, and "light" industrial water supplies within the 
four-county Valley region. Several irrigation districts also 
supply water to' a number of cities and communities fre­
quently on a temporary basis. About 30 communities were 
not served by public water systems in 1980. The Military 
Highway Water Supply Corporation project has been com­
pleted or partially completed in Cameron and Hidalgo 
Counties and has resulted in service of treated water to 
about 14,000 people in communities and rural areas in 
these two counties. However, adequate water-supply ser­
vice remains a critical problem in the Lower Rio Grande 
Valley. Expansion of treated water distribution systems is 
progressing, particularly from the systems owned and 
operated by the Cities of Brownsville, McAllen, and Har­
lingen. In 1980, municipal and manufacturing freshwater 
use in the four-county Valley region totaled approximately 
103.0 thousand acre-feet, of which over 95 percent was 
surface water diverted from the Rio Grande. 

There are three major reservoirs in Zone 3, Red Bluff 
Reservoir, Imperial Reservoir, and Lake Balmorhea. Red 
Bluff Reservoir is located on the Pecos River in Loving and 
Reeves Counties, and backs water into New Mexico. Co_m­
pleted in 1936, the reservoir has a total controlled storage 
capacity of 310.0 thousand acre-feet. The reservoir is 
owned and operated by the Red Bluff Water Power Control 
District to provide water supplies for irrigation and hydro­
electric power generation. Apportionment of the waters of 
the Pecos River is governed by provisions of the Pecos River 
Compact between Texas and New Mexico, which was 

consumated in 1948. Basically, the Compact provides that 
New Mexico shall not deplete, by man's activities, the flow 
of the Pecos River at the New Mexico-Texas state line 
below an amount which gives to Texas a quantity of water 
equivalent to water available to Texas under the 194 7 
condition in the Pecos River Basin. Texas and New Mexico 
are currently in the seventh year of litigation before the 
U.S. Supreme Court concerning the failure of New Mexico 
to deliver annually Texas' share of the Pecos River flow to 
the state line. The Special Master is presently trying to 
redefine the 194 7 condition, upon which New Mexico's 
annual deliveries to the State line would then be evaluated. 

The Compact provides that beneficial consumptive 
use of unappropriated floodwaters is apportioned 50 per­
cent to Texas and 50 percent to New Mexico. However, 
there have been no unappropriated floodwaters since the 
signing of the Compact. 

Further, the Compact provides that the beneficial 
consumptive use of water which might be salvaged by a 
joint project in New Mexico is apportioned 43 percent to 
Texas and 57 percent to New Mexico. Provisions of the 
Compact addressing the "salvage" of water relate princi­
pally to the recovery, for beneficial uses, of water con­
sumed ( evapotranspired) by extensive growth of 
phreatophytes, principally saltcedar, within the basin. 
Extensive studies of the phreatophyte problem by the 
Bureau of Reclamation led to the implementation of eradi­
cation and control projects in New Mexico, and in Texas 
from Red Bluff Reservoir to the vicinity of Girvin, Texas. 
The potential full beneficial effects of the program have 
been lessened, however, due to extensive and prolonged 
litigation initiated by interests concerned with the environ­
mental effects of the saltcedar control program. Saltcedar 
has developed dense growths in areas where the root sys­
tems can reach underflow of streams in alluvial deposits 
along streams and/or ground-water levels. The species are 
not indigenous to North America, having been introduced 
in the late 1800's. Studies have indicated that a mature 
saltcedar consumes from three to five acre-feet of water per 
year, and that about 290.0 thousand acre-feetofwaterwas 
being consumed annually in the basin prior to initiation of 
eradication and control measures. These study results are 
now being questioned, as clearing of large areas of salt­
cedar infestation in New Mexico have failed to provide 
identifiable salvage water. 

Red Bluff Reservoir, which was designed to supply 
water to more than 42.8 thousand acres of land in irriga­
tion areas of the Red Bluff Water Power Control District, 
contains highly saline water as a result of saline water 
entering from New Mexico. The supply is also insufficient 
to meet the full needs of these irrigation areas. In 1980, 
less than five thousand acres was irrigated with surface 
water from Red Bluff Reservoir in Zone 3 of the basin. 
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Imperial Reservoir, located on the Pecos River in 
Pecos County, is owned by the Pecos County Water 
Improvement District No. 2. The resen>"oir, constructed in 
1910, is operated for irrigation purposes and has a storage 
capacity of about six thousand acre-feet. 

Lake Balmorhea, located on Sandia Creek in Reeves 
County, was constructed in 1917. The reservoir, which has 
a storage capacity of 6.4 thousand acre-feet, is owned and 
operated by the Reeves County Water Improvement Dis­
trict No. 1 for irrigation purposes. Lake Balmorhea, 
although it controls some drainage area, is highly depen­
dent upon spring flow. 

Water Rights 

The quantity of surface water authorized or claimed 
for diversion and use in the Rio Grande Basin was 
5,951,673 acre-feet as of December 31, 1983 (Table 
Ill-23-1). Irrigation and hydroelectric power authoriza­
tions and claims amounted to a combined total of 
5,662,943 acre-feet, or 95 percent of the basin total 
(Table III-23-2). Hydroelectric power is generated by run­
of-the-river water or water released from reservoir storage 
for other downstream uses. Hydroelectric use is non­
cmisumptive and the figure attributed to hydroelectric use 
is obtained by accumulating the use of water through each 
successive hydroelectric plant. 

Water Quality 

The waters of the Rio Grande Basin vary greatly in 
quality because of the basin's size and the wide range of 
geologic and climatic conditions which exist in the basin. 
Most of the flow of the Rio Grande in the area of El Paso is 
diverted for irrigation uses. Intermittent flows below Fort 
Quitman are the result of locally heavy rains and are gener­
ally of poor quality. In Presidio County, inflow from the Rio 
Concho of Mexico has been identified as a source of 
pesticides. 

Flow of the Pecos River is highly saline as it enters 
Texas from New Mexico, but during years of very high 
runoff, the water impounded in Red Bluff Reservoir can be 
used for irrigation. In the lower reaches of the Pecos River, 
spring flows improve the quality of the river and thus the 
Rio Grande. The quality of the Devils River is excellent. 
From Presidio through Big Bend, the Rio Grande periodi­
cally contains detectable mercury concentrations, of nat­
ural origin, which originate within the Terlingua Creek 
drainage area. Relatively high sulfate concentrations occur 
in the area from Amistad Reservoir to Falcon Reservoir, 
due partly to geologic conditions. Releases from Interna­
tional Falcon Dam are degraded by return flows and saline 

ground-water effluent above Brownsville. Point sources of 
pollution are not a major problem in the basin, with the 
exception of the reach downstream from El Paso where the 
river has depressed dissolved oxygen levels, elevated nut­
rients, and elevated fecal coliform levels as a result of 
municipal effluents. 

Table 111-23-1. Authorized or ClaimedAmountofWater, 
by Type of Right, Rio Grande Basin• 

Acre-Feet 
Type of Number Authorized 

Authorization of rughts and Claimed 

Permits 57 2,524,474 
Claims 55 82,901 
Certified Filings 32 1,085,203 
Certificates of 

Adjudication 1,177 2,259,095 

Total 1,321 5,951,673 

I The Texas Water Ri~hts Adjudication Act of 1967 authorizes the Texas Depart­
ment of Water Resources to investigate and determine, \\ith the Court's approval, 
the nature and measure of water ri~hts for all authorized diversions from surface­
water streams or portions thereof except domestic and livestock uses and to 
monitor and administer each adjudicated water right. These totals incorporate 
the results of water-rights adjudication in the basin as of December 31, 1983. 
Certified Filings arc declarations of appropriation which were filed with the State 
Board of Water Engineers under the provisions of Section 14, Chapter 171, 
General Laws. Acts of the 33rd LcJ!islaturc, 1913, as amended. Permits arc 
statutory appropriative rights which have been issued by the Texas Water Com­
mission or its predecessor agencies. Claims nrc sworn statements of historical 
uses to be adjudicated in accordance with the Texas Water Rights Adjudication 
Act. A certificate of adjudication is the final result after recognition of a valid right 
in the adjudication process and is based on a permit, certified filing or claim or any 
combination of the three. 

Table 111-23-2. Authorized or Claimed Amount 
of Water, by Type of Use and Zone, 

Type of 
u .. 

Municipal 
Industrial 
Irrigation 
Mining 
Hydroelectric 
Recreation 

Total 

in Acre-Feet, Rio Grande Basin 

Number 
of 

Rights 

129 
18 

1.218 
5 
J 
6 

1,3211 

Zone 1 Zone 2 Zone 3 Total 

11,000 194,762 1,890 207,652 
178 51,440 0 51,618 

247,456 2,076,234 1,339,253 3,662.943 
0 412 7,500 7,912 
0 2,000,000 0 2,000,000 

52 21,496 0 21,548 

258,686 4,344.344 1,348,643 5,951,673 

l Docs not SilO\ due to mult!porpnsc "ri,:hts", which moy be applied to more than one ~·pc of 11>c. 
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Flooding and Drainage 

Reliable estimates of flood-damage losses were not 
made by the U.S. Army Corps of Engineers until the 
1950's. The great Devils River Flood of June 1954 caused 
total flood damages estimated at $5.6 million. The grea­
test concentration of flood damages occurred along John­
son Creek in Ozona where 16 people lost their lives, and 
the City of Ozona suffered an estimated $3.5 million in 
urban damages. 

Localized flooding with resultant flood damages has 
been a common occurrence in the greater El Paso area. 
Floods in 1950, 1955, 1958, 1962, 1963, 1966, 1967, 
and 1968 produced damages estimated at $7 .J million 
within the city. 

The City of Presidio has also experienced periods of 
damaging flooding. Periodic overbank flooding of Cibolo 
Creek and infrequent Rio Grande flooding have produced 
excessive damages. Floods in 1958, 1968, and 1974 pro­
duced $5.01 million in damages to flood-control works, 
agriculture, roads, and residences. 

The great Sanderson Canyon flood of June 10-11, 
1965, caused S2.66 million in nonagricultural damages. 
The flood produced substantial residential and commer­
cial property damage in the town of Sanderson and severe 
damage to highways and railroads. Agricultural losses were 
estimated at S4 thousand. The flood produced a heavy toll 
of human misery when it took 21 lives and destroyed 
possessions of many families. 

During the period 1978-1981, minor flooding 
resulted in 20 flood insurance claims filed for $53 thou­
sand in flood damages. 

Within the Rio Grande Basin, 32 incorporated cities 
have been designated flood prone by the Federal Emer­
gency Management Agency. Maps of the 100-year flood 
plain have been prepared for most of the cities and work is 
currendy in progress on mapping flood plains in the unin­
corporated areas of the counties. Federally subsidized 
flood insurance is available in 18 participating cities and 
the unincorporated areas of 10 participating counties. 
Detailed flood insurance rates studies, used to convert 
communities to the Regular Phase of the National Flood 
Insurance Program have been completed in Eagle Pass 
and Del Rio. Additional studies are underway in El Paso 
and Laredo and in Webb County. 

In the Rio Grande Basin, drainage improvements are 
needed in areas located along the flood plains of the Rio 
Grande and the Pecos River, and in the ground water 

irrigated districts around Pecos, Balmorhea, and Fort 
Stockton. 

The upper part of the basin, in the vicinity of El Paso, 
has very good drainage systems, but the lower basin is in 
need of on-farm drainage improvements. 

Maverick County has adequate on-farm drainage 
facilities, but due to large amounts of silt blockage, much 
of the system is now unsatisfactory for effective drainage. 

The lower part of the basin is extremely narrow and 
has litde or no drainage problem. This is due in part to the 
well-planned levee system which borders the Rio Grande. 

Recreation Resources 

There are six reservoirs in the Rio Grande Basin with 
capacities of 5.0 thousand acre-feet or more. These six 
reservoirs provide over 173.0 thousand surface acres for 
recreational purposes. This represents 12 percent of the 
total surface area of all lakes in the State. Four reservoirs 
located in Zone 2 have 92 percent of the basin surface area 
with the remaining two lakes in Zone J. International 
Falcon Reservoir, with over 87.0 thousand surface acres 
(fourth largest in the State), and Amistad Reservoir, with 
64.9 thousand surface acres, are both located in Zone 2. 
Red Bluff Reservoir (11.7 thousand surface acres) on the 
Texas-New Mexico boundary in Loving and Reeves Coun­
ties and Lake Balmorhea ( 600 surface acres) in Reeves 
County are the two lakes in Zone J. In addition to streams 
and ponds in the basin, other freshwater recreation 
resources include the Rio Grande, Pecos, and Devils 
Rivers. 

PROJECTED WATER REQUIREMENTS 

Population Growth 

The population of the Rio Grande Basin is projected to 
almost triple by 2030 (Table III-23-J). The projected 
population growth rates for the basin exceed those for the 
State as a whole over the 1980-2000 and 2000-2030 
periods. 

El Paso County is the most populous county in the 
basin, containing 61.5 percent of the basin population in 
1980. A projected growth rate of 187.5 percent will yield a 
county population of nearly 1.4 million by 2030. By then, 
El Paso County will contain 59.8 percent of the basin 
population. 
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Table III-23-3. ~tion, current Water Use, With Projected ~tion and Water Re:JuirEml!nta, 199D-203ao/ 
Rio Grande Basin 

' 1980 ' 1990 ' 2• 
~ Basin Zone : G<omd : Surface ' ' "'"""' : Surface ' "'"""' ' Su 

""""" 
2~1 

~tion 482.6 635.6 795.2 970.3 1,179.1 1,386.4 
Municipal 64.3 18.9 103.2 130.3 11.4 141.7 164.8 13.3 178.1 200.8 15.2 216.0 188.1 73.1 261.2 36.8 269.3 306.1 
Manufacturing 9.2 0.4 9.6 11.3 0.6 12.1 13.6 o. 7 14.3 15.4 0.6 16.2 17.8 0.9 18.7 20.6 1.1 21.7 
Steam Electric 3.9 0.0 3.9 3.9 0.0 3.9 3.9 0.0 3.9 4.9 o.o 4.9 5.8 0.0 5.8 6.8 o.o 6.8 
Mining 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o 0.0 
Irrigation 143.0 227.7 370.7 26.2 241.9 268.1 29.5 328.7 358.2 29.5 328.7 358.2 29.4 328.8 358.2 26.0 332.2 358.2 
Livestock 1.1 0.1 1.2 1.4 0.0 1.4 1.5 0.1 1.6 1.5 0.1 1.6 1.5 0.1 1.6 1.4 0.2 1.6 
Zone Total Water 241.5 247.1 488.6 173.1 254.1 427.2 213.3 342.8 556.1 252.1 344.8 596.9 242.6 402.9 645.5 91.6 602.8 694.4 

Zooe2 
PCpJ.lation 234.7 331.8 434.4 541.0 664.2 784.5 
Municipal 11.2 44.9 56.1 30.0 59.5 89.5 37.4 81.4 118.8 39.8 107.3 147.1 52.4 127.3 179.7 55.6 156.0 211.6 
Manufacturing 0.1 0.3 0.4 0.1 0.5 0.6 0.2 0.5 o. 7 0.2 0.7 0.9 0.3 0.6 1.1 0.3 1.1 1.4 
Steam Electric 2.1 1.7 3.8 2.1 1.7 3.8 2.1 1.7 3.8 2.1 4.1 6.2 2.1 6.5 8.6 2.1 8.9 11.0 
Mining 15.6 0.4 16.0 18.0 0.5 18.5 20.5 0.4 20.9 22.9 0.5 23.4 25.4 0.5 25.9 27.8 0.6 28.4 
Irrigation 111.5 200.3 311.8 93.6 183.0 276.6 117.9 266.3 384.2 118.2 266.9 385.1 118.1 266.7 384.8 22.3 362.5 384.8 
Livestock 7.1 3.9 11.0 9.2 3.6 12.8 10.1 4.6 14.7 10.1 4.6 14.7 10.1 4.6 14.7 9.0 5. 7 14.7 
zone Total water 147.6 251.5 399.1 153.0 248.8 401.8 188.2 354.9 543.1 193.3 384.1 577.4 208.4 406.4 614.8 117.1 534.8 651.9 

2~ 3 
Pcpllation 63.6 68.0 74.1 82.5 95.3 110.4 
Municipal 16.3 0.3 16.6 20.4 0.0 20.4 22.6 0.0 22.6 25.1 0.0 25.1 29.1 0.0 29.1 33.6 o.o 33.6 
Manufacturing 0.2 0.0 0.2 0.3 0.0 0.3 0.4 o.o 0.4 0.5 0.0 0.5 0.6 0.0 0.6 0.6 o.1 o. 7 
Steam Electric 7.0 0.0 7 .o 7 .o 0.0 7 .o 28.3 0.0 28.3 28.9 0.0 28.9 29.4 0.0 29.4 0.0 30.0 30.0 
Mining 35.3 0.0 35.3 18.5 26.1 44.6 22.4 31.5 53.9 22.8 36.7 59.5 23.2 41.9 65.1 23.5 47.2 70.7 
Irrigation 216.1 23.1 239.2 168.2 25.7 193.9 202.9 553.5 756.4 200.3 556.2 756.5 197.6 558.9 756.5 109.7 646.8 756.5 
Livestock 3.9 0.1 4.0 4. 7 0.0 4.7 5.5 0.0 5.5 5.5 0.0 5.5 5.5 0.0 5.5 5.0 0.5 5.5 

== 
Zone Total Water 278.8 23.5 302.3 219.1 51.8 270.9 282.1 585.0 867.1 283.1 592.9 876.0 285.4 600.8 886.2 172.4 724.6 897.0 

' lV 

"''""= "' ' Pqulation 780.9 1,035.4 1,303. 7 1,593.8 1,938.6 2,281.3 ,... Municipal lll.8 64.1 175.9 180.7 70.9 251.6 224.8 94.7 319.5 265.7 122.5 388.2 269.6 200.4 470.0 126.0 425.3 551.3 ,... 
Manufacturing 9.5 o. 7 10.2 11.7 1.3 13.0 14.2 1.2 15.4 16.1 1.5 17.6 18.7 1.7 20.4 21.5 2.3 23.8 
Steam Electric 13.0 1.7 14.7 13.0 1.7 14.7 34.3 1.7 36.0 35.9 4.1 40.0 37.3 6.5 43.8 8.9 38.9 47.8 
Mining 50.9 0.4 51.3 36.5 26.6 63.1 42.9 31.9 74.8 45.7 37.2 82.9 48.6 42.4 91.0 51.3 47.8 99.1 
Irrigation 470.6 451.1 921.7 288.0 450.6 738.6 350.3 1,148.5 1,498.9 348.0 1,151.8 1,499.8 345.1 1,154.4 1,499.5 158.0 1,341.5 1,499.5 
Livestock 12.1 4.1 16.2 15.3 3.6 18.9 17.1 4. 7 21.8 17.1 4.7 21.8 17.1 4. 7 21.8 15.4 6.4 21.8 
Basin Total water 667.9 522.1 1,190.0 545.2 554.7 1,099.9 683.6 1,282.7 1,966.3 728.5 1,321.8 2,050.3 736.4 1,410.1 2,146.5 381.1 1,862.2 2,243.3 

JY Popl].ation in thousands of persons, water re::}Uirarents in thousands of acre-feet per year. 



Water Requirements 

Municipal 

Municipal water requirements are projected for two 
cases of future growth based on both population and per 
capita water use. Water requirements in the Rio Grande 
Basin are projected to increase from the 1980 level of 
175.9 thousand acre-feet by a projected maximum of 82 
percent by the year 2000 (high case). In the year 2030, 
water requirements are projected to range from 411.1 to 
551.3 thousand acre-feet. Zone 1 is projected to account 
for 55 to 56 percent oftotal basin municipal requirements 
in 2000 and 2030. 

A range of 81.6 to 118.8 thousand acre-feet of 
municipal water requirements is projected in Zone 2 by 
2000. Total municipal water requirements in Zone 3 are 
projected to range from 17.6 to 22.6 thousand acre-feet 
in the year 2000. By 2030, Zone 3 is projected to account 
for 5.7 to 6.1 percent of the total basin municipal water 
requirements. 

Industrial 

Manufacturing water requirements in 1980 were 
10.2 thousand acre-feet in the Rio Grande Basin. Projec­
tions of future water requirements for manufacturing pur­
poses were made by decade and for a low and high case for 
each industrial group. In 1980, over 90 percent of total 
manufacturing water use was concentrated in five indus­
trial groups: chemicals, petroleum refining, primary 
metals, paper products, and food products. Because of this 
concentration, careful attention was given to the future 
growth outlook for these industries in making the 
projections. 

Manufacturing water requirements in the Rio Grande 
Basin are projected to increase more than two times by the 
year 2030, to a potential high of 23.8 thousand acre-feet. 

The rate of increase in the Rio Grande Basin from 
1980 to 2030 islowerthanforthe State as a whole (104 to 
134 percent compared to the State average of 178 to 230 
percent). 

El Paso County accounted for about three-fourths of 
basin manufacturing water use in 1980, and that trend is 
expected to continue to 2030. 

Steam-Electric Power Generation 

Water requirements for steam-electric power produc-

tion are projected to increase steadily as installed generat­
ing capacity increases (Table III-23-3). 

Projections indicate that water consumption will 
range from 7. 7 to 36.0 thousand acre-feet per year, low 
and high case, respectively, by the year 2000. These water 
totals are expected to increase to 30.3 thousand and 4 7.8 
thousand acre-feet, low and high case, respectively, in 
2030. 

Agriculture 

Irrigation 

Irrigation water requirements were projected for two 
cases of change based on improvements in on-farm appli­
cation efficiencies, reduction in ditch losses, changes in 
future resource costs and crop prices, and corresponding 
changes in cropping patterns to reflect more profitable 
crops. A low case projects demand for water based on the 
effects of changes in the above variables but with irrigated 
acreage held constant at 1980 levels in each zone for each 
future time period; a high case projects demand for water 
for irrigation constrained only by the requirement that 
irrigated farming produce a net positive return in excess of 
that possible from dryland farming and the requirement 
not to exceed the amount of irrigable soil in each zone. 
Thus, the projections of demand, low and high cases, 
based on the irrigation efficiency and market conditions 
mentioned above, give an estimate of the quantity of water 
needed for irrigation in each zone, at each decadal point 
for which projections were made. These projections of 
demand are compared to the projected supply of water 
locally available. When projected demand exceeds pro­
jected supply, the difference is a measure of shortage at that 
point in time. 

Irrigation water requirements in the Rio Grande Basin 
are projected to increase from the 1980 level of0.9 mil­
lion acre-feet by a projected maximum 63 percent by the 
year 2000 in the high case, declining 22 percent in the low 
case. In the year 2030, water requirements in the basin are 
projected to range from 0. 7 to 1.5 million acre-feet annu­
ally, low and high case, respectively, to irrigate from 0.3 
million acres to 0. 7 million acres. 

Zone 3 is projected to account for about 50 percent of 
total basin irrigation requirements in 2000 and 2030. 
Zone 1 is projected to account for about 24 percent of the 
total and Zone 2 is projected to account for about 26 
percent of the total in the high case. A range of 192.2 to 
756.5 thousand acre-feet of irrigation requirements is 
projected in Zone 3 by 2030. 
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Livestocl< 

A projected increase in the number of cattle is 
expected to expand livestock water needs from 16.2 thou­
sand acre-feet used in 1980 to 21.8 thousand acre-feet in 
2030. The anticipated use will be 1.6 thousand acre-feet 
in Zone 1, 14.7 thousand acre-feet in Zone 2, and 5.5 
thousand acre-feet in Zone 3. 

Mining 

Mining water requirements in the Rio Grande Basin 
are projected to expand from 51.3 thousand acre-feet in 
1980 to 99.1 thousand acre-feet annually in 2030. As a 
proportion of State requirements, the basin's share is 
expected to account for 25 percent of total State mining 
water use in 2030, as compared to 21 percent in 1980. 

Estimates of nonmetal mining water use in 1980 
(47.2 thousand acre-feet) are projected to increase to 
97.7 thousand acre-feet in 2030. Over 75 percent of the 
basin's nonmetal water use in 2030 will be employed in 
sulfur production and sand and gravel operations in Zones 
2 and 3. 

Navigation 

Currently, there are no plans for navigation in the Rio 
Grande Basin. 

Hydroelectric Power 

Presently, there is 43.4 megawatts of installed gener­
ating capacity in the Rio Grande Basin. A new 32 meg­
awatt unit is under construction at Amistad Reservoir; 
expansion of hydroelectric power generating capability 
beyond this level is not anticipated. 

WATER SUPPLY PROJECTS 
AND MEASURES TO MEET 

FUTURE BASIN NEEDS 

Ground-Water Availability and 
Proposed Development 

Based on ground-water storage depletion analyses, 
the following annual amounts of fresh ground water in 
thousands of acre-feet are expected to be available from 

1990 through 2030 by decade from the Hueco and Mesilla 
Bolsons in El Paso County within Zone 1 of the Rio Grande 
Basin: 

Hueco Mesilla 
Year Bolson Bolson Total 

1990 107.0 36.7 143.7 
2000 133.4 48.0 181.4 
2010 196.6 22.5 219.1 
2020 186.0 22.5 208.5 
2030 37.5 22.5 60.0 

The analyses use the assumption that only one-half or 
about 5.38 million acre-feet of the 10.76 million acre-feet 
of fresh water in storage can be removed without serious 
ground-water quality degradation. Under these condi­
tions, the availability of fresh water from the two bolson 
aquifers primarily for municipal and manufacturing uses is 
reduced after the year 2000; primarily in about the year 
2003 from the Mesilla Bolson and in about the year 2020 
from the Hueco Bolson, as indicated in the above table. 
Any additional ground water removed from the bolson 
aquifers will have to be desalted because of its high salinity. 
Other sources of fresh water to meet the additional water 
requirements within El Paso County will have to come 
from other fresh ground-water supplies outside of El Paso 
County or possibly from the Rio Grande, if such supplies 
can be made available. 

The approximate annual ground-water yield to the 
year 2030 within the remaining portion of the Rio Grande 
Basin is 1 ,013. 7 thousand acre-feet with the following 
amounts annually available by aquifer: 404.9 thousand 
acre-feet from the remaining Alluvium and Bolson Depos­
its Aquifer in the upper (western) part of the basin, 513.9 
thousand acre-feet from the Edwards-Trinity (Plateau) 
Aquifer, 19.4 thousand acre-feet from the Capitan Lime­
stone Aquifer, 18.3 thousand acre-feet from the Marathon 
Limestone Aquifer, 17.0 thousand acre-feet from the 
Bone Spring and Victorio Peak Limestones Aquifer, 14.1 
thousand acre-feet from the Carrizo-Wilcox Aquifer, 11.4 
thousand acre-feet from the Gulf Coast Aquifer, 10.7 thou­
sand acre-feet from the Igneous Rocks Aquifer, and 4.0 
thousand acre-feet from the Rustler Aquifer. The quality of 
the ground waterfrom the Rustler Aquifer is such that it can 
only be used for irrigation purposes. In the year 2030, the 
yields of the Alluvium and Bolson Deposits Aquifer, the 
Capitan Limestone Aquifer and the Carrizo-Wilcox Aqui­
fer within the basin were reduced to the average annual 
effective recharge of the aquifers which is 121.0 thousand 
acre-feet per year. These reductions decrease the total 
ground-water availability within the basin in 2030 to 
696.3 thousand acre-feet (bolson aquifers in El Paso 
County not included). Consequently, since less ground 
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water will be available in 2030, the total ground-water use 
projected for the basin in 2030 also may be reduced. 

The projected annual ground-water use within the Rio 
Grande Basin by decade from 1990 through 2030 is 
expected to be from 381.1 to 736.4 thousand acre-feet 
per year (Table III-23-3) . The approximate average 
annual projected ground-water use within the basin is 
expected to be about 614.9 thousand acre-feet per year. 
Of the 614.9 thousand acre-feet of average annual pro­
jected use, about 65 percent is expected to be from the 
Alluvium and Bolson Deposits Aquifer, and about 26 per­
cent is expected to be from the Edwards-Trinity (Plateau) 
Aquifer. 
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Surface-Water Availability and 
Proposed Development 

The surface-water supplies available in the Rio Grande 
Basin are insufficient to meet projected water require­
ments in the basin (Table III- 23-4 , Figure III-23-2). 
Water shortages for irrigation, municipal, or industrial 
purposes are projected to occur in each of the three zones 
in the basin from before the year 1990 and through 2030. 
Supplemental surface-water supplies for the Rio Grande 
Basin will be essential if this region of Texas-which is of 
vital economic importance to both the State and the 
nation-is to maintain its economic and social well being. 

2010 

SUPPLY 

Surface Water-Export 

Surface Water- Import 

2020 

Surface Water-In Zone and Basin 

Ground Water 

3997 

2030 

Figure 111-23-2. Reported Use and Supply Source, With Proiected Water 
Supplies and Demands, Rio Grande Basin and Nueces-Rio Grande 

Coastal Basin, Zone 2, 1980-2030 
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Table 111-23-4. Water Resources of the Rio Grande Basin, and the Nueces-Rio Grande Coastal 
Basin, Zone 2, With Projected Water Supplies and Demands, 1990-2030• 

Water Supply Water Demond Surplus or Shor~e 

In Intra· Return In Intra- Irrigation 
Decade Zone Basin Flow Import Total Zone Buin Export Total M&I (Shor~e) Total ---

1990 
Ground Water 566.8 - - - 566.8 566.8 - - 566.8 .o .0 .0 
Surface Water 1682.7 - 29.4 .0 1712.1 1992.2 - .0 1992.2 (8.1) (272.0) (280.1) 
Total 2249.5 - 29.4 .0 2278.9 2559.0 - .0 2559.0 (8.1) (272.0) (280.1) 

2000 
Ground Water 708.9 - - - 708.9 708.9 - - 708.9 .0 .0 .0 
Surface Water 1682.7 - 38.3 .0 1721.0 2764.1 - .0 2764.1 (71.1) (972.0) (1043.1) 
Total 2391.6 - 38.3 .0 2429.9 3473.0 - .0 3473.0 (71.1) (972.0) (1043.1) 

:::: 2010 
' "' Ground Water 754.8 - - - 754.8 754.8 - - 754.8 .0 .0 .o 
"' ' Surface Water 1682.7 - 47.3 .0 1730.0 2864.0 .0 2864.0 (150.2) (983.8) (1134.0) '"' -

"' Total 2437.5 - 47.3 .0 2484.8 3618.8 - .0 3618.8 (150.2) (983.8) (1134.0) 

2020 
Ground Water 763.0 - - - 763.0 763.0 - - 763.0 .0 .0 .0 
Surface Water 1682.7 - 57.7 .0 1740.4 3045.2 - .0 3045.2 (306.2) (998.6) (1304.8) 
Total 2445.7 - 57.7 .0 2503.4 3808.2 - . 0 3808.2 (306.2) . (998.6) (1304.8) 

2030 
Ground Water 405.9 - - - 405.9 405.9 - - 405.9 .0 .0 .0 
Surface Water 1682.7 - 67.5 .0 1750.2 3591.1 - .0 3591.1 (648.6) (1192.3) (1840.9) 
Total 2088.6 - 67.5 .0 2156.1 3997.0 - .0 3997.0 (648.6) (1192.3) (1840.9) 

lUnits in thousands of acre-feet per year. Water demands are for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which will continue to be met from local, unregulated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 



Zone 1 

In the year 2000, the projected water requirements of 
Zone 1 of the Rio Grande Basin exceed available supplies 
by 175.5 thousand acre-feet (Table III-23-5, Figure III-
23-3). This entire shortage is for irrigated agriculture and 
arises from limited ground-water availability due to the 
expected depletion of available ground-water supplies in 
the Bone Spring-Victorio Peak Limestones Aquifer which 
is located in northeastern Hudspeth County. 

It is projected that in the year 2000 a total of 128.7 
thousand acre-feet of surface water will be available for use 
in this zone. Deliveries to Texas through the Rio Grande 
Project and return flows below El Paso are the only sources 
of surface water available to this area. No additional 
surface-water developments are planned. The surface­
water deliveries via the Rio Grande Project have varied 
widely from year to year. Historically, in years when deliv-
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eries have been short of requirements, ground water has 
been used to make up the deficit. This practice is certain to 
continue; however, for the purpose of the discussion above, 
it was assumed that the average of the deliveries to Texas via 
the Rio Grande Project during the period 1951-1980 
(approximately 128.7 thousand acre-feet) \vill continue 
to be available. 

Between the years 2000 and 2030, the total water 
requirement in this area is expected to increase to approxi­
mately 655.7 thousand acre-feet annually. Unless supple­
mental surface-water supplies are imported from other 
areas, the Rio Grande Project under the provisions of the 
Rio Grande Compact \vill continue to be the only source of 
surface water available to this area. Shortages in municipal 
and manufacturing needs, principally in the El Paso area, 
are projected to begin between 2010 and 2020 and 
increase dramatically by 2030. The annual shortage is 
estimated at 56.1 thousand acre-feet in 2020 and 255.4 

2010 2020 2030 

SUPPLY 

~ Surface Water-Export 

D Surface Water- Import 

D Surface Water-In Zone - Ground Water 

Figure 111-23-3. Reported Use and Supply Source, With Projected Water Supplies 
and Demands, Rio Grande Basin, Zone 1, 1980-2030 
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Table 111-23-5. Water Resources of the Rio Grande Basin, Zone I, 
With Projected Water Supplies and Demands, 1990-20301 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra- Irrigation 
Decade Zone Basin Flow Import Total Zone Basin Export Total M&l (Shortage) Total ---

1990 
Ground Water 173.1 - - - 173.1 173.1 - - 173.1 .o .0 .0 
Surface Water 128.7 .0 .0 .0 128.7 215.6 .0 .0 215.6 .0 (86.9) (86.9) 
Total 301.8 .0 .0 .0 301.8 388.7 .0 .0 388.7 .0 (86. 9) (86. 9) 

2000 
Ground Water 213.3 - - - 213.3 213.3 - - 213.3 .0 .0 .0 
Surface Water 128.7 .0 .0 .0 128.7 304.2 .0 .0 304.2 .0 (175.5) (175.5) 
Total 342.0 .0 .0 .0 342.0 517.5 .0 .0 517.5 .0 (175.5) (175.5) 

- 2010 ' "' Ground Water 252.1 252.1 252.1 252.1 .0 .0 .0 't' - - - - -
..... Surface Water 128.7 .0 .0 .0 128.7 306.2 .0 .0 306.2 .0 (177.5) (177.5) ..., 

Total 380.8 .0 .0 .0 380.8 558.3 .0 .0 558.3 .0 (177.5) (177.5) 

2020 
Ground Water 242.6 - - - 242.6 242.6 - - 242.6 .0 .0 .0 
Surface Water 128.7 .0 .0 .0 128.7 364.3 .0 .0 364.3 (56.1) (179.5) (235.6) 
Total 371.3 .0 .0 .0 371.3 606.9 .0 .0 606.9 (56.1) (179.5) (235.6) 

2030 
Ground Water 91.6 - - - 91.6 91.6 - - 91.6 .0 .0 .0 
Surface Water 128.7 .0 .0 .0 128.7 564.1 .0 .0 564.1 (255.4) (180.0) (435.4) 

Total 220.3 .0 .0 .0 220.3 655.7 .0 .0 655.7 (255.4) (180.0) (435.4) 

I Units in thousands of acre-feet per year. Water demands are for the "high" case. Tabulated surlace water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which will continue to be met from local, unreJ!ulated surface-water supplies. 

Definitions 
Intra-Basim A transfer of water among zones within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natuml stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 



thousand acre-feet in 2030. Alternatives for meeting the 
water needs of El Paso are limited. Current plans to 
recharge existing water-bearing formations could provide 
additional resources from the existing ground-water 
source. Ground-water development in areas ofNewMex­
ico is also planned, but must await the outcome of current 
litigation in the federal courts. Future surface-water pro­
jects are not deemed viable toward meeting El Paso's water 
needs since the Rio Grande is fully developed from El Paso 
to its headwaters in the State of Colorado. 

Zone 2 

Water requirements placed upon the water resources 
in Zone 2 of the Rio Grande Basin include surface-water 
needs in Zone 2 of the Nueces-Rio Grande Coastal Basin 
which are currently supplied from existing reservoirs, 
Amistad and Falcon, in Zone 2 of the Rio Grande Basin. A 
water balance was computed for the combined zones in 
order to allow for existing water rights. Water shortages are 
projected to occur in each decade for these zones with an 
initial shortage in 1990 of 211.0 thousand acre-feet per 
year (Table Ill-23-6, Figure lll-23-4). By the year 2030, a 
total surface-water shortage of 77 4.5 thousand acre-feet is 
projected for the combined zones of the two basins. The 
complex nature of the water rights in the Rio Grande Valley 
area of Zone 2 of the Nueces-Rio Grande Coastal Basin 
precludes a precise allocation of the total surface-water 
shortage among differing purposes. However, shortages 
were projected based upon existing water rights. 

Surface water available for use in the area is projected 
to be slightly less than 1.6 million acre-feet in the year 
2030, with approximately 67.5 thousand acre-feet of this 
amount from municipal and industrial return flows. The 
Middle and Lower Rio Grande Valleys will continue to be 
served from the Amistad-Falcon Reservoir system. How­
ever, these supplies from Amistad and Falcon Reservoirs 
are· insufficient to meet projected surface-water needs. 
Studies to determine the potential increase in surface­
water supplies through construction of additional major 
reservoirs on the Rio Grande have indicated that very little 
additional dependable surface-water supply can be devel­
oped from another major reservoir project. However, stud­
ies conducted by the International Boundary and Water 
Commission, U.S. Section, for the Texas Department of 
Water Resources have indicated that additional surface 
waters can be added to the yield of the system without 
significant cost through the development of up to three 
channel storage dams below Falcon Reservoir. Channel 
dams at Retamal and Brownsville are proposed for con­
struction by 1990 to provide additional water resources to 
the Rio Grande and the Nueces-Rio Grande Coastal 
Basins. 

Zone 3 

Water requirements projected for Zone 3 of the basin 
are estimated to exceed available surface-water resources 
beginning in 2000 (Table lll-23-7, Figure lll-23-5). 
Annual surface-water shortages amounting to some 631.0 
thousand acre-feet are projected to occur in year 2030, 
\vith 623.8 thousand acre-feet of that shortage in irrigated 
agricultural demand. Shortages of surface water for munic­
ipal and industrial purposes are projected to occur between 
2020 and 2030 and amount to 7.2 thousand acre-feet 
annually by year 2030. 

Surface water is limited in this zone and accounts for 
only 23.0 thousand acre-feet of the total water supply in 
year 2030. The in-basin surface-water supply in Zone 3 is 
obtained from Lake Balmorhea, which is dependent upon 
spring flow, and from Red Bluff Reservoir. Inflows to Red 
Bluff Reservoir for use in Texas are subject to provisions of 
the Pecos River Compact with the State of New Mexico, as 
previously discussed. The future quantity, and to a large· 
extent the quality, of water supplies available in Red Bluff 
Reservoir may depend in large measure upon the results of 
current litigation between Texas and New Mexico relative 
to the Pecos River Compact. 

The shortage in irrigated agriculture occurs as a result 
of limited ground water available for projected area-wide 
increases in agriculture. The primary ground-water 
source, the Cenozoic Alluvium in Pecos and Reeves Coun­
ties, is estimated to supply significantly lower levels of 
pumpage than historically provided because of depletion of 
water in storage in the aquifer, excessive pumping lifts, and 
encroachment of poor-quality water as the water levels are 
progressively lowered. 

Water Quality Protection 

Construction costs associated with municipal waste­
water treatment facilities needs have been estimated to be 
approximately 11257.9 million for the planning period of 
1980 to the year 2000. These costs are estimated for the 
entire Rio Grande Basin with approximately 11154.3 mil­
lion required for Zone 1, $83.8 million for Zone 2, and 
1117.8 million for Zone 3. All costs are in January 1980 
dollars and are subject to revision as new data become 
available. The list of projects, with project costs for 1982-
1989, at 1980 prices, is shown in Appendix B. 

Additional water quality management costs, such as 
for control of agricultural, oil and gas, and industrial pollu­
tants, cannot be estimated at this time, but are believed to 
be increasing. 
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Table UI-23-6. Water Resources of the Rio Grande Basin, Zone 2 and the Nueces-Rio Grande Coastal Basin, 
Zone 2, With Projected Water Supplies and Demands, 1990-2030' 

Water Supply Water Demand Surplus or Shortage 

In Intra .. Rerum In Intra- Irrigation 
Deeade Zone Basin Flow Import Total Zone Basin Export Total M&l (Shortage) Total ---

1990 
Ground Water 174.6 - - - 174.6 174.6 - - 174.6 .0 .0 .0 
Surface Water 1531.0 .0 29.4 .0 1560.4 1771.4 .0 .0 1771.4 (31.0) (180.0) (211.0) 
Total 1705.6 .0 29.4 .0 1735.0 1946.0 .0 .0 1946.0 (31.0) (180.0) (211.0) 

2000 
Ground Water 213.5 - - - 213.5 213.5 - - 213.5 .0 .0 .0 
Surface Water 1531.0 .0 38.3 .0 1569.3 1929.4 .0 .0 1929.4 (94.2) (265.9) (360.1) 
Total 1744.5 .0 38.3 .0 1782.8 2142.9 .0 .0 2142.9 (94.2) (265.9) (360.1) 

- 2010 
' 219.6 .0 .0 "' Ground Water 219.6 - - - 219.6 219.6 - - .o 
"' ' Surface Water 1531.0 .0 47.3 .0 1578.3 2024.6 .0 .0 2024.6 (173.1) (273.2) (446.3) ... 
"' Total 1750.6 .0 47.3 .0 1797.9 2244.2 .0 .0 2244.2 (173.1) (273.2) (446.3) 

2020 
Ground Water 235.0 - - - 235.0 235.0 - - 235.0 .0 .0 .0 
Surface Water 1531.0 .0 57.7 .0 1588.7 2145.1 .0 .0 2145.1 (273.1) (283.3) (556.4) 
Total 1766.0 .0 57.7 .0 1823.7 2380.1 .0 .0 2380.1 (273.1) (283.3) (556.4) 

2030 
Ground Water 141.9 - - - 141.9 141.9 - - 141.9 .0 .0 .0 
Surface Water 1531.0 .0 67.5 .0 1598.5 2373.0 .0 .0 2373.0 (386.0) (388.5) (774.5) 
Total 1672.9 .0 67.5 .0 1740.4 2514.9 .0 .0 2514.9 (386.0) (388.5) (774.5) 

I Units in thousands of acre-feet per year. Water demands are for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities of irrigation 
needs and other needs which will continue to be met from local, unregu1ated surface-water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 
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Figure 111-23-4. Reported Use and Supply Source, With Proiected Water Supplies 
and Demands, Rio Grande Basin, Zone 2 and 

Nueces-Rio Grande Coastal Basin, Zone 2, 1980-2030 

A water quality management plan for the Rio Grande 
Basin has been developed pursuant to the requirements of 
federal and State Cl~an Water legislation . An areawide 
water quality management plan has also been developed 
for the Lower Rio Grande Valley area. The plans serve as a 
basic element in the State's overall water quality strategy 
and provide guidance in establishing priorities for con­
struction grants for waste-treatment facilities, permitting 
of wastewater facilities, revision of stream standards, and 
other program activities. 

Flood Control Measures 

Extensive federal, State, and local efforts have been 
expended within the Rio Grande Basin since as early as 
1916, to control overbank flooding of the river. Opera­
tions of Elephant Butte Dam, constructed in 1916, and 
Caballo Reservoir, built in 1938, have greatly modified 
flood flows of the Rio Grande above El Paso. The Rio 
Grande Canalization Project, completed in 1943, consists 
of a normal flow channel and a leveed floodway 105 .6 
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Table 111-23-7. Water Resources of the Rio Grande Basin, Zone 3, 
With Projected Water Supplies and Demands, 1990-2030• 

Water Supply Water Demand Surplus or Shortage 

In Intra- Return In Intra· Irrigarion 
Decade Zone Basin Flow Import Total Zone Basin Export Total M&I (Shortage) Total ---

1990 
Ground Water 219.1 - - - 219.1 219.1 - - 219.1 .0 .0 .0 
Surface Water 23.0 .0 .0 .0 23.0 5.2 .0 .0 5.2 22.9 (5.1) 17.8 
Total 242.1 .0 .0 .0 . 242.1 224.3 .0 .0 224.3 22.9 (5.1) 17.8 

2000 
Ground Water 282.1 - - - 282.1 282.1 - - 282.1 .0 .0 .0 
Surface Water 23.0 .0 .0 .0 23.0 530.5 .0 .0 530.5 23.1 (530.6) (507.5) 
Total 301.1 .0 .0 .0 305.1 812.6 .0 .0 812.6 23.1 (530.6) (507.5) 

- 2010 
' Ground Water .0 "' 283.1 - - - 283.1 283.1 - - 283.1 .0 .0 
"' ' Surface -Water 23.0 .0 .0 .0 23.0 533.2 .0 .0 533.2 22.9 (533.1) (510.2) "' ... 

Total 306.1 .0 .0 .0 306.1 816.3 .0 .0 816.3 22.9 (533.1) (510.2) 

2020 
Ground Water 285.4 - - - 285.4 285.4 - - 285.4 .0 .0 .0 
Surface Water 23.0 .0 .0 .0 23.0 535.8 .0 .0 535.8 23.0 (535.8) (512.8) 
Total 308.4 .0 .0 .0 308.4 821.2 .0 .0 821.2 23.0 (535.8) (512.8) 

2030 
Ground Water 172.4 - - - 172.4 172.4 - - 172.4 .0 .0 .0 
Surface Water 23.0 .0 .0 .0 23.0 654.0 .0 .0 654.0 (7.2) (623.8) (631.0) 
Total 195.4 .0 .0 .0 195.4 826.4 .0 .0 826.4 (7.2) (623.8) (631.0) 

'Units in thousands of acre-feet per year. Water demands are for the "high" case. Tabulated surface water demands do not include livestock needs, some quantities of inigation 
needs and other needs which will con_tinue to be met from local, unregulated surface~water supplies. 

Definitions 
Intra-Basin: A transfer of water among zones within a river basin. 
Import: A transfer of water from another river basin. 
Return Flows: Wastewater returned to a natural stream channel that can be recaptured at a downstream point. 
Export: A transfer of water to another river basin. 
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miles along the river from two miles below Caballo Dam in 
New Mexico to the American Dam at El Paso. The project 
provides protection against flows greater than the present 
condition 100-year frequency Rio Grande flood for lands 
in New Mexico and in El Paso County, Texas upstream 
from the City of El Paso. 

The Rio Grande Rectification Project completed in 
1983 provides flood protection to the El Paso Valley 
between the Chamizal Channel and Fort Quitman, a pro­
ject length of 83.0 miles. The Chamizal Channel Project is 
a 7. 7 -mile unit of concrete-lined and earth-leveed chan­
nels which provide protection for the Cities of El Paso and 
Juarez against 100-year flood flows . To control severe 
flooding within the City of El Paso from tributary arroyos, 
the Corps of Engineers has been authorized to proceed 
with an improvement plan which consists of a single­
purpose flood-control system of detention dams, diversion 
dikes, and channels to collect, regulate, and discharge 

arroyo runoff into the Rio Grande. Construction of ele­
ments of the project has been underway since 1970. 

The Presidio-Ojinaga Valley Flood Control Project, 
follo\ving approval of the 1970 Boundary Treaty, provides 
for 2. 3 miles of new channel along the confluence of the 
Rio Grande and the Rio Conchos. Levees extend along 
13.3 miles of river channel along the United States side 
with side levees extending along Cibolo Creek to tie into 
existing levees developed by local interests. The Corps of 
Engineers has made extensive studies of flood problems in 
Presidio, Texas to determine feasible alternatives to con­
trol local flooding. Completion of this project will depend 
upon favorable benefit-cost ratios and the ability of the 
local interests to provide for the nonfederal share of the 
project cost. 

Localized flooding within the City of Pecos has also 
been studied by the Corps of Engineers. The authorized 
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project would consist of an integrated system of diversions, 
floodways, and levees to provide protection from overflow 
of local tributaries. Construction will again depend upon 
the ability of the local interests to meet reimbursable costs 
of the total project cost. 

International Falcon Reservoir, located below 
Laredo. Texas. began operation in 1953 and International 
Amistad Reservoir, located near Del Rio, Texas, began 
operation in 1968. Combined total flood -storage capacity 
at maximum water-surface elevation of the two reservoirs 
amounts to 3,391.0 thousand acre-feet. Alpine Reservoir, 
an authorized Corps of Engineers project, if constructed 
would have 4.5 thousand acre-feet of available flood­
control storage. 

Below International Falcon Dam, in the Lower Rio 
Grande Valley, local efforts to control overbank flooding 
began in the early 1900's. Cameron and Hidalgo Counties 
tool< over efforts in the early 1920's and began a system of 
protective works along the river and the natural overflow 
channels. By 1930, more than Jl5 million had been 
expended, with the project only partially completed. To 
properly control river flows in the area, international coop­
eration was needed. Through the treaty with the United 
States and Mexico, the International Boundary and Water 
Commission was authorized to develop a coordinated 
international plan of flood control. Construction of the 
project proceeded, and from 1935 to 1967 the Lower Rio 
Grande Flood Control Project provided complete protec­
tion to United States lands. However, in September 1967, 
Hurricane Beulah struck the Valley with 35 inches of rain­
fall. The project prevented tremendous damages but major 
flooding occurred in Harlingen and the McAllen area. 
Efforts were begun in 1970 to provide for additional flood 
protection. The project, as now completed, includes 
102.9 miles of river levees along the United States side, 
122.5 miles of off-river improved floodways and natural 
drains, and two diversion dams. The Lower Rio Grande 
Flood Control Project levees now provide protection 
against Rio Grande flows greater than the 100-year fre­
quency flood. 

One serious problem common to all areas of the 
Lower Valley is the inability to remove excess surface water 

during periods of heavy rainfall. Lac!< of natural drainage, 
flat topography, and soils with low permeability all contrib­
ute to ponding floodwater. To find solutions to these prob­
lems, in 1969 the Soil Conservation Service developed a 
three-phase plan for flood control and major drainage in 
Willacy, Hidalgo, and Cameron Counties. Phase I would 
consist of a system offloodwaterchannels with a combined 
length of 164 miles to remove floodwater from Hidalgo and 
Willacy Counties. Phase II would consist of 1,394 miles of 
multipurpose channels, 35 water-control structures, and 
other worl<s of improvement in Hidalgo and Willacy Coun­
ties. Phase III would consist of an accelerated land­
treatment program in Cameron, Willacy, and Hidalgo 
Counties. The Water Resources Development Act of 197 4 
authorized the Corps of Engineers to undertake advance 
engineering and design for Phase I of the project. The 
Corps has completed the feasibility report on Phase I and 
has recommended that Congress authorize construction. 

Local interests in Hidalgo and Willacy Counties are 
proposing a local project of 138 miles of channel and 17 
pumping stations. The floodwater channel is similar in 
alignment to the Corps of Engineers plans. Voters in 
Hidalgo County Drainage District No. 1 approved a Jl26 
million bond issue in November 1975, and in October 
1976 Willacy County Drainage District No. 1 approved a 
$3.5 million bond issue to fund the project. 

Future efforts in the Valley will be to provide all possi­
ble support available to local interests and to secure fund­
ing for completion of the federal projects. 

There are about 646 square miles of drainage area 
above 42 existing U.S. Soil Conservation Service 
floodwater-retarding structures within the Rio Grande 
Basin. As of October 1980, an additional 14 structures 
with a drainage area of 550 square miles were planned for 
construction. Zone 1 contains 5 existing structures with 
none planned, Zone 2 has 37 existing and 12 planned, 
while Zone 3 has no existing structures, but two planned 
for construction. 
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PART IV 

MANAGEMENT AND TECHNICAL METHODS FOR REDUCING WATER DEMAND, 
INCREASING WATER USE EFFICIENCY, AND INCREASING 

LOCAL AREA WATER SUPPLIES 

In previous portions of this volume, water problems 
have been identified and current water supplies and water 
use data have been described and presented for each river 
and coastal basin, by zone, in Texas. Planning methods 
and projections of future quantities of water supplies and 
water quality protection needs also have been identified, as 
have potential projects to meet future needs. For these 
potential projects, an estimate has been made of the time 
project implementation should begin in each case so that 
the projects will be completed and ready to operate as 
needs develop. Additionally, water management and water 
supply methods have been identified and described briefly. 

Water planning for the future requires long-range pro­
jections of future water supplies and future water needs. 
Projections of demand are based on the best data available 
about each factorinvolved, including state-of-the-art anal­
yses of each major water-using function within the State, 
legal and institutional conditions which affect water use, 
and habits, custom, and preferences which affect water 
management and water use. Technical processes, 
management, prices, and behavioral relationships and 
data affect the results of the projections. The actual quanti­
ties of water that will be used will be determined by the facts 
about these demand relationships and the quantities of 
supply available at the time. In making long-range water 
demand projections, the potential effects of water conser­
vation have been taken into account. However, it will be 
necessary to publicize conservation methods, as well as 
provide technical, and in some cases, financial assistance 
and incentives to effectuate conservation potentials and 
thereby reduce demands for water. 

On the water supply side, desalting, weather modifica­
tion to increase precipitation, and transportation of water 
from other areas are techniques that may be used to 
increase the quantities of water available for use. In this 
part of the planning report water conseiVation, reuse, 
desalting, weather modification, water importation, and 
drought contingency planning are presented. 

!V-1 

WATER CONSERVATION AND REUSE 

The term "water conservation" used herein means to 
reduce the demand for water, improve the efficiency in use 
and reuse of water, reduce leakage losses and waste of 
water, and improve land management practices to use less 
water per acre. The need to conserve or reduce water 
consumption in Texas is due both to the lack of additional 
supplies in some areas and the rapidly increasing costs and 
difficulties associated with new water resources develop­
ment. Therefore, water conservation and reuse are 
included in plans to meet future water needs within the 
State. 

Municipal and Commercial Water 
Conservation and Reuse 

Water use in the municipal an'd commercial sector 
includes water used in residential, commercial, and insti­
tutional areas for drinking, bathing, cooking, toilet flush­
ing, fire protection, lawn watering, swimming pools, 
laundry, dish washing, car washing, and sanitation, and 
thus includes the day-to-day activities of all citizens of the 
State. Per capita water use projections for drought condi­
tions are about 33 percent greater than for average condi­
tions (Table IV-1 ). Since the early 1960's, per capita water 
use has been increasing about four gallons per person per 
decade. Two major purposes of water conservation are to 
reduce the rate of increase in per capita water use for 
municipal and commercial purposes and ultimately to 
reduce water use per capita. These objectives can be 
accomplished through changes in water-using equipment 
in homes and public buildings, careful management of 
water-using equipment, changes in life styles, modifica­
tion of water-using behavior, changes in plumbing codes 
and subdivision platting, and public regulation of water 
use. All methods mentioned here except public regulation 
are included in long-range water planning. 



Table IV-1. Per Capita Water Use Projections for Texasi z 3 

1980 1990 

Average Conditions 1764 157 

Drought Conditions 1764 210 

!Source of datu: Tcxns Department of Water Resources. 
2fi,!turcs in gallons per person per day. 
JPcr capita usc held constant from the year 2000 and beyond, 
4Reportcd usc for 1980. 

Interior Residential Conservation Potential 

Water use inside the home of a family of four (two 
adults and two children) is about 250 gpd (gallons per 
day). About 75 percent of the in-home water use occurs in 
the bathroom, 14 percent in the utility and laundry room, 
and about 11 percent in the kitchen (Figure N-1). About 
57 percent of the in-home hot water use is for bathing, 19 
percent for laundry, 19 percent for dishwashing, and 5 
percent for hand washing in the lavatory sink (Figure N-
2). 

Toilet flushing accounts for about 40 percent of the 
in -house water use or about 100 gallons per day for the 
family of four. Average water use for toilets is five gallons 
per flush. Normally, toilets are flushed four to six times 
daily per person; therefore, a city of 10,000 people uses 
about 250,000 gpd to flush toilets. Most toilets on the 
market today require only about 3.5 gallons perfull flush. 
In addition, dual flush toilets with one cycle for solids and 
one cycle for liquids are now on the market as well as 
redesigned toilets which require only 2.5 gallons per flush 
in one model and only 1.0 gallon per flush for another 
model. 

Bathing water in the average home accounts for about 
35 percent of the total use. About 60 percent of bathing in 
homes having a shower and a tub is done in the shower. An 
average shower lasts about five minutes and normally uses 
water at the rate of about five gallons per minute. However, 
many individuals shower from 10 to 15 minutes with 
shower heads that use up to 10 gallons per minute. 

The utility and laundry room account for about 14 
percent of the daily water use in homes. The majority of this 
water use occurs through automatic clothes washers which 
require an average of about 48 gallons per regular cycle 
load and about 64 gallons for a durable-press cycle load, 
for top loading machines. Front loading washing machines 
use about half as much water. 
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2000 2010 2020 2030 

160 160 160 160 

213 213 213 213 

Water use in the kitchen accounts for about 11 per­
cent of in-house use and includes water for drinking, cook­
ing, dishwashing, garbage grinding, and household 
cleaning. In the average home, about 12 gpd is used for 
cooking and drinking and about 15 gpd for dishwashing, 
garbage grinding, and cleaning. 

Exterior Residential Conservation Potential 

In Texas, exterior use has been estimated at 35 per­
cent of the total residential usage (Figure N-3). This cate­
gory includes lawn watering and car washing, and in the 
summer the total exterior use may equal or exceed the 
interior use. The water use pattern is determined by the 
size of the lawn, and the type and amount of shrubbery and 
ornamental plants. Use of native grass, shrubs, and orna­
mentals should reduce exterior water requirements 
because they are adapted to the climate. The type of lawn 
sprinkler used, climatic conditions (e.g., wind), soil type, 
and slope greatly influence the quantity of water needed to 
maintain lawns, shrubs, and ornamental plants. 

Commercial and Institutional Conservation Potential 

Commercial water users include restaurants, hospi­
tals, motels, hotels, laundromats, barbershops, beauty sal­
ons, schools, offices, banks, retail shops, department 
stores, service stations, and car washes. Institutional water 
users include government buildings, facilities, parks, 
swimming pools, and firefighting. In addition to filling and 
maintaining swimming pools and firefighting, commercial 
and institutional water uses include drinking water, toilet 
flushing, dishwashing, laundry, bathing, washing, and in 
some cases lawn maintenance. Opportunities for conserv­
ing water in the commercial and institutional sector 
include those pertaining to toilet flushing, bathing, land­
scaping, and water-using equipment in commercial 
establishments. 



Figure JV-1. Average Interior 
Residential Water Use 

Interior 65% 

Bath/Shower 
57% 

Figure JV-2. Average Residential 
Hot Water Use 

Exterior 35% 

Figure IV-3. Average Household Water Use in Texas 
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Water Conservation and Reuse Methods and Devices 

For each water use category, water conservation 
methods and devices are identified (Table IV-2). At the 
present time, if one-half of the homes in Texas were 
equipped with toilet devices and shower flow restrictors 
only, the municipal water savings would be about 100,000 
acre-feet per year or 3.5 percent of the present level of 
municipal water use. Installation of low-flush toilets ( 3.5 
gallons per flush) and water-saving shower heads (3.0 
gallons per minute flow) in new construction and instal­
ling flow restrictors or water-saving shower heads in 65 
percent of existing Texas homes would save about 
200,000 acre-feet of water per year 20 years after the 
program is begun, increasing to about 500,000 acre-feet 
per year 50 years after the program is begun. It has been 
estimated that if recirculation of gray water for toilet flush­
ing is instituted in 20 percent of new construction, munic­
ipal water use could be reduced by about 35,000 acre-feet 
per year in 20 years and 120,000 acre-feet per year in 50 
years. Data pertaining to estimated water savings and costs 
of water conservation ·devices for municipal and commer­
cial retrofitting and for new construction are presented 
(Tables IV-3 and IV-4 respectively). The cost of the retrofit 
devices assumes owner installation, except for pressure 
regulators, while the cost for new home items assumes 
installation at the time of construction. 

Water-saving shower heads, dishwashers, and clothes 
washers, and insulation of hot water pipes are also effective 
energy savers (Table IV-5). Also, if interior residential and 
commercial water use is reduced, the volume of sanitary 
wastes to be treated at sewage treatment plants is reduced, 
resulting in lower treatment plant costs for the utility. 

Water consumption will usually decrease when the 
price increases, especially as the total outlay for water and 
wastewater treatment charges begins to be a significant 
part of a family's household expenditures. Statistical analy­
ses done with data from areas climatically similar to much 
of Texas indicate that in response to a one percent increase 
in price, consumption of water will decline about 0.3 of 
one percent; however, a one percent increase in famUy 
income will increase consumption by about one-half of 
one percent. That is to say that a 10 percent increase in 
municipal water price would result in a three percent 
reduction in municipal water use, whereas a 10 percent 
increase in income would result in a five percent increase 
in municipal water use. These are approximate values that 
will vary from place to place depending upon relative price 
and income, lot size, household characteristics, cooling 
system type, and local cultural characteristics, i.e., value 
and emphasis placed on maintenance oflawns, shrubbery, 
and public areas. 
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Many public water systems in the State contain unde­
tected leaks in the distribution lines. According to available 
data, unaccounted losses range from five percent to more 
than 20 percent. Until about 1980, the technology existed 
only to detect leaks but not locate them. A device now 
exists that will detect and locate leaks in pressure pipes. 
Although there are not data available on the amount of 
potential water savings that could be affected through a 
leak detection survey and repair program, it is believed that 
savings would be significant on a statewide basis. 

Dual water systems have been suggested for some time 
by water-supply planners to take advantage of the cost 
difference between raw water and treated water. Two 
parallel water systems are required. One is needed for a 
safe, butlow quality water which could be used by industrial 
and residential sectors for toilet flushing and lawn water­
ing. The second parallel system would be a higher quality 
water, completely and highly purified. Uses for the second 
system would include drinking, cooking, bathing, and 
other high order uses. Although dual water systems are 
generally impractical for existing towns and subdivisions, 
promise has been shown for the use of these systems in new 
developments. 

Municipal and Commercial Water Conservation and 
Reuse Planning 

In the projections of future water requirements, the 
potential effects of water conservation have been factored 
into per capita water use coefficients. In order to realize the 
potentials for reducing municipal and commercial water 
requirements through conservation and reuse, it will be 
necessary to conduct public information and public aware­
ness programs in order to inform the water-using public, 
the housing and commercial construction industries, the 
landscaping, horticultural, plumbing, and water appliance 
manufacturing sectors of the economy, members of city 
councils, and other public officials of the need for conser­
vation and the techniques and methods of conservation. In 
order to accomplish these objectives, the Department of 
Water Resources will cooperate with local governments 
and other State and federal agencies in the dissemination 
of water conservation information to the public, encourage 
water conservation through the public media, and support 
water conservation research and development of water 
conservation methods. The level of effort will be deter­
mined by the level of funding available to both the Depart­
ment and to cooperating public education, research, and 
extension agencies. Water conservation efforts will be . 
phased into long-range water development programs so as 
to assist in meeting the needs for water supplies in future 
years without disrupting the rate bases of present water 



Table IV-2. Potential Water Conservation Methods and Devices 

General Application 

Public education 
Metering 
Pricing: 

Uniform block rates 
Increasing block rates 
Penalty charges 
Demand charges 

Leak detection and repair 
System rehabilitation 
State and/ or local building codes 

Municipal and Commercial Use 

Retrofit devices: 
Displacement bottles 
Toilet dams 
Dual flush valves 
Shower flow restrictors 
Low-flow shower heads 
Faucet aerators 
Pipe insulation 
Pressure regulators 
Water efficient appliances 

Devices for new construction: 
Low-flush toilets 
Dual flush toilets 
Low-flow shower heads 
Faucet aerators 
Pipe insulation 
Pressure regulators 
Water-efficient appliances 
Dual-water systems 

Urban landscape irrigation: 
Reduced watering 
Low water-use plants 
Sprinkler systems 
Scheduled irrigation 
Moisture sensing controllers 
Greywater systems 
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Industrial Use 

Recirculate cooling water 
Reuse cooling and process water 
Reuse treated wastewater 
Air cooling 
Efficient landscape irrigation 
Low water-using fixtures 
Process modification and redesign 

Agricultural Irrigation 

Off-farm conveyance systems: 
Canal lining 
Canal realignment 
Canal consolidation 
Phreatophyte control 

On-farm systems: 
Canal lining or piping 
Water control structures 
Land leveling or contouring 
Furrow dikes 
Improved sprinklers 
Drip irrigation 
Tailwater recovery 
Irrigation scheduling 
Improved tillage practices 
Periodic deep plowing 
Surface mulches 
Moisture sensing controllers 
System efficiency evaluation 



Table IV-3. Water Conserving Retrofit Devices 

Estimated 
Unit Water Estimated Scnicc 

Water Savings Cost Life 
Application Device Function Savings gpcd $ Years 

Toilet Two displacement bottles Reduces flush volume 0.5 gal/flush 2.3 0-0.20 5 

Toilet Water closet dam Reduces flush volume 1 gal/flush 4.5 4-6 5 

Toilet Dual-flush Variable-flush volume 3.5 gal/flush 15.7 15 15 

Shower Flow restrictor Limits flow to 3 gpm 1.5 gpm 6.7 0.50 5 

Shower Reduce-flow shower head Limits flow to 3 gpm 1.5 gpm 6.7 5-20 15 

Shower Reduce-flow shower head Limits flow to 2.5 gpm 2 gpm 8.0 5-20 15 
with cut-off valve 

Shower Cut-off valve Facilitates "navy shower" - - 5 15 

Faucets Aerator Reduces splashing, 

~ enhances flow aesthetics, 
a- creates appearance of 

greater flow - 0.5 2 15 

Hot water pipes Insulation Reduces wann-up time - 0.5 0.50/ft 25 

Water Pressure-reducing valve Reduces available water 
hook-up pressure at fixtures, 3 85 25 

hence, flow rate 

J!pcd .. j!allons per capitu per day; J!pm "'J!allons per minute. 
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Table IV-4. Water Conserving Devices for New Construction 

Application 

Toilet 

Toilet 

Toilet 

Shower 

Shower 

Shower 

Faucet 

Water 
hool\-up 

Appliances 

Appliances 

Device 

Low-flush, 3.5 gal/flush 

Low-flush, 2.5 gal/flush 

Low-flush, 1 gal/flush 

Reduced -flow shower 
head 

Reduced-flow shower 
head with cutoff valve 

Cut-off valve 

Aerator 

Pressure-reducing valve 

Water-efficient dish­
washing appliances 

Water-efficient clothes­
washing machine 

Function 

Reduced flush volume 

Reduced flush volume 

Reduced flush volume 

Reduces shower flow rate to 
3 gpm 

Reduces shower flow rate to 
2.5 gpm 

Facilitates "navy shower" 

Reduces splashing, enhances 
flow aesthetics. creates 
appearance of ,!!reater flow 

Reduces available water 
pressure at fixtures, 
hence, flow rate 

Reduced water requirement 

Reduced water requirement 

•Somewlmt expcnsiw, bm on :wern~c will JlliY for itself in water Sll\inj),s in :about 5 )'CUrs in home "ith prinlle w:ater wells 
and 5eptic 5)1itcm nnd in nbout 10 yenrs fn home \\ith municip:al \\'liter and sewer ~eniee. 

Estimated 
Unit Water 

Water Savings 
Sa vioL_ ______&!.cd 

1.5 gal/flush 7.5 

2.5 gal/flush 12.5 

4 gal/flush 20 

1.5 gpm 6.7 

2 gpm 8.0 

0.5 

3 

6-gal/cycle 2 

14-gal/ cycle 3.5-7.0 

Estimated 
Additional Senicc 

Cost Life 
s Years 

0 25 

0 25 

• 25 

0 15 

0 15 

5 15 

2 15 

45 25 

0 15 

70 15 



Table IV-5. Estimated Energy Savings Associated with Residential Water Conservation 

Amount of Encr& Saved Value of Ener&! Saved 

Gll!l Water Electric 
Hot Water Saved• HcotcrsJ Watcr1 Gas• FJcctric7 

Device (Gal/day/D.U.)' (Thcrms/ycar/D.U.)• (Kw-hr/year/D.U.) (Dollars/year/D.U.) 

Showerhead, 3 gpm 8 22.9 541 12.6 32.4 

Water saving dishwashers 4.7 13.6 320 7.5 19.2 

Water saving clothes-washing 
machines 2.4 6.8 160 3.7 9.6 

Subtotal 15.1 43.3 1.021 23.8 61.2 

Insulation of hot water 
pipes 4.7 13.6 320 7.5 19.2 

Total 19.8 56.9 1,341 31.3 80.4 

'140"F water saved as follows: showcr .. J.4 Wtilons per capita per day (gpcd): dishwasher 2 gpcd: washin,Z! machines 1 gpcd: thermal pipe insulation 2 gpcd. 
2D,U. dwelling units: 2.37 persons per dwelling unit. 
379 percent efficiency. Source: The California Appliance Efficiency Program- Revised Staff Rcpt. California Energy Resources Conservation &Dcvcl. Comm. Conservation 
Oiv. (Nov. 1977). 

4Qnc Thcrm 100,000 BTU. 
598 percent efficiency. Source: ibid, 
6$0.55/thcrm. 
7$0.06/kw-hr. 

utilities. Abrupt conservation results could result in the 
necessity to increase water rates in the short run in order to 
meet debt service and operating costs of existing facilities. 

Industrial and Mining Water 
Conservation and Reuse 

In response to rising energy costs and high costs to 
treat wastewater, industry has reduced water use per unit 
product produced. Potential exists for increased efficiency 
of water :use in industry, in steam-electric power genera­
tion, and in mining in future years. 

Cooling Water Conservation Potentials 

The reduction of freshwater use for cooling purposes, 
which accounts for over 55 percent of manufacturing 
freshwater use and for over 90 percent of freshwater use in 
the steam-electric generating industry in Texas, offers one 
of the greatest potentials, Conservation of fresh water is 
possible through a number of means, including the substi-
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tution of saline water for fresh water in coastal areas for 
cooling at chemical plants, oil refineries, and power 
plants, and the increased use of treated municipal effluent 
for cooling water as is done now at four power plants and 
several industries. Air cooling, which does not consume 
water as other forms of industrial cooling do, is beginning 
to be used in several of the State's major industries. About 
90 percent of the State's petroleum refineries currently 
employ air cooling for a portion of their cooling needs, and 
about 50 percent of the chemical plants in Texas use air 
cooling. The applicability of air cooling depends on a 
number of economic factors, but many industries have 
found air cooling practical, especially as industrial water 
prices increase. 

Increased energy conservation is also a potential cool­
ing water conservation measure. Cooling is used to elimi­
nate "waste" heat. Any energy conservation measure that 
reduces the quantity of waste heat will thus conserve cool­
ing water. Process substitution, the use of heat pumps for 
recovery of waste heat in distillation operations, better 
process control, and improved maintenance to reduce 
leakage are examples of ways in which cooling water 
requirements can be reduced. 



Process Water Conservation Potentials 

Process water and process washdown currently 
account for over 25 percent of water used in manufactur­
ing industries in Texas. Several industries such as the paper 
industry have made significant advances in reducing pro­
cess water use. Unbleached kraft pulp and paper mills 
(unbleached kraft paper is used for shopping bags, boxes, 
and many other purposes) have historically used from 
15,000 gallons to over 30,000 gallons of water for each 
ton of paper produced. New production techniques use less 
than 5,000 gallons per ton of paper produced. 

Boiler feedwater accounts for nearly 15 percent of 
manufacturing freshwater use in Texas. Energy conserva­
tion can play a major role in reducing the quantity of boiler 
feedwater required for a given process. Likewise, process 
modification or substitution and use of heat sources other 
than steam or heated water, such as the use of direct 
process heating furnaces in the chemical and petroleum 
refining industries, are examples of ways boiler feed water 
use is being red need. 

At the present time, power plants, chemical plants, 
and oil refineries are using nearly 20,000 acre-feet of 
treated municipal effluent each year to meet a part of their 
water requirements. Although this is a substantial volume 
of water, the potential for Texas is much greater. Texas . 
municipalities discharged over 1.4 million acre-feet of 
treated effluent in 1980, and are projected to discharge 
nearly 2.0 million acre-feet in the year 2000, and 3.3 
million acre-feet by the year 2030. Although much of this 
effluent is needed for downstream water rights and for 
instream flow needs, additional industrial, steam-electric 
power cooling, and ,mining uses might be met from this 
source, especially in the arid and semiarid areas of the 
State. 

Mining Water Conservation Potentials 

Mining water use, including water used in secondary 
recovery of crude oil, is not as amenable to reductions in 
water required per unit of output as is the case in goods­
producing industries. There is, however, potentialforshift­
ing away from the use of fresh water into the use of saline, 
brackish, and recycled secondary recovery water and 
treated municipal effluent for mining purposes. Availability 
of nonfreshwater supplies and their relative costs will 
determine the quantity of substitution of these supplies for 
freshwater in mining operations. 
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Industrial, Steam-Electric Power, and Mining Water 
Conservation Planning 

Projections of future water requirements for indus­
trial, steam-electric power generation, and mining pur­
poses have been based on the known potentials for water 
conservation in these sectors. The effects ofincreased con­
servation and improved water use efficiency have been 
factored into the projections. In order ·to realize these 
potentials, it will be necessary for these sectors of the 
economy to invest in water conservation equipment and 
techniques and to manage the production processes to 
achieve conservation objectives. The private sector has 
demonstrated both the capability and the willingness to 
practice water conservation. Since much of the conserva­
tion potential is proprietary, the Department of Water 
Resources' water conservation planning efforts will be 
focused upon the encouragement of industry to practice 
water conservation, the modification of water quality and 
water rights administration to permit recycling and reuse 
of treated effluent insofar as possible, but consistent with 
the protection of water quality and downstream water 
rights; and assistance to locate suitable sources of lower 
quality water that would serve the needs of industries, 
power plants, and mining operations. The Department will 
cooperate with industry and other public agencies to con­
duct research and development of water conservation 
methods. 

Agricultural Water Conservation and Reuse 

Both the long-range projected scarcity of water sup­
plies for the State's major irrigation areas and the increas­
ing costs of pumping, transporting, and applying irrigation 
water to grow crops make it necessary that irrigation water 
use efficiency be increased to the maximum extent feasi­
ble. Water conservation districts, the Texas Agricultural 
Experiment Station, the Texas Agricultural Extension 
Service, Texas agricultural universities and colleges, the 
United States Department of Agriculture research and 
conservation services, the Texas State Soil and Water Con­
servation Board, the Texas Department of Water 
Resources, other agencies, and the private sector have 
major programs and efforts to increase water use efficiency 
in agriculture, to reduce the costs of irrigation, and to 
conserve water and soil. These include the fields of soil 
science, plant science, engineering, soil fertility, and 
meteorology, as well as practices such as tillage and mulch 
management, soil moisture measurement and monitor­
ing, irrigation, scheduling and management, tailwater, re­
covery and use, plant growth regulators, evaporation and 



transpiration suppressants, weed control, brush control, 
water conveyance and application technology, crop selec­
tion, finance, and farm management. Important irrigation 
water conservation techniques are identified and described 
below, followed by an irrigation water conservation plan. 

Irrigation Water Conservation Potentials 

Some of the practices which can improve irrigation 
water use efficiency and conserve irrigation water have 
been known for quite some time, while others have been 
developed more recently. Irrigation water application with 
sprinkler equipment has expanded rapidly as labor has 
become more expensive and less plentiful, and as sprinkler 
equipment has been improved. Center-pivot systems are 
used on sandy soils, and on the medium and moderately 
coarse textured soils of the High Plains. Sprinkler systems 
are widely used in the Cross Timbers and the Winter 
Garden-San Antonio area, where the sandy soils have 
gently sloping and uneven surfaces. Of the 8.1 million 
acres irrigated in Texas in 1980, sprinkler systems were 
used on 2.2 million acres (Figure IV-4). Through the use of 
sprinklers, the quantity of irrigation water can be con­
trolled and timed better than is possible with siphon tubes 
and other methods of moving water from canals and 
ditches into the fields. Thus, less water is required; how­
ever, sprinkler irrigation is more cosdy in terms of capital 
and energy. 

Trickle and drip irrigation essentially spot-irrigates 
crops by applying water at the base of each plant. The 
system uses plastic tubes that have emitters located near 
each plant. It is, however, primarily applicable only to 
orchard crops. Water is saved with this method because the 
total soil area is not wetted as with sprinkler or flood 
irrigation. Trickle irrigation applies smaller amounts of 
water than conventional methods, and runoff water is 
nearly eliminated. The use of trickle irrigation methods for 
row-crop production is being researched. 

A surge flow furrow system utilizes a combination of a 
timer and a "T valve" to alternate the flow of water through 
two sets of furrow rows. This surge of water flow, to the 
extent field experimentation has been able to verify, 
appears to allow the water to run down the furrow faster, 
resulting in a better application of smaller amounts of 
water than the conventional furrow method. Indications 
are that a surge system can save about 15 percent of the 
water normally used. 

About 88 million acres ofland in Texas is now covered 
with brush and trees having little or no economic value. 
Most of this coverage is mesquite orsaltcedar, but there are 
many other varieties less widespread than these that pose 
serious and costly local brush control problems. About 54 

million acres is estimated to have a dense stand of brush. 
Brush eradication and management to reduce brush 
growth on these tens of millions of acres of range and 
pastureland would increase the value of these lands for 
livestock production and could perhaps make significant 
contributions to ground-water recharge, increased 
streamflow, reduced soil erosiort and consequent prema­
ture silting of reservoirs, and increased supplies of water 
available for nonagricultural purposes. It is estimated by 
the United States Department of Agriculture-Soil Conser­
vation Service that more than 10 million acre-feetofwater. 
might be salvaged annually through a program for control­
ling brush in Texas. 

Other practices that can make more efficient use of 
rainfall and irrigation water operate to store moisture in 
the soil profile. Minimum tillage leaves crop residues on the 
surface or near-surface of the soil, thereby improving infil­
tration and reducing evaporation. Breaking the plow pan 
found in many cultivated soils will increase infiltration and 
reduce runoff of valuable rainfall and irrigation water. 
Conservation terraces and the furrow diking practice of 
creating small dams across the furrows hold both rainfall 
and irrigation water on the field until it has the opportunity 
to infiltrate into the soil profile. Through the combined use 
of furrow dikes and a low energy, precision system of drip 
application, the quantity of irrigation water that must be 
obtained from the source (either wells or surface-water 
sources) per acre irrigated can perhaps be reduced as much 
as 40 percent, in comparison to furrow flooding methods 
of application. This technique has been developed through 
publicly funded research and is being tested and applied in 
the High Plains area. Its potential as a water conservation 
tool appears to be significant; however, it is costly in terms 
of capital investment and operating inputs in relation to 
furrow flooding irrigation methods. 

The improvement of irrigation conveyance systems 
·can reduce conveyance losses and thereby increase the 
quantity of water available for use. In 1980, there were 
1,335 miles of concrete-lined canals and ditches serving 
167,600 acres of irrigation land, and 22,303 miles of 
underground pipelines serving 4.9 million acres of irri­
gated land in Texas. Sixty-five percent of 1980 irrigated 
land was supplied with these kinds of water-conserving 
facilities, leaving opportunity for the installation of pipe­
lines and lined canals to serve 3.0 million acres. Most of 
the improvements to conveyance facilities are in the Lower 
Rio Grande Valley, Winter Garden-San Antonio area, and 
the High Plains. As of 1984, about 1.1 million acre-feet 
per year, or about 30 percent of the quantity diverted from 
surface-water sources, is lost from the conveyance canals 
and ditches. Thus, improvements to these systems, 
although costly, could increase the quantity of water avail­
able for use. 
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Figure IV-4. Irrigation Areas in Texas 
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Storage tanks are being built in water-short areas to 
accumulate and store water being pumped from weak, 
low-yield wells in order to have sufficient water when 
needed for irrigation. Playa lakes are being modified in 
some areas to concentrate the water in deep pools, thus 
reducing the area exposed to surface evaporation and 
mah:ing larger quantities of water available for irrigation. 
Some systems are being modified to pump back the runoff 
(tail water) from furrow irrigated land and thus conserve 
water through reuse. In addition, farmers, as well as 
researchers, are using recharge wells to put playa lake 
water into the Ogallala Aquifer, although this practice is 
quite limited due to the relatively small quantities of playa 
water normally available and the fact that the water con­
tains high concentrations of silt, which in many cases plugs 
the formation. 

On -farm irrigation water use efficiency with in -place 
equipment and conventional irrigation practices is esti­
mated to be about 60 to 70 percent. Through recondition­
ing of existing equipment, use of soil moisture monitoring 
devices to determine irrigation water requirements, and 
timing of applications for optimum crop yield, this effi­
ciency of water use can be improved to about 7 5 to 80 
percent. Adoption of new irrigation farming practices, 
e.g., furrow diking (actually an old practice, recently rees­
tablished), or purchase of new, more efficient irrigation 
equipment, e.g., low-energy, precision -application 
(LEPA) systems, can dramatically reduce the amount of 
irrigation water needed to maintain current yield levels. 
The combined use of furrow dikes, small earthen dams 
perpendicular to the long axis of the furrows, and a LEPA 
irrigation system can, for example, reduce the quantity of 
irrigation water that must be obtained from the source 
(either wells or surface-water sources) by as much as 45 
percent per acre, in contrast with conventional furrow­
flooding practices. 

Expanded use of effluents and poor quality waters for 
irrigation could also reduce the demands on the available 
freshwater supplies in some areas. About 350 confined 
livestock feeding operations, 80 industrial dischargers, 
and 360 municipal wastewater discharges are authorized 
to dispose of wastewater as irrigation applications. 
Although not all of these permits are utilized, there are 
several notable examples of wastewater use at Lubbock 
and Midland, Texas. 

Irrigation Water Conservation Planning 

Projections show that present supplies of irrigation 
water are declining and, without major irrigation water 
conservation, by the year 2030 would support only 60 to 
65 percent of the acreage irrigated in 1980. With the full 
implementation of presently known irrigation water con-
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servation methods, present irrigation water supplies would 
be adequate to support approximately 90 percent of pres­
ent irrigated acreage through the year 2000. Inasmuch as 
at least 40 percent, orabout$1.7 billion, of the estimated 
annual value of crops produced on Texas farms and 
ranches in recent years is directly attributable to irrigation, 
that is, yields are increased due to irrigation, water conser­
vation to maintain irrigated acreage is extremely impor­
tant to consumers of food and fiber. 

The potential effects of water conservation upon 
future agricultural water demands have been factored into 
the projections presented in Part III. However, in order to 
realize these potentials it will be necessary for the public 
sector to expand water conservation research and exten­
sion programs, and for the private sector to make signifi­
cant investments in water conservation equipment. The 
Texas Department of Water Resources will promote agri­
cultural water conservation and will cooperate with the 
many public and private agencies, institutions, and estab­
lishments to accomplish these objectives. 

DESALTING 

The program to convert brackish and saline water 
resources to freshwater differs from other water develop­
ment programs in that it offers the promise of developing 
an entirely new source of freshwater to meet future 
demands in some areas. The need for additional freshwater 
supplies will lead an increasing number of municipal and 
industrial users to consider desalting brackish and saline 
water found in some inland areas, and seawater in coastal 
areas. Recent research and development activities in 
desalting processes, especially reverse osmosis and elec­
trodialysis, have reduced the cost of desalting brackish and 
saline water so that these processes are now being used 
commercially to provide municipal and industrial supplies 
of freshwater at about 650 locations in the United States 
and about 1,600 locations abroad. In Florida, there are 
about 75 municipal systems that rely on desalting, and in 
the oil-rich Middle Eastern countries, nearly all water sup­
plies are the result of desalting processes. In Texas seven 
public systems use desalting to obtain municipal water 
supplies, and 64 industries use desalting to produce high 
quality water for specialized purposes. Desalting processes 
and the potentials for desalting to meet some of Texas' 
future water needs are presented here. 

Desalting Processes 

Desalting is the process by which brackish and saline 
water is converted into freshwater by the removal of dis­
solved inorganic material. In some cases, desalting also 
removes suspended material, organic material, bacteria, 



and viruses. The predominant methods of desalting water 
in Texas are phase change processes such as distillation. 
and membrane processes such as electrodialysis and 
reverse osmosis. Freezing, another phase change process, 
is still being researched and developed. but is not being 
used commercially in Texas. Jon exchange, a chemical 
desalting process, is being used by industry, in addition to 
conventional water treatment to remove specific inorganic 
ions that may be detrimental to the water's use if not 
removed. Ion exchange is also the process used in most 
home water softeners. All desalting methods generate a 
product stream (freshwater) and a waste stream (brine las 
part of the process. The disposal of brine is costly and may 
re~mlt in environmental problems. 

Desalting Projects in Texas 

There are 71 desalting plants in Texas, excluding ion 
exchange systems, producing more than 17.1 million gal­
lons per day of water for public supply, industrial uses, and 
electrical power generating plant boiler feed water. Both 
membrane (electrodialysis an<f reverse osmosis) and phase 
change (distillation) processes are used (Table N-6 ). Of 
the 71 plants, 7 produce 824,000 gallons per day (gpd) for 
municipal use, 43 plants produce 13,279,000 gpd for 
industrial use, and 21 plants produce 3,041,000 gpd for 
power plant boiler feedwater. The plants are located 
throughout the State with the greatest concentrations 
occurring in the Houston-Texas City, Dallas-Fort Worth, 
and Lubbock areas. 

The sources of water for desalting plants in Texas 
include seawater, wastewater, inland brackish water, and 
water from municipal systems. 

Potential for Desalting in Texas 

Desalting, by either the reverse osmosis or electrodial­
ysis method, may prove to be the most economically feasi­
ble means that some municipal water systems have 
available to provide needed additional water or to bring 
them into compliance \vith the standards of the Safe Drink­
ing Water Act Amendments of 1977, or both. Among the 
possibilities is the desalting of brackish or saline ground 
water and surface water, and seawater. However, before 
desalting technology can be considered as a potential 
source of municipal and industrial water supplies for a 
specific city or industry, several conditions must be met. 
There must be a readily available supply of brackish or 
saline surface or ground water in sufficient quantity to meet 
the need; the desalting plant must be determined to be 
economically feasible when compared to available con­
ventional water supplies; a method of brine disposal must 
be available; and a source and supply of energy must be 
available. Preliminary information indicates that these 
conditions prevail in several areas of West Texas, the Pan­
handle, Western Central Texas, and the Gulf Coast, espe­
cially the Lower Rio Grande Valley (Figures N-5, IV-6, and 
N-7). 

Cost of Desalting 

Several factors influence the cost of desalted water, 
including the chemical quality of the raw water, energy 
costs, the size of the plant, and disposal of the waste brine. 
The costs shown in Table N-7 include design, engineer­
ing, and equipment costs necessary to complete an opera­
ble plant, operations and maintenance costs, ·and 
amortization of capital for 20 years at 11 percent interest. 
The costs do not include a well field or intake structure, 

Table IV-6. Desalting Plants in Texas as of June 30, 1980 with Individual Capacities of 
at Least 25,000 Gallons Per Dayt 

Number of Plants 

Capacity Membrane Phase Change 
Use (gal/day) Processes Processes 

Public Supply 824,000 7 0 

Industrial 13,279,000 37 6 

Power 3,041,000 16 5 

Total 17,144,000 60 11 

!Source of data: El Ram)y, N.A. and C. F. Con)!don, Desalting Plants, Inventory Report No.7, The NationaiWaterSuppl)' Improvement Association, June 
1980. 
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EXPLANATION 

_......- Basin boundary 

....,.. Existing reservoir 

~ Reservoir for flood control only 

Area where total dissolved solids 
range from 1,500-5,000 mg/1 

Z00-300' Depth to saline water in feet 

Based on data obtained from agency files and reports 

Figure IV-5. Known Areal Extent of Ground Water Containing 1,500-5,000 
Milligrams Per Liter Total Dissolved Solids in Texas 
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EXPLANATION 

Basin boundary 

Existing reservoir 

Reservoir for flood control only 

Area where total dissolved solids 
range from 5,000-20,000 mg/l 

Depth to saline water in feet 

Based on data obtained from agency files and reports 

Figure IV-6. Known Areal Extent of Ground Water Containing 5,000-20,000 
Milligrams Per Liter Total Dissolved Solids in Texas 
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EXPLANATION 

_,...-" Basin boundary 

....... Existing reservoir 

~ Reservoir for flood control only 

Area where total dissolved solids 
range from 20,000-35,000 mg/1 

200·:300' Depth to saline water in feet 

Based on data obtained from agency files and reports 

Figure IV-7. Known Areal Extent of Ground Water Containing 20,000-35,000 
Milligrams Per Liter Total Dissolved Solids in Texas 
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Table IV-7. Desalting Cost Estimates for a Plant Producing from 1.0 to 10.0 Million 
Gallons Per Day in Texas1 

Feedwater Possible 
Quality Feedwater Energy Total Annual 

Desalting 
Process2 

Range Recovery Cost3 Cost< 
(mg/1 TDS) (%) (JI/1000 gal) (JI/1000 gal) 

RO 1,500- 5,000 75 0.35-0.50 1.00-2.50 

RO 5,000-20,000 50-75 0.50-1.20 2.00-4.00 

RO 20,000-35,000 30-50 1.20-1.905 3.00-5.50 

RO 35,000-40,000 30 1.25-1.905 3.00-5.50 

VTE-VC 35,000-50,000 90 1.30-1.50 4.50-5.506 

1 Datn from Water Supply Improvement Association. 
2RQ = Reverse Osmosis, VTE-VC Vertical Tube Evnpomtioil-Vnpor Compression 
3RO usin,l! electricity 41> S0.05/luv-hr, VTE-VC u.<;in,l! natural ,l!ns (I' .SJ/million BTU. 
4Totnlannunl cost includes manufactured equipment, labor, housin,l!. electrical equipment and instrumentation, miscellaneous items needed to complete 
unit, yard pipin,l!, cn,l!inccrin.l! nnd other costs necessary to furnish a complete system ready to opcmtc, opcmtion and mnintcnnncc,and amortization of 
capital for 20 years at 11% interest. It docs not include well field or intake structure, transmission lines to the plant, cost of land, brine disposal and taxes. 

5Cost rnnge includes plants with and \\ithout cne~y recovery systems. 
6Dunl or multiple purpose plants would hnvc lower costs. 

transmission lines to the plant, costofland, brine disposal, 
or taxes. 

The Texas Department of Water Resources will con­
tinue its program of monitoring state-of-the-art desalting 
technologies and assessing the potential for utilization of 
these technologies in Texas as an alternative source of 
freshwater supply where appropriate. The Department also 
will continue work to identify the areal extent of brackish 
and saline ground water in Texas and to measure the 
quantity available at each location. 

Assessments will be made of surface-water sources 
that might be suitable for desalting operations. For surface 
water, which, unlike most ground water, is in variable 
motion and its dissolved solids are in transport, measure­
ments of total dissolved solids, weighted by flow volumes, 
must be made to determine the concentration at various 
reservoir sites. Preliminary measurements of this type indi­
cate that surface water in the upstream reaches of the 
Canadian, middle and upper Red and Brazos, upper Colo­
rado, Pecos, and upper Rio Grande Basins is too saline for 
municipal and some industrial purposes, but suitable for 
desalting to supplement water supplies in these areas. 
However, ·it is noted that chloride control projects are also 
being planned, which, if implemented, would avoid the 
necessity to desalt these water supplies. 
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In some areas of Texas, wastewater that is suitable for 
desalting may be available. Such water might be used for 
municipal or industrial purposes. However, additional 
research is needed to solve potential health problems from 
use of these supplies for municipal purposes. 

DROUGHT CONTINGENCY PLANNING 

On a broad scale, Texas relies on developed water 
supplies for sufficient quantities of water to meet the needs 
of people, industry, and a part of agriculture during 
drought conditions. A principal objective of local, state, 
and federal agency water supply planning is to provide a 
means whereby sufficient quantities of suitable quality 
water are available to meet the water needs of each area 
during both normal and drought conditions. However, 
even though planning and development of water supplies 
and delivery systems have been done, some areas do not 
have sufficient quantities of water nor adequate treatment 
and distribution facilities to meet the needs during moder­
ate and severe droughts. Even the best equipped systems 
could experience problems during severe drought periods, 
as has been demonstrated during the longest drought on 
record in the 1950's and more recently during the hot, dry 
summers of 1980 and 1984. During the 1950's, and in 
more recent years, water supplies could not meet existing 



needs, resulting in significant economic losses to agricul­
ture, industry, and people. In addition, safety and health 
were threatened, and large numbers of individuals suffered 
hardship, inconvenience, and increased costs for the min­
imum essential quantities of water. 

The purpose of water planning and water quality pro­
tection is to develop water supplies and facilities that will 
meet the needs and thereby avoid hardships and economic 
losses that result from water shortage. However, the unpre­
dictable, but inevitable, occurrence of drought warrants 
the development of drought contingency plans for those 
areas that do not have adequate water supply systems. 

Drought contingency planning in which there is coop­
erative local, state, and federal participation is a part of the 
necessary water planning for Texas. An important part of 
drought contingency planning is the prediction and the 
recognition of incipient drought conditions. Unfortu­
nately, no proven means of forecasting weather for more 
than a few days now exists. Thus, increased weather fore­
casting research is needed and will be encouraged and 
supported as funding becomes available. 

Drought monitoring will be continued in order to 
accurately discern the extent and intensity of drought con­
ditions and thereby enable officials to respond more readily 
and effectively to drought emergencies. Services will 
include responding to oral and written inquiries from the 
public and news media, documenting the drought and 
those mitigative measures taken in response to the 
drought, and maintaining contact with other agencies and 
organizations concerned with the drought. 

In addition to drought information, drought contin­
gency planning will include public information about 
water supply conditions, water conservation information, 
water rationing plans, wastewater reuse potentials, water 
recycling methods, alternative water supply sources, water 
supplies for fire protection, water hauling and arrange­
ments for water supplies during emergency conditions, 
and technical assistance to secure drought relief for 
farmers and ranchers. Such plans \viii have to be developed 
for specific local areas. State water planning will provide 
technical assistance to local water agencies for drought 
contingency planning as resources permit. 

WEATHER MODIFICATION 

The need for additional water supplies in the arid and 
semiarid parts of Texas is a basis for giving consideration to 
conduct weather modification research that is directed 
toward the development of technology to increase precipi­
tation in these water short areas. Experiments in weather 
modification have indicated that careful "seeding" of con-
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vective clouds with suitable materials such as silver iodide, 
dry ice, urea, or sodium chloride can perhaps result in 
increased precipitation. In recent years preliminary 
weather modification research and experimentation have 
been conducted in several areas of western Texas. During 
the later 1970's a local water supply district, an agency of 
the federal government, the Texas Department of Water 
Resources, researchers from two state supported universi­
ties, and private contractors conduCt~d exploratory 
weather modification research in the Big Spring, Texas 
area. This project, known as the High Plains Cooperative 
Program (HIPLEX), identified those cloud systems and 
atmospheric conditions amenable to precipitation 
response from the timely application of silver iodide, and 
gave researchers a better understanding of how rain clouds 
behave and interact with their surroundings. The principal 
conclusion of the research was that the potential exists for 
significant increases in rainfall when convective clouds are 
seeded in appropriate ways when specific atmospheric 
conditions exist. 

SECONDARY RECOVERY OF 
GROUND WATER 

Large areas of Texas are underlain by water-bearing 
formations which supply over 60 percent of the water 
presently used in the State. Formations such as the water 
table aquifers and some of the artesian aquifers of Texas are 
composed of three states of matter-solid, liquid, and gas. 
The solid materials include sand, silt, clay, and gravel. 
These materials range in size from very small to large and 
exist in many different shapes. The size, shape, and degree 
of sorting of the solid particles govern how the solid mate­
rial is packed together. The solid material does not com­
pletely fill a given volume; space exists between the 
particles. These spaces are called voids, and they may be 
filled with water or gases. To the degree that the voids are 
filled or saturated with fresh water, the formations are more 
or less useful as aquifers from which water supplies may be 
obtained (setting recharge rates aside for purposes of this 
discussion). Three general conditions of saturation are 
identified and described below. These three conditions 
are; (1) slight wetting of the solid material with a very thin 
layer of water a few molecules thick surrounding the parti­
cles of solid material, (2) wetting of the solid materials with 
additional water held among the particles of solid material, 
and ( 3) complete saturation with all the voids filled with 
water. The final condition of saturation is the most usual 
one from which useful water supplies are obtained using 
state-of-the-art water-well technology. However, satura­
tion condition Number Two listed above exists in some 
aquifers and is a condition which results as water is with­
drawn from fully or partially saturated zones. This is a 
potential source of water which is the subject of secondary 
recovery planning and research described below. 



For almost all formations, the solid material, such as a 
sand grain, is slightly wet-saturation condition Number 
One mentioned above. A very thin layer of water, a few 
molecules thick, surrounds the sand grain. This water is 
held to the sand grain by atomic forces, and about the only 
way to remove this layerofwateris to cook the sand grain in 
a very hot oven. Thus, this layer of water is not a part of the 
actual or the potential ground-water supply. 

When the formation is wetter than described above, 
additional water is held in voids among the soil particles. 
This is known as capillary water and is the subject of 
secondary recovery investigations and planning. Water 
would drain from even the narrowest voids due to gravity if 
it were not for the phenomenon of surface tension. Surface 
tension occurs in any water surface, but is so weak that it 
becomes important only when the surface area is quite 
small. Surface tension holds the water among the soil 
particles. If the voids are completely filled with water, the 
formation is saturated. In the larger voids, much of the 
water that is in storage will drain from the void due to 
gravity. This is the water that flows to a well and can be 
pumped to the surface. This water, technically referred to 
as gravity water, is normally referred to as ground water, 
and is the quantity of ground water presented elsewhere in 
this report. The top of this saturated portion is called the 
water table. 

Capillary water is that water in the formation that lies 
in the zone between the water table and the land surface 
that is held between soil particles by surface tension and 
other forces. This water is suspended in equilibrium and 
will not move downward under gravitational force alone. 
Assuming sufficiently large quantities of capillary water 
exist in the formation, the question of economic feasibility 
of recovery cannot be addressed until techniques are iden­
tified, tested, and proved feasible for recovering capillary 
water. Technical feasibility would be accomplished for a 
particular technique if it were possible to produce a signifi­
cant increase in the volume of water available for pumping 
from conventional wells. With technical feasibility demon­
strated, economic feasibility would result if the unit cost of 
making additional water available is less than or equal to 
the direct benefits from having an additional unit of water 
available for municipal, industrial, agricultural, and other 
uses. This method of water supply development would be 
chosen only if the unit cost is lower than for other available 
methods of water supply development. However, at the 
present time dependable secondary recovery methods are 
not available. 

Research sponsored by a local water conservation dis­
trict and the State in 1982 has identified five secondary 
recovery techniques having potential for recovering capil­
lary water: air drive, surfactant/foam, thermal, vibration, 
and electro-osmosis. The air drive technique involves 

introduction of compressed air into the formation through 
a series of injection wells in such a fashion that a broad 
front of air exerts a pressure on water trapped among soil 
particles and held there by capillary force. The front of air 
pressure exerts a force on the upper surface of trapped 
water, upsetting the equilibrium of forces holding capillary 
water in place and causing the capillary water to move 
downward. Depending on the pressure level of the injected 
air and the percentage saturation in the formation, the 
front of compressed air will move some of the capillary 
water downward into the saturated portion of the forma­
tion where it is recoverable through pumping from conven­
tional wells. 

Introduction of a surfactant is an enhancement and 
extension of the air injection technique. A surfactant is a 
chemical that reduces the surface tension of water. In 
effect, it makes the water wetter. An example of a surfac­
tantis household dishwashing liquid. In fact, one of the five 
surfactants tested was a common brand of dishwashing 
liquid. 

Thermal systems involve introduction of heat into 
regions of the capillary water zone. As the capillary water 
temperature increases the water viscosity decreases, sur­
face tension decreases, water expands, and the soil bed 
expands, thus reducing porosity. The first three effects 
cause less water to be retained within the soil, i.e., water 
will be released from suspension. Expansion of the soil bed 
will nsqueeze" some water out of retention; however, the 
water remaining will be held more tightly than before the 
temperature change. 

The vibration technique is quite complex. Simply 
stated, the process alters the compaction level of a volume 
of material thereby reducing its porosity and correspond­
ingly reducing its capacity to hold water. Initially, the soil 
particles of a body of material containing capillary water 
are aligned in such a fashion that there are void spaces of 
various sizes, having a wide range of water-holding capaci­
ties and forces. If vibrated vigorously, these soil particles 
realign-pack down, so to speak-in such a manner that 
the void spaces are reduced, singularly and collectively. 
With the voids made smaller the porosity of the material is 
reduced and correspondingly its ability to hold water in 
capillary suspension is reduced. 

In most general terms, the technique of electro­
osmosis involves the process whereby water is caused to 
move in a capillary system as a result of the application of 
an electrical potential. When an electric current flows 
between two electrodes in a saturated soil, the water in the 
soil migrates from the positive pole toward the negative 
pole. The technique has found commercial utilization in 
draining fine-grained soils prior to excavation, hardening 
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of clay, and soil modifications to ease and strengthen the 
placement of construction pilings. 

The identified techniques were studied by means of 
laboratory experiments and analytic calculations. From 
these preliminary analyses, it was determined that air drive 
and surfactant/foam were the most feasible techniques for 
ground-water application, and that an air drive system can 
release capillary water from storage. The other four identi­
fied techniques were judged to be too expensive to be 
economically feasible. 

A field test of the air drive technique for secondary 
recovery of capillary water was conducted in the High 
Plains (Ogallala) Aquifer near Idalou, Texas, during June 
1982. This site was selected in part because of a very dense 
confining layer of clay above the target injection zone. The 
clay layer hinders air flow, thereby preventing the com­
pressed air from "leaking" out of the ground. Over 10 
million cubic feet of air was injected during a 6-day period. 
Injection rates were as high as 2,300 cubic feet per minute 
with pressures as high as 160 pounds per square inch. 
Results showed that an area of over 140 acres was pressur­
ized. In one area, the soil-moisture content decreased, an 
expected result of increased recovery. Water levels in wells 
around the .injection site rose, and the area around the test 
site contained an estimated additional 225 acre-feet of 
water available to wells one month after the test. Nearly 
eight months after the injection of air was stopped, the 
affected zone had spread to an area greater than two miles 
square, as measured by the mound of water under the test 
site in relationship to adjacent static water levels. The 
volume of water contained in this mound is estimated at 
876 acre-feet. 

Although the preliminary secondary recovery. tests, 
using an air injection method, appear to be promising, 
additional research is needed in order to determine 
whether or not this method can be developed into a feasible 
water supply development method. Such tests and addi­
tional research will be conducted as resources become 
available, since many areas of Texas which now depend 
upon declining ground water could receive a significant 
short-range benefit from additional quantities of water 
supplied from present aquifers using established wells and 
conveyance facilities. 

Based on the drilling of test holes and analyses of core 
samples, it is estimated that the portion of the Ogallala 
Formation in the Texas High Plains lying above the 1980 
water table and below the root zone (approximately 10 feet 
below land surface) contains about 840 million acre-feet 
of capillary water. Additionally, the amount of water that 
may remain when the currently saturated portion of the 
formation is drained equals about 625 million acre-feet, 
for a total potential of 1.46 billion acre-feet of capillary 
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water. This is over three times the quantity of "gravity" 
water that is estimated to be available to conventional wells 
from the remaining saturated sections of the Ogallala For­
mation. However, not all of the area would be suitable for 
secondary recovery techniques due to technical limita­
tions, and not all of the capillary water can be recovered. 

Estimates of the quantity of capillary water in aquifers 
other than the Ogallala have not been made. Neither have 
tests of secondary recovery techniques been performed. 
Much research on this topic remains to be done, and it is 
emphasized that secondary recovery of ground water would 
be an advanced stage of ground-water mining as opposed 
to the development of a continuous, long-term, perpetual 
supply of fresh water. If secondary recovery becomes feasi­
ble, it can, however, be considered an interim measure for 
obtaining additional water supplies of a time duration that 
will vary with aquifer, technical, and economic conditions. 

WATER IMPORTATION 

Ground-water supplies in some parts of Texas are, to a 
large extent, limited to underground deposits of finite and 
exhaustible quantities. Even with maximum achievable 
water conservation, it is expected that more than 60 per­
cent of present deposits will be used within the forese.eable 
50-year planning period. Other areas of Texas depending 
upon perpetual surface-water supplies may outgrow the 
dependable quantities of these supplies in the foreseeable 
future. Thus, the Texas Department of Water Resources 
and other appropriate State and federal agencies will con­
tinue, expand, and refine interstate and, if warranted, 
international water development and water transfer plan­
ning and feasibility studies, including viable import and 
other alternatives, in cooperation with and giving adequate 
emphasis and consideration to the water problems and 
needs of those states that are located in the basins of origin 
of potential water supplies for importation. Since 1966, 
water importation studies of various levels of detail have 
been conducted including those done by Texas Depart­
ment of Water Resources staff, private sector consultants, 
and federal agencies. Future water importation planning 
studies will take into account and make use of information 
developed in previous importation studies, including the 
Six-State High Plains Ogallala Aquifer Regional Study 
completed in 1980 by the U.S. Department of Commerce, 
Economic Development Administration, the U.S. Army 
Corps of Engineers, and the High Plains Study Council 
whose membership includes Texas and five other states­
Colorado, Kansas, Nebraska, New Mexico, and 
Oklahoma-that depend upon the declining water supplies 
of the High Plains (Ogallala) Aquifer. 

Water importation studies and planning work will be 
directed toward: (1) estimation of the times that water will 



be needed and quantities of water that will be needed for 
each major water-short area of Texas, (2) identification of 
potential sources of water for import to Texas, and (3) 
engineering, environmental, economic, and financial 
analyses of alternative importation projects. Importation 
studies and planning will be based upon the principle that 
only quantities of flood water that will be surplus to the 
future needs of basins of origin of potential import water 
will be given consideration for importation to Texas. Exist­
ing compacts, water rights, contracts, and commitments 
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will be taken into account when estimating potential sur­
pluses. Decisions and agreements regarding quantities of 
surface water, as well as importation terms and conditions, 
can only be made after detailed and extensive studies and 
thorough discussions with representations of potential 
exporting areas. At the appropriate times, based on the 
results of importation study results, the necessary federal 
and state legislation will have to be enacted, if importation 
projects are to be implemented. 
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PARTV 

ESTIMATES OF COSTS AND FINANCING NEEDED FOR WATER QUALITY 
PROTECTION AND WATER SUPPLY PURPOSES IN TEXAS-1984-2030 

Estimates have been made of the costs of projects and 
the financing required to meet the projected needs of water 
quality protection and water supply as presented in Part III. 
The procedures, assumptions, and total cost estimates are 
presented for water quality protection, water wells and 
facilities, major raw water treatment facilities, major raw 
water conveyance facilities, resetvoir and chloride control 
projects, hardship cases, and research and planning. In 
addition, estimates are presented for the proportions of 
total funding that are expected to be supplied from federal 
sources, the proportions that can be supplied by local and 
regional governments, and the proportion of financial 
assistance that will be needed from the State. Local 
governments and the private sector will have to implement 
and operate the projects and facilities identified herein. 
Federal and State agencies can provide only technical 
assistance and a part of the financing. 

These cost estimates do not include estimates of costs 
for privately financed or owned water supply or wastewater 
treatment companies, or the capital costs incurred by a 
subdivision developer in providing water or sewer senrices 
to new residences. Also not included are cost estimates for 
some major water treatment and water conveyance sys­
tems for which planning is at this time incomplete. Facility 
capital costs for publicly owned local (as opposed to 
interregional) water distribution systems, some new 
wastewater collection lines, smaller water treatment 
plants, and similar facilities in cities or districts that do not 
qualify to participate in the Texas Water Development and 
Water Loan Assistance Funds under the "hardship case" 
criterion are not included, either. 

Federal funding for sewage systems is in the form of 
annual appropriations allocated to the State, which are 
then allocated to local governments to pay a part of the 
costs of constructing sewage systems. 

Local governments borrow funds for water quality 
protection and water supply purposes through the sale of 
general obligation bonds bacl<ed by their respective taxing 
authorities. Local and regional governments and water 
authorities also borrow funds for water quality and water 
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supply purposes through the sale of revenue bonds bacl<ed 
by the expected income from the sale of water and sewage 
treatment services. This type of financing depends upon 
the credit ratings of the respective governments and 
authorities, both with respect to the quantity of funds that 
can be borrowed and the interest rates that must be paid. 
The better the credit rating, the lower the interest rate. 

State financial assistance for water quality protection 
and water supply projects could be in the form of loans, 
loan insurance, loan guarantees, storage acquisition by the 
State of a part of large water supply projects, or a combina­
tion of these methods. Storage acquisition of a part of large 
projects by the State is needed in order to optimize devel­
opment of scarce project sites and thereby make additional 
water supply available to meet projected future needs. The 
source of funding for State financial assistance could be any 
one of several means, or a combination of two or more 
means, including a State Bond program, appropriations 
for direct loans, appropriations into a reserve fund which 
would be used to guarantee local bonds, constitutionally 
authorized use of a specified quantity of the State's full faith 
and credit to guarantee local bonds, or a dedicated tax. In 
the case of loan guarantees, leveraging could be used in a 
manner such that a limited quantity of State funds or credit 
would provide security for local bonds and thereby reduce 
the interest rates that local sponsors of projects would have 
to pay for bonded indebtness to finance such projects. 
However, State financial assistance, in addition to that 
presently authorized through the water development and 
water quality enhancement loan funds and the water assis­
tance fund, would require additional legislation. In the 
following discussion, estimates are presented of the quan­
tity of State financial assistance that will be needed, but the 
form of such assistance is not specified. 

WATER QUALITY PROTECTION 

Costs for publicly financed wastewater collection and 
treatment systems are based on the results of statewide 
assessments of facility needs through the year 2000, with 
projections of sewage system costs for the period 2001 



through 2030 based on projections of population growth 
(Table V-1). These assessments and plans developed 
therefrom have been made in accordance with State and 
federal legislation and funding for such purposes. Since 
1957, federal grants have been made to states for alloca­
tion to cities to defray a part of the costs of sewage treat­
ment. During the 1957 through 1972 period, Texas 
received about ll210 million for such purposes. Beginning 
in 1973, the federal construction grants program was 
expanded to increase plarining assistance to states and 
cities and to pay 75 percent of the costs of eligible parts of 
water quality protection systems. During the 1973-1983 
period, about $1.34 billion in construction grant funds 
was allocated to Texas. During this time period, water 
quality protection needs were estimated and plans have 
been developed to accomplish the goals set forth in 
national and State clean water legislation. However, in 
1981, federal clean water legislation was amended, and 
the funding formulas and authorized levels of federal 
appropriations for sewage system construction grants were 
changed. Under these amendments, authorization for fed­
eral appropriations are less per year than in the past, grants 
are reduced from 75 percent of eligible project costs to 55 
percent (by 1985), and the range of eligible components 
of projects has been reduced. All of these factors have been 
taken into account in making projections of future funding 
needs for water quality protection purposes. 

Federal grants are projected to be available through 
the 1988-1989 biennium, but are expected to cease by 
1990. As these federal grants are reduced and phased out, 
it is estimated that State financial assistance to local 
governments will need to be increased, if the goals of 
existing clean water legislation ·are to be met. It is esti­
mated that for the 1984-1989 period, State financial assis­
tance in an amount of about 30 percent of estimated total 
wastewater collection and treatment facility costs will be 
needed, with the share of State financial assistance 
increasing to 50 percent in 1990and beyond (Table V-1). 

Estimates of capital requirements for municipal 
wastewater collection and treatment facilities needed to 
meet wastewater discharge permit requirements are based 
on 1983 prices and then inflated at an inflation rate of 
eight percent per year to the planned time of construction 
(Table V-1 ). Total capital requirements are projected to 
increase from ,1!934 million for the 1984-1985 biennium 
to ,1!1.62 billion for the 1994-1995 biennium, and $3.72 
billion for the 2004-2005 biennium, in prices inflated at 
eight percent per year (Table V-1). "Hardship case" loan 
funding for political subdivisions that cannot obtain 
financing through commercial channels at reasonable 
rates of interest is projected to require an additional jl64 
million for water quality protection purposes during the 
1984-1985 biennium. The "hardship case" loan fund 
needs are projected to be ,1!856 million for the period 
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1984-1999 and ,1!704 million for the period from 2000 to 
2005. In the case of loans for water quality protection 
purposes, it is assumed that repayment would begin one 
year from the date construction is begun, and that the local 
sponsor would repay the loan in 30 years at eight percent 
interest. These cost estimates do not include estimates of 
costs for privately financed or owned wastewater treatment 
companies, or the costs incurred by a subdivision devel­
oper in providing sewer services to new residences. 

WATER WELLS FOR WATER SUPPLY 

Cost estimates for the future development of munici­
pal well fields were based on drilling and well completion 
costs for municipal wells in each region of Texas. The 
projection of the number of wells to be drilled in each 
aquifer for municipal supply was based on projected 
ground-water requirements for municipal uses in each 
respective area of the State and the capabilities of the 
respective aquifers of meeting local area water demands. 
(Over the long term, many of the State's aquifers cannot 
meet the total water demands of the areas in which they are 
located.) The total cost for well field development for each 
projected yearly requirement was then inflated at eight 
percent to the time of development (Table V-2). 

It is estimated that State financial assistance in an 
amount of 25 percentoftotal well field costs will be needed 
in future years (Table V-2). Estimated total well field costs 
during the 1980's is $449 million, of which $113 million 
of State financial assistance would be needed. !tis assumed 
that repayment of loans for such State assistance would 
begin one year after the date of the loan, and that repay­
ment would be done over a 30-year period at eight percent 
interest. 

MAJOR WATER CONVEYANCE AND RAW 
WATER SUPPLY TREATMENT FACILITIES 

FOR WATER SUPPLY 

Several major water conveyance facilities are needed 
in order to convey water from existing and planned reser­
voirs to points of use. Water treatment systems need to be 
built or expanded in conjunction with these conveyance 
systems. The estimated schedule for adding major water 
conveyance and treatment systems is based on projections 
of need for water from existing and new reservoirs and the 
planned schedules for development of new reservoir pro­
jects. The estimates of future conveyance and treatment 
facility requirements are shown for each State biennium, 
beginning in the year 1984 (Tables V-3 and V-4). Past 
2002, projects for which planning is complete are shown. 
There will, be additional conveyance and associated treat­
ment facilities needed during the period 2002 through 



< 
' "' 

Time of Construction2 

1984-1985 
1986-1987 
1988-1989 
1990-1991 
1992-1993 
1994-1995 
1996-1997 
1998-1999 
2000-2001 
2002-2003 
2004-2005 
2006-2007 
2008-2009 
2010-2011 
2012-2013 
2014-2015 
2016-2017 
2018-2019 
2020-2021 
2022-2023 
2024-2025 
2026-2027 
2028-2029 
2030-2031 

Table V-1. Estimates of Wastewater Collection and Treannent Facilities Costs 
for Publicly Owned Facilities,' with Estimates of Funding Sources 

(Costs Inflated at 8 Percent) 

Cost Estimates Source of Financing 

At Date of ConstructionJ Percent 

Jan. llord!ihip All Other Local 
1983 Cases Cases ToJal Federal Sponsor State Federal --

(MiUion Dollars) 

801 64 870 934 20 50 30 185 
645 68 810 878 21 50 29 185 
645 79 945 1,024 18 50 32 185 
645 93 1.101 1,194 0 50 50 0 
645 108 1,285 1,393 0 50 50 0 
645 126 1,498 1.624 0 50 50 0 
645 147 1,747 1,894 0 50 50 0 
645 171 2,039 2.210 0 50 50 0 
665 200 2,456 2,656 0 50 50 0 
685 233 2.960 3,193 0 50 50 0 
685 271 3,453 3,724 0 50 50 0 
685 317 4,027 4,344 0 50 50 0 
685 370 4,697 5.067 0 50 50 0 
815 431 6,600 7,031 0 50 50 0 
815 503 7,698 8,201 0 50 50 0 
815 586 8,980 9,566 0 50 50 0 
815 684 10,473 11,157 0 50 50 0 
815 798 12,216 13.014 0 50 50 0 
979 931 17,303 18,234 0 50 50 0 
979 1,086 20,182 21,268 0 50 50 0 
979 1,267 23,540 24,807 0 50 50 0 
979 1,478 27,457 28.935 0 50 50 0 
979 1,724 32,026 33,750 0 50 50 0 
979 2,011 37,355 39,366 0 50 50 0 

Totals 

Local 
Sponsor 

467 
439 
512 
597 
696 
812 
947 

1,105 
1,328 
1,596 
1,862 
2,172 
2,533 
3,515 
4,100 
4,783 
5,578 
6,507 
9,117 

10,634 
12,403 
14,467 
16,875 
19,683 

lA public entity in this uscag,c of the term is a political subdivision of the State (an entity created by a unique lcJ!islativeaction or created undercxistin)!statutc).Includcdarc cities, 
municipal utility districts (MUD), and other types of special districts, for example, river authorities and water districts and water districts. In order that these latter, special purpose 
utility districts be included in this table, their charter must expressly permit them to collect, treat, and dispose of wastewater, Estimates oithc future capital costs of the wastewater 
treatment facility needs of primtc systems that perform wastewater collection, treatment, and disposal functions similar to those of a public system arc not included in this 
tabulation. A privately financed residential, commercial development that owns and operates its own wastewater system, even though it holds a permit from the State allm\inJ! it to 
do so, would be an example of a private system. The cost of facilities required to satisfy the needs of privately owned facilities over the period 1985-2000 is estimated to be about 
S3.8 billion, is inflated dollars. or abour $237 million per year. 

2Estimatcd State biennium in which construction should start in order to meet projected wastewater treatment requirements. 
3Most recent costs (1983) inflated at B percent per year, to date construction is to be started. 

State 

282 
254 
327 
597 
697 
812 
947 

1,105 
1,329 
1,597 
1,862 
2,172 
2,534 
3,516 
4,101 
4,783 
5.579 
6,507 
9,117 

10,634 
12,404 
14,468 
16,875 
19,683 



Table V-2. Estimates of Well Field Development Costs, 
with Estimates of Funding Sources (cost inflated at 8 percent) 

Project Cost 
Estimates Source of Financing 

At Date Percent Totals 

Time of of Local Local 
Construction 1 Jan. 1983 Cons~ 2 Federal Sponsor State Federal Sponsor State 

-(Million DoUars )- -(Million DoUars)-

1984-1985 110 128 0 75 25 0 96 32 
1986-1987 110 150 0 75 25 0 112 38 
1988-1989 108 171 0 75 25 0 128 43 
1990-1991 106 196 0 75 25 0 147 49 
1992-1993 105 227 0 75 25 0 170 57 
1994-1995 103 259 0 75 25 0 194 65 
1996-1997 101 297 0 75 25 0 112 38 
1998-1999 101 346 0 75 25 0 259 87 
2000-2001 101 404 0 75 25 0 303 101 
2002-2003 102 475 0 75 25 0 356 119 
2004-2005 104 565 0 75 25 0 424 141 
2006-2007 106 672 0 75 25 0 504 168 
2008-2009 108 799 0 75 25 0 599 200 
2010-2011 113 975 0 75 25 0 731 244 
2012-2013 113 1,137 0 75 25 0 853 284 
2014-2015 116 1,362 0 75 25 0 1,021 341 
2016-2017 118 1,615 0 75 25 0 1,211 404 
2018-2019 118 1,884 0 75 25 0 1,413 471 
2020-2021 123 2,291 0 75 25 0 1,781 573 
2022-2023 123 2,672 0 75 25 0 2,004 668 
2024-2025 125 3,167 0 75 25 0 2,375 792 
2026-2027 129 3,813 0 75 25 0 2,860 953 
2028-2029 129 4,447 0 75 25 0 3,335 1,112 
2030,2031 129 5,187 0 75 25 0 3,890 1,297 

I Estimated State biennium in which construction on the project should start in order to meet projected water supply requirements. 
2Most recent cost estimates at 8.0 per year to date construction is to be started. 

2030, but they are not shown since planning is incomplete 
at this time. Costs of projects needed to satisfy these 
requirements were estimated in 1983 prices and then 
inflated at eight percent per year in order to show the cost 
estimates at the time in which the systems would be con­
structed. Thus, for a major canal that would be built during 
the period 2002 to 2003, the costs were inflated at eight 
percent per year from 1983 to January 1, 2003. The 
sources of data for making cost estimates include federal 
agencies, consultants to municipalities and water authori­
ties, and cost data from water development permit applica­
tions. The proportion of financing that can be handled by 
local and regional authorities was estimated by each 
respective local sponsor, The percentages vary among the 
projects because of differences in project sizes, and the 
rates at which demands for water would increase to full 
capacity of the facilities, thus affecting the abilities of local 
authorities to issue revenue bonds. In the case of water 
treatment plants, a high percentage of the financing is 
estimated to be manageable through local bonding 
sources, since such projects can be staged to meet growing 
needs and thus would have revenue sources which more 
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closely coincide with project costs. More State financial 
assistance would be needed for major water conveyance 
facilities, since such facilities would have to be sized to 
meet longer-term future needs, for which near-term 
revenues would not be readily available. 

Estimated capital costs for major water conveyance 
and water treatment facilities during the 1980's is )!2.51 
billion, for which an estimated )!397 million of State finan­
cial assistance is needed (Tables V-3 and V-4). These costs 
are inflated at an annual rate of eight percent per annum 
for the period of time between 1983, the base year for cost, 
and the year construction begins. Estimated total capital 
requirements for these facilities during the 1990's is $1.46 
billion of which State financial assistance of $594 million is 
estimated to be needed. It is assumed that State financial 
assistance for conveyance facilities and water treatment 
plants, in the form ofloans, would be repaid in 30 years at 
eight percent interest, with the first payment due five years 
following the date of the loan. Local treatment facilities 
and in-city distribution system costs that are not associated 
with major regional systems are not included. Also, some 



Table V-3. Estimated Dates of Construction and Capital Costs 
of Major Raw Water Treatment Facilities, witb Estimates of Funding Sources 

(Costs Inflated At 8 Percent)* 

Source of Financing 

Project Cost Estimates Percent Totals3 

Time of Construction/ Name of January At Date of Local Local 
Name of Project• Local Sponsor 1983 Construction2 Federal Sponsor State Federal Sponsor Stote - ---

(Million Dollars) (Million Dollars) 

1984-1985 

I. Richland Creek Tarrant Co. WCID No, 1 31 36 0 100 0 0 36 0 
2. Northeast Plant Houston 82 96 0 100 0 0 96 0 
3. East Plant Houston 113 132 0 100 0 0 132 0 
4. Sherman Greater Texoma MUD Planning Incomplete 

-- ---

Total 226 264 0 264 0 

1986-1987 

c: 
"' 1. Gatesville Gatesville 10 14 0 50 50 0 7 7 

2. Stacy-Midland Colorado River MWD 26 35 0 50 50 0 18 18 
3. Tawakoni-Ray Hubbard D:11las 31 42 0 100 0 0 42 0 
4. Lower Valley Southmost Reg. Water Auth. 50 68 0 100 0 0 68 0 
5. Joe Pool Regional Trinity River Auth. 11 15 0 50 50 0 8 8 
6. Applewhite San Antonio City Water Bd. 18 24 0 50 50 0 12 12 
7. Austin Austin 187 254 0 100 0 0 254 0 
8. Lake Georgetown BIVVRound Rock 120 163 0 50 50 0 82 82 

---

Total 453 615 0 491 127 

1988-1989 

I. Bryan Bryan College Station/BRA Planning Incomplete 
2. Southeast Plant Houston 147 233 0 100 0 0 233 0 
3. Brazoria Cities Brazos River Auth. Planning Incomplete 
4. Austin Austin 62 98 0 100 0 0 98 0 

---

Total 209 331 0 331 0 

"See footnotes at end of tnblc. 



Time of Construction/ 
Name of Projcctl 

1990-1991 

1. Double Mountain 
2. Prairie Creek 
3. Cooper-Lavon I 

Total 

1992-1993 

< 1. Wheeler 
' 2. Paluxy "" 3. Palo Duro 

4. Lake Fork-Da1las 

Total 

1994-1995 

1. Applewhite No. 2 

•sec footnotes at end of table. 

Table V-3. Estimated Dates of Construction and Capital Costs 
of Major Raw Water Treatment Facilities, with Estimates of Funding Sources-Continued 

(Costs Inflated At 8 Percent)* 

Source of Financing 

Project Cost Estimates Percent 

Name of January At Date of Local 
Local Sponsor 1983 ConstructionZ Federal Sponsor State Federal 

(:Million Dollars) 

Lubbock 31 57 0 50 50 0 
Longview Planning Incomplete 
North Texas MWD/Irving 30 56 38 62 0 21 

61 113 21 

Wheeler 4 9 0 so 50 0 
Stephenville/Neighbors 18 39 0 100 0 0 
Palo Duro River Authority 13 28 0 100 0 0 
Dallas 31 67 0 100 0 0 

66 143 0 

San Antonio City Water Bd. Planning Incomplete 

TotaJs3 

Local 
Sponsor State ---

(1\fillion Dollars) 

29 29 

34 0 

63 29 

5 5 
39 0 
28 0 
67 0 

---

139 5 



~ _, 

Time of Construction/ 
Name of Project I 

1996-1997 

1. Planning Incomplete 

1998-1999 

1. Denton 
2. East Wichita Falls 

Total 

2000-2001 

1. San Marcos 
2. Cooper-Lavon II 

Total 

2002-2003 

Planning Incomplete 

Total 

2004-2005 

Planning Incomplete 

~sec footnotes at end of table. 

Table V-3. Estimated Dates of Construction and Capiial Costs 
of Major Raw Water Trealment Facilities, witb Estimates of Funding Sources-Continued 

(Costs Inflated At 8 Percent)* 

Source of Financing 

Name of 
Local Sponsor 

Denton 
Wichita Falls 

San Marcos 
North Texas MWD/Irving 

Project Cost Estimates 

Janwtry 
1983 

At Date of 
Construction2 

(Million Dollars) 

8 
57 

65 

32 
228 

260 

Federal 

0 
0 

Percent 

Local 
Sponsor 

Planning Incomplete 
Planning Incomplete 

50 
40 

State 

50 
60 

Federal 

0 
0 

0 

TotalsJ 

Local 
Sponsor 

(Million Dollars) 

16 
91 

107 

State 

16 
137 

153 



Table V-3. Estimated Dates of Construction and Capital Costs 
of Major Raw Water Treatment Facilities, with Estimates of Funding Sources-Continued 

(Costs Inflated At 8 Percent) 

Source of Financing 

< 

Time of Construction/ 
Name of Project• 

2006-2009 

Planning Incomplete 

2010-2019 

1. Tehuacana-Rolling Hi1ls 

2020-2030 

Name of 
Local Sponsor 

Tarrant County WCID No. 1 

Project Cost Estimates 

January 
1983 

At Date of 
Construction:Z 

(Million Dollars) 

52 610 

Federal 

0 

Percent 

Local 
Sponsor 

100 

State 

0 

cb Planning Incomplete 

t Estimated State biennium in which construction should start in order to meet projected need for water supply. Althou~h construction mar span more than one State biennium, 
total project costs are shown for the biennium in which it is estimated construction would be initiated. 

2AJJ costs arc inflated from 1983 to January 1 of second year of the biennium. 
JThe totals have been rounded to the nearest million dollars. 

Federal 

0 

TotaJs3 

Local 
Sponsor 

(Million Dollars) 

610 

State 

0 



Table V-4. Estimated Dates of Construction and Capital Costs 
of Major Water Conveyance Facilities, with Estimates of Funding Sources 

(Costs Inflated At 8 Percent)* 

Source of Financing 

Project Cost Estim•tes Percent Totals3 

Time of Construction/ Name of January At Date of Local Local 
Name of Project1 Local Sponsor 1983 Constntctionl Federal Sponsor State Federal Sponsor State ---

(Million Dollars) (Million Dollars) 

1984-1985 

1. Texoma Diversion North Texas MWD/Greater 24 28 0 100 0 0 28 0 
Texoma MUD 

2. Luce Bayou Diversion Houston 76 89 0 100 0 0 89 0 
3. Richland Creek Tarrant Co. WCID No. 1 143 167 0 100 0 0 167 0 
4. Gatesville Gatesville 2 2 0 50 50 0 1 1 

--

Total 245 286 0 285 1 

1986-1987 c: 
"' 1. Tawakoni-Ray Hubbard Dallas 51 69 0 100 0 0 69 0 

2. Applewhite-San Antonio San Antonio 82 112 0 50 50 0 56 56 
3. Stacy-Midland Colorado River MWD 151 205 0 50 50 0 103 103 
4. Joe Pool Regional Trinity River Auth. 4 5 0 50 50 0 3 3 
5. Houston System Houston 302 411 0 100 0 0 411 0 
6. Canyon-San Antonio Sa~ Antonio 84 114 0 50 50 0 57 57 

Total 674 916 0 699 219 

1988-1989 

1. Justiceburg-Post Lubbock 19 30 0 50 50 0 15 15 
2. Mi1lican-Bryan Brazos River Auth. Planning Incomplete 
3. Post-Double MTN. Lubbock 15 24 0 50 50 0 12 12 
4. Double MTN .-Lubbock Lubbock 29 46 0 50 50 0 23 23 

---

Total 63 100 0 50 50 

~sec footnotes at end of table. 



Table V-4. Estimated Dates of Construction and Capital Costs 
of Major Water Conveyance Facilities, with Estimates of Funding Sources-Continued 

(Costs Inflated At 8 Percent)* 

Source of Financing 

Project Cost Estimates Percent Total!t3 

Time of Construction/ Name of January At Date of Local Local 
Name of Projcct1 Local Sponsor 1983 Construction2 Federal Sponsor State Federal Sponsor State ---

(Million Dollars) (Million Dollars) 

1990-1991 

1. Paluxy Stcphenville/N eighbors 16 30 0 100 0 0 30 0 
2. Whitney-Cleburne BRA/Cleburne Planning Incomplete 
3. Lake Fork-Dallas Dallas Planning Incomplete 
4. Cooper-Lavon I North Texas MWD/Jrving 61 113 0 38 62 0 43 70 

---

Total 77 143 0 73 70 

1992-1993 

< 1. Palo Duro Palo Duro River Auth. 38 82 0 100 0 0 82 0 
' 2. Big Sandy-Marshall Sabine River Auth . Plannin~ Incomplete .... 

0 3. Lindenau-Applewhitc San Antonio 390 842 0 50 50 0 421 421 
4. Sweetwater-Wheeler Co. Red River Auth. 7 14 0 50 50 0 7 7 

---

Total 435 938 0 510 428 

1994-1995 

1. Lindcnau Diversion Guadalupe Blanco River Auth. 26 65 0 50 50 0 33 33 
2. Stillhouse Hollow-Lake BRA/Georgetown 23 58 0 50 50 0 29 29 

Georgetown 
J. Southfork-Round Rock BRA/Round Rock Planning Incomplete 

---

Total 49 123 0 62 62 

1996-1997 

Planning Incomplete 

'~'See footnotes at end of t.1ble. 



Table V-4- Estimated Dates of Construction and Capital Costs 
of Major Water Conveyance Facilities, \lith Estimates of Fonding Sources-Continued 

(Costs Inflated At 8 Percent)* 

Source of Financing 

Project Cost F.Htimatcs Percent Totals3 

Time of Construction/ Name of January At Date of Weal Local 
Name of Projcctl Local Sponsor 1983 Construction2 Federal Sponsor State Federal Sponsor State ---

(.Million Dollars) (Million Dollars) 

1998-1999 

1. Ringgold-Wichita Falls Red River Auth. Plannin~ Incomplete 

2000-2001 

1. Clopton Crossing-San GBIWSan Ant. City Water Bd. 12 48 0 50 50 0 24 24 
l\.·1arcos 

c: 2002-2003 

'"' '"' 1. Cooper-Lavon II North Texas !\IWD/Irving 102 475 0 50 50 0 238 238 

2004-2005 

Planning Incomplete 

2006-2009 

1. Rockland-Livingston Lower Neches V A/Houston 378 2,589 0 50 50 0 1,294 1,294 
2. Parkhouse-Coopcr North Texas l\HVD 15 103 0 50 50 0 51 51 

---

Total 393 2,692 0 1,345 1,345 

0 Sce footnotes at end of table. 
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Table V -4. Estimated Dates of Construction and Capital Costs 
of Major Water Conveyance Facilities, wilb Estimates of Funding Sources-Continued 

(Costs Inflated At 8 Percent) 

Source of Financing 

Time of Construction/ 
Name of Projccti 

2010-2019 

1. Tehuacana-Rolling Hills 
2. Cibolo-Applewhite 

Total 

2020-2030 

Planning Incomplete 

Name of 
Local Sponsor 

Tarrant Co. WCID No. 1 
San Antonio 

Project Cost Estimates 

January At Date of 
1983 Construction2 

183 
102 

285 

(Million Dollars) 

2,148 
1,197 

3,34S 

Percent 

Local 
Federal Sponsor State 

0 100 0 
0 so so 

1 Estimated State biennium in which construction should start in order to meet projected need for water supply. AJthough construction may span more than one State biennium, 
total project costs arc shown for the biennium in which it is estimated construction would be initiated. 

ZA]] costs arc inflated from 1983 to January 1 of second year of the biennium. 
JThe totals h:l\'e been rounded to the nearest million dollars. 

Federal 

0 
0 
--

0 

Totals3 

local 
Sponsor State ---

(Million Dollars) 

2,148 0 
599 599 

2,747 S99 



of the major water treatment and conveyance systems costs 
are not included because planning is incomplete at this 
time. 

Reservoirs and Chloride Control Projects 

As Texas' population continues to increase, and as the 
economy grows, new reservoir projects will be needed to 
meet increasing future water demands and to replace 
declining ground-water supplies in some areas. In addi­
tion, it will be necessary to construct several chloride con­
trol projects in the upstream reaches of the Red and Brazos 
Basins to keep naturally occurring salty surface water from 
continuing to contaminate the badly needed surface-water 
supplies of these basins. After considering the following 
factors, estimates were made of the capital costs of future 
reservoir and chloride control projects. First, reservoirs 
were scheduled according to their estimated time of need, 
by State biennium, to the year 2005. For the period 2006 
to 2030, project planning is either incomplete or, where 
complete, known projects are grouped into 10-year inter­
vals. Then, cost data and cost estimates were obtained 
from all available sources including the U.S. Army Corps of 
Engineers, the Bureau of Reclamation, project reports 
prepared by consultants, and data on file with the Depart­
ment. The most recent engineering cost estimate (in 1983 
dollars) of each project was inflated at an annual rate of 
eight percent to the time the reservoir is planned to be 
constructed. Thus, if a reservoir or chloride control project 
is planned for construction during the period 2002 
through 2003, the most recent engineering costs are 
inflated at eight percent per year to January 1, 2003 (Table 
V-5). Finally, estimates were made of the proportion of 
project costs that can be met from federal, local, and State 
sources. Estimates of federal funding were made using data 
from the project-authorizing legislation and indications of 
recent trends in federal water project funding. Estimates of 
the proportion of project costs that can be met using local 
bonding were made by local project sponsors, and are 
based on the local sponsors' respective estimates of capa­
bility to finance the respective projects through the sale of 
revenue and general obligation bonds. The remainder is 
estimated to be the quantity of State financial assistance 
needed for storage acquisition, loans, and loan guarantees 
to accomplish optimum development of each site in time to 
meet the projected need for water. 

It is estimated that, at eight percent inflation, total 
capital costs of reservoir and chloride control projects in 
the State of Texas will be ll1.19 billion for the period 19S4 
through 1989, ll4.65 billion for the decade of the 1990's, 
and ll7 .6 billion for the period from 2000 to 2005 (Table 
V-5). The estimated State financial assistance needed for 
these projects is $291 million in the decade of the 80's, 
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$825 million in the decade of the 90's, and$3.32 billion in 
the first six years of the 21st century. 

In the case of State loans for construction of reservoir 
and chloride control projects, it is assumed that interest 
would accrue at eight percent per year, beginning with the 
date of the loan, that the first payment would be due 15 
years after the date of the loan, and that repayment would 
be made in full during the following 40 year period. It is 
further assumed that the interest rate would be eight per­
cent for the entire life of such loans. In the case of storage 
acquired by the State, interest on the acquisition cost 
would be accrued at eight percent per annum during the 
time such storage was held by the State; the storage would 
then be sold to eligible purchasers at cost plus interest and 
financed for periods of time up to 40 years at an eight 
percent interest rate. 

An exception to the above procedure for State finan­
cial participation in construction of reservoir and chloride 
control projects occurs in the Brazos River Basin. This 
exception applies only to Millican Reservoir and the three 
chloride control reservoirs (Kiowa Peal{, Dove Creek and 
Croton Creek) in the upper part ofthe Brazos River Basin. 
For these four projects, the Brazos River Authority is identi­
fied as the source of financing (Table V-5). (Capital costs 
for the three chloride control projects have been combined 
and distributed evenly over the four bienniums of 1992-
1993, 1996-1997, 2000-2001 and 2004-2005). It is 
proposed that the Authority issue revenue bonds to pay the 
capital costs of the projects. However, the Authority would 
borrow an amount of funds from the State which would be 
sufficient to cover the debt service on these local obliga­
tions for the first 10 years of their respective lives. In the 
case of Millican, for example, which is scheduled for con­
struction during the 1994-1995 biennium at a cost of 
$1.236 billion at time of construction (assuming eight 
percent inflation), the Brazos River Authority would bor­
row from the State, in annual increments, an amount of 
money equal to the debt service on the Authority's debt 
obligation of $1.236 billion. Interest on these funds bor­
rowed from the State would accrue at eight percent per 
annum, compound, until repaid. The repayment period 
would begin in the 11th year of the original Brazos River 
Authority's obligation and extend for 20 years. Applied to 
the four projects specified, these debt service loans from 
the State to the Brazos River Authority will add a total of 
$1.16 billion to the estimated required State financial 
assistance for a total State financial requirement through 
2005 of ll18.0 billion. The earliest State funds will be 
required for any of these four Brazos River Authority pro­
jects will be in 1996 when interest payment for Millican 
Reservoir begins. The estimated additional State financial 
assistance required for debt service for the Brazos River 
Authority in the decade of the 90's is $448 million, $710 



Table V-5. Estimated Dates of Construction and Capital Costs 
of Reservoir and Chloride Control Projects, with Estimates of Funding Sources 

(Costs Inflated At 8 Percent)* 

Source of Financing 

Project Cost Estimates Percent Totals4 

Time of Construction/ Name of January At Date of Local Local 
Name of Projeetl Local Sponsor 1983 Construction2 Federal Sponsor Stntc Federal Sponsor State ---

(Million Dollars) (Million Dollars) 

1984-1985 

1. Cooper North Texas MWD/Irving 138 161 62 26 12 100 42 19 
2. Stacy Colorado River MWD 74 86 0 50 50 0 43 43 
3. Upper Guadalupe Upper Guadalupe River Auth. 10 12 0 100 0 0 12 0 
4. Retamal(Rio Grande Southmost Reg. WA 3 3 0 40 60 0 I 2 

Chan. Dam) 
5. Wallisville Houston 65 76 0 100 0 0 76 0 
6. Applewhite San Antonio/City Water Bd. 77 90 0 100 0 0 90 0 

--

Total 367 428 100 264 64 

< 
' .... ... 1986-1987 

1. Rio Grande Chan. Dam A Southmost Reg. Water Auth. 19 26 60 0 40 16 0 10 
2. Palo Duro Palo Duro River Auth. 42 57 0 50 50 0 29 29 
J. Eastex Angelina/Neches Auth. 67 91 0 60 40 0 55 36 
4. Justiceburg Brazos River Auth./Lubbock 36 49 0 100 0 0 49 0 
5. Neches Salt Barrier Lower Neches VaHey Auth. 48 65 0 100 0 0 65 0 
6. Paluxy Stephenville/Neighbors 47 64 0 100 0 0 64 0 

---

Total 259 352 16 262 75 

0 See footnotes at end of table. 



Table V-5. Estimated Dates of Construction and Capital Costs 
of Reservoir and Chloride Control Projects, with Estimates of Funding Sources-Continued 

{Costs Inflated At 8 Percent)* 

Source of Financing 

Project Cost Estimates Percent Totals4 

Time of Construction/ Name of January At Date of Local Local 
Name of Project• Local Sponsor 1983 Construction2 Federal Sponsor State Federal Sponsor State - ---

(l\fillion Dollars) (Million Dollars) 

1988-1989 

1. Big Pine Red River Auth./Clarksvillc 61 97 0 40 60 0 39 58 
2. Big Sandy Sabine River Auth. 115 182 0 60 40 0 109 73 
J. Post White River Auth. 21 33 0 100 0 0 33 0 
4. Sweetwater Creek Red River Auth./Wheclcr Co. 27 43 0 50 50 0 21 21 
5. Bosque Brazos River Auth. 33 52 0 100 0 0 52 0 

---

Total 257 407 0 254 152 

< 1990-1991 
' f-' 

"' 1. Red Basin Chloride Red River Auth. 38 70 100 0 0 70 0 0 
Control 

2. South Fork Brazos River Auth. 52 96 0 100 0 0 96 0 
3. Lindcnau Guadalupe Blanco River Auth. 235 435 0 50 50 0 218 218 
4. South Bend Bmzos River Auth. 180 333 0 100 0 0 333 0 
5. Caldwell Brazos River Auth. 87 161 0 100 0 0 161 0 

---

Total 592 1,095 70 808 218 

1992-1993 

1. Brazos Basin Chloride Brazos River Auth. 47 101 25 75 0 25 76 0 
ControP 

0 Scc footnotes at end of table. 



Table V-5. Estimated Dates of Construction and Capital Costs 
of Reservoir and Chloride Control Projects, with Estimates of Funding Sources-Continued 

(Costs Inflated At S Percent)* 

Source of Financing 

Project Cost Estimates Percent Totals4 

Time of Construction/ Nwne of January At Date of Local Local 
Name of Project• Local Sponsor 1983 Construction2 Federal Sponsor State Federal Sponsor State ---

(l\lillion Dollars) (l\lillion Dollano) 

1994-1995 

I. Ringgold Wichita Falls/Red River Auth. 76 191 0 40 60 0 77 115 
2, Red Basin Chloride Red River Auth. 38 96 100 0 0 96 0 0 

Control 
3. Prairie Creek Longview 25 63 0 50 50 0 31 31 
4. Clopton Crossing GBRA/SanAnt. City Water Bd. 181 456 0 50 50 0 228 228 
5. Millican3 Brazos River Auth. 491 1,236 0 100 0 0 1,236 0 

--

Total 811 2,042 96 1,572 374 

< 
' 1996-1997 f-' 

"' 
1. Colorado Coastal Plains Lower Colorado River Auth. 216 634 0 100 0 0 634 0 
2. Cleveland San Jacinto River Auth. 70 206 0 67 . 33 0 138 68 
3. Brazos Basin Chloride Brazos River Auth. 47 138 25 75 0 35 104 0 

ControiJ 
4. Bedias Trinity River Auth. 59 173 0 so so 0 87 87 ---

Total 392 1,151 35 963 155 

1998-1999 

1. Red Basin Chloride Red River Auth. 38 130 100 0 0 130 0 0 
Control 

2. Liberty Hill Red River Auth. 38 130 0 40 60 0 52 78 ---

Total 76 260 130 52 78 

•Sec footnotes at end of table. 



Table V-5. Estimated Dates of Construction and Capital Costs 
of Reservoir and Chloride Control Projects, with Estimates of Funding Sources-Continued 

(Costs Inflated At 8 Percent)* 

Source of Financing 

Project Cost Estim•tcs Percent Totals4 

Time of Construction/ Name of January At Date of Local Local 
Name of Project1 Local Sponsor 1983 Constructionl Federal Sponsor Sottc Federal Sponsor State 

(Million Dollars) (Million Dollars) 

2000-2001 

1. Lake Creek San Jac. River. Auth./Houston 117 468 0 67 33 0 313 154 
2. Brazos Basin Chloride Brazos River Auth. 47 188 25 75 0 47 141 0 

Control3 ---

Total 164 656 47 454 154 

2002-2003 

c: 1. Lockhard Guadalupe Blanco River Auth. 41 191 0 50 50 0 96 96 ... 2. Little Cypress Marshall and Other 329 1,533 0 50 50 0 767 767 _, 
3. Red Basin Chloride Red River Auth. 38 177 100 0 0 177 0 0 

Control --

Total 408 1,901 177 863 863 

2004-2005 

1. Rockland Lower Neches VA/Houston 702 3,816 0 50 50 0 1,908 1,908 
2. George Parkhouse I 120 652 0 40 60 0 261 391 
3. Tehuacana Tarrant Co. WCID No. 1 50 272 0 100 0 0 272 0 
4. Brazos Basin Chloride Brazos River Auth. 47 256 25 75 0 64 192 0 

ControiJ ---

Total 919 4,996 64 2,633 2,299 

"'See footnotes at end of table. 
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Table V-5. Estimated Dates of Construction and Capital Costs 
of Reservoir and Chloride Control Projects, with Estimates of Funding Sources-Continued 

(Costs Inflated At 8 Percent) 

Source of l<'inancing 

Project Cost Estimates Percent 

Time of Construction/ Name of January At Date of Local 
Name of Project• Local Sponsor 1983 Construction2 Federal Sponsor Stare -

(Million Dollars) 

2006-2009 

Planning Incomplete 

2010-2019 

I. Weches Upper Neches River MWA 325 3,815 0 40 60 
2. Cuero GBRA/SanAnt. City Water Bd. 296 3,474 0 so 50 
3. Cibolo SRA/San Ant. City Water Bd. 129 1,514 0 50 50 
4. Breckenridge Brazos River Auth. 73 857 0 100 0 
5. Goliad San Antonio River Auth. 192 2,254 0 50 50 
6. George Parkhouse II 36 422 0 40 60 

Total 1,051 12,336 

2020-2030 

1. Bon Weir Sabine River Auth. 120 3,041 0 100 0 
2. Carl Estes Sabine River Auth. 300 7,602 0 50 50 
3. Tennessee Colony Trinity River Auth./Houston 919 23,287 0 50 50 
4. Marvin Nichols I 295 7,475 0 40 60 

Total 1,634 41,405 

t Estimated State biennium in which construction should start in order to meet project need forwatcrsupply. Altho~h construction may span more than one State biennium, totnl 
project costs are shown for the biennium in which it is estimated construction would be initiated, 

2AU costs arc inf1atcd from 1983 to January 1 of second year of the biennium. 
3The Brazos River Authority (BRA) plans to finance BRA projects through the sale of revenue bonds, but would borrow from a State loan fund to pay interest during the first ten years 
on BRA bonds sold to finance construction of Millican Resenroir and the three chloride control projects in the Brazos River Basin. The BRA would then repay the State with 
interest. The estimates of State financial assistance include the follov.ingamounts (in millions of dollars) required b)· BRA, assumingS percentintcrest on the BRA bonds: 1994 = 
S6; 1995-86: 1996 • 8105: 1997 = 8105: 1998 = 8113: 1999 = 8113; 2000 = 8113; 2001 "'8113: 2002 = 8124; 2003 = 8124: 2004 .. 8118: 2005 =8118: 2006 =834: 
2007 = 834: 2008 = 826; 2009 = 826; 2010 ""S26: 2011 ""826: 2012 .. 815: 2013 = 815: 2014 =SIS: 2015 = 815. 

"The totals have been rounded to the nearest million dollars, 

Federal 

0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 

0 

Totals4 

Local 
Sponsor Stare ---

(Million Dollars) 

1,526 2,289 
1,737 1,737 

757 757 
857 0 

1,127 1,127 
169 253 

6,173 6,163 

3,041 0 
3,801 3,801 

11,643 11,643 
2,990 4,485 

21,475 19,929 



million between 2000 and 2005 and l!232 after 2005. All 
of these costs assume inflation of 1983 construction costs 
at eight percent per year to time of construction. 

HARDSHIP CASES 

The Texas Water Development and Water Loan Assis­
tance Funds were established to provide low cost State 
assistance to finance water development and wastewater 
treatment facilities for cities and water authorities that are 
considered to be "hardship cases." A "hardship" determi­
nation is established when a political subdivision, such as a 
city, cannot obtain financing through commercial chan­
nels for a water supply or a sewage treatment project at 
reasonable rates of interest. The sources of funding for 
State loans to hardship applicants are constitutionally 
authorized State of Texas Water Development Bonds and 
funds made available by a direct legislative appropriation in 
1981. The rate of interest charged for State loans that are 
made from the proceeds of State Bonds is the rate of 
interest the State has to pay on its bonds, a rate which varies 
with market conditions at the time of sale of State Bonds, 
plus one-half percent. The rate charged on loans from the 
Water Loan Assistance Fund is set by "Rule" by the Water 
Development Board. The lending rate has been set at the 
lower of (A} 12 percent or (B) thelowestpointoftheBond 
Buyer Index of 11 Municipal General Obligation Bonds 
during the six months immediately preceding the month in 
which the Board extends a loan commitment to an appli­
cant, and thus is directly related to commercial market 
bond rates. 

In the past, the quantity of hardship loans has ranged 
between l!15 million and l!20 million per year for waste­
water facilities, and between l!30 million and $35 million 
per year for water supply projects. However, due to 
extremely high interest rates and reduced federal grants for 
public works projects, present inquiries for loans have 
increased to $64 million and l!63 million per biennium for 
water quality protection and water supply purposes, 
respectively. In the absence of better data, estimates of 
future need for financing for hardship cases have been set 
to reflect the higher recent inquiry level cited above for the 
1984-1985 biennium. Consequently, l!50 million per 
biennium was specified for wastewater projects and 1!60 
million per biennium for water supply projects (in 1983 
dollars), with each of these base amounts inflated at an 
annual rate of eight percent from 1983 to the future bien­
nium in which the funds are needed (Table V-6 ). The 
water quality protection requirements were adjusted for 
expected federal grants through the 1980's. It is assumed 
that hardship loans will be for an average period of 30 
years, that such loans will be repaid with interest at the 
interest rate specified for such loans, and that the first 
payment will be due one year from the date of the loan. 

V-19 

RURAL WATER SUPPLY SYSTEMS 

Rural water supply corporations are nonprofit organi­
zations but are not government agencies. Consequently, 
they do not qualify for loans or grants from the Water 
Development or the Water Loan Assistance Funds. The 
Farmers Home Administration (FmHA) of the U.S. 
Department of Agriculture has made grants and loans to 
these corporations, but this assistance is declining and is 
expected to be further reduced in the future. The data 
contained herein were obtained from the Farmers Home 
Administration and are presented for information. At the 
present time, there are 56 rural water supply applications 
for loans and grants in an amountof$57 million, with 131 
preapplications for $85 million (Table V-6). The Texas 
share of federal funding for these purposes has been about 
$30 million annually during the 1977-1981 period, but is 
now reduced to about l!18 million annually. Leadership of 
the Texas Association of Rural Water Corporations has 
requested that the State give serious consideration to the 
problem of financing for rural water systems. However, 
legislation that establishes such systems as eligible appli­
cants for State water financing assistance, reorganization 
of rural water supply corporations into freshwater supply 
districts, or reorganization of these corporations into some 
other type of water utility district under existing State stat­
utes would be required in order to allow these entities to 
benefit from State financial assistance for water supply 
purposes. 

RESEARCH AND PLANNING 

In order to solve long-range water quality protection, 
water conservation, water development, and flood protec­
tion problems, additional basic and applied research and 
planning are needed in order to improve the state-of-the­
art in water resources management. Funding needed for 
water research and planning that should be administered 
by the Department of Water Resources is estimated at$2.5 
million annually, through the remainder of the 1980's. In 
administering and conducting this research and planning 
program, the Department would fully utilize the expertise 
and capabilities of the State's universities for research and 
local governments for planning. The Department would 
coordinate the total research effort by establishing and 
maintaining evaluations of the water research needs and 
priorities of the State. A research advisory committee to the 
Department has been established, which will include 
State, university, and local government representatives, to 
assist in the prioritization and coordination of activities. It 
is emphasized, however, that this is not an adequate water 
research program for the entire State, and that additional 
water and related research is needed at State and private 
colleges and universities, and in private sector establish­
ments, in order to solve the State's water problems. The 



Table V-6. Summary of Estimated Capital Costs for Future Water Quality Protection and Water Development, 
with Estimates of }"'unding Needed by Local, State, and Federal Governments for Wastewater Treatment and 

Municipal and Industrial Water Supply Facilities (costs inflated at 8 percent)* 

Type of Facility 

1. Wastewater Treatment 
(Hardship) 

2. Wastewater Treatment 
(all others) 

3. Wells and Facilities 
(llardship) 

4. Wells and Facilities 
(all others) 

5. Major Rnw Water Treatment 

6. ~Injor Water Conveyance 

7. Water Supply Facilities 
(Hardship) 

B. Rcser'\.'oir and Chloride ControF 

Subtotal (Hardship) 
Subtotal (nil other) 

SUBTOTAL 

Research and Plnnnin~ 

TOTAL 

Rural Water Supply 
Applications 
Preapplications 

Type of Facility 

1. Wnstewntcr Treatment 
(1-Inrdship) 

2. Wastewater Treatment 
(nil others) 

3. Wells and Facilities 
(Hardship) 

4. Wells nnd Facilities 
(all others) 

5. Mujor Raw Wnter Treatment 

6. Major Water Conveyance 

7. Water Supply Fneilitics 
(ll:trdship) 

8. Reservoir nnd Chloride Control2 

Subtotal (llardship) 
Subtotal (all other) 

SUBTOTAL 

Research and Plannin!! 

TOTAL 

Rural Wntcr Supply 
Applicntions 
Prcapplicatlons 

0 S.ee Footnotes at end of Table. 

Federal 

185 

0 

0 

0 

100 

285 

285 

285 

57 
0 

Federal 

0 

0 

21 

0 

70 

91 

91 

91 

Estimated Capital Cost!l at Time of Construction, in Millions of DoUarsl 

1984-198li 

Looal 

467 

96 

264 

285 

264 

1,376 

1,376 

1.376 

0 
0 

64 

218 

13 

19 

0 

1 

50 

64 

127 
302 

429 

5 

434 

0 
0 

Total 

64 

870 

13 

115 

264 

286 

50 

428 

127 
1.963 

2,090 

5 

2,095 

57 
0 

l<'cderal 

185 

0 

0 

0 

16 

201 

201 

201 

85 

1986. 1987 

Looal 

439 

112 

491 

699 

262 

2,003 

2,003 

2.003 

Stato 

68 

186 

16 

22 

127 

219 

66 

75 

150 
629 

779 

5 

784 

Total 

68 

810 

16 

134 

618 

918 

66 

353 

150 
2,833 

2,983 

5 

2,988 

85 

Federal 

185 

0 

0 

0 

0 

185 

185 

185 

Estimated Capital Cost!l at Time of Construction, in Millions of Dollars I 

1990. 1991 

Looal 

597 

147 

63 

73 

808 

1,688 

1,688 

1,688 

Srato 

93 

504 

22 

27 

29 

70 

89 

218 

204 
848 

1,052 

1,052 

Total 

93 

1,101 

22 

174 

113 

143 

89 

1.096 

204 
2,627 

2,831 

2,831 

Federal 

V-20 

0 

0 

0 

0 

0 

25 

25 

25 

25 

1992. 1993 

Looal 

0 

696 

170 

139 

510 

76 

1.591 

1,591 

1,591 

State 

108 

589 

26 

31 

5 

428 

104 

0 

238 
1,053 

1,291 

1,291 

Total 

108 

1,285 

26 

201 

144 

938 

104 

101 

238 
2,669 

2,907 

2,907 

Federal 

0 

0 

0 

0 

96 

96 

96 

96 

1988. 1989 

Looal 

512 

128 

331 

50 

254 

1,275 

1,275 

1,275 

Slato 

79 

248 

19 

24 

0 

50 

76 

152 

174 
474 

648 

5 

653 

1994. 199li 

Looal 

812 

194 

0 

62 

1,572 

2,640 

2,640 

2,640 

Srato 

126 

686 

30 

35 

0 

62 

121 

374 

277 
1,157 

1,434 

1.434 

Total 

79 

945 

19 

152 

331 

100 

76 

406 

174 
1,934 

2,108 

5 

2,113 

Total 

126 

1,498 

30 

229 

0 

124 

121 

2,042 

277 
3,893 

4,170 

4,170 



Table V-6. Summary of Estimated Capital Costs for Future Water Quality Protection and Water Development, 
with Estimates of Funding Needed by Local, State, and Federal Governments for Wastewater Treatment and 

.Municipal and Industrial Water Supply Facilities (costs inflated at 8 perccnt)*-Continucd 

'I)rpc of Facility 

I. W:lstcwatcr Treatment 
(Hardship) 

2. Wastewater Treatment 
(all others) 

3. Wells nnd Facilities 
(Hardship) 

4. Wells and Facilities 
(all others) 

5. M:ljor Rnw Water Treatment 

6. Major Water Convey:mcc 

7. Water Supply Facilities 
(Hardship) 

8. Reservoir and Chloride ControJ2 

Subtotnl (Hardship) 
Subtotal (all other) 

SUBTOTAL 

Resenrch :md Pl:mninl! 

TOTAL 

·Rurnl Wnter Supply 
Applications 
Prcnpplicntions 

1)'pe of Facility 

1. Wastewater Treatment 
(Hardship) 

2. Wastewater Treatment 
(all others) 

3. Wells and Facilities 
(llardship) 

4. Wells and Facilities 
(all others) 

5. Major Rnw Water Trentment 

6. Major Water Convcynnce 

7. Water Supply Facilities 
(IIardship) 

8. Reservoir and Chloride Control2 

Subtotal (Hardship) 
Subtotal (all other) 

SUBTOTAL 

Research and Planning 

TOTAL 

Rural Water Supply 
Applications 
Prcapplications 

~Bee Footnotes nt end of Table. 

Federal 

0 

0 

0 

0 

35 

35 

35 

35 

Federal 

0 

0 

0 

0 

177 

177 

177 

177 

Estimated Capital Cosl!i at Time of Construction, in Millions of Dollars 1 

1996-1997 

Locol 

947 

223 

0 

0 

963 

2.133 

2,133 

2.133 

State 

147 

BOO 

35 

39 

0 

0 

141 

155 

323 
994 

1,317 

1,317 

Total 

147 

1,747 

35 

262 

0 

0 

141 

1.153 

323 
3,162 

.1,485 

3,485 

l<'cdcral 

0 

0 

0 

0 

130 

130 

130 

130 

1998. 1999 

1,105 

259 

0 

0 

52 

1,416 

1.416 

1,416 

State 

171 

934 

41 

46 

0 

0 

165 

78 

377 
1,058 

1,435 

1,435 

Total 

171 

2,039 

41 

305 

0 

0 

165 

260 

377 
2.604 

2.981 

2.981 

Federal 

0 

0 

0 

0 

47 

47 

47 

47 

Estimated Capital Costs at Time of Construction, in l\lillions of Dollnn~' 

2002- 2003 

l.ocaJ 

1,596 

356 

0 

238 

863 

3,053 

3,053 

3,053 

State 

233 

1,364 

56 

63 

0 

238 

224 

863 

513 
2,528 

3,041 

3,041 

Total 

233 

2,960 

56 

419 

0 

476 

224 

1,903 

513 
5,758 

6.271 

6.271 

Federal 

V-21 

0 

0 

0 

0 

64 

64 

64 

64 

2004- 2005 

Locol 

1,862 

424 

0 

0 

2,633 

4,919 

4,919 

4,919 

State 

271 

1.591 

65 

76 

0 

0 

260 

2,299 

596 
3,966 

4,562 

4.562 

Total 

271 

3,453 

65 

500 

0 

0 

260 

4,996 

596 
8,949 

9,545 

9,545 

Federal 

0 

0 

0 

0 

0 

0 

0 

0 

2000- 2001 

1.328 

303 

107 

24 

454 

2,216 

2,216 

2.216 

State 

200 

1.129 

48 

53 

153 

24 

192 

154 

440 
1,51.'\ 

1,953 

1,953 

2006- 2007 

Locol 

2.172 

504 

0 

673 

0 

3,349 

.1,.149 

3,349 

State 

317 

1,855 

76 

92 

0 

673 

304 

0 

697 
2.620 

3,.117 

3,317 

Total 

200 

2.457 

48 

356 

260 

48 

192 

655 

440 
3,776 

4,216 

4,216 

Total 

.117 

4.027 

76 

596 

0 

1.346 

.104 

0 

697 
5,969 

6,666 

6,666 



Table V-6. Summary of Estimated Capital Costs for Future Water Quality Protection and Water Development, 
with Estimates of Funding Needed by Local, State, and Federal Governments for Wastewater Treatment and 

Municipal and Industrial Water Supply Facilities (costs inflated at 8 percent)*-Continucd 

1)'Pe of Facility 

1. Wastewater Treatment 
(Hardship) 

2. Wastewater Treatment 
(all others) 

3. Wells and Facilities 
(Hardship) 

4. Wells ami Facilities 
(all others) 

5. Major Raw Water Treatment 

6. Major Water Conveyance 

7. Water Supply Facilities 
(Hardship) 

B. Reservoir and Chloride Control2 

Subtotal (Hardship) 
Subtotal (all other) 

SUBTOTAL 

Research and Planning 

TOTAL 

Rurol Water Supply 
Applications 
Prcapplications 

Type of Facility 

1. Wastewater Treatment 
(Hardship) 

2. Wnstewatcr Treatment 
(all others) 

J. Wells and Fneilitics 
(llardship) 

4. Wells and Facilities 
(all others) 

5. Major Raw Water Treatment 

6. Major Water Convcyuncc 

7. Water Supply Facilities 
(Hardship) 

8. Rcscrmir and Chloride Control2 

Subtotal (Hardship) 
Subtotal (all other) 

SUBTOTAl. 

Research and Planning 

TOTAL 

Rural Water Supply 
Applications 
Prcapplications 

~sec Footnotes nt end of Table. 

Federal 

0 

0 

0 

0 

0 

0 

0 

0 

Federal 

0 

0 

0 

0 

0 

0 

0 

0 

Estimated Capital Costs at Time of Construction, in Minions of Dollars 1 

2008. 2009 

Local 

2,533 

599 

0 

673 

0 

3.805 

3,805 

3,805 

Staw 

370 

2,164 

89 

111 

0 

673 

355 

0 

814 
2.948 

3.762 

3,762 

Towl 

370 

4,697 

89 

710 

0 

1,346 

355 

0 

814 
6.753 

7.567 

7,567 

Fcdcra1 

0 

0 

0 

0 

0 

0 

0 

0 

2010. 2011 

Locul 

3,515 

731 

122 

549 

1,235 

6.152 

6,152 

6,152 

State 

431 

3,085 

104 

140 

0 

120 

414 

Towl 

431 

6,600 

104 

871 

122 

669 

414 

1,233 2.468 

949 949 
4,578 10,730 

5,527 11,679 

5,527 11,679 

Federal 

0 

0 

0 

0 

0 

0 

0 

0 

Estimated Co pi tal Costs at Time of Construction, in 1\lillions of Dollars I 

2014. 201& 

4,783 

1,021 

122 

549 

1,235 

7,710 

7,710 

7,710 

Staw 

586 

4,197 

141 

200 

0 

120 

563 

Towl 

586 

8,980 

141 

1.221 

122 

669 

563 

1,233 2.468 

1,290 1,290 
5, 750 13,460 

7,040 14,750 

7,040 14,750 

Federal 

V-22 

0 

0 

0 

0 

0 

0 

0 

0 

2016. 2017 

Locol 

5,578 

1,211 

122 

549 

1,235 

8,695 

8,695 

8,695 

State Towl 

684 684 

4,895 10,473 

164 

240 

0 

120 

657 

164 

1,451 

122 

669 

657 

1,233 2,468 

1,505 1,505 
6,488 15,183 

7.993 16.688 

7.993 16.688 

0 

0 

0 

0 

0 

0 

0 

0 

2012. 2013 

Looru 

4.100 

853 

122 

549 

1,235 

6,859 

6,859 

6,859 

State 

503 

3,598 

121 

163 

0 

120 

483 

Towl 

503 

7,698 

121 

1,016 

122 

669 

483 

1.233 2,468 

1,107 1,107 
5,114 11.973 

6.221 13,080 

6,221 13.080 

2018. 2019 

Loca1 

6,507 

1,413 

122 

549 

1.235 

9,826 

9,826 

9,826 

Staw Towl 

798 798 

5, 709 12,216 

192 

279 

0 

120 

766 

192 

1,692 

122 

669 

766 

1,233 2,468 

1,756 1,756 
7.341 17,167 

9,097 18,923 

9,097 18,923 



Table V-6. Summary of Estimated Capital Costs for Future Water Quality Protection and Water Dc\·elopment, 
with Estimates of Funding Needed by Local, State, and Federal Governments for \Vastewatcr Treatment and 

Municipal and Industrial Water Supply Facilities (costs inflated at 8 pcrcent)-Continued 

Type of Facility 

1. Wastewater Treatment 
(Hardship) 

2. Wastewater Treatment 
(all others) 

3. Wells nnd Facilities 
(Hardship) 

4. Wells and Facilities 
(nil others) 

5. Major Raw Water Treatment 

6. Major Wnter Conveynnce 

7. Water Supply Facilities 
(1-Inrdship) 

B. Reservoir and Chloride Control2 

Subtotlll (Hardship) 
Subtotal (all other) 

SUBTOTAL 

Research and Planning 

TOTAL 

Rural Water Supply 
Applications 
Preapplicntions 

Type of Facility 

1. Wastcwnter Treatment 
(llardship) 

2. Wastewater Treatment 
(all others) 

3. Wells and Facilities 
(Hardship~ 

4. Wells and Facilities 
(all others) 

5. Major Raw Wnter Treatment 

6. ~Iajor Water Conveyance 

7. Water Supply Facilities 
(Hardship) 

8. Reservoir and Chloride ControP 

Subtotal (Hardship) 
Subtotal (all other) 

SUBTOTAL 

Research and Planning 

TOTAL 

Rural Water Supply 
Applications 
Preapplications 

Federal 

0 

0 

0 

0 

0 

0 

0 

0 

Federal 

0 

0 

0 

0 

0 

0 

0 

0 

Estimated Cupitu.l Co!tts at Time of Construction, in l\lillions of Dollun~l 

2020- 2021 

Local 

9,117 

1,718 

0 

0 

3.904 

14,739 

14,739 

14,739 

State 

931 

8,186 

224 

349 

0 

0 

894 

3.624 

2,049 
12,1S9 

14,208 

14.208 

Total 

931 

17,303 

224 

2,067 

0 

0 

894 

7,528 

2,049 
26,898 

28,947 

28,947 

Federal 

0 

0 

0 

0 

0 

0 

0 

0 

2022- 2023 

Locru 

10.634 

2,004 

0 

0 

3,904 

16,S42 

16,S42 

16,542 

State 

1,086 

9,S48 

261 

407 

0 

0 

1,042 

3,624 

2,389 
13,S79 

1S,968 

15,968 

Toml 

1,086 

20.182 

261 

2,411 

0 

0 

1,042 

7,S28 

2,389 
30,121 

32,510 

32,510 

Federal 

0 

0 

0 

0 

0 

0 

0 

0 

2024- 2025 

Locru 

12,403 

2 •• 175 

0 

0 

3,904 

18,682 

18,682 

18,682 

State 

1,267 

11,137 

304 

488 

0 

0 

1,216 

3,624 

2,787 
15,249 

18,036 

H:l,036 

Estimated Capital Costs at Time of Construction, in Millions of Dollltn~' 

2026- 2027 

Locru 

14,467 

2,860 

0 

0 

3,904 

21.231 

21,231 

21.231 

State 

1.478 

12,990 

35S 

598 

0 

0 

1.418 

3,624 

3,251 
17,212 

20,463 

20,463 

Toml 

1,478 

27.4S7 

355 

3,4S8 

0 

0 

1,418 

7,S28 

3,2Sl 
38,443 

41,694 

41,694 

Federal 

0 

0 

0 

0 

0 

0 

0 

0 

2028- 2029 

Locru 

16,87S 

3,335 

0 

0 

3,904 

24.114 

24,114 

24,114 

State 

1,724 

1S.151 

414 

698 

0 

0 

I.6S4 

3,624 

3,792 
19,473 

23,265 

23.26S 

Toml 

1,724 

32,026 

414 

4,033 

0 

0 

1.654 

7.S28 

3,792 
43,S87 

47,379 

47,379 

Federal 

0 

0 

0 

0 

0 

0 

0 

0 

2030 

Locru 

9.842 

1,945 

0 

0 

1,952 

13,739 

13.739 

13,739 

State 

1,006 

8,836 

241 

408 

0 

0 

965 

1.812 

2,212 
ll,OS6 

13.268 

13,268 

!Project costs arc inflated from 1983 to January 1 of the second ycnr of the biennium in which it is estimated construction would be initintcd. 

Toml 

1,267 

23,540 

304 

2,863 

0 

0 

1,216 

7,S28 

2,787 
33,931 

36,718 

36.718 

Toml 

1,006 

18,678 

241 

2,353 

0 

0 

965 

3,764 

2.212 
24,795 

27,007 

27,007 

2Thc Brazos River Authority (BRA) plans to finance BRA projects through the sale of revenue bonds, but would borrow from a State loan fund to pay interest during the first ten years 
on BRA bonds sold to finance construction of Millican Reservoir and the three chloride control projects in the Brazos River Basin. The BRA would then repay the Stlltc with 
interest. The estimates of State financial assistance include the folloningamounts (in millions of dollars) required by BRA, assuming 8 percent interest on the BRA bonds: 1994"' 
$6: 1995 = S6: 1996 .. SIOS: 1997 = .SIOS: 1998 ... $113: 1999 .. S113: 2000 = 8113; 2001 = 8113; 2002 .. 8124; 2003 = .Sl24; 2004 =.8118; 2005 =8118: 2006 = .S34: 
2007 = .834: 2008 .. .S26; 2009 .. 826; 2010 "".S26: 2011 = 826; 2012 .. SIS; 2013 =SIS; 2014 =.SIS: 201S ... SIS. 
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proposed research and planning program mentioned here 
would be coordinated with these other programs in order 
to increase overall water research and planning efficiency. 

SUMMARY 

Using the latest information available, Department 
staff have revised and updated projections of population 
and economic growth for the period 1980 through 2030 
for each county (and in the case of population, for most 
cities) of Texas, with specific projections for intervening 
decades. From these projections of population and eco­
nomic growth, estimates have been derived of the sewage 
treatment needs and the quantities of water that will be 
needed for people, industry, agriculture, fisheries, and 
other purposes in future years. From these projections of 
future need, sewage systems, water supply facilities, and 
major water projects required to meet a part or all of the 
municipal and industrial needs of most areas of the State 
have been identified, both in terms of approximate loca­
tion and time of construction. 

As a part of the planning wori<, Department staff, in 
cooperation with federal agencies and representatives of 
cities, river authorities, water districts, and Councils of 
Governments have made estimates of the costs of projects 
and financing required to meet the needs of sewage treat­
ment, water treatment, water conveyance, and water sup­
plies in Texas. Estimates are presented for each State 
biennium for the period 1984 through 2030 (Table V-6 ). 

The estimated total capital requirement for publicly 
financed projects for which planning is complete for the 
1984-85 biennium is $2.1 billion of which it is estimated 
that State of Texas financial assistance will be needed in 
the amount of $302 million either in the form of loans or 
through loan guarantees for water and wastewater pro­
jects, $127 million in "hardship case" loans, and $5.0 
million for research and planning grants (Table V -6). 
Wastewater collection and treatment facilities account for 
$934 million of the total, of which approximately $282 
million of State supported financial assistance would be 
needed, including about $64 million for "hardship case" 
loans. Estimated capital costs for reservoirs are $428 mil­
lion ofthe ll2 .1 billion total. with State financial assistance 
needed for these projects estimated at about $64 million 
during the biennium. State financial assistance require­
ments for conveyance, raw water treatment facilities, and 
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well fields are estimated at Jl33 million for the 1984-85 
biennium. Loans for "hardship cases" during the 1984-85 
biennium for water supply are estimated at $63 million, 
including $13 million in the form of "hardship case"loans 
for wells and facilities. 

Estimated capital requirements for the period 1984 
through 2005 are $43.6 billion in inflated dollars at an 
inflation rate of eight percent (ll16.1 billion in 1983 dol­
lars), of which State financial assistance through loans or 
loan guarantees, and research and planning grants, would 
be $18.0 billion in inflated dollars ($5.8 billion in 1983 
dollars). Wastewater treatmentfacilities account for ll20. 7 
billion of the total $43.6 billion (in inflated dollars). This 
includes $1.6 billion in wastewater"hardship cases" loans 
over the 22 year period from 1984 through 2005. Reser­
voir construction accounts for $13.4 billion ($4.3 billion 
in 1983 dollars) of the 1!43.6 billion total, with the 
remaining $9.5 billion going to water conveyance, water 
treatment, wells, and water supply "hardship cases" 
including some "hardship case" assistance for wells. 

With inflation at eight percent per annum, estimated 
State financial assistance needs for the 1984 through 2005 
time period include S4.4 billion for reservoirs, $9.8 billion 
for wastewater treatment plants and $3.8 billion of funding 
for raw water conveyance, treatment facilities, well fields, 
and hardship cases for other water supply facilities. Debt 
service loans for Millican Reservoir and the three chloride 
control projects in the Brazos River Basin will add $1.16 
billion through the year 2005 to the total State financial 
assistance of $18.0 billion, if such a financial arrangement 
were to occur. 

The above estimates of total capital requirements and 
their disaggregation to the respective facility type groupings 
all assume an eight percent per year inflation rate. Corre­
spondingly, the eight percent per year rate of inflation is 
factored into the estimates of required State financial assis­
tance. To provide a contrast with these future capital 
requirements inflated at eight percent per year from 1983 
to time of construction, a parallel set was developed under 
the assumed condition of no increase in material or con­
struction costs through time (i.e., zero rate of inflation). 
The tabulation of estimated future capital requirements at 
zero rate of inflation (Tables V-7 through V-12) reflects the 
same projects and the same construction schedule incor­
porated into the estimates of future capital requirements 
inflated at eight percent peryear(Tables V-1 through V-6 ). 
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Time of Construction: 

1984-1985 
1986-1987 
1988-1989 
1990-1991 
1992-1993 
1994-1995 
1996-1997 
1998-1999 
2000-2001 
2002-2003 
2004-2005 
2006-2007 
2008-2009 
2010-2011 
2012-2013 
2014-2015 
2016-2017 
2018-2019 
2020-2021 
2022-2023 
2024-2025 
2026-2027 
2028-2029 
2030-2031 

Table V-7. Estimates of Wastewater Collection and Treatment Facilities Costs 
for Publicly Owned Facilities,• witb Estimates of Funding Sources 

Cost Estimates Source of Financing 

At Date of Construction Percent 

Jan. Hardship All Other Local 
1983 Cases Cases Total Federal Sponsor State Federal ---

(I\Iillion Dollars) 

801 64 737 801 23 50 27 185 
645 50 595 645 29 50 21 185 
645 50 595 645 29 50 21 185 
645 50 595 645 0 50 50 0 
645 50 595 645 0 50 50 0 
645 50 595 645 0 50 50 0 
645 50 595 645 0 50 50 0 
645 50 595 645 0 50 so 0 
665 50 615 665 0 50 50 0 
685 50 635 685 0 50 50 0 
685 50 635 685 0 50 50 0 
685 50 635 685 0 50 50 0 
685 50 635 685 0 50 50 0 
815 50 765 815 0 50 50 0 
815 50 765 815 0 50 so 0 
815 50 765 815 0 50 50 0 
815 50 765 815 0 50 50 0 
815 50 765 815 0 50 50 0 
979 50 929 979 0 50 50 0 
979 50 929 979 0 50 50 0 
979 50 929 979 0 50 50 0 
979 50 929 979 0 50 50 0 
979 50 929 979 0 50 50 0 
979 50 929 979 0 50 50 0 

Totals 

Local 
Sponsor 

400 
323 
323 
322 
322 
322 
322 
322 
332 
343 
343 
343 
343 
407 
407 
407 
407 
407 
489 
489 
489 
489 
489 
489 

I A public entity in this useagc of the term is a political subdivision of the State (an entity created by a unique lc~islativc action or created under cxistin~statutc ). Included arc cities. 
municipal utility districts (MUD), and other types of special districts, for example, river authorities and m1tcr districts and water districts. In order that these latter, special purpose 
utility districts be included in this table. their charter must expressly permit them to collect, treat, and dispose ofwastcvtatcr. Estimates of the future capital costs of the wastcwmcr 
treatment facility needs of private systems that perform wastewater collection, treatment, and disposal functions similar to those of a public system arc not included in this 
tabulation. A privately financed residential, commercial development that owns and operates its own wastewater system. even thou)!h it holds a permit from the State allm\inJ! it to 
do so, would be an example of a private system. The cost of facilities required to satisfy the needs of privately owned facilities over the period 1985-2000 is estimated to be about 

.82.0 billion. is inflated dollars. or about .8125 million per year. 
2Estimnted State biennium in which construction should start in order to meet projected \vastcwatcr treatment requirements. 

State 

216 
137 
137 
323 
323 
323 
323 
323 
333 
342 
342 
342 
342 
408 
408 
408 
408 
408 
490 
490 
490 
490 
490 
490 



Time of 
Conslrllction I 

1984-1985 
1986-1987 
1988-1989 
1990-1991 
1992-1993 
1994-1995 
1996-1997 
1998-1999 
2000-2001 
2002'2003 
2004-2005 
2006-2007 
2008-2009 
2010-2011 
2012-2013 
2014-2015 
2016-2017 
2018-2019 
2020-2021 
2022-2023 
2024-2025 
2026-2027 
2028-2029 
2030-2031 

Table V-8. Estimates of Well Field Development Costs, 
with Estimates of Funding Sources 

Project Cost Source of l''inancing 

Efitimatcs Percent 

Locnl 
January 1983 Federal Sponsor Smtc Federal 

Totals 

Locnl 
Sponsor 

-(million dollars)- -(million dollars)-

110 0 75 25 0 82 
110 0 75 25 0 82 
108 0 75 25 0 81 
106 0 75 25 0 80 
105 0 75 25 0 79 
103 0 75 25 0 77 
101 0 75 25 0 76 
101 0 75 25 0 76 
101 0 75 25 0 76 
102 0 75 25 0 76 
104 0 75 25 0 78 
106 0 75 25 0 80 
108 0 75 25 0 81 
113 0 75 25 0 85 
113 0 75 25 0 85 
116 0 75 25 0 87 
118 0 75 25 0 88 
118 0 75 25 0 88 
123 0 75 25 0 92 
123 0 75 25 0 92 
125 0 75 25 0 94 
129 0 75 25 0 97 
129 0 75 25 0 97 
129 0 75 25 0 97 

lEstimatcd State biennium in which construction on the project should start in order to meet projected water supply requirements. 
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State 

28 
28 
27 
26 
26 
26 
25 
25 
25 
26 
26 
26 
27 
28 
28 
29 
30 
30 
31 
31 
31 
32 
32 
32 



Table V-9. Estimated Dates of Construction and Capital Costs 
of Major Raw Water Trcabncnt Facilities, with Estimates of Funding Sources* 

Source of Financing 

Project Cost Estimates Percent Totals2 

Time of Constrocdon/ Name of Local Local 
Name of Projecti Local Sponsor January 1983 Federal Sponsor State Federal Sponsor State ---

(Million Dollars) (Million Dollars) 

1984-1985 

1. Richland Creek Tarrant Co. WCID No. 1 31 0 100 0 0 31 0 
2. Northeast Plant Houston 82 0 100 0 0 82 0 
3. East Plant Houston 113 0 100 0 0 113 0 
4. Shennan Greater Texoma MUD Planning Incomplete 

---

Total 226 0 226 0 

1986-1987 

~ 
"' I. Gatesville Gatesville 10 0 50 50 0 5 5 __, 

2. Stacy-Midland Colorado River l\.HVD 26 0 50 50 0 13 13 
3. Tawakoni-Ray Hubbard Dallas 31 0 100 0 0 31 0 
4. Lower Valley Southmost Reg. Water Auth. 50 0 100 0 0 50 0 
5. Joe Pool Regional Trinity River Auth. 11 0 50 50 0 6 6 
6. Applewhite San Antonio City Water Bd. 18 0 50 50 0 9 9 
7. Austin Austin 187 0 100 0 0 187 0 
8. Lake Georgetown BRA/Round Rock 120 0 50 50 0 60 60 ---

Total 453 0 361 93 

1988-1989 

1. Bryan Bryan College Sta./BRA Planning Incomplete 
2. Southeast Plant Houston 147 0 100 0 0 147 0 
3. Brazoria Cities Brazos River Auth. Planning Incomplete 

4. Austin Austin 62 0 100 0 0 62 0 ---

Total 209 0 209 0 

~sec footnotes at end of table, 



Table V-9. Estimated Dates of Construction and Capital Costs 
of Major Raw Water Treatment Facilities, with Estimates of Funding Sources*-Continued 

Source of Financing 

Project Cost Estimates Percent Totui!02 

Time of Construction/ Name of Local Local 
Name of Project I Local Sponsor January 1983 Federal Sponsor Swte .. ~cdc raJ Sponsor Swtc ---

(Million DoUars) (Million Dollars) 

1990-1991 

1. Double Mountain Lubbock 31 0 50 50 0 16 16 
2. Prairie Creek Longview Planning Incomplete 
3. Cooper-Lavon I North Texas MWD/Irving 30 38 62 0 11 19 0 

---

Total 61 11 35 16 

1992-1993 

< 
' 

1. Wheeler Wheeler 4 0 50 50 0 2 2 

"' 2. Paluxy Stephenville/Neighbors 18 0 100 0 0 18 0 
00 

3. Palo Duro Palo Duro River Authority 13 0 100 0 0 13 0 
4. Lake Fork-Dal1as Dallas 31 0 100 0 0 31 0 

---

Total 66 0 64 2 

1994-1995 

1. Applewhite No. 2 San Antonio City Water Bd. Incomplete Planning 

Total 

0 Sce footnotes at end of table. 



~ 
"' , 

Time of Construction/ 
Name of Projcct1 

1996-1997 

Planning Incomplete 

1998-1999 

1. Denton 
2. East Wichita Falls 

Total 

2000-2001 

1. San Marcos 
2. Cooper-Lavon II 

Total 

2002-2003 

Planning Incomplete 

2004-2005 

Planning Incomplete 

0 Sce footnotes nt end of table. 

Table V-9. Estimated Dates of Construction and Capital Costs 
of Major Raw Water Treatment Facilities, with Estimates of Funding Sources*-Continued 

Name of 
Local Sponsor 

Denton 
Wichita Falls 

San Marcos 
North Texas MWD/Irving 

Project Cost Estimates 

January 1983 

(Million Dollars) 

8 
57 

65 

Federal 

0 
0 

Percent 

Local 
Sponsor 

50 
40 

Source of Financing 

State Federal 

Planning Incomplete 
Planning Incomplete 

50 
60 

0 
0 

0 

Totals2 

Local 
Sponsor 

(Million Dollars) 

4 
23 

27 

State 

4 
34 

38 
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Table V-9. Estimated Dates of Construction and Capital Costs 
of Major Raw Water Treatment Facilities, witb Estimates of Funding Sourccs*-Continucd 

Source of J<~immcing 

Project Cost &timatcs Percent Totnlsl 

Time of Construction/ Name of Local Local 
Name of Projcct1 Local Sponsor January 1983 Federal Sponsor State Federal Sponsor 

(Million Dollars) (Million Dollars) 

2006-2009 

Planning Incomplete 

2010-2019 

1. Tehuacana-Rolling Hills Tarrant County WCID No. 1 52 0 100 0 0 

2020-2030 

Planning Incomplete 

I Estimated State biennium in which construction should sttlrt in order to meet projected need for water supply. A1thou,:!h construction may span more than one State biennium, 
total project costs arc shown for the biennium in which it is estimated construction wou1d be initiated, 

2The totals have been rounded to the nearest million dollars. 

52 

State --

0 



Table V-10. Estimated Dates of Construction and Capital Costs 
of Major Water Conveyance Facilities, with Estimates of Funding Sources* 

Source of Financing 

Project Cost Estimates Percent Totals :I 

Time of Construction/ Name of Local Local 
Name of Projeetl Local Sponsor January 1983 Federal Sponsor State Federal Sponsor State 

(Million DoUars) (Million Dollars) 

1984-1986 

1. Texoma Diversion North Texas MWD/Greater 24 0 100 0 0 24 0 
Texoma MUD 

2. Luce Bayou Diversion Houston 76 0 100 0 0 76 0 
3. Richland Creek Tarrant Co. WCID No. 1 143 0 100 0 0 143 0 
4. Gatesville Gatesville 2 0 50 50 0 1 1 --

Total 245 0 244 1 

< 1986-1987 

' "" .... 
1. Tawakoni-Ray Hubbard Dallas 51 0 100 0 0 51 0 
2. Applewhite-San Antonio San Antonio 82 0 so 50 0 41 41 
3. Stacy-Midland Colorado River MWD 151 0 50 50 0 76 76 
4. Joe Pool Regional Trinity River Auth, 4 0 so so 0 2 2 
5. Houston System Houston 302 0 100 0 0 302 0 
6. Canyon-San Antonio San Antonio 84 0 so so 0 42 42 --

Total 674 0 514 161 

1988-1989 

I. Justiceburg-Post Lubbock 19 0 50 50 0 10 10 
2. Millican-Bryan Brazos River Auth. Planning Incomplete 
3. Post-Double MTN. Lubbock 15 0 50 50 0 8 8 
4. Double MTN.-Luhbock Lubbock 29 0 50 50 0 15 15 

---

Total 63 0 33 33 

~See footnotes at end of table. 



Table V-10. Estimated Dates of Construction and Capital Costs 
of Major Water Conveyance Facilities, with Estimates of Funding Sourccs*-Continued 

Source of Financing 

Project Cost Estimates Percent TotaJsZ 

Time of Construction/ Name of Local Local 
Name of Project• Local Sponsor January 1983 Federal Sponsor Stat£ Federal Sponsor Stat£ ---

(Million Dollars) (Million Dollars) 

1990-19~)) 

1. Paluxy Stephenville/Neighbors 16 0 100 0 0 16 0 
2. Whitney-Cleburne BRA/Cleburne Planning Incomplete 
3. Lake Fork-Dal1as Dallas Planning Incomplete 
4. Cooper-Lavon I North Texas MWD/Irving 61 0 38 62 0 23 38 --

Total 77 0 39 38 

1992-1993 

< 
' "' 1. Palo Duro Palo Duro River Auth. 38 0 100 0 0 38 0 
"' 2. Big Sandy-Marshall Sabine River Auth. Planning Incomplete 

3. Lindcnau-Applewhite San Antonio 390 0 50 50 0 195 195 
4. Sweetwater-\Vheeler Co. Red River Auth. 7 0 50 50 0 3 3 

Total 435 0 236 198 

1994-1995 

1. Lindenau Diversion Guadalupe BJanco River Auth. 26 0 50 50 0 13 13 
2. Stillhousc Hollow-Lake BRA/Georgetown 23 0 50 50 0 12 12 

Georgetown 
3. Southfork-Round Rock BRA/Round Rock Planning Incomplete 

Total 49 0 25 25 

1996-1997 

Planning Incomplete 

•See footnotes at end of table. 



Table V-10. Estimated Dates of Construction and Capital Costs 
of Major Water Conveyance Facilities, with Estimates of Fonding Sources*-Continued 

Sour~e of Financing 

Project Cost Estimates Percent Totals2 

Time of Construction/ Name of Local Local 
Name of Project1 Local Sponsor January 1983 Federal Sponsor State Fcdcrol Sponsor State ---

(Million DoUars) (Million Dollars) 

1998-1999 

1. Ringgold-Wichita Falls Red River Auth. Planning Incomplete 

2000-2001 

1. Clopton Crossing-San Marcos GBRA/San Ant. City Water Bd. 12 0 50 50 0 6 6 

2002-2003 

;: 
w 1. Cooper-Lavon II North Texas MWD/Irving 102 0 50 50 0 51 51 w 

2004-2005 

Planning Incomplete 

2006-2009 

1. Rockland-Livingston Lower Neches VA/Houston 378 0 50 50 0 189 189 

2. Parkhouse-Cooper North Texas MWD 15 0 50 50 0 8 8 

Total 393 0 197 197 

•see footnotes ut end of table. 
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Time of Construction/ 
Name of Projcct1 

Table V-10. Estimated Dates of Construction and Capital Costs 
of Major Water Conveyance Facilities, with Estimates of Fonding Sourees*-Continucd 

Source of Financing 

Project Cost Estimates Percent 

Name of Local 
Local Sponsor January 1983 Federal Sponsor State Federal 

Totalsl 

Weal 
Sponsor 

(Million Dollars) (Million Dollars) 

2010-2019 

I. Tehuacana-Rolling Hills 
2. Cibolo-Applcwhite 

Total 

2020-2030 

Planning Incomplete 

Tarrant Co. WCID No. 1 183 
San Antonio 102 

285 

0 100 0 0 
0 so so 0 

0 

1 Estimated State biennium in which construction should start in order to meet projected for water supply. Althou)!h construction may span more than one State biennium. total 

project costs arc shown for the biennium in which it is estimated construction would be initiated. 
2The totals have been rounded to the nearest million dollars. 

183 
51 

234 

State ---

0 
51 ---

51 



Table V-11. Estimated Dates of Construction and Capital Costs 
of Reservoir and Chloride Control Projects, "ith Estimates of Funding Sources• 

Source of Financing 

Project Cost &timotcs Percent Total!i:\ 

Time of Construction/ Name of Local Local 
Name of Projcct1 Local Sponsor January 1983 Federal Sponsor State Federal Sponsor State ---

(Million Dollars) (Million Dollars) 

1984-1985 

1. Cooper North Texas MWD/Irving 138 62 26 12 86 36 17 
2. Stacy Colorado River l\·1\VD 74 0 50 50 0 37 37 
3. Upper Guadalupe Upper Guadalupe River Auth. 10 0 100 0 0 90 0 
4. Rctamai(Rio Grande Southmost Red. Water Auth. 3 0 40 60 0 I 2 

Chan. Dam) 
5. Wallisville Houston 65 0 !00 0 0 65 0 
6. Applewhite San Antonio/City Water Bd. 77 0 100 0 0 77 0 

---

Total 367 86 226 56 

< 
' w 

"' 1986-1987 

1. Rio Grnndc Chan. Dam A Sou.thmost Reg. Water Auth. 19 60 0 40 11 0 8 
2. Palo Duro Palo Duro River Auth. 42 0 50 50 0 21 21 
3. Eastcx Angelina/Neches Auth. 67 0 60 40 0 40 27 
4 . .Justiceburg Brazos River Auth./Lubbock 36 0 100 0 0 36 0 
5. Neches Salt Barrier Lower Neches Valley Auth. 48 0 100 0 0 48 0 
6. Paluxy Stcphcnviiic/Ncighbors 47 0 100 0 0 47 0 

---

Total 259 11 192 56 

"'Sec footnotes at end of table. 



Table V-ll. Estimated Dates of Construction and Capital Costs 
of Reservoir and Chloride Control Projects, llith Estimates of Funding Sources*-Continued 

Source of Financing 

Project Cost Estimates Percent Tota.ls3 

Time of Construction/ Name of Local Local 
N arne of Project I Local Sponsor January 1983 Federal Sponsor State Federal Sponsor State ---

(Million DoUars) (Million Dollars) 

1988-1989 

1. Big Pine Red River Auth./Clarksville 61 0 40 60 0 24 37 
2. Big Sandy Sabine River Auth. 115 0 60 40 0 69 46 
3. Post White River Auth. 21 0 100 0 0 21 0 
4. Sweetwater Creek Red River Auth./Wheeler Co. 27 0 50 50 0 14 14 
5. Bosque Brazos River Auth. 33 0 100 0 0 33 0 

Total 257 0 161 97 

-;: 1990-1991 

"' "' 1. Red Basin Chloride Control Red River Auth. 38 100 0 0 38 0 0 
2. South Fork Brazos River Auth. 52 0 100 0 0 52 0 
3. Lindenau Guadalupe Blanco River Auth. 235 0 50 50 0 118 118 
4. South Bend Brazos River Auth. 180 0 100 0 0 180 0 
5. Caldwell Brazos River Auth. 87 0 100 0 0 87 0 

---

Total 592 38 437 118 

1992-1993 

1. Brazos Basin Chloride Brazos River Auth. 47 25 75 0 12 35 0 
Control2 

•See footnotes at end of table. 



Table V-II. Estimated Dates of Construction and Capital Costs 
of Reservoir and Chloride Control Projects, with Estimates of Funding Sourees*-Continued 

Source of Financing 

Project Cost Estimates Percent TotalsJ 

Time of Construction/ Name of Local Local 
Name of Projcct1 Local Sponsor January 1983 Federal Sponsor Stare Federal Sponsor Stare ---

(l\lillion DoUars) (Million Dollars) 

1994-1995 

1. Ringgold Wichita Fa11s/Red River Auth. 76 0 40 60 0 30 46 
2. Red Basin Chloride Control Red River Auth. 38 100 0 0 38 0 0 
J. Prairie Creek Longview 25 0 so so 0 13 13 
4. Clopton Crossing GBRA/San Ant. City Water Bd. 181 0 so so 0 91 91 
5. Millican2 Brazos River Auth. 491 0 100 0 0 491 0 

---

Total 811 38 625 150 

< 1996-1997 
' "' _, 

1. Colorado Coastal Plains Lower Colorado River Auth. 216 0 100 0 0 216 0 
2. Cleveland San Jacinto River Auth. 70 0 67 33 0 47 23 
3. Brazos Basin Chloride Brazos River Auth. 47 25 75 0 12 35 0 

Contro12 
4. Bedias Trinity River Auth. 59 0 so 0 0 30 30 ---

Tot:HI 392 12 328 53 

1998-1999 

1. Red Basin Chloride Control Red River Auth. 38 100 0 0 38 0 0 
2. Liberty Hill Red River Auth. 38 0 40 60 0 15 23 

---

Total 76 38 15 23 

•see footnotes at end of table. 



Table V -11. Estimated Dates of Construction and Capital Costs 
of Reservoir and Chloride Control Projects, with Estimates of Funding Sourccs*-Continued 

Source of Financing 

Project Cost Estimates Percent TotaJs3 

Time of Construction/ Name of Local Local 
Name of Projeeti Local Sponsor January 1983 Federal Sponsor State Federal Sponsor State ---

(Million Dollars) (Million Dollars) 

2000-2001 

1. Lake Creek San Jacinto River Auth./ 117 0 67 33 0 78 39 
Houston 

2. Brazos Basin Chloride Brazos River Auth. 47 25 75 0 12 35 0 
Control2 

Total 164 12 113 39 

2002-2003 

< 
' "' 1. Lockhart Guadalupe Blanco River Auth. 41 0 50 50 0 21 21 

"' 2. Little Cypress Marshall and Other 329 0 50 50 0 165 165 
3. Red Basin Chloride Control Red River Auth. 38 100 0 0 38 0 0 

---

Total 408 38 186 186 

2004-2005 

1. RocWand Lower Neches VA/Houston 702 0 50 50 0 351 351 
2. George Parkhousc I 120 0 40 60 0 48 72 
J. Tehuacana Tarrant Co. WCID No. 1 50 0 100 0 0 50 0 
4. Brazos Basin Chloride Brazos River Auth. 47 25 75 0 12 35 0 

Control2 

---

Total 919 12 484 423 

•sec footnotes at end of table. 
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Table V-11- Estimated Dates of Conslruction and Capital Costs 
of Rescrvoir'and Chloride Control Projects, with Estimates of Funding Sourccs*-Continued 

Source of Financing 

Project Cost Estimates Percent Total!-l3 

Time of Construction/ Name of Local Local 
Name of Project' Local Sponsor January 1983 Federal Sponsor State Federal Sponsor 

(l\lillion Dollars) (Million Dollars) 

2006-2009 

Planning Incomplete 

2010-2019 

1. Wcchcs Upper Neches River MWA 325 0 40 60 0 
2. Cuero GBRA/San Ant. City\VaterBd. 296 0 50 50 0 
3. Cibolo SRA/San Ant. City Water Bd. 129 0 50 50 0 
4. Breckenridge Brnzos River Auth. 73 0 100 0 0 
5. Goliad San Antonio River Auth. 192 0 50 50 0 
6. George Parkhouse II 36 0 40 60 0 

Tow.1 1,051 0 

2020-2030 

1. Bon Weir Sabine River Auth. 120 0 100 0 0 

2. Carl Estes Sabine River Auth. 300 0 50 50 0 

3. Tennessee Colony Trinity River Auth./Houston 919 0 50 50 0 

4. Marvin Nichols I 295 0 40 60 0 

Total 1,634 0 

I K-.timatccl St:ltc biennium in which construction should start in order to meet projected need forw:1tcr supply. A1thou.Qh construction mar sp:m more than one St:ltc biennium. 
tot:ll project co.~ts arc shown for the biennium in which it is estimated construction would he initiated. 

2The Brazos River Authority (BRA) plans to finance BRA projects throui!;h the sale of revenue bonds. but would borrow from a State loan fund to pay interest durin!!; the first ten years 
on BRA bonds sold to finance construction of JI.Iilliean Reservoir and the three chloride control projects in the Brazos River Basin. The BRA would then repay the State ''ith 
interest. The estimates of State financial assistu.nce include the followini!;amounts (in millions of dollars) required by BRA, assumin!!B percent interest on the BRA bonds: 1994 = 
$3: 1995 = S3: 1996 = 842: 1997 = S42: 1998 =S45: 1999 =S45: 2000 =$45: 2001 =S45: 2002 =S48; 2003 = S48: 2004 '"'545: 2005 =$45: 2006 =S9: 2007 ~ 89: 2008 
= S6: 2009 = S6: 2010 .. S6: 2011 = S6: 2012 = S3: 2013 = S3: 2014 ~ S3: 2015 = S3 . 

. lThc tot:1ls hm·c been nnmdcd to the nearest million dollnrs. 

130 
148 
65 
73 
96 
14 

526 

120 
150 
460 
118 

848 

State 

195 
148 

65 
0 

96 
22 

526 

0 
150 
460 
177 

787 



Table V~l2. Summary of Estimated Capital Costs for Future Water Quality Protection and \Vater Development, 
with Estimates of Funding Needed by Local, State, and Federal Governments for Wastewater Treatment 

and Municipal and Industrial Water Supply Facilities* 

Type of Facility 

1. Wnstcwntcr Treatment 
{llnrdship) 

2. Wnstcwntcr Treatment 
{nil others) 

3. Wells and Fncilitics 
(Hardship) 

4. Wells and Facilities 
(all others) 

5. Major Raw Water Trcntmcnt 

6. ~'lajor Water Conveyance 

7. Wntcr Supply Facilities 
(Hardship) 

8. Reservoir and Chloride Control2 

Subtotal {Hardship) 
Subtotal {all other) 

SUBTOTAL 

Rcscnreh and Planning 

TOTAL 

Rural Water Supply 
Applications 
Prcapplieations 

Type of Facility 

1. Wastewater Treatment 
(Hardship) 

2. Wastewater Treatment 
(all others) 

3. Wells and Facilities 
(Hardship) 

4. Wells and Facilities 
{all others) 

5. Major Raw Water Treatment 

6. Major Water Conveyance 

7. Water Supply Facilities 
(Hardship) 

B. Reservoir and Chloride Control2 

Subtotal (Hardship) 
Subtotal (all other) 

SUBTOTAL 

Research and Planninl! 

TOTAL 

Rural Water Supply 
Applications 
Preapplications 

»Sec Footnotes nt end of Table. 

fo'cderal 

185 

0 

0 

0 

86 

271 

271 

271 

57 
0 

Federal 

0 

0 

11 

0 

38 

49 

49 

49 

1984- 1985 

Loool 

400 

82 

226 

244 

226 

1.178 

1,178 

1.178 

Stato 

64 

152 

13 

15 

0 

50 

56 

127 
224 

351 

5 

356 

1990- 1991 

Loool 

322 

80 

35 

39 

437 

913 

913 

913 

Staw 

50 

273 

12 

14 

16 

38 

48 

118 

110 
459 

569 

569 

Tow! 

64 

7.17 

13 

97 

226 

245 

50 

368 

127 
1,673 

1.1:100 

5 

1,805 

57 
0 

Tow! 

50 

595 

12 

94 

62 

77 

48 

593 

110 
1.421 

1,531 

1,531 

&dmatcd CupiraJ Costs, in l\tillions of Dollars I 

Federal 

185 

0 

0 

0 

11 

196 

196 

196 

85 

1986- 1987 

323 

82 

361 

514 

192 

1.472 

1,472 

1.472 

State 

50 

87 

12 

16 

93 

161 

48 

56 

110 
413 

523 

5 

528 

Tow! 

50 

595 

12 

98 

454 

675 

48 

259 

110 
2.081 

2,191 

5 

2.196 

85 

Estimated Capita] Costs, in Millions of Dollars' 

Federal 

V-40 

0 

0 

0 

0 

12 

12 

12 

12 

1992- 1993 

322 

79 

64 

236 

35 

736 

736 

736 

Sraw 

50 

273 

12 

14 

2 

198 

48 

0 

110 
487 

597 

597 

Tow! 

50 

595 

12 

93 

66 

434 

48 

47 

110 
1,235 

1,345 

1,345 

Federal 

185 

0 

0 

0 

0 

185 

185 

185 

Federal 

0 

0 

0 

0 

38 

38 

38 

38 

1988- 1989 

Loool 

323 

81 

209 

33 

161 

807 

807 

807 

Staw 

50 

87 

12 

IS 

0 

33 

48 

97 

110 
232 

342 

5 

347 

1994- 1995 

322 

77 

0 

25 

625 

1.049 

1.049 

1,049 

Sraw 

50 

273 

12 

14 

0 

25 

48 

ISO 

110 
462 

572 

572 

Tow! 

50 

595 

12 

96 

209 

66 

48 

258 

110 
1,224 

1,334 

5 

1,339 

Tow! 

50 

595 

12 

91 

0 

50 

48 

813 

110 
1.549 

1.659 

1,659 



Table V-12. Summary of Estimated Capital Costs for Future Water Quality Protection and Water De\·clopmcnt, 
with Estimates of Funding Needed by Local, State, and Federal Governments for Wastewater Treatment 

and Municipal and Industrial Water Supply Facilitics"'-Continucd 

Type of Faciliry 

1. W:1stcwatcr Treatment 
(llardship) 

2. Wastewater Treatment 
(all others) 

3. Wells :md Facilities 
(Hardship) 

4.\Vclls and Facilities 
(nil others) 

5. Raw Water Treatment 

6. Water Convcy:mcc 

7. Water Supply Facilities 
(Jiardship) 

8. Reservoir and Chloride ControJ2 

Subtotal (I lardship) 
Subtotnl (all others) 

SUIJTOTAL 

Rcscnrch and Plnnninl!, 

TOTAL 

Rurnl W:1tcr Supply 
Appli-cations 
Prcapplications 

Type of Facility 

1. Wastewater Treatment 
(llardship) 

2. Wastewater Trcntment 
(nil others) 

.1. Wells and Facilities 
(llardship) 

4, Wells and Facilities 
(all others) 

5. ~·htior Raw Water Treatment 

6. Major Water Conveyance 

7. Water Supply Facilities 
(Hardship) 

8. RcsciToir and Chloride ControP 

Subtotal (llardship) 
Subtotal (all other) 

SUIJTOTAL 

Research and Plannin~ 

TOTAL 

Rum! Water Supply 
Applications 
Prcapplications 

0 Scc Footnotes at end of Table. 

Federal 

0 

0 

0 

0 

12 

12 

12 

12 

Federal 

0 

0 

0 

0 

38 

38 

38 

38 

1996. 1997 

Looal 

322 

76 

0 

0 

328 

726 

726 

726 

Srote 

50 

273 

12 

13 

0 

0 

48 

53 

110 
339 

449 

449 

2002. 2003 

Local 

34.1 

76 

0 

51 

186 

656 

656 

656 

Srote 

50 

292 

12 

14 

0 

51 

48 

186 

110 
543 

653 

653 

Total 

50 

595 

12 

89 

0 

0 

48 

39.1 

110 
1.077 

1.187 

1,187 

Total 

50 

635 

12 

90 

0 

102 

48 

410 

110 
1,237 

1.347 

1,347 

E8dnuttcd CupitaJ Costs, in Millions of Dollars I 

FederaJ 

0 

0 

0 

0 

38 

38 

38 

38 

1998. 1999 

Looal 

322 

76 

0 

0 

15 

413 

413 

413 

State 

50 

273 

12 

13 

0 

0 

48 

23 

110 
309 

419 

419 

Total 

50 

595 

12 

89 

0 

0 

48 

76 

llO 
760 

870 

870 

Estimated CnpitaJ Costs, in Millions of Dollars• 

l<'ederaJ 

V-41 

0 

0 

0 

0 

12 

12 

12 

12 

2004- 2005 

Loca1 

343 

78 

0 

0 

484 

905 

905 

905 

s .. tc 

50 

292 

12 

14 

0 

0 

48 

423 

110 
729 

839 

839 

Total 

50 

635 

12 

92 

0 

0 

48 

919 

110 
1,646 

1. 756 

1.756 

FederaJ 

0 

0 

0 

0 

12 

12 

12 

12 

Federal 

0 

0 

0 

0 

0 

0 

0 

0 

2000. 2001 

Looal 

332 

76 

27 

6 

113 

554 

554 

554 

State 

50 

283 

12 

13 

.18 

6 

48 

39 

llO 
379 

489 

489 

2006. 2007 

Looal 

343 

80 

0 

99 

0 

522 

522 

522 

Srote 

50 

292 

12 

14 

0 

99 

48 

0 

llO 
405 

515 

515 

Total 

50 

615 

12 

89 

65 

12 

48 

164 

llO 
945 

1.055 

1.055 

Total 

50 

635 

12 

94 

0 

198 

48 

0 

llO 
927 

1.037 

1,037 



Table V-12. Summary of Estimated Capital Costs for Future Water Quality Protection and \Vater Development, 
with Estimates of Funding Needed by Local, State, and Federal Governments for Wastewater Treatment 

and Municipal and Industrial Water Supply Facilitics*-Continucd 

Type of Facility 

1. Wastewater Treatment 
(Hardship) 

2. Wastewater Treatment 
(all others) 

3. Wells and Facilities 
(Hardship) 

4. Wells and Facilities 
(all others) 

5. Major Raw Water Treatment 

6. Major Water Conveyance 

7. Water Supply Facilities 
(Hardship) 

8, Reservoir and Chloride Control2 

Subtotal (llardship) 
Subtotal (all other) 

SUBTOTAL 

Rcscnrch :md Planning 

TOTAL 

Rural Water Supply 
Applications 
Prcapplications 

Type of Facility 

1. Wastewater Treatment 
(Hardship) 

2. Wastewater Treatment 
(all others) 

3. Wells and Facilities 
(Hardship) 

4. Wells and Facilities 
(all others) 

5. Major Raw Water Treatment 

6. Major Water Conveyance 

7, Water Supply Facilities 
(Hardship) 

8. Reservoir and Chloride Control2 

Subtotal (Hardship) 
Subtotal (all other) 

SUBTOTAL 

Research and Planning 

TOTAL 

Rural Water Supply 
Applications 
Prcapplications 

~sec Footnotes at end o£ Table. 

FederoJ 

0 

0 

0 

0 

0 

0 

0 

0 

Federal 

0 

0 

0 

0 

0 

0 

0 

0 

2008- 2009 

343 

81 

0 

99 

0 

523 

523 

523 

. State 

50 

292 

12 

15 

0 

99 

48 

0 

110 
406 

516 

516 

2014- 2015 

Looal 

407 

87 

10 

47 

105 

656 

656 

656 

...... 
50 

358 

12 

17 

0 

10 

48 

105 

110 
490 

600 

600 

To1al 

50 

635 

12 

96 

0 

198 

48 

0 

110 
929 

1,039 

1.039 

Estimated Capihll Co~ts, in Millions of Dollorsl 

Federal 

0 

0 

0 

0 

0 

0 

0 

0 

2010- 2011 

Looal 

407 

85 

10 

47 

105 

654 

654 

654 

Stare 

50 

358 

12 

16 

0 

10 

48 

105 

110 
489 

599 

599 

To1al 

50 

765 

12 

101 

10 

57 

48 

210 

110 
1.143 

1,253 

1,253 

Estimated Capihll Co~ts, in Millions of Dollorsl 

To1al 

50 

765 

12 

104 

10 

57 

48 

210 

110 
1.146 

1,256 

1.256 

Federal 

V-42 

0 

0 

0 

0 

0 

0 

0 

0 

2016- 2017 

407 

88 

10 

47 

105 

657 

657 

657 

...... 
50 

358 

12 

18 

0 

10 

48 

105 

110 
491 

601 

601 

To1al 

50 

765 

12 

106 

10 

57 

48 

210 

110 
1.148 

1.258 

1,258 

Federal 

0 

0 

0 

0 

0 

0 

0 

0 

Federal 

0 

0 

0 

0 

0 

0 

0 

0 

2012- 2013 

Looal 

407 

85 

10 

47 

105 

654 

654 

654 

..... 
50 

358 

12 

16 

0 

10 

48 

105 

110 
489 

599 

599 

2018- 2019 

Looal 

407 

88 

10 

47 

105 

657 

657 

657 

...... 
50 

358 

12 

18 

0 

10 

48 

105 

110 
491 

601 

601 

To1al 

50 

765 

12 

101 

10 

57 

48 

210 

110 
1,143 

1,253 

1.253 

To1al 

50 

765 

12 

106 

10 

57 

48 

210 

110 
1.148 

1,258 

1,258 



Table V-12. Summary of Estimated Capital Costs for Future Water Quality Protection and Water Development, 
with Estimates of Funding Needed by Local, State, and Federal Governments for Wastewater Treatment 

and Municipal and Industrial Water Supply Facilities-Continued 

Type of Facility 

1. \Vastewatcr Treatment 
(Hardship) 

2. \Vastcwatcr Treatment 
(all others) 

3. Wells and Facilities 
(Hardship) 

4, Wells and Facilities 
(all others) 

5. ~Iajor Raw Water Treatment 

6. Major Water Conveyance 

7, Water Supply Facilities 
(Hardship) 

8. Reservoir and Chloride ControP 

Subtobtl (!Iardship) 
Subtotal (all other) 

SUBTOTAL 

Research and Planning 

TOTAL 

Rural Water Supply 
APplications 
Prcapplicntions 

Type of Facility 

1. \Vastcwater Treatment 
(llardship) 

2. \Vastcwatcr Treatment 
(all others) 

3, Wells :md Facilities 
(Hardship) 

4. Wells and Facilities 
(:til others) 

5. Major R.'l.w Water Treatment 

6. Major Water Conveyance 

7, Water Supply Fucilitics 
(Hardship) 

8. Reservoir and Chloride ControJ2 

Subtotal (llardship) 
Subtotal (all other) 

SUBTOTAL 

Research and Plannin~ 

TOTAL 

Rural Water Supply 
Applications 
Prcapplications 

Federo.l 

0 

0 

0 

0 

0 

0 

0 

0 

Federal 

0 

0 

0 

0 

0 

0 

0 

0 

2020. 2021 

Locol 

489 

92 

0 

0 

!54 

735 

735 

735 

State 

50 

440 

12 

19 

0 

0 

48 

143 

110 
602 

712 

712 

2026. 2027 

Local State 

489 

97 

0 

0 

!54 

740 

740 

740 

50 

440 

12 

20 

0 

0 

48 

143 

110 
603 

713 

713 

Toml 

50 

929 

12 

111 

0 

0 

48 

297 

110 
1.337 

1,447 

1.447 

Toml 

50 

929 

12 

117 

0 

0 

48 

297 

110 
1,343 

1,453 

1,453 

Esdmated Capital Costs, in Millions of Dollars' 

Federal 

0 

0 

0 

0 

0 

0 

0 

0 

2022. 2023 

489 

92 

0 

0 

!54 

735 

735 

735 

State 

50 

440 

12 

19 

0 

0 

48 

143 

110 
602 

712 

712 

Toml 

50 

929 

12 

Ill 

0 

0 

48 

297 

110 
1.337 

1.447 

1,447 

Estimated Capital Costs, in Millions of Dollnrs 1 

Federal 

0 

0 

0 

0 

0 

0 

0 

0 

2028. 2029 

Loco.J State 

489 

97 

0 

0 

!54 

740 

740 

740 

50 

440 

12 

20 

0 

0 

48 

143 

110 
603 

713 

713 

Toml 

50 

929 

12 

117 

0 

0 

48 

297 

110 
1,343 

1,453 

1.453 

!Project costs in 1983 dollars are shown for the biennium in which it is estimated construction would be iriitiated. 

Fcdcro.l 

0 

0 

0 

0 

0 

0 

0 

0 

Federal 

0 

0 

0 

0 

0 

0 

0 

0 

2024. 2025 

489 

94 

0 

0 

!54 

737 

737 

737 

2030 

State 

50 

440 

12 

19 

0 

0 

48 

143 

110 
602 

712 

712 

Loco.! State 

245 

49 

0 

0 

77 

371 

371 

371 

25 

220 

6 

10 

0 

0 

24 

72 

55 
302 

357 

357 

Toml 

50 

929 

12 

113 

0 

0 

48 

297 

110 
1,339 

1,449 

1.449 

Toml 

25 

465 

6 

59 

0 

0 

24 

149 

55 
673 

728 

728 

2'fhe Brazos River Authority (BRA) _plans to finance BRA projects throu~h the sale of revenue bonds, but would borrow from a State loan fund to pay interest during the first ten years 
on BRA bonds sold to finance construction of Millican Reservoir and the three chloride control projects in the Brazos River Basin. The BRA would then repay the State \lith 
interest. The estimates of State financial assistance include the follo\\ingamounts (in millions of dollars) required by BRA, assuming8 percentintercston the BRA bonds: 1994 = 
S3; 1995 .. S3; 1996 = S42; 1997 = S42; 1998 ... S45: 1999 .. S45; 2000 = S45; 2001 = $45: 2002 = S48; 2003 ""S48; 2004 .. S45: 2005 =S45: 2006 = S9; 2007 = S9; 2008 
= S6: 2009 = S6: 2010 = S6; 2011 = S6: 2012 = S3: 2013 = SJ; 2014 = S3: 2015 = S3. 
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APPENDIX A 

Reported 1980 Population and Municipal Water Usc and Projected Popula­
tion and Water Requirements for Cities and Rural Areas in Texas, Low and 
High Case, 1990 and 2000 





APPENDIX A. REPORTED 1980 POPULATION AND MUNICIPAL WATER U8EAND REQUIREMENTS FOR CITIES AND RURAL AREAS IN 
TEXAS, LOW AND HIGH CASE, 1990 AND 2000 

RIVER BASIN, 1 CANADIAN 
ZONE; 1 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

LOW 

POPLN. AC-FT POPLN. AC-FT 

BOOKER 1219 292 1440 312 
GRUVER 1216 293 1345 333 
LIPSCOMB 212 29 219 37 
PERRYTON 7991 1268 7800 1407 
SPEARMAN 3413 892 3464 923 
STRATFORD 1917 700 2052 609 
OTHER 6769 912 6616 1035 

ZONE TOTAL 22737 4386 22936 4656 

> ~(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 
' ... 

HIGH LOW IIIGH 

POPLN. AC-FT POPLN. AC·FT POPLN. 

1463 411 1676 372. 1759 
1345 420 1460 368 1505 

223 52 238 41 250 
7789 1911 7767 1436 7769 
3463 1148 3419 927 3526 
2051 742 2440 741 2661 
6653 1351 7120 1140 7410 

22987. 6035 24120 5025 24880 

AC-FT 

504 
477 

60 
1941 
1185 

981 
1519 

6667 



APPENDIX A. CONTINUED 

RIVER BASIN' 1 CANADIAN 
ZONE' 2 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

LOW HIGH LOW HIGH 

POPLN. AC·Ff POPLN. AC·Ff POPLN. AC·Ff POPLN. AC-Ff POPLN. AC·Ff 

(P) AMARILLO 53260 11750 59087 13171 60439 17399 62415 14123 64002 18640 
BORGER 15837 2503 16422 2722 16640 3840 17061 2886 17367 4066 
CANADIAN 3491 1376 3671 1184 4661 1806 4696 1541 5536 2177 
CHANNING 304 82 376 72 394 101 450 87 488 126 
DALHART 6854 1492 8425 2265 8600 2871 9145 2499 9514 3218 
DUMAS 12194 2429 15444 3131 15866 4248 17457 3618 18002 4900 
FRITCH 2299 484 3040 603 3080 811 3457 693 3520 934 
MIAMI 813 189 926 188 945 253 940 195 920 250 
PAMPA 21396 4031 21366 3757 21243 5116 21333 3823 21269 5194 
PHILLIPS 1724 371 1985 285 2011 419 2066 305 2104 448 
STINNETT 2222 485 2441 405 2473 571 2586 435 2632 613 
SUNRAY 1952 453 2088 472 2145 625 2173 501 2240 662 

(P) VEGA 225 70 259 72 264 90 321 91 354 123 

> (P) WHITE DEER 1149 238 1325 276 1326 362 1483 316 1539 428 
' "' OTHER 21084 3032 19212 3272 20049 4361 17265 3170 18417 4284 

ZONE TOTAL 144804 28985 156067 31875 160136 42873 162848 34283 167904 46063 
BASIN TOTAL 167541 33371 179003 36531 183123 48908 186968 39308 192784 52730 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN, 2 RED 
ZONE, 1 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH LOW HI Gil 

POPLN. AC·FT POPLN. AC-FT POPLN. AC-FT POPLN. AC·FT POPLN. AC·FT 

(P) AMARILLO 95970 21283 100111 22315 108905 31351 105333 23834 115326 33588 
CANYON 10724 1919 10528 2040 11992 3103 11223 2213 12906 3383 
CLARENDON 2220 610 2600 664 2600 833 2718 709 2718 886 
CLAUDE 1112 162 1261 218 1270 302 1366 239 1396 335 
FRIONA 3809 837 4625 1088 4633 1391 5261 1261 5436 1656 
HEREFORD 15853 4012 20320 4848 20917 6350 23555 5726 24620 7584 
MCLEAN 1160 370 1164 319 1157 393 1163 322 1160 396 
PANHANDLE 2226 461 2606 441 2608 611 2912 502 3024 718 
SHAMROCK 2834 645 3030 543 3030 740 2967 542 2967 734 
SILVERTON 918 105 966 127 955 187 1019 137 1041 208 
TULIA 5033 1132 5439 1292 5381 1627 6536 1589 7149 2202 

(P) VEGA 675 210 778 216 792 271 964 272 1064 369 
WHEELER 1584 511 1908 393 1908 517 1997 421 1997 550 

~ (P) WHITE DEER 61 12 70 15 70 19 78 17 81 23 
w OTHER 34579 4719 37716 5538 40091 7532 43166 6501 47364 9105 

ZONE TOTAL 178758 36988 193122 40057 206309 55227 210258 44285 228249 61737 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN. 



APPENDIX A. CONTINUED 

RIVER BASIN' 2 RED 
ZONEo 2 

CITI'IYEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH ww HIGH 

POPLN. AC·FT POPLN. AC·FT POPLN. AC·FT POPLN. AC·FT POPLN. AC·FT 

ARCHER CITI' 1862 487 1901 221 1966 357 1917 228 1981 364 
BURKBURNETT 10668 1577 12633 1939 12716 2778 15689 2478 17119 3816 
CHILDRESS 5817 1393 6268 1081 6302 1497 6366 1127 6318 1529 
CHILLICOTHE 1052 200 1106 214 1094 283 1113 222 1101 291 
CROWELL 1509 497 1599 389 1578 486 1652 411 1648 517 
ELECTRA 3755 704 3740 746 3765 995 4361 884 4758 1274 
GUTHRIE 116 13 107 13 102 19 102 12 99 19 
HENRIETTA 3149 716 3191 511 3330 750 3284 537 3382 773 
HOLLIDAY 1349 299 1547 201 1600 312 1683 221 1740 341 
IOWA PARK 6184 1115 8229 1383 8283 1930 10479 1808 11435 2715 
MATADOR 1052 266 1092 290 1070 354 1128 308 1133 383 
MEMPHIS 3352 600 3607 566 3566 791 3888 627 3976 900 
MONTAGUE 234 16 235 26 240 42 257 31 267 50 

> NOCONA 2992 640 3223 549 3286 773 3505 612 3652 875 
' ... PADUCAH 2216 524 2325 471 2290 613 2440 506 2457 669 

QUANAH 3890 761 3907 521 3863 766 3888 527 3845 771 
(P) SAINT JO 269 43 289 39 295 58 310 43 323 65 

VERNON 12695 2494 13809 2985 13856 3896 14567 3247 14737 4242 
WELLINGTON 3043 655 3450 607 3451 831 3587 647 3556 872 
\\1CHITA FALLS 94201 17565 96745 17339 97383 23780 112809 20597 123092 30472 
OTHER 32937 8170 27938 4775 28416 6198 26500 4746 27243 6204 

ZONE TOTAL 192342 38735 196941 34866 198452 47509 219525 39819 233862 57142 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN, 2 RED 
ZONE, 3 

CI1YIYEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH ww HIGH 

POPLN. AC·Ff POPLN. AC·Ff POPLN. AC·Fr POPLN. AC·Ff POPLN. AC·Ff 

BLOSSOM 1487 ll2 1627 197 1662 309 1737 214 1791 337 
BONHAM 7338 1423 802S 1214 8146 1761 860S 1349 9028 2002 

(P) DE KALB nos 148 1083 142 ll20 220 IllS lS2 ll94 241 
DENISON 23884 4786 24SS9 4732 2SlS8 6482 2S019 4960 2S791 6789 

(P) HONEY GROVE 99 ll 100 14 102 21 106 IS Ill 23 
HOOKS 2S07 391 2704 41S 2797 6ll 2891 4S7 309S 690 

(P) HOWE 16S7 2ll 2386 3S3 2444 S20 2841 426 2929 630 
(P) NEW BOSTON 927 ISO 1099 180 U37 260 1248 207 1336 308 
(P) PARIS 12749 1924 14178 260S 14484 3602 lSOSS 2839 ISSS4 3938 

RENO IOS9 67 liS9 401 ll84 487 1237 439 127S S36 
SHERMAN 30413 7201 33820 6440 34644 8848 36026 7022 37137 96Sl 

(P) TEXARKANA 297 107 309 ll6 320 141 333 128 3S7 160 
(P) WHITESBORO 3039 471 34S3 SS3 3S37 796 3727 614 3842 882 

> WHITEWRIGHT 1760 246 2099 3S8 21SO sos 2283 402 23S4 S67 
' OTHER 46606 S477 S0139 6177 Sl3S8 9238 S4086 6967 S6293 10483 "' 

ZONE TOTAL 134930 2272S 146740 23897 IS0243 33801 1S6339 26191 162087 37237 
BASIN TOTAL S06030 98448 S36803 98820 SSS004 136S37 S86122 U029S 624198 1S6ll6 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED \VlTHIN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN, 3 SULPHUR 
ZONE' 1 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH ww HIGH 

POPLN. AC-FT POPLN. AC-FT POPLN. AC-FT POPLN. AC·FT POPLN. AC-FT 

(P) ATLANTA 190 27 246 36 254 53 283 42 297 64 
BOGATA 1508 206 1771 240 1781 357 1909 269 1950 402 
CLARKSVILLE 4917 602 5292 735 5322 1085 5670 813 5791 1207 
COMMERCE 8136 1768 9777 1468 9947 2139 10529 1628 10974 2409 
COOPER 2338 314 2670 374 2679 549 2847 405 2892 599 

(P) DE KALB 1109 148 1084 142 1121 220 1117 153 1196 241 
(P) HONEY GROVE 1874 216 1906 267 1935 397 2019 292 2118 444 
(P) LEONARD 143 19 175 21 178 33 197 25 207 40 

MAUD 1059 133 1079 140 1116 218 1122 152 1201 241 
MOUNT VERNON 2025 479 2688 584 2790 788 3151 709 3378 980 

(P) NAPLES 572 104 656 112 676 159 737 128 785 187 
NASH 2022 203 2611 304 2701 490 2982 361 3192 594 

(P) NEW BOSTON 3701 598 4391 718 4542 1038 4983 826 5335 1231 

> (P) PARIS 12749 1924 14178 2605 14484 3602 15085 2839 15554 3938 
• 

"' (P) QUEEN CITY 523 84 668 112 691 161 777 136 816 196 
SULPHUR SPRINGS 12804 1408 15054 2445 15542 3534 16576 2785 17287 4028 

(P) TEXARKANA 30974 11205 32339 12099 33451 14688 34789 13327 37243 16687 
WAKE VILLAGE 3865 405 5357 624 5541 1005 6452 781 6907 1284 
WOLFE CITY 1594 170 1688 197 1717 312 1816 220 1893 352 
OTHER 61913 8050 62899 7951 65337 11864 66808 8822 70288 13197 

ZONE TOTAL 154016 28063 166529 31174 171805 42692 179849 34713 189304 48321 
BASIN TOTAL 154016 28063 166529 31174 171805 42692 179849 34713 189304 48321 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN, 4 CYPRESS 
ZONE, 1 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH ww HIGH 

POPLN. AC-Ff POPLN. AC-Ff POPLN. AC-Ff POPLN. AC-Ff POPLN. AC-Ff 

(P) ATLANTA 6083 904 7863 1136 8133 1704 9064 1360 9520 2047 
DAINGERFIELD 3030 508 3028 397 3122 612 3234 435 3443 686 
GILMER 5167 870 5456 929 5965 1403 6030 1054 6576 1576 
HUGHES SPRINGS 2196 284 2440 446 2524 625 2676 501 2811 708 
JEFFERSON 2643 339 3126 399 3279 632 3375 442 3585 703 
LINDEN 2443 304 3069 399 3174 619 3444 467 3617 725 
LONE STAR 2036 248 2556 324 2635 505 2987 391 3180 623 

(P) MARSHALL 5327 930 5325 948 5979 1453 6055 1112 7087 1762 
MOUNT PLEASANT 11003 1546 11588 1428 14130 2659 14343 1832 15493 2985 

(P) NAPLES 1336 245 1530 261 1578 371 1722 299 1833 437 
ORE CITY 1050 134 1234 149 1349 251 1446 178 1577 297 
PITTSBURG 4245 703 4481 592 4585 904 4581 626 4641 936 

(P) QUEEN CITY 1225 196 1564 263 1618 377 1819 318 1911 458 

> WASKOM 1821 264 2056 283 2308 468 2486 359 2910 610 
' (P) WINNSBORO 885 145 1078 185 1120 265 1199 210 1284 308 .... 

OTHER 67702 7959 74970 9245 80904 14454 85409 11012 92455 17106 

ZONE TOTAL 118192 15579 131364 17384 142403 27302 149870 20596 161923 31967 
BASIN TOTAL 118192 15579 131364 17384 142403 27302 149870 20596 161923 31967 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN, 5 SABINE 
ZONE, 1 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH ww III Gil 

POPLN. AC·FT POP LN. AC·FT POPLN. AC·FT POPLN. AC.Ff POPLN. AC·FT 

BIG SANDY 1258 139 1557 181 1702 309 1836 222 2002 372 
CADDO MILLS 1060 107 1138 138 1158 215 1225 151 1277 240 
CANTON 2845 621 4567 701 4796 1048 5981 945 6625 1477 
CARTHAGE 6447 990 7059 925 8387 1644 8510 1144 9163 1827 
EDGEWOOD 1413 188 1835 232 1927 369 2229 297 2469 490 
EMORY 813 208 930 261 968 335 1071 310 1169 414 
GLADEWATER 6548 1057 6066 829 7199 1452 6797 951 7442 1525 
GRAND SALINE 2709 496 3099 552 3255 791 3570 656 3954 983 
GREENVILLE 22161 5085 24150 4842 24570 6523 25997 5358 27094 7345 
HALLSVILLE 1556 208 2036 283 2286 466 2610 377 3Q55 640 
HAWKINS 1302 302 1579 210 1648 327 1796 245 1917 387 

(P) HENDERSON 1148 218 1256 194 1422 312 1443 230 1535 344 
KILGORE 10968 2661 9881 2036 12002 3253 11273 2387 12280 3398 

> LIBERTY CITY 1121 330 1136 141 1411 267 1417 181 1555 300 

"' (P) LINDALE 1090 209 1198 233 1509 392 1562 311 1767 467 
LONGVIEW 62762 9167 66421 9226 82258 16770 84135 12064 92474 19267 

(P) MARSHALL 19594 3423 19588 3489 21993 5346 22273 4092 26070 6483 
MINEOLA 4346 791 4827 860 5039 1225 5152 946 5499 1367 

(P) OVERTON 2269 452 2420 597 2747 855 2812 712 2996 953 
QUINLAN 1002 126 1076 140 1095 213 1159 154 1208 240 
QUITMAN 1893 333 2464 447 2572 634 2859 532 ~1052 766 
ROYSE CITY 1566 244 2128 346 2708 616 3019 500 3881 895 
TATUM 1339 216 1375 163 1572 288 1575 191 1680 312 

(P) TYLER 6 1 6 1 7 2 7 1 8 2 
(P) VAN 94 19 128 23 134 32 158 29 175 43 

WHITE OAK 4415 518 5777 699 7175 1334 8031 1008 8812 1678 
(P) WILLS POINT 1315 137 1406 224 1477 331 1509 250 1671 386 
(P) WINNSBORO 2470 409 2998 513 3129 740 3358 586 3585 860 

OTHER 131291 16422 141008 17799 158379 28323 166418 21878 181958 33576 

ZONE TOTAL 296801 45077 319109 46285 364525 74412 379782 56708 416373 87037 

*(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN, 5 SABINE 
ZONE, 2 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH ww III Gil 

POPLN. AC·Ff POPLN. AC·Ff POPLN. AC·Ff POPLN. AC·Ff POPLN. AC-Ff 

BESSMAY-BUNA 2076 315 3639 505 4156 847 4903 703 5398 1125 
(P) BRIDGE CITY 4600 692 6052 780 6200 1201 6834 911 7150 1418 

CENTER 5827 1775 6717 1129 7661 1785 8033 1395 8559 2042 
HEMPHILL 1353 277 1647 301 1825 452 1989 379 2137 546 
KIRBYVILLE 1972 429 1965 370 2244 568 2196 428 2418 628 
NEWTON 1620 287 1817 332 1849 458 1948 371 2006 512 
ORANGE 23628 4267 25907 4063 26542 5887 28348 4573 29657 6710 
PINEHURST JOSS 470 3725 467 3816 727 4284 552 4482 869 
TENAHA 1005 117 1000 131 1141 224 1091 149 1162 234 
TIMPSON 1164 253 1273 201 1452 324 1449 239 1544 355 

(P) VIDOR 3634 367 6643 759 6806 1220 8371 975 8758 1589 
WEST ORANGE 4610 834 5099 640 5224 995 5579 719 5837 1131 
OTHER 55937 6586 53644 7165 57698 10977 57374 8027 60698 11939 

> 
' ZONE TOTAL 110481 16669 119128 16843 126614 25665 132399 19421 139806 29098 "' BASIN TOTAL 407282 61746 438237 63128 491139 100077 512181 76129 556179 116135 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED \VITI-liN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN' 6 NECHES 
ZONE: 1 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH ww HIGH 

POPLN. AC·FT POPLN. AC·FT POPLN. AC·FT POPLN. AC-FT POPLN. AC·FT 

ALTO 1203 226 1468 289 1589 416 1718 354 1851 502 
CHANDLER 1308 184 1751 228 1862 363 2042 272 2194 435 
FR&'IKSTON 1255 238 1375 222 1583 358 1621 269 1820 420 
GARRISON 1059 275 1249 259 1291 351 1371 293 1431 399 
GRAPELAND 1634 192 1875 227 2292 426 2417 303 2589 493 

(P) HENDERSON 10325 1960 11297 1746 12792 2808 12981 2065 13808 3093 
JACKSONVILLE 12264 3019 13960 3253 15114 4503 16120 3882 17373 5313 

(P) LINDALE 1090 209 1198 233 1509 392 1562 311 1767 467 
NACOGDOCHES 27149 5490 36688 5589 37917 8240 42172 6661 44015 9811 

(P) OVERTON 161 31 167 42 194 61 196 49 212 68 
(P) PALESTINE 6807 1070 6922 1070 7971 1750 7813 1243 8775 1966 

RUSK 4681 641 4811 674 5209 1068 5133 742 5532 1159 
TROUP 1911 268 1724 291 2160 506 2040 356 2304 552 

> (P) TYLER 70502 15529 69983 12621 
' 

88187 21633 86930 16067 98321 24560 

"' (P) VAN 1787 377 2437 431 2559 619 3009 549 3333 825 
0 

WHITEHOUSE 2172 290 2658 336 3350 642 3669 481 4150 814 
OTHER 114629 13839 120982 15047 138092 24083 143466 18634 157152 28329 

ZONE TOTAL 259937 43838 280545 42558 323671 68219 334260 52531 366627 79206 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE N"lD BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN, 6 NECHES 
ZONE, 2 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH ww HIGH 

POPLN. AC-FT POP LN. AC-FT POPLN. AC-FT POPLN. AC·FT POPLN. AC·FT 

(P) BEAUMONT 37274 6693 38728 6290 39264 8928 40822 6768 42065 9706 
BEVIL OAKS 1306 98 1382 381 1401 477 1468 414 1513 525 

(P) BRIDGE CITY 3067 461 4034 520 4133 801 4557 607 4767 945 
(P) CHINA 68 4 71 9 72 13 76 9 78 15 

CORRIGAN 1770 367 2191 329 2704 582 2857 442 3285 721 
(P) DAISETTA 942 168 2250 307 2395 483 3374 472 3874 794 

DIBOLL 5227 652 10087 1299 10481 2031 12933 1724 13494 2675 
FULLER SPRINGS 1470 221 1742 211 1810 337 1936 239 2020 380 

(P) GROVES 3678 362 3913 451 3967 715 4121 485 4247 775 
(P) GROVETON 379 60 439 54 457 85 462 58 477 91 

HUDSON 1659 387 1966 240 2043 382 2185 272 2280 432 
HUNTINGTON 1672 183 1969 229 2046 371 2204 267 2299 427 
JASPER 6959 2065 7732 1646 8830 2453 9102 1988 10021 2840 

> 
' 

KOUNTZE 2716 371 2750 422 3144 687 3326 525 3884 866 

'"' LUFKIN 28562 4861 34511 5489 35859 8033 38398 6366 40065 9245 
'"' LUMBERTON 2480 735 2791 338 3191 593 3449 425 4028 758 

(P) NEDERLAND 477 63 600 81 608 122 673 93 694 141 
PINELAND 1111 211 1058 162 1173 256 1108 179 1190 269 

(P) PORT ARTHUR 2058 299 2109 307 2138 450 2240 334 2308 494 
(P) PORT NECHES 7978 847 9928 1134 10065 1804 11360 1336 11706 2137 

SAN AUGUSTINE 2930 672 3157 619 3261 851 3374 684 3474 930 
SILSBEE 7684 1178 7448 1035 8514 1736 8266 1185 9653 2011 
SOUR LAKE 1807 237 1587 185 1814 329 1668 202 1948 362 

JP) VIDOR 8483 859 15508 1772 15888 2847 19543 2277 20445 3710 
WOODVILLE 2821 667 3497 678 3628 939 3759 749 3867 1022 
OTHER 111843 13517 117878 14826 127866 23283 132899 17445 145040 27331 

ZONE TOTAL 246421 36238 279326 39014 296752 59588 316160 45545 338722 69602 
BASIN TOTAL 506358 80076 559871 81572 620423 127807 650420 98076 705349 148808 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN, 7 NECHES-TRINITY 
ZONE: 1 

CITY/YEAR 1980 REPORTED 1990 PROJECI'ED 2000 PROJECTED 

ww HIGH ww HIGH 

POPLN. AC-Ff POPLN. AC-Ff POPLN. AC-Ff POPLN. AC-Ff POPLN. AC·Ff 

(P) BEAUMONT 80828 14515 83982 13640 85143 19361 88521 14675 91217 21048 
(P) CHINA 1283 90 1357 164 1376 256 1442 178 1486. 280 

GRIFFING PARK 1802 267 1930 294 1957 425 2051 319 2114 466 
(P) GROVES 13412 1323 14268 1646 14465 2609 15029 1768 15486 2827 
(P) NEDERLfu'ID 16378 2172 20593 2791 20878 4186 23123 3212 23827 4858 
(P) PORT ARTHUR 59193 8618 60657 8833 61496 12950 64441 9600 66404 14207 
(P) PORT NECHES 5966 633 7424 848 7527 1349 8496 999 8755 1599 

OTHER 14172 1690 13803 1700 13998 2618 13577 1749 14006 2729 

ZONE TOTAL 193034 29308 204014 29916 206840 43754 216680 32500 223295 48014 

*(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 
:;--.... 
"' 



:;-.... 
w 

APPENDIX A. CONTINUED 

RIVER BASIN, 7 NECHES-TRINITY 
ZONE, 2 

CITY/YEAR 1980 REPORTED 

(P) ANAHUAC 
WINNIE 
OTHER 

ZONE TOTAL 
BASIN TOTAL 

POPLN. 

1748 
2486 
6459 

10693 
203727 

AC·Fl' -

259 
598 
759 

1616 
30924 

1990 PROJECTED 

LOW HIGH 

POP LN. AC-Fl' POPLN. 

1801 274 2536 
2770 571 3901 
4930 608 6318 

9501 1453 12755 
213515 31369 219595 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 

2000 PROJECTED 

ww HIGH 

AC-Fl' POPLN. AC-Fl' POPLN. AC-Fl' 

551 2536 401 3429 764 
1057 4076 858 5511 1519 
1100 5604 722 7221 1305 

2708 12216 1981 16161 3588 
46462 228896 34481 239456 51602 



APPENDIX A. CONTINUED 

RIVER BASIN' 8 TRINITY 
ZONE, 1 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH ww HIGH 

POPLN. AC-FI' POPLN. AC-FI' POPLN. AC-FI' POPLN. AC-FI' POPLN. AC-FI' 

ADDISON 5553 1634 6279 985 6461 1433 6932 1110 7234 1629 
ALEDO 1027 130 1181 143 1174 218 1257 155 1266 238 
ALLEN 8314 1213 12316 1835 13317 2849 16715 2565 19277 4211 
ALVARADO 2701 300 2788 328 2942 537 2959 351 3352 616 
ARGYLE 1111 284 1634 198 1765 328 2103 259 2489 468 
ARLINGTON 160123 40239 180623 33990 185748 47023 195994 37322 203285 51918 
ATHENS 10197 1375 12721 1795 13527 2788 13403 1982 14404 3066 
AZLE 5822 915 6698 1081 6849 1549 7310 1212 7544 1740 
BALCH SPRINGS 13746 1563 16933 1992 17424 3181 18696 2241 19509 3606 
BEDFORD 20821 4233 23486 3657 24152 5330 25484 4053 26432 5922 
BENBROOK 13579 2845 15316 2402 15751 3493 16620 2662 17238 3881 
BLUE MOUND 2169 258 2445 293 2514 465 2653 324 2752 515 
BOWIE 5610 1031 6384 980 6509 1422 7024 1117 7317 1639 

> 
' 

BRIAR 1810 274 2035 256 2097 399 2167 279 2301 446 
.... BRIDGEPORT 3737 822 3901 520 4110 815 4118 577 4651 953 ... 

BURLESON 11734 1503 17615 2466 18553 3803 20355 2919 22926 4776 
CARROLLTON 40591 8188 43512 8091 45523 11422 50267 9516 54707 13911 
CEDAR HILL 6849 1425 9204 1608 9471 2270 10163 1799 10605 2566 
CELINA 1520 206 2191 307 2369 486 2973 426 3429 714 
COCKRELL HILL 3262 440 3677 515 3784 776 4059 582 4236 883 
COLLEYVILLE 6700 984 7557 1126 7771 1663 8199 1258 8504 1858 
COPPELL 3826 673 5720 1038 5886 1450 6315 1188 6590 1668 
CORINTH 1264 187 1859 225 2008 373 2393 295 2832 533 
CORSICANA 21712 5107 22037 4073 25534 6378 25613 4849 26919 6845 
CROWLEY 5852 777 6600 791 6787 1254 7162 882 7428 1398 
DALLAS 904078 227667 896175 188723 922214 254120 989281 212762 1032468 289128 
DALWORTHINGTON CARD. 1100 278 1239 153 1274 240 1345 170 1395 267 
DESOTO 15538 2834 23923 3912 24616 5625 26412 4438 27561 6421 
DECATUR 4104 765 4731 763 4984 1128 5542 913 6259 1437 
DENTON 48063 9882 51842 10104 55994 14551 51117 10192 60494 15992 
DUNCANVILLE 27781 5461 43481 6721 44741 9823 48007 7582 50095 11167 
EDGECLIFF 2695 506 3039 524 3125 742 3297 580 3420 824 

•(P) INDICATES THAT PART OF A CITY WHICH IS WCATED WITHIN THE ZONE AND BASIN 



APPENDIX A, CONTINUED 

RIVER BASIN: 8 TIUNITY 
ZONE: 1 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH ww III Gil 

POPLN, AC-Ff POPLN. AC-Ff POPLN. AC-Ff POPLN. AC-Ff POPLN. AC-Ff 

ENNIS 12110 1974 14889 1935 15541 3029 17343 2331 19684 3925 
EULESS 24002 4383 27074 4337 27842 6269 29377 4837 30470 6997 
EVERMAN 5387 680 6075 701 6247 1127 6592 775 6837 1248 
FARMERS BRAI'ICH 24863 7380 33077 6410 34035 8807 36519 7200 38108 9989 
FARMERSVILLE 2360 413 3630 708 3925 1020 4927 988 5682 1508 
FERIUS 2228 299 2706 376 2824 576 3107 442 3527 731 
FLO\VER MOUND 4402 650 10198 1554 11015 2394 15206 2402 17996 4011 
FOREST HILL 11684 1711 13178 1668 13552 2596 14300 1858 14832 2891 
FORNEY 2483 375 3064 511 3216 746 3809 644 4286 1003 
FORT WORTH 385141 91788 434451 78837 446779 110100 471422 87130 488960 122138 
FIUSCO 3499 653· 4780 701 5168 1094 6157 917 7105 1520 
GAINESVILLE 14081 2834 14381 1901 15619 3079 15618 2134 17018 3431 
GARLAND 138857 26202 197922 28821 203657 42888 218523 32555 228029 48786 

> GLENN HEIGHTS .1033 224 1166 282 1200 368 1284 319 1343 421 
' >-' GRAND PRAIIUE 71462 10998 60412 7985 62158 12254 66577 8950 69429 13843 

Uo 
GRANDVIEW 1205 157 1546 187 1631 303 1857 229 2104 396 
GRAPEVINE 11801 2417 13322 1567 13700 2502 14455 1716 14994 2755 
GUN BARREL CITY 2118 595 2836 337 3016 554 3306 400 3553 661 
HALTOM CITY 29014 4544 32727 4032 33656 6334 35512 4495 36833 7055 
HEATH 1459 279 1813 219 2357 438 2332 287 3039 572 
HICKORY CREEK 1422 115 2091 253 2259 420 2692 332 3186 600 
HIGHLAND PARK 8909 3884 9663 3182 9943 3920 10668 3549 11132 4427 
HIGHLAND \%LAGE 3246 599 4776 578 5158 959 6145 757 7272 1368 

(P) HOWE 415 53 597 88 612 130 711 107 733 158 
HUBBARD 1676 213 1829 232 1870 358 1937 252 1990 388 
HURST 31420 6028 35441 5002 36447 7512 38457 5557 39888 8355 
HUTCHINS 2837 429 3696 505 3803 767 4080 567 4258 868 
IRVING 109943 24781 152081 22657 156488 33480 167910 25767 175215 38272 
!TAL~ 1306 125 1472 170 1536 277 1626 195 1845 341 

{P) ITASCA 80 12 93 16 95 22 101 18 104 25 
JACKSBORO ·4ooo 726 4426 739 4508 1045 4777 819 4923 1164 
KAUFMAN 4658 755 5898 813 6191 1255 7241 1022 8147 1679 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN, 8 TRINITY 
ZONE, 1 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH ww HIGH 
POPLN. AC·Ff POPLN. AC·Ff POPLN. AC·Ff POPLN. AC-Ff POPLN. AC-Ff 

(P) KEENE 605 79 831 114 877 178 1001 140 1134 232 
KELLER 4156 747 4686 871 4819 1209 5086 974 5275 1353 
KEMP 1035 166 1188 144 1247 232 1414 174 1591 299 
KENNEDALE 2594 477 2924 419 3007 626 3173 462 3291 693 
KERENS 1582 250 1543 187 1788 332 1777 219 1868 352 
LAKE DALLAS 3177 565 7560 1059 8165 1674 11232 1623 13292 2784 
LAKE WORTH VILLAGE 4394 660 4955 577 5096 925 5377 644 5577 1031 
LANCASTER 14807 2157 17726 2264 18240 3514 19571 2543 20422 3980 

(P) LEONARD 1278 176 1573 192 1597 299 1769 224 1856 356 
LEWISVILLE 24273 4369 44507 8226 48072 12008 63107 11876 74684 18906 
LUCAS 1371 350 2031 243 2196 406 2756 336 3179 595 
MABANK 1443 267 1835 509 1928 661 2272 641 2543 883 
MALAKOFF 2082 279 2294 321 2439 500 2674 389 2874 605 

> MANSFIELD 8092 1377 9133 1176 9393 1821 9912 1310 10284 2027 ' .... MCKINNEY 16256 2458 24369 3194 26349 5165 33072 4482 38142 7648 
"' MESQUITE 67053 9915 91541 11792 94193 18253 101068 13246 105465 20674 

MIDLOTHIAN 3219 437 4712 718 4918 1069 5977 937 6784 1505 
MUENSTER 1408 280 1552 259 1686 391 1734 297 1889 446 
MURPHY 1150 234 1704 202 1842 338 2312 280 2666 496 
NORTH RICHLAND HILLS 30592 5837 34507 4754 35486 7195 37444 5285 38837 8005 
OVILLA 1067 71 1291 156 1347 250 1522 187 1723 324 
PALMER 1187 150 1438 174 1501 279 1701 210 1931 363 
PANTEGO 2431 607 2740 703 2818 906 2974 773 3085 1002 
PARKER 1098 388 1626 193 1758 323 2208 267 2546 473 
PILOT POINT 2211 385 2168 279 2342 454 2047 273 2422 480 
PLANO 72331 16183 107161 18126 115869 27126 145437 25088 167731 39832 
PRINCETON 3408 226 5853 813 6329 1290 8612 1225 9932 2058 
RED OAK 1882 234 2281 309 2381 477 2698 375 3062 624 
RENO 1174 117 1350 228 1342 314 1437 249 1448 345 
RICHARDSON 72496 16773 112956 19232 116757 27464 125748 21973 132556 31775 
RICHLAND HILLS 7977 1580 8997 1330 9252 1969 9763 1465 10126 2178 
RIVER OAKS 6890 2108 7771 1158 7991 1710 8432 1294 8746 1910 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN, 8 TRINITY 
ZONE, 1 

CI1YIYEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH ww HIGH 

POPLN. AC·FT POPLN. AC·FT POPLN. AC·FT POPLN. AC·FT POPLN. AC·FT 

ROCKWALL 5939 1316 8068 1283 10499 2352 10615 1736 13839 3162 
ROWLETT 8696 1207 12246 1756 12967 2702 13775 2021 14828 3139 
SACHSE 1640 261 1851 344 1906 478 2042 389 2134 545 
SAGINAW 5736 892 6468 978 6652 1438 7019 1077 7280 1590 

(P) SAINT JO 802 131 865 115 882 175 925 127 964 195 
SANGER 2574 309 3015 375 3257 617 3399 434 4022 775 
SANSOM PARK VILLAGE 3921 390 4422 505 4547 815 4798 554 4976 897 
SEAGOVILLE 7304 976 8342 1308 8584 1904 9210 1475 9611 2164 
SOUTHLAKE 2808 388 3168 454 3259 679 3440 513 3571 764 
SPRINGTOWN 1658 261 1861 306 1850 425 1975 334 1990 466 
SUNNYVALE 1404 353 1587 192 1633 304 1752 216 1828 344 
TERRELL 13225 2543 13008 2594 13654 3609 13862 2842 15596 4210 
THE COLONY 11586 1838 17047 2139 18412 3506 21934 2825 25958 5030 

:> TOOL 1591 354 2130 258 
' 

2265 421 2484 306 2669 502 

"' TRINIDAD 1130 247 1420 359 1510 480 1497 387 1609 521 .... 
UNIVERSITY PARK 22254 6024 24205 5314 24906 7086 26723 5927 27886 7997 
VAN ALSTYNE 1860 184 2077 242 2128 386 2184 262 2251 416 
WATAUGA 10284 1214 11599 1403 11928 2218 12586 1551 13054 2457 
WAXAHACHIE 14624 2747 16414 2445 17132 3665 18367 2819 20847 4554 

(P) WEATHERFORD 11445 2366 13136 2148 13059 2984 13986 2334 14090 3267 
WESTWORTH VILLAGE 3651 613 4117 609 4234 901 4467 670 4633 996 
WHITE SETTLEMENT 13508 1934 15236 2253 15668 3j35 16533 2537 17148 3746 

(P) WHITESBORO 158 24 179 29 183 41 193 32 199 46 
WILLOW PARK 1113 246 1279 155 1272 237 1363 168 1373 . 258 

(P) WILLS POINT 1316 137 1408 224 1479 331 1510 250 1672 386 
WILMER 2367 241 2534 . 290 2607 467 2796 332 2918 536 
WYLIE 3152 576 5183 610 5604 1023 7035 851 8113 1509 
OTHER 242976 33002 315162 41705 334121 62399 388582 52933 433147 82850 

ZONE TOTAL 3045531 650951 3555282 609214 3694245 868893 4020862 701474 4286608 1020318 

•(P) INDICA.TF..S THAT PART OF A CITY \v;JiiCH IS ~OCATED WITHIN THE ZONE AND ~IN 



APPENDIX A. CONTINUED 

RNER BASIN, 8 TRINITY 
ZONE, 2 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH ww HIGH 
POPLN. AC·FT POPLN. AC·FT POPLN. AC·FT POPLN. AC•FT POPLN. AC·FT 

BUFFALO 1507 326 1730 258 2022 433 2145 332 2217 487 
CENTERVILLE 799 194 821 121 960 204 956 147 989 216 
CROCKETT 7405 1190 8736 1204 10678 2165 11132 1584 11924 2471 
ELKHART 1317 251 1400 168 1612 298 1664 203 1869 350 
FAIRFIELD 3505 627 4382 717 5431 1241 5942 998 6393 1490 

(P) HUNTSVILLE 20346 3362 28043 4837 29697 7052 34521 6148 37620 9144 
MADISONVILLE 3660 833 4443 771 4613 1101 4857 865 5020 1220 

(P) MEXIA 2128 362 2593 427 2593 595 2757 469 2757 649 
(P) PALESTINE 9141 1437 9295 1437 10704 2350 10492 1669 11784 2640 
(P) TEAGUE 1017 161 1142 170 1415 303 1446 224 1555 341 

WORTHAM 1187 213 1239 229 1536 384 1519 293 1634 421 
OTHER 51270 6429 53912 7381 61218 11712 63657 9024 68759 13499 

> ZONE TOTAL 103282 15385 117736 17720 132479 27838 141088 21956 152521 32928 
' ,... 
"' 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WJTHIN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RNERBASIN, 8 TRINITY 
ZONE, 3 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

LOW HIGH ww III Gil 

POPLN. AC·FI' POPLN. AC·FI' POPLN. AC·FI' POPLN. AC·FI' POPLN. AC·FI' 

AMES 1155 100 1557 188 1658 308 2046 252 2350 442 
(P) ANAHUAC 92 13 94 14 133 29 133 21 180 40 
(P) COLDSPRING 455 123 596 131 682 194 726 164 793 231 
(P) DAISETTA 235 41 561 77 597 120 841 118 966 198 

DAYTON 4908 709 6754 840 7191 1361 8825 1137 10134 1964 
(P) GROVETON 883 139 1023 125 1065 199 1078 136 1111 213 

LIBERTY 7945 1335 9663 1559 10288 2328 12171 2004 13976 3209 
LIVINGSTON 4928 919 5420 917 6690 1566 6650 1162 7646 1833 

(P) MONT BELVIEU 174 40 290 52 408 100 470 86 635 158 
OLD RIVER-\VINFREE 1058 102 1057 128 1489 277 1490 184 2014 379 
SHEPHERD 1674 197 1995 1086 2283 1391 2431 1356 2656 1654 
TRINITY 2620 483 3626 638 3773 909 4082 750 4210 1047 
OTHER 41078 4935 50565 6232 57515 10203 66098 8515 75847 13964 

> 
' ~ ZONE TOTAL 67205 9136 83201 11987 93772 18985 107041 15885 122518 25332 

"' BASIN TOTAL 3216018 675472 3756219 638921 3920496 915716 4268991 739315 4561647 1078578 

•(P) INDICATES THAT PART OF A CITY Wl-UCH IS LOCATED WITHIN THE ZONE A.~'lD BASIN 
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APPENDIX A. CONTINUED 

RIVER BASIN, 9 TRINITY -SAN JACINTO 
ZONE, 1 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 

ww HIGH 

POP LN. AC-Ff POP LN. AC-Ff POPLN. 

(P) BARRETT 33 3 32 4 33 
(P) BAYTOWN 56581 8627 73263 11243 76725 
(P) CROSBY 16 3 32 6 34 
(P) HIGHLANDS 643 55 685 111 717 

MCNAIR 2267 379 2733 435 2862 
(P) MONT BELVIEU 1556 359 2596 468 3656 

OTHER 19088 2244 24553 3180 27192 

ZONE TOTAL 80184 11670 103894 15447 111219 
BASIN TOTAL 80184 11670 103894 15447 111219 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 

2000 PROJECTED 

ww HIGH 

AC-Ff POPLN. AC·Ff POPLN. AC-Ff 

6 31 4 33 6 
16759 85870 13370 91939 20288 

9 44 9 47 13 
163 795 133 851 197 
641 3172 522 3396 780 
897 4203 772 5683 1413 

4982 31015 4188 34801 6610 

23457 125130 18998 136750 29307 
23457 125130 18998 136750 29307 



APPENDIX A. CONTINUED 

RJVER BASIN' 10 SAN JACINTO 
ZONE, 1 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH ww HIGH 

POPLN. AC-Fr POPLN. AC-Fr POPLN. AC-Fr POPLN. AC-Fr POPLN. AC-Fr 

(P) BARRETT 3168 372 3027 363 3170 586 3020 372 3233 608 
(P) BAYTOWN 342 52 442 68 463 101 518 81 555 122 

BELLAJRE 14950 3799 18240 3596 19102 5007 21171 4245 22667 6018 
BUNKER HILL VILLAGE 3750 838 4901 961 5133 1340 5482 1087 5869 1545 
CLEVELAND 5977 908 6533 929 6956 1441 7378 1091 8472 1803 

(P) COLDSPRING 114 30 149 33 170 48 182 41 199 58 
CONROE 18034 4497 28169 5553 30697 8046 37326 7610 42515 11429 

(P) CROSBY 1504 298 3115 621 3262 862 4144 836 4437 1183 
(P) DEER PARK 9802 1465 15905 2387 16656 3582 20504 3124 21953 4771 

GALENA PARK 9879 1116 11794 1374 12351 2241 13689 1641 14656 2709 
HEDWIG VILLAGE 2506 549 4099 1028 4293 1356 4827 1227 5168 1650 

(P) HIGHLANDS 5793 496 6176 1003 6468 1471 7169 1197 7675 1780 
(P) HOUSTON 1575675 349851 1811644 355128 1901619 496310 2030707 404894 2177404 575606 

> HUMBLE 6729 1365 10190 1803 10671 2582 13051 2368 13973 3443 
' HUNTERS CREEK VJL. 4215 "' 924 5228 1142 5475 1552 5861 1300 6275 1799 .... 

(P) HUNTSVILLE 3590 592 4948 854 5240 1244 6090 1085 6637 1613 
JACINTO CITY 8953 1471 10843 1470 11355 2277 12585 1762 13474 2762 
JERSEY VILLAGE 4084 671 5035 603 5273 975 5844 714 6257 1170 
KATY 5660 915 8343 1289 8996 1975 10763 1712 11810 2646 

(P) MISSOURI CITY 13609 2287 18679 3222 24630 5849 28105 5006 34643 8420 
OAK RIDGE NORTH 2504 601 3906 473 4257 792 5176 638 5896 1110 
PANORMA VILLAGE 1186 298 1850 224 2016 375 2451 302 2792 525 

(P) PASADENA 88921 14916 112348 16108 117655 24513 130028 19080 139215 29473 
PATTON VILLAGE 1050 172 1638 198 1785 332 2170 267 2472 465 
PINEY POINT VILLAGE 2958 647 3446 741 3609 1011 3827 832 4097 1156 
SHELDON 1995 281 4218 619 4417 935 5620 850 6017 1301 
SHENANDOAH 1793 252 2797 1426 3048 1751 3707 1939 4222 2483 
SOUTH HOUSTON 13293 2208 16429 2429 17205 3662 18603 2813 19917 4306 
SOUTHSIDE PLACE 1366 249 1723 461 1804 600 2000 542 2141 719 
SPRING VALLEY 3353 483 4040 588 4231 891 4689 693 5020 1068 

(P) STAFFORD 1790 299 2022 397 2833 739 2875 583 3670 983 
TOMBALL 3996 633 5407 727 5662 1129 6517 898 6977 1415 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 
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APPENDIX A. CONTINUED 

RNERBASIN, IO SAN JACINTO 
ZONE, I 

CITY/YEAR I980 REPORTED I990 PROJECTED 

ww HIGH 

POPLN. AC·Fr POP LN. AC·Fr POPLN. 

WALLER I24I 273 I2J4 203 IJI6 
WEST UNIVERSITY PL. I20IO 24I6 I4082 2524 I4747 
WILLIS I674 29I 3092 485 JJ70 
OTHER 5JI772 8029I 764935 I02460 8I0625 

ZONE TOTAL 2369236 476806 2920627 5IJ490 3080560 
BASIN TOTAL 2369236 476806 2920627 5IJ490 3080560 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHlN THE ZONE AND BASIN 

2000 PROJECTED 

ww HIGH 

AC·Fr POPLN. AC·Fr POP LN. AC·Fr 

302 I200 203 IJ59 JIB 
J60I I6J4J 2984 I7498 4JJ2 

747 4098 670 4668 I067 
I5JI92 9678I9 IJ474J I05J979 205956 

7JJ4I7 J4I55J9 609430 J6878I2 8878I2 
733417 J4I55J9 609430 J6878I2 8878I2 



APPENDIX A. CONTINUED 

RIVER BASIN, 11 SAN JACINTO-BRAZOS 
ZONE, 1 

CI1Y/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH ww HIGH 

POPLN. AC·Fl' POPLN. AC-Fl' POPLN. AC-Fl' POPLN •. AC-Fl' POPLN. AC-Fl' 

ALVIN 16515 2209 23727 3322 26340 5399 30690 4366 34364 7121 
ANGLETON 13929 1814 15831 2146 17574 3524 18585 2581 20810 4242 
BROOKSIDE 1453 140 2337 322 2594 526 2953 417 3306 681 
CLUTE 9577 1272 11402 1507 12658 2495 13860 1863 15519 3094 
DANBURY 1357 201 1675 229 1859 375 2060 288 2307 473 

(P) DEER PARK 12846 1921 20843 3129 21828 4694 26871 4094 28770 6252 
DICKINSON 7505 2070 10924 2423 11214 3216 12620 2841 13406 3889 
ELLAGO 3129 446 3858 527 4040 815 4478 627 4794 983 

(P) FREEPORT 9223 1800 11141 2334 12368 3394 13706 2948 15347 4298 
FRIENDSWOOD 10719 2223 18432 2849 18922 4154 24189 3793 25695 5699 
GALVESTON 61902 13695 66829 14298 68604 19135 75429 16729 80125 22976 
HITCHCOCK 6655 1155 6892 1266 7075 1759 7581 1435 8053 2048 

(P) HOUSTON 19482 4307 21218 4160 23511 6136 24263 4838 26921 7117 
)> 

' 
KEMAH 1304 393 2437 762 2502 944 3163 1006 3360 1287 

15998 "' LAMARQUE 15372 2200 15328 2266 15735 3349 2437 16994 3693 

"' LAPORTE 17053 2435 23681 3608 24799 5389 29381 4608 31457 6977 
(P) LAKE JACKSON 18145 2509 21264 2477 23606 4284 25302 3033 28331 5236 

LEAGUE CITY 16578 2104 29387 3786 30168 5846 38403 5033 40794 7997 
MANVEL 3549 249 4381 530 4864 904 5390 664 6035 1136 

(P) MISSOURI CI1Y 10924 1836 13413 2314 19771 4695 21172 3771 27809 6760 
NASSAU BAY 4526 1244 9120 2544 9551 3284 12206 3432 13068 4523 
OYSTER CREEK 1473 147 1818 255 2018 414 2237 321 2505 522 

(P) PASADENA 23639 3964 29866 4282 31277 6516 34567 5072 37009 7835 
PEARLAND 13248 2064 23300 3184 25774 5197 32414 4538 36197 7420 
RICHWOOD 2591 235 4011 472 4453 813 5370 650 6013 1118 
SANTA FE 5413 699 6056 936 6217 1365 6835 1087 7261 1627 
SEABROOK 4670 1017 9834 1983 10298 2745 13085 2697 14010 3798 
SHOREACRES 1260 288 2317 285 2426 457 2775 351 2971 569 

(P) STAFFORD 2965 497 3184 624 4694 1225 4629 939 6080 1628 
(P) SUGAR LAND 8227 1570 9038 1762 13322 3462 13989 2774 18374 4837 

TAYLOR LAKE VILLAGE 3669 698 4523 547 4737 881 5250 647 5621 1058 
TEXAS CITY 41403 5886 45122 6924 46321 10118 49870 7876 52974 11808 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 
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APPENDIX A, CONTINUED 

RIVER BASIN, 11 SAN JACINTO-BRAZOS 
ZONE, 1 

CITY/YEAR 1980 REPORTED 

WEBSTER 
OTHER 

ZONE TOTAL 
BASIN TOTAL 

POPLN. 

2405 
164092 

536798 
536798 

AC-FT 

788 
22753 

86829 
86829 

1990 PROJECI'ED 

ww HIGH 

POPLN. AC·FT POPLN. 

4693 1220 4915 
195580 26780 222833 

673462 106053 738868 
673462 106053 738868 

•(P} INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 

2000 PROJECI'ED 
ww HIGH 

AC·FT POPLN. AC·FT POPLN. AC-FT 

1597 6085 1615 6515 2153 
43792 248930 35581 284115 57882 

162899 834336 134952 926910 208737 
162899 834336 134952 926910 208737 



APPENDIX A. CONTINUED 

RIVER BASIN' 12 BRAZOS 
ZONE, I 

CI1YIYEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH ww HIGH 

POPLN. AC·FI' POP LN. AC.FJ' POPLN. AC·FI' POPLN. AC·FI' POPLN. AC·FI' 

ABERNATHY 2904 485 3145 560 3210 781 3373 616 3570 884 
ANTON 1180 252 1326 302 1351 395 1430 327 1471 432 
BOVINA 1499 501 1719 520 1722 633 1896 584 1959 731 
CROSBYTON 2289 444 2627 394 2636 567 2842 436 2895 632 
DIMMITT 5019 1225 6212 1719 6305 2154 7179 2026 7484 2599 
EARTH 1512 332 1881 392 1904 520 2122 452 2166 602 
FARWELL 1354 351 1455 380 1457 475 1585 419 1637 539 
FLOYDADA 4193 750 4659 788 4621 1082 5269 915 5510 1315 
HALE CENTER 2297 416 2457 410 2499 579 2761 470 2926 688 
HART 1008 186 1072 130 1088 202 1162 143 1211 228 
IDALOU 2348 405 3090 460 3188 682 3659 557 3856 838 
LEVELLAND 13809 2567 17008 2820 17331 3999 19028 3176 19562 4536 
LITTLEFIELD 7409 1486 8534 1654 8637 2235 9254 1835 9445 2486 

~ LOCKNEY 2334 372 2516 409 2495 567 2842 471 2972 686 

"' LORENZO 1394 266 1593 257 1599 362 1743 287 1775 408 
"' 209617 227450 LUBBOCK 173979 34679 203176 38690 53535 44331 239724 62298 

MORTON 2674 410 3037 575 3041 773 3428 664 3582 927 
MULESHOE 4842 1227 5421 1251 5379 1591 6138 1444 6426 1929 
OLTON 2235 427 2640 695 2672 877 2923 783 2983 992 
PETERSBURG 1633 266 1827 303 1858 429 2101 360 2227 526 
PLAINVIEW 22187 5039 25595 5103 26036 6883 29513 5984 31277 8373 
POST 3961 1206 4102 478 4111 746 4470 541 4677 870 
RALLS 2422 343 2630 386 2639 559 2848 427 2901 624 
REESEAFB 1921 707 1862 503 1921 643 1823 496 1921 648 
SHALLOWATER 1932 365 2554 478 2635 664 3044 580 3208 819 
SLATON 6804 919 6702 901 6914 1379 6840 942 7209 1462 
SUDAN 1091 430 1145 139 1159 216 1196 147 1221 230 
TAHOKA 3262 614 3599 500 3575 729 4060 578 4241 879 
WOLFFORTH 1701 228 2501 314 2580 491 .3086 394 3252 627 
OTHER 65400 7743 57062 7752 58034 10524 57488 8145 60171 11354 

ZONE TOTAL 346593 64641 383147 69263 392214 95272 422553 78530 443459 110162 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN, 12 BRAZOS 
ZONE, 2 

CI1Y/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH ww HIGH 

POPLN. AC·FT POPLN. AC·FT POPLN. AC·FT POPLN. AC·Fr POPLN. AC·FT 

ABILENE 98315 22877 111922 19557 114793 27517 120703 21498 124928 30366 
ALBANY 2450 591 2906 531 2906 719 3008 563 3008 758 
ANSON 2831 587 3304 625 3384 860 3527 683 3597 931 
ASPERMONT 1357 280 1515 288 1515 387 1449 282 1449 377 
BAIRD 1696 335 1890 409 1993 560 2151 475 2351 672 
BENJAMIN 257 39 263 39 258 55 261 40 259 56 
BRECKENRIDGE 6921 1632 7222 1335 7916 1977 8041 1522 8512 2164 
DICKENS 409 58 484 60 481 91 517 65 509 97 
HAMLIN 3248 962 3607 699 3694 956 3733 744 3807 1006 
HASKELL 3782 612 3988 491 391.1 736 3999 502 3904 743 
JAYTON 638 149 655 106 655 148 588 96 588 134 
KNOX CITY 1546 295 1591 201 1564 300 1616 215 1602 318 
MERKEL 2493 566 2729 404 2799 596 2932 447 3035 660 

> MUNDAY 1738 327 181.1 347 1780 457 1846 360 1830 476 
' ROBY 814 129 842 187 835 239 867 194 867 251 N 

a- ROSCOE 1628 183 1904 247 1924 375 2045 270 2080 410 
ROTAN 2284 419 2315 407 2295 553 2343 425 2345 578 
RULE 1015 148 967 235 948 292 934 229 912 283 
SEYMOUR 3657 786 3782 771 3782 1017 3535 740 3535 970 
SPUR 1690 322 1736 333 1726 443 1722 338 1697 443 
STAMFORD 4542 1.175 4911 929 5027 1278 5064 987 5162 1341 
SWEETWATER 12242 3623 12645 3555 12777 4422 12974 3720 13193 4640 
THROCKMORTON 1.174 139 1190 200 1190 277 1230 209 1230 289 
TYE 1394 128 1553 188 1593 296 1676 207 1735 326 
OTHER 36441 7311 34262 4244 35040 5806 34955 4519 35985 6178 

ZONE TOTAL 194562 43673 209994 36388 214786 50357 221716 39330 228120 54467 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN, 12 BRAZOS 
ZONE, 3 

CI1YIYEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH ww HIGH 

POP LN. AC·FT POP LN. AC·FT POPLN. AC·FT POPLN. AC·FT POPLN. AC·FT 

BELLMEAD 7569 996 9914 1155 10761 1953 10603 1259 11703 2150 
BEVERLY HILLS 2083 614 2539 702 2756 942 2625 735 2897 999 

(P) BRUCEVILLE-EDDY 1092 202 1179 143 1280 238 1205 148 1330 250 
CLEBURNE 19218 3855 24266 4240 25605 6138 29157 5226 33027 8065 
CLIITON 3063 677 3472 626 3577 877 3860 718 4062 1019 
DUBLIN 2723 391 2823 414 2896 613 2873 434 2985 645 
GLEN ROSE 2075 408 218.8 294 2471 493 2528 348 2830 574 
GRAHAM 9170 2013 10509 1954 10876 2729 11409 2173 usn 3016 
GRANBURY 3332 685 2424 451 3524 884 3836 730 4943 1262 
HEWITT 5247 844 5670 686 6155 U44 5791 714 6392 1203 
HILLSBORO 7397 1012 8025 1303. 8204 1866 8428 1407 8658 2008 

(P) ITASCA 1520 234 1778 305 1818 430 1933 340 1986 478 
JOSHUA 1470 277 1886 228 1990 370 2266 279 2567 483 

> 
' 

(P) KEENE 2408 316 3311 456 3494 708 3988 558 4517 926 

"' LACY-LAKEVIEW 2752 639 3170 437 3441 698 3283 467 3624 751 
"" MART 2324 669 2458 526 2668 744 2462 535 2717 767 

MCGREGOR 4513 837 4517 678 4903 1054 4613 708 5092 1ll2 
MERIDIAN 1330 115 1544 195 1591 305 1725 226 1815 356 
MINERAL WELLS 14468 4242 16104 2597 16634 3764 16458 2710 17429 4002 
MOODY 1385 159 1651 194 1792 327 1731 211 19ll 357 
NORTH CREST 1944 173 2984 348 3239 588 3388 406 3739 691 
OLNEY 4060 931 4713 ll30 4877 1486 5078 1251 5257 1637 
PALO PINTO 442 76 466 55 482 88 530 64 561 104 
ROBINSON 6074 649 8609 984 9345 1675 9806 1131 10823 1952 
STEPHENVILLE 11881 2630 14350 2925 14721 3958 16144 3382 16776 4604 
VALLEY MILLS 1236 173 1398 262 1441 363 1423 279 1497 391 
WACO 101261 29618 105489 26232 114504 35913 104970 26691 115859 36987 

(P) WEATHERFORD 604 124 693 ll3 689 157 738 123 743 172 
WEST 2485 423 2655 390 2882 610 2659 399 2935 631 
WHITNEY 1631 163 2130 293 2178 442 2423 347 2490 519 
WOODWAY 7091 1695 11207 1833 12165 2780 13012 2157 14362 3314 
OTHER 98638 12946 108990 14089 121553 22034 129055 17290 144153 26984 

ZONE TOTAL 332486 68786 373112 66238 404512 96371 410000 73446 451491 108409 

•(P} INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RNERBASIN, 12 BRAZOS 
ZONE, 4 

CI1Y!YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH ww HIGH 

POPLN. AC·FI'. POPLN. AC-FI' POPLN. AC-FI' POPLN. AC-FI' POPLN. AC·FI' 

BARTLETT 1567 188 1774 220 2210 418 2459 317 3158 612 
BELTON 10660 1971 18275 2764 18884 4082 23124 3600 26167 5774 
CAMERON 5721 1319 6654 13.27 6846 1810 7307 1498 7621 2057 
CEDAR PARK 3474 647 3986 496 5941 1125 6357 812 9153 1763 
CISCO 4517 1113 4590 .987 4607 1290 4555 1005 4516 1290 
COMANCHE 4075 634 4505 752 4531 1051 4784 815 4876 1147 
COPPERAS COVE 19469 2943 42049 6264 43767 9364 54593 8317 60665 1J18J 
DELEON 2478 347 2699 396 2714 575 2882 4JJ 2938 632 
EASTLAND 3747 1J8J 4005 1270 4020 1536 4085 1J1J 4050 1565 
FORT HOOD J12J8 8919 J01J8 7630 J12J8 9938 27819 7198 J12J8 10113 
GATESVILLE 6260 1009 8699 1J9J 9054 2038 9250 1513 10279 2349 
GEORGETOWN 9468 JUS 10785 2839 16076 5276 16321 4442 23500 7923 
GORMAN 1258 190 1381 203 1386 293 1398 213 1386 301 

> 
' 

GRANGER 1236 485 1607 466 2396 851 2563 764 3691 1340 

"' HAMILTON 3189 557 3295 635 JJ87 873 3425 671 3404 888 
"' HARKER HEIGHTS 7345 1263 8473 1670 8756 2295 10453 2108 11829 3154 

HICO 1375 243 1377 167 1416 263 1416 174 1407 265 
KILLEEN 46296 6258 53418 7838 55199 11686 65900 9965 74573 16122 
LAMPASAS 6165 1252 6758 1658 8351 2591 8675 2186 11781 J7J5 
LEANDER 2179 179 2500 426 3726 876 3987 697 5741 1376 
LITTLE RNER·ACADEMY 1155 .230 1915 232 1979 368 2J6J 291 2674 503 
MORGANS POINT RESORT 1082 162 1794 229 1854 357 2214 290 2505 491 
NOLANVILLE 1308 136 2169 262 2241 417 2676 JJO 3028 570 
RANGER 3142 788 3142 9JJ J15J 1141 J11J 952 3086 1144 
RISING STAR 1204 164 1J2J 193 1328 280 1364 206 1352 292 
ROCKDALE 5611 1517 6999 949 7201 1444 8020 1114 8364 1705 
ROGERS 1242 181 2158 326 2230 482 2739 430 3100 688 
ROUND ROCK 11812 2753 17138 2688 25545 5666 30860 4978 44435 10054 
TAYLOR 10619 1724 8031 1142 11971 2481 12808 1894 18443 3925 
TEMPLE 42483 8411 49018 9115 50652 12709 60472 11515 68431 17477 
THORNDALE 1300 148 1631 193 1680 J09 1883 232 1966 370 
TROY 1J5J 158 2243 271 2318. 431 2768 341 J1J2 589 
OTHER 114727 13651 106500 13291 130180 22325 143006 18590 180173 32015 

ZONE TOTAL 368755 64041 421029 69225 476837 106641 5J56J9 89204 642662 145412 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 



APPENDIX A, CONTINUED 

RIVER BASIN' 12 BRAZOS 
ZONE, 5 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

LOW HIGH ww HIGH 

POPLN. AC·Ff POPLN. AC-Ff POPLN. AC·Ff POPLN. AC-Ff POPLN, AC-Ff 

ANDERSON 370 42 350 42 406 75 401 49 450 85 
BREMOND 1025 92 1133 137 1160 216 '1196 147 1221 230 
BRENHAM 10966 2191 13146 2400 14600 3614 16019 2997 17861 4502 

(P) BRUCEVILLE-EDDY 9 1 9 1 9 2 9 1 9 2 
BRYAN 44337 8638 53357 10579 60996 16056 60416 12317 65784 17685 
CALDWELL 2953 768 4127 652 4343 968 5190 843 5639 1282 
CALVERT 1732 330 1945 288 1991 424 2011 320 2053 460 
COLLEGE STATION 37272 9752 59361 16025 67859 22728 79084 21969 86110 29515 
FRANKLIN 1349 241 1675 263 1715 380 1882 310 1921 441 

(P) GIDDINGS 986 213 1221 278 1471 430 1497 350 1802 539 
GROESBECK 3373 535 4239 603 4239 878 4620 678 4620 978 
HEARNE 5418 1672 6465 1600 6619 2069 7070 1806 7217 2312 
LEXINGTON 1065 189 1232 167 1484 298 1467 204 1767 360 

> MARLIN 7099 1239 7920 1615 7958 2139 8280 1734 8279 2272 
' "' (P) MEXIA 4966 844 6054 997 6054 1390 6434 1095 6434 1513 

"' NAVASOTA 5971 606 6778 949 7860 1611 8323 1212 9347 1968 
ROSEBUD 2076 265 2442 339 2454 500 2629 380 2629 551 
SOMERVILLE 1814 190 2613 334 2749 530 3355 443 3645 719 

(P) TEAGUE 2373 376 2665 397 3303 707 3374 522 3630 797 
OTHER 65350 7690 69434 8831 '75744 13460 77006 10200 83141 15259 

ZONE TOTAL 200504 35874 246166 46497 273014 68475 290263 57577 313559 81470 

•(P) INDICAT&S THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN, 12 BRAZOS 
ZONE, 6 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH LOW HIGH 

POPLN. AC.Ff POPLN. AC·Ff POPLN. AC·Ff POPLN. AC-Ff POPLN. AC·Ff 

BELLVILLE 2B60 662 3145 574 3B4B 953 4034 755 4B6B 1227 
(P) BRAZORIA 909 109 1111 139 1233 235 13B3 177 1549 29B 

BROOKSHIRE 2175 33B 2762 452 2953 675 3373 571 3B55 902 
(P) FREEPORT 1712 334 2067 433 2295 630 2543 547 2B4B 79B 

HEMPSTEAD 3456 552 47BB 735 511B 111B 623B 999 712B 1605 
(P) LAKE JACKSON 957 132 1121 131 1245 226 1334 160 1494 276 
(P) NEEDVILLE 567 BB 406 6B 59B 139 632 lOB B30 196 

PRAIRIE VIEW 3993 BOI 5541 943 5923 1393 6B49 11B9 7B27 IB67 
RICHMOND 9692 1473 11224 IBID 16544 3743 16532 2741 21715 5011 
ROSENBERG 17995 2340 15057 IB72 22195 4202 17546 2241 23046 4440 
SEALY 3B75 63B 4644 6Bl 56B2 1203 6255 953 754B 1640 

(P) SUGAR LAND 599 114 657 128 969 252 1018 202 1337 352 
(P) WEST COLUMBIA 30B3 450 3771 494 41B6 821 4640 629 5195 1042 

> OTHER 34996 5351 40B25 6561 53390 12004 59371 9621 74275 16B96 ' "' 0 
ZONE TOTAL 86869 133B2 97119 15021 126179 27594 131748 20B93 163515 36550 
BASIN TOTAL 1529769 290397 1730567 302632 IBB7542 444710 2011919 35B9BO 2242806 536470 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN, 13 BRAZOS-COLORADO 
ZONE, 1 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 1000 PROJECTED 

ww HIGH ww HIGH 

POPLN. AC·FT POPLN. AC-FT POPLN. AC·FT POPLN. AC·FT POPLN. AC·FT 

BAY CITY 17837 3156 22223 4008 23362 5731 26884 4969 29076 7263 
(P) BRAZORIA 2116 253 2585 324 2870 547 3222 411 3608 695 
( P) EAGLE LAKE 1962 370 2246 342 2297 499 2475 388 2568 570 

EAST BERNARD 1715 238 3036 418 3118 632 3947 561 4171 864 
(P) FREEPORT 2511 489 3033 635 3367 924 3731 802 4178 1170 

JONES CREEK 2634 404 5153 646 5720 1089 7339 945 8218 1593 
(P) NEEDVILLE 850 133 608 101 896 208 948 162 1245 294 

SWEENY 3538 472 4281 585 4753 958 5267 749 5898 1222 
VAN VLECK 1167 114 2554 298 2685 487 3499 423 3785 704 
WALLIS 1138 163 2105 321 2575 560 3090 491 3728 835 

(P) WEST COLUMBIA 1026 150 1255 164 1393 273 1543 209 1728 346 
(P) WHARTON 8245 1145 11137 1572 11437 2357 13357 1945 14114 2972 

OTHER 36983 4347 40168 5208 46270 8924 49412 6768 57026 11450 
> 
' w ZONE TOTAL 81722 11434 100384 14622 110743 23189 124714 18823 139343 29978 .... 

BASIN TOTAL 81722 11434 100384 14622 110743 23189 124714 18823 139343 29978 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE At\'D BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN, 14 COLORADO 
ZONE: 1 

CI1Y/YEAR 1980 REPORTED 1990 PRO.JECTED lOOO PRO.JECTED 

ww HIGH LOW HIGH 

POPLN. AC-FI' POPLN. AC-Fl' POPLN. AC-FI' POPLN. AC-Fl' POPLN. AC-FI' 

ANDREWS 11061 2788 12496 2813 12849 3728 13442 3087 13833 4075 
BIG SPRING 24804 8655 25959 5786 26379 7594 27462 6214 28362 8260 
BROWNFIELD 10387 2212 11389 2028 11479 2790 12192 2199 12464 3058 
COAHOMA 

' 
1069 228 1156 196 1175 275 1249 218 1290 309 

DENVER CITY 4704 980 5499 1103 5658 1502 5978 1219 6140 1651 
GARDEN CITY 323 50 342 69 346 92 348 72 347 94 
LAMESA 11790 1923 12298 2080 12253 2869 13733 2354 14509 3429 
MIDLAND 70525 17374 84129 18093 94318 26412 89220 19488 101764 28840 
ODESSA 90027 21568 104596 18863 113899 27941 111736 20526 123457 30700 
O'DONNELL 1200 99 1201 138 1194 215 1324 157 1385 254 
PLAINS 1457 188 1728 277 1778 400 1921 312 1973 449 
SEAGRAVES 2596 483 2991 647 3055 859 3144 690 3181 905 
SEMINOLE 6080 1587 6452 1684 6591 2148 6688 1775 6766 2236 

> STANTON 2314 406 2593 369 2640 547 2921 429 3063 648 
' "' SUNDOWN 1511 491 1754 540 1787 667 1946 610 2000 757 
"' OTHER 66344 8732 84539 12001 90456 16813 97094 14136 105762 20127 

ZONE TOTAL 306192 67764 359122 66687 385857 94852 390398 73486 426296 105792 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED \VITHIN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN: 14 COLORADO 
ZONE: 2 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

LOW HIGH LOW HIGH 

POPLN. AC·Ff POPLN. AC-Ff POPLN. AC-Ff POPLN. AC-Ff POP LN. AC-Ff 

BALLINGER 4207 759 4340 846 4344 1129 4397 882 4396 1167 
BANGS 1716 333 2224 419 2323 588 2800 543 3082 797 
BIG LAKE 3404 781 4360 982 4538 1317 5059 1156 5306 1557 
BRADY 5969 2154 6439 1868 6469 2297 6796 2025 6898 2503 
BRONTE VILLAGE 987 243 1032 125 1044 194 1021 126 1005 189 
BROWNWOOD 19396 6224 20754 5975 21681 7650 23657 6943 26039 9334 
CLYDE 2562 317 3416 436 3603 694 4205 551 4597 901 
COLEMAN 5960 1416 6283 1267 6282 1675 6436 1341 6436 1759 
COLORADO CITY 5405 1590 5586 1477 5614 1849 5635 1515 5616 1875 
CROSS PLAINS 1240 211 1213 190 1279 284 1262 204 1380 312 
EARLY 2313 453 3229 517 3373 759 4273 704 4703 lOBO 
EDEN 1294 257 1356 246 1354 334 1332 248 1299 326 
ELDORADO 2061 534 2428 367 2505 542 2649 412 2702 596 

> GAIL 172 JS 165 23 161 33 163 24 163 35 ' w GOLDTHWAITE 1783 519 2222 655 2265 814 2480 750 2552 938 w 
MENARD 1697 363 1670 333 1645 435 1608 328 1554 418 
MERTZON 687 53 691 79 724 130 719 83 694 125 
PAINT ROCK 256 60 402 99 401 125 448 110 437 136 
ROBERT LEE 1202 139 1465 361 1482 461 1531 386 1508 478 
SAN ANGELO 73240 20858 70872 13734 81763 21156 80346 15930 86124 22671 
SAN SABA 2847 866 2831 634 2827 817 2947 680 3027 895 
SANTA ANNA 1535 366 1751 424 1751 537 1859 460 1858 581 
SNYDER 12705 2619 14680 2828 15103 3891 17357 3402 18794 4905 
STERLING CITY 915 193 1001 183 1018 252 1129 209 1195 299 
WINTERS 3061 407 3321 792 3324 1009 3443 837 3442 1060 
OTHER 57484 6904 58970 7355 62187 10183 65538 8522 69552 11783 

ZONE TOTAL 214098 48654 222701 42215 239060 59155 249090 48371 264359 66720 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RNERBASIN, 14 COLORADO 
ZONE, 3 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

LOW HIGH ww HIGH 

POPLN. AC·FT POPLN. AC.FT POPLN. AC·FT POPLN. AC·FT POPLN. AC·FT 

AUSTIN 345496 7B564 43B197 91297 464459 126944 534497 113157 594B15 164570 
BASTROP 37B9 B6B 4411 11B1 5115 1702 5576 1530 65BB 2236 
BURNET 3410 736 4306 921 45B3 127B 5092 111B 5633 1603 
COLUMBUS 3923 B53 432B B24 4426 1130 4747 925 4924 12BO 

(P) EAGLE LAKE 1959 369 2242 342 2293 49B 2472 3BB 2565 569 
(P) EL CAMPO 1046 147 1306 170 1341 261 1539 205 1627 323 

ELGIN 4535 556 543B 664 6307 11BO 6930 B69 B1BB 1559 
FREDERICKSBURG 6412 1325 7513 149B B449 2234 9079 1B61 1011B 2731 

(P) GIDDINGS 2964 642 3672 B35 4422 1293 4499 1053 5419 1621 
JOHNSON CITY B12 1BB 1001 195 1340 34B 1392 2B1 17BO 475 
JUNCTION 2593 B07 2701 759 304B 1055 3070 B9B 3226 1153 
LA GRANGE 316B 7B1 4133 593 43B1 913 4469 661 4737 100B 
LLANO 3071 7B5 3B92 1055 4124 13B6 4507 125?4762 1632 

> MANOR 1044 130 1370 164 1452 26B 1701 20B 1B93 354 
' w MARBLE FALLS 3252 BOB 3656 663 3B91 959 4245 1B9 4696 117B ... 

MASON 2153 549 2522 599 2522 763 2B92 700 2B92 BBB 
(P) ROCKSPRINGS 11B5 227 1299 231 1296 315 1523 2BO 1633 406 

ROLLINGWOOD 1027 220 134B 163 142B 266 1674 206 1B62 350 
SMITHVILLE 3470 743 3BB4 51B 4504 B93 4792 660 5662 114B 

(P) WEIMAR 95B 1B9 1100 19B 1125 276 1203 220 124B 309 
WEST LAKE HILLS 2166 716 34B1 1295 36BB 1611 4630 1743 5151 2273 

(P) WHARTON 1BB 109 1064 150 1093 225 12715 1B6 1J4B 2B4 
OTHER 14052B 17574 1B9575 245B5 203413 331B9 242312 32794 270293 46670 

ZONE TOTAL 540409 107BB6 692439 12B900 73B700 1795B7 B54117 1619B4 951060 234620 
BASIN TOTAL 1060699 224304 1274262 237B02 1363617 333594 1493605 2B3B41 1641715 407132 

*(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 



> 
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APPENDIX A. CONTINUED 

RIVER BASIN: 15 COLORADO-LAVACA 
ZONE: 1 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 

ww HIGH 

POPLN. AC-Ff POPLN. AC-Ff POPLN. 

(P) EL CAMPO 9416 1324 11761 1528 12077 
EL CAMPO SOUTH 932 132 1268 220 1302 
PALACIOS 4667 913 5368 848 5643 
POINT COMFORT 1125 154 1389 170 1441 
OTHER 9485 1728 10521 1908 10957 

ZONE TOTAL 25625 4251 30307 4674 31420 
BASIN TOTAL 25625 4251 30307 4674 31420 

~(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE Al\'D BASIN 

2000 PROJECTED 

ww HIGH 

AC-Ff POPLN. AC-Ff POPLN. AC-Ff 

2354 13861 1848 14647 2904 
311 1423 253 1504 366 

1258 6152 999 6654 1513 
270 1601 203 1708 327 

2561 11791 2132 12625 2935 

6754 34828 5435 37138 8045 
6754 34828 5435 37138 8045 



APPENDIX A. CONTINUED 

RIVER BASIN, 16 LAVACA 
ZONE, 1 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH ww HIGH 

POPLN. AC-Ff POPLN. AC-Ff POPLN, AC-Ff POPLN. AC-Ff POPLN. AC-Ff 

EDNA 5650 1244 6538 1282 6631 1731 7203 1444 7431 1973 
GANADO 1770 303 2005 314 2033 451 2198 352 2268 511 
HALLETTSVILLE 2865 602 3338 703 3419 942 3712 815 3867 1100 
MOULTON 1009 145 1116 348 1143 430 1219 389 1270 488 
SCHULENBURG 2469 414 2918 552 3093 786 3193 619 3385 876 
SHINER 2213 479 2737 457 2803 650 3105 536 3234 768 

(P) WEIMAR 1170 230 1343 242 1374 337 1469 268 1524 377 
YOAKUM 6148 1044 7207 1050 7361 1550 7969 1197 8250 1775 
OTHER 20637 3259 20493 2521 21033 3524 21341 2743 22248 3864 

ZONE TOTAL 43931 7720 47695 7469 48890 10401 51409 8363 53477 11732 
BASIN TOTAL 43931 7720 47695 7469 48890 10401 51409 8363 53477 11732 

> 
' "' •(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN a-
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APPENDIX A. CONTINUED 

RIVER BASIN, 17 LAVACA-GUADALUPE 
ZONE, 1 

CI1Y!YEAR 1980 REPORTED 1990 PROJECFED 

ww HIGH 

POPLN. AC·Fl' POPLN. AC-Fl' POPLN. -
BLOOMINGTON 1881 233 1831 228 1916 
PORT LAVACA 10911 1717 13428 1985 13932 
SEADRIIT 1277 172 1472 181 1527 

(P) VICTORIA 10429 1622 13305 1997 13925 
OTHER 13383 1631 14607 1859 15217 

ZONE TOTAL 37881 5375 44643 6250 46517 
BASIN TOTAL 37881 5375 44643 6250 46517 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 

2000 PROJECTED 

ww HIGH 

AC-Fl' POPLN. AC-Fl' POPLN. AC-Fl' 

363 2064 266 2178 422 
2965 15636 2382 16680 3625 

287 1697 217 1810 349 
2995 15129 2322 15962 3487 
2832 16149 2140 17105 3294 

9442 50675 7327 53735 11177 
9442 50675 7327 53735 11177 



:;-
'"' "' 

APPENDIX A. CONTINUED 

RNER BASIN, 18 GUADALUPE 
ZONE, 1 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 

ww HIGH 

POPLN. AC·FI' POPLN. AC·FI' POPLN. 

BLANCO 1179 239 1379 250 1847 
KERRVILLE 15276 3274 18041 3678 21619 
KYLE 2093 399 3086 494 3308 

(P) NEW BRAUNFELS 22375 6243 23114 4634 28048 
SAN MARCOS 23420 6209 32558 7768 34898 
OTHER 38121 4809 47744 6047 55500 

ZONE TOTAL 102464 21173 125922 22871 145220 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 

2000 PROJECTED 

ww HIGH 

AC·FI' POPLN. AC-FI' POPLN. AC-FI' 

455 1933 362 2472 623 
5812 22859 4788 26966 7400 

745 4110 681 4928 1137 
7446 27527 5643 33181 8957 

10594 42162 10296 50549 15628 
9269 64342 8467 76298 13217 

34321 162933 30237 194394 46962 



APPENDIX A. CONTINUED 

RIVER BASIN: 18 GUADALUPE 
ZONE: 2 

CllY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

LOW HIGH LOW HIGH 

POPLN. AC-FT POPLN. AC-FT POPLN. AC-FT POPLN. AC·FT POPLN. AC-FT 

CUERO 7124 1178 7905 1107 8037 1647 8468 1214 8680 1808 
FLATONIA 1070 475 1273 499 1349 617 1379 547 1462 675 
GONZALES 7152 1957 8136 1768 8203 2316 8810 1954 8929 2560 
LOCKHART 7953 1428 8522 1289 8790 1900 9118 1420 9415 2078 
LULING 5039 1334 5074 949 5234 1319 5188 1000 5357 1380 

(P) NEW BRAUNFELS 27 7 28 6 33 9 36 7 40 11 
NIXON 2008 434 2309 564 2328 720 2471 612 2504 783 
SEGUIN 17854 3498 17853 3020 20782 4865 19970 3490 22180 5317 

(P) \~CTORIA 40266 6266 51372 7711 53767 11564 58412 8964 61629 13462 
YORKTOWN 2498 450 2791 425 2838 617 3002 474 3077 686 
OTHER 49890 6103 52830 6789 56660 10001 58155 7773 61734 11294 

ZONE TOTAL 140881 23130 158093 24127 168021 35575 175009 27455 185007 40054 
> w BASIN TOTAL 243345 44303 284015 46998 313241 69896 337942 57692 379401 87016 

"" 
•(P) INDICATES THAT PART OF A CITY WIIICII IS LOCATED WITIIIN THE ZONE A,'\'D BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN' 19 SAN ANTONIO 
ZONE, 1 

CI1YIYEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH LOW HIGH 

POPLN. AC·FI' POPLN. AC·FI' POPLN. AC·FI' POPLN. AC·FI' POPLN. AC·FI' 

ALAMO HEIGHTS 6252 2742 7675 2442 7980 3057 9007 2885 9691 3734 
BALCONES HEIGHTS 2853 706 4831 915 5023 1277 6228 1207 6701 1734 
BANDERA 947 190 2252 394 2389 573 3153 572 3441 848 
BOERNE 3229 614 3933 833 4434 1227 4657 1007 5139 1445 
CASTLE HILLS 4773 1696 7464 2349 7761 2947 9166 2916 9862 3778 
CASTROVILLE 1821 804 2215 667 2289 838 2509 781 2660 1001 
CONVERSE 4907 892 8746 1381 9093 2027 12035 1941 12950 2930 
FORT SAM HOUSTON 15638 4736 15440 4791 16053 6024 15023 4695 16164 6102 
HOLLYWOOD PARK 3231 1470 5548 1709 5768 2152 7283 2268 7836 2949 
KIRBY 6385 1074 10967 1843 11403 2657 14835 2542 15963 3773 
LACKLAND AFB 14426 4156 14243 3877 14809 4993 13858 3819 14911 5078 
LEON VALLEY 8951 937 15058 1737 15656 2823 20636 2427 22204 4054 
LIVE OAK 8183 901 14811 2090 15399 3174 20339 2939 21884 4584 

> OLMOS PARK 2069 529 2527 526 2627 718 2966 631 3191 886 ' ... RANDOLPH AFB 4442 1825 4386 1248 4560 1594 4267 1228 4591 1620 0 
SAN ANTONIO 785880 183204 942716 183740 980152 254715 1095283 218384 1178512 311544 

(P) SCHERTZ 28 3 49 8 58 13 65 11 77 18 
SHAVANO PARK 1448 575 1783 216 1854 345 2092 258 2251 424 
SOMERSET 1102 135 1357 164 1410 262 1593 196 1714 323 
TERRELL HILLS 4644 1059 5748 1133 5976 1566 6745 1345 7257 1918 
UNIVERSAL CITY 10720 1998 21359 3469 22207 5050 28933 4797 31131 7183 
WIND CREST 5332 1362 9909 2298 10302 3058 13339 3138 14352 4308 
OTHER 110853 14540 98013 16214 103284 21797 117229 19831 127270 27445 

ZONE TOTAL 1008114 226148 1201030 234044 1250487 322887 1411241 279818 1519752 397679 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN: 19 SAN Al~TONIO 
ZONE: 2 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

LOW HIGH ww III Gil 

POPLN. AC·FT POPLN. AC·FT POPLN. AC·FT POPLN. AC·FT POPLN. AC·FT 

FLORES\~LLE 4381 729 5446 1647 7130 2620 7565 2330 8709 3249 
GOLIAD 1990 459 2320 450 2369 613 2628 524 2747 726 
KARNES CITY 3296 499 3951 478 4001 744 4368 548 4461 849 
KENEDY 4356 772 4852 880 4913 1211 5201 973 5312 1339 
POTH 1461 381 1507 321 1973 548 1962 429 2258 640 
RUNGE 1244 200 1493 179 1512 279 1646 207 1681 320 

(P) SCHERTZ 7243 1087 12975 2107 15104 3434 18279 3051 20302 4707 
STOCKDALE 1265 235 1194 226 1563 397 1499 292 1725 448 
OTHER 21035 2470 19132 2467 22386 3880 21749 2911 24011 4296 

ZONE TOTAL 46271 6832 52870 8755 60951 13726 64897 11265 71206 16574 
BASIN TOTAL 1054385 232980 1253900 242799 1311438 336613 1476138 291083 1590958 414253 

~ ... 
'"' 

0 (P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN: 20 SAN ANTONIO-NUECES 
ZONE, I 

CI1Y!YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

LOW HIGH LOW HIGH 

POPLN. AC·Ff POPLN. AC-Ff POPLN. AC·Ff POPLN. AC·Ff POPLN. AC.Ff 

ARANSAS PASS 7173 918 6962 1076 7279 1598 7205 1154 7744 1743 
BEEVILLE 14574 2290 16740 2438 17301 3643 !8377 2758 19206 4131 
GREGORY 2739 252 3470 404 3618 657 4124 499 4443 826 
INGLESIDE 5436 918 7464 945 7783 1491 9263 1204 9979 1945 
ODEM 2363 331 2686 391 2801 590 3023 454 3257 700 

(P) PORT ARANSAS 98 40 137 60 141 71 164 73 170 86 
PORTLAND 12023 1605 20301 2388 21167 3865 26799 3212 28871 5336 
REFUGIO 3898 644 3898 559 3898 812 3787 556 3787 802 
ROCKPORT 3686 1532 4011 1294 4281 1659 4678 1556 4942 1965 
SINTON 6044 764 6236 810 6502 1267 6688 906 7205 1445 
TAFT 3686 398 3953 465 4122 753 4345 531 4681 876 
TAFT SOUTHWEST 2133 231 2431 283 2535 460 2718 329 2928 544 
WOODSBORO 1974 399 2098 355 2098 491 2130 372 2130 511 

> OTHER 32828 3867 39710 6250 41499 9067 44484 7284 46840 !0505 
' ... 
"' ZONE TOTAL 98655 14189 120097 17718 125025 26424 137785 20888 146183 31415 

BASIN TOTAL 98655 14189 120097 17718 125025 26424 137785 20888 146183 31415 

•(P) INDICATES THAT PART OF A CITY WHICH IS WCATED WITHIN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN: 21 NUECES 
ZONE: 1 

CIIT/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

LOW HIGH LOW HIGH 

POPLN. AC·FI' POPLN. AC-FI' POPLN. AC-FI' POPLN. AC-FI' POPLN. AC-FI' 

ASHERTON 1574 188 1649 225 1719 347 1742 248 1873 388 
CARRIZO SPRINGS 6886 2250 8618 1574 8984 2224 10295 1914 11071 2778 
CHARLOTTE 1443 314 1551 335 1635 460 1607 360 1701 492 

(P) CORPUS CHRISTI 10887 2773 12436 2396 12823 3304 13552 2672 14038 3680 
COTULLA 3912 810 4470 1067 4580 1390 5090 1249 5382 1670 
CRYSTAL CITY 8334 1677 8731 1809 8837 2405 9258 1981 9544 2662 
DE\~NE 3756 698 4862 790 5025 1143 5745 952 6092 1406 
DILLEY 2579 709 2523 512 3003 804 2866 600 3411 936 
FREER 3213 505 3492 661 3562 906 3806 746 3969 1036 
GEORGE WEST 2627 578 3450 441 3579 690 3764 498 3821 753 
HONDO 6057 1724 7033 1623 7269 2150 7974 1885 8456 2548 
JOURDANTON 2743 763 4008 844 4224 1164 4903 1065 5190 1465 
LEAKEY 468 151 522 106 541 145 539 115 559 156 

> LYTLE 1920 433 3094 634 3249 877 3847 814 4073 1127 
' "" MATHIS 5667 571 5456 636 5689 1032 5613 679 6047 1124 

"' NATALIA 1264 122 2517 296 2601 475 3275 404 3473 654 
PEARSALL 7383 1788 7736 1776 9208 2713 9252 2176 11012 3306 
PLEASANTON 6346 781 9942 1225 10477 1972 12122 1548 12831 2472 
POTEET 3086 726 3780 915 3984 1223 4126 1035 4367 1379 

(P) ROCKSPRINGS 132 25 144 26 144 35 169 31 181 45 
SABINAL 1827 636 1977 463 2084 623 2239 544 2455 756 
THREE RIVERS 2133 658 2478 400 2570 582 2558 427 2597 602 
TILDEN 300 31 279 31 268 47 292 34 304 55 
UVALDE 14178 4768 18342 5445 19331 6994 22775 6939 24973 9231 
OTHER 54739 6758 57899 7688 61012 11128 64346 8899 69011 12960 

ZONE TOTAL 153454 30437 176989 31918 186398 44833 201755 37815 216431 53681 
BASIN TOTAL 153454 30437 176989 31918 186398 44833 201755 37815 216431 53681 

~(P) INDICATES THAT PART OPACITY WHICH IS LOCATED WITHIN THE ZONE .t\_,','0 BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN' 22 NVECES-RIO GRANDE 
ZONE, 1 

CI1Y/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH ww HIGH 

POPLN. AC-FT POPLN. AC-FT POPLN. AC-FT POPLN. AC-FT POPLN. AC-FT 

ALICE 20961 5060 23124 5077 23739 6754 25360 5710 26648 7731 
BENAVIDES 1978 452 2149 506 2192 658 2342 567 2443 750 
BISHOP 3706 679 3704 485 3819 749 3788 513 3924 787 

(P) CORPUS CHRISTI 221112 56319 252581 48663 260449 67100 275850 54383 285746 74898 
KINGSVILLE 28808 6067 30360 4625 30621 6654 32734 5097 34016 7506 
NORTH SAN PEDRO 2561 405 4859 653 5010 999 6091 846 6310 1286 
ORANGE"GROVE 1212 219 1376 208 1413 305 1542 244 1621 361 

(P) PORT ARANSAS 1870 775 2622 1151 2704 1363 3145 1395 3258 1657 
PREMONT 2984 941 3401 865 3491 1114 3706 963 3894 1265 
ROBSTOWN 12100 1908 13787 2008 14216 2994 14923 2240 15459 3325 
SAN DIEGO 5225 891 5776 900 5898 1301 6355 1003 6637 1480 
SOUTH SAN PEDRO 1707 270 3918 592 4040 873 4801 748 4973 1097 
OTHER 28865 3828 28686 3675 29435 5345 30162 4041 31540 5931 

> 
' ... ZONE TOTAL 333089 77814 376343 69408 387027 96209 410799 77750 426469 108074 ... 

"'(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN: 22 NUECES·RIO GRA.'IDE 
ZONE: 2 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

LOW IDGH ww HIGH 

POPLN. AC·FI' POPLN. AC·FI' POPLN. AC·FI' POPLN. AC·FI' POPLN. AC·FI' 

ALAMO 5831 1628 8098 1070 8697 1715 10375 1429 11749 2382 
ALTON 2732 1517 3878 465 4165 770 5108 624 5784 1082 

(P) BROWNSVILLE 84887 17820 129591 32661 138261 43829 170834 44395 189493 61555 
COMBES 1441 111 1967 328 2099 487 2474 421 2744 645 
DONNA 9952 1290 13129 1647 14099 2685 16436 2154 18612 3648 
EDCOUCH 3092 476 3643 522 3912 815 4183 618 4737 1008 
EDINBURG 24075 3813 30528 4685 32785 7161 37763 5964 42763 9532 
ELSA 5061 829 7129 1070 7656 1647 8938 1382 10121 2222 
FALFURRIAS 6103 863 6797 1013 6968 1491 7305 1121 7583 1656 
HARLINGEN 43543 9160 49989 11311 53334 15533 57008 13218 63235 18771 
HEBBRONVILLE 4680 934 5511 1130 5635 1521 6184 1316 6441 1789 
HIDALGO 2288 355 3687 586 3959 887 5133 839 5813 1328 
LA FEIUA 3495 508 4310 657 4598 999 5104 806 5662 1262 

> 
' 

LA \~LLA 1442 100 1789 210 1921 351 2107 260 2386 449 ... LOS FRESNOS 2173 415 3209 543 3424 802 4200 734 4659 1117 
"' LYFORD 1618 321 1943 313 1982 448 2210 366 2314 534 

MCALLEN 66281 13027 104760 19949 112503 28732 144982 28095 164180 42482 
MERCEDES 11851 2772 13125 1897 14095 2952 14815 2207 16777 3589 
MISSION 22589 5332 31526 5544 33856 8154 41768 7486 47299 11550 
PHARR 21381 3004 31260 4692 33571 7220 40833 6312 46240 10152 
PORT ISABEL 3769 2106 4430 1389 4726 1789 5059 1655 5612 2200 
PRIM ERA 1380 162 1884 228 2010 374 2369 292 2628 495 
RAYMONDVILLE 9493 4100 11082 1986 11304 2760 12549 2333 13136 3296 
RIO HONDO 1673 469 2142 422 2285 599 2611 526 2896 772 
SAN BENITO 17988 2956 22319 2625 23812 4348 26006 3146 28846 5364 
SAN JUAN 7608 1509 11669 1582 12532 2513 15724 2202 17806 3650 
SANTA ROSA 1889 221 2448 299 2612 489 2954 381 3277 635 
SARITA 160 23 146 18 146 28 128 16 128 25 
WESLACO 19331 3653 24710 4207 26536 6242 30121 5263 34110 8177 
OTHER 132488 15654 178427 24234 190699 35974 230709 32666 258584 50584 

ZONE TOTAL 520294 95128 715126 127283 764182 183315 915990 168227 1025615 251951 
BASIN TOTAL 853383 172942 1091469 196691 1151209 279524 1326789 245977 1452084 360025 

*(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN, 23 RIO GRANDE 
ZONE, 1 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

ww HIGH ww HIGH 

POPLN. AC·FT POPLN. AC·FT POPLN. AC·FT POPLN. AC·FT POPLN. AC·H 

ANTHONY 2640 433 4399 581 4622 911 5698 779 6216 1253 
CANUTILLO 3866 202 5802 676 6096 1106 7693 931 8392 1560 
CLINT 1314 42 1692 205 1778 331 2039 251 2224 419 
EL PASO 425259 88941 563725 119345 592291 125392 684395 147191 746559 160561 
FABENS 4219 659 5121 826 5381 1218 5996 994 6541 1509 
FORT BLISS 12622 7229 12013 6849 12622 8017 11571 6662 12622 8087 
SIERRA BLANCA 573 68 606 74 625 117 704 88 781 149 
OTHER 32134 5600 11659 3648 12202 4632 10854 3484 11897 4537 

ZONE TOTAL 482627 103174 605017 132204 635617 141724 728950 160380 795232 178075 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 

~ ... 
"' 



APPENDIX A. CONTINUED 

RIVER BASIN: 23 RIO GRANDE 
ZONE: 2 

CITY/YEAR 1980 REPORTED 1990 PROJECTED 2000 PROJECTED 

LOW HIGH LOW HIGH 

POPLN. AC·FT POPLN. AC·FT POPLN. AC·FT POPLN. AC·FT POPLN. AC·FT 

ALPINE 5465 1594 5416 1268 5393 1613 5798 1390 6086 1854 
BRACKETTVILLE 1676 677 2061 836 2130 1002 2293 963 2376 1152 

(P) BROWNSVILLE 110 23 168 42 179 57 221 57 245 80 
DEL RIO 30034 9779 44135 11519 46983 15315 56077 14950 62139 20603 
EAGLE PASS 21407 4211 23523 4374 32632 8188 30119 5735 41783 10671 
FORT DAVIS 787 114 837 103 837 158 816 101 816 154 
LA GRULLA 1442 224 3587 450 3850 733 5438 731 6188 1234 
LA JOYA 2018 514 4716 898 5065 1294 7156 1395 8104 2106 
LAREDO 91449 22283 119170 24562 126137 34193 146640 31045 161291 44625 
LAUGHLIN AFB 2971 1663 2791 994 2971 1251 2558 928 2834 1213 
MARFA 2466 975 2712 939 2776 1141 2847 1011 2930 1231 
OZONA 3764 1695 4456 1927 4646 2311 5124 2250 5426 2735 
RIO GRANDE CITY 8887 1654 12130 2147 13019 3150 15913 2923 18109 4503 

> 
' 

ROMA-LOS SAENZ 3384 839 5703 1444 6121 1947 8041 2099 9150 2983 ... SANDERSON 1247 332 981 215 950 270 958 216 978 284 .._, 
1552 5150 5462 2276 6845 2454 7705 3262 SONORA 3856 1811 

VAN HORN 2772 614 2863 686 2860 871 3304 811 3523 1093 
ZAPATA 3806 951 5140 1157 5401 1567 6435 1492 6962 2067 
OTHER 47150 6369 56889 8261 64427 12141 74305 11063 87759 16922 

ZONE TOTAL 234691 56063 302428 63633 331839 89478 380888 81614 434404 118772 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AI.\'D BASIN 



APPENDIX A. CONTINUED 

RIVER BASIN, 23 RIO GRANDE 
ZONE, 3 

CITY/YEAR I 980 REPORTED I 990 PROJECTED 2000 PROJECTED 

LOW HIGH LOW HIGH 

POPLN. AC·Fr POPLN. AC·Fr POPLN. AC·Fr POPLN. AC.Ff POPLN. AC·Fr 

CRANE 3622 905 3994 832 4091 1118 4257 892 4387 1204 
FORT STOCKTON 8688 2728 9866 2829 10001 3518 11133 3242 11727 4177 
IRAAN 1358 357 1436 174 1456 271 1583 195 1667 314 
KERMIT 8015 2396 8632 2321 8711 2908 8971 2452 9077 3071 
MCCAMEY 2436 634 2564 597 2593 773 2854 678 3040 919 
MENTONE 25 3 9 1 8 2 9 1 10 2 
MONAHANS 8397 3128 9411 2540 9557 3201 9895 2704 10053 3400 
PECOS 12855 3627 14002 3435 14108 4377 15258 3811 15774 4965 
RANKIN 1216 394 1449 368 1465 468 1715 446 1827 593 
WINK 1182 246 1152 205 1163 283 1184 215 1198 295 
OTHER 15848 2211 14628 2806 14857 3499 14777 2918 15300 3686 

ZONE TOTAL 63642 16629 67143 16108 68010 20418 71636 17554 74060 22626 
> BASIN TOTAL 780960 175866 974588 211945 1035466 251620 1181474 259548 1303696 319473 
' ... 
"' 

STATE TOTAL 14229191 2813182 16808440 2955407 17846141 4202274 19567335 3512065 21239279 5080510 

•(P) INDICATES THAT PART OF A CITY WHICH IS LOCATED WITHIN THE ZONE AND BASIN 
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APPENDIX B: Wastewater Facility Needs 

General 

Appendix B contains information on municipal 
wastewater handling facilities. Information comes from 
the State/Environmental Protection Agency (EPA) Needs 
Survey, the Construction Grant Information and Control 
System, the Department's Water Quality Enhancement 
Loan records, the Economic Development Administra­
tion, the Farmers Home Administration, the Department 
of Housing and Urban Development, Municipal Advisory 
Reports, and the numerous other Departmental records. 
The information is presented in three sections below. 

Section I contains historical information on waste­
water facilities funding from 197 3 to 1982. The total cost 
and various sources of funding are detailed. Section II 
contains the Department's projections of wastewater treat­
ment facilities needed for the year 1985 through 2000. 
Section III lists specific municipal wastewater treatment 
projects for the years 1985-1989. All of the projects listed 
are included in EPA's Municipal Construction Grants Pro­
gram and have received grants to develop facilities plans. 
Since many of these plans are notyetcomplete, it is impos­
sible to determine which projects will be funded in each 
fiscal year. 

Section I. Municipal Wastewater Facility Constrnction in 
Texas (1973-1982). 

A. Federal - State Assistance 
The amount of assistance provided by EPA's Munici­
pal Construction Grants Program and the Texas 
Water Quality Enhancement Loan program were 
obtained from Department records. Amounts 
obtained from the Farmers Home Administration 
and the Economic Development Administration 
appear to be firm, but little information is available 
concerning specific projects. The Department of 
Housing and Urban Development (HUD) estimates 
that $1.4 75 billion in grants have gone to Texas 
communities since fiscal year 1974 (the year HUD 
was established). While P,roject specifics are scarce, 
HUD estimates that between 9 and 12 percent of all 
grant funds are committed to sewage facilities. The 
Department has assumed a figure of roughly 10 
percent. 
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B. Federal versus "Local" Share of EPA Construction 
Grants Projects Since Public Law 92-500 (the Clean 
Water Act as enacted October 18, 1972). 

EPA has awarded grants for up to 75 percent of 
total eligible sewage project costs for planning, 
design, and construction. A distinction has been 
drawn between total eligible project costs and total 
projects costs, since a number of items such as ease­
ments, land, financial administration, and some 
construction items are ineligible for grant participa­
tion. The Department has sampled a number of EPA 
projects and found that, on average, EPA assistance 
amounted to 63.75 percent of total costs. The 
remaining 36.25 percent of total project costs, 
referred to as the "local" share, frequently includes 
assistance from one or more of the other listed federal 
or· State sources. 

C. Total Expenditure 
To derive expenditures not related to EPA's grant 
program, and thus arrive at a figure for total expendi­
ture, it was necessary to differentiate between treat­
ment system costs and collection system costs. The 
Department's records include a complete inventory 
(and construction history) of municipally owned 
wastewater treatment facilities in Texas. By cross­
referencing this inventory with EPA-assisted con­
struction projects, the Department found 350 
municipal sewage treatment plant construction pro­
jects that were funded without EPA assistance. Since 
costs associated with these projects were generally 
not available, a system of estimation was used that has 
been formulated and updated by EPA contractors 
since 1976. Allowances were made for type of treat­
ment facility constructed, location, and year of 
construction. 

Reliable, site-specific information concerning col­
lection facility construction is not available. The 
Department has estimated total municipal waste­
water collection facility expenditures atll1.3 billion. 
This figure is based on the number of persons served 
by municipal wastewater collection systems in 1982 
versus the number served in 1973, the footage of line 
required to serve the expanded population, and cost 
assumptions based on these requirements. Of this 



Sl.3 billion, S468 million was spent in EPA grant 
related projects. 

Section II: Municipal Wastewater Facility Construction 
Projections (1985-2000). 

The "Needs Survey" is the basic Departmental tool 
used for wastewater facilities projections. The Needs Sur­
vey is mandated by Sections 205(a) and 516(b) of the 
Federal Water Pollution Control Act and amendments and 
senres three purposes: 

1. It provides Congress and otherinterested parties with 
an estimate of needed, publicly owned wastewater 
treatment works to meet the goals of the Act. 

2. It is used as a mechanism by Congress to allocate EPA 
Construction Grant funds among the States. 

3. It provides an inventory of existing and proposed 
wastewater facilities. 

The Act requires EPA, in cooperation with the States, 
to revise the Needs Survey and report to Congress in each 
odd-numbered year. 

In addition to providing an inventory of wastewater 
facilities, the Needs Survey generates cost estimates, pro­
jected to the year 2000, for individual facilities to meet the 
goals of the Act. Costs for each facility are separated into 
the following categories: 

Category I -Secondary Treatment and Best Practi-
cable Wastewater Treatment Technology 

Category IIA -Advanced Secondary Treatment (AST) 
Category liB -Advanced Wastewater Treatment (AWT) 
Category IliA- Infiltration/Inflow Correction 
Category IIIB- Major Sewer System Rehabilitation 
Category IV A- Collectors and Appurtenances 
Category !VB- New Interceptors and Appurtenances 
Category V -Correction of Combined Sewer 

Overflows 

Cost estimates for the Needs Survey generally come from 
two sources: 

a. From engineering rep'!rts and planning documents 
prepared for individual facilities under the Construc­
tion Grants Program. 

b. From EPA developed cost estimation procedures. 
These procedures are use.d when engineering esti­
mates and/ or site-specific planning reports are not 
available. 

EPA's procedures were developed under contract and 
represent the compilation of data from hundreds of Con­
struction Grant projects across the Nation. 
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Section III: Planning Portion of the Fiscal Year 1984 
Priority List (1985-1989). 

The planning portion of the priority list consists of 
potential EPA Construction Grant projects which will be 
needed at some time between 1985 and 1989. All of the 
entities listed have received EPA assistance to develop a 
facilities plan. Each plan encompasses: 

1. A defined service area. 
2. An infiltration and inflow analysis. 
3. An environmental assessment. 
4. A review of waste treatment alternatives and 

processes. 
5. An analysis to determine the most economical 

method for meeting applicable health and stream 
standards. 

A few of the projects listed have completed facilities 
plans and have received EPA assistance for the preparation 
of detailed plans and specifications. 

When the local project sponsors (cities and other local 
governments) entered the Construction Grant Program, 
they anticipated EPA assistance for up to 75 percent of the 
grant eligible project costs. However, amendments to the 
Clean Water Act enacted in December 1981 reduced total 
program funding auihorization from S5 billion to $2.4 
billion for each of fiscal years 1982, 1983, 1984, and 
1985. Hence, federal funds potentially available to the 
State of Texas have diminished. In addition, the amend­
ments reduced or eliminated many previously grant­
eligible items. Beginning October 1, 1984: 

1. Federal grant assistance will drop from 7 5 percent to 
55 percent of grant-eligible project costs. 

2. All reserve capacity (growth) will be ineligible. 
3. Collection lines and sewer line rehabilitation will no 

longer be eligible. 

Entities which have anticipated 7 5 percent federal 
participation are now faced with many difficult financial 
decisions. 

Projects from this list which are funded prior to Octo­
ber 1, 1984 will be funded at 7 5 percent with capacity for 
20 years of growth. Projects funded after this date can be 
funded at only 55 percent and only for the population 
living in the service area on the date the grant is made. 

Projects are listed in alphabetical order by population 
category. The categories are: 
A= 0-3,500 
B = 3,501 - 10,000 
c = 10,001 - 25,000 
D = 25,001 - 100,000 
E = 100,001 - 500,000 
F = 500,000- up 

----------------·------------------------



Section I 

Municipal Wastewater Facility Construction 
in Texas (1973-1982) 

(EPA versus Non-EPA Spending) 

EPA Assistance for Construction Grant Projects 

Non-Federal Share of EPA Grant Projects 

Total EPA Construction Grant Related Spending 

Total Spending Not Related to EPA Grant Program 

Total Expenditure 

(Source of Funding) 

EPA Assistance 

FmHA Assistance 1 

EDA Assistance 

HUD Assistance' 

State Assistance3 

Total Federal and State Assistance 

Local Funding• 

Total Expenditure 

tLoans 89%. grants 11% 
2Estimated at roughly 10% of all HUD grants 
3\Vatcr Quality Enhancement Fund loans 
4Municipal plus "private" contributions to municipal systems 

B-3 

S1,244,000,000 

707,000,000 

Sl. 951,000,000 

S1,299,000,000 

$3,250,000,000 

$1,244,000,000 

43,000,000 

4,000,000 

148,000,000 

103,000,000 

lll,S42,000,000 

lll. 708,000,000 

S3,2SO,OOO,OOO 



3 

2 

0 ..L..-

EPA 
assistance 

1.244 

Non-Federal 
share of 

EPA projects 
.707 

Non-EPA 
related 
1.299 

EPA 
assistance 

1.244 

Non-Federal 
share 
.707 

EPA 
grant 

projects 

Municipal Wastewater Facility Construction in Texas 1973-1982 
EPA Versus Non-EPA Spending 
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Non-EPA 
related 
1.299 

Non-EPA 
spending 



3 

2 

0 

EPA 
1.244 

FmHA 
.043 

EDA 
.004 

By funding source 

Local 
1.708 

Federal & state 
assistance 

versus 

local funding 

EDA 

State 
.103 

All sources 

Municipal Wastewater Facility Construction in Texas 1973-1982 
By Source of Funding 
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FmHA 
.043 



Section II 

Projected Wastewater Facility Needs in Texas from 1985 to 2000* 

A. 1982 Needs Survey (Years 1982-2000) 
B. Less 1983 and 1984 construction offacilities identified by the 1982 Needs Survey 
C. Estimated publicly owned collection lines and interceptors not included in the 

1982 Needs Survey 
Total estimated publicly owned facilities needs (years 1985-2000) 

D. Estimated private facility needs (year 1985-2000) 
Total estimated publicly and privately owned facility needs (year 1985-2000) 

E. Estimated Federal Grant Assistance (years 1985-1989) 
Total estimated needs remaining after estimated Federal Grant Assistance 

NOTES: 

$4.016 (1) 
-.554 (2) 
3.462 
1.700 (3) 
5.162 
2.005 (4) 
7.167 

.465 (5) 
jl6.702 

1. The 1982 Needs Survey includes grant-eligible publicly owned treatment facilities. Ineligible items (collection lines 
and interceptors) and privately owned facilities are not included in this survey information. The Department has 
estimated these needs through the year 2000. 

2. In 1983 and 1984, .S554 million of publicly owned treatment facilities was funded. 
3. These dollar estimates are the estimated publicly owned treatment facilities needs which were not included in the 

1982 Needs Survey since they are not eligible for grant assistance (collection lines and interceptors). 
4. These dollar estimates are the estimated needs of private treatment facilities which are not part of the estimated needs, 

such as private subdivision systems, commercial buildings, mobil home parks, etc. 
5. This is an estimate of what the federal grant assistance will provide the State of Texas based upon the annual federal 

appropriations since fiscal year 1983. 

* Estimated Sewerage Facility Needs as of April24, 1984, Construction Grants and Water Quality Management Division, Texas Department of Water 
Resources. 

Section III 

Planning Portion of the Fiscal Year 1984 Priority List 

The projects listed on the following pages have established a definite sewerage facility need for a period between 1985 and 
1988. All of the projects have received a federal grant to develop a facility plan which encompasses: 

1. A defined service area. 
2. Infiltration and inflow analysis. 
3. An environmental assessment. 
4. Analysis of various waste treatment processes. 
5. A cost-effective analysis to determine the most economical method of treatment which will meet the stream standard. 

Some projects have also received a federal grant to develop detail plans and specifications in addition to facility plan funds. 

When these entities entered the Construction Grant program, they anticipated receiving a federal grant for 75 percent of 
the grant-eligible items for their project. However, the 1981 Amendments to the Clean Water Act enacted in December 
1981 reduced the funding authorization from jl5 billion to .S2.4 billion dollars per year for fiscal years 1982, 1983,1984, 
arid 1985. The AmendmentS additionally reduced or eliminated many other grant-eligible items. Starting with October 1, 
1984, the following changes will occur: 

1. Federal grant assistance will decrease from 75 percent to 55 percent of the grant-eligible items. 
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2. All reserve capacity (growth) will become ineligible for both the sewerage treatment plant and the associated lines. 
3. All collection lines and sewer line rehabilitation will no longer be eligible. 

As a result, the entities which have anticipated the 75 percent federal participation are now faced with many difficult 
financial decisions. 

All the projects which are not funded in fiscal year 1984 (Contingency not funded and Planning) will be funded at 55 
percent for only the population living in the service area on the date the grant is made. 

Projects are listed in alphabetical order by population category. The categories are: A= 0-3,500; B = 3,501-10,000; C = 
10,001-25,000; D = 25,001-100,000; E = 100,001-500,000; and F = 500,000-up. 

Project N arne 

Agua Dulce 
Alto 
Alvarado 
Bartlett 
Bell Co. WCID No. 2 
Blossom 
Brool{shire MWD 
Brool{side Village 
Caddo Mills 
Canton 
Celina 
Clifton 
Combes 
Crosby MUD 
DeLeon 
Dilley 
Dublin 
Fate 
Franldin 
George West 
Glenn Heights 
Godley 
Granger 
Harris Co. WCID 

Fondre;.. Road 
Henderson Co. M\VA 
Hooks 
Hughes Springs 
Joaquin 
l{eene 
Kemp 
Kountze 
Krugerville 

Sec footnote at end of table. 

TEXAS DEPARTMENT OF WATER RESOURCES 

Municipal Facilities Construction Grant Priority List 

Planning Portion 

Project Population 
Sequence Category Project Description 1 

1415-03 A STP Improvements 
1628-03 A New Interceptors 
1392-03 A Collection System 
1631-03 A STP Improvements 
1724-03 A STP Expansion and Linework 
1338-03 A STP Replacement 
1620-03 A STP Expansion 
1281-03 A New Sewerage System 
1639-03 A STP Improvements 
1499-03 A STP Improvements 
1418-03 A STP Replacement 
1500-03 A Relief Interceptors 
1646-03 A New Sewerage System 
1726-03 A STP Expansion 
1384-03 A New Interceptor 
1039-03 A STP Improv~ment 
1476-03 A STP Replacement 
1365-03 A STP Replacement 
1597-03 A STP Improvements 
1652-03 A Replace Interceptors 
1411-03 A Collection System 
1654-03 A STP Expansion 
1729-03 A STP Improvements 
1503-03 A STP Improvements 

1712-03 A STP Improvements 
1428-03 A STP Improvements 
1719-03 A STP Improvements 
1283-03 A New Sewerage System 
1590-03 A STP Improvements 
1277-03 A STP Expansion 
1381-03 A New Interceptor 
1551-03 A New Sewerage System 
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Total Project 
Cost 

$ 368,000 
943,000 
352,000 
782,000 
516,000 
547.000 

1.250,000 
1.875,000 

547,000 
1,500,000 
1,094,000 

508,000 
469,000 
469,000 
430,000 
313.000 
484.000 

1,563,000 
313,000 

3,907,000 
328,000 
157,000 

1.344,000 
1.758,000 

410,000 
547,000 
938,000 

1,953,000 
991.000 

2,344,000 
1.250,000 

313,000 



Municipal Facilities Construction Grant Priority List 
Planning Portion-Continued 

Project Population Total Project 
Project N arne Sequence Category Project Description • Cost 

Leander 1730-03 A New Sewerage System 2,500,000 
Liverpool 1717-03 A New Sewerage System 1,229,000 
Marion 1556-03 A STP Replacement 469,000 
Melissa 1616-03 A New Sewerage System 910,000 
New Deal 1402-03 A New Sewerage System 541,000 
Nueees Co. WCID No.4 1558-03 A STP Expansion 1,250,000 
Pineland 1559-03 A STP Improvements 313,000 
Rogers 1680-03 A STP Replacement 677,000 
Royse City 1443-03 A New Interceptor 438,000 
San Augustine 1598-03 A STP Improvements 782,000 
San Saba 1450-03 A STP Improvements 625,000 
Southside Place 1417-03 A STP Replacement 1,166,000 
Teague 1593-03 A Improve 2 Existing STP's 938,000 
Timpson 1689-03 A STP Improvements 999,000 
TRA-Riverside 1334-03 A New Sewerage System 1,250,000 
Trinidad 1582-03 A STP Improvements 471,000 
Trinity Bay Conser. 1115-04 A Eminence, Hanlmmer 2,110,000 
Trinity Bay Conser. 1115-23 A Smith Point 1,407,000 
Troy 1583-03 A STP Replacement 1,036,000 
Tuscola 1518-03 A New Sewerage System 1,069,000 
Van Alstyne 1692-03 A STP Improvements 547,000 
Victoria Co. WCID No.2 1584-03 A New Sewerage System 820,000 
West Jefferson Co. MWD 1662-03 A New Sewerage System 15,630,000 
Wills Point 1488-03 A STP Improvements 1,406,000 
Winnsboro 1136-13 A Interceptors and Collector 1,953,000 

$ 71,099,000 

Anthony 1731-03 B STP Improvements s 313,000 
Bell Co. WCID No. 3 1600-03 B STP Improvements 665,000 
BRA-Sugarland 1635-03 B STP Improvements 13,281,000 
Dayton 1540-03 B STP Expansion 1,875,000 
Diboll 1501-03 B Relief Interceptor 1,133,000 
Gilmer 1653-03 B STP Improvements 2,291,000 
Hearne 1658-03 B STP Replacement 813,000 
Katy 1550-03 B STP Expansion 3,125,000 
LaPorte 1176-13 B New Sewerage System 1,875,000 
Lampasas 1732-03 B New Sewerage Improvement 2,969,000 
Manvel 1555-03 B New Sewerage System 3,980,000 
McGregor 1427-03 B STP Replacement 2,199,000 
Memphis 1668-03 B New Collectors 63,000 
Pittsburg 1742-03 B STP Replacement 1,016,000 
Robinson 1484-03 B STP Improvements 2,813,000 
Rowlett 1436-03 B Relief Interceptor 2,969,000 
San Juan 1563-03 B New Interceptors 625,000 
Sealy 1720-03 B STP Expansion 782,000 

s 42,787,000 

Sec footnote at end of wblc. 
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Municipal Facilities Construction Grant Priority List 
Planning Portion-Continued 

Project Population Total Project 
Project N arne Sequence Category Project Dcscription 1 Cost 

Bay City 1388-03 c Relief Interceptor $ 5,469,000 
Copperas Cove 1705-03 c STP Improvements 3,516,000 
Dallas Co. WCID No. 6 1355-03 c Relief Interceptor 3,282,000 
Freeport 1606-03 c STP Replacement 2,344,000 
Jacli:sonvi11e 1510-03 c STP Improvements 7,500,000 
League City 1426-03 c New Intercepts and Rehabilitation 7,872,000 
Pharr 1676-03 c New 1.5 million gpd Plant 2, 735,000 
Port Lavaca 1396-03 c STP Replacement 2,344,000 
South Houston 1490-03 c STP Improvements 4,688,000 
Vernon 1519-03 c STP Replacement 2,235,000 
Vidor 1413-03 c New STP's and Line \Vorl{ 14,105,000 
Weslaco 1693-03 c STP Replacement 4,688,000 

$ 60,778,000 

BaytO\Vn 1151-04 D Collector Lines s 4,000,000 
Baytown 1498-03 D STP Improvements 15,625,000 
BRA-Temple/Belton 1535-03 D STP Improvements 28,125,000 
Bryan 1523-04 D Improve STP 1,900,000 
Bryan 1523-05 D Interceptor Rehabilitation 2,435,000 
Cibolo Creek MA 1643-03 D STP Expansion 6,641,000 
Galveston 1201-03 D STP Improvements 20,313,000 
GBRA Victoria 1438-03 D STP Improvements 13,641,000 
Harlingen 1657-03 D STP Improvements 7,813,000 
Laredo 1456-03 D STP Improvements 15,625,000 
Lufkin 1553-03 D STP Improvements 1,719,000 
McAllen 1515-13 D NewSTP 9,375,000 
Memorial Village WA 1494-03 D STP Expansion 9,549,000 
North Texas MWD 1349-03 D STP Improvements 23,438,000 
Orange 1255-03 D Improve 2 Plants 9,204,000 
Paris 1248-03 D STP Expansion 19,593,000 
Port Arthur 1045-03 D STP Improvements 51,563,000 
Texarlmna 1158-05 D STP Replacement 6,250,000 

$246,809,000 

BRA-Waco Metro 1229-13 E Relief Interceptor s 235,000 
BRA-Waco Metro 1229-23 E Relief Interceptor 1,563;000 
Corpus Christi 1214-33 E Infil tration/1 nflow 6,563,000 
El Paso/PSB 1542-03 E STP Improvements 17,188,000 
El Paso/PSB 1542-25 E Collector Lines 14,485,000 
El Paso/PSB 1542-27 E Collector Lines 500,000 
El Paso/PSB 1542-33 E Collector Lines 625,000 
El Paso/PSB 1542-35 E Collector Lines 313,000 
El Paso/PSB 1542-37 E Relief Interceptor 313,000 
El Paso/PSB 1542-39 E Relief Interceptor 313,000 
El Paso/PSB 1542-41 E Relief Interceptor 1,953,000 
El Paso/PSB 1542-43 E Relief Interceptor 469,000 

Sec footnote at end of table. 
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Municipal Facilities Construction Grant Priority List 

Planning Portion-Continned 

Project Population Total Project 
Project Name Sequence Category Project Description t Cost 

EI Paso/PSB 1542-45 E Relief Interceptor 235,000 
EI Paso/PSB 1542-47 E Relief Interceptor 782,000 
EI Paso/PSB 1542-49 E Relief Interceptor 7,500,000 
EI Paso/PSB 1542-51 E Relief Interceptor 2,500,000 
EI Paso/PSB 1542-53 E Relief Interceptor 1,250,000 
EI Paso/PSB 1542-55 E Relief Interceptor 196,000 
EI Paso/PSB 1542-57 E Relief Interceptor 625,000 
EI Paso/PSB 1542-59 E Relief Interceptor 157,000 
EI Paso/PSB 1542-61 E Relief Interceptor 313,000 
Garland 1300-03 E STP Expansion 13,282,000 
TRA-10 Mile Creek 1186-03 E STP Improvements 3,438,000 

$ 74,798,000 

Dallas 1104-13 F Relief Interceptor $105,469,000 
Dallas 1144-03 F Southside STP Expansion 43,907,000 
Dallas 1144-73 F Diversion Interceptor 47,427,000 
Dallas 1144-83 F Relief Interceptor 37,540,000 
Ft. Worth 1323-03 F Improve STP Phase I 135,938,000 
Ft. Worth 1323-13 F Improve STP Phase 2 76,563,000 
Ft. Worth 1323-23 F Improve STP Phase J 89,063,000 
Houston 1020-13 F STP Rehabilitation 352,000 
Houston 1205-21 F NE Homestead 6,407,000 
Houston 1205-29 F Northside Phase IC 15,625,000 
Houston 1205-31 F Northside Phase II 46,407,000 
Houston 1205-33 F FWSD No. 17 STP 860,000 
Houston 1205-35 F West District STP 6,250,000 
Houston 1205-47 F Relief Interceptor 66,000 
Houston 1206-03 F Sims Bayou STP 69,835,000 
Houston 1206-13 F Southeast STP 8,275,000 
Houston 1206-23 F Sa~emont STP 3,282,000 
Houston 1206-33 F Gulf Meadows STP 5,985,000 
Houston 1206-43 F Easthaven STP 527,000 
Houston 1206-53 F Collector Lines 1,289,000 
Houston 1206-63 F Chocolate Bayou STP 7,188,000 
Houston 1206-73 F Collector Lines 2,079,000 
Houston 1206-83 F WCID No. 47 STP 3,594,000 
Houston 1206-93 F Collector Lines 957,000 
Houston 1207-03 F STP Improvements 50,000,000 
San Antonio 1211-12 F STP Contract 2 69,844,000 
San Antonio 1211-14 F STP Contract 3 65,625,000 
San Antonio 1211-16 F STP Contract 4 90,938,000 
San Antonio 1211-17 F Salado Creek STP Rehabilitation 17,188,000 
San Antonio 1211-39 F Packa~e E 4,844,000 
San Antonio 1211-41 F Packa~e F 14,649,000 
San Antonio 1211-43 F Packa~e G 5,000,000 
San Antonio 1211-45 F Packa~e H 3,438,000 
San Antonio 1211-47 F Packa~e I 1,875,000 
San Antonio 1211-49 F Packa~e J 3,282,000 
San Antonio 1211-53 F Sewer System Rehabilitation 26,875,000 

$1,068,443,000 

tSTP • Sewemj!e Treatment Plant 
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