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FOREWORD 

NEED FOR ACTION 

The preparation and release of the Texas Water 
Plan is only the beginning insofar as the effective 
protection, conservation, development, distribution, and 
utilization of Texas' water resources is concerned. The 
Texas Water Plan precipitates a moment of critical 
decision for the Legislature, for the people of Texas, and 
for the future of Texas. Similarly, immediate major 
decisions will be required of the Federal Government. 

Action by and within the State of Texas alone, 
even on a large scale, is not enough, because the water 
resources now available to Texas are not sufficient to 
meet the economically justified future water needs of 
the entire State no matter how efficiently tlhey may be 
conserved, distributed, and administered. Thus, the only 
solution for this shortage of water supply is the import 
of water into Texas from out-of-State sourc:es, possible 
only through the coordinated efforts of Federal 
agencies, governmental agencies of other States, the 
State of Texas, and local Texas agencies. The urgent 
need for additional water will impose a time schedule 
which will be extremely difficult to meet even with the 
fullest effort. Delay by the State, or by any other 
concerned level of government, would have irreversible 
results. 

v 

Present water developments and those of the 
future will be extremely costly. Therefore, the maxi
mum degree of efficiency in planning, financing, design, 
construction, and management is imperative. The State 
has a major responsibility for achieving this objective. By 
prompt effectivE! action, whatever immediate costs may 
be involved will be returned many times to the State as a 
whole. 

With the heavy demands on the Federal budget, it 
is completely unrealistic to expect that the United States 
would fully finance construction of all of the works 
needed to meet Texas' urgent water needs. The State of 
Texas, and its political subdivisions, must provide 
significant portions of the funds required. Further, in 
order that Te>eas may have full control over the 
development and utilization of its water resources, it is 
essential that the State be a major participant in 
financing and directing the Texas Water Plan into 
actuality and in its management once construction is 
completed. 

The magnitude of the job and the tremendous 
long-range commitment of State resources involved must 
not be underestimated, nor the tragic consequence of 
delay. There is not a water resource plan of this 
magnitude or complexity in existence in the world today 
or even in the planning stage, yet Texas' water needs for 
the future can be met with nothing less sweeping . 



STATUTORY AUTHORIZATION 

P lanning for long-range water resource devel 
opment for Texas has been conducted by the Board in 
compliance with a series of statutory enactments. These 
Legislative and Executive di rectives have reflected the 
response by the State to the increasing comp lexity of its 
water problems. 

Acting under the stimu lus of prolonged drought, 
broken by heavy rains and flooding in the Spring of 
1 957, the Legislatu re in special  session adopted the 
Water P lanning Act of 1 957. Comply ing with provisions 
of that Act, the Board prepared and su bmitted to the 
56th Legislatu re a progress report titled "Texas Water 
Resources P lanning at the End of the Year 1958:' 

I n  May 1960, Governor Price Daniel  requested 
that the Board assume State leadersh ip  in coordinating 

water plan'l ing in Texas, and that it prepare a Statewide 
plan to meet municipal and industrial  water require
ments. Cooperating with river authorities and cities, the 
Board prepared a report titled "A P lan for Meeting the 
1 980 Water Req uirements of Texas," May 1961 . 

The U nited States Study Commission--Texas was 
authorized by Congressional Act on August 28, 1958. I ts 
assignment was to formu late a basic, comprehensive, and 
integrated plan for development of the land and water 
resou rces for a defined area of study, wh ic:h included 
on ly about 62% of Texas. 

The Bureau of R eclamation and Corps of Engi
neers subsequently completed several reports on specific 
projects. The Corps of Engineers reports included 
mu ltiple-purpose reservo ir  projects, local flood control, 
navigation p ri mari ly a long the Texas Gu l f  Coast, hurri
cane protection, and comprehensive reports on the 
Sabine and Trinity R iver Basins. The Bureau d istri buted 
its Pre l iminary R eport on the Texas Basins Project in  
1963 .  

Local entities-cit ies, river authorit ies, and water 
districts-were also suggesting projects in their areas, 
some of which conflicted with proposals of Federal  
agencies. 

Governor John Connal ly recognized the need for a 
more order ly and longer range analysis of the State's 
water problems, water needs, and solutions to these 
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pro bl ems on a Statewide basis, and by letter dated 
August 1 2, 1 964, requested that a comprehensive State 

Water P lan be prepared. He said: 

nl am increasingly concerned about 

drought conditions in Texas and pro

gress of our efforts to develop 

adequate sources of water for all our 

State. I'm sure the members of the 

Texas Water Commission share this 

concern with all our citizens. 

The Bureau of Reclamation and the 

Corps of Engineers have proposed 

broad water development projects for 

Texas far beyond the plans of the 

Texas Water Commission report, "A 

Plan for Meeting the 1980 Water 

Requirements of Texas." In my 

opinion, these plans fall short of satis

fying the water needs for all of Texas. 

Furthermore, the Congress is presently 

considering a Federal water pollution 

control bill which will supplant state 

authority in this field. I have long been 

concerned that the State exercise its 

responsibility in all areas of water 

conservation and development. The 

recently enacted Water Resources Act 

of 1964 does provide an opportunity 
for statt� participation in federal water 

research programs. 

As you know, it is my responsibility, 
with the help of the Texas Water 

Commission, to review major federal 
projects and formally approve or 
disapprove them on behalf of the 
State. I cannot properly evaluate some 

proposed federal projects without a 
longer-range State Water Plan for 
Texas. 

Therefore, by authority granted me 

under Article V, Section 22, House 

Bill 86, 58th Texas Legislature (The 

General Appropriations Act), I hereby 



request the Texas Water Commission 
to use any available moneys appro

priated under the Act to begin at once 

to develop a comprehensive State 

Water Plan. In the public interest and 
to aid the economic growth and 

general welfare of the State, I urge 

that you explore all reasonable alter

natives for development and distribu

tion of all our water resources to 

benefit the entire State, including pro

posals contained in preliminary reports 
of the federal agencies. " 

The State's p lanning programs have been con
ducted in accordance w ith the Texas Water Plann ing Act 
of 1957 ( V .A .C.S. 7472d - 1 )  through August 1965, and 
in accordance w ith V.A.C.S.  8280.9( b) as amended by 
acts of the 59th Legislatu re since September 1, 1965. 

Accelerat ion of the plann ing effort, and the 
development :.f a longer range Texas Water Plan , was 

v i i i  

begun w ith Governor Connal ly 's authorization of August 
12, 1964, u nder authority given the Governor in Acts 
1 963 , 58th Legislatu re, Chapter 525, p. 1393 ,  Article 5, 
Section 22. 

Emergency funds were a l located for key p lann ing 
staff for the accelerated program in October 1964 from 
a ppropriations to the Governor for the purpose of 
deficiency grants. 

The 59th Legislatu re provided additional funds for 
the accelerated program in a special  emergency app ropri
ation in Acts 1965, Chapter 4, p .  7 .  In add ition , the 
59th Legisl ature real igned the functions of the several 
Texas water agencies .. This rea l ignment assigned planning 
for water development in  Texas, inc luding financing, as a 
responsib i l ity of the Texas Water Development Board . 

The 60th Legislature prov ided continu ing support 
for the planning pro�1 ram in its regu lar appropriations to 
the Board . 
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INTRODUCTION 

Water p lanning is a means to an end and not an 
end in  itself.  I ts objective is the development of water 
resources as effectively and economical ly  as possible to 
meet man's needs whi le at the same time protecting him 
from flooding and periodic drought. The high dams and 
man-made rivers that stand as monuments to man's 
ingenuity and technical ski l ls conserve and distribute the 
water which is vital to his life and wel l -being, and shield 
him from its detriments. These works are conceived and 
planned to overcome the sometimes severe disparities 
between water resou rces as provided by nature and the 
timing and p laces of man's needs for water supply . 

I n  the past, Texas citizens general ly have been able 
to live wherever they chose without concern for the 
avai labi lit�· of water. Where other resources were avai l 
able, a water supply was a lso general ly avai lable, either 
in the immediate vicinity or at relatively short distances. 
People settled, developing these supplies where they 
were found; investments were made, economies devel
oped, and social  and cu l tu ra l  values accumulated to the 
benefit of al l citizens of the State. 

Texans now, however, are able to see the limits of 
the State's developable water resources. Seeing these 
limits, recognition has also come that wise use of the 
avai lable water resources is  vital to the continued 
expansion of Texas population, economy, and cu ltu re .  

By far the bu l k  of the water resources remaining 
avai lable for development i n  Texas is  fou nd in  the East 
Texas river basins. By contrast, l arge future water needs 
wi l l  be felt in areas to the west and southwest, several 
hundred mi les distant, and for some areas, over 3,000 
feet higher in elevation , where avai lable water supplies 
are limited and diminishing. Cities and industries in 
many areas throughout the State wi l l  need more water 
or water of better quality than can be made avai lable 
from loca' fresh water sources. 

F urthermore, studies for the Texas Water P lan 
show conclusively that presently avai lable water 
resources are grossly inadequate to meet Texas' future 
economical ly justified water needs. I mportation of water 
from out-of-State sources wi l l  be essential . Without it, 
retrogression must inevitably occu r in  some sectors of 
the State's economy, particu lar ly agricu ltu re and asso
ciated agri busi ness, with attendant severe socia l  prob
lems of unemployment and forced population reloca
tion, and loss of financial  investments. 

As a resu lt of the Texas Water P lan studies, the 
Congress has authorized the U .S. Corps of Engineers and 
the U.S. Bureau of R eclamation to investigate a possible 
import of water. 

The Bureau of R eclamation is conducting studies 
of i mporting su rplus water from the Mississippi River 
System into water-deficient areas in West Texas and 
eastern New Me:><ico. The Corps of Engineers is partici
pating i n  these studies to determine the avai labi lity of 
water from the Mississippi in coordination with affected 
States, the locations and types of conveyance channels 
required for movement of water to these water-deficient 
areas, and the effects of such withdrawals and convey
ance facilities. Tlhe Corps of Engineers was authorized in 
May 1966 also to determine whether any modifications 
or additions should be made in proposed Federa l 
projects in relation to the Texas Water P lan, and to 
determine the effects of u pstream developments on 
pol lution or changes in salinity in  the bays and estuaries 
and to recommend such i mprovements as are necessary 
to maintain or improve the quality of water in the bays. 

Concu rrently the U .S. Geological Survey is con
ducting a study of the Oga l la la  Aquifer in  the High 
P lains of West Texas to determine the hydraulic and 
hydrologic conditions in the aquifer i m portant to its 
effective uti lization in conjunction with an i mported 
water supply.  

By 1972 the above Federal agencies, the Water 
Resou rces Cou nci l ,  and the Office of Water R esources 
Research wi l l  have spent several mi l lion dol lars for 
studies and investigations-including the potential 
im port of w ater to Texas and eastern New Mexico, and 
the Ogal la la Aqu ifer. 

Texas must continue to bear its fu l l  share of 
responsibi lity for developing and i mplementing p lans for 
water import, and providing for the equitable distri
bution within Texas of waters now or potentia l ly 
avai l able for USI:!. Since August 1 964, the State has 
expended appro><imately $ 1 0  mi l lion in these p lanning 
activities. The tirne has now come to decide whether this 
investment in thl:! future is to bear fruit or to be th rown 
away. 

Statewide planni ng on a comprehensive long
range basis provides a guide for problem solvi ng in 
advance of need ; it is essentia l  in  a water-short area such 
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• Needed in area 

In excess of area needs 

Water Deficiencies 

• To meet area needs 

To meet New Mexico Needt 

as Texas. The Texas Water Plan has been prepared as 

such a guide for water policies and development, and for 
intergovernmental relationships affected by or affecting 
water resource development. The coordinated progres
sive Statewide development proposed will enhance the 
effectiveness of the large investments of capital, labor, 
and materials and of water related land resources 
required to meet Texas' water needs. It will al low a 

thorough and systematic evaluation of those projects 
which are to receive State financial aid, and wil l  provide 
a basis for selection of those which are in the Statewide 
interest. 

Water requirements have been projected for a 
50-year period and means of satisfying these require
ments are proposed. It is recognized that if this Plan for 
water development, completed in 1968, is to provide for 
water to meet people's needs to the year 2020, it must 

be subjected to continuing study, refinement, and 

alteration as changing needs, priorities, and wishes of the 
people of the State may dictate. Thus it is a Plan that is 

I 

THE TEXAS WATER PROBLEM 

2020 

flexible, retaining freedom of choice as to future actions 
as long as possible. 

In developing the Texas Water Plan, the Board has 
used a l l  historical data that could be accumulated; the 
resources of a qualified and dedicated staff; and the 
advice of Federal and State agencies, universities, 
in-State and out-of-State consultants, river authorities, 
cities, water districts, and representatives of the various 
economic segments of the State, as well as the opinions 
of the citizens of the State expressed during the hearings 
held by the Board in the summer of 1966. 

Recognizing that continuing study and investi
gation will be needed of future water needs and 
problems in Texas, the Board nonetheless believes that 
sufficient information is now available on which to base 
this comprehensive Statewide Water Plan. 

The document has been organized to facilitate its 
use both by the general public and by technical readers. 
The supporting data are available in files of the Board, as 
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are the reports prepared for the Board's use as a part of 

the planning document by universities, State agencies, 
and private consultants. This summary describes the 
Texas Water Plan and proposes a means for its imple

mentation. Additionally, the Board has prepared a 
detailed description of the Texas Water Plan providing 
substantive detail and supporting data on its various 
aspects. 

PLANNING CONCEPTS 

Planning is the process by which a prudent society 
directs its activities to achieve goals it regards as 
important. It involves more, however, than the formu
lation of a physical plan-a means of implementation is 
necessary if planning is to be meaningful. The Board was 
directed to develop a comprehensive long-range flexible 
water plan for Texas. Recognizing the complexity of this 
task-the Board first defined the goals such a plan must 
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acheive through the coordinated activities of Federal, 
State, and local levels of government. This conceptual 
framework has guided planning activities and formu
lation of the Texas Water Plan, and forms the basis for 
Plan implementation. 

1. The Goal 

The objective, or goal, of the Texas Water Plan is 
to prov

.
ide in the most effective and economic manner 

the water supplies and the other benefits to be derived 
from water development necessary to meet the needs of 
Texans for all purposes throughout the State as the 
population grows and the economy expands. National, 
State, and local interests must be fully considered. 

Social, cultural, and economic values will be recognized. 
To the maximum extent possi ble, the Plan will assure 
that water supplies of good qual ity are made available so 
that the future of Texas will not be l im ited by lack of 

water. 



2. The Plan to be a Flexible Guide 

The Texas Water Plan is a guide for the extremely 
complex solution to the difficult problem of matching 
water development to demand. It has been designed to 
meet water needs for all purposes throughout the State, 
retaining options as to the proper course of action as 
long as possible. It must be progressively adapted to 
changing conditions, recognizing that all economically 
justified water demands throughout the State must be 
met as they develop if the Plan is to achieve optimum 
results. 

Water requ i rements for al l purposes must be 
frequently reviewed, u pdated, and revised as needed . 
Feasib i l ity stud ies of individual e lements of the total 
P l an must be conducted in selected sequence.  Design and 
construction of physical fac i l ities for storage and 
conveyance of water must be staged at times that 
provide the optimal balance between water supply , 
needs for flood control and other purposes, and project 
economics. A ti me schedu le  for action must be adopted 
to meet Texas' water requ irements in time to avoid 
econom ic detriment. Th is t ime schedule  wi l l  be 
extremely d iffic:u lt to meet. 

A framework of project development to meet 
water needs is proposed in the P lan.  Al l reasonable 
a lternatives have been examined, and must continue to 
be eval uated with the objective of m in im izing the costs 
of ach ieving the desi red resu lts. 

Alternative intrabasin projects compat ible with the 
long-range objectives of water development cou ld be 
incorporated into the fabric of the P lan to meet local 
preferences or changing conditions. 

Changes in water resource avai labi l ity resu lting 
from instream development, sh ifting land use patterns, 
changes in storage in ground-water bearing formations, 
effects on flow in streams, flood and drought incidence, 
and changes in water qual ity must a l l  be continual ly 
analyzed within the context of the P lan . Max imum use 
must be made of waste waters which can be rec la imed 
and renovated for beneficial  purposes. 

The whole range of the State's economy-the 
effects of water avai labi l ity and water pricing on 
location of industry ,  m un icipal development, and i rr iga
tion expansion--must be eva luated period ical ly so that 
water development can be phased to meet changing 
needs. O pportun ities for water-oriented recreation m ust 
keep pace with the ex pand ing population . 

3. Water Rights 

Formulation of the Texas Water Plan has been 
based upon the premise of no interference with vested 
rights under existing water right permits. The basin of 
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origin provisions of the Texas Water Development Board 

Act provide legal bi:tses for protection of intrabasin 
rights. There is no comparable legal protection in 
Federal laws or poliicies nor in other State statutes. 
I mplementation of the P l an is to be based on these 
tenets of water rights adm in istration: 

( 1 ) I ntrabasin needs for a l l  benef ic ial  pur
poses developing with i n  the ensu ing 50-year period w i l l  
have an absolute priority o f  right over exportation for 
out-of-basin demands,. as to both water rights for local ly 
sponsored projects and the r ight to purchase water from 
the faci l i ties of the Texas Water System. 

(2 )  Demands on the Texas Water System for 
reasonable i ntrabasin requ i rements w i l l  be met at any 
point of time on a 1 00% firm basis before any 
exportation. 

(3 ) Water temporar i ly  surplus to i ntrabasin 
requ i rements and to the satisfaction of ex isting rights at 
any t ime, wil l  be conserved and exported through the 
Texas Water System only u nder val i d  permi t  and 
contract arrangements; , and su bject to right of recapture 
when needed . 

(4) A l l  ri�Jhts u nder permits to be held by 
the Board w i l l  be obtained through fu l l  com pl iance w ith 
ru les and procedures of the Texas Water R ights Comm is
sion. 

(5) Where operation of the Texas Water 
System m ight conceivably interfere with benefic ia l  uses 
u nder ex ist ing r ights, appropriate protective terms and 
cond itions w i l l  be imposed in water perm its granted by 
the Texas Water R ights Comm ission . 

( 6) Agreements w i l l  be executed as neces
sary w ith holders of ex isting rights and with operators of 
other projects, defin ing such rights as aga inst the Board, 
and specify ing project operational criteria for the Texas 
Water System to p rote!ct u sage u nder such rights, and its 
operation with that of other projects to max i m i ze 
overal l  benefits. 

4. Federal-State-Local Relationships 

Implementation of the Texas Water Plan and the 
Texas Water System is to be a coordinated and coop
erative effort of the f=ederal Government, the State of 
Texas, political subdi11isions of the State, and private 
interests, each acting within the scope of its authority 
and policies, and within the objectives and framework of 
the P lan . This arrangE�ment is designed to further the 
interests of each to the max imum feasible extent. The 
State w i l l  be a major participant, on a partnersh ip  basis 
with the United States, in bringing the Texas Water 
System into being and in su bsequent operation and 
management of the System. 



5. Water Quality 

Water quality control is an integral part of water 
resource development to enable maximum beneficial 
use, maximum reuse of waste waters, and to preserve the 
bays and estuaries. At the same time, the necessity to 
use streams, coastal waters, and ground waters for the 
final disposal of adequately treated waste eff luents is 
recognized . 

For purposes of p lanning, the achievement of the 
fol lowing goals of water quality management have been 
assumed : Pol lution of Texas' water resources from both 
man's activities and natural sou rces wi l l  be abated as 
rapidly as possi ble, and futu re po l lution prevented . 
Large-sca le regional systems for the co l lection, treat
ment, and disposal of municipal sewage and industria l  
wastes wi l l  be p lanned and constructed where necessary 
to achieve quality control at reasonable cost. Control of 
wastes at the source may be necessary in some instances 
in order to maintain the quality of eff luents discharged 

at levels th at wi l l  permit reuse. 

The com pel li ng factor in water qua lity contro l is 
the health and welfare of Texas citizens. Water quality 
criteria must be based u pon the total use that wil l  be 
made of the water resource. Low flow au gmentation, or 
low flow control, may be used to bring water qua lity to 
levels that wi l l  satisfy water uses of the stream on an 
interim basis, but not as a su bstitute for the highest 
economical ly  feasible treatment of wastes. 

R eservoir storage space and water wi l l  not be 
permanent ly and irrevocably a l located to quality con
tro l .  However, under some circu mstances water m ay be 
provided for low-flow augmentation, where such water 
can be used downstream to meet other requirements or 
to provide fresh water inflows to the bays and estuaries. 
Where so used, the necessity of continuance wi l l  be 
reviewed at intervals i n  the light of advances in waste 
treatment technology, economics, and the need for the 
storage an d use of water for other pu rposes. 

Control of natural sources of quality impairment 
wi l l  be d i ligently investigated and control measu res 
u ndertaken where feasible as a means of enhancing 
usable water resources. 

Water development wi l l  be undertaken so as to 
assist the Texas Water Quality Board in achieving 
effective po l lution control, and in  assu ring fu l fi l l ment of 
the established water quality standards. 

6. Multipurpose Development 

Dam and reservoir sites in Texas are becoming 
scarce and costly to develop, and must be preserved and 
developed to maximum advantage. In general, each 
water basin, source, site, and facility will be developed 
on a multipurpose basis, and to its optimum limits. I n  
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examining such m ultipu rpose possibi lities, a l l  functions 
and problems related to the site and the requirements it 
is to meet wi l l  be considered . If it is  not economic to 
bui ld faci lities to optimum li mits initial ly, initial  devel 
opment wi l l  be  p lanned so that subsequent enlargement 
is not precluded . 

7. Ground Water Use and Conjunctive Use With 

Surface Water 

Whenever 1feasible, ground water resources will be 
developed and used on a safe-yield basis . In ground 
water aquifers subject to overdraft, ground water 
pumpage will be reduced to safe yield as rapidly as 
possible by substitution of surface water supplies. 
Where applicable and feasible,  a lteration in the pattern 
of excessive pu mping wi l l  be considered. 

The u nderground resources of natural  ground 
water and of storage and transmission capacity wi l l  be 
utilized conjunctively with surface water supplies and 
faci lities where such complementary operation wi l l  
minimize the cost of providing adequate water supplies. 

8. Progressive System Development and Coordi

nated Operation 

The Texas Water System is considered as a single 
integrated unit to be planned, designed, constructed, and 
operated in such a manner as to minimize the costs of 
achieving the dE!sired multipurpose results. To achieve 
this cost minimization objective, elements of the System 
wi l l  be staged and constructed progressively as water 
demands bui ld up .  

The most advanced techniques and automation 
wi l l  be used to operate the system of reservoirs, pumping 
plants, aqueducts, power p lants, and other facilities in a 
coordinated manner to achieve optimum resu lts. 

9. Bays and Estuaries 

The coastal bays and estuaries are of great impor
tance to the State of Texas and to the Nation. Adequate 
fresh water inflows wi l l  be provided and other actions 
taken to preservE! and enhance these resources. Compre
hensive studies of al l bays and estuaries are necessary to 
determine the proper actions. 

10. Intangible Values 

Future water development will have a profound 
impact on the State, politically, economically, socially, 
and culturally. The full range of impacts and benefits or 
detriments must be evaluated, even when not measurable 
in monetary terms. I n  p lanning and in project devel
opment, therefore, the benefits of esthetic and recre
ational enjoyment of the water resources of the State 
wi l l  be given fu l l  consideration, a lthough these benefits 
cannot be q uantified with precision . Sites of historic and 



archeolog ical value wi l l  be examined, and measures 
taken to the fu l lest possible extent to m i n i mi ze loss of 
any of these ·11a lues as the resu lt of water development. 
R iver reaches and spr ings of great scen ic and scientific 
value w i l l  be preserved whenever possible and feasible.  
Al l  feasible measures wi l l  be taken to m itigate any 
damage to fish  and wi ld l ife resources resu lting from 
construction c1nd operation of faci l ities of the Texas 
Water Plan, a1�d wherever possible the enhancement of 
these resources wi l l  be included as a project pu rpose. 

11. Need for Equity in Resolving Problems 

The construction of the massive impoundment and 
conveyance facilities of the Texas Water System will 
have an adverse, although temporary, impact upon the 
civil functions and economic stability of some local 
areas. Schools, hospitals, police, fire protection, and 
other administrative functions will be affected by the 
large-scale influx of construction personnel. Offsetting 
these detriments and costs of local communities, to the 
extent they cannot be handled with local financial 
resources without hardship, and insofar as the costs are 
not borne a�i a Federal responsibility, will be an 
obligation of the State as part of the construction cost 
of the System. 

12. Master Districts 

The reimbursable costs of the facilities of the 
Texas Water System allocated to water supply will be 
secured in full by water service contracts executed by 
the State wi1:h legally and financially viable master 
districts. Such districts must be formed in areas where 
no such entity presently exists, and must have adequate 
powers to rais.:! sufficient revenue through water charges 
or taxation to assure that costs of providing water to the 
district through the System will be repaid. Where 
i rr igation is a use to be served, a master agency or 
conservancy aistrict wi l l  contract for the del ivery of 
water to one :. r more wholesale del ivery points with in 
the area involved . D istr ibution of the water to retai l  
consu mers w i l l  be accompl ished b y  the master agency or 
d istrict or u nder anc i l l ary contracts with other pol itical 
subdiv isions with i n  the master agency. 

Such agencies or d istricts wi l l  have adequate 
revenues, derived either from executed water sales 
contracts, or tax revenues, or both, to assure that the 
Federal and State investment for cap ita l costs and the 
annual costs w i l l  be repaid insofar as these costs are 
rei m bursable u nder Federal and State laws and pol ic ies. 
It wi l l  be i m portant to assure economica l ly effective 
farm u n its with i n  i rrigation areas to meet the costs of 
water su pply. 
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13. Master Plans and River Basin Comprehensive 

Plans 

The Texas Water Plan has been formulated incor

porating previous master plans and comprehensive plans 

for river basin development to the fullest possible 
advantage. 

A l l  elements of such p lans not in confl ict with the 
overal l  objectives of the Statewide comprehensive P lan 
can be developed as a part of the on-going development 
of water resource:; of the State. 

I n  the resolution of any confl icts that may arise, 

consideration of means for enhancement of the 
econom ic and socia l  wel l -being of the river basi n  w i l l  be 
a pr inc ipal  objective as wel l  as consideration of the 
Statewide interest . 

14. lnterstc.,te Compacts 

The apportionment of water from sources flowing 
along or across the boundaries of Texas will be made on 
the basis of jointly conceived compacts between the 
States involved and approved by the United States. O n  
streams where compacts have not yet been consum
mated, it is expected that continued efforts wi l l  be made 
to reach agreement on the equ itable apportionment of 
the waters. 

15. Energy for Pumping 

Extremely large amounts of energy for pumping 
will be required for the Texas Water System, and costs 
for energy will be a major component of cost of 
supplying water under the System. New generating 
faci l ities and expanded transm ission systems wi l l  be 
necessary, and shou ld be the lowest cost fac i l it ies 
feasible for su pplying these needs. These w i l l  be fu l ly 
integrated with the regional power systems. Surplus 

capac ity and energy ava i lable from the regional systems 
wi l l  be used where· f inancial ly  advantageous. 

16. Water Service Contracts 

The water service contracts to be executed 
between the State and local political subdivisions served 
by the Texas Wat•:!r System will convey a contract right 
to a water supply of suitable quality without specifying 
the exact source c•r sources from which the water will be 
obtained. The cortracts wi l l  specify the amounts, tim ing 
and p laces of del i11erv, and the amounts and manner of 
payment and wi l l  contain such oth er terms and condi
t ions as necessary to protect the interests of the Un ited 
States, the State, cmd the contracting agency. 



17. Water Pricing and Repayment Policy 

The formula for payments for water under water 
service contracts will be such as to assure the State, as 
operator •c:•f the Texas Water System, of sufficient 
revenues to meet its financial obligations to the United 
States to the extent these pertain to water supply, to 
repay the State's investment allocated to water supply, 
and to operate and maintain the water supply compo
nents of the System. 
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P ricing and repayment for water for i rr igation wi l l  
be in  accordance with the provisions of Federal Recla
mation Law, as an investment by the United States. 
Other pertinent Federal laws and pol icies wi l l  apply with 
regard to reimbursement of the remainder of the Federa l  
investment. The State's investment wi l l  be repaid with 
interest. 

Pricing and repayment for mun icipal and industrial 
water suppl ies wi l l  be by zones, with the price for water 

i ncreasing as the d istance of conveyance increases. 



The 
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THE TEXAS WATER PLAN 

Its Objecti,ves 

The Texas Water P lan is a flex ible gu ide to the 
coord inatE!d, long-range management, development, and 
redistribution of Texas' water resources, and for the 
i mportatic11 of water from out-of-State for the benefit 
of Texans throughout the State. 

The several regions of the State are i nterdependent 
econom ica l ly ,  financia l ly ,  and pol it ica l ly .  One region 
with wate!r surp l uses cannot retai n  those surp luses in 
excess of i-:s own needs to the detriment of other regions 
less fortunately endowed with water resources without 
loss to its own wel l -being and to the State as a whole. 
Concerted, aggressive action is req u i red i f  adequate 
funds are to be avai lable for the fu l l  development of 
water and fac i l ities that wi l l  be necessary throughout the 
State. ThE! Texas Water P lan w i l l  p rovide a sou nd basis 
for such action . 

The P l an is based on the p remise of the fol lowing 
a c c o mp lish ments being ach ieved effectively and 
econom ical ly  through cooperative coordi nated action by 
the Federal agencies, State agencies, local pol itical 
subdivisiors, and private interests. 

( 1 ) Satisfy vested water rights with proper 
modes and procedures to be followed for the equitable 
adjustment of any water rights that might be affected by 
the program, including continuance of vested riparian 
rights now supplied by direct diversion from streams. 

( 2 )  Provide the projected 2020 municipal 
and industrial water requirements throughout the State. 

( 3 ) Provide for the importation of an 
estimated 12 to 13 million acre-feet per year from 
out-of-Sta1:e sources by 2020 to meet Texas' water 
needs, and deliver 1.5 million acre-feet to New Mexico 
through jc»int use of facilities. 

( 4 ) Deliver about 7.5 million acre-feet of 
supplemental water annually for irrigation in North 
Central Texas, the High Plains, and the Trans-Pecos area. 
Planning will continue as to possible import of water to 
supply additional economically justified water needs 
throughout the State, as those needs arise. 
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( !5 ) Deliver 727 thousand acre-feet of 
water annually for irrigation in the Coastal Bend area 
and 700 thousand to the Lower Rio Grande Valley 
through the Coastal Canal; and make available 200 
thousand acr•�-feet annually for irrigation in the Winter 
Garden area and 190 thousand acre-feet annually for 
irrigation in Webb and Maverick Counties by releases 
from Amistad Reservoir, with water supplied to the 
Lower Rio Grande Valley through the Coastal Canal in 
replacement for these releases. 

( 6) Based on best available estimates of 
need, providE! regulated fresh water inflows to the bays 
and estuaries, and participate as justified in other 
measures suc:h as structural modifications to obtain 
better tidal circulation, with the objective of maintaining 
suitable quality conditions for fish and shellfish. 

( 7) Supply projected water requirements 
for wildlife management areas and refuges. 

( 8) Meet projected water requirements for 
secondary oil recovery programs. 

( 9 ) Recognize interstate compact commit-
ments. 

(10) Use return flows and reclaimable waste 
waters to the maximum feasible extent. 

(1 1) Through conjunctive use of surface and 
ground water and other measures, make possible a 
decrease in ground water extractions from aquifers to 
the safe yield, thus minimizing subsidence and other 
adverse effects of overdraft. 

('12) Decrease loss of the State's water 
resources through control of phreatophytes and salvage 
of phreatic non-beneficial consumptive uses. 

('13) Provide flood control through storage 
in proposed reservoirs, and by channel improvements 
and levees where necessary. 

('14) Coordinate hurricane protection proj
ects along the Gulf Coast with other actions in order to 
minimize the adverse effects of those projects. 



(15) Support projects to provide drainage 
where feasible for land reclamation and where necessary 
for maintenance of agricultural productivity. 

( 16) Alleviate degradation of the State's 
fresh water resources from sources of naturally poor 
quality water, such as saline springs. 

( 17) Develop means to provide regional 
systems for the collection, treatment, and disposal of 
municipal sewage and industrial wastes that will be 
necessary to maintain the quality of the State's waters at 
requisite levels. 

(18) Develop other necessary means for 
quality protection and management. 

(19) Preserve and protect river reaches and 
springs of great scenic beauty or scientific value. 

(BALCONES FAULT ZONE I 

(20) Preserve and protect sites and natural 
phenomena of historic and archeological importance. 

( 21 )  Provide additional water-associated 
recreational opportunities. 

(22) Integrate feasible navigation projects 
on Texas streams with other water development objec
tives, and provide necessary water requirements for 
navigation purposes. 

(23) Provide for expanded upstream water
shed programs for erosion control and land treatment, 
and additional floodwater retarding structures and 
channel improvements. 

(24) Generate electrical energy for pumping 
to the extent that energy cannot be made available from 
other sources at requisite prices. 

MAJOR AQUIFERS 
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(25) Develop hydroelectric power where 
feasible. 

(26) Protect and enhance fish and wildlife 
resources to the maximum feasible extent. 

(27) Provide increased financial assistance 
to qual ified local agencies for necessary water facilities. 

Water Resources 

The total water resources of the State have been 
evaluated in planning studies, including waters from 
surface streams of Texas (surface waters); water from 
underground formations (ground water); treated or 
untreated waste waters (return flows); brackish and 
saline waters; and atmospheric water for possible 
increases in rainfall. Studies have also been undertaken 
of possible importation of water from out-of-State 
sources. 
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Surface Water 

The amount of water flowing in Texas streams 
ranges widely from east to west as does the amount of 
water falling as rain or snow. The average annual runoff 
is about 39 m i l lion acre-feet, with about three-fourths of 
this total coming from the eastern one-fourth of the 
State. The annual amount of runoff varies widely also. 
For the period 1 940-46, the average annual amount was 
approximately 59 mil lion acre-feet, dropping to about 
24 mil l ion acre-feet annually for the dry period 1950-56. 

Ground Water 

Ground water is a significant resource throughout 
much of the State, supplying about 75% of the total 
water used for municipal, industrial, and irrigation 
purposes. Many areas now supplied by ground water are 
depleting the available supply because the rate of 
pumping grossly exceeds the rate of replenishment. As 

MI NOR AQUI FERS 
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ground water is dep leted, those areas must meE!t their 
needs th rough a supplementary sou rce . In areas where 
serious overdrafts occur, corol l ary problems of l and 
su bsidence and intrusion of poor qual ity wat1�r may 
impose additional hazards. 

Return Flows 

Much of the water diverted from a stream or 
pumped from underground formations for munic ipa l  
and industrial use is returned to a stream channel as  
treated waste water. Some of the water used for 
i rrigation a lso returns to the stream or aqu ifer. As water 
uses increase in the futu re, the volume of return flows 
wi l l  increase. As the new sou rces of water which can be 
exploited are strict ly l im ited, methods of renovating 
return flows fo r reuse must necessari ly be employt:!d . 

Present mu nicipal and industrial waste-water 
releases are est imated at 0.8 and 1 .3 m i l l ion acre-feet per 
year, respectively,  and are projected to reach 5.9 m i l l ion 
acre-feet by 2020. 

Brackish or Saline Waters 

The poss ibi l ity of using desalted water as a means 
of meeting water needs in some areas in Tt�xas is 
attractive and one to wh ich the Board is d i recting c lose 
study. H igh costs of desalting the water p lus the 
continu ing costs and hazards of d isposing of the concen
trated brines produced under present technology tends 
to ru le out desalting as a so lution to large-scale, water 
supply problems. However, in local areas desalting! shows 
great prom ise .  Technological advances which reduce 
costs and solve some of the waste brine d isposal 
problems cou l d  offer additional prom ise in the futu re. 
Brackish water wi l l  su pply a l arge percentage of the 
water requ i rements for secondary oi l recovery . 

Weather Modification 

R esearch studies of the potential for mod ifying 
ra infa l l  are sti l i  in  relatively early stages. Although the 
Board is not foreclosing this potentia l ity , present p lan
ning does not rely upon weather modification as a means 
of augmenting in any su bstantial amount the ava i lable 
water supply.  

Out-of-State Import 

There is not enough water ava i lable in TE!Xas to 
supply futu re water needs. If we are to prevent the 
economic loss to the State of major geograph ic areas 
where ground water suppl ies are now being dep leted and 
other sou rces of supply do not occu r, an import of as 
much as 1 2  to 13 m i l l ion acre-feet of water pE�r year 

must be sought. Water in these quantities appears from 
pre l im inary plann ing estimates to be avai lable from the 
Mississippi R iver at a point below diversions from the 
R iver in Lou isiana. For purposes of plann ing, it was 
assumed that th is d iversion of water cou ld be made 
possible .  

The New Me.xico State Engineer's office has 
ind icated that import of approx i mately 1 .5 m i l l ion 
acre-feet of water per year wi l l  be req u ired by the year 
2020 to ma intain ex isting i rr igation development and 
the associated expanding economy in Eastern New 
Mexico. It has been assumed that th is need cou ld a lso be 
met from the M ississipp i .  

Description of  Physical Works 

The physical works required to accomplish the 
objectives of the Texas Water Plan are categorized as: 

( 1) The Texas Water System, 

(2) Interstate System, 

(3) Projects to meet local requirements, and 

(4) Facilities for purposes other than water 
supply. 

Texas Water System 

The Texas Water System comprises the dams, 
reservoirs, pumping plants, conduits, and other facilities 
which will be necessary to manage an imported water 
supply and the water resources of basins with interim or 
long-term surpluses to meet intrabasin needs and to 
make the surpluses available for conveyance to areas of 
deficiency elsewhere in the State. The System also 
includes the conveyance facilities and regulatory storage 
necessary to transport these waters to the places of need 
throughout the State. The proposed Texas Water System 
is shown on Plate 2. On Plate 3 existing and proposed 
reservoirs are shown, and these reservoirs are listed on 
Tables 1 and 2. 

Sources of Water 

After satisfy ing a l l  local intrabasin water needs 
through 2020, recogn iz ing vested water rights, meeting 
interstate compact obl igations, and satisfying the obl iga
tions u nder the draft of the Red R iver Compact, there 
wi l l  remain a su rplus  ava i lable for export from the 
Lower R ed,  the Su l phur, the Cypress Creek, Neches, 
Sabine, and G uadalu pe-San Antonio  R iver Basins, and 
some possible su rp lus  from the Trin ity R iver Basin .  
Approx imately 1 2  to 13 m i l l ion acre-feet of water per 
year w i l l  a lso be needed as import to Texas. 
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Some supplies of water may be available on an 
interim basis from basins where water supplies are in 
excess of present water requirem ents or water require
ments projected to 2020. Use of these waters on an 
interim basis when intrabasin supplies are in excess of 
requirements will  permit the most economical and 
efficient phasing of construction, and resu lt in a lower 
unit cost of water to all concerned including intrabasin 
users. Some of these basins where temporary interim use 
is proposed will ultimately need supplemental water 
through the System to meet intrabasin requirements in 
excess of intrabasin supplies. 

Physical Elements and Purposes 

The physical facilities comprising the Texas Water 
System shown on Plate 2 are: (a) the Trans-Texas 
Division, including the storage and regulating reservoirs 
and the interconnecting conduits and pumping plants in 
the Northeast Texas basins, the Trans-Texas Canal, and 

the terminal reservoirs and wholesale distribution 
systems; (b) the Coastal ' Division, including the Coastal 
Canal, storage and regulating reservoirs from the Sabine 
River to the Lower R io Grande Valley, conveyance from 
the R io Grande of releases from Amistad Reservoir to 
the Winter Garden area, and the storage and conveyance 
complex in the Guadalupe and San Antonio R iver 
Basins; (c) the Eastern Division, comprising those works 
in the eastern basins required to move water from the 
point or points of del ivery to Texas of water imported 
from out-of-State sources to the Trans-Texas and Coastal 
Divisions. 

Distribution systems to supply irrigation users will 
be constructed from wholesale del ivery points by the 
master districts to be served with water for irrigation 
purposes under the Texas Water System. These systems 
for distribution w i l l  be a local area responsibility. Their 
design and repayment of their costs will be subjects for 
local decision. 
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The Trans-Texas Division wi l l  supply a l l  mun ic ipal ,  
industria l ,  and irrigation requ irements in the N ortheast 
Texas basins and the Dal las-Fort Worth area. The 

fol lowing amounts of water wi l l  be transported th rough 
the Trans-Texas Canal  for Dal las-Fort Worth , North 

Central Texas, the H igh Pla ins, the Trans-Pecos area and 
E l  Paso, and to New Mexico. 

M u n icipal & I nd u strial 

I rrigation 

New Mex i co 

Total 

AC RE-FEET P E R  YEAR 

950,000 

7,584,000 

1 ,500,000* 

1 0,034,000 

* Water imported from out of Texas. 

Storage and regu lating capacity wi l l  be developed 

in reservoi rs in the Northeast Texas basins to provide 
fu l ly the projected requ i rements of those basins, and to 
supply water to the Trans-Texas Canal .  These reservoi rs 
i nclude Pecan Bayou ,  th rough which water w i l l  be 
moved from the Lower Red D iversion into the System; 
Parkhouse I ,  l\l aples, and an enlarged Texarkana in  the 
Su l phur  R iver Basin ;  T itus County, F rank l i n  County ,  
B lack Cypress, Caddo enlargement, a n d  Marsha l l  in the 
Cypress Creek Basin ;  and M ineola and Lake Fork in the 
upper Sabine R iver Basi n .  Add it ional ly,  ex isting 
Tawakon i R eservoir in  the Sabine R iver Basin,  Cooper 
R eservoir in the Su l phur  R iver Bas in,  and Lavon, 
Forney, and Garza- Little Elm R eservoirs in  the Trin ity 
R iver Basin wi l l  be ut i l ized for conveyance by th is water 
supply system.  

The Trans-Texas Canal , concrete l i ned , wi l l  begin 
at Northeast Texas Junction at the upper Su lphur R iver 

Basin d iv ide and end at terminal  storage reservoirs at 
Caprock Reservoi r  and the B u l l  Lake complex near 
Lubbock on the Southern H igh Pl ains. Water wi l l  be 
l ifted approxi m ately 2,700 feet through the Canal from 
Cooper R eservoir in  the Su lphur R iver Bas in to Caprock 
Reservoir, u ltimately requ ir ing about 5 m i l l ion k i lowatts 
of electric energy for pumping when operating at fu l l  
capacity. A n  add itional 950 thousand k i lowatts wi l l be 
requ i red for pumping beyond Caprock Reservoir to E l  
Paso. 

Southwest of Wich ita F al ls, a pipel ine can d ivert 
water from the Canal to supply  95 thousand acre-feet of 
water annual ly for municipal  and industrial requ i rements 
of Abi lene, Sweetwater, Snyder, San Angelo, and 
Colorado City as it is  needed and if these c ities elect to 
contract for del ivery . D iversions from the Canal  w i l l  a lso 
be made to su pply i rr igation in North Central Texas if  
contracting entit ies are formed . 

Water wi l l be moved th rough storage on the H igh 
Plains to supply 1 .5 m i l l ion acre-feet annual ly of water 
i mported from the M ississ ippi  R iver by canal  westward 

from B u l l  Lake Reservoir to New Mexico .  South from 
storage, Caprock R esE!rvo ir and B u l l  Lake, water w i l l  be 
conveyed by canal  to supply 505 thousand acre-feet of 
water annual ly for municipal and industrial use-80 
thousand acre-feet for Lubbock,  140 thousand acre-feet 
for M id land-Odessa, 45 thousand acre-feet for B ig  
Spring, 40 thousand acre-feet for Pecos, and 200 
thousand acre-feet by p ipel i ne from Pecos to El Paso
and 933 thousand acre-feet annua l ly  for i rrigation in the 
Trans-Pecos. Add it ional water can be suppl ied in the E l  
Paso area a n d  H udsp1eth County for i rrigation purposes 
by enlargement of the capacity of the System . 

D istribution systems wi l l be needed in North 
Central Texas, the H igh Pla ins, and the Trans-Pecos for 
i rrigation water. The cana l  convey ing water from a po int 
near Lu bbock to the Trans-Pecos wi l l  be a main artery of 
the distr ibution system on the H igh Pla ins. Other than 
th is main canal ,  these d istribution systems wi l l  be 
constructed and operated by d istricts formed in the area 
they serve. 

The Coastal D ivision wi l l  supply water for muni 
c ipa l  and industrial uses, i rrigation, bay and estuary 
augmentation, and wi ll d l ife refuge requ i rements from the 
Sabine R iver a long the Coast to the Lower R io G rande 
Val ley . Estimated water requ i rements west and south of 
the B razos R iver, p lus  needed inflows to Galveston B ay,  
to be served by the D ivision by the year 2020 are : 

I rrigatio n  

Mu nicipal a n d  I ndustrial 

Bays and Estuaries 

F ish and W i l d l ife 

Total 

AC R E - F E ET PE R YEAR 

1 ,8 1 7 ,000 

5 1 8 ,000* 

2 ,450,000 

60,000 

4,845,000 * 

* Does not i nc l u de Sa n Anto n i o  a n d  H o uston 

supply,  which may be met by any o ne of several 

alternatives. 

Storage and regu lation w i l l  be developed in river 
basins along the Coast to prov ide both the projected 
requ i rements for thoSl:! basins and, where interim or long 
term su rp luses occur, some water for the Coastal 
D iv ision . These reservo i rs include B l ackbu rn Crossing, 
Ponta , R ockland, and Sam R ayburn in  the Neches R iver 
Basi n ;  some possi ble surplus from Tennessee Colony and 
Bed ias in  the Trin ity R iver Basin ;  Canyon, Cloptin  
Crossing,  Lockhart, and Cuero I and I I  in  the  G uada l u pe 
R iver Basin ;  and Cibolo and Gol iad in the San Antonio 
R iver Basi n .  Add itional ly ,  sa lt  water barriers and 
Pal metto Bend and Confluence R eservoirs may be used 
for regu lation or conveyance of water in the Coastal 
D iv ision . Additional ly ,, import water wi l l  be brought into 
the Divi sion . 

Water supply for the Houston area can be met by 
severa l  a lternatives, includ ing combinations of supply 
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from the Trin ity ,  San Jacinto, and Neches R iver Basins, 
ground water, and water from the Coastal Cana l .  These 
alternatives include d iversion from the Neches R iver 
Basin th rough the cana l  system of the Lower Neches 
Val ley Author ity u nder appropriate water permits and 
contracts; water from the Coastal Canal ; d iversion of 
water from R ock land R eservoir  to Bedias Creek R eser
vo ir  and i nto the San Jacinto System ; or treatment of 
Trin ity R iver water and its di rect municipal  use .  

Fresh water inflows needed for Galveston B ay ,  
now est imated a t  1 .5 m i l l ion acre-feet annua l ly ,  may be 
revised by stud ies now u nderway . These needs can be 
suppl ied from the Coastal Canal ,  in whole or i n  part. 

Cuero, C ibolo, and Gol iad R eservoirs and a 
p ipel ine conveyance system are a part of the Coastal 
D ivision . Th rough systems operation, San Antonio can 
be suppl ied from th is source with 220 thousand acre-feet 
of water ar1nua l ly to supplement ava i lable ground water 
from the Edwards ( Balcones Fault  Zone) Aqu ifer. 
Further, these reservoir  developments w i l l  a l low early 
use of inter im basin surpluses in  the lower coastal areas. 

Conveyance of releases of water out of Amistad 
Reservo ir to the Winter Garden area wi l l  be down the 
river channel , then through canal and pump station 
across the d ivide to term inal regu lat ing storage. Del ivery 
point in the W inter Garden area w i l l  be determ i ned by 
feas ib i l ity and design stud ies conducted in coord i nation 
with local interests. Water suppl ied from Amistad to 
i rrigators in th is area and in Webb and Maverick Counties 
wi l l  be rep laced in the Lower R io G rande Val ley by 
del iver ies th rough the Coastal Canal . Areas thus suppl ied 
w i l l  be requ ired to assure the repayment of the 
rei mbursable costs for the del ivery of the replacement 
water from the Coastal Canal and for d iversion fac i l ities 
from the R io G rande . D istri bution systems, constructed 
and operated by local master d istricts, wi l l  be needed i n  
the Coastal Bend, Lower R io Grande Val ley (except 
where exi sting systems are adequate ) ,  Webb and 
Maverick Counties, and the Winter Garden area. 

The Eastern Division i ncludes those works 
requ i red to move water im ported from out-of-State 
sources to the Trans-Texas and Coastal D iv is ions. At the 
time of release of th is report, p lanning for such an 
import m ust, of necessity, be adaptable to any one of 
several alternative points at which such an i m port supply 
might be del ivered to the Texas State l i ne .  F inal decision 
wi l l  be condit ioned by the resu lts of feas ib i l ity stud ies 
by the Corps of Engineers, stud ies by the M ississ ippi  
R iver Com m ission, and by the future water needs of the 
State of Lou isiana wh ich m ight a lso be served by works 
carrying an import supply to Texas and New Mexico . 

Principal a lternatives bei ng considered are a coastal 
routing which wou ld bring import water to the State l ine 
at the eastern term inus of the Coastal Canal  on the 

Sab ine R iver; a com bination of i m port with the autho
rized R ed R iver navigation project; or some com bination 
of these or other routings. 

If the water is brought along the coastal route, 
then works of thE! Eastern D iv is ion would convey water 
northerly into the Trans-Texas D iv ision . Alternatively,  
water imported to a northerly point, such as the R ed 
R iver, would supply water to the Trans-Texas D iv ision , 
and south to supply the Coastal D iv ision (See Plate 2) . 

Design stud ies of some eastern basin reservo irs wi l l  
be gu ided by the operational requ i rements i mposed by 
the d i rection in wh ich water u lt imately is moved 
through the Eastern D iv ision . 

Staging 

Before construction of any conveyance unit of the 
Texas Water System is begun, there must be assurance of 
an import water supply. This is necessary to avoid the 
risk of constructilllg System units or committing interim 
water surpluses to meet water needs for which there 
might not be a sufficient assured long-term water supply. 

Once an i mport of water from the M ississ ippi  
R iver has been assured through appropriate agreements 
and Congressional! authorization and funding, max imum 
efficiency at  m in imum cost can be ach ieved by staging 
construction of storage, conveyance, and i rr igation 
d istri bution fac i l it ies over time as water needs i ncrease. 
Constrai nts of design and construction capabi l ity and 
the ava i lab i l ity o·f fu nds are key factors in determ in ing 
the rate at which 'fac i l ities can become operationa l .  

- 1 5 -

Su bject to the resu lts of feasib i l ity stud ies, the 
B oard proposes that design and construction shou ld 
begin i n  the fol lowing sequence, and proceed concur
rently on : 

A . ( 1 )  Storage faci l it ies in Southwest Texas 
and the Coastal Canal  from the Lower R io G rande 
Val ley , uti l i z ing tem porary surp luses in basins west of 
the G uada lupe R iver on an i nteri m  basis, and bu i ld ing 
eastward as intr.abasin demands and requ i rements of 
serv ice areas absorb these temporary su rpluses. Construc
tion on the Coastal Canal  wi l l continue progressively 
eastward from thl:? Guadalupe R iver as rap id ly as poss ible 
to assure del ivery of water through the Canal from the 
east by the t ime i nterim surp luses are requ i red for 
inbasin users and add itional supp l ies are needed as a 
supplement to meet total water req u i rements with i n  
these basins a n d  t o  su pply their service areas. 

(2 )  Storage and conveyance fac i l it ies in the 
Northeast Texas basins. 

B. The Trans-Texas Canal and storage and d istri
bution faci l ities i n  the H i gh Pla ins and North Central 



Texas areas. As the construction on the Trans-Texas 
Canal to B u l l  Lake is completed and construction begins 
on the Canal  southward toward Pecos, construction 
shou ld begin on the d istribution system in the Trans
Pecos and on the p ipe l ine to El Paso . 

C. The conveyance faci l ity from the Mississ ippi 
R iver to the State l ine. 

Water ava i lable as su rplus from the N ortheast 
Texas basins wou ld move westward first, supply ing the 
requ i rements in  the Dal las-Fort Worth area as needed, 
and i n it iating del iveries th rough the Trans-Texas Canal . 

As fac i l i ties from the Mississ ippi  R iver are com

pleted, add itional water to West Texas, p lus the 1 .5 
m i l l ion acre-feet annua l ly for New Mex ico,  wou ld be 
moved through the Trans-Texas D iv ision fac i l ities as 
rapidly as mun icipal  demands i ncrease and as i rrigation 
d istribution faci l it ies are constructed to serve the land. 

When the Coastal Canal is  completed east to the 
Sabine R iver, M ississ ippi  R iver water can be brought 
d irectly i nto the Coastal D iv ision to supplement eastern 
bas in water provid ing 2020 projected requ i rements in  
the areas suppl ied by the Coastal D ivision . 

At th is phase the Texas Water System wou ld be 
fu l l y  operational . 

Energy for Pumping 

The total power and energy requirements for 
pumping under the Texas Water System will exceed the 
present requirements of any region of the State. 
Although natural gas engines may supply smaller instal
lations, most of the energy must come from electrical 
generation. 

The a lternatives for supply of electrical energy for 
System pumping i nclude : 

(a)  Pu rchase from existing ut i l ity systems. 

( b) Construction and operation by the 
Board of a State-financed generating p lant(s) . 

(c)  A Federa l ly  f inanced and constructed 
generating p lant or system . Th is wou ld produce the 
lowest cost energy, particu larly for pumping i rrigation 
water since no taxes or interest component wou ld need 
to be incl uded in the cost. 

(d)  A very large capacity nuclear or m i ne
mouth generating p lant(s) f inanced in part with pu b l ic 
funds, Federal and State, and in part by private 
investment, a'ld constructed and operated by the 
i nvestor-owned uti l ities .  

Of these alternatives, the last appears to be the 
most feasible becauste it  wou ld  achieve the econom ies of 
large scale;  cost of tenergy for System pumping wou l d  
not i nc lude a com ponent for taxes or profi t, nor, i n  the 
c ase of irr igation pumping energy, an interest 
component ; and the req u i red F ederal and State i nvest
ments wou ld  be held to a m in im u m .  

Transmission a n d  d istribution o f  energy for pump
ing would be accompl ished by : 

(a)  A pu bl icly financed system, Federal or 
State or both , designed and constructed for the pu rpose; 
or 

( b) Whee! l i ng (conveyi ng) over the ex isting 
uti l ity systems, expanded and reinforced as necessary ; or 

(c)  A ne!W system financed and operated 
s im i l ar to the provisions of alternative (d )  for provid i ng 
electrical energy . 

Interstate System 

I n  its prel im inary p lan released early in 1 966, the 
Board described the iim perative need for an out-of-State 
import of water if a major l oss of i rrigated agricu ltu re 
were to be avoided in the West Texas area, notably the 
H igh Plains. W ith the support of the Board , local 
i nterests, the Texas Congressional delegation , and wide
spread su pport th roughout Texas, the Congress of the 
Un ited States authorized prel i m inary studies of impor
tation sou rces and routes from the M i ssiss ippi  R iver for 
these water-deficient areas by the Mississippi R iver 
Com mission and the Lower Mississ ippi  Val ley D ivision 
of the U .S. Corps of Engineers participating with the 
Bureau of R eclamation.  
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Extremely pre l iminary indications, p lus recon
naissance water studies and econom ic analyses made by 
the Board, suggest that feasi b i l ity studies of an import 
rou ting to Texas and eastern New Mex ico from the 
lower M ississippi R iver are warranted . The route th rough 
Lou isiana for such an import m ight fo l low the channel 
of the Red R iver, entering Texas in the Cypress Creek 
Basin ,  or m ight be a part of a fresh water coastal channel 
constructed westward to the lower Sabine R iver from 
the M ississippi R iver, or a combination of these two or 
oth er routings. 

No decision on the relative merits of th e routes, or 
a com bination thereof, is possible at th is time, and the 
Texas Water P lan is ,  therefore, so designed as to be 
compati ble with a lternative poss ib i l ities. 



Projects to Meet Local Requirements 

These faci l ities are shown in su mmary form i n  

Tables 1 a n d  2 a n d  are i l lustrated o n  Plate 3 .  The 
selection of the projects shown here was based on the 
premise th at ground and su rface water in each river basin 
wou ld be developed to the max imum practicable extent, 
that ex ports from basins of surp lus wou ld be l im ited to 
those quantities of water ava i l able over and above 
reasonab ly  foreseeable 50-year basin needs, and that 
i m port to areas of deficiency wou ld be l i m ited to that 
water needed to supp lement loca l ly  developed su ppl ies. 
In the stud ies lead ing to completion of the Plan, the 
Board exam ined the feas ible a lternatives avai l able and 

made exhaustive stud ies of new alternatives proposed by 
var ious i nterests. 

The omission of a local project from Plate 3 or 
Tables 1 and 2 does not preclude the poss ib ility that 
that project may ultimately be constructed. By the same 
token , the1 inclusion of a project does not mean that it is 
the only project to be considered. Rather, each such 

project must be examined on its own merits on the basis 
of its potential for meeting the basic objectives of the 
Texas Water Plan, and its merit from the standpoint of 
Statew ide planning for optimum water resource devel
opment. 

I t  is envisioned that most of these projects w i l l  be 
constructed under local sponsorsh ip,  either by one of 
the Federal  agencies or by a local agency with f inancial 
assistance when necessary from the Board . 

Water Projects Other Than Water Supply 

These projects include nav igation, both a long the 
Coast and on i n l and rivers, flood control faci l i ties other 
than reservoirs providing water supply storage, hydro
electric power ge1neration, h urricane protection projects, 
upstream watershed-protection programs, d ra inage of 
wetlands, natu ra l sal i n ity al lev iation projects, and 
phreatophyte control projects. 

. 1 7 . 
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IMPLEMENTING THE 
TEXAS WATER PLAN 

Th is docu ment wi l l  not provide a single drop of 
add ition al water to Tex as water u sers, un less it is 
transl ated i nto a concerted vigorous action p l an 
supported by al l Tex as citizens and responsible levels of 
government to fin ance and construct the needed faci
l ities for water storage and convey ance. Requ irements 
for m ak ing  the Tex as Water Pl an a real ity inc lude:  

Intergovernmental Relationships 
and Responsibil ities 

The State's p articipation in water p l ann ing  and 
development is essential if Tex as is to h ave a vo ice in the 
m an agement of its water resources. The fac i l i ties 
req u i red to supply water to Tex as i nvolving d i rectly the 
State of Tex as and the U n ited States are: 

( 1) The Interstate System -those works 
requ ired to d ivert from the Mississippi R iver and convey 
water to the Tex as- Lou is ian a  State l ine . 

(2) The Texas Water System -those fac i l it ies 
with in the State of Tex as requ i red to protect, conserve, 
transport, and d istr ibute Tex as' intrastate water resources 
and Tex as' sh are of i nterstate waters for various 
pu rposes throughout the State, and to regu l ate and 
transport water from out-of-State sources brought to the 
State l ine through the I nterstate System to users in 
Tex as. Th e conveyance works of the Texas Water 
System would also transport water from the M ississippi 
R iver to the State of New Mexico .  

Federal-State-Local Actions 

( 1 ) The Board should complete the plan
ning for the Texas Water System and participate in the 
preparation of feasibil ity reports with the Federal 
agencies. 

( 2 ) The Interstate System should be 
designed and constructed by such agency or agencies as 
Congress may direct. 

( 3 )  The most economical pumping energy 
for the Texas Water System shou ld be provided, possibly 
by nuclear-fueled generating plants, and transmission 
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systems jointly financed by the United States, the State 
of Texas, and thEt investor-owned util ities. 

( 4) Most of the units of the Texas Water 
System shou ld be designed and bu i lt by the Corps of 
Engineers and the Bureau of Reclamation; some may be 
designed and co1nstructed by the Board and/or by local 
agencies. The B4:>ard's involvement in design and con
struction will be m inimal, but the Board must maintain 
l iaison with the !Federal and local agencies in design, and 
must monitor W()rk on design and construction to insure 
that Texas' inte!rests are properly taken into consid
eration and prote!cted . 

( 5 ) For those units of the Texas Water 
System designed and constructed by the Federal 
agencies, the State of Texas must provide a substantial 
portion (20-35%]� of the funds required for engineering 
and construction on a partnership  basis with the United 
States . This partnersh ip  arrangement wou ld  be on the 
basis of i nvestments in the total System by the Un ited 
States and by the State of Tex as, rather th an on the 
basis of ownersh ip  of a specific fac i l ity or of a part ic u l ar 
portion of a fac i l ity . One possible solution to th is 
com plex fin ancial arrangement wou ld be the establ ish 
ment of  a "Tex as Water System Construction F und " by 
the Congress, into which Federal appropri ations and 
State monies fro m the Tex as Water Development F u nd 
for construction wou ld flow and from which p ayments 
for engineering work by the F ederal agencies and for 
construction would be m ade. This F u nd wou ld be 
adm inistered by the U nited States. 

( 6) For those units to be designed and 
bu ilt by local agt:mcies (or by the Federal agencies for 
local interests) but from which some water is to be 
derived for interbasin transfers through the Texas Water 
System either on an interim or long-term basis, the 
Board would participate financially either by purchase 
of storage, or by purchase of water. Th is wou ld 
necessitate the negoti ation and execution of purch ase 
and operating agreements with such local agencies. 

( 7 ) The Board wou ld hold appropriate 
rights to water conveyed through the Texas Water 
System. 

( 8 ) The Board would execute the base 
contract with the United States for repayment of that 



portion of the reimbursable Federal investment in the 
intrastate facil ities allocated to Texas. The Board would 
in turn execute contracts with local agencies for their  
purch ase of water, th us obtain in g  revenues to meet its 
obl igations to the U n ited States, to repay the State's 
investment, and to cover operation ,  m ainten ance, and 
m an agement expenses. These water contracts wou l ei  
provide the financial security for the base rep ay ment 
contract with the U n ited States. F ederal l aws and 
pol icies regard ing reim b ursability and rep ay ment wil l 
app ly except as to the interest rate to be ch arged on the 
investment from the Tex as Water Development F und.  

( 9 ) The Board wou ld assist local interests 
in the formation of master districts with adequate 
powers to enter into water service contracts with the 
State of Texas in those areas where such political 
subdivisions do not now exist. 

( 1 0) The Board would purchase water at the 
State l ine from the United States, or from some agency 
thereof, for conveyance and sale through the Texas 
Water System. 

( 11) Under agreement with the United 
States and the State of New Mexico, the Board wou ld 
convey the water to be i mported into New Mexico from 
the Mississippi River through the Texas Water System. 

( 12) The Board wou ld operate and main
tain, and be responsible for administration and fiscal 
management of the Texas Water System as elements 
thereof are completed by the Federal agencies, except 
for those units which are to be operated, maintained, 
and managed by local agencies. F ulfi l l ment of this 
respon sibil ity wil l entail the negotiation and execution 
of a m aster agreement with the U n ited States, and of 
operating agreements with holders of ex istin g and 
authorized projects on streams on wh ich Tex as Water 
System conser11ation un its are to be built. 

( 1 3) Responsibi l ity for operation, mainte
nance, and management of the Interstate System should 
be vested in such agency as Congress may direct. 

The key element in carryin g out the above actions 
is the assurance of an effective responsible re l ationsh ip 
between the United States and the State of Texas within 
which each le •;el of govern ment can assume its proper 
authority an cl disc harge its appropriate obl igations. 
Sim il arl y ,  responsible rel ationships between the Board 
and other State agencies, between the Board and local 
po l itical subdivisions, and between the Board and water 
agencies in other States m ust be estab l ished and activel y  
m aintained .  

These re l ationsh ips should b e  form al l y  organ ized 
in such a way th at effective workin g partnersh ips are 
possible .  This organization m ight be form ul ated alon g 
these l ines: 
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(a) Memoranda  of understandin g  with the 
Bureau of Recl am ation and the Co rps of En gineers, the 
major Federal construction agencies, estab l ish in g institu
tion al arran gements req uired to ac hieve coordin ation of 
p l annin g, and the po l icies and criteria under which the 
Tex as Water System is to be presented to the Con gress 
and the State of Texas as a joint Federal -State- Local 
project. 

(b) Perm anent com m ittees with represen 
tatives of the Board , the B ureau of Recl am ation ,  the 
Co rps of En gineers, and of other States or agencies as 
appropriate . A Po l icy  Com m ittee is needed for review 
and decision m akin g; a P lan n in g  Com m ittee to form ul ate 
objectives, policies, and criteria under wh ich the Tex as 
Water System wil l be developed for consideration of the 
Po l icy Committee; and staff com m ittees responsible to 
the Pl annin g  Committee for anal ysis of h ydro logy ,  water 
req uirements, economics, and design . 

(c) The Con gress to set forth in the autho
rization for Federal p articip ation in the Tex as Water 
System and in the Interstate System the basic pol icies 
under which cooperative F ederal -State im plementation 
wil l proceed . These po l icies wo uld  establ ish the terms 
under which the Board would assume responsibil ity for 
oper ation,  m ainten ance, and m an agement of the Texas 
Water System and guarantee rep ayment of the reimbur
sable Federal costs al lloc ated to Texas.  Since o ut-of-State 
elements wil l be in vo l ved , a special com m ission or 
agency ,  with specif1ical l y  defined powers and d uties 
should be created by paral le l  or com plementary actions 
of the Con gress and the States to oversee the construc
tion,  operation and m ainten ance, and m an agement of 
the Interstate System , and to insure th at the interests of 
both the U n ited States and the St ates are protected . 

(d ) For projects not a part of the Texas 
Water System,  the Board wil l m aintain active l iaison with 
the Federal construction agencies (Corps of E n gineers, 
B ureau of Recl am ation , and Soil Conservation Service) , 
and with concerned local entities, and wil l  take appro
priate actions on pl'e-project p l annin g, in vestigations, 
aut horizations, final p l annin g, and constructio n .  

State Coordination 

The Board wi ll coord inate the interests and partici
pation of other State! agencies in planning for construc
tion and operation of the Texas Water System and 
related projects, by direct l iaison between the executive 
head of the Board with other State agencies, or by 
designated staff princ:ipals of the Board with other State 
agencies. 

The Board wi l l  work closely with river authorities, 
major cities, and other entities. Continuing communi
cation and coordination is essential with these regional 
and local interests regarding immediate and long-range 



planning, operational criteria of local projects consistent 
with objectives of the Texas Water Plan, contractual 
agreements on various features, and joint participation in 
project financing. 

Th is continu ing comm u n icat ion and coordination 
is especia l ly  important on projects not d irectly related to 
the Texas Water System such as channel ing for flood 
contro l ,  hurricane and tidal flood protection,  coastal 
navigation,  u pstream watershed protection programs, 
and drainage facil ities. 

Interstate Coordination 

The Board wil l continue to participate in programs 
of interstate cooperation including:  

( 1)  Necessary activities relating to interstate and 
international streams bordering or crossing Texas; 

(2) National or regional water associations or 
councils such as National Rivers and Harbors Congress, 
the National Reclamation Association, Interstate Confer
ence on Water Problems, the Council of State Govern
ments, the Southern States Water Conference; and 

(3) Interstate groups such as the Western States 
Water Council and cooperation with the States adjacent 
to Texas with regard to importation of water from 
out-of-State, including continuing interest and cooper
ation in regional systems which have been proposed such 
as the North American Water and Power All iance. 

System Management 

The p!ann ing,  design,  construction, operation, and 
management of the facil ities proposed in the Texas 
Water Plan wil l require the app l ication of the most 
advanced concepts and methods of analysis to so l ution 
of problems and to aid in management decisions. The 
mass of data in vo lved in th is complex System of dams, 
reservoirs, power pl ants, d iversion facil ities, pump ing 
plants, and navigation facil ities is so massive that 
app l ication of ad vanced techn iques of data management 
and processing are essentia l .  When all of these facil ities 
are in p lace, their integrated operation and management 
wil l requ ire a completely automated system.  

Master Districts 

No construction will  begin, and no water can move 
to any area to be served by the Texas Water System, 
until there is a firm commitment on the part of a 
responsible pol itical entity to contract for the repay
ment of the reimbursable System costs allocated to the 
area. Where irrigation is to be served by the Texas Water 
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System, master d istricts must be available to make 
contract com m itments. A lthough these m aster d istricts 
may take varying forms-creation of a new d istrict, 
combination of a �Jroup of d istricts, or the en l argement 
of areas and fu nctions of existing d istricts-a n u m ber of 
broad powers wil l be needed . These powers, not neces
sarily a l l  app l icable to any given area, inc lude but are not 
l im ited to the fol lowing :  

( 1 )  Power t o  contract for a water supply a n d  to 
assure repayment of the costs for such a supply.  

(2) Power to contract with local  entities or 
subdistricts for "retail " d istribution of water. 

(3) Power to borrow money and incu r indebted
ness, issue bonds, l evy taxes, and take a l l  other requ ired 
responsible financial actions necessary to repay obl iga
tions for the del ivery of water. 

(4) Power to charge d irect water tol ls and charge 
indirect beneficiaries who obtain water from u nder
grou nd sou rces recharged as a consequence of del ivery 
and u se of water th rough the Texas Water System . 

The Board,  appropriate to its statutory duties, wil l 
assist local areas in any way in estab l ish ing viable 
pol itical entities with authority and financia l  com pe
tence to assu me contractual ob l igations requ ired under 
the Texas Water Syste m .  

Financing and Repayment 

"Financing" as used herein m eans the provision of 
fu nds for construction either th rough annual  appropri
ations or by the sale  of bonds. "Repayment" means the 
repayment by the direct beneficiary of the facil ity or  by 
others of those costs which are reim bu rsable under 
Federa l and State po l icies. 

The arrangements for financing the e lements of 
the Texas Water System ,  and for repayment of the 
reim bu rsable costs of facil ities wil l be determ ined by the 
purposes of the facil ity , the po l icies and objectives of 
the construction a�gency, and the pol icies of the F edera l  
a n d  State govern ments with regard t o  reim bursabil ity 
which are in effect at the time of execution of water 
service contracts. 

F u l l  ad vantage wil l be taken of F ederal pol ic ies as 
to those project functions which wil l not requ ire 
complete reim bu rsement of the F ederal investment. 
These inc lude whol ly  or in part the purposes of 
navigation,  flood contro l and h u rricane flood p rotection,  
some aspects of water qual ity contro l ,  recreation ,  and 
fish and wild l ife enhancement, and the interest-free 
provisions of Rec lamation Law as regards the F ederal 
investment al located to irrigation.  
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Cost of other project functions wil l be financed 
jointly by the Federal Government and the State, and in 
some cases by local interests. 

The Texas Water System wil l be financed as a joint 
Federa l -State and local enterprise. Water del ivered into 
the System from out-of-State sou rces wil l be purchased 
at the State l ine by the Board from the Interstate 
System. 

The Board wil l operate and manage the principal 
facil ities of the Texas Water System as these facil ities are 
constructed. This wil l requ ire the negotiation of a master 
agreement with the Un ited States. The Board wil l also 
guarantee repayment of the reimbursable Federal costs 
u nder the terms of th is master agreement, inc luding 
guarantee of payment for water pu rchased from the 
Interstate System .  The obl igations incu rred by the State 
in th is agreement with the Un ited States wil l be 
u nderwritten by contracts negotiated by the State with 
master d istricts receiving water del ivered through the 
System .  

Board Program 

Plate 1 out I ines the steps that must be taken by 
the State and Federa l govern ments if the Texas Water 
Plan is to become a rea l ity . The contro l l ing time 
schedu le is  keyed to times at which essential actions 
must be taken to assure th at first del iveries of water to 
the High Plains and other areas th rough the Texas Water 
System wil meet critical times of water demand.  The 
Board has schedu led each of its major programs to meet 
the target d ates shown on Plate 1. 

The fo l lowing su m mary of major programs is 
descriptive only,  rather than inc lusive of every task. 
Detailed schedu les and budgets wil l gu ide each program.  

Water Requirements and Water Problems 

Th is program invo lves the continu ing evaluation of 
water requ irements and water problems throughout the 
State of Texas. 

Req uired are projections of futu re popu l ation and 
economic development, both for local areas and the 
State as a whole;  futu re State and National demands for 
irrigated crops; soil c lassification studies, particu larly as 
these rel ate to app l ication of water for irrigation;  land 
use p lans; projections of future irrigated acreages and 
locations; u n it use values for m u n icipal and industrial 
demands; consumptive use of water by irrigated crops; 
studies of  1rngation efficiency ; future recreation 
demands; fish and wild l ife demand studies; and 
hydrau l ic, hyd rologic,  biologic,  and economic stud ies of 
the bays and estuaries. 

Basic Data Management 

Th is program relates to compil ing, col lecting, 
storing, retrieving, presenting, and pub l ish ing basic data 
obtained u nder other Board programs, from other State 
agencies, from F 1edera l and local agencies, and from 
private interests. The Board is actively working with 
other State agencies in inventorying and evaluating a l l  
available water-oriented data and in determ in ing futu re 
requ irements for basic data of al l k inds to effectively 
imp lement the Te><as Water Plan .  

Al l  of  these data are essential to sound water 
p lanning and for the effective and economic deve l 
opment and util ization of  the  l im ited water resources 
which are now or may become available to Texas. To 
proceed without adequ ate basic data and a proper data 
management pro�rram wou ld cost the water users of 
Texas hu ndreds of m il l ions of dol lars. 

Because water resource systems are dynamic and 
continual ly  chan g1ing due both to natural phenomena 
and to the effects of m an 's activities, the longer, more 
continuous and com plete the h istorical records, and the 
greater the frequency of observations, the more va l uable 
and usefu l the data wil l be. 

Water Resource Availabi l ity 

The col l ection, analysis, and use of data relating to 
the occu rrence and qual ity of a l l  sou rces of water is 
essential to determ ining the location and q uantitative 
and qual itative characteristics of the available resou rce. 
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Hydrologic studies have been made for a l l  p resent 
and proposed reservoirs in the Texas Water System.  
Their physical characteristics, operational effects u pon 
one another and on the System as a whole,  qual ity of 
water now and u n der futu re conditions, and their y ie lds 
under p resent and futu re conditions have been 
examined .  These refined studies m ust be conducted for 
a l l  of the river basins of the State. 

Studies provid ing information on the geo logy,  
hydrology, and h vdrau l ic characteristics of  grou nd water 
basins at a level su itable for genera l p lanning have been 
completed for approximately 40% of the State. These 
studies, however, must now be refined, and new tech 
niq ues of analysis applied for each of the ground water 
basins upon which the State must rely .  

Assistance to Other State Agencies 

The Board is necessarily invol ved in th is Plan with 
a l l  State agencies and co l leges and u niversities whenever 
related fu nctions touch on water resource matters. 
Ind ividual Board p rograms provide necessary assistance 
to PACT -Planning Agency Council for Texas-Texas 



Water R ights Com m ission,  Texas Water Qua l ity Board, 
Parks and Wil d l ife Department, Rail road Com m ission , 
and Water Wel l  Dril lers Board .  

Th is structured relationsh ip between State 
agencies engaged in coro l l ary activities is essential to an 
effective State m anagement system designed to avoid 
dupl ication of effort wh ile meeting fu l ly  the State's 
governmenta l  needs. Conceptua l ly ,  these rel ationsh ips 
must be flexible and responsive to the increasing need 
for a mu ltid iscipl inary approach to com mon pro blems 
which does n ot penal ize the State by dupl icating either 
services or professional competence.  

Review of Plans and Reports 

The Board wil l review reports prepared by Federal , 
State, and l ocal entities on water projects and ana lyze 
their import to the State's total water deve lopment 
pictu re in the context of the Texas Water Plan.  

Planning 

Sound continued plann ing is especia l ly  important 
in Texas where internal l y  available water resou rces are 
inadequate to meet rapid ly expanding Statewide 
demands, and where the cost of water development and 
con veyance wil l be h igh . 

Texas water planning studies described in th is 
report have been , of necessity , conducted at a recon 
naissance level. These plans must n o w  b e  refined and 
detailed so as to serve adequately for feasibil ity level  
reports, as a basis to proceed with design at the proper 
time, and to provide the basis for decisions which wil l 
insu re the m ost efficient use of intrastate waters. 

Econorr ic and financia l  analyses m ust be refined 
prior to the presentation of feasibil ity reports to the 
Congress for authorization of Texas Water Plan facil ities, 
and to form the basis for execution of water service 
contracts. These analyses, which the State must assu me 
the responsibility of preparing and supporting to the 
Congress, m ust be adequately detailed to provide assu r
ance to the Congress that the benefits to the State and 
to the Nation justify the costs of the Plan ; and th at the 
repayment capabil ity of those areas to which water wil l 
be taken is adequate to reim burse the Federal invest
ment to the extent requ ired by Federal laws and 
pol icies. 

Administration of Texas Water 
Development Fund and Other Funds 

The Texas Water Developm ent F u nd was created 
by Constitutional amendment in 1957. The pu rpose of 
the F u nd 's establ ish ment was to make l oans to local 
govern mental entities sponsoring construction of pro
jects for the conservation and development of the State's 
water resou rces. Further Constitutional amend ments in 
1962 and 1966 broadened the authority of the Board in 
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adm in istering the F u nd to inc lude powers to acqu ire 
con servation storage facil ities in reservoirs to be con 
structed on Texas streams and for any system or works 
necessary for the filtration,  treatment, and/or transpor
tation of water bv Federal or local governmenta l  
agencies to the end that the remaining reservoir sites in 
Texas may be developed to their optimum potential . 
The program adm inistered by the Board is cu rrently 
l im ited by Constitutional provision to $400,000,000 
provided that the last $200,000,000 be approved by a 
two-thirds majority of each House of the Texas Legis
latu re. By Constitutional provision, the Board is l im ited 
to a max im u m  investment in any one local project, and 
fu rther restricted to an aggregate in vestment of 
$100,000,000 in all reservoir conservation storage 
facil ities. 

The State of Texas must continue to share in the 
costs of Texas water development throughout the period 
of implementing the Texas Water Plan if it is to provide 
the assistance that wil l be needed in water development. 

The authorization by the Legis latu re and the 
c itizens of Texas of an augmented Texas Water Deve l 
opment F und wil l b e  necessary before feasibil ity reports 
for the Texas Water System go to Congress for authori
zation in order that Texas can be in a strong position to 
say that the State is ready to accept its share of the 
responsibil ity for meeting its water needs. 

Management of Texas Water System 

Th is is a new program designed to carry out Board 
responsibil ities for operation, maintenance, and adm in is
trative and fiscal management of the Texas Water 
System.  

Wh ile  actua l  operation, maintenance, and ad m in is
trative and fiscal m anagement of specific e lements of the 
System wil l not start until 1979, certain necessary 
prel im inary actions must be initiated now as ind icated 
on Plate 1. 

Operation of any system as complex as the Texas 
Water System m ust be fu l ly automated to ach ieve 
maximum efficiency and economy. On ly  one sim il ar 
system , the Cal ifornia State Water Project, which is 
much less complex, has been designed for automated 
operation.  The Board must provide the design concepts 
and the research needed for automated operation . 

Hundreds of m il l ions of dol lars in revenue wil l be 
generated annua l ly  by sales of water from the Texas 
Water System.  M il l ions of acre-feet of water wil l be 
moved th rough the System to a wide variety of water 
users. There is no precedent for the management of a 
com plex water resource system on th is scale,  and 
experienced management capabil ity must, therefore, be 
developed over time to assu me control as the elements 
of the System become operationa l .  
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WATER USES, NEEDS, AND PROBLEMS 

Major water uses in Texas are for domestic and 
municipal supply, industry, and irrigated agriculture. 
Other beneficial uses of water include mining and 
secondary oil recovery, hydroelectric power generation, 
navigation, and recreation. Additionally, plans for 
comprehensive water development must consider fresh 
water inflows necessary for the bays and estuaries, flood 
and hurricane control, drainage, water quality manage
ment, fish and wildlife enhancement, intangible values 
derived from preservation of scenic areas and scientific 
values, and problems of land surface subsidence and salt 
water intrusion. 

Intrastate supplies are not equal to these needs, 

either as they occur geographically, or as the needs for 

water increase over time. Water supply for municipal use 
will be an acute problem in two decades in some major 

Texas cities. A supply for presently existing irrigation 

will be needed where available water is rapidly 

dwindling, and fresh water inflows will be needed for the 
bays and estuaries. Flood and hurricane damage and 

poor drainage are creating severe problems now in many 

parts of the State. 

Projections of water requirements have been made 

by the Board for all beneficial uses. These requirements 
were reported in detail in the river basin summaries 
printed and released by the Board in 1966. These 

requirements will be continually reviewed and updated 
as a part of the continuing planning activity of the 
Board. The basin summaries will be revised and reprinted 
in 1971, using data from the 1970 census. Thereafter, 
updated summaries will be released every five years. 

Municipal and Industrial 

Shallow wells, springs, and streams were adequate 
to meet man's needs for water in Texas' historical past. 

The systems of reservoirs and water conveyance pro
posed in the Plan to meet these needs for the future are 
simply extensions through time of the spring house or 
oaken bucket. 

In the year 2020, more than 30,500,000 Texans 
are expected to use over 12 million acre-feet of water 
annually for municipal and industrial purposes as con
trasted with the 1960 use of 2'h million acre-feet of 
water by a population of 9,579,677. As Texas popula
tion grows, it is also shifting from a predominantly rural 

to a predominantly urban pattern. In 1960, it was 
estimated that 75% of all Texans lived in urban areas, 
and by 2020, this percentage is expected to increase to 
about 84%. 

TEXAS POPULATION GROWTH 
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Projecting population growth in any specific area 
is complicated by changing conditions and patterns of 

social and economic development. For this reason, while 

the soundest practices currently available were used in 
the planning studies to estimate the rate of population 

growth and shift throughout Texas, the Board in the 

future must make continuing revisions in these projec· 
tions. The Texas Water Plan is so formulated that it can 

be adapted to meet changes in patterns of growth as 

they occur, and to stage facilities for construction as 

they are required. 
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This projected growth assumes that water supplies 

can be made available at economically supportable costs 
to provide for diverse municipal and industrial water 

demands. Present evaluations of available water supplies 
indicate that of the 23 Standard Metropolitan Statistical 
Areas (major population centers) the following will need 
supplemental water from the Texas Water System by 
2020, most of them long before 2020: Abilene, 
B rownsville-Harlingen-San Benito*, Corpus Christi, 

Dallas, El Paso, Fort Worth, Galveston-Texas City, 
Houston, Lubbock, McAllen-Pharr-Edinburg*, Midland, 

Odessa, San Angelo, and San Antonio. 

Proposed storage and conveyance systems in the 

Texas Water Plan will make it possible to provide these 
long-range requirements on a dependable basis. Cost of 

water of such quality as to be suitable for the various 
needs of these areas will be generally less than the costs 

that would be incurred by each city if it had to compete 

for the available resources on a piecemeal basis. 

The pattern of industrial growth, and projections 

of the use of water by industry, cannot be predicted 

with absolute certainty. These projections must respond 

flexibly to changes in technology and industrial concen

tration. They must be subjected to continuing review 

and refinement to assure this response if industrial water 

supply is to be available as needed in local areas. 

Irrigation 

The present level of Texas irrigation-7.7 million 
acres in 1964 (and still growing)-has developed rapidly, 
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mostly since World War II. Detailed studies conducted 
for the Board by Texas A&M University of projected 
National and State food and fiber demands indicate that 
in 2020 these demands will fully justify the more than 
9.7 million acres proposed to be irrigated under the 
Texas Water Plan. 

Nearly 83 percent of all present irrigation is 

supplied with ground water. However, many presently 

irrigated areas-the High Plains, Lower Rio Grande 

Valley, Winter Garden, Trans-Pecos, and elsewhere-face 
the prospect of returning to dryland farming as available 

water supplies are exhausted. There is not enough water 

in Texas available, even through redistribution, to avoid 
this occurring. These needs for water for irrigation in 
excess of available supplies do not occur in eastern and 

central river basins of the State where present and 
projected irrigation will be supplied by direct diversion 
or under existing water rights. 

By 1985, if a supplemental surface supply of water 
has not reached the High Plains, this vast area will have 
begun an area-wide retrogression to dryland farming 
which will have profound economic consequences 
throughout the State. The North Central Texas, Trans
Pecos, lower Rio Grande Valley, and Winter Garden 
areas face equally crucial time-phasing problems. The 5.1 
million acres of land irrigated in the High Plains is 
supplied by water from the Ogallala Formation, where 
water levels are declining as the result of prolonged 
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Lower Rio Grande Valley communities, some or all of which will 

need supplemental water supplies. 
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pumping at rates far exceeding the rates of replenish
ment. Studies by Texas A&M University indicate a 
potential economic demand of 6.7 million irrigated acres 
in the South High Plains if water can be made available 
at costs which would leave irrigators an economic 
incentive to irrigate their lands rather than dry farm. 
Without an import of water from outside the area, 
however, irrigation will have begun a severe decline by 
1985, to a predicted 2.2 million acres supportable by 
ground water in 2020. Present irrigation of 350 
thousand acres in North Central Texas will decline to 
about 168 thousand acres supportable by local water 
supplies in 2020. Planning studies by the Board indicate 
that only about 650 thousand acres of the 824 thousand 
acres historically irrigated in the Lower Rio Grande 
Valley can be supported by Rio Grande water, and there 
is an irrigation potential of 1.4 million acres in the area 
with an adequate water supply. An added complexity in 

1990 2020 

providing an adequate irrigation water supply in the 
Lower Valley area results from the as yet unresolved 
legal questions relating to allocation of Rio Grande 
water. In the Winter Garden about 200 thousand acres 
of the 300 thousand acres irrigated will be dry farmed or 
out of production by 2020 without additional water 
supplies, and this is an area where economic incentives 
are projected to create an irrigation potential of more 
than 900 thousand acres. Declines in irrigated acreage 
will occur elsewhere throughout the State without a 
systematic program for supplying supplemental water. 

The reimbursable costs of water supply to these 
areas will have to be borne by the areas. The cumulative 
cost to the entire State of their loss as irrigation areas 
will be formidable if it is not possible to supplement 
their locally available supplies through the Texas Water 
Plan. 

WATER LEVEL DECLINE 

OGALLALA AQUIFER, HALE COUNTY 

-28-



30 

� 
c 
0 

E 
c 20 

V) 
w 
Of. 
u 
-< 

10 

TEXAS IRRIGATION WITH 

FOUR PROJECTIONS 

A Actual irrigation 1930-1964 
B Irrigation to produce projected 

food and fibre needs 

C Irrigation with water importation 

D Irrigation with intrastate water 

development only 

E Irrigation without further water 

development lor agriculture 

B -� 
-----;----- 16.6 

,.-+]3.7 14.5 
/ c 

/88 9.3 9.7 
/ ·� 

"�=.:::t-..... D 6 8 
7.7 8.1'-...::-.::- :t::.. __

_ 
5.5 

1960 
1964 

1980 

YEARS 

E- 5.6----� 
4.1 

2000 2020 

Agriculture generates more of Texas' wealth, 

supporting a related annual $6 to $7 billion commerce 

and industry, than any other factor in the economy with 

the exception of petroleum and petro-chemicals. One 

yardstick of this contribution is in cash receipts from 

farm marketings which reached $2.5 billion in 1964, and 

are expected to reach $9.3 billion by 1990. Irrigation 

accounts for over half of this agricultural wealth. 

The contribution of irrigated agriculture to the 
economy of the entire State, however, goes far beyond 
the direct returns for the value of crops. Utilities, gas 
pipe  I in es ,  transportation, navigation, investments 
through loans and mortgages, bank deposits, canneries, 
food processing plants, livestock and poultry produc
tion, fertilizer and pesticide manufacturers, farm equip
ment manufacturers and distributors, and wholesale and 
retail commerce are all direct beneficiaries of a healthy 
and expanding irrigated economy. 

Mining 

Water used in the State for mining purposes is 

almost entirely for the_ purpose of petroleum produc

tion. Sand and gravel operations and recovery of other 
minerals use very minor amounts of water. 

Improved technology has had a tremendous 

impact on the oil industry through secondary recovery 

of oil by water injection. Fluid injection operations have 

increased production from 20 percent in 1953 to around 

30 percent in 1965 of the total volume of oil produced 
within the State. Within the next 15 years up to one-half 

of the oil produced in Texas will probably come from 

fluid injection projects. 

Calculations indicate an estimated cumulative total 

15 million acre-feet of water will be required in Texas 

through the year 2020 for secondary recovery of oil. 

Either brackish, saline, or fresh water 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 for this Plan was 
based on an evaluation of the amount of oil available 
which can be produced by water injection. 

The largest reserves of oil in Texas susceptible to 
recovery by water injection are in arid areas of the State. 

Water to meet mining needs will be met by local surface 

and ground water resources as the demands on these 

local resources by higher priority uses are met through 
water of better quality imported through the Texas 
Water System. 

Hydroelectric Power Potential 

Conventional hydroelectric power projects appear 
improbable in the future in Texas, although pump-back 
storage projects may be developed in some areas. 

Further planning studies may show the feasibility of 
such pump-back projects separate from, or coupled with, 
projects of the Texas Water Plan. 

Navigation 

Navigation was important to the exploration, 
colonization, and early development in Texas. Major 

rivers, flowing roughly parallel courses from northwest 

to southeast, provided early routes from the Coast to the 
interior. Subsequent advances in overland transportation 

slowed river navigation development except in the 
tidewater area along the Gulf, where navigation has been 

steadily expanding, and contributing to the growth of 

that highly industrialized region. 

Texas now has 12 ports for deep-draft (30-40 feet) 

vessels and 13 shallow draft ( 6-14 feet) ports. The 
intracoastal waterway connects the entire coastal area 
with a protected shallow draft route between Texas and 
other Gulf and south Atlantic ports. The Houston Ship 
Channel enables this inland area to receive and ship the 

third largest tonnage of all U.S. seaports. 

Constant expansion of coastal facilities for domes
tic and overseas commerce has accelerated efforts to 

connect inland industrial areas with them by devel
opment of Texas rivers for navigation. Navigation on the 

Trinity and Red Rivers has been authorized. Proposals 

have been made for studies on other streams to 
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determine the engineering and economic feasibility of 

navigation. The Texas Water Plan is compatible with any 
such development found to be economically feasible. 

Recreation 

Demands for recreation, particularly for water

oriented recreation, are increasing rapidly in Texas, as 

the continuing concentration of the State's population 

in the cities adds immediacy to the urgent need for 
recreational facilities away from the cities. Lakes and 

camping and picnic areas are jammed with crowds on 

weekends and throughout the spring, summer, and fall. 
Broad based recreational planning now underway must 

recognize this urgent need. 

Recreation is, increasingly, a big business, both for 

the State and for private investors. Economic analyses 
by the Board indicate recreation benefits of $1.1 billion 
with a cumulative potential of two billion visitor-days to 
the year 2020 at the reservoirs proposed in the Texas 
Water Plan. These analyses have shown that benefits 
from water-oriented recreational developments exceed 
their costs by a wide margin. It should be recognized 
also that esthetic and recreational enjoyment of water 
development projects is not accurately measurable by 
dollar value. 

Recreation has been an important factor in 
planning for Texas water resource development. Water 
planning by the Board, developed concurrently with the 

formulation by the Parks and Wildlife Department of a 
comprehensive outdoor recreation plan for Texas, takes 

full cognizance of the recreational value of potential 

reservoir development proposed under the Texas Water 
Plan. 

Flood Control 

Floods in Texas have historically caused wide
spread suffering, major losses of life, and damage in both 

urban and rural areas. 

Some 320 Texas cities have flood problems 
resulting from stream overflow, local drainage, or coastal 
floods. One hundred of these cities have stream overflow 
flood problems, 112 have local drainage problems, 20 
have coastal flood problems, and another 88 have some 
combination of these. 

The worst general floods of recent years were in 
1957 when every major river and tributary in the State 
flooded during the spring months between April and 
June. In late April 1966, intense flooding occurred in 
northeast Texas where 20 to 24 inches of rain fell in 
some areas in a relatively short period of time. Flash 
flooding in the Sanderson area in 1965 cost 24 lives in a 
period of hours. Severe flooding occurred in South 
Texas from heavy rainfall accompanying Hurricane 
Beulah in 1967. 

FLOOD CONTROL AND 

CONSERVATION STORAGE 
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The F ederal F lood Plain M an agement Program, 
enacted by Congress in 1 960, is d irected toward assisting 
c ities to allevi ate flood p roblems. The pu rpose of the 
Program is to provide a basis for sound zon ing ordi
n ances an d su bd iv ision regu lations in cities with flood 
problems by d efin ing the flood plain limits u nder flood 
cond itions. The Board ex amines app lications for assis
tance under the Program, assigns priorities for proj ect 
formu lation, and the stud ies are m ad e  by the Corps of 
E ngineers. As of August 31, 1968, seven such stud ies 
h ad been comp leted and seventeen were u nderway. 

F lood control measures proposed in the Tex as 
W ater Plan, developed cooperatively with the U .S. Army 
Corps of Engineers, inclu de flood control storage in 
reservoirs, ch an nel  improvements and modifications such 
as levees, and other measures adapted to particu lar f lood 
problems in specific areas. 

Upstream Flood Retardation 
and Watershed Protection 

Two-th i rds of all agricu ltu ral lands in the State are 
su bject to serious erosion or the threat of erosion . 
Effective land u se and soil, water, and p lant conservation 
measu res are essential to protect agricu ltural production 
cap acity, and to reduce sedimentation in reservoirs, 
stream ch annels, and coastal waters. 

Under th e Watershed Protection and F lood Preven 

tion Act (Pu blic Law 566, 83rd Congress, as amended) ,  

the Soil Conservation Service of the U .S. Departm ent of 

Agricu ltu re provides techn ical and financial assistance 

for land treatment, flood prevention , and the conser
vation, d evelopment, utilization , and d isposal of excess 
water on watersheds u p  to 250 thousand acres. 

Watershed p lans developed to implement th is and 

other Acts include land treatment measures as well as 

structu ral control measures. The soi l  and water conser
v ation measures on the land m ust precede or accom pany 

installation of floodwater-retard ing structures and 
drainage and irrigation faciliti es. 

The State agency with respons ibi lity for the land 

conservation program is the State Soi l and Water 
Conservation Board . That agency and the Board h ave 

c losely coord i n ated their activities and those of the Soil 

Conservation Service since the passage of the Tex as 

Water Planning Act of 1957, i nc lu ding the studies of th e 

current p lann ing p rogram . 

As of April 1, 1968, watershed p l ans h ad been 
approved and wo rk had been completed or was in 
progress on l and total ing about 131h m il l ion acres. P lans 
h ave been authorized by Congress for work on addi
tional watershed areas total ing about 11f4 m il l ion acres. 
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Drainage 

M any areas of the State h ave drai n age or wetland 
problems, p articu larly in the Lower R io G rande Valley 
and i n  the coastal areas of other r iver basins, includ ing 
the i nterven i ng coastal basins. M any sm all coastal 
cities- Rockport and Aransas Pass, among others-h ave 

serious urban drai n age problems. I nvestigations m ade by 
the Soil Conservation Service in 1 961 and 1 965 indicate 

a total of 1 6.6 m i llion acres of wetlands. Much of th is  

area is frequ ently flooded bottom land , m arsh lands, and 
tidewater swamps situ ated too low in relation to possible 

outlets to d rain p roperly or to be d rained. No drain age 

improvement is contemplated for such areas, their most 

beneficial uses being as n atural h abitat for fish and 

wildlife species. Other lands are su bject to frequ ent 

inu nd ations from river and creek flooding and will 

require extensive protection facilities to prevent flood ing 

before drai n age i mprovement measures can be installed . 

Su m m ary drainage reports by the Soi l Conser

vation Service show th at drainage i m provem ent is 

consid ered to be feasi ble for a total of over 7 .8  m illion 

acres in Tex as. A bout 1 1 .5% of th is total h as h ad 
ade qu ate drai n ag,e improvement to April 1 968. 

Hurricane Protection 

Wind and high water h ave caused heavy losses of 
l ives and incalcul able flood d am ages in Louisian a and 
Tex as. Flooding from heavy residual rains is often felt  
fo r h u nd reds of m iles in l and . A total of 33 hu rricanes 
h ave crossed the Tex as Coast in the period between 
1900 and 1967 resu lting in losses of thousands of l ives 
and severe property d am ages. The Corps of Engineers, at 
the req uest of the State, is conducting a study schedu led 
for completion in 1973 wh ich wil l  detail the hurricane 
protection measures needed along the entire Tex as G u lf 
Co ast. Th is study, designed to resu lt in measures wh ich 
wil l reduce hurricane d am age along the Coast, is 
extremely important to continued urban and industrial 
development. 

Water Quality 

Presently available water quality d ata ind ic ate 

some areas of Tt�xas streams and ground water aqu ifers 

where qu ality of water is impai red. I norgan ic pollutants, 

both n atural and m an -m ade, probably now constitute a 

more widespread problem th an do organ ic m ateri als 

from m u n icipal and ind u stri al wastes. 

I n  p lan n i n �1. those areas were defined where water 

qu ality problems exist and which m u st be corrected in 
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whole or in part, and other areas where water quality 

problems do not presently occur but where full stream 

development may have adverse effects on quality. 

Serious degradation of sa.nitary quality occurs in parts of 

four river basins-the Trinity, San Jacinto, San Antonio, 

and the Rio Grande. 

It has been assumed as a concept of planning that 

the highest economically feasible techniques of muni

cipal and industrial waste treatment will be utilized, that 

pollution resulting from oil field brines will be elimi
nated over time, and that agricultural practices will be 

improved to eliminate pollution problems to the extent 
feasible under existing technology. 
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Conventional waste treatment techniques in some 

areas may not meet this conceptual premise, and may be 

inadequate to maintain established stream quality stan

dards. Centralization of all urban sewage treatment 

systems in a large city, or consolidation of the systems 

of several smaller cities probably offers more promise 

than any other approach to effective pollution control. 

Whatever alternative or level of treatment applied, it is 

apparent that use of the full assimilative capacity of 

streams is not a practical long-term solution for the final 

treatment of municipal and industrial waste effluents. 

Increasingly, this assimilative capacity will be required to 

accomodate pollution from land runoff which is beyond 

practical control. 
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Capita l costs for treatment of municipal wastes at 
a level adequate to combat pol lution problems 
throughout the State are estimated as high as several 
hundreds of mil l ions of dol lars during the next decade. 
Although only l imited estimates are avai lable of the 
costs to industry and cities for water treatment processes 
required t1J make water su itable for use, there is no 
question that they run into the hundreds of mi l l ions of 
dol lars also . 

Bays and Estuaries 

The Board is aware of an i m p act from the c hanges 
in vo l umes of water from streams entering the bays 
result ing from upstream reservo i r  development and 
water uti l iz ation, contin ual ly  i ncreasing return flows, 
an d c h an g i n g  c o nd itions of surro unding l and 
development on water q ual ity i n  the bays an d estuaries 
along the Tex as G ulf Coast. 

The econom ic urgency for find ing mean ingfu l 
solutions to t hese problems is demonstrated by the 
increased \ia lue of commerci al and sports f ishing in the 
estuari al environment, now estim ated at more than $150 
m i llion ann ually, more than 99% of which is deri ved 
from the catch of species dependent on the estuarine 
envi ronment at som e  po int in  their  l ife cycle.  T he 
related econom ic return to the State from to urism 
attracted to the bay areas is estim ated at $300 m i llion 
ann ually . ;1.1 1  of this  c an be lost to the State if  some 
solution for preserving the ecology and esthetic q uality 
of the bays is not fou nd.  

St ud ies to find feasi ble sol utions and concepts 
com pati ble with m ax i m um upstream development of 
Tex as water reso urces have shown that fresh water 
inflows and red uction of po l l utants are not the whole 
sol ution . Other factors, inc l uding c i rcul ation within the 
bays themselves, l and runoff, and hydraul ic  i nterc hange 
with G ulf  waters, al l have profo und effects on bay 
conditions. 

An i ntensi ve study has been u ndertaken of the 
G alveston B ay complex by the Texas Water Quality 
Board in cooperation with m any Federal and State 
agenc ies. The resu lts of this study,  and detai led studies 
on the other bays, m ay provide long-ran ge solutions to 
the compiE!X bay and estu ar ial needs. I n  1 967 ,  the Board 
and the U .S. Geological Survey began a three-year 
comprehens ive d ata co llection program designed to aid 
i n  def in ing the q u ality and hydraulic c haracteristics of 
the bays. The total cost of this program is i n  the order of 
$400,000. Meanwhi le,  reason able fresh water inflows are 
provided to the bays and estu aries on an i nteri m  basis 
whi le their  long-range needs are determ ined by these 
detai led stud ies. 

Fish and Wildl ife 

Trad it ion ally Tex ans have enjoyed access to excel
lent f ishing and hunting opportun ities. Cu ltural devel
opments such as c it ies, highways, airports, and reservoir  
projects m ay i ntr ude on valu able eco logical areas and 
habitat. W henever d am age occurs, measu res for m it iga
t ing these dam ages m ust be assessed . W here possi ble, the 
potent ial of water development for en hancing the fish 
and wi ld life resou rce m ust be achieved . Most i mpor
tantly, program s  of fish and w i ld li fe m an agement and 
cu lt i vation wi ll provide a continu ing i ncrease in the 
hunting and fishing potenti al. 

Scenic and Scientific Areas 

Tex as is endowed with extreme ly beautifu l scenic 
areas and areas of un ique scientific value.  Some of these 
areas have been lost by urban expansion , highway and 
uti lity developmemt, or m ay be threatened by devel
opment of reservo i rs or water con veyan ce fac i lit ies. 

The Board recogn i zes its respons ibi lity to m i n i
m i ze this  loss of n atu ral beauty and scientific value to 
the State as it m i 1ght resu lt from water development. As 
a p art of the Te!xas Water Plan , therefore, the Board 
recommends that a system atic effort be m ade to 
preserve these assets for future generat ions. 

Subsidence and Saline Water Intrusion 

I n  some areas of Tex as, withdrawals of l arge 
volumes of ground water have resu lted in adverse effects. 
M ajor effects which m ay lim it further ground water 
development in these areas are : ( 1) the i ntrusion of 
saline water into the areas of heavy withdrawal, a 
problem in m any areas of the State; and (2) land 
subsidence, which is pr inc ipally of concern i n  the G u lf 
Coast area. 

M any fresh water aqu ifers are c losely associ ated 
with saline w ater aq uifers which m ay e ither overlie, 
u nderlie, or occur in areas downdip  of the fresh water 
aq uifers. W here suc h  fresh water aqu ifers are heavi ly 
pumped ,  saline water has moved towards pumping wells, 
result ing in the deterioration of the q ual ity of fresh 
water. A sign if icant ex am p le of saline water encroac h
ment is in t he Texas City-G alveston area where deterio
ration in  water q u ality already has been noted i n  some 
wel ls. I t  is  i mportant that the positions and rates of 
movement of sal i ne water in problem areas be g i ven 
careful study .  Stud ies are underway to optim ize ground 
water withdraw als to lim it saline water encroac hment in  
order to  extend the  useful life of  the aqu ifers. 
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Subsidence of the land surface as a result of 

pumpage of large volumes of ground water has already 

become a particularly acute problem in several areas 

along the Texas Gulf Coast. As the artesian pressure 

head in these deeply buried aquifers is reduced by large 

withdrawals of ground water, the skeletal framework of 
the aquifers is altered and the beds compressed by the 

weight of the overlying rocks. Land subsidence is 

presently most pronounced in local areas near Pasadena, 

Baytown, and Texas City where as much as five feet of 

subsidence has occurred. Loss of freeboard on hurricane 
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protection facilities may result from such subsidence. 

Drainage and flooding problems during periods of wet 
weather have resulted in many places as a consequence 
of subsidence. Damage to municipal utility lines and 

other facilities has occurred. Studies will be continued to 

define the relationship between ground water with
drawals, pressure head decline, and subsidence so that 
more accurate projections of the magnitude of future 
subsidence problems can be made and both saline water 
encroachment and land subsidence can be minimized in 
these areas. 
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CONC LUSIONS 

1. Texas' Po ten tial for Growth 

Texas has the capabil ity for great population 
growth and industrial and agricultural expansion, pro
vided adequate water supplies of suitable quality can be 
made available at reasonable and equitable costs. With 
ample supplies of water, it is anticipated that the 
population of Texas in 2020 will  have grown to 
30,500,000, more than 3 times the population in 1960. 
Corresponding industrial and agricu ltural expansion to 
support this growth is expected to occur. 

If adequate water suppl i es are not avai lable in  
t ime,  however, th i s  futu re popu lation growth and 
econom ic development wil l  be severely curta i led. 
Agricu ltu ral production in  the western half of the State 
must inevitably dec l i ne, with Statewide adverse 
economic i m pact, particu larly to the associated 
agr ibus iness and financial i nterests in the major m etro
pol itan centers. 

For example, supplemental water suppl ies m ust be 
m ade avai lable i n  the fol lowing areas no later than the 
dates sho\tvn : 

San Anto n io area (mun ic ipal  and industria l ) - 1 985 
Corpus Christ i  area (mun ic ipal  and industria l ) -1987 
El Paso area (mu n ic ipa l ,  industrial , 

and i rr igation)-2000* 
H i gh P la ins  (irrigat ion ) -1985 
Trans-Pecos area (i rri gation ) - 1 990 
Lower R io G rande Val ley (mu n ic ipa l ,  industr ia l ,  

a n d  i rr igation) -1980 

If th is  t ime sched u le can be met, water needs i n  
other areas o f  t h e  State can a n d  wi l l  be adeq uately m et. 
To m eet th is  schedu le, however, coord i nated and 
cooperative action in p lann ing, feas ib i l ity stud ies, autho
r ization, f inancing, design , and construction among all 
levels of govern ment is  essentia l .  

2. Water Resources Now A vailable to Texas 

Water supplies can be developed to meet all  
reasonably foreseeable long-term intrabasin needs and 
provide surpluses for interbasin transfers under the 
Texas Water Plan in the Lower Red, Sulphur, Cypress 
Creek, Sabine, and Neches R iver Basins. Some interim 
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surpluses wil l  exist in the Guadalupe-San Antonio R i•Jer 
Basins and possibly in the Trinity R iver Basin.  Pending 
ful l  development of the intrabasin needs, the surpluses 
available for interbasin transfers on an interim basis will 
be substantially larger. 

These water resources available to Texas from 
intrastate sources and from interstate sources flowing 
along or across the State boundaries are grossly inade
quate to meet tht! future water needs of the State. 

3. lmporta,tion From Out-of-State 

l mportatio1n of water from out-of-State sources is 
essential to the future development of Texas, and must 
begin no later than 1 988. Planning indicates that by 
2020 as much as 1 2  to 13 mill ion acre-feet per year may 
need to be imported. Planning estimates indicate that 
water of su itable quality, in these quantities, can be 
made available from the Lower Mississippi R iver. 

Such est imates are based on fu l l  consideration of 
the needs of the Mississ ippi  R iver Basin States now, and 
i n  the futu re, iinc luding maintenance of qual ity and 
navigation . I t  is  also planned th at any project for 
exportation of Mississ ippi  R iver water wou ld yield 
benefits to the export ing State(s) , as wel l  as to Texas 
and New Mexico. F u rther, th is source appears to offer 
the most econom ic benefits. I n  I ight of these factors the 
assu mption has been made that water cou ld  be made 
ava i lable to meet Texas' requ i rements, and p lan n i ng h as 
proceeded on th is basis. 

It i s  p robable that add itional i m portati on of water 
from some sou rce may be req u i red by 2020. 

4. The Texas Water Plan 

The Plan, the most extensive and complex water 
resource System yet conceived, is the most effective and 
economic means for meeting the future water needs of 
Texas for all pur·poses on a Statewide basis. 

* Needed whenever can be made available. Year 2000 projected 
in present plannin�1 as earl iest feasible data for del ivery. 



5. Participation by the State of Texas 

The State must be a major participant with 
Federal and local agencies in planning, feasibil ity studies, 
financing and design, and in operation, maintenance, and 
management of the Texas Water System in order that 
the State's interest in its resources may be fully 
protected . 

6. Cost 

The cost of construction of the Texas Water 
System, at current construction cost levels, exclusive of 
out-of-State facilities for importation and appurtenant 
irrigation distribution systems, is estimated at about 
$6.3 bil l ion. Irrigation distribution systems, a local 
responsibility, are estimated to cost $250-300 per acre 
to be irrigated. 

These expend itures wi l l  be spread over a period of 
50 years, with most of the capital costs i ncurred 
between fiscal years 1 975 and 1 990. The antic ipated 
rate of cost escalation wi l l  be a sign ificant factor in  
long-range financing plann i ng. 

7. Acreage Limitation 

The present acreage limitation provisions of 
Federal Reclamation Law will need to be revised if the 
State is to have an economically viable agriculture in 
Texas under Reclamation projects. 

B. Economic Justification and Financial Feasi-

bility 

The Texas Water System, including import from 
out-of-State sources, is economically justified on the 
basis of reconnaissance level studies. The financial 
resources of the irrigation areas to be served appear to be 
adequate to repay their share of the costs under current 
Federal repayment policies through water charges or a 
combination of water charges and general taxation . 

RECOMMENDATIONS 

The Board recom mends that the fol lowing actions 
be taken by the Governor and Legislature of the State of 
Texas, the President and the Congress of the U n ited 
States, and local governmental  agencies : 

T H AT TH E G OV E R N O R  A N D  TH E LEG ISLA
TU R E  OF TH E STATE OF T E XAS : 

1 .  Adopt a plan for financing the State's share of 
the cost of the Texas Water System as a joint 
Federal, State, and local partnership under
taking and to provide additional financial 
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assistance to local political subdivisions for 
water supply projects; such plan to be su b
mitted for c:1pproval by the voters at the 1 970 

general ele(:tion . 

2. Amend the Texas Water Development F u nd 
Act to : 

( 1 )  Eliminate the present provision for 
termination in 1 982 of Texas Water 
Development Fund investments. 

(2) Remove the present limitation on the 
total amount of the Water Development 
Fund, the limitation on the permissible 
investment in a single project, and the 
limitation on the maximum aggregate 
investment in reservoir conservation 
storage facil ities. 

(3) Remove the limitation on the coupon 
interest rate for Water Development 
Fund bonds from the present maximum 
of 4%. 

3. E mpower the Board to implement the Texas 
Water Plan, inc luding authority to : 

( 1 )  Participate in partnership with the 
United States Government, pursuant to 
appropriate statutory and contractual 
arran��&ments, in the design, construc
tion, operation and maintenance, and 
management of the Texas Water System; 
such !Participation to be on the basis of 
ownersh ip by the State of an undivided 
interest in the total System. 

(2) Enter into contracts with Federal, or 
with 1=ederai-State agencies, to purchase 
w a t e 1r f r o m  o u t-of-State sources 
delivered at the State l ine. 

(3) E nter into cooperative agreements with 
the United States, local public agencies, 
and investor-owned util ities for finan
cing, constructing, and operating facili
ties to generate and deliver pumping 
energ'( required for the Texas Water 
System. 

(4)  Acqu iire by eminent domain lands neces
sarily required for water development 
projec:t purposes proposed in the Texas 
Water Plan. 

(5) Prese1ve lands necessarily required for 
water development project purposes 



proposed in the Texas Water Plan under 
terms providing equitable return to the 
landowner. 

(6) Use lands necessarily acquired for proj
ect purposes prior to initiation of 
construction, and on an interim basis. 
Purpose of u se wou ld i nc lude leasing for 
agricu ltural u se, leasing for recreational 
d evelopment, or development coop
eratively with the Parks and Wi ld l ife 
Department for wi ld l ife and fish ery 
management, or for other purposes not 
i nconsistent with u lt imate reservoi r  
devel opment. Since acqu isition o f  lands 
by the State removes the tract from 
local tax rol ls, lease contracts may con
tai n  provision for contr ibution by the 
lessee to u n its of local government, of 
an amount equ ivalent to former ad 
valorem taxes or special  assessments. 

(7) Act as sponsor of water development 
projects proposed for Federal authori
zation when the Board is acquiring 
storage in a reservoir project as a part of 
the Texas Water System, or when a local 
sponsor is not available for a needed 
water development project, whether or 
not it is a part of the Texas Water 
System. 

4. Amend Article 7470 which l ists the purposes 
for which water may be appropriated, by 
adding a provision to authorize the appropri
ation of water for other beneficial uses which 
may be defined from time to time in Rules 
and Regulations of the Texas Water R ights 
Commission, to enable the Commission to 
consider the al location of waters of the State 
for water quality control purposes, mosquito 
':ontrol, fish and wildl ife, maintenance of 
fresh water inflows to the bays and estuaries, 
and such other purposes as it may deem 
beneficial to the State. Many of these uses are 
already specifically included as project pur
poses in the Federal reservoirs in Texas. 

5. Provide additional fu nds to the Texas Water 
Qual ity Board, u nder its authorized program 
of State grants for planning and constructing 
sewage collection and treatment systems, by 
e stabl ish ing a Texas Clean Water Fund to 
complement the construction grant provisions 
of the Federal Water Pol lution Control Act as 
amended . 

6. Establish a Texas Water Projects Recreation 
Fu nd , to be ad ministered by the Parks and 
Wild l ife Department as a part of its long-range 
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recreation plan for Texas, to provide the 
fu nds in excess of those avai lable from user 
fees nt!cessary to repay the rei mbu rsable 
Federal investment al located to recreation , 
and to enhancement of fish and wi ldl ife 
resourc1es under the Federal Water Project 
Recreation Act, to provide on-shore faci l it ies 
and to operate and maintain such fac i l it ies for 
elements of the Texas Water System . 

7. Provide adequate funds for the concerned 
State agencies, designating specific inter
agency responsibil ities, to complete compre
hensive studies of the bays and estuaries and 
to preJ,are recommendations for legislative 
consideration for long-range conservation of 
these re!SOU rces. 

8. Establish State policy as to the degree of State 
responsibility for the costs associated with 
providing fresh water inflows to the bays and 
estuarie!S to complement Federal policy when 
established; appropriate funds, or establish 
other 1funding procedures for payment of 
those t::osts; and designate the responsible 
State a�tency for administering such funds. 

9. Mitigatt:t the effects of the influx of workers 
for construction of the faci lities of the Texas 
Water System u pon communities which must 
provide school, police, fire, hospital, and 
other services for those workers during the 
period of construction; adopt a formu la for 
assessing those effects; and make funds avail
able to assist such communities in defraying 
the short-term costs of providing these addi
tional local services where such mitigation is 
not a F1ederal responsibil ity. 

1 0. Authorize creation of master districts for 
purpo�!s of contracting for purchase of water 
under the Texas Water System; such districts 
to be created where needed and as local 
interests reach agreements on the areas to be 
encomJ,assed. 

1 1 .  Establish and fund a program to be adminis
tered by the Texas Parks and Wildl ife Depart
ment t1e» designate and preserve river reaches 
and springs of historic, scenic, and scientific 
value to complement and supplement Federal 
legislation. 

1 2. Approp•riate to the Board adequate funds to 
carry c,ut its duties and responsibil ities for 
future water development in Texas in a timely 
manner as shown on Plate 1 .  



THAT TH E PR ESI D E NT AN D TH E CON G R ESS 
OF TH E U N I T E D  STATE S :  

1 .  Continue to fund the feasibil ity level studies 
now being conducted by the U .S. Bureau of 
Reclamation and U .S. Corps of Engineers of 
the import to Texas of surplus water from the 
Mississippi River and its conveyance to points 
of need within Texas and adjacent States, and 
approve the concept of such importation as 
soon as agreement has been reached among the 
non-Federal interests involved. 

2. Accept and implement the concept of Federal
State relationships with responsibilities at both 
levels of government generally as defined in this 
Plan for the planning, design, financing, 
construction, operation, maintenance, and 
administration of the Texas Water System and 
other projects of the Texas Water Plan. 

3. Recognize the Texas Water Plan and subse
quent modifications as the general guide for 
future water and related land resource devel
opment in Texas. 

4. Authorize the Texas Water System and its 

projects, and appropriate funds for engineering 

and construction of elements of the Texas 

Water System upon submission of feasibil ity 

and su rvey reports, so that the time schedule 
presented herein for the Texas Water Plan may 

be met. 

5. Authorize the Corps of Engi neers and the 

Bureau of Reclamation to enter into contracts 

with the State of Texas as the pri ncipal 

contracting agent for repayment to the U nited 

States of the reimbursable Federal costs al lo

cated to water su pply incurred in the design 

and construction of the faci lities of the Texas 

Water System, with the State of Texas secu ring 

its obl igations u nder such contracts through 

anci l lary repayment contracts executed by the 

State with local pol itical subdivisions. 

6. Amend the provisions of Federal Reclamation 

Law relating to acreage l im itations so that 

economically productive farming u nits can be 

developed or sustained u nder R eclamation proj

ects. 
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7. Establ ish policy as to the national interest in 

protection of the coastal bays and estuaries and 

the criteria for evaluating benefits and detri

ments to thE� bays and estuaries from water and 

related land resource development. 

8. E m power F ederal  construction agencies, for 
reservoi r  and water con veyance p rojects autho
rized now or in the futu re, to : 

( 1 )  l m me!diately acquire necessary interests 
in project lands and take necessary 
actions to preserve the future project 
sites 1from encroachment. 

(2) Enter· into agreements with the State of 
Texa!i and local agencies to provide for 
credit or reimbu rsement for the costs of 
l ands acquired, land-taking surveys 
made, or other project costs incurred by 
the State or local agencies when such 
expenditu res are sound contributions to 
the projects. 

THAT LOCA L I NT E R ESTS: 

1 .  Take steps im mediately to form master d is
tricts, wher-e necessary, covering the areas 
which desir·e to be su ppl ied with water for 
i rrigation and other pu rposes u nder the Texas 
Water System, with adequate powers to con
tract with the State of Texas or the U nited 
States for a water supply and other purposes; 
to raise the revenues necessary to repay the 
reimbu rsabh! costs involved ; and to accompl ish 
the other actions necessary to put the water to 
beneficial u se in  the most effective manner. 

2. Examine tht� desirabi l ity of form ing, and form 
where feasible, regional organizations or enti
ties such as a metropol itan water district 
covering major metropolitan areas in order to 
mi ni mize the cost of treati ng and distributing 
water su pptlied through the Texas Water 
System. 

3. Exami ne the legal authority of the local and 
regional agemcies to participate in the Texas 
Water Plan with the Federal and State agencies, 
and where such authority is lacki ng, seek 
authorization from the Legislature. 



4. Immediately undertake studies of the amounts 
and timing of supplemental water to be con
tracted for under the Texas Water System, the 
point(s) of del ivery, and the necessary legal and 
financial arrangements to assure the capabil ity 
of meeting the contractual repayment obl iga
tions. Initiation of these studies should not 
await the formation of master districts or 
regional organizations. 

5. Expand, in cooperation with Federal and State 
agencies, programs of basic data collection and 
planning. 
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6. Cooperate in further planning for the Texas 
Water Plan and in preparation of feasibil ity 
reports for elements of the Plan. 

7. Cooperate with the Board in preparing and 
presenting unified programs to the Federal 
agencies and the Congress for Federal authori
zation and appropriations. 



G LOSSARY OF TERMS 

Some of the terms used in this document have a 

restricted meaning or may not be familiar to the general 
reader, and are therefore described below. Included in 

the glossary is a diagram showing selected distinctive 
geographic areas. 

Acreage limitation. -Under Federal Reclamation 

Law, water from a project thereunder generally cannot 
be furnished to irrigable lands in excess of 160 acres in 

single ownership, or 320 acres held in joint ownership by 
a husband and wife, unless the owner agrees to dispose 
of the excess land within 1 0  years under terms and 
conditions satisfactory to the Secretary of the Interior. 

Acre-foot. -The volume required to cover 1 acre to 
a depth of 1 foot. Equivalent to 3 25,851 U.S. gallons or 

43,560 cubic feet. 

Aquifer. -A geologic formation, group of forma

tions, or part of a formation that is water bearing. The 

term is usually restricted to water bearing units capable 
of yielding water in sufficient quantity for a usable 

supply. 
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Artesian aquifer, artesian pressure. -Artesian pres

sure occurs where an aquifer is overlain by rock of lower 

permeability (such as clay) so that the water is confined 

under pressure greater than atmospheric. In  a well 
penetrating an artesian aquifer, water will rise above the 

level at which it is encountered; it may or may not rise 

sufficiently to flow at the ground surface. 

Base flow. -The sustained low flow in a stream, 

supplied by ground water discharge. 

Brackish water. -Water that is undrinkable due to 
excessive mineral content, although not as mineralized as 

sea water. 

Conservation storage. -Water impounded for later 

release or withdrawal for beneficial uses. (Compare with 
Flood-control storage.) 

Dead storage. -That part of a reservoir capacity 
below the lowest outlet level from which water can be 
released by gravity flow. 
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Eutrophication. -The process of nutrient en rich 
ment in waters of lakes, reservoirs, and estuaries, 
com mon ly accompanied by an increase in a lgae and 
depletion of d issol ved oxygen in the water. 

Feasibility studies. -Stud ies to determine the tech 
n ica l ,  econom ic, and financia l  feasibil ity of a project. I n  
the case o f  F edera l  projects, feasibil ity studies are 
necessary to su pport Congressional authorization for 
p roject desigl"'! and construction . These studies are 
genera l ly  made fol lowing reconnaissance level  studies . 

Federal Water Pollution Control Act. -The pur
pose of the Act is to enhance the qual ity and va lue of 
the Nation's water resou rces and to establ ish a national 
po l icy for the p revention,  contro l ,  and abatement of 
water po l lution . Under it, the Secretary of the I nterior is 
empowered , after consu ltation with the States, to 
establish water qua l ity criteria  for the streams, rivers, 
and other bod ies of water in the United States. Federal 
agencies are requ ired to consu lt  with the Secretary 
concerning the effects of construction of Federa l  p ro
jects on water qual ity . 

Federal Water Project Recreation Act. -The Act 
recogn izes recreation and fish and wild l ife as pu rposes in 
the p lanning and construction of mu ltiple-pu rpose water 
development projects. Under the cost-sharing provisions 
of the Act, a non -Federal entity must agree to adm in is
ter, operate, and maintain the recreation and fish and 
wild l ife featu res of the project, and to pay a certain 
portion of the costs of such featu res. 

Flood control. -Protection of l ands from stream 
ove rflow, by means of levees, wa l l s, stream channel 
modification,  sto rage in reservo irs, or  by d iversion of 
flood waters into bypasses and flood ways. 

Flood-control storage. -Water impounded d u ring 
floods to be re leased l ater as rapid ly  as channel 
capacities perm it. (Compare with Conservation storage . )  

Flood plain. -Nearly leve l  land occupying the 
bottom of a stream val ley and su bject to flood ing u n l ess 
protected artificia l ly .  

Ground water. -Su bsu rface water in  the zone of 
satu ration, fro 11  which wel ls and sp rings are fed . Often 
cal l ed u ndergrou nd water. (Compare with Su rface 
water. ) 

L and surface subsidence. -The genera l  lowe ring in 
elevation of a considerable area of land su rface. This can 
resu lt from the com paction of water bearing strata in 
some areas of major and prolonged withdrawals  of 
ground wate r, as wel l  as from compaction due to m in ing 
of petroleu m and su lfur. 

Master district. -An agency or  entity having po we r  
to contract with the State o r  Federa l  govern ment for 
repayment of reimbu rsable  p roject costs, and to levy 

taxes or make water cha rges to assu re repayment of 
these costs. 

Mine-mouth ge,nerating plant. -An e lectrical power  
generating p lant which is located where the fue l  (usua l ly  
coa l ) is m ined . 

Non-reimbursable costs. -Accord ing to Federal l aw 
and policy, p roject costs advanced by the F edera l  
government and al located to pu rposes such as  flood 
control and navigation, the more direct or im med iate 
beneficiaries of which can not be read ily identified , are 
non -re imbu rsable .  (See Reimbu rsable costs . ) 

Nuclear generating plant. -An electrica l power 
generating p lant in which the sou rce of heat energy is 
nuclear fuel . (See Thermal  generating p lant. )  

Ogallala Fo rmation, Ogallala A quifer. -The 
Ogal la la  Fo rmation covers most of the High Pla ins of 
Texas-about 35,000 square m il es .  The water satu rated 
part of the formation,  cal led the Ogal la la Aquifer, is the 
p rincipal sou rce of usable  water supply in this area . 

Recharge of ground water. -The process by which 
water enters the zone of satu ration in a geologic 
formation, either natu ral ly ,  as by rainfal l or seepage 
from stream s  and lakes, or artificia l ly ,  as th rough wel l s .  
Also, the term may refer to the amount of water added 
to the zone of satu ration.  

Reconnaissance level studies. -Studies to deter
m ine whether fu rther analysis of a project is warranted . 
(See Feasibil ity studies. ) 

Reimbursable costs. -Acco rd ing to Federa l  law 
and pol icy , p roject costs ad vanced by the Federa l  
govern ment and a l located to m u n icipal and industrial 
water su pply and to hyd roelectric power, as wel l  as a 
portion of those al located to recreation and fish and 
wil d l ife, are reim bu rsable with interest; those costs 
a l located to irrigation are reim bu rsable without interest. 
(See Non-re imbu rsabl t� costs . )  

Runoff. -That part of  p recipitation which appears 
in su rface streams. 

Safe yield of an aquifer. -The maxim u m  rate at 
which water can be withd rawn continuously without 
depleting the grou nd water in storage in the aqu ifer. It is 
equal to the rate of recharge to the aqu ifer. 

Saline water intrusion. -The in vasion of a body of 
fresh ground water by sal ine water, general ly  in coastal 
a reas, usua l ly  due to heavy ground water pumpage. A lso, 
the cyc l ic intrusion o1f sea water in tide-affected reach es 
of streams near the Coast. 

Surface water. --Water that flows over or rests 
u pon the su rface of the grou nd.  (Compare with Ground 
water. )  
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Terminal regulating storage. -Water sto red in a 
term inal reservoir after conve yance so that fluctuating 
demands for water can be met despite varying rates of 
suppl y .  

Thermal generating plant. -An electrical power 
generating p lant in which the sou rce of heat energy is 
coa l ,  l ign te, o r  natu ral  gas. (See N uclear generating 
plant. )  
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Water service contract. -A contract whereby water 
is fu rn ished fo r m u n icipal ,  irrigation,  or other pu rposes 
at rates sufficient to p roduce revenues that wil l cover 
reim bu rsable costs. 



Table 1.--l ncremental Capacities of Reservoirs, Existing or U nder Construction 

Storage Capacity in 1 ,000 Acre-Feet 

BASI N & R ESE R V O I R F LOOD CONSE R VATI O N  DE A D  TOTA L 
CON T R O L  

C A N A D  A N -
R ita B la n ca 0.0 1 2 . 1  0.0 1 2 . 1  
M e redith 544.0 82 1 . 0 0 .0 1 , 365.0 

R E D -
B iv i n s  0.0 5 . 1  0 .0  5 . 1 
B u ffa l o  0.0 1 8 . 1  0 .0 1 8 . 1  
G ree n belt  0.0 50.3 9 .5  59.8 
Baylor C reek 0.0 9.2 0.0 9.2 
K e m p  200.0 245.8 80.2 526.0 � 
D ivers i o n  0.0 40.0 0 .0 40.0 
Sa nta R osa 0.0 1 1 .6 0.0 1 1 .6 
B uffa l o  C reek 0.0 1 3.8 1 .  1 1 4.9 
K i ck a poo 0.0 98.0 8.0 1 06 .0  
W i c h i ta 0.0 1 1  . 1  3 .0  1 4. 1  
A rrow 'lead 0.0 2 1 1 . 5 1 6. 5  228.0 
F a r m e rs Creek 0.0 20.3 5 . 1 25.4 
M oss 0.0 2 1 .6 1 .6 23.2 
Tex o rna 2,6 1 5 .0 1 ,730.0 1 ,047 . 0 1/ 5,392.0 
R a n d a : l  0.0 5 .4 5 .4 Y 
B ru s h y C reek 0.0 6.2 1 0. 6  1 6.8 Y 
T i m b e r  C reek 

( B o 'lh am Lak e )  0.0 1 2 .0  1 . 0 1 3. 0  
Coffee M i l l  C reek 0.0 1 0.0 0 .0 1 0.0 
P a t  M ay se 64. 6 1 24.5 4.6 1 93 .7  
Crook 0.0 7 . 2  0 . 0  7 . 2  

S U L P H .J R -
R iver Crest 0.0 7.2 0 .0 1 . 2 Y 
T e x a r k a n a  2,509.0 1 45.3 0 .0 2 ,654.3 

C Y P R E SS -
F ra n k l i n  Co u nty 

( B i g  C y p ress C reek ) 0.0 7 1 .8 1 . 2 73 .0  
E l l iso 'l Creek 0.0 23.9 0 .8 24.7 
J o h nson Creek 0.0 1 0 . 1  0 .0  1 0. 1  
La k e  0 '  t h e  P i nes 587.2 243.2 1 1 . 7 842 . 1  
Caddo 0.0 1 36.5  38. 5  1 75 .0  

S A B I N E -
Tawak o n i  0.0 907. 2  29.0 936.2 
H o l b rook 0.0 7 .8  0.2 8.0 
Qu i t m a n  0.0 7 .4 0 .0  7 .4 
H awk i ns 0.0 1 0.0 0.3 1 0 .3  
W i n n sboro 0.0 6 .6  0.0 6 .6  
G l a d ewater 0.0 6.2 0.7 6.9 
C h erokee 0.0 43.6 3 . 1  46.7  
M u rva u l  0.0 43.7 2 . 1 45.8 
Toledo B e n d  0.0 3,790.8 686 . 2  � 4,477 . 0  

N E C H E S -
F lat Creek 0.0 2 7 .0 5 .8 32.8 
Pa l est i n e  E n l argement .§/ 0.0 40 1 .4 8 .6  4 1 0.0 
T y l e r  ( I n c l u d i n g  

Ty hH E ast) 0.0 85.5  1 .9 87.4 
Jackson v i l le 0. 0 29.8 0. 7 30. 5 
Stri k er Creek 0.0 23.9 2 .8 26.7 
K u rth 0.0 1 6 .2 0.0 1 6 . 2 y 
Sam R a y bu r n  1 , 1 48.9  1 ,400.6 1 ,452. 0 _!/  4,00 1 . 5  
B .  A. Stei n h agen 0.0 40.3 28.4 68 . 7  

T R I N I T Y -
A m o n  G .  Carter 0.0 1 6 .0 4 .0 20.0 
B r i d geport 0.0 396 . 1  3 7 . 0  433. 1 
E a g l e  M o u nta i n  0.0 1 35 . 5  4 7 . 2  1 82 . 7  
W o rth 0.0 30.6 3.0 33.6 
Weatherford 0.0 1 5 . 2  4 . 4  1 9 .6  
B e n b ro o k  76.5  7 7 .5 1 0.8 1 64.8 
A r l i ngto n 0.0 43.0 2 . 7  45.7 
W a l n u t  C reek 0.0 2 .9  1 . 1 4 .0 
M o u n ta i n  C reek 0.0 1 1 .2 1 5 . 9  2 7 . 1  
G a rz a - L i ttle E l m  520.9 48 1 .8 0 .2  1 ,002 . 9  
N o rth 0.0 1 7 . 0  0.0 1 7 .0  
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Table 1 .--l ncremental Capacities of Reservoirs, Existing or U nder Construction--Continued 

BAS I N  & R ESE R VO I R F LOOD CONSE R V ATI O N  DE A D  TOT A L  
C O N T R O L  

T R I N I T Y  ( Co nt' d . ) -
G rapev i n e  238 . 3  1 65 . 1  23.4 426.8 
W h ite R ock 0.0 8.2 4. 1 1 2 . 3  
Lavon E n l a rgement 4 1 2 . 5  95 .8 47.8 556 . 1 
R a y  H u bbc rd 0.0 483.7  6 .3  490.0 
T r i n i dad 0.0 7.8 0.0 7 .8 Y 
Terre l l  0.0  7 . 3  1 .0 8 . 3  
J oe B .  H og sett 0.0 66 1 . 1  1 7 .9  679.0 
T u rk ey C reek 0.0 3.6 1 . 1 4 .7  
W a x a h ac h i� 0.0 1 2 . 6  1 .0 1 3. 6  
B a rd we l l  79 .6  49.5 5.4 1 34.5 
H a l bert 0.0 6.6 0 .9  7 . 5  
N avarro M i l l s  1 43.2 53.2 7 .7  204. 1 
H o u ston Cou nty 0.0 1 8 .8 0.8 1 9. 6  
L i v i n gsto n  0 . 0  1 ,675.0 75 .0  1 ,750.0 
W a l l i sv i l l e  0 . 0  46.7 1 2 .4 59. 1  
A n a h u ac 0.0 35.3 0.0 35.3 .Y 

S A N  J A C I N TO -
Co n ro e  0.0 420.5 9.8 430.3 
H o u ston 0.0 1 1 6. 7  41 . 6  1 58 .3  
S h e l d o n  0.0  5 .4  0 .0  5.4 
A d d i c k s  204.5 0.0 0.0 204. 5 
B a r k e r  207.0 0.0 0.0 207.0 

B R AZ OS -
B uffa l o  S p r i n gs 0.0 5.4 0.0 5 .4 
W h ite R iver 0.0 36.4 1 .8 38.2 
Sweetwater 0.0 8.2 3 .7  1 1 .9 
A b i l e n e  0.0 8 .0 1 .8 9.8 
K i rby 0.0 4 .8 2.8 7.6 
F o rt P h a nt o m  H i l l  0.0 67 .0 7 . 3  74.3 
Stamford 0.0 47 .6  1 2 .4 60.0 
H u bbard Creek 0.0 277 .8 40. 0  3 1 7 .8 
D a n i e l  0.0 3.0 7.0 1 0. 0  
C isco 0.0 6.5 2 .4 8 .9  
Leon 0.0 1 7 .5  9.8 2 7 . 3  
G ra h a m  0.0 47.0 5.6 52.6 
Poss u m  K i 1gdom 0.0 1 88 . 1  536 . 3  7 24.4 
P a l o  P i nto C reek 0.0 39.5 4.6 44. 1 
M i neral Wel l s  0 . 0  5 . 0  3 . 4  8 . 4  
DeCo rdova Bend 0.0 1 05.4 44. 6  1 50.0 
P rocto r 3 1 4.8 37 .5  2 1 .9 374.2 
Pat C lebu r 1e 0.0 1 8 . 3  7 . 3  2 5 . 6  
W h itney 1 , 372.4 38 1 .9 245 . 2 .11 1 ,999.5 
Waco 553.3 1 04. 1 69.0 7 26.4 
Belton 640.0 398 . 5  59. 1  1 ,097 . 6  
N o rth S a n  G a b r i e l .§/ 8 7 . 6  29.2 1 4. 0  1 30.8 
Laneport E./ 1 62 . 2  3 7 . 9  44. 1 244.2 
St i l l h o u se H o l low 394.7  2 1 8.2 1 7 .5  630.4 
Lake Creek 
Mex ia 0.0 0.0 � 1 0.0 1 0.0 
Trad i n g  H o � se C reek 0.0 37 .8 0.0 37.8 
Camp Creek 0.0 7 .7  0. 9 8 . 6  
A l coa 0.0 1 0.5  0 .0 1 0. 5  
S o m e rv i l l e  347 .4 1 6.0 9 .2  372 .6  
S m ithers 0.0 1 8 . 0  0 . 0  1 8 .0 
W i l l i a m  H a rr is  0.0 1 1 . 1  0. 9 1 2 .o .Y 
E agle N est -- Ma n o r  Lake 0. 0 1 8 .0 0.0 1 8 .0 
B r a z o ri a  0.0 2 1 . 3  0. 7 22.o .Y 

CO L O R A D O -
J .  B .  T h o mas 0.0 1 7 2 . 1  3 1 . 6  203.7 
C o l o ra d o  C i t y  0.0 2 1 .6 9.4 3 1 .0 
C h a m p i o n  C reek 0.0 36.8 5 .8 42. 6  
R o bert Lee 0.0 454.8 34.0 488.8 
O a k  Creek 0.0 34.5 4.8 39.3 
San A n ge l o  277.2  1 07 .0  1 2 . 2  396.4 
Twin B u ttes 454.4 1 7 1 .9 1 4. 3  640.6 
Naswort h y  0.0 1 2 .4 0.0 1 2 .4 
C o l e m a n  0.0 36.9 3 . 1  40.0 
H ords C ree!< 0.0 8.5 0.2 8.7 
B ra d y  CreH< 0.0 28.6 0.5 29. 1 
Brow nwood 0.0 1 33.2 1 0.2 1 43.4 
B u c h a n a n  0.0 756.9 235.2  992. 1 
I n k s  0.0 1 7 .0  1 7 .0 
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Table 1 .-- 1 ncremental Capacities of Reservoirs, Existing or U nder Construction--Continued 

BASI N & R ESE R VO I R  F LOO D 
CON T R: O L  

CO LO R A D O  ( Co n t' d . ) -
L y n d o n  B .  J o h nson 0. 0  
M arble F al ls 0.0 
Trav i s  778.0 
A u s t i n  0.0 
Decker Creek 0 . 0  
B a stro ::: 0 . 0  
E a g l e  Lake 0 . 0  

G U A D A L U P E -
Ca n y o ,  354.7 
D u n l a p  0.0 
M cQ u ee ney 0.0 
H -4 0 .0 

S A N  A N TO N I O -
M e d i n a  0.0 
V icto r B rau n i g  0.0 
C a l averas Creek 0.0 
O l mo s  1 5. 5  

N U E C E S -
U pper N u eces 0.0 
Corpu� C h r isti 0.0 

R I O  G R A N D E -
San E s taba n 0.0 
R ed B l u ff 0.0 
B a l m o r h ea 0.0 
A m istad 1 ,7 7 5.0 

Texas S hare 997 . 6  
Casa B a n ca 0.0 
I n te r n at i o n a l  F a  I c o n  

Su m m e r  Sto rage 909. 5  
T e x a s  S u m me r  S h a re 533.0 
W i nt.�r Sto rage 509.5 
Texas W i nter S h a re 298.6  

C O A ST A L -
B i g  H i l l  0 . 0  
H i gh l a nd s  0.0 
A u st i n  
A l ice Te r m i na l  0.0 
Tranqu i tas 0.0 
M o nte A l to 0.0 
V a l l ey A c res 0.0 
L a m a  A l ta 0.0 

----

T O T A L-ZL 1 7 ,587.9 

..!!M i n i m u m  pool  f o r  h y droelectric p o w e r  generat i o n .  

3./off-ch a n ne l  rese rvo i r. 
21R eserv o i r  w i l l  be sed i mented by 2020. 
�M i n i m u m  pool  f o r  thermal  power genera t i o n . 
JVLa n d  acq u i s it i o n  i n it iated. 

_§/La n d  : teari ng. 

CONSE R VATI O N  D E A D  

1 1 7. 3  2 1 . 2  
8.8 

1 , 1 72 . 0  
2 0 . 0  1 .0 
33.9 0.0 
1 6.6 0 .0 

9 .6 0.0 

383.3 2.9 
3.6 2 . 4  
5 . 0  0 .0 
5.4 1 . 3 

25 1 . 7 2 . 3  
26.5 0 . 0  
63.2 0.0 

0.0 0.0 

7.6 0.0 
259 . 1  42.9 

1 8. 8  0. 0  
307.0 3.0 

5.9 0. 5 
3,000.0 550.0 
1 ,686.0 

20.0 0 .0 

2, 1 1 2 . 3  258.9 .1/ 
1 ,237.8 
2 ,5 1 2 . 3  258.9 1./ 
1 .47 2.2  

32.0 0 .0 
5 . 6  0 . 0  

7 .0  0 .0  
6 .0  0 .0  

25 .0 0.0 
7 .8 0.0 

26.5 0.0 

28,653.4 6,275.7 

TOTAL 

1 38.5 
8.8 

1 ,950.0 
2 1 .0  
33.9 
1 6 .6

y 9.6 2 

740.9 
6.0 
5 .0  
6 .7  

254.0 
26.5 -y 
63.2 
1 5. 5  

7 . 6  
302.0 

1 8.8 
3 1 0 . 0  

6 . 4  
5,325.0 
2 ,683.6 

20.0 

3,280.7 
1 ,770.8 
3,280. 7  
1 ,7 70.8 

32.0 
5.6 

7.0 
6 .0  

25 .0  
7 .8 

26.5 

52,5 1 7 .0 

�F o r  reserv o i rs o n  bou n dary streams, t h e  total storage ( not t h e  T e x a s  share) has b e e n  i n c l u de d .  F o r  I nter n at i o n a l  F a l c o n  the 
w i nter st ::: rage f igu res h ave been i n c lu de d .  
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Table 2.--l ncremental Capacities of Reservoirs, Proposed and Potential 

Storage Capacity in 1 ,000 Acre-Feet 

BAS I N  & R ESE R VO I R  F LOOD CONSE R V A T I O N  D E A D  TOTAL 
CON T R O L  

R E D-
L o we r  M c C l el l a n  Creek 0.0 22.0 1 06.0 1 28.0 
Lel ia L a k e  C reek 0.0 1 7 . 2  3 . 0  20.2 
Sweetwater Creek 0.0 49 .2 1 6 . 5  6 5 . 7  
R i nggc l d  0 . 0  41 3 . 1  1 9 . 9  433.0 
B o n h am ( B o i s  D "  A rc )  48. 5  75. 1 7 . 0  1 30.6 
B i g  P i r e 54.7 7 7 .9 6.0 1 38 . 6  
Peca n 3 a y o u  52.4 564. 3 8 . 3  625.0 
L i bert11 H i l l  0.0 89.8 7 .9 97. 7 
B a rk m a n  Creek 0.0 1 0.8 5 . 1  1 5 .9 

S U LP H U R -
Co ope,- 1 27 . 5  273.0 9 .3 409.8 
Park h o u se I 0.0 548 . 2  87 .2  635.4 
Park h ou se I I  0 . 0  750. 1 96.9 847.0 
N ap l es ( I n i t i a l )  0.0 1 ,466.5 1 35.8 1 ,602.3 

( L it i m ate) 7 0 1 . 7  2 ,220.0 1 90.0 3, 1 1 1 .  7 
Texark a n a  E n l argement 1 , 687. 7 802.9 1 25 .8 2 ,61 6.4 

C Y P R E SS -
T i t u s  C o u nty 0 . 0  3 1 1 .3 2 .9  3 1 4.2 
Marsh a l l  0. 0 7 7 5.0 7 .3  782. 3 
B l ack C y p ress 0 .. 0 820.0 4.4 824.4 
Caddo :: n l a rgement 0 .. 0 2 1 3 .5  38. 5  252.0 

SA B I N E --
M i ne o l a  674 .. 5 370. 1 20.4 1 ,065.0 
Lake F o r k  41 3 .. 2 62 1 . 5 1 8 .9 1 ,053.6 
Big Sa 1dy 1 63 . .  7 2 1 5 .3 6 .9  385.9 11 
K i l go n� N o .  2 0 .. 0 1 4.0 1 .0 1 5. 0  1 
Cherokee N o .  2 0 .. 0 1 1 0 .6 1 . 7 1 1 2 . 3 1/ 
Cart h age 636 .. 6 456.5 41 .0 1 ' 1 34. 1 
B o n  W i e r  
Sa lt W ater B a r r ier !if 1 24 . 5  2 1 5 .3  23.0 362.8 

N E C H E S -
Wec hes 839 .7  1 ,401 . 7 26.2 2,267 . 6  
P onta 5 1 7 .8 805.8 25.5 1 ,349 . 1  
R oc k l a r1 d  1 ,502 . 5  1 , 789.9 58.9 3,351 .3 
Salt W ater B a r r i e r � 

T R I N I T Y -
B r i d geport E n l a rgement 0 . 0  396. 1 37 . 0  433. 1 
A u brev 258 . 3  603.8 37.8 899.9 
Garza- L i tt l e  E l m  Y 331 . 6  630.6 40. 7  1 ,002.9 
L a k ev e w  1 36 .7  306.4 45. 6  488.7  
Te n ne ssee C o l o n y  2 , 1 8 7 .8 2,044.6 328 . 6  4,56 1 . 0  
B ed i as 0.0 488.0 1 6 .7  504.7 

SAN J A C I N TO -
C l evel .:md 0.0 479.8 4.2 484.0 
Lower E a st F o rk 0.0 330.7 7 . 3  338.0 
Lake Creek 0.0 200.0 6 .0  206. 0 

B R A Z OS -
M i l l er!; Creek 0.0 7 . 4  1 8 . 1  25.5 
B reckHn ridge 0.0 550.0 67 .0 6 1 7 . 0  
Step henv i l l e  0 . 0  40.6 1 0.9 5 1 .5 y 
Aq u i l la Creek 1 1 1 .5 59.7  28. 1 1 99.3 
Cameron 0.0 1 ,200.0 1 8 .0 1 ,2 1 8.0 
N avas·Jta No. 2 550 . 7  1 ,31 5.4 69 . 5  1 ,935.6 
M i l l i ca r1 359.0 1 ' 1 25.8 72.0 1 ,5 56.8 
South :San G ab r i e l  46.5 30.2 8 . 0  84.7 

C O L O R A D O -
Stacy 6591 .3 650.0 50.0 1 ,359.3 
U pper Pecan B ay o u  1 02 . 7  93.5 1 0. 1  206 . 3  
C l y de 0.0 4.7 1 .0 5 .7  
San Saba 331 . 6  1 95.6 5.0 532.2 � 
M as o n  43:::.8 3 1 9 . 9  1 5 .2 768.9 � 
Pedernales 2 1 2.0 233.4 5 .0  450.4 � 
C o l u m b u s  B e n d  48 1 . 7 483.9 88. 1  1 ,053.7 
M atagorda 0.0 6 1 .4 28.6 90.0 
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Table 2.-- l ncremental Capacities of Reservoirs, Proposed and Potential--Continued 

BAS I N  & R ESE R VO I R  F LOOD CONSE R V AT I O N  
CON T R O L  

L A V A C A -
Pa l metto B e n d  0.0 

G U A D A L U P E --
I n gra m  36.4 
C l opt i n  Crm,s i n g  1 07 . 0  
Lock h a rt 0.0 
C u e ro I a n d  I I  843.0 
C o n f l u e n ce 0.0 

S A N  A N T O N  1 0 -
C i bo l o  2 1 8 .0  
G o l i ad 702.0 

N U E C E S-
C h o k e  Ca n v on 0.0 
R & M  0.0 
M a nte l l  239.3  
C o nc a n  1 4 1 . 2  
S a b i n a l  89. 1 

C O A ST A L -
G a rc itas 0.0 

T O T A L - 1 6, 1 24.2 

.!/P ote ntial  a l te r n ate to o bta i n i n g  water from S a b i ne R iver. 
Ycapacities after sto rage e x c h a nge w ith A u brey R eserv o i r. 
YPote n t i a l  a l te r n ate to o bta i n i ng w ater from P rocto r R ese rv o i r .  

YA iternate for Col orad o R iver devel o p ment. 

�A ltern ate f o r  N u eces R iver deve l o p m e n t  . 
.§/Locat i o n  a n d  capac i ty not determ in eel as yet. 
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230.0 

53.5 
1 46.8 

59.9 
2 , 8 1 6.0 

406.0 

1 7 2 .0  
958.0 

686.0 
672.4 

1 .0 
0.0 
0. 0 

63.0 

33,6 1 6.7 

D E A D  

55.0 

0.5 
3.2 
9.5 

50.0 
33.0 

28.0 
42 .0 

1 4.0 

1 2 . 0  
7 .8 
4.2 

4.0 

2,383.0 

TOTAL 

285.0 

90.4 
257.0 

69 .4 
3,709.0 

439.0  

41 8.0 
1 ,702.0 

700.0 .§.! 
672.4 .§.! 
252.3 
1 49 .0  

93 .3  

67 .0 

52 , 1 23.9 
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