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FOREWORD

The Texas Water Deve lopme nt Boa rd has, in c omplia nc e wi t h t he r equireme nts

of t he Wa te r Resou rces Adm inis t ra t ion Act, prepared a pr elimina ry Texa s Wa te r

Pla n and he l d 27 publ i c hearings in riv er bas ins t hroughout t he Sta te on its

pre liminary plan. I n add i tion , t he Board held t hree publ ic mee t ings t o assu re

t he wides t poss i ble d is t r ibu t ion of i n f ormat i on conce r n ing the Plan . At each

of t hes e hea r i ngs, t he Board presen ted its pre l imi na ry Pl an f o r deve lopmen t of

t h e r iv er basin in wh i c h the he ar ing was held , ou t l ined proposed diversions

t ha t we re a part of the Pl an , and invited t he views, commen ts, c ri t icisms and

sugges tions of tho s e intere s t ed in wa te r deve lopment.

The Wa te r Resources Adm i n is tra tion Act, d irecting t he preparation of the

Texa s Wa ter Pl an and the h ea r ings , r equ i r e s t ha t "there a f t e r in preparing its

p lan the Board sha l l g ive considera tion t o t he effec t such plan will have on

t he present and fu ture development, e conomy, genera l we lfare, and water r equ ire

ments of the a reas of such r i v e r basin" or "o f t he areas a f f e c t e d" .

On September 21, 1966 t he Board re leased a s tatemen t relative to the pre

l i mi nary Pla n and ou tl ined a program of work to examine i n as much detail as i s

l o g i c a l and feasib le each of t he many valid sugges tions, c ri tic isms and pro 

posa ls fo r Plan modi f i cat ion or a l te r na t ives t o the proposed Plan .

As a cont inua t ion of i ts po l icy o f pr oviding t he wides t possible d i s t r i 

bution of i nforma tion concerning t he pre lim inary Plan the fo llowing three pape rs

were prepa red and presen ted at the Octobe r 1, 1966 mee ting of the Texas Sect ion

American Soc ie ty of Civi l Engineers . These papers desc ribe information r e l ativ e

t o t h e Pre lim i nary Pl a n a nd do not r e f l ect possib le modifications to t he Plan
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wh i ch may r esu l t f rom the program o f work ou t l ined by the Boa rd in its

Sep tembe r 21 , 1966 sta t ement.

The Board i s apprec iativ e of the active con s i derat i on the Texa s Section ,

American Society of Civil Enginee r s has g iven t o sound wa te r resources plan-

n i ng a nd deve lopment i n Texa s .

Texas Water Development Board

~
)j. ~»z,

oe G. Moore , Jr .
Execut i ve Dire ct or
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Introductio n

Dur i ng the pe r iod fo l lowing World War I I Texa s experienced al l the problems

asso ciated wi t h growth including i nadequate fa cilities to mee t mus hroom i ng water

requirements, floods, an i nt e ns i v e interest i n wa t e r - o r i e nt e d recreation, deple 

tion o f ground wa t e r reservoirs , agricultural drainage, erosio n and needs for

so il conse rvation , pollution problems of streams a nd in the major ba y an d

estua ry systems, and nee d for enlarged and new navigation facili ties .

I n 1964 Texas faced a mult itude o f uncoord inated wa t e r development pr opo 

sa ls by c ities, re gional water au tho r i ties and distr icts, and Federal agencies,

a gg regating proposed cos ts in excess of 5 billion do llars . Ma ny proposals were

confl icting, and s e r i ous omissions in planning co nc e pt s were ev i dent. Governor

John Conna l l y in August 1964 author i zed the State a ge ncies to ca r ry on a n a c c e l 

erated planning program and develop a l ong- r a nge State Water Plan, comprehensive

in sco pe , and to include all areas o f the State . Th i s a ccelerated pl anni ng

program was t o include but not be limited t o co ns i de r a t ion o f all pr o posals by

Federal a gencies together wi t h t hose by non-Fe dera l entities.

This paper des cribes the a pproa ch t o pl a nning, planni ng co nc e pt s a nd pl an

ning pro bl ems , and summarizes t he prelimi nary Texa s Wa t e r Pla n.

Previous I nv es t i ga t i ons

Planning f or t he develo pment a nd us e o f Texa s wa t e r evo l ved throu gh the

pas t fiv e decades as the problems, needs, a nd i n t e rrela t i o ns h i ps regarding wat e r

were be t t e r define d. This evolution re su l t ed from a combina t ion o f ec onomic,

e ng ineering , political a nd sociologi cal fac t ors . Economic growt h an d wa t e r

s horta ge s provided the i mpe t us , and the s co pe of planning broa de ned a nd
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deepened with an increasing aware ne s s and unders t andi ng o f t he nume rous wat e r 

related fact ors affecting the growth o f t he Sta te and t he Nat io n .

The 1950 through 1956 d r oug h t affec t ed t he ent i r e St a t e . Two hundred fo rty

f our o f the State' s 254 counties were designated as drought disas t e r areas .

Following Wo r ld Wa r II water faci lit ies l a gge d behind growing mu nicipa l a nd

i ndustrial requ irements . I n 1949 Texas ha d 63 major dams i n opera t io n and 12

unde r cons t ruc tion . Construc t ion was ini t iated on 27 more dams dur ing the per

i od 195 0-195 6. Thos e which were comp leted dur ing the dr ough t prov i ded little

immediate re lie f s ince t here was very little water in the s t reams t o i mpound.

Ci ties a nd wa ter dis t r ic ts} depe nden t ent i re ly o r in part on ground wate r } adde d

new we l ls dur ing t he drough t years } ge ne rally fo r increased capac ity t o exis ting

systems. During t he 1951-1956 pe r iod, ove r 600 c i t ies or wa t e r districts added

new we l l s .

Heavy ra ins du r ing t he pe riod mid -March to early June resu l t ed i n f lood i ng

i n most area s o f Texas. The Legis la t ure cons idered t he recent exper ience o f

Texas and i n spec ia l session in late 1957 adop ted the Water Pla nni ng Act of

1957 . That Act provided for the creat ion in the Board of Wate r Enginee r s of

a Pla nning Di visio n} the assignment of planning funct io ns and appropr ia t ions

f or planni ng .

The Board } in accordance l-lith the Act} prepared a progress report to the

56th Legis l ature titl ed "Texas Wa te r Resou rces Planning at t he end of t he yea r

1958." It al s o part i ci pa t e d i n the prepa rat ion of a j oi nt r e por t with t he

Corps o f Engineers} Bureau o f Rec lama t ion} and Soi l Conserva t ion Se rv ice en ti t led

''Water Deve lopme nts and Potentia lities o f the Sta te of Texas " comple ted in Jun e

1958 and la t er pri nted as Sena te Document 11 1, 85th Congress, Second Ses sio n.

Dur ing a nd fo llowi ng t he 1950- 1956 drough t the r iver au thor i ties deve lo pe d

ma s ter pla ns or reviewed and amended previous plans . Ci t ies launched i nv esti

gat ions t o determine future wate r requ irements and means to meet t he m. Fe deral
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agencies i n re s pons e t o va r i ou s Congressional directives prepa red i nv es t i ga t i o n

o f area s not prev i ously s tudied , or restudie d areas included i n prev ious i nve s ti

ga tions .

The Board , i n cooperatio n wi t h river authorit i es and c i t i e s , prepa red a

r e por t t i t led "A Plan f or Mee t i ng t he 1980 Wa t er Requireme nt s o f Tex as," Ma y

1961.

The crea t io n of a Uni t ed States Study Commiss io n- Tex as wa s authorized by

Con gressiona l Ac t on August 28 , 1958. I t s a s s i gnment was t o f ormu l a t e a basic,

compr ehensive, and integrated pl a n f or deve lo pme nt of t he l and a nd wa t e r re

sources fo r t he area of study, which inc luded 62 percent o f Texas. Tha t Com

miss ion's r e por t was publ ished i n March 1962 . While potentials f or de velopment

were enumera ted and possib le means for meeting wa t e r requireme nts sh own, imple 

mentatio n of t he ou t l i ned plan wa s no t co nt i nued by a f ormal organ i za t ion .

The Burea u o f Rec lama tion and Corps of Engineers s ubsequently comple t e d

seve ra l r e por t s on specific pr ojects me nt io ned by the Study Commission re port .

Loca l entities- -cities , river authorities, a nd wate r dis tr i c ts - - we re al so sug

ges t i ng project s in their areas , some of wh ich conf l ic t e d wi th proposa l s of

Fede ral a gencies .

At the time Governor Conna l l y' s Augus t 1964 le tter was received t he St a t e

had a t remend ous reservoir o f water res our ces pl an ning i nf orma tion. I mportant ly

the Sta te had dur ing t he previous de cades carr ied on an exte nsive data acqu i s i 

tio n pro gram on s tream flows, reservoirs and res e rvoir contents, gro und wa t e r ,

qua l ity of water, sediment l oads a nd reservoir sedimentation, evaporation rates,

wa t e r uses, topographic ma ppi ng and inventories of irriga ted and irri gab le lands.

Much o f these da ta we r e obta i ned through cooperative programs with l oca l enti 

t ies and the U.S . Geo logical Survey. Thes e da ta and a myriad of other inf or

m8 tion , whi le i ncompl e t e i n some res pects, prov i ded a basi s f or f u l l scope

pl a nni ng .

- 4 -



Approach to Planning

I n the ear l y s t age s o f de velopment of the Texas Water Plan seve ra l signifi

cant actions we re taken.

Three State s upported universities were i nv ited t o par t i c i pat e o n specific

as s ignme nt s . The Bur eau of Busines s Research and Env ironmental Engineering

Department of the Uni versi ty o f Tex as we r e asked t o provide pro jec tions of

future municipa l and industrial wat er requirements for each a rea of t he St a te,

includ ing pro jections of population, and t o pro ject the vo lume and quality

characteristics of mu ni c i pa l and industrial r eturn flows. The University o f

Texas also participated in f urther study on ba y a nd estuaries problems and

r eq uirements. Texas A&M Uni vers ity pr e pa r e d a mo numen tal i nte r disci plinary

study o f the oppor tun i t i e s for i r r i ga t i on in Texas and the needs fo r irrigat ion

wi thin the national economy and Texas oppor t un i t i es . Texas Technol ogi cal Col

l e ge made f ive studies relating to the economics of irrigation us e in the Texas

Hi gh Plains a rea a nd problems associated wi t h wa te r co nserva t ion on t he Hi gh

Pla ins a nd the r eus e of treate d sewa ge ef flue nts .

An adv i so ry and review group was fo rmed - -the Consul t i ng Advisory Pane l for

t he Plan . The Pa nel members were selected t o provide ou t s t a ndi ng l e ga l , e ng i

nee r ing , hydro l ogic, and economic capability, t o adv ise on the de ve l opmen t of

t he planni ng program, and t o rev iew t he va r ious phases of t he program as it

progres sed toward compl et i on . Its membe r s h ip include d Mr . J oe M. Ki lgore,

At t orney, as Chairman; Mr. Ha r v ey O. Banks, Consult ing Engineer; Mr. Wi l l i am

F . Gu yton, Cons u lting Hydrologis t; Dr . Al l e n V. Kneese , Resources Econom i s t ;

a nd Mr. Mason Lockwood , Consulting Enginee r .

A s tudy style d 'The Potential Con t r ibu t ion o f Saline Wa t e r Convers ion t o

Future Wa te r Sup ply i n Texas" was f ormulated in l a t e 1964 and begun i n t he spr i ng

o f 1965. This investigation of the Board under cont r a c t wi th Off i c e of Sa li ne
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Wate r, Depa rtment of t he I n t e r i o r will be completed i n the fa ll of 1966. Sou th

wes t Resea rch Ins titute, Houston, is conducting the study under c ontract with

the Board , with portions of the study carried out by Board personnel .

In addition t o increasing the ful l time s t a f f of t he State water age ncy,

cons u l t i ng firms wer e retaine d from t i me to time dur i ng the course of t he Plan ' s

preparation. Fifteen consu l ting firms were us ed f or s uch as s ignment s. Fe dera l

and St a t e agencies provided assistance a nd cons ul t ation during the co ur s e o f

the wor k .

I mportantly , all possible work which cou ld be effe ctively progr amme d f or

analyses by electronic computers was so schedu led . Hi gh s peed comput er s of the

State Comptroller, Sta te Highway Department , and the University o f Texas Compu

tation Cent er were u tilized by the staff during the preparation o f the Plan.

Planning Concep ts

Certain princip les or concepts were es tab lishe d to guide t he wate r pla nn ing

pro gram. These co ncepts expressed t he politi ca l , economic, and soc ia l va lues

es se nt i a l to natural re source develo pment and management. The Texa s Water Pla n

wa s f ormulated us ing t he f ollowing concepts of water deve lopment:

1 . Wa te r pl ann ing - and t he se lection between a lternative deve lopment

patterns - has a pro foun d i mpact on t he St a te - pol i tical ly, economica l ly,

soc ia l ly , and cultura l ly.

2. The State' s l ea de r s h i p in wate r planning i s requ ired to as s ure the

equita ble distribution o f av a ilab le wat e r supplie s in the future .

3. Surfa ce wa t e r s a r e wa ters o f t he S tat~ wi th pe rmits for use admi nis 

tered by the Texas Wa te r Ri ghts Commi ss ion.

4 . Sou nd planning r ecogni zes and i s guided by t he proper exe rcise of

the functi ons of t he State , l ocal and Fed e ra l agencies r esponsible for wate r

dev e l opme nt .
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5. Ground wa t e r in Texas is an essential resource. Study of an integratea

sys t em o f ground and surface water use t o meet t he problems o f lo cal areas of f e rs

promise o f significa nt va l ue .

6. In p lanning pos sible d iver sio ns from rive r basins , de termina t ions o f

ex cess wa ter were based not only on t he pro jected water requirements of the

bas ins o f or igin for 50 yea rs, but also provided substantia l a llowance for

f uture addi t ional requ i rement s .

7 . Wa te r qua lity manageme nt is an integ ra l part of t he planning - bo th a s

a cons tra int on meet i ng fu ture water needs when qual i ty co ndit ions ar e i mpaire d,

a nd as an ob l iga t i on whe r e streamflow is neari ng complete con t rol .

8 . Fr e s h wa t e r inflows are required t o ma i nt a i n the ba ys and e s tua r i a l

resource in Texas a l t hough the vo l umes and times o f need ca nnot be definitely

de te rmi ne d wi t h pres ent knowledge. Comprehensive study of l and and wate r uses ,

in these areas including co ncur re nt aquatic life inv estigations , i s es s ent i a l .

9 . Benefits of aesthetic a nd r e creatio nal e njoyment of t he wate r r e s ources

o f the State merit fu l l c onsideration .

10 . The Sta te mus t pa r ticipa te fina ncially i n t he co nst ruction, a nd ope r a 

t i o n and m8 intenance of some e lements of the planned wa t e r stora ge a nd conve yance

facilities if it i s , i n f act , t o be i n a pos it ion to guide t he course of water

deve lopment .

11. Both t he cost of water i n r e s e rvo irs , and t he cost of t ransportation

t o a reas o f use, shou ld be ultimately borne by t he user and those who benefit

di rectly f r om its use and dist ribu tion .

12 . Pl a nning is not a one- time effor t bu t must be a con t inui ng ef fo r t 

hence a physical plan mus t be a pa r t of a planned program o f con t i nu i ng effort

by Sta te , loca l and Fe deral i ntere sts.
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Planning Problems

Texas i s a challenging o ppor t un i t y f or a resource planning prog ram becaus e

o f i t s s ize - - 23 rive r basins requiring individual hydr ologic ana lysis; its

c l i ma t ic a nd t opogra phic div ersity; and its tra nsitio nal cha rac ter a s it moves

f rom a n agricu ltural l y- orie nt e d fro ntier to an i nte nsively urba ni z ed indus trial

iz ed e conomy.

Cl imatologica l c onditio ns in Texas are marked by extremes i n tempe ra ture,

pre c ipi t a t ion ra tes, and t he variat ion and extent o f ca tas t roph i c wea t he r which

affects a ll r e gions of t he State. The cl ima tic pa t te r ns of the St a t e a r e deter

mined essentially by the interaction of mo is t ure - l aden Gul f a i r mas s es mov i ng

northwestward i nto the State co l l i d i ng with dr yer, relatively coo ler a i r ma s s e s

moving southeas terly from the cont inental i nt e r i o r .

The wi de range in physi cal condition s con t ro l l ing wa ter re s ource occur rence

i n Texas i s principally the cons eq uence of va ria t ions i n the pla ins e nviro nme nt

whi ch charac te r i zes most o f t he Sta t e . Texas is a pa rt of fou r ma j or phys io 

gra ph i c subdivisions o f Nor th Amer ica - - the Gul f Coas ta l Forested Plain , t he

Great Wes t e r n Lower Plains , the Grea t We s tern High Pla in, and the Rocky Mount a i n

Re gion .

The State i s t opographically a series o f pla ins. From t he nor thwes t t o

t he Gulf , there are t h r ee ma jo r pl ains d ivisions- -the Stake d Pla ins , or Lla no

Estaca do, t he Nor th Centra l Pla ins , a nd the Gulf Coa stal Plains .

Topographically , Texas s lopes gene r a l ly in a northwest t o s outheas t direc

t i on . The exces s su r f ace water in t he eastern one -fourt h of t he Sta te i s at an

e leva t i on of abou t 500 f ee t or l e s s , whi l e s ome major f uture wate r de f ic i e nc i e s

in cent ra l and wes t Texa s a re at e l eva t ions of 1000 to 3500 fee t .

Discharge s of Texa s s t reams va ry wi th in wi de ran ge s as does t he precipi ta

tion rates. Approx ima te ly three-four ths o f the State's t o ta l s ur fa ce wate r
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r e s our c e oc cu rs in t he eas t e r n one - f our t h o f the State . Appr ox i ma t e l y 10 per

ce nt o f t he t o t al runoff i n t he Sta te i s f rom fla t coas t a l a r eas whe r e capture

o f the wate r is d iffi cu lt because o f l i mited res ervoir site s .

Lo ng-range wate r re s ource development requires ca reful evalua tion a nd

cons ide ra t ion of t he di s t inc t ive areas f or whi ch pla nning i s required . In Texas ,

as a cons eque nc e o f a wide range of c l imat i c, t op ographic, and economi c dive r 

sity , cer t a i n areas present unique probl ems, both of wa t e r s u pply and de velop

me nt, which do not l end t he mselves t o s olut i on by a n app l ication of sta tewi de ,

o r even basin wide , criteria.

I n the program which led t o the Texa s Water Plan pa rt icu la r at tent ion was

g iven t o t hese unique areas , and an effort made t o reach solutions which are

reali st i c wi thin terms o f the co ndit ions exis t i ng within each area, and ye t

which a r e c ompa tib le with t he ob jectives of t he long r a nge Pla n.

Futur e Requirements For Pla nning

Wate r r equirements we r e pro jected t o 2020 for muni c i pa l , i ndustria l , i rr i

ga t io n and mi ni ng wat er pur poses, together wi th requi reme nt s for nav i ga t i o n,

wi ld l i f e refuges , wa t e r qua l i ty in s t r e ams and bay and estuary, water-o r iented

recreationa l needs and op por t uni t ies , hurr icane pro t e c t i o n a nd s tream f lood

pr ob l ems, needs for a gr icu l t ura l dra i nage f or s o il co ns e rva t i on, includ i ng the

ups t r eam flood retardation program.

Proj e c t ions o f po pulatio n and industrial wa t e r requirements we re made by

the Bur eau of Bus i ness Research o f the University o f Texas in cooperation with

the Texas Water Deve lo pme nt Board. The me t hod of projection us ed ha s been de 

ve lo ped by t he Bureau of Bus i ne ss Res e a rch over t he past 17 yea r s , during which

t ime it has bee n s t udy i ng t he problems of wa t e r requirements and i ndustrial a nd

population growt h . I n the early studies, the Bureau of Business Resea rch

co l lected information on wate r use needed for compu t i ng future wa t e r
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requ i rements, bu t i n the pre sent s t udy t hes e data we re fur nished by t he Wa te r

Deve lo pment Boa rd . A continuing pr ogram has bee n ca r r ied on by t he St a te s i nc e

1955 of su r face wa te r a nd gr ound water us es by municipa l i ties a nd indust r ies.

These data wer e re che c ke d with each muni c i pa l i ty a nd a l so c ros s -checked wi t h

da ta o f t he State Department o f Hea l th . A continui ng i nve nt or y of new i ndus 

tries and expansion o f ex i s t i ng i ndustr ies, pl us pertinent munic ipa l economic

data, a re ma inta ined by the Bureau of Business Research .

I n early 1965 , the Board , in cooperatioa wi th the Burea u of Bus ines s Re

sear ch a nd t he Hous t on Chamber of Commerce Water Supply Committee, deve lope d a

quest ionna i re on i ndus tr i a l water us e . The questionnaire, transmitte d t o ea ch

i ndustri a l wa t e r user i n the St ate, pro v ided de ta i led informa tion o n the amount s

o f water us e d, t he s ources o f wate r su pply, t he amounts o f wa t e r being reused,

and info r ma t ion on the i ndus tr i es' own pro jections of their future wa t e r requ ire 

ments . The s e da t a were used, toge t he r wi th the re s our ce s information deve loped

by t he Bur eau o f Busine s s Resea rch, i n the pro jection of fut ur e industrial wat e r

re quireme nts .

The basic conside ration in popu la t ion pr o jec tions f or small a reas ..ve r e the

economic f ac tors i n each area. Fo rec ast o f po pula tion in s ma l l areas are com

pl ica ted by t he ease wi t h wh i ch popu lation moves as job o ppor t uni t ies dec l i ned

i n one a rea and expanded in another. The f or eca s t o f population us ed i n pl an

ni ng place mo re emphasis on t he number o f j obs that wi l l be prov ide d i n a given

area t han on t he birth and de ath rates i n t ha t area . Populati on f orecasts f or

each a rea have been ha rmon i ze d with t he t ota l po pu l ation f ore cas t fo r the entire

S ta t e ,

The Sta te wa s divided i nt o 32 tra d i ng a r eas, each i nc l ud i ng a majo r c i ty in

t he t e rritory su rrounding i t . Each o f these t ra ding areas was co nsidere d an

e conomic uni t ) and i t s fu t ure growth projected i n the l i gh t o f the re s ources

that it was be lieved t hat the a r ea woul d produc e a nd export i n fu tu r e years.
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When t he increase in employment ex pecte d to resu lt from this export of goods and

s erv ice s was pro jec ted, a tota l popula tion which cou l d be s upported by t his in

crea se of employment was compu ted . From the amount of wa t e r presen t ly be ing

us ed i n each area, as determined from da ta ob t aine d from t he Wa te r Dev elo pment

Board, it was then pos s ib le t o co mput e th e water r equireme nts for t he fu t ure .

The na tu re o f i ndustry and t he amount of water norma lly r e quired f or i ts op e ra 

tio n wer e taken into account an d wat er requ irements were broken down into domes

tic con sumpt ion and industrial con su mption.

Inheren t i n the pr ojectio ns i s the assumption tha t if ampl e supp l i e s o f

s a t is f a c t or y qua lity wate r a re ava i lab le at reasonable cos t t he i ndicated popu

lation and water re quireme nt leve l s wi ll be reached. A reas onab le price of wa t e r

has be en assumed t o be on t he orde r of t ho se experie nced in the past . Also

inherent in the pro j ect ion is t he a s sump t ion tha t develo pment wi l l proc eed in

accordance wi t h wha t has been fea sible in the pa s t a t t he experie nced cos t o f

wat e r a nd the res ou rces avai l able. I t is i mportant to r e cogniz e t hat proj ectio ns

o f popu l a t i o n and water requ i rements are subject to many errors , and i t is impor

t a nt t hat these project i ons be reviewed whenever new informat ion is ava ilab le .

A cont inu ing pr ogram of data collection and evalua t i ons and re gular rev iew o f

t he pro j e c t i o ns wi l l provide i nf or ma t i on f or rev i s i ng programs in t he s che duling

o f pro jec t s .

The popula tion o f Texas has increased from 1 . 5 mi ll ion i n 1880 t o 9 .6

mi l l io n i n 1960 . Dur i ng thi s 80 ye a r period the popu la t ion of Texas has in

crea s ed mo re than 6 times wh i l e the population of t he Unite d States has i n

c reased only 3 1/2 time s. Thus , the population of Tex as ha s increased mo r e

ra pidly t han the popu l a t i on in the nation a s a whole . Projections of t he

na t io na l populat ions have be e n made by the Se nate Commit tee o n Water Resources,

the Uni ted Sta tes Census Bureau, an d the Ad hoc Water Resources Council .
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Add i t iona l ly, pro j ec t ions of popu la t i ons have bee n made by the Texas A&M

Rura l Sociolo gy Depa r t ment .

Projec tions o f Sta te popu la tio ns f or t hi s plan were made i nde pe nde ntly and

then checked against t hes e f our projec tions . These comparis ons show that the

population projections us ed in the pla n a re between the min imum a nd maximum

pro ject ions of the three Federal e nti t i e s and the A&M study. The project ion

o f Sta te popu lation growth wa s distr ibuted by trade a reas , thence by co un ties

and ci t ies, in accordance with a trade area i ndustrial mode l . The popula t ion

projec tion fo r t he State is shown t o i nc r e a se from 9 . 6 mi l l ion in 1960 to 17. 8

mil l ion in 1990 to 30. 5 mi l lion in 2020 .

Per cap i ta water uses were dete rmined for each c i t y in the State for the

pe r i od 195 6 t o 1962 on a 7-yea r bas is f rom da ta obta ined from the State Depa r t 

ment of Health , a nd fo r the pe r iod 1960- 1964 from the mun i c i pa l wa t e r supply

faci l i ty i nventory conduc ted by t he s taff of t he Wa t e r Deve lopment Board.

I nf or ma tion taken from t he I ndus t ria l Water Use I nv ent or y of 1964 was utilized

to separa te i ndus trial wate r use from re po r t e d mun i c ipa l uses ) if the i ndus

tria l use was shown to come from a muni c i pa l s ystem. Th i s prevented a dupli

cation i n t he water requ i rements projections.

Pe r capi ta uses of water for each re gion of t he State were c ompared for

c ities of l i ke s izes in t he same ge og raph ic area. Projections of incre ased

uses we re als o used o n the basis of past i ncreases in ea ch re gion . Adjus tme nt s

i n future pe r capita uses we re made f or t hos e cities hav ing s ma l l e r increases

hi s t or i ca lly t o reflect increased commercial us es as t hese c i t i e s ma t ured . A

compa rison for each city was made of t he pr o j ec t ed uses wi th a l l av aila ble data,

and projec ted uses wi t h al l ava i lable reports, and projections made by o the r

a gencies and entit ies . Non - i ndus t r i a l water us age , t hat i s t he domesti c, muni

cipal and commerc ial use, was then develo pe d by mu l t i plying t he pe r ca pi ta uses
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by t he pro j e ct i o ns o f po pula t ion. The s e va l ue s we re then converted t o a nnua l

quant i t ies i n ac re-feet pe r ye a r .

The met ho do logy prev ious ly des cr i bed wa s uti lize d f or pro j ec t ing i ndu s t ria l

water requi reme n t s f or e ach t ra de area and the n in dis t r ibut ing t his i ndus t ria l

usage i n t he t ra de ar ea. Th i s distribu t ion by count ies was then recombine d to

prov ide i nf or ma t i o n by r iver bas ins.

Munic i pa l and i ndu s tria l water requir ement s fo r t he State a re shown t o

increa s e f r om 2 .58 mi l l ion acre-feet in 1960 t o 6 .5 1 mil l ion acre -fee t in 1990

t o 12. 07 mi l l ion acre- f ee t in the yea r 2020. Da ta by river ba s ins for the se

three per i od s f or the mun i c ipa l a nd industria l requireme nts are conta i ned i n

Tab l e 1.

The Soi l Conservat ion Se rv i c e ha d pr eviously ass is ted t he Board by helping

to i nventor y the Texas irr i ga t i on i n 1958 and again i n 1964. Thes e inve nto r i es

r eveale d t hat Texa s has 37 mi l lion acres phys ica l ly suited fo r irriga tion .

Al though a l l pa r ts of Texa s contain some of t he s e irr igab le lands, 60 pe rce nt

occurs i n Wes t Texa s a nd t he Hi gh Pla i ns , wi th most of t he r ema i nder a long the

Coast ) t he Coas t a l Bend , t he Winter Ga rden, areas be low the Balcones Esc arpment,

a nd in t he Lower Rio Grande Val l ey . To ob tain information on t he futu re po ten

t i a ls of i rr i ga tion on a bas is comparable t o est ima t ing future municipa l and

i ndus t r i a l grow t h a nd wate r needs, Gove rnor Conna l ly sough t and rece ived the

coope rat ion o f a s izeab le con tingent of t he staff at Texas A&M Unive rsity to

study t he pote nt ia l f or i rr igat i on i n a l l of the l and resource areas of Texas .

The A&M stud i es, showed tha t i f wate r i s not a l i mit i ng factor, physica l ly or

c ost- wise , 16. 7 mi l l ion ac r es co u ld be profitab ly irr i ga t e d to produce crops

that ca n be expe c ted t o be produced in Texa s toward f ul filli ng t he 2020 need s

for f ood and fi ber . Al l but 17 pe r cent of t h i s would be concen t ra ted i n irr i

ga t ion area s o f Wes t Texas and t he Hi gh Plains, the Val ley, t he Winter Garden,
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'I'nb I e 1. --Mun lcipa l and industrial water r e qul r emen t s by ba s i n

(in acre -feet)

196 0 1990 2020Basi n
Mun . Ind . Tota 1 Mun . I nd . ToL a l Mun . Ind . 'r o r u t

{;; I n;l c..l i il Jl 3B,204 79,9 73 11B, I77 100, 000 16 9, 900 269, 900 14 8, 00 0 223,2 00 J 71, :WO

Red 43, 240 26, 212 (,9,452 94 , 200 78,800 17J , 000 172,100 U SJ 700 2 90 , 8 0 0

S u I ph ur- 10, 366 24, 118 34, 484 2 7, 100 37 , 300 64 ,400 55 , 500 45 ,500 ior .oco
Cypr cs s 1l ,403 46,084 57, 48 7 22 , 700 81,700 104 , 400 4 1, 800 11 1, 700 l 53 , 500

Sa bi ne 23, 301 69,168 92, 469 55, 200 346 , 100 401,300 131, 200 755,600 886, 800

Nech es 30 , 04 7 120, 852 150, 899 88,000 353 ,2 00 441 , 200 20 2 ,000 668,000 8 70, 000

Nech e s-Trin it y 16,3 24 96,695 113,019 47,200 34 1, 000 388 , 200 108 ,600 703 , 100 Bl l,700

Tri ni. t y 282 J 830 119,887 q02,7 17 728,900 196 , 500 925,400 1, 394, 300 300,300 1, 6 95 , 100

trinity ·S ~n J ac in t o 5 , 6 77 4 2, 367 48 ,0'+4 12, 400 75,300 87,700 29, 600 122,50U 152, roo
Sa n Jac i n t o 176 ,799 24 8 , 80 1 4 25 ,600 445 , 300 792, 600 1, 237,900 914,600 1, 52 2 , 800 2,4 37 , 4 00

Sa n .Iuc f n t o-Braaoa 36 ,693 104 ,197 140, 890 93,200 25 4 ,500 347,700 2 1 7, 900 415 , 300 53 3,2 00

Urilz os 13 1, 034 93,087 224 , 12 1 300 , 400 159,400 4 59,800 55 7, 000 233 , 500 790, 500

Ur ~\ Z OS -Co lorado 5 , 71 3 21 ,698 21 , 4 11 12 , 900 53 , 300 66 , :WO 32 ,500 8 7, 400 11 9, 900

Co l o r ado 103, 303 40, 92 7 144 , 230 243 , 300 94,000 337 , 30 0 4 59,300 14 5 , 200 604 , 50 0

Co l or.ldo -La VlICli 1, 5 76 4 , 52 1 6 , 0 97 4, 000 35 , 900 39 ,900 7,800 80 ,800 88 ,600

La va c u 3, 239 2, 203 5 , 442 6 ,400 8 ,500 14,900 10 ,600 16 , 30 0 26 , 900

L.., va ca -C ua da Iu pe 2,010 39,2 13 4 1, 223 6 , 400 124,000 130, 400 12, 400 233 , 90 0 246 , 300

Oua dn J upc 19 ,885 23 , 862 4 3,747 48,800 41, 200 90 ,000 10 2,700 59, 000 16 1, 700

Sa n An Lon i o 99 ,783 20, 925 120, 708 23 1 , 900 48,200 28 0 , 100 369,200 78 , 000 44 7, 20 0

Sa n An t on io -Nue ces 7, 082 6 ,739 13, 8 2 1 15, 700 12,600 28 , 300 30 ,600 18 , 100 48,700

Nueccs 13 , 54 3 6, 3 70 19,913 25 , 4 00 14, 100 39 , 500 44,800 22 , 300 67,100

Nue c es vk l o G r andt~ 104 , 900 59, 083 163 , 983 213 , 300 14 7,100 360, 400 420 ,400 24 0, 600 66 1, 000

Ri o Cr nu de 90,2 75 26 , 167 116, 44 2 180,100 46 , 300 226 , 4 00 331, 900 70, 4 00 '+02, 30 0

S t.nt e 'I'o t a I 1, 25 7, 227 1,3 23, 149 2,5 80 , 3 76 3, 002 , 800 3, 511 , 500 6 , 514, 300 5 , 794 ,800 6, 2 72,700 12, 06 7, 500



i n t he rice areas along the Coast , and the Coastal Bend . The 17 percent wo ul d

be s ca t t e r ed, usual l y individual farms and f ields, i n Centra l and East Texas

s upplied from ground wa t e r or direct diversio n f rom streams and small up-st ream

on - fa rm impoundme nts.

Ground water is used fo r over 80 percent o f al l Texas irriga t ion , princi

pa lly on the Hi gh Pl a i ns and ot he r Wes t Texas a r eas, t he Wint e r Garden and f or

much o f t he rice irrigation a long the Coa s t . Grou nd wat e r is ex pe cted t o become

i ncrea sing l y unava i l ab le for economica l irriga tio n i n many of the areas, e s pec

ially i n West Texas , t he Hi gh Plains , and the Winter Ga rden . Ou t- of- State wat e r

wi l l need t o be i mported to West Texas a nd the Hi gh Plains area t o s up ply irri

gat i on need s t here that dwindling ground wa t e r cannot s us ta i n . Taking i nto

account the ant icipated reductions in gro und-wa t Er - s upp l i e d irrigation i n

amount s of irri gation t ha t can be expe cte d to be eco nomi cally fea sib le , using

on ly availab le sur f ace wat e r fr om in- State sources, a 202 0 propos ed p lan l evel

o f irrigation was determined.

I t should be made c l ea r t ha t t he propo s ed planned l evel of thi s i rr i ga t i on

i n a ny area o f Tex as i s based on the assump t ion that irrigators wi ll be able t o ,

and wi ll pa y f or , t he surface wat e r t hey use on a bas is t ha t wi l l cover the cos t

of deve lo ping and delivering t he wate r t o t he point of use . The pl a nned irr i

ga t i on, without ou t -o f -S ta t e wat e r , wi l l by 202 0 prov i de an es t ima ted 5.9 mi l 

lion ac res o f irriga tio n i n Texas. This pro posed deve lopment would inc lude

some expansio n ove r current l ev e l s i n rice produc tion on t he Coa s t } produced

in are as whe re urban an d industrial expans ion i s expec t ed t o be l e s s of a f ac 

t or in the f uture use o f both l and and wat e r; deve lopment o f upper and l ower

Coastal Bend i rr iga t ion pro jec ts i n t he Corpus Chr i s ti area which wou l d ulti 

ma tely provide one-half mi llion acres o f irrigat i on; au gmen tat i on of water

su pp ly fo r abou t 170, 000 ac r es o f Val l ey irrigation fo r which adequate supply
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is no t now availab le from t he Ri o Grande; an ul timate net expansion in i r r iga t ed

area o f the Valley of a bou t 330,000 acres.

Expansion of i r riga ted acrea ge is expected t o take place a l so in Cent ra l

a nd East Texas , but the acrea ge is likely t o r e main small compa r ed t o these

concentrated pr o jec t - type areas. I n Ea s t Texas, agr i cu l tu ra l tre nds are d is -

tinctly away from i ntensiv e c rop production, and Ce ntra l Texas area s are, in

ge ne r a l , trending s t ro ngly t oward a live stock e conomy. Neve r t he less , some ,

mos t ly individual field and farm, irrigatio n is like l y t o develop and pe r s i s t

where these tra cts a re l oc ated f or e f f i ci ent use of ava i lable ground a nd surface

water .

I r rigated areas and wate r requirements for 2020 a re shown in Tab le 2 by

r i ve r basins , and the l ands projec ted to be served f rom ground wa t e r , non-

pr oj ect surface water a nd project surface wa t e r s ources . This table does not

i nclude surface wate r requirements f or l a nds in t he Hi gh Pl a i ns , No r t h Centra l

Texas , and Trans -Pecos areas , s ome of which are cu rr e nt l y i rr i ga t e d . The acre -

age and surface water requirements f or these areas by r i ve r basi ns a re :

River Basin Acreage - l OOO Acres Wa te r Requ i rement s
1000 a cr e - f t .

Canad i a n 538 . 3 1,176. 6

Red 1, 408. 9 2,754 . 7

Bra zo s 2, 162 .5 4,326 .6

Colorado 2, 854. 9 5 , 748 .5

Ri o Grande 351. 7 1,200 . 0

7, 316.3 15, 206. 4

Wa t e r requirements for s e condary re cov ery o pe ra tions i n o i l and gas f ie lds

we re prepare d by the Mi d- Cont ine nt Oil and Gas Asso ciatio n and a ls o by Dr . Paul

Torrey, Oil and Gas Consu ltant , under con t rac t to t he Wa te r Deve l opment Board .
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Table 2. - - I rrigat ion by r iv er basins i n yea r 2020

Ground loJa t e r Use Non - Pro j ect Pr o j e ct Surface
To t al I r r iga t ion

Ba s i n Surface Wa ter Use ~oJa t c r Us e
1,000 1,000 1,000 1,000 1,000 1, 000 1, 000 1,000
Acre Acre - Ft. Acre Ac r e - F t . Acr e Acre - Ft. Ac r e Acre -F lo

Cana d ianlJ 1 ,1,42 .2 966 .2 0 0 0 0 1, 442 . 2 966 . 2
Red lj 317.8 308 .9 75 .1 135 .0 42.0 114. 0 434.9 557.9
Su l phur 0 0 14 . 8 22.0 0 0 14 . 8 22 .0
Cypres s 5 . 0 6.0 4 .8 5 . 7 0 0 9.8 11. 7
Sabine 4 .0 10 .9 31. 3 46 . 7 4 .0 16.9 39 .3 74 . 5
Nec hes 9 . 5 24 .1 12 .0 20 .6 6 .7 28 .3 28. 2 73. 0
Ne ches -Trinity 0 0 0 0 117. 0 495 . 1 11 7. 0 495. 1
Trinity 30 . 6 57. 2 109.4 131.1 20.0 91. 4 160 . 0 279.7
Trin i ty - San .j a c Ln t o 6 . 4 25.0 0 0 10 . 0 45.7 16.4 70.7
San J ac i n to 53 .9 209 .1 0 0 0 0 53 .9 209.1
Sa n J ac i n to - Braz o s 9.5 36 . 9 0 0 72 .8 332 . 7 82 .3 369 .6
Brazosl! 521. 3 472 .5 12 1. 0 1J1+.6 39. 9 96 .4 682 . 2 703 . 5
Bra zo s - Co Lor ado 15. 4 59 .7 0 0 39.7 181. 4 55 . 1 24 1. 1
Co1o r ado lf 138 .3 17 1.3 26.4 42 .9 61. 9 146 .8 226 .6 361. 0
CoLo rad o -L av ac a 17 . 0 70.0 0 0 34 .8 16 7. 4 51. 8 237.4
Lav aca 42 .3 173 . 1 0 0 42 .7 190 . 1 85 . 0 363.2
Lav aca-Guadalupe 11. 0 45 . 0 0 0 14 .0 52.0 25.0 97 .0
Guada l upe 15. 8 23. 5 22 .3 28 .6 0 0 38.1 52 . 1
San An t on i o 31. 4 49 .9 16 . 0 19 . 5 0 0 4 7.4 69.4
San Antonio -Nu ec e s 15. 8 22.0 0 0 180 . 0 313 .2 195.8 335.2
Nueces 74 . 8 125 . 9 23.0 25. 9 20 .0 35 .4 11 7. 8 187 .2
Nuec es-R i o Grand e 4.2 6.0 0 0 1,328 .3 2,803.5 1,332.5 2,809 .5
Ri o Grand elJ 38 . 5 131. 0 25.0 64 .3 322 .7 830.9 386 .2 1, 026 . 2

Sta te Total 2,804 .7 2,994 .2 481. 1 676.9 2,35 6.5 5, 941. 2 5 ,642.321 9,61 2.3

lj The s e t ota l s d o not includ e i mpo r t water from ou t -a i - S t a t e sources .
'lJ Some add i t i o na l proj ect i r r i ga t i on to be c ompl e t e d a f te r 2 020.



Projec t ions by the Mid -Co nt inent Oil and Gas Associat ion were ba sed upo n needs

in known f ields, whi l e Dr . Tor r ey's es t imates are sligh tly h i ghe r and r e fl e ct

a nticipa ted addi tional discoveries. For this reason the sligh tly h igher f igures

pre pa red by Dr . Torrey have been used f or planni ng pur poses .

Al though navigation facilities presently exis t on ly in the l ower ends of

river bas i ns and a long t he Texas Gulf Coast, consideration was given t o t he

pos s ib i l i ty o f t he f uture f eas i b i l i ty o f extension o f nav iga t ion f acilities up

t he ma in r i vers. Any s uch ex t ens ion o f navigatio n woul d requ ire a s eries o f

dams a nd l ocks at a ppropria te l ocations . Locka ge he igh t s we r e e s t ima ted from

river profiles a nd wat e r requi r ements computed on t he basis o f 12 l ockages per

day plus leaka ge a nd ev a por a t ion l osses , except f or those streams i n whi ch de

t ailed feas ibil ity stud ies were a l r ea dy available. Generally navigation l o cka ge

requirements were f oun d t o be largest in the middle t o upper por t io ns of the

river bas ins , a lthough th is va r i e d due to t he l oca tion of existing , unde r 

cons t ruction, or proposed ma j o r res ervoirs. While these upstrea m lo ck age wat e r

requirements are l a rge , the ne t basin navigation require me nt used was the l ower

mos t l ockage in t he sys t em. Naviga t i on facilities, when de s igned, s hould pr o

v i de that ex ces s l ockage wat e r from ups t r eam l oc ka ges can be diver ted fo r othe r

us es in the l ower rea ches .

Wa t e r qua lity manag ement i s a n es s en t i a l par t of the Texas Wate r Plan. Of

s pec i al conce rn i s t he quality i n streams, re se rv oirs, t he requ i reme nt f or

c lean wat er f or munic ipa l a nd o ther us e s, i nc l udi ng recre at i on, and t he effe ct

o f i ncrea sed was t e di s cha rges on downstream us es and f i s h and wildl ife . Retur n

fl ows we re computed f or the pro jec ted muni c i pal a nd industrial water require

ment s and from f uture irrigat i on . Re t urn fl ows t o streams above poss ib l e points

of diversion hav e been inc lude d with the t otal wat e r resources avai la bl e fo r

ad d i t iona l u s e s .
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Ea ch of t he wate r - re l a ted needs fo r f l ood cont ro l, hur r i c a ne pro t e c t i o n,

a gr icu l tu ra l dra inage, ups t r e am f lood r eta rda tio n, wi ld l i f e r e f uge s we r e dev e l 

oped wi th i nf orma t i on f rom a ppropr i ate St a te and Federa l agencies . The wate r

qua l it y as pec t s of t he plan wi l l be discussed in a s epara te pa pe r whi ch f o llows .

Al t hough recrea t ion is not a water requirement i n a mu l t i -purpo se pro j ec t,

economic pr oj e c t i ons of r ecre a t i onal use o f r ese rvoirs was made by the s taff wi th

t he ass is t a nce of Dr. Her be r t Grubb of Texas Te ch no l ogi ca l Col le ge and Dr . J ack

Knetsch of Resource s fo r the Fut ure , I nc . The ma thema t ica l model fo r t he pr o

jection of recreational uses o f propos ed res e rvoirs was developed giv i ng con

s i deration t o exis ting , unde r -construction and proposed rese rvo i rs t hroughout

t he Sta te . In order t o develop this model it was neces sary to ob ta i n cons id

e rab le e conomi c information in t he field f or re pre s ent a t i ve ex isting re s e rvo i rs

throughout t he State . These da ta were obta i ned in coope ra t ive fie ld surveys

made by pe r sonne l of the Texa s Wate r Deve l opme nt Boa r d and Parks and Wi l dl i fe

De partmen t , with assistance f r om the Texas Highway Depa r tme n t in the s umme r of

1965 . Recr ea t iona l da ta fo r Texas reservo i rs was a ls o ob t a i ned from surveys

co ndu c ted by t he Co r ps o f Engi neers.

Pla nni ng Methodo logy

I nve stigatio ns we re made of the amount s of ground wa t e r and s urface water

cu r rent ly us e d i n each a rea and t he sources, loca t ions and purposes o f these

us e s . De terminatio ns were mad e o f t he ad di t ional ground and surface wat e r which

co u l d be developed wi t ho ut r e s pect t o the po i nts o f us e. Gr ound wa t e r deter 

minat ions were made fo r each ma jor and mi nor aquifer and co ns ide ration g iven t o

t he qual i t y of wate r f rom t hese f ormat i on s . The add i t iona l sur f a ce wa t e r wh i ch

could be develo pe d in a basin we r e de termi ned by a series o f s t ud ies o f alte r 

na tive combinat i ons of exis ting and propos ed reservo i rs . I nitially 173 pro 

posed re servoir si tes we re i ncluded in t he pre liminary s tudie s f o r eva l ua tion .
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Inflows i nto t he existing a nd proposed reservoirs we r e mod i f i e d fo r up stream

programs of deve lopment . Al lowa nces were made fo r sediment ation to future po ints

o f time for existing an d under-construction r e se rvoirs . Es t imat e s were mad e of

the s ed imen t capacity r e qu i r e ment s for each of t he proposed reservoirs . Al t er 

nativ e pro posed re s e rvo i r s i t es, o r e nl argeme nt of ex i st ing reservo irs, were

s tudied a t var ious ca pacities wi t h vary i ng assumed combinat ions o f proposed re

servoirs at upstream loca t ions . Tota l y ie lds from the combina t ion o f va r i ou s

reservoirs wi th var ious s izes were ob ta ined . The y i e l d ve r s us capacity charac 

teristics of each reservoir we re exami ne d a nd, in co njunc t ion wi t h cos t data,

prelimina ry determinations ma de o f the op t imum reservoir cons ervation ca pac i t y .

Consideration was t hen given t o t he geogr a ph i c l oca tio n of these propos e d

re s e rv o irs a nd ground wa t e r s ource s wi th reference t o proj e c t e d wa ter require

ment s, the pre s ent s ources used t o ob ta in suppl i e s, and the mo s t economi ca l

means of mee t i ng pro j ec t ed requirements. Return flows f rom future wate r

r e qui r ement s were es t ima t ed a nd whe n above points where f l ow co u ld be c ontrolled,

add ed in as add i t iona l y i e l d . I n coas ta l basins ground wate r av a i l a ble on a

cont inu ing basis we re used as a part of t he future wa t er re quireme nt . The

remaind er o f the requireme nt s hown a s deficie ncie s we re i ndi cated t o be s e rved

by i mportation.

A fundamental c once pt adop ted ea rly in the plan f ormulation was that i nso

far as . possible wate r uses would be suppl i ed f rom wate r s ources wi th i n t he

ba s in, i nc l ud i ng s urface and ground wate r when s uch s upplies could be furnished

economic ally a nd eff ici ent ly . Af t e r the proj ec t ed 50-yea r wat e r de mands i n ea ch

basin were a na lyzed a nd an ava i lab l e i n-basin s upply planned t o me e t t he se uses ,

some basins we re f ound to have excesses and some deficiencie s o f ava i lab l e wat e r

ove r t he anticipated need o f t he ba sin in the yea r 2020 .

- 20 -



Becaus e o f l e ng th some ba sins had indicated de f ic i enc i e s i n one pa r t o f t he

ba s in a nd surp l uses i n the o t her . For examp le, t he Trinity and San Ant oni o Rive r

bas ins hav e demand s f or wa te r in t h e uppe r portions wh i ch exceed the uppe r in

bas in su pplies where the lower portions o f the bas in have i ndicate d excesses.

Be cause of t he geo graphic and hydrologic na tu re of s uch bas ins and be cause of

economic cons idera t i ons, t he excesses i n the lower bas in did no t ap pea r feasible

fo r use to meet uppe r bas in de f ic iencies.

Dur i ng the early phases o f the planning investiga tions, a l is t i ng o f the

wat e r permits and ce r t i f i e d f i l ings were rev iewed. Wa te r permi t cons ide ra t ions

on all majo r re s ervoirs and major direc t divers ions fr om s t reams were g iven the ,

f u l l es t cons idera tion i n the deve lopment of the pre l imina ry pla ns for each bas in .

The Pr e l imi nary Texas Water Pla n

Throu gh the i nf orma t i on o n wa t e r res ource s, require ments, and wate r - re l a t e d

prob l ems de veloped during t he planni ng process, and t he i nf ormation avai lab l e

from othe r s tudies, and on the bas is of the me thodo logy adopted , t he Texas Wa t e r

Plan was fo rmula ted as a flexib le gu ide to the co ur se o f wa t e r development to

the yea r 2020. The Texa s Water Plan proposes a coo rd ina t ed Sta te- Local and

Fed eral prog ram of continuing effort wh i.ch wi ll :

1. Serve pro jected 2020 munic ipal a nd i ndustr i al water requirements from

s upplie s developed f rom exis t ing and under-const ruc t ion ma jor re s e rv o irs ,

gr ound wa te r supp l ies, and 53 pro pos ed new re s ervoirs , modi f icat ion of 6 exis t

ing r eservo i rs, and cons t ru c t ion of 2 sa l r-wa te r ba rrie rs.

2 . Cons ider al l exis t ing wate r righ t s .

3 . Supply non-projec t i rr iga t ion f rom stream s an d ground water , pl us

i ncrea s e s of r i ce irrigatio n through exis ting fac i l i t ies o n the Coastal Pla i ns .
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4 . Supply new i rrigat i on projects fo r 500,000 acres i n t he Coastal Be nd

and abou t 330,000 new acres i n t he Lower Rio Grande Val ley pl us wate r fo r some

170, 000 acres previously i r r iga t ed i n t he Valley.

5. Work toward addit iona l i rri ga tion i n the High Plains and Tr a ns - Pec os

reg i on by importation o f wat e r f rom ou t - of - Sta t e .

6 . Provide for projected wa t e r requ irements for secondary o i l recove ry

pr ograms .

7 . ~~e t s tream wa te r qua l i t y r e quir eme nt s .

8 . Pr ov i de f or bay a nd estuary requ i r ement s wi t h t o l era ble wa t e r shor tage s

on i nter i m bas i s .

9 . Pr ov ide for s erving t he pro j e c t ed wat e r requireme nts of wi ld l i f e

r e f uge s .

10. Prov ide add i t iona l r e c r eat i onal oppor tunit ies i n t he proposed mu l t i -

purpose rese rvo irs .

11 . Include f l ood c on t ro l s tora ge as a pro ject pu rpos e in 30 pr oposed

reservoi rs, plus channel i mprov ement a nd levee projects.

12. I nt e gr a t e future feas ib le na v iga tion projects on Texas streams int o

t he Plan .

13 . I nclude addi t ional ups t ream wa t e r s he d programs on 17, 584 , 000 a cr e s f or

e r os ion contro l a nd land trea tment, plus 2,5 10 ad d i t i ona l f l ood water r etarding

s t ruc tures and 1, 193 mi l e s o f addi t iona l channe l i mproveme nt.

14 . Includ e needed pro j e c t s fo r dra ina ge of a gricultural we t l ands .

15 . Suppor t projects t o a l l ev i a t e natural po l l u t i on i n the upper Red and

Brazo s Rive r basins .

16. Suppo r t hurricane pro t e c t io n proj ec ts a l ong the Gu lf Coast .

The pro pos ed reservoirs co n t a i ned in t he Texas Water Pl an a re s hown i n

Table 3 t oge t her wi th t he cons t ruc t ion costs a nd capacities o f t hese pro pos e d
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Ta bl e 3 . - - Cons t r uc t ion costs and c a pacities o f pr opos ed reservo ir devel opment*

Ri v er ba s in

Red

Sul phu r

Cyp ress

Sab ine

~ec he s

Trinity

San J a c i nto

Braz os

Co lo r ado

Lavaca

Guad a l upe

Sa n Ant on i o

Nueces

Re s ervo i r

Swee t wa t e r
Ti:nbe r Cree k
Bois d ' Arc
Bi g P i ne
Pec a n Bayou
Lake Kemp modif i ca t ion

Coo per
Su lphu r Bl u ff I
Se p I e s I
Xapl e s II
Texa r ka na mod i fica tion

Frankl in Coun t y
T itus Coun ty
Lake 0 ' t he Pine s modif ica t i on
Mar sha ll

}1ineol a
Lake Fork
Kil gore No . 2

Bl ac kburn Cr os sing enlargement
Ponta
Roc kland

Br i dge por t mod i fic a t ion
Aubrey
Lakeview
Ric h l a nd Creek
Tehuaca na Cr e e k
Te nn e s s ee Co lo ny
Bed i as
Wa ll i sville
Lavon mod i f i c a t i on

Cleveland
t.cver Eas t Fork
Lake Cree k
HUQble

Mil l e rs Creek
Br e c ke nr id ge
De Co rdova Bend
S t ephenv i lle
Aquilla Cree k
North San Ga br i e l
Lane po rt
Cameron
Nav a sota No . 2
Mill teen

Rob e rt Lee
S tacy
Uppe r Pec a n Bayou
Co l umbus Bend
~a ta gord a

Br ownwood repl a c~en t

Pal metto Bend
Ca re Has

Ingram
Cl optin Cr os s i ng
Loc kha r t
Cuero ( I and II )
Con flue nc e

Cibo l o
Gol iad

Choke Canyon

Fl ood
c on t r o l

a
a

73 . 1
54 . 7

a
200. 0

127. 5
a

454.7
701 .7

1 ,687. 7

a
132.8
461. 2

a

668 . 8
357 . 6

o

o
649. 2

1 ,440. 5

o
258 . 3
13 6 . 7

o
o

2 , 144 . 3
o
a

275 .6

o
a
o
o

o
o
o
o

11 1. 5
8 7. 7

130 .1
o

550 .7
3 59 . 0

o
659 .3
102.7
481. 7

o
o

o
o

36 . 4
107. 0

o
843 .0

o

218 . 0
702 .0

o

St orage
t hou s and s
Conse r 
va tion

33 . 0
12 .0
92. 5
77.9

369.8
24 5 . 8

273 . 0
548 . 2

1, 466 .5
2 ,220 . 0

802.9

71. 8
287 . a
377 .1
77 5.0

16 7. 1
498. 8

14 .0

401 .4
8 10 . 0

1 ,787. 9

396 .1
603 . 8
306. 4

1, 000 .0
3 74 .0

1,032 . 5
488 .0

46 . 7
380 . 0

479 .8
33 0 .7
200 . 0
511. 0

17 .5
550 .0
105 . 4
40. 6
59 . 7
36 . 1
91. 9

1, 2 00.0
1, 3 15 . 4
1,1 25.8

454 .8
650.0

93 .5
395 . 2

61.4
133 . 2

230 . 0
63. 0

53.5
14 6. 8
59.9

2, 816 . 0
406 . 0

1 72 . 0
958 .0

686. 0

c a pacity i n
o f acre - f eet

Sediment

16 .9
1.0

13 .9
6 . 0

13 . 5
80 . 2

9.3
87 . 2

13 5 . 8
19 0 . 0
125.8

1. 2
2.9
3 . 8
7. 3

11. a
18.9
1. 0

8 . 6
25 . 4
58 . 9

37 . 0
37 .8
45 . 6

135 . 5
33 . 5

190. 0
16 . 7
12 . 4
92.6

:' . 2
7. 3
6. 0

15 . 0

8.0
67.0
44 .6
10 .9
28 . 1

7 .0
22.2
18. 0
69 . 5
72.0

34.0
50.0
10.1
88.1
28.6
10.2

55 .0
4.0

. 5
3. 2
9.5

50.0
33.0

28. 0
t.2.0

It. .O

Total

49 .9
13.0

179 . 5
138.6
383 .3
526 . 0

:'09.8
635.4

2 , 057. 0
3 ,11 1. 7
2, 616 . 4

73.0
4 22.7
8:'2.1
782.3

846.9
87 5 .3

15. 0

410 .0
1 , 4 84 . 6
3, 287 . 3

433.1
899.9
488 . 7

1 , 135. 5
40 7. 5

3 , 366 . 8
504. 7

59. 1
748. 2

484.0
338.0
206 . 0
526.0

25. 5
617.0
150. 0

51. 5
199 . 3
130.8
244 . 2

1, 218. 0
1 , 935. 6
1 , 55 6.8

488.8
1,359.3

206 .3
965.0

90 . 0
It.3.4

285 . 0
67 . 0

90. 4
25 7. 0

69.4
3, 709. 0

t.39 . 0

:' 18 . 0
1 ,702.0

700. 0

Cons t r uc tion
c os t i n
mi ll i on s

o f dollar s

4 . 2
2 .3

13 .9
10 .0
16 . 6

7 . 1

18.0
31. 2
74 . 9
4 1.9
13 . 0

3.5
12.0
5 . 9

25. 1

4 9. 5
45 . 9

2. 0

12 .3
51. 8
84.5

3.0
34 . 1
31.8
30 .0
1 9 . 7

137 . 1
25 .2
16 . 3
3 1. :'

18 . 7
3S. I
15 . 0
60. 0

5 . 4
19 . 6
15 . 0

2 . 5
23. 6
14 . 1
32. 2
32 . 5
6 1. 1
58 . 6

12 . 8
26. 4
10 . 5
:'4 .2
31.3
7. 3

51. 0
22. 0

8 .'
14 . 5

5.0
117 .5
61. 0

26.5
50.5

31.9

* Does no t i nclud e s a l t - wa t e r bar r i e r s
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r e s ervoirs . The tota l capi t al cost of t he un its of the Sta te Wa t e r Pr oj ec t and

t he r e s ervoirs not a part of the State Wa te r Projec t t ota l $2 ] 734 ]000]000 .

Each of the proposed r e s e r vo irs were examined fo r a s tagi ng i n or de r t o

mee t the pro jected water requi r emen ts t ogethe r wi t h t he exis t i ng s ources of

supp ly . This investigation r esulted i n t he prel imina ry stagi ng o f res e rvoir

cons truction for the period 1967 to 2020 contained in Table 4 .

The Next Steps

After completio n of the pre l iminary Plan the Wa ter Deve lopment Board

pr e pare d 23 s e para t e r e por t s conta ining summa r ie s of t he propos ed pre l imi na r y

Pla n of wate r resources deve lopment i n each of the river bas ins . The Boar d

t he n held 27 publ ic hearings i n river bas i ns th roughou t t he Sta t e on its pr e 

limi nary plan for the development of Texas wate r r es ourc es t o meet water need s

f or the nex t 50 yea rs. In addition] t he Board he ld 3 pub l i c mee tings t o as sur e

the wides t d i s t ribut ion of i nforma tion conce r ni ng t he Pla n.

At each of these hearings the Board presented i t s pre l iminary Plan fo r

development of t he river basin in which t he hearing was held] outlined proposed

di versions that were a part of the p lan~ and invited the views, comments, cri t i 

c isms and sugges t ions of those i nt e re s t e d i n wat e r deve lopment. Testimony was

recor ded and an opportuni ty given fo r forma l s ta tements t o be added t o the

off icial r e cor d by September 15] 1966] or 30 days afte r t he hear ing da te ]

whichever was l ate r.

The Wate r Resou rces Adminis t ra t ion Act] d i recting t he preparat ion of t he

Texas Water Plan and the hearings] r equ i r es t hat

'The r e a f t e r i n pr epar ing t his Plan t he Boa r d sha l l give co ns i derat ion

to t he effects such Plan wi l l have on t he presen t and future deve lop

ment, economy, general we l f are , and water requirements of the areas

of such river bas in II
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Table 4 . - - Pr e l imi nary staging o f reservoir construction , 1967 - 2020

196 7 - 1979

Cooper
Cuero I & II
Gol iad
Palme tto Bend
Cibolo
Confluence
Aubrey
La keview
Columbus Bend
Garc itas
S t ephenv ille
Clop t i n Crossing
Aquilla Creek
Mill i ca n
Brownwood Repl acement
Loc khart
Breckenrid ge
Bois d'Arc
Lake 0' the Pines Modification
Kil gore No. 2
Timber Creek

1980 - 1990

Ri ch l and
Tehuacana
Ingram
Mi neola
La ke Fork (Sab ine)
Stacy
Sulphu r Bl u ff I
Choke Canyon
Mi lle r Creek
Roc kla nd

1990 - 2020

Swee twa ter
Naples I & II
Texarka na Mod i f i ca t ion
Pecan Bayou
Ma rsha ll
Bedias
Cameron
Big Pine
Upper Pec an Bayou
Ponta
Cleve land
Humb le
Lower Eas t Fork
La ke Creek
Nava so ta No . 2
Ma t ago rda
Frankl i n County
Ti tus County--Staging

de pe nde nt on navigat ion

Alread y Scheduled for Construction

Bridge port Mod i f ic a t ion
Lavon Mod i f i ca t ion
Bl ackburn Cross i ng Enl a rgemen t
No r t h San Gabr iel
Laneport
\Va ll i sv il le
De Cordova Bend
Robe r t Lee
Lake Kemp Mod ifica t ion

Tennes s ee Colony - Aut ho rized , possibly ea rly c ons truc t i on fo r flood control.
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or "o f t he a reas affec ted." During the i mmed i ate fu t ure, the Board wil l be

engaged i n this process.

The Boa rd i n a statement r elease d on September 21, 1966 ou t l i ned a 16

item work program of studies of a lternat ives. The Board wi l l proceed with

these engineer ing, hydrologic, and economic s tud ies as rapid ly a s pers onnel a nd

funds pe rmit, to ana lyze the suggestions, cri t ici sms, and a lternat ive s pre s ent ed

at the publ ic hearings. These s tudies and others as the Board may determine,

wi ll be conducted t o provide adequate informat ion on the bas i s o f wh ich pro posed

modifications of the p lan may be accepted or rejected.

The s ta tute states:

'When t he Board has prepared and examined the completed

Plan, the Tex as Water Commiss ion or its successors shal l,

upon request of the Board, hold a public hearing on s aid

Plan to de termine whe ther or not said Plan gives adequate

consideration to the protec tion of existing water r ights

in this State and to determine whe ther or no t said Plan

takes into account modes and procedures for the equi tab le

adjustment of water rights affected by said Plan. After

such hea ring and upon notification by the Texas Wa te r

Rights Commission that the Plan appears to give adequate

conside ra tion to the protection of existing wate r rights

and does take into account the equitable adjustment of

wate r r i ght s affected by said Plan, the Board sha l l forma l ly

adopt the State Water Plan."

The s ta tute furt~er provides tha t :

'When formally adopted by the Board, the Sta te Water

Plan shall be a f lexible guide to State pol icy for t he

deve lopment of water resources i n the State."
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After these ste ps a re a ccomp l ished t he State wil l have r ea che d its fir~t

obj e c t ive in pla nning- - a f lex i ble guide f or the l on g-range development of its

wa te r resources. However t he p l an is only t he f i r s t step in a long journey a nd

t he State has t o l ook t o means fo r t he plan' s imp l ementa t ion . The implementa tion

wi l l i nvolve bot h e nginee r ing and economic feasibility studies of units of the

Pla n , pl us co n t inu i ng progr ams o f col lection and a na lys i s of bas i c informa t ion

t o suppor t t he decision-ma king proces s of wat e r r es ources development. I mport 

ant ly t he planned program of work wi l l involve effo r t s by loca l, State and

Federal agenc i es .

A continuing program o f planning is essent i al for prope r sta gi ng of pro 

j ects a nd required t o prov ide fo r cha ngi ng cond i t ions, t ogether wi th modi f i 

cations indicated from fu t ure detailed feasibility studies. The statute

prov ides :

'The Board s hall a l so make such mo di fi ca t ions a nd

amendments t o s a i d St a te Wa te r Pla n as experie nced and

change d condi tions make advisable and t he Texa s Wate r

Commi s sion or i ts successo rs sha l l, when r equeste d by

the Board, ho ld a pub l ic heari ng i n t he same manne r

and fo r t he same purposes as specified herein on the

origina l State Wa te r Pl a n. Any mod ifications or amend 

ments so adop ted by t he Board sha l l become a pa r t of t he

said Plan ."

Studies made during the cour s e o f t he pla nni ng i ndicate that additional

Funds, tentatively s t yle d t he Texas Clean Wa te r Fund a nd the Sta te Recr e a t io n

Fund , wi l l need to be .cr ea t ed . The Clea n Wa t e r Fund is required t o prov i de

State as s i s t ance i n t he fi nancing of r e gional was te col l ec t ion, tre atment

and di sposa l prog rams t o be conducted by l ocal agenc ies, and the Sta te
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Recreation Fund to finance t he State 's share of co s t alloc ated to recreation and

t o the e nhancemen t o f f i sh and wi ld li f e r e sources i n connec t ion wi th t he pro

j e cts co nt a i ned in t he proposed Texas Wa t e r Plan .
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Introductio n

The de velopment of t he wate r re sources in Texas has t wo goa ls. The f i rs t

goa l is to develop those resources, including surface a nd gr ound wate r a nd

return flows, t o satisfy those needs which lie within the basin o f s u pply; and

t he se cond, t o develop a method f or supplying wa t e r t o those ba sins where wate r

demands wi thin basins with def icient supply ma y be met by transfer wa t e r f rom

bas ins of sur plus, by impor tation of wate r f rom ou tside t he s ta te, by sal ine

wate r co nve rs ion, or by exchange of water .

To ach i eve t hese two goa ls in Texa s a de ta i led study was made of t he wate r

demands by basins and supplies of each bas i n ava i lab le for supp lying t hos e

demands . A s tudy was made of al terna t ive pos s i b i l ities for the mov ement of

la r ge vo lume s o f water from areas of t he State wi t h surp l us waters t o areas of

def icienc ies uti l izing reservo irs, cana l s, pump stations, tunne ls a nd na tura l

r i v er channe I s .

I nherent in the s uccessful dev e l o pme nt of s uch a program o f wat er trans fer

was the need t o assure t ha t the needs o f each basin were met , and that the

wa te r designated to be move d f rom the areas o f surplus was truly surp l us t o

the fo r eseeable future needs of the basins of origin.

Essentia l a lso was t he need t o bui ld i nto t he Plan a program f or o r de r l y

wate r deve lopment and flexibili t y t o insure that in the yea r s t o c ome mod i f i 

cations can be accommodated wi thou t a majo r dis ruption . Such f l ex i bi l i ty can

be provide d t o a s LgnifLca n t me as ure by pro v iding suffic ient capa c i ty in con

dui ts wi th re a l i s t i c economics and f inanc ing t o provide fo r opp or tunities in

i nc r e a s i ng benefits should th ey occur .
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The plan for interbasin t ransfer invo lving movi ng water from the eas t t o

the we s t and consists of a s ystem o f reservoirs , pump sta tions , transfe r con

duits and, when possib le, natural c han ne ls . I t i s a fundamenta l premise of

the plan that the un i ts will be bu i l t a s they are requ ired.

For the purpos e of this paper , t he State Water Proj e ct has been div i ded

for convenienc e of description . These are the Cypres s , Sul phur, Red , Tr inity,

Brazos d iv i sions , a nd the Coastal Aque duc t . The Red Division includes t he pump

s t a tions a nd r e s e rv oir s ne ce s s a ry t o transport wa t e r from t he l owe r Red t o the

Su lphur a nd Trinity Basins. The Sul phur Division cons i st s of t hose reservoirs

and pumping s tations necessa r y to de velop the wa t e r s o f t he Su lphur Basin, a nd

t o transmit a portion o f the wa t e r s to the Trinity River. The Cypress Divis ion

inc ludes the r e s e r voir s and pumping plants necessa r y to develop wa t e r in t he

Cypres s Bas in, and to transport a part of the surp lus to the Sul phur River.

The Tr i ni t y Division inc ludes the conduit a nd pump stations nece s sa ry t o de l i v e r

wat e r from Lavon Te r mi na l to the Dal l as-Fort Worth area a nd t o the Trinity

Ri ve r, and the transfer facilitie s f rom t he Tr i ni t y through Rich land Creek,

Tehuaca na , and t o the Brazos. The Braz os Divisio n consists o f the Brazos Rive r

channel , t he transfer f a cili ties to the Colorado and t o Palmett o Bend Reservo i r ,

and fa ciliti es from the Colorado t o t he San Antoni o a rea . The Coa sta l Division

cons i s t s of th e res e rvoirs , aqueduct , and pump s ta t ion t o transport wa t e r from

Pa lmetto Bend to the Ri o Grande including Palmetto Bend, Confluence, Cuero ,

Cibo l o , and Goliad Reservoirs, as we l l as the Sinton, Baff in Ba y a nd Valley

re gulating reservoirs . Distances from r e f ere nc e po in t s us e d in de s crib i ng the

Proj ect are a pprox i ma te . Cos ts are based on the 1966 index.

Su l phu r Divis i on

A key e l eme nt i n t he State Wa ter Proj ect is the Su l phur Divi s ion not onl y

be caus e it provides the f i rs t blocks of wa te r f or transfer t o t he Trinity River
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Div is ion but a lso because i t provides the f aci litie s f or r eceiving wat e r f ro m

the Red River and t he Cypress River basin for t ransfe r west . By the yea r 2020,

the uni ts i n the Sulphur Di~ision wi ll i nc l ude Coope r Rese rvoir, Su lphu r Blu f f I ,

Nap les I and II , converted Texa rkana Reservoir, and t ransfer fac i l i ties.

Cooper Reservoir - Cooper Dam and Reservoi r is an authorized Feder al mu lt ip le

purpose project under design by the Corps of Engineers. The da m site i s abou t

four miles southeast of the town of Cooper on the South Sulphur River a t app rox

i ma t ely river mile 23. The r e s e rvo i r , l yi ng entirely within Delta and Hopkins

Count ies, wi l l control ru nof f from 476 s quare miles. The principal modifica

t ions which will be r equ i r ed in the project as it i s presently planned by t he

Cor ps for its i nc l u s i on within the Sta te Water Project a re the add it ion of

three conduits , contro l gates, and discharge struc tures needed for the movement

of wate r into t he reservoir from downs tream projects.

Coope r Reservoir will be used fo r flood control, water supply, and recrea

tion and will have a maximum capacity of about 441 ,400 acre-feet at the time of

construction. The cost of the structure will be approxima tely 18 million do l

l a r s . The flood control storage in Cooper Reservoir will al low for a conversion

of 120, 000 acre-feet on flood control storage in Texarkana Reservoir to water

supply storage.

Su lphur Bluff Dam and Reservo ir - The next downstream structure on t he Su lphu r

River included in the State Water Project is Sulphur Bluff Dam and reservo i r .

The Sulphu r Bluff Dam site extends across the two t ributary forks of the

Su lphur River, crossing the South Sulphur at rive r mile 3.5 and the Nor th

Sulphur at river mile 5.5. The dam site is 15 miles east of Cooper, Texas and

2 mi les no r t h of the town of Su lphur Bluff . The pro ject, wi t h i n Hopkins, Delta ,

and Lamar Counties, wil l control drainage from 1,026 square mi les, 645 from

the South Sulphur River, and 381 f rom the North Su lphur River.
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The Sulphur Bl uf f Res e rvo i r wi ll be used fo r wat er supp ly a nd fo r r ecrea

t i on and wi l l have a maxi mum capa c ity of a litt le over 1 mil lion acre -feet .

The approximate co s t of t he project is a bout $45 mi l l io n inc luding cost of

ut i l i ty and highway reloca t ions . It wi l l be const ruc ted i n two s tages , with

Sta ge I be ing on t he Sou t h Su l phur Ri ver , and Stage II a t a much l ater time on

Nor t h Sulphur River.

Na pl e s Dam and Reservoir - The Na ples Dam si te cr os s e s White Oak Bayou a t mi le

15 a nd Sulphur River at mile 115. The s ite is 43 mi les s ou t hwest o f Texarkana

and 10 mi l e s northeast o f Mt . Pleasant. The r e servoir wil l lie i n parts of 5

counties: Bowie, Red Riv er , Mo r r i s , Titus , and Fr anklin. The t otal drainage

area ups t ream from t he site is 2700 squa re miles of wh ich 700 a r e in the Wh i t e

Oak Bayou and 200 in the Sulphur Basin . There a r e f ou r o il fields--Pewitt

Ranch, Talco , Chris t mas , and Tr ix-Li z - -wi thin the res e rvoir a r ea . Pl anning

es tima tes prov ide fo r constructio n o f protective measures fo r these f ie lds .

The Naples Reservoir wi l l be used for wat e r s upply, fl ood co nt ro l and

re creation. A portion of t he fl ood cont ro l stora ge , 700,000 a c re - f ee t , wi l l

ha v e been t r a ns f e r r e d from the Texarka na Reservoi r . The to ta l co s t o f t he

res ervoir i s about 130 mi l l ion do l la rs i nclud ing the co s t o f r e l ocation of

ut i l i t i es and oi l field pro tec t ion .

Texarkana Enl a rgement - Texarkana Dam a nd Res e rvo i r is an existing Fede ra l

mu l t ip le -pur pose pro j ect co nstructed and oper a t ed by t he Corps of Eng inee r s .

I mpoundmen t bega n in J un e 1956. The dam i s e leven mi l e s sou thwest of the Ci ty

of Texarkana on the Su lphur River a t mi le 45 . The reservo i r bo r de rs Bowie a nd

Cass Counties and extends into Morris, Titus a nd Red Rive r Count i es. The t otal

cont ributi ng draina ge a r e a is 3443 square mi les . In add ition to the 120, 000

acre -feet o f f l ood co n t ro l stora ge co nve r ted i n co njunc tion wi th Coo pe r Res e r 

voir , it is anti ci pate d that 700 t hous and ac r e-fee t o f Texarka na Reservoir
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f lood cont r o l storage wi l l be exchanged f or equ i valent storage i n Napl e s Reser

voir. The tota l cos t fo r enlarging, i nc l ud i ng r aising Nap l e s Reservoir t o

accommodate exchanged f l ood control space , i s a pprox ima t e ly 14 mi l l ion dol lars .

Tra nsmission Facilities Sulphur Basin - Transmiss ion f aci liti es are needed t o

integra te the res e rvoirs i n t he Sul phur Bas i n i nt o t he coor dinated sys t em o f

tra nsfer e nvisioned by t he Sta te Water Pro j ect . Thes e transmission s ystems

include : Na pl e s Transmission Channel and Pump s ta t ion trans porting wat e r fro m

Texarkana t o Naples Reservoir; Talc o Transmiss i on Cha nnel and Pump Sta t ion and

Su lphur Transmi ssion Channe l and Pump Stat i on ca r ry ing wate r f rom Naple s Reser

vo i r to Su lphur Bluff Reservo i r ; Cooper Tra ns mission Channe l a nd Pump Sta t ion .

The Naples Transmission Channe l wi ll sta rt at t he upper e nd o f the Texarkana

Reservoir and wi l l convey wate r 20,000 feet t o t he Naples Pump St a t ion . This

canal wi ll f o llow the gene r a l alignment of t h e natural r i ver channe l .

The Naples Pump Station wi l l be near the l ef t (no rth) edge of t he Su lphu r Rive r

f loodplain a nd near the downstream t oe o f Nap l es Darn, and wi l l lift Texarka na

Rese r voir wat e r up i nto Nap l e s Rese rvoir . The pumping head wi l l va r y wi th t he

sta ge of Texarkana and Naples Rese rvo i r s with a maxi mum l i f t of 99 fee t.

The Tal co Pump Station wi l l be near the headwaters of Naples Stage II Rese rvo i r

3/4 mi l e nor t h o f the t own of Tal co and wi l l pump Naples Reservo i r wa t e r t o the

des ign l evel of the Sulphur Bluff Transmission Cha nnel. Pumpi ng-head s wi ll

v a ry with t he s t age of Nap l es Reservoir wi t h a maximum li ft of 83 feet.

The Tal co-Trans mis si on Channe l wi l l be excavated in t he upper e nd of Naple s

Sta ge I Re servoir. About o ne-ha l f o f the cha nne l at the easte rn end wi l l fol 

low the ge ne r a l alignment o f the existi ng river cha nne l and the rema inde r wi ll
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f ollow t he s outh ed ge of t he floodplain. Its pur pose wi l l be t o co nvey wa ter t o

Talc o Pump Station during l ow sta ges of Naples Rese rvo i r. During normal Na pl es

Reservo i r stages , pumpage cou ld be di rec tly from the r eservoir. The channel

wi l l be about 51,000 fee t i n l e ngth . A levee wil l be cons tructed on t he nor th

side of one port ion of the channel t o prevent flood f lows and wave act ion fr om

s i l t i ng u p the cha nne l . The r e s e rvo ir side of t he lev ee wi ll be protected by

r i pra p.

The Sul phur Bluff Pump Sta tion wi l l be in the righ t abu tment south of t he sp i l l

way . I t wi l l l if t t he wat e r transmitte d f rom downstream reservoi rs via t he

Sul phur Bl uff Tra ns mission Channel up i nto Su lphur Blu f f Reservoir . Pumping

hea d wi ll va ry with the stage o f Su lphu r Bl uff Res ervo i r wi t h a max imum of

69 f eet.

The Sulphur Bluff Trans mission Channel wi l l ex t end from the Ta l c o Pump St a t ion

nea r the t own o f Ta l c o u ps t r eam t o the Sulphur Bluff Pump Sta t ion . It wil l be

ab out 113, 000 f eet i n l e ngth. The eas te rn t wo-thirds wi l l ex tend along t he

hill line f ormi ng t he s outh side o f t he Sulphur River f loodp la in, and the

r ema i nder wi l l be along the old na tural channel of the Sou th Su lphur River .

The Cooper Tra ns mis sion Cha nne l wi ll be excavated in the upper end of Su lphur

Blu f f Stage I Reservo i r a long t he general a l ignment of the South Sulphur Rive r

chan ne l . It s pur pose wi l l be t o convey water to t he Cooper Pump Sta tion du r ing

l ow stage s of Sulphur Blu ff Res ervoir. During norma l Su lphu r Bl uff s tages,

pumpage coul d be direct ly from t he r e s ervoir. The channe l wi l l be about 31,800

fe et i n l e ngt h .

The Cooper Pump Station wi l l be l oc a t e d near the left abu tment and on the down

st ream side o f Cooper Dam . I t wi ll l i f t wate r from the Cooper Transmission
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Channel up in t o storage in Cooper Reservoir . Pumping heads wi l l va r y wi t h

variations i n Cooper and Su l phur Blu f f Res ervoir stages wi t h a maxi mum of 82

f eet .

The Coo per-Lav on Transmi s s i on Line i s from Cooper Res ervoir t o the Lav o n Termi

nal sou t h of Lavon Reservoir , a di s tance of 68.3 mi l es . The wat e r is pumped

from Coope r Reservoir t o an e l eva tion of 48 0 f ee t . The wat e r i s l ifted thre e

times e nroute to Lavon Terminal . Th e f irs t lift is 53 feet at t he Hunt- Hopki ns

County l ine; the s eco nd 95 feet a t the Sou th Su lphur Rive r ; and t he t hird lift

is 23 feet at the Sabine River. The South Sulphur River is used as a ca nal for

pa r t o f the route and a channel dam is constructed for this purpose. The wate r

f rom t h i s canal is released i nt o t he East Fork of the Tr i ni t y Rive r through

Forney Reservoir .

Red Ri ver Di visio n

Pro ject e l eme nts in the Re d Ri ver Div i s ion inc l ude a Red Rive r Diversion

Dam, a nd channe l t o carry wa ter t o the Pecan Bayou Pump Station , a t wh ich point

Red Rive r wa t e r wi l l be d i verted into Pe can Bayou Rese rvo i r, an o f fs t ream stor

a ge project. Releas e s from Pe can Bayou Reservoir wil l f l ow t hrou gh t he Red

Sulphur d iv i de by me a ns of a gr av i t y f low t unne l , 15 , 000 fee t l ong which dis 

cha rge s t o a ~ mile ch an ne l t o Naples Re s e rv o ir .

Pe ca n Bayou - The Pe can Bayou Dam s ite lie s acros s Pecan Bayou 6 mi les northeas t

of Clarksv ille a t r i ve r mile 23 . The dam a nd reservoir site is i n t he nor the rn

part o f Red Rive r co unty . The r e s e rvo i r wou l d serve t he purposes of regu la t i on

of Re d Ri ver divers ion, and regulatio n of f l ows i n t he Pecan Bayou watershed .

The t ota l yie lds a r e est imated a t a pproximately 64 7, 000 acre-feet yea r l y.

Peca n Bayou Dam will be an ea r t h embankment abou t 18, 000 feet l ong, and wi ll

co s t approximately 18 mi llion dolla r s .
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The Red River Transmission Facility necessary to tie the Red River into the

State Wa t e r Project are the Red River Diversion Dam and the Re d River Transmis

sion Channe l " t o the Pecan Bayou Pump station, at which po i nt wa t e r will be

l i fted in the Pecan Bayou Res e rvoir. The e leva t ion o f Pe c a n Bayou Reservoir

wi ll be se lec ted so as t o permi t grav i ty f l ow i nt o a 10- f oo t diame t e r , 15,000

tunnel t hrough the Re d-Su lphur Div ide. The tunnel wi l l discharge i nt o You ng

Cr eek a nd t hence into Ki ckapoo Creek and Na pl es Reservoir.

Red River Diversion Dam - The Red River Dive r sion Dam wil l be on t he Red River

between Red Ri v e r Cou nt y , Texas and McCurtain County, Oklah oma . It wi l l be 14

mi l es northeast f rom Clarksville, Texas and 10.5 mi l e s south from I dabel ,

Oklahoma. The da m will create a head at the entrance of a divers ion cha nne l

about fifte en feet above the normal wa t er surface, permi t t i ng gr av i ty dive r s ion

along ni ne mi l e s o f excavated channe l t o the Pe can Ba you Pump Sta t ion. The dam

will co ns i s t o f f ive 200- f oot co l laps i ble dam sec t ions . The da m sec tions are

inflated wi t h wate r pres sur e to ma i nt a i n their de sign cont ro l e l eva t ion. The

ba g pressure is au toma t ica lly adjus t ed s o as t o ma inta i n a constant poo l level.

During extreme f l oods, t he bags be come co mpl e te ly def la t ed , pe r mitt i ng unr e 

s t r ic t ed flow through t he open bays. The bags wil l be suppor ted by a heavy

concrete slab anchore d to pi les. Undersee pa ge wil l be co nt ro l l e d by con t inuous

s t ee l sheet pili ng dr iven a long t he downs t r eam edge of t he f ounda tio n s lab .

Diversions will be regu l ated t o prov i de f or t he neces sa ry pas sage of water to

mee t downstream requirements.

The Red River Diversion Cha nne l wi l l ex t end f rom t he dive rs ion pond along the

l eft side o f the Peca n Bayou f l oodp l a i n t o th e Pecan Bayou Pump St a t ion, a

cha nnel dis t ance of about 48, 200 fee t . It wi l l have a distance f low of about

2 , 500 second-feet . The mate r ial excava t ed from t he channel wil l be used to
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construct a levee on t he creek side of the channel for protection against damage

from Pecan Bayou f loods.

Peca n Bayou Pump Station wi l l be near the lef t (north) abu tment and near the

downs t r eam t oe o f Pecan Bayou Dam. I t wi l l lif t Red River wat e r up into Pe can

Bayou Res ervoir. The i nstalle d capac i ty prov ides fo r t he design diversion ca pa 

ci ty o f 1,500 second-feet wi th one spa re pumping u nit. Pumping he ads will va ry

" i th the stage o f Pecan Ba you Reservoir wi t h a maximum of 98 f eet . The ave ra ge

ope r a t i ng head wil l be a bou t 85 . 3 feet.

Pecan Bayou Tunneled Conduit and Trans mission Channel - Wa te r wi l l be trans

mi t t e d from Pecan Bayou Reservoir to Na pl e s Reservoir by grav i ty v i a a 10-foot

diameter, 15 ,000 long tunne l through the Red-Su lphur River divide . The tunnel

wi l l d i s cha rge into Young Creek, then into Ki cka poo Cr eek and finally into

Na ples Reservoir. The tunne l wi l l ha ve discha rge capacit ies va ry i ng wi t h Pecan

Bayou Reservoir sta ge s . At t op of wat e r supply pool, e leva tion 428.0, t he ca pa 

c i ty wi l l be ab out 975 se cond-feet (705, 000 acr e-fee t pe r annum), and a t e leva 

t i on 418 .0 it wi l l be about 850 second-fee t (615,000 acre -fee t pe r a nnum).

The i nvert at entrance of t he t unne l wil l be a t e leva t ion 380 .0 which is t he

bottom o f the active wate r supply poo l . Discha rges wi l l be co ntro l led by s l u i ce

ga t es a t the tunne l en t ra nce . The cha nnel of Youn g Creek wi l l be enlarged and

ma sonry retards wi l l he installed f or ve loc i ty con trol i n rea che s wi th exce s sive

slo pes .

The Texoma Transmis sion Cha nnel i s from Lake Texoma to White Rock Cr eek fo r

qua li ty con t ro l i n the Trini t y Rive r by augmen t ing low s tre am f low . The cana l

wou l d be 84 . 5 miles l ong exc lusive o f 21.0 mi l e s of pipe l i ne . The wate r i s

pumped from Lake Texoma a t an ave r age li f t of 137 feet. A second l ift o f 56

f eet i s r e quired south of Per rin Air Force Base. Approx imately 39% of the

canal excava t io n is i n cha lk and would require blast ing .
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Cypres s Div i s ion

Stora ge pr ojects required i n the Cypress Basi n wi l l be Fra nkl in Cou nty ,

Ti t us Cou nt y, and Ma rshall Reservo irs . Lake O ' Pines, an exi s t i ng r ese rvoir ,

will be use d a s a s egmen t o f t he transfer fac i lity a l though none of t he yi eld

f r om t his r e s e rvoi r wi l l be expor t e d .

Ma r sha l l Transmis s i on Li ne conne cts Ma r shall Reservo i r t o Lake O ' The Pines and

i s 8 .6 mi les l ong wi t h a he adga t e provide d at t he out le t of t he cana l . Wa te r

i s pumped f r om Ma rsha l l Reservo ir t o e l eva t ion 310 . Lake O' The Pines Tr ans mis 

s ion Cha nne l connec t s Lake O'The Pines t o Titus Reservoir through a r oute 30 . 2

miles l ong. Wa te r is pumpe d f r om Lake a ' The Pines Res ervoir t o e l evation 302

nea r a r e City . A lift of 62 fee t i s r e quired nea r t he t own o f Pi t tsburg t o

a l low t he wat e r t o flow i nt o Titus Reservoir. Dams we re r equ ired to c ros s

Pr airie Cree k a nd Greas y Creek . These we r e pr e f e r red t o s iphons t o avoid

un necessary he a d l os s . Hea dgates wer e prov i de d a t t he entrance a nd ex i t o f

t he s e two r ese rvo i rs a nd at the outle t o f Ti tus Reservo i r to protec t the Cana l

f rom f l ood r i s e s on t he r e s e rv o irs. One s i phon was r equire d to c ross U . S .

Hi ghwa y 259 .

Ti t us Tra ns mission Channel ex t ends f rom Titus Reservoir t o Naples Res ervo i r and

i s 8 .0 miles l ong . Wa te r wi l l be pumped f rom Ti tus Res ervo i r t o e leva tion 382 .

The r oute r e qu i r e s one l ift of 51 f eet nea r I nt e r s t a t e Hi ghway 30 .

Fra nklin County Dam and Rese rvo i r (S i te No .1) wi l l be in the Cypre ss Rive r

Basin i n Fra nkl i n Coun t y , 6 mi l e s northeast of Wi nnsbo r o on Big Cypr ess Cr eek .

The dr a inage a rea above t he dam i s 75 s qua re mi l e s .

The dam wi ll be an earthfi 11 structure 5, 300 feet l ong and 75 fe et high wi t h

t he top of da m at e l evatio n 395.0 fee t ms 1 . The r e s e rvo i r wi l l hav e a capac i t y
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o f 73,000 acre - f ee t a nd an area of 3, 400 acres at the t op of the conserva t ion

poo l 378 . 0 feet msl. The yie ld wi l l be 28,500 acre -feet per year . Estimated

cost of the project is about 3t mi l l ion do l l ar s .

Titus County Dam and Rese rvo i r wi l l be in the Cypres s River Basin i n Titus and

Fr a nk l i n Count ies , 6 mi les in a sou t he r ly direc t ion from ~bun t Pleasa nt on

Big Cypress Cree k .

The da m will be an ear t hfill structure approx ima t e ly 13, 000 feet l ong and

78 feet high wi t h t o p of dam a t e leva t io n 360 .0 f eet ms l . The drainage a r ea

above the dam wi l l be 273 square miles .

The r e servo i r s wi l l have a capacity o f 289 ,900 acre -feet and a n area o f

11,684 acres a t e levation 343 .2 feet msl . The capaci t y inc ludes 2,900 acre 

fee t a lloca t e d t o sed ime nt reserve . The yi e l d will be approximate ly 96,000

ac re-fee t pe r year . The pr o j e c t is estima ted to co st abou t 12 mi llion do l la rs .

The proposed da m wi ll have a co nc r e t e gated s pi l lway wi t h cr e s t elevat ion

326 . 0 f eet msl . Four 40 f t . x 20 ft . t ainter ga tes wi l l r e gu late the discha rge .

The r e s e rvoi r wi l l ha ve a flood control ca pa c ity of 132 , 800 a cr e-fee t at e le

vat ion 352.2 feet msl .

Marshall Dam and Re s ervoir wi ll be in Harr i s on County , 9 mi l es nor thwes t

o f Ma rshall on Little Cypres s Bayou a tributary o f Big Cypres s Cr eek . The

draina ge area a bove the dam wil l be 655 squa re mi les .

The da m will be a n earthfill structure a pprox ima te ly 9,500 f eet l ong and

70 feet high with t op o f dam a t e leva t ion 270 .0 feet msl .

The reservoi r wi l l have a ca pacity of 782, 300 ac re -fee t and an a rea of

32,120 a cres at t op of cons e rva t ion s to r age elevation 257 .6 feet ms l . The

yi e l d will be a pproximat ely 325 ,000 ac r e - fee t pe r yea r and is es tima ted t o

cost a li t t l e ov e r 25 mi l l ion do l la r s .
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The proposed dam wi l l ha ve a co nc re t e ga ted spil lway wi th crest elevation

232 .0 fee t msl . Seven ta inter gates (40 f e e t by 28 f ee t ) , wi l l regula t e t he

discha rge .

A wate r supply and low-flow outlet structure wi l l be i ns t a lle d as required

for f u t ure water delivery .

Trinity Divis ion

The s to rage and transmiss ion f a c ili ties of t he Trinity Divi s ion of the

Sta te Wa ter Project pla y an i mpor t a nt pa rt in the mult iple-use, mu l tiple

benef it aspec t of the Project. Movement of water through t he Division eff ects

impor tant water qua lity impr ovement in the Trinity River, as we l l as pr ov id ing

fo r needs i n the bas in fo r water s upply.

Wate r from Cooper Reservo i r i n the Su lphur Di vis ion i s pumped from Lavon

Termina l t o White Rock Creek acros s the Eas t Fork of t he Tr inity River t hrou gh

a pipe line 18. 9 mi les l ong and a grav i ty cana l 7.6 mi les l ong. The ca na l

t e rmina t es a t the White Rock Creek for low flow augme nt a t i on be low t he Dal las

was t e t rea tment pl ant and a portion pumped on t o the Carroll ton Terminal a nd

into Lake Grapevine. Wa t e r wi l l also be d iverted at the Carro l lton Terminal

t o proposed Loc k and Dam Numbe r 20 on t he Trinity River below the Village Creek

Sewage Trea tment Plant f or stream augmentation.

The wa t e r released t o t he East Fork o f the Tr i ni ty wi l l join wi t h wat e r

from Lake Texoma wate r re leased into Whi te Oak Creek and Vil lage Creek, and

fl ow t hr ou gh t he na tu ra l cha nne l of the Trinity River t o pr oposed Loc k and

Dam 11 on t he Trini t y . At t h i s point t he wate r inc lud ing approxima te ly ha lf of

the r eturn f lows f rom Dallas and Fort Wo r th will be diverted to Ri chland Res e r 

voi r throu gh a c ana l 8 . 1 miles l ong. Wate r in t he canal is pumped from eleva 

tion 270 the mini mum navigation elevation, t o elevation 318 . 5 , wi th a headgate

at Richland Reservoir to protect t he canal from flood r ises on the reserv oir.
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From Richland Res e rvo i r t he wa te r wi l l fl ow into Tehuaca na, and thence will

be routed 40 .3 mi les to the Braz os Rive r via El m and Bi g Creeks in Limestone

County . Tehuacana Reservoir wi l l be connected t o Richland Reservoir by a

channel so that wa t e r r outed t o Richland Res ervoir may be removed to elevation

45 1. Minimum pumping level i s elevation 295. Two ad d i t io na l lifts a r e required

t o reach t he Br azos wa t e rshed . The f i r s t lift is 70 feet a t Mex ia Pumping

Plant a nd the second i s 68 feet at Chr is tmas Creek Pumpi ng Plant . Spe c i a l

siphons wer e r equire d t o c ros s t he Navaso ta Ri ver on t he way to t he Brazos.

The water wi l l flow in the natural cha nne l of Elm and Bi g Creeks for abou t 34

miles to the point it enters the ma i n stem of t he Brazos River near Hi ghbank in

Fa lls County from wh i ch it flows along the natural cha nne l of t he Brazos f or

a distance o f about 160 stream miles to Sa n Felipe in Aus t i n County .

Brazos Division

Near San Fel ipe a co nc r e t e channel da m wil l be constructed across the Brazos

and wa t e r lifted 54 f eet t o a reservo ir on Bul l i nge r Creek. A pump s t a tion

near t he reservoir l i ft s the wa t e r an add i t iona l 62 fee t t o an eleva tion f rom

which po int it can f low by gravi ty i n a 33 .7 mi le l ong cana l t o t he Colorado

River at Altair. Five specia l s iphons a r e r e quire d t o cros s Li t t le Ber na rd

Creek, San Bernard Creek , Church Creek , Cousha t ta Creek a nd State Hi ghway

No. 102 a nd a r ailroad.

At t his po i nt 240,000 acre -fe e t of wat e r annua l ly wi l l be released a s

required to the l ower Colorado t o replace wate r diver t ed up s t r eam on t he Col o

rado from Stacy Rese rvo i r to t he Sa n Ange lo-~lid land -Odessa a rea and f rom t he

Austin area to t he San Ant o nio area.

The r oute from t he Colorado Ri ver t o Pa l metto Bend Reservoir i s 13 .5 mi l e s

long . A co nc r ete channe l dive rs ion dam wi l l be const ruc ted on t he Colorado
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Ri ver at Garwood and co nt ro l led d iversion wor ks insta l led . No pumping is r e 

quire d as t he canal can be excavated de ep enough t o assure gr av i ty flow t o West

Mustang Creek near New Taiton and t he nce i nto the ~rn s t ang Creek a r m of the Pa l 

metto Bend Reservoir . A headga t e is r eq uire d a t t he head o f West Mu s tang

Creek and 28 mi l e s of channe l i mprovement is necessa r y to carry t he fl ow.

The Colora do- San Antonio Condu i t - This conduit wi l l r un from the Hi ghland Lakes

to Sa n Antonio, a d istance of about 75 mi l e s . An est i mate of 38 mi l l i o n do lla rs

has bee n made of t he cost of the entire trans mission s ystem i nc l ud i ng the pump

stat ions but excluding reservoir storage . However , un t i l t he actual s ystem has

been des igned and t he method of ope r a t i on de termined t his estima te mu s t be con

s idered ve ry preliminary.

Coasta l Division

The Coas ta l Di vision of t he Sta te Wate r Project i s t he major condui t i n

t he State Wa te r Pr oj e c t . I t consists o f about 190 miles of ca na l , 2 ma i n line

re s e rv o i r s , 5 main l ine pumping plants , 3 regulation res ervo irs and assoc i a t ed

pumpi ng plants. Palmetto Bend Reservoir wi l l de l ive r a n avera ge o f a little

over 3 million acre -feet annually of wh i ch about 1 .4 mi l l i on wi l l flow i n t he

las t r ea ch i n the l ower Rio Gra nde Val ley wi t h t he remai nder us ed a lo ng the

way fo r all purposes includ ing wi ldl i f e r efuges a nd quality con t ro l i n t he ba ys

and e stuar ies . Water would be delivere d t o three ma jor irrigation uni ts : i . e ~ ,

t he Sinton, Ba ffi n Bay, and Lowe r Rio Gra nde Valley . The Sinton a nd Baffin Bay

units ar e r efe r r e d to col lect ively as the Coastal Be nd units. Al so included

i n t hi s r ea ch a r e the reservoirs (Goliad, Cibolo and Cue ro ) in t he Sa n Anto n io

and Guada l upe Ba sins . Yields from t hese reservoirs cou l d ma ke pos s ib le t he

early de l ive ry o f wa t e r t o t he Ri o Grande Valley .
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Conduits - Coastal Division - The coastal cana l of the State Wa ter Proj ec t begins

a t t he Palmetto Bend Reservoir . The Lavaca Pumpi ng Plant on t he Lava ca arm of

the r e se rvoir will have a lift of 18 feet to discharge into the Coas tal cana l .

The water wi ll flow 24 mi l e s to Confluence Rese rvoir where a check drop s t ruc 

t ure will be l ocated.

Confluence Pumping Pla nt will lift wat e r 21 f eet into t he r e a ch of the c ana l

wh i ch f lows 60 mi les to the inlet end o f the Nueces River siphon. I n thi s

reach wil l be Woodsboro a nd Ar ans as Pumping Plants , wi t h pumping lif ts of 16

and 27 feet respectively. I n this r ea ch wa t e r wi l l be d iver ted to irriga t e

200,000 a c r e s in the Sinton Unit.

Divers i ons fro m the canal will be t hrough turnouts wh i c h connec t wi t h the

ca nals of the Sinton Unit di s t r i bu t i on s ystem. Releases will als o be made from

the canal for industr ial wat e r in the Corpus Christi area.

The downstr e am r ea ch of the canal be gins a t the inlet of the Nueces Ri ver

si phon a nd extends 28 mi les t o San Fernando Cr eek.

Nueces Pumpi ng Plan t wil l be l ocated abou t a mi l e s ou t h of the Nueces Rive r a nd

hav e a lift o f 21 f ee t . The cana l ca pacity wou ld be reduced a t t he e nd a f t his

r e ach t o allow for dive r s io ns from t he c ana l for irrigating 300 ,000 acres i n the

Baffin Ba y Unit. These dive rs io ns wi l l be ma de by me ans of tu rnouts wh i ch wou l d

connec t wi th cana l s o f t he Baffin Bay u ni t distribution s yste m.

The next reach wi l l ex t e nd 77 mi l e s from Sa n Fernando Creek to t he end o f

the ca na l wes t of Raymondv i l l e . Diversion from the ca na l wi l l be made t o irri

ga te about 330, 000 new acres in the Lower Ri o Gr ande Va l l ey Unit, plus wat e r

f o r ab out 170,000 acres of previously irriga ted lands for wh i ch wa t e r is no t

available from t he Ri o Grande.
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The canal system includes three offstream regu la t i ng r es ervoirs wi th

embankments on all sides to supplement the cana l in making delive r ie s du r i ng

periods o f peak demand.

Sinton regu lating reservoir will have a surface area of 2350 acres and a

capacity of 47,000 acre-feet . Baffin Bay regulating reservoi r wil l ad join one

of the main canals of the Baffin Bay Unit, and wi ll have a surface a rea of 2370

acres and a capacity of 32,000 acre-feet. The Valley regulating reservo ir wi l l

adjoin the canal and will have a surface area of 2100 acres and a capac i ty of

33,000 acre-feet.

Each of the regulat ing reservoirs wil l have a pumping plant and ou t let

works to t ransfer water between the reservo ir and the adjoining cana l. The

r e s e rvoir s wi ll be filled during months when demands on t he i n t e r basin canal

a re less than capacity . In months of peak demand , the stored water could be

released to meet demands in excess of inflow from the preceding re ach of t he

canal . The regulating reservoirs wou l d not be const ructed until peak demands

exceed the capacit y of the cana l.

Reservoirs - Coastal Division - Goliad Dam and Reservoir ~vill be in the

San Ant onio River Bas in in Goliad County, 6 miles upstream from Goliad on t he

San Antonio River. The dam as proposed will be an earthfi ll structure 26,000

feet long and 133 feet high wi t h top o f dam at elevation 238.5 feet msl cost ing

approximately $51 million dollars.

The reservoir wil l have a t o t a l capacity of 1,702,000 acre-feet with

702,000 acre-feet alloca ted to flood control, 42,000 acre -fee t to sed iment,

and 958 acre-feet to water supply . The area will be 36,400 acres at conserva

tion pool elevat ion 207.0 feet msl.

The drainage area above the dam is 3859 square miles.

An outlet struc ture will provide service spillway, low flow outlet and

water supp ly connection .
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Goliad Reservo i r i n ad d i t ion to developi ng about 100 thousand acre -fee t of

water wi l l reca pture a nd make ava ilable fo r us e i n the State Water Pro j ec t ov e r

200 t hou s and a cre - f ee t o f return flow from San Antoni o .

Ci bolo Dam and Rese rvo i r wi ll be in t he San Anton io River Basin in Wilson

County , a pprox ima t ely 3 mi l es southwest o f Stockda le on Cibolo Creek wi th an

upstream draina ge area of 752 squa re mi l e s .

The dam wi ll be an earthfill structure 18 , 5 70 feet l ong and 109 fe e t h igh

wi th t op o f dam a t e leva t ion 42 7 .0 feet msl .

The r e se rvo ir wi l l have a capaci ty o f 4 18, 000 a c re - f ee t a nd a n a r ea of

16 , 800 ac r e s a t e leva tion 416 .4 f eet msl . Of t h is capa c i ty , 218 ,000 is for

flood co nt r o l , 172,000 f or wat e r s u pply a nd 28,000 f or sediment. The estimated

co s t of the structure i s 22 .8 mi l l ion .

Cuero Dam a nd Reservoir wi l l be loca t ed in the Guadalupe Rive r Basin i n

DeWi t t County, 4 mile s u ps t ream from Cue ro on t he Guad a lupe River and Sand ies

Cr e ek.

The proj ect will be constructed in two s tages . Stage I i s on the Gua da l u pe

Ri ver , a nd Sta ge II on Sand i es Creek (Westo f f Dam) wi th a connec t ing channel

be tween t he two r eservoirs . The es timated cos t fo r both s ta ges is $11 7,336,000 .

Cuero Sta ge I Dam wi l l be an ear t h embankme nt wi th a co nc re te ga t e 

con t ro l led s pillway and an ou t le t struc ture . The lengt h o f t he dam wi l l be 6 . 4

mi le s wi th a maximum hei ght of 135 fee t, wi t h c res t e l eva t ion 276 .0 feet msl .

Sta ge I I of Cuero Dam wi l l be a n earth emb ankment wi th a ser vice sp i l lway

d ischa rg ing into Sa ndies Cr eek. The conne c ting channe l be tween t he n,o reser 

vo i r s wi l l serve as a s pi l lway t o di scha rge f lood f low from Sta ge II i nto the

Cuero I Rese rvoir and spil lway . The l engt h of the da m wi l l be 2 . 7 miles wi th

a maximum height of 116 feet, with c rest e levat ion 27 1.0 f eet msl .
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The drainage a rea of t he Cuero Stage I Dam i s 4, 182 squ are mi l e s a nd f or

the Stage II Dam 671 square mi les.

The combined s to rage capac ity of t he two reservo i rs " i ll be 3,709 ,000

acre-fee t at elevation 257.0 feet msl and i nc l udes 243,000 acre-fee t f lood

control, 2,816,000 acre-feet "ater supply and 50,000 acre-feet sed iment s torage .

The area of the combined reservoirs at elevation 257.0 feet msl "ill be

123,400 acres and at e leva tion 249.6, top of "a ter supply, 103,900 acres.

Confluence Reservo ir is formed by dams on the Guadalupe at mi le 22.8 a nd

Sa n Antonio River at mi le 10 . 6 above t he i r junction, plus a large connect ing

channe l to combine the separa te impoundments i nto a sing le reservo ir.

The purpose of the reservoir is to t ransmit water from upstream reach o f

t he Coastal canal ac ross t he Guad alup e and San Antonio Rivers t o the lo"e r

reach v ia Conf luence Pumping Plant and permits reducing the capac ity of the

canal to a significant degree by provid ing regulating storage for a portion

of t he f lood "aters "hich "ould normal ly flo" to t he Gulf of Mexico. The

reservo ir "i l l store approxima tely 439,000 acre-feet of "ater and "il l cost

approximately 64 mil lion do llars.

Possible Extens ions of the Sta te Water Pro ject

One of the possibilities "hich has been envisioned, " hen considering t he

movement of "ater into the Lo"er Rio Grande Valley through the State Wa te r Pro

j e c t , is o f extending the effec t of the Project " ithou t necessa rily extend ing

t he phys ical "orks of the Pro ject by coord inat ing the de l ive ry of "a te r f rom

the State Project and Falcon, and f rom under-cons truction Amistad Reservoirs.

This might be accompl ished by uti l iz ing t he capac i ty of t he State Projec t t o

deliver "ater, during off peak pe riods, to supply the area of the Rio Grande

Va lley whi ch normally wou l.d requ ire releases from Fa l con and Amistad Reservoirs .

- 4 7 -



In t h i s way water might be he l d i n Falcon Reservoir unt i l la ter in the yea r f or

release when peaking flows wi l l be ne e ded from th e Proj e ct . I n t his way t he r e

may be prov ided a de gree o f s torage regulation f or the Project in a dd i t ion t o

t hat provided by t he s mall r e gula t i ng reservoirs. The coor d ina t ion wi th Ami s t a d

ma y ha ve ad dit i onal va lue be cause Amistad is at an e l eva t ion 700 f ee t h i gher

than Falcon, and wate r from this reservoir can be de l ive r e d to the Winte r

Ga rden Are a in the Nueces Bas in, an area which now depen ds upon ground wat er f or

its ma jo r supply . While there does not a ppea r t o be any i mmediate dange r t hat

t he ground wa t e r s u pp ly is failing i t wou ld be prude nt planning to a nt i c i pa t e

t he pos s i b l e i mpor t a t i on of a surfa ce wat e r s upply i f possible f or prov i di ng

co njunctive o pe ra t ion o f surface and ground wa t e r in o rde r t o extend the loca l

su pply .

Coordi nat ing the State Project de li ve r ies wi t h Ami s t ad "ou l d in a sense

es t a b l i s h a wate r bank accoun t in Amis tad. Water held back i n Ami stad wou l d be

ex ch anged for wa t e r i n the Project at off peak period s t o supply a reas i n t he

Lower Val l ey which normally require rele ase s from Amis tad . The wa t e r i n the

bank acco unt wou l d be de l iver ed t o the Winte r Garde n area or the a rea a long

t he Ri o Grande be twe e n Amis t a d and Falcon. These concepts ha ve been set fo r th

as po tentia l i t i es only, with t he ant ic ipa t ion t ha t the stud ies into the feas i 

bil ity o f the St ate Wa t e r Project would e xplo re t hes e pos sib i l it ies .

An additiona l oppor tuni ty f o r extending the be nefits of t he proj ect is

provided by i t s built- in f lexibili ty . Th is flexibilit y occurs by virtue of

ha v i ng t o size the tra nsfer faci lities to provide peaki ng capa c i ty . Si nce

t his peak ing ca pacity i s needed on ly at certain times during t he yea r , it migh t

be av a i l abl e a t o t he r times for transporting an d relea sing wate r t o be exchanged

in the l ower reaches of rivers such as t he Brazos a nd Colorado fo r wa t e r sto red

and d iverted i n t he uppe r rea ches.
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Supplemental Water Requirements for the Area Served by Coasta l Aque du c t

Fu ture supplementa l requirements for mun i c i pa l and indus t ria l wa ter i n t he

Lower Rio Grande Valley, industrial wa ter i n the Corpus Christ i a rea, and irri

gation water suppl ies in t he Lower Rio Grande Val l ey and Coa s t a l Bend a rea s

would be provided from the Coa stal Aq ue du c t . I n provid ing s uch water supplies,

l os s e s would be i ncurred from t he Aqueduct due t o seepa ge , evaporation, opera t 

ing l osses, and o the r cause s . These l osses have been estimated as amoun t i ng

to 19.7 percent o f the t otal quantity of wat e r s uppl i e d .

I n the preliminary planning of staging o f dams an d reservoirs in the uppe r

bas ins to prov ide water suppl i e s t o meet thes e and o t he r requirements, it was

assumed t ha t the full dry- year dema nd f or i rrigation water in t he Lower Rio

Grande Valley and Coas tal Bend a reas wou ld be provided during t he cr itical

period of shorta ge of wa t e r supplies ; t ha t is, that no shortage in irrigation

supply wou l d be permitted. It was similar ly assumed tha t no shortage wou l d be

permitted i n munic ipa l and industrial wa t e r supplies. Howeve r, it was as s ume d

that u nde r c o ndit i ons of extreme drou ght , whe n max i mum supplementa l wa t e r

requirements in t he de ma nd a r ea wou ld coinc i de wi t h cr itical shortages of

s to red wa t e r i n the s upply area , pr ov ision of fresh wa t e r releases t o the

coastal ba ys and e s t ua ries co u ld be de f e r red . Thus , a l though ca pa city wou l d be

prov i de d i n t he Coasta l Aqued uc t a nd in other wate r transportation fa cilities

f or delivery o f the fu l l amount o f require d inflow t o the ba ys a nd es t uaries

whe n wa t e r was available (i.e. during periods when wa t e r supplies in t he uppe r

basins were not critical ly s ho r t ) , storage wou l d no t be specifically prov id ed

i n the u ppe r basin s ystem t o me e t these requireme nts o n a firm bas i s t hrou gh

out the critical period o f analysis.

The estima ted supplemental wa t e r r equ ire ments assume d t o be provided f rom

t he Coa stal Aqueduct f or purposes of staging the r equi r ed fac i l i t i e s in the

uppe r bas i n sys tem a re summa r i zed i n Table 1.

- 49 -



Table 1

Requ i reme n ts fo r Suppl emental Wa t e r
I n Area s Served By

Uppe r Basin Tr a ns f e r Sys t em
And Sou t h Texa s Canal

(Quant it i e s in Thou s and s o f Acre -Feet pe r year )

LOI,er Vall ey M& I
Lower Val ley Old Irrigatio~
Lower Val ley New Ir r igatio~
Corpus Chr i s ti Industr i a l
Coas t a l Bend I rr i gation
Ca na l Loss es"!

Sub to ta l , S. Texas Canal

San Anton io M&I
Stacy Res. Deple t ions
Lower Colo rado R. Sho r tage
Dal las - Ft. Wor t h M&I
Trinity R. Wa te r Qua l i ty~

Sub to ta l, Upper Ba sin Sys tem

Tota l Sys t ern

1975

5
285

90
o
o

75

455

o
o
o
o

11 5

115

570

1980

20
285
335

o
o

125

765

o
o
o
o

125

125

890

1990

45
285
795

30
480
320

1, 955

5
5
o
o
o

10

1,965

2000

75
285
820
100
875
425

2,580

50
25
o
o
o

75

2 , 655

2010

110
285
820
165
875
445

2,700

110
45
o

105
o

260

2 ,960

2020

150
285
820
225
875
46 5

2,820

170
70
90

350
o

680

3,500

~ On l ands formerly rece iv i ng wa ter f rom Rio Gra nde sys tem .
~ On l ands not former ly irrigated.
"! Estima ted a t 19 . 7% o f to ta l uses.
~ I n excess of qua n tit ies imported from Sulphu r Rive r for o t he r pu rposes .
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Area Serve d by u ppe r bas in system - Supplementa l water requi rements pr o

v ided from t he upper basin tra nsfer s ystem wou l d i nclude mun ici pa l a nd industrial

supplies to San An tonio through exchange of wat e r fr om the Colorado Rive r,

munic i pa l and industria l s uppl i e s in the Uppe r Tr i ni t y basin cities , ma ke - up of

depletions in the firm yi e l d of the Lower Colorado River Authority system

cau s ed by co nstruc tion a nd ope r a t ion o f Stacy Rese rvoir on t he up per Colorado

River, and provis ion of fres h water inf l ows f or enhancement of t he water

qual ity o f t h e Tri nity River in its reaches th rough a nd be l ow t he Dal las-For t

Worth ur ba n complex. For purposes o f staging the required f acilities in the

upper basin s ystem, it wa s assumed t hat no shorta ges wou l d be pe rmi t ted in any

of these requirements during c r i t ica l supply pe r iods .

The estimated wa t e r requirements wh ich wou l d be provided from the upper

basin transfer s ystem a r e summa r i ze d by deca des in Table 1 . In t h i s t able ,

on ly the wa t er qua lity requirements i n excess of t he quan tities o f fres h wa te r

whi ch wou l d be imported through the system t o the uppe r Trini t y Ri ver basi n

for o t he r pu r poses are lis t ed.

Ava i l ab l e Wa t er Suppl ies

The es t ima ted wate r suppl i e s available t o the u pper ba s in t ransfe r s ystem

and the Coastal Aque duc t a r e summar iz ed b y de ca des in Table 2. In e s t ima t i ng

t he s upp ly which wou ld be availab l e t o t he s ystem f rom any basin, i t was

ass umed t hat a l l l oc al r equirements wi th i n that basi n would be fully me t before

any surp lus waters cou l d be exported. In s ome i nstances, as a t Cue ro Rese rvo i r

and i n t he l ower Colorado a nd Brazos Ri ver basins, cons iderable quant ities o f

wa t e r ma y be ava i l ab le t o t he s ystem on a n i nterim basis du r ing t he early yea r s,

but t hese exces ses wou l d diminish over time a s l ocal r equirement s increase .

As i s shown i n Table 2, it is assumed t hat the di vers io n f rom t he Red

Rive r at Lake Texoma would be constructed a t t h e ea r l iest pos s ible time in
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Tab le 2

Es tima ted Wate r Suppl i es Availabl e t o
Upper Bas i n Trans f er Sys tem

And Sou th Texas Cana l
(Quan t it ies in Thousands of Acre-Feet pe r year)"!

1975 1980 1990 2000 2010 2020

l. San Antonio-Guadalupe Basins
Gol iad yield 120 120 120 120 120 120
Cibolo yield ~ 35 35 35 35 35 35
Surplus from Cuer 120 100 55 30 15 5
Other basin surpluses9 110 95 55 50 40 30
San Antonio return flow 125 145 160 180 205 230
Return flow to Confluenc~ ~ ---.l2.. 40 40 45 50

Basin Total 545 530 465 455 460 47 0

2. Lav ac a-Nav i dad Basins

Basin Total"! 115 115 115 80 15

3. Colorado R. Surpl us

Basin To t a l~ 430 280 170 50 0

4. Brazos R. Surplus

Basin Total~ 295 230 160 0

5. Trinity R. Basin
Richland Cr. yield 200 200 200 200
Tehuacana yie ld 55 55 55 55
Return flow to Richland Cr. 15 15 20 20
Dal las-Ft. Worth return fl ow 225 285 310 370
Texoma diversion 140 140 140 140 140 140

Bas in Total 140 140 635 695 725 785

6. Sulphur R. Basin
Sulphur Bluff I yie l d 120 120 120 120
Naples I yie lciJI 630 630 630 630
Texarkana exchang~ 200 200 200
Pecan Bayou div~rsion 645 645 645
Naples II yieldE 245

Basin total 750 1,595 1,595 1,840
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Table 2
(Cont "d. )

1975 1980 1990 2000 2010 2020

7. Cypress Cr eek Basin
Surp l us f rom Titus C ounty~ 80
Surplus from Franklin County~ 20
Ma r sha ll y i e ld 325

Basin to tal 425
--

SYSTEH TOTAL 685 1,215 2,540 3,260 3,070 3,535

~ Rounded t o nearest 5, 000 ac re -feet
~ Yield of Cuer o pl us r eturn fl ows , in excess of loca l requ i r emen ts.
9 Surpluse s from Canyon, Lockhart , and Clop t i n Cross i ng Rese rvo i rs, plu s

s pring fl ows.
~ Retur n flows originat ing bel ow Cuer o and Gol iad.
~Yie ld of Palmetto Bend plus return fl ows, in exce ss of l oc a l r equirements .
~ Surplus fl ows in l ower Colorad o River ba sin, i n excess of r equ i remen ts in

Lavaca, Colorad o-Lavaca , and Colorad o-Braz os basins.
~ Sur plus fl ows i n l ower Brazos River ba s i n, i n exc ess of r eq uirements in

Sa n J ac into-Braz o s basin.
~Yield ava i lable t o sys tem.
~ Total y ield of Napl es I and II would be red uc ed f rom 875,000 t o 825,000

ac r e - fee t per yea r upon construction o f Sulphur Bluff II .
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order to provide fresh water i nflows to enhance the quali t y of t he Trinity River

i n its reaches through and be low t he Dalla s - Fort Worth area . However , t hese

fresh water i n f l ows could no t be re -div erte d fo r consumpt ive use in area s

served by the Coastal Aqueduct unt i l diversion and transportat i on fac i l i ties

were co ns t r uc t ed from t he Trinity Rive r t o Palmetto Bend Rese rvoir.

St a gi ng o f Facilities - By compa r i ng the estimated future req ui remen ts

f or supp lemental wa t e r in the areas served by the State Wa te r Proj ec t wi t h

surplus wa t e r s uppl i e s avai lab le t o the Project, it was poss ib le to es t ima t e

t he a pproxi mate times at wh i ch t he various transfer and s torage fac il i t ies

proposed i n the Pro ject would be r equir e d fo r c ons truc tion . The fac ili t i e s

proposed for inc l usion in the State Wa ter Pro jec t "e r e then staged so t hat

available f irm supply wou l d at a l l t i mes exceed the grow i ng requ irement .

Summa r y of Costs

Eva l ua t ion of a project includes consideration of all of t he ca pi t a l cos ts

in r elat i on t o t he benefits t o acc r ue t o t he project. Estimated tota l ca pi t a l

costs o f t he St a t e Wate r Project for this pur pos e is as f ollows:

Cos t o f res ervoir s in St a te Wa te r Proj ect.

Cost of t r a nsfe r facilit ies.

Cos t o f Coa stal Aqueduc t ••

Cos t of r e gu l a t i ng reservo irs .

Cost of irriga tion distribution sys tems.

$604,000,000

460 , 00 0, 000

220,000 , 000

30,000,000

250,000,000

Total co st o f St a te Wa te r Project ••• ••• • ••• . • $1, 564,000 ,000
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WATER QUALITY ASPECTS
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PREL IMINARY TEXAS WATER PLAN
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Introduction

A basic pa r t o f t he Texas Wa te r Plan and any plan involving wate r - re sour c e

devel opment i s wa te r -quali ty mana gemen t . Essen t ia l ly, wa t e r - qua l i ty management

e nv i s i ons a system f or pr ov id i ng the right water qua l i ty a t the right place.

It embod i e s a se t o f procedu r es fo r kee p i ng e ach segme n t o f a su r fa ce -wa t er

r e s ourc e in the c on tinuous dynamic ba l ance nec e s s ary t o mee t the requirements

o f ea ch signif i can t us e. Land use management, was t e treatment and d ispo s a l

pra c tices, sources of natural po l lution and t he ir aba t eme nt, ope ra tion o f

exist ing and propos ed r eservoirs , the need f or State participation in local

or regiona l sys tems designed t o impr ov e was te -d is cha rge pract ices , and care

f ul l y des i gned programs o f stream ma nagemen t are all part of the ove ra l l water 

quality management problem.

On co ns ide r ing wate r qua li ty i n the Wa te r Plan, two bas i c assump t ions

wer e made; (1 ) al l dis charges of municipa l and indu str i a l wastes wi ll be tre ated

and con t ro l led so as t o pro tec t the pub lic he a lth and t o prevent aes the t ica l ly

obj e c t ionable conditions; a nd (2) pollution of water r es ou rces due t o o i l - f ie l d

br i nes wil l be completely abated over time. Some bas ic concepts were a lso

nec e s s arily devel op ed wh i c h a pply wi t h i n the f ramewo r k of a program for plan 

ning the deve lopm ent of water r e s ourc es .

In devel oping wa te r - qual i ty c onsideration s fo r water re s ourc e s t o be used

fo r domestic ne eds , t he con trolling fac tor mus t be t he pro tect ion of the hea l th

a nd we l fa re of humans us ing the r es ource . The pla nning agency mus t a l s o con

sider t he wate r -qua li ty re qu i reme n t s for a l l bene fic ia l purposes se t ou t by

l aw in Texas; and water -or ien ted recreat i on, f ish and wildli fe mi t iga t ion and

e nhancement, a nd t he cu l tu ra l a nd aesthe t ic enj oyment of society .
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Al l quality objectives, and measures adopted t o achi eve thes e obj ec t iv e s ,

mus t be rea l istic to provide effec tive machinery of en forcemen t. Thus , stan

dard s fo r a given stream must be based on t he to ta l uses o f t he wa te r in the

s t ream .

The cr i t ica l s ign ificanc e of water -qua lity managemen t s tems f rom t he we l l 

known expanding demand f or wa t er against an essentially fixed supply. There 

f ore , the reuse o f wa t e r mus t be accepted as a nec essary part o f our water 

resource picture if we are t o realiz e the full benefit from this resou rce. As

a consequence , i t is e s s en t i a l that t he very highest sta ndards of trea tment of

munic ipa l and i ndus t ria l effluen ts are mai n ta i ned.

A f inal concept, essential t o water - quality management, is t ha t very c lose

coordina t ion must be maintained be tween t he water -planning age ncy a nd the wa te r

pol lution con trol agency . This insures the translation of wa te r - qua l i ty obj ec 

t iv e s into effective water -quality control.

Included in t he process of developing wate r - qual ity concepts was t he for 

mulation of prop osed water-quality cr iteria . In dev e lop i ng the criteria , the

staff o f Development Board met wi th pe r s onnel o f t he Sta t e Depa rtme n t of Health,

Parks and Wi l d l ife De par tment , and wi th private con s ul t a n ts t o discu ss fully all

aspects of t he subj ect. In addition t o agreeing upon s ome ge nera l pla nn i ng

co ncep ts a nd principles to be obs e rved in consid ering water -qua l ity aspects of

the Plan, the group also developed criteria f or c onsideration whe n dealing wi t h

fish and aquatic l i f e , municipal water use, industrial water use, irrigation

water use, r e s e rvo i r s (to ma inta in recrea tion and sports fishing), and mun i -

c i pa l , i ndustrial and i r r i ga t i on use s o f ground wa t e r . (Se e Appe nd ix A. )

To achieve the objec t ives as l a i d ou t, it was nec e s s ary t o determine th e

present s t r e am qual ity i n order to evalua te the effec ts o f t he planned programs

o f development upon ea ch river basin. Inc luded in the determination o f pre sent

s tream qual ity was a determination of the pr esent wat e r us es in ea ch bas i n, a n
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ev a lua t ion o f t he quality and quan t i ty of all waste disc ha r ges prese n t ly r e ach 

ing t he stream, and a projec tion for futu re effects.

Nationa l Engineering Company prepared, under cont rac t wi t h the Wate r

Development Board, a c ompilation and eva lua t ion of exis ting wate r - qua l i ty da ta

from av a il ab l e sources . Their repor t, titl ed "Sur f ac e \, a t e r Qual ity in Texas",

i ndicated definite areas o f water-quality impa i rment by orga n i c and inorganic

con taminants. Ar eas reflecting wa te r - qua l i t y degradation from or ga n i c contami 

nants included por tions o f the Trinity , San Jac i n to, San Anto n io a nd Rio Gr a nde

Basins . Inor ga ni c con t ami na n t s were r eflected in par ts o f all basins, wi th the

possible excep t ion of the Sulphur, Cypress and Sab i ne Basins.

The i n f ormat i on presented by National Engineering Company, together wi t h

inf ormation f rom the U.S. Geological Survey, State Depa r t men t of Health and

from the fil es of t he Development Board were compiled a nd eva lua t ed for pr e 

s entation in t he s ummar i e s for ea ch basin hear ing. In add i t i on , pro jec t ed

r eturn flows a nd the effect of t hes e fl ows on fu tu r e wate r qua l ity wer e de t e r 

mi ned and r epor t ed in t h e basin s umma r ie s . Unfo r tuna te ly, increa se s i n popula 

tion and industry wi l l not onl y i nc r ea s e the demand fo r wa ter, but wi l l a lso

increas e the volume of return f l ows t o Texas s t r e ams.

A r eport titl ed "Return Flows in Texas - -Qua l ity and Quan t ity o f Hunic ipa l

and Indus t r i a l Wa s t ewa te r Streams" , prepa red fo r t he Board by Dan M. Well s a nd

Earnest F. Gloyna o f t he Cente r fo r Resea r ch in Wa te r Resources, The Univers i ty

of Texas , estimated the projec ted r eturn fl ows f r om mun ic ipa l a nd i ndus tr ial

c ompl exes throughout t he State. The r e port indicated t he present muni cipa l

and industrial was te -water r el ea s e s t o be 0 .8 and 1.3 mi l l ion ac re -fe e t pe r

ye a r , respectively. Pro j ected t otal was t e -wa t e r rel eases were expe c ted t o

r eac h 2 .9 a nd 5 . 9 mil l i on acre- fe et pe r yea r by 1980 a nd 2020 . The r e por t

a lso estima ted t hat by 19 70 adva nced was te -wa te r treatmen t wou l d be r e qu ired

i n some a reas .
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Present l evels of t rea tmen t wi l l be inadequate f or projec t ed future vol ume s

from mun i c i pa l and industrial wa s t e -wa t er treatment pla n t s . In this regard ,

a cen tralization of u rban sewage systems probably o f f e r s more promi se t han a ny

o t her ge nera l devel opment in pollut i on con t r ol. A r eport , "Prel iminary Re por t

on Was te Collection, Treatment and Di s po s a l in Certain Ur ban Ar ea s in Texas",

prepared fo r t he Wa t e r Development Board by Forrest and Cotton, i n conj un c t ion

wi th Freese , Nichols and Endress and Lockwood , Andrews a nd Newnam, I nc. , pr o

v i ded i n f ormation to estimate c a p i t a l c osts fo r t he facil ities r equired to

serve 21 major me t r opol i t a n areas of t he S tate . The e s t ima te s indicated t ha t

t he costs wil l rea ch almo s t one b i l lion dollar s by 1990 . The r epor t empha s ized,

however, that t he r e g i onal approach : al lows more e f f ec t iv e planni ng fo r a

l arge area ; allows f l exibil i t y in se rv i ng c ommun itie s involved; promo t es eco 

nomy of c onstruction by prov id ing one or mo re l arge plants as c ompa r ed t o a

mu l t i pl ic i ty o f small plan ts; i nc rease s e f f i c ienc y of opera t i on ; promo tes eco

nomy of opera tion; provides ec onomy in maintenanc e proc edure s; enhanc e s i ndus

trial growth; and r e l i ev es ind ividual c ities of direct da y -to -day respons ibil ity

of sewage t r ea tme n t. Still t o be worked ou t in each instanc e i s the pr oper

agency t o opera t e such a reg i onal treatmen t facility . Mo s t impor t ant , howeve r ,

is the fa c t that c e n t r a l i z ed treatment facilities promi s e t o offe r s i gn if i c an t

reduc tion in t he pollutional l oad on many o f our streams .

Anot her infl uence f or the neces s ity f or improv ed was t e trea tmen t is t he

fact t hat we cannot d epend upon using mu ch o f a s t ream's as simi la t ive capacity

for t he dilu tion o f municipal and industrial was t e . Increasingly, this ass imi 

l a t i v e capacity will be r equ ired t o accommodate tha t pol lu tion f rom l and use

which is beyond practical control.

I n add i tion, the neces sity fo r treatment o f al l waste has been s t ressed

by t he Federal Wa t e r Pollution Con trol Administration . Al though t he "Gu ide 

l ines for Establ i shing Wate r Qua lity Sta ndards for I nte r s t a t e Wa ters " wer e
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ava i l ab le pr io r t o r el eas e of t he Prel imina r y Pl a n i n May, 1966, t here were

questions r e gard i ng t he proper interpretation o f several o f the gu ide l i nes .

Po l icy Guideline No . 8 , states, " No standard wi ll be approv ed wh i ch all ows any

wastes amenable t o tre atme nt or c ontrol t o be discharged i nt o any i ntersta te

wa t e r wi thou t treatment o r c ontro l rega rdless o f the wate r -quali ty cri teria

and wa te r uses ad opted. Furthe r , no s tanda rd will be ap proved whi c h does not

require al l wastes, prior to discharge in t o any interstate va t e r , t o r eceive

the best prac t icable treatment or cont r ol unless i t can be demonstrated that a

lesser degree of treatment or control wi l l provide fo r wate r quality enhance 

me nt c ommens urate with prop os ed present and futu r e wa ter uses " . In discussing

the guidel ines at Norman, Oklahoma on J une 2 7 and 28, 1966, Mr. James Quigley,

Comm i s s ioner , Fed er a l Wa te r Pollu t i on Con t rol Administra tion, stated t ha t Policy

Guide l ine No .8 means, " f r om this po int forward, treatment o f wa s te wil l be

nec es sary". He f urthe r e labo r a ted that t he first s entenc e o f gu i de l i ne No. 8,

"ma nd a t e s primary t r e a tmen t; II and the second sentenc e } "a l l.ud es t o secondary

t r eatment ll
•

I ncrea s ed re turn flows a nd major mod i f i ca t ions in the fl ow of t he r iv ers

co uld gr e a t ly affect the quality o f water i n the bay systems . Recogn i z ing the

present unsat isfactory c ond itions o f the bay s a nd estuar ies, their increa s i ng

va lue , and possible further deterioration of the wa ter quali ty due to incre as ed

r e t urn fl ows , the Dev el opment Board authorized a nd fi na nced s tudie s of the

impact of return fl ows on t he Texas bay sy s tems a nd possibl e structural,

hydraulic, and ope r a t ing mod i f i ca tions of t he sys tem .

A r ep ort tit l ed , "Return Fl ows- -Impac t on Texa s Bay Sys terns ", pre pa r ed f or

the Board by Bryant-Curington, I nc . , indicated the r esults of a study des igned

to col lect availabl e data and t o des c r i be the ge ne ra l eco logy o f t he ba ys,

develop a mode of was t e wa ter e s t ima t ion and projec t re t ur n fl ows to ea ch

ba y s ys tem; and with in t he availability o f t he da ta prepa red es tima tes on
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both the physical ex change and bio logical degradation which may occur as the

di luted wa s t e waters are transported into and through the bays . Attention was

als o directed to the f r esh-water infl ows necessary f or each of the ma jor bays

and estuaries to prese rve the ex is t i ng f i s h a nd wi l d l i fe resourc es a nd the

f res h-wa te r infl ows nec es s a ry t o prevent t he development of nuisance cond i tions

under present and a n t i c i pa ted cond it ions . The repo r t estima ted that by 1980

about 1 mi l l i on ac re - fe e t o f d i l u t ion wa te r may be requ ir ed fo r Gal veston Bay

to maintain t he present level o f diss ol v ed oxygen , and ab out 3 mi l l ion ac re-feet

t o mai n t a i n relative phosphate l evels . By 2020 the r equirements fo r th e Bay

may be as high as 3 mil lion ac re-feet and 12 mi llion acre-feet, res pect ively .

A report , t itled lI ~vater for Preservation o f Bays and Estuaries" , prepared for

the Board by Loc kwood , Andrews a nd Newnam, Inc. , forecaste d that 2. 45 mi l l ion

a c r e - f ee t of fr esh-water inflow would he needed in the s ix bay s and es tua r i e s

t o ma i n t a i n them for recreation and fish spawn i ng . The bays and estuaries

studied wer e : Galveston Bay, Matagorda Bay, San An ton io Bay , Aransas Bay ,

Corpus Christi Bay, and Ba f fin Bay a nd Uppe r Laguna Mad re . The es tima t e of

necessary fresh -water i nf low wa s based on the c onc ept of maki ng maximum us e o f

Gulf wa t er to minimiz e the fresh-wa t er needs . Also) "fresh 'tva te r" c ould i nc lud e

return flows properly treated t o meet pe c ul iar r equirements of t h e es tuary .

The study i nc l uded c onsideration o f pos s i b l e structural , hydraulic and opera t

ing modifica tions o f the bay systems .

I n addition to t he prev i ous studies , t he Texa s Wa ter Pollut i on Con trol

Board is initiat ing a compr ehens ive study of t h e Galv eston Bay Sys tem. The

study , whi ch wi ll be conduc ted coopera tive ly by State , l oc al a nd Federal gove r n 

men t entities, wi l l hope to dete rmine t he op timum qua l i ty o f wat er . ne cessary

t o mainta in th e Bay as a spaw n i ng and nursery gro und for fish, and as a rec re a 

tional area . Curr en tly , a work plan is be i ng prepared to organ ize, schedule

and coordinate t he work r e quired for t he c omprehen siv e study .
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Water -quality conditions become a particular concern in a plan for pro 

gres sive devel opment o f water res ources through the impoundment of water in

reservoirs, and its movement through conveyance facilities. Proposed transfe rs

f rom Cypress Cree k Basin includ e the mov emen t of wa te r from Mars hall Rese rvo i r

(throu gh Lake O' the Pines) a nd Titus County and Franklin County Reservoirs t o

Na ples Re se rvo i r in the Sulphur River Basin. Total dissolved s olids c onc entra

tions in t he Cypres s Basin r e s ervoirs wi l l proba bly range from 80 t o 150 ppm

(parts per mi l l ion ), a nd the mixed wa t e r transferred t o Naples wi l l c ontain

ab out 100 ppm.

The use of wa te r from the Red River Basin involves the proposed diversion

of 140, 000 ac r e - f ee t per ye a r f rom Lake Texoma t o the Trinity River v i a Wh i t e

Rock Creek for augmentation o f flow of a section o f the upper Trinity; t he

diversion of 617,000 acre-feet from the lower Red Riv er into Pecan Bayou Res er 

vo i r ; and the pumpa ge of t h i s wa t er, plus the local y ie l d o f Pecan Bayou , t o

Na ples ,Reservoir for s ubseque n t transfer to the Trinity Riv er Basin .

The concentration o f t otal dissolved so l i ds in Lake Texoma for t he pas t 10

ye a r s has avera ged abou t 1,000 ppm, and in the l ower Red River the average has

be en abou t 800 ppm. I f t he salin i ty - con t ro l measure s propos ed by t he U.S. Corps

of Engineers are carried out, t hey may r ed uce t he av era ge t ota l dissolved sol i ds

co ncen tra t ion i n Lake Texoma and a t t he Pecan Bayou diversion site t o a bou t 800

and 600 ppm, r es pec t ively. Even wi t h improv ement , t he minera l qua lity of the

water o f Red Riv er wi ll be poo r in compar i son wi th mos t o the r wa ter inv olv ed in

the State Wa te r Proj ect. However , selectiv e pumping f rom t he l owe r Red Rive r

du ring period s of f l ow in exces s of base-flow wil l provide a be t te r qua l ity

wa te r than t hat shown fo r t he av e rage .

Water res ource dev elopmen t s in the Sulphur River Basin wi l l i nclude Cooper,

Sulphur Bluff, Na ples, and Texarka na reservoirs , with Naple s Reservoir receiv

ing wa te r transferr ed f rom the Red and Cypr es s Bas ins , and Cooper Rese rvo i r
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serving as t he t e rmi na l f or tran smission to the Tr i nity River Basin . The re s er 

vo i r s o f th e Sulphur Ri ver Basin wi ll impound wa t e r con taining from 100 to 175

ppm t ota l diss olved s olids. The aver age for the bas in, exc lusive of impor ts ,

wi l l be ab out 15 0 ppm.

When the sys tem is completely opera t ional , the wat er ava ilable fo r t r ans 

f er from Cooper Reservoir t o Lavon Rese rvo i r in t he Trini ty Rive r Basin wi l l

contain from 190 t o 25 0 ppm t ota l d i s s olv ed s olids. Any r educt i on in the

percentage of wa t e r der iv ed fr om Red River wi l l red uc e corres pond ingly the t otal

d isso1ved sol ids in Cooper Re s ervoir .

Lavon Reservoir on East Fo rk Trinity Riv er wi l l receiv e water t ransferred

to the Trinity Basin from the Red, Sulphur , Cypress , r es ervoir system. The

natura l y ield of Lavon is s imi lar in qual i t y t o the wa te r wh i c h wil l be impor t ed .

Under 2020 condition s o f the State Wa t e r Project, 44 9, 100 acre -feet wi l l

be pumped annually fr om Lavon f or us e in the Dallas a rea, 11 0,000 ac re - f e e t

t o West Fork Trini t y Riv er be l ow Fort Wo r t h for augme n t a t ion o f fl ow, and

330,000 acre -feet r eleas ed in "fuite Rock Cr eek for augme n ta tion o f fl ow i n the

Trinity River below Dall as. The rema i n i ng water t rans fer red f r om Cooper Reser

voir wi ll be released from t he Lav on Terminal t hr ough Forney Reservoir in to

East Fork Trinity Rive r and thenc e wi l l f low t o t he mai n s tem o f the Trin ity

River for s ubsequent t rans fe r t o t he Braz os.

At t he Trinity Rive r tra nsfer po i n t, a bove Tenn es s e e Colony Reservoir, the

fl ow of the Trinity wi ll co nsis t pr inc ipal ly of the trans f e rred wa ter , as des 

cribed ab ove , and r eturn fl ows f r om the Dallas -Fo rt Worth area . Thes e return

flows are expec t ed t o amoun t to 782, 100 acre-feet per yea r and t o conta in from

450 to 50 0 ppm dissolv ed solids. Runo f f f rom t he unc on t r oll ed drainage area of

t he Trini ty Riv er Basin will not s ign ifican tly affect t he ave rage quality of

the water at t his site and t he wate r ava ilable for trans f e r i n t he State Wa te r
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Project out of the Trinity wi l l probab l y contain f rom 270 to 330 ppm t otal

dis solved s ol ids.

To the wa t er diverted from the Trini ty River wi l l be added t he y ie ld o f

Richland Cr eek a nd Tehuacana Creek Res ervoirs, wi t h s l i gh t resultant dilution .

Thus , the wate r added t o the Brazos River below Wac o wi l l probably average

from 270 to 325 ppm t otal d issolved solids.

The quality o f wa ter i n the l owe r Braz os River , as mea s ured at Richm ond,

varies wide ly, du e partly to variations in f low, but depending also on the

proportion of the wat er wh i c h originates in the salt-contributing upper Brazos

draina ge a r ea. During three r epresentative ye a r s the discharges and weigh ted 

average total dis solved s ol i ds were as foll ows :

1959 3, 200, 000 acre -feet , 323 ppm

1962 - 3 ,260,000 ac r e-feet, 551 ppm

1963 - 1, 998 , 000 acre -fe e t, 513 ppm

Pr op o s ed s a linity-contr ol measures i n the upper Braz o s mi gh t have reduced

t hese concent ra t ions to 260, 485, and 410 ppm, r e s pectiv e l y.

Unde r the opera tion of Braz o s River Bas in re servo i rs c ontained i n the

Texas Wa te r Plan, qua l i ty i n the l ower Braz os wi l l be al te red by the add i t iona l

use o f goo d - qual ity wate r from Bos que and Littl e Rivers and by r eturn f lows

f rom munic i pa lities . As the resu l t o f thes e changes and the propos ed addi t ion

o f Sta t e Wa te r Proj ect interbasin t rans f ers , the f oll owing r anges of t ota l

dissolv ed solids may be expected at t he Braz os-to-Co l orado transfe r t e rmina l

near Hempstead:

With 1959 fl ows - 270 t o 33 0 ppm

With 1962 fl ows - 3 75 t o 435 ppm

Wi t h 1963 fl ows - 320 t o 38 0 ppm

The wa te r be i ng transferred into t h e Colorado River Basin wi ll flow f or a

shor t dis tanc e down the river and thus wi l l mix wi th th e wa t e r in the s t r e am,
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which will include re turn f lows from t he a rea be low Austin . Nat ura l runoff i n

the Colorado contains from 250 to 350 ppm total dissolved solids, and the

r eturn f lows in the Col orado Rive r Bas i n wi l l contain 450 t o 550 ppm. Th e ne t

r esult will be only a slight change in the quality o f t he water trans f erred

from the Brazos , and the water available fo r use in the l ower Colorado Ri ve r

Basin and f or transfe r t o the Lavaca Basin will contain from 275 t o 43 0 ppm

t o tal dis s ol ved sol id s .

Wa ter wi l l be transferred from the Col orado River t o a tributary of the

Nav i da d River and thenc e to Palmet t o Bend Reservoir. The yie ld of the Lav a c a

Riv er Bas in i s l ow in t otal d issolved s ol i ds con t ent, (200 t o 3 00 ppm), and

wi l l di lu te slightl y the Projec t wa t er. On transfer from Palmet t o Bend t o

Con fluence Res ervoir the water will probab l y conta in 270 to 425 ppm total d is

s olv ed solids.

Conf lu ence Reservoir , a t the mouths of the Guadalupe and San Antonio

Riv er s , wi l l s e rve a s r egulating s t or age ~or the Pr oj ect. I n addition to the

impor t ed wa ter, t h e r ese rvo i r will receive much o f the y i e l d of Cuero and

Goliad Reservoirs . Little change in quali t y wi l l occur a s a r esult of the

mi x i ng, and t he combined s torage in Conflue nce Reservoir wi l l aver age be tween

280 t o 430 ppm total dis so l ved so l i ds. As no ot he r l a rge vo lumes o f wa t e r wi l l

be added t o t he t r a ns f e r system, little additional ch ange wi l l oc cur i n t he

quali ty o f the wa te r before i t s de l ivery t o users in t he Coastal Bend a nd Rio

Grande Vall ey areas.

Another wa t e r - qua l i ty aspect of the Pl a n is the utilization o f the St a te ' s

sa l ine -wa t e r resourc es . Eco nomi c studies are be ing c onducted t o dete rmi ne the

potential con t r i bu t ion o f saline wa t e r c onv ersion t o f u t ure wa ter supplies o f

the Sta t e. The pre se n t study , wh i c h wi l l be comp l eted in la t e 1966, consists

of evalua t i ng al l t he cit ies i n the Sta t e who s e 1960 population was over 1,000 .

Of 586 communi t i es eva l uated , 37 are possibl e cand i da te s fo r saline-water con-

v e rs i o n.
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The criteria us ed in the eva l ua t i o n o f the c ommunit ie s were : popul a t i on

and ec onomi c base ; ra in fall (c i t i es wi th an av erage annua l rainf a l l in excess o f

40 i nches we r e e limina t ed , except Galves to n a nd Texas Ci t y ) ; wate r suppl y; wa te r

qua l i t y ; alte rnate sources; and supp l ies of brackish wate r .

Pr ob l ems t hat mus t be g ive n pr op er c onsid era t i on whe n d ealing wi th sal ine 

wa te r conversion ar e the met hods and costs of disposal of t he ef f l uen t from t he

c onve rsion pr ocess. Care ful s t udy must be g iven t o the proper d isposal o f t he

e ff luen t so t hat o the r resource s are no t destroyed in the process o f developing

a wa te r s upply . Me t hods fo r disposal t ha t have be en eva lu a ted in this study

inc l ude : subsurfac e inj ection ; lined surface pi ts; discharge i nto surface 

wate r courses ; r euse ; and mix i ng wi t h muni c ipa l return f lows.

A f i na l aspect o f wa te r qua l i t y whi ch r ec eiv ed cons ideration in t he Pla n

is natural pollu tion i n str e ams in the wes te rn par t of t he State . Large v o lumes

o f surface wa t e r, and s ome ground wa ter are be i ng po lluted by s a lt f rom s a l t

wa te r spr i ngs a nd seep a reas i n the f our l argest riv e r basins of Texas . Pollu 

t i o n f rom natura l s ourc e s i s extreme ly severe in t he Pecos River o f the Rio

Gra nde Bas i n, t he Colorado River Basin, t he Brazos Riv er Basin and t he Red Rive r

Bas in .

The chemical qua lity situa t i on i n the Red River Basin was intensively in 

ves t iga t ed by t he Uni ted States Publ i c Heal th Se rv i c e unde r a f ed erally financed

pro jec t titl ed "Th e Arka ns as - Red River Basin Wa t er Qua 1ity Cons erva t i on Pr oj e c t " .

Th e Publ i c Health Se rvic e , in conducting t he early phase s of this investigation ,

had as its obj ec t ives; (1) t o l oc a t e and def ine the significan t na tu ra l and

man-made sou r ces of sal t pollution, (2 ) to de t ermine t he effec t s of thes e

s our ces on t he qua li t y o f wa t e r in t h e receiv ing stre ams , (3) t o pr opose pos 

s ib l e methods and procedures fo r reduction o f t he s e highly mi ne ra l ized dis 

cha r ges , (4) t o es timate the r esults o f r educ tion of the se dis charges on s t r eam

qua l i t y , a nd (5) t o dete rmine t he be ne fi ts of water -quality i mprov ement t o
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pr esent and fu ture municipal , indus tria l and agricultural wa t er us e rs . At the

c onc l usion o f the Public Hea l t h Se rv ice s t udy, the fo l low i ng s ugge s t i ons we r e

made t o the Corps o f Engineers : t o de termine t h e fea sibil ity of e l imi na t io n of

t he br i ne problem by; (1) s ubsurfac e disposal, (2) pe rma ne nt stora ge - re ten t ion

of concentrated brines in t he s ourc e a rea, (3) e l imi na t ion of f r esh r echarge

wa t e r to the br i ne generat ion a reas, (4) i mposition of back pres sure on br i ne

s prings to suppress flows, (5) transporta t ion of co ncen tra ted br i ne t o non

damag i ng sites , and (6) u t i l i zat ion of salt .

The Corps of Engineers followed up t he init ial s tudy by preparing a r e port

on t h e problem, the mai n purpos e o f which was t o describe the hydrau lics o f the

riv er s ystem, t o design a s t ructure f or controlling the salt wa t er to keep it

ou t o f the ma i n r i v e r c our s e and to repor t on the re s ul t s o f expe r imenta l pro 

j ec ts s uch as the ring dike at Este l line Spr i ngs, near Este ll i ne, Texas . The

r ep ort , "Arkansa s -Red Rive r Basins, Wate r Qual ity Control Study , Texa s-Oklahoma 

Ka nsas, Part I" , propos ed c onstruction of the Wi c hi ta Rive r Proj ect, Texas , fo r

contro l of na t ura l ch lor id e pollution i n the Wich ita Rive r Bas i n . The projec t

inc ludes t hree low-f low dams; one each on the Nor t h, Mi dd l e and South Forks of

the Wich i ta River ; two br i ne re s erv oirs , one on Canal Cree k and another on a

smal l tribu tar y of the Nor th Fo r k , a nd pumping pl a n t s and pipe l i nes t o transmit

t he brine from low-flow si t es to t he brine r eservoirs. Based on t he fact t ha t

a con tinuing reduction in chlor id e s will result through leaching and wi t h con

tinuing proper disposal me t hods, it does not appe ar unreasonab le t o anticipate

an 85 pe rcen t reduction in man-made ch lor ide by t he yea r 1975 .

A second report by th e Corps, ti t l ed , "Arkans as-Red River Basins , Wa te r

Qua li ty Con t r o l Study , Texas-Okl ahoma-Kans a s , Pa r t I I , " proposed a Red River

Proj ect wh ich would con s i st o f four brine re servoi rs and fou r brine coll ec tion

s ystems and pumping systems wh i ch woul d suppl ement t he Wich i t a River Project .
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After a thorough r eview o f thes e proposed natural pol lution con t ro l pro 

jects they were included as an important phase o f the Texa s Wa te r Plan .

I nv e s t i ga t iv e activities i n the Braz o s River Basin hav e been conduc t ed on

Fede r al , State and l oc al l eve l s. Some of t he agencies invo l v ed in inv estigativ e

ac t iv i t ies in the basin are the Bra z o s River Author ity , Te xa s A&~ Universi ty,

the Texas Wa te r Development Board a nd the U. S. Geol og ical Su rvey . I n addi tion ,

t he Corps of Enginee r s has a mul t iple purpos e i nvest i gat i on of t he Br az os River

Basin in progress wh i c h i ncludes study of r emed i a l mea sures fo r natura l po l lu 

t ion i n t he Upper Br az os.

I n 1962, the U. S . Geological Survey initiated a s t udy of t he occur rence

a nd subsurface movement of highly mi ne r a l iz ed ground wa te r throughout the Per 

mian Basin in New Mexico, Texas , Oklahoma and Kansas. The purpos e of the pro 

j ec t i s t o de termine the compl ex geo -hydro l og i c fac t ors r el at ing t o unde r gr ound

s ourc es and movement o f mi ne ral ized wa t er in t he f ormat i ons of this r e g i on .

Specific s tud y has be en und erway in the up per Br azos Bas i n t o gain an under

standing of the moveme n t o f t he mi nera l ized wate r measured at t he princ ipa l

brine emiss ion areas .

The Wa t er Devel opmen t Board has investigated area s of soi l damage in some

coun t ies in t he basin. Si gnificantly large areas of cul t i vated land in J ones

and Fis her counties , for exampl e , have been seriously a f fe c ted by s oil salini 

za t ion . Several pre l imina ry c onclusion s a s to poss i ble cause s have be en s ta ted,

however , it ap pears t ha t a combinat i on of causes a r e r es ponsib l e f o r the pro 

bl em as a who le .

Inv es t i ga t i ons sponsored by t he Colorado River Munic ipa 1 t,a t er Dis tr ic t

r ev eal ed that there was a considerabl e amoun t o f highly mi ne ra l iz ed wa te r i n

the Colorado River ab ov e t he Robe r t Lee Reservoir s i te . Much , if no t mo s t , o f

the salt wa te r i s oil-f i eld br ine from t h e o i l fie lds of t he area. Since the

natural brine occ urs wi t h the oi l -f ie ld brine in t h e r iver , both are being
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dealt wi t h under t h e same program . This salt water a lleviation pr ogram c ons i sts

o f a pla n for catching the l ow fl ow o f the r i ver a nd then s elling the s a l t

wate r t o c ompa n ies tha t wi l l use it fo r wa t e r f lood i ng in var ious o i l f i e l d s in

the area. This particular approach t o dispose of sa l i ne wa ter is somewha t

di f f er ent from means o f salt -wa t e r co ntro l being used elsewhere i n the State .

Investigat i ons t o de termine t he source and extent of salt water whi ch

affec t s t he Red Bluf f Res ervoir have been made by t he U.S . Geolog i cal Survey

and Pecos River Comm ission. The i nv es t i ga t i on revea led tha t t h e pr incipa l

s ourc e of s al t wate r was s aline ground -water dis charge s into the Pe co s Rive r

at Mala ga Bend , New Mexico, ab out 6 mil es north of the s ta te bounda r y . The

b r i ne -y ie l d i ng geo l ogi c a l formation was studied in s uffic i ent detail t o show

t hat by pumping br i ne from t he f orma tion , the wate r l ev e l i n t h e forma t ion

c ould be c ontroll ed in such a way t hat t he br i ne would no t e n te r t he rive r .

Th e Congres s au t hor ized the Bureau of Reclamation to construct the Ma laga

Bend Expe rimen t a l Salinity Al lev i a t ion Pro j ect in 1958 . The faci l i t ies fo r

coll ecting and dis posing of t he salt wate r a t Malaga Bend have been c onstructed

and t he projec t i s be i ng eva lua ted during its operat ion . Disposal of t he salt

wa te r i s into a l arge na tura l depr e s sion where the wa te r will be evapor a ted

l eav ing the precipi t a ted salt . Opera t ion and maintena nce of t he pumpa ge and

dispo s al system i s being ca r r ied on by the Red Bl u f f Wa te r Power Control Dis 

tric t ,

Re comm end ed action as envis ioned by the Wa ter Development Board i nc l ude s:

co nt i nu ed and expa nded r e s earch in to the hydrologic sys tems con tributing to

t he natural pol lu tion l oad o f the se r iver ba s i n s and into loca l ground -wa te r

s upp l ies . Thi s wil l i nc lude a continu ed a na l ys i s o f proj ects curren tl y und er

s tudy. Afte r a c omple t e evalua t i.on of proj ec t s now in ope ra t Lon , r ecommenda 

tions c an be made for future stud ies and useful information provided for design

a nd construction o f sa l i n ity c ont r ol projects i n the Red and Brazos Basins .
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While the Development Board, in de termining the water uses for t he planned

proj ects , sets the ge ne r a l guidelines for wa te r quality neces sary f or these

uses, the Water Pollution Control Board has the r espons i bility fo r actually

s etting s t ream s t anda rd s a nd, t hrough its permitting procedure, con t rol l i ng

t he volume and qual i t y of e f fluen t d ischarges i n t o s t reams .

Fo r ea ch of t he riv e r basins the Pollu tion Board prepared a draf t o f

wa t e r - qua l i t y c r i te r i a based on inf ormation ava ilab le f o r the pe riod 19 57 - 1965 .

The cr iteria were submitted t o the pa r tic i pants at each of the bas in hea r i ngs

wh i ch were he ld jo intly wi t h t he Development Board , and comments solic i t ed .

Afte r c omments hav e bee n received, a review wi ll be made of a l l in f ormation

ava ilable and the draft mat e r i a l wi l l be revis ed , whe re neces sary . The Wa te r

Pollution Control Board is giving c onsideration t o holding 4 or 5 r e gional

he a r i ng s for the purpose of allowing the peopl e o f t h e s e regions t o submit

add i t i ona l c omments on the r evised material. Upon completion of the r eview of

s uc h comments as may be r eceived , the Wa t e r Pollut i on Con trol Boa r d wi l l adopt

th e r evis ed criteria as standards f or the s pec i f i c s t re ams and subm i t them t o

the Fed eral Wa t er Pollution Control Administration f or app rova l . Thes e gu i de 

l i ne s wil l t hen gov e r n t he i ssuanc e o f permits by the Pol lu tion Boa rd.

I n a ny a ttempt f or wa t e r - qua l i t y management , wa t e r quan t ity and wate r .

quality are inseparabl e , thus , administrativ e fu nc t i ons i nv ol v ing wa te r deve lop

ment, wate r r i ghts and wa te r - pol l u t i on cont r ol mu s t be car efull y ev a lua t ed .

Any plan fo r wate r deve lopmen t wh ich inc ludes pr oposed impound ments , mov emen t

of wa ter through c onv eyanc e fac i l ities and r e turn fl ows, crosse s these adminis 

t ra t ive l ine s and emphasizes t he nec e s s ity for t hos e agenc ies i nv o l v ed t o

c lose ly co r rela te their act iv i t ies .
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PROPOSED WATER QUALITY CRITERI A FOR FOR}ULATION OF
TEXAS WATER PLAN

1 . General Pl anning Con cepts a nd Principles

A. Whe reve r feasible wi t hi n reasonab le eco nomi c cos t l i mits , muni c i pa l

surface supp l ies shall be obta i ned f rom s ources l ying up s t r eam f r om ma jor

dis charges o f treated munici pa l s ewage a nd i ndus t r ial was t e s . The r e wi l l

be , however , no abs olute prohibition aga i nst the establis hment a nd us e of

ad equa t e l y designed a nd operated sewera ge s ystems in such wa t e r sheds .

B. In evaluating the assimilative ca pac i t y o f a stream r each , pa r t icular ly

r ese r vo i rs, and of t he coasta l ba ys a nd estuaries, a l l owance s ha l l be ma de

for the pollutants added by uncontrollable runoff from urban-industria l

areas a nd from agr icultural areas.

C. Al l r e s e rvo i r s , exce pt wat e r sys t em r e gulating r es e rvo irs , wi l l be

ut i l i za b l e for sportfishing and recreat i on.

D. Within reasonab le te chnologi cal a nd eco nomic limi t s , no stream qua l i ty

co nd i t ions shall be pe rmi t ted which wou l d be i ni mi cal to f ish a nd aq ua t i c

li f e.

E. Low flow augment a tion f or ass imi la t i on a nd t r ans por t o f treated mu ni -

cipal sewage a nd i ndustrial was te s wi l l be conside r ed a s a pe r manent s o lu-

tion only in event no o t her pr ocedu re is found to be fe as ible f or ma in t e n-

ance o f specified criteria. I t may be con s id e red a s a n interim a id whe re

it is f ound t o be economically desira ble and can be a ccompl i shed wi thou t

detr ime nt t o o t he r requ irements .

F. Dilu t ion of naturally poo r qua l i t y wa t e r wi ll be conside red whe r e t his

woul d not r esult in was te o f water .

G. Al l fea sible mea ns wi l l be used t o co nt ro l and d ispose of s our ces of

na tura l ly poor qual i t y wa te r such a s sal ine springs .
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has been success ful l y us e d , a nd i t is no t economica lly f easible to

improve the s tream qua l i t y thr ough dilution, grea ter conc ent ra t i ons

wil l be permit ted . Sulpha tes sha ll not exceed 250 mg/ l i nso f a r a s

i s feas ible.

C. I ndus t r i a l Use (General us e )

1) Water satisfactory fo r munic ipa l supplie s wi l l gene ra l l y be sa t is -

fac tory for industrial f r esh wa t e r supplie s , a nd USPHS Dr inking Wa ter

Standards , 1962, recommended l i mi t s , and as further qua l i f i e d a bove fo r

munic i pa l use, as re gards mineral constituents wi l l prevail . Whe re a

l a r ge i ndustr i a l use requ ir i ng high qua l i t y fresh water exists or is

anticipated, ch l or i de concentrations should no t exceed 100 mg / l . Whe re

wate r i s r e quired o f a superior qua lity to t ha t norma l l y ava i lable f r om

a surface suppl y, it shal l be assumed that the i ndustry wi l l provide

additiona l wa t er t reatment .

D. Irriga tion Use

1) Use c r i t er ia are based on irrigat ion wa t e r classification system

deve l oped by Uni vers ity of California a t Davis and Un i t ed States Sali-

ni ty Lab orator y a t Rivers ide. Criteria fo r Class I irrigation wa t e r

to be me t whe reve r economically feasible.

Class I - Excel lent to go od, or suitable for mos t plants under mos t

co ndi t ions .

Ca tegory

% Sodium ( Na x 100 Me q .11)
( Na + Ca + Mg + K as

)

Boron

Chlor ide (Cl)
Sulphate (S04)
Spec . Conduc tivity Mic r o mho /Cm2 (ii) 25 °C
Total Di s s olved Solids
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30-60%

ge ne r a l 0 .5 Mg/ l .
t olera nt pl a n t s 1 . 5 Mg / l
195 Mg / l
480 Mg/l
1000
700 Mg /l



Cate gory Qualit y

Class II - Good t o i nj urious , harmfu l to some plant s unde r ce r ta in

cond i t ions of so il, clima t e , practices .

% Sodi urn (::N2.a_x,"-,=:lO~O,-_ _ --=__ )
(Na + Ca + Mg + K as Meq / l)

Bo ron
Chloride (C l)
Sulpha t e (S04)
Spec . Conductivity Micr o mho/em2

Total Di ssolv ed So l ids

30-75%

.5 - 2.0
570 Mg/l
960 Mg / l

(ii) 25 'c 3000
2100 Mg/l

Clas s I II - I nj urious t o u nsa tis f ac t ory, unsu i t able unde r most co n-

d i tions .

Boro n
Chl oride (C1)
Su l pha t e (S04)
Spec. Conducti vity Micro mho/em2 (a>
Tota l Disso lved Solids

% Sod ium (Na x 100
(Me + Ca + Mg + K

)
as Me q/ l )

25'C

> 70%

>2.0 Mg / l
>570 Mg/l
>960 Mg / l
>3000
>2100 Mg/l

E . Addit iona l c riter ia for res ervo irs - to mainta i n recrea tion and sport-

fishing .

1) It is assumed that concentrat i ons of nutrients, i .e. t o t a l C tota l

N and P wi l l be main tained at such leve ls as not t o stimulate undes i r -

ab le aquatic growt hs .

4 . Ground Water Cri teria

A . Mu nic ipa l use

1) USPHS Dr i nk i ng Wa ter Standards , 1962, r ecommended limi t s , insofar

as those cons t i t uents which canno t be r emov e d by co nv e nt i ona l wat e r

treatme nt processes are concerned} except 804 which s ha l l not exceed

75 mg/ l i f economica l l y feasible to a t t a in.

a) Where wate r ha ving greater conce nt r a t i ons of mi ne r a l substances

from uncontro llab le sources up to a TDS concentration of 1000 mg/ l
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has been succes s fu l l y used, gr ea t e r concent r a t ions wi l l be pe rmi t t ed .

Sulphates sha l l no t exceed 250 mg/l inso far as is f easible .

B. I ndust ria l Use (Raw wate r surface supply)

1) Water satisfactory f o r mun i c i pa l supp l ies wil l gene ra l ly be sa t i s -

factory for i ndus t r i a l fresh wa t e r s upplies, and USPHS Drinking Wa t er

St anda rds, 1962, recommended limi t s , and as f u r the r qua l if i ed above fo r

muni c i pal use, as regards mineral cons t ituents wi l l preva i l . Whe re a

l arge i ndus tria l use r equiring h igh qua lity f resh water exists or i s

ant i cipated, ch l or i de concentrations should not exceed 100 mg/ l . \ihere

wate r of a supe rio r quality to that normally ava i l a b l e from a present

supply, it shall be assumed that the indust r y wil l provide add i t i ona l

wa t e r t reatment .

C. Irr i ga tion Use

1) Use cr i t er i a a re based on irriga t ion water c las s ificat i on system

developed by Unive rs ity o f California at Davis and United States Sa l i -

ni ty Laboratory a t Riverside. Criteria f or Class I irrigation wa t e r to

be me t whe reve r economical l y feas ible . Cl ass I - Excellent t o good, or

su i tab l e fo r mos t plants under mo s t conditions.

Category Qua lity

% Sodium ( Na x 100 as Ne q./ l ) 30-60%
( Na + Ca Ng + K

Boron ge ne r a l 0 .5 Ng/ l .
t olerant p lants 1. 5 Ng/ l

Chlor ide (Cl ) 195 Ng / l
Su lphate ( S04 )

mho /Cm2
48 0 Ng/ l

Spec . Conduc tiv ity Nic ro (ji> 25 °C 1000
Total Dissolved Solids 700 Ng/ l

Class II- Go od t o injurious , ha rmf u l to some plants unde r cer ta i n

cond itions o f so i l , c l ima t e , prac t ice s .

% Sodiu m (Na x 100 ) 30-75%
(Na + Ca + Ng + K as Neq/l )

Boron . 5 - 2 .0
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Category

Chloride (c i)
Sulphate (S04)
Spec. Conductivity Micr o mho/em2 (2l 25 °C
Total Dis so lved Sol ids

Quality

570 Mg / l
960 Mg/l
3000
2100 Mg/l

Clas s III - Inj ur ious t o unsa t i s fac tory, unsu itable unde r mo s t cond i -

t i o ns ,

% Sodium ( Na x 100 ) >70%
(Ma + Ca + Mg + K as Meg/ l)

Bo ro n
Chlor i de (Cl )
Sulpha te (S04)
Spec . Conduc t i vity Micro mho/em2 (2l 25° C
Total Disso l ved Sol i ds
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