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SUBJECT: Ccm!prehensive Survey Report on Trinity River ~~~~ C

Tributaries, Texas

United States Army Engineer Division, Southwestern, Dallas, Texas,
Sept~~ber 19, 1962.

TO: C~iief of’ Engineers, Department of the Anny, Washington, D.C.

I concur in the conclusions and reconinendations of the District

Engineers, Fort Worth and Galveston Districts.

C. H. WNN
Brigadier General , USA
Division Engineer
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COMPREHENSIVE ~ i; fl Y REPORT
ON

TRINITY RIVER J~ -D T:aBUTARIES , TEXAS

SY LLABUS

The report presents a comprehensive plan of development for a
balanced progran to provide the best use or combination of uses of
the water and related land resources of the Trinity River Basin, to
meet all foreseeable short- and long-term needs, for the economic
and social well being of all of the people.

The plan provides specific me’asures to satisfy the present and
projected needs for water supply and water quality, flood protection,
navigation, recreation, and fish and wildlife. The measures selected
have been based on consideration of current and projected economic
conditions. The projects recommended for authorization at this time
consist of a multiple-purpose channel from the Houston Ship Channel
to Fort Worth including a series of navigation locks and. dams; four
multiple-purpose reservoirs - Roanoke (including modification of
Grapevine Reservoir), Aubrey (including modification of Garza-Little
Elm Reservoir), Lakeview, and Tennessee Colony with a wildlife refuge;
water quality control distribution facilities from Tennessee Colony
Reservoir to the existing Benbrook Reservoir; and five local flood
protection projects - West Fork Floodway, Elm Fork Floodway, Dallas
Floodway Extension, Duck Creek Channel Improvement and Liberty Local
Protection.

With respect to other purposes, land stabilization and drainage
will be handled by existing programs and continuing Federal author-
izations. Water requirements for irrigation potentialities of the
basin are included in the plan as is water cooling requirement for
thermal-electric power facilities which were determined to be the
primary source of meeting future power needs of the area.

The total estimated construction cost of the projects reconunended
for authorization is $9o0,71~7,Ooo with an annual operation , maintenance
and replacement cost of $8,!~47,ooo, The net Federal Government costs
are $775,796,000 and $7,227,000, respectively. The total annual
charges of the recommended projects are estimated at $38,910,000 and
the total annual benefits are estimated at $62,1420,000. The ratio of
benefits to costs is ~.6.
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U. E .  ARMY FEE ;INEEE DISTRICTS , FORT WOR Th AND GALVE SJ’ UE
CORPS OF ENGINEERS

FORT woh :~d AND GAL . dSToN , TEXA S

J une  30, 1962

S~~~ ECT: bmprcnensive Sarvey Report on Tr :n  ty h ir e r  ani Tributar ies ,
Texas .

THROUGH: Division EriJineer
U -  S. Army Engineer Divis ion , 3-u : ithw~~~te~ n
D~L~~~aS.  Texas

TO: Chief of E n - .n e r G
Depart ment of the Army
Wu;:~ ~nJton , D. C.

INTRO DUC TION

- SJOPE . - This report p.-e~ cn~ ~ th~ :-e~~ iLu of a c mprehensive
invest  E~at ion of the p :-ob~ cms associated with the Wa: . 0 and ‘elated

on:I r eso  :‘cer of the Tr in ity  River Basin . IC def ines  a - ~mpr c h e n r
plan fu r  use and cont: -ot  of tne  - wu of the Trin: ty  R ive r  and i t s
tributaries o toe p r u ;t i c al  ex tont  r equi red  to assure the e~ - ouni C
ano social  ~e L — t e n g  of the people of t h e  r e J i -on ,  n t a~ c ,  and n o . ~~-n .

an presented herein  serves as a guide  to the JE- - ;e .  -s:1L-:r 

of t h ’  050 n s water and :e iu t .ed  and :-cc-~u:-reo and ~s t ao- I
up ’ n analysis of dc ai led t ~

- tn Ca 1. dat a and ~n-.’eu . i~ tti- ns repor~ Cd
upon in no i a r iou s  append.ixe.~ to t h is  p . : . - ihe e lemen ts  of P
plan rec - -rn ’scnd -d : u -  au th or iL at ion at th is t in: w~:0 icr - - f ) Ud
C sunan ‘ - w i t h  t u  - ..~~ :-all plan tr~c n f  i n t o  - e : c I e : - e’. ic m cu:’:’en ’

- j eu te d  n i  t I unu and eu j n mic just 1fir~t ion .

2 .  PUR POSE OF NE INVFiE i~ P ~ATIO~I. - The T r i n i ty RI ;er 2 - 1  in
-n span :  n~~ 17, oh 2 squn :‘e , ex ’ ends -~ twu: :I :‘ - u .h the east em

of lexu .,  from t h e  Red River  Basin en the n -u t l i  to  li  tni y Ba~r
on the s o o t h .  The 1ar ~y’ popu~ a ion center s of Dol Ian and Fort  W r ’ h
e .o cat :d in ‘h e  opp - - p s t  ~n of the bus  n . U- ir: - r i .  Cli - largest.
:t y in  Texas and a v i t a i  fao ~ :- I n  the  development of th~ - WC O I n n  I

H i  ver Bas in , i s  J u u a t d j u st  wes ’ of tb  basin near he coast U w i n ~
arge iy to the ~ u-~ sos of st~-a .egIc lo a’. ion and cet ’-a n -hula’; of

_______________ 4
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subre quer ’ s ‘~v nt. s , a i f  -r1 m - ra l  g : n w ’ h of popu lat ion , industr  —

all n a t i on  and expansi r - of  the general e- :norr iy has been e x p e ri e n c e d
in recent year s by each of be te  iar g c- cit ies. Dallas and Fort W e  th
largely develope r a: the  f : n w - ’iai  and market ing  hub of the upper
Tr in i ty  and suruoon. d f n ~ are. * - 4 ; t h  a- rn ic recent trend to a rapidly
expanding indus t ri a~ c -  -n -mv Ho i 5 t . - r and i ts adjacent area has
been charact erizeo by r u p i d  indu s~ i -j a I l  gr -w - ,h and deve lopment as a
dist r ibution c”n t e :-  F~ o g :- - -w: .h of Houst on  has been accelerated to
a marked degree br the  es -lb ~hrn.: r i t  c f  deep dmaf ’~ navigat n in the
area and - :unnect i°r i  .:. C C  C -  in dOO l ~ -~t -i ’way system of the nation.
The rapid eccncir . - i~i ’~~h of the c i t i~~: has been characterized also
by the vigorous an-; p. o-riesclve - ‘- ~ pr l  cc -of the peop le , coupled
w it h  ou t s t a n~~f n ~-. le ade rdup  in af  I f~e 1ds of endeavor . These human
resources added to su ch n a tu r a l  adv-sn ’ aces as mild climat e, abundant,
rainfall, and ct:-at egic locu tion  w i t h  d - ’ spect to natural resources .
r ich  a~t r i  culraraj ar eor- an t  en ab i isheu transportat ion routes insure
the continued r a p i d  development of th e d ’e ci t i e s  and surrounding areas
for many years.

3. A l th o u g h p- sse:s[ng many of ‘he  same advantages, the middle
por tion  of the T r i nit y  R ive r  Basin has not  matched t h e  development tempo
of the  upper and l owo r part s and has remained largely agricultural  in
cha: a te:’. A comple n x n i a n a~. i - n  of tho comparatively slow progress of
the mi ddle t-ar~~rd wo ’;i ’i on d - I b t e d ly  -o r - I r e  f ac tor s  other than lack of
water  re :;-d ur -e devei-~nmen It LS 0: - ‘i n - however , that  the ab: rn or
of such dev ’-lopme nt and the periodic rec ~r~-ence of devastating floods
and severe droughts ha-.” been major d”t r r ent s  to general —ievnlopmen

-. . ~~‘n ’r a  . .j np -ok rng , the total water resources withIn the Tr~ n l~~y
F I re r  Basin is adeqin ’ to supp ly the water needs for the fome:o ’eab le
fut  ~re .  Th,e wa ’ p r o b l e m s  arise mostly from oh ’: ex t r e m e s  expe r  f e nc e d
t s r -  ~~h f loods  and d:-o i,,h t s  and the  inadequacy of exis ’- I n ~z con t rol
measures to  conserve and r e gu l at e  the water for  b e n e f i cia l  u se . 2L
rapfd g:- r ~th of the  Dallas-Fort Worth omplex in the upper basin , ani
the Houston comp l ex some 300 mIles to the south, as well as ‘-he
relat1’~-~-ly slow TIe/ I lop inent. of the middle basin area, have ~en - : - e  ci
many su:Ia. and econ om i :-  p u n t -  mc whi ch demand attention. A nuns ’- :
of such problems are related to development of water resources ,
including Wa’ er supply , flood control, water transportat i n ,  hyd: 
electric power generation , dra nage , irrigat ion, recreation , f i s h  ~~~
wil&J fe, water q~ality cc-r’trol and other related purposes. Recogn isirig
the necessity fr  comprehensive and realistic plann ing , with consider-
ation of both the present and future demands, officials cf local
government and other agenclr- n C nr u-ned with development of the Trinity
River Basin requested that t h i s  investigation be made .

5. ARRAN GEMENT OF REPORT. - The following sections of this report
contain the resultc , o a r  lus Ions and recommendations of the Fort Worth
and Galveston District Eng~ f l - i s, based upon analysis of detailed

p
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te chn~ -c a1 data and investigaticns reported upon in the following
app~ ndixe s  t o  th i s  report :

Appe ndix I - Project Formulation
Appendix II - Hydrology, Hydraulic Design , and Water Resources
Appendix III - Navigation and Navigat ion  Economics
Appendix IV - Flood Control Economics
Appendix V - Recreation and Fish and Wildlife
Appendix VI - Cost Est imates , Geology, and Design Information
Appendix VII  - Economic Base Study
Appendix VIII - Comments of Other Agencies
Appendix IX - Resolut i ons, Public Hearing, Prior Reports

6 . J-flSTORY OF INVESTIGATIONS.- Records show that the lower 300
miles of the Trinity River carried considerable navigation during the
latter half of the nineteenth century, although its use was severely
restricted by wide variations in stream flow. In 1902 Congress authorized
a 6-foot navigation project to Dallas to be obtained by channel improve-
ment and a system of 37 locks and dams. Seven of the locks and dams and
one auxiliary des, had been completed by 1917 in several disconnected
reaches. The difficulty of maintaining open river navigation between the
widely separated navigation pools, led the Congress to abandon the
project in 1922, except for the L~l~mile reach from the mouth of the
river to Liberty, Texas.

7. The most recent general study of the Trinity River Basin was
completed in l9i~l and is published as House Document No. ~+O3,
77th Congress, 1st Session. That study analyzed the needs of the
basin for flood control, navigation, and allied purposes. The report
presented and recommended adoption of a basic plan of improvement for
the Trinity River and Tributaries for flood control, navigation, arid
water conservation. The plan included five dam and reservoir projects
designated as Grapevine, Benbrook, Aubrey, Lavon and Little Elm,
modification of Garza Dam and Reservoir and modification of the levees
and floodways at Fort Worth and Dallas for flood control and water
conservatton , and a 9-foot navigation channel extending up the Trinity
River , by means of locks and dams, fr om the Houston Ship Channel in
Galveston Bay to Fort Worth. The report recommended construction of
the improvements found justified by condition s existing at that time ,
consisting of Benbrook, Little Elm and Grapevine Reservoirs , modi-
fication of Garza Dam, improvement of the levees and floodways at
Fort Wort h and Dallas and. the lower 149 miles of the navigation channel
from the Houston Ship Channel to Liberty. Const ru ction of the recom-
mended elements of the plan and of Lavon Reservoir for flood control

p
3
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was au t li-u:; zod by the River’ and Harbor Act  of Mar ;h 2 , l))i5.
S .l-reqocn ~~ y .  the Garza-i~ittIe Elm Reservoir, i mpe~nded by th e
le w l s-: :lle Darn, was cons t ruc t ed  in lieu of the separate pinje ::
m cdi fy ng Ja;-za Darn and constructing Little Elm and Aubrey R e s e r v ; i r c .
Pared on several SU~ Gc:q~ieflt .  s tu d ie s  and reports, Congress has asian:-
ized addit ional  modi f i c a t i ons of the project to p ;-o : ide  cunsei -v a t  -

- r i ~~e In  L a - o n  Reservoir , cons t ruc tion  of the Na-:~~- - :-n M i l l s  Resc:v::r
c-n R i - ’h and Creek end Bardwe l l  Reservoir  on W~~cahachie Creek for fl ood
crntr o l  and water  conservat ion , additional improvement of the Dallas
and Fort W o r t h  Floodway s and a local flood pr o t ec t i on  u n i t  along
FIg Fossi l  Creek at the c i ty  of Richiand Hills. All of these improve-
ments  are I.n the upper por t ion of the river basin in the general
vi-: :i; cy of Dallas and Fort Worth .  ~~ o recent invest igations of
addi sal flood problems In t h i s  area have been made . Separate
repor t s  have been s ibm i ’ te d  wt i i c h  recommend extension c-f the  For W o r t h

diway to p rov ide  p r o t e c t  ion along a reach of the Clear Fork , channel
aud ce’. € - e  m :- c - .- ’rncn . a~-nng the East Fork below Forney Dam s i t e  and
f- !:~~~L lCfi-:ll ’ of Lavon icesc - r - iu i r  for additi na c wa’~~- ; -  s ;pp~ y arid revue-
a - ~n n .

8. An 5-gen:. proboem of sa l t  water i n t ru sion  f’rom Ti l sity Bay
l ; - :- igat  ion  w a l e : -  pumped from th~ lower T r i n i t y  R i v e r  ed to a

;- e - ’ent ir i r e s c lgat i on of a proposed barrier darn and reservoir near
toe r i v e r  m o u t h ,  A report , published in 1961 as House Dovumen N-u.
215, ~l~th Cong ress, 1st Session , recommends c o n o t :  .cc ton of the
is i~ t iple-p srpose  W a i l l u v il l e  Reservoir , at about r iver  mile -~~~, for
navigat  i n .  wa c : - o ipp~ y, sal ini ty control , f i sh  and wi ld l i f e  and
re-:r”ri ’- nal p irp- -ses .  The recer ‘is , which would have a normal p-c-: l
e e .at  or; of ~ feet  ahoy mean sea ~‘ - .‘Ci~ is designed to opera e as a
~ni t  :‘ -r w-a er : ns ’ r v a t i , n  w t h  the  Livingston R e s e r vo I r , whi-:h is

- - -r ist; ’sct n a ’ ab, it  r i ve r  m i l e  129, by the City of Houston and
th e i’ n i n i t y  R i ;e r  A i t h : i n i  Cy of Texas .

?. did ’-r ac ’ho : - - - I es :cntal med in the 1” in~ d Cor i t  r- Act  - : f l ° ) -~-
‘ is’ Wa ’ orco’eI Pr - ,  - : ‘ i on and Flood Pr- ven t  Inn A c t  of ~C;5h , the

* S-~~ . -t f ib e r ’s  i -on Sur . - cc of the U . S. Department of Agr i cu l tu re  has
made r v y u t i , i I on ; and r- an;- for and trcatm ’nt , t ’~ ond p r e v en t i on  and
‘ he- ’ n s e : va t : - c i , ‘1e.~~.op me n t , u t 1 i , c a t ~ nn and d~ sp- sa of cxc ’s ;

- : ~ ;; many sm& 1 w i ’ ‘u-u - i-: in the Trinity River Itar cu Inc S-
0 , ’ -  ‘ - i t I c  ii S ’r’.’ ce has f ; ’m- ;i a  -:1 p l a n ;- fcc’ ex tens ive  ~;u ;

m’:au i.- ’- s  and a ;- .‘ l,20u ~‘ iwa ’ - - :  de en ’- I ri s tr u ct :  ~r the  smal l
wa ’ ’ ruhed  areas , ~

‘ wi - ‘o 2d8 a;’’ now :-:fl: r

10. The Ti’ ni t y  H; ‘icr A i t h o r i  l ,y of’ Texas , -u i  are n - y  -~s :1 wai
I se’i .nd-:- laws u l  ‘ he S’ute ol ‘I ’exas , in ‘

~~ ~dop ’ : d  a sias ’ - c
p .an fur i ’:r ’’ l ’ pmei ; ’ ol r ;e waLe :- res ;;‘ ‘vs ot’ the Tr in it  

~
‘ River I ’-

- - tune fI ‘:1 a; p irj~ -sen  , i n : I ud ing La:- y - nav i- ;a ’ . ion I’: in ho I iu~~~ t nfl
Sri p Chann u - , F’ ;‘ - W- r h, a.r~d fur add i C i nal fl nd con  - . improve—
men . The- master plan was rn d l  fle d ‘ - o n e  ex . n by a ncpp o:mc:;: n -
rep ;- ‘ . wi ~pted in -

a
- 

--



11. The U. S. Study Commission - Texas , created in 1958 b~ an
Act of Con gress , i n v en ’- -u ’ i e d  the land and water r esnu-r’c r : s of all  major
river basins in Texas , except i ng the Sabine, Red, and Rio Grande , and
form;Jatn’d a comprehensive p lan Cc meet the projected wa’-er needs
w i ’ b i n  the s’- udy area to the year 2010. The C om m i s s i o n  plan, published
:n l~’2 , presents for each major :‘i’,’er basin , includ ing the Trinity,
a plan i’or use of ex i s ti ug  physical feat-ares and the add i t i - -n c~f
n orne:- proposed and potential improvements to conserve and control
the available water resources and supply the projected demands for the
b as in.  The development p lans are phased into two parts; the f i r s t
would provide for projected needs to the year 1975, while the second
-~-onsiders projected additional needs to the year 2010. The Study
Commission plan was desi~~ied as a framework to present general
p : ’ i n c ip es and features of an overall approach to land and water
d- - - - :- - t -  -pmun . problems for the state. The plan contemplates that
detaIled s tudies  and plans wou ld  be made by the various local, State,
and F-:teral ngencies, within their f i e l d s  of in ce : ’es ’. and responsibility,
to levunp the various fea’ res of :he  Study Commission plan . The

mpreh ”ns ve plan proposed in this  report is in fifll consonance with the

~1an developed by the U. S. Study  Commission - Texas for development of
wa c r  resources tu Texas .

12. Many o the r  agencies have made invest igat ions  of water problems
in the fr i n i t y  River Basin. The Cities of Dallas, Fort Worth and Houston
ha -c- c made extensive investigat ions and plans , particularly in the
pr ob c em of water supply and flood control.  Various other c i t ies, towns
u.xrI drainag e d i s t r i c t s  have been concerned with water supply and flood

- ‘ n : ,rol p r o b l e m s .  The i3-s’eas of Reclamation, U. S. Department of the
In t e r io r , is I n v e s tI g a t ing the water resources of Texas in connection
wI h s t u d  es of a long-range plan for transporting water from water
sucTion r iver  basins in East Texas to areas of water deficiency ifl the

- ‘: n - ; a .I and southern parts of the state. This investigat ion will
in  :1 ide i: on;; Ider at  ion of available water resources in the Trinity River
Hasin. I’he Select Committee on National Water Resources , United States
Senat e , :-omp i led, extensive inventory data on water  resources in the
IJni :,’nI States. Data pertinent to the Trinity R iv e r  were published in

as a pcu’tion of Committee Print No. 14, 86th Congress , 2nd Session.
The Texas Water Commission in i tiCl published a report e n t i tl e d , “A Plan
for Meet i rig the 1980 Water Requirements of Texas” which includes data
p er t i n e n t  to the Trinity River Basin requirements.

13. All of the investigations and reports described above were
careful ly rev i ewed and considered in developing the comprehensive plan
p;’f:LJr:fl ed in ‘,h i s  report. The plan is compatible in all respects with
‘ flu major objectives of l,he plans developed by the various agencies
- ‘ ri :’crned with water r ’esou ;’ces problems in the Trinity River Basin.

114. AUT HORI~~ FOR THIS INVESTIGATIOI-L - This report has been
prepar ed in re sponse t o f ive separate renolut-lons of Congressional
Committees requesti ng revie w of the report published as House Document

T 
No. 1403, 77th Con gres s , 1st Session and other report s and an item in
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1 -n 112 f the Rivers  and h arbors Act , approved July 3, 1958.
Iso au t h o r i z i n g  resolut i ons include three adopted by the C ommit tee
c-f Ri:er;;  and Harb -~rs of the House of Representatives on March 31,
19142; . February 28, 19145, and November 30, 19145; one adopted by the
Turin: ‘-tee ‘n Publ ic ’ Works of the Jlouse of Representatives on
logos - 6, 19148 and one adopt-ed by the Committee on Public Works
of The Jnited States Senate on January 20, 1958. The several
r e s o l ut i o ns  and t ine  pen” :nent section of the Rivers and Harbors
Act of 1958 are given in f~J.l in Appendix IX.

15. PUBLIC h EARINGS .- The views of interested parties
ucnserning improvement s for development and use of wa’~e;’ resources
of the Trinity River Basin in the interests of navigati on, flood
run t;’ ‘1, water  conservat ion, water quality control, drainage,
1:-r i ga t io n .  hydr oe lect r ic  power , f i sh  and wildlife, recreation
and other purposes were obtained at eleven public hearings held at
vac-i c us cit i es  and towns in the basin between 19146 and 1958. Prior
to development of the comprehensive plan, nine hearings were held in
the upper part. of the basin in the general vicinity of Dallas and
Fort Worth.  Two hearings were held at Liberty, Texas , in t he lower
basin .  The date, location and purposes covered by each public hear-
ing are shown in Appendix IX. A subsequent public meeting was held at
F’-or ’ - Worth , Texas, to present the features of a preliminary plan to
local n ’-erests.

16. The Trinity River lit-h-or i Cy  of Texas, prior to preparation
of i t s  Mast’::- PThn In  lt~~t5 . held oub l i r  hearings for each of the
sevent een  o:Ou flL CS w i t h i n  i t s  ja r s d i c t i o n  to determine the views of
local in t e r es t s  w : t h  respect to improvements desired. The U. S.
Study Commission - Texas in ~)60 held pub lic mee ’~ing s in h i -nn t sv i l l e
and C~’- r s i c a n a  to obtain ‘h e  est imates of local Interests :un:erning
present and fu tu r e water requirements t h r - o o g h n u l . the basin.

17. Impi- ovemeri t s  de s ir e d .  — rhr- igh the se-:c’:-a . public hearings
and s~;bseq ;ent . :- flI’e: n-:~~ ac-id :o:-respondence. lo:ai i n t e r e s t s  have
expressed desires f ’;- a Federal i mp;’ - veris- n ’. project f-c r ‘-h’c Trinity
H : ve~’ Hauls C -  - in :’ ~ide spec if ically the follow: ng fea tu res :

a. Reservoirs on the Trinity River  and a1 ma,~~;’ tributaries
to; ’ f lood control , water conse;’vat Inn , i ’i oh and w: : I’e crnse:’vat ion
and recreat i on , and improvement of the river channel for flood control
from Five Mile Creek to the mouth of the  r iver .

b.  A salt water barrier near the mo n t h  of ~he r i v e r  for
water -ofl:3’:rvat ion and sal ini ty control.

c. A waterway for barge navigation Cu extend up the Trinity
River from the Houston Ship Channel to Fort Worth.

p U
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t d. Extension of t,he Fort Worth  Floodway fu ’eam n the
Clear Fork and downstream on f-he West Fork .

e. Floodwa,ys, including improved channels and levees, -n
the West Fork between Dallas and Fort Worth, on the Elm Fork from the
mouth upstream to Grapevine and Garza-Little Elm Reservoirs, and on
Duck Creek through the City of Garland.

f. Extension of the Dallas Floodway downstream to the lowe:-
ends of White Rock and Five Mile Creeks.

g. Enlargement of Lavon Reservoir and channel improvement below
Lavon Reservoir on the East Fork, below the authorized Bardwell ReservoIr
on Waxahachie Creek , and on Town Branch through the City of Madisonville.

h. Rehabilitation of certain agricultural levees along the
main stem, East Fork, Richland and Chambers Creeks.

i. Levees along the left bank of the Trinity River for flu-cd
protection to Liberty .

18. The Texas Water Commission has publicly expressed its policy
that all additional flood control reservoirs should include the
maximum practicable water storage for water conservation, fish and
wildlife and recreation, and that the stored water be used to supple-
ment the low-water flows of the river as necessary to meet the water
requirements for municipal, industrial and irrigation uses and for
water quality control.

19. Because of an urgent need for several of the desired improve-
ment s, separate investigations and reports have been made on certain
specific problems prior to this report . A number of improvements
have been authorized or recommended as a result of separate reports,
as described in paragraphs 7 and 8. The problem on Town Branch at
Madisonville has been considered in the development of a planned
system of small watershed improvements by the Soil Conservation Service.
The remaini ng specifi’~ problems indicated by the expressed desires of
local interests were considered in development of the comprehensive
plan presented in this report .

20. The public meeting held at Fort Worth, Texas on December 20,
1961, Co present features of a preliminary plan being considered for
inclusion in this report was attended by about 1,1400 persons , of
whom 90 persons spoke in favor of the proposed improvement and. 14
spoke in opposition. A total of 320 briefs were submitted with 274
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~
‘a-: ring the imp:- - -. on;en ’~. 35 in ‘pp -~si t i  n , t - n o n r - : m n lt ’ :t l  an ~ I t

- ppccsi i~ n to the p : ’ ev ic ;ns iy  ;‘esj mrren cled W a ,  I I s vi l le  R e s e rv - - i r  Pu
I’: ’ r - ’ n-cr ~’ s of the plan Is - :  l u d e l  10 -a~ o f fi c i a , . s Cr rn p r a -  t i - ’a v a. i

c i t i e s , t ~-‘~~is ~ oi coun t les in  the  fr in i~ y River  Has r ; , nany :i’ilc
- - - :‘in i c - o ’ i  ss .  r epresen t atives of ’ bus inen — ses  and industries , Iand ,wnu:-:;

in : crest -ed ;n dI  -.‘ id u a i s .  Proponent s were r ra-: ’. i :ai ly  onan~ mi ,1s ~~fl

‘n - i  ‘n-sin he na:  i gat I -r i ause : ‘-~~~ . as we 11 as the  wa~ cc s npp l y ,  1.1’ cd.
‘ - ‘~rn~ :‘o ! and, o the r  1:-a ’ ;res of he p ;an . Pr ip r e s en t a t  iv ’ s of ‘-r ;e “ :xai~

W i  -: ‘ 1 rim I s s i  n stated sat , the d~ stinct poss ib i lity  - -C n a” Ia ’~t ’ :~ c-f
tne ‘i’in ty River ~r- the ;H .ston Sn ip  Chnnn ’:I to  Fort W or t h  : 1  been
re .’ -un ized  in  i t s  long ;-‘angc- p~ ann ’t ng and t hat other elements  o l ’ ‘-he

uti- . ‘r :e f l Sive plan were not in c o n f l i c t  w i t h  i ts p~ ans. Opp-o s t lor ,
to the  p .an pr ncival . y was from the Texas Rai lro ad Ass’o~i at i on  ‘inc

clvi- :  :‘c;aniza: iuns r ep resen ting  several c it i es  tic West liexas ,
nil ’: ci  t n -  fn ’in i t y  Ri cer Basin. The cpp— ;si ti :r ; was ::c -n :-c:-ned w : t n

t h e  :;:;~‘ i- t ’ i ’ - tn a spect s  of the Improvemen t  plan and no object  ions  were
- - O’ ( - to otnec feat ures or purposes of the e~ an —o t~her tiwi those

of ~~~~~~~ .,‘~~ -r ~ a f fe ct e d  by t i n e  W:~liisvjjie Reser ’.’u i r .  A d g’os ’ ci the
rocor . of the p c b i l :  mo -et :n g  is giver; in Appendix DC.
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BASIN DF,SCRIVI’ION

21. GENERAL LOCATI ON AND SIZE .- - The Trinity River Basin l ies
in the eastern half of the State of Texas . It is bounded —.‘rn thr
north by the Red River Basin , on the east by the Neches and Sabine River
basins , and on the west and south by the Brazos and San Jacinto River
basins . The basin , as shown on figure 1, wi th an overall l ength of
about 360 miles and a maximum width in the headwaters of about 100
miles , extends generally along a northwest-southeast axis from Archer
County on the northwest to Chambers County and Trinity Bay on the
southeast. The total drainage area of the basin is 1’(,8~45 square miles.

22. PHYSICAL CHARACTERI STICS OF THE BASIN. - The Trinity River
Basin is relatively long and narrow and is shaped somewhat like a
funnel , wi th  its maximum width being located in the heathiaters region
above l allas and Fort Worth . The topograph y of the basin , as shown on
figure 2, is generally tha t of a gently slopi ng plain , varying in
elevation from about 1, 250 feet above sea level in the head water s to sea
level at the mouth in Trinity Bay . In the u~~ er reaches , the topography
is generally rolling and broken , while below Fort Worth , the topogra phy
ranges from gently rolling to flat . Practically all of the basin is
located in the geologically recent , Coasta l Plain Physiographic Province ,
which has weathered considerably and is characterized by meandering and
generally sluggish streams . The Trini ty River Basin is predominantly an
agricultural area wi th about one-fourth of its area in the middle basin
in forests . Except for cultivated areas and fringes of timber along the
stream courses , the remainder of the basin generally is covered with
native grasses , with some brush in the northwestern portion .

23. STREAMS. - The main stem of the Trinity Ri ver is formed at
Dallas by the confluence of the West Fork and the Elm Fork at river mile
505 .5 . Throughout its leng th , the Trinity River follows a tortuous course ,
meandering from one side of the valley to the other for a distance of
about two time s the length of the general axis of the valley . The West
Fork , about 209 miles long, rises in Archer County , near the town of
Olney , and flows southeastward about 156 mi les to Fort Worth , where it is
joined by the Clear Fork ; thence , easterly about 53 miles to its junction
with the Elm Fork at Dallas. The Elm Fork rises in Montague County and
flows in a genera l southeaster ly and southerly direction about 119 miles
to join the West Fork and form the Trinity River at Dallas . The East Fork ,
about 112 miles long, rises in Grayson County northeast of Dallas and
flows southward to the Trinity River about 20 miles southeast of Dallas.
Below the East Fork at river mile 385.5, the Trinity River Is joined by
the Cedar Creek tributary system from the northeast and at mile 372.14
by the Richiand Creek tributary system from the west . Below mile 372 .~~,
num erous smaller tributa ry systems enter the river from both sides , with
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‘n tr t ry iern ~-ths 1~enc r-fl ly b ccori ln 1- ’, c e nt er  as toe b s
~ -c ~he o -ou t h .  The overa l l  ] ern th of’ the river I ron n - ~ - .  i n ,
‘~‘ n i r , 1 1 :  13c.v tL- the- headwrt ter  of the West  Fo rk i n  , rc~, -r ~ on . ’

‘n t - o u 1  115 mi les. ic nta pertir.ent to the T n i r n i ty  h . - ; T- r  a re  tc  r n  -

n ’~: n n i I - n  are n~~ne ’~m in t ab J e  I tins scene’ Oi 1:~~- T i  - r , i s :  i ‘.- - - ‘  rr’r,c
ar~ ..nown on f I ~~ure ~.

-:-A1 ,,F I

- ‘7’SAMI -F  ~ nn:~ R Xvi~ . -,A -I:;

: - n f , .t’r, - -” n e n gi.h - Appr lxi-  - )raOn ;i~ ’ 
- -

~wit h pa ren’ - - sate ‘“ i u~ &i - -a
mi les) : roJJ ~~~~ ‘i - )

(ml ab v’- - (fe’- ’
- ~~~u’~~~~_ _~~~~~~~~

( tncl Wes , rk )  - 715- 1, 25L
West FOrk 505.5 209 ‘1~- -

2 eax Y--E- .7 70
lOg Fossil re~’k 5 . 2 - 7  21 ~~~~~ ‘5

-— ‘:11~ge Crcck 533 -b 33 -5~ 
0-..

Moun tath ‘r,’~ k 507 3~~ 37 3c’~
OIm Fork 5 0 5 . 5  119 ~t ’ - 2 , 5 1  -

fleoton ‘re ek i8.~. 102 685 7- ’
li”le Elm 2r~-~~k 39,-, 1,1 301 212
h ear Creek 

~~~~~~~~~~~~ - _______ 
E i ~c - - —

White Rock ‘O’eek . 93 , 1  £42 3
Fast Fork ~5 9- f i 112 ‘(/ - 1 , 320

Ouck - O’eck 0.0 22 -15 - -

‘-~tar ~‘r.-ek 501 5 92 7- -
)L ~~~~~~~~~~~~

‘
~~ - - - -

~~~~~~ -
‘hr,inb r -r :  - O- - -” k 1. .;: r-7 -

~
—
~ - ‘ 

-‘

cehuacana ‘r oek 317 .2 .2 2 ~“ .. 32

2 a t O s n  Creek ~39. 6 -~7 1 - -

Ipper Keechi ~‘re e 2’2 - - -  
~~- - 2  .2

Lover Keechi -n reec 2L 0.~ OF 
______

14.”ilas reek 2C’7 .9 35 2-I~2 603
e o k  ‘ r”’ k 169.9 35 3 1 ’

.‘r~ : n~ r~”k 117.5 31 25 2 ’ -

ii ’. . bL 1W~i’O I Ao GY .  - The cli~~~te over the basin is ‘ener au ly  t r i l l
w i t r c  tOe a i s t n c t i c ’ e f’c:’ttures of a large range of ‘n r , r .uoi rnrn l bail::
tF ’npcr ’it ’n rr ’ : .  In n umm -r , the th ivo  are usually hot nind the n i g b t n
modera tely warm . Generaliy. the winters are moderate and snowfai. 1 Ind
-nui -l ’ ret’zirg temperatures are rare in the lower basin near the Gu h’
n - u t  are experienced o--v”trionaily during the winter season in tI.e- n-ore
rn- ~rther~-: partn. of th ” basin.

~ 5. The mean annua l tempe rature over the basin is about  L-~

deí~rees and var ies  I’r -j n about 6j  degrees in the lowe r ~ trt of the
ban~ n to about 614 degrees I n the head wat er s . Between J u l y ,  the
wa rmest month , and January , the cold est  month , the near . r.I nthly tem-
pe ratures vary by about 35 d f ’ l-r e e s .  Tempe rature extremes have rarngc ~n
from about I I ?  degrees to m i n u s  d degrees in tin e n o r t tn r rn pa rt of t h e
basi n and from about Job degrees to 8 degr ees in the southern part .
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I t .  PF~~~ - 
~~~~~~~~~ ann .ol n ’ - hi p : ’ ~Lt I ~~fl - V o n ’ the  ba. :in aver~~ es ab’ -o-

-~ rd van- - os ‘ n m ab et ~‘ inches in the- n :“ nw r - ;t ‘ -n  n extremIty
-of ‘ he bus s abue k, 51, r;-:hec --r~- ‘ ho Wer end . An in; i y - ’ al pa tt e rn

rn ’ - IL’-i ~~ J1 ~~L .  ~- : - ‘C l l : t a sj n — ver ti:’ basin is n h  -wn n f’ g lc r’ -1 , The
anin na r ci fil’ i n he bas th is -,nf uE’ncr’d dir ’- ’ ~~j .’ by ‘he pa ’- tern ‘ -f
rL’rn-ia. ra infa. - and ln ’reaeec ~~:ne:’a~ ly from the h ’- -r t r lw atr ’r s  to the
tr oth, rho ‘,‘w’ ri t i  ri i S  annual r e n : :f f ’  in var ious parts of t he b a c l f l
and a - - - rnpa.r’~ o- n wJ n.h nun- ::f~ f’-or s’ v ’ - n ’a, se~ ec ’o d  110: du of r , -curd
are si. vu r~ f~ hO~T1 5.

27. File is an.: d,roug h t s - -  The s t a tis t i c s  of mosr~ annual
pr~ :ipita ’ 1 ni, wo . ch an’’ - - b r ained, by a—’€’:’a4~yin~ 7~r io I e : - n ’ d n 4  ,vor _on,g
p er I o d s  f 5-ime , sL -w tnat , on ‘bc woole, the T r i n i ty  River  bao~ n
:‘e ‘t0- ’?i- S a — u ’n e r o , l  s in j -~~~y of fr esh Wa’ ‘n t hrough raInS j , i  .
water ~r 0. o ’ns , I n  w ’- -- ’ec , ar ise  n-~~ i ’r ’ r n  1-he - n ’-’ e - : ’- 0 1 -  5 U’~ ’ -m the
O x t  comes. The h i  n;t rv 5 ’ ‘ r e  LIL ~ nfl so -w:: a re-i ’ar’r I n~ pa~ S e - n  ti of  I

o -r d ’rTo. e 1:- ILIr-ts an.i p -n - i- -Is I ’ heavy rai n fall, met n’:
Irren - nil :n rO I L:  a - t e r  - i’bis is j ib :’ n’ate- :i b~ ‘ he pc J r c ~’cd

n,::’- PX i h r ’ n l - - f ,  ed e- o q I O J t  S be bas in b-n : - n.~ ‘She v~- -t , i
W ell by s F ’ ’. , o e  fi, - i s  in - ‘ST . i’he r a in t ’a~,l 2~~ : - t O ,  For ’.

W oth  rO e- typ i ca~ 0 -r  th~ s period . For- f W ~r - ’ n :n , - t ,~ a rn :-m:e.

ra~n S ’a I J’ 33. ’ ~nnOe : .  During the  s~ x ill - year :, I ‘ or - i ~ h
]. I ’  , the —innea ainfai  I ranged from 10.6 in ches  to 25 2 ~n :n’~s and
a’-’o r - t. -~ -o 22 - . i f l - : i e S .  2he accumul ated deficiency i 11- - in~ the period
was over ocl in ohes .  Fhe d rought was broken by berory ra n 5 ’a~~, which
Le-~ dJn  in  Ap r i l  ~~ 5- -’ and extended in t o  the early pan’: t’ June 

~~~~‘ al i’d 2 O , i S  ifl”Th’’5. S~ m n  ~ar heavy ra infaLl  over  much I f  t h~ basin
:ri n~ .rd ‘-he a1’bF:’st. 1 iIln C of’ runoff dur ing any s ImI l a r  per~ - -I for

vu:  eh r~- - - ’o:’ds are avai, I.al-n Ic - Grapevine , bent r  m u  bmr ’za_ Li t t  le
Finc, Po ser- :  - ir s  had O r e n  ‘hIpleted during the dr- :o~b 1. year s b ut  :-nly
:rnn a - an m~s —f water had been np- : ,lnd e’cI . At t i e  be~ inn :rs-: of the
ra~ n : a J  - pert , -;f - : - - 4; ’ -  was low irn many of the  -Id e:’  vu ’ or
- - r , e r ~r.’.~at ion : ‘- :I ’ i V :--; in the upper - basin. Had it n ‘ b ’-c ’n f- :: r hese
circ errtan -ces, record break ing flood peak d~ scl nar - , ’ e - w , .  - i have ul’ -:rjrre-J

or j: ii~’2 iuU5 the  ba.ci n.

28. The (lr ’) i/ -’iIr . p e rt u dc  c a n e  s”r’i.ous nrh r ’ o4 -es ‘5 ’ W ’ el’ tO
• he citi’-: ; and wns wh -d - ciep -n ’i upon th e  r i v e r ’  for  m~&n. ‘ - pal and

ab wat’:r suppLe’s. Diminished W ’t ’. or supplies a. ;
san d drips  1,hr - ‘n,-’h- - : ‘. ‘he  r i t a : -  areas of the basin Do:’ in4 - be
i~ 5O- ,j ’ 7 In ~~hI . , b- ‘-h Dallas and Port W - c e - h ,  as weld as many
sniiafl en c i t ie s , we re forced to CurtrI i i  water’ U S O  and reek t.em~’ nary
means -o f’ senpp - ‘-menC irr.~ the n r water’ supplies. Dallas t o r r i d  : S necess-
ary imp - r ’. - w quality Wtil Ci - from the Red R ver 1321 1, fl ~~

— a
temporan ’y n -re : I n ” - . On the (‘t.her hand , thirinb peni ’dn ;  - 5’ ‘- i t s ’  ra in—
I’aLi , vas t quantities of u nr ” gr i a ted  water’ 1 : - v  wrI ‘efulIy and of ’.on
den ’ ructl ve iy dowa the river in fLoods and are lost in the Gulf of
f5~’y, 1c ,. If t i , -  Trin i ty River Basin is to reach it ~ ful l potential
of -1 ’ve uprn’rnt , this destruct ,fl and waste - ‘ann ’S. be t -lerated . As
the hal; o develops and p - p u  Ft 1 . -

~ ‘fl , in’l i: try aJ)d ~ ‘ - u I u.re ‘-x rernd ,
more and rn ro water w: i r be needed and pr’ ,te n k ‘n most  ic. pr -vided
for the ever ’ expand ag developments. The answer Ii.’:; in
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controlling and regulating the river so that , to the max imum extent
practicable , the flood waters can be stored and conserved for beneficial
use , and providing facilities to assure protection against floods.

2~~- EXI STING IMPROVE?~~~TS. - The residents of the Trinity River
Basin have for many years been cognizant of their many water problems
as evidenced by the construction of the firs t major water supply
reservoir , White Rock Lake , by the City of Dallas in 1911 and the
organization of the first levee improvement district in 1909.
Subsequent to those dates many facilities , both single and multiple-
purpose , and both Federal and non-Federal , have been constructed
in an attempt to rope with the ever increasing water problems of
the bastn. At the- present time there are 2o major reservoirs, either
ope ratIonal , under construction or authorized , which contain conser-
vation storage capacity and hive individual total storage capacity of
more than 5,000 acre-feet. Six of these reservoirs are Corps of
Engineers pro~Iect :  which provide flood contro l storage . One of the
18 non-Federal reser.’c~ rs also provides storage specifically for flood
control - The locan ,lons of’ these reservoirs are shown on figure  1 and
data pertinent thereto are shown in tables 2 and 3. Scenes typical of
projects -orustructed by the Corps 01’ Engineers are shown .~r; figure 6
The Soil Conservation Servi-’e has constructed four flood detention
reservoirs with individu a l storage capacitIes greater than 5 ,000 acre -
feet In addition , toe Soil Conservation Service has an extensive
program underway in the basin for agricultural land treatment measure s
and a program for runoff and water flow retardation and soil erosion’, pre-
vention Prior to Janua~~’ l~.01, the Soil Conservation Service had
completed about ‘.0 miles of channel improvements and constructed 288
floodwater retarding structures. wh i ’-h provide total storage capacity
of 252 ,500 acre-feet , including 21l,~+00 acre -feet for flood detention
purposes . There are ‘(9 smaller conservation reservoirs in the basin
wi th individua l total storage capacities of less than 5,000 acre-feet
constructed by local interests. These reservoirs provide a total of about

~u J ,O00 acre-feet of conservat,:on storage . In addition , for rural and
agricultural purposes , there are about 66,500 farm ponds with an average
storage capacity of about two acre-feet - About 140 active organized
levee dIstricts in the basin have concerned themselves with the water
problems for about 50 years and presently maintain approximately 3141
miles of levees to alleviate flooding In both rura l and urban areas .
The Corps of Engineers has constructed local flood protection projects
in the Dallas-~’ort Worth area and has been authorized to construct two
additional local flood protecti on projects in the Fort Worth area . The
Corps also has an existing and authorized navigation project in the
lower Trinity River and in Trini ty and Galveston Bays .
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f REGIONA L ECONOMI C DEVELO1~4ENT

30. INTRODUCTION - - - This study is concerned primari ly with water
problems and demands that can be solved by the construction of water
resource improvements located within the Trinity River Basin. Wh i le
the economy of the areas physically subject to flood damages and drain-
age problems has the greatest influence in planning solutions for these
problems , the economy of additional areas outside of the basin affects
planning for such purposes as municipal and industrial water supply,
recreation , fish and wildlife , and navigation~ The extent of the area
varies with each purpose and is limited by the practical and economic
aspects of the purpose served , The economy of a large se~ nent of the
area extending many miles beyond the Trinity River Basin influenced
planning for extension of a navigable waterway to the Dallas-Fort Worth
area because the agricultural products grown In the area , such as wheat ,
would be expected to move over the waterway in barges Figure 7 shows
the several economic areas which were taken into account in the
formulation of the comprehensive plan for the Trinity River Basin- This
figure shows that the economy of a total area comprising 1148 counties in
Texas and 30 counties in Oklahoma influenced the planning considerations
for navigation. Similarly, the economy of a 146—county area in and
adjacent to the Trinity Basin was taken into account In planning for
water supply , recreation and fish and wildlife problems that mi gh t be
solved by projects considere d in this report~ The economy of the area
in and immediately adjacent to the flood plain was used in planning for
flood control Improvements , The area selected for the economic base
study encompassed the areas considered for all purposes , covers 161,300
square miles and includes 183 counties in Texas and Oklahoma .

31. The lack of adequate control of the waters of the Trinity
River Basin has resulted in a disheartening pattern of extremes from
floods to droughts which have been dominating factors on the economy of
the region . Floods not only have caused high damages to heavily
populated metropolitan areas in the upper and lower regions of the
basin but have also greatly retarded the economic deve1o~inent of the
middle and lower sections of the basin Damages to home s, farms and
industries from floodwaters along the Trinity River and main tribu-
taries average about 3 million dollars annually under present conditions
of watershed Improvement and develo~ nent- Surface and ground water
resources of the basin furnish about 306 and 72 million gallons , respec-
tively , of water daily for use in homes, farms , offices , factories and
other institutions -. The surface waters also provide for recreation ,
rice Irrigation In the adjacent coastal area and general small-scale
irrigation throughout the entire basin , navigation in the lower reaches
of the Trinity River and commercial fishing in Trinity Bay and marsh-
lands adjacent to the Gulf- The unregulated flows and unintegrated

S
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- - a’. m ao.. ~‘f’ Wa ’ - - .- 
~~i’ h i . - m r  have a~ - - wed the wn t e r s  of the  Ti : r A i t y

P i.’e’. so ~r’~p~n 
- 

~y needed for the ~ro-flomy f ’ t. ne reg n , to was ‘-e to
the  4 - i .  f and :‘eOlL.  in serious wat.-r short~~es such as war exper:en’e~l
-
~~ r’ in~ o’ - ex f en l e d  —1r~- ~~h t p4 i- L -I - Cd of 1950—1)57 . Also, ‘he war ’ e
e f i ’~~ient of r apidly  -~r w ,ng munic pal and in d o r ’ ,:ia l -ai ’eas ~n the
Dallas-Fort W C :”. h -- - cnp --x has over-taxed ‘-he efficien-:’y of ‘--he Tr i n ~ ty
Five:’ to  ma.ntain a rr— Latively “clean strean” of a’- -optable wa or quali’~y.

32. PiIPUIA:’ION._ i’he Trinity River Basin j--spuoation in 1960 was
1.b95,~IOC , of which about 80 percent is located in the Dallas-For’4
Worth ~crnp ex . The tremendous increase in populat i on for  Dallas and
Tarrant Counties of about 500 percent over the past 50 year s has been
accompanied by a significant shIft from rural to urban type econoI~ r
in the upper basin . The middle area of the bas in has remained rur al  in
: aracoer and shows a decl:ne in  population for the last hai.f ~ent iry.
iiswe’,’er, ±t Is anticipated with additional flood :~~ntro measures and
‘She - -fir ’- rC1 : ’t i -  n f a wnterway , hr4 character of that area w -Ud change

-a r-redoa nant~ y a~ ri cult u:’a L to both rural ~c~- i —u’ban w: 4h resul t ’in ’
0 - a s - C  ~r, p -uput at i  - f l .

33. Ph” m p o l i ta n  area of ii~- ust~- n  is ~- -- :a - - jus t  v - s t  of the
‘T~-i n i ’ .y River Basin near its mouth and has a large nf ~~r-nce -f l  water
rec- - -sc-ce :‘etpci:’esonts U r ~~ ho - ~w o ’ basin . The p -p r. at ion ~f Iluoston
oa. shown an even more spec t i ’ .. ,ar l ; r -  )wt h than the D~ -- ~a - :‘u: ’’. W- -r ’-h
area -Lu-in4~ the ast 50 years and :1 -- 1s ’ - - - n  is n- ’w the- ~as’lert c it y  in
the StatiC . The ~p’ -wt h sf he Houst Cn Industrial c ~mp ii e :’: is c ntinuing
at a rapId :-ate and ‘ here Is no do cb t t hat this ~;r w’ :, w- .ld ex tend

n~. the ~o- we:’ Tr in ’rv hasin if the th rea t  of fl-sod d:L’na~es wer e rome-co d
and othe r  L I - - n e f i t s  of water resource t’e~ -~.at H-n wore male a-.-a

3~, The pupusat i -n of the base study area was L— , -:r,-. ,000 ~n I
or about 14 percent. of the total United States populat i n A C )rnpar:snr.

-f  t h e  grow’.h rates given - n  figure 8 shows that  the p.’p~ 1a’ i -ri of the
study area has had an a’;e- :’a~ e annual ra te  of I n  a-ease ~onsider ab ly
greater  t han toe nat iona ca’- ’- , excejit fur ‘-he Je ~ad’ fr - -ci la’.’
i95O . Dur ing the 70-year period fr - rn 1890 to -

~~~ - -~~
- ‘ - he ba-:e st idy ( l ~~s

t. ’er’ a~ e ann ~a4 p r>-~ia~ ci ~-H wth z’at o was 2.22 pio’~’ent c ~p -a:” ’d to the
J n l t r d  States rat .~ of 1.50 percen t

~5.  P~’ jiC’ t f i  of the h C L C C fi p- .-p~~la ’ i - n 50 WC a rise f- is
ml lli- ri t n  ~~~~~ to 2 .4  million In  H”h . t o  

~.) m~ I ri In 2020. and to
11.3 ml ill ‘>n in  2O7(~ . The p ~~I i i  çjl . ~~:fl of the base St Jv aCea is
proje cted to nCio ’as( ’  f rom ( .o  milUon in : k ~e-, to 8.1 m ilLio n in  Y~7C- ,
to 18.6 m i . i i i o n  in 2020 , and ~o 35.6 mill i on : - n  ~~- ‘(l . The pr -j ec t ’d
average annual increase for the basin of 1. 1- p€-r ’e’n~ and for the base
study area - 1 ’  1.5 percent. both ar ’ above the  nat lanai  average i f ’ U t
percent .

— 

23

- ________ • -- -- - - - - - — -- S- -  -.---. ‘ 
- 

- —-



_ _  
r~~~~

_ 

~~~~~~~~ ~~~~~~

— 

~~~~~~

— —

890 900 1910 920 930 940 1950  1960 1970 2020
to to to to to to to to to to

1900 9 10  1920 1930  940 l950  I 960  1 9 7 0  2020 2070

AVERAG E A N N U A L  P E R C E N T  OF GROWTH P€R PER IOD
0

8

LEGEND

T R I N I T Y  R I V E R  BASE STUDY A R E A

UNIT ED STATES

~~~~~~~~~~~~~~~

k 2 IJ~~~JLJJJ
900 1910 1920 1930 940 950 I9$O $70 2020 2070

POPULATION IN MILLIONS

F I G U R E 8

POPULATION GROWTH AND FUTURE PROJECTION S

24

_ _ _ _ _ _ _ _ _  - —  - -  ~~ - -~~ - 
a



‘i t- . PERSONAL AND PER CAPITA INCOME . - Pers na~ i n - s - m t  is toe
-mprehensive available measure st es -nom ic act ivi ty arid hears

a close and generally constant relat ionship w i t h  ‘She gross n a t i - -n a .
~~i ’ 5 i 5 5 ’. over the long run . At the nat i onas. level it has been foun d
toa personal income exhibits the same 3 percent average arm uar growth
rato - that characterizes the long range ‘-rend of gross nationao product.
ifi C~ the 1.9 million residents of the basin and the 6.8 ~~~~~~~
residents of the base study area received $14.1 b i l l i o n  and $13.7
billion of personal income, respectively. On the basis of a per
capita total this amounted to $2,170 for the basin and. $2,015 for the
base study area. While these amounts are slightly below the average
f o r  the nation as a whole, the annual rates of increase for personal
inc°me in the base study area have been greater than the annual increase
in ‘he  national average during the period ~9tb-1960 as shown on figure 9.

37. MANUFACTURING . - The growth of manufacturing has been more
rapid than th a t  of any other economic development in the region and
oar been brought about by changing market demands , rapid technological
Impr ovements , increasIn~; mobi lity of people and goods , and wart ime
emc:dencies. Many raw materials of the basin are adaptable to  indus-
t r ial .  needs but those coming from mining and agricultural activities
have the biggest role in the area econo~~r . The cw’rent trend is
t -war-d incre ased chemical processes in manufacturing as compared to
the mechanical processes used in the past. The principal raw materials
wr~i-c n are easily adaptable U s use in ’.he chemical industries are oil ,
gas , lignite , cotton , grain sorg hums, and f~-rest products .

38. The gruwin~ industrial development is evidenced in the value
a~is1ed by manufacturing , which , ;n ‘,he basin , j umped from $22b mi l l ion
in 1)39 to $1.5 billion in 1)6(~ and, in the base study area, rose from

~b-.l mil1 1~ n to $14.5 billion during the same per i od . The low- largest
i ndu at ry  gr ’ up-s In  the region are chemicao , pete Heun , t ransportat ion
-- q  op s - ’n ’ , and f ’ uud products .  The chemical industry is - 4n e of the

- - v - st anu tas ’ esf. growing and the abundance of raw materials available
i

_ _ s petrochemical -l ’- .elopment indicates that it v u  ~ontinue to grow
I n  tne fu ’. ,~ca’ . The petr ui eum r efining and chemical man~~:act- 4ring
Ir , -I ostries are coricenox ’aued In the Houston and Beaumont-Port Arthur
ar’-a. The transportat i on vehicle and equipment industry is concentrated
in the- rn~~,Itary air- -raft factories in the Dallas-Fort Worth complex and
C sistitutes -

~~~~ pe:-”.tnr ’. f the va~-sC added by manufacture f r  Dallas—
los-run ’ Count ies .  Tue pr’-idsct )fl of food and kindred pr:doets is also
-ri ’ of ‘he y o g I - n ’ s lead in4~ Indust r i e s  and some -of the  largest establish-
men ’ s sir-’ f” und in the larger population ‘en~ er s of il iust on , Dalias, and
For ’. Worth .

3). Textile mill products , w h i s e  not relatively importan t. at the
present. time , give indicatj-~ns of h t ’ ~ming a 

‘ arge Ir i ~1us ’ ry in  the -
future . The product.ion of  weari ng apparel and related p t - ‘ducts
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has grown rapidl~,- , wi th  i~~ t; great -cot  “onnen t r a t i on  in Dallas - The
lumber and wood products i nduc t r~ is locat ed principally in the East
Texas forest area and is expected to grow rapidly on a sustained basis
fr; the future due to good forest manaj ement pract ices~ Printing and
publishing is probably the most widely distributed Industry in the
region and Dallas is the leading city in the state in volume of business.
Other signii’i ‘ant- i ndustries include stone , clay , and glass products ,
leather and leather goods , primary metals . and machinery manufacturing.

-c The m a n u f a ct u r in g  es tabl ishments  of the three largest cities ,
Houston , Dallas , and F o r t  Worth  are s’uco that manufacturers  produce
atout 60 percent of the base study area ’s tot-al value added . The

~onsUrut t~ on of’ the Houston Ship Channel , which was completed about
1920. has made Houston one of the nation ’s major seaports and Texas ’
largest cit y Today there- are 108 industrial plants located in the
Houston area with numerous others planned Dallas and Fort Worth have
nume rous large indust r ies  for  manufac tu r ing  airplanes , airmotive
equipmen t , and heavy machinery One important difference between the two
large metropolitan complexes is that the Dallas-Fort Worth area lacks
water transportation. The same opportunity for add i t iona l  expansion and
growth which developed in the Houston -area would exist for the entire
Trinity Basin if water transportation were made available . The 370 miles
from Fort Worth to the Houston Ship Channel , as a na-,’i gable waterway for
barges carrying bulky, heavy freigh t would attract numerous industries
and act as the key to greater growth than inland Texas has ever
experienced . A breakdown of the val ue added by manufac ture  dur ing 1958
f or various industr ies  in Dallas , Fort  Wor th  and Houston is given in
figure 10.

141. F’OWER. - The growth of electric generating capacity in
Texas is the fastest of any state in  the nation The tremendous
increase in power production within the base stud~,- area is evidenced
by the increase from 1-7 billion kilowatt hours in 1937 to an estimated
114.4 billion kilowatt hours in 1960 which is a total increase of about
750 percent. Comparable figures for the United States show an
expansion from 180 billion kilowatt hours to 850 billion kilowatt
hours in 1960 or a total increase of 370 percent-

142. AGRICULflJRE - Although rapid i ndustrialization is taking
place , agriculture is still of major importance , contributing sub-
stantially to the national production and economy Farms , ranches ,
and woodlands occupy 88,312,000 acres , or about 138,100 square miles
of the base study area. Total cropland is sligh t ly over 32 ,000,000
acres of which 14 percent is irrigated - Figure 11 gives the break-
down of agricultura l land use within the base stud y area .

I
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i48. A netw re of lmpr’ ’s ’s”-ri llcnways provides facilities for motor
tS”snsport to most ‘:5 ’ rI ~ - Trinity Riv”r Basin However, as with the
rruil lines , the mnirs r : o r t h - s cu t l s  isi ;h u: s c’s s k i r t  the middle basin area
without extend!ssg soeply into tr:e basin proper The highway facilities
are r - r ;n l - augneat~’’s at this time by sonstruction -o f’ an elaborate system
of modern hi~ ii wayr - , through the Interstate Hoghway program~ As with
Cu e ra i~~ r uro ic , rno- t c , c  freight - arriers could move larger amounts of
freight Uss r: they are now moving, a1tho~~h the joint use of the highways
by motor trucks and private automobiles presents serious problems in
traffic : ‘o r ,tro l and highway construct:on and maintenance as the tot.a~
volume of t r a f f i c  increau es~

~~ Motor freight traffic undoubtedly wi ll  continue to increase;
however , this means of transportation is not truly competitive for
mass shipments of bulk commodities at lowest cost The prime advantage
of’ truck transport lies in the rapid and flexible movement of small
units of individual shipments The low ratio of load to power required
for movement results in a high unit cost of transportation and precludes
effective competition in the market for mass transportation 01’ bulky
tow-value items -

50. Air freight is of little significance in the overall pattern
of intercity fre i ght transpor tat ion.  The advantage of air fre ight lies
in ultra-rapid movement of small, lightwe ight items The movement of
freight by air will continue to increase , perhaps at a greater rate
than by other modes of transport - However , it is equally certain that
the limitations of size , weight and high cost will preclude the move-
ment of any significant portion of the total intercity fre ight by air ,

51. In analyzing the overall t ransportation requirements , pipe-
li nes can be considered only to the extent that movement of liquid
or gaseous commodities are involved An extensive netwo rk of pipelines
extends in and through the Trinity River Basin. The pipelines princi-
pally are for gathering and distributing natural gas or for gathering
and transporting crude oil to refining centers and shipping terminals
along the Gulf Coast , Some of the pipelines are used for moving liquid
refined products from refineries to distribution centers Pipelines
will remain an important factor in transp ortation of liquid petroleum
commodities; however , bei ng limi ted to , the movement of liquids , they can
be assigned only a small field of application in satisfying the general
mass transportation demands.

52. Demand for mass transportation - For the most part , the
C demand for low-cost , mass transportation mus t be met either by ra il or

waterway transport, Each of these means has its inherent advantages
and , where both can be provided , together offer the most efficient
and economi cal mass transportation f a c i l i t i e s  known today~ Railroad
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e - -n ~m - c r , -wt. is acid b e v c ;  . upunen ’ . of 5 , iuc ’  rug ‘of l s so I cr - c s ’ - bid n sub- sequent

T i m b e r - .  — !- ‘ ss t  of ’ the boa’.’ i ty ‘ 1mb - - s-ed :u- -as a ‘-h e ‘ - - s  I ‘s’s
are :i ‘ - ‘ s i t ed in  ;~~ - r ,n t , j u s :  in ‘‘sic ’ er-n ‘Pcx;i.s si ’. l ].7 ~- ‘son 5 l o s  in e ; t c t - ’rn
Uk.as~’ r-na , - - F wisi s Ix three  - -I ’ the Ok :ah-urna c--un j~~’r - 5 ) 5 5 - I  

s- S -i  o’.’ the irs-san
c- -in ’. cs are irs r h  base ,~ sly area. Timber in ’ r ’s ’ r r - t s  F l r ’ r - S  undertook
uc:’,ys— ;;“a - ‘ : .p”:’at -xis ’s  i r s  I’ -n’ -sO. exploi tat i- ri -war - - i  Us:’ end - ‘ i ’ the l~~ h

- -cn t s s ry  and by . ‘Xi ’(, more than lw - b i l l  on board f e e t  U t - s o  be n t  removed
ann an ly, mainly from the  East i’rxa1: I’ u’ ‘ir S. area The s’ ‘men -I- ’ is
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. ‘srnh-: ’r -in g -p -s - s - i s I n s -  d-sr ing the early part -s- f this ‘sentw-y caused rapid
-i r ’p I r ’ 5 ) 5  o~’ t h e  f i r- er - ’ reserves and brought about the es ’.ablishment of’
a s - n s -s” .-at i _ _ sn progr am in 1915 by the i’exas’s State Department of Forestry
(at em changed to Texas Forest Gex”iice) . The cnnu es ’vat i on program
assure- i  ad eq”.a’.e f’ss:’est reserves and dur ing the period from 1915 to 1958
lumber production for the State of Texas aver~~ed a billion board feet .
Sr-day ‘imber Is being grown more rapidly in the East Texas Forest Region
- Can it i s  beIng harvested, si-id has been established as an important
permanent resource. The extensive East Texas Forest Region covers the
swex’ and a portIon of the middle Trinity River Basin as shown on

figure 13. The con~ ercia1 forest land in the base study area and the
amount of growIng stock and saw t imber’ volume is given in table 4.

TABLE 4

I I~’~1ER C L-tL FORESTS IN TR IN ITY RIVER BASE STUDY AREA
1953-1956

— TE~CAS : O}CAiI’DMA
34-County : Percent ot’ : 3-County : Per-sc-nt of

Item Uni t  Total State Total : Total State Total

land area acre 17,935,500 10.6 1, x73,300 3.3

C rm,e:’ctaI i-or-c-st acre 9,471, 300 77 8 7d;~,OOO 13.2

;~- -~w: n~ st- ok:
Softwood ( i) 34 ,351,200 71.4 25,200
iax -lw- od (1) ~2,84l,6OO 78.0 1,950,000 19.8
All species (1) 67,192,~~ O 1,975, 200

S-sw timber ‘.‘:lcme :
S’ :ftw .-0d ( i )  12, 576 , 500 71.6 “.1*1 ’ 0.o
Ca: ’dw -1 (i) 7,341,900 75.9 -~ 1 S -~, 1~I - ’, 20.5
All species (1) 19,9l8,~~0 73.1 ~22 , 7dU 10.5

(1) Thousand board feet .
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FIGURE 13

EAST TEXAS FOREST REG ION

55. MInerals. - At-out 30 different minerals are produced on a
commercial scale in Texas and Oklahoma , most of which are found in
sac s-a sin . However , the prods~-’t ion of’ crude petroleum and nat ural ..tas
overshadows all other minerals in importance. The first commercial
pe t roleum production _______________________________3000of’ impo rtance in

discovers- of oil at
Corsicana in I ‘- ‘~~4 . STUDY

Sin ce the n oil 2000

Texas came from 
~ 2500 

~~~

,

~~~~~~~~~~lTY~~Iv ER BAlE

panded rapidly throuRh-
out the Southwest. 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

exploration has ex- 
~ 1500

Texas curren ’i ,’.- produces
1000

about .0 percent of the ________________________________

total production of’ 
500 

- ‘

~~~~~ 

-
.

crude oil in the United 0 —

States as shown on 920 1930 940 1950 l9~0
fi gure l~4. Tn 1959,
crude oil production F I G U R E  4
within the base study C R U D E  OIL PRODUCT ION
area in Texas was about
620 million barrels and
In Oklahoma “0 mi llion -a rr .-’l s which constituted about 28 percent of
the nattor,al output.7
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‘s-s , e  f ’ou s re a t  oil prod is - - ’ Ion  in t h e  r e - lo s  u s ,  o f  - o csr s~’
em * on ‘ ‘ c - ”  r’~’ -oi ’-rF s : ~s- r ’ s’ s-cr-s. 0- -c ’ o~ ‘ - ‘ ‘i ’ a I a - ia ‘a

on p’~ 
- mel :‘n , ’ ur ”s  is  - aa~’- : 05 ‘ ; , e ma ’ 0 of pro’:(-r r ’~ro - r - ; -  S to

ion and ‘ u-s’vi~ 10 pres en t  a - r - s , s r - r .-~~ iv”- ~~ ;t  aos on ‘ 5 : ’ -
es ’ s ss’.~~’ ‘-s of : , l  ‘ 1 ’ri~~’ e t~ ’O d- . s - ‘  i -o r :  from t5 rs i tea - ‘a ’.es rr. ,s~’r’,- es , so
-sn ows a r d  prosper- ~
‘s i ’ . e .  A lt ’icou,s’, a
r’’ser’.- e-produ ’ Ion 

~~ I ~~~~J 
CRUDE OIL RESERVES

ra ’ to - i ’ - U tne  n aux 0 CRUDE OIL PRODUCTION
O - r i r red I- 75% - __________________________________

;.-ear p e r : - o i . 1’ - -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

: 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ i~~ 
... i

I 9 4 I  1946 195 1 195€ 196 1
~~ 

~

“ FIGURE 5
una .tor d is - -o’,-p r’; was PETROLEUM PRODUCTION AND RESERVES
made on + ic aro~s

~~~~~~~ i s  ‘ s e Fai~~~a’: Field wh i ch i~ located w : r h i n  Us e t a s :n  in
Hen ar - r s on  and Anderson (‘our ’s ’ l e a . ‘lexas . Al tI’ ,oo. h ‘he I ‘ni s of’
Fa1i~ia:,- Field have not 550cr, fe l l ,” es~ ar lished . t was ev i d c~r,’ ~~~

end of l~~t 1. s~a~ 
- ne field is a usa , or producirso Sield - wI ‘1: a

poten ’ Ia) recover-: present 
~~ 

r-s tlmat ed ~,o ~‘x-~eed one-hal f fil l ion
‘-arr~’r S.  ~: ‘sW U s~ over’’ “S s s(’h as t h i s .  to s- ’ ether  w s . P advan ’ed ~ecs h-
no 1o~ ’- - ir-, oil d i s - e  ;er -  a n s i  produc’ ‘sos, permi~ an op’ i ss’s’ss s c ‘ore ‘as- ’
tar he poss ihili ‘c of’ fis t sore oil produr ’ ion . The re l af  t o n s h i p  01’
c rude o f ]  prou cs - ’r l oss and roser,-cc in Texas as a per -ens of’ ‘h’ t ’ r.I ted
Sta ’cs is shown on h i -  c+re 17 .

57. 1~~’ era] 4000
.tas is considered p~~~

‘he world ’s best 12000
do m e s t i ’  and Iridus-
‘n a ]  fuel , and in

T R I N I T Y  RIVER BASE
re’~en ,,ears , nas STUDY AREA

I s- , - reas I ri , ’l ;,‘ 
~~~ 8000 —

used as a raw ma ’ e-
n a ] for a w d e  °6000 A,.
variet :.- of produc s 

-

of’ the modern - ‘isem- ~~~ 4000 — ,~ -

leal i n d u st r i e s .  ,‘

IJthou~’h natural gas 2000 ‘~
p
~ ~re a aix roes are w I d - 

-
‘ - ~~~~~~~ 1c_~ ~ S . ~t-. -

d l n ’ r i h u t-ed l i ro i, -h -  
920 930 1940 1950 1 9 0

p out I,,he southwest FIGURE 16
rer- Ion gas in
conunercial quant i’i es NATURAL GAS PRODUCTION
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is n-~t as wIdely S xnd as crude o i l .  Natural gas pr’ xi ic±  ion in the
State -I’ Texas and the United Iitaxr-ic fr us ‘)bC-l7(,l are shcs~ n on f”igure
1’- . In I Thi , n a t - s r - a ]  gas px’ocLsi-t ’

~on w Ith In the base study area was
al-°’st two t m i l l i o n  ~ - s I i c  feet and ‘ - - ns tituted 16 percen t of the
pr - d u c t  - r s  for  the U n i t e d  States.

58. In addition to supplying natural gas t c  sir-re than h a l f  of
t h e  I 5 nf  ted States , the State of Texas has neirl y one-ha lf’ of the
:;at -csn ’ s )r- -ver : reserves of th -:s mineral. The American Gas Associat,ion
CommIttee on Nat-oral Gas Reserves reported that estimated proven
recoverable reserves of natural gas in the United States totaled 262.2
trillion cubic feet at the end of 1959, increasing 8.5 tr I l lio n  cubic
feet during the year. The larger gains were reported is, Texas and
Louisiana , Where increases of 14.3 and 3.8 trillion cubic feet , respec-
t i ’.’ely, are shown .

~~~~~ Natural gas liquids are also produced in large quantities in
the  bash study area . Liquid gas products , whether obtained from natura l
gas -or p rocessing in ref iner ies, are defined by the Bureau of Mines  as
s’sutera and finished gasolines , -othane , propane . butane , isoisutane , c t : ,
The base study area ’s product ion was over 100 mi l l ion  bn s’r’cis; of n a tu r a l
gas: li q - s i d s  in 1959 and is second only t o  crude oil pr:-de :-t ion in tota l
s~.Lne oary  value of minerals . The Amer ican  Gas Assoc iation Reserves
I,sc)sssrs:ttee estImated recoverable reserves of natural gas liquids in the
United States at the end of l95~4 c-f 6, 22 million barrels wh i ch was
an increase of 362 million barrels or U peso-ent over the previous; year.
i’ne Stat , ’- of Texas , l n -is d lng the of fn h re araa In the Gulf , a-s- ’ounted
f o r  53 percent of the total estimated r’ es :emve s.

60. Other r n : n e x-a I s; available in ‘oru~siem’ :a1I y s ignff:- ’ant quan-
tit , ’’s; f rom t h e  re~ I on a ’s-” '- sos -sd and grave I , st - s ’ , 11 ~ni te , rorsunon
s~~lt , clay , i ron -:‘s ~ - , and s; ’ . I p r u s i r .  Tis - reserves; - - f ’ cars-i , gm av c - l ,
and stone ( m o s t ly  i i m e so ’on e ’l i n  the basin as-r- v i r t u a l l y -ssY, imi ted .
S-cc’- - t ’ Us” beds if’ l Imes ’s’ one are known be never-al nund,red feet
thick . In the base study area during lO~ 8 , t o O ,000 tons of lime-
nt  ne v’-re us ’s - s in the sssarssufa- ’tisr’ s of’ lime . Thi s”- are an es t imated
20 ‘r :l2 l~ -n tons c-f recoverable lignite in the ba su- o s u d y area , a
large part of’ w h I c h  Is I c -- ’at’-d witts , n , c-r adjacent to , t,Isr- basin.
TI, - pr~ ncipa l ‘ssxrs c-f’ U: , s f ’ s i ” i  at present is for us 2h 0 ,000 KW
stea :c-r .Le ct s ’ i r  plant wh ch f’ css’ru ishes power to an a 1suro~ n s n  m r - s i t s - ’-

t ,ion p us -s t - atr ’d , junt  west s-f ’ the ba sin is ’s  M ass County , ab-a s t
100 mi les northwest  of Houston . U t i l i z a t i o n  s tudies  ind i ca te  t h a t  n ot

r i l y  w I l l  li gnite be used for fu tu re  power p r o d u i - t i o n  but a l s o  in the
:hem :cal , wood preservatl--n , and refining i n d u s t r i e s ’s . An estimated 72
Li ~Ilon tons of ‘su it are located in salt domes in 9 c- n sf  eu within th’-
bu ss” study area.  M o s t  of t- t~’t’ssc’ c- ’in t,ies are 1 - -ated w i t h i n  the middle
po r t i - r s  of the basin , the ave rage distance from the s a l t  domes to the
T r i n i t y  River being 33 miles . Iron ore is located mainly in the middle
section of the basin and adjacent base study area t-  the east. Iron
ore production in Texas since 1 ) ,  has is - S been disclosed by the Bureau
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c-f ’ Mines. In  1955 about 875,000 long tons; were produccu , a l l f rom
strip rn,iries in the base study area - Total recoverable reser7l-s: of
iron ore , based on the best available information , is estimated a’
about 175 million tons containing ‘~0 to 50 percent iron Sulphur
is produced In large quantities from four deposits Ir, the base study
area , one of which , the Moss Bluff Dome, is located on the T r i n i t y  R iver
in Liberty County . Sulphur production in Texas during 1959 was over
one-half of the national total

61. Water. - In relation to future needs , water is the most
Important natural resource of the area . The residents of the south-
west region made a rather- late start toward conserving their water
resources. Like most frontier people , they took an adequate water
supply for granted and , only with the rapid growth of urban population
In the last 20 years , has there been a realization that an adequate
future water supply was one of the area ’s big problems . A critical
drough t , which occurred in this area during the period 1950-1957,
caused restri c tion on uses of water in about one-half the incorporated
cities and towns in Texas and demonstrated the seriousness of the water
problem~ The Tr in i ty  River Basin has less length and drainage area
than several other Texas river basins , but due to the moderate to
heavy rainfall  occurr ing  over its drainage area , the flow near its
mouth is exceeded only by the Sabine and Neches Rivers . In addition
to surface waters , a large portion of the basin is underlain by grea t
natural underground water reservoirs~ These ground wate r supplies have
played a tremendous part in the economic develo~ nent of the area ,
fu rnishing water for municipal and industrial needs and irrigation.
The five major sources of underground water are the a q u i fe r s  of the
Trinity , Paluxy , and Woodbine sands; the Carrizo Sand and ~‘ilcox group;
the Gulf Coast aquifer; the Ogallala Formation; and the Alluvia ’! depos-
i ts.

Psi .  The develo~~nent of water as a natura l resour- ’e ~i i l 1  con tinue
to be a major requirement in providin~; for the rapid grc-w s. and
in-iustrial activity of the area About two million re sdents of the
Trinity River Bas in are currently withdrawing approxirnatel’~- 300 millIon
gallons a day from ground and surface water sources to satis fy their
needs . As the population continues to expand along with hi~;her living
s tanda rds during the next century , ever greater demands w i l l  he p laced
or, the water resources of the basin.

€3 . Maintenance of water quality and reduction of stream
pollution are essential elements in the future use of water as a
natural resource. With the future large expansion of populaliors and
industrial activity and the resultant Increased waste loads , more
attention must be di rected to the maintenance of acceptable water
quality , either through direct reduction of waste loads or by dilution
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fr -u rn In ‘ri-used sts”-arn f’~ ’sw. Fa’s lore to re so,~r ’s i z e  and rope wi th the
water quality problems cuuj-i well result in a Lnrr,er t o  ~~~~~~~~ develop-
rn - n t f th e e - s-sc-mi c potential of l ar ,le s e t  ions of the ban i n .

t - ~~~. Fish and wildlife - The fish and wild life resources of the
s - a r -j r .  pro pe r arc important pr;marily ar a basis for hun t ing , f i n h ; r ,~
and ot her - ‘~~~~ I - s -r re:’rea 1 ion The commercial fish harvest from the
T r i n i  u ’ , River is  x :ut l a u ’ e However , flow from the r iver  I n t o  T r in i ty
Bay tends t o  rsvej r,t a in  a prope r salinity balans ’- with ocean water and
create a favorable haLf tat for various species of somrnerclally important
marine life found irs  the coastal bays and offshore waters of the Gulf .
Of the marine products taken by commercial fisheries , shrimp has the
largest. moneta ry value fut menhaden , a f ish used for meal and oil , is
the greatest in volurn”s’, w i th about 100 m i l l i on pounds harvested in 1959.
~‘d though  f i s h  and w ild li fe resources , in some of their original locations
as-s i native habitat, have declined considerably since the earl’s’ pioneers

,o -si in Texas , various changes during re--c-nt :“nrs have con t r i siuted
t irs - ’rease t h e  came arc-I f i sh  life . The raising of stock an-i growing
feed  crops on f l e  larger , more productive farms , and ti;~ practice -f
a I ] ow c ng lar ~~- acr ’-ager of’ mar gi nal lands to rever t to nat ive vege-
t,at cur’s ha’,”- ‘ ntribu tc-d to prov;ding a much hr-tter wildlife har-itat.
Also ‘n many reserv u rs built in the Trinity River Basin sur;n~ the
past 30 ‘-ears nave provided r.ot only increased f i s h i n g  opportunity but
also r,”w ssa~ tat f o r  f - - o t h  fish and migratory birds Future c-c-onomic
and social fa’tc-ruc in  the a rea w i l l  impose an increasing demand on the
f’ : sh and w . ld. I f’ ri-sour es sin- i r equ i re  expanded near-us’s f r  their
conservatIon and propagation

}~r- creat n - Be ’aune of a favorable cl i rnr t t r  for  as ’ do-c r
a c t i v i t ’ .’ - 1ur .r,~ mu- is o1~ the ‘,“ac and due to the tremendous economi c
~r s ’swth , ti. i’ use f water and land ri-sources is be- ’- m ~ ng i n c r e as In g ly
imr~-r ’an ’ Ic - i ’ I”v r’ ioprn~’nt of ’  outdoor recrea ti on -pp r t u r ’ s ’ s  ties Pro-
visions : for ‘ - u t l - u r  rec reation in tki c’ region vary fr - sm local f a c i l ]  t i e s
su sh as rnur , 1  esp a l p l a~~’roun-iss and parKs , museum s , and st adiums to
r”s uur -~- -haserf  r ” - c r - ” - a t i  -sn areas , se l e c t e d  for their sup ’-rs or u satu ra l
f”ri~ urr’s , ru  ~i’s as Ns~ s -s-sal a r ’s- i  l ;t -at ”  Parks  and M- numents However, sIn

s i r ;  r~’~~ r’ , t i c - -  i ’rnp ss as ;i s  is placed on water - - °r .  ersted recr ’ ’at s - o n  areas
i ’~~- au , s ’- it is ~nbi- rest in ri vr’r basin planning and dr’velc- pm~’r.s.

vi ’ loi ’rs ’ r . ,  c-I’ water and me late sI l and  r i ’s - sour- -es for
r’- ’r”atIc-r; n i t  c ) n l y l’u l f ’ i u s  -a rn-ed for the social well being c-f the
people Lot I t. also -- ostri butts to tb’ f u t ure cc -on sm’s - ‘ growth in ‘she I cal
a reas wher” this  di-velopment ‘as ’s place. ‘l’iser’e is substan t ia l  demand
f - u” wa ’, ’-: ’ -basi ’d r e c rea t ion  l’aci li t  ies , part .i  cularly in  the upper T r i n i t y
Basin near the Dallas-Fort Worth complex . I t  is  a n t ;  cipated that  the
‘-ipanr-ion in rr- s r”atsonal f’a’i ,liti e ’ s and opportunities for commerce as
a r ”n u l t  of’ the developmen t of water resources , together with favorable
labor and raw mater Ials suppli”n , will attract industry and Investment
:n many forms to the area .

________ _______ a



Recr eation associated with ma ,~or water resources projects attracts
ou side investment in a number o f ’  ways Particularly s-i gnlficant
are the fo l lowing s

a. Recreation attra-’ts visitors who in the aggregate spend
large sums at lakeshore resorts and servic” establishments-

b, Recreational visitation induces private investors to put
money into overnight accommodations , marinas , and other recreation-
related sales and service facilities .

c. Recreational aspects of projects attract newcomers to
the reservoir area who construct homes and cabins for themselves on
or near the shore lines.

d. Industry is attracted to an area because of the favorable
recreational opportunities afforded its employees , even though the
industry Itself may not be a heavy water user

e



HF l I~\ I’l -f; OF i’tJ’I F:i’ u r p f-I IC hE /El  - FtfF2~’ TO tIE W~’~ “ER
AND R EIA  ‘ED I A r ID  i’I E D () ’ ~PCF 1 OF t:IE It-ASIfi

L’ . I N T hOD ’: , I TI O N .  — The il’. imate aIm of r iver ’  bas in s  pm -ul s - ’~~° ,
in c ommon w1 is ai c-them s ’ :dcu ‘ t i v ’ s  a s ’ v i y ,  is to ma’ cc - f’y h oms~o needs
and Imps’ ce the e Is m s  st and social w’s~, , -b ein g  of ’ a ‘sh c - pe -p~ e.
A basic p r i n c i p le in  th i s  n ’~-e s t iga t ’ f -on  is  tha t ‘~h ’- water and r’e~ ated

si_’ I s o - - - ss ’ sec -leve - pm ’n ’s, have va lue  -o-n~ y to the  e~~’ocnt ‘ha’ t r sey
w I l l  be nu - er le d , The pro - - i  us scecti  n has c- fm wrs that  a pcr”.f ~n f the
T m -I n I t y  R Iv e r  scar-in is rapidly sIr-crc-Loping ‘in ’,- - -n e - f the rna ,l- - s - ~c’han-
:ncsis ’sriaI as- -car ; of the United States. Other areas -f  h- basin and
ad,~acent study area, alt,hou,s-th potentially favorable for develc-pment ,
have been retarded because of various fact-or ’s , s-cu rse of  vs - ch are water
amcu-: -ciated . The m~~ iitude o1~ the demands for’ water resooc’ces deve~ op-
ment and contro l in the Trinity River Basin is based o-r. the past and
p s - c’,o”nt uses as related to the economic act i v i t i e s  -o f ‘she ur cu od y  area
a~’sd the br’- al pro,’Iectic-ns of fsi ’s ire esc-n-c -n :o rIs’ ~ h .  The levi - I  pmen ’s
and c - -n ’ rol of ’ the  wa~ er and ;‘eoated land s’c - r - ;s ’-~ ri s’s t ’r ’s ’si ’, vs - -c-i d c~ -n ’, r ’ib-

-~ n o ‘ ne as- ’-O ’s “s’ w ’sh and ant ic ipt i ’ - cJ  ‘cccn - rssi p~ ann - --l to
rtsss is - c- a baj,anced p s ’ - :gram of s--es ,- ‘s~r’ce dc-ce , - p m r ’ n n .  In ‘s ire- -ve s’ -a,ll
o’ia,oa ’. , ~n of the demands -n was -s - s moso-arces, c -nside :’si ’,i- ,n was given

a.. -~ ava i s a b s c -  f a t s - s m u t , s o n  on ps’es sn t . and pr -  - : - t , - - d  5 5 ’ - - :  i ’ as
-i ,e ’.’e , - -pe-i by the State of Texas and oth’-:’ i- ’:’des’ss .~ s-o’lencses, ‘she wishes
ml ’ local, in ’-erest s as expressed an public hear in,-~s,  ansi the direct ives
i’m - -rn C n, -’r’ ,ss for ’ f-h i s  in ’cer-t  igat I n~

6~c. DOMESTIC , Mu NICIPAl., AND INDUSTRIA L WA tER DtIPPI ,Y , - The
nr’- ,jec’s’od v i  -l ’-c -~-c - --ad increase in p -p ’sca ’. - -n an i :n - I - i s t r i a  expansion
s’s so ’, of ne-cessi ny be -c I: -sely s-opp -r ’ ‘s d by a wsi ’ em supply ‘ isa ’ is- ; not
c n ly  s u f f i c i e n t  in quan t i ty ,  but su i t a b i - - in q sa i’~y an-i at, -~
s i -a c - -  -nable C - iS ’ s  . In the’ Tri n I  ‘sy Basin, the pr in i  ‘ipal pr-~b ems in
meeting these :‘‘‘q s I s’em -flt , s as- c supplIes- ;, di  sts’ sihut I n, wa ’ em q’,’s - I - y ,
and var lability c-f’ f~ -w , a to of’ w~s - rh w I l l  h-c c -rn ’ mesa’ us ci t i’ as t i s o
p~p~~ u ’- i on and ecc-n my gs ’ w .  Wa’ - s  supply I n  ‘-he ba,sln -an be s , pm-cubi sm
f wn ’.- r  me ss -  - u s ’  ‘e s are not dcvi’ ~~

‘
~~~~~‘i:i sf ’f ic  - - n t  y - n advance to sat I si fy

projected s-i us- -os-I be ’s - moss an a- ’-; ’-e mitucs’ i - s n  ~‘t ‘n she l’’mard5 ox— s-is -cd
‘ is” ava , lable 5o-50U5’ , 5 f ’ 5 ,  In th- - Ts’snIty Riv-ss’ Bascun, as sb -vs. -f l
fig ise 17, u.hn’;’ 23’s, mlii i n gu~ l - no- ‘o f ’ vu.’ - -r per’ -say v’s ” -ic-e l In
- ‘ it- -’’ f ’~~i - municipal, and i n t l - s : - n o.1 p- imp- -us ~c - I~ i s ant ~c ipa t - so  t hat

tss - , i s s  s q  , ;“‘sss’’n ’. w ILl r n ; ,  ~iply s c;s c’iy t imes in t s , - - f ’ ; ; t , ; s ’ t” . icr Inst ‘us”’ ,
by year 2020 the s ’ - -q 5 s - m e n ’ s; v s  I be r n - c r - i- + han 12 ‘ irs -s t n ’ ’  1 b-8 sc--
sth ’l S Y !‘‘s-~ ’ 2U ’’b f ,h cs need w i ~1 have I ri ’s’ - a s ;- :  I to rn - s ’ . than 20 ‘ inn ’s

in- in- c- us~~. It, I s ;  isis ’s I t n ’ i t ed t I c - a s - ‘u x i s ’s  is,- ’ and ,sn ios’ — c -n, - tr ’ scn i - c u ;
Wa’ i’s - Z’ i’ii -~~s s-- u’ developments for municipal and ind- or-frsai poo-poses ,
I n  - i  u’IIn,c p s ” ’ s ; ’ ’ r s f  gs’o-r n d wa ’er  usage and imports-si’ . ‘ sc -n o  ssn-,l ass- ins :

i~ ii - : ~onserva ’ ic-n Service ris’- - -;ram in operatic-n , v ii , pr- -~iu~,’c ab- , c-f
i , 14 bl,~ 11- n gail -us-; of water pci’ ds~~. These : 11-plies are more than

l~i



E X I S T I N G  J P R O J E c T E D J

5 00 p
E
L
R
Y 

ER WATER D E M~ NDS

~ooo ‘ * OTHER 
—

‘~ 45 00 -

~~~4O00 ‘ ‘~~~~~~~~~~~~~ ‘ H —

I U I- ’
— 

N

~5O0 ______  8

OTHER I N

3000 —
~~ ‘ ‘ - 4 - - ‘- 

_ _ j’—’_- —

~ 250 0
u-i V
C) - U ’

N

~ 2 0 0 0  ‘ ‘ ‘ * a ~~~

1500

TH PO RTS
OTHER

I 000 — I N  - - -‘ - ‘ - —‘-— 
~‘NP” — -—---‘ -4 ,. “

~
“

~~
‘

B A S I N  ~~ H.
WAT E R a : 5

500 SUPPLY ________ It

[OT I+4 ER ‘ ,~~ “ ‘ ‘ 0

0 - _ _ _  

, r-ri - — __ 

-

_ _  I t, ~ -‘958 358 970 2020 2070

NO TE
REQUIREMENTS FOR i~IRiG4T/ ’-V , V ’ G ’ A T O t ’,’ AND is’A rfR ~~~~~ i n

CO NTROL INCLUDED 45 “ CI H I R - ‘

F I G U R E  I T

T R I N I T Y  R IVER BASIN

E X I S T I N G  AND P R O J E C T E D  WATER DEMANDS

42

— - — — ‘

~~~
‘ 

.‘ 
- —‘— - -— ---— - 4



n i I - : q - s s - s f ’ 1,0 5551’ 151 ’ ’ 5 , i s - - pr’~ ,0 r~ u~ ’’-i m-s ,n I - s i s;si, . an-i ‘ i n - l os ’, s ’ i s t : i-” -arci o in
t h s - s r - p - - s  an-I - w - ’s ’ bas i n on ’s II. s i t  , ‘ n I ’s-s y ea : - iJ(t, As ‘sb-c n: ~d
am I s-sc’s In ‘es’’ a n  a,: -‘as-; to ssc ’ : 5s f -f ‘ b -  n-~r’rsar- i ng r’- a ,I’sini -n and

ri-i  ss: ’ s ’ I a ,  ex’pansl -n , a d s H n i  -nsa . ,  s’~~ —s - - s r - sr i ’s-c-’ i s - i c - - -s r - - n ’ s of ’ wa s - : ’
be cir”is’l p 1 ,  i’ht -~~e- -l ’s- ’i c-~ ,- s’s- - r,n r -  may n’s c- sic ad-I l ‘-~~ na.

i n l’s ’ s bao~ s-- , r sos ’ s ’ -  s ’s’ :’ i - t i - ’nt  ,s ;’’ - f ’  me ’ c- rn f’~ w , 
s o - us  i va ’ c’s c - S C ,  u t ; l  a i s I ’ ssss  i smo - - n ’ ~ cu - :ss.

5 , ~~~~o - L’ P - ~~, ’ t - I . — t s r ’ ’ I ’ r , n  1 ’  cu t s - i ’  i - a c - i n .  ~ik’s- s;am~y ‘sac - c-s
I r s  1-a’ C t a ’ ’ ’ - s - - ’’ “s-s-s ac - c,ss - i ‘ h r - c s l i ’ -

~~~~
‘
~- ‘she c’J ,,rY r’y , e-Xp ’c s ’ e n c s-sss s a ’.

cu’a s’ ’ ;s Irs c, ’ , n ’ ,s  ‘- I’ -’ s -si ’. i s - ; , , pb - n c-u - s- : I ’ l oc - i s -  ~~~
- t - _ - m u s h  v,,~ ,e:’ ,

t h i s  ps -b c-rn s ; s ’ ’s-S L acr to- t rio :a i e s~, :,e~~L, - s sr:-s -n ’- so - cas , -”d ~n t n ’
level I ’ , - ,ul ~- . a , r ’ s o  n , ~ t sh - - s’s a u l ;  ‘ - c’ inc  pr ’ 1n c C s .  ‘,r , h , ’,a:’ ics s,
Many - s ’ ’, hes - -a : ’ y s;-: ’ t , ic ’r ’ -r U C , ‘_ s~ , ,s, e’’,’ c - t s - r -  ‘ c- p s’ ‘ - s ’ s  ‘h c -sh’ ps-’ p- ’ ’,y
U s’s n-cs-is-4 aL~ ’,’ ‘ b - , ,s-e ’:- - ’c.s - vlsi-c over’ pa -si , I ,at eo’ , ic-~-:aI ssc-s;an l zis--si gmo’ ;p s
in  ‘Cii’ I’ s ’s,’ s ’ lL ts’ ’: , ’e ’  -iis ’ s’ict ’s. :,rs ,i f ’ ,r s a l , ,’,- ’ 0 5 1 - s i” s ios ’si l - I’- o - e ’ ’u.n’-s ’s ’s t- :s,k
-an in ’ es’e sf, I s - ,  ~ s .  t ’ l ps’ s -u s, ‘‘is I ‘ ‘C r  efforts; r~a’cc ‘ s vs-s os~~iJ,
It, - - d - - -s- i ’ s ’ - ., has; b -c- come - -n - s -  c - f ’  t : ,c ussu ’ s-’ a sic I s w s’ ~s-s a ti ’s- i ‘i - s’ s - the’
but t le be v - -  :, s-sc-ic; an-i s -mean s 5 ’ :-: ’ ; —  u s, - -so - a uI fcc - -c- -I to a iss ,cusinls has
hi s-on I nd and cuss’ 

~,
,‘ There a,- ’e usc-sn;- n f l ’ so -n  s i r s  I ‘s ’~~:5. c-s’ s ,s-:sich

‘ h :  -‘ sssp l o - x , S:y - s ’ t i’s ’ . n . ’- c-b~~s-rss , s ss s i as: ‘s i ’s ’ - sns” - , - -n ’ C o ’
‘s- f’f’ r’ ’ s ol’ s-”sais- to ’,’, ‘t ‘ ‘ sc  v so I’r m ’ ,sie ’ :s ’ , s - ’s - us ic ’s:; t wsc -i ’c - s ,  s-s-i ’s- :
‘ sic- _ a w u  “1’ na ’ ’a’e, they O’sc n - ~s ‘ i ; :  s -si t ‘ : ‘a - ’ t - i - .- ’’n ’: ; ,s; 0:’ ‘ h ’s- f ’ ,. - c-i p lair .
Wa I :h -can; ’ss smut s - , ‘so s - s ,. ~-s k ci’ 1 s ’ - ‘ h s -  SCi:’ :s-a ’_ of’ f_ s - sod  lssos:a’’ - ‘sin I, rc-~ ~~~

f r- ‘s-s ’ us- 5 ’ 
-

- h-ones,  ,,,‘ ‘ , s ’ i ’ ss - v , -’s-r , - l p,’’jcsltur ’- , ‘bo ~cs-~~~~ s’ c s - s  of
so r’e ,a ’sr’.’c I l i i ’  ;aL ,e ’,’’ h - c - t ’  555 an sI ;:as ;a± scs-’ - ’ ’c’ ’ c-in f”r

-s f ’ s., ’ wh i  th - s- n ’  s - s -a , ” -  - o s - s n ’ i’: 050: ’ ssrr -l -I ’’ ’,’ ’’ , ; s s n - s : ’,, scuf ‘ h’  t t s -i rt,,’sc’ n.
Pc- c- C r- ‘- ‘ n - - s r  I :~ ‘ s,’ Ts’in;ty River ~- -rs.- ,n as’ s ss, vs r, tLC-c:’o- s-s- ±8 -rn-,I ~~).

‘2hc-: ’ ’’ us’.- ’ s - i s , - s ir” ‘is -c- ‘sir ’ -ug h - ‘ ‘ i s ’ -  t s - ’ in i  ‘ y U - ‘as s- ’ i — ar -i:’- c - ‘

s - is . as- o’siun -s of ’ s-sat -
~~ s-s-s n ets usc-i I ’’ ” ‘- ,., -pni on ’ pp ,  s ’’ :sC ’ ,~c’s, su ch

as ‘ Is’ s- sC :51 , ‘ ‘  s~’ s - f  5 5 ,  ‘,;5~ 0 ,  l , t t ,  ‘ is so s~y - n’s: ’ ‘ ‘ - 1  sI ’s- c ’ - ass;’ - s - i ’ ps i nias ’ :
s s ’ ’ - s - t . , s - - ‘ s , ’-:;- ‘in ’ s-as as”’ s.h , + ’ - ° ‘ ,~~ f ’ s - ’ ~~‘ ‘r~’ 5 .  1 , 51 , 1  , P u s -se areas w:~~

si p .-~‘~~~- , w ~ ’ s - ,  ‘ si ’’ 1 : p m  L , ‘:ms. s , t ’:- - us -c so ‘ - - ss; na’ ed. Ar’s - cu ’s ’ —

S ’ s -u , : s-i5 ’ ‘ i l L ’ ;  cu -  v s , . ’ “s,~ç,’ ~~~‘ -  ‘: - ts t - - ~ ’’l ic-c s , s r s s : n a ’.j  s’s of - i  fT -d t hr e- -at
‘50 5 ‘s t s , ’ - - ,,~1r, ; ‘us. is- ,’ l s ~~’’,,, ’Ss ’ -

~~ ‘,d ‘‘s , :r ’, sj ~, i : C t l n t ’ I ’ ,- ’’ ca’s U - i s ’ h is’
-

- 
- a’ - - b y ’ ~’’ :i t s-’~’i , ’ ‘s-u .- i,  :- ,a- ,s ’- a’ 1)-i - ~ac- . vsn-’s ’- ’ an -‘si~c ’ I c  ;I ’ - 5 :-si ,

s-i s - - ‘ a 1 5 ,  s-si s-’ ’ - ‘C , .‘ cu’ - -, “‘u. - - ‘ 1 c,’ : s  s- is -- - ‘ ‘:1  in ’ o a ‘ ‘‘ ‘ ‘ s : s - ’ns 1 sc
I r a : . , s ’ ~‘4 

~ s- cu’’ -pm ’ n.

‘1~ ISi ’,r . ’’ . c - , t , ’ I’ ’, . ,’ (o P - a r ’ s s ’ -r ’c ’ as’s- ’ s - as ’ , ’ s i , f , ’sU , c - - i c - c s’c’s
of ‘ s - ic . ; ~s, 1i , ~~~~

‘ ‘ ‘  t i ’ j s - ;  f ‘ - )t t i , os- ~‘ . i  ‘t - -y es’ i~ so , c,5- OO si c-’- ’s s-is”
S i ’  :rt ’, ’- - i a, -nc, ‘ ii~~ nih ’ , s; - -fl, -ir s I I s~.”’s’ ’ ’’’-s- ’nieS ~_~~

‘ ‘ U’ ’ n - n - I n - ’ ipa l
C as ’ I es and 1 5 5 ’ -  ~~~~~ f l s u g  ‘Di,5- , - a , so ’ ’ - Cs 0’’ s - - i i i c ~~- a ’ ‘ s s ’ - s ’ amy

5’ 5”WTiS . I’~~ ’’ ‘dU , oUc) ‘1 5 1 0 5 1  r- ,t: ii’c t t t’l~ -l i ng, -fl ‘ f ~~ ’ is ’ ’a,lw’s ’ c’s’ t i ’ s- b —
s ’ n,s’ es w I l l , P . ’  is iss3 , - i ’ ’ ’ ’ ’ - i IC r - pr  ‘‘c’’ - ri rid ’’r •h ’  s’ssn~ t1 ’ and ’~’’ e:’s ’ 

~~
‘

s’’- isis ’ int ’ l - -n ui’s -I aoL ’’’’ - C i  - Ia r -~
- - ’ -- - ’r ’ ’ cs r ’ pm - s-man s ,,,1 ‘ he S - s - I  -

, - nsie :’’,’at- ; -n
u’ , U f ’ s s - ’ ” ” s  . lU(’. a ‘s ’ , ’ s ,  _, si ’ , c-~s ’s - ‘ I a-.’, ‘ 0’ ’ sus -sCss  ii~ ssrn and

p r l n s - s i p a l  ‘_ n d h - a t , a r h- c - , s- i ’ - ‘ 22~~~, - )O() iic s- ’’s i t - - - , :’ w :  - be , a f t ’ s - I - -I a b b s - i ,
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.iu ;f : ’ce  :0’,’ 1 1cc- i  s t c - ’ ’ s C c -’ , l ’ s -  c-s ’ : I . ~t i s ~s- ’ , ;ss- .t h o r i s - c - - - i , sss-r , i  ~-:“ - ,‘~ ‘5~~s1’
: ‘ c ’ s c cu ’ s ’ s - ’ i - .’~~; as ’ s’Isi’iso ’, c;’ c- ur - - , ’ ’-- ’ t c - .  F 1s-~-u d : : ‘ ,Cc- ‘tion ‘s-c- 1-U t-

:-c :n :s - In ino~ t O  .000 a s- re  s of ’ f lood ~sla 1so Ic - s -Or ,50’n - :’eI is ,  ‘o, Is  s ’ ‘ 010 0 ’s
‘TI,i’f ’C-r, .I plain . c-u sc-lo ts of’ c-b .c-OC- u s c - cs - , of’ al- i’s, - - I  ‘,-n’n2, laro~; is-nI

‘c .’rcs s I ’ - .s’ : ss-s; ‘cc- o:sis-s:rb an dcs ’,” . ios;rssc-s :I - s-TUe sins-sc-al -,‘al.s,4rs- ,f’
i ’ C l  in ‘Cs-c’ f iao ’l  ; r l , s s i Ius :ss- ~~ r ;src ’ :;-’r st .  - ‘c - i s I s - t i c - s a c -  c-,srss , n s t s - s

‘s o c- SO .t -~1 7, 150.000 . ‘21 ’-  ‘s -  ‘ ‘s- I ‘,‘aluc - of ph ’ s-c - i- cal proper’.’: ~r; ‘sic-
I 1-l,s,js, is as s’s -2 ’’ mill ion ,Io ss lI’s -rc - s-s r ,d: present -‘c-n-.li’sior,s of

b-nc -fr , .;: c c l - pnc rs-t . V.15 , s - s. - - pr o c - s - n e  -i wid ’:sspr es: : In sc-case I:.
~~~~~~~~~~~ fssJ’c-sn:’ial c. xs~anoic- no . and uc’r’,-i-:c facilities , t:.is /aic-e
is s s’c-’c- t€s d to is - ’ :c-s -~se ‘,‘j ’ss ,oo ’s s id l it io n a l  flood control works , to
abc- ,t 1, 3 .5, ssnj 5 , -+ 1 111-ion .s--al .rs- :-s in 1572 , 2020 , arC. 2070,
s ’c - c -~~c- ’ti’:cd ’:, as snou’n or, i’i~ c- ro 20.

‘2. C, ‘s,s,i I . a c - in  a no ,ssIs se ’s’ of’ sc-s:l t i a lr -p : . rpcc- ’s  :‘ec-c-:-.’-sct r an si Ia s-al,
flood :‘~~~

‘ - ‘os - c -n’s  c-ma C:- ‘to , s-s- c- c-Lo~ rs or: f’i:’T- ,s’.: 1, i , ss- ’,’ b - i s - s n  c cns - s t c - l s c t s - :  I
s - i :’ s-i ~s - - o:’1od of’ i - - c - s -c- In an atts--s .srs-t t s s - l l ’ - : ’:1c ‘ c  flood :- s ’s- , s ,C.csss -on

O5 ,t ::;air, stem -c-’, - ~:‘i n-c’ 1s - : s -~ t.riss t ss-i’iCs. I’Us -c-s’s ,-:‘ t , - ,’s ss e ‘sssp:-- : ’ :. s - ’sc -ni t s
us, t~,&s - r’ e -se:’- ,’oIs - jr s ’ :.o- ’ e c O .: on t u , c -  d :- . ,t Fc- . : of 0,,i: Trcs ’sit l ’  Ri’s-es’ 

:‘c- .s *vr .-e ~ c-o ,5~- - ‘tsr in the c-pp ’ 0 s-ac- is; h a’s-i: bc’s ‘s-i a s -’ s -s o c
Is sC. is-:tc:’c’scts. for flood ~s;’otc- ‘‘si n. Its ,, c ‘,‘alc-c of such flood oi’o t ’sc—
01’s-c cc- rU , : ;  was is , rc-o-r ,s; ,:’ s - t e - I  b-c ’ ‘ c 1)5 ’;’ flood , 5i55 ’ s ’ ifl[ s - ci r cus , 7c-s ’; s of

c-I’s; s J c - - - , o - ’ ’,.’: s-s - lo s-sc -  ic -i: :eslt c:0 is-Qc-u.b ’ec- ’s- c- tcm ;s-tr at schoot (5
s-sC 1-lIon sc-lIsa’s . The A~- c-il-~Jc:srr: l-,’17 floe 1 , .C,icii -‘ac-c-ed flooding
‘~,,,c-- ~‘s~-sc-t t :, c  icr st is ’c Tr’init ’,’ Ri’ s-c - :’ Ba sin ,  :‘eo,. Itcs d I ra::; a scrics -s of
505: ’s5, ., ,,’ : , s -  - 5 ,  O s  sn ’s’~:I over a period oI~ about ts,ro-.- mont :’ss . T his :  f loe-I

- s. c- c- f’ ‘s~ c- sm,, .:’. Iws’sagir.g in t s , i: s ,j c -t -j : ’ : of this - bas ins -  sin : c-c-used
s ans ’ ,, ” s ‘ ,: ‘, .ns-,at ’s- s:t ‘

~C. - ,500,000. U ‘sonic -sr i c st ;dlto I s o - l i - - C  c a t l’ ’:i’f - :: IC- .o
,p latiors and iss-n~,,tss’Iul expansion. in to-s. I’so-i s-,it: HI’s-i :‘ Bc- f r ,  I r 1s’sg

‘ s t  s:’ ,’, ‘con,’s ‘ s - . Base; on thI s  p s’-.-C - f - I  ~r c ;t h ,  a s’s- ’-s;’ s-’c.’s-I .ss. of
ts.c A~ r’il-J:s:ic’ 1. -

, ‘( 11-cc--si , c it h  ‘.:xis tlng sicil s s ’~~ts, o:’i s - so - s I  1-c-ste cticsss , wools-i
‘;s~s-r r:cs . :‘ s,’5,-’i, ’i c -  . c - t ,j i ;~j ’ ’, as f’c-ilo.es:

i;:rtissssst ’ - .1 B-c- c-a T ’ ,

(B-  - 1-ass; )

~ -~~~ 15 ,20(1.000

2020 1 r T 3 , 6II O ,000

2070 251..1,-u.000

‘Fl - ( nv’s- s ’s - s -ge -‘ s - s . rusa i  iusmu ~~ -o on t he’ Thmni t:,’ RI cu ’ s s ’ - c - s d  principal
ii atsu ’ Ic- :;~~ ss 1 ’ - r 1’ (0 ‘ans I I t I  ~ n ss ; of floo l ~lss -i so pc - ic ’ ‘0 ,u:s- ‘c-i l develOp-

so’ - so ’. u s-ri’ es;t ‘, s:, :;t e-I to i - i s  about $ ‘  .000,000. The a’s’.. s ’st ~o- annual isc’nagc-r;
cons ‘sc - i ’ ~, t -  ,000 ac rc-o of flood  j J, s s - hs  c - t o- l i  c - s in this s’ c’ pc-s’ t under ls :O
conditions or --on oiai -’ ‘I’ . ‘~‘ 1o1,ss’s’.’ss f based on s - sc - i sting , aut:a’s’is’ 1, and
pr’ . -,‘ I - ; ,s;lj  s’r ’~’ - ruins ’ s i - l i  -I floo- 1 — control ps’c , ‘ — ‘ u ; sire i-st i c - ass - t o - I  to be
about -~~; , 300 ,000 as shown on V i~ si :’i 21.
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GARZA -LITTLE ELAV RES’
ELM FORK 8 DEN TON CREEK

~~�~~~~~~ DuCx c::EK
~~~~~~ $ 11 8 , 000

LLA~
”\(~’ \ ~~~~

LAKE WORTH ,,~, ~~lV ~~~

CLEAR FORK & ~ WORT N
~~ s~~ F O R K  CREEK

$ 88 , 000 R(5. -‘
~~~

BENBROOK
M O U N T A I N  CREEK RES. % ,41~~~~TR tNI ’T” R-VER

$ 40,000 ORSICAN A • 
- ‘1” - 6 , 000

PALESTINE

N

NOTE
TOTAL OF THE AVERA GE ANNUAL DAMAGES : $ 2,334,000
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‘
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GAL VES TON
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FIGURE 21

AVERAGE ANNUAL FLOOD DAMAGES

P 
UNDER 960 FLOOD - CONTROL PROJECT AND ECONOMIC DEVELOPMENT

MAIN STEM Ar~D PRINCIPAL TRIBUTARIES
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7-., The pres”n~ and fit - ire f’ s,ood pr’ohlernis c--f ‘she basin may b’s-
effective ly pc-c--vented P7 p:--o’sectiv ’ss rr’s-assrji’es, such as reservoirs ,

local flood pr’ s ‘,i’ct i- n projects , c hannel i m p s ’  ‘- s - i - m o n t  w o k s , levee
syst ems w t ir appurtenant i n t er io r  cls’a i n ’ ro,-ys - fac ili ti es , and land
t s’ r - a lm ’nf and water’ n- - s - I ac--sla i s-ri progr-as-n- :. The f’ s-ood control effcs-c-
Iii ’s-ness of these w s--ks’s of imj ,s ’r ’- vem”n ’s wo o - s ’s - si  b -c- ‘- n c - ian -cc -cl tremendously
‘s hs’ s - n~ h ‘she f - - sd fos’c’cac-t in s and mps’-:- ”ed flood woo-flIng systems of

his.’ U . S. Wea ’, sh ’ r Bur ’cau and f’ l cs- s-si a sam i n t o - n - m a t  1, - sn  mt - sd: es of ‘she
C - ran or En~s’ir,s-en’s.

75. NAVI-CAJ’ T OC 10: e s s - - n o r r - : c  deve l - s-p rn en ’. -of an area is greatly
s t i m - ; . s-i ’ i- -i by a comple te t s’ansporta’ ion is :mpicx that inc ludes  all f’s- c-m s
c-f transp s- s- ’sati n s-nclc-dinC fl— i- ,’ oc - O~ ic-sn [‘tie need V s -os - a navigable water-
way is dependent upon s u f fi c ien t  volume of ‘,hose - s orrunudities that can be
moved at a sav i ng s by ‘,h is  f-s s’m of t rs - - an c -p o r t a t - i - ) n , The p r ime  requisite
f r  ef’f’i-C en sy ir , har~ e i s - n r c - n  rtat ]-:ns is consolida ’s i s - n  c:f ~ac-ge volume s

s - f ’  f ’ :”cf gh ’s at -s-n ’ .’ p In ’ . Woc- s-rwa’~’ service is generally restricted to a
Va; s’ :y is -m i ‘ss - d n” s-ng s - V -s -mm- -d’s t ies  ws; - c-h are m-s-st ly  bulky and , in many
nstsis~ ‘ i ’ :  ;npr - ‘is - so-- i i~c-ssms, which cons’s: tute well - ro ver  half of the total.

-ds ; m - .,‘ing in ‘ ni ’ T n it ed  Sta tes - s . Bulk c-s ac-nc-, me’s-al ores and manu-
facts-sc-ed ps ’ o-Iosc ts , ‘she:’ma. energy I c - - s - I c -  and, unprocessed non-meta l l i c
minera ls are ‘s y-pical ss- -s-mm- sodities pa:” icular’ty adaptable to low-c ,st- water-
way ‘s ransposCsatr i n. Waterway transpo”Lat~~:n off’es’s the only feasible
meth~c-1 of t s-ansp- -rtIn~ some of the en- s’m- c-ss and complex mechanisms that
are b i s - in g  assembled s-us-i aunt be s-. ramsp r ’ ss - d long d is tances  in the country’s
rapidly ‘:xpanding sci ’ns, ific devel-s-pmc’at. The 1 -c-aLl -s-n, resources and
- rends; -~f e :-on- -ml a dove .- p m ’s-nt  of nb c -  Tc- i n i t y  R iv e r  Basin are favorable
to the gc-n”ra t io -n  - -f large vo i-s-rn~’ .. of c- snme s ’ce  In these corrmiodities. The
natis,n ’s prin -ipal gr a in h-c-C, lies to o hes- n c”sh  and n- -n’I ,hwest  of the bas in,
A con’s inu c-us  V - s- ,w of s.sxpc . s - I , g r a s  n rn- ass’s- s sI,hward by ra: 1 and truck to
‘1” -nw-a’ ‘~s-r p ots  ri ‘she’ Gul f Foam ’s - The sn— Iuns s-t :’ias a rnp ioroxes cs-f the Dallas-
F’ s-es- W- .-c ’sh and JI - , s-C, -o- r~ areas c-ys- re ;c -r s -t ’- large rnc--vemc--n’ss s n b -th di s’ec t io -ns
cs- f’ raw and semi-pr- r ’es ; , - ”d ma ’.c’rtais, manufactured products, bulk chem ical s,
petroleum and petrol’s - sin j-s’ -s - d ’:cts - WoOer c ranspor iso t i n  wo-ild make the
ex tensive deposi’ss of - :- jsitte and coal in the basin available to supply
s,he demands of Texas and ‘he Na ’ i-on for energy as fossil Vu ’s-is  become
r n - - r e  -s - - mpc-t s lt ive  w i  ‘ 0  pets-o’ls.’c-irn , n a tu ra l  gas and other form s of e-n- ’s-g y -

There are large di — p - :, i ‘,s -s- f c-t oni : , -s - s -rn -i and gr a ’ic- .l in ‘she basin that ,
w i t h  1ow-cost barge tran sro p - - s ’ t s s - t i s -n , w u o s - d  be extensively developed and
wc-rhs-i’d for outside markets. In vs-- w of t.he superiority of water ‘ rans-
portatl- ,ra for s- s-mi- elements of Ub i ’  m a n s. t.ra n- ’sp -:a”-at i  in market , an obj cc ‘l ye
evaluation was made - -V f -h ’ - n ’~i ’d , ps -  specti ’s-is - use and on -nom ic  f e a s i b i l i t y
of the wate s ’wav .

76. Potential use of waterway. - To evaluate the potential cs-vmno :’cc
for a navigable Tr ra !ty R iv i ’ s -  Wat erway , -~ field canvass and t r a f f ic
su,rv’-’y was made of’ a 1’(h-county area in Texas and Oklahoma, The traffic
area was delineated af’ter study and ana lysi s  of the existing tariff rates
and p’ in t.s of origin and dest ination f s - r  movement of selected co~ nodities,
known to be adaptable t - - barge mu v is -m er s ’ and susceptible to rou t ing , either
wholly or in par t , - n  t,hr s proposed Trinity River Waterway. The field

s rs.ra-s-ass, completed Is-it” in 1 - 158, w’~o made by I rat ’ t ’ic and transportat i on



spe-’iaiis tss and included personal inte rv sews -s and -‘o-rr-cs; pors-Ienu -e with
about 2,000 potential shippers and rue ’eiv ,—rs throughout the traffic
area~ The survey also included a canvass of m a j o r  shippers presently
u s in g  the extens ive  ir ,J and  wate rway s y s t e m ,  w ;th  wl,i oh the proposed
T r i n i t y  River Waterway would connect at the Houston Ship Channel-, The
principa l coastal and inland waterways of the eastern United States are
ssh -wr; on figure 22, The growth s-s-f commerce on Texas waterways between
1950 and 1959 is s;hovrs on fI~~ire 23. It is pen i n e rr t t,o state tha t the

~‘rowtl’s experienced by the Gulf Intracoasta i. Waterway t r a f f i c increased
by over 50 pc-r ent in the decade from 1950 through 1959 Simi lar
Increases were evidenced in the barge traffic of the major deepwa -er
ports of Texas~

The t r a f fic  survey developed a tota l of lJ ’-~ separate commodIties
in 10 major  classifications that were adaptable to waterborne commerce
and mov i ng in the traffic area in sufficient amounts to warrant consid-
eration as potential commerce. The potential in 1958 for barge movement
of ~ these commodities if a navigable waterway existed from the Houston
Ship Channel to Fort Wort h was est imated at 

~~5 
mil l i on  tons annua11y~

78. Prospective commerce, - The 1958 potential of L~5 million tons
was subjected to a rigorous screening out of those commodities that would
not move on the waterway - Certain potential commerce was elimi nated for
one or more reasons , including the following: apparent duplication of
tonnages reported by shippers and receivers ; excessive circuity of routing ;
not adaptable to barge transportation because of special handling require-
ments , insufficient total volume shipped or necessity for small , frequent
shipments ; more probable movement on other waterways and little or no
savings by water transportation because of existing tariff rate consid-
eration or comparatively large transfer and handling costs The residua l
potential commerce then was subjected to a rate analysis process.
Special studies of the prospective movement of sand , gravel, stone and
grain were made .. Of the ~45 million tons of potential 1958 commerce ,
38,0(8,000 tons were eliminated to leave a total of’ (,922,000 tons of
prospective commerce that would move by ba r-ge i t ’  ar’s improved channel
ex is ted  along the r i v e r  The commerce considered to be prr - -- ’ s ’ n ; ’ s  ty prospective
comprises -so commodities in 9 major classification groupings and is sho~~
c-s-; oi ris -ctlon of’ movement in table 5

‘9 Of the commodi ties inc luded  in the nine classes of a’cc-pt€’ d
prospect ive  — - - rnirnerce , tb ’ p r inc ipa l  ones are 2,2t0 ,000 tons o f ’  downbound
grain (item 2); 2,930 ,000 of’ sand , gravel and stone moving in both
dire - ’m io-r sss (lncluded in item I s - ) ;  709,000 tons of upbound iron and steel
a r t i c l e s ’s , and 3’I’s ,OOO tons of downbound i ron and st,i - i- l scra p (Includ ed in
I tem 7). These commodities comprise about 89 percent of the tuta l pros -
p.- ‘ tI v e  s ’omnrne r -o ’ . About 19 percent of’ the tota l upbound commerce would
originate on the Ohio and Uppe r M ississi ppi River inland waterways s ys t e m ,
10 per ’enl would originate on the Gulf Coast at and east of’ New Orleans ,
w Ith Use remainder ori g inating along the Texas coast and the Trinity River.
M ’ s  c- f th is  downboun d commcr- ’e would texln i naU- along the Gus-I l’ Coast west

- f  New Orleans , ‘-ith”r for si- mes tis s use or for export through the deep-
wii ’er ~r ,r t s; of’ Houston and Gal veston.
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TABLE 5

1- ’ -
~ PROSPECTIVE WAT~~WAY COI.~IERCE

BY MAJOR CLASS~~ OF C0?~40DITiF

Annual prospect’ve

Upbc as’s-i Dc-wnbaunis fotai
item Class ‘s-f Commodity ( t o n s )  (tons ) ( tons )

I A ’ s i s s~a~ & ar’s-t ssia l products , inedible 62,000 - 62 ,000
2 Vegetable food products & beverages - 2,210,000 2 ,210,000
3 Vegetable p r r - d s s o ”-s , inedible ,

exc”p ’. fiber & wools 121,000 - 121,000
~ TextUe fih’-rs & manufactures 6,000 2,000 8,000
5 Was-at & paper 153,000 - 153,000
0 Non -metallic mInerals 1,171,000 1,838,000 3,002,000
7 M--o al s  & manufactures, except

machinery & vehicles 112,000 3t~ ,000 T , -77,000
8 Chemicals & related products 166 ,000 11 I- , 000 279, 000
9 MIscellaneous 3,000 - 0 , 000

Totals 2 ,39i~,OOO i
~~~~~

i-
~ 3 , O0-I ‘T, -~22 ,-i0-D

80. Projected prospective commerce.- The an t ic ipated  expanding
ec rs-)my of the basin would increase t~

i’
~~prospective commerce on the water-

way and in turn wou ld be accelerated by the availability -of water trans-
portation . In order to estimate the prospective waterborne commerce over
the l i fe  of the project , an extensive study was made of the basic economy
of the basin and i ts future development . Basic economic factors  closely
related to the commodities -somprising the waterway t r a f f ic  were c-elected
and the history and growth of these factors ~~~ projected over the life of
th -~ pro~ee t .  Indicators yes -c - dove C -pe d from the projec ’ ions of these growTh

~‘a ‘ tars  ano a p p s - i e d  to the r e l at , u-c i  groups of commodi t ies  in the 1958 
-p ~~’’ e to dete~~~ine thor projected waterway commerce. The total pros-

pective curr ~n f-n - ’ - ~o cj r ”,’e - s -~~’ s  f or the p r - or ’snsed waterway to Fort Worth amounts
to 8,828,- cC  t or t s  i n  l i ’ s - - , 22 , 903, 000 tons in 2020 , and 72 , 080 , — *-:s-- ,’s tons i n

5] The Trini ,
- ‘  Impr iv~ ssrent Association !n 1 557 c -rnpl ntett a pre-

m nary survey -s - f ’  prospective bas’g” commerce for  a modern , canal ized
vatorway extending in  ‘h -  T r i n i t y  Rive r from t h e  ~iouston i r s i p  Channe l
tc- F r f  W rth . The Association foun d prospective c-cs’merac of 8,270,000
tons sp ias - snd and 5,o’ j,OOO t- -ns dcNnbound , or a tota l prospec tive  move-
mer l . i f ’  13,~ 3 ,  -‘s ‘ ons annual ly . The prospective commerce developed
by ‘br’ Association ~ - - mp s- i so’ s - s 10 g o - s i- na classes of’ c omm odities and more
‘ ha r t  ‘(5 separate commodit~ “so .

82. A t the public hearing held in F- nt Wont-h , Texas , on

53
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Dc ‘ember 20. 1°-s. 1 , when features at ’ the prel iminary plan t s , rr rs being considered
ta r i nc lu s i o n  in this report were presented to lo cal inte rests , represent-
a~ ives of the Texas Railroad Associat ion spoke in opposition to the proposed
navigation improvement and gave the Associat ion ’ s es t imates  of ’ prospe ctive

mrner e on the proposed waterway. Assuming the waterway had been in exist-
en’e during the I-ear It~~9 and that prospective commerce was fully developed,
the Association estimated that the commerce would have totaled 2,587,000
tons - This prospective commerce comprises twelve commodities , ten of which
are included In and account for 91 percent of the total prospective commerce
developed for this report - The three largest i tems in each estimate accoun t
f o r  about  72 percent of the difference, Of these the Association allowed 6-6
s-e r -ent of the sand and gravel , 2t percent of the grain and 22 percent of
U c  i~-o-i and steel ,’cxcep t pipe , for a tota l of 2,Ls46 ,000 tons compared to
5,~ oL.00O tons. For the 50-year period 1971-2020, the Association esti-
ma -e s~ ar, averagl , annual prospective commerce of 5,151,000 tons . Assuming
a ur.~ fo rm annual increase from 1959 this estimate would result in about
9,900,000 tons of commerce in 2020 or about 45 percent of the estimate
developed in thi e report.

8~ IRRI GATION . - The developmen t of the basin has progressed from
an agrarian beginning to the present economy which includes substantiai
urbanization and industrialization. During the next century , the
pro, ected developmcr~t of the basin will have a marked effect on the
agricultura l economy of the basin, Irrigation is one of the many resource
development opportunities which will be used to Increase future food and
f i b e r  production . In the Trinity Rive r Basin and adjacent coastal area ,
a t -- ut 68 ,000 ac res of land we re irrigated in 1958 wi th a total water use of
about lC~~,O00 acre-feet. Present surface-water Irrigation is concentrated
largely in t h e  lower basin where water is diverted from the T r i n i t y  River
for ri- -re prouu--t~on. There is some additional ~urface water irrigation on
r une-ros S small tracts scattered along the Trini ty River below Dallas and
along several tributaries. In addition to the surface-water i rrigation
ther e is some ground -water irrigation in the lower p o r t i o n  - o s - f the basin
r ind on small , sc-uttered tra-sts throughout the basin.

€h Based -s-s ’s the p r oe’tc - - popu l a t i o n  and industrial expansion and
increased w a t er  -ic -mar s i :;  in the Trini ty River  Basin , i t  is believed that
irrigation in  the f u t u re  w i l l  rera’& i n  about the same except  along the Tr in i ty
Ri ver below L~i l 1as -- A study of’ available ‘land resources revealed that abcut

~2 , OO0 a r r e o c  between Dallas and t he  Tennessee Colony Reservoir site ; about
‘s 9,000 1& ’s res fs -” twei’rs - that . s i t e  and the Li v i ng s ton  Rese rvo i r s  and about
80,000 acres in the l ower basin and in  the adjacent coastal area for a
total of’ 171 ,000 acres; arc’ phys i cally suitabl e for sustained permanent-
t~,-po i rrigation and production of agri cu l tura l crops and have been con-
sidered in the overal l plan of’ development for the basin, The projected
water requirements for i rrigation of these areas are 356 million gallons per
day or about ~99,l0O acre -te”t per year.

85. E x i s t i n g  appropriative water rights and permits provide for t h e
f u ture Irrigation of 80,000 acres in the lower basin and adjacent coastal
area . }fowever , in the interest of developing the remaining 91 .000 acres of
land along the Trinity River , consideration was given to Federa l project-
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- ‘a - ‘ I - ties. From a st idy of these ar--a:; , ‘, h ’ s  h i i r - - u a  of ’ ho-harnat i - s - n
:-- n.r luded that siro’c the a;’-oaa lie ri scatte;ud t racts ac-- sa l tr io river ,
tr -~ey a’s’- - ia-as. s’;ited to:- deveiopment by xis ] v id ;sai  l a n d -  wn- -;-s ;-a~ s - ;  t:, LrJJ

- a;’ge pr -j e c t — t ~~~e rs’igas. i - f l .  However , in f - s - rma s- - ~i - ~ri f c :~n i  ~s iord  a~’ ’ ,he
S- il C -rsse:”:a ’. i - n  Service  ind ir a ’ -s - so  t~~;ir . acme i s -n i f a s , e area.; ar-s w-’ - - -

adar ‘ e;.i to small pr o j e c ’ ~type deve’s-opinent. un-aer Pub tic s-~aw 
- 

~~~t , sit; ass-ode -i,
Tao so. c,ic~ ; a. and. i nci~;stnia,l reto~:-n fi )W - ’s t’r s-rn the Fort W-~ ‘, r - D u t ao a_ -a
Wi ‘I p r - - ’; is -ic  a tru”ge sostained flaw that w; 11 be psiysocac ly access ibc~-
to asol ‘~‘s; e’ - dc-slrhn 4; to irr i gat e holdings al ong the  main st em .
Irr-!ga - a by Ioca~ ;ntes’ests has been rcc ;gra zed as a par t of the C

hensa---as p a n arid water recl.iirernents of 3~i6 m illion gas-Ions per day v- - s -a
soled os the det erm ina t i on  ‘ s t~ toe to t al wat’r;- sapp~y needs of the bas in .

8€.- - PEsIF EA TION . - The demands for -oo ; ’ -docr recreat i -n y save s- reat]-y
rec en t year s . ~d :st: of th i s  recreat -l - s-n act i v it y  is -ron -

ce :’nos--i w tt’i the ‘s-se and enj ;yxno’snt of ’ our water resocs’ces- Regardless of
th e -  meas~ s-; isoord -- n-ads-er of visitors to F”rd’ss-ra , and St at s- s’ecreat i on
areas , n~ snbsc r of fish ag license ; - ,de:’ s , n ~mbo: of ’ -c ’ s -  a;-d srio~ ors in
use --- is. is cl- s- as -  tha-. Americans are os-eking the outdoors as n - - -J e r  before .
Was cr is a ao-y las--oar of ;‘ecr’o-a’i ,x;r devei prn --rst an i serves as a rnai~flet
s:nc-c broth urban and s inaI areas :;ri-tw a st’s-ama urge ‘c” wa’.-o r -j r a ” sn s -’sd

fl

d7 . The genena~ public tic ’ s- - l i  a se tter standas ’d f ii-.’ing and by
- on wi-s pa ra i c  s-paoi -n has l’o .s-nd that  oo tdo - s - ’s ’  recreat i on pr-ods-:es

many aene f ’i t s  — -  i t  p r ov i d e s  healt}-i f-iJ, exes’cise nec- ’sssary for indi ’,’s -Id.ia,l
j s- i i~~ St  ‘sa ti tnes s ; i t ,  p : ’-onsos - tcs m-s-,’stac siea_ ’ h;  it - - f l e x ’ s  sp ,n i t u a ~ “a~ os-.-s ——
f~.s- s i n es- in 5 he ~t d-o - s - x - s  can be a deeroo.y moving exper’ieri-c-o ; it is val-

~-all ; far c-i c - a ion in the was-sd of’ natou’e; and it sa t is f ies  simia~c
;‘ecreatiana needs w i t s - t h e n  they be a path to  wall a l rig , an att s ’a-ct ive
road fo r’ a drive , a place to swim , or a shady sp-:-’ for a p i o n t

c~h The national trend of wa - ‘s-i ’s-c od recr’os-a’ i -nal demands
ani a-sti.’it s-e s i~s refs-eo-ted irs the Trinity River h arm . In the geriur”as-
area of S i t s - -  Fort W -r ”.i- Da s - as-complex , a n -usia - -; ’ of ma j r - x -  r’ e a e x ’voir ; ;  hate
0 ’ s -I - - i ’  :‘ec-rerit I ~~a. o p p or t -u s it i e s ;  availab~ e . V i s i t o r  s ta t i s t i c s  are
a’.’;i ,, ;i ’,s- t oo  for the its-sr C -s’p s oil En~ - nes-ers resei’v-s- i s’s , Benbr~’ok , GrapevIn e.
d a : ’ z a-L ~ ‘st,le E~m,  and La’,- - .sj  , w a- - r e  the Ll~s- ner’s1~ p aL s- Lic has f;’-,-e access f-j
so i o - ; r r  - Ly j r r s - v i  - i i -d  o s - u S G s -  s s’e’ss sea -i s-ri to ’s s-li - ies . i’ l i - s -~ e rca e r -v o ir s  a ’. —

t : s . i  ‘os-cl o’~’es’ eight rniil on ‘;isiturs in it~f - , w :  t b  auii -s 5.05 cC mi l l ion
‘s - ru~~~~ng s-n spar ’. fishing or i i  in ’ lag . Scenes of loncra~ s’- -s - rreaticnal
act lvi t . c - is  a -  ;2- -s ’ps of Rag-h ri-s-es’s pi- s-~jec s are , ; 5 i ’ s W Y o  -- n fig’su-e 2hi~.

89- W ,tYi , I t ’s -  rapid in-;sreaae in population accompanied by more
tel sure t ime and m oney to spend on recreat i -ri and bet r,er t ravel s’ariiit ~ies.
a ° -r-s -m ’:ndoas t n t - s s ” r a s e  in the demand for recs’ s- at.i miaI facilities will
occur , a;; : ; ; .  vm s i i  figure 25. By yeas’ 2020 recreational facilities will be
no --Icr-I t-~- a ‘C -r s unodat -  - ab- s - i t  3h n t i s -  ion visitors and by y e a ;  2070 ab~-ut 78
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so ; 1~, s- - s ’ s i’s - s i t c s-rs ; . Of t l -e  t ot a l  ‘.1 ss-. torso  Jeir s  ci a’;’ - r s - n  v r I t c - r — o r i  - s -n t ’s-b
- s ivit les , abou r ~ 5 per- -c- n t . w f J ~ s r’r~~’srd ’ -i s- n (s -e0o ;x —r ’s s- nr c - ’r ea t l  Ofi

al--out 35 ~~- r r - e i s - t  s - n  f I s k ;  and w ; b i t s -  fc- re r r o - r i t i o r ,  The ‘ - s - ssi p r’crt ,en ;;lvc s-
p s - s - i s ;  w ,  i i  IT ; - ’ b i er ‘ic-ye - - ; r s ’ s - - s , t  of t O o -  na tura l  r e -  ,r .r err is-f each pros -cot
in the s-nter r- ;;t of sa i l s i l v in g  the p’~ - ,~e “is-cl r r- ’ r e a tb o n a l  needs~

90. FI JI AN~ WIIJiIJFI- h - Fish and w t i - ,1I t’ - - o cr- Lv :n g  natural
r ess - u r ’ e s  of the Tr Ini s- , lb’,’i-r Basin and , like oth’s-n l i v in g  th ings . t a c o

n i ’  s-ally aeso- - I sited wi m~h the lan d and war er A s - l~’~’~1t -s eal is sit
x’tas:e Ic. ‘l;e prc-serva s ,, - n and develors-nv-rs’. c-f ’ cu r  i’ s - s O  rj f l ,’ v . 101f f-c
re: -o r ‘ - c s in c e  ‘h o ”:; or ’s-  vs-tally important to our - -‘ - , s ’ s r’i-’. ar ’s- I was-’ of
l - .’bs-g The re-’nrrats-Ional value of’ f sob and w; I Oh io- is ci’ ar-s-f-s-s-un-i

- -r rim ce S a hi’ w- -Il—aes. ng ~f’ p o ’ -  -1 °’ . po~ 5i~ ~~
, P’,’ ’~ fl ma cor so than  to ’-

foo d vol -c’- of c h i n  rec ur ‘ c- . In our way of lit— - , we no I o-so,’~’r oavc- 0

- r t ’ s-~s-cI . 1 u t  ‘i.e 1-I s - o s - s - s - r e  s i r s - s - f  s-- p s -rt - - I ;sun ’. nis - and finiii r .g
s-s-re w . cot y enjoc-ed . I r s  —ii .  sr 5s -~’ of he:; tIe and bu s’s tie , vi, -- ro- tb ’s-’ - s - - f t c -  i s  —

t s - - i - i i  phy s i c a l  ant i  em-ot ;onal  - fr-s-rn the s’ s ’ s - s - s  i-f mr s-- err —do’ ,’ living are
- f ’ s - u ‘--0 :n s-- Sr daIly ItV’s-’S , i ’. has i rr r- rs stated t h a t  ‘ t b sh i ng  r r ; -j  hum ’s’ ro’

in  is - c -  - -s- i s - en s  a x’- - l e t t e r ‘intl s- i’ ’ c’S 1 ’ - s’ r” - .-i ’- rs , -- ;s ; ’ , ’ s t resses  i-hors - the use
s-f 0 r’r i r :qu i  ilcer o~ lls . “ Th- ’ -upp~: rt u n f  to’ - - hun t and f t sh w. 11 n s -~- t . auto —

r e m a in ,  and f’~~~s; and w,  J O  i s - f e  res-s - r r r - ’--s mu ;, t to s-s -risc idered is;
‘ ; - ~

- - -,‘- - r o  l planning ;‘- - r th e  s - a s s - r i  - F isr I s - i r -.,-s - scenes on C ~rps -of Engineers
prcs-, e-’tz in the Trini  t’,- R i v e r  ar-cl adJa -er -i t i -as - - i  as- ; are s - st ow s , on l’igures

2 7.

- Is ’ tao- :tate of ~ L~~~JO’s n o d  ( s - s -’ p ’s-’Cially In the Trs-r ; s- t~ ’ Puver Basin,
r a c e d  on stat sot ical  data O Tii~~ , i~~~i5 Lv O h .  C -,rl-s-r -,~l’ ;‘trig:recrs , i nd ica t ions
are tha t, t r i o ’ percentage of Tc-xans vs . hunt  ~in -~ fish is at- cut 10 percent
h I g he r  than the n a t i o n al  average .- In toe F- s - -i -S V x’tc-Da l s-as- complex ,
fishing and h u n t in g  privileges are general II , ’ available to the  public on
toe four sr~’s , or ro s;er~’oi ri’s - ‘ons;tru ; ’ tcd by t h c -  Co rps of En gin eer - s r . It has
t o’s-rn de ’ormined that about 35 pc-roes’s-c s -f thr- v i s i t s - - r n  t o  these reservoirs
woo eithe r fisher-ms ’s--s or hunt crc • Based an this r~~

’ r ’  -c-stage , S u e potential
ill sh e s ’srn s . — hunte r  visitor attr ’rs --Ir ;n-” ‘i s -  proj . ’ ‘s wI  S O s - 0  the nass  so w~ 11 be
s-c-ou t i j  m i l l s - o n  by s-~-1-ar 2020 and n s t s - u u t ,  27 ms-llion b ye-si r 2070. The
pr’o ,, eCt e i i  d erna n -s s ;  for h u n r -  i r s - t - om ;s - ’ s I ’i s lurg  OT ~~s-YT’ t U n i  0 s - r - 3  g’ ’ s , ’ O - ’ l ’s e  by the
saw , n

~s- popular- a s’s hav en 1-eon -car -c ; i dc-re d as or ’s ; np-o r ’ S — s a t  element : r, the
‘ - s - m r - res a r , s - s -~ ve basin plan si n- cr i t  Is considered dess-rable to sat~s-cfy
tri’-se r-’rJu - remers ; :  to 5 I i e  mass-imum ox tent pract s- c s - s i d e

92. WATER -.~lJAId ’fl’ CONTROL. - Th o- quad sty -f water is of critical
c-s-rn - - o r -ri In p l anr i  ng for is - c - use of tb so’s r e s ’s-our- ar , since toxic or - -

pol iu ens r st s  may render the water unt; t for human ‘onso imp t l on  ari d chemi cal
or mineral ;x~ I ut ants ;  tna y rende r it ur i s - s - u s  table for ri~Jiss ;triai and agri-
‘uI  S ora l purposes. The natural lx ~ b l u t s - i r s t s -  of dissolved chemicals and
suspend’s--cl s - ; c - s - l. m ’ r ; t ; ;  are au~ nented by municipa l sa’wagu- and i ndus t r i a l
e ’I’I’i ueritr- . W s s S ’ ’ r  pol iutan ’ s sr-iri s-,’ t o t -  class iI ’led a- ’ s - su r d i r ;g  I - c  e igh t general
osafc’~-~c~r;ec : (I) -wo,’c- and - ‘i c r oxygen demanding wastes, (2) infectious
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r ig - o s, (‘i) ;- rs-in ’ nutr’ i oon ’ ;— , ( idl - r ’ - c s i c  c n - m : - ’ s a .  - r x - s - ’,~ a , , (5) -s-s-rther
m m -  -sons -il and - - b’ s-rn cal s- s- t o tan -

‘ - s , ‘ , - -d  ; rn- -n ’. s , (‘i) r ’~sI - -a’ 0 lye ;; - —

s-us - ‘ s, and (8) ~sea ’ - A l o f t  s,gb each ot ‘he ab- s- ’-’- s - cray ri - be ‘ is’,

;nfo:--n cing fas t - i ’ s - at- t h e ’  p r o - s - - c - n t  t i ino - , I’, is c’’- -gra zed ~s j S  ‘ so-.- ar,
- a 5 s’se i s -  h --ms -f , s - ” ’ ’si’ -n’r ern n i~~-’1 w ,i l  i n - s - - a ;  ‘my fa- JO ir s  ‘os-n fns - i  u ’ s - .

y analysis by the  U. S. P s - i b i s - c  Iiea.. ”sh Service is bas-s-’so-’I s-- n br -~ wI
as--acre ’ es’s-i w a i t s - h are c u r ren t l y  ava’L l~ ble for c-ia. s-a ’ -n f  p r - - i s - - s -n ’ and

fs-its -’~s”-’ n’-re-in condit. s- ns. l’ -~ a, d; .s- ’s , ved s 1 1- Is p r ’- fe-ft -as saC t~- - -nn
cm os -i . :- -- ‘ s - ’ -0 s - ; s a’s-aos, ,

~~
;- ; ~e ‘ h o -  e f f e c ’ s of’ ~5ass - e  p s - i s - r s - t a n ts ( t b - s-se o -~n-

sS ,i t s- -ri ’ s’s w e b  oh a s - - n  n -ct,ili;ed or reduced t-y s~ so- wi --a’ - s - c  a r -n - -n t ) .
Dissolv- -i  - -x yg,en -‘ so ’ ‘s-- n ’ is app ls -i—n-i as a mo -as s-.r c - of s-instable pots-si-wits
( t k s c .-se conso isoent s  wO: - s - h decay and oar  -on , c’s’ ru-c acted on .  by i ts-y

s- c - - s - i c r  envi s’ r onona t )  . t-f ;n -s - -s- s - i b c -s - -n t - s -na ’  s- o,n rl -o rspended sediment are
measured In part s per mi s-.~~s-s- c- n of r,he n ,  I.r ,ant. in She water s-spps-.y .

s - s - j There Is JUsSils-aia i’ -i-s-os -nc ’-; s’ s- °’io-s’ ‘ no- w ;-Io -n p s ’ os-r ad and. ~ -cs ’h ap5
roes- f our ’s in ;rease in She writer qual .Sy r o t -  .-c rnn s’es’.dt ing from the large
increase of p cp o i a r s -  b -n in the r r ,n : ’ ,y River ’ b a s in .  The basin  p op u l at  s- cs-n
un’s ? abi s-s- i ‘ us- - r-n~~i l s -- s-n  ,r ’s . ,~i--s , w:’ t h a projected s - n c r - -c ase i - -c abc-ct, six
milo i s - n by 2020 and over eleven miD I -s-n ny  2070. A large p o r t i a - n of the
in s-o s-ease will occur in  the upper sect s - s - s -n  of the bas in .

9- -~ The mineral quality of the Trs-nity River Basin can b-c p”eso -n’ly
cl-cs cr:bed as gras-cd to  very good exn r -p ’ for Oh s-c extreme portion of
t h i n  basin in th~- coastal regis-in where intrus i on of sait water fri -sm the
Cui f of Mex i co has frequently n-s-”s-eased dossolved solids o-cncen ’,rat- i ons
to as much as 1,000 parts per mliii a. fte -r - -n st s ’uct ion  id ’ the pi’e-
vioushy s-’e~ nrmi’ionded Wa . ,isville Ec-so erv - ;br w i t  e h i m m n a t -s- - the sal ’. wat ’-r
intrusion pr -ob~ o-m on the i - s - w e :- bas in since it  wbL l act as a barr ier .

As de” e a p m o s n ’. proceeds , 1 s-ye;- . wo r e  I-cads us -li in-crease; demand on
wares’ wi ll become more prevalent ; and incr ’eased ronc-s--ntrat i --as of
m s - n o -s- -as- soilds  can be expected S hr -cs ’gh - o s - ’, ‘di n b as- ;in ,

95. Above Fort V - “tis arid be . w L ivingston  Reservoir .  t he- - - ri-can s- 2
quas-ity of the wa ’,er  s-rca ’s be classified as good s-e s- -u She confluence
of Marine Creek with t he  V-c c ’ Fork ir s - For ’ Wrs-s-’.h and -I wns - s -- s-es -un to
Rosse r in Kaufm an Coun t y ,  condi t ions  in ‘.tse river are y.n n e r ’ a l s -y  anaerobic
and a s soc i a t ed  offenses- s-- c - -O s- :’ ;; p onr ss - i s t . Downstro ’ s- o.r n f rom Rosser ,
a s-ff,’ ci ’-s -n S. tr’ ibuta.ry di lut ion and s” -n i - r ’ a ’ - on occ ur -’ , almost -ve:-c-;- r n m n ~
tns’ s e t ies-c - - of he - c o ~nn1 c poliot. s- on up  ri r e a ch  br i g  Liv ; signS - s-r i Reservoir.
S in ’ c  tb-c 100—m b le s’ s-a- h -of ’ the river I s  -m the vicini t.y of F’or t W or t ,n
‘~ s- tar .- w Rosser is sept ic s - i t  t h e  pro-co- nt tim - ’ and t h i s  condit  i - t n  w i l l
s - ’ - 0 f l 5 ,  in s - s - c - - rs - v i  -ow of t h e  projected growt h and deve l opmne nr of t,he area,
r -nm ’s - d I  u i  r n - - a s - ;  c - -o s ’ s  c- -s - ’ wat er -  qosal ‘sty - )ntrol are urgently needed in she

~n’, er-s - s -sS and u’ , —5 ’ -  - n ,s- of I ho’  j oc  p I c

C s - U ,  CON SEH VA J’lON SERVICE PROGRAM . - The So i l  Conse rva tion
Servf~~ Is I’ s - s  s -y  s- -gnizan t - - I  t b-c e f f e c t  of and and wat o -r -  resources
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‘so ‘he I - so - o s - n -s - lit ar t - s f t - s  s - so ’ s - ;sgs’ - cultural c-c- r is--r nc~,- -s-- f ’ S vs sari s’s and is
a,’s’-i’;e s- ‘s-rs,-s- r-iged ;nder a ~‘1. -city of’ tr i e  Flood C o n t r o l  A - ct  -~ f  
(FL ‘s - 3 -  , t’s-s-t-h C -n s- s -s’ess, 2d Session) in ~he dan ie l  s-- prnen ’. - s - f ’  work plan s
and the i rn p i ’nrn ’-r f  a’ b - n  cs -f  a Watershed Improvement Program for the
r’ed s-s- ’t f n -t ’ I ’ , - s -  -O damages and t,he preservation - -r  agricubi ’s- ss’a~
re t ;  - 

~s’ -cs. The pr gram generally consists of .w maj or  pnas- :es of
c-n :’ s ’ s - s - o t t  or : - t s r ’s -  airs-i treatment meas’-ur’ ons and ‘he struc ’ .s -cas measures

so f .- --cl p r o - v - s - i s - t i - n i, sediment cen t r e . ,  and wa ’.-s - r ’  mar’sago ’ment .

s-i- ’ . An evaluation of the economic trends in d i c a ’.es tha ’ the re is
a s-s- - n o n - a .  inncc’-ase s-n urban expans:i on o.ndes’was-/ and a sh i f t  s-n ‘.ut ai.

~s- r - tti , - s-o- s- n~ ‘s’s- s- rn - y s -  - 
- J.tural to non-agricuir-r .rar .  W I t h  the populat- l on

P’s’ I c ’s’ I - a s - ;  and urban expansions , more land us- s-s-.,d be sn i ft ed  to non-
I arc’s uses wO s - - : - f i  w-s- -u.i d ress-s-lI,t in less total lan d remaining i_ os’ agr ics-ot-
‘ -u.s.c. IS therettr -r ’  become s a s i g n i fi c a n t t a c t - or  that  the present land
and wul ’s- res -s - -.si-c ’s-s mi s ’ be developed for -  m~~ im s-m u ti l i z a t i o n.

-)c,s- . ‘fOe Corp s of Engineers and the Sos-]. Conservation Service
has-a for a n-soil s- on :- of years been actively engaged in developing plans
and p r — s -j e s t s  us-~~~h are complementary In the interest  of a f ully
de’io , p o d  c -m~--:’ - ;hos - ns ive plan . Altho ugh considered on a comprehensive
wa t ’ s - : - c r o r d  bas is, the Soil Conservation Service has generaloy con-
s-c er s rr a ted  its a - s - i s - v s - t i e s  on the headwater tributaries, whereas, the
Corp s of Engineers has c on f i n e d  i ts activities to the main stem and
rs - inc ip a l  t ’s sb  st a r s -e s .  The s-o -ord ina ’.ed a c t i vIt i e s  of Ohese a~s-’en - c i e s
u s-ti ‘-::ioin s-e to contrs-suto- ‘ o the s - o s-s-n d economic gr;s-wo.h and well
being of s-h o - basin.

) # .  fOe Suis-. Conservati- -i ’s Ser-- ’,’lce estimates the total average
annual f’~ -a-lw ni ’ , r - , sediment , f’ . s- s d  ]s- iairs e ros i-u l , and indirect damages
in Sac- sos-adwat-ir tributary areas , .-us-der presen t ,s- s-n d it  i ons of’ f a-od plain
;lcs- ’; - ’so-p r r se r it , 0-u be about  $7,300,000. In the interest -,s-f the preservation
and max im irs s-sti,izat i s - n  of the nas . u.r-a~ resources of the basin and ‘- -a
s-’sc’ a n  tr i o - agrt-:-o~ ’s.ural economy . the’ Service , in coi.-p es-at Son with 27
Soil C-s -rcs-erva t i - n Districts in the basin , has -underway an effective land
‘.r’ean ,rnre nt pr~~cs-a m based s-n the use of ~,ir i cu l r  s-s-ral .~.and w it h i n  i ts
capabilities and i t .s ‘ s- - at m -n ’ -in acc r ’d ar i -s - r -  w i t h  it s  needs . The Soil
Conservat ion Service has preparef a numbes- of work plans on selected
s- s -h war er s hed s  of the Trinity River Basin in accordance w i th the desires
~I , and In  coop erat ion wi th , I s - - .’a, ins ,eces3 s,s based s-n the needs of the
basin . As a r o-su L’ . at’ these work plans the Soil Conservation Service
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as of Jartuart-  1k is- had cam p s - - t o - s - f  - t s - - 0 u t  ‘ .0 miles of channe l s-m p r o v e m e n t s
and the coas ts-u - - S ian of ’  - :c f ’ s - - Iwnite r retarding structures These
structures have a S - s - s - s - C  st s - a rs-r ,c’e -capacit y of 252,500 acre~ fec’t )with
- ‘ I  ,L00 acre-f eet for sedimen t st ,o rs-e~- s - f ’ and 211, s-sOO acre-feet  of flood
ss-eter,tion st-s-ra ge

100. The if- s-i . Ctus-,i’,’ Commission - Texas with  the realization of
tb ,.’ t r”nsre- r ,Jous p r u j c ’t e d  gr owO s- ’ ; irs population and indus t r i a l  expansion
a ss - s - s tOo - Impact -f these Oe’.’eb u p m e n t s  on the land and wa ter resources and
a g r i c ul tu r a l ~- .so r ’som~,- requested the Soil Conservation Service to develop
a prelimInary plan f ar  ups t ream flood prevention and water resources
s-ie’.- eiopmess-t i r s  the Tr-instv River Basin, This basin plan which includes
toth existing and proposed improvements indicated that soil conservation
measures were justif ied in s- s- i subuatercheds ~o m p r s - s i n g  21 per ce nt  of
the :~asin and that a ~s- s- taI  of iIS.s-C f loodwater  re ta rd ing  s t ructures  wi th
a t s- tos - ;, s a p urs - s - its - ’ of about 1,300 ,000 si s - s - r e-i ’ee~ should be p r o v a d e d  at
an estimated sonS of about £.l mc Ilion dollars . In addition the plan
provides for about ‘c-- mis - e s ; of channe l improvement at an estimated
‘- oct . of about i s -. ins- Iiion dollars or a total  st ru- .’tura l cost of about
75 millior, dollars ,

101. ~~WER , - The growth of electric-generating capacity in Texas
is the fastest of any state in the n a t i o n  The Fort Worth-Dallas area
is the second most densely populated and industrialized area in the
Ctate of Texas and utilizes a significant percentage of the total power
generated in the state. In the Trinity River Basin upstream from
Trinidad where the Fort Worth-Dallas area is the hub of’ activitbes for
steam-electrIc-generating capacity there are nine major plants with an
installed net c apab i l i t y  of over 2 million kilowatts Through the
interconnected systems of the Texas Utility Company the net capabi l i ty
of these plants is about 3,700,000 kilowatts . The future power needs
of the TrinIty River Basin can best be illustrated by what has happened
during the ;~s- c t  ten years as reported by the Texas U t i l i t y  Company which
servi-se s most of the T r i n i t y  River Basin .  -The net generating capabi l i ty
has increased from about one to four million k i l o w a tt s ;  she energy sales
have grown from about S billion to nearly twelve b i l l i o n  kriowatt hours ;
tn-c p€-ak load has increased from less than one million to s - i L - u t  three
m i l l i o n  kilowatts ; and the i n v est m e n t  in plant , proper~ :- , and equ if~nen t
has increased from over three hundred mil l ion to over nine hundred
million dollars . The impact of the population and industrial expansion
and ever-increasing demand for additiona l power is quite evident at the
present time since substantial enlargements are presently underway at
several of the existing plants .

102 . Considerat ion was given to the development 01’ hydroelectr Ic
powe r , inc1ud in ~i the use of pumped storage . The low topographic relief
of the Trin it s -- Basin is not  favorable for either conventiona l or
pump-storage projects . The requirements for use of t h e  water resources

‘- —-

~

. —~- -- -  -—...- ----—— —.._—-- 
- .,—. .— 

. -



f - s - - c oti s - e r h igher  p r i o r i t y  purposes precludes deve lopment  of water
s:- ’~ ‘i t ’i ‘ally t ’- s - r  hy d r o e le  -tric ;x >w -r generation or its use Os - c
r~s-we s’ ge ’sser at ion in con junc t ion  w i t h  other purposes Studies indsasated
that , under the most favorable conditions , hy droeles-’tric powe r
,‘ -- cer ot ion  s - n  arias-I amounts migh t be economical ly  j u s t i f i e d  in t i c  future .

103 - P -- wer planning for the future - The future powe r requ i re-
m o - : s - t s  of ’ the ban i n - i re ~xpc- ‘ted t i  be supplied by the- u t l l i ty  companies
as the need s develop This conc lus ion  is based on the progressive
- io ” .’o- lopmen ’ s wh i ch have taken place during re -s-c ’nt  years where the Texas
;s-~ f li t ’,’ companies h ive pioneered in gas f i red , outdoor- type generat ing
plants v . t h  t h e i r  lowe r c o n s t r uc t io n  costs; and the use of progress ively
~a rger gene r a t i n g  un i t s  w h c  - s - b  incorporate the latest refinements in
operating economy If gas becomes too expensive or is more valuable
f- s - r other purposes , t here are large sources of lignite and coal in the
T r i n i t y  R i v e r  Basin  t ha t  are available for powe r generation Improvement

- f ’  the Trinit’;  I-O ver would a f f o r d  low cost barge t r anspor ta t ion  for the
m..- -.”s--mer,t of coal and l igni te  f’ s- c therma l power generation and other uses.
The mcst recent s tep  which has been taken to assure Texans an ade quate ,
dependable electric pew -r s u p p l y  at the lowest possible cost is the
initiation of constru’t ion of a new interconnected super-transmission
line . Four Texas utilities have joined to build the southwest’s largest
t r a n s m is si o n  line which will extend from the Red Rive r to Houston ,
and went to the Permian Basin oil fields of West Texas as shown on
figure 28. This 3S5,000-volt transmission line wi ll link together
six and one-half million ki lowatts of electric power from the 27 steam-
eles--tric-generating plants of the four companies . It will be six times
greater in electric power capacity than any other line now in operation
in the .iouthwest and will fo rm one of the largest and strongest reservoirs
of power in the United States- Construction of the new “super power
highway ” will result in greater securitb,’ of electric servi °e throughout
S:se area served because generating capability available in one area can
r e  t r a n s r r, s tt e~i to ethe r areas in the event. of an er ner gen- ’v. or should
a disaste r csripp s-e any loca l power syrs-tem A ls o , it w s ll make addits-onal
power s- ova l  lab Leo to meet future power requi rements - - I ’ a numbe r of REA
Cs-, - s - s -p .’ r a t i ve c  s - O n c e  the In t e rconne c ted  companies ~ dl be able to
i r s : s - a s - l  - ‘iers larger generating unit -s than those now in use , greater
f l ’ - x : b f l i ’ ’ i  will be reaiszed as to when additional generating equipment
will be snstalled 1-c ause s - s - I ’  hi: abs lity to e’x-’harsge power between
systems fonnumptive water use for coa l i n g  requir ement s-c  for  proje s-- t ed
thermal power genera t ion  in the basin is provided in the - -omis -r ehen s iv e
p l a n
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104. DRAI NAGE .- The lack of a-s-leq;iat. ”.’ s-l rnlss -a s-r- restri -”~~s
the opti sr.zrni use of considerable acrr-a :r of agr~ c ’s - 1n ora l ands
in the TrIni ty  River Basin. The s-l . :Il  I’anservat. l - -- s ; f lervls ’e and
t O” - ‘I rps of ~n,;lrooers studied t ’i ;r ’ s’~i s- situs-i e of ¶h i~ problem in

~~ 1 In ~‘-.nccc -- ’ t i on  with tb~s- U. i’s- . Gtus -iy Ton soissi s-ri — s- exas
i rv - - r t I g a n.i -on . It was fours-s-i that a draInage pre-l~1em existed on
abcs-u t  l ,57 C , I-s-X acre s , or JH~ p -r  .s - t  of tb ’  :t& land area In
tO”- b a s I n .  irs- a - l o l l  t Ies , about  s-” , 30C acres , s-si- -is t ly in Chambers
and I.The rt’,’ ~t- ’ inti es , i- - -’a ’- - i  oct  outside thr ’ ‘s- acm near the
r~~utb of the rIver have ‘irai :s-n s- ’ problems . Within the- ba sIns - ,
tOe slowly drained areas s-o re relatIvely narrow bands paralleling
the river and i ts  principal trlbut.aries.

105 . The heavy black clay soils of  the bottom lands have
low permeability and are frequently mnunaated. Various obstructions,
such as sediment , natural levees or flood debris , often block
small tributary channels an well as the network of old river ehanne1~ .
Such obstru”tlons. cause ponding s - s f  floodwaters or runoff for
extended periods and frequently result in high water tables. Local
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sr’~:rsoige efforts in some parts of the basin ss-av~ s - i, ’ r’a’.-ate-~ the
s- I r s- t ins - a ge problem in s- s s-wr istream areas At some L~s-~i n t s , drainage is
blo cked or ni owed by roads and railroads , In most of the  v ros - J e s - /, the
topography is virtually flat and runoff from higher tars -s-Is -son-sentra tes
in the numerous swales arid pocket areas and creates high water tables.

Mo st :rops ‘ari tolerate only l i mit e d  p e r i o ds  of waterlogging or
i n u n d a t i on , usually not over 21~ to 30 hours The Coastal Prairie los-nd
aced  for rice production in Chambers and Liberty Counties , ust outside

- f ’  the basin accounts for  p r act i c a l l y  all of the s lowly  drained land
that is now under cul t ivat ion.

i O(s-. . Lands feas ible for dra in~~ e - Of the total land w i th in the
dra Os-a~s-e problem areas of the b a s i n ,  c t  was estimated that  about
37,000 acres are now adequately drained anc that drainage is feasIble on
abs -s--u t 2 e.O ,000 addit ional acre s , making a total of s- .b(- 000 acres or
31 per ‘ent of the total problem areas that has been or -soul d be adequa-
,e y  drab s-es Of the ao s- s- ,000 acres feasible for dras-r .ag - , about
23,~.000 acres would require group s-l r’cus-nage consisting of a system
of lateral ditches to colle-’t and --arr’,- farm drainage t’- the natural
streams that usually serve as major  o u t s - e t c  and about l58,°1OC acres
would requi re improvement of the ma -or outlets.

107. It is inev itable that many developments associates with indus-
trialization , housing, cormnercial enterprise , and res-’reation will be
made on lands now classed as agri cultura l , includ ing some of’ the
dra inage problem areas . Such developments will remove these lands from
the problem field of agricultural drainage but may intensify the drainage
problem With the construction of buildings , driveways , streets , side-
walks and other non-permeable areas of urban development , the more rapid
r’orsof ’f o~’ rainfall frequently creates drainage preblems in the areas of
1ow elevats -ors Generally , the local communities anl agencies of local
js--;vernnner.t pros-wide facilities for adequate drainage of problem areas
w i t h I n  t h e i r  , ) ur s - s d i - - t s - o r o

108. Plans for future dra i ria~ e. - Adequate sun ’s - s - s e  d rs i ir .a ’r of
agr i - s u b  tu ral wet b ands -s requires a complete on- fa rm system oI~ -I rs -t in s
u n u s - O J y  accompanied by cons ;t ru—tion  s - s - s -i ’ a group lateral co] s - c -  ~t~~ors and
-lisposal s -stem and enlargement and i rn l s - r ove s sio - ns t .  s - I ’  the ma son  outlets’- .
G~s - r s e r a b 1 y ,  individual landowners are expe- s t e d  to pr ’ :-v i d .. - the or s - fa rm
system Local as-n sta t e- government ; l Eyo n s i c ’ sc  are ex p e c t e d  to - ‘arry out
det a i s -ed  ver al l  planning and p r - -v i d e  the latera l c o l l o - ’ t i on  and dis-
p o o s i , ss-,’ss t em The Soil Conservation Se’r,’ice upo n r ’e q io - s - t  , mas-,- provise
t echn ica l  and financi a l ctss is. t ance in  planning and s n s ; t - a s - l ; a i i o n  of
works of improvement.. With the spc s- ’ii ’ic au thor i za t ion  s - - I ’ - ‘-o - ngr ess ,
the Corps of’ Engineer s -- an plan and construct major - o s - s - t  s - c t  improve-
m o - n t  s~s in - ‘os-perati on with local is - I o’r ,’sts As local drainage
facilities are Improved by local farme r groups and under Soil Conserva-
tion I ervlce programs , it is  probable that some of the major dra inage
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out s - et s- w i ll also require improvement . As such problems ue ’ielop, it
is expe cted that Congress , in accordance with established policy, will
authorize the Corps of Engineers to investiga te the individual problems
and to plan and construct  any necessary improvements. Although major
drainage improvements are not proposed in this report , all proposed
improvement works , in clud ing  the navigation locks and dams , were
planned with drainage in mind , so that the projects would not be
detrimental to drainage and , wherever possible , would provide improved
drairs-a~ e conditions .
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‘s - )~
,’}’s -s -F ’s- s-F ’s-P3~~’’F’ P b A J  u s- -- DEVELOI~~~~~NT

t oe . hs- .As - ; :;I :; ‘s- s-r~ s- I DEP At. I ONS .  — Pho basic ob ,~c-o ’ ’ i’~ i s - s- c. tO-.-
fo:’sss . ~~ I -no cf~ a p.s-irs- - - I’ - s- lu ’, - - ’  -prn o n for ’  the T r in i t y  River  Basin is

- provi le tie ’ bes t os - s -u , s - o r  c- m h i n a t i - s - n  of uses , of -he Wa ’ 0 5  and
as’s- I s’c’s s -- s-:’cCS I’ ‘s - i s - c  b a s s -n  to meet all l’-ur’ese ’abie n h - - n - ’ . —

ru-s-cl ong-t  es’s-sn .noeds -~, n plann ing for the best s-se of Wa ’ or and
ne.s - a’ ed .nin 1 s - ’es s - - -  i r — ’es for a balan-s-ed program, °-he o v e rr ’i d i n ~
de ’ cr”ninari t. Is the - ‘ . ‘ n- os i i c  and social we.  i.—hei n s-s-s- of a.. of the ue r- ..e
and, t oe  ach ie - :um ~’n ’ of na~ ,s- f’a-” - n y  ~e’;e~~s of li’i ins-,- - The de ’,” s - , - -p m s- nnsn
and -c- :nts-’o ; s -  of ’ wa ’er resources are planned on a ~‘u1l,y comprehes -r is -s- s-ve
basis t - - Inc . -:de adequat e ss-s-pp .iies of water for ms-ni rs-~ pal, agri-s-s-s-i.t s-rai ,
and j r o, s-n ’ r’i as - use; was- er quality f’a-’ li’ les and -‘r-rs-’: rols ‘.o ass-s ore
wa er of ’ S- : : ’ co l - l e  qs -s-a~ i ty f-cr- all p s-rp - s- ses;  wa ’s-er na-;is-;at b crn f a c i l i ti e s

needed ‘ - -ui~~ - r ” a ’. i - n se rv ice ;  f~ -~- -d c s-n rol mean ores; hy inue~ eot : ’ l c
puw~- s - ;  -l s’ri~~a ton ; drainage; wa ’ s- s- p r - ‘ o s - c ’ - i  on and man agement ; ‘.- -st door
s - c - s n - ca ’ i o n ;  s-md fish and w i l d l i f e  pro ’ es- -s - s - t i - n and enhancement . Plan
f’- -n’nnn ~~.at.i -r i st s - l i e s  req o ir e  rhe  s - - s - n s i I - r a t i~~rr c-f all water problems and
•s - ,°i -  in ’ or-rein ’ I- n of all pu ,rpose . and pro,~o-cts to love .-.~p fsns-...ly the
p~~’ en’s- l tis-. of ‘ Is -cs - s- s-as i n .

110 . hr -ad e r - I n s  ip .~os .scd in access- n llshin~g t ,he above are
(a) t:a’ t h e  °c , em ’s -n’.s of this-s plan r ’- .o’ ii i’’ i~s-s-r - . 

~~ cs-c l and d c - ic Irs -pm-c -nt
or the water r’eso-s-.r-ces of the oa.s- ,r s - w -s - i be s- s- st egs - ’at ed i s - i t o
exists-m g cyo ’.- om so as to provide a ba ars - - s - ed ps--os-os-rs-s-Jro ; -~t ) ‘s-h a’ ‘ n-.-s-’e
n~s n o .-t a mo.s -’~ ec -s -r iO m s-~s- a ,  ifs-s-oar s-n , c”a - cc - - s a -ssn f s a n  le basi.s , of
s - i s -  mp . s - os:n ~s- ‘ sic- sane p s-c-peso on ps-rp-- ses; (c) t nat the scale of

1- - ‘.e . - pmenn of each project be such as to pr~-s-’ide ‘n-n rnax imosi excess
bene f l s ,s over ~s-r s-sts insofar as pr-ac ’Jcs-d-le ; and (d)  sat. ri ,  ad p ’ ed

s-c ’- capable -of f u r t h e r  expansion , as fu t ur e  c ni 1.-cri s req .ir - -’
s- s-oh expansion . In addition to ‘hos e  broad prin s-pies , c - e r t a in s -  basic
p ann s- ng and design considerations f’s- i’ s- ns-l i- .-’idual p or-p -ses are s-sod

n def inin s-~ the  f inal comprehensive i-lax-i ot ’ devel sr -no - r i ’ - ‘The m s - - r e
.m p - ~s-- t ant el’ th ese basic planning and do’ s - i s-n .- -:n n i d - - r - s- ’. I n .  s-irs
obje-s ’.ives are: (i) that ,  protection of -s-n-ban areas a~s-ain s ; ’ the
standard p r o j e c t s -  fi sos - o d be ps’s -vs-dod if’ es - - -s-n.-mics aiiy feasible; (2) tsar
r os ’s - U areas-sn be afforded flood protect i - s - f l  against a rc-cs - s - z -n --’n s - -~- of the
50-year flood; (3) that navigation fac i l i t i es  should be pr ’ s- t i led in
consonance w r A  tne pattern of exist~n ’ and f-st-ir e e c s - o n . ’ - r i s d e ’;eoop-
count - -f the ts - as , in -, ~~) that full cognizance i.e given to the h.-n~s--rs-trL’--
wr o t s - e r f i o w  retardation and land s-s-orirs -e s’va t.ion program of the S-o i l
Conservation Service; (5) tIs -as - . reservoir capacity l’or supplies s - s - I ’
Us-i - S  be in consonance with the State of Texas ’ expressed policy for
maxims-irs practical development s - - f  the water resources of individual
r iver  basins; (6) that , planning for supplies of water be in f~ li
r~-s-r eement w i t , h  exist ing water r ights  and pri orities of use est~~ lished
by the State of Texas; (7) that f’uuu .re demands for supplies of water
In the Trinity River Basin be satisfied insofar as practicable from
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“ i r s - — b a s i n ” res -s- - - - o s - s - e s ;  and (8) tha ’ p ass-s-n ns-~ I’- -.:’ w:i~ - q .a.Jt y
r ’ec .s-~ n i  ‘- - t I s - - p~~~lo ’. ‘ s-~~ p s- ’-~b lems a~ ci s-i’-c.ncl wi tO ocX’! s t ln ,—~ ass- sn f ~~~~~
-h’ . - c- _opmens-- and prcn ’,— s- l’s- ne s-r--s;sar’s- -’ rs-eas-s- ,s’ s-.- s - s - ‘. ps- ’ s - t e  :s,. toe iii ,a i. t rs- as- , I

- - f ’s-u’ s- - of the p-c - s-F-ic .

- ‘ .~,., . DE’;F:s-~s- :r~tEP I OF s-’s-iE P s - As - ; .  - Se’~-es’al s - s - s - s - s i c ‘. y s - - -c-s of wa~ c-r
o -s - - nn .:’oi s- nsean - ss - ’c n s are s n-j j dc- :’ -c- ’i s- n  Liar -s-n s - ns-s-s- s-. he n i s - ’-’ -s -bo pr:en ’- of the
vs-i, ’ - - :  ac-n I rei. s-t ’ ‘rd 1-i.’: r e sour ces c - f ’  the Trinity River  h -as - s i n .
I ris- ,‘‘ c - - s - s - s - - s - s -  s-rs .s - - a s ;.rs’ o ’s i r r ’~~’s -de : (I. ) r n a b - n ’  imp s- .si s- drn sss - ’, s of s- on s - f l ’  for

s’s and ,,cs e irs t ,Ii : s- ;cner’a~ areas of nc s - e - i and - - D s rU:’ s- ..

f’ . w: an I :‘s L,  - or ’ dama~s-r s  in  . lo wn s ’ n”rs - am areas : (2) . s-s-,n d s- neat meflt
noe s-t o c- e s .  I ro s . ~.s-d:n s-. -le ’ ent i~ -n s’. ro ct  ores and smal,. s - coT — - in-is-n ionts i ns-

‘ - s- s - iwo’ - -
- and ‘, r i b s - s -~ ar’y :‘e acr -s-es . sn r oss-d ice f l -- -d s- ’ .. w-~s- an i  prs~.’id ’c-

s;s-noa J p s - - l s  of water- ~~~~~~ l - s - n a . ized , ssos - s ;  ~3) s-s-no r::’ - ‘c-c- men’ s - I str~ an
,‘rcarsnc-Ls or- -sss-nstrss -.s-ti.:n c-s- I’ channels, d i t c h e s ,  and pipelines for soc-s-s
p c’s- sos as ri - :s- ’easr ’ !n~; ~he 11 -d- .-a:’ry i no~ ca~ac Uy - f  srt: ’owni s ,
ps’-Dv id in .; c-b anns -s- or adeq .a ’- -c- for nasn’iga ’. I n. ,  ris-ain in s- agrs-s- -s- il’ .ccal
w ’- .an ds.  and To r ’ .: ’.’ d , lns., s-ar:’y l ns- ; systems f-or tr an s;p rUn , , w a - -s t o

- s- ss -t~ - f need; (4 )  s - c -c- s - - es, s-’ - - -- s-dws-u. Is , ba sis-’, pro ’ -c - s - s - ti’.r s -.n w :o-: s , and
otis - cc - n ’ trains -n o measures to dir -es -nt t ri o s - t’ ... -w of water  for ioca~ flood
pr otect I - n s-md ps’eser -cc hc- I n t o  ‘n’ s-ty s- f is - s -S s-J5,fl i i  -w c-sinus-s -Is;

5) ins -k s - s  s-s-nd dam s-; t s- cn ’e s - i t -  - 5 . o - .:iwsi ’ . :s - ’ pools for’ bar ’d-o s- o s -i’-’ s - c -~-t. i ron
-u-s- -I p r - i ’.’I I’ a means of lifts -n.- ; and I v -s --s r io ‘ic o n s - ,  s.raf ’:’ ..C to

-v-cs ’s -n - c - m e the s-ia ’. oral ‘rad i en ’ of ’ r o e r -‘or- ; (6) f as i l it i e s  f - s - n
5 , S s -~~o.(s-s-55 1c-fl s-. -: ‘ is - - c - a-.-ai is-able s-n .ppiy ~l’ s; o’s- .a -co wa s -s - er’ , ,;s-,c h as s - I : ’~’eUo p—
none s’s- ’ - 1 ’  gsn ’ s - o n l wat er s”c-sc -- n ’cm ns nir,i i m p - s - s - t a t i s - s - n  of w a s - - n : -  fr- s-n adjacent

s a s s - Ins ; and ( ‘) lands ani  ‘s- rn s - l it i e s  ad~ aoent t-0 vs-c -n - areas
l’ s-:’ p- .bIic rc - c - r - - s - a t i  on and p:’os-os-i”~’nU i -~n and - -nis - rm - ’ems-.-n - of ’ l’is:s- and

w s - , :l ._ l ’ e s ’Icri  s - OS - c o ’s-s-i .

- Ii - Many I m s - s - :  ‘s-em s-nt is- for - h s - v c .~o -p .nf Wa ’ Or -  r’cscn -~ i ’c - es -r  i n  the
basin :s-a’;e beer s- s-s - n n t s - ’ - -ss- ted in pas s - c - -s - an ’ s - i  by b -n. h i - ’o -’- l en’ s - t , s-rn-i ms-n-
i ’’ los - s - il Ifl ’,o:’r’s;s- s-s as ~, t s -  -w ss- on f’s-~~.u~e i.  Poe s - : s -5p s - ’  - c-s n ’s-s-en s h’s-is-s-c- Ir s -c l ,ded
u . c -  of t r i o  - s - c  types l isted above- . ;en--n’a ly, O wes -e r ,  the e x i s t in g
‘in i on l i ’ s— -c- ns ’ r is: ’ i - _ n  lIt i lit ies  sa t isfy sir. ins s.r s-s-n i i a ’ e s-i.’ , I ,  o ft  s-c-n
t- s - s- a s -  z ’’oI , ~;-cc i l ’i c n o se d .  A -comprehensive d o s - v ’ ., ps-” plan muss-I t f ’ s - s - s t

w ’s -i ,~h the os-’ t ’f ’ en ’.s of ex irs - ’-ing , - s - nd - :n ’ - s - s- ,ns ’ 1 ’ s - c r ’ s - n ,  and i ’ ’f in i ’ - o .’ s - y
- -ruin-’d s-s-sits- “ -s -nc r ) ’ - n,sn s-a.s .s- ’ - .’ss aga in s t  the to ta l  needs f - os - ’  si~ ., s-s - - s -n p- ros es;

‘ s r - s -r i .  ~ns f ar’ as pra c t  s- cabl e ,  provide  for adds - ’  lonal sno p n ’ - - noes ’ n
no -s - i i i ’ s -  s-. a s- I  n o  01’ exis ’ i n ; lad .Litios seq U s’ s--I! t -o br Os -o s t h e  overall
pre~;n’an s-nt ) b alan s-nos - and s - s r i ’. I sly s -h e  psi-sent s- s-s ’s- f ‘,‘ s ’ . ’ o : ’c .’ n- - s - - d r  in lie
s-s-soon. ec ri -s- si I c-al s-saws-- -

113. EXISTIN(;, ‘ IUDE1 (-sIJUG ;’J~UCTION , AND A’rrnoHIz~~ IMPRoV~~~~NTS. -
‘rs ’: OX St if l s -  °Iorpr of’ Ens-c- n ’s-is - s - s n  reservo i r’ pr ’ - s - o ;s - ’ru n -‘ mpni Ses  six major

j~~~
’ s- ,( os - s-tS, h is -u d l n ~.; four s- ~s - n p! n --1 , s-ne snd:r’— s- nsl ; ’os - ’t io f l , and - -no

a -o ’,h- -r’ ized for’  - s o ns ’ r ’ s - o s - :t s - i s - .  The S s - s - i .L C: n s - s -erva t -  i -ri Service reservoir
rn -s- -s- scm provides for nori s-j . rsn ’t  I - s - n  - 1’ 1,200 smal l f ’s- s- ro d de t-- n ’.Ion

- -
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o ’ - e ” c  in s  n - ‘i - t W :t ’ - - s  s - is - - I t.r U s-i t as- V are as- , ‘ s -s- -5 -t flc’r v s - t i  is-in I
s- s’ s-i t m ’s ’ sm - a s - s n - - n ; .  A s-,. -s - s - s -s- of’ ,o~y3 small r -s - ’ - - s ” s-’o ir s  s- os-’ --

s - s r - l e t ’ s - ! ,  s-. ‘ 0 f r i .- s ’ ‘s- r , s i i n ds - s - s’ to h o - - s’5s-f s- I ‘s-’ ’ ‘c-i b - - f ’  -s” 2020 . Pher’ s-s -n as’ s-
IL0~ : ‘- - - ,s-n~’s’v - r’s of as- - s In - s - s - s tss-rr ba’ .’e s - S O Y !  -s c - s - s - fi sts’ - -‘ s - - I -or are snd-s -r
- - s - s - s -n ’ n’ ~~ ‘‘ I s-n s-ri s-rn ’ bas - s-n ‘s-s-s- v c a r - b us s ’. a toc  and 1.- c - as- ls - o - s - s - - s - nrns -’ fl

-i. :s - --’’!es and ~ s s-vat -.- c -n - - - s - ’ns s , in .s-s-udinj~; lo v s - s - c O have : ‘ - ‘us---
~ap a ’ l ’  s-es in  excess of 5.000 a s - s - r e -  f” -~ ’s-, . The c i t i es  of ’  Dac- as -en - :
P”:’r”l1 ha’s - m c I - c -  ro ’s’r s- s - l i ’ s -nt  arrangerr ierit s w: s - h  ‘ i’s-c - Sos-b n ’ R i ’.- ’r ’r
Ac ’  I’ , ‘-iiv f r  s-ni; - St Iris -’ w i  s - - s  ::‘ - s-n’ nohe  I s - v s - i n  s- i ( T r io i - s - ’ s - - ir -p ’)
Rese:- o’ -i n i s- s - h-s -  ilab s n-c Ri’s-er. I’s-c- lisn y A ’ .hc’ns SO s - s - s - S marl ’- s” rni l as--
arrangements-s for s- s - s - s - p: s~s- i rs- s- c- vs-i ’ er f’s- -non t he  Fls-i’ s-reek Re s-s -r’vos - s -r s-ri toe
;;e s-h o -so Hf v o n’  P- -a s- s- in - L’nio oos’ s-n I’:’- s- rn t bose s - n-ro n c ’ ss c- s-3 are s - n - c -  _ ‘s - d ’s - -l  as
can ” a: ’ I ,he s-n in s - - - - is - s - -n o - vs- pi,s-i.1 . ic-’, i  o,s- ’s- e ’ p s s t e o  t o  ‘, -s - - ’s - a .  172 milii .n
g r . _  no per s-sty  ir s -  2020 s-u-i- ; ,o . - m i l l s -  n o-i l i- -n rs- Ic-er day s-n s-s- s- ’

~ b ,  I”h s-
~ s - s -n i  wa’ s - c - r- n.s-s(ourcer, w.,trUn ‘he i-a- - s - n w- -re  deve... i- ’ :  I n  .5 s - s - to the
OX ’ ‘s-fl ’ 01’ ts - r- o ’s - s - dc- tic-I abcnu ~ P ’s- c- s - as - s - l i  s o cc- s-i I - -s - is ; p’s- s day .

is -A . is-he -s r - -s of Fs-n~I - s’s- errs-- ,‘ ‘‘ r,s-s-nvoirs p-s i ns-e n’ fly pr -s - s -v s - s - i s - c f l - ro d
s -n ’ s-ac- b sin s- s-i ’s- - s  -s - . t s s - s - s - c - s ’-’at lofl s’ - s - s - - - , a c ’ h - i~ n ‘ w -  p r - s - c bs - i - s ’s -s-u ’-

I’ s-- n’ sos -s ’s -cs-a ’ s-s. -n o vs- - or’ and a l l  -c- f - t s -~ -- rsnp _ s-c - t -s - s -d :-eo s -c -r’.’o n s - ’  s pro ’s- I s-s-i s- s-n
r e -ore a . i  n s s l ’a - s l l s- t i e s .  For s - s - ’r-s-s- a s s - .  par ’ . s -h e  n-s - s - n— i”ede s ’ .s-i.l ross -ocr -or- c - i rs
provide vs-s- er s uns -sn ’s-s-at 1 -n stor’i,d-’: is- ~w -c - v ’ s- r’ , they as-s-c- air - used
ex ’ -’n si’.’cly fc- s- ’ r’e .’seni.ti s-ia~ p i5~~ ’ o s - - s .  Total sot s - -s - i . ; ’ -  a’s--al s-ab l e  in  all
of ’  s-he ‘s-xls ’,’!r,s-;, i- . c - s — c - s - -- ,s-t rs - s -- - t i e n ,  ‘ir s - -.1 s-~~ - - s ’ s - sod i ’ e s e n ’ v . i r c s is abc s- ’.
‘.3 m ,  11 s- -n a c r e — I ’s - n e t , s - s - s o e-;s-;al ., v d ’ iv i -’l- s- ’.ween tb ’s - i- ’ode :-a~ ars--s-

n sn—Federal  r- s- ses”z o s-i:’s - s .

115. Is-hr-s-- s-i- cx ’! st, s- ns--; and au s t s -  - r c -  o s -s - - s - I  J-s--rps sc-f Fip s- s-n ec -sc -  lo s-al.. f l oo d
pn - - ’ occ ’-i on p r - s - i s - ’ t .~ w l l  f- r e ’.’ s-dc f i  .1 s .-t e c t i 0 n  to pa r -t i  s- so s - i ’  the
c it  ic - s -s of For ’ W s - ’ s. , 01 ch. s-us- i l bs. 1. s -- c - , on’s-i Das s- as-n PI~-s-c-e pr’ s- ,~osr -s - sn or in~
s-c- I - s-d o s-s-tb s - s -  23 s-s-s I les of’ s-isp : - ‘,-ed ::5—u-s-rs - - s -~ c and about ~~5 mc-- ~~-s s of
ws- . .s-s-h I- sirs- f~ - -uway o th ro s is - ; rs -  s -c -as ’s - s  -s - - I’ t ls -e c u r  i-os - Is-n ads -lit so , 3d
agr - n ,  s -tun a. ,  .Los -v ec di scs - ’, c t s.  01’s-s- s-u; zed si-I-cr stoi c- s - s - l w. . ha’ s flu -ro d
pr ’ s - s - s e - s t I n Ios - ’.’eeso .n operation - I s- - - s -s -~ ‘ h e  ‘I’r n o  ty  0 1, - en’ s-cs- i t r ’  . c ar -s-es .
Ph ’s-r e was n - - c- . , s - s --I l nas - .e-I plan l’ s- ‘ is -- se c - - s - s - c c ’s  s- u-i l t hey vs-s-n’ ;: s - n  he i ts- h~
and size s-md aff ’on -r I - rio--y in;: i n s - s - n e c - s c -  o f ’  pro -c - - c s -  s - s - n  to s-Is - c’ s-inds s-cs’ - -

From t i m ”  to  s - s - r n - -  many I f s - s - o s -  s-s-- s - s - c u l t s - r o i l  I s - n v - -c ’s  no - s- i ’s- ’ - - b ’ s - - ri -.i cns--ni~- ;--  I
by major  f t  Is and have b - - s - s - r i  n e s o t - c s ”d by t h e  Corps of ’ Fln,s- . neers
s-no - n’ s - s - ms - c-n tef l  s-v f’ s- - s - -I damage repair ‘i s - b  s- s y .

11.6 . The au ’.h- j s s -  zed p r n s - , 5 o ’ c s -. for -  navigatio --n on this- ’ ‘Pr’ s - n i  y Ri o-or
pr’ s- v des f ’ s- -n’ a t’xJ s - i — l o s - s - f .  channel s- - i ’ s - ’ s - - f l  I ifls- s- s - s  - s - s o s- h o ’ !l - ,s - n s - St- c - fl  Sh ip
‘s- s-,s-rn ,nc ’l 4s - s - ir- e s-sg s - s - a5 ‘ - ‘ - s n ’ s- s-r i and Tr in ity  Bays s - u i - I  t b ’  Pr s - n i  ‘-y R i v e r -  to
s - s -lIs-r’t.y, Texas , a s - - t o i l  d ; s - s - t a n o : - -  s - f  s -b - s- ’ h~ ml  [ j s .  The 2~~— m ,  Pc-
reach ‘s-x’. s - on- l i ns- -s- t . }ir’ oin~ ;ls - ‘,hor’ bays ; t n  - - s-s-i s - h e  Houston Ship s- Ih s-rnnr ’ 1 to
Ana,huae has b’’”-n s-n - -rs - s-, s- ruc t -  -I! b - f .  ic s- ’. mairs - - a’! rio ’ s- I f - c s - ’  S s-t i years.
[‘h’- cbrinn s- . - s- was n t  ext ’s - s - - I ” -! In to the Tr s - n t t y  O s - v ’ s -  because of salt
water ‘!ntruslon p - “mr s . The cxi :’ n,- - - Anahuac r ’!s - s us -n - ’l  is b ’  s-a g
mains-a ’!  n -- s -I to p s -  ‘.1 do n~s- ’s- I gat : - ri I ’ s - s - s - r n  Ga] v ’ s - s - n t  - s-n Bay t,o f - l i ’ ’ lower’
r”s-rt- ’ts-’’s of ‘.hs- ’ Trinity Rio”s-r - s- s-li ’ ’ to o - n i  ly submi s-ted r eps-cr ’s- recommend—
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151,- I - - s n s s - ’ r - s - ’ i r s -  n I ’ this - W s s - .  . i ~~v i I  ,e ‘s- ess s-r’s-’- s - is’ a,s - n -  s-o n -s-s- ’,m s - - f l ; . - a
nn s - ’,’ i s- fa s- I s-fl - ‘ s-i - i ‘-hi.’ is - us - s and s- sc - s - -s - i s- at  - ‘ s - s - i s ;’ s ’ . .. ‘ i  s - i u t ’ s-h ’s - s - s ’s - s  s i ns-i’d

r s ’ u , o.s- ’ ’. c so -s-s,s s - - J  . .s- s- s; ’ . s  t o ms - s - c 3~~.b- to - ‘ - s- fls ’is - s-C ’, u s - t n  a spun ’ “s - s - s - a s inc - -~
or son s - i : , s-h ’s  ~e;caso i s -  11’ Si  s- s - is - o s - ’  s-f . s-::ss-.-;s-.51’,’ -

- 11 ‘ . lTh)IEs-s-s-s-’S i ’,I~;,:~s- ;~s- , l’ s s- E :.s-u~~,~ II1DED Th SEPARA~~ s- s liPs- )0 bs3 . -
Peru  - s o s - ’  c-c-f’ s-n -s- le nt  pn- - I_e. ers so in  i-s-s-ca ., a r - c- san . ue pns -s-sa’. e s- ’epos ’ns- s hrs - ’,’s- ’ been

.b no s- s-s-es- i :--s ’ro ’; I .ns - i s - ;., ’c- so’ ’ - ns - ss-:si s [ins-s-s- ‘ s - r i . ,  as-’s-s-ernen’ , of ‘ is - os - i~a’s-’ s -c -n l i en s -nr’ ;-.ir .
s, - s -ar  Da a, s- , - s-.ns - c- .s - s - i s : ’ s-’ -.s- .s - ’. l- ..s- n 1’ s - n c- W s - . . .  - svs- -.. os-n H-s-s;e:’o’oir, near the
sn ;t k s -  s - i’ ‘-ne f r - i n s -  f .y Ri ’~’e n’ . s-ne La’s- c-s-n enlargement w- - . ~.Ld, pr -c - ’.-’ i- Ic’ o’ er
2s--2 ,000 a - sn’ s -c - - fee’ -s-s-o f add i ti  c-na.~ s-s-s- .orage capasos- cs-s-- for wa er or .s-r s-serva-
‘s - i s - o s -  and re-o r’s-cat I- s- na.,. pus - ’ps--s-~ s. The re-nonnu ended Wa~., 1s’,-’Ille Reservoir
w ~,.: ncs -n ’c’ s-c-’ s ;c -” ,- ’s - s - ra ,  purposes , n-c - .s-s;ding ps -even Is --n of sal lns - I ty
is -sc s ’ s - si . -n In t o  in’ni~ r i t i - - n  Wa ’ s - c - : ’ pumped fr- -urn the ~~wes ri’s-er , water
:~ nses.’vat 1..-n , n avigat i . .-n , recsea ’. ic-n , and f i sh  and wildl i f e  ss-on ser ’-’a-
tis -.- ..~~~~or water conses”;a ’. Ion the rese s--vs-rois wuofi be -s- .per -ated in
.n-u rnbl:sas,i -n w i t h  “ l ie  Li’-s- ’ n s - ; c - t -~-n Heser ’s-’~~s-r  ws s- s - c - : ,  i s  so w ,onds-c-r c .s-ns ’,ruc— 

- s - L i e For-I W : -..~i 1’ . -- s-s-us-s-p for a d,is ’ r i n s - o -  of ab s-c- is-
as- ., cs-s - s - f l  Clear F- or -vs ac-s- s-i -.n: ,ar c - s - i s - - - I nn p r- ‘s - O s -SOs-i ’ and n ’ s-c - s-j ab iii ta t  s-f n of

uo s-a~ Ic -- eec - n ac- s-r i , a 32-mile s-s - s-a- s-n - rn  li’s-i n ’. Fork have ab c- n ’s-en r s - s - no r~nended
s- s i pr-c-i s- c -c - s ly  submi s-,t es l s- coo s -n ’ s .

...,c ’o . ADDI f’IOSA3 , .IMPH- ,s- ’-s- ’EMEs-; s-- s-s OEQ- .’Ii ’IE D . — s-ho as’ia.. s- or s - s - S Of
u; a:s-iii’,ies s - s - I  cxi sPin s-I, s-ri ds -s- s — - n s- no ’ n - - n e t s -  .n ,  s-rid 1 ’ s - s - i r s -i ‘. ‘.n .y  ~ ~arined
sn ’p: ’ ’~’ -n n.s - ’sc -s-s 1’ -s dero’ e _  osnnenns- Os - ’ vat-’:’ reso ..s - ’Cs - es-S or I t h  n ’ s - S p e c - s t  I s- s-
ci ” is ’p’ Ins - I t s -nc.’ cx is - o s - ,  s-ns - s - and p: s- ,s- s - c - s - : P o s - n t  needs c - f  s-he basis-i sc - s - s - o r - - i  t ha ’

ns - , ir i i I - s- s’s-a.,. s- ins-ps - ‘ s - : s - n : s - s - n ’ s  w - . : u .n s-’eq~s - l red. s- is -c analysis I n - l i  sated
sc- :’is-c--s-s- or .le:’i ci- n c - s - ic s  s -n nnss - .b s l ’yi n,s- b - r o t h  “s-lie innr ,’ns -u - d i a s - e  as’s-s-i .. f l - I—s ’an ,cs-s-i
n -s - cdor s - o s - ’  I’ - i -s-s - .s- r lt r , , tioi’s-’ I s - I a’ I ro , and s - n - s- n s - o en’v s - is -,. i s - o n  of was-er  fcc -n ’
min is - bs - n s -, s-ins-i , n s - I . i s o ’, :’ I a. wa ’, - r  o s s - s - p ’j  in’n s-dis c-is- wa ’ s - s - n ’  q ~~~ ‘-y .
r e n n s ” ’ s s - s -.- i  rs - , sc-h and, w inl ,. s - i ’cn , ; s - w’ r’, - s - , ’si nr us - s- ’ and s[:’:’ s-s-a i - n .  A ‘s’ ., rns I s - :’ - s- —
h ’s-nc-I we so s - s - j o -j j ’ dc’s-’ ’’ - s-pr-u s- s.f. s-s-s-i:, ~~s - : ’ s- s- s -s -as-’ ‘s -i, U s - c -  s - n  s ,~-ij ’’ s-no_ s-as -s - s-n - -s - c - - ‘ :s- at
or - s - o .~~u son. s-c- s-ps - a.. - i.i’ ts - so s - - f ’ s - c - s ’ s - s - s -s - -  - as.-~~o n s-l u l ls - n s - - c - s - i s- - n .  I n n s -  ~ at I s-n
s-.i cs- ’~’ e r - . . pm s - - s - i ’  s- .as-o s - s - - s - - s ’s s ’ s - - s -  s -s - nIs - n-’s- I In ‘ s o s - ’ s - s - s  s - c - u  I pi ’us - by is- : -s.- .;os- on oI
‘
~ c- s- S-D i - n  _:‘:‘ I s- ;as - i- rs- s - ’ s - s - s -~~, s ’ - - : :s - s - c - s i ’ s,  N s ; : s - ’ - . ’ i l ’is - s-  i - s ’ov , .c-i r .o f ro r

s - j : ’ s - s - , 5 s - s -~~ j s - -  an’s -n js- n” “ s - i ’ s -  I n  t , ! ie  5 s - nj - s ’s -- s i -us - c - s - v s - n  plan as -  s - n , - s - i s - s -  - n s s - . i ’ s -n ’a b.s-e
w , s ’k c: ‘- h i s  -s - ’:ins - .’sts-.s ts - s - r is  e,-sso s - - ’ ’ - - r I, be Th i s- s - ia’ ‘ - i  by - - - s - s - 1 t n s , s - ’ s -~ c - st s
or s - S  p~ s- s - :niris - .s - s - uLu.s - rs -~ an - c - - -  t n ’s-s-rn s-lie 3s- .s - i J ,  s -f  ~n s ; s - s - s ’’.’a ,. s-li ,3’.-r ’;ics-s- u.. ‘s- he  ns - 5 ’ s s -
s-Is-c-:’ ups.  As Ir s - i s-i 5 s - s i s - s - s ; s -  ‘ s - s - I ’  s - I n s - -s- - c - I  pm- ‘: s - ’. p n ’  - ; , ‘‘ - ‘ ; s ;s - s- s , s - s - _ an’s - c - i ~- :is - s - ’ - i

‘, s s - a ’ . s ; s- , ooI s- s - n : ;  by the  c s - s ’1 .. s - c - b O n s - , ’ r i - - s - - r n  w i  us’ a s f - } : s - s -u’ .s- s’ .’-] t inv s-- nst s-gate
s- s-i- is-s-n u s - n  s - es - sc- i ty s-’~ i, , - . s - s - ’, i f  - ‘a’ s - -s - n s.,f ’  l” e.i ’’rs -u s j - as ’t b c  . l s - s - s - t  s - - o s - i  I s :  s- sn ’
i n s - n s ; ’,n ’s ;c t , i c s - r s -  s-s-i ’ ma,s- - s - r - I s  s - s -~ 5i s -Ls-,s- ’ ’ o s - s - L , e ’’. s- ’a s - s - o~. it_ s’s-es. i’s - is - s ps- - w c - s ’ :’ - ’ ;. - re—
:s-s-s -’ rs - s- - O o f ’  ‘-he s - - s - i , ,  s - s - i  010’s - ’  ‘nx p s - n C t~- .- s -.l to be s- ’s- s - ’ Iies - ’ Zt ,. ,y s ; s ~ - p s-i-ed uy s-he
-it ill by “ s - s , ; s - n u s -  . - ‘so : s ’ s- r n , ‘. s - o s -  -cY n ic - i - p. - u s - o r  gene s ’s-i s- , is - - zr s-s-S s - i s - c -  f l u  ‘i_ ’s - f  devej ‘po .
In d us t r ia l  water- s ipjeiy s - s - n c - s - v s - s - l e d  in  -

- i s - ’ ’ 
~

- us -  w s - s - i s - s - I  m c i - s - - s - b ’  s-i ‘s-P Mdl)
in ‘ , t I (  year 2020 I ’s-or es- s - o s - s - s - i  rue; n ’ s - - q  ‘i n ’ s - s - rn- - n t  S l o s - ’  the i s- i . ’s - ’ s - ’ s - cos - ’ d  p c- - we: ’

s- s - s -o n ’ s - s -a ’. s - s - s -n. -,is - s - ‘.0 sc - bas i a I m p s ’ s- s- vs - s - s - ni_-n t _ s-c- fos- ’ I s ’rigat ion , s- I i’s-s s 1i s - i~s - - - , and
pew s-s-i’ are ri - - ’ ‘s- s - n s i s - i ’ ’ : -s - s - I  f ’ s - i s - - t hor in * k s - i ’  ‘ . : : i j s - : s - - l i s - ’ r s - . ; i v e  plan .
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119. The remaining purposes to be satisfied in the comprehensive
p.~an wi- s-Id n - o q . s - i r e  additional improvement s to bring the s-overall system
s-into balance and meet the present and futur e water and -‘e.c ass-ed .s-~and
s c o r n s - i ’s-s-es n ’ s - c - -s - tn to the max~~ um pract i cable extent . The proposed
additional s-i.mprovements are separated into two categories:
(1) projects in the long-range plan but not recors-unended for
sii ’- i ion’ i za s -  ions at this  t~~re , and (2) projects proposed for ~~~rediate
F’s- :s -ies--a~ authorization, hereinafter referred to as the “Projects
Re cumz s- s-unded for Authorization.” The p r oj e c t s  included in the long-
range p lan . bus-, not reco~~iended for authorization at this  t ime ,
comprise 13 reservoir project~s required to sa t i s fy  the projected
water re~~s-ni.r e sns s-cs -’, i s- s of s-he basin. It is probable that fs-.s-.rther
developments may indicate needs for local adjustment  or suppiems-s-n ’s-s
to the comprehensive plan whIch, for’ s-he most part , can be as-n c in-
pu shed with no I1.osn in s-c- -,’ -n ’.’ali e f f i c - i e r i c - s -y .  It is anticipated that
as the water requirements develop to r, hs - s -  extent s- ic-at these projects
are s - - eq s - o s-f red , fur ther  Ir ives-s- - igation w s - , i  be made to assure that ‘s-he
ic-c-’~’-s-’ .~-np mcni t s  would serve all pu s--pos es- ; found desis--,’s-iL- .s- - ’ and j u st i f i ed
a s- s-oat time . The projects  :‘ecors-~~ended for auth- s- ’ iza ts - on  are those
lmps-- -~vemenIs  which , for various reasons, us-s- - s ’s- found to be needed now
and wh.s- —s-is , as a result o s-f’ det,ai led analyses , wer-e determined to be
economically jus t i fied .

12-b- . The projects in the comprehensive plan are shows-i on plate e
and are summarIzed in tables 6 and 7. Table 6 presents pertinent data
b’os-’ reservoir psc-s-s-;jects i.n the plan and table 7 presents data for other
Imp s- - c -- ’; s-c-s-rents
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TABLE 6

- ‘ p s -~~s-o2s-sivi F’LAN - RAEEIs-V0IRi

— - ic- s-c
Los- ’otlos-s- ~ s- s-c- s- s - u” - -s-.’ - y ie l i  I n

.,, ,, s-. s - r ,  s- re,. - M i l e  ,r s-’s n s- . -- s- -e - c - . .  - - y eor SolOs- i’ s- s--s-V s-” (c- )
______  -~~~~~~~~~~~~~~ i- - o - ,._ b - - - ,~~~~~~j~~~

E35000 s-s-E, s- s-05s-s-s-- - ‘0 s-l’s-d,t ’rls-s-N os-rn Atrrus -Os-s-is-niss -o

P~DEiOAL RFSF5RV0I~~

- ‘ .- s- ’u. ’ of s- c-, s - s - s - , -  Clear F o s - . ’  05 .0  ‘03 . s - ’s -- - -“  6 . s -  s-’ - ‘u s- - - -‘
‘ “is-.’ Os- s-~~s-~~~~ Dens-c,, i - —nh s - 1 , s -  s- ,9s-, , , 0 ’ . “ .s -  s-’ - -

On s - ’ s - n - ! ’’. s .  s-si. ‘ s- s--s-s-.’ s - s - I  s - s - , s - s - r . ’ --  Lir. s - - . -’, 3s - s - , . ’ 5 , 1- So  .‘ -0, s-S F” - - ’cs--,.s-- -s-”.,
1,50 ,s-’, ‘s- cs-s-s - o s - c - - s - - s -~~~~ fa,s- Fs-s- ,’k - c-, “ - . 5 0° - o n - s - s - .
N o ’ o ’ c -  M s - o u t s - )  - -civ 01 s- s-s- u ’ s -’  R0 ’hlond c- -eo s- °‘ O O  ~~‘ 

-
‘ - 0 P’ -

s-u- - .- - - - 1.’ or s-s-s-,, s-s-s- -s Osuahas -hir - c - e - e k  s- - - s - s - n  - -
‘ - ‘

1 ‘ -u. . letent lon r e n s - . ’  s- s - c - s - s-I l  Coflsero,,’ s- -cs-h ‘ .‘~~,  
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bc s- s- , ’.orn width 0

_
s - f  150 ’ in the reach ( s - s - i s- w Dallas , and a J”~ s- ’ i o  of 12’ and

width s-if 125’ bs-~~ u s - - s - - Y r  Dallas and I’s- s-s-c l W o o - ’ s - s - As shown in  table 8, the
b H ,  f r om W s  ‘t ’ . hr; and ‘ I c  ‘p i t s for t h s -. ’ n r o s - !  I. 0 s - s -~ - - —. p s-. i z ’ps -  s - s - s f ’  - :is-ann s- ’ ’l rs-.s- q ss - i s - s - s - s i  i’or
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, ‘ i s - r i v’s-’s- ’ans- ’e of ‘he recorars-ended channel capacit y for flood contr ol are
ls-s-”s’.orni, iy irs excess of the navigation requirements cited above . The
proposed channel alignment provides for numerous cutoffs across natural
her ds of the river and for numerous straightened. and rectified reaches
of the chanr s~ l. This real ignment  was generally dictated by requirements
for  nav iga t ion . TIre overall distance from the mouth of the river to
Fort Worth along the improved channel would be about 3145 miles, compared
with the natural river distance of 552 miles . The plan and profile of
s -h is  pr op osed multiple-purpose channel are shown on plate 2.

TABLE 8

DI1€NSIONS AND CAPACITY OF MULTIPLE-PURPOS E
TRINITY RIV~~ CHANNEL

:Recommended : Recon~ ended
operating : channel

Channel mi le : 1~ ngth : Bottom : Depth : discharge : capacity
From :To : (miles)  : width(ft): (ft)(l): (cfs) : (cfs)

0.0 28.30 28.30 150 13.3 Tidal pool
Wailisville Reservoir

35.50  143.50 8.00 300 27.0 35,000 145, 00 ( s -
s- s-3.5O 55 .’[O 12.20 350 30.0 35,000 ~45,OOO

.70 ‘i’14.85 19 .15 200 3 14.0 35, 000 1 4 5 , 000
“ s- s- .35 100 .88(2) 26.03 150 140.0 35, 000 h5 ,000

Livingston Reservoir
;h’1’.-32 231s - .60(3) 86.68 150 145.0 35, 000 is - 5 , 000

Tennessee Colony Reservo ir
2714.51 27~~.00 18.145 200 25.0 25,000 32,000
253.00 30)4.00 11.00 150 28.0 25,000 32 ,5° -h

3O~t .OO 331.31 21.31 150 26.0 20,000 Pi’,OOO
331.31 337.30 5.59 150 26.0 20.000 25 . 500
33 1.30 3’0?.51 5.21 150 26.0 15 ,000 15, 0:0
3-2.51 ~6O .l7 i’~’ .66 200 26.0 12 ,000 15,000
360.17 36~~.83 7.66 150 26.0 12,000 15,0150°
36-1.83 s - s - 7 8 ~~~~~ 200 26.0 12, 0 0 o  15, 000

(i) Approximate depth of channel below Vs -o p a? river bank .
( 2) Upper end -of flood release discharps -” channe l at the L i v i n g s t o n

ripiliway basin.
(3) Uppe r end of flood release discharge channel at the Tennessee

Colony sp i llway basin.
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1214 . The mult iple-purpose channel also provides 17 gated navigation
damn and one overf ,ow nav iga t ion  dam in addition to the Waliisville,
Livingston and Tennessee Colony Dams to provide slackwater pools for
nav i~s-ation . In con junc t ion  wi th  this system of dams, 23 locks would
1-c required for passage of t r a f f i c .  Tandem locks at L iv ingston  and
Thrinr o ssee  Colony Vs- s - s accommodate the high l i f t s  account for the two
addi.tional locks. Thro 19 locks located below the Dallas terminus would
have clear basins 31s- feet wide by 600 feet long. This size lock wan
se ,ected as most efficient to lock the average barge tow of three barge:
and one towboat that would be necessary to carry the prospective commerce
on t h i s  section of the waterway , together with pleasure craft s- and which
w o u l d  have a minimum water requirement. The four locks between Dallas
and Fs’rt Worth would have clear basins 56 feet wide by 1400 feet long .
This s iz e  b ’s-k us--old ac ,’orrjnudate the two barge tows necessary to carry
the prospective ‘sos-cr-s-er-c above Dallas and would involve a minimum demand
on th i s- avai lable  we t -er supply i n  th is  reach . All of the gated navigation
dams would consist  of non-submers ib le  ta in ter  gates . 140 feet  long, wi th
sills set at the bo t tom eleva t ion  ol’ the  mult iple-purpose channel at
each dam s i te .  The number of gates at each dam was determined by the
s-opac ity  s-sf the nh ar ,ne, at  that point.  The proposed locations and
pertinent data for the navigation locks and dams are shown in table 9.

TABLE -i

;‘ric: , ss-r r Ls -A T s -  s - ’~~5 ’ i 2 s -, ’5I ’ , ; s-s-- cs - OF La’s- s - s - s -s- Os -’ Os-si
~ - s - I s - i - O S  F5 ~ s- cs-s-s-s s s-i1,TIPI,E—~ J~1’s-T E

i- .’s--~ s- c,,c :o,n, TO i c  ‘s-si~s- ’r ,, s - ‘r s-s,os-’

i t t  
— 

ri- s-as-i, “ “ ““ ~~~ s - s -  ‘91’~ 
— e s-’

Os-cc and s- L’,s - c t ,  s- ,.- . s -  els -ec ( 2 )  o Li ft  :2 s-~ r- ’co,t’ el,eva— s-k a i ze
Las -s- (i s- rio s- C ’ ‘.s-”r Pj !s~~ is-L:,~

)
~ J’ ,‘ s- t t s - ’ :s -( ,Hc f  s-s-ates

.30 1 0 . I, ‘ . -1’ . s- .-, ,. s - s -_ ) ,
- - 0 . -- ’ 2 s- s- 1- so i ’ . - .1 - ,~~ s- ., ‘
I ’ . - ” i’ 3’ , .SYs- ‘ - . ,.5 —“ ‘X s-i . -

-‘ ‘ s - i  s- s-. ‘ 1.  2” .  -
cO . ’ s -  7s- ‘s - los- i ‘i (I. )

s~ i~ -i l i i  30 (~)
1- . ‘ . ‘X.’ - 1 ‘1. 1 o 7 s- - - . s- .2  r — . s-’X - s- s-’
1 ’ - . s- . T I s -  1-s - is -  s--i I - s- . - 1,5’ . Si ‘ ,‘. 5 X s - s-.

‘ s - s - . rC s-i 1-1 1)2 , ‘s- s- s - s - .  — i s -  ,‘ .‘‘ Os-— s-~s-Os-O~i’
- s - i s -’ ., ’, ‘j i s - . - .1 i ‘ s - i .  1 - .- ,- — s -~o)s- ’ .c
2 ‘ s - . - o  is- of, s - i- 235 25 s- -

0 .  L L s - s - i  235 21. ’ . 5 27. -. I
- ‘,- - ,. -i ii 2-2 .’ 0 0 ? - ’  - . 1  5 -  )

1, 1,0 270 2-O s- Ii’ .“ .‘ 25s-” . - -

- .‘j~ 1,3 ,s’s-’ 3013 ,O s-, s- - s- . - - ‘ ‘ , ‘--“ .C’/5 s-.
.313 1. s- s-_s- 5, ” 1,’ - s- ,’s- ’ .’ - — . -

so,’ , . s-i 1.’, 32 .5,1. Lii s - i s - .’’  0 ’ , ’ .
, t s - .~~’ 1’ s- s-s- 3r s- s-. . - 0 s- . ‘ - 1. ‘,, — s - . s-s-x;’7

‘ I s - ’ . ’ 0 s- s- i s -  .552 is- - s- , s - .
1. s-i iii 372 , 5 j s- 5’ l ~ s- ‘ . ‘ - 3s- ‘ . 4 s- ,s - , s - s \  s- s- - . - s-

5 , 2 .  s - i  1 ‘ s ’ s- ‘s- - ‘ 2’s-i ~. . - - , - , .
01.41 ~o s-.,’s-. s- . ’ ,, 213 “ ‘ 1 .  - , - .
s- - s - i - .l ,’ 21, ‘52 0 ’ , s- 213 - ‘ s - I . ’ - -, ‘ I .  -

(1) s - s - s - s - s - a s - ,  ‘ s-c jr - ‘han,s-”l s-nt te~ from U s- s-. II - ,, ‘ -, s- ,s - s- , s- ss l i anns- -1  -

(., ) 051’ s - s - i  I - s - s -  irs- leet above s-de s-u , s - e s - i  Level .
( 3 )  Elevation of ’ tvo s- , s-~r s - ’ c s - ,l s - i - .-,s- l ,s- I 1s- : i,ar s-’e (s- - i ’ , ’ . 5 s - s - I s -c s - i  is--, Ce,, ftt s -Cs -v8

-~ ‘s-,s- , s-Ms-i Level, .
( I .)  L I - O s - s - ,  s - s - s - i ,  , -~~~s - s - ’  ,s-’-yoj r ap t lLvs-n s-, contro l. n r iver flove j s-aaetXig 1 s-cs- u s- s-\

&1s-I s - . .
( 5 )  ‘5 e ns - , e s - s - , ,s- s- ’~ i s - s - I ’ s - s - s - i  Js-eeervotr a s - s - t ) ,lwn, ’i s-’ s - , n t r s -  I ’ . r iver fl ows-t paaathg 1,-c s- s- s-

WA s - us- s -I i s - ’ - .
( s - , )  i -s- t i’ s- c-I  overfl,ov ajs-UJva],s- at is - -s-si ‘10. 11.
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125. tO L ~~s- ’i e k r s -  ‘ ‘ s - s o  “ S i ,  ~~~~ s - I ’- .  ~~~ , 101’ sin - 11 onh Vh s - ~~~~~~~~~ i s s ’ s-ille
k,7 ’ 5CI ” ,’ s - ) U~ is- s - s - k  s - s - s - . ,  ~~1,ss -~ ‘ s - s  s - : 5 1 0 - o ~~~ ’’ s- , ‘ “  ) L s - ’rete g ’ o s - i ’~ — t y y ’ s -  ‘s - o l in  I’ss- ’ s - : s - - l  I

on p i l i ng  s - is -  1 ‘~~s- - s - s - is - i  I . r . s - s  con- : ‘r ’o. tY j .’ s - l \ ’ L’ ~ 11 ~
- s - s - s o  i s - s  t o o  lo s- s- k ‘o irs - . Los- ?I ’SLs-

~ i o ~ is- .  ‘ A , 5, 1( 2  and. 11 s - e s - u i - i  be of ss-o r s -rs re t s-s - ’  ‘ U — F s - - - s- as - ’ ” t yp s -s - o -‘s- ‘ r , s - s  o ct i o s
, uiO , i  u s-os-ild res- ;t dir ’s- s c t l1’ go - i s -  a r sat, ’ , :aJ (‘ -‘ ,, , ‘,l oSJ s- s - - , TO’s- Wa l l i s-’s - ’, ills-i
~ s-S 2s -Ol”~’O1.1~ is- s - s - s - k  would p ro’.’ide a lock chamber , 8~s- fee t vi s- c by 600 5 ’ s- s -ct

I- :.~ - , in l i e s - i  of t O - -  56 x - s- sOC - — fo s-j t lock r s-, s - s -cs - :a - s - ,er t1eo~ j f l  the s - l °,s-i, ftc  t ’.-
~s-s-5.lli~;vi 1is-o R e r ’ s - ’r ’ ; ’ s -L r ’  s - s - ’ ”e ’s t , s - , . s h at I s -s - s - i  i r s -  ~I-,,.-us -” ( ’ 2-o s-s- wren s-V 2 - j .
~- ‘,“t !, C s- ’s -ngi ’s-.’ s - c s - s -, 1st  Ses- ;s- si on Tb’s- lcs- s-s- k w ou l d  I s - a ’ s  i 1ss-s-ivs -s , ‘ ‘s - I I ° S r s -’s t ’

s-TS’a~~i t. l s-—t l ’P e vs ,ii s- ’. f’c, ’ s -.ca los - - 00 WOO I 
~

s- - inL ’ , ‘s- -s-’l tI s- a ris ’ ’~’c- o s - s - s - c s’t ?’, ( s - s - ir s  is - I
oios -  t imbe r ms-oori:g w’ s - l l s -s- t i s -r o ’ u g I ’ s - i  it  t s - , s- - s- , s - ’s-.si s- . s-”~~ 1 ,s- os- s - s - k L O t s-: s, ‘,s- r , ‘ J
3 -,5 of the ’  m i t s - ’ r t y s - - ” -  exce~ s-~ t is - c  s s - s - s - - ’ t ’ s - s-’ g’ r t s - o s  at ‘5 c l l t s; ’.’i l i i o  T!’s-~s s-i l l :
would is- i , t, a :,i,rs i s- s-s -us -s ’, o s ?  1,5 fec ’s-. below n’s-s- renal j -  s - s - i ,  e i e’ ;at i s - .ns- s -  L s-s .
an I s-i rrs- r~u .  ~ ,5 s-J~s- bc .10 ’ s - V - I a d s - n t  d istan ’oe  bel s- s-i the -  s i t s- ’  - s - -f t :-
s - v  ‘ 5,o s - , s- eoi Cs-c~.crs Ridge Re sesn s- s- s - j r  - k s - cs - s -  s-I I s - - I s-s- C- . I ~.-er’- e as part  of the 1 ‘- ‘s - k
s - s - y . ; t ’ss- ss for’ p s - is - s - s -in 1’ tb s-e o b u’s- wI .e r s -  i s -

~ is -, c ’s- ss -s - s ’t ruc t ed,  ~is-’:’ss-:1:s- t for the ts-.s - , s- s - s - . .
l o o k s - s  s - c- 

~ .- ire Ci  tcs-  j. ’ cc the Li ‘s-ir s- , is- s - , ‘ s - i -. Tennessee C s - i s - s - rg i -lamo s , t he ’

i s -  st e . t ‘, na ’s - s - i ‘ (tro t’s- : c - s- , t oo . c’n i ’~” ks -’ i’ ,t ,j~j  be abs-, s- n 5 mi le s ‘s-nJ tb -s
i:ni’e ss- t eo s - s - ’ .ld ‘be ‘d’ s- , s .t  5;~s- miles ifl ~~h s- , ’ Li”i ,s-s-i’s ’t - s - s -  Fcs-sss- -:i”s-cs - ir ,

126. 5s - - i s,~~~ , hi , ’(sws-s- - s s - ,  r ai ls- ’-, i I s - ;  ‘c ? 5 5 1  s-t ,i lit,ies.  - All br id ge ..
os- c ’s- ’  the j’I’ - o I s - s - ) O e d  s-s-,ultip ,s-s — i’ oi ..r’pC.sc s c’ s - , ar fx , s-s l ws’s- i ld  J~L’ ovis --Lt ’ a Yi s - lrI j s - : I0.,s- s-,
v e r t i c a l  c l ear ’s-n os e of 50 fc,”s -t :s - bs -,s- ’,’e the vs-it-os- ’ s.s-cface s- is - s - s - n ti s - r: of t s - c
ren’uls-.s-,t ’ ., f i r s - cd J~~c ss - I s -rs-,s-.’ge • s - s - s ,  would rs--’ot, be s-oxc e e-Icr s- .s- s-’s- ’;s-c, - r - - - - per’s-eat
of t i’s-c time , Ps-Il t ’ s i -.i~ s - oss -  1s - e J  v Dallas-s  s - ’ s -  s- s- is  (a ve a :nir.imam ( s - s - s - r i . .  s . t ’ t ,L
d e a cons -s-is of 25-0 fe’s-Is- i ,~~~ ts-.’i s ’ s - s s  br is-ig-,- 1”:rs- s- s- oi l’ s, .in s all ‘I r id ge: ai-. ’s-’~’ s
Dalla s would, ave a miis - Imws - s -  clear’s -,i ri s - s -e of’ 225 f e e t  s- two s- fl ?s -sisd ers . Ps-Il
riJg s- :~ . s- 55 t s - J r ij , I s - L  ac ross  floods -es-y ~- r’ s- s- ,3ects w- , s- ’ ,ld ( s - s - i r s- ’ a :s-,ini ; , s-o.c,s- ‘:-s-s s ’ tical

C i ’ s s -,r s . as -s -s- ,s- of th ree  Sect  01 s-j~~ s - s -  the ’ dc s i s -’es- f l s-,, .s - s -,i - s - i scha r s - e ‘cat -o s- - I o s - s - - face
e ls - s -v c,t ion of the floc-l is ty . h i gh—ic’s -e l  (‘i s-se h r t J ~~s-o~~ as’-_- p i’cps - s - s - s - ; ’s ’ s - for
‘~ii h ighways  crossi: , ’ the na ’s-is-otis-n c s - s - s -~n:s.’l, A t o t s - i  s- s- s- f L,.’.s- new s - s - s - s .:
zs-soosifie-J hi s-”h— is-,orel highway bri ’Is - s-sr v ’ o ; j ,  I (s--c ‘ s - - i  l i-e d , i n s - s - l , I i x s -~ ts -  -

i r i s - , s- - is- : ’ on 2. 2. TIig( v ’s-y 17tO c r c s - s s s - i l s - L- the  Oi ‘- i s - s - g r i t is- F- - cs”~
’ ‘ ‘is’ s-in

thos .c’ -, s - ri U. 2 .  iIi gis-ws-c~,’ 287 and i’~f s - i ’-~ ((i s h ’s - s- n y ~l -s-r-:-n siac tb-s-s T- s- ’rs -nc ’nc s -,s’e
Co l ony  I’~, .  s-~ ,“~s-o ir . In a s - s - - s - i t  s - s - I s -  -51 t s-c ht gb I ’ . ‘s it s i .i~ ’. s c s - o s - s - s - s  in’s- th1’
rs-a’s- igati s - os - , channel , ii. flew i’ s-C s- l o s- t rs- j. l’s - - s -c tl s - s - s - e.s - C s t  s s i ~ , First l ’ t r ’ s - s - e’t
is-ridge’ s - c s - .’ S s- ;cs - ’1i f’is -s-at ion of Lb s-  13 s -r si s - ’h S” t s- s-e ’.’ .- s- s - J o 1 t l , o ’  s- ,, s-2 . s- L o 1 , \ ’ s- I’ s - i  .1- - ‘ci’, i_s-
3s -s- ’ i ,  iges is Foci, i4ur ’th wool.! i - s - s  ro’ - s - i  red t - s- coo - i s- It ‘s-H is i ’s-at ’,s fl Os- s - s -i\a’Oy
s-o1es-crances is t h i s -.- Is-H ’ s - s - s - I  ‘ i s -  - ‘ Jw ’ s -y r e s s - i s - ob upsts’-:-i ss from toe F - rt ~ ‘s- - - , s- ’
nov t~~o s - t , l s -  s-~ s- ts - ,- Ilfl j ?’:u s s -  . ‘s- s- s- ‘ t i  s- s - - s s - l  lift I s - s - - l o s -  ‘ s - s , s-ire ~‘r s-o( ’ s- s . s - ’ s-l fo r  oH 1 5 5 1 1 1—

C s - u r i s - i  r s - g s s -  of the mult it s - i  - - —p ur i ’ s- -ns-s ‘ h s - I O s - s -es- 1 . s-’ 5, , ( ‘ss-] . Os - ’ is- s- ° ’’’ ‘ s-
mo ’s-i (‘led r a i l r s - , s - s - ’  I bri i s - 5 s -.s r s -  s-,,s-0s- s - i s - i  ‘bc , x e  lul i- is-I  t s - s -  I s - s ’ s- ’ i de  for s - s - s s -’. i [,at s - i ’s - s - -Is -

.113 1 . - - project  - ‘Lotnri el , ir s- i , s - t i r r g  modi 1’) e’ it i s -.s - r s of t i o s -.’ St Ls- - ss- Ls —

5s - ,s- ,tI .’cs-ostern R a i l way  c ros s - s - in s -  the Tennessee Coiurs-y his -.’ s  s - s - I ’s -c s - i r s- £0 is - ’  cs- i ’; ’
life bI ’is - .s -gtrrr  o)s- .5s- s-r land— s-s-ut - - I . ~ z s-ne1 s es - s - t l s - s - s - s - : ; and eight i n s - s - s I i f i C s - i t i u z s - . s -  Of
ex i s ;L i r s -g i’t c i l Sc !i s - I  bridges.
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,2 , ‘ , ‘Flic in-.ict p ie—purpose ~h an,n ’.o : ws- ‘s - . 1  s - ’ s - ’ q  ~ ~ s-’e s- , ( s - s-” “ s - s - ,C  s-s-i ~ ‘s-n -s-s fq i~ i n ’ s - - s - s - I D ’ s - s - s - c  s- 5 ’ ‘‘s-is-H s- s- s - s - s i z e s ,  ! ‘OI l s - f i f l L (  fl’ s- s-s-fl 3 t f l s - s - ( s - o i S  to 30 n ’s -his s in
s-H a,ms-s ’ C r ;  3 : elec .r ic 

~s- ws- s - ’ t , r ’ acs - , s -rr ii s i r s - I o n  i S a ’ s - s - os ; ~
‘s- c-os-s-n’s- s-n: cs-t i a d i m s - s r i ;

I -  wa s- er -  f i n s - s c  r ’tt0 , ’ s-i s- ’ s-
’

s- ’ .s-m 2 -  His - l i e s  t - s - s - ‘72 r s - o ( s - s - s c  in  rj is-jjs - s - s ’ s - . r ’ s- and
I . ; s -’w e ’ ,‘ ~H s-s” .., ‘ s-ar s- , fl ,’, : ns-~ f’ s- ’ s-rn 18 ~n- ’lies ‘ h~+ in -h e s  :n di as-s-s-s - o V e r .

.,2S’ . Pas - s - i i ss—use  areas. — s-O ( J o is-i s- fo r  ‘s - s - s - o s  cs- ’ s- . ’. .s - i~~’”O o ’( s -  s-s- s -s - cs-s-arias- ,- ,
: s-:;s s - ’ s- -, ’ s-~s-s- s - enV ps’s- s -v I - s - s  fs ,s-r ‘ he dos ’s-’u , . s- ,.pm u n V of 31 p ,b..H .s— -~rs-e a.”s-oas to be
la’s - a s - - s - s d  ad s- ’, a s-en t  tes- the s-h a r m e d .  The pr -:ps - s-s-ed - 1” ,’ -p r s - , es-s r s- ’, I n s - i  s-des
t v ’ s - s - s -  :i- .sne 50— s - a s - r e  si te s , - mc’ ‘1,-acre site and nine ..2~ -a’s-ru sites
w I ’ s-h necessary as-ceo: and lntcs-’nal road s, req, s- i s i n s -~J a t-s--tai. ~- s-insI area
of abs-os -s 2 .E C -0  as-s-re:.

..2°s- . A i d s  to naviga ’.f. j n. - The Consnazider , Efghth Coast Iss-ard,
Dls -tric -t, ~~~~ 5s-s- ’ ’ o s ’~jj s-  1s-os-’i s m a n a , e st imated  the s-s sinker - and cost of aids
to na:’i s-.;as-.i s - s-n f-s-r ’ the multiple-purpose channel to l o s -”. W s - s - -’ h o .  denerally,
t i t t s -  a l s - i c  w - ,, ,. ‘J in s - . .  s-dc’ s lng J s-s - s ~~j iC day beacons al-s- mg the s-hanned and
s-’ acs-s-ts’-rei ’des-s ’s-ing buoys in  tOe , s - i v i n , I s - s -ton and Tennessee ‘fs-~ .s- ny R e s e r v o i r s .

l3,~ i,an s-i s s-rs~ s i r ed .  - Lands ceqjs-,~ i’ s-o s-I f-si- ‘ ne mais. lpls -s--p s-.s-.s’p:s-se
H s- ams - i s-- .. t n s ., ,s-d-s r’iChts-ss-f-way for s - h e  channe~ , in’s-k and dam sites. access

v s - s -a d s  and p s ’s-s- li’s--s-s-se ar’s- riss , :p.  1. areas for mair ss’,enan -ce and s-s-onctrs-s-ct i on
of ‘ s-se r i ’ s- s-jes t  and damages for severed ..ans-l: that v. s- .s-, d i’s -u i:os-.atc ’d b~s-~

‘-li e ‘s - s - sans - i s -:., , Ills-anne ,.. r i g b t s - - .of’ -wa;s-’ in s - I  .s-le areas to be exca’.-a’,eci and
a so- :’ - - h s - ss - er ,  s-s s - s - a s h  ° s- sirs-k - s - s - f ’  toe s-s-s-ann-si. Sps-.-i1 ar c s - s - i  r eqairements
s-s-s-si’s - -  o s - a d ..ri the  as-s - si l i s- s - i  s-fl ‘isa’, s- ir ’ s - ss -’ . : n s -s—exca ’s-a -.s-o s-i ma t s - s - c  a.. w i l l, be
, s- :s -o i ,,,s-soi to s-s-s-i , a’.’es -s’ag e heigh t  of 15 :‘s-i e s. ‘in-i hydra LI caddy exca’s-ats-od
m as .c s -s-’ , a,. w ’ .l, ,o be :p o s - s- il s- s- d to  an a’:s-si’a, ’is - .s- h e I gh t  of 5 feet- The ,s-~s.i s-~.s’s-,sa
req s i s - ’ ’s- s - s - s -sr s - ’- ss -  for s- s - l i e s -  pr op s- s - s-I s - s - s - i ,’ i~ s- .Ie’ — p ,v j s-  s - s - s - n  ‘s-has-ins-s-s- I. s - s - s -~ - . ’ ’ - - s-’m’ ’ri ’, t s- . ta l
5 1 5 , - s - d O  a’s -I ’s-s-s-us -. In r .s-. odlrs-g s- ,200 a - s - s ’ s -s - s n fee s-ir s-s-p ie f ’ s-” s - - . .s- r and .irs-is-s s ites ,
-a’ s - s-s- c’s-is- r’nads; an I, p s- i - ole .s-:e areas as-s-c ~J.2OO acres in - ‘a s-c ’ s - s - ’s - s : ’s - S , ’s- “0”

channel -n x s - s - a - s - a s , i o n, s - p s -s - s -li. d i sp .s-sas- as ’ s- s- s -s -s ars-d se’s-s-e s’ s - s - I lands.

-AKIE ’:IEW RESERVOIR . — The Lake’; , w -.1w: sit s-s i s  i.s - s -s-a ’ .e.i as- ,
s - s - n s- s i . ‘s- - s ‘( . 2  s - s -  (i cs-’. s-i rs- I’ s - - s -uk , abs-, s - , s- t 3.1 m i l e s  ab’ ‘s-’ is-h e ’ existing

I-I - ,n ’-a ’ ’ss- C r e ek Dn.’s s-.  Its-he s-’s-s-s- ss-es”.s - ’ s - i r  w s-H s-s - i be f’ s- me l by s-ir s- ear ’’ s- s -— flu ,
s- lu~, w I  ‘, h s-c mas’s 2ss us ’s- h e i s -~ss ’, 01’ 5)1. feet aS-os - ’es the  s ’ s- ’s - n s - i n h c ’ s - l  and a tota,s-
. s- .s ,h ’, :

‘ 22 , 12 s -.. s ’s-s-c ’ s-. ,  Is - s - s-i s-d i rt;  a c s - s - r i ’ s - s - s - S . c  :s -~s - I w a y  135; fee t ls-s~~- s .
s - I s -r u  s-s-p ...s-wa,-’ , w~ ‘ - ‘is -  a T ie S,  s- ‘p s- ri s-I s- ; os- 120 fee ’ and located in s-i saddle
‘ s - s - s - S b ’s- c i s-Slit, abu,is- ss - s - es - i’, s- w s . d be a s- ;a ’~ s- - — - - ‘ r s - t , s - -o , s- I i d , s-s-gee . f l i — b u s - s k et
type ‘s-s . V i ’s -  ‘ s’ s - s  s- n i ’  ~ O by 2 1 5— l ’o, s - s - ,,t , ta l n s- - s - s s ’ s-~3.’- i ’ ss -  , ‘(‘i s - s -. o s - s -’ i s - s t  c ’ s ’ k s - s w s-il , d
C c r i S i S - OS ’ s- ‘s - n - ‘iS -  I ” .50, - 1 !  ameter ri, s-nd s i t  - s -  n roll s- s-d by ‘ w. ‘ i>: 12— foes.
1 s-s-i. t s -s S

32. ‘(“ i s -u s - u s - s - s - s -’s- - s - I  s-” W  s - s - .! have a to ’.al s-s s - s - ’s - s - ’ c l l s -. ’d s-i ’ “~~ , - ‘ u s-’
s- , s- i ’s- , ‘((oh acre— 5 5 s -  ‘ 5 ,, s-ir s- ’ ! a wa s- ‘ s- n - i s - ’  S acs-u area s - s - i ’  .5,5, I s - s C a-: r , s - s - s -  s-i ’ C s-- s- ”~’a ” i s-n

s- s -2 s -s- s - . O , tb :  top es-f I s - is s i  - -- 1 s- s s-o
s- s-s-u i p s - s - s - i  . A’ i’i-evat i s-n 518 . 0 .  the V s-op

o s - S  V ’s-s-i s- C s - r s - s r s -s- ”Iat ri p s - u i ,  ‘he Sc:;” rvcs-i:’ w - ‘ i  i s - i  ( s - n v ’  an area 01’ s-2 , 300

‘ ( s - I

- ‘ ‘ 
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acres and a storage capacity of 3Ls-9;500 acre-feet . The to’.~i ( all -van ce
for a 100 year accumulat,ion of sediment would be s- s-5 ,Coo acre-feet. The
t o t a i  conservation storage would be sufficient to provide a depe rss -ia s’~1e
y ield  of 30.4 million gallons per day under 2020 conditions of water-
shed development during a recurrence of the severest drougs-ot .s- t’ ru “~ro.
Land requirements for construction of the dam and ope rati s-s -rs- ,~‘ :.,‘ie
reservoir for the several purposes would be about 19,tilOC as-c’s: ~rs fee
simple and 800 acres in flowage easements. Additional lanis reqt.irc:
in fee simple for public use and access would be about ‘(tI C- as-’res.

l,~3. Construction of the Lakeview Reservoir would require
relocation of 9.1 miles of farm to market highways , 12.0 miles of
county roads , 1.5 miles of railroad , 1.5 miles of pipe1~nes , 33.0
miles of telephone lines and 40 ,4  miles of electric powe r and distri-
bution lines. There are no known cemeteries or significant mineral
deposits in the proposed reservoir area . Portions of two unincorporated
sub-d iv i s ions  are located wi thin the limits of the proposed res-~ ’rioir.

134 . TENNESSEE COLONY RESERVOIR . - The Tennessee Colony darn site

~s located at river mile 339.2 on the Trinity River , about 16 miles
west of Palestine, Texas~ The reservoir would lie in parts of Anderson,
Freestone , Henderson and Navarro Counties. The dam would be an earth-
fi l l  structure with maxirnun~ height above the streambed of l1~~ feet and
a tota l length of 29 , 500 feet , incl uding a controlled concrete spiliway
520 feet long. The concrete ogee spillvay, located in a natural saddle
near the left abutment, would be controlled by 11 tainter gates, each .s-0

feet wide and 35 feet high , providing a total net width of opening of s--~4O
feet. Tls - e  outlet works would consist of four sluices in the spillway
piers ; , each 3 feet by 6 feet , with power ope rated slide gates. Navigati on
locks numbered 10-A and 10-P would be located near the right abutment of
ti ’s-c dam .

135. The reservoir would have a total controlled storage of
3 , s - ( L s - t I,800 acre-feet and a water surface area of 1119,500 ac res at elevat ion
285.0 , the top of the flood control pool . At elevation 262.5, the top
Of ’ this  ‘sonsiervation pool, the reservoir would have an area of 13,540 acres
and a storage capa-s-ity of 1,193,000 acre-fe’s-st The total allowance for
a 100-year accumulation of sediment would be 190,000 acre-feet. The
total conservation storage is estimated to  Is-ave a dependable yield of
f s -~o.8 m illion gallons per day under 2020 conditions uf watershed develop-
ment during a recurrence of the severest  s- lr ougls -t  of record-

13C . Ini tially the water conservation storage .~ou1d serve in a
dua l capacity to provide dilution wttts --r for water quality control and
to supply yield l’or municipa l and industrial purposes in the middle
basin. Eighty million gallons per day would be used for wa ter q’~al1ty
requirements in the West Fork of the Trini ty  River. The water from
Tennessee Colony would be’ conveyed about 98 miles to Benbrook Reservo ir
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‘.hi’s- i,tgh 811 s-t 1 s- i m i s - s - h  dIameter  p i p s - s . I r i s - n  w i t h  apps -.u-tenant p ins-p ins -s facilities.
l3enbrook Reservoir s-c - - s - I  b - s  s-ne d for reregulatien of t h i s  wa f er w tts -cs -ut
s’ s - s q s- ’!s- ’urn cn ’ fs-.s- s - ’ s-’ea,s-..o ..s - s - s -at . , s - s -n of or ens-sr-cachjnens- , on ‘s-xi stlris - ; s’ s-s-
a~,.~ .,s-sat i  . s-r s - s - .  si: s-s-s-s-f’ the s - ; V ’ .s -s ’ s-s-i~~r ’ capacity in Tennessee Cols-s-ny and the
ps - i pel .i n s-” facu lties i n i t i a l l y  a.,,: ,cated V-s water quali ’gi control would
be c-snver’t .’s-I to m i n i s - s i p s - i .  and industrial use in the upper basin as the
needs f - s - i ’  water s ipp .i.y develop and i,oca.s. interests contract for repayment

‘5 ’ the s- -errs -aiming cost s-of the storage capacity and pipeline facilities.
The r e m ain i n g  yield in Tennessee Colony of 210.8 millS’s-n ga.,,l.ons per day

us-s --csed initial ly to meet the needs of the middle basin with grad~~ l
. s -r s - t~ municipa . and Industrial uses in the upper basin as the

needs develop and additi..s-nas- projects  are constructed in fr’s-c middle basin.
s-Jiei:ss-i’,. s- ’ s ,y the total yield from Tennessee Colony would be used for
m ’cn ic ipa .~ and industria, ,. uses in the upper basin.

.37 , i’s-s s-s- , s-nnection with the Tennessee Colony Reservoir , the
S J” :8, 1’ Hpos ”. Fisheries and Wildlife recos-~~ends establishment of a
:;‘ t t i  :,s-~ , W i . d l sf e  Refug e to be located east of the T:’inlty Hiver  in

i€s - n 1~~s- ’ s-’ ..n s-m s-i Anderson Counties~ The proposed refuge would comprise
‘it s-’ 2~~, u s-s-is- acres located east of the proposed multiple-purpose

‘: ‘ ws-~s- ’rx h. S. Highway 287 on the south and State Highway 31
the n s - s - m ’ t i ’ s - ,  The refuge would extend about 9 miles along the river
w~ s-~~s-i s-i ’s-’ s -’ s - ’s-igi’ s.s-,ightiy .,.ess than 4 miles in width. The Bureau

c ’s ’  s-s-s-cs- , s- s - i s - ; , s - m i  as-:cs--rdance with the provisions of Public Law 85-624 ,
- ‘ s , s- s-n gr’is-ss , apps ’ :ved August 12, 1958, that the Corp s of Engineers
o ~s- ’ i s -  ‘~ c ’s -C to  a”qci cc ab ‘s-us-, 6oo acres of land, in a,dditi- n to ab - , s-t,
2 , s-+~,- -,’ ‘s- ’~r”s s- -q ~ ‘! ;~s-:d l’s-r other purposes of the reservoir , and to make
‘ :s- s - -  ~~~~

‘ ‘
~~~. 21,,s-J0O acres avai .~abLe to the Secretary s-s-s- f the Interior for

s- ’ei ’ .gs- ’ s - c s - ’ , as ~-r ‘s- ’Ided for in Section 3 of the Fish and W i l d s - i f e
Ce ‘- s d .  o s- i ’ . 1 s-s Act cited above. The Bureau proposes to manage the refuge

r- , s -v l se : - s - s - c ., .ud p cb . .ic hunt ing and tos- p e r mi t  fi shing at periods
S f ’  ‘

~~ 
, s-j n-H, interfere with w I l d l i f e  management .

138. band req sis - ’s-s-nm ents for construction of the dwn and operation
ne ,“ s - s - .’ e’ ’vs-oir  for’ the several purposes w’s- ’s~ s-1 be about s- 6t: , 2 4 s -. acres

in fee ,s - , m ; s- , s - ’  and a b - s - u t , 7, 000 acres Os- ’ t . .iW ~~.5s-s easements. Additional
,F l l’l , I S  a .:q~ is - ”.s-d in i’s-se simp~e for public use and a:cs -

- ’s- ; s- wu .~lJ be about
.r , -~U ’( as-s-re’s. An eA’l- j, tf s - )n aj 600 acres is recorrs -mr s-n d s-ss-J by the Bureau
s- cf  Sport Fisheries and Wi. ,d,lfe for acqulsiti-on in s- ce simple for  the
proposed Na’ . - s-s-s-a., W s- s - dc  5 1’ s-s Refuge.

c39~ C o n : s - V r ’ ; s - s s - L i o~ s - c t ’ the Tennessee Coos-ny Hcse ’s-”,’ s - s - r  w ‘ .~- i  requ ire
re l s - , cs -s-s-it s s-n os-I ’ 21 s-n, Les s-~~I’ i s - s -g is - Way s- , 10 miles of s- ’ .~s-n t ,y road s , 1.~3 mi tes

s- c l ’  s’a : lroads , 1 ,,~ mile:; of pipelin ’s and 21. miles - -s - f  e ,L s -, s s - ’ tr ic  ps - - ws- ’r
1,In s -.S. There are no known cemeteries i n  the proposed reservoir area.
An allowance has been made for mineral scbs-o’d i nati- s-n of (us-. wn mineral
s - i s - p s-~~~ , ’, . s - s -  ~js- ‘s - ,,r ’ i j f ls- ’ t ,hi . s -  Cayuga oil f l e 2 d  near ‘is- s- ’i n idad  in the headwater
ar -ri. of ’ the ress - or” i  s - S r  and three s - s - i  her smal l. ‘ i - s -- s - W i ’  s- mi s-s-; fields.

8].
I

— _,
~~~~~~~ “s-;, ~~~~~~~~~~~ 

— ‘ ‘ ‘ .-,‘



f i40. AUBREY BESERVOIB (INCLUDING MODIFICATION OF GARZA-LI s-ITLE E114
RESERVOIR)s- - The Aubrey dam site is at mile 60.0 on the Elm Fork of the
Tr in i t y  River  in northeast Denton County. The site is between the towns
of Sanger and Aubrey and is 30 river mi.s- es upstream from the Lewisville
Damn ( G a rz a -L s -t t l e  Elm Reservoir). The reservoir would be formed by an
earth-fill dam with a maximum height of about 116 feet above the
streambed and a total length of about 13,060 feet, including a concrete
spillway 42 14 feet long~ The spillway , with a net controlled opening of
360 feel, located on the right bank, would be a concrete ogee section wi th
nine 40 by 35-foot tainter gates. The outlet works would consist of
two ,3Ls--inch diameter conduits through the spillway piers controlled by
power ope rated slide gates.

1
’ s-S The reservoir would have a total controlled storage of

~I,~~,9O0 acre-feet and a water surface area of 30,750 acres at elevation
035,0, the top of the flood control pool. At elevation 625.5, the top
of the conservation pool , the reservoir would have an area of 2s-+ ,340
acres and a storage capacity of 639 ,000 acre-feet., The total allowance
s-or a 50-year accumulation of sediment would be 37,800 acre-feet. The
flood s-’sar,tro l storage in the Aubrey Reservoir would permit a reallocation
of storage in the Garza-Little Elm Reservoir to increase the storage
presently allocated to water conservation in that reservoir. Under
2020 conditions of watershed development and recurrence of the severest
drought of record , the~~pendable yield of the proposed Aubrey and
Garza-Little Elm Reservoir system would be 151,3 million gallons per
day , or an increase of 45.3 million gallons per day over that of the
Garza-Little Elm Reservoir alone. The water conservation storage would
serve in a dual capacity , operating initially to provide dilution water
for water quality control, with gradua l conversion to municipal and
ir,dustrial use as those needs develop. Land requirements for construc-
t ion of s-ne Aubrey Dam and operation of the reservoir would be about
37,700 acre’s in fee simple and 1,500 acres in flowage easements .
Additional lands acquired in fee simple for pub lic use and access in
the Aubrey and Garza-Llttle Elms Reservoirs would be about 4,200 acres.

142. Construct ion of the Aubrey Reservoir would require relocation
of 16 miles of highways, 6 miles of county roads , 5 miles of railroads ,
1 mi le of pipeline , 10 mn,sles 01’ telephone 1its-c~ and 12 miles of electri c

~s-s-.s-we ’r line’s, There are no known cemeteries or significant mineral
deposits in the  proposed reservoir area .

1143 . ROANOKE RESERVOIR (INCLUDING MODiFiCATION OF GRAPEVI NE RESER-
VOIR ’ - The Roanoke dam site is located at stream s-n i l e  32.0 s-s-c, Denton
Creek , ab s - s - s - s -  one mile northwest of the town of Boanoke. The dam would
be near the upper limits of the ts~ lsting G rapevine Reservoir. The
reservoir would be formed by an earth-fill dam with a maximum height
of about ¶,i7 feet above the streambes-i and a t,otal length of about 15, 200
feet , including a concrete spiliway 328 feet lon g and two dikes. The
spiliway , with a net. - ‘ontrolled opening of 280 feet , would be a concrete

—



s - s -g’-~s- ’s- se es - l o ss - w i th seven 40 by 3t-fo t. ta .in t e r  gates. The outlet works
vs -s -s - s - id consist of one l 5 - f s - s - -~ d l a r n s- ’s-ter conduit cors-t,rs-s- ’L ] r s - d  by three

.5  iv 15-foot power operated slide ga tes .

~~~~~ The reser’sc- i. r would have a total controlled storage of
214.~~, Is-s-flH acre-feet, inc luding 223,700 acre-feet for flood control and
26.Hts-, - acre-feet sediment reserve . At elevation 61. s-

~) . 0 , the top of the
flood  con tro l . pool , the r cs - ;er’v’- s - i r ’  woos -Id have a water surface area of
s-) ,72O us-re’s. The reservoir would be operated for flood control only
and s-s-c permanent i. :s -s -p o-ur,cL’nes-s-t of water would be made since impoundment
in th is reservoir would reduce the tota l yield of the watershed
because of evaporation from the increased exposure of water surface .
The flood control storage prov ided in Roanoke Reservoir would permit
reallocation of ste-rage in the existing Grapevine Reservoir to increase
the -s-’os-s-se’rvation st s - - ragi ’  from the e x is t i n g  total s-s-f 161,250 acre-feet
to a s-v-v ts -ta of 372 ,200 acre-feet . The dependable yield of Grapevine
Reservo i r , under 2020 s - ’ o m d l t i o n s  of watershed development and recurrence
of the ss-s ’,s-or est  drought of record , would be increased from 18.1 million
gallons per day to ~s-2 million ga .: S ons per day . Land requirements  for
s-’ aristrus-stis-s--r, cs-f the Roanoke Dam and operation of the reservoir f or
flood control  was-d .C be about 710 acres in fee s I m p l e  and about 11,990
acres of flowage easements. An add i t i onal 1100 a’-’res of land , 600
aeres converted from easement to fee and CXI acres in fee , would ‘be
a”qs-:ired at the Grapevine Reservoir for public use and access .

;. s - s - 5 .  C ons t ,ru - ’s-tion s-s-f die Roanoke Reservoi r  would require relocation
s-f 12 .1 mi les ‘s-f highways, 1 mile of’ county road , 4.5 miles of railroads,
5 mi les  of pipelines, 10 miles of telephone lines and 15 miles of
e1e~ tric pow’s-c lines . There are no kr’s-s-vs -s “emeteries or Sign S f i s -- ’ars-t
minera l deposits in the I rs-posed. reservoir area .

i s- s -6 .  LOCAL FLOOD PROTECTION PROJECTS .- In addition to flood
cs-s-s-t i’s-Hi protection pr’ s-s-v I d--d by the multiple-purpose ‘hams-s-el I mpr sa-’emers- t
and t b ’ s -  reservoir projects , it was found necessary and economical ly
j u s t I f i e d  to afford pr s -s -t s-cs- ’t ic s -n from the standard pr’ s- s - j s - es -’~ . flood to 5
urban I os-s-al i t  1 es-s t-y means of s - s - c a l  f lood pr otr ’v  t i s-on projects . It was
f ’ s - s - i r s -C necessary, also , s- s- s- . s - s - s - s - P s - s - V s - th is- channels i - e l - -s-v s- hi” Ga s-ms-n - L i t t l e
E l m  and Graprs-vlr’ir- Reservoirs t,o provide channel capacities consistent
wIth a s- us-sd f ’ l , oad control regulation plan that would allow emptying
this-- reservoir f l o o d  ~~t - - s - ’ri s-~” pools w i t h i n  periods ranging f r om 30 t- s-

40 days . The local pros-test ion pr ojects  would inc lude the appurtenant
5 ’as -, ’i1l~,ics-s and ns -’s- s - ’e ’msary rnr ’a s - s - s - s - r es  to preserve the drainage of pro tec t ed
Ti res - s- os- and - ‘arry drainage water th r o u g h the levees . Such fas-.’ i l i t , i e r s -  and
ms-s-Es -s - sure ’s s-nc i s - s - d c  p” rn~ i r i i s -s - s - t is-ondlng areas - ;, gated gravity sluices and
conduits , enlargement and real ignment of tributary channelcs- through
the leveed areas, and filling of some low areas with excess excavated
mnt, r r n , i.s f rom ‘has - s - s - s - el improvement s . Ai r s - -  included in the I - - s - al pro-

I on ;s - r’ s -s -, Iect s  are al t os -  c i s -t l en  or reconstruction of bridges crossing
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‘- ‘me f~ - - s - - i w s - s - v  to  p: ’o’; s- s-is - -~ s-i - q s - s - as  ‘ - - s - s - s - s - a s - ’ r -~’s- s - i ’ s ;  a~ d necess~~~ alteration s-j i ’
relocas-, , , , s- , s-n of r s - S s - s - s sway .s- . str i . ‘e . 1, ,s , ‘a, lx’ ,s - a c l s .  p~~p s- s - s - , j s -’s- s-~~s-s- and ~~~~~ ty  ± i n c s .

l~4 s- ” . Wi”St s - ’  m’ s-”. i l ’ .  s- ’~~Ws - l ’,~
’. - The pr ’ - j ; s- s- sed Ws- ss - s- , Fork F,i s- , - s - s - d wa -s-’

improvement ~ ‘ t exs- is - s - s - s - i at- - s o  3 ,s-, s- i s-a s-o s-c ,~ miles s-p s-he West 1 -s- s -r h s-io
s - s s -’ s-s-ifle-ct and pi ’ s- ’; ~ s - is -  a floodway l’s-’om the upper end of the Dallas-s Flood-
way as - . E llis Fork to the ,, - .-ws-c end, s- s - f  t he  F- sc ’, Woo’s-, h F,s-~.~ s-dway . The
,s-s-s-an,s- :cJ. Sns -~~ ,s - s -’eins-s-s-it In , Is-his i’s-as-s- s- s we s-id s - s - s - s i s ’s- o1’ UIs - e  mu,l ’s - i p L e -— r- -s-rp” s-s- s-

- s-has-mel for ’  s-ia ’.’ s- - ia s- ion, f ’ s-,ood s- -n ’ is” , and other purposes. Levee’s w ’s-s- lis-’I
prs-v 1e a f ., . - s - ’ s - i w s - j  w i d t h  varying from abs- i ’, 1, 000 feet to 3, 000 feet .
AL c s-.s- ,s-+ 3u u s - s - r~s - s - s  of lam-id ws- .- s-, i .,.d be r e q s I s - ’is-d for s - ’ i g h s - s - s - s - f - w a y  f or  ‘s-ne
ps-’op- s’s-s-d Cs-m s-s-s-’o’s-’es-ss-ens-s-s.

i”~~ 3 ,  E,os’, F o r k  F,~.s- s- s- .s-dway . — i’s-se pr ’s -s - s -p .s- s~’d E ,s-cs-s- Fork F’~ o . .’ dway w - s- s-s - ; . C
connect w I  ‘s - s .  ‘ h -  Da~ las F’~ s- .-s- ;dway s-s-i t the cs-s--nfl-sense of Elm Fork and
Wi-cc  F ’ s -s- -i’s- . ‘ ‘oars-o s- - l  r e ’s -s - s -f I’i cat ion  and onlar ’ge ’men’ arid a leveed, flood-
vs-i:; to a ffo r d  stan -las- -,i p ro ject  f’ s-s--sod ps- ’s-. s-t ection wo , s- .,oi be provided
s- corn the Dna las  s- . - ‘ ‘-dway up:; ’,ream a l - s -mg  Elm Fork s -, s-o nbc mu s - n h  of Den ’, s-s-i
Cr ee~~, a dis ’,an s- :- of s- , ,, b , s- - : ’ ,~14 .3  channel ms-lies. C;’sa.rus-’s-,. s-’e’-ss- , C , f ’ i c s - a t l , s -n

S and s-s-islas’gemis-n’ s-in ly  w ,s- .:,i,ci extend I’rs-s- s-rn s -hs -a s -, p-s - in ’- upstream along E ~s-s-s-
Fork to tns-o s-ow , .‘- ‘:ille Dam ocr ’s-let w-, -s - ’,-:s and is-pstreas-r a~ s- - s-os-; Den ’ s-n Creek
to  the s - s - -.~L i s-s -s-s- . woo’s-s-s of ‘he  Craps-vine Dam to provide adeq~ ate ofs-arjios,
s- s- apa- ’ s ty f - c  ~ne proper regull a ’ ion of s- hose p c ” s - j e s - t ,s f’~ ’~ s-’.loc-d ‘s-ns-s- s-’:l.
The to ta s- ,  I ss - s -js - c’- ’.- ’cs- d l ength s- ,s-, s  - s-is- ’ lv ’s - s- ~“ s-s-s- r k vs-s- gd  bs- ‘is, s- 2,,.O m I s - e s  as-id
a il s-s- i,’ - Des-’: - r, Creek ab s-,s - s s-, ~i . 0 mi s - e s ,  I s-os - f’lo sw’ s- : ;i .;ng Fl .,,s-s, Far ’s-: w ,,.

‘s-a ’s-c a s - s - s - s - n so-is-n v .1-i ’, ii b’ , - ’-w s- .’rs - ,~“r - s-’eer s- ’s- - f  - -is-’- s - .  .10 ) s- ’s- ’ e
, 

. Li, e’, 3 , -s-O I l
as-s-s ’s - s o  s- .s -f  r,an°i w’ - s - i  be s-’ s -s - q s-i J r e-I for righ’ s - s - — s - s - I  — ..‘s - ç-  s - o r  .s-s-e p c-s -p s- :s - ss - s s- i
i ns-pr’ v s -sm-s - Is -’ . ;

- }‘, ;‘s- ’, s- s-i , ., on of ’  Du -~. ,a s- ; F~ .- - .i w ,  . — Co’ i’s - ’ C s -  ~s-’ ‘ s-i

‘c x te ’n s - ;  Ls-n - s - I ’ ‘s - s -s- s Dal Ir s-is - F , , s - - ) s - l w a z w -~~~. : pru ‘,‘ide adi I s-si s-s- s- i,.,, f~, s-was-
., s - ’ s - s -g ’. I ,  cs- f about .7 mile s all - ns~ ‘he  Ir i s - s - St y River’ s-mn .i w ~s-,. , I

a ’ ‘.1, ’ - cs - s - s- s - s-s Ii of F ive  Mi .s- i : s - ,h• es-s-k - The - s-s -s-us -,n- .’ ,L Is -is -; c .- na’ s- s w- , ,. I s - s - c s -p r  I os-s
the m’,u ’s - i r~- .s- ’- -p icp’ s - s-s- ’ .’ - s - s , ;s- is - is-s- ’l in th is  reach. Levee,.; w’ - .~~ s-s- pc-.’.’ I 1- ’ a
isIs -sim s-s -n s - , , , s - w s - s -:i w I - s - t n  of s - s - i s - - s - - s - I ,  2.300 s - s - d o t ,  As’,s- -. t, -, , 330 acres is-’ arid
f ’ s- s - c  c I s--; s- s- ’, s - ; —  I,’ — wa s- ’ woo ~, ;I b ’ s ’ ’  q s - i  ci - - .1 f’ . ’:. the pr’ s- :p- - , s - s - ss-I I s - s - s -ps -” ’ . -s -nes s -

150. D u s - .k Cr is - i ’s-k (,lss -n.rus -o, Imp :’ , se’s-i,- s - i t . — A r c a ’ s-  of II) s - s - .  Cr ’s-ok
bu”,wi ’e ’n st cs- urn rn - i le ss s - u  . -~ s-s-n h , . ‘,s - ,’.s- s - , darland . I’exas, wi s- s-.d be
realigned and is -ms - iu,r ’gi:d ‘

~ P-’’- ”  1 Cs- s s - s - s - s - s - i’ S - s -  c s - ,-n ’ w to, i n — u s - i s -s- s- s- c s-s s- ap i s -c i ty  to
i rs- t s - s - i :  s tar s - - ls -s - s - ’ s - l  s - ’  s- s - - c s ’s-. flood . About , s - s - s  acrs-.s-s or ’ rights- ss — s-s- :‘ — wa’;

w s - s - u , s -d be r’ .q ’ s- i i ’ s - - i  I-a’ s-s-onst s- us.,”,, Ion of ‘ s - s - i s -  improved s-is-as-us-co. and dis—
p’ s-na1 u f ’ t Is- is- s -s s- -x - ,s-a ’sas- ‘s -il mater ials .

151. LIb eo ’~j , Loca Pc- s - ’ e’os -s 1 s-n Fs-’s-:ject~.- A s - s - - s - u t 10 m,I ses of levees
was - s - Id  ‘00 provided, as - - s - s- s- ‘ s - s - i s -  S i  ‘f ’  s - s - s - U s - K  u s - ’  s- is -p Ti’ m y  River s- i Conjunc t ‘s-fl
w i t h  the mu~1tf p .~e ’— p u s - ’ p - s - s - ie’ channel t , s- , ,s- p1’s - s - is-s-st the Ci ty  , -t ’  L iber ty ,  Texas .
‘Ph” l e t s - c along the r i v e r  w uL d be located from 600 to t- ,000 feet from
s-J s-~ s- mud’ ips- ,e-purpo se - s - s - s - arcs - i ’ l l ,  and was-s- id p ro tect  ar ’s- a s s - on the north and
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I south of the clty s- About 6 miles of the levees would be cs-ons t ru s- ’tccI
- by controlled spoiling of hy d i’auliicafly dred ged material from the
- multiple-purpose channel. Two pumping stations wi th capacities of
- s- iO , 000 and 150,000 gallons per minute would be provided I’s-c interior

drainage of the north and south leveed areas , respectively , during
periods of high river stages. ~tbout ~,6O acres of rights-of-way would
be rec~uired for construction of the levees and about 500 acres of
flowage easements would be required for ponding areas for interior
drainage , Relocation or alteration of 9 oil pipelines , one sewer line
and o ’ie teiphone line would be required~
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PHYSICAL EFFECTS OF THE PLAN

152. INTRODUCTION. - The physical effects of the comprehensive
plan of development were evaluated to determine the ability of all
elements of the plan to satisfy various water and related land resource
needs of the Trinity River Basin. It has been pointed out in previous
sections of this report that provision of works of i]nproveDlent for
certain needs such as land stabilization, drainage measures, irrigation
and power will be handled through existing programs, separate author-
izations or by other alternative means such as thermal-electric
generating plants for power development. The results of the
evaluation of the physical effects of the plan for satisfying the
residual needs are summarized in the paragraphs below.

153. WATER SUPPLY. - The projected water supply requirements for
the Trinity River Basin to satisfy the needs for municipal, industrial,
non-municipal use, water quality control, navigation, irrigation,
and exportation have been estimated to be 3, 11.33 million gallons per
da~r by year 2020 and 5,187 million gallons per dab’ by year 2070, as
shown in table 10.

TABLE 10

WATER REQUIRE~.ENTS
(Million Gallons Per Dab’)

Municipal : Non- : Water :
Sub-basin: and : Muni-: quality: Navi- : Irri- : E~cport(3): Total

Industrial : cipal: control: gation: gation:

Year 2020

Upper 1,513(1) 15 80(2) 0 69 0 1,677
Middle 227 3 0 0 65 0 295
Lower 340 2 0 57 222 840 i,46i

Tot al 2,080 20 80 57 3, 433

Year 2070

Upper 2,797 11 0(2) 0 69 0 2,877
Middle 435 4 0 0 6~ 0
Lover 686 1 0 57 222 840 1,806
Total 3,91B 0 57 5, 187

(1) Includes 40 MGD yield from Aubrey Reservoir for interim use as
water quality control.

(2) 80 MGD for water quality control would be converted to water supply
as the need develops.

(3) Export to the City of Houston in accordance with the provisions
of Permit 1970.
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154. The existing, under construction, and authorized reservoirs
with storage for water supply for municipal and industrial purposes
together with the importations would produce a water supply of 1,343.4
million gallons per day. The Roanoke (including modification of Grape-
vine Reservoir), Aubrey (including modification of Garza-Little Elm
Reservoir), Lakeview, and Tennessee Colony multiple-purpose reservoir
projects which are recomm ended for authorization In this report plus the
previously recommended enlargement of Lavon Reservoir would produce a
water supply of 453.1 million gallons per day. Thirteen additional
potential reservoir projects have been recommended for Inclusion In the
long-range plan of development for the Trinity River Basin primarily in
the interest of water supply. These reservoirs were formulated on the
basis of developing the surface water resources of the Trinity River Basin
to the maximum practical extent. The construction of the long-range
projects has been considered as a phase development which would be
coordinated with the needs of the basin In such a manner as to permit
timely construction to provide additional water supply as the needs
develop. The thirteen potential reservoirs would produce a water supply
of 680.4 million gallons per day . The system of reservoirs included in
the comprehensive plan together with importations would furnish a water
supply of 2 ,476.9 million gallons per day as summarized below and as
shown in table 11.

Water Supply
Reservoirs (Million gallons per day)

Existing, Under construction, Authorized 1,163,4
Importations 180.0
Previously recommended for authorization 42.7
Recommended for authorization in this report 410 4

Sub-Total 1,796.5

Potential long-range projects 680,4

Total 2 ,416.9
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TARI.Z 11

PRIMARY ~~~~~V0IR YIELDS

(aiui~ gallons per d~~)(1)

Dijier basin Middle basin Lover beam
Reservoir project I~~ort s Fsderal eon- Federal Non- : ~eders3.: Non- Total

?edaral Federal : Federal

msr .~~~ ua~~~ c~~~mucricj Aim AUI’RDSIZim

Benbrook 6.5
Gr apevine 18.1
Gs.rza-Littls El. 86.0

35.5
lIav,zro $jfle 18.1
Bsrdvefl 14.2
Bridgeport 50.14
Eagle Mtn a L ake Wort h 17.5
Weat herford o.6
Arlington 5.8
White Rock 1.9
Pornelr 58.8
Tawakoni (Iron Bridge) 176.0
Terrell 0.6
Ced*r Creek 173.2
W~xehe,chie 1.9
ri.t Creek 6.o
Livingston 670.9
Anahuae 13.14

Total ~~~~ 1 1 1  ~~~~ 1,3 63 . 6

R5~C*I(~ I~~~ FOR P~~~~AL At?l~~~ UATION IN PREVIOUSLY 5J ~ lIT1~~ RE~~~TS

Lsvcn ( enlarged ) 52.7
W..lliaviUe (5)

TOtal 42.7 62.7

RECW~~~~~ FOR P~~~~AL AL?FROR IZATION IN P1118 R~~~~1~

Lakeviev 30.6
Rosnoke.Qrspevine 23.9(2
Aubrey-Garea-Little El. 65.3 (3
Tennessee Colony

Total ~~~~~ 630.6

R~ XIS~~~~~ FOR ~~~W8I(~ XE LOIRI RA~~~ FlAIl BlIP NOP FOR AIIPHC*4 IZAIIOR AT THIS TD~~(5)

Bcy8 31.7
Richl~~ l Creek 1.69.3
Tehuac.na 56.9
Upper Ee.chl 55.3
Hurricane 17.5
Lover Keechi 25.2
Bedias 95.6
Ear~~~a 3.6.8
0.11 31.0
*iatang 25.2
Canny 25.2
Long King 35.9
Cager. R idge 98.0

Total l~7.9 
______

Tot~1 by basins ~~~~ i,t~~.1 8!Y1 2,~7b. 9

(1 Based on r c~n1encs of 19~~-1957 critical dry period iied.r 2020 conditions of ~~~sr.b d Isvs1o~~~~t .
(2 Increase y ield as a resu lt of .xchasge of storage vith Roanok..
(3 Increase yield fr~~ the A4èr.y-0.rs.-l4ttl. El. sy.ten.
(le ) Inciudad vith yield of lJ v thgston.
(5)Authorization stud1~ s viii be required to dster.in. th, extent of Federal p.rticlpstian.

___________ 4



155. Water supply from reservoirs which are existing, under
construction, authorized, and recommended for authorization in this
report together with a nominal use of ground water and return flow
would satisfy the projected demands in all segments of the basin until
about year 2000 to 2010. An additional supply of approximately 1,6)4-C
and 3,390 million gallons a day would be required to satisfy the
projected water requirements for years 2020 and 2070, respectively.
An analysis of the avai1a~le water supply in the basin from additional
reservoirs in the long range plan , ground water and return flow revealed
that the potential of these resources may be sufficiently developed
to satisfy the additional requirements of the basin to year 2070.
Unquestionably the expansion of ground water use beyond the present
72 million gallons per day, the use of return flows, and construct ion
of additional reservoirs will progressively increase throughout the
projected period of basin development. Other than to conclusively
establish the fact that ultimate water requirements will necessitate
the maximum practical development of these resources to meet in-basin
demands , no definitive basis is available to predict just when the
development of these resources would be scheduled. Also water from
alternative sources of supply in adjacent basins to the north and east
could be imported if in the future local interests or the State decided
to utilize such resources rather than to use in-basin resources.
Generally, the development and use of these water resources will progress
in consonance with changing economic conditions and areal development of
the basin and with the distrIbution , availability and quality of these
water resources.

156 . Development of the Lakeview Reservoir project would afford
a source of water supply to satisfy the immediate needs of local interests.
The water supply of 291 million gallons per day from the Tennessee Colony
Reservoir would serve a dual purpose - initially, 80 million gallons would
be used for water quality control in the upper basin and the remaining
211 million gallons per day would be available as a source of municipal
and industrial water supply for the pu ddle basin. As the need for
municipal and industrial water supply increases in the upper basin , the
entire 291 million gallons per day of the Tennessee Colony water supply
will be converted to serve these needs. It is anticipated that construc-
tion of the eight long-range reservoir projects in the middle basin would
be phased with the gradual transfer of the Tennessee Colony water supply
with construction of certain projects starting around the turn of the
century so that the demands of the middle basin may continue to be fully
satisfied. Initially the water supply from the Aubrey Reservoir would be
used in the interest of water quality control. However , as the need for
municipal and industrial water supply develops , a conversion from water
quality control to water supply for municipal and industrial use would be
made. There is no inmiediate demand for the additional water supply provided
by the Roanoke Reservoir; however, it is considered that preservation of
this project by acquisition of the land required at this time is desirable
and economically justified. The actual project would not be constructed
until the needs for the storage developed. The 13 potential projects

89

- - - - - 
S.. 

- - ____



‘ 
included in the long range plan to satisfy future requirements would be
considered for authorization after detailed investigations to determ.the
the full scope and purposes that would be justified at that time .

157. EFFECTS ON WATER c~JAIJITY. - The water quality problem in
the lower Trinity River resulting from intrusion of salt water from
the Gulf will be eliminated by construction of the Wallisville Reservoir
Project which has been recommended by a separate report . An element in
the projects recommended herein for authorization is storage space in
Tennessee Colony Reservoir and pipe line facilities from the reservoir
to the existing Benbrook Reservoir for ultimate water supply . These
facilities will be utilized initially for water quality control until
the water supply requirements develop and local interests contract to
repay the remaining costs of the facilities. The water supply storage in
the Aubrey Reservoir will also be operated initially for water quality
control under similar conditions . Projected water supply requirements
indicate full conversion of the Aubrey Reservoir storage to water supply
by about 1985, with conversion of the Tennessee Colony Reservoir and
pipe line facilities to start about 2020 . The facilities provided for
interim use for water quality control would eliminate the septic conditions
from Fort Worth to below Rosser and maintain satisfactory water quality
for a considerable period in the future. It is obvious that with the
projected development of the area and the conversion of interim water
quality control facilities to water supply, the problems of water quality
will increase. Since the water designated for interim use for quality
control is provided for ultimate water supply, no provision for equiv-
alent water quality control is required as a prerequisite for conversion
to water supply. However, it is anticipated that maintenance of a
satisfactory quality of water will be made possible by expected future
developments in increased efficiency in treatment of water pollution.

158. EFFECT OF PLAN FOR NAVIGATION . - The recommended plan includes
facIlities for barge navigation from the Houston Ship Channel in
Galveston Bay to Fort Worth , Texas .. Through the Houston Ship Channel ,
connection is afforded to the Gulf Intracoastal Waterway and the
extensive inland waterway system throughout the eastern and central
United States. The waterway would afford low-cost water transportation
to the Dallas-Fort Worth industrial complex , to the rural areas through-
out the reaches of the Trinity River Basin , and the tributary trade area
beyond the basin. Detailed investigation and studies show tha t if a
waterway presently existed, large quantities of commodities consumed
and produced in the basin would now move by barges, because of net
savings in transportation costs. The prospective vaterborne commerce is
estimated at 8,800,000 tons in 1970 and 20,000,000 tons in 2020. The
major commodities would be grain for export from the upper tributary trade
area , sand , gravel , and stone throughout the basin and manufactured
articles to and from the Dallas-Fort Worth complex . The navigation project
would accommodate the prospective waterborne commerce that would develop
to the year 2020, and is designed to permit expansion to provide greatly
Increased capacity as the prospective commerce increases to 72,000,000
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‘ 
tons in the year 2O70~ The availability of barge transportation would
accelerate expansion of the Industrial economy in the Dallas-Fort Worth
area, especially in the reach between these two cities , where existing
and proposed floodways afford extensive flood-free land for industrial
plant location. The rapidly growing Houston industrial complex would
take advantage of the water supply and water transportation and expand
eastward into the lower Trinity. In the presently retarded middle basin
the stimulus of ample water supply and flood-free conditions supplemented
by low cost barge transportation would assure realization of the potential
development of the natural resources and undoubtedly would result in
establishment of major industrial plants~

l59~ FLOOD PROTECTION. - The projects recommended for authorization
for flood protection are Lakeview and Tennessee Colony Reservoirs,
Multiple-Purpose Channel, West Fork Floodway, Elm Fork Floodway,
Dallas Floodway Extension, Duck Creek Channel Improvement, and Liberty
Local Protection project. The effect of these projects would be to
afford a high degree of flood protection along the Trinity River and
major tributaries. These projects would provide standard project
flood protection in the urban areas, greater than 100-year protection
in leveed rural areas, 6 to 10 year protection in the unleyeed rural
areas above Tennessee Colony, and 60 to 90 year protection in the
unleveed rural area below Tennessee Colony. In addition, the multiple-
purpose channel would provide channel capacities consistent with a
sound flood control regulation plan that would permit evacuation of
flood control storage in existing and proposed reservoir projects in
a period of 30 to 40 days and constitutes a fundamental and inseparable
part of the reservoir system. The reduction in peak discharges of
the proposed flood control improvements at various locations along
the Trinity River for the floods of April-July 1942, February-May
1945, and April-July 1957 are shown in table 12 The modified
discharges include the effects of all projects cited above plus
the effects of the continuing program of the Soil Conservation Service.
There are no flood reduction effects credited to the proposed Aubrey
and Roanoke Reservoirs since the flood control impoundments in these
projects are on an exchange of storage basis for additional water
supply storage in the existing Garza-Little Elm and Grapevine Reservoirs .

a

91

‘
I

.~~ ~~~~~~~~~~ 
- - - -.~ - ________________________ - A



7 TABLE 12

FLOOD CONTROL EFFECTS OF THE PLAN

Peak discharges (cfs )
Modified : : Modified by
by exist-: Proposed : projects

D:tte of flood : Actual Ing & : channel :recommended
and location : :authorized: capacities :for author-

:facllities: : ization

Flood of AprIl—July 1942

W . Fork Trinity R. at
Fort Worth 23,700 16,400 95,000(1) 13,200

Trinity River at Dallas 111,000 53,000 226,000(2) 48,000
Trinity River at Rosser 133,000 93,000 32,000 82,300
Trinity River at Oakwood 153,000 93,500 45,000 35,000
Trinity R. at Riverside 121,000 74,700 45,000 35,000
Trinity R. at Rc~ayor 111,000 69,600 45, 000 36 ,500

Flood of Feb-May 1945

W . Fork Trinity R. at
Fort Worth 31,200 15,600 95,000(1) 14.900

Trir.ity River at Dallas 52,900 35,600 226,000(2) 26,200
Trinity River at Rosser 66,600 53,200 32,000 44,500
Trinity R. at Oakwood 140,000 123,000 45,000 35,000
Trinity R. at Riverside 116,000 103,800 45,000 36,000
Trinity R. at Romayor 106 , 000 93.000 45, 000 38,000

Flood of April-July 1957

W. Fork Trinity R. at
Fort Worth 58,800(3) 26,800 95,000(1) 15,100

Trinity River aL !~~11A$ 222,000(3) 75,300 226,000(2) 54,000
Trinity River at Rosser 142,000(3) 56,000 32 ,000 29,800
Trini ty R. at Oakwood 137,100(3) 81,300 45, 000 27 ,300
Trinity R. at Riverside 130,500(3) 91,000 45,000 29,300
Trinity R. at Romayor 125,900(3) 89,000 45,000 23,500

(I) Fort Worth Floodway capacity .
(2) Dallas Floodway capacity.
(3) Estimated actual discharge without effects of existing Corps of

Engineers Reservoirs .

a
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160. OTHER WYSICAL EFFECTS OF PLAN. - The recreational and fish
arid wildlife facilities proposed for development in the reservoirs
and the Multiple Purpose Channel would provide recreation opportunities
for a total of 25,200,000 visitors annually. Of this total visitation,
about 16.4 million visitors are expected to participate in general
recreation activities and 8.8 million visitors in fishing and hunting.
The estimated annual visitation at existing, authorized and previously
recommended Corps of Engineers reservoir projects is 22 ,800,000 .
This visitation together with the 25, 200 ,000 annual visitation at the
projects recommended in this report totals 48,000,000 which is about
60% of the recreation demand for the basin by year 2070. All of the
project areas , both water-surface and dry lands, would be available
to the public for recreational and fish and wildlife purposes except
for the area in the Tennessee Colony Reservoir recommended as a wild-
life refuge by the Bureau of Sport Fisheries and Wildlife . The
Bureau proposes to manage the refuge to provide controlled public
hunting and fishing at periods when these activities would not
interfere with wildlife conservation management.

_ _ _ _ _ _ _ _ _ _ _ _  - — 
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ECONOMIC EVALUATION OF PROJECTS RECOMMENDED
FOR ATJTt’HORIZATION

161. GENERAL. - Economi c evaluations were made of projects
recommended for authorization at this time. The projects were
appraised to assure that: (a) project benefits exceed costs; (b) each
separable unit or purpose provides benefits at least equal to its cost;
(c) each element of the plan provides the maximum net benefits con-
sistent with development of a balanced plan; and (d) there is no
more economical means, evaluated on a comparable basis, of accomplishing
the same purpose or purposes. The project costs and. benefits were
estimated on the basis of January 1962 price level.

162. COSTS. - The first costs comprise all initial expenditures
for physical construction of the project, including lands and damages,
relocations, reservoir clearing, engineering and. design, and supervision
and ad.ministration. The first costs and annual charges for all projects
recommended for authorization are shown in table 13. The annual charges
include interest arid amortization of the investment at a Federal interest
rate of 2-7/8 percent and a non-Federal interest rate of 3 percent for
a 100-year period, operation and maintenance charges, and. annual
equivalent cost of major replacements.

163. BENEFITS. - Benefits which would accrue from the projects
recommended for authorization have been estimated on the basis of a
useful project life of 100 years. The benefits which are expected to
accrue from future flood plain development, future use of water supplies,
and future savings in transportation costs have been reduced to an
average annual equivalent value by compound interest methods . The
estimates of average annual benefits for the projects recommended for
authorization are described below and are shown in table 13 by projects
arid purposes.

164. Reduction in flood dama~es. - The average annual benefits for
flood damage reduction accruing to the various projects were determined
by use of discharge-damage and discharge-frequency relations with
allowances to reflect: (1) economic trends and future development in the
flood plain during the period 1970 to 2070 and (2) the effects of exist-
ing, under-construction, authorized and. previously recommended flood
control works. On this basis the average annual damages of $15,430,000
would be reduced by the recommended projects to $1,060,000 for a
benefit of $14,370,000. Additional average annual benefits in the
amount of $331,000 would also accrue to the plan from the increased net
return from a higher order of use of flood plain lands. The total
average annual flood-control benefits resulting from the projects
recommended for authorization are $14,701,000.
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165. Water supply and water quality control. - Benefits for
supplies of water were computed on the basis of the cost of providing
the same quantity and quality of water by the cheapest alternative
means. The estimated cost of the alternative means was based on
non-Federal financing and interest rates for existing private and
publicly owned projects. The benefits credited to the four reservoir
projects which contain conservation storage (water supply and water
quality control), were based on the cost of the most economical
alternative single-purpose conservation facilities, including the
pipeline from Tennessee Colony and amount to $8,266,000.

166 . Navigation. - The multiple-purpose channel would develop
navigation benefits from a savings in transportation cost of the
prospective commerce between the Houston Ship Channel and. Fort Worth.
The survey of prospective barge commerce on the wat erway indicated a
total potential of about 6.9 million tons in 1958, which would increase
to 22.9 million tons in 2020 and. about 72.1 million tons in 2070. How-
ever, the operating capacity of the system of locks for handling vessel
traffic would limit total commerce on the waterway to about 20 million
tons annually. It is estimated that this volume would be reached in the
year 2015 and benefits were computed on total annual commerce of 20
million tons for each year thereafter to the year 2070. Gross average
annual equivalent benefits from savings in transportation costs were
estimated at $27,074,000 annually for the period of analysis 1970-2070.
However, increased operating costs would be incurred by vehicular
traffic using the high-level fixed bridges crossing the navigation
channel and a benefit would accrue to the project from the advance
replacement of the reconstructed bridges. The costs to vehicular
traffic were estimated and reduced to an average annual equivalent
value of $323,000. The average annual equivalent benefit from advance
replacement of existing bridges was estimated at $202,000. The net
annual benefit from the navigation project is estimated at $26,953,000.

167. Recreation. - Benefits for general recreation were computed
on the basis of estimated annual attendance at each project locality,
using a unit value per visitor-day . A weighted average value of $0.50
per visitor-day was applied equally to all projects for a variety of
general recreational activities including picnicking, swimning, boating,
camping, sightseeing, nature study, and other outdoor pursuits. The
total general recreational benefits for all projects were estimated
at $6,200,000.

168. Fish and wildlife. - Benefits for fish and wildlife were
computed on the basis of estimated annual attendance at each project
locality using a constant unit value per visitor-day. A value of
$1.00 per visitor-day was applied equally to all projects for the
sports hunting and fishing afforded by the projects. Although it is
recognized that the projects would, have additional value as commercial
fisheries and for fish and wildlife conservation purposes, a specific
benefit has not been evaluated. Fish arid wildlife benefits In the
amount of $6,300,000 will accrue to the projects recommended for
authorizat ion.
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169. ECONOMIC JUSTIFICATION. - Estimates of annual charges and
benefits and ratios of benefits to costs in table 13 show that the
annual benefits would exceed the annual costs for the projects
considered individually and as a system~

170. Intangible benefits. - The projects recommended for
authorization have been justified entirely by monetary benefits. These
projects would also provide important intangible benefits in economic
and social terms to the Trinity River Basin, the state of Texas, the
Region and the Nation The recommended projects would significantly
increase the economic efficiency of the basin and the adjacent areas.
Unemployment would be appreciably alleviated in certain areas, partic-
ularly in the middle basin of the Trinity where small areas of chronic
unemployment exists. Also under utilization of resources in a large
segment of the middle basin would be activated and developed, and
stabilization of production and personal income and quality of work
and services would be greatly improveth The flood control effects of
the projects would reduce the threat to lives and stabilize the economy
of the areas subject to flood and adjacent areas. Water quality control
features would greatly improve the health and general welfare of the
people, the recreation and fish and wildlife aspect of the projects
would make an important contribution to the social well being of a
large segment of the population . The water supply and navigation
features of the recommended projects would directly stimulate the
economy of the Trinity River Basin and large areas adjacent thereto.
These intangible benefits have not been evaluated in monetary terms.
However, the effect of intangible benefits were carried to the point
where it was apparent that their inclusion would not make any new
project eligible for recommendation for authorization . These studies
were advanced, however , to the point where it was clearly evident
that these intangible benefi ts are of major significance and would
add materially to justification of the projects recommended for
authorization .
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COST AIJ~)CATTON AND AP~ )RTION~~ NT

171. COST ALlOCATION TO PROJ}~CT Rfl~R)SES. - Cost allocations for
m u ] t  ~p 1” - • uroone pro .~er ~ts were made to determine the equitable distri-

~t.t i~ n of th”  costn to each project purpose. All reservoir project costs
w~ re allocatnd b’, th separable costs-remaining benefits method using an
‘m~r 

j~~at  ion period of 100 yearii~ and an interest rate of 2-7/8 percent.p~ ec ’ ~osts for Au nre,v and Roanoke Reservoirs were not considered
a J ~-a”~e to flood control but rather to water supply and recreation -

fish jna wildl y’ s.r~ c an exchange of equivalent storage for flood
n.’~ r d .  wi~: made setween Aubrey and Garza-Little Elm and Roanoke and

Crn ,-4v-: ne pro , erts. Allocation of total costs of Aubrey and Roanoke
B s ~ r~oirs . inc ’ucin. modifi at.ions and add~t~~nc of recreatior. and

and .-.‘ lc.life facilities in Carza-Little Elm and Grapevine , were made
y’ s .~~r i H~ -~os s- rem.a in~ ng benefits method for the purposes of water

~~~~~ ~~~ recrea ~n - fish and wildlife . The cos ts allocated in this

~~n:.”r jThr the fo~ i reservoir projects are sumxnarized in table 14. Al-
;n tn” ~‘~

‘ l~~ :LP ~ rp )ze Ln~nne] was formulated by the Incremental

~ cos~ allo~~ :on between purposes was made by allocating all
~~~ 

j 4~~~ costs to purposes served with the remaining joint costs distri-
. .t i.o flood or~’ rol and navi~a~ ion purposes on a fair share basis in

~r .xr ’lor. to ‘n”ir yfl (fjt s .  OnJ :/  specific costs were allocated to
r .’rat r - fish and wildl I fe features of the multiple-purpose channel.

‘
~~~~~ lo al nro’r’-iion projects were solely for flood control, no

cos’ ‘~~loe-~ n wa~ nee~ssar’ . Fi re 29 graphically shows the distri-

~r. r ~ . t purposes I the  total cost of all of the projects
r~ -

~~~~ ‘ ncr C: b r  au :.or~ C- at ,  r~r. in t:~ is report.
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172. APPORTIONMENT OF COSTS AMONG INTERESTS . - The appo rtionment
between Federal and non-Federal interests of construction costs and
annual operation, maintenance, and replacement costs Is shown in
table 15. Existing laws, policies, and procedures for apportionment of
costs of public works among the various users, interests, and agencies
that will contribute to the cost of the project differ with project
purposes, types of development, and beneficiaries. The apportionment of
costs is discussed In the following paragraphs.

173. Flood control. - Costs allocated to flood control are
apportioned between Federal and non-Federal Interests in accordance
with the general policy given in the Flood Control Act of 1936 (Public
Law 738, 74th Congress), as subsequently amended. All costs allocated to
flood control features of the reservoirs and multiple-purpose channel are
apportioned to the Federal Government because of the widespread and
general benefits associated with the flood control effects of these
projects and because the channel Is a necessary and inseparable adjunct
to the reservoirs for efficient and effective flood-control regulation.
Costs for the local flood protection projects are assigned to the Federal
Government except for the costs of lands, easements , rights-of-way and
relocations (excluding railroads) and the annual operation, maintenance,
and replacement costs , all of which are the responsibility of local
interests.

174 . Navigation. - Costs allocated to navigation are apportioned
between Federal and non-Federal Interests in accordance with Congressional
policies expressed in legislation applicable to projects for general
navigation. The Federal Government will bear the construction costs
associated with navigation in the multiple-purpose channel, including
navigation locks and dams and construction of bridges In new land cuts.
The costs of bridge alterations over existing channeic will be apportioned
between Federal and non-Federal interests in accordance with the principles
of Section 6 of the Bridge Alteration Act (Truman-Hobbs) of June 21, 1940,
as amended. Non-Federal interests will bear a fair share of the costs of
all lands, easements, rights-of-way and relocations (except bridges) for
the multiple-purpose channel allocated in proportion to the benefits
credited to the various purposes. The costs of maintenance dredging of
the channel and operation and maintenance of th. locks and dams will be
borne by the Federal Government, The costs 01 -~peration and maintenance
of all bridges are the responsibility of non-Federal interests.

175. Water supply and water quality control. - Costs allocated to
storage for water quality control have been apportioned to the Federal
Government, in accordance with the Water Pollution Control Act of 1948,
as amended. All costs allocated to water supply for municipal and
Industrial uses are the responsibility of non-Federal interests, In
accordance with the provisions of the Water Supply Act of 1958, (Public
Law 500 , 85th Congress), as amended. The provision for water supply
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Includes both that needed for immediate use (present demand storage) and
for future use (future demand storage). Payment of first costs allocated
to present demand storage will be made by non-Federal interests starting
at the time water is available for delivery and payment of costs incurred
for future demand storage need not be made by non -Federal interests
until use is initiated. No interest will be charged on the investment
costs for future water supply until use is initiated, but such interest-
free period shall not exceed ten years. Operation and maintenance costs
associated with the water supply for municipal and industrial uses are
apportioned to local interests.

176. Recreation-fish and wildlife. - Recreation-fish and wildlife
encompasses both general recreation and fish and wildlife recreation,
which are considered to be project purposes of the recommended projects
and which is in consonance with Senate Document 97, 87th Congress ,
2d Session. Costs allocated to recreation-fish and wildlife are
recommended as a Federal cost since the allocated costs for recreation-
fish and wildlife for each project in the recommended plan fall within
the criteria established ‘by the Chief of Engineers that Federal costs
include all specific costs plus joint costs not to exceed 25 percent
of the total project cost.
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LOCAL COOPERATION

177 . PROPOSED LOCAL COOPERATION. - The projects recommended for
authorization for the Trinity River Basin include a multiple-purpose
channel , four multiple-purpose reservoirs , and five local flood pro-
tec t ion  projects .  The proposed requirement s of local cooperat ion are
discussed In t he subsequent paragraphs.

178. Multiple-Purpose Channel, - The proposed requirements of
local cooperation for the Multiple-Purpose Channel are as follows:

a. Provide the share apportioned to navigation of the
actual cost to the United States for all lands , easements , and rights-
of-way, required for construction and subsequent maintenance of the
project and for aids to navigation upon request of the Chief of Engineers,
including suitable areas determined by the Chief of Engineers to be
required in the general public interest for initial and subsequent
disposal of spoil;

b. Hold and save the United States free from damages due
to construction of works for navigation and from damages to real estate
(land and improvements) resulting from dredging, changes in ground water
level and wave action caused by operation and maintenance of the project;

c. Provide a proportionate share of the cost of bridge
alterations over existing channels in accordance with the principles
of Sec. 6 of the Bridge Alteration Act (Truman-Hobbs) of June 21,
19140, as amended;

d. Assume all obligations , owning , maintaining and operating
all railway and highway bridges altered or constructed as part of the
multiple-purpose channel project , with such obligation for each bridge
to be assumed by local Interests upon final completion of alteration or
construction of that bridge;

e. Provide and maintain at local expense adequat e public
terminal and transfer facilities open to all on equal terms; provide
and maintain without cost to the United States depths in berthing
areas and local access channels serving the navigation channel
commensurate with the depths provided in the related areas;

f. Provide the share apportioned to navigation of the
actual cost to the United States for alterations of sewer, water supply,
drainage, pipeline, az-id other utility facilities;

-: g. Obtain without cost to the United States any water rights
that may be found necessary for operation of the project in the interest
of navigation; and
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h. Provide a cash contribution of 5.58 percent of’ the
actual Federal cost of construction which includes items (a), Cc),
and (f) above. The cash contribution apportioned to local interests
is currently estimated at $31,709,000.

179. Reservoirs. - The proposed requirements of local cooperation
for the multiple-purpose reservoirs are as follows:

a. Provide the share of the cost of the reservoirs allocated
to municipal and industrial water supply in accordance with the
provisions of the 1958 Water Supply Act , as amended. These costs for
each reservoir are currently estimated as follows:

Cost (in thousands of dollars)
Reservoir’ Construction Annual O&M

Lakeview l!~,960 77

Roanoke-Grapevine 114,997 142

Aubrey-Garza-L±ttle Elm (1) lh,36l 147

Tennessee Colony (i) 29,679 281

(1) Excludes cost allocated to water quality control during interim use

b. Obtain without cost to the United States all water
rights necessary for operation of the project in the interest of
water supply.

180. Local flood protection projects. - The projects recommended
for authorization also include as local flood protection projects
the West Fork Floodway; Elm Fork Floodway ; Dallas Floodway Extension;
Liberty Local Protection Project; and Duck Creek channel. The require-
ments of local cooperation for participation in these works of improvement
except for ,the channel portion of the West Fork Floodway, Elm Fork
Floodway, and Dallas Floodway Extension projects are as follows:

a. Provide without cost to the United States all lands ,
easements, and rights-of-way necessary for construction , maintenance
and operation of the projects;

b. Provide without cost to the United States all relocations
of buildings and utilities, bridges (except railroad), sewers, pipelines,
and any other alterations of existing improvements which may be required
for the construction of the project;
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c. Provide assurances that encroachment on improved chamiels
and floodways or ponding areas will  not be permitted , and tha ’., if
ponding areas and capacities are impaired , subs t i tu te  storage capacity
or equivalent pumping capacity will be provided promptly w Yh - 1o cost
to the United States;

d. Hold and save the United States free f rom in r~~c-G ~ue
to the constru.~t -io n works;

e- Maintain and operate all w rks af ter  c-ompi et i - n  in
acc ordance w :t h  regulat ions pr escribed by the Secretary of the Arn~’;

f .  Agree to publici:e flood plain information in the
community az-id area concerned and to Drovlde this information to
zoning and other regulatory agencies and public information media
for their  guidance and appropriate action.

181. LOCAL COOPERATION OFFERED. - The President of the Trinity
Improvement Association and Chairman of the Executive Committee of
the Trinity River Authority of Texas by letters dated October 2,1961
and August 9, 1962 , and Informal discussion, has stated that it is
the intent of these organizations to sponsor the projects recommended
for authorization in this report and to undertake to comply singularly
or jointly on items of cooperation required of local interests.

1 
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COORDINATION WITH OTHER AGENCIES

182. INI TIATION OF S’IUDIES~ - The study on the Trinity River
Basin was initiated during the fall of 1957. The regional offices of
other interested Federal agencies and the State of Texas were advised
of this action by letter dated November 20, 1957. In response to the
letter, the Federal agencies , in general, indicated an interest in
the study , offered information on available basic and general data,
and requested that copies of the report be submitted for field-level
review and comment.

183. U. S. PUBLIC IEA.LTH SERVICE. - Estimates of the water
supply needs and values for various purposes have been coordinated
with the Public Health Service On the basis of this coordination,
the Public Health Service prepared a report presenting its determinations
of the value of additional water supply that would result from construc-
tion of the Lakeview, Tennessee Colony, Roanoke, and Aubrey Reservoirs;
results of water quality studies; problems concerning, and need for,
pollution abatement ; and water requirements for years 2020 and 2070.
This report has been included as a part of Appendix II.

184. BUREAU OF SPORT FISHERIES AND WI LDLIFE. - The Bureau of
Sport Fisheries and Wildlife, U. S. Department of the Interior, was
consulted regarding the fish and wildlife aspects of the recommended
plan of develo~znent. The Bureau, in cooperation with the Bureau of
Commercial Fisheries and the Texas Game and Fish Co~ nlssion, prepared
a report on the fish and wildlife aspects of the Lakeview and Tennessee
Colony Reservoirs and the multiple-purpose channel. In accordance with
the recommendations made in the report by the Bureau of Sport Fisheries
and Wildlife, provisions have been incorporated in the plan for the
Tennessee Colony Reservoir for developnent of a wildlife refuge. This
agency report has been included as part of Appendix V.

185. NATIONAL PARK SERVICE. - The National Park Service , Department
of the Interior, was requested to evaluate the recreational aspects and
potentialities of the recommended Lakeview and Tennessee Colony Reservoirs
and the multiple-purpose channel. A representative of the National Park
Service prepared a report which contained an appraisal of the recreational
potential and estimated monetary evaluation of the recreational benefits ,
which has been included as a part of Appendix V.

186. U. S. BUREAU OF RECLAMATION . - The Bureau of Reclamation,
Department of the Interior , was consulted during the progress of the
report studies to determine if there was a need and justification for
the inclusion of irrigation storage space as a Federal purpose in any
of the recommended reservoir projects in the Trinity River Basin.
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$ Studies by the Bureau revealed that lands suited for irrigation can
best be developed by Individual land owners rather than by project-
type facilities. Therefore, the reservoir projects recommended for
authorization do not provide any storage space specifically allocated
for irrigation purposes. The Bureau also has underway an investi-
gation entitled , “Texas Basin Project,” dealing with the water
resources of the Texas streams that flow into the Gulf of Mexico. In
this connection, consideration is being given to a system of canals,
natural channels and appurtenant control structures to serve as a
system for conveyance of water southwesterly along the Gulf Coast to
water deficient areas - A storage reservoir on the lower Trinity
River is indicated as a part of the Bureau plan. An analysis of the
projected water require ents for the Trinity River Basin and of
measures recommended t~ satisfy these requirements , as developed in this
report, discloses that water for that purpose would not be available for
export from the basin.

187 . U . S. SOIL CONSERVATI ON SERVICE . - During investigation for
this report and the report prepared for the U. S. Study Commission -
Texas , numerous conferences were he ld which involved members of the
Fort Worth and Galveston Districts and members of the Soil Conservation
Service. Many problems associated with hydrology, hydraulics,
economics, drainage, design, integrated river basin planning, and other
related items were discussed Engineering data made available as a
result of these conferences generally served as the basis for an
integrated and complementary plan of water resources development for
the Trini ty River Basin

188. FEDERAL POWER COMMISSION . - The Fort Worth regional office
of the Federal Power Co~mnission was requested to prepare estimates of
power and energy values for the potential development of hydroelectric
power at the Lakeview and Tennessee Colony Reservoir projects , based
on January 1962 price levels~ These values were used in studies to
determine the economic jus t i f ica t ion for including hydroelectric power
as a specific purpose in these projects .

189 . BUREAU OF PUBLIC ROADS AND TEXAS HIGHWAY DEPARTMENT . -
The Bureau of Public Roads and the Texas Highway Department were contacted
during the progress of the stud y so tha t the future plans of these agencies
may be fully integrated into the overall comprehensive plan of development.
All highway relocations and related activities in the plan of development
have been accomplished generally in accordance with the policies and
procedures of the Bureau of Public Roads and the Texas Highway Department.

190. TEXAS WATER COMMISSION - During the Investigation for this
report and the’ report prepared for the U . S Study Conmiission - Texas,
many conferences and Informal discussions were held with various repre-
sentatives of the Texas Water Commission - Basic data, agency procedures,
project formulation , coordination of the Corps of Engineers ’ plan with
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that developed by the Conmucsion :v :1 the Triri~.y River Authority ,
and many other enginee r~n~; and poitcy nv i t t er s  we re flscussed Engineer-
ing da ta compi led and re ports publl~ hn~1 by the Commission were used in
connection wi th  the bas in  s tud ies

191 U. S. STUDY COMMISS ON - P’i )(AS . - In the process of develop-
ing the report of the ~J S. Stuly Comm ac3i on  - Te xas sepa rate plans f or
each of the eigh t basins were prepared for incorpo rat ion into an
integrated overall plan for the er it i r .~ -:r-~a The Corps of Engineers
was assigned the formulation of p r e l i m i r~ri ry plans for four of the
basins inc lud ing  the T r i n i t y  Ri ’~er In  the development of these plans
for the Comrnssion certain basic hy d r -lo~~. c , economic, and other data
were computed by the U S Bureau of b-- ’ lamation , Soil Conservation
Service , other Federal agencies , and State agencies Much of the data
prepared for the U S. S tudy  Commi ssiori  - Texas has been used by the
Corps of Eng ineers in the develnprnen~ of the comprehensive plan for the
Trinity River Basin The propnsed T’-~ ‘ i ’ v  P ive r Basin plan is in  full
consonance with the U S~ Study Commission - Texas plan

192 REVIEW OF RE FORT B( OTifEF A~~ N~ IE S Copie s of this  report
have been forwarded to the lntereste-1 Feceral agencies at field level
and the Texas Water Commission for the i r  prelimi nary views and comments.
Letters from these agencies containing their comments and replies where
appropriate are pre sented in Appendix V I U  of t h i s  report . The comments
are summarized b r i e f ly  i n  t h r  loLl  ~in ~ n - i epa ragra phs

a. U S Public Health ~~- r v l se - The Public Health Service,
by letter dated August 1j, ~~~~~~~~~~ ~tu~c-d ‘.hat m i n o r  incons is tenc ies
between data contained in the C orps re port and their report which Is
included as Exhibit I, Appendix U , hal been resolved and offered no
further comment-

b. Bureau of Sport F i . ~ie r ie- ~ uni tjildlife , - The comments
of the Corps of Engineers on tn~ rcccmm~-rdaticri s contained in the
Bureau of Sport Fisheries and Wi i-i.l ife report are contained in Appendix V.
The Bureau of Sport Fisherie: and ~il-fl i fe, by letter dated August 3,
1962, expressed their disappoi r.trnent wi’h our decision that the proposal
for a national wildlife refuge ~-~ - .u l- i b~- considered separate ly from the
reservoir project. btudles have ~ho-.rL that the refuge as proposed by the . I

Bureau of Sport Fisheries and Wi1d1~ f s a separable economic component
which could be inc luded or exciuth- -1 V r’~m the overall development without
affecting the justification of .h’-

~ ~~~~ purposes of the reservoir and
it was concluded that the Fish and WI !‘ilife Service and the Department
of the Interior would be the agencies re~ rons1bLe for providing necessary
detail and specific technical support for ti-ic refuge, as may be necessary.
The Bureau of Sport Fisheries and Wildlife stated tha t they stand ready
to support the proposal before CongreEs or at such times and places as
are appropriate -. The Bureau also roted ~‘ wide variance between the fish
and wildlife benefits estimated by them and the Corps of Engineers
The Corps estimates of benefit ; are based on experienced visitor use at
comparable operating Corps reservoirs th-cughout the area and are con -
sidered conservative - In developing ‘-he estimates, consideration was
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given to present population density, predicated population increases
during project life, and competition to be satisfied from existing
and other proposed reservoirs.

c. National Park Service.. - The National Park Service , by
letter dated August 3, 1962, stated that they had reviewed the report
and had no comment..

d . U. S. Bureau of Reclamation,. - The Bureau of Reclamation ,
by letter dated August 17, l9~ 2. stated that the report is of interest
in connection with their Texas Basin Project Study and that they had no
con~nents to offer at field level .

e. U. S. Soil Conservation Service-. - By letter dated
August 13, 1962, the Soil Conservation Service proposed certain cozmnents
and revisions which have been included in the report. The SoIl Conserva-
tion Service stated that with consideration of their commer~~ , they felt
that the treatment of agricultural phases and recognition of Soil
Conservation Service programs , together with coordination of activities
of our respective agencies, was presented adequately in the report.

f. Federal Power Commission . The Federal Power Commission
by letter dated August 16, l~~ 2, expressed their opinion that facilities
for generation of power should not be recommended at this time at any of
the projects proposed.. However, they further stated that powe r poten-
tialities in the Tennessee Colony Project should be restudied during
preconstruction planning -

g. Bureau of Public Roads - The Bureau of Public  Roads in
their letter dated July 30, l9~~~ stated that the basic regulaLoris of
the Bureau will not permit the use of Federal-aid highway funds to
relieve local interests of their obligations concerning highway and
bridge relocations and alterations incurred as a result of construction
of the recommended projects.-

h. Bureau of Mines.. - The comments by the Bureau of Mines in
their letter dated August 20, 1962, were that it does not object to
Federal authorization for the recommended projects provided that mineral
resources and mineral producing and handling facilities are protected
for continued operation and development-

I. U. S. Geological Survey. - The U ..-~ S Geological Survey,
by letter dated August 29, 1962, stated that the comprehensive report
an ticipates major future water use and water control needs and offered
no objection to the projects proposed in the report

j. Southwestern Power Administration. - By letter dated
August 29, 1962, the Southwestern Power Administration stated that a
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review of the pertinent portions of the report indicate that the
interests of the Administration would not be affected by the proposed
improvements.

k. Texas Water Commission. - The Coiwnission furnished
co ients on the draft of the report and two conferences were held
with staff personnel of the Commission and the Corps of Engineers to
consider various aspects of the report. Subsequent revisions have
been made in the report as a result of these considerations. Ir their
letter of September 11, 1962, the Commission concluded to withhold
Its formal comments pending the put.Lic hearing to be held in accordance
with Article 71472e, Vernon ’s Civil Statutes of Texas.
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193. DT SC JS SIIU . — l’~ie econ m~ o sit uat I ~n in the Tr i n i t y  River
Basi n -c~ o be described as a V o~ - n o s , expanding business and n dos t r i  al
complex in he upper porti n of the basin and in the area along the
Gulf coast that compares favorable w I t h  other urbanized areas of eqoal

ze in the United States. In t.h” ro-rna.n :ng portions of he bas~n
the cppos~ te exists with the generally o ’ - ’ Jtural economy either
s’.ationary or declining . The areas of vigorous growt h are expected to
--ontinue to ~c~r w. The rema :ning areas have a vast po,ential for economic
growt h that requ:res only the -c -ntru j of freq-oent tong duration floods ,
‘he provisinn - f  regulated water ;onp iies , and a water tr-ansportat ion
system.

l9~ . The comprehensive pThn of -Ie ’:e L:prnent for the woter and
related land resources of the Pr in~ ty Ri-m r Basin gives full recogni-
tion cf the needs that must be satasfied to provide unimpeded develop-
ment in the upper basin and coas ta l area - uid to st imulate the great
economic development that is poss ible in the middle and lower basins.
Basic in any planning is the schedcling of projects for orderly
development of an area, and it became evident early in the studies
that a flood control channel was required now as a basic part of the
established flood control prog ram of reservoirs and floodway s , as well
as f~r any new flood control, projects. It also became apparent that
modification of this channel o pa-ovide water navigation was practical
and vital to the economic development of the basin and the reg I on . In
addition to the multiple-purpose channel , immediate needs and jus t i f ica-
t ion  were found for the development of additional fac~1ities for floodcontrol , water supply, water quality ,~-cntrol. recreation and fish and
wildlif e. This led to the development of the projects  recommended for
authorization, all of which are integral  parts of ~he comprehensive plan
and are economi cally just i f ied individually and as a System. The
magnitude of the resources of the T r in i t y  River  Basin in  relation to
the immediat e and long-range needs of the area was not conducive to
alternat ive plans of in-basin development If max imum pract ica l  satis-

• faction of all of the needs were t -  be met.

195 . The projected water supply to satisfy the needs by the year
2070 for municipal and industrial use , non-municipal use , w a t er  quality
cont r ol, navigation , irr igation , and Including exportation to the

City of Houston would require the full development of the water resources
of the basin. The plan for development of the water resources was
formulated to operate within the framework of permits issued by the
Texas Water Coim-n issi~ n to local ~nternsts and permit 1970 granted
jointly to the City of Houston and the Trinity River  Authority. Studies
showed that additional supplies from surface water resources obtained
by the development of the four reservoirs recommended for authorization
in this report and the phased development of the thirteen long—range
reservoir pro jec ts  together wi th the maxImum practical development of
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ground water, and the use of retuirn flow would be required to satisfy
fully the projected water supply needs of the basin by 2070 - Studies
also revealed that the Tennessee Colony and Aubrey Reservoirs could
be scheduled for construction , so that interim use of the water supply
could be made to satisfy immediate and near future water quality
requirements to eliminate the septic conditions in the Trinity River
from Fort Worth to below Bosser Accordingly, pipe line facilities
from the Tennessee Colony Reservoir to the existing Benbrook Reservoir
were provided and a yield of 80 million gallons of water per day from
Tennessee Colony anu ~0 mi llion gallons of water per day from Aubrey
Reservoir would be utilized initially for water quality control. The
pipe line facilities and reservoir storage used for water quality
control would be converted to fulfill municipal and industrial water
needs as they develop and local interests contract to repay the re-
maining costs of the facilities - The facilities utilized on an interim
basis for water quality control are provided to satisfy ultimate water
supply requirements and conversion to this purpose places no obligation
on those contracting for the facilities to provide replacement water
quality contro L measures Prior to construction of Aubrey Reservoir
(including modification of Garza-Little Elm), arrangements for operation
and future conversion of these projects would be made with the cities
of Dallas and Denton which have contracts with the United States for
existing conservation storage in Garza-Little Elm Reservoir and hold
permits from the State of Texas for the water use Wi th respect to
water quality it is anticipated that as conversion is made to water
supply the maintenance of a good quality of water will be made pos~~ole
by expected future developments in increased efficiency in treatment
of water pollution .

196 In the formulation of the plan for meeting the water supply
demands in the basin , it was recognized that the people who will
ultimately require additional water resources may prefer to import
water rather than to develop in-basar . resources such as ground water
and return flow In such a situation the available water resources
within the basin may not be fully utilized. Importation of water from
other areas would not alter the need for or the economic justification of
the projects recommended for authorization in this report. As the
needs arise in the future , studies can be made to determine the best
solution of the several alternatives then existing .

197. The navigation features of the multiple -purpose channel
were designed to accomn~ date efficiently the size and type of equip-
ment expected to carry the prospective commerce on the waterway during
the limnediately foreseeable future The water requirements necessary
to operate the navigation facilities would be satisfied by return
flows and existing navigation storage and no additional storage is
required for this purpose On the basis of the projected increases
in commerce and on the expected pattern of distribution of the
commodities and movements of tows, It was found that the capacity
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of the locks in the reach , rr’nie l1a ’ ’ - ~ y be ’i w Dallas w’ - u l ~ be reached
V by he t ’xp o .- t e d  t r a f f :  —r ii he y~- e ci 15. Cons - h-cab .e - n -cease in the

cac:-y ’in~; capacity of the wa #‘cwuy , t- .- , cou ld be : - ea1  ized by
cea:’~- rmg ’m’ ’n of t -v . being locked t i n  gb the r e st r I c t iv e  i— ,ek~ and by
some res ri r t i  -n n nc c-’ernen cf  pi’vts’tre -craf’- The waterway nay : -
-a i ‘n f - a r  i~ I ties wene found to be ‘‘ - - ~n .rn:cai i~ i:Y-ified -at. t h i s  t. me
n .ho f - a :  .‘; o f r eaching a max imum (-apaH ty t nnon gh the  year 2020.

F’uc t . a .cr in u- ace n opa:ity could be obtained by c nstr-i:tion of addi-
t !ona . le-~ks and eventual ly by w : r c - r ,  .rc - ‘rd th e  channtu .  Since the
in i tI a l development was f-c:nd to be econ :mically justitced as a un it
en-i on the basis of ’  ‘he pro , iect .i -ns of c-- rrcneco ’~, enlargement wosid not
be nec-led -an 11 2020 , there is no ,tostif i~- ati-~n in the public in teres t
f - c  ‘ flsf ru-c t :n a l-’ic~~’: v - u t ’ - :  way at this t I rrie . However , t h e  plan
coo xnrnende I here In is den Igne i sc torn en largement of the waterway to
a - m m - i a ’ n the p a -oj e-c ’.ed ‘ rrn€ ’ . an U. - p rey I dod as the need arises
an.l he c r - st  of  the cii leo w rko is fr -md , - . st i f : ed .

- p a t t e r n  - f  o - - n  rn - u- w ’ t i n he area of tne Roanoke
1 : - n e c :  -ir lit i i  ~a ’- “s ‘ flat o x - nc ye - 10 -f - r d  pmerit. can be expected to
ui~~- p1w:.- b’- f-ca-c tb’ p r o j e c t  vi rd c ’ -  re~ :“oi for wa -er supp ly. Such

in .’Oc_ -pc-i n i f  ri lim -oned , cu- .~ ii preclude ho :onctr a t :  m of the
roservol r because of h igh  ‘:-.st of rends, reloca . Ions and danugus. It
vu . j i f  deni a b l e  and e - 

~nemacally justi!.ed to obta in an interest
ir.  th e  ~~ ‘ - -essary lands - n ad:~an -- - - of -c ~n st n u - , t i — r n  so as t- -o prese rve

hi~ ‘ai im s,~t ’: an I no son’s ’ a. r fc ‘rn er:: c~ fimer’it - A min imum :nterest  in
the ornds nra I s c m ,

- with t ,k er objective - - I  si’ e and reservoir preserva-
t, -Icn w - - ...ri be duo c-’ : . Prior to - : n ’ c u c t i .~n , t en an cy would be
preserved v u - r e  pr a - rt i  ar -~u ”h d~’-.-elopm:’n t for- recreation and f ish and

c d , i  fe n a~- eas wh - ’ce  n u t c  g r i ’ our - -: has’: was necessary . Measures
are a - n c  pc . v id e d  for adv-Lr . :- - par ’ ic tIM ’.: )fl ffl c- :nstcu :t~ on or recon—

,n of : - e n n r r  - : -  a’ i - n  f ac i l i t i e s  to m m  m m ze costs for relocat. i -c n n .

2 -n s( -ru  ~t - n of ’  t b , - tria l’ , :~~ c - p i r ’ p m t s e  channel re :ornmended
f i r  au th or - I zat i ri Ir a t h i s  r eport  ~- ,-- : i o likely cx ’.en-l over a number of
y r.a: ’s in  he fu t :r- ’m . In ‘ no mc- - In , nc ’,.ruction of LivIngs’ - n

• Reservoir by ‘.he C I ’J of it: a n t - t n  is r c : ’ - i u l  o f t  r he m l  iated In tb-:
o i~mne d iate fat  ..re .  fec-c r-u : n of t h at , r o s e  rvo .r v.11 r-equ .rc relocat ion

of transportat i on and uti l i ty lines wh~~- ’o w’ -:1:1 have to be subsequent ly
fcc-thor modified wh oa the  m :1’iple-purpose channel is cu ns ’ 
If the Federal G n ;- ’:’nmonr w a - ’ t o par ’.i-: ipa ’.e In such relocat ions,
sign i f i -nan t sa vin g  i f i  cost t- o t h e  t~ ed States w- ccL-.l be realized.
The savings in p:b ’li: funds as well as the a vo ida n ce  of added inconvenience
to tnancpur’cat ior.  tr a f fic  occasioned by separ-ate re locat i ons , would
warrant ‘he  exp -r id t c’ .rc of Federal funds in advance of st art . of overal l
cons t ruc t ion  C f  the multiple-purpose channel. Measures are recommended
iii :’eln for advance participat. len in relocations on Livingston Reservoir
to avol ‘1 increased cost :i.

200 . Econ om ic  gr owt h w i l l  continue along t h e  proposed alignment
of the multiple-purpose channel and ad .t n - - o n t  to the local protect I c’n
project s In advance of co flst .n n r t  1 ia . Rapid accelerat i on and expansion
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I f ‘ 
~Ln.-J~ -- ‘ n ’I - - n :’.nrt -:’tli V o- :ili t.i ’,::; most ly a: - rn r n.ny ii

I 

~
‘ - r : rn:,- . The ‘ rnno — :re- j ~ ‘:- ‘~~i~ -> . p ari - . I . r . , - - ‘ ; ‘an .;p ’ - :’ ’ a ’ .i or. :

w ‘k nh- o-:nd , lnn-0f ’o a.~ ~
‘ a ’ icrrbl’’ , be p ha~ - - i  w t h  ‘ a’:

- des i gn  and ‘- n c  ‘ r’u ’c . -fl of the p r - i’ c ’- ’i  wa -c -v-a : -ri loca l  p :- - r d e ’ n t i - r t
w :‘ks. Every e f fo rt  :;h “ u -i bc mw!- to ‘LI.: o le. ; .

~~
n tim: - - -r~m; c’u:’.i- -n

c-i ’ ‘ no v n-k: ; p c t ~poneri here fl in phas’ wu t i  c u -an n-p -: -trt t ’i it and utility
I’d n , - n :- to - ‘f’fe’:’ s.a-z:ngs ru p u b l i c  f r d n I : .  -in ! to c-i n m . z ’ -  a- i: ’ :c -.;’--

I -f ’ ft’ - ’ s n the  - : - - - I ’ - c l v  dc’s’ ’ . -is’ - ;:’. of t.he a.; n If’ ‘h’ ce -- ~~~ond’’-1
pro ,’~” ” 5 are a:’ b u r n e d , par t i c i p r i~ -it r ‘,‘ ‘, he ‘ r . i ’-e-i 3 a ’ es :n such

- un - i ectu .k f n g : ;  should l e  ‘
~~ : - l I r , a t ’ ’ :  w . a - -  : ite : -cs~~:; -it an . n i , v . 1 :ai

- bas i s  vS  ‘h  the ‘.- ‘v r- ~rrrn - t.t : a.’ c-u for ,g ;” n ;; .~‘-p a ’.a t ’-  cop -arts  - in

- 
desi :’ab ,, c- p a m - t l c i p a ’ - n.

201. I’he needs fur  ~ l o u i  ci n ’ :‘oi , no; ga ’- - -n , an-i wri~ -e’ qu a l ity
- c -n ’ rnl  are i~~nediat e and i t  is on ’ I -, . n ’a~ - - i  cha ’ p r e je- : t s  In v ~ lv n~;

- h e n :  pur ’p.  c~~s W : : r 1  be in : ” iated ui ”. -n ’  au th  ci  c-at i -n .  In s :::‘ndur ’ n~
tn e  a-- - .rspl inhm ’ -nt  —: ~f :n d : ’ s m d - a, ~~~~ 3 of ‘ne p ’i. , ~: azs , r ~ns : i - -ca ’. - it

f i r  gI t o -  t h e  : ‘ - ‘q : ;” ;rn ’- n ’ s f’- - r wIl j .n -p :;’~-s , w , t h  p a c t i r u ~ an
a ’ ‘ en ’ I o n  giver: to p 1’:; s1t,n - f vat ’s  supp ly s ’ r’r ~~- - .n  order t~o meet
- he p :’ ~I ’  :rcc ’d neod:: as, they develop.  Sm ’, ;” c no.’ n --u ,- ’. :  -n by the Corps
c-f Ezi~~I n : e c s  i s  deceniñned by -app ;- p ;u a ’ T -  -n of ’ funds by fcr .gn- ess  no
a ss ur a n c e  -en be g:ven her’e :, n th a ’  Federal ‘nnnt : ” . : ; c I  ‘n would be under-
t ar:en in accordance w i t h  a p art i cu .4 ar  s:-nr ’dc.l ’:. Tnd o ’r - these circumstances,
it she- : -i n-~ be n o t  c :: ’-- i  that t” ede’:- a a- i r .ho c ,i za ’, l - ~n vo -uld ns ’, -itu te
a pr -- ’nrsp- ’ I ’m of a site or w’ u : !  pc -~ ’u i h i t  development of a sl~ e by local

- ln ’.eres ’.s i f  vote ’: supply needs i’:r’e: - : -  .n ru! - an o’ of E’edera_ appr :-
p:’iat tens for a p r o j e c t .

202 . Addit  - r~rut. Inf ’-,nrn -a’ - -fi - r rec rc-men-: e .: pr’  ‘, ‘r : w l,~’d f-cc
by Senat e Resolut I on L ’et~~ Er g ; : ’ y - f u  ( - i t  r engr’ e : n s , al ~p’-o.1 January
28, 195c , in  :rn ’riino-J in an at,rac!m’.:n ’. ‘ “ t h i s  repr o”:. (Appendix I)
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2O~~. CONCL JSIOSS. - ~
‘fl

~~
’ ::-:mpr ’e i r - ’nn ive  basIn. plan pc-cvides for’

- 
‘ fl’: development. of ‘he w at e r -  and u-d at - -i land resources  to meet .  the

- I c-ma--It ate and long range needs. i’he p r oj e c t s  c-n ‘ c-snended for author-
iza ’ ion and i mrnedia ’ e - no n s t c u ” ion are those - in~r ne.nessary i ’—:: the
.r - i ” r l y  dev ’’tupmen ’  of the wa ’ . e n -  and r’ e’ ,a’ ,,‘i land recourses consistent

- w I tir the  pceinrn ’. and proj~”-’ od cc ‘non ; c condit  - -in s of the Tr in i  .y River
Basin. The projects a. ‘-unsiro en’. w r d n  the ‘-renp :’crnerisive plan for
basin development and are mu,1’ p ’  par -p -30 .n scope. They are well
j u s t i f i e d  both individually and as ii n y  -~t em and each p ’r: ’p ’s ’ served

-
~~ by the projects is fully justified. Pr- ’jects recon~nen Ied for m d  is i - -n

in  ‘ he Long r’ang~- p lan bu ’. ii- - ‘ :-ecummended fe- c au~ h- ‘i c-rat -n at th i s
t i me would only be considered for Federal p a r t i c ’i p a t . i - m  a fr o : ’  detailed
c ’. ’rd .es  are mad” to develop the  f ui l  - - mp :’c ’hens !ve requ i rement s of each

- project and i’.s j u s ’. Ificat 1~~n. The comprehensive basin plan includ ing
‘he  pr-,je~rts reco~~ ended for au ’,h r r - i za ’, i - ’ ,~n and immediate - - n s t  r’u , ’t :- ~n is

- In full connonru’l”e w i t h  - he recommendatic n~
; of the U. S. Study Comminulion -

Texa8 which con’.emplat en that t h e i r  p lan be followed as a flexible
fr amework guide in detailed plann Lng t i c  subsequent surv ey reports for
pre~j e n t . a u t h o r - i  za’- f- -n by approprla’ t’ ~‘edcr ’a: agencies.
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4 RECOMMENDATIONS

201i . RECO~.*4ENDATIONS. - On the basis of the studies and
conclusions made for this report , it is recommended that the compre-
hensive plan be recognized as the plan for the full develorznent
and benef icial public use of the water and related land resources of
the Trinity River Basin and that the existing, under construction ,
authorized , and previously recommended projects for the Trinity River
Basin be supplemented to provide :

a. A multiple -purpose channel extending along the Trinity
River from the Houston Ship Channel to Fort Worth , Texas , including
enlargement of the navigation lock previously recommended for construction
in connection with the Wallisville Reservoir and spur channels and turn-
ing basins in Dallas and Fort Worth-

b. Multiple-purpose reservoirs:

(1) Lakeview Reservoir
(2) Roanoke Reservoir (including modification of

Grapevine Reservoir)
(3) Aubrey Reservoir (including modification of

Garza-Little Elm Reservoir)
(4 )  Tennessee Colony Reservoir

c. Local flood protection projects :

( 1) West Fork Floodway
(2) Elm Fork Floodway
(3) I~~llas Floodway Extension
(4 )  Duck Creek Channel Improvement
( 5 )  Liberty Local Protection Project

d. That the foregoing be accomplished with such changes and
modificat ions as in the discretion of the Chief of Engineers may be
advisable, at an estimated total construction cost of $900 ,747 ,000 and
$8,447,000 annually for maintenance and operation. The net cost to the
Federal Government for construction and the annual maintenance and
operation coat are estimated at $775,796,000 and $7,227,000, respectively.

e. That the Chief of Engineers be authorized to acquire an
interest in the reservoir and dam site lands and to participate in
construction or reconstruction of transportation and utility facilities
for the Roanoke Project in advance of construction as required to preserve
such areas from encroachment and to avoid increased costs for relocations.
The interest in lands to be acquired would be the minimum necessary con-
sistent with the objective of reservoir and dam site preservation . This
authorization would enable the Chief of Engineers ~o cooperate with
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I responsible local interests to keep lands on local tax rolls and to
exercise control over development In the reservoir and darn si te area
until needed for project purposes~

f. That the Chief of Engineers be authorized to participate
In relocations in the Livingston Reservoir In advance of the sta rt of
actual construction on the multiple-purpose channel project, when
relocation of existing or construction of new highways , railroads ,
pipelines, and utility lines that would subsequently have to be modified
for project purposes , are undertaken by other agencies; provided that
a net saving in cost of construction to the United States will result;
and provided further that funds shall be expended only on those
relocations required for project purposes .

g. That , prior to initiation of construction , responsible
local interests give assurances satisfactory to the Secretary of the
Army that they will :

(i) With respect to the multiple-purpose channel:

(a) Provide the share apportioned to navigation
of the actual Federal cost for all lands, easements , and rights-of-way
required for construction and subsequent maintenance of the project and
for aids to navigation upon the request of the Chief of Engineers ,
including suitable areas determined by the Chief of Engineers to be
require d in the general public interest for initial and subsequent
disposal of spoil;

(b) Hold and save the United States free from damages
due to construction of navigation works and from damages to real estate
(land and improvements ) resulting from dred ging, changes in ground water
level and wave action caused by operation and maintenance of the project;

(c) Provide a proportionate share of the cost of
bridge alterations over existing channels in accordance with the
principles of Section 6 of the Bridge Alteration Act (Truman-Hobbs ) of
June 21, 1940, as amended ;

(d) Assume all obligations , owning , maintaining and
operating all railway and highway bridge s altered or constructed as part
of the multiple-purpose channel project , with such obligation for each
bridge to be assumed by local interests upon final completion of
alteration on construction of tha t bridge ;

(e) Provide and maintain at local expense adequate
public terminal and transfer facilities open to all on equal terms ;
provide and maintain wi thout cost to the United States depths in berthing
areas and local access channels serving the navigation channel commensurate
with the depths provided in the related areas ;
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I (f) Provide the share apportioned to navigation of
the actual Federal cost for alterations of sewer, water supply , drainage,
pi peli nes , and other ut i l i ty  facilities;

(g) Obtain without cost to the United States any
water rights that may be found necessary for operation of the project
for navigation;

(h) Provide a cash contribution of 5.58 percent of
the actual Federal cost of construction which Includes items (a), (c),
and (f) above. The cash contribution Is presently estimated at
$31,709,000.

(2) WIth respect to Lakeview, Roanoke, Aubrey and Tennessee
Colony Reservoirs

(a) Reimburse the United States for the water supply
storage In the project on terms which will permit payin~ out the costs
allocated thereto as determined by the Chief of Engineers , in accordance
with the provisions of the Water Supply Act of 1958, as amended; such
costs presently estimated as shown below:

Allocated costs to water supply
Construction costs : Annual O&14 costs
Amount : Percent : Amount Percent

Reservoir (dollars ) : : (dollars):

Lakeview 14 ,960,000 47.98 77, 000 21.81

Roanoke 14 ,997, 000 88.74 42 ,000 53.53

Aubrey 14,361,000 42.15 47,000 9.25

Tennessee Colony 29,679,000 15.32 281,000 1O~O4

with such modif ication in these amounts as may be necessary to reflect
adjustments in the storage capacity for water supply and other purposes,
except that these coats and percentages may be revised in the precon-
struction planning stage ; and

(b) Obtain without cost to the United States all
water rights necessary for operation of the project in the interest of
water supply .

(3) With respect to West Fork Floodway, Elm Fork Floodway,
~~llas Floodway Extension (except for the channel portions thereof),
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Duck Creek Channel Improvement , and Liberty Local Protection Proj ect:

(a) Provide without cost to the United States all
lands , easements , and rights-of-way necessary for construction ,
maintenance and operation of the project;

(b) Provide without cost to the United States all
relocations of buildings and utilities, bridges (except railroads),
sewers , pipelines , and any other alterations of ex isting improvements
which may be required for the construction of the project;

(c) Provide assurances that encroachment on
Improved channels and floodways or ponding areas will not be permitted;
and that , if ponding areas and capacities are impaired , substitute
storage capacity or equivalent pumping capacity will be provided
promptly without cost to the United States;

(d) Hold and save the United States free from
damages due to the construction works ;

(e) Maintain and operate all works after completion
in accordance with regulations prescribed by the Secretary of the t~rmy ;

(f) Agree to publicize flood plain information in
the community and area concerned and to provide this information to
zoning and other regulatory agencies and public information media for
their guidance and appropriate action~

205. It is also recommended that, in the interest of compre -
hensive planning and development of the water resources of the Trinity
River Basin, the Congress give careful consideration to the recoimnenda-
tions of the Bureau of Sport Fisheries and Wildlife providing for fee
acquisition of about 600 acres of land immediately adjacent to the
Tennessee Colony Reservoir at an estimated additional cost of $145,000,
and should the acquisition of the additional lands be authorized , the
Corps of Engineers be also authorized to make available to the
Secretary of the Interior for a national wildlife refuge , about
20 ,400 acres of land within the Tennessee Colony Reservoi r and authorize - ‘

the Chief of Engineers to operate the Tennessee Colony Reservoir in
support of the Wildlife refuge insofar as it does not conflict or
interfe re with the operations for other project purposes.

~~~~~~~~~ . 5T~~~~~S~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~

7/tt Col, CE Colonel, CE
~
-‘ District Engineer District Engineer

Galveston District Fort Worth District
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