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COMPREHENSIVE SURVEY REPORT
ON

TRINITY RIVER AND TRIBUTARIES, TEXAS

APPENDIX II

HYDROLOGY, HYDRAULIC DESIGN AND WATER RESOURCES

GENERAL

1. SCOPE. - This appendix contains detailed hydrologic, hydraulic

design, and water resource data pertinent to formulation of the compre-

hensive plan of improvement for the Trinity River Basin and provides a

basis for statements relating to the above subject matter that are

presented in other sections of this report. The Department of Health,

Education, and Welfare, Public Health Service, studied the Trinity River

Basin as requested by the Corps of Engineers, Fort Worth District, by

letter dated June 8, 1959, to determine the present and prospective

municipal and industrial and water quality control requirements which

were adopted for this report. The request for this study was made in

accordance with a Memorandum of Agreement between the Department of

Health, Education, and Welfare and the Department of the Army, dated

November 4, 1958, pertaining to the Water Supply Act of 1958, Title III

of Public Law 85-500. Their report, "Water Resources Study, Trinity

River Basin, Texas," is included in this appendix as exhibit 1. Certain

data in this appendix were obtained from "A Report to the President and

to the Congress," prepared by the U. S. Study Commission - Texas.

2. RELATIONSHIP OF THIS APPENDIX TO OTHER PARTS OF THE REPORT.-

This appendix presents a detailed analysis concerning all hydrologic

aspects of water problems in the basin, including floods, droughts,

water quality and similar hydrologic considerations. The magnitude and

frequency of' floods are developed, stream flow data are presented, and

yields are estimated. The demand for water supply is given for all uses,

including navigation, and evaluations are made as to how these needs can

be met from projects considered in connection with this study. Details

concerning hydrologic and hydraulic design of all structures considered

in this study are covered herein, including the design for locks and

dams. Hydrologic data developed herein on floods with and without

various projects have been used in Appendix IV on Flood Control Economics

as a basis for evaluating project flood control benefits. The hydrologic

and hydraulic design data presented herein, as well as similar data

prepared for other projects that were studied but not recommended for

authorization at this time, have been used in the formulation processes

covered in Appendix I. The estimates of future needs of water for

various uses presented herein are consistent and within the parameters

of economic projections presented in the economic base survey,

Appendix VII.

1



3. DESCRIPTION OF THE BASIN. - The Trinity River Basin lies in
the eastern half of the State of Texas, approximately between 29*46'
and 33044' north latitude and 9440' and 98043? west longitude. It
is bounded on the north by the Red River Basin; on the east by the
Sabine and Neches River Basins; and on the west and south by the Brazos
and San Jacinto River Basins. The Trinity River Basin is relatively
long and narrow with a maximum length of about 360 miles and a maximum
width of about 100 miles near the upper end. The basin, having a total
drainage area of 17,845 square miles, is shown on plate 1. It embraces
all or portions of 38 counties and lies within two physiographic
provinces - the northwestern portion of the basin is situated in the
central lowland province of the Interior Plains and the remainder of
the basin is in the West Gulf Coastal Plain. The topography of the
basin is that of a moderately to gently sloping plain which has been
more or less dissected by streams.
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4. The Coastal Plain section, which extends nearly to Fort Worth
on the main stream and includes the entire East Fork watershed, has a
generally flat or undulating to gently rolling topography on the inter-
stream divides. In the vicinity of the larger streams the topography is
more rolling and broken, but nowhere does it present a rugged appearance.

5. The Central Lowland province, which includes the watersheds of
the West Fork and Elm Fork, has considerable areas of flat to undulating
land on the interstream divides, but the topography is generally more
rolling and broken. Approaching the headwaters of the West Fork the
topography, especially near the streams, becomes quite rugged.

6. The general land elevation of the basin rises gradually from a
few feet above sea level at Galveston Bay to about 550 feet on the inter-
stream divides in the vicinity of Dallas, and to about 800 or 850 feet
on the divide at the headwaters of Richland Creek and East Fork. To the
west and north of Dallas the general slope of the land increases, the
elevation rising to about 1,250 feet on the divide in the northwest
corner of the basin.

7. Table 1 lists the principal tributaries and sub-tributaries of
the Trinity River system and gives the length and contributing drainage
area of each. Plates 2 through 5 show the historical highwater, average
bank, flood stage, and streambed profiles of the Trinity River. Plates 6
through 12 show the historical highwater, average bank, and streambed
profiles for the principal tributaries of the Trinity River. Plates 2
through 12 also show the location of existing reservoir projects and
damsites of the projects included in the proposed plan of improvement.
The drainage areas for the various watersheds and sub-watersheds in the
Trinity River Basin are shown on plates 38 and 39.
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TABLE 1

PRINCIPAL STREAMS

TRINITY RIVER BASIN

Confluence with : Length : Drainage
Stream : parent stream :(river : area

miles above mouth):milesl)( ) (sq. mi.)

Trinity River (including
West Fork) 0 715 17,845
Clear Fork of Trinity River 558.7 70 531
Big Fossil Creek 542.7 21 75

Village Creek 533.8 33 184
Mountain Creek 507.8 37 305
Elm Fork of Trinity River 505.5 119 2,578

Denton Creek 18.4 102 719
Little Elm Creek 39.4 41 262
Clear Creek 50.5 55 354

White Rock Creek (Collin and
Dallas Counties) 493.1 42 138

East Fork of Trinity River 459.8 112 1,309
Duck Creek 31.0 22 45

Cedar Creek 385.5 92 1,072
Richland Creek 372.4 97 1,990

Chambers Creek 14.2 107 1,072
Tehuacana Creek 347.2 42 432
Catfish Creek 339.6 37 305
Upper Keechi Creek 272.8 40 512

Lower Keechi Creek 240.5 29 192

Bedias Creek 207.9 35 603
White Rock Creek (Houston and

Trinity Counties) 169.9 35 518

Long King Creek 117.5 31 214

(1) Existing conditions.

5



1

st

*

s



C~ARP~ OF FN(~INFFR~ U.S. AXMY

N

0 0--- -- ."""'' --- C- ---- -

ooto

C j-

- -- _ _

hi0 -- -
-m-d

so - o ~~~ ~~
O~

80__ ___ ______ ____ ___ ___ HISTORn CAL HIGH WAE

ROMAORAVERAGE LOW BANK
GAGE NO.665

10 ._-

20 - - - - - -RE---A-- - - - - - -- - - --

112 10 06 106 104 102 100 6 5 4 4 92 9 0 65 65 64 62 60 76 7 74 72 70 66 66 64 62 60

DISTANCE IN MILES ABOVE MOUTH

80 -

wo 6

0 6 a a T<o
SO --.- - i - - - - ...-- - - - -- - -- --

J 
'-

--- H-'I--- -.------ .. STORCAL HIG WATER<WNo

0 LIBERTYGAGE E- - ,BANK--
NO.670 L0J""

STREAM RED

50 54 52 50 48 4 44 42 40 36 36 34 32 3 2 + 26 24 22 20 I8 I6 14 12 1

DISTANCE IN MILES ABOVE MOUTH

- 100-T -- r-To

00

60

40

20

58 56a

so

-- 60

-- - -- 40

0

-20

2 0

J

N

W

O?

m

Q

F-

W

W

W

2

2

O_

h-

W

J

W

NOTES.
Elevations of bridges refer to low steel elevations.
L. B. and RB. are abbreviations for left bank and

right bank, respectively.
High-woter profile depicts maximum floods of

record.

LEGEND

STREAM BED
--- AVERAGE LOW BANK

--- - HISTORICAL HIGH WATER

(0
m

I

TRINITY RIVER AND TRIBUTARIES,TEXAS
TRINITY RIVER

PROFILES

SCALE AS SHOWN
U S ARMY ENGINEER DISTRICT FORT WORTH JUNE 1962

Suomi T -APPR V RE MENSES: APPROVED:

to /y ju 15 *060K? 6UE6OSIC 6006- E0: DAWN OT: A.A.M. TO eeANOM sa-CMME149NelV SURVEY
EKiiA si OMN1EOS: .A..WFILE: TRIN. 230-19

PLATE 2

-J

N

W

J

N

O

F

W

W

LL,

Z

Z

O

N

w
J

W

60 TT T T FTT rT iri T--T""TT 1-TrT-r" [r11" T ~F"T T T TrT - "T""~ ~ TrT"'T"~ "'"'TTT r""-r Tr TrTT-T- 1TT'- rr

4 0 ---- v a ~~ -J6h _ _ _ _ __

120 .... , & -- w

160
SC j YI- WW -

A E"OW SANK- HISTORICAL HIGHWAY

60 _~_ _ _ ~-

40 - - --- - - - -- ~

20 --.. J -.-.-. J---L..

178 176 174 172 10 168 166 164 162 160 58 56 54 52 I 148 46 144 42 140 136 14 132 130 128 156
DISTANCE IN MILES ABOVE MOUTH

140

- -~IS

----- n - 40

Zt 12 . 10 I. W V11 1

Oz

0
-

N

v. y.CORPS OF ENGINEERS
v

U.S. AKMY

J

NI

W

O

m

I

H

W

W

W

2

1

Z

O

H

W

J

W

J

N

W

W

W

W

Z

2

O

F

W

J

W



_ . _ -.- -



U.S. ARMY
C.ORPS O- ENGINEERS~

30 0

280

260

-7

240

0220

200

180

260

140
3-

----- -- .
- - ------- - --- - " - -i -- ~- - - - - -- - o ! I --- -- - o - w - ni - - -m IO I JI

---- ANDERSON
-- NO. I

-- --- -- - --.. -- -----. --.... _ I
.. r_ _ - - -_AVERAGE LOW BANKI---

-- --- - -- +- - --

- _ - _ _ _ _ - - _ _ - _ _

I -.

-- -- -- - STREAM BED-
-I G

____ __ ___ _ ---- ------- i- t- - I- -
f L

74 372 370 368 366 364 362 360 358 356 354 352 350 348 346 344 342 340 338 336 334 332 3

T

DISTANCE IN MILES ABOVE MOUTH

240 i T T 1 F T

__1

I I 

111

ANDERSONNO. 2

s 4i1 00

-- 1 ---- -C -
x 

JO

160 - - n . _

4-

T~ F TTT TFT T T T TtTF I I

w USTONw 

:-
_______ ___ __ _ __ F

- x NI HISTORICAL m-4
1-- -- HIGH WATER 4- 4

AVERAGE LOW BANK 
--

_____ 
cII.VII I.

- - - -

I _ 4 4 4 --- 4 4 4 + + - - ---~~;- - ---r1

REAM 
BED-

'A "I'I
140 44tld

IV v'VVImo,
___ __ _ _ II 4 + 4 4 t t f t I I I t 'i 'V v -

lot I 4L.tai ''LJ. I .LL 2LI I I I I l_ LLL^L-'27 2T174 '"2 270 264 0 25 256 254 252 250

10 298 296 25

S4 u 4

_ _ HOUSTONU

z NO.1 4 >-
- _

- --. S---..

< CD 4 0
C4 4 4

W4 c
04 i

- -- - -- -

.1 .

- H

HISTORICAL HIGH WA HN- -

____ __~ - - - --- 4----

7 - --- - __-_-

30 324 32c. 324 322 320 31

220

200

180 >

IBO

.60 w

140 2

120

L - L. L L .j.1 L.....L S..1 1. 1 1L - .1.L I L. - -J.( 1100
248 246 244 242 240 238 236

DISTANCE IN MILES ABOVE MOUTH

S44 - '-
200 m m m-

- - w - -

HOUSTON NO.2 PRIVATE 0y4O 4 w4c

4 - -6 . 4
1 8 0 - -- 4 = .4

50~~ ..- -.5 - 4 > 54 44

160 -- - -3""
104------ ----- -HISTORICAL HIGH WATER

MW RAAVERAGE LOW BANK - -
Ml DWYNR)GASE

NO. 655 30

140 - __50__

- 20

-10
STREAM BED

'v v
E I

p thKt
Bl v^,

81 I 4 It h - tt

236 234 232 230 22B 226 224 222 220 218 216 214 212 210 20B 206 204 202 200

DISTANCE IN MILES ABOVE MOUTH

T,-,-r-r ~-~--i-- i220

-- - - -200
44 -

wI

w w

1603 -- a
'n 140

80

-- 40

- -- V -RIERIDEGG

D20 NO. 660 -

= 89.86

LEGEND

STREAM BED
- - - AVERAGE LOW BANK

-- COUNTY LEVEE DISTRICT, RIGHT BANK
--- COUNTY LEVEE DISTRICT, LEFT BANK

HISTORICAL HIGH WATER

NOTES
Elevations of bridges refer to low steel elevations.
High-water profile depicts maximum floods of record.

L. B. sd RB. are abbreviations for left bank and right
hood , respectively.

TRINITY RIVER AND TRIBUTARIES, TEXAS

TRINITY RIVER

PROFILES

SCALE AS SHOWN

U.S. ARMY ENGINEER DISTRICT, FORT WORTH JUNE 1962
suBM TT DAPPROV RE MMENDED: APPROVED:

I SS-- -ENBOOEER COI.CORSD !7D141S
CHIEF PLANNINGS REPORTS RANCH C. Ej,ENGINEERING DIVISION DISTRICT ENGINEER
PREPARED RAWN BY: A.R.M. TO ACCOMPANY COMPREHENSIVE SURVEY

-, '~ E __ CE B:MA REPORT ON TRINITY RIVER
ccO.PCELST, SECTIN CHEKED ' WAX FILE: THIN. 230 - 19

PLATE 3

- - .
- - -

i

J

N

W

O

m

Q

H

W

W

LL.

Z

2

O

Q

w

J

W

180

4W -
Y~

A.. C6 A.

z4
0-

i

02

J

V .- v

m

Q

H

W

W

LL
120

Z

2

O

Q --

z

O

0

C-

TI

v- , iA {K63x

-Y

W

1vv

-rv

,nn,,Vc npv,--

i

kc

3001 3 vv

z of a

--- o r - J ~

W y 0 w N w_ _____

344

30

Dp -OAKWOOD (NR)GAGEI NO.R5O

.0 175.06

-- -- ---- -- - -

--
-~ - W-- -

- -1 1 ----1

280

260

240

220 W

200 z

180

160

1140

- --

I -I I I I -I -1 1 -I -I I -1 --.I -1-1 -1 -1-1 -1-1-1-1-1 -i

T-T -=

m _

Y '

- W

W

U

m

(8

-0-
U

1 24-r--r

", L 1 1 I '

220

AAA L rl - .AI I - - I - T-a I - -t--

- -

w . . - I

-oy 1 v
100 h v-Linn 

L

6 r i AR' 186 184 i i i i I i i i i : i i i i i i i i i i I i i i Bi132 10 178

198 196 194 192 1 U I9 lw 1Y 1o O r

ww ww wt t nt"trC [

308 306 304 38 316 314 312 310

-- +

n . _

V IV V

1A

- --7

Nv- V%
1

vvvv

250 2.8 r b cr )"F GOG Gvv

3 M4 292 290 281

00>
v-

V

1o

T
T

L

1 1 I I 1 1 1

'



s

s --
s

,

4
s

- ,
s

s

a
s

s



CORPS OF ENGINEERS
U. S. ARM'

Y

W

W

K

V

V

h 
U

F

z

J

W

H

I

3

0

a

3

x

-x

N

n.

8
J

.ANT LEVEE ELEV. 415Dt

DALLAS NO.3

480

460

440

420

400

380

z 360

> 340

-

mi- F 4--=t

-V
,.

- DALLAS

I I I I III IIII I--

DALLAS COUNTY NO. 4
(BOIS DARC ISLAND)

0 O_

p A 0

a20 0-0 4 0

-j chi
=p 0.o

DALLAS
NO. I NO.2

1

___L__1 [-1- -Ir I--+ + 
_ -- '" I i -

lo-
I

4
J >

BELOW DALLAS
GAGE NO. 3

365.89

AV~_-

AV

l0 SA~4

77i 2
- - -, -i . .- --.- -----V- ..-U. - .-

DALLASNO. I4 -ELLIS NO. 3

T- 4I+f I_ -I I- (- ii-----tI

41"\~--AP
_I _ _ I_ 4- .4- 14 4 +-- - E + -- Y v --- AA--6A , +-

\fIlN

mM
~W

PNU

0V a
Aqr,-

x; A 5

.01.

W

-

-M

-O - LL

ELLIS NO. 2--

KAUFMAN

40

-3D

R SSER (NR)

NO. 625
302.65

NO. -

GAGE

W300j

2 80 i i i i I i i i i i i i i i i i i i i i i i i i i I i i i i i i i i I i I i i i i i i i i i i i i
0 498 496 494 492 490 488 486 484 482 480 478 476 474 472 470 468 466 464 462 460 458

DISTANCE IN MILES ABOVE MOUTH

--- --

460

400

380

340->

--- - - -- -- -
0-0-

320

LEGEND

STREAM BED

AVERAGE LOW BANK

EXISTING PRIVATE LEVEES, RIGHT BANK

COUNTY LID. LEVEES, RIGHT BANK

COUNTY L.I.D. LEVEES, LEFT BANK

FLOODWAY LEVEES, RIGHT BANK
FLOODWAY LEVEES, LEFT BANK

HISTORICAL HIGH WATER

300

J280
456 454 452 450 448 446 444

NAVARRO NO.3
3 

(Jm 
ELi 01

340 --- - -_-_5 1c
NO. - - HENDERSON NO I -IW -

V2 - - - - - - --3 - - . -

3HISORICAL 
HIGHW

AVERAGE LOW 
'AN

2 6 - - -- - -- - -- - --- - -- --- - - --- - -- -- - -- - -- -- ---_- -- --_ --_- -- --_- -- --_- -- ----i i20I0

2440220 -----

4.0 414 I2 S U 405 406 404 402 4 398
4 6 4B4 42 410 408 406 404 402 400 3

DISTANCE IN MILES ABOVE MOUTH

MOTES:

Eleations of bridges refer to low steel elevotios.
High-water profile depicts maximum floods

of record.

1.0. and R.B. are abbreviations for Left Bean a Right
Bank ,respectively.

m 0

- U_ _ --- --- 520

1 0

- - _ - HENDERSON N . 3 300

- - - - - - "" K - - -- - - - - - - - --- 260

TRINIDAD GAGE
NO. 50- .124

220

i i i i Y i i i i l !09 i i : i i i i 200

J

N

W

O

m

4

I-

W

W

Z

Z

O

H

Q

W

J

W

TRINITY RIVER AND TRIBUTARIES, TEXAS
TRINITY RIVER

PROFILES

SCALE AS SHOWN

U. S. ARMY ENGINEER DISTRICT, FORT WORTH JUNE 1962
;I TEO: _APPROVAREMMENDED: APPROVE :

:nuSt~AG nine e GLA85SSSGOnSU 50 00, K_ e 506108o SOOmSOG 0510
IPBEPARED

2 g D...p. a sooroo 005 N01 0[6

Foal1a 5055CLWED ! .AW.FILE TRIN. 230 19
PLATE 4

w OE1
.mom

z 0 "

0.40

m

' W,

W QMmoa~
o>A Ic 2a

9~ (

-WEIRS4
ELEV. 394.0 30~LEV 391 I

LARIF R

L EV. 383.0
ELEV. 380
EFFLUENT I

E AE.

- u

- }
J -

O
O .-O-

4

0- q

J

N

2i

w
O

m

Q

H

W

W

Z

2

O_

H

Q

W

J

W

z

05

0

0

-T 480"a
Zr--r

-.-- i i - - - - F-- n4

-Y 1 i F r - T I T (' I
420

[S Tn11 ,

... -- - -- - - - - -- -- ---

Ao~tv-, Av%STREAM DE

)l I 1 1 1 11 1 1 v -"v v V"o In - - - _ - f i - _ _ 1 - i 4 - 6

.. n A 0%aA v

Y

-- - ---- ,.

I._____--_._

c

o

0

0

a

0
a

a

J

W

cr
}

z

cr

LL

0

Y

cr
O

LL

W

Z

1I! r _

"I -1
r

I

~

i

J J

W W I I-W
---

^ r ,

444 442 44 0 438 436 434 432 40 484- 2 2 420 418 396 394 392 390 38 36 84 32 80 78

r1ww 71,
- K U MAN NO. 4 -

1 :- -- - -



. .~ -



CORPS OF ENGINEERS

UtS. ARM'

660-

640

62C

600

580

540

M I1

4 0

----- !

- 0- 0
{0__

so

-i

ti;

m

a

W

c

z

W

W

J

F

N

W

H

S

a

-J

W W

------

W WilL
OZ -I

-- h

._I
0 1

- I J
I-- --- d l
N

Ow W
090>Z O D

-60 i~

ix i~~1~.Tti0
FORT WORTH GEI NO. 480

- i 4 T I I- - ---164n

"T" I" i i tI hrr rT ,i r, i1620-y-y-,-y py- ... .0

ID
0

Diwo

hI

T1tt1~
II II

HI\I~I~

PLANT E L.

N

J

W

W

F

N

H

W

Y1

1-

500 Ti' T b?-.. 1 1 !-l-----+ -
AUTHORIZED LEVEE
FT WORTH FLOOCWAY E

S
XT. EXISTING LEVEES

- ORT WOR H FLOODWAY

LEGEND

STREAM BED
- ""-- AVERAGE LOW BANK
......... '" EXISTING PRIVATE LEVEE, LEFT BANK

----- 0- FLOODWAY, LEVEES, RIGHT BANK
---o--o- FLOODWAY LEVEES, LEFT BANK

HISTORICAL HIGH WATER

t 1-1--- -'- t"' I - 4 I- .-'4-

_m_

J

V

Y

W

W

K

V

J

Vf

O

W

-I

a
m

____ a

J

440 1 N 1 tr1 h~~ A-----1- 4

i1
IW

ID 460

EF

FINAL CLARIFIER
EFFI

FLUENT, EL. 48T.23
FLOOR EL. 486.86

.UENTEL. 484.0
UMPEL.4,

1/f
I r

PLANT LEVEEL44.

PLANT WEIR .EL. 473.3 Y

W

C!

Q

3

W

H

Y

W

W

V

W

m O

W 
>

U 

C

O

J =

J J

F

O

3

e ana n

O

WIt

a

ac

0

0

W

O

F

_

J

tI
a'

-a

a

J

W

-t t T Y I _0!sa

D f- - l- - i T I I I IF 14 I ! _ 4 4 4 Sa

i 

1 i

-ii ~ ____ ~L........1 ____ I __. z4
.sTrD A N

-HIH

*0

M 0

c_

I

GEA

I I I ____ I ____ I ___ I ____ I..

1- 1-- I- I-

--,

2

N

M

R,

m

W

W

W

J

F-

2

J

d

W

0

4

W

H

Z

Q

o!

H

o o

v

2 O
,J -- h

W

GRAND PRAIRIETGAGEA - t -

O

I

_

- J

.i

-

v-.4

.Jd

W
W sq

640

520

500

460

440 CO
4

ELANT LEVtE
E 41.41I

Ba

- ../40

FINAL CLARIFIER 3
-LO EL -/OUTFLOW EL. 409.8DALL AS GAGE

EFFLUET 
E.346NO.570 20

0 380

EL.35.0t" 0

518 516 514 2 36
" -510 50 106 504 502 500

D

m

82.36 -
N

k~V.4E44+

F1
FINAL CLARIFIER /

QR EL. 46.J
FFLUENT EL. 441.5

AM WED

I _......._....._.
ZU 1t

40k

360

572 570 56 566 564 52 560 5 556 1 55 2 55 0 4 34 54 2 5 5 6 534 32 530 56 526 54 5 520

DISTANCE IN MILES ABOVE MOUTH

ACTES
E/oevaion of bridges refer to low steel evaiens.
L.. and R.. are abbreviatione for loft hank
and right hank, respectively.

Hi h-ioter pafile depicts maximum floods of record.

TRINITY RIVER AND TRIBUTARIES, TEXAS
TRINITY RIVER

PROFILES

SCALE AS SOWN6

U.S. ARMY ENGINEER DISTRICT, FORT WORTH JUNE 1962
SUSM_(C" J L AP Pl0 RE

1
eMElESE,,P

PR ARED:D sRAN N:L... TO N. 00009 O 111COMPRIM 005U0
.- -- T...., 11901? 0 1110?N 19N 0

eense FILE: TRI N. 230-19

PLATE 5

Oz

0
r
F-

I I I I I r=

i

"A . C. e.se

fo

d

OC

___I

vf rJ Vr GnV1nGGR.I

1 1 1 1 1 1 1 t ] i l ] i 1 1 1 1 1 1 1 1 1 T 1 1 1 I Ibb
II I I I I I f I I I I"' t t

I f r -1 1 or %fl 1 I5600l -T-- i -Nit41F-04Z- ----
4 I-.--- 1 .i '11 1 1 1 1 1 1 1 _1_ I /W1

.r I I 
I

244W =--i-i IS -- T- Er
"1 1_I -1 LAo 2

Q"* EL. 519.2452--- - -W- -- -4 - -
5r

ILAO% II I 1 I I

i

--v

-" --

t

L

1

- -c-.- - - -

i

I

v%

iY

. . ! 1 ' 1 I

n

m

W

W

t0

O

CC00
m

}

3

x

- W

f-

F-

a

J

0

a

J

h ee

r I i I I

I I

I

1

J

W

A.

-"a

O

dl

M

N

420

W

U.

Z

Z

O

W

J

W

i

r.-

101

i

. W

H

N

a

""

wa .n .n.r waver

srR
z

0

,

Y

Y

-r



hu



CORPS OF ENGINEERS

r0 foTg -T~~r -- r"r TT T"T" T'"T"T"" "TT r "r-rrr Trr " "T"" "IT'" T"' '""T- --- r -~~,, -- - - , 760

780 760

__ _ l_ d ___
W -W

74C ~-- ~- - 740

=o m

720 - -- --- 720

700 IJ700

G W

-- d

- - -

-

S- -

00- - __ ___ ___ __ __ _____

600 160

MARYS CREEKS560- 560____ ___ ______ ___ ______ ___ ______

5 4

DISTANCE IN MILES ABOVE MOUTH

J

N

3i
w
>

O

m

w
W

U.

Z

Z

O

F-

W

J

W

T 1 1-rCOMPUTED WATER SU FACE
MAXIMUM FLOOD OF RECORD

660

K40 

" ".,. . . .

e

AE

NOTES.
Elevations of bridges refer to low steel elevations.
High-water profile depicts maximum floods of

record.
L. B. and RB. are abbreviations for left bank and

right bank, respectively.

680 0

6600U

0640

0 T-T T ' " r T ' T '-"-' 1 '-r r T - I -I t -* T-- - --'-" ' '' -' -- T r r --r r -r- - r- - r r r r- -i

- o

BENBROOK RESERVOIR

TOP OF DAM EL. 747.0
SPILLWAY CREST EL. 724.0
SPILLWAY NOTCH EL. 710.0
TOP OF CONSERVATION
POOL. EL. 694.0

NJ
CW

0 BENBROOK (I
GAGE NO. 470

04 2. -

STREAM 
E

10

-W - N

W ~W
-O

ita z
0.a00

a 00

Z

N

O

F

Q

3

3

0

J

o"

n

J

W -'

1

W

I7

_0

m

00

N

O

tO

J

W

Y .

J

N

M

O

Z '

Q

D <

J .

W I

2

Q

V <

RAGE

561 .'- - I I I - + -I4 t-I I I I.I

"- WATER

LOWaANK

ti

a

co
u

J

W

W

O

m

O

f_-

N

W

2

___________________ 001

.0

5;

-d

FT WORTH
GAGE NO. 47 '5401 ------ 4- --..... -_-4I4I4141=.T -- _Y- -__

D NM
DISTANCE IN MILES ABOVE MOUTH

do

S 0

J 00

N..
W.>

4

O

D

M

J

W

3

J

J_

d.

N

520I

CLEAR FORK

5 0 514 13 12 I 10 -

T rI-i, i

O

- so

n

i

of

co
w'

W

H

Nl

V

Z

J

3

p8

Jo J

a 0 z I

40000 .. 00

FLODWW
WC 3 m~

LEGEND

STREAM BED
AVERAGE LOW BANK

-o--o FLOODWAY LEVEES, RIGHT BANK

-o- -o FLOODWAY LEVEES, LEFT BANK
HISTORICAL HIGH WATER

I1

6 6 0

EES

N '

I I

J'

WI

W

0 1

I

zo3

.W

640

620

600N

O

580 W0
W

560 -

520

0

TRINITY RIVER AND TRIBUTARIESTEXAS

CLEAR FORK TRINITY RIVER AND MARYS CREEK

PROFI LES-

SCALE AS SHOWN

U.S. ARMY ENGINEER DISTRICT, FORT WORTH JUNE 1962
SUMI D AP RENDEDAPPROVED

CN1EP PLANNING anEPORTS BRANCH eN1[E NO1tIN O Ds DIVISION DISTRICT ENGINEER
PRE RED:DRAWN SY : L.R.N. To ACCoMPANY C oPREHE S VE1REPORT ON TRINITY RIVER

tA so INsoR CNy CK y:M.A.W. FILE: TRIN. 230-19

PLATE 6

U. S. ARM AY

640

- 600

580

Oz

C
00

IV
1-4

0

0

'I T' I IT'

5 ZO -- ml

) , i i i i - -N;zl m i i i i ii i i i i,I 1 , i

I i R i - --.- k= i i i

V'( dHIT~CL

540

1I

.. w

r

Y

C,

U.

K

W 
7

i 

i

V

W-

V

2

W

J

WL

O

k

0

I I I
3

x

0

Ir
0

to
N

Y

V

Q

Q

Kf

F-

N

2

N

I

p<

2

W

= t

-

0

z

0

J

W

z

Z

v

X30

't.

20 s

a

J

W

2

Z

S

V

K

K

d

H

a

0

0

z

0

J

W

2

2

<

V

IN) '

uu

nY

z

0

P

W

J

W

-
-"OoQzz-z ::Z,:9 -- ,3 32

,-0 is I& IV
6 2

v

O

- -

J

W

W

_ _0 . .

K

m

K

to

J

H

N

7--



si

4'



ORPS OF ENGINEERS

36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 2

i

I

I

___ I _ _ 4 4I4. 4 4 t t t - t TIf

mit 

o

a

0
U

0 m

> _ - C 0

O ~CO
mow

750

630

610

4 - -

-4O c

_____ I ________ ____

- 1

W

8

G:

CD
0

}

z

Lf_ L _ I_ _ .I 4 4 . I 4 . 690 F I '

~:1 ___ I ___ I ___ I ___ I ___ I ___ I ___ I ___ I ___ I ___ I ___ I ___ ___ I ___ I.-1 ___ I I I I I I I I
C

it

4 05

0

W1

Co

O

-J

W

0

0

m

tG

tD

O

2

r

3

-I--

0I

w1L _ _ _ _4. 4 4 4 . - 4 4 f - i

W1

~LI-_II2IhI 4 . 4 - 4 4 4 - 1 F 4 4 1t -
iii

CO m

5701 _ _ 4 1 -1- It f _ II I -i t I 1
0

55 44-ItsoIii.- I T _ 4 n

530 1 F r
___________ 4

-J

-w-

~ L _ _I I _ .. 4I 4I4 44. 1 1. t 1qI T

~I __ I____I ___ ___I. __ L __ I ___I ___ I~ cc

DISTANCE IN MILES ABOVE MOUTH

I- C W----E--"MIf mlx31x

I_ I -_ _ I_ _K I K I -4 - i i i I I Ii i i i i i tiI I

._1__ 1__1_ 4 4 .4 F 4 4 4 1 + I I - 4 t t I 4

I_ _ I__ L__ 4 -4 4 4 4 F F 4 4 1 + I I I F t 4 4 4 1

1 1i _________ i _________

330 3022 22920 19 19 17 16 1 4 '3 '

4 _ _ 4 L 4 4 1 F + I h 1 t MOUNTAIN CREEK RESERVOIR -

TOP OF DAM EL. 467.0
TOP OF GATES EL. 457.0

L I I4 4 1 -4-

LEGEND
STREAM BED

-- AVERAGE LOW BANK

- FLOODWAY LEVEES, RIGHT BANK

- -- --- LEFT BANK LEVEE

NOTE:
Bridge elevations refer

to low steel elevations

L.B. end R.B ore obbreviation
for lef/ bank and right bank, respeclive/y.

TRINITY RIVER AND TRIBUTARIES, TEXAS

MOUNTAIN CREEK

PROFILES

SCALE AS SHOWN

U. S. ARMY ENGINEER DISTRICT, FORT WORTH JUNE 1962
S _ APP RE AMENDED

ENGINEER ENG 0000OORPPCINERRRR 0 C50 O CORPS FENGINRS

CH EF, PLANNING B EPRTS BRANCH CHIEF, ENGINEERINGDIVISION DSTRICTENGIN EER$

PREPARES: aOJ ACCOMPCO M COPREHNSIVE SURVEY

E- - - - .INCECED. .'A FILE:TRIN. 230-19

PLATE 7

C(

-1

1 4 1 4 4 4 F F 4 4

U.S. ARMY

I LV.L.J_ -4 1 4 4F 4 4 4 4 4 41 4 4 1 4 1 1 t

731

-----i-4+-

~~710

___ F F F 4 670

1-

i _W

650

630

590

J

tll

W

O

m

Q

H

W

W

W

450

430

410

m

0

n

m

w

z_

J

J

W

W 570

W

LO

0
C

W

WS

2
01

Q1

0
M-

O.

21

W

N-i

I
i

W

W

Z

Fa-

t

O

C9

- I -X1 I I I

W

O
NCM-

J m

iCZ
a-3

pJZ

Oz

0
V0

0-

tiM

J

W

i

WH 0O

I __ _I _ __1_ _ _1 _ _2 4 4 I 4 4 1 1 1I 4 F F I 4 4 F

550

530

490

470

450

430

410

390

1~~I--==I iT [i]1

LL. 2 14 2 a l

G21

0idE
ii

C K-

B 7 6 5 4 3 2 I

r

Q

0

,.

9 a / b 770

--- r-

i i i --

,

I-

0

7A I'm la 17 If IF 14 r It 8

LO
01
z- ~
WIN10J

W

C7

O

cl:

I

Yui
w

i

i

I

I

1

I

-

I, I- Iii
0

a

w

w

U-
z

z

0

J

N

g

w

r

I

O

Q

l

W

C7

K

11

J

a

N

Q

Y

W

C9

_O

W

in
Z

Q

C13

0

ier

a

ti

v

J

W

X

W

0

I30 29 28 27 26 25 24 23ZZ [Iov 36 35 34 33 32 31

-W

d

m

n

0

W

W

W

co

M



s 6



CORPS OF ENGINEERS

600 11r
6W
6-0

9041>
00~~l

1,9 Iz>
WZ0.CD~

F- 014010

1 I 1I I 4 41 4

Fri
J

U

a

a

cr
m

w

x

39

__ I

0J ol

-0

00

-0-

-J

-S -

~ --- - --- - - 1 -- ---

z

-W

------

.J

S

U

2

Q

Ix
m

U)
cr
w
Y

Q

m

00m1.
N O __

- pII-- m
2 C F-K

r ~~~I11+
1 ' !- L -Jh f4 4 4 ---] 4 4 1 U

3

x

vi

0

J

O

580

560

540

6 520

_ 500

480

460

440

420,

t t t 1 + 1 1- 1- 4.- - -1 L _ __ L .-.
GRAPEVINE RESERVOIR

TOP OF DAM EL. 588.0
SPILLWAY CREST EL. 560.0

TOP OF CONSERVATION POOL EL. 535.0 DENTON CREEK

NO. 550
I0

_439. 11

32 31 30 29 28 27 26 25 24 23 122 12tI2n FI ,I 11.s .. .. ._ ...2 1 12 II 10IS E M E16 15

DISTANCE IN MILES ABOVE MOUTH

600

+i +i 4i 4i i

-t I-
-T I -m-I N___

T rt -1
sIREAM1BED

8 7 6 B 4

9-

----- --
J-

-.

-- 9-

__
;_

--...., A

-F . ' ! 1 -!- 4i 4

4-

-i

0

7 'i i'''

oij

0 6 0

600 0 W 0wm>
550

"N. 0 0

E 500

z

4001 -

I I Ii I

81 + F - I -1- 4 I 4

a

0
V-s

J ~3

GARZA-LITTLE ELM RESERVOIR

TOP OF DAM EL. 560.0
SPILLWAY CREST EL. 532.0

TOP OF CONSERVATION POOL EL. 515.0

62 60 58 56 54 52 50 48 46 44 42 40 3 6 4 2 3

-ac -J .
w F-Q0

JC

x 0gC
Woc000 Q4.

J VW Q U 0Ii 0 -

fin4 W 0IZd0~~.A 09

4m WQ -JO 
4

W ISQ0- 3 W W W 6>.m 0 0
6-Z W-V

W w ; Q 2 U .JJ4J

-LEWtSUiLLE (NR) EAGE r ARLTN ,a t

NO 44 4

N4 030-

40 EICARROILTON INRIGAGE
VEAGE30 N 555

O.-HISTORICAL jHIGH . E ~

0.432.39 0 4 3.4

ELM FORK TRINITY RIVER

0 28 26 24 22 20 B 16 14 12 10 8

DISTANCE IN MILES ABOVE MOUTH

STREAM BED

--- AVERAGE LOW BANK

-o--o---FLOODWAY LEVEES, RIGHT BANK

"'-- -- FLOODWAY LEVEES, LEFT BANK

- - - HISTORICAL HIGH WATER

--- - - --- o-6 50
0700

- -W - 600

F-0o 9 xW - -

-6 -- 55

M 0 .6 _

0
04 0 4 A. ~O 500

- 4 50>

400

4 2 r350

6 104 Gaa 2 v

TRINITY RIVER AND TRIBUTARIESTEXAS
ELM FORK AND DENTON CREEK

PPROFILES

SCALE AS SHOWN

U.S. ARMY ENGINEER DISTRICT, FORT WORTH JUNE 1962
ABMI T APPROVA RE MENDED: A PPRV

ENNEER ENIEER -TNrr taNNi a m toa ~ ... .....
PR RED 5.5,: . N 5C0T PA8Y O R1ENSIVE UVEY

L . s0.151 3> , 11 > a >ooY: .a.3. FiLE: TRIN. 230-19
PLATE 8

fT -- - ----....tr__ __ __ __ __ __ _IVEII

U. S. ARM Y

580

560

540
z
O

m
520 4

500 -

0

480

460

420

400

S E D f

Oz

C6.

V0
4-

O0

OI

4'

NOTES.
Elevations of bridges refer to low steel elevations
L.B. and N. B are abbreviation for left bank and

right bank, respectively.
High - water profile depicts maximum floods

of record

1 " If i
i 

TIII 
1

i I I I I

i i i i -

i i i J i I i i

4 50 -

coT te s o ansama LNISORPRS IRN" CNIEr. ENGIEIN DIIIN DISTRICT ENGINEER

-
m

ce

U

z
Q

CC

CID

W

z

0

i , I i

ll
Cl)
J

C

2

Q

it

J

J

W

X
c

e'_

)-

J

J

4

F- 

1-
O

U

W

F-

Q'

H''

I

v

qq

Z

W

D

-1

. .I . ,.e,

vv cv I ba 6iY IL It V:
s ge zE Lu 19 14 I

w

cal

.

'T -" ~ -Tv J c 00 a4 ac J,

-m

I

W

J

W

J

W

a

m



F

ii



iUr'ro Vr tN40IIrvn U StAM

385 
38

ST. L.-$.W. RY SR.
ST. HWY. 78 SR.

- LAVC
ZERC

HW
M

h

N (NEAR)
= EL. 421

AGE NO. 610

.58

HWM-L

405

UZ

W5

1 -1 1 1~----fi---

3I i

"N' '--I

_-k - LE

Ti

I
3

i

380

1 r 375

U W
45'

--a4

I

- . -M

1957 A

CRANDALL GAGE NO.620
ZERO = EL. 343.69

0
-W~

-m-

dO C

APPROX. MINIMUM, lp
T-- - 4 ~ N----- I

440

35

Z 430

z

W425'

M LEVEE

-1 -I-

41 . 1957 APPROXIMATE HCHWATER L V'411i_ _ >_0 _IE ~_ __ __ ___

L GAGE N .443434.32

-K

0

Iz

a_

WRADE 4

I L
IHI1

S 3 .

-

-- 4 V ~ -1

I\yAPPROX. MINIA UM LEVE E GRADE

S3 _

41

-

'I

7- rI

W

J O

a aC 4

N m
00

S"

". ~
02

-

----
_

7-

2

i
kOCKWAL

ZERO . EL
).65 

-

---~i- -

...

Ks

445

435

4 30

425

420

4UWW
* z

Z zW

415r

AUM LEVEE GRADEAF

395 \__lb_ I__7 b NI.'.btu:1-': 3951-L *1 _ _LEFT BANK LEVEE WM

3AVERAE 39N

\ i

'ROX. MItl

J

ui

i H

W

W

LL.

2

2

5 0405 0

400

46 45

370

A

PPROXIMATE HGH

ROCKWALL L.D. NO. I

APPROX. MINIMUM LEVEE GRADE

IGHWATER

AVERAGE BANK

- I

-m-

IMfT R1 y

i I
I41

"ACE 
0

5oy
C1yRVR1DLFS.

K-- - G-

:mrL! -- 1 1 1 _ 1_- 4-.---4I H 4 + I 31 F It! I t

IGHT BANK LEVEE,KAUFMAN L.D. NO.8

-- I I I 1 LEFT BANK LEVEE. KAUFMAN L.D. NO. 15

321 L - - 1 4 4 1- 1 1 -
I

LEFT
KAUFMAI

RI(
KALIF

315 - V F 1 4 V

ANK LEVEE
I L.D. NO. 13
HT BANK LEVEE
MAN L.D. NO. 10

2.

-RIGHT

LEFT BANK LE
_-- KAUFMAN L.D. N

ANK LEVI

lEE10. 5_
E

LEFT BANK *VEE KA

INFLUECE

STREAM BED---
!FLAN L.D. NO. 4

3101._____ 7 _____ L..II.I I _____9 C _ _ __4__2o 0 a 9 91 2 3 7 1 1 14 I3 12 1 1I9 8 T ID
F16 15 14 13 12

MILES ABOVE MOUTH OF EAST FORK TRINITY RIVER

I RIGHT BANK LEVEE
I NORTH LOOP, DALI AS L.D. NO F

~

38 37 36

360

W C
--

- -n

W>

0-- -
Q0

2

N

1355

345

340

335

330

325

380 ____ 35

375 ' 375

RIGHT BANK LEVEE
370 KAUFMAN L.D. NO. 6 370

RIGHT BANK LEVEE j RIGHT BANK LEVEE
SOUTH LOOP, DALLAS L.D. NO. KAUFMAN L.D. NO.6

34 33 32 31'- 30 29 26365

NOTE.
Distonces shown on profile are based on
existing channel a/ignment

LEGEND
-- STREAM BED

-------- AVERAGE BANK
--- OBSERVED 1957 HIGH WATER

----- EXISTING LEVEES

TRINITY RIVER AND TRIBUTARIESTEXAS

EAST FORK

PROFILES

SCALES AS SHOWN
U.S ARMY ENGINEER DISTRICT, FORT WORTH JUNE 1962

AP~ViRF MFNOF: APPROVED: -

310

SUBMITTED: APPROVAL RE( MENED APpE

-ENGINEER ENGINEER C~O..~COT I
CHIEF PLANN B REPORTSBRNH CIF ENGINEERNiG DIVISION DISTRICT ENGNEER

PLATE 9

IAI
', Q

r

Q 
LL;

o

d 
U

J U'

If

'-N--

e'-I [ P71 T

395

[ i 1i

}

_,

,
^. i

; N

V i

U

395

(. 4- h -~ - y 390I

"Nh-"--
1-- ~

--- ,__ -

'-"N

365

v 360

355

350

345

340

335

330

0
N,,

I i t-i'-_ _L_\ _ _ _ 4_ _4 --

Ir

W

~ W

W W
fora

-- - ~ - ~

-- -00

Oz

0-4'
1-4
0-4

0

0
N

l"1

10 7 6
"28 27 26 25 24 23 22 2120 19 I8 Y PRED: DRAWN AY: Y. 1.F COPN OPRHNIESRE

* NI E R CHECKED 9Y: .A.w. FLETRIN 3 -9

i

---- t---

i

i

__ 1

z

0

W

z

N 
1

- --

! ,

_

Y

1

W.Ni

I 

I.

li

I

I

50
450

i +
-ti I -i - - .y i - + - T LL -- cif i i 4L

------
+- :t

T!fz- im

_- 1 1 1

it N,
ILt I 

I ----- =-----I

420 --- ' ' '

Ann 
400

T400, ,

390 i

i i i -id - i i i

380 1 1 2!,fc i I i i ..L ' . !K 1 x -i i_I

- 1- - T------7A7% 1 i i i - 'A-T1 i i 1 1---'4L- I I Md---

Itart I i ( i i i i T- i i I i i i v. 385

J
309.. . .ft .I .A an

i
I

t

IIRL-MI
365

i- i i

i

m

o

m

J

J

Z

Qcr
U

;
i
i

t-1-
i

cr- 26 imck _4 i i f! -' '- -
I I d --- '- 

-

I 1 11.110 i 1 '-V i r, Pv i i i la i
1 1 i If' 13%. i i i 1 W 1 h i i

320--- + -I- ! -t

I 'd -- 315

1 :HIf PANINGB RPOTS RACH IEP EGINERIG IVIIO DITRITACCIEERMPANRDY MCW T.!PEEMENS-MAN CM ERHE UIV VEVE

K fP[CYL fTUDY MON I FILE: 1 KIN:_GJV I

PLATE 1

A

A

U. S. ARMY
r nooc nc curI PC

c

Z

O

d 
U

J U'

NN _

a

i

i

V

I
A.

---

5f 55 54 53

E XIST NG (
\ ' r

r ~

v

52 i0

,
.,

I AVERAGE 8i NK

v
\ \

\\ 3944 4,3 42 40

i u

35

---

m

-~-

W
J

-- ----

R



s



CORPS OF ENGINEERS

410 410

400 400

O Y.

J,
Si

0

g
0

---' ,1, --. 380+

(

350 i .. TI 4T - 4

AVERAGE

340 +t F

L'A

.FLow

e

J y

Y

W C

W

t

V

O 

N

C

O Z

O

H Z

U

=n

W A

J W~

F

F J

j 19W

I

d

"s

w

W

'V
W.AF

N

=O

Zr

OZ

VW

W

O

Y

-- J~ ----- \

-5-
a

...

-0 - -
o

370 360

360 350

340 330

330 z320

320 - - 1 - tfI 320 J310 1--------- -

3rC j 1'100[ I KINGS CREEK

290 ~ .. 2 .4,. L.LLI2L,.4 ... 4.-.L.L 4LLL .~. 2 LLL. 9
IL 10 9

MILES ABOVE MOUTH

a . -370

- ----

-)

W

W 
J

l

6

u

-

a

M 

C0
p

0 
W

o -

0 00
cn

d

W F-

WV lu

J J

H H

VW IlaH
tali%.

22 N

W C0
w E>

r i --- 3 ---- v r - 60

- -

-J350 *3401 4 ~ ~ ~ ~ ~ ~ ~ a 4 ----+--i ----4g--------4-s------so U 'H.1; I
I343

4c dc 3I

I I I I
03
a>~

I
m

n

0

0

z

g
0

rc

a.

I I I-1 -I-I I I I IW

-i HIGI

I -
-d

350

340

330$

--- 0
A ftGEQ

30 ----- -- -- -oo30

STREAM BED MABANK (NR)
- GAGE NO. 03Q

110 

Is 
1 00

- CEDAR CREEK 5
-4 3 0 3EL 285.50

- w . a o 2 .280 i i i i i i I i i i i i
37
MILES

36 35
ABOVE MOUTH

330 ,--y- r -r-o-v-s- r - 1 - -si- r - - -- s i - i r - -i r r r r v r i- -- - - s - - - i r - - T 9 i s-s-v

:90

32® -

310 "

-- _1

w

Y

J

IX
-d w

a O

U CL

2

O

U

J

6

a.

w

Iu 

F

7--

-

-0J

_ w qc

3F

19 ).z

W

]S 
Y Y zWw 0>

w 

w w UO

U U U Hd

HISTORICALHIGH
WATER

~I

d__ 
N J

-F
801 -t I5dI F+ 4 - I F I + - -- -I----- 4

AVERAGE LOW

STREAM ED

1

_ __

250-- --- - - - -

24 -

2301 i 4 4 F4- 4 4 F F F 4 F - ------ 4 F 0 -

220 L
29

.20 * .e i i 25 a i 24 00 i i i a i : * ..E 13 l 16 I Si 14 i e i e a i i i i i 1 i i i i i ^-. .... '-2.L. 2.2.J..L2.. 2...L. ... L.L.. ... L... 2.....2.. .. L....2 2 ~ . L22..L .
16 15 14
MILES ABOVE MOUTH

S 51 i 7 -:- -T -- i 330

> 9

-- m -

~5 r--- -_

320

NOTES:

Elevations of bridges refer to boy steel elevations.
L. B. and R.B. are abbreviations for left bank and right bank,
respectively
High - water profile depicts maximum floods of record.

310

300

vi
03n

280

270

]
2680:

-- 250

240

- 4---A

CEDAR CREEK

S i i. i .Lj "
0

230

220

LEGEND

STREAM BED
---- AVERAGE LOW BANK

- HISTORICAL HIGH WATER
------ - COUNTY L.I.D. LEVEE, L.B.

-- --- COUNTY L.I.D. LEVEE, R.B.

TRINITY RIVER AND TRIBUTARIES, TEXAS
CEDAR CREEK AND KINGS CREEK

PROFILES

SCALE AS SHOWN

US. ARMY ENGINEER DISTRICT, FORT WORTH JUNE 1962
JSUBM I APPR E R MMEN E : APPROVED:

00EF PLANNING REPORTS 8 NCH5 CIEFENI E NEERINGI V SO3 N DISTRICT ENGINEER
REPARED DR N N 2A.M.F. TO CCOMPAN8 COMPREHENSIVE

18 883 SURVEY. EPORT O.TR0N TY RIVER
...... .ENWNEER_ ~HECKED ST: M.A.Il. CAC AI9t1I

81118. 18C1A23883)11388843 OI- -- I'*>THIN. 230-19

PLATE 10

3801

U. S. ARMY

ON

z

C

sO

0

N-

e OW 
i LNi

W _

OC

2 -

W -

t8~

Won

:1 O-

J7R-

1L .-
2

J W

Z

W

2

J

-d I

_J it

O

TI

:E 370
-F-r-r-r-r-T

360

-te r i I i i a-- P I i i i

330 ---- 320-I . -- i-LI I I I-r- 1

inn : i ! I I =4 i 1 a 1

i s i i I f i i ' 4 ' ' 1 !2902

-i

270 i | I I I I

- --

- c iv

,

3

J

Wj

O

K

H

W

W

W

W

Z

Z

O

Q

W

J

ts!

w
a

J

L

a ®!

f

A i

I _

:, , _ ,

i
STR 

' 
t

17cv

z

2

0

ti

V

_ y

0 1 a ' 14

4
0 3 4

41 40 39 38 34 33 32 31 30 29-

a

W

u

a

r

....

i

vi

0
m

2

W

WU.

2

- ,

a

W

L.I i i , i II
28 26 25 24 20 19 18 F 13 1 i 2

1 1 1 1

>r
W _

V -

O -'

W -

6!

t -

W--



d

r-:



U.S. ARM

'

00

s 4

NOrES.

Elevatins of bridges refer to low steel elevations.
L.B.and R.B. are abbreviations for left bank and right bank,
respectively.
High-water profile depicts maximum floods of record.

400

0 l7 0 0

tN;oJ C >
J 4 W= 3 0

So 0o
3605

3130*~AVEASQ A K]A-

3301 f t t I f I f f I I I t F - & f + + + 4 Oh +

310

t . _ __ I4 4 +-I F+ I 4 IF 1-- 4-I

30 '.

20

s-

L .. - --- T- ---

350

0

T~-..1- 4- 4 L J-'L. 320o

I 1 -F I 4I 14- I I 4 I =n*- I4- - I4C I __t _ . T_ L _ _ oo

SOV O4
MES ABOVE MOTH

330 .n- -'T---~ -"T T--330

U . 0 320

0
... RICHLAND (NR)GAGENO. $35-0 L291

--

2 9 29 0

I I 4II I 1 + 
1 1 1 F11 1 1 i 4-1 I 4-i -i l- 4 -1 i h 4 4 1i L , , , , 60

L ML...J .LOL.
0

LL L.J LL.. LLOL L..L LLLL LL..L LL.L LJ.LJ LL L.L .. LL

-1t -_r . .r-r -,---r----,-,-,-o-or -o-o-- , r

-- NAVA
IMPROVE

IRO COUNTY LEVEE

ENT DISTRICT NO. N
1 F I4I I F F I I I I I-I-I-IF 4 I- I -I 4 4 I- - d

+------===4

-AI I

20 -

----- A HLOW BCA .N

so--

240.

230--

25 2N 27 2 20 24 23 22 2 20 IN - IA '0 16 1 14 ~3 2 1 10 N 7 6 5 4 3 2
MILES ABOVE MOUTH

3~~1 1rr ~10

1-

LEGEND
STREAM BED

---- AVERAGE LOW BANK
HISTORICAL HIGH WATER

-.. __--EXISTING LEVEE GRADE

300

280

-- 260-

20

--240

1 0 O

TRINITY RIVER AND TRIBUTARIES, TEXAS

RICHLAND CREEK

PROFILES

SCALE AS SHOWN

U.S. ARMY ENGINEER DISTRICT, FORT WORTH JUNE 1962
SUBMI :' APPROVAL RMMENDE APPROVEV D:,

--- u --- --- - NIN ET -- - C W IiT
CEFPLANNING REPORTS BRANCH CHIEF ENGINEERING DIVISION DISTRICT EN

1
INEE

"REA E. DRAWN Sy: A..F. T0 000MPANY COMPREENSIVt 0SRV0 Y
-- fi REPORT ON TRINITY RIVER

air NeNi . CHECKED ST: .A,I.w Tec 'w 71 I
EADSECL 0 STIES SECT SC F.L,0. , -9

PLATE II

420

4 10

,No

W

O

O

i

3

F

W

W

k.
Z

O

z

I
OS

O
r

CORPS OF ENGINEERS

.. I I I 14 "2

400 1--- - -- . . . I -. . -- I , .- '

.;; 390' -11 i -r I +a I +
' '. i I i . L t I 4300

39011 1 380

W

!_

J

W

d

L

N

0

T T T I -,-, , .36

--- 330 330 1 1 1 y i 1 I 1 i y 1 1 a e

' I I 1 I I I I - I !-0 I I I I I

i I

r neoe ne eKlriuccQc

C

410

w

i OV

a

aan...........................
" ~

W

V W

s

J

N

W

O

O

t

H

W

W

Z

O

F

W

J

W

SrRf4,y

ef0

6 sss $4 6 44e 0 s" 58 51 6

............

5 4 5 51 4 i 47

44 4 4 43 42 41 4 4 3" 37 34 35 34 33 32 31 30 29

I I I I

J 300

A

f

Y

u

e

e

c

Y

Y

r

J

h

i

W

S

H

W

W

W

i

i

O

H

4

W

J

W

- -- -
x

V_

S

2--
'

z

0

v

a

i

,Y

0
.N

J"it-J
O -
C *

C

W

O

C

m

r

;

x

_

x

s

s

N

h

J

W

W

Y

f p

N

Mf C

O

J

W in
A

W

Y p

_p 
i

t

O t

r ;

t =

Y

O =

i

F J

W

J

t

W

O

d

O

- v

J

L

H

I

1 -

J

4

J

y

Y

Y

C

u

a

7

a

t

Y

W

W

t

V

N

r

W

m

Z

v

r I



I

i



4.0 r-t-,-,-., ,-,4-,90

- I

-r_ _

470 - - S8u
--0

460 -

.4 ---- -- 1----1450

A,

8

r

8

J

J

W

a

3

x

co _

i

z

440

"

470 U 37C

-II I J

COUP

I I i i i I I I

ow
2W

fG

TY HIGHWAY BRIDGE
DRAIN DITCH (F

I1
1111 I ir=71 I II II I IIII

COUNTY HIGHWAY BRIDGEDRAIN DITCH (R.B.)t- -l
-RI LANK ELLS O.LEVE.-

LEVEE _ .MR DIST.NO.9-

ELLIS CO. LEVEE IMRDISTX0.4--

V J

35:1 I I I I F + i i 4 4I -I -- i

IACHIE CREEK

341 L 1 1. 1 1L 1 1 1 I L 1L 1 1 1 1 1I1A1.1L1.1J 1 1 IL.II..J..II 1.1J..1L1 4.111.1.1.14. L.L11 .L1L1. X40 i4
6 5

MILES ABOVE MOUTH

-4-4+-- -_- -

370

35C

34

J

CORSICANA (NR) GAGE .I I r
.. NO. 645 as

4-

1 111 t I m 6

-R 2
W.-~

J0

2 i

0*~~

I I I I I I LO*9 BANK I > 0g
4 111_ - _ -I j _ _ _ AA v

66 65 64-3

L i-- 37

A

Jrui

- W

i _ -

w

360 1 I> - T 11 1 11 111 11 TI11IJ

o

YZ

Tito

N

NW

9 I B

360

r1

N- N

7 56

W
2~-
JW

III i&Ea
J II _

38W 00

340

Y

-W

-- I.

IN T8
52I t0

N.;~ ;
1JCD11

WJ2WZU.540 40
49 wJ

.j402-OO

~LL\

\N

..B)

41[ ' T11'2
WAXA

Ul w

W
61

- J

2 ->
II 8

z

i~lJ F

590 500

380 490

370 480

360 470

350 > 46

4501

-, 430

420

44C

430

39A

>0 _t 1U--- -

____ -L

N

500

90

480

470

Z
O

450 W

440

430
66

NOTES:

Elevations of bridges refer to low steel elevations.
L.. 8.and R. B. are abbreviations for left bank

and right bank, respective/y
High -water profile depicts maximum

floods of record.

400

590

-I 1' y' ymss,,, ,, ,,

849

NM J

cr ZJ 80

A - - - i -i

.8.

mi

370

34, L ' I I"I 4 IF F "'I - 4a - I + 4 I+I- - 0
53 52

330

33051 50 49 48 47 46 45 .
MILES ABOE MOUTH W

2 001

Nq YERAG Low

3 42 41 40 39

CHAMBERS CREEK

3.0 L I I J. I I I - i i i - L J _-- -- -- -- .. 3Z0 i i i . ..
38 37

310 310

35 34 33 32 31 30 29

LEGEND
STREAM BED

---- AVERAGE LOW BANK
----- RIGHT BANK LEVEE

LEFT BANK LEVEE
HISTORICAL HIGH WATER

TRINITY RIVER AND TRIBUTARIES, TEXAS
CHAMBERS AND WAXAHACHIE CREEKS

PROFILES

6

I I T 1-T 11 - 310

NAVRR COLEEE NAVLR CO0LVE

a 404

-L '-- 4 ----- - -. 4

2 4F -44 4- \4 -

27.

NAVARRO CO. LEVEE NAVARRO CO. LEVEErMP. DI. 9 IMP DIST. NO.8

(6 W UL__

-K-
--- 11 4 -- I

I ..-~

[_ I F F I

- IF F+-4 I -- I- ---

CHAMBERS

240 w n . i ii i i i R M . nn i i i i i i i 17 19 i i ii 1 I i ii-L.1-IT i I I n o a 7 6 5 i i i i i i i i .4

15 14
MILES ABOVE MOUTH

SCALE AS SHOWN

U.S. ARMY ENGINEER DISTRICT, FORT WORTH JUNE 1962
ITD: APPROVA REC MENDED APPRV D ,

CREEK.% e
CRNINEER ENGIEER COL CORPS OF ENGINEERS

..LL....L.4 J....L.L.. RC VCHET CLACING I REPORTS RANC CHIEF, ENGIBEDRIN 0I S DINOtSTRICT ENGINEER

3 2 ,1 DRE: RAWN ST: AMF. OACCOMPANY COMPREHENSIVE

---- - -TRI---30-19

PLAE 12

z

.0

0)

CU

' -.

U

T

-

-.- -
- 19-

_ V.-
4 X

STREAM BED

CHAMBERS CREEK

9 6 67 T
MILES ABOVE MOUTH

J9U

as = see.

:,--

,-4

Dk4 -

i r 

410

390

_All

LJLL I i I I i I I I

.. . . . ., . . . . . . . . . . . . . . . . . . . . . ., -1 i .. . :n --- -4 --1 i - -
__ .

D

-----------

III sti --- ;a a-f

--330 I

2 029 - E T - I

..... . .... . --- - s

. ... --__ --.----.--- .-----. --. --... -- -... - NAP " A~bE ETO CAECKcEO ST: KA.w.a L"IR v V
CIY

i

-
N

W

O

rn..C

i!!

.... ... .... .. ........
0 - i 1 7

z

0

J

Sri

m

_

- Y

W

W

U

III I

I

!"'

Z

V

7T7-=.

rAV
eE0

W

S
Q

.

c

r

I F

. C

I 

..

--. 294.26

W

LL.

Z
0>;

W

J

W

16 c 1 
10 c

I t D Y 4 v

_J

w /STn.

T T

C

7

H

V

C

O

V

4

4



I



8. EXISTING FEDERAL IMPROVEMENTS. - There are at present four Corps
of Engineers flood-control reservoirs in operation in the Trinity River
Basin. An additional Corps of Engineers flood-control reservoir is
under construction; one has been authorized; another has been recommended;
and enlargement of one of the existing reservoirs, together with improve-
ment of its downstream channel and levees, has been recommended. The
Corps of Engineers also has two existing floodway projects, one authorized
and one previously recommended project providing for extension of an
existing floodway, and one authorized local protection project in the
basin. In addition to the above projects, the Corps of Engineers has
authorization for construction of a navigation channel to Liberty and a
reservoir project near the mouth of the Trinity River has been recommended
for authorization for salinity control, navigation, and other water resource
purposes. The lower portion of the authorized navigation channel to
Liberty has been completed to the vicinity of Anahuac. A list of federal
projects showing their present status is presented in the following
tabulation:

Project Status

Benbrook Reservoir
Grapevine Reservoir
Garza-Little Elm Reservoir (Lewisville Dam)
Lavon Reservoir
Navarro Mills Reservoir
Bardwell Reservoir
Wallisville Reservoir
Lavon Reservoir Enlargement and Channel

Improvement
Fort Worth Floodway
Dallas Floodway
Fort Worth Floodway Extension, Part I
Fort Worth Floodway Extension, Part II
Big Fossil.Creek Local Flood Protection
Navigation Project to Liberty

In operation
In operation
In operation
In operation
Under construction
Authorized
Previously recommended

Previously recommended
In operation
In operation
Authorized
Previously recommended
Authorized
Authorized to Liberty.
Completed to vicinity

of Anahuac

Pertinent data for the existing and authorized projects are shown in

tables 2 and 3. Pertinent data for the previously recommended floodway
project at Fort Worth are shown in table l1, and those for the previously
recommended reservoir projects are shown in table 16. Data for the
authorized navigation project to Liberty are not included in these tables.

The navigation project to Liberty was authorized for a 9-foot depth and

150-foot bottom width from the Houston Ship Channel to Liberty, approxi-
mate river mile 40. A portion of the channel, to about 1 mile downstream

from Anahuac, has been completed. The location of each of the above
projects is shown on plate 13.
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TABXZ 2

PERTINENT DATA - EXISTING & AUTHORIZED CORPS OF ENGINEERS RESERVOIRS

: Contrib.: Net storage - acre-feet Total con- Pertinent elevations - ft. m.s.l.
Reservoir Stream :River: D.A. :Sediment reserve in: : Flood :trolled storage: Yield :Stream-:Tbp con- :Top Fl.: Design water:Top or

:mile :(a.mi. ):Cons.pool:FC pool :Conservation: control : (acre-feet) : c. f. s.: bed :servation:Cotrol: surface : dam

Benbrook Clear Fork 15 433 15,750 0 72,500 170,350* 258,600* 10.0 617.0 694.0 710.0* 741.0 747.0
(6.5)

Grapevine Denton Cr. 11.7 694 27,300 8,700 161,250 238,250 435,500 32.0 451.0 535.0 560.0 581.0 588.0
(20.7)

Garza-Little Elm Elm Fork 30.0 1,658 46,000 0 436,000 1,002,900 167.0 435.0 515.0 532.0 553.0 560.0
(107.9)

Lavon East Fork 55.9 777 43,600 4,200 100,000 275,600 423,400 71.0 433.0 472.0 490.0 496.0 502.0
(45.9)

Navarro Mills Richland Cr. 63.9 316 10,100 5,700 53,200 143,200 212,200 32.0 375.3 424.5 443.0 451.9 457.0
(20.7)Bardwell Waxahachie Cr.6.0 171 6,000 2,700 29,500 79,600 117,800 8.4 379.8 418.0 439.0 443.7 447.5
(5.4)

Spillway design flood : Spillway : Flood-control outlet works : Low-flow outletsReservoir Peak inflow :Peak outflow: Volume Net length at : : Intake : - Intake
c.f.s. : c.f.s. acre-feet : crest.(feet) : Control :No.& size: Control :invert elev.: No. & size : invert elev.

Benbrook 290,100 180,000 483,800 500* None 1-13'0 2-6.5'x13'gates 622.0 2-30"0 656.0

Grapevine 319,400 190,700 797,800 500 None 1-13'0 2-6.5'x13'gates 475.0 2-30" 500.5

Garza-Little Elm 633,200 229,400 1,815,000 560 None 1-16'0 3-6.5'x13'gates 448.0 2-60"( 481.0

Lavon 430,300 255,800 960,400 480 12-40'x28' gates None 5-36" sluices 453.0

Navarro Mills 280,500 225,000 521,100 240 6- 4 0'x29'gates None 2-36" 0 400.0

Bardwell 159,300 115,700 274,400 160 4 -40'x28'gates None 1-36" sluice 402.0

* The spillway consists of a 100-foot section with crest at elevation 710.0 and an additional 400-foot weir with crest at elevation 724.0. The total flood-
control storage provided below elevation 724,0 is 170,350 acre-feet, of which 76,550 acre-feet lies below elevation 710.0. The discharge through the
100-foot notch with the pool at elevation 724.0 is 17,900 efs.

NOTE: Figures shown parenthetically in yield column are existing yields in million gallons daily.



Project Local agency

Fort Worth Floodway Tarrant County
W.C.&I.D. No.

Fort Worth floodway- Tarrant County
Part I W.C.&I.D. No.

Big Fossil Creek City of
Floodway Richland Hills

Dallas Floodway Dallas County
Control Distr

TABLE 3

PERTINENT DATA - EXISTING LOCAL IMPROVEMENT (FLOODWAY) PROJECTS BY CORPS OF ENGINEERS

Drainage area at head of River mile : Improved Design

Stream : project - square miles : limits of channel : flood,

Total :Controlled:Uncontrolled. project :length :c.f.s.

FORT WORTH

West Fork above
1 Clear Fork 2,088 1,974 114 558.7 to 564.7 16,373' 50,000

Clear Fork 531 433 98 0.0 to 1.6 6,070' 75,000

West Fork below
Clear Fork 2,627 2,407 220 551.3 to 558.7 30,050' 95,000

1 West Fork 2,070 1,974 96 564.7 to 570.4 22,310' 50,000

s Big Fossil Creek .53 0 53 0.0 to 3.31 17,500' 52,000

DALLAS

Flood West Fork -
ict Trinity River 3,502 2,407 1,095 505.48 to 508.7 0 195,000

Elm Fork -
Trinity River 2,578 2,352 226 0.0 to 3.5 0 61,000

Trinity River 6,080 4,759 1,321 497.37 to 505.48 28,700' 226,000

:Min. :Length of levee
:free-: Left Right
: board: Bank bank

4

4'

4.

4'

5'

4'

4'

4'

9,662'

8,300'

14,965'

11,280'

6,700'

0

20,278'

42,300'

15,045'
0

20,100'

30,840'

0

18,700'

0

38,800'
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9. The Soil Conservation Service, Department of Agriculture, has
been authorized by Congress to undertake a program of runoff and water-
flow retardation and soil erosion prevention in the Trinity River Basin.
As of 1961 a total of 288 detention structures had been constructed in
the basin as part of this program. Data on the complete program and
its effect are presented later in this appendix (paragraphs 69, 94, 95,
and 135).

10. EXISTING NON-FEDERAL. IMPROVEMENTS. - There are 18 non-federal
reservoirs existing or proposed for immediate construction in the
Trinity River Basin with an individual capacity greater than 5,000
acre-feet and 79 that have a capacity of less than 5,000 acre-feet each.
These reservoirs are principally for municipal and industrial
water supply and for non-consumptive cooling purposes at power generating
plants. Marine Creek Reservoir, constructed by the Tarrant County Water
Control and Improvement District No. 1, is the only non-federal reservoir
with over 5,000 acre-feet capacity that contains allocated flood-control
storage. Of the 15,400 acre-feet of storage in the reservoir, 11,600
acre-feet are reserved for flood control. Other pertinent information
on the 18 reservoirs is listed in downstream order in table 4. The
reservoirs are shown on plate 13.
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TABLE 4

PERTINENT DATA - EXISTI!( NON-FEDERAL RESERVOIRS WITH CAPACITIES GREATER THAN 5,000 ACRE-FEET

Location Contrib. : Storage capacity - acre-feet :Reservoir elev.; 2020
Name Ownership : River : D.A. : Flood: :at maxinm con-: Year Yield

Stream : mile :(sq. mi.) :Sediment:Conservation:Control: Total :trolled storage:Constructed (cfs)

Amon Carter

Bridgeport:

Eagle Mountain

Lake Worth

Marine Creek

Weatherford

Arlington

Mountain Creek

North Lake

City of Bowie

Tarrant County WC&ID #1

Tarrant County WC&ID #1

City of Fort Worth

Tarrant County WC&ID #1

City of Weatherford

City of Arlington

Dallas Power & Light Co.

Dallas Power & Light Co.

White Rock City of Dallas

Trinidad Texas Power & Light Co.

Livingston (3) City of Houston and the
Trinity River Authority

Anahuac Chambers and Liberty
Counties Navigation Dist.

Forney (3) City of Dallas

Terrell City of Terrell

Cedar Creek (3) Tarrant County WC&ID #1

Waxahachie Ellis County WID No. 1

Halbert City of Corsicana

Big Sandy Creek

West Fork Trinity

West Fork Trinity

West Fork Trinity

Marine Creek

Clear Fork Trinity

Village Creek

Mountain Creek

South Fork -
Grapevine Creek

White Rock Creek

(2)

Trinity River

(5)

East Fork Trinity

Muddy Cedar Creek

Cedar Creek

South Prong -
Waxahachie Creek

Elm Creek

31.0

626.2

583.3

572.1

4.7

39.8

8.0

4.1

0.5

103

1,114

1,974

2,069

10

106

136

289

2.3

12.0 99

129.2 16,606

- 129

31.8

9.8

ll.1

0.5

1,074

13

1,013

31

5,100

37,700

39,100

2,100

450

6,300

10,100

20,000

1,100

7,400

0

51,600

14,800

233,200

143,500

31,600

3,350

13,100

35,600

4,200

16,000

4,900

6,200

1,698,400

0

0

0

0

11,600

0

0

0

0

0

0

0

19,900

270,900

182,600

33,700

15,400

19,400

45,700

24,200

17,100

12,300

6,200

1,750,000

0 35,300 0 35,300

24,000

1,200

70,900

2,100

0.7 12 1,170

466,000

7,100

608,000

11,400

0

0

0

0

490,000

8, 300

678,900

13,500

6,250 0 7,420

920.0

826.0

649.0

594.3

-715.0

896.0

550.0

457.0

510.0

457.5

285.0

131.0

1956

1932

1934

1913

1957,

1956

1957

1936

1957

1911

1925

(3),

- 1953

434.5

503.0

322.0

531.5

(3)

1956

(3)

1957

- 1924

(1) Operating level of reservoir between elevations 450.0 and 457.0.
(2) Off-channel reservoir, on left bank of Trinity River just upstream from mouth of Cedar Creek.
(3) Under construction.
(4) Combined yield from Livingston and Wallisville Reservoirs operated as a system including return flows.

See table 16 for other pertinent data on Wallisville Reservoir.
(5) Off-channel reservoir - Turtle Bay.

NOTE: Where no yield is indicated for 2020 conditions some yield would be available for a portion of the critical period.

Figures shown parenthetically in yield column are 2020 yields in million gallons daily.

0
(0)
78

(50.4)
)
) 27

(17.5)

0
(0)
1

(0.6)
9

(58 )

0
(0)

3
(1.9)

0
(0)

1950 (4)
(1260.3)

20.7
(13.4)

91
(58.8)

1
(0.6)
268

(173.2)
3

(1-9)

0
(0)



11. The 40 organized levee improvement districts in the Trinity
River Basin that are active have approximately 34+1 miles of levees.
The levees provide varying degrees of protection to about 180,500 acres
of land along the Trinity River and its tributaries. The districts are
shown on plate 14, and pertinent data concerning them is listed in
table 5. Levees of the Tarrant County Water Control and Improvement
District No. 1 and levees of the City and County of Dallas Levee
Improvement District have been incorporated in the Corps of Engineers
Fort Worth Floodway and Dallas Floodway projects.
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TABLE 5

LEVEE DATA

IOveptoppr:g: Aproxc.a noea
Levee Ipoemet District Str..m Bank River mi1e Length stage protected Remarks

County D MetNo. From To (miles) (feet) (ars

Tarra t(l)

Dallas(2)

Dallas

Dallas

Dallas

Dallas

Dallas

Dallas

Dallas(3)

Ellis

Ellis

Kaufman

Henderson

Ellis and
Navarra

Henderson

Anderson

Anderson

Houston
Houston

Houston

Rockwall

Dallasl

Kaufman -

Kaufman

Kaufman

Kaufman

Kaufman

Kaufman

Kaufmnan

Ellis(4)

Ellis

Navarro

Navarro
Ellis

Ellis

Ellis

Navarro

Navarro

Navarro

Navarro

Navarro

Navarro

Kaufman

Kaufman

Kaufmnan

5

12

3

2

14

4

3

S2

10
3

3

2

3

1

2

4

6

6

8

15

13

10

5

41

11

1
12
4

6

9

6
10

11

4

9

8

T

12

Clear Fork and
West Fork

Trinity River and
West Fork

Trinity River and

M0. Fork

Trinity River

Trinity River

Trinity River

Trinity River and

Cottonwood Creek

Trinity River and
Ten Mile Creek

Trinity River

Trinity River and
Red Oak Creek

Trinity River

Trinity River

Trinity River

Trinity River

Trinity River and
Cedar Creek

Trinity River

Trinity River

Trinity River

Trinity River

Trinity River

East Fork

East Fork and
Rowlett Creek

East Fork and
kook Creek

East Fork

East Fork and

Mustang Creek

Eat Fork and
Mustang Creek

East Fork

East Fork and

Buffalo Creek

Trinity River and
East Fork

Chambers Creek

Chambers Creak

Chambers Creek

Chambers Creek

Waxahachieand
Onion Crooks

Chambers and
Onion Creeks

Chambers and
Waxahachie Creeks

Chambers Creek

Chambers Creek

Chambers and
Cummins Creeks

Chambers and
Briar Creeks

Chambers Creek

Richland and
Chambers Creeks

Cedar Creek

Cedar and Kings
Creeks

Cedar Creek and
Lacy Fork

Cedar Creek

R&

R&L

R&L

L

R
R

R

R

L

R

R

L

L

R

L

L

L

L 269.6 275.0 10.03

L 239.2 247.4 6.78

L 226.2 233.1 10.47

L 40.7 46.7 3.90

R 31.1 38.9 .12.82

R 28.9 30.9 2.50

R 26.5 28.8 3.79

L 15.2 20.1 5.16

L 12.3 15.2 6.38

R 11.3 15.4 2.44

R&. 8.0 11.0 6.63

L 453.0 458.3 26.00
0.4 8.0

L 55.2 65.5 8.00

L 53.3 55.2 2.00

L 43.1 46.6 3.88

R 42.3 43.1 0.85

R 1.6 3.0 8.69

L 42.2 43.0 1.58

L 41.4 42.1 2.96
0.0 1.6

R&L 40.6 41.0 3.25

R.L 32.8 40.3 13.98

L 29.8 32.6 5.79

R 23.3 28.3 8.69

L 3.9 5.8 1.63

L 10.6 14.2 6.55
0.0 3.4

L 35.1 37.8 4.22

R 33.7 37.1 6.39
0.0 4.6

L 33.7 35.0 3.50

R 30.6 33.7 1.84

0.0
551.7

498.0
505.5

498.0
0.0

496.0

486.8

474.4

471.1

468.3

463.0

457.3

444.9

442.4

433.9

432.8
432.2
378. 2

0.4

331.9

284.8

2.3
565.4

505.5
509.0

505.5
5.6

496.2

491.6

481.0

474.4

471.0

484.4

468.3

456.3

452.8

442.4

435.6
432.8

389.6
4.3

334.9

294.4

* Since districts are not maintained, acreage have been omitted from area protected as given in text.
no Referred to nearest official gage; name of gge hoon in parentheses in "Remarks" column.

15

12.31

14.33

14.61

0.20

9.75

9.58

9.00

5.18

16.08

15.04

16.80

6.78

10.12

4.17

28.26

5.53

6.90

25 1,710

52 9,520

52 5,000

47 59

- (3,650)*

45 3,366

45 2,080

45 2,400

48 17,700

47 8,229

40 11,100

50 7,380'

40 4,216

42 1,840

47 17,000
25

52 2,583

48 5,740

52 5,140

48 7,380

49 9,626

22 1,875

20 3,969

20 663

20 876

24 2,745

- 926

21 1,499

21 2,133

38 12,130
22

- 5,936

- 1,500

- 1,000

- (1,094)*

. 900

- (257)*

- (566)*

- 1,462

25 7,000

25 3,000

25 2,608

- (575)*

25 3,100

- (822)*

23 3,800

- (1,070)2

23 1,282

Overtopped by 1949 flood. Repaired by CofE. Strengthened by CofE 1950-1957.
(1) Tarrant County Water Control & Improvement District No. 1 (Fort Worth)

Never overtopped. Repaired 1945-1946 by CofE; strengthened by CofE 1950-1959.
(2) City end County of Dallas L.I.D. (Da.as)

Northwest overtopped in 1942; repaired by CofE in 1948. Strengthened by CofE
1950-1959. (Dallas)

Sandbagged low areas in 1949 flood. (Dallas)

Levee never completed.

Overtopped by 1942 and 1949 floods. Repaired by CofE oftter 1949 and 1957 floods.
Local interest raised levee 1958. (Dallas)

Overtopped by 1935 and 1942 floods. Repaired by local interests. overtopped by
1949 and 1957 floods. Repaired 1944, 1948, 1949, 1957 & 1958 by CofE. (Dallas)

Overtopped by 1935 and 1942 floods. Repaired by local interests. Repaired by
CofE 1945. Overtopped by Ten Mile Creek 1948 and 1949 - no damage, levee raised

by local interests. (Dallas)

Never overtopped. Repaired 1948 by CofE.
(3) Dallas County Bois D'Arc Island L.I.D. No. 4. (Dallas)

Overtopped by 1942 flood. Repaired by local interests. Repaired by CofE 1946.
Overtopped by Red Oak Creek 1958, repaired by CofE 1959-1960. (Dallas)

Overtopped by 1942 flood. Repaired by local interests. Breached by 1946 flood.
Repaired by CofE 1945, 1946, 1947. (Rosser)

Damaged by 1942 flood. Repaired by local interests. Damaged 1945. Repaired by
CofE 1945-1948. (Rosser)

Damaged by 1945 flood. Repaired by CofE 1945-1948. (Rosser)

Never overtopped. (Rosser)

Overtopped by 1942 and 1945 floods. Repaired by CofE. (Trinidad, abnk)

Overtopped by 1942 and 1945 floods. Repaired by CofE 1944-1945. (Long Lake)

Repaired by local interests 1951. Overtopped by 1957 flood. Repaired by local
interests. overtopped by 1958 flood. Repaired by CofE. Local interests raised
grade of levee. (Long Lake)

Repaired by CofE 1946, 1948, and 1960. (Long Lake)

Damaged by 1942 flood. Repaired by local interests. Overtopped with no damage
1957. Drainage structure repaired by CofE 1959-1960. (Midway)

Never ovrtopped. Local interests installed pumps and strengthened levee 1959-1960.

Damaged by 1942 and 1945 floods. Repaired by CofE. (Rockwall)

Repaired by CofE 1945, 1947, 1948, 1949 and 1958. (Rockwal)

overtopped by 1935, 1938, 1942 and 1949 floods. Repaired in 1945 & 1949 by CofE.
(Rockwall)

rt by 1942 flood. Repaired by local interests. Repaired by Cofn 1944 & 1945.

Damaged by 1942 flood. Repaired and raised by local otesesot. Overtopped by 1957 and
1958 floods. Repaired by CofE. (Crandall)

Damaged by 1932 flood. No repairs made. Damaged by 1957 and 1958 floods. Repaired by
CofE.

Overtopped by 1944, 1945 & 1946 floods. Repaired by CofE. Overtopped by 1950, 1957 and
1958 floods. Repaired by CofE. Local interests raised levee grade 1960. (Crandall)

Overtopped by 1935, 1945, 1946, 1957 and 1958 floods. Repaired by CofE. -(Cran11)

Overtopped by 1935 flood. East Fork by Jan. & May 1949 floods. May damage repaired by
CofE. Overtopped by 1957 and 1958 floods. Repaired by CofE. (Rosser, Crandll)

Damaged by 1958 flood. Repaired by local interests.
(4) Ellis County Drainage District No. 1.

Continuation of Ellis No. 1

Damaged by 1944 and 1945 floods. Repaired by CofE.

District dissolved. Levee no longer maintained.

overtopped by 1944 and 1945 floods. Repaired by CofE.

District800 . maintained.

District not tantained.

Left Bank levee partially washed away.

Damaged by 1944, 1945, 1949, 1952, 1957 and 1958 floods.
Repaired by CofE and local interests. (Corsicana)

Damaged by 1944 flood. Repaired by CofE. Damaged by 1952, 1957, and 1958 floods.
Repaired by local interests. (Corsicana)

Damaged by 1944, 1945 and 1958 floods. Repaired by CofE. Damaged by 1952 and 1957
-oo6 .Repaired by local interests. Local interests raised levee grade 1958.

district not maintained.

Damaged by 1944, 1945, 1948, 1957, 1958 floods. Repaired by CofE. (Corsicana)

District not maintained.

Overtopped by 1945 ad 1957 floods. Repaired by CofE. (Maank)-

District not maintained.

Overtopped by 1945 and 1957 floods. Repaired by CofE. (Maank)

52-704 0-65 (Vol. III)-3



12. CLIMATE.- The climate over the basin is generally mild with
the distinctive features of a large range of annual and daily tempera-
tures. In summer, the days are generally hot and the nights moderately
warm. Snowfall and sub-freezing temperatures are rare in the lower
section of the basin near the Gulf, but are experienced occasionally
during the winter season in the more northerly parts of the basin.
Generally, the winter temperatures are mild, with occasional cold
periods of short duration resulting from the rapid movement of cold
high-pressure air masses from the northwestern polar regions and the
continental western highlands.

13. There are no important topographic features affecting climate
in this area. The general elevation of the basin increases gradually
from a few feet above sea level at Galveston Bay to approximately
1,250 feet above mean sea level in the extreme headwaters.

14. Table 6 gives climatological data relative to temperature,
growing season, wind velocity, and humidity at representative United
States Weather Bureau stations in and adjacent to the Trinity River
Basin. The stations in this table are arranged in geographical order
from the headwaters downstream in order to show the gradations of
climate. There is a general increase in mean annual temperature,
length of growing season, and relative humidity from the headwaters
to the Gulf.
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TABLE 6

CLIMATOLOGICAL DATA

:Years of: Temperature in degrees Fahrenheit
:complete: :Average:Average:

Station : record : Mean :maximum:minimum:Maximum :Minimum
(1) : annual : daily : daily :recorded: recorded

Gainesville 69 65.3 77.3 53.3 114 -12
Jacksboro 18 66.0 79.0 53.0 112 - 3
Bridgeport 24 63.5 76.8 50.2 115 - 1
Graham (2) 53 64.5 77.2 51.8 117 - 8
Denton (Exp Sta) 45 64.8 76.5 53.1 113 - 3
McKinney 43 65.0 76.0 54.0 118 - 7
Dallas 79 66.5 76.6 56.4 111 - 3
Fort Worth 64 66.0 76.2 55.8 112 - 8
Weatherford 70 64.0 76.1 51.9 113 -11
Cleburne (2) 52 66.6 79.0 54.2 114 - 3
Waxahachie 54 65.5 78.1 52.9 115 - 9
Corsicana 80 66.6 78.0 55.2 113 - 7
Mexia (2) 54 66.0 75.8 56.2 112 - 2
Palestine 66 66.2 75.7 56.7 108 - 6
Crockett 24 67.1 79.4 54.8 114 0
Huntsville 75 68.0 77.8 58.2 107 - 2
Liberty 56 69.0 79.9 58.1 108 8
Anahuac (2) 28 68.3 77.3 59.3 110 11
Galveston (2) 89 70.1 76.0 64.2 101 8
Houston (2) 73 70.0 78.5 61.4 108 5

:Growing season: Wind velocity
Average :y: Relative humidity in percent

Station : length :Average:Fastest:
(days) : mph : mile :6 a.m.:Noon:6 p.m.:Midnight

Dallas 243 10.8 77 80 54 53 71
Fort Worth 252 12.3 73 80 53 53 70
Palestine 249 7.4 47 84 57 60 -
Galveston (2) 341 10.9 91 84 70 75 81
Houston (2) 309 10.1 84 89 60 68 86

(1) All data as of December 31, 1959.

(2) Station outside of basin.
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15. HUMIDITY.- The relative humidity over the basin is generally
moderate, decreasing from humid in the lower portion nearest the Gulf
to subhumid in the northwestern extremity of the basin. Relative
humidity observations have been made by the United States Weather
Bureau at Dallas and Fort Worth., in the upper part of the basin; at
Palestine, near the eastern border of the central section; and at
Galveston and Houston, near the lower part of the basin. Table 6
shows the average humidity for each of these stations.

16. WINDS.- The prevailing winds are from the south or southeast
during the greater part of the year. Dry southwesterly winds are
experienced occasionally. During the winter months, December, January
and February, the high-pressure air masses approaching from the north-
west, cause the prevailing wind direction to shift to the north. Wind
movements are strongest during the months of March and April; and the
lightest wind movements generally occur during July, August, and Septem-
ber. The maximum published wind velocity of 91 miles per hour occurred
at Galveston in August 1915, during a severe tropical storm. In general,
wind movements over the basin are relatively mild. The average annual
wind velocities are: 10.9 miles per hour at Galveston, near the lower

extremity of the basin; 7.4 miles per hour at Palestine, on the eastern
border; and 10.8 and 12.3 .miles per hour at Dallas and Fort Worth,
respectively, in the upper section of the basin.

17. TEMPERATURE.- The mean annual temperature varies from 69.0

degrees at Liberty, in the lower part of the basin, to 63.5 degrees at
Bridgeport in the northern part of the basin. The mean annual

temperature over the basin is about 66 degrees. There is a range in

mean monthly temperatures of about 35 degrees between the warmest month,
July, and the coldest month, January. Subzero temperatures have been
recorded over the northern section of the basin extending as far south
as Huntsville. Temperature ranges are rather narrow or oceanic near
the coast; but are wide or continental in character in the interior of
the basin.

18. GROWING SEASON.- The growing season between killing frosts

normally extends from the latter part of March to the early part of
November in the interior of the basin, and from the early part of
March to the latter part of November near the coast. The growing

season averages 232 days in the. northern part of the basin, 277 days

in the southern part.

19. SNOWFALL.- Snowfall is generally light over the basin. It
is occasional in the northern part and rare in the southern area near

the coast. It comes at infrequent intervals and melts rapidly.
Seasonal accumulations are not experienced in this basin, and snowfall
therefore does not constitute a flood hazard.
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20. PRECIPITATION.- Precipitation in the Trinity River Basin
has been observed officially since 1849, when a station was established
by the United States Weather Bureau at Fort Worth, Texas. However,
only a few stations were in existence prior to the year 1890. A total
of 109 stations have been established in this basin, but at the present
time there are only 88 stations in operation. The remainder have been
abandoned or their records combined with nearby stations. .Of the 28
active automatic recording stations within the basin, only 2 are
first-order stations. These are located at Fort Worth and Dallas in
the upper part of the basin. Palestine, located in the middle basin,
was discontinued as a first-order station in 1953 but the recording
precipitation record is continuous to date. Plate 15 shows the
locations and type of record of the rainfall stations on and adjacent
to the basin.

21. ANNUAL RAINFALL.- Mean annual precipitation over the basin
ranges from a minimum of about 27 inches in the northwestern extremity
of the basin to a maximum of 51 inches at the lower end. The average
annual precipitation over the basin is about 38 inches. Plate 15
shows isohyetals of mean annual precipitation over the basin, the
mean monthly distribution of rainfall at Fort Worth, Dallas, Corsicana,
Riverside, and Liberty. Table 7 shows the maximum, minimum, and United
States Weather Bureau published normal annual precipitation at stations
in and near the basin.

TABLE 7

PRECIPITATION DATA

Number : Annual precipitation
complete :

Station : years : : :USWB published
of record : Maximum : Minimum : normal

:through 1959: (inches): (inches): (inches)

Anahuac (1) 47 98.08 26.54 53.02
Bridgeport 52 54.55 15.56 29.11

Corsicana 83 61.50 19.36 35.92
Dallas 72 59.53 18.81 34.42
Fort Worth 64 51.03 17.91 33.69
Gainesville 65 52.79 20.37 34.42
Galveston (1) 88 78.39 21.40 45.19
Graham (1) 65 48.99 14.12 27.0'
Huntsville 69 69.79 17.93 45.6
Liberty 55 85.08 29.63 51.15
McKinney 50 76.12 20.76 37.48
Palestine 78 62.48 23.98 40.54
Riverside 56 65.41 27.32 44.22
Waxahachie 57 54.82 20.80 35.0
Weatherford 68 55.88 16.66 31.5

(1) Station outside of basin.
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22. RAINFALL INTENSITY.- Periods of excessive precipitation
have been experienced over all parts of the basin. Generally, the
highest 24-hour and monthly periods have occurred during major
storms. However, there are some instances of heavy precipitation
resulting from local thunderstorms. Examples of the latter type
of precipitation are the 14.21 inches of rainfall that was observed
at Kaufman on August 22-23, 1908, and the 9.18 inches observed at
Dallas on August 26-27, 1947. For a further discussion of thunder-
storm rainfall see paragraph 31. Maximum 24-hour and maximum
monthly precipitation for representative stations in and adjacent
to the basin are given in table 8.

TABLE 8

MAXIMUM 24-HOUR AND MAXIMUM MONTHLY PRECIPITATION

Years of :Maximum 24-hour: Maximum monthly
Station :complete record: rainfall (1) rainfall (1)

: through 1959 (:inches) : (inches)

Anahuac (2) 47 15.87 20.03
Bridgeport 52 9.07 16.23
Corsicana 83 7.96 17.76
Dallas 72 9.18 13.89
Fort Worth 64 9.57 17.64
Gainesville 65 10-07 16.40
Galveston (2) 88 14.35 26.00
Graham (2) 65 5.80 12.54
Huntsville 69 7.78 19.00
Liberty 55 10.22 22.70
McKinney 50 7.55 34.85
Palestine 78 12.06 17.25
Riverside 56 7.50 17.25
Waxahachie 57 10.80 15.03
Weatherford 68 6.75 27.94

(1) Published records. Unofficial observations indicate published
records have been exceeded in some areas.

(2) Station outside of basin.

The United States Weather Bureau maintained three recording rain-
gaging stations (Fort Worth and Dallas in the Upper Trinity River
Basin and Palestine in the middle basin) from which data are obtain-
able regarding intensities of rainfall for short periods. In addition
there are two such stations (Houston and Galveston) near the mouth of.
the Trinity River, both outside of the basin, which give some
indication of rainfall intensities on the lower Trinity River Basin.
Table 9 shows the maximum published precipitation at these 5 stations
for durations of 24 hours or less.

21



TABLE 9

RAINFALL INTENSITIES AT FIRST-ORDER STATIONS
IN AND NEAR THE TRINITY RIVER BASIN

Total precipitation in inches (1)
Station 1-hour 2-uhour:34iour :6-hour : 12-hour : 24-hour

Fort Worth 3.35 5.59 5099 6.93 9.04 9-57
Dallas 3.39 4.77 6.24 8.00 9.07 9.18
Palestine 3.24 4.31 4.64 5.25 6.21 12.06
Houston 4.36 6.05 6.62 8.67 10.02 10.83
Galveston 5.31 7.58 8.78 11.79 12.75 14.35

(1) Published records. Unofficial observations indicate published
records have been exceeded.

23. EVAPORATION.- An analysis was made of evaporation records as
presented by the United States Study Commission for various reservoirs
in the Trinity River Basin for the 1941-1957 period. As a result of the
analysis it was concluded that such records were reasonable estimates
and were therefore adopted for use in this report. These records were
based on available data at several stations in and near the basin.
Seven of the stations in and adjacent to the basin have comparatively
long records - Denton in the northen part of the basin; Troup (Lindale)
and Nacogdoches, 30 and 40 miles, respectively, east of the basin;
College Station and Temple, 20 and 70 miles, respectively, west of the
basin; and Beaumont and Angleton, 40 miles northeast and 60 miles south-
west, respectively, of the mouth of the Trinity River. The above
stations were used to determine evaporation at the reservoirs for the
1924-1940 period not covered by United States Study Commission data.
Table 10 gives pertinent data for the seven evaporation stations.
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TABLE 10

EVAPORATION DATA

:Average annual: Average
evaporation :annual net

P Average ao from :evaporation

Station : : annual : Average : reservoir : loss from
Period :rainfall:annual pan : surface reservoir

of : (inches):evaporation: (inches) : surface
record : (1) : (inches) (2) (inches)

Denton 1917-1959 32.05 56.60 53.22 21.17

Troup

(Lindale) 1915-1959 44.59 51.86 48.73 4.14

Nacogdoches 1915-1947 149.32 44.67 41.99 (3)

College
Station 1916-1955 39.15 55.61 52.28 13.13

Beaumont 1917-1959 54.21 48.31 45.42 (3)

Angleton 1915-1959 47.73 45.12 42.42 (3)

Temple 1915-1959 33.62 58.53 55.02 21.40

NOTE: All Texas Agricultural Experiment Stations.
(1) Corresponding to the period for which evaporation re

available.
(2) Estimated at 94 percent of pan evaporation.
(3) Rainfall exceeds evaporation for average conditions.

cords are

24. Evaporation is greatest in the higher and less humid upper
portion of the basin and least in the humid area near the coast.
Approximately two-thirds of the annual evaporation normally occurs
during the six warm months, April through September, and practically
the entire net evaporation loss occurs during the months of June,
July, August, and September.

25. RIVER STAGE AND DISCHARGE. - The observation of Trinity River
streamflow began on October 1, 1898, when the United States Geological
Survey established a gage at the Turtle Creek pumping plant in Dallas.
This gage was abandoned on December 31, 1899. No discharge records
were published for this period. In 1903 the United States Weather

Bureau established gages at Dallas, Riverside, and Liberty. Subsequently,
the Weather Bureau established gages at Bridgeport, Fort Worth, Carrollton,
Trinidad, and Oakwood (Long Lake). Prior to 1939 the United States
Geological Survey had established a total of 22 streaxnflow gages on the

Trinity River and its tributaries. The greatest expansion in stream-

gaging activity occurred during the period 1923-1925, when 12 gages

were installed. In 1939, the Geological Survey installed 4 new gages
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on the Trinity River Basin in cooperation with the Corps of Engineers.
Two of these gages were at the location of old gages that had been
abandoned, and two were at new locations. Reservoir gages and inflow
and outflow gages have been established in connection with the
construction of Corps of Engineers reservoirs in the Upper Trinity
Basin. For the period 1903-1959 stage and discharge records of varying
length were available for 63 streamflow and reservoir gages in the
basin. Plates 38 and 39 show the locations and the drainage areas of
active and discontinued stream-gaging stations in the basin. Plate 16
shows in bar-graph form the periods covered by records of stream-gaging
and reservoir stations.
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26. ANNUAL RUNOFF.- Observed average annual runoff at the

principal gages in the Trinity River Basin are given in table 11.

Also given are the minimum and maximum annual runoff for the purpose
of illustrating the extremes to which the annual runoff in this 'basin
is subject.

TABLE 11

ANNUAL RUNOFF DATA (OBSERVED) (1)
CALENDAR YEAR

:Drainage: Period : Runoff in inches

Stream and station : area : of :Minimum:Average:Maximum
:(sq. mi.): record :annual :annual :annual

West Fork at Bridgeport 1,147 1908-1930 0.59 2.48 6.50
Big Sandy Creek near

Bridgeport 332 1937-1959 0.17 3.61 15.01
Clear Fork near Aledo 246 1947-1959 0.09 2.21 5.18
Clear Fork near Benbrook 435 1947-1959 0.03 2.15 7.21
Clear Fork at Fort Worth 526 1924-1959 0.07 2.70 8.23
West Fork at Fort Worth 2,627 1921-1959 0.06 2.18 7.93
West Fork at Grand Prairie 3,070 1925-1959 0.31 2.51 8.30

Elm Fork at Lewisville 1,671 1949-1959 0.81 4.01 13.35
Denton Creek near Roanoke 621 1924-1955 0.32 3.65 11.49

Trinity River at Dallas 6,120 1903-1959 0.28 3.32 10.01
East Fork near Rockwall 840 1923-1954 0.02 7.71 21.02

East Fork near Crandall 1,257 1949-1959 0.41 5.75 16.57

Trinity River near Rosser 8,162 1938-1959 0.48 4.61 10.87
Cedar Creek near Mabank 734 1939-1959 1.54 8.69 18.01
Richland Creek near Richland 737 1939-1959 0.89 7.26 18.11
Chambers Creek near Corsicana 971 1939-1959 0.43 6.54 15.76

Trinity River near Oakwood 12,912 1923-1959 0.82 5.10 12.78
Trinity River near Midway 14,484 1939-1959 0.88 5.63 13.11
Trinity River at Riverside 15,619 1903-1959 0.94 5.71 13.27

Trinity River at. Romayor 17,192 1924-1959 1.00 5.83 13.39

(1) ,Observed runoff reflects historical depletions due to storages,
evaporation, diversions, etc., in existing local interest and
Corps of Engineers projects.

27. The data in table 11 indicate that the annual runoff tends
to increase from the headwaters toward the mouth. This is to be

expected because of the greater rainfall on the lower part of the
basin.
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28. Runoff values in studies of basin development were based on:
(1) existing conditions of runoff, determined from observed records at

stream-gaging stations with applicable reduction factors applied to
account for existing developments on the basin, and (2) the 2020
conditions of runoff, determined as follows: An analysis was made of
the runoff for the 1941.-1957 period as presented by the United States
Study Commission - Texas. As a result of this analysis it was
concluded that such runoff constituted a reasonable estimate and was
therefore used with the following exception. Detailed operational
records from the Dallas Power and Light Company at the existing
Mountain Creek Dam were used by the Corps of Engineers to determine
the runoff on Mountain Creek. For the period 1924-1940 the runoff was
determined from observed records at stream-gaging stations with
applicable reduction factors applied to reduce these flows to 2020
conditions of basin development.

29. DROUGHTS.- There have been two major droughts experienced
on the Trinity River Basin - 1908-1913 and 1950-1957. Due to paucity
of records during the 1908-1913 period, the latter drought period,
due to its areal coverage, duration and the availability of data,
has been adopted as the critical period with respect to water supply
for this report. The drought of 1950-1957 was terminated by the
floods of April-June 1957. Excessive runoff also occurred during the
earlier part of 1950. The calendar years 1951 through 1956 were,
however, entirely within the drought period. The mean annual runoff
on the Trinity River at Dallas (in the upper basin) and Romayor (in
the lower basin), based upon the entire period of observed record at
the two gaging-stations, is 3.32 inches and 5.83 inches, respectively.
The mean annual runoff for calendar years 1951 through 1956 was only
0.54 inch at Dallas and 2.14 inches at Romayor. Normal precipitation
at the Dallas and Liberty gages, as published by the U. S. Weather
Bureau, is 34.42 inches and 51.15 inches, respectively. During the
period 1951-1956 the mean annual precipitation was 25.39 inches at
Dallas and 41.47 inches at Liberty. These represent average annual
rainfall deficiencies of 9.03 inches and 9.68 inches at Dallas and
Liberty, respectively, during the period 1951 through 1956.

30. STORM CHARACTERISTICS.- The storms that cause precipitation
on the Trinity River Basin are of three general types: (1) thunder-
storms, culminating in devastating cloudbursts; (2) frontal storms;
and (3) cyclonic storms originating in the tropics or the western
Gulf of Mexico. Approximately three-fourths of the precipitation on
the basin results from disturbances of the first two types and the
remaining one-fourth from disturbances originating in the tropics
or the Gulf of Mexico. The tropical and Gulf storms occur principally
during the period from June to November, inclusive.
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31. THUNDERSTORMS.- Thunderstorms, as here described, are
produced and maintained by local convectional currents of the vertical
type. They are sometimes accompanied by excessive precipitation for
periods up to about 6 or 8 hours, but rarely produce excessive
precipitation over extensive areas. Thunderstorms cause freshets and
even major floods on the smaller tributaries, but do not produce major
floods in the larger streams. Thunderstorms, however, often cause
damage to the levee districts on the larger tributaries and on the
main river by breaching the lateral or hillside levees and covering
the protected lands within the levee districts with 'the floodwaters
and debris collected from the local watershed. The floods produced
by these storms are especially damaging to crops because they occur
most frequently in the growing season. This type of storm is
exemplified by the rainfall of 14.21 inches observed at Kaufman on
August 22-23, 1908. The area covered by the intense precipitation
was probably small, since practically no precipitation was observed
at surrounding stations. Although no information is available-on the
distribution of this rainfall, it is probable that the greater part
of the 14.21 inches recorded for 24 hours fell in a much shorter
period. A more recent example of thunderstorm type rainfall occurred
at Dallas on August 26-27, 1947 where 9.18 inches fell in a period of
24 hours with 9.07 inches occurring in a period of only eleven
hours.

.32. FRONTAl3 STORMS.- Frontal storms that cause precipitation
on this basin result from the forced ascension of warm moisture-laden
air masses originating over the warm oceanic areas to the south.
The lifting of the warmer air mass is accomplished either by direct
convergence of a tropical air mass and a polar air mass, or by the
convergence and partial emcompassing of a tropical air mass by
several denser air masses. The greatest storms of record that have
been experienced on the Trinity River Basin are of the frontal type.
Some examples of the frontal type storm are those of May 22-26, 1908;
December 1-5, 1913; May 24-31, 1929; and September 25-28, 1936.

33. CYCLONIC STORMS.- It remains to consider the characteristics
of the cyclonic storm which originates in the tropics and the western
Gulf of Mexico. When these storms move inland they tend to curve to
the northeast and to pass up the Mississippi Valley. In following
this course, the storm center would most likely cross the lower portion
of the basin somewhere below Dallas, where its width is relatively
narrow and the land slopes are not steep. The heaviest precipitation
in these storms is generally experienced in the right front quadrant.
Hence, the greatest precipitation would tend to be concentrated on
the lower portion of the basin. The severe tropical storm of
August 17-20, 1915, is an example of the cyclonic storm.
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34. MAJOR BASIN STORMS. - Some of the major flood-producing
storms that have occurred over the Trinity River Basin are as follows:
June 28-July 1, 1899; May 22-26, 1908; December 1-5, 1913; April 20-26,
1915; April 24-27, 1922; May 24-31, 1929; September 25-28, 1936;
November 19-26, 1940; April 5-30, 1942; April 29-May 4, 1944; March 28-
April 2, 1945; May 16-17, 1949; and April-June 1957. Isohyetal maps
and typical mass curves of precipitation for selected major basin storms
are shown on plates 17 through 20, and a description of these storms is
given in the following paragraphs.

35. STORM OF JNE 28-JULY 1, 1899.- The center of this storm
was located at Hearne (about 60 miles west of the Trinity River Basin)
where rainfall of 31.5 inches was. recorded for the 108-hour storm period.
The heaviest concentration of rainfall in the Trinity River Basin
occurred on the Richland and Chambers Creek watersheds and in the lower
portion of the Trinity River Basin below the mouth of Richland Creek
where the following rainfall amounts were recorded: Mann (near
Corsicana), 10.0 inches; Palestine, 7.5 inches; and Huntsville, 7.6
inches. An isohyetal map and typical mass curves of precipitation for
the storm of June 28-July 1, 1899 are shown on plate 17.

36. STORM OF MAY 22-26, 1908.- The center of this storm was at
Chattanooga in southern Oklahoma where rainfall of 9.4 inches was
recorded for the storm period. This storm covered the entire headwaters
of the Trinity River down to the mouth of the East Fork with the heaviest
concentration over the Elm Fork watershed. Between'n8 and 9 inches of
rain fell over the upper portion of the Elm Fork watershed and from
4 to 8 inches over the greater part of the Trinity River Basin above
Dallas. Practically no rainfall was recorded on the Trinity River Basin
below the mouth of the East Fork. Some of the rainfall amounts on the
Upper Trinity River Basin were as follows: Gainesville, 8.3 inches;
Fort Worth, 7.3 inches; Weatherford, 6.4 inches; and Dallas, 4.0 inches.
An isohyetal map and typical mass curves of precipitation for the storm
of May 22-26, 1908 are shown on plate 17.

37. STORM OF DECEMBER 1-5, 1913.- The center of this storm was
at San Marcos in south central Texas (about 100 miles southwest of the
Trinity River Basin) where rainfall of 15.5 inches was recorded for
the 96-hour storm period. This storm generally covered that portion
of the Trinity River Basin between the mouth of the East Fork and the
Riverside gage with the heaviest concentration of rainfall on the
watersheds of Richland, Chambers, and Cedar Creeks. Some of the higher
rainfall amounts within the storm area on the Trinity River Basin were
as follows: Kaufman, 11.7 inches; Waxahachie, 8.2 inches; Corsicana,
9.0 inches; Long Lake, 8.5 inches; and Riverside, 5.3 inches. An
isohyetal map and typical mass curves of precipitation for the storm
of December 1-5, 1913 are shown on plate 17.
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38. STORM OF APRIL 20-26, 1915.- The center of this storm was
at Austin, Texas (about 90 miles west of the Trinity River Basin)
where rainfall of 17.1 inches was recorded for the storm period.
This storm generally covered the East Fork watershed and that portion
of the Trinity River Basin between the mouth of the East Fork and
the Oakwood (Long Lake) gage. Rainfall amounts recorded within this
area were as follows: McKinney, 6.6 inches; Trinidad, 8.0 inches; and
Long Lake, 5.3 inches. An isohyetal map and typical mass curves for
the storm of April 20-26, 1915 are shown on plate 17.

39. STORM OF APRIL 24-27, 1922.- The center of this storm was
at Weatherford, in the Clear Fork watershed, where rainfall of 11.4
inches was recorded for a period of about 30 hours. The storm generally
covered the Upper Trinity River Basin with the heaviest concentration
on the Clear Fork. Rainfall amounts recorded within the storm area on
the Upper Trinity River Basin were as follows: Weatherford, 11.4 inches;
Fort Worth, 10.6 inches; Dallas, 5.8 inches; and Waxahachie, 6.3 inches.

40. STORM OF MAY 24-31, 1929.- The center of this storm was
at Driftwood (near Austin and about 100 miles west of the Trinity
River Basin) where rainfall of 15.0 inches was recorded for the storm
period. The 5-inch isohyet for this storm enveloped practically the
entire area of the Trinity River Basin between the mouth of East Fork
and Liberty gage. Rainfall amounts recorded within this area were
as follows: Huntsville, 10.8 inches; Mexia, 8.4 inches; Crockett,
6.5 inches; Riverside, 9.9 inches; and Liberty, 4.5 inches. An
isohyetal map and typical mass curve of precipitation for the storm
of May 24-31, 1929 are shown on plate 18.

41. STORM OF SEPTEMBER 25-28, 1936.- This storm was centered
at Hillsboro, just outside the Trinity River Basin, where rainfall
of 15.5 inches was recorded within the storm period. Rainfall of an
almost equal amount (14.7 inches) was recorded at Ennis in the Chambers
Creek watershed. Although the storm had a duration of 90 hours, the
greater part of the rain fell in a period of from 12 to 18 hours. The
heaviest concentration of rainfall within the Trinity River Basin
occurred on the watersheds of Mountain, Richland, Chambers, and Cedar
Creeks. Rainfall amounts recorded within this area of heaviest
concentration were as follows: Kaufman, 14.2 inches; Ennis, 14.7
inches; Mountain Creek, 11.3 inches; Waxahachie, 10.3 inches; and
Corsicana, 7.0 inches. An isohyetal map and typical mass curves of
precipitation for the storm of September 25-28, 1936 are shown on
plate 18.

42. STORM OF NOVEMBER 19-26, 1940.- The center of this storm
was at Hempstead (about 80 miles west of the Trinity River Basin)
where rainfall of 21.0 inches was recorded for the storm period.
Heavy rainfall was experienced on the central and southern portions
of the Trinity River Basin during this storm. Some of the higher
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rainfall amounts recorded in the basin during this storm were as
follows: Long Lake, 19.6 inches; Centerville, 20.0 inches; and
Shepherd, 16.7 inches. An isohyetal map and typical mass curves
of precipitation for the storm of November 19-26, 1940 are shown on
plate 18.

43. STORM OF APRIL 5-30, 1942.- This storm covered the entire
Trinity River Basin. Storm centers were scattered throughout the
basin; however, the heaviest concentration of rainfall was experienced
in the iuer basin. The storm of April 5-30, 1942 consisted of four
distinct periods of rainfall. These .periods were as follows:
April 5-9, April 12-14, April 18-20, and April 23-30. Precipitation
during the first period fell at moderate rates on relatively dry
ground and did not produce excessive runoff on the tributaries. The
second period consisted of light rains of little significance. The
third and fourth periods consisted of several short periods of intense
precipitation and generally produced the high discharge experienced in
the basin. Some of the rainfall amounts recorded in the basin during
the total storm period of April 5-30 were as follows: Roanoke, 18.8
inches; Gainesville, 16.4 inches; Fort Worth, 17.0 inches; Dallas,
12.4 inches; McKinney, 17.1 inches; Rosser, 13.7 inches; Trinidad,
8.3 inches; Long Lake, 8.0 inches; and Liberty, 8.5 inches. An
isohyetal map and typical mass curves of precipitation for the storm
of April 5-30, 1942 are shown on plate 19.

44. STORM OF APRIL 29-MAY 4, 1944.- The center of this storm
was at Pollok (about 30 miles east of Crockett) 'where rainfall of
16.0 inches was recorded for the storm period. This btbor gene'i.ly
covered the Trinity River Basin below Dallas. Some of. the rainfall
amounts recorded in the Trinity River Basin were as follows: Denton,
3.6 inches; Dallas, 5.9 inches; Trinidad, 7.8 inches; Jewett, 11.9
inches; Riverside, 4.9 inches; and Liberty, 6.4 inches. An isohyetal
map and typical mass curves of precipitation for the storm of April 29-
May 4, 1944 are shown on plate 18.

45. STORM OF MARCH 28-April 2, 1945.- The center of this storm
was at Winnsboro (about 60 miles east of the Trinity River Basin)
where rainfall of 15.5 inches was recorded for the storm period.
This storm generally covered the Trinity River Basin between Dallas
and Oakwood (Long Lake) and the West Fork watershed below Fort Worth.
Some of the rainfall amounts recorded in the Trinity River Basin
were as follows: Fort Worth, 3.5 inches; Mansfield, 9.8 inches;
Rosser, 8.7 inches; Trinidad, 8.2 inches; Kemp, 10.0 inches; and Long
Lake, 5.4 inches.

46. STORM OF MAY 16-17, 1949.- The center of this storm was at
Kennedale on the Village Creek watershed (a tributary of the West
Fork) where rainfall of 12.8 inches was recorded in a period of 9 hours.
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The heaviest rainfall for this storm occurred on the Clear Fork
watershed and on that portion of the West Fork watershed lying
between Fort Worth and Dallas. Heavy rainfall with an average
depth of 8.75 inches on the area of the Clear Fork between the
Aledo and Fort Worth gages produced the maximum flood of record on
the Clear Fork at the Fort Worth gage. Some of the rainfall amounts
recorded in the storm area were as follows: Weatherford, 10.0
inches; Aledo, 11.0 inches; Fort Worth, 8.0 inches; Hurst, 10.0
inches; and Dallas, 5.4 inches.

)47. STORMS OF APRIL-JUNE 1957.- The storms which began over
Texas on April 19 produced rainfalls during the month varying from
about 8 inches in the lower Trinity River Basin to about 10 inches
in the central portion of the basin to a maximum of about 20 inches
in the upper basin near the Garza-Little Elm Reservoir. During the
month of May, the storms continued over the basin producing rainfalls
varying from about 2 inches near the mouth to about 4 inches in the
central basin near Oakwood to about 16 inches on the watersheds of
the East, Elm, and West Forks. Rainfall totals over the basin for
the month of June were more moderate, ranging from about 2 inches
in the upper basin to about 10 inches at the extreme lower end of
the basin. The heavy general rains ended about June 5 and for the
remainder of the month such rainfall as occurred was in the form of
scattered showers. The most significant periods of flood runoff
resulting from the series of storms which occurred during the period
of April-June 1957 were during the latter part of April, about the
middle and end of May, and the early part of June. Flows in the
river continued high during June due to releases from the upper Trinity
River reservoirs where the flood-control storage was being evacuated.
Although none of the peak discharges exceeds the record peak discharges
of the respective gages, the volume of runoff exceeded that produced
during any similar period for which records are available. The floods
of April-June 1957 on the Trinity River Basin above Dallas produced
about 3,888,000 acre-feet of runoff (adjusted for storage in upstream
reservoirs), whereas the floods of April-June 1908 produced only about
2,x+00,000 acre-feet of runoff or about one and one-half times as much
flood runoff occurred on the Trinity River Basin above Dallas as during
the floods of April-June 1908 which produced the maximum known peak
discharge at Dallas. The West Fork watershed above Fort Worth produced
about 1,278,000 acre-feet of runoff (adjusted for storage ), during the
April-June 1957 floods or about five times the flood volume of the
April-June 1949 flood (255,000 acre-feet) which produced the maximum
known peak discharge on the Clear Fork at Fort Worth. Isohyetal maps
and typical mass curves of precipitation for April, May, and June 1957,
and for the total period of April through June 1957 are shown on
plate 20.
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48. FLOODS.- Floods occur frequently and at almost any time of

the year on the Trinity River Basin. Table 12 gives peak discharges
and volumes for some of the larger floods at some of the principal
gages in the basin

TABLE 12

FLOOD DATA

Peak . Date Flood volume
Date of flood discharge of passing gage

cf peak _ _(acre-feet inches

Tm 1FPK TRTNTTY

April 23-May 7, 1922
April 18-May 16, 1942
March 29-April 21, 1945
May 15-25, 1949
April 18-July 5, 1957

RIVER AT FORT WORTH- D. A. = 2,627 SQ. MI.

85,000 Apr 25
23,700 Apr 24
31,200 Mar 30
64,300(1) May 17
26,800(2) May 25

(1) Affected by major levee breaks.

(2) Discharge estimated at 58,800 second-feet without Benbrook
Reservoir in operation.

WEST FORK TRINITY RIVER AT GRAND PRAIRIE - D. A. = 3,070 SQ. MI.

April 18-May 18, 1942
March 29-April 21, 1945
May 15-25, 1949
April 19-July 6, 1957

27,200
29,500
62,000(l)
59,200(2)

Apr 25
Mar 31
May 17
May 26

521,500
251,800
213,600

1,040,200

3.18
1.54
1.31
6.35

(1) Affected by major levee breaks.

(2) Discharge estimated at 68,800 second-feet without Benbrook
Reservoir in operation.

33

265,600
417,500
172,500
125,000
792,300

1.90
2.98
1.23
0.89
5.66
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TABLE 12 (Cont'd)

FLOOD DATA

Peak : Date : Flood volume
Date of flood b discharge : of passing gage

(cfs) :peo : (acre-afeet) : (inches)

TRINITY RIVER. AT DALLAS. - D. A. = 6,120 SQ. MI.

May 22-June 10, 1908
April 25-May 7, 1922
June 6-July 2, 1941
April 18-May 18, 1942
March 29-April 22, 1945
May 27-June 19, 1946
May 15-25, 1949
April 19-August 31, 1957
April 13-June 11, 1958

184,000
75,100
77,000

111,000
52,900
38,900
82,500(1)
75,300(2)
23,200(2)

May 25
Apr 27
June 12
Apr 26
Mar 31
June 2
May 18
May 26
Apr 27

1,354,100
531,600
980,600

1,521,400
685,100
564,900
392,100

2,679,500
896,200

Affected by major levee breaks
Discharge estimated at 222,000 second-feet and 98,500 second-feet
in 1957 and 1958, respectively, without Corps of Engineers
reservoirs in operation.

TRINITY RIVER AT ROSSER - D. A. =.8,162 SQ. MI.

June 2-July 10, 1941
April 20-May 17, 1942
April 29-May 18, 1944
March 28-May 5, 1945
May 28-June 19, 1946
May 16-27, 1949
April 19-September 5, 1957
April 13-June 12, 1958

55,300
(1)

39,000
66,600
54,800
51,900
56,000(2)
34,000(2)

Jun 16
(1)

May 6
Apr 2
Jun 4
May 2.
May 29
May 3

1,694,800
2,128,700

500,400
946,700
996,500
473,000

4,045,900
1,426,600

3.89
4.89
1.15
2.17
2.29
1.09
9.29
3.28

(1) Maximum discharge not determined, occurred April 23 or 24 following
numerous breaks in levee system, average daily discharge on
April 23 was 133,000 second-feet.

(2) Discharge estimated at 142,000 and 100,000 second-feet in 1957 and
1958, respectively, without existing Corps of engineers reservoirs.

34

(1)-
(2)

4.15
1.63
3.00
4.66
2.10
1.73
1 . 20
8.20
2.75



TABLE 12 (Cont'd)

FLOOD DATA

Peak : Date : Flood volume
Date of flood : discharge : of : passing gage

(cfs) : peak : acre-feet : inches)

TRINITY RIVER AT OAKWOOD D. A. = 12,912 SQ. MI.

1890
May 29-June 11, 1908
April 25-May 12, 1922
June 2-July 16, 1941
April 23-May 22, 1942
April 30-May 20, 1944
March 31-May 13, 1945
May 28-June 20, 1946
May 18-June 12, 1949
April 19-September 9, 1957
April 11-June 15, 1958

180,000
164, 000
67,100(2)
69,300(2)

153,000
111,000
140,000
54,000
28,600(2)
91,800(3)
95,400(3)

(1)
Jun 4
May 2
Jun 22
Apr 29
May 5
Apr 3
Jun 10
May 30
Apr 28
May 7

(1)
2,490,900
1,515,300
2,333,600
3,330,800
1,828,200
2,955,100
1,366,800
741,300

6,553,600
2,395,600

Data not available.
Average daily discharge.
Discharge estimated at 137,100 and 110,500 second-feet

1958, respectively, without existing Corps of Engineers

TRINITY RIVER AT RIVERSIDE - D. A. 15,619 SQ. MI.

in 1957 and
reservoirs.

May 24-July 7, 1908
April 25-May 20, 1922
June 3-July 21, 1941
April 21-May 29, 1942
April 30-June 1, 1944
March 30-May 10, 1945
May 31-June 30, 1946
May 22-June 15, 1949
April 21-September 11, 1957
April 13-June 17, 1958

100,000
73,300(1)
47,500(1)

121,000
83,000

116,000
40,200
23,400(1)
97,700(2)
66,800(2)

Jun
May
Jul
May

May
Apr
Jun
Jun
May
May

11
4
2
5
11
9
19
5
4
14

3,662,900
2,773,600
2,639,600
4,192,400
2,723,400
3,769,600
1,618,200

727,100
7,694,400
2,782,500

1) Average daily discharge.

(2) Discharge estimated at 130,500 and 109,000
1958, respectively, without existing Corps

secoz -feet in 1957 and
of Engineers reservoirs.
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(1)
3.62
2.20
3439
4.84
2.65
4.29
1.98
1.08
9.52
3.48

(1)
(2)
(3)

4.40
3.33
3.17
5.03
3.27
4.53
1.94
0.87
9.24
3.34
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TABLE 12 (Cont'd)

FLooD DATA

Peak : Date Flood volume
Date of flood : discharge of : passing gage

(cfs) peak : (acre-feet) (inches)

TRINITY RIVER AT ROMAYOR - D. A. 179192 SQ. MI.

June 5-July 31, 19+11
April 21-June 1, 1942
April 30-June 6, 1944
March 31-May 15, 1945
May 31-July 6, 1946
May 23-June 21, 1949
April 23-September 15,
April 13-June 18, 1958

4+,100(1)
111,000
69,000

106,000
40,600(1)
23,400(1)

1957 93,200(2)
58,200(2)

Jul
May
May
Apr
Jun
Jun
May
May

5
9
15
13
23
7
10

19

3,047,500
4,751,700
3,216,900
4,340,200
1,844,500

820,700
8,234,100
2,797,600

(1) Average daily discharge.
(2) Discharge estimated at 125,900 and 102,000

1958, respectively, without existing Corps
second-feet in 1957 and
of Engineers reservoirs.

MOUNTAIN CREEK NEAR GRAND PRAIRIE - D. A. = 289 .SQ. MI.

Dec. 15-Jan. 4, 1928
May 8-18, 1930
April 18-May 19, 1942
March 29-31, 1945
May 29-31, 1946
February 23-25, 1949
April 19-June 5, 1957

(1)

35,900
18,800
29,300(1)
23,100(1)
18,500(1)
19,200(1)
25,400(1)

Dec
May
Apr
Mar
May
Feb
Apr

17
15
20

30
30
24
26

31,700
27,400
89,400
52,700
42,500
51,500

133,300

Peak discharges estimated from changes in reservoir contents
and releases from Mountain Creek Reservoir.
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3.32
5-18
3.51
4.73
2.01

0.89
8.98
3.05

2.06
1.78
5.80
3.42
2.76
3.34
8.65
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TABLE 12 (Cont'd)

FLOOD DATA

Peak Date Flood volume
Date of flood discharge of passing gage

(cfs) : peak :(acre-feet) : (inches)

ELM FORK AT CARROLLTON - D. A. 2,4571 SQ. MI.

Member 9-20, 1913
ay 12-26, 1935

June 6-July 1, 1941
April 18-May 17, 1942
March 27-April 10, 1945
May 28-June 19, 1946
April 18-August 31, 1957
April 13-June 11, 1958

76,000
82,100(1)
76,400(1).
90,700(1)
18,000(1)
42,800(1)
13,700(1&2)
7,720(1&2)

Dec
May
Jun
Apr
Apr
Jun
Jun
Apr

14

19
12
26
4
2
5
27

289,900
466,900
561,900
796,300
248,200
410,300

1,163,200
365,850

(1) Flows regulated by Lake Dallas from February 1928 to November
1954, Garza-Little Elm since 1954 and Grapevine Reservoir since
July 1952.

(2) Peak discharge estimated at 164,100 and 121,300 second-feet in
1957 and 1958 without existing Corps of Engineers reservoirs in
operation.

EAST FORK NEAR ROCKWALL'" D. A. = 840 SQ. MI.

June 15-20, 1935
February 17-25, 1938
April 19-29, 1942
May 1-5, 1944
February 20-25, 1945
May 29-June 5, 1946
April 19-June 24, 1957
April 30-May 5, 1958

64,800
57,600
80,000(1&2)
28,500
42,800
43,600
43, 000(2&3)
6,000(3)

Jun
Feb
Apr
May
Feb
May
May
May

16
18
20
3
22
31-
27
2

173,000
181,500
259,600
102,000
105,300
204,200
720,200(4)
241,600(4)

l) Estimated by Corps of Engineers.
2) Affected by major levee breaks.

(3) Observed flows modified by Lavon Reservoir. Estimated peak
discharges without Lavon Reservoir in operation would be 54,600
and 31,800 second-feet for the 1957 and 1958 flood, respectively.

(4) Inflow computed at Lavon Reservoir.
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2.21
3.56
4.29
6.08
1.89
3.13
8.88
2.79

3.86
4.05
5.80
2.28
2.35
4.56
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TABLE 12 (Cont'd)

FLOOD DATA

Peak :eDate : Flood volume
Date of flood o discharge of : passing gage

(cfs) peak : (acre-feet) (inches)

CHAMBERS CREEK NEAR CORSICANA - D. A.=97l SQ. MI.

1913 54,000 Dec (1) (1)
November 23-30, 1940 25,400 Nov 24 121,800 2.35
April 20-30, 1942 37,400 Apr 26 243,000 4.69
April 30-May 6, 1944 48,000 May 3 191,200 3.69
March 29-April 8, 1945 32,900 Mar 31 203,000 3.92
April 19-May 30, 1957 23,200 May 24 444,600 8.59
April 29-May 10, 1958 38,200 May 3 252,300 4.87

(1) Data not available.

RICHLAND CREEK NEAR RICHLAND - D. A. = 737 SQ. MI.

1913 85,000 Dec - (1) (1)
Nov. 23-Dec. 8, 1940 43,000 Nov 24 176,400 4.49
April 20-May 4, 1942 39,600 Apr 26 140,200 3.57
April 29-May 10, 1944 55,000 May 2 196,700 5.00
March 29-April 7, 1945 55,000 Mar 31 163,100 4.15
May 11-17, 1948 58,900 May 12 134,700 3.43
May 12-21, 1953 29,500 May 13 187,400 4.77
April 19-May 10, 1957 44,600 Apr 21 431,500 10.98
April 30-May 6, 1958 33,400 May 3 168,600 4.29

(1) Data not available.
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WATER RESOURCE REQUIRE ENTS

49. GENERAL.- Data relative to present and prospective
municipal and industrial water requirements and water quality
control used in this section were taken from the report, "Water
Resources Study, Trinity River Basin - Texas," prepared by the
Department of Health, Education and Welfare and presented as
exhibit 1 in this appendix.

50. SURFACE AND GROUND WATER USE IN 19580.- The total water &

use in 1958 for municipal, industrial, and irrigation purposes was
about 272.3 million gallons per day, of which about 200 million
gallons per day were supplied from surface water sources and about
72.3 million gallons per day were supplied from ground water sources.
In addition, it is estimated that in 1958, the adjoining coastal
area to the lower Trinity River Basin used about 0.4 million gallons
per day for municipal purposes, all of which was supplied from
ground water sources. Also in 1958, this area is estimated to have
used over 107.8 million gallons per day for irrigation, of which
about 106.1 million gallons per day were from surface water sources
and about 1.7 million gallons per day were from ground water sources.
The municipal, industrial, and irrigation water uses during
1958 in the Trinity River Basin and adjoining coastal areas are
summarized in table 13.
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TABLE 13

1958 WATER USE

use Industrial use Total use Source of supply
Surface water Ground water

(MGD) (Ac.-Ft.) (MGD) : (Ac.-Ft,) : GD) ( :(Ac.-Ft.) : (MGD) :(Ac.-Ft.) (MGD

1958 TRINITY RIVER BASIN WATER USE

34,100 30.4 261,400 233.2 197,900 176.5 63,500

Water used for irrigation,

Total M & I and irrigation use

43,800 39.1 26,300 23.5 17,500

56.7

15.6

305,200 272.3 224,200 200.0 81,000 72.3

1958 ADJACENT COASTAL AREA USE

400 0 0 400 0.4 0 0 400

Water used for irrigation

Total M & I and irrigation use

120,900 107.8 119,000 106.1 1,900

121,300 108.2 119,000 106.1 2,300

Municipal

(Ac.-Ft.)

227,300 202.8

0

1.7

... , .



51. RETURN FLOWS IN 1958. - Available measurements indicate that
sewage return flows varying between 68 and 73 gallons per capita daily
have been experienced at Fort Worth in recent years. Records of
sewage measurements at Dallas indicate that repent rates of return
sewage flows varied between about 74 and 80 gallons per capita daily.
The lower rate was experienced during the 1952-1953 water year when
water use was somewhat restricted because of the drought. Although
there are monthly variations in return flow, in general the differences
are not great and a seasonal variation is not clearly indicated.

52. SURFACE WATER QUALITY IN 1958.- The quality of surface water
in the Trinity River and its tributaries ranges from 'very good" to
"questionable" with concentrations of mineral solids varying from 100
to 1,000 parts per million. However, concentrations in excess of 500 ppm
have been reported in only a few instances. The only high concentrations
of mineral solids are found in the lower 40 miles of the river and result
from salt water intrusion from Trinity Bay.

53. Organic solid concentrations present the most serious problem
of surface water quality, with conditions of maximum oxygen depletion
existing downstream from the Dallas-Fort Worth metropolitan area. In
the reach of the river from Fort Worth to Rosser, oxidation of organic
matter is retarded and septic conditions and offensive odors are
usually present. The water is turbid and discolored, sludge banks may
be observed at many locations and there is insufficient oxygen for
fishlife to propagate.

54. Downstream from Rosser a steady improvement in quality takes
place because of. dilution by good quality water discharged by tributaries.
The organic problems have almost completely disappeared at a point near
the San Jacinto-Liberty County line, about river mile 100.

55. GROUND WATER QUALITY IN 1958. - The quality of water produced
from aquifers underlying the Trinity River Basin ranges from "very good"
to "unsatisfactory" as indicated by mineral solids, which vary from
150 to over 5,000 ppm, with the predominating number of wells having
solids less than 1,000 ppm. Chlorides range from a low of 10 ppm to
a high of about 1,800 ppm with many wells showing less than 1,000 ppm.
Sulfates are present in quantities ranging from a low of 10 to a high
of 5,000 ppm. Only in Dallas County do the concentrations of sulfates
exceed those of chlorides. Hardness is moderate throughout the entire
basin, ranging between 10 and 300 ppm, with most samples containing
less than 100 ppm. Of significance to industries is the presence of
silica concentrations ranging from 12 to 50 ppm, necessitating higher
treatment costs for many industrial uses. Water from a number of wells
contains sodium concentrations ranging from 60 to 600 ppm which limits
its usefulness for irrigation. Also, of significance to public health
is the presence of fluorides in some areas in concentrations greater
than the suggested maximum (1.0 ppm).
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56. FUTURE WATER REQUIREMENTS.- Urban and industrial areas of

the Trinity River Basin are in a period of rapid economic expansion

at a rate of almost one and one-half times the national average.
Dallas and Fort Worth, the second and fourth largest cities in the

state, have become leading manufacturing centers in the nation,

ranking high in aircraft and electronics. With the anticipated
continued increase in population and economic growth throughout the

basin goes the need for maintenance of adequate water supply facilities

and development of the surface and ground water resources of the basin

to meet future demands.

57. Through analysis of the various needs and purposes of water
resource development, both past and present, as related to the economic

activities of the Trinity River Basin, broad projections to the years
2020 and 2070 have been made. In developing the requirements, recogni-

tion has been given to the efforts of a number of federal, state, and
local agencies charged with the responsibility of development of the

water resources of this basin. The requirements to meet the projected

demands are divided into the general categories of navigation, municipal
and industrial, agricultural, water quality, and recreation. The
specific requirements of the Trinity River Basin are discussed in
subsequent paragraphs.

58. WATER REQUIREMENT FOR NAVIGATION.- The operation of navigation

on the multiple purpose canalized Trinity River would necessitate supplying

water at the head of navigation, or along the waterway, to meet the
following uses and losses:

a. For the lockage of floating craft.

b. To replenish the pools for the following losses:

(1) Leakage through structures.

(2) Seepage under and around structures.

(3) Accidents and operating contingencies.

(4) Evaporation in locks and pools.

The total water requirements for operation of navigation at each lock
on the canalized multiple-purpose channel to Fort Worth for the years

of 1970 and 2020 were estimated. The following tabulation presents
the estimated water requirements based on projected conditions of

basin development and water use for 1970 and 2020 for the critical locks.

Plate 21 shows the water requirements for the 1970 and 2020 conditions

for each of the proposed locks.
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Location Water requirements

Lock No. (channel :for navigation (cfs)

mile) 1970 2020

21 (1) 360.17 114.2 144.1

19 342051 114.8 145.9

15 306.31 197.3 269.5

13 286.64 260.3 356.0

7 183.92 227.8 369.2

6 147.92 104.6 483.7

5A 98.00 303.5 519-9

1 Lock and Dam No. 21 forms the uppermost pool at head of navigation.

59, MUNICIPAL AND INDUSTRIAL.- The municipal and industrial

water requirement projections for the years 2020 and 2070 have been

determined by the Public Health Service, U. S. Dept. of Health,

Education and Welfare. Their report containing a detailed analysis of

water needs for the study area comprising 46 counties in and surrounding

the Trinity River Basin, as based on past and present uses and economic

trends is presented as exhibit 1 in this appendix. The Public Health

Service's projected municipal and industrial demands are 2,080.0 million

gallons per day for the year 2020 and 3,918.0 million gallons per 
day

for the year 2070.

60. The above requirements are established for the Trinity River

Basin only. In addition, in order to satisfy the terms of the Texas

Water Commission permits issued to the Trinity River Authority and 
the

city of Houston, 839.5 million gallons of water daily would be required

for diversion from the Trinity River by the city of Houston for

municipal and industrial uses in the San Jacinto River Basin.

61. AGRICULTURAL.- Surface water irrigation in the basin is

concentrated largely in Liberty, Chambers, and Jefferson Counties

where water is diverted from the Trinity River for rice production.

Based on results of a joint land classification survey by the Bureau

of Reclamation and the Soil Conservation Service, it is estimated that

future rice irrigation in this area from water of the Trinity River

will not exceed approximately 80,000 acres, the record year in the

1940-1959 period. In addition to this area in the lower basin, there

are about 42,000 acres between Dallas and the Tennessee Colony Reservoir

site and 49,000 acres between that site and Livingston Reservoir that

are suitable for sustained permanent irrigation. These lands occur

in small scattered tracts along the Trinity River. The Public Health

Service has determined that these areas will require for irrigation

use approximately 356 million gallons per day by the year 2020.
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62. WATER QUALITY.- Efficient development of all of the water
resources of the Trinity River Basin is essential to the continued
growth of the area. To attain full utilization of these resources for
municipal, industrial, agricultural, navigation, and recreation purposes
will require abatement of the present pollution in the upper basin as
well as control of future pollution throughout the area. Therefore,
provision of water to maintain minimum quality conditions in the river
must be made a part of the water supply plan until such time as future
advances in waste treatment technology can economically provide for
removal of residual pollutants before they reach the stream. The
water supply plan for quality control purposes in the Trinity River
Basin would come from excess dependable yields for municipal and
industrial purposes in federal reservoirs, both existing and proposed,
during the intervening period between construction and full utilization
of the dependable yields for municipal and industrial purposes. Indica-
tions are that sufficient water resources are available in the basin
to satisfyprojected primary water and water quality control demands
although water would have to be pumped a considerable distance up to
the point of demand (Fort Worth) from the downstream reservoirs.

63. RECREATION, FISH AND WILDLIFE. - The land areas adjacent to
water developed projects located in the upper reach (Dallas-Fort Worth
area) of the Trinity River Basin are sufficient at the present time
to accommodate the number of people seeking water-related recreation
activities. However, on the basis of the projected population for
this vicinity, there will develop a substantial need for' additional
facilities. The number of water developed projects in the Trinity
River Basin below the Dallas-Fort worth area are very limited, and
there are needs for additional projects to serve the number of people
desiring to participate in water-related recreation activities. The
proposed projects, when constructed, will assist materially in satisfying
these needs and demands.

64. The tidal waters in the Gulf of Mexico and other bays also
attract many visitors seeking water-related recreation activities.
However, some of these individuals will alternate their water-related
recreation activities between the tidal water and fresh water when
fresh water impoundments are available and the travel distance is not
too great.

65. Construction and operation of reservoirs in the comprehensive
plan of improvement for the Trinity River Basin would result in the
creation of productive fish habitat in 'the recommended Lakeview,
Tennessee Colony, and other reservoirs in the system, and furnish

attractive fishing in the multiple-purpose channel and cutoff sections
of the Trinity River. On the other hand, big game and upland game
habitat and hunting will be reduced. Also, the reduced water inflow
into estuaries associated with the Trinity River will cause loss of
a highly valuable portion of marine fishing in the Galveston Bay system.
The Fish and Wildlife Service estimate that a fresh water discharge of
2,000 second-feet into Trinity Bay during the period from March through
October would be required to retain the estuarine fisheries.
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FLOOD PROBLEMS

66. GENERAL.- Flooding is one of the principal problems in
the Trinity River Basin. Throughout the basin, the streams are
meandering and in general have small channel capacities in proportion
to the areas drained. Consequently, floods are experienced at
frequent intervals throughout practically the entire river system.

67. PAST FLOODS.- According to historical information, major
floods occurred in the vicinity of Dallas and Fort Worth in 1866,
1884, and 1889; however, little detailed information is available on
those floods outside the Dallas-Fort Worth area. Data concerning the
major basin storms and the resulting floods have been presented
previously. in this appendix (paragraphs 34 through 48).

68. EXISTING FLOOD-CONTROL PROJECTS. - Local interests. have taken
some steps toward solving the flood problem in localized areas within
the basin, principally by construction of levees and floodway improve-
ments (see paragraph 11). In recent years, the Federal Government
has provided betterments to some of the locally constructed improve-
ments and has constructed additional flood-control works which have
materially increased the protection from floods (see paragraphs 8 and 9).
The flood-control work to date has been primarily in the portion of the
basin upstream from Richland Creek, the area in which the most extensive
concentrations of urban and agricultural developments in the Trinity
River Basin are located. These projects have served to control flood
runoff and reduce flood discharges from an area on which the most
damaging floods of record in the basin have been generated. Major
floods have on occasion been generated in the basin area below the
confluence of Richland Creek and the main stem of the Trinity River,
but records show that the magnitude of such floods has not been as
great as those which originate upstream. Runoff from the lower basin,

however, augmented by that from the upper basin, results in an increase
in volume and duration of flood flows as they progress downstream.
Existing flood-control works afford a high degree of protection to
some areas of the basin from damages which would result from the
recurrence of floods equal in magnitude to those of record. The
effectiveness of those works was demonstrated during the 1957 flood
in the upper reaches of the basin during which the operation of the
existing flood-control projects is credited with prevention of
widespread damages.

69. Local soil conservation districts, with the assistance of
the Soil Conservation Service, have instituted and now have in progress
an accelerated land treatment program. Approximately 28 percent of
the agricultural land of the basin is adequately treated at this time,
and another 10 percent is partially treated, lacking one or more
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practices. In addition to, and supplementing this program,
construction of floodwater retarding structures in the creek water-
sheds will serve to reduce flash runoff and sediment production.
However, uncontrolled releases from these structures will occupy
downstream channels for prolonged periods and thus limit controlled
releases from other reservoirs.

70. CRITICAL AREAS. - Extensive urban development, which has
taken place in the lowland areas adjacent to the Trinity River and its
tributaries, was accelerated by the prolonged drought of 1950-1957
and an erroneous impression as to the degree of protection afforded by
the upstream projects built during and subsequent to the drought
period. Damages which were experienced during the 1957 flood clearly
emphasized the need for additional flood-control works for the protection
of these newly-developed areas, as well as other portions of the basin
which were not previously afforded adequate protection. Critical urban
areas requiring additional flood protection are on the West Fork between
Fort Worth and Dallas, the Elm Fork between Dallas and Carrollton, the
Trinity River immediately below Dallas and at Liberty, and Duck Creek
at Garland. Extensive damages are also sustained in agricultural areas
along the main stem of the Trinity River below Dallas and on the Elm
Fork watershed between Carrollton and the Garza-Little Elm and
Grapevine Reservoirs.

71. CHANNEL DEFICIENCY.- Floods experienced subsequent to the
completion of the Corps of Engineers reservoir projects in the upper
Trinity River Basin revealed that the problem of inadequate channel
capacity exists on the Trinity River and tributaries. The problem
of insufficient channel capacities was particularly evident during the
April-June 1957 flood, when the Trinity River Basin experienced heavy
rainfall almost daily. Recent encroachments, together with certain
channel deficiencies that previously existed, have limited flood-control
releases from existing upstream reservoirs to such an extent as to
materially reduce their effectiveness for providing flood protection.
Therefore, in order to provide an effective plan for flood control in
the basin, channels should be of sufficient capacity to provide a
reasonable degree of protection against floods originating on the
uncontrolled area below upstream reservoirs. As a further requirement,
channels should be of sufficient capacity to permit passage of
uncontrolled releases from downstream reservoirs together with
regulated flood releases- from Corps of Engineers reservoirs at rates
of sufficient magnitude to permit evacuation of stored floodwaters in
a reasonable period of time after downstream flooding has ceased.
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PLAN OF IMPROVEMENT

72. GENERAL.- The projects considered for addition to the

authorized plan of improvement for the Trinity River Basin as set forth

in Appendix I, Project Formulation, consists of the following principal
features:

a. A multiple-purpose channel extending from the Houston

Ship Channel in Galveston Bay to Fort Worth and including 23 navigation

locks and 18 navigation dams;

b. ten multiple-purpose reservoir projects;

c. twelve reservoir projects primarily for water conservation;

d. one reservoir primarily for flood control; and

e. eleven local flood protection projects.

Existing and authorized projects and the projects considered for

addition to the authorized plan for the Trinity River Basin are listed

in table 14 and are shown on plate 13.

52-704 0-65 (Vol. III)-5
47



TABLE 14

PROJECTS CONSIDERED IN PLAN OF IMPROVEMENT

Name of project

1. CHANNEL-MULTIPLE PURPOSE
(a) Recommended New Project:

(1) Houston Ship Channel to Fort Worth

2. CHARNEL-NAVIGATION
(a) Existing Project:

(1) Houston Ship Channel to Anahuac
(h) Authorized Project:

(1) Anahuac to Liberty.

3. RESERVOIR -MULTIPLE PURPOSE
(a) Existing Projects:

(1) Benbrook
(2) Grapevine
(3) Garza-Little Elm
(4) Lavon
(5) Navarro Mills (under construction)

(b) Authorized Projects:
(1) Bardwell

(c) Recommended New Projects:
(1) Tennessee Colony

(2) Lakeview

(3) Lavon (enlargement) (1)
(4) Wallisville (1)

(5) Aubrey (2)

4. RESE VOIRS PRIMARILY FOR CONSERVATION (3)
(a) Proposed New Projects:

(1) Richland Creek
(2) Tehuacana
(3) Boyd
(4) Upper Keechi
(5) Hurricane
(6) Lower Keechi
(7) Bedias
(8) Harmons
(9) Gail

(10) Mustang]
(11) Caney
(12) Long King

5. RESERVOIR PRIMARILY FOR FLOOD CONTROL
(a) Proposed New Project:

(1) Roanoke (4)

6. LOCAL FLOOD PROTECTION PROJECTS
(a) Existing Projects:

(1) Fort Worth Floodway

(2) Dallas Floodway

(b) Authorized Projects:
(1) Fort Worth Floodway Extension (Part I)
(2) Big Fossil Creek

(c) Recommended New Projects:
(1) Fort Worth Floodway Extension.(Part II) (1)
(2) West Fork Floodway
(3) Elm Fork Floodway

(4) Dallas Floodway Extension
(5) East Fork Channel Improvement (1)
(6) Duck Creek Channel Improvement
(7) Liberty Floodway

Location
Stream : River mile : Purpose

Trinity River 0--542.0 Navigation and Flood Control

Trinity River 0.- 23.2 Navigation

Trinity River 23.2.- 48.9 Navigation

Clear Fork
Denton Creek
Elm Fork
East Fork
Richland Creek

Waxahachie Creek

Trinity River

Mountain Creek

East Fork
Trinity River

Elm Fork

Richland Creek
Tehuacana Creek
West Fork
Upper Keechi Creek
Hurricane Bayou
Lower Keechi Creek
Bedias Creek
Harmons Creek
Gail Creek
Mustang Creek
Caney Creek
Long King Creek

Denton Creek

West Fork
Clear Fork
Trinity Riv
West Fork
Elm Fork

West Fork
Big Fossil

Clear Fork
West Fork
Elm Fork
Denton Cree
Trinity Riv
East Fork
Duck Creek
Trinity Riv

15.0
11.7
30.0
55.9
63.9

6.0

339.2

7.2

55.9
3.9

60.0

Flood Control and Navigation
Flood Control, Navigation, and Water Conservation
Flood Control and Water Conservation
Flood Control and Water Conservation
Flood Control and Water Conservation

Flood Control and Water Conservation

Flood Control, Navigation, Water Conservation, Recreation,
and Fish and Wildlife
Flood Control, Water Conservation, Recreation, and Fish
and Wildlife
Water Conservation and Recreation
Salinity Control, Navigation, Water Conservation, Recreation,
and Fish and Wildlife
Flood Control and Water Conservation (2)

5.2 Water Conservation
11.2 Water Conservation

604.7 Water.Conservation
11.0 Water Conservation
7.0 Water Conservation
8.9 Water Conservation

19.2 Water Conservation
10.5 Water Conservation
25.3 Water Conservation
21.5 Water Conservation
7.7 Water Conservation

22.9 Water Conservation.

31.4 Flood Control (4)

551.3.-564.7
0.- 1.6

er 497.4.-505.5
505.5.-508.7

0.- 3.5

564.7.-570.4
Creek 0.- 3.3

1.6.- 10.4
505.5"-551.5

0.- 29.4
:k 0.- 11.1
er 487.7.-498.1

0.- 31.8
10.4.- 17.5

er 34.0.- 44.5

Local Flood Protection

Local Flood Protection

Local Flood Protection
Local Flood Protection

Local Flood Protection
Local Flood Protection
Local Flood Protection

Local Flood Protection
Local Flood Protection
Local Flood Protection
Local Flood Protection

(1) Previously recommended.

(2) The flood-control storage in Aubrey Reservoir would replace a comparable amount of flood-control storage which would be reallocated to
conservation purposes in Garza-Little Elm Reservoir.

(3) These reservoirs will also be considered for flood control, as well as water supply, water quality, recreation and fish and wildlife
purposes, when the needs become imminent.

(4) The flood-control storage in Roanoke Reservoir would replace a comparable amount of flood-control storage which would be reallocated
to conservation purposes in Grapevine Reservoir.
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73. 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

exportations have been estimated to be 3,433 million gallons per day by

year 2020 and- 5,187 million gallons per day by year 2070, as 
shown in

the following tabulation:

WATER REQUIREMENTS
(Million Gallons Per Day)

Municipal : Non- : Water
Sub-Basin: and : Muni-: quality: Navi- : Irri- : Exports : 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 3110 2 0 222 840 1,461

Total 2,080 20 80 57 840 3,433

Year 2070

Upper 2,797 11 0(2) 0 69 0 2,877
Middle 435 4 0 0 65 0 504

Lower 686 1 0 222 840 1,806

Total 3,918 0 57 35 90 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.

74. 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 recommended 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
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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 comprehensTP plan together with importations would
furnish a water supply of 2,476.9 million gallons per day as
summarized below:

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 2,476.9

75. 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 2000 to 2010. An additional supply of approximately 1640 and
3390 million gallons per day would be required to satisfy the projected
water requirements for years 2020 and 2070 respectively. An analysis
of the available 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 and the use of return flows will progress-
ively 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 two resources to meet in-basin demands, no definitive basis is
available to predict just when these resources would be scheduled
into the overall development. Alternate resources of supply from
adjacent basins to the north and east could be imported if in the
future local interests decided to utilize such resources rather than
to use additional ground water or return flow. Generally; the develop-
ment and use of these water resources will progress in consonance with
the changing economic conditions and areal development of the basin
and with the distribution, availability and quality of these water
resources.
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76. 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
remainder would be available as a source of municipal and industrial
water supply for the middle basin. At about year 2020, as the need for

municipal and industrial water supply increases in the upper basin, a
transfer would be effected in the area of use for the remaining 211 million

gallons per day of the Tennessee Colony water supply. It is anticipated
that construction 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 immediate demandfor 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 included in the long-range
plan to satisfy future requirements would be considered for authorization
after detailed investigations to determine the full scope and purposes

that would be justified at that time.

77. NAVIGATION WATER SUPPLY.- The net water requirements for
navigation based on evaporation and other losses through the lowest

lock at Wallisville Reservoir would be 95.7 and 88.2 second-feet in the

years 1970 and 2020, respectively. However, in order for the system to

become operational, it will require a supply of water at the head of

navigation of 114.2 second-feet in 1970. For planning purposes in

connection with this study, the Public Health Service was requested to

make an analysis of the future net return flows in the Trinity River for

the years 1970 and 2020. The studies made by the Public Health Service
were premised (at the request of the Corps) on the conditions that the
proposed modified plan for the Trinity River would be considered as

operational by the year 1970 and that return flows would be considered
as the only available source of supply without allowances for any
local runoff from the uncontrolled drainage areas. The Public Health
Service took into account the projected conditions of basin development
and water use expected for the years 1970 and 2020. The following
tabulation presents the navigation water requirements as estimated by

the Corps and net available return flows based upon the Public Health

Service studies for the 1970 and 2020 conditions at the critical locks.

Plate 21 shows the water requirements and return flows for the 1970

and 2020 conditions at each of the proposed locks.
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: Lock 1970 conditions : 2020 conditions
:location:Require-: Supply (cfs) :Require-: Return

Lock :(channel: ment :Return :Reservoir : :ment : flow

Number: mile) : (cf's) :flow(l):releases(2): Total :(cfs)(3):(cfs)(l)

21(4) 360.17 114.2 97 17.8 114.8 144.1 229

19 342.51 114.8 97 17.8 114.8 145.9 229

15 306.31 197.3 226 22.3 248.3 269.5 510

13 286.64 260.3 238 22.3 260.3 356.0 479

7 183.92 227.8 259 14.5 273.5 369.2 444

6 147.92 104.6 264 14.5 278.5 483.7 486

5A 98.00 303.5 289 14.5 303.5 519.9 539

(1) Based on data furnished by Public Health Service, Region VII,
Department of Health, Education and Welfare.

(2) Releases from the navigation storages of Benbrook and Grapevine
Reservoirs would be made at such rates as would be necessary to
meet the requirements.

(3) Waterway will reach its full traffic capacity by the year 2015.

(4) Lock and Dam No. 21 forms the uppermost pool at the head of

navigation.

78. The data presented in the preceding tabulation reveal
that in the year 2020, return flows would be sufficient to meet
the navigation requirements, but that in 1970 there would be several
critical, areas where the water supply from return flow alone would not

quite satisfy the requirements. However, it is estimated that the return

flows would furnish sufficient water to meet the navigation require-
ments by the year 1973. In the interim (1970-1973), return flows and
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local runoff from the uncontrolled areas would be supplemented by
releases from the navigation storages of Benbrook and Grapevine
Reservoirs at such rates as would be necessary to meet the require-
ments at the critical locks.

79. From an overall analysis of the navigation aspects of the
Trinity River plan with respect to the water requirements and available
sources of supply to satisfy these requirements, it is concluded that
sufficient water resources are available to permit navigation on the
Trinity River to Fort Worth by year 1970.

80. WATER QUALITY.-

a. Ground Water.- The quality of water of the aquifers
underlying the Trinity River Basin will not change materially if
reasonable steps are taken to avoid contamination. Disposition of
liquid wastes by means of sub-surface injection wells and in surface
ponds or lagoons, and the abandonment of oil wells should be closely
supervised and suitable regulations enforced to insure the provision
of adequate facilities and suitable operations. In the area bordering
the coast, saltwater encroachment is, and will continue to be, a hazard
which can be minimized by the decrease in the rate of withdrawal fram
inland wells.

b. Surface Water.- Abatement of the present pollution
problem on the West Fork and Trinity River from Fort Worth downstream
to Rosser is essential to attain full utilization, of the water resources
of the region for municipal, industrial, agricultural, navigation, and
recreation purposes. Although most of the waste treatment plants in
the area discharging into the Trinity River Basin are operating
efficiently within their design capacities, insufficient tributary
dilution and reaeration cause anaerobic conditions to exist. Therefore,
provision of water to maintain minimum quality conditions in the river
must be made a part of the water supply plan until such time as future
advances in waste treatment technology can economically provide for
removal of residual pollutants before they reach the stream. The water
supply plan for quality control purposes would be to utilize excess
dependable yield from Tennessee Colony Reservoir and other federal
reservoirs in the basin until such time as these yields were needed to
meet the requirements for municipal and industrial purposes0

81. FULFILLMENT OF FLOOD-CONTROL REQUIREMENTS. - The recommended
plan of improvement for the Trinity River Basin presented in paragraph 72
would provide a high degree of flood protection for the Trinity River
and its principal tributaries. The system of major multiple-purpose
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and flood-control reservoirs in the plan would control flood flows
from approximately 16 percent of the area above Fort Worth, 50 percent
of the area above Dallas, 47 percent of the area above Rosser, and
72 percent of the area above Liberty. The local protection projects
in the plan would provide flood protection to areas in the flood plains
of the Clear Fork, West fork, Elm Fork, and Trinity River in and
adjacent to the cities of Fort Worth and Dallas, to areas in the flood
plain of Duck Creek at Garland, and to areas in the flood plain of the
Trinity River at Liberty. The recommended multiple-purpose channel
would provide sufficient channel capacity to permit passage of flood
flows from the uncontrolled areas, uncontrolled releases from reservoirs
downstream from Corps of Engineers reservoirs, and regulated flood
releases from Corps of Engineers reservoirs at rates of sufficient
magnitude to permit evacuation of the flood-control storage in a
reasonable period of time. The multiple-purpose channel would, there-
fore, afford some degree of protection against floods originating on
the uncontrolled area below the upstream reservoirs, and at the same
time increase the effectiveness of the flood-control storage in the
upstream reservoirs.
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RESERVOIRS

82. GENERAL.- In the Trinity River Basin there are 24 major
reservoirs, either in operation, under construction, or authorized which
contain conservation storage and have individual total storage capacities
of more than 5,000 acre-feet as shown in tables 2 and 4. Of these 24
reservoirs, 6 are Corps of Engineers projects and 18 are non-federal
projects. The total conservation storage contained in these reservoirs
is 4,19135O acre-feet. The location of the reservoirs is shown on
plate 13, and additional information pertinent to the reservoirs is given
below. There are also 79 reservoirs in the basin with individual total
storage capacities of less than 5,000 acre-feet. These reservoirs contain
a total of about 41,000 acre-feet of conservation storage. In addition,
there are about 66,500 farm ponds with an average storage capacity of
almost 2 acre-feet.

83. CORPS OF ENGINEERS RESERVOIRS.- The 6 Corps of Engineers
reservoir projects mentioned above are: the Benbrook, Grapevine, Garza-
Little Elm, and Lavon Reservoirs which are in operation; the Navarro
Mills Reservoir which is under construction; and the authorized Bardwell
Reservoir which is in the preconstruction planning stage. These six
reservoirs contain a total of 852,450 acre-feet of conservation storage,
of which 97,500 acre-feet are reserved for navigation requirements.
Pertinent data for these reservoirs are given in table 2.

84. NON-FEDERAL RESERVOIRS.- The 18 non-federal reservoirs referred
to above are as follows: Amon Carter, Bridgeport, Eagle Mountain, Lake
Worth, Arlington, Mountain Creek, Marine Creek, Weatherford, North Lake,
White Rock, Lake Trinidad, Livingston, Lake Anahuac, Forney, Lake Terrell,
Cedar Creek, Waxahachie, and Lake Halbert. Of these, 15 are in operation
and 3 - Livingston, Forney, and Cedar Creek - are under construction.
These non-federal reservoirs contain a total of 3,338,900 acre-feet of
conservation storage. Pertinent data for these reservoirs are given in
table 4.

85. The plan of improvement for the Trinity River Basin recommends
construction of 5 federal reservoirs at this time: Lakeview Reservoir
on Mountain Creek; Roanoke Reservoir on Denton Creek; Aubrey Reservoir
on Elm Fork of the Trinity River; Tennessee Colony Reservoir on the
Trinity River; and the previously recommended Wallisville Reservoir
on the..Trinity River. Also included in the recommended plan of improve-
ment is the previously recommended enlargement of the existing Lavon
Reservoir. With the construction of Roanoke and Aubrey Reservoirs, it
is proposed to reallocate storages in the existing Grapevine and Garza-
Little Elm Reservoirs to provide additional conservation storage.
Projects included in the plan of improvement as future reservoirs but
not recommended at this time are Boyd, Richland Creek, Tehuacana, Upper
Keechi, Lower Keechi, Hurricane, Bedias, Harmons, Gail, Mustang, Caney,
and Long King Reservoirs. Pertinent data for reservoirs recommended
and proposed for inclusion in the long range plan are shown in tables 15
and 16 and the location of each is shown on plate 13.
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RESERVOIRS PROPOSED

TABLE

BUT NOT

15

RECOMMENDED AT THIS TIME

:Contributing: Storage capacity (acre-feet li :2020

Reservoir : Stream : River : drainage:eld
esror.:mile :area (sq.L): Sediet:Cnevto: Ttl :(f

Boyd West Fork Trinity 604.7 1,707 39,200 600,000 639,200 49(2)
(31.7)

Richland Creek Richland Creek 5.2 714 45,200 1,000,000 1,045,200 262
(169.3)

Tehuacana Tehuacana Creek 11.2 356 12,800 282,500 295,300 88
(56.9)

Upper Keechi Upper Keechi Creek 11.0 486 9,500 125,000 134,500 84
(54.3)

Lower Keechi Lower Keechi Creek 8.9 162 3,000 170,000 173,000 39
(25.2)

Hurricane Hurricane Bayou 7.0 91 1,900 150,000 151,900 27
(17.5)

Bedias Bedias Creek 19.2 327 16,700 360,000 376,700

Harmons Harmons Creek 10.5 47 1,100 78,000 79,100 26
(16.8)

Gail Gail Creek 25.3 91 1,900 168,000 169,900 48
(31.0)

Mustang Mustang Creek 23.7 84 1,700 156,000 157,700 39
(25.2)

Caney Caney Creek 7.7 74 1,600 134,000 135,600 39
(25.2)

Long King Long King Creek 22.9 57 2,200 184,000 186,200 54
(34.9)

(1) These reservoirs will also be considered for flood control, as well as water supply, water quality,

recreation and fish and wildlife purposes, when the needs become imminent.

(2) Net yield from conservation storage (all flows except flood flows assumed as passing through the
reservoir).

NOTE: Figures shown parenthetically in yield column are 2020 yields in million gallons daily.
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TABLE 16

PERTINENT DATA - RECOMMENDED RESERVOIRS

:Contrib.: Net storage (acre-feet) : 2020 : Pertinent elevations - (ft-msl)
Reservoir : Stream :River: D.A. : : Flood :: Yield: Stream-:Conserva-:Top of flood:Design water: Top of

:mile :(sq.mi.):Sediment :Conservation: Control Total : (cfs): bed : tion : control : surface : dam
(3)

Lakeview Mountain Cr. 7.2 272 45,600 306,400 136,700 488,700 47 453.0 518.0 528.0 538.8 544.0
Roanoke Denton Cr. 32.0 604 26,200 0 223,700 249,900 0 534.0 - 619.0 625.7 631.0
Grapevine (1) Denton Cr. 11.7 694 16,000 372,200 47,300 435,500 65 451.0 556.0 560.0 583.9 588.0
Aubrey Elm Fork 60.0 682 37,800 603,800 258,300 899,900 116 528.0 625.5 635.0 640.3 646.0
Garza-Little Elm(l) Elm Fork 30.0 1,658 40,700 630,600 331,600 1,002,900 118 435.0 522.0 532.0 556.6 560.0
Lavon (enlarged)(2) East Fork 55.9 777 47,800 362,300 275,600 685,700 121 433.0 489.0 501.0 507.1 512.5
Tennessee Colony Trinity Riv. 339.2 12,687 190,000 1,032,500 2,144,300 3,366,800 450 191.0 262.5 285.0 297.8 305.0
Wallisville (2) Trinity Riv. 3.9 17,760 12,800 42,900 0 55,700 - - 4.0 - 6.5 8.0

Spillway design flood : Spillway : Flood-control outlet works : Low-flow outlets
Peak : Peak : :Net length : Gates - No.: No. : :Intake invert: :Intake invert

Reservoir Stream :inflow:outflow: Volume : at crest : and : & : Control : elevation : No. & size : elevation
(cfs): (cfs) :(ac.-ft.): (feet) : size : size : : (ft-msl) : : (ft-msl)

Lakeview Mountain Cr. 372,400 101,.000 413,400 120 3-40' x 28' 1-12'0 2-5.5'x12' gates 460.0 None
Roanoke Denton Cr. 325,600 297,000 780,000 280 7-40' x 35' 1-15'0 3-4.5'x15' gates 560.0 None
Grapevine (1) Denton Cr. 375,000 232,600 888,600 500 None 1-13'0 2-6.5'x13' gates 475.0 2-30"0 conduits 500.5
Aubrey Elm Pork 483,100 350,800 952,000 360 9-40' x 35' None 2-36"0 conduits 550.0
Garza-Little Elm(1) Elm Fork 856,900 290,000 2,114,100 560 None 1-16'0 3-6.5'x13' gates 448.0 2-60"0 conduits 481.0
Lavon (enlarged)(2) East Fork 509,400 386,500 1,200,200 480 12-40' x 28' None 5-36"0 conduits 453.0
Tennessee Colony Trinity Riv. 951,800 556,000 10,033,400 440 11-40' x 35' None 4-3'x6' sluices 225.0
Wallisville (2) Trinity Riv. 200,000 200,000 4,671,500 ( 160 4-4o' x 21' None None

(20,100 None

(1) Projects based upon exchange of storage after completion of Roanoke and Aubrey Reservoirs.

(2) Previously recommended.

(3) 2020 yields in million gallons daily as follows: Lakeview, 30.4; Roanoke, 0; Grapevine, 42.0; Aubrey, 75.0; Garza-Little Elm, 76.3; Lavon (enlarged),
78.2; and Tennessee Colony, 290.8.
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86. AREA AND CAPACITY OF THE RESERVOIRS.- The area and capacity
of the reservoirs were determined from available topographic maps of
the reservoir sites. Lake Dallas, a local interest water supply
project inundated by Corps of Engineers Garza-Little Elm Reservoir,
was resurveyed in 1952 and these data incorporated in the determination
of the area and capacity of Garza-Little Elm Reservoir. The Corps of

Engineers resurveyed Lavon, Garza-Little Elm, and Grapevine Reservoirs
in 1959, 1960, and 1961, respectively. The results of the resurvey of
Lavon Reservoir indicated the capacity of the reservoir in 1959 was
essentially the same as the original area and capacity tabulations.
The analysis of this resurvey on the other two reservoirs has not been
completed at this time. Tabulations of the initial area and capacity
data for Benbrook, Lakeview, Roanoke, Grapevine, Aubrey, Garza-Little
Elm, Lavon, Bardwell, Navarro Mills, and Tennessee Colony Reservoirs are
given in tables 17 through 26.
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TAB3E 17

AREA AND CAPACITY DATA - BENBROOK RESERVOIR
RIVER MILE 15.0 - CLEAR FORK TRINITY RIVER

Drainage Area = 433 sq. mi.

El. in: 0 1 2 3 4 5 6 7 8 9
ft -msl:

AREA IN ACRES

3
28

410
950

1 ,7.0
2,530
3,410
4,530
5,820
7,080
8,470

10,120

610
620
630
640
650
660
670
680
690
700
710
720
730
740

610
620
630
640
650
660
670
680
690
700
710
720
730
740

5
31

130
470

1,olo
1,800
2,620
3,500
4,660
5,950
7,220
8,630

10,300

6
175
810

3,560
10,890
24,470
46,740
77,350

117,620
170,660
236,360
315,480
410,010

7
35

150
520

1,060
1,900
2,710
3,590
4,790
6,070
7,360
8,790

10,490

9
38

180
570

1,120
1,990
2,800
3,680
4,920
6,190
7,500
8,960

10,680

11
42

200
620

1,170
2,080
2,890
3,770
5,050
6,310
7,630
9,120

10, 86c

13
45

230
680

1,230
2,170
2,980
3,860
5,170
6,440
7,770
9,280

11,050

16
56

260
730

1,330
2,240
3,070
3,990
5,300
6,560
7,910
9,450

11,260

19
68

300
790

1,420
2,310
3,150
4,130
5,430
6,690
8,050
9,620

11,470

22
79

340
840

1,520
2,390
3,240
4,260
5,560
6,820
8,190
9,780

11,690

CAPACITY IN ACRE-FEET

12
210
950

4,050
11,930
26,320
49,400
80,890

122,340
176,670
243,640
324,190
420,410

20
240

1,110
4,590

13,020
28,260
52,150
84,530

127,190
182,800
251,070
333,060
430,990

30
280

1,300
5,190

14,160
30,290
55,000
88,250

132,170
189,050
258,630
342,100
441,760

42
330

1,520
5,840

15,360
32,420
57,930
92,060

137,280
195,430
266,330
351,300
452,720

57
380

1,760
6,550

16,640
34,630
60,950
95,990

142,520
201,930
274,180
360,670
463,870

75
440

2,040
7,300

18,010
36,910
64,060

100,050
147,890
208,550
282,160
370,200
475,240

95
520

2,360
8,120

19,480
39,260
67,250

104,240
153,390
215,310
290,280
379,900
486,820

0
25
91

380
900

1,610
2,460
3,320
4,390
5,690
6,950
8,230
9,950

11,900

0
119
600

2,720
8,990

21,050
41,680
70,530

108,570
159,020
222,200
298,530
389,770
498,610

0

2
145
700

3,120
9,910

22,710
44,170
73,900

113,030
164,780
229,210
306,930
399,800



TABLE 18

AREA AND CAPACITY DATA - LAKEVIEW RESERVOIR SITE
RIVER MILE 7.2 - MOUNTAIN CREEK
Drainage Area = 272 sq. mi.

El. in I 3 4 5 6 7 8 9
ft msl

AREA IN ACRES

450
460
470
480
490
500
510
520
530
540

550

1,103
2,416
4,074
5,815
7,910

10,079
12,939
16,449
21,766
25,821

1,210
2,580
4,240
6,000
8,110

10,320
13,250
16,890
22,190
26,220

1,330
2,740
4,410o
6,210
8,310

10,580
13,570
17,360
22,610

0
1,450
2,900
4,580
6,400
8,520

10,840
13,900
17,900
23,050

43
1,580
3,060
4,750
6,600
8,750

11,110
14,230
18,530
23,460

140
1,710
3,220
4,920
6,820
8,980

11,400
14,560
19,200
23,880

300
1,840
3,390
5,090
7,040
9,190

11,690
14,910
19,800
24,280

550
1,980
3,560
5,280
7,260
9,400

11,990
15,260
20,330
24,680

800
2,120
3,730
5,450
7,480
9,610

12,300
15,650
20,850
25,070

990
2,270
3,900
5,630
7,7 00
9,840

12,610
16,040
21,300
25,460

CAPACITY IN ACRE-FEET

450
460
470
480
490
500
510
520
530
540

550

3,430
20,675
53,000

102,295
170,670
260,370
374,720
520,785
712,050
950,530

4,580
23,170
57,160

108,200
178,680
270,570
387,815
537,455
734,030
976,550

5,850
25,830
6i, 480

114,310
186,890
281,020
401,225
554,600
756,430

0
7,240

28,650
65,980

120,610
195,3OO
291,730
419,960
572,210
779,260

22
8,760

31,630
70,640

127,110
203,940
302,705
429,025
590,425
802,520

165
10,400
34,770
75,450

133,820
212,810
313,960
443,420
609,290
826,190

385
12,180
38,080
80,480

140,750
221,890
325,505
458,155
628,790
850,270

810
14,090
41,550
85,670

147,900
231,180
337,345
473,240
648,885
874,750

1,x485
16,140
45,200
91,030

155,270
240,690
349,490
488,695
669,445
899,620

2,380
18,330
49,010
96,570
162,860
250,410
361,945
5o4, 54o
690,520
924,890



TABLE 19

AREA AND CAPACITY DATA - ROANOKE RESERVOIR SITE
RIVER MILE 32.) - DETON CREEK
Drainage Area = 604 sq. mii.

E.in: 0 1 2 3 4 5 6 7 8 9ft -isi:

AREA IN ACRES

530
540
550
560
570
580
590
600
610
620
630
640
650

530
540
550
560
570
580
590
600
610
620
630
640
650

12
50
64

990
1,994
4,620
5,905
7,464
9,940

12,350
14,500
16,650

18
51
90

1,090
2,130
4,780
6,015
7,710

10,180
12,570
14,710

25
52

140
1,180
2,400
4,925
6,135
7,960

10,440
12,780
14,930

28
53

210
1,260
2,750
5,060
6,250
8,200

10,700
13,000
15,140

0
30
54

300
1,335
3,175
5,180
6,370
5,460

10,990
13,210
15,360

1
32
56

405
1,400
3,600
5,300
6,500
8,720

11,250
13,430
15,570

2
35
58

540
1,480
3,880
5,420
6,650
8,990

11,490
13,640
15,790

4
40
61

655
1,570
4,125
5,550
6,820
9,230

11,710
13,860
16,000

8
43
62

725
1,690
4,320
5,650
7,030
9,480

11,930
14,070
16,220

10
47
63

900
1,810
4,485
5,770
7,250
9,720

12,140
14,290
16,430

CAPACITY IN ACRE -FEET

41
370
940

5,430
19,740
53,910

106,805
172,510
259,685
371,710
505,985
661,710

56
420-

1,010
6,470

21,800
58,610

112,770
180,100
269,745
384,170
520,590

78
470

1,130
7,610

24,065
63,460

118,840
187,935
280,055
396,845
535,410

105
530

1,300
8,525

26,640
68,455

125,035
196,015
290,625
409,735
550,445

0
130
580

1,560
10,125
29,600
73,575

131,345
204,345
301,520
422,840
565,695

0
160
630

1,910
11,490
32,990
78,815

137,780
212,935
312,640
436,160
581,160

2
200
690

2,380
12,930
36,730
84,175

144,355
221,790
324,010
449,700
596,840

5
240
750

2,980
14,450
40,730
89,660

151,090
230,900
335,610
463,445
612,735

11
280
810

3,670
16,085
44,955
95,260

158,015
240,255
347,430
477,410
628,845

20
320
870

4,480
17,535
49,355

100,970
165,155
249,855
359,465
491,590
645,170



TABLE 20

AREA AND CAPACITY DATA - GRAPEVINE RESERVOIR
RIVER MILE 11.7 - DEMTON CREEK

Drainage Area = 694 sq. mi.

0 1 2 3 4 5 6 7 8 9
ft -mslA:

AREA IN ACRES

450
460
470
480
490
500
510
520
530
54o
550
560
570
580

450
460
470
480
490
500
510
520
530
540
550
560
570
580

10
59

190
930

2,110
3,670
5,085
6,445
8,310

10,250
12,740
15,550
18,980

15
72

270
1,050
2,260
3,810
5,220
6,630
8,500

10,500
13,020
15,895
19,425

20
86

340
1,165
2,420
3,955
5,360
6,820
8,695

10,750
13,300
16,240
19,870

25
99

415
1,280
2,580
4,095
5,490
7,005
8,890

10,995
13,585
16,580
20,310

0
30

113
490

1,400
2,730
4,235
5,630
7,190
9,-085

11,245
13,865
16,920
20,760

1
34

126
560

1,520
2,890
4,380
5,765
7,375
9,280

11,495
14,150
17,265
21,200

CAPACITY IN ACRE -FEET

25
370

1,880
7,990

23,675
52,565
96,335

153,985
227,755
320,545
435,495
576,950
749,605

37
435

2,160
9,030

25,860
56,305

101,490
160,525
236,160
330,920
448,375
592,670
768,810

55
515

2,515
10,180
28,205
60,190

106,775
167,250
244,760
341,545
461,540
608,740
788,455

77
610

2,940
11, 460
30,700
n4,210

112,200
174,160
253,555
352,415
474,980
625,150
808,545

0
105
715.

3,440
12,850
33,360
68,375

117,700
181,260
262, 540
363,540
488,700
641,900
829,080

1
135
830

4,015
14,360
36,170
72,680

123,460
188,540
271,720
374,910
502,710
658,990
850,060

2
39

139
635

1,635
3,045
4,520
5,900
7,565
9,475

11,745
14,430
17,610
21,650

1
175

1,015
4,665

15,990
39,135
77,130

129,290
196,o10
281,100
386,530
516,995
676,430
871,490

3
44

153
710

1,755
3,200
4,660
6,o4o
7,750
9,670

11,990
14,710
17,950
22,090

4
215

1,210
5,385

17,730
42,260
81,720

135,260
203,670
290,670
398,400
531,560
694,210
893,360

6
49

166
780

1,870
3,360
4,800
6,175
7,940
9,860

12,240
14,990
18,295
22,540

9
260

1,420
6,180

19,595
45,540
86,450

141,365
211,510
300,430
410,515
546,41o
712,330
915,675

8
54

180
855

1,990
3,510
4,945
6,310
8,120

10,055
12,490
15,270
18,640

16
315

1,645
7,050

21,580
48,970
91,320

147,610
219,540
310,390
422,880
561,540
730,800

0

0

Wa



TABLE 21

AREA AND CAPACITY DATA - AUBREY RESERVOIR SITE
RIVER MILE 60.0 - E[M FORK TRI ITY RIVER

Drainage Area = 682 Sq. Mi.

E1.in:0 1 2 3 4 5 6 7 8 9

AREA IN ACRES

520 0 3
530 6 10 13 16 19 22 25 29 32 35
540 38 46 54 62 70 78 85 93 101 109
550 117 166 214 263 310 360 41o 460 510 550
560 600 770 940 1,120 1,290 1,460 1,630 1,800 1,970 2,140
570 2,320 2,540 2,770 2,990 3,220 3,450 3,670 3,900 4,130 4,350
580 4,580 4,850 5,120 5,390 5,660 5,930 6,200 6,470 6,740 7,010
590 .7,280 7,630 7,990 8,340 8,690 9,040 9,390 9,740 10,090 1o,44o
600 10,800 11,250 11,700 12,150 12,600 13,050 13,510 13,960 14,410 14,860
610 15,310 15,870 16,420 16,980 17,540 18,090 18,640 19,200 19,750 20,300
620 20,850 21,490 22,120 22,760 23,390 24,030 24,660 25,300 25,930 26,570
630 27,200 27,910 28,620 29,330 30,040 30,750 31,460 32,170 32,880 33,590
640 34,300 35,050 35,800 36,550 37,300 38,050 38,800 39,550 40,300 41,050
650 41,800 42,520 43,280 44,050 44,820 45,560 46,330 47,100 47,840 48,620
660 49,400

CAPACITY IN ACRE-FEET

520 0 2
530 6 14 26 40 58 78 102 128 159 190
54o 230 270 320 380 450 520 600 690 790 890
550 1,000 1,150 1,340 1,570 1,860 2,200 2,580 3,010 3,500 4,030
560 4,6oo 5,290 6,150 7,180 8,390 9,760 11,300 13,020 14,910 16,970
570 19,190 21,620 24,280 27,160 30,270 33,600 37,160 40,940 44,960 49,190
580 53,660 58,370 63,360 68,610 74,130 79>930 85,990 92,330 98,940 105,810
590 112,960 120,420 128,230 136,390 144,90 153,760 162,975 172,540 182,460 192,730
6oo 203,340 214,370 225,840 237,760 250,140 262,970 276,250 289,980 304,160 318,800
610 333,880 349,750 365,620 382,330 399,580 417,400 435,760 454,680 174,160 494,180
620 514,750 535,920 557,720 580,160 603,230 626,940 651,280 676,260 701,870 728,120
630 755,000 782,560 810,820 839,740 869,480 899,880 930,980 962,800 995,320 1,028,560
640 1,062,500 1,097,180 1,132,630 1,168,830 1,705,750 1,243,380 1,281,800 1,320,980 1,360,900 1,401,580
650 1,443,000 1,485,160 1,528,060 1,571,730 1,616,160 1,661,360 1,707,300 1,754,010 1,801,450 1,849,650
660 1,898,660

" -'" . "

d -. -"



TABLE 22

AREA AND CAPACITY DATA - GARZA-LITTLE ELM RESERVOIR (LEWISVILLE DAM)
RIVER MILE 30.0 - ELM FORK TRINITY RIVER

Drainage Area = 1,658 Sq. Mi.

El. in:
ft -msl: 0 1 2 3 + 5 6 7 8 9

AREA IN ACRES

14
43

160
1,690
4,960
8,810

12., 770
19,080
27,310
36,640
47,910
61,910
75,910

17
54

310
2,010
5,310
9,180

13,360
19,830.
28,320
37,770
49,310
63,310

20
66

460
2,34o
5,650
9,540

13,950
20,580
29,370
38,920
50,710
64,710

22
77

620
2,670
6,020
9,920

14,440
21,400
30,120
40,040
52,110
66,110

25
89

770
2,990
6,380

10,300
14,940
22,230
30,910
41,170
53,510
67,510

0
28

100
920,

3,320
6,740

10,820
15,500
22,970
32,220
42,290
54,910
68,910

3
31

112
1,080
3,650
7,100

11,340
16,410
23,710
33,090
43,430
56,310
70,310

6
34

123
1,230
3,970
7,460

11,680
17,060
24,490
33,900
44,56o
57,710
71,710

8
37

135
1,380
4,300
7,820

12,010
17,700
25,260
34,840
45,69o
59,110
73,110

11
40

146

1,530
4,630
8,310

12,390
18,390
26,290
35,730
46,820
60,510
74,510

CAPACITY IN ACRE-FEET

430
440 35
450 320
460 1,320
470 10,540
480 43,740
490 111,400
500 219,330
510 377,000
520 606,930
530 927,330
540 1,350,200
550 1,899,300
560 2,588,400

Area-capacity based

50
370

1,550
12,390
48,870

120,390
232,430
396,430
634,710
964,540

1,398,800
1,962,000

69
430

1,940
14,560
54,350

129,750
246,080
416,590
663,500

1,002,870
1,448,800
2,026,000

90
500

2,480
17,060
60,190

139,480
260,290
437,560
693,300

1,042,340
1,500,200
2,091,400

113
580

3,170
19,890
66,390

149,590
274,940
459,460
723,810

1,082,940
1,553,000
2,152,800

on resurvey of Lake Dallas in 1952.

430
440
450
460
470
480
490
500

e 510
' 520

530
540
550
560

140
680

4,020
23,050
72,940

160,160
290,240
481,970
755,330

1,124,680
1,607,200
2,226,400

170
780

5,020
26,530
79,860

171,240
306,090
505,300
787,970

1,167,540
1,662,800
2,296,000

6
200
900

6,170
30,340
87,130

182,750
322,790
529,460
821,520

1,211,530
1,719,800
2,367,000

13
240

1,030
7,470

34,480
94,770

194,290
340,150
554,330
855,880

1,256,660
1,178,200
2,439,400

22
280

1,170
8,930

38,940
102,840
206,830
358,250
580,120
891,150

1,302,920
1,838,100
2,513,200



TABLE 23

AREA AND CAPACITY DATA LAVON RESERVOIR
RIVER MILE 55.9 - EAST FORK TRINITY RIVER

Drainage Area = 777 Sq. Mi.

El. in:
ft-msl: 01 2 3 4 5 6 7 8 9

AREA IN ACRES

430
440
450
460
470
480

g: 490
500
510
520

17
2,000
5,520

10,090
15,030
20,050
26,940
34,190
43,890

26
2,350
5,980

10,590
15,530
20,740
27,670
35,160

35
2,700
6,430

11,080
16,030
21,430
28,390
36,130

0
90

3,050
6,890

11,570
16,540
22,120
29,120
37,100

2
220

3,410
7,350

12,070
17,040
22,810
29,840
38,070.

3
470

3,760
7,810

12,560
17,540
23,500
30,570
39, 04o

5
720

4,110
8,260

13,050
18,040
24,190
31,290
40, 010

6
1,060
4,460
8,720

13,550
18,550
24,880
32,020
40,980

8
1,390
4,820
9,180

14, o4o
19,050
25,560
32,740
41,950

CAPACITY IN ACRE-FEET

430
440
450
460
470

480

500
510
520

44
6,760

44,340
122,400
247,990
423,390
658,360
964,040

1,354,430

66
8,930

50,090
132,730
263,260
443,780
685,670
998,710

96
11,450
56,290

143,560
279,040
464,870
713,690

1,034,360

0
160

14,330
62,960

154,890
295,330
486,640
742,450

1,070,980

1
320

17,560
70,080

166,710
312,110
509,110
771,930

1,108,560

4
660

21,140
77,650

179,020
329,400
532,260
802,130

1,147,120

8
1,250
25,080
85,690

191,830
347,190
556,100
833,060

1,186,640

13
2,140

29,370
94,180

205,130
365,490
580,630
864,720

1,227,130

20

3,370
34,010

103,130
218,920
384,280
605,850
897,100

1,268,600

12
1,690
5,170
9,630

14,530
19,550
26,250
33,470
42,920

30
4,910

39,000
112,530
233,210
403,580
631,760
930,210

1,311,030



TA JE 24

AREA AND CAPACITY DATA - BARDWELL RESERVOIR
RIVER MILE 6.0- WAXAHACHIE CREEK

Drainage Area = 171 Sq. Mi.

El. in: 1 2 3 4 5 6 7 8 9.
ft -msl

AREA IN ACRES

380 1 8 15 23 30 37 45 52 60 67

390 75 146 218 289 361 432 504 575 647 718
400 790 891 992 1,090 1,190 1,290 1,400 1,500 1,00 1,700
410 1,800 1,910 2,010 2,120 2,230 2,340 2,440 2,550 2,660 2,770
420 2,870 2,990 3,100 3,210 3,330 3,440 3,550 3,670 3,780 3,890

430 4,000 4,160 4,310 4,470 4,630 4,780 4,940 5,090 5,250 5,400

440 5,560 5,730 5,900 6,070 6,240 6,410 6,570 6,740 6,910 7,080

450 7,250 7,480 7,700 7,930 8,150 8,370 8,600 8,820 9,050 9,270

460 9,500 9,770 10,050 10,330 10,610 10,890 11,160 11,440 11,720 12,000
470 12,280

CAPACITY IN ACRE-FEET

380 1 6 18 37 64 98 139 188 244 308

390 381 492 674 928 1,250 1,650 2,120 2,660 3,270 3,950
400 4,710 5,550 6,490 7,530 8,680 9,920 11,270 12,720 14,260 15,910

410 17,660 19,520 21,480 23,550 25,730 28,010 30,400 32,900 35,510 38,220

420 41,050 43,980 47,020 50,180 53,450 56,84o 60,330 63,940 67,670 71,500

430 75,450 79,530 83,770 88,160 92,710 97,420 102,300 107,300 112,500 117,800
440 123,300 128,900 134,700 140,700 146,900 153,200 159,700 166,300 173,200 180,200

450 187,300 194,700 202,300 210,100 218,200 226,400 234,900 243,600 252,600 261,700

460 271,100 2 80,700 290,600 300,800 311,300 322,000 333,000 344,400 355,900 367,800
470 379,900



TABLE 25

AREA AND CAPACITY DATA - NAVARRO MILLS RESERVOIR
RIVER NILE 63.9 - RICHLAND CREEK

Drainage Area = 316 Sq. Mi.

0 1 2 3 4 5 6 7 8 9fft-msl :

AREA IN ACRES

2
40

530
1,950
4,200
6,870

10,080
15,000
19,920

4
50

610
2,130
4,420
7,170

10,600
15,510
20,440

7
65

680
2,310
4,600
7,470

11,150
16,000
20,960

11
90

760
2,500
4,780
7,770

11,700
16,480
21,510

16
124
830

2,690
4,970
8,060

12,230
16,960
22,120

0
20

170
910

2,900
5,170
8,360

12,750
17,450
22,700

0.3
24

230
1,070
3,100
5,420
8,670

13,250
17,920

0.7
28

310
1,250
3,350
5,730
8,980

13,730
18,420

1.1
32

380
1,460
3,610
6,120
9,300

14,160
18,900

1.5
36

460
1,690
3,900
6,510
9,650

1+,600
19,400

CAPACITY IN ACRE-FEET

5
204

2,370
12,900
42,400
95,700

179,600
306,300
480,800

8
249

2,940
14,900
46,700

102,700
189,900
321,600
501,000

13
306

3,580
17,100
51,300

110,000
200,800
337,300
521,700

22
384

4,300
19,500
55,900

117,600
212,200
353,600
542,900

36
491

5,100
22,100
60,800

125,600
224,200
370,300
564,700

0
54

638
5,970

24,900
65,900

133,800
236,700
387,500
587,100

0.1
76

838
6,960

27,900
71,200

142,300
249,700
405,200

0.6
102

1,110
8,120

31,100
76,800

151,100
263,200
423,300

1.5
132

1,450
9,470

34,600
82,700

160,300
277,100
442,000

2.8
166

1,870
11,000
38,400
89,000

169,700
291,500
461,100

Note: Elev. 375.3 area & capacity = 0

370
380
390
400
410
420
430

S440

460

370
380
390
400
410
420
430
440
450
460



TABLE 26

AREA AND CAPACITY DATA - TENNESSEE COLONY RESERVOIR SITE
RIVER MILE 339.2 - TRINITY RIVER
Drainage Area = 12,687 Sq. Mi.

E1. in: 0 1 2 3 4 5 6 7 8 9
ft -mslA:

AREA IN ACRES

0
68

150
300

6,960
23,330
44,330
70,000
92,150

109,800
135,700

6
76

160
440

8,350
25,330
46,730
72,330
93,850.

112,000
137,800

10
84

168
710

9,900
27,330
49,190
74,750
95,700

114,400
140,000

18
92

176
990

11,350
29,330
51,690
76,990
97,350

116,800
142,500

25
100
185

1,510
12,830
31,400
54,330
79,250
99,330

119,500
145,000

31
109
195

1,990
14,550
33,500
57,350
81,550

100,900
121,900
147,700

39
117
204

2,800
16, 200
35,690
59,950
83,750

102,700
124,800
150,000

46
125
213

3,650
18,030
37,750
62,610
85,950

104, 400
127,800
152,400

54
134
221

4,600
19,950
39,950
65,190
88,330

106,300
130,600
154,800

CAPACITY IN ACRE-FEET

320
1,410
3,390

25,500
177,200
513,500

1,085,300'
1,899,600
2,908,900
4,132,700

3
395

1,570
3,760

37,100
201,500
559,000

1,156,500
1,992,600
3,019,800
4,269,400

10
475

1,730
4,340

46,300
227,900
607,000

1,230,000
2,087,400
3,133,000
4,408,300

25
560

1,900
5,190

56,900
256,200
657,400

1,305,900
2,183,900
3,248,600
4,549,600

50
660

2,080
6,440

69,000
286,600
710,400

1,384, 000
2,282,300
3,366,800
4,693,300

75
760

2,270
8,190

82,700
319,000
766,300

1,464,400
2,382,400
3,487,500
4,839,700

110
880

2,470
10,600
98,000

353,600
824,900

1,547,000
2,482,400
3,610,800
4,988,500

150
1,000
2,680

13,800
115,100
390,300
886,200

1,631,900
2,587,700
3,737,100
5,139,700

200
1,130
2,900

17,900
134,100
429,200
950,100

1,719,000
2,693,000
3,866,300
5,293,300

190
200
210
220
230
240
250
260
270
280
290
300

60
140
230

5,760
21,440
42,190
67,610
90,390

107,800
133,200
157,200

190
200
210
220
230
240
250
260
270
280
290
300

260
1,270
3,120

23,100
154,800
470,200

1,016,500
1,808,400
2,800,100
3,998,200
5,449,300

1 ., 11 1 1.



87. DETERMINATION OF RESERVOIR INFLOWS. - Monthly flows were
estimated at existing and investigated reservoir sites in the Trinity
River Basin for the period 1924 through 1957. Preliminary estimates
of flows were generally based on observed flows at gaging stations in
the basin. Inflows to the existing reservoirs, during their period
of operation, were computed from the observed change in storage,
releases, and evaporation at the reservoirs. However, since the flow
estimates described above reflect the varying degree of basin
development that was taking place throughout the 1924-1957 period, it
was necessary to adjust these estimates in order to reduce all flows
throughout the period to the basis of existing (1958) conditions of
basin development. The estimated monthly and annual flows at Benbrook,
Grapevine, Garza-Little Elm, Lavon, Bardwell, and Navarro Mills Reservoirs
and at Lakeview, Roanoke, Aubrey, and Tennessee Colony Damsites under
existing (1958) conditions of basin development are given in tables 27
through 36.

88. The monthly flows for the period 1924-1940 were adjusted to
2020 conditions of basin development in the same manner as the flows
under existing. conditions of basin development. However, monthly flows
under 2010 conditions of basin development had previously been determined
for the 1941-1957 period by the United States Bureau of Reclamation for
the United States Study Commission - Texas. In view of the uncertainty
as to the actual degree of basin development that will be accomplished
by the year 2020, it was concluded, after an analysis of the data, that
the flows for the 1941-1957 period, as published by the United States
Study Commission - Texas for 2010 conditions would generally also be
applicable to 2020 conditions of basin development and were so adopted
in this report. The one exception was at Lakeview Reservoir where
records maintained by the Dallas Power and Light Company at the existing
Mountain Creek Dam were used, and applicable adjustments were made to
estimate flows under 2020 conditions of basin development for the 1941-
1957 period.
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TABLE 27

ESTIMATED MOTHLY AND ANNUAL FLOWS IN ACRE-FEET AT BENBROOK RESE21OIR - EXISTING (1958) CONDITIONS

YEAR JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEIPTMBER OCTOBER NOVERBER DECEMBER TOTAL

0i 0 0ii

400 300

0 100
600 0
0 100

100 1,500
1,200 5,400

0 0
300 2,700

15,500 15,300
2,400 2,200

100 200
600 200
200 200

1,800 400
10,200 15,000

0 0
0 0

7,800 38,000
1,100 700
2,000 1,200

400 6,200
4,500 48,600
2,500 8,300
7,800 3,600
5, 700 26,400

400 5 ,400
5,500 20,600
900 2,000
200 500
0 0

200 0
0 0

100 800
200 1,200

72,700 207,100

2,140 6,090

9,300
100
600

1,000
600

3,900
100

3,900
3,400
6,6oo

800
300

100
3,400

1o,400
0
0

12,700
800

6,500
4,400

62,400
6,ooo
8,300

13,300
13,500

4,900
1,000

400
200
100
100
0

600

179,700

5,280

4,300 5,500
1,000 5,200
2,200 1,900
1,000 100
8,300 400
3,200 5,500

0 8,100
2,100 700

800 2,100
1,600 4,000

700 500

300 26,400
0 1,300

600 200
6,300 2,500
1,000 1,100

100 1,000
u,600 17,400

100,600 41,900
5,700 14,100
3,200 22,900

49,000 9,200
2,800 11,300
8,300 3,300
2,600 3,600
6,000 101,500

21,100 26,500
700 1,900

2,500 4,900
400 1,500
400 200
100 1,500
900 6,800

49,300 122,500

298,700 457,500

8,790 13,450

1924
25
26
27
28
29

1930
31
32
33
34
35
36
37
38
39

1940
41
42
43
44
45
46
47
48
49

1950
51
52
53
54
55
56

1957

Total

Mean

1,300
0

300
200

1,200
1,200

200
300

2,300
600

0

5,300
0

1,300
400
300

1,000
28,900
15,100

5,700
2,200
3,400
4,000
6,600
1,400

18,100
3,900
9,700

200
0
0

1,600
200

34,000

150,900

4,440

100
0

4+00
0

100
0
0

200
3,100
800

0
200

0
0

300

200
1,900
2,800
1,200
1,900

300

3,500
200
400

1,700
1,900
6,800
1,300

0
0

100
200
200

2,600

32,4oo

950

200
0

1,400
0

100
0
0
0
0

400
0
0
0
0
0
0

200
3,700
1,000

0
800
300

2,000
100

0
600

4,600
0
0
0
0
0

200
800

16,400

4.80

0
0

1,800
0
0
0
0
0

4,800
200

0
300

7,600
0
0
0
0

200.
1,600
1,800

600
200
500

700
0

600
15,500

0
-0
0
0

500

0
1,700

38,600

1,140

500

300

500
0
0

900

0
200

0
0

200
2,300

300
0
0
0

2,300
17,500

0
1,300
1,300
1,200

500

0
8,500
1,500

0
0

6o

0
200

1,400
2,900

44,400

1,310

10

0
0
0
0

200
0

200
0
0

200
900
200

0
0

2,400
800

3,700
0

700
800

20,800
400

0
900

900

0
200
100
0
0

100
5,800

39,40

1,160

0

100
0

1,900
0

1,000
0

1,500
0
0

700

1,800
1,500

0
0

12,400
1,500
3,100

200
2,000

700

17,700
4,700

0

1,100
1,100

100
0
0
0
0

600
3,100

56,800

1,670

21,400
7, 000
9,600
2,900

14,200
20,400
10,500
10,200
49,200
18,800

2,300
34,700
14,400

9,700
45,100

2,600
19,000

127,700
188,300

39,100
45,000

183,900

77,300
44,700
54,700

158,500
112,900
17,600

9,000
2,800

900
4,200

11,300
224,700

1,594,600

46,900



TABLE 28

ESTIMATED MONTHLY AND ANNUAL FLOWS IN ACRE-FEET AT LAKEVIEIT DAMSITE - EXISTING (1958) CONDITIONS

YEAR JANUARY FEBRUARY MARCH APRIL MAY - JUNE JULY AUGUST STEMBER OCTOBER NOVEMBER DECEMBER

1924 1,200 1,300
25 0 0
26 6,300 100
27 0 0
28 100 3,800
29 6,ooo 4,6oo

1930 100 1,000
31 400 5,300
32 33,600 24,300
33 12,100 7,400
34 2,600 3,300
35 1,200 1,800
36 200 0
37 11,000 0
38 47,400 0
39 0 2,600

1940 0 1,200
41 3,900 20,500
42 500 500
43 0 0
44 0 4,700
45 1,100 0
46 3,200 12,400
47 0 0
48 0 2,300
49 4,900 43,500

1950 3,700 45,900
51 300 1,100
52 400 300
53 400 300
54 0 900
55 200 200
56 300 1,100

1957 100 200

Total 141,200 190,600

Mean 4,150 5,610

14,500 5,600 4,800
0 500 15,600

500 11,900 2,900
7,100 7,000 7, 500
1,500 6,200 0
6,500 17,000 16,900
1,600 3,900 55,700
12,200 2,400 2,200

7,600 6,4oo 15,600
13,500 4,300 22,500
9,600 14,900 300

300 400 24,900

0 0 3,700
11,400 1,200 4+00
21,200 8,300 1,300
3,500 5,800 4,300
100 4,000 12,700
700 3,900 11,200

1,200 80,300 39,800
5,700 2,100 2,200

4,600 2,300 38,400
50,900 11,100 1,500

900 0 31,900
0 0 0
0 1,500 1,500

800 500 38,300
2,600 12,900 24,100

0 1,200 900
600 4,loo 8,400

2,300 4,8oo 27,100
1004oo 2,300
700 700 7, 300
200 0 7,600

1,900 80,900 50,000

184,300 306,500 483,800

5,420 9,020 14,230

1,300
0

3,000
1,200
19,200
1, Too
1, 7oo1,700

1,10090

26,400
0

5,400
1,200
8,200
30,100
35,700
21,200
7,000
1,200

800
2,900

0
800
800

2,300
14,000

0
0
0

2,800
1,200
2,400

195, 600

5,760

200
0

3,600
0

5,800
0
0

200
3,800

11,800
0

400
0

200
2,500

0
26,300.
2,000
1,500
1,000

200
500

0
0
0
0

4,oo
100

1,200
1,200
1,300

0
800

1,200

69,oo

2,060

100
0
0
0
0
0
0

100
0
0
0
0
0
0

100
100
200

4,600
0

500

1,600
500
0

1, 300
200
300
400
200
100

0
100

1, 500
600
100

22,600

660

100 0
700 1,100
0 0

200 10,200
0 0

1,200 1,200
100 2,300

o 200
8,300 0

o o
0 0

4oo 600
22,100 0

700 4,200
0 200

400 0
800 1,100
0 400

2,500 10,800
300 0
200 0
200 200
0 0

1,400 0
0 100
0 8,100

2,300 0
400 o
600 0
300 400

100 400
0 0
0 0
0 700

43,300 42,200

1,270 1,240

TOIAL

0
4,200

0
0
0

700
0
0
0

300
0

1,200
2,000
2,900

0
0

12,300
0

600
0

1,900
300

11,800
100goo
900

0
0

700
4,200

200
300
800
0

19,600

65, 000

1,910

0
0
0

100

32, 500
500

4,800
100

9,200
1,400

0
2,100
1,200
20,700

300
300

16,900
1,300
2,000

700

500

0
.oo

24,900
0

200
0
0

2,800
6oo
400
500

1,100
4,900

135, 800

3,990

29,100
22,100
28,300
33,300
69,100
56,300
71,200
24,200

109,o700
74,400
30,700
59,700
29,200
58,100
82,500
25,200
105,700
84,200
160,900
19,500
55,600
67,i00
68,900
37,700
7,300
97,400
98,300
18,900
22,700
37,600
6,300
14,700
12,900

162,000

1,880,800

55,320



TABLE 29

ESTIMATED MN1LEY AND ANUAL FLOWS IN ACRE-FEE AT ROANOKE DAIEITE ESr1lU (1958) CONDITION

YEAR JANUARY FEBRUARY MARCH APRL MAY JUNE JULY AGUST SEPE2MBER OCTOBER NOVMBER DECEMBER TOTAL

1924 3,400 2,200
25 0 200
26 3,100 0
27 5,800 10,500

28 3,600 16,200
29 23,900 18,300

1930 300 1,500
31 500 4,500
32 109,100 55,500
33 23,900 7,000
34 4,800 6,900
35 6,300 2,800
36 3,100 2,300
37 31,500 5,100

38 57,000 84,400
39 0 1,000

W 1940 0 0
41 7,300 28,000

42 4,000 3,200
43 1,600 1,800
44 1,000 27,200
45 6,000 72,800
46 18,200 31,100
47 5,600 2,400
48 12,100 40,100
49 0 1,400

1950 5,200 17,000
51 1,000 1,800
52 0 0
53 0 0

54 2,600 800
55 200 600
56 200 3,200.

1957 400 1,400

Total 341,700 451,200

Mean 10,050 13,270

35,300
200

11,000
26,600
4,900

15,500

900
14,300
8,200

32,500
20,500

3,000

1,500
14,400
46,100
2,900

200
11,100

5,OOO
27,800
13,900
77,000
12,700
7,300

10,100
7,100
2,400
1,800

200
600
600

1,000
400

1,800

418,800

12,320

12,400
6,600

10,400
46,600
53,40
11,800
4,800
7,400
2,400
8,900

18,200
8,700

500
7,100

35,100
11,100

3,000

33,900
226,900

6,900
17,900
44,400

5,200
15,300

2,400
1,000

11 900
1,200
7,300
8,500
2,000

400
1,000

140,800

775,400

22,810

7,000
16,500
10,300

3,900
11,200

75,000
47,100

5,900

8,400
23,800
11,800
72,600
2,700
2,000

3, 000
1,700

9,000
12,900
60,300

33,500
36,500

6,000
28,600
14,500

3,000
42,200
41,100
2,200
5,800

10, 700
4,800
7,300
7,700

196,200

845,200

24,860

200
14,800
1,000

11,4,00

12,400
1,100
6,600

3,000
5,500
1,100

89, 500
900

,900

7,800
300

17,400
120,000

47,200
10,100

3,40
6,000

28,200
1,800
1,600

17, 700
14,300
17, 500

2,4100

200
3,4oo
6,300

200
52,400

518,300

15,240

0
11,100

2,700
4,4+00

1,000
500

0

25,900
200

0

1,600
0

0
200
300

37,100
3,4100
2,000

4+00
400

14,700
1,000

0
2,200
7,90

43,00
6,100

0
800
200

0
400

1,200

168,900

4,970

200

5,400
1,000

300
0
0

200

6,300
1,000

0
0
0

4,400
0
0

5,800
3,800
1,4000

800
400
400

0
0
0

4,600
0
0

200
400
200
400

0

37,40

1,100

o 2,200
2,000 1,500

500 2,9000 0

0 200
0 200
0 700

2,800 900
1,000 200

0 .0
2, 300 3,500
4,900 12,800

500 1,500
0 0
0 0
0 0

600 32,900
4,400 7, 7000 200

1,400 800
3,800 16,300
1,600 0

0 0
0 0

2,000 18,000
28,800 1,800

200 0
0 0

400 7,50C
600 600

1,000 200
0 600

1,800 3,000

60,6oo 116,200

1,780 3,420

200
200

200
0

1,400700
200

0

200
1,000

700

11,100
4,700
2,700

0
0

20,60010,100
5,000

0
2,800
1,800

22,000
200

0
600
800

0600
2,400

100
200
600

20,000

111,100

3,270

0

7,100
5,500

29,800
500

6,4001,100

19,500700

0

16,7008,300

16,4000
0

39,000
8,500
2,400.400

5,600
1,800

28,80012,100
0

600
1,2000

200
1,000

600
0

1,200
3,400

218,800

6,440

76,900
107,000
136,600
159, 300

63,000
1, 20021,2,200

105, 700

64,00
218,100
41,700
86,500233,600

17,300132,100
272, 500

369,500
82,700

111,7oo251,000

177,800
59,200
71,50098,500

192,100
31,800

16,50032,-300
16,700
17,4100
15,900

422,400

4,064,600

119, 550



TABLE 30

ESTIMATED MONTHLY AND ANNUAL FLOWS IN ACRE-FE.' AT GRAPEVINE RESERVOIR - EXISTING (1958) CONDITIONS

YEAR JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTMBER OCTOBER NOVEBER DECEMBER TOTAL

1924 3,900 2,500
25 0 200
26 3,600 0
27 6,7oo 12,100
28 4,100 18,600
29 27,500 21,000

1930 400 1,700
31 600 5,200
32 125,400 63,800
33 27,500 8,100

34 5,500 7,900
35 7,200 3,200
36 3,600 2,700
37 36,200 5,900
38 65, soo 97,000
39 0 1,200

1940 0 0
41 8,500 32,100
42 4,600 3,600
43 1,800 2,000
44 1,200 31,100
45 6,700 83,700
46 21,000 35,900
47 6,300 2,800
48 13,900 46,000
49 0 1,600

1950 6,000 19,600
51 1,200 2,000
52 0 0
53 0 0
54 3,000 1,000
55 200 800
56 200 3,600

1957 400 1,600

Total 392,700 518,500

Mean 11,550 15,250

40,600
200

12,600
30,600

5,600
17,800
1,000

16,400
9,400

37,300
23,600
3,4oo
1, 7oo

16,600
53,000
3,300

200
12,700

5,800
31,900
16,100
88,500
14, 7oo

8,300
11,700
8,100
2,800
2,000

200
600
600

1,200
400

2,000

480,900

14,140

14,300 8,100 14,6oo
7,6o0 19,000 200

12,000 11,800 17,000
53,600 4,500 1,200
61,400 12,900 13,100
13,600 86,200 14,200

5,500 54,100 1,300
8,500 6,800. 7,6oo
2,800 9,600 3,400

10,200 27,400 6,300
20,900 13,600 1,300
10,000 83,500 102,900

600 3,100 1,000
8,200 2,300 1,000

40,300 3,4oo0 9,000
12,800 2,000 400
3,500 10,400 20,000

38,900 14,900 137,900
260,800 69,200 54,300

7,900 38,500 11,7oo
20,600 41,900 4,000
51,200 6,900 6, 700

6,000 32,900 32,300
17,600 16, 700 2,000

2,800 3,400 1,800
1,200 48,600 20,200

13, 700 70,200 16,500
1,400 2,600 20,000
8,500 6,500 2,800
9,700 12,300 200

2,200 5,600 4,000
400 8,500 7,300

1,200 8,900 200
161,900 225,500 60,100

891,800 971,800 596,500

26,230 28,580 17,540

200
0

12,800
3,100
5,000
1,200

600
0

29,800
200

0
1,800

0
0

200
400

42, 7oo
4,000
2,200

400
400

16,900
1,200

0
2,600
9,100

49,400
7,100

0
1,000

200
0

400
1,400

194,300

5,710

200
200

6,200
1,200

400
0
0

200
7,200
1,200

0
0
0

5,000
0
0

6,700
4,200
1,600

0
1,000

400
400

0
0
0

5,4oo
0
0

200
400
200
400

0

42, 700

1,260

0 0
o 2,500

2,300 1,700
600 3,300

0 0
0 200
0 200
0 800

3,200 1,000
1,200 200

0 0
2,600 4,000
5,600 14,700

600 1,700
0 0
0 0
0 0

600 37,900

5,000 8,900
0 200

1,600 1,000
4,400 18,600
1,800 0

0 0
0 0

2,200 20,800
33,100 2,000

200 0
0 0

400 8,700

800 600
1,200 200

0 600
2,000 3,400

69,400 133,200

2,040 3,920

200
200
200

0
1,600

800
200

0
200

1,200
800

12,800
5,400
3,100

0
0

23,700
11, 700

5,800
0

3,200
2,000
25,400

200
0

800
1,000

0
600

2,800
200
200
600

23,000

127,900

3,760

0
0

8,200
6,300

34,200
600

7,300
1,300

22,400
800

0
19,200
9,500

18,800
0
0

44,800
9,700
2,800

400
6,300
2,000

33,100
13,900

0
600

1,400
0

200
1,200

600
0

1,400
3,800

250,800

7,38o

84,600
30,100
88,400

123,200
156,900
183,100
72,300
47,400

278,200
121,600
73,600

250,600
47,900
99,400

268,400
20,100

152,000
313,100
424,600
94,800

128,400
288,000
204,700
67,800
82,200

113,200
221,100

36,500
18,800
37,100
19,200
20,200
17,900

485,100

4,670,500

137, 370
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TABLE 31

ESTIMATED MONTHLY AND ANNUAL FLA IN ACRE-FEET AT AUBRE! DANBITE - EfISTflG (1958) CONDITIONS

YEAR JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEBER OCTOBMt NOVEMBER DEC!MBER TOTAL

1924 4,600 3,200 53,300 22,800

25 200 200 200 13,100
26 8,000 400 3,700 19,500
.27 14,400 29,800 53,800 44,800
28 3,200 3,500 900 8,600
29 7,100 5,700 5,300 6,200

30 1,300 1,600 1,200 1,400-
31 5,800 13,700 31,500 12,900
32 96,300 85,500 26,900 7,100
33 8,800 6,ooo 36,000 5,500

34 3,400 3,400 U,200 12,300
35 3,400 2,500 3,400 3,200

36 7,500 3,700 2,100 1,600
37 22,100 6,40C 8,300 3,700
38 21,200 74,300 80,800 45,800
39 700 800 3,200 15,900

1940 1,400 1,400 1,900 13,600

41 16,200 12,300 22,100 41,800
42 4,700 3,300 2,900 272,000
43 4,300 6,300 25,800 13,500
44 2,400 12,000 26,100 14,900
45 5,800 88,200 156,200 90,700
46 13,500 51,600 23,700 15,700
47 12,500 5,900 10,900 10,800
48 12,200 47,600 39,100 3,500

49 7,500 15,600 10,300 4,200

1950 29,500 57,700 9,600 5,700
51 1,800 2,700 2,000 2,200
52 2,000 1,700 2,200 10, 700
53 700 700 2,600 29,100
54 4,700 1,500 600 1,500
55 1,100 6,400 3,000 3,400
56 1,700 5,200 1,900 2,500

1957 2,400 8,200 U,200 242,300

Total 332,400 569,000 673,900 1,002,500

Mean 9,780 16,740 19,820 29,490

10,400
12,100
32,300
20,800
10,200
73,600
45,400
3,200

12,700
26,300
8,600

170,900
1,500

3,100
4,300
2,800

15,500
26,400
60,100
25,800
56,200
9,300
44,800
9,300
20,300
38,300
80,400

3,000

5,400
26,400
16,400
25,100
8,400

245,100

1,164,400

34,250

1,200
200

17,800
8,100
13,800
17,300
3,000

3,600
5,000

12,000
1,600
60,000
2,400
5,800
3,900
2,900

28,100
169,500
112,200
19,800
12,100
34,200
106,800
18,500
10,600
23, 700
25,700
23,600
3,1400

0
7,000

15,900
1,200

68,100

769,000

22,620

600
0

49,200
12,100
3,500

900
1,100
2,500
25,200
6,7oo
1,600
5,800
2,000
2,000
2,400
2,900

24,300
8,600
7,000

4,400
6,200
36,500
6,000
8,100

12,500
4,000

1, 300
10,500
4,100

900
3,000
200

1,300

25,300

292,700

8,610

200
700

15,000
400
800
700

1,100
2,000
2,600
8,000
1,400
6,400
1,700
,700

6,300
3,000

4,300
4,400
6,800
4,100
6,600
5, 700
6,200
9,000
9,800
3,200

22,300
7,100
5,500
100
0
0

2,700
20,500

180,300

5,300

100 100
4,000 5,200
1,600 5,800

500 10,200
200 1,700

3,600 7,100
600 8,000

1.400 5,700
5,100 2,700
6,400 5,000
1,300 1,300
5,700 5,000

24,800 34,900
8,000 2,100
2,300 1,600
2,400 2,100
3,200 3,200
4,400 14,200
8,600 10,600
4,200 2,900

6,100 4,600
9,600 36,100
6,300 5,500
7,300 5,000
9,100 5,500
3,900 19,600

89,700 9,700
6,000 4,800

x4,200 100
400 4,100
500 4,800

2,300 200
1,600 2,300
7,500 2,90

242,900 234,600

7,140 6,900,

0.
900

1,000
3,100
1,900
1,400
8,200
1,700
3,300
2,700
2,300
8,100
18,000
2,600

900
3,700

17,200
16,600

3,900
1,800
4,400
7,700
50,200

4,400
3,000

10,500
4,700
2,400
1,800
5,500

700
100

2,800
83,300

280,800

8,260'

700

100
14,400
22,900
8,000
14,100
24,100
3,300

10, 700
1,600
1,300

33,900
5,000
7,500

700

1,400
54, 700
5,200
6,000
2,000
10,900

5,700
60,500
19,200
2,500
2,300
3,300
2,700
1,500
2,400
1,600

300

4,700
8,300.

343,500

10,100

97,200

36,900
168,700
220,900

6,300
143,000

97,000
87,300

283,100
125,000

19,700
308,300
U5,200
83,300
244,500
41,800

168,800
341,700
428,100
14,900
162,500
485,700
390,800
120,900
175, 700
143,100
349,600
68,800
42,600
72,900
42,300
58,000
36,300

725,100

6,086,000

179,000



AHGE 32

ESTIMATED MONPTLY AND ANNUAL FLOWS IN ACRE-FEER AT GARZA-LITTLE ELM RESERVOIR (LEWISVILLE DAM) IM5xm (1958) CoND1rIONS

YEAR JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AGUST SEPTEMBER OCTOBER NOVEMBER DECEBER TOFAL

1924 11,100 7,700
25 600 400
26 19,600 1,000
27 35,000 72,800
28 7,700 8,600
29 17,400 13,900

1930 3,200 3,800
31 14,200 33,500
32 234,800 208,500
33 21,500 14,600
34 8,200 8,400
35 8,300 6,000
36 18,200 9,000
37 53,900 15,700
38 51,600 181,200
39 1,700 1,900

1940 3,500 3,500
41 39,500 29,900
42 u,4oo 8,000
43 10,400 15,300
44 5,800 29,200
45 14,200 215,000
46 33,000 125,800
47 30,600 14,500
48 29,700 116,200
49 18,300 38,100

1950 71,900 140,800
51 4,400 6, 700
52 4,800 4,200
53 1,700 1,600
54 11,500 3,700
55 2,700 15,500
56 4,200 12,600

1957 5,900 19,900

Total 810,500 1,387,500

Mean 23,840 40,810

130,000
400

9,000
131,200

2,100
12,900
3,000

76,900
65,700
87,700
27,400
8,300
5,100

20,300
197,000

7,900
4,700

53,800
7,000

62,900
63, 700

381,000
57,700
26,600.
95,300
25,100
23,300

4,800
5,4oo
6,300
1,400
T,200
4, 700

27,200

1,643,000

48,320

55,600 25,300 3,000
32,000 29,500 400

47,500 78,700 43,300
109,300 50,800 19,800
20,900 24,900 33,700
15,200 179,400 42,100
3,400 110,800 7,300

31,400 ,7Too 8,800
17,290 30,900 12,200
13,300 64,200 29,200
30,000 21,000 3,900
7,900 416,800 146,400
3,800 28,100 5,800
9,000 7,500 14,200

111,600 10,600 9,400
38,700 6,900 7,100
33,100 37,700 68,500

102,000 64,400 413,300
663,300 146,700 102,900
33,000 62,900 48,300
36,400 137,000 29,600

221,300 22,800 83,300
38,300 109,200 260,600
26,400 22,700 45,200
8,500 49,400 25,900

10,200 93,500 57,700
13,900 196,200 62,600
5,400 7,400 57,500

26,100 13,100 8,300
70,900 64,500 0
3,700 39,900 17,100
8,300 61,200 .38,700
6,100 20,500 2,900

591,000 597,900 166,100

2,444,700 2,840,100 1,875,10E

71,900 83,820 55,150

1,500
0

120,100
29,400
8,500
2,100
2,800
6,200

61,400
16,4oo
3,900

14,200
4,800
4,900
5,800
7,100

59,300
21,000
17,100
10,700
15,200
89,100
14,600
19,800
30,500
9,700

27,600
25,700
10,100
2,300

7,400
600

3,100
61,800

714,700

21,020

600
1, 7o0

36,600
1,000
1,900
1,700
2,700
4,800
6,400

19,600
3,300

15,600
4,200
28,600
15,400

7,300
10,600
10,700
16,500
10,000
16,200
14, 000
15,100
21,900
23,900:

T,900
54,400
17,2.00
13,400

200
0
0

6,500
50,100

440,000

12,940

200 200
9,800 12,600
3,900 14,100
1,200 24,800
600 4,200

8,800 17,200
1,500 19,600
3,400 14,ooo

12,400 6,600
15,600 12,300
3,100 3,100

13,800 12,200
60,500 85,200
19,600 5,100
5,600 3,900

5,800 5,200
7,700 7,700

10,700 34,600
21,000 25,900

10,200 7,100
14,800 11,200
23,400 88,000
15,300 13,400
17,800 12,300
22,100 13,300
9,500 47,900

218,700 23,600
14,600 1,6oo
10,200 300
1,000 9,900
1,200 11,600
5,500 400
4,000 5,600

18,400 7,000

591,900 571,700

17,410 16,810

0
2,100
2,500
7,500
4,600
3,300

20,100
4,200
8,100
6,500
5,600

19,800
43,900
6,400
2,100
9,000

41,900
40,500
9,400
4,400

10,800
18,800
122,400
10,800
7,400

25, 700
,1,500

5,800
4,400

13,400
1, 700
200

6,800
203,200

684,800

20,140

1,700
200

35,200
55,800
19,400
34,400
58,800
8,100

26,100
3,900
3,100

82,600
12,100
18,200
1,900
3,300

133,400
12,600
14,600
4,900
26,600
14,000

147, 500
46,900
6,100
5,600
8,100
6,500
3,700
5,900
3,900

700
11,500
20,300

837,600

24,640

236,900
89,700
411,500
538,600
137,100
348,400
237,000
213,200
690,300
304,800
121,000
751,900
280,700
203,400
596,100
101,900
411,600
833,000

1,043,800
280,100.
396,500

1,184,900
952,900
295,500

428,300
349,200
852,600
167,600
104,000
177,700

103,100
141,000
88,500

1,768,800

14,841,600

436,520

I lill I HM oli I III



TABLE 33

ESTIMATED MON HLY AND ANNUAL FLOWS IN ACRE-FEDT AT LAVON RESERVOIR - EXISTING (1958) CONDITIONS

YEAR JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER TOTAL

1924 11,800 9,950
25 70 1,120
26 5,440 510
27 34,600 32,360
28 7,490 34,3!0
29 50,160 38,110

1930 710 3,070
31 1,180 9,400
32 227,400 115,950
33 50,260 14,770
34 10,210 14,790
35 13,130 5,790
36 6,720 4,820
37 67,180 10,880
38 119,000 175,990
39 0 2,260

v 1940 90 1,380
41 30,190 38,020
42 4,830 4,610
43 8,450 6,640
44 590 10,710
45 21,210 185,420
46 25,950 102,960
47 27,640 7,160
48 38,660 75,270
49 93,48o 76,710

1950 66,900 165,980
51 1,540 21,320
52 40 150
53 2,280 1,090
54 20,560 6,680
55 2,470 11,730
56 2,100 13,830

1957 1,700 2,120

Total 954,030 1,205,890

Mean 28,060 35,470

65,680
60

10,150
79,550
10,150
32,540
1,730

29,720
17,080
68,950
43,760
6,140
3,260

30,340
96,000
10,530

770
30,780
6,930
73,830
44,980

207,560
45,530
26,690
45,870
52,140
16,930
5,730

440
11,470
2,600
19,950
2,370

12,690

1,112,900

32,730

28,450 36,360 8,410
6,920 28,760 1,230

36,500 43,860 61,750
112,360 29,030 22,740
112,990 23,570 23,930
24,720 156,400 25,530
10,040 100,380 2,410
15,420 12,460 13,950
5,110 17,520 6,100

18,770 49,910 11,750
38,650 25,270 2,300
18,010 167,450 185,340
1,130 5,650 1,560
15,110 4,100 1,840
73,700 6,220 16,260

109,790 4,380 14,760
90,690 74,060 47,590
78,820 77,580 192,350

347,750 64,400 68,210
41,620 55,130 60,800
16,820 112,620 7,710
86,170 13,750 119, 400

16,040 167,070 106,780
28,490 42,230 24,590
6,620 76,770 7,380
23,250 50,850 26,010
19,710 149,820 38,870

5,140 13,000 172,130
39,730 27,420 4,130

65,780 88,410 1,350
22,380 62,250 12,070
13,630 10,750 6,210

5,710 31,170 950
276,510 380,260 56,450

1,812,530 2,208,860 1,352,840

53,310 64,970 39,790

880
80

177,970
77,210
9,070
2,260
1,160
100

54,200
410
10

3,220
130
30

230
450

48,030
18,570
2,920
1,710

360
48,300-
1,710

860
8,810

570
39,010
12,350

0
0
0

3,160
2,070

280

516,120

15,180

0
0

1o,06o
1,780

820
30

0
440

13,040
1,970

0
90

0
9,200

10
30

1,630
8,440

640
0
0

930
1,760
8,280

90
40

12,680
120

0
0

1,370
720

2,210
2,890

79,270

2,330

0 0
0 1,040

3,030 10,250
840 18,960
30 40
80 370

0 440
140 1,230

5,780 1,900
1,970 230

10 0
4,470 7,110

10,090 26,550
1,020 3,150

0 0
0 300

220 0
810 3,780

5,230 6,3800 240
650 70

3,470 52,330
1,320 470
1,510 960

0 0
0 22,170

72,920 3,970
10 0

0 0
0 1,350

2,050 10,390
4,680 1,750
430 1,490

4,010 4,380

124,770 181,300

3,670 5,330

0
560

8,710
1,830
2,790
1, 540

500
0

310
2,220
1,490

23,030
9,750
5,530

0
0

16,180
7,690
14,690

30
1,990
10,220

254,140
4,330

0
2,050
1,480

0
1,490
3,930
3,840
880

4,260
85,220

470,680

13,840

0

47,730
15,100
64,590
1,180
13,820
2,300
40,530
1,370

60
35,030
17,230
34,650

0
40

96,630
16,840
16,840

140
19,610

3,790
131,200
61,380

10
1,540
1,480

20
4,050
4,030

510
520

1,770
21,260

655,250

19,270

161,530
39,840

415,960
426,360
289,810
332,920
134,260
86,340
504,920
222,580
136,550
468,810
86,890
183,030
487,410
142,540
377,270
503,870
543,430
248,590
216,110
752,550
854,930
234,120
259,480
348,810
589,750
231,360

77,450
179,690
144,700
76,450
68,360

847,770

10,674,440

313,950



TABLE 34

ENTIMATED MONP'LY AM ANNUAL FL01 IN ACRE-FEKI' AT BARDWFLL DAM1T E - XISTIU (1958) COMTIONS

YEAR JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUT SEPTEBER OCTOBER NOVEIBER DECEMBER TOTAL

1924
25
26
27
28
29

1930
31
32
33
34
35
36
37
38
39

1940
41

42
43
44
45
46
47
48
49

1950.
51
52
53
54
55
56

1957

Total

Mean

10,390 7,120
100 60

7,260 1,020
6,750 7,080

220 4,260
8,880 1,520
1,800 8,180
3,060 6,630

20,790 46,330
11,450 1,410
3,860 1,790
4,310 6,380

890 740
13,520 3,690
18,420 15,480

1,240 4,010
0 850

8,350 23,810
750 1,810

2,040 840
4,980 14,950

10,890 22,370
4,790 15,190
8,300 1, 510
4,330 5,200
2,560 10,660

560 17,360
100 720

0 260
1,560 270

510 60
0 660

150 1,620
250 1,450

163,060 235,290

4,800 6,920

19,310
10

12,050
1,860
4,950
7,400

3,270
6,650

32,770
7,920
9,300
3,880

740
12,540
8, 740
2,480

140
12,050

2,210
5,870
6,240

46,030
5,230
5,310
4,690
5,10
1,220

40
290

4,750
0

1,170
10

950

245,180

7,210

7,120 5,400
150 830

12,250 14,210
12,050 13,920

5,010 3,180
5,210 7,030
1,310 54,200
4,350 5,910
1,270 10,990
3,850 3,910

18,330 2,700
4,030 22,730

330 5, 740
3,520 1,060

43,710 5,100
1,110 1,900

13,230 6,430
8,250 14,010

66,030 18,910
5,570 15,330
2,600 48,416

24,950 2,070
2,570 12,540
8,800 1,430
2,930 18,520
4,070 5,810
7,590 10,380

60 700
18,350 10,790
1,920 16,920

120 2,290
1,250 1,660

80 2,720
44,910 36,440

336,880 384,170

9,910 11,300

10,190
0

2,720
8,180
6,640

38,610
7,860
1,040
5,590
7,510

770
20,780
3,910
1,220
3,600

14,690
10,090
18,230
11,090
7,810
6,660

26,730
8,930

11,660
1,340
2,410

800
8,260

340
70

0
1,630

590
5,810

255,760

7,520

20
80

4,520
780

3,510
760
480
460
420
190
80

6,020
3,080

200
970
680

15,480
10,290

680
400
980

8,520
320
180

2,440
210
740
40
10

200
0
0
0

90

62,830

1,850

60
80

3,800
370

1,610
120
20
50

210
300

0
360
180

0
410
20

250
2,220
3,810

10
4o

370
1,920

890
0

no
60

0
0

10
0

960
100

30

18,370

540

2,740 140
190 1,450

3,240 1,160
210 4,580
180 0
620 250

0 2,890
190 590

7,450 300
290 140
200 50

1,570 2,410
4,940 8,880

0 0
270 150

0 0
0 10

130 3,200
13,860 10,100
12,220 3,460

60 140
80 3,090

330 140
1,930 130

0 0
0 350

130 0
0 0
0 0

20 210
0 310

1,540 20
20 60

130 7,610

52,540 51,820

1,550 1,520

150 270 62,910
6,140 240 9,330
1,240 7,310 70,780

330 760 66,870
690 6,o40 36,290

2,050 6,100 78,550
870 10,000 90,880
280 420 29,630

0 180 126,300
190 190 37,350

1,220 1,620 39,920
1,950 8,790 83,210
4,340 8,740 42,510
1,090 5,320 42,160

250 280 97,380
0 0 26,130

21,850 17,350 85,68o
920 2,280 103,740

4,840 6,480 140,570
80 740 54,370

1,240 9,690 95,990
1,940 340 147,380
8,100 3,580 63,640

630 6,950 47,720
20 40 39,510
30 20 31,340
0 0 38,840
0 0 9,920

2,220 6,780 39,040
11o 790 26,830
470 0 3,760

0 0 8,890
2,020 140 7,510

20,720 1,590 119,980

85,980 113,030 2,004,910

2,530 3,320 58,970



TABLE 35

ESTIMATED MONTHLY AND ANNUAL FLOWS IN ACRE-FEET AT NAVARRO MILLS DAMSTE - EXISTING (1958) CONDITIONS

YEAR JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER TOTAL

O

0

0

38,610
20

23,320
23,030
8,830
13,430
5,850
12,130
66, 730
14,550
17, 350
6,940
1,300
24,400
16,170
4,460

30
29,890
1,150
8,420

12,570
94,640
13,520
30,580
16,760
4,130
1,360

80
.2,930
28,610

30
4,380

0
8,230

534,430

15,720

12,940
270

23,810
23,320
8,960
9,310
2,340
7,770
2,270
6,890

36,460

7,180
600

6,270
89,670
1,170
17,840
15,190
102,370

10,770
6,81o

51,980
6,120
22,930
2,920
4,140

15,620
120

19,700
5,840
210

1,500
20

167,110

690,420

20,310

9,640
1,460

27,740
27,150
5,670

12,740
111,820
10,570
20,990
6,980
4,820

45,770
10,290
1,880
9,100
5,010
2,030

29,890
9,160
53,450

106,720
2,410
80,850
6,380
61,740
5,660
6,040
1,610

19,110

80,490
9,100

2,540
26,170
62,570

877,550

25,810

19,3100

4,850
15,090
11,930
78,890
14,500
1,840
10,000
13,780
1,390
41,450
6,990

2,170
6,430
40,840
4,100

39,300
8,450
8,710
8,620

15,540
8,290
3,280

650
2,240
1,060
8,690
460
320
20

3,140
2,260

15,540

400,130

1,770

30 100 4,910 240

120

8,060
1,400
6,260
1,370
860

810
770
340
150

10,780
5,500

340
1,740
900

13,330
36,950

510
240
400

28,810
480
30

2,220
1,980.

850
20

450
0

230
10
160

126,210

3,710.

10

6,790660
2,880
220
3080
360
540
0

650
310
0

7300

50
990
700

20
20

3,220
7300
0

260
0
0
0
0
10

760
0
0

20,250

600

330 2,570
5,800 2,070
360 8,170
310 0

1,110 430
0 5,160

340 1, 070

13,560 530
520 240
340 80

2,810 4,310
8,820 16,470

0 0

500 260
0 0

0 0
190 3,130

30,390 6,440
330 14,7500 0

1,480 21,580
100 150
70 0

0 0
0 2,280

190 0
3,860 0

0 0

1,400 2,710
0 140

590 230
0 0
0 0

78,310 93,010

2,300 2,730

10,810
2,220600

1, 220
3,640
1,550

500
0

340
2,160
3,4907,740
1,950

4300

73,890460
8,620

501,510
3,900

10,780
0
0

200
0

1,810
500

490
0

5,3300

144,270

4,240

40 19,160410 16,410

13,330 132,940
1,370 126,240

10,770 64,820
10,880 151,180
18,820 179,140

760 53,380
320 252,250
340 69,060

2,890 75,730
16,170 158,710
16,070 77,010
9,500 79,560

510 192,570
0 61,870

31,160 143,150
1,300 212,950

12,180 181,430
1,500 102,320

14,060 206,650
10,790 299,790
5,900 170,140

230 u6,200
0 87,850
0 23,310
0 57,200
0 15,750

10,200 55,960
7,340 131,870

10 14,020

0 18,190
410 40,470

0 260,590

197,700 3,947,870

5,810 16,uo

19,800 12,840
190 90

13,130 1,820
12,250 12,840

390 7,600
16,460 2,700
3,220 14,990
5,480 12,030

41,580 95,140
22,020 2,520

6,890 3,200
7,690 1u,470
1,590 1,330
26,460 6,590
36,550 30,480
2,240 7,250

0 720
10,580 45,080

610 850
3,250 830
18,810 37,130
28,510 36,930
14,310 28,910
48,220 4,480

840 2,720
1,080 1,520
1,720 30,360

100 1,270
0 1,64o

3,530 680

3,,960 50

410 4, 410
650 5,620
250 6,73o

352,770 432,820

10,380 12,730

1924
25
26
27
28
29

1930
31
32
33
34
35
36
37
38
39

194041
42
43
44
45
46
47
48
49

1950
51
52
53
54
55
56

1957

Total

Mean



TABLE 36

ESTIMATED MONTHLY AND ANNUAL FLOWS IN ACRE-FEET AT TENNESSEE COLONY DASITE - EXISTING (1958) CONDITIONS

YEAR JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEBER DECEMBER TOTAL

1924 312,000 215,300 875,000 296,200 229,400 289,100 2,000
25 11,800 8,300 11,900 0 208,500 5,600 3,800
26 212,300 29,100 340,300 397,000 296,100 141,600 134,200
27 212,700 283,700 575,800 672,200 453,200 228,300 97,500
28 52,400 104,300 130,400 190,600 121,000 299,300 143,100
29 268,400 119,400 257,100 198,700 673,200 1,162,800 18,800

1930 49,300 220,700 89,900 34,300 1,765,100 279,000 10,900
31 103,200 247,100 330,700 193,900 168,900 29,200 16,600
32 810,200 1,819,900 1,149,400 63,100 408,900 192,700 124,800
33 371,200 57,600 481,200 148,400 288,600 284,900 7,100
34 105,000 41,300 236,700 489,100 74,000 18,200 3,900
35 109,400 166,300 106,900 99,600 917,900 1,026,900 354,300
36 47,800 20,300 18,100 8,500 204,600. 135,100 85,900
37 383,700 111,900 364,500 93,500 26,900 57,400 5,300
38 564,700 841,400 638,700 1,601,200 200,800 87,700 34,800

00 39 44,800 104,500 65,300 7,700 93,600 188,700 29,100
o 1940 5,300 21,000 12,800 117,800 204,000 215,900 387,200

41 632,900 431,800 656,200 272,700 765,900 1,340,700 1,036,800
42 63,600 79,200 74,200 1,630,200 2,479,900 1,001,500 319,000
43 152,100 45,100 59,500 413,40o 525,300 654,600 19,000
44 204,400 322,100 567,600 117,200 1,875,600 405,800 24,900
45 452,800 333,300 1,821,100 2,698,100 395,400 676,100 591,300
46 278,300 643,100 575,700 164,900 612,800 1,160,900 106,100
47 376,000 102,000 287,900 488,600 137,700 148,300 68,100
48 238,900 146,800 756,700 139,500 579,800 54,300 93,600
49 0 121,400 558,500 227,200 360,800 523,100 4o,loo

1950 181,500 1,194,300 151,6oo 367,300 974,400 167,900 104,000
51 26,300 46,600 36,700 28,600 58,200 272,600 18,900
52 15,500 29,100 42,300 99,300 274,000 146,500 5,200
53 95,200 26,400 283,800 4,100 776,300 22,700 14,800
54 50,000 19,400 15,300 25,400 74,200 0 0
55 44,400 85,000 84,800 82,900 94,300 50,700 14,000
56 21,700 59,400 14,700 15,000 180,600 21,600 6,4oo

1957 12,600 58,000 61,000 676,700 2,107,900 1,870,300 462,200

Total 6,510,400 8,155,100 11,732,300 12,062,900 18,607,800 13,160,000 4,383,700

Mean 191,460 239,860 345,070 354,790 547,290 387,060 128,930

3,000 7.T1,300 4,000
1,4oo 0 6o,6oo

163,500 160,000 45,100
10,000 9,500 165, 300
61,200 5,200 1,900
4,800 23,100 15,800
1,600 2,000 166,200
6,100 7,000 17,500

O 285,900 10,400
54,500 45,800 8,200
2,100 7,400 2,500
40,ooo 50, 300 69,900

2,900 7, 600 596, 300
O 15,900 16,700

22,500 9,300 10,500
3,800 1,400 1,300

15, 700 7, 400 3,200
123,300 51,800 152,800
155,000 205,900 180,200

4,ooo 33,000 156,100
4,900 25,000 18,000

49,900 44,900 275,300
50,800 94,100 26,800
15,200 109,700 26,600
12,600 13,100 10,700
12,300 12,400 42,500
167,700 394,400 70,900

5,700 15,600 4,800
0 0 6,200

11,000 13,800 11,200
1,6oo 5,500 80,300
17,100 24,300 15,700

4,700 6,500 6,900
385,600 50,400 268,900

1,424,500 1,809,500 2,549,300

41,900 53,220 74,980

4,500 6,200 2,308,000
173,300 6,900 492,100
29,100 215,700 2,164,000

0 21,300 2,729,500
27,700 250,900 1,388,000
51,900 177,100 2,971,100
27,700 342,000 2,988,700
33,900 66,700 1,220,800
11,800 19,400 4,896,500
3,300 20,200 1,771,000
33,500 42,600 1,056,300
49,000 341,000 3,331,500
200,600 233,800 1,561,500
37, 600 157,900 1,271,300
9,000 8,000 4,028,600
2,700 5,200 548,100

450,600 790,700 2,231,600
148,300 102,500 5,715,700
177,000 114,300 6,48o,ooo
11,300 23,600 2,097,000
31,000 120,200 3,716,700
90,900 129,700 7,558,800
896,500 516,900 5,126,900
43,900 263,100 2,067,100
7,600 14,200 2,067,800

120,800 34,800 2,053,900
48,600 22,200 3,844,800
11,400 11,000 536,400
35,600 135,500 789,200
13,300 68,600 1,341,200
68,300 26,300 376,300
9,000 13,800 536,000
45,500 14,000 397,000

630,100 199,700 6,783,400

3,535,300 4,516,000 88,446,800

103,980 132,820 2,601,380



89. SEDIMENT DEPOSITION IN RESERVOIRS.- Estimates of average

annual rates of sediment deposition for Corps of Engineers Reservoirs,
existing or under construction, in the Fort Worth District were mde

in connection with definite project studies or the preparation of

preconstruction design memoranda for the respective projects. In

each case, the estimates of sediment inflow to the reservoirs were

based on the latest data available at the time of these studies.

Generally, the average rate of sediment production was estimated for

the contributing watershed area above each reservoir. This was based

on the results of reservoir resurveys by federal agencies (Reservoir

Sedimentation Data Summary Sheets), published by the Subcommittee on

Sedimentation, Federal Inter-Agency Committee on Water Resources, and

published results of suspended sediment measurements such as "The Silt

Load of Texas Streams," (annual reports by the Texas Water Commission,
formerly known as the Texas Board of Water Engineers). In some

instances, these were augmented by suspended sediment samples obtained

by the Corps of Engineers. For some of the reservoir projects the

anticipated average rate of sediment production and deposition was

coordinated with the Soil Conservation Service, United States Department

of Agriculture, and adjusted to reflect the effects of authorized major

soil conservation programs. Sufficient storage space was originally

provided in each reservoir for about 50 years of sediment deposition

from beginning of deliberate impoundment. The most recent data contained

in the publication, "Inventory and Use of Sedimentation Data in Texas,

(Bulletin 5912, Texas Water Commission) were used to estimate sediment

deposition for the new reservoir projects considered in this report.

Methods set forth in Bulletin 5912 were also used to compare provisions

for sediment deposition in the existing projects. The recomputed values

were found to be generally in close agreement. Where required, allow-

ances were made for the effects of existing and proposed land improvements

and reservoirs on the watersheds. Subsequent to the completion of

detailed hydrologic studies it was determined desirable that adequate

storage be provided for accumulation of 100 years of sediment. However,

only in Lakeview and Tennessee Colony Reservoirs were sediment allow-

ances increased to meet 100-year requirements. The 50-year allowances

for sediment deposition in the other reservoirs were not changed but

will be reconsidered and proper revisions in sediment deposition will

be made at the time of preconstruction planning. At that time, it is

proposed to allocate sufficient storage for 100 years of sediment

deposition in all new reservoirs and to recompute the effects of the

50-year sediment storage provided in existing reservoirs on the yields

of these reservoirs.

90. SEDIMENT - UNCONTROLLED DRAINAGE AREA. - A study of the
uncontrolled drainage area above Tennessee Colony was made assuming that

the presently existing, under construction, and recommended reservoirs

would be in the system upstream from Tennessee Colony under the multi-

purpose project conditions. The sediment production rate for the

uncontrolled drainage area between the existing and recommended system
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of reservoirs and Tennessee Colony Reservoir was computed utilizing
methods set forth in Bulletin 5912. The sediment production rates
from the uncontrolled areas above the Livingston and Wallisville
Reservoirs were likewise obtained. The sediment contributed from
the uncontrolled area was augmented by estimates of sediment passed
through the upstream reservoirs. The amount of sediment contributed
by the upstream reservoirs was computed by determining the average
trap efficiency for each reservoir ("The Trap Efficiency of Reservoirs,"
G. M. Brune, A. G. U., Volume 34, No. 3, June 1953) and applying this
ratio to the sediment inflow estimated for the respective reservoirs.
The combined total average annual sediment contribution above Tennessee
Colony Reservoir, for example, was thus determined to be 1,900 acre-
feet per annum; and 522 and 277 acre-feet per annum for the Livingston
and Wallisville Reservoirs, respectively.

91. SEDIMENT DISTRIBUTION. - The total sediment inflow estimated
for each reservoir was distributed throughout the entire range of
reservoir storage using the methods presented by W. M. Borland and
C. R. Miller in Paper 1587 entitled "Distribution of Sediment in Large
Reservoirs," Journal of the Hydraulics Division, Proceedings of the
A. S. C. E., Volume 84, No. HY2, April 1958. These methods make it
possible to distribute sediment in reservoirs of all shapes and sizes
and facilitate the computation of new bottom elevations after deposition
of the anticipated sediment.

92. SEDIMENT STORAGE.- Table 37 presents pertinent data as to
the amount of sediment storage provided in acre-feet and its distribution
between the water conservation and flood-control pools of the existing
and recommended Corps of Engineers reservoir projects.
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TABLE 37

SEDIMENT STORAGE PROVIDED IN CORPS OF ENGINEERS PROJECTS
ON TRINITY RIVER BASIN

Sediment storage (acre-feet)
In conserva-: In flood-

Reservoir Total : tion pool : control pool

Lakeview (1) 45,600 43,100 2,500
Roanoke 26,200 - 26,200
Grapevine 16,000 14,300 1,700
Aubrey 37,800 35,200 2,600
Garza-Little Elm 40,700 32,900 7,800
Tennessee Colony (1) 190,000 160,500 29,500
Lavon (enlarged) 47,800 41,300 6,500
Wallisville 12,800 12,800 -
Benbrook (2) 15,750 12,250 3,500
Grapevine (2) 36,000 27,300 8,700
Garza-Little Elm (2) 53,500 40,100 13,400
Lavon (2) 47,800 41,300 6,500
Bardwell (2) 8,700 6,000 2,700
Navarro Mills (2) 15,800 10,100 5,700

(1) 100-year sediment storage provided in this reservoir.

(2) Existing project or project considered as existing.

93. CONSERVATION STORAGE.- In determining the conservation storage

capacity which should be provided in reservoirs investigated in the

Trinity River Basin, cognizance was taken of the requests of local

interests and of probable future water requirements of the region.

Yield versus storage relationships were established and cost estimates

were developed for varying increments of conservation storage. The

storage allocations in the existing Grapevine and Garza-Little Elm

Reservoirs were revised in accordance with requests from local interests

assuming that comparable amounts of flood-control storage would be

provided upstream in Roanoke and Aubrey Reservoirs.

94. A flood-prevention program, including floodwater-retarding
structures for the Trinity River Basin has been prepared under authority

of the Flood Control Act of December 22, 1944 (Public Law 534, 78th

Congress, 2d Session). Data presented by the Soil Conservation Service

in March 1961 indicate that a total of 1,200 retardation structures are

proposed in the Trinity River Basin. Data as .of January 1, 1961

indicated that 288 of these structures had been completed. The 1,200
structures in the Trinity River Basin, if constructed, would have a

total detention storage of 1,072,621 acre-feet, a combined release rate
of 31,828 second-feet, and would retard runoff from 3,679 square miles

of drainage area. In addition, the 1,200 structures would contain
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229,345 acre-feet of sediment storage. The number of existing and
proposed retardation structures, the drainage area controlled, the
sediment storage, detention storage, and combined release rates of

the proposed retardation structures above each existing and proposed
Corps of Engineers reservoir are shown in table 38. The completed

structures, present land treatment practices and existing small ponds
are reflected in the runoff utilized in determining dependable
yields from the reservoirs under existing conditions of basin develop-
ment. The completion of the proposed Soil Conservation Service land
treatment practices, small ponds and retardation structures upstream
from the reservoirs will result in an additional depletion of runoff
into the reservoirs. The dependable yields from the reservoirs
under 2020 conditions of basin development reflect this additional
reduction in runoff.

TABLE 38

SUMMARY OF PERTINENT DATA FOR EXISTING AND PROPOSED
SOIL CONSERVATION SERVICE RESERVOIRS

:Number of : Total proposed structures above reservoir
:structures: Drainage

Reservoir :completed : : area :Sediment:DetentionCombined

:above res-: :Controlled:storage : storage :release
:ervoir(1) :Number (2): (sq.,mi.) :(ac-ft) :(ac.-ft) (cfs)

Benbrook 34 34 795 4,359 21,106 400

Grapevine 0 56 169.7 14,407 46,938 914
Aubrey 28 37 108.0 5,664 29,567 617
Garza-Little Elm 28 120 439.3 24,457 122,125 4,094
Lakeview 3 27 115.3 9,902 34,160 925
Lavon 63 193 331.1 27,087 92,246 2,708
Bardwell 22 24 60.6 4,081 17,528 306
Navarro Mills 2 66 150.4 12,431 40,139 1,511
Tennessee Colony 285 1,132 3,218.9 218,341 928,954 27,794
Wallisville 288 1,200 3,679.0 229,345 1,072,621 31,828

1) As of January 1, 1961.
2) Includes completed structures.

95. The net conservation storages and yields from the existing and

recommended Corps of Engineers reservoirs are shown in table 39 under
existing and 2020 conditions of basin development as noted. Yield curves
for these reservoirs under 2020 conditions of basin development are shown
on plate 22. Refer to table 15 for dependable yields from existing and
proposed local interest projects under 2020 conditions of basin develop-
ment. The dependable yields shown in table 39 are based on recurrence of
the 1950-1957 drought period on the basin. Under the 2020 conditions of
basin development it is assumed that the proposed program of the Soil
Conservation Service would be completed.
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TABLE 39

RESERVOIR YIELDS
CORPS OF ENGINEERS RESERVOIRS

Conservation fieldd
Reservoir storage :

(acre-feet) (cfs) :(MGD)

EXISTING RESERVOIRS UNDER EXISTING (1958) CONDITIONS OF BASIN DEVELOPMENT

Benbrook 72,500 10 6.5

Grapevine 161,250 32 20.7

Garza-Little Elm 436,000 167 107.9

Lavon 100,000 71 45.9
Bardwell 29,500 8.4 5.4

Navarro Mills 53,200 32 20.7

Tennessee Colony (1) 1,032,500 735 475.0

Total 1,884,950 1,055.4 682.1

EXISTING AND RECOMMENDED RESERVOIRS UNDER EXISTING (1958) CONDITIONS OF
BASIN DEVELOPMENT

Benbrook 72,500 10 6.5
Lakeview 306,400 52 33.6

Grapevine -Roanoke system 372,200 66 42.7

Garza-Little Elm -
Aubrey system 1,234,400 291 188.0

Lavon (enlarged) 362, 300 139 89.8

Bardwell 29,500 8.4 5.4

Navarro Mills 53,200 32 20.7

Tennessee Colony 1,032,500 705 455.7

Wallisville - (2)(2)

Total 3,463,000 1,303.4 842.4

EXISTING & RECOMMENDED RESERVE IRS UNDER 2020 CONDITIONS OF BASIN DEVELOPMENT

Benbrook 72,500 10 6.5

Lakeview 306,400 47 30.4

Grapevine -Roanoke system 372,200 65 42.0
Garza-Little Elm -
Aubrey system 1,234,400 234 151.3

Lavon (enlarged) 362,300 121 78.2

Bardwell 29,500 6.5 4.2

Navarro Mills 53,200 28 18.1
Tennessee Colony 1,032,500 450 290.8

Wallisville - (2) (2)

Total 3,463,000 961.5 621.5

(1) Recommended project included in tabulation so that the overall effect
of the recommended upstream development on the yield at Tennessee
Colony may be evaluated.

(2) See footnote 4, table .4.
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96. FLOOD-CONTROL STORAGE. - Routings of the major floods of
record (under 2020 conditions of basin development) were made through
the system of reservoirs, assuming that all reservoirs would be at
the top of the conservation pools at the beginning of the floods, and
that releases would be regulated to the recommended operating discharges.
Under these routing conditions the maximum flood-control storage
utilized at Lakeview Reservoir was 135,600 acre-feet during the floods
of April-July 1942 and the maximum flood-control storage utilized at
Tennessee Colony Reservoir was 2,133,000 acre-feet during the floods
of April-July 1957. Under the same routing conditions, the maximum
flood-control storage was utilized in the recommended system of
reservoirs on the Elm Fork watershed during passage of the floods of
April-July 1957. The maximum flood-control storages utilized in the
Elm Fork reservoirs were as follows: Garza-Little Elm Reservoir,
298,100 acre-feet; Aubrey Reservoir, 232,200 acre-feet; Grapevine
Reservoir, 42,500 acre-feet; and Roanoke Reservoir, 216,100 acre-feet.
Based on the above analysis, sufficient flood-control storage was
provided in Lakeview, Tennessee Colony, Garza-Little Elm, Aubrey,
Grapevine, and Roanoke Reservoirs to control the maximum flood of record.
Period of record routings, based upon maximum utilization of conserva-
tion water, indicate that the conservation pool of Lakeview Reservoir
would be filled infrequently. However, there is a possibility that
conservation water in Lakeview Reservoir would not be used at the
maximum rate, especially during its. earlier operating period and that
major floods could occur on a full conservation pool0  A regional
analysis of flood-control storage requirements was also made for the
Trinity River Basin. The requirements for the 50-year flood-control
storage taken from frequency curves based upon the regional analysis
were in close agreement with the adopted flood-control storages for
the recommended reservoirs. It is, therefore, considered that 50-year
flood-control storage has been provided in the Lakeview, Tennessee
Colony, Garza-Little Elm, Aubrey, Grapevine, and Roanoke Reservoirs.
The flood-control storage provided in existing reservoirs on other
subwatersheds was considered adequate in conjunction with the
recommended increase in channel capacities downstream from these
reservoirs. The storage allocations in the existing Grapevine and
Garza-Little Elm Reservoirs were revised in accordance with requests
from local interests assuming that comparable flood-control storage
would be provided upstream in Roanoke and Aubrey Reservoirs. As a
result of these studies the following net flood-control storages (in
acre-feet and inches) have been provided in the existing and recommended
reservoirs.
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Flood-control storage
Reservoir 

acre -feet ) inches)

Benbrook 76,550 (1) 3,3Lakeview 136,700 9.4
Roanoke 223,700 6.9
Grapevine 47,300 9.9Aubrey 258,300 7.1
Garza-Little Elm 331,600 6.4
Tennessee Colony 2,144,300 6.3
Lavon (enlarged) 275,600 6.7
Bardwell 79,600 8.7
Navarro Mills 143,200 8-5

1 Controlled storage at elevation 710.0. At the emergency spillway
crest elevation 724.0 there is 170,350 acre-feet or 7.4 inches of
flood-control storage provided.

Flood-control storage capacities provided in local interest projects
are shown in table 4,

97. STANDARD PROJECT FLOODS.- The standard project floods forAubrey, Garza-Little Elm, Roanoke, Grapevine, and Lakeview Reservoirs
were determined in accordance with procedures set forth in EM 1110-2-
1411 (Civil Works Engineer Bulletin No. 52-8, dated March 26, 1952,subject: Standard Project Flood Determinations"). The standard
project rainfall for the areas above each of the reservoirs was deter-
mined and loss rates applied as discussed in paragraph 102 to obtain
rainfall excess values of 13.0 inches above Aubrey Reservoir, 11.5
inches above Garza-Little Elm Reservoir, 11.4 inches above Roanoke
Reservoir, 10.9 inches above Grapevine Reservoir, and 13.1 inches
above Lakeview Reservoir, The six-hour rainfall excess values were
applied to the appropriate unit hydrographs given in tables 45 and 46and the rainfall on the reservoir surfaces added to develop standard
project flood hydrographs at each of the above damsites, In the case
of Tennessee Colony Reservoir, it was estimated the standard project
flood would be equivalent to one-half of the spillway design flood
for the purposes of this report. The adopted standard project flood
for each of the reservoirs was routed through the reservoir under the
following conditions: (1) The reservoir level in each reservoir was
assumed to be at the top of conservation pool at the beginning of theflood; (2) local runoff at downstream gages was assumed to be ascomputed for the flood of April-May 1957; and (3) the outlet works
at each reservoir were assumed operative during the passage of theflood. Results of routing the standard project flood through each
of the reservoirs under the above conditions are summarized in the
following tabulation:
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Standard project :Maximu.m:Maximum
flood :routed :reservoir

Reservoir Peake inflow : Volume :outflow:elevation
(cfs) :(are-eet):(fs) : ft-msl

Lakeview 168,400 194,500 69,400 528.7
Roanoke 159,300 372,200 129,400 619.0
Grapevine 89,700 429,000 29,200 565.7
Aubrey 250,400 482,800 176,400 6357
Garza-Little Elm 317,600 1,045,200 42, 400 538.3
Tennessee Colony 475,900 5,017,400 289,000 285.0

98. FLOOD-CONTROL EFFECTS.c- In order to evaluate the flood-
control effects of both existing and recommended Corps of Engineers
reservoirs in the Trinity River Basin, the peak discharges for the
damaging floods of record were determined at the principal gaging
stations within the affected areas on the Trinity River and its
tributaries by use of observed and estimated reservoir inflows, stream-
flow records, and routing procedures . The reductions in peak discharges
were determined under two conditions of basin development: (1) Exist.
ing conditions resulting from presently existing basin improvements
such as diversions, return flows, land treatment, ponds and minor
reservoirs, and major existing reservoirs including Navarro Mills
Reservoir (under construction) and Bardwell Reservoir (authorized);
and (2) 2020 conditions resulting from basin improvements as outlined
above, that were assumed would be effective in the year 2020. The
existing reservoirs and the reservoirs assumed in operation by the
year 2020 are listed in tables 4, 15 and 16 and show on plate 13.

99. Releases from all Corps of Engineers reservoirs in the
system, under both existing and 2020 conditions of basin development,
were limited, where possible, to such rates as would produce flows
not to exceed downstream channel capacities (existing or recommended)
on those tributary streams where the reservoirs are located and on the
Trinity River between Dallas and the mouth. Operating discharges at
key gaging stations under existing and 2020 conditions are shown
in the following tabulation:
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Existing operating : 2020 operating
Stre agaging station discharge (cfs) : discharge (cfs)

Clear Fork at Fort Worth 6,000 6,000
West Fork at Grand Prairie 6,000 12,000
Elm Fork near Carrollton 8,000 12,000 (1)
Trinity River at Dallas 13,000 20,000
East Fork near Crandall 2,000 5,000
Trinity River near Rosser 15,000 25,000
Trinity River at Romayor 35,000 35,000

(1) Recommended operating discharge 12,000 cfs. In actual operation
releases regulated to 8,000 cfs.

In addition, releases from Lakeview Reservoir on Mountain Creek
were limited to 4,000 second-feet or less, releases from Bardwell
Reservoir were limited to such rates as would produce flows not to
exceed 4,000 second-feet at the mouth of Chambers Creek nor 2,000..
second-feet on Waxahachie Creek, and releases from Navarro Mills
Reservoir were limited to such rates as would produce flows not to
exceed 3,000 second-feet on Richland Creek above the mouth of
Chambers Creek.

100. The reservoirs in the system, under both, existing and 2020
conditions, were regulated insofar as practicable, to maintain
approximately the same percentage of flood-control storage utilized
in each reservoir. Also, whenever possible, releases were made from
one or more of the reservoirs in order to fully utilize the
recommended operating discharges .shown above.

101. Three of the maximum known general floods on the Trinity
River Basin, April-July 1942, February-May 1945, and April-July 1957
were routed through the reservoirs under existing and 2020 conditions
of basin development following the plan of reservoir regulation set
forth in the preceding paragraphs. The reservoir elevations at the
beginning of the floods were established by continuous routings for
the entire 1924-1957 period. The results of these flood routings
are summarized on tables 40, 41, and 42. The reservoir regulations
during these flood periods are shown graphically on plates 23 through
37.
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TABLE 1+0

RESULTS OF ROUTING
FLOODS OF APRIL-JULY 1942

Reservoir
or

stream gage

Benbrook 710.0
Fort Worth (Clear Fork) -
Fort Worth (West Fork) -
Grand Prairie
Lakeview
Roanoke
Grapevine 560.0
Aubrey
Garza-Little Elm 533.6
Carrollton-
Dallas -
Lavon 190.0

Crandall
Rosser -
Bardwell 431.1

Mouth of Chambers Creek
Navarro Mills 14314.o

Richland Creek above mouth
of Chambers Creek -

Tennessee Colony -
Oakwood
Riverside -
Romayor -

: Max. reservoir Peak discharge (cl's)
elev. (ft-msl) : :Modified:Modified

:Existing: 2020 :Historical:existing: 2020

709.0

-w

516.9
609.0
558.5
633.0
531.0t

499.0

429.5

432.0

274.0

18,200
23,700
27,200

90,700
111,000

-0
99,200

133,000

39,500

44,800

153,000
121,000
111,000

6,100
16,+00
15,100

24,100
53,000

48,000
93,000

35,700

31,900

93,500
74,700
69,600

-

6,000
13,200
13,700

8,000(1)
48,000

37,400
82,300

(2)

(2)

35,000
35,000
36,500

1) This routing to 8,000 cfs. Reconmended operating discharge
subsequently increased to 12,000 cfs.

(2) In Richland Creek Reservoir.
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TABLE 41

RESULTS OF ROUTING
FLOODS OF FEBRUARY-MAY 1945

Reservoir Max. reservoir Peak discharge (cfs)
or elev. (ft -msl) : :Modified:Modified

stream gage :Existing: 2020 :Historical:existing: 2020

Benbrook 710.0 704.3 ---

Fort Worth (Clear Fork) - - 27,000 14,900 13,100
Fort Worth (West Fork) - - 31,200 15,600 14,900
Grand Prairie - - 29,500 17,500 16,800
Lakeview - 515.1 - - -

Roanoke - 601.1 -- -

Grapevine 555.8 557.2 - - -

Aubrey 630.0 - - -

Garza-Little Elm 533.1 527.8 - -o-

Carrollton - - 37,800 11,200 8,000(1)
Dallas - - 52,900 35,600 26,200
Lavon 490.0 495.0 - - -

Crandall - - 64,000 34,200 5,000
Rosser - - 66,600 53,200 44,500
Bardwell 436.0 429.2---
Mouth of Chambers Creek - - 34,800 31,400 (2)
Navarro Mills 438.7 435.9 - - -
Richland Creek above mouth

of Chambers Creek - - 62,200 44,300 (2)
Tennessee Colony - 281.2 - -

Oakwood - - 140,000 123,000 35,000
Riverside - - 116,000 103,800 36,000
Romayor - - 106,000 93,000 38,000

(1) This routing to 8,000 cfs. Recommended operating discharge subsequently
increased to 12,000 cfs.

(2) In Richland Creek Reservoir.
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TABLE 42

RESULTS OF ROUTING
FLOODS OF APRIL-JULY 1957

Reservoir or
stream gage

Maximum Peak discharge
: reservoir :Est. peak
: elevation :,without : His-
: (ft -msl) :exist.CofEB: torical
:Existing: 2020 :reservoirs:__l_

:Modified
: 2020

Benbrook
Fort Worth (Clear Fork)
Fort Worth (West Fork)
Grand Prairie
Lakeview
Roanoke
Grapevine
Aubrey
Garza-Little Elm

Carrollton
Dallas
Lavon
Crandall
Rosser
Bardwell
Mouth of Chambers Creek

Navarro Mills
Richland Creek above mouth

of Chambers Creek
Tennessee Colony
Oakwood
Riverside
Romayor

~rF
(2)

(3)

713.3

560.8

535.6

491.5

431.3

443.0

702.5

498.6
595.2
549.0
619.0
522.0

496.4
e-w

418.0

440.7

262.5
-e

-o

46,800
58,800
68,800

164,100
222,000

40,800
142,000

24,500

48,200

137,100
130,500
125,900

14,200
26,800
59,200

13,700
75,300

33,000
56,000

-

22,200

31,000

81, 300
91,000
89,000

Historical or modified existing conditions.

This routing to 8,000 cfs. Recommended operating discharge

subsequently increased to 12,000 cfs.

In Richland Creek Reservoir.
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13,900
15,100
47,700

8,400(2)
54,000

5,000
29,800

(3)

(3)
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NOTES.
i Historical f/ow is the streamf/ow which actually occurred or was esti-

mated to hove occurred at a particular point or station under the watershed
conditions existing at the time of the flood.
2 Modified - existing conditions, shows the hydrogrophs resulting from

presently existing watershed improvements including major reservoirs,
diversions, return flows, land treatment, ponds and minor reservoirs, flood
water retarding structures, etc. In addition to reservoirs presently in oper-
ation, Novarro Mitts Reservoir (under construction) and Bardwell Reservoir
(authorized) are also assumed to be existing reservoirs in this study.
3 Madified-202O conditions, shows the hydrographs resulting from water-

shed improvements, including major reservoirs, diversions, return flows,
land treatment, ponds and minor reservoirs, floodwater retarding structures,
etc., that are assumed to be effective in the year 2020.

4 The existing reservoirs and the reservoirs assumed operative under
2020 conditions are listed on tables 2, 4, 15 and /6 and shown on
Plate /3.

5. Reservoir elevations at the beginning of the flood under both
existing and 2020 conditions were established by period of record
routings.

6. The plans of reservoir regulation under existing and 2020
conditions of watershed development are summarized in this
appendix.7 Reservoirs, under "modified-existing conditions," regulated to obtain
discharges equal to existing channel capacities (refer to text) and
under "modified-2020 conditions," to obtain discharges equal to proposed
operating capacities as shown.
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0 50

I MODIFIED-EXISTINGCONDITION

MODIFIED-2020 CONDI TIONS
3C 000 CFS.

33,000 C.F.S. - - -

30

II 1 K _ _
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II

SI I

o-
10 20 25 30 10 15 20 25 31 15 20 25 30 5 10 15 20 25 31

APRIL MAY JUNE JULY
1942

90

80

1II.000 C.F. S.

70 69 00 C.F -

6oTRINITY RIVER

HISTORICAL AT ROMAYOR
j I p1

0 -
Z I MODIFIED-EXISING CONDITIONS

40# -\#
36.500 C.FS

J i
II

IC-- - ----- -- - - --MOD'IFIED- 20 CONDITION

10T---

5 10 s> -20 25 2-0 5>10-&-20 5 1 SI 15a20 2 5 0 1 1v20 2 31

PROPOSED CHANNEL PROPOSED OPERATINGAGING STATION CAPACITY Q.FS.) DISCHARGE (C. F. S)

Trinity River near Oakwood 45,000 35, 000

Trinity River at Riverside 45,000 35,000

Trinity River at Romayor 45,000 35,000

TRINITY RIVER AND TRIBUTARIES, TEXAS

TRINITY RIVER

RESERVOIR REGULATION

FLOOD OF APRIL-JULY 1942
IN 5 SHEETS SHEET NO. 5

SCALES AS SHOWN

U.S. ARMY ENGINEER DISTRICT, FORT WORTH JUNE 1962
SUBMITTED ' APPR0Vy. RE R MMENDED APPRO%

CIEF PiANNING BR PORT$ ARAN CN C~i .ENGINEERING DIV,$ION DISTRICT ENGINEER
PREPREDDRAW sr M.BF. O ACOMPNY CMPREHENSIVE SURVEY

ENGINEER CHECKED 1Y: O.W.I..AinFILE TRAIN. 230-19
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Oz

A.

cn

O0

. .

275 ELL
=-- Lc rar-

U.S. ARMYCORPS OF ENGINEERS
w

J
V

NOTE'
See general notes on sheet /.
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IORPS OF tNGINEERKS

31.200 C.F.S.
3. - - - - --- - - - - - -- - - - - - - -- -- -- - - - - -

3. --7 -- - - -- -
- ---- _ ---- - - --

WEST FORK TRINITY RIVERLc AT FORT WORTH

-8 000 C.FS

5 HISTORICAL- _ ___ -400C 13,700 C F S.22 400_C. _S.

o I C45000CFS

10 8-C.F.____ S .- - ---- - - --
7 900 CF.S

& 40C.FS.MODIFIED-2020 CONDITIONS

S- EXISTING CONDITIONS

b F Jo2i 52 8 T 0 I520 25 31T 10520F 30 5 10OI 20 25 31
FEBRUARY MARCH APRIL MAY

1945

720 v-

710 OF CONTROLED F STORAGE EL. 710_0 _

RESE NOIR L'VELSEXISTI G CON ITIONS
---- RESERVOIR LEVELS- CON TI EL.74-- --

-- - --- ---CS ATION-
W -=- -POOL-L-694-0

6940 1400 CFS 2020 CONDITIONS) 100.. EXI TING CONDITION)

15 - - ]-BENBROOK RESERVOIR

F -2? O ITION I
101- 5 ---- ----- 2 LOW-2I2T ON IIN - -

Z I

S 15W845 1051520 2530 015 20 25 3
FEBRUARY MARCH APRIL MAY.

1945

SC -i--- - --- --- ----- ---- ---- ---

(620_CLEAR FORK TRINITY RIVER- - - - - - - -AT FORT WORTH

z 25140CF. OF_ _ _

HIEO I CFS.

HI TORICAL

y10 - ___ ___ - --- ---

0 I 8.400CFS.

MODIFIED-/20 MO0IFIE-EXISTING
5 - - - CONDI TIONMS -- CONDI TIONS -N

FEBRUARY MARCH APY945

w5;

- 5

W

us

55

44

TOP OF CONSERVATION P.L. E. 15.-

RESERVOIR L VELS-2020 CONDITIONS EL--

10

LAKEV I EW RESERVOIR

. NF - CONDITIONS
5

5 0 IS 20 252 F 0 12253 1 10 15 20 25 30 5 10 I5 25
FEBRUARY MARCH APRIL
945

NOTES.
. Historical flow is the streamfiow which actually occurred or os estimated to have occurred

ol a porticulor point o- station under the watershed conditions existing at the time of the flood
2 Modified-existing conditions, shows the hydrographs resulting from presently existing water-

shed improvements including major reservoirs, diversions, return flows, /and treatment, ponds and
minor reservoirs, flood-waiter retarding structures, etc. In addition to reservoirs presently in
operation, Navarro Mi//s Reservoir (under construction) and Bordwell Reservoir (authorized) are
a/so assumed to be existing reservoirs in this study.

3 Modified-2020 conditions, shows the hydrographs resulting from watershed improvements,
including major reservoirs, diversions, return flows, land treatment, ponds and miner reservoirs,
floodwater-retarding structures, etc.,thot are assumed to be effective in the year 2020.

4 The existing reservoirs and the reservoirs assumed operative under 2020 conditions are listed
ontobles 3, 4, /5 and /6 andshownonPlote /3.

5 Reservoir elevations of the beginning of the flood under both existing and 2020 conditions
were established by period of record routings.
6 The plans of reservoir regulation under existing and 2020 conditions of watershed develop-

ment are summarized in this appendix.
7 Reservoirs, under "modified-existing conditions," regulated to obtain discharges equal to

existing chaonet capacities (Refer to text ) and under 'modified-2020 conditions," to obtain
discharges equat to proposed operating capacities as shown.

PROPOSED CHANNEL PROPOSED OPERATING
GAGING STATION CAPACITY (C.FS.) DISCHARGE (C.FS.)

Clear Fork at Fort Worth 8,000 6,000

West Fork at Fort Worth 15,000 12,000
West Fork at Grand Prairie 15,000 12,000

TRINITY RIVER AND TRIBUTARIES, TEXAS
TRINITY RIVER

RESERVOIR REGULATION

FLOOD OF FEBRUARY - MAY 1945
IN 5 SHEETS SHEET NO. I

SCALES AS SHOWN

U.S. ARMY ENGINEER DISTRICT, FORT WORTH JUNE 1962
SUBMTE APPRVA REM MMENED APPROVED:

S PANN oG R ORT$ BRANCH CHIEF, ENGINEERING DIVI S ION I STRICT ENGINEER
PREPARE DRAWN BY: Y.G.F. TREPCCO TRANY OMPREHENSIVE $URVEY

ENIER CHECKED BY: OWL. -
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CICORPS OF ENGINEERS
U.S. ARMY

10 15 20 2528 5 1 1 2 25 31 5
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RESERVOIR LEVELS-
20 CONDITIONS

600

5 9 0 

J

-O ---

ROANOKE RESERVOIR

15

-I.g _ _ _ _ _ _ _ __

- -jI 4 - OUTFLOW-2020 CONDITIONS

0 ....--
5 10I15 20 25 25 10I15 20 2531510I15 20 25 30510150I202531

FEBRUARY MARCH APRIL MAY

1945

571 r -,--

RE IR LEV L -
560 2020 C NDITIO NS TOPFLODCTROL POOLEL560.0

EL R.

(2020 CONDITIONS

SOC---- - - -. __ __ _

RESERVOIR LEVELS-

EXIST P 3 CONDITIONS ---- -NOTE -

JUNDER EXISTING CONDITIONS,
540 ----- --- - RESERVOIR LEVEL RETURNS
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--- _ -__ - -- POOL,EL.535.0,ON JUNE 9,1945.

25 F.
530 _- 3 - -_- - . - .- --- ---

2 - - - -- ---- --- -- - - -- - -- -- -- - - --

GRAPEVINE RESERVOIR

1 9-J 2S ___ _-- .. ..- - - ----- - - ---..
LI 4

INFLOW-EXISTING CONDITIONS

CON--D--IT-I- -- --- - - -- ----- -- -----
INFLO W-2020
CONDITION -OUTFLOW-2020 CONDITIONS OUTFLOW-EXISTING

U CINII IONS

0 -50I-------a-.

A 15 20 25 A5Y0 15 20 25 31
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W
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I

C

660 - -- r--------

650 ---- -

640 -- _-- -

TOP FLOOD CONTROL POOLEL.635.0

6 _0 R_ ILLR _L T 1 7_EL.630.O
620 -- 7_-- - - - -

21 -- --- -- -- -- --- --- --- - ------- --- - -

- - AUBREY RESERVOIR

12,200 C.F.S.

-r ILOW-W020 CONDITION

c I .. . 0TFLOW00C DTO1

0
5 10 15 20 2532 5 10 15 2025 31 5 10 15 20 25 30 5 0 15 20 25 31

FEBRUARY MARCH APRIL MAY

1945

TOP FLOO- CONTROL POOL EL.532-0 OEL S5. N

530I----IT- -RESERVOIR LEVEL
EXISTING CONDITIONS _ (L V LE A

02 O NDITN O UTL,22O,-
520 --- (2020 CONDITIONS)--- NOTE:=--

UNDER EXISTING CONDITIONS
RESRVOR LEVEL RETURNS- -----

TO TOP OF CON SE RVAT ION
510 -- - - - - - - -OOL,ELI.i.,N JUNE8,945.- - -

4 80 .FS.

25$A RZA-LIT TLE ELM RESERVOIR

-NFLOW- EXISTING (E IVLEDM

CNDITIONS

15 ----
OW-2020

COIITINSUTFLOWCuCONDITION OUTFLW-2020
n - CNITIN-

5 1 IS 0 S5a 5 10 IS 20 25 SI 5 10 IS 20 25 3 5 10 IS 20 25 3

FERAY MACPI MAY

101 0 53 10 IS 20 25 30 5 10 13 20

MARCH APRIL MAY
1945

MOTE
See genere/ notes on Sheet /.

AGING STATION PROPOSED CHANNEL PROPOSED OPERATING
CAPACITY ICESI DISCHARGE ICFS.I

Elm Fork Nc Carrollton 15,000 12 , 0 0 0 W

* Reservoir regulation hereon to 8,000 C.F.S.

TRINITY RIVER AND TRIBUTARIES, TEXAS
TRINITY RIVER

RESERVOIR REGULATION

FLOOD OF FEBRUARY MAY 1945
IN 5 SHEETS SHEET NO. 2

SCALES AS SHOWN
U.S. ARMY ENGINEER DISTRICT FORT WORTH JUNE 1962

I 
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REPORT ON TRINITY RIVER
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60 -- -- - -

52,900 CFS.

50 - -- - - - - - - - -

TRINITY RIVER AT DALLAS
40H STORIC L

CF
MODIFIED- EXISTING CONDITIONS

0 - 2
A 25,000 C.F.S. 6 0

22100 C.F.S
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r i.MODIFIED-2020

A i~ONDITIOINS

10~ ------ 1---
ID -' ( - -A - -

ID 15 20 2528 5 I)120 25 3IT0 2530D 10 15 20 253
FEBRUARY MARCH 1945 APRIL MAY

5104

500 TP FLOOD CONTROL POOL EL. 501.0 2020 CONDITION -

TOP FLOOD CONTROL POOL, L 4
EL. 490.0 (EXISTING CONDITION S) L' -- RESERVOIR LEVELS --

2020 CONDITIONS

490 __----- T C FAQJLO9POD
--- -~49.02020 CONDITIONS.

RESERVOIR LEVELS- EXISTING CONDITIONS

v_480NOTE: I I I I __ _ _
4 -- NUNDER EXISTING CONDITIONS, RESERVOIR LEVEL RETURNS

TO TOP C SERVATION POOL , EL. 472.0, ON JULY 2,1945.

47C0

LAVON RESERVOIR

30
42,800 C.F S. EXISTING CONDITIONS

0 40,900 C.F.S. 2020 CONDITIONS

z 2
62C - - - - -- - - ----_ -- - - - - - - -

INFLOW-EXISTING CONDITIONS
NFLOW- 2020 CONDITIONS

10 -------- OUTFLOW- 2020 CONDIIONS
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5 10I202285 101520 25 I 5 10I15 2025305 10 15 202531
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64,000 C.FS.
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U- HISTORICAL
04-

z 34200 CF. TRINITY RIVER AT CRANDALL

A 30

MODIFIED- EXISTING

10 - -ONDITI NS

1 II -
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10 1 2 85 1 0 15 2 5 1 5 10 1 0 25 30 5 10 15 20 25 31FEBRUARY MARCH APRIL MAY
1945

66.600 
IF.

HITORICAL

53 200 CS.
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44,500 C.FS.

I M DIFIED - EXISTING CONDITIONS
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TRINITY RIVER
NEAR ROSSER

30 - -- - -

26 200 C.F.S.

I i -MODIFIED- 2020 CONDITIONS

2 __ -_ a--- I-'-\ --
4  
---

ID 15 20 2528 5 I0 1IS 20 25 31 5 I0 IS 2025 30 5 10 IS 20 25 31
FEBRUARY MARCH APRIL MAY
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NOTES:
i See general notes on sheet I.
2 The enlarged Lavon Reservoir, as recommended in re-

port titled " Review of Reports on Trinity River and Tri-
butaries , Texas, Covering East- Fork Watershed:, was in-
cluded in the 2020 system of reservoirs in lieu of the
existing Lavon Reservoir.

AGING STATION PROPOSED CHANNEL PROPOSED OPERATING
G CAPACITY (C.F S.) DISCHARGE (C.F S.)

Trinity River at Dallas 25,000 20,000

East Fork at Crandall 5,000 5,000

Trinity River nr. Rosser 32,000 25,000

A

TRINITY RIVER AND TRIBUTARIES, TEXAS

TRINITY RIVER

RESERVOIR REGULATION

FLOOD OF FEBRUARY-MAY 1945
IN 5 SHEETS SHEET NO. 3

SCALES AS SHOWN
U.S. ARMY ENGINEER DISTRICT, FORT WORTH JUNE 1962
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RESERVOIR LEVELS-12020 CONDITIONS
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NAVARRO MILLS
RESERVOIR

INFLOW- EXISTING CONDITIONS

INFLOW- 2020 CONDITIONS

OUTFLOW-EXISTING CONDITIONS
5 -- - - --- ---- --- - -UTFLOW -I

2020 CONDITIONS

5 10 15 20 2528 5 I0 I5 20 25 31 5 10 15 20 25 30 5 10 1 20 25 31
FEBRUARY MARCH APRIL MAY

1945

40

62,200 C.F.S. (HISTORICAL)

44300 C S.(MODFIED)
3 5 - - - - - - - - - - - - - - -

3 ------ -- ------

--0 RICHLAND CREEK
ABOVE MOUTH OF
CHAMBERSCREEK

z 20 - - - - - - - - - - - - - - -

W 
1-H STORICAL

--- MODIFIED-EXISTING CONDITION

15- - H

0 I

10 5 0 5 8 1 15-20 25315 10 15 20 25 30 510 .152 25

n^enC% nr

NOTES:

/ See general notes on sheet I.
2. Operating discharges on Chambers Creek at i/s

mouth and on Rich/and Creek above the mouth of
Chambers Creek are 4,000 and 3,000 c. f s. ,

respectively. Under 2020 conditions, these control
points would be inundated by water stored in
Rich/and Creek Reservoir, a proposed local interest
reservoir on Rich/and Creek below the mouth of

Chambers Creek. Therefore , modified hydrographs
are not shown at these points under 2020
conditions.

3. Releases from Bordwel/ and Navarro Mills
Reservoirs , under 2020 conditions , were held
to a maximum of 2,000 and 3,000 c.f.s.,
respectively.

TRINITY RIVER AND TRIBUTARIES, TEXAS

TRINITY RIVER

RESERVOIR REGULATION

FLOOD OF FEBRUARY-MAY 1945
IN 5 SHEETS SHEET NO4SCALES AS SHOWN

U.S. ARMY ENGINEER DISTRICT, FORT WORTH JUNE 1962
M I-APPA R APPROVED:

NsICE P.ANNIMG REPORT UPANCH CHMiNENGINEERING DIVI$ION DISTRICT ENGINEER
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See gonero/ now son tshoe/ /.

PROPOSED CHANNEL PROPOSED OPERATING
AGING STATION CAPACITY (C.F.S.) DISCHARGE (C.F.S.)

Trinity River near Oakwood 45,000 35,000
Trinity River at Riverside 45,000 35.000

Trinity River at Romaor 45,000 35000

TRINITY RIVER AND TRIBUTARIES, TEXAS

TRINITY RIVER

RESERVOIR REGULATION

FLOOD OF FEBRUARY-MAY 1945
IN 5 SHEETS SHEET N. 3SCALES AS SHOWN

U.S. ARMY ENGINEER DISTRICT, FORT WORTH JUNE 1962
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I Historical flow is the streamf/ow which actually occurred or was esti-
mated to have occurred at a particular point or station under the watershed
conditions existing at the time of the flood.
2 Modified -existing conditions, shows the hydrographs resulting from

presently existing eatershed improvements including major reservoirs,
diversions, return flows, /and treatment, ponds and minor reservoirs, flood
water retarding structures, etc. In addition to reservoirs presently in oper-
ation, Navarro Mills Reservoir (under construction) and Bardwel Reservoir
(authorized) are also assumed to be existing reservoirs in this study.
3 Modified -2020 conditions, shows the hydrographs resulting from water-

shed improvements, including major reservoirs, diversions, return flows,
land treatment, ponds and minor reservoirs, floodwater retarding structures,
etc., that are assumed to be effective in the year 2020.
4 The existing reservoirs and the reservoirs assumed operative under

2020 conditions are listed on tables 2,4,15 and /6 and shown on
Plate /3.
5 Reservoir elevations under existing conditions are as actual observed

during the /957 flood period with the exception of Bardwetl and Navarro
Mills Reservoirs which were started at elevations established by period
of record routings. Under 2020 conditions, all reservoir elevations at
the beginning of the flood were established by period of record routings.
6 The plans of reservoir regulation under existing and 2020 conditions

of watershed development are summarized in this appendix.
7 The observed peak discharges of stream gaging stations in the

Trinity River Basin and the estimated peak discharges that would hove
occurred if the existing Corps of Engineers' reservoirs had not been in
operation are presented in the following tabulation:

LOCATION

Cleor Fork at Fort Worth

West. Fork at Fort Worth

West Fork at Grand Prairie
Elm Fork near Carrollton
Trinity River at Dallas
East Fork at Crandall
Trinity River near Rosser
Trinity River near Oakwood

Trinity River at Riverside
Trinity River at Romayor

OBSERVED PEAK
DISCHARGE C.S.

14, 200
26, 800
59,200
13, 700
75,300
33,000
56,000
91,800
97, 700
93,000

ESTIMATED PEAK
DISCHARGE C.FS.

46,800
58, 800
68, 800
164,100
222,000

40,800
142,000
137, 100
130, 500
125, 900

8. Reservoirs, under "modified-existing conditions," regulated to obtain
discharges equal to existing channel capacities ( refer to text ) and
under "modified-2020 conditions," to obtain discharges equal to proposed

operating capacities as shown.

PROPOSED CHANNEL PROPOSED QPERATING
GAGING STATION CAPACITY C.S. DISCHARGE C.FS.

Clear Fork at Fort Worth 8,000 6,000

West Fork at Fort Worth 15,000 12,000

West Fork at Grand Prairie 15,000 12,000
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NOTES
I See general notes o Sheet 1.

2. Garza-Little Elm Reservoir operation assumes Garza
Dom breached at the time of the flood under both
existing and 2020 conditions.

AGING STATION PROPOSED CHANNEL PROPOSED OPERATING
CAPACITY (C.F.S.) DISCHARGE (C.F.S)

Elm Fork Nr. Carrollton 15,000 12,000*

* Reservoir regulation heron to 8,000 C.FS.
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NOTES.'
I. See general notes on sheet 1.
2 Under 2020 conditions, releases from Loain Reservoir are utilized

in filling Forney Reservoir and do not appear at the Crandoll gage
until Forney Reservoir fills June 9.

3 The enlarged Lovon Reservoir as recommended in report titled
"Review of Reports on Trinity River and Tributaries, Texas, Covering
East Fork Wtershed ; was included in the 2020 system of reservoirs in
lieu of the existing Lovon Reservoir.

PROPOSED CHANNEL PROPOSED OPERATING
GAGING STATION CAPACITY C.ES. DISCHARGE C.ES.

Trinity River at Dallas 25,000 20,000
East Fork at Crandall 5,000 5,000
Trinity River near Rosser 32,000 25,000
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NOrES:
/ See general notes on sheet .
operating discharges on Chambers Creek at its

mouth and on Rich/and Creek above the mouth of
Chambers Creek are 4,000 and 3,000 c. f. s. res-

pectivey. Under 2020 conditions, these control
points would be inundated by water stored in
Richland Creek Reservoir, a proposed local interest
reservoir on Rich/and Creek below the mouth of
Chambers Creek. Therefore, modified hydrographs
are not shown at these points under 2020 conditions.

3Releases from Bardwe// and Navarro Mills Reser-
voirs, under 2020 conditions ,were held to a maxi-
mum of 2,000 and 3,000 c. fIs. respec/ively.
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. See general notes on sheet /.

2. Under 2020 conditions, releases from Tennessee Co/ony Reservoir

are uti/ized in fi//ing Livington Reservoir and do not appear at the

Romayor Gage.
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102. MINIMUM INFILTRATION INDICES.- Previous studies of initial

losses and infiltration indices were made in conjunction with the

preparation of definite project reports on Benbrook, Grapevine,
Garza-Little Elm (Lewisville Dam), and Lavon Reservoirs, and the Fort

Worth and Dallas Floodways; interim reports covering Richland, Chambers,
and Cedar Creeks, and Big Fossil Creek; design memoranda covering
Bardwell and Navarro Mills Reservoirs; and reviews of reports covering
the East Fork and West Fork watersheds. Studies were also made

pertaining to the Mountain Creek watershed and the Trinity 
River Basin

above Tennessee Colony Damsite and submitted to the Office, Chief of

Engineers with letter SWFGP dated February 17, 1961, subject "Maximum

Probable Floods, Proposed Reservoirs, Trinity River Basin, Texas."

All such studies were brought up-to-date in accordance with EM 1110-2-

1405, "Flood Rydrograph Analyses and Computations." The initial loss

and infiltration rate for the area above each of the major upstream

projects was based upon the above studies and adopted for use in the

determination of spillway design flood hydrographs or design flood

hydrographs for the investigated projects. The initial losses and

infiltration rates adopted for the major reservoir projects on the

Trinity River Basin above the Tennessee Colony Damsite are presented

in table 43. Based upon the studies referred to above, and additional

studies made in connection with the preparation of definite project

reports for projects in the adjacent basins of the Neches Rivers and

Buffalo Bayou, an initial loss of 1.0 inch and an infiltration rate

of 0.05 inch per hour were adopted for use in the preparation of the

spillway design flood hydrograph from the uncontrolled land areas

above the Tennessee Colony Damsite.

TABLE 43

MINIMUM INFILTRATION RATES

Reservoir or : Initial loss Infiltration rate
reservoir site : (inches) (inch per hour)

Bridgeport 1.0 0.10

Eagle Mountain 1.0 0.10

Benbrook 1.4 0.10

Lakeview 1.0 0.05

Roanoke 0.6 0.10

Grapevine 0.6 0.10
Aubrey 0.5 0.05

Garza-Little Elm (Lewisville Dam). 0.5 0.05

Lavon 0.5 0.05

Navarro Mills 1.0 0.05
Bardwell 1.0 0.05

52-704 0-65 (Vol. III)-8
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103. UNIT HYDROGRA.PH STUDIES ANDl SYNTHETIC UNIT HYDROGRAPIIS. -
Unit hydrograph determinations were previously made in conjunction
with the preparation of the reports referred to in paragraph 102,
above. Also, unit hydrograph studies pertaining to the Mountain
Creek watershed were submitted to OCE with letter SWFGP dated
November 29, 1960, subject "Unit Hydrograph Compilation, Mountain
Creek near Grand Prairie, Texas," All unit hydrograph data were
brought up-to-date in accordance with EM 1110-2-1405. Coefficients
were adopted for use in Synder's equations for the derivation of
6-hour synthetic unit hydrographs for flow into full reservoir for
each of the reservoir projects above Tennessee Colony Damsite in
accordance with data presented in previous reports and subsequent
studies. These reservoirs control the runoff from a total drainage
area of 6,295 square miles. The uncontrolled drainage area of 6,392
square miles above the proposed Tennessee Colony Damsite was divided
into 9 land areas and the 195-square mile reservoir area. Table 44
presents the coefficients which were adopted for use in Snyder's
equations for the derivation of the synthetic 6-hour unit hydrographs
for these 9 land areas. The locations of these areas are shown on
the drainage area maps of plates 38 and 39.

TABLE 44

SYNTHETIC UNIT HYDROGRAPH COEFFICIENTS
FOR UNCONTROLLED AREAS

Stream and description of area

West Fork - Reservoirs to mouth of Elm Fork
Elm Fork below Reservoirs and Trinity River to
mouth of East Fork

East Fork - Lavon Dam to mouth
Trinity River - Mouth of East Fork to head of

Tennessee Colony Reservoir
Cedar Creek above head of Tennessee Colony
Reservoir

Chambers Creek - Bardwell Damsite to head of
Tennessee Colony Reservoir

Richland Creek - Navarro Mills Damsite to head
of Tennessee Colony Reservoir

Tehuacana Creek above head of Tennessee Colony
Reservoir

Small tributary areas and area adjacent to
Reservoir (composite)

.Coefficients: D. A.Ct pr4 : (sq.mi, )

1.5 500 823

1.8 500 715
2.0 440 532

2.9 460 645

4.5 530 764

3.0 530 871

3.0 530 542

3.0 530 248

3.0 530 1,057
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The 6-hour synthetic unit hydrographs described above are given in
table 45. Additional synthetic unit hydrographs were developed
for incremental areas other than those given in table +5 for use in
connection with standard project flood hydrographs for the design of
floodways. The 6-hour unit hydrographs for the uncontrolled area of
the Elm Fork and the incremental areas on the Trinity River from the
confluence of the West and Elm Forks to below the mouth of White Rock
Creek are given in table 46. The synthetic 1-hour unit hydrographs
used in computing standard project floods on Duck Creek are also given
in table 46.
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The Trinity River Drainage Area Mop is presented on.
2 sheets, plates 38and39. Refer to sheetNo 2, plate No 39
for mop of lower basin showing sub areas numbered 85
through /43.

Gage numbers,exceptnumbers / through 4, refertoUSGS
permanent numbering system This basin is in the Western Gulf of
Mexico Basins. Add prefix 08.0 to number shown to obtain
complete gage number (Example: Gage 590, East Fork above
McKinney is actually 08O0590) Gage numbers / through 4
refer to those gages for which permanent U$ SGS numbers
have not been assigned
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CORPS OF ENGINEERS

TRINITY RIMER
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TABLE 46
SYNTHETIC 6-HOUR UNIT HYDROGRAPHS - ELM FORK & TRINITY RIVER

AND 1-HOUR UNIT HYDROGRAPHS - DUCK CREEK (SECOND-FEET)

: Uncontrolled Trinity River Trinity River :
: area above : mouth of Elm :Dallas Gage to : : Duck Creek Duck Creek at

mouth of : Fork to : mouth of White : 1/2 : at head of :lower end of
3-hour Elm Fork Dallas Gage : Rock Creek : hour improvement : improvement
periods :D.A. = 226 s .mi.:D.A. = 40 s.mi. :D.A. = 173 sq.mi.: periods :D.A. = 9.4 s .mi.:D.A. =24.3 sg.m

1
2

3
4
5
6
7
8

0v 9
o 10

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
2
2

980
6,350

11,890
9,310
6,220
3,510
2,170
1,x450
1,120

960
800
680
570
480
410
350
290
240
210
180
150
120

70
40
30
20
10
0

3,740
2,100
1,060

700
450
260
150

80
30
20
10

0

1,100
6,750
5,200
6,670
5,650
4,ooo
2,420
1,440
1,020

800
600
500
400
300
200
100

60
0

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

410
1,240
3,180
2,650
1,550

940
690
510
370
260
180
100

50
0

550
1,440
2,590
3,940
4,690
4,210
3,320
2,460
1,850
1,440
1,110

850
670
520
420
340
270
210
170
130
100
60
20

0



104. SPILLWAY DESIGN STORMS.- The spillway design floods
previously presented in definite project reports for Benbrook, Garza-
Little Elm, Grapevine, and Lavon Reservoirs were based on probable
maximum storm rainfall values determined by the Hydrometeorological
Section of the United States Weather Bureau and furnished this office
by OCE letter SPEWE dated February 11, 1946, subject "Preliminary
Estimates of Maximum Possible Storm Precipitation for the Upper Trinity
River, Texas." A summary of these spillway design storm data is given
in the following tabulation:

:Duration :Rainfall(inches ):Rainfall -excess(inches
Reservoir :of storm: :Maximum: : Maximum

-(hours) : Total :6-hours: Total : 6-hours

Benbrook 60 28.2 15.6 21.5 14.7
Garza-Little Elm

(Lewisville Dam) 60 23.2 11.0 20.3 10.7
Grapevine 60 26.5 14.1 21.5 13.5
Lavon 60 26.2 13.7 23.3 13.4

105. The spillway design storms adopted in the present report for
use in the design of spillways at Lakeview, Aubrey, and Roanoke
Reservoirs, and for testing the existing spillways at Garza-Little Elm
and Grapevine Reservoirs were computed following a method described
in the U. S. Weather Bureau Hydrometeorological Report No. 33, dated
April 1956, subject "Seasonal Variations of the Probable Maximum
Precipitation East of the 105th Meridian for Areas From 10 to 1,000
Square Miles and Durations of 6, 12, 24, and 48 Hours." Computations
of basin shape factors for each reservoir were analyzed. As a result of
these studies a basin shape reduction factor of ten percent was used
for all 5 reservoir projects. Two storm patterns were considered for
Garza-Little Elm Reservoir. One pattern assumed the storm centered
over the total area above the Garza-Little Elm Reservoir and the other
assumed the storm centered on the local area between Aubrey and Garza-
Little Elm Reservoirs. Two storm patterns were likewise considered
for Grapevine Reservoir - one with the storm centered on the total area
and the other with the storm centered on the area between Roanoke and
Grapevine Reservoirs. Routings of hydrographs resulting from these
storm patterns through the recommended reservoirs, indicated that at
both Garza-Little Elm and Grapevine Reservoirs the storm centered
over the local area was more critical and was adopted for the spillway
design storm. Based on the above criteria, the total rainfall for the
design storms for these projects was as follows: Lakeview, 31.32 inches;
Aubrey, 28.55 inches; Roanoke, 28.88 inches; Garza-Little Elm, 26.33
inches (27.45 inches over the area between Lewisville Dam and Aubrey
Dams ite and 24.71 inches above Aubrey Dams ite); and Grapevine, 28.55
inches (33.82 inches over the area between Grapevine Dam and Roanoke
Damsite, and 27.77 inches above Roanoke Damsite).
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106. The spillway design storm rainfall for Tennessee Colony
Reservoir is based on the curves furnished with letter SWFGP dated
February 17, 1961, subject "Maximum Probable Floods, Proposed Reservoirs,
Trinity River Basin, Texas," and recommended changes in indorsements
thereto as approved by OCE. The storm duration of 48-hours indicated
on the referenced curves was considered inadequate for the drainage
area above Tennessee Colony Damsite. Therefore, the duration of the
spillway design storm was increased to 108 hours, based on the area-
depth-duration curves of the June 27-July 1, 1899 storm prepared
in connection with storm study GM 3-4. Transposition of the 1899
storm over the basin above Tennessee Colony Damsite produced a
basin shape factor of 93 percent. With the storm centered over the
uncontrolled area below the upper Trinity River reservoirs, and
the total rainfall determined as outlined above, the average depth
of rainfall over the 6,392 square miles of uncontrolled drainage area
was 25.13 inches* The rainfall, loss, and rainfall -excess for the
spillway design storms described in the preceding paragraphs are
given in tables 47 and 48.
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TABLE 47

SPILLWAY DESIGN STORM RAINFALL AND RAIBFALL-EXCESS

Design storm centered Design storm centered : Design storm centered

- over total area over total area over total area

above Lakeview Dmsite above Roanoke Dsasite above Grapevine Dam

6-: Area above Lakeview Demsite Area above Roanoke Damsite Area above Grapevine Dam
hor

period: 6-hour : . . 6-hour : 6-hour

increment : :Rainfall-: increment : :Rainfall-: increment : :Rainfall-

:of rainfall: Loss : excess :of rainfall: Loss : excess :of rainfall: Loss : excess

(inches) :(inches):(inches) :"(inches) :(inches): (inches) : (inches) :(inches):(inches)

1 0.92 0.92 0.00 0.84 0.60 0.24 0.92 0.60 0.32

2 0.97 0.38 0.59 0.99 0.60 0.39 0.99 0.60 0.39

3 1.11 0.30 0.81 1.13 0.60 0.53 1.17 0.60 0.57

4 1.30 0.30 1.00 1.43 0.60 0.83 1.42 0.60 0.82

5 1.59 0.30 1.29 2.32 0.60 1.72 2.17 0.60 1.57

6 4.72 0.30 4.42 15.87 0.60 15.27 15.43 0.60 14.83

7 18.58 0.30 18.28 4.58 0.60 3.98 4.72 0.60 4.12

8 2.13 0.30 1.83 1.72 0.60 1.12 1.73 0.60 1.13

Total 31.32 3.10 28.22 28.88 4.80 24.08 28.55 4.80 23.75

Design storm centered : Design storm centered
over area between : over total area

Grapevine Dam and Roanoke Damsite : above Aubrey Damite

6- A o : Area between Grapevine Dam Area above Aubrey Demsite
hour -Area above Roanoke Dams .e and Roanoke Demsite

period: 6-hour : : : 6-hour : : : 6-hour
increment . :Rainfall-: increment : :Rainfall-: increment : :Rainfall-

:of rainfall: Loss : excess :of rainfall: Loss : excess :f rainfall: Loss : excess

(inches) :(inches):(inches) : (inches): (inhes):(inche5) : (inches) :(inches):(inches)

1 0.93 0.60 0.33 0.88 0.60 0.28 0.92 0.50 0.42

2 1.00 0.60 0.40 0.94 0.60 0.34 0.99 0.30 0.69

3 1.19 0.60 0.59 1.04 0.60 0.44 1.17 0.30 0.87

4 1.47 0.60 0.87 1.10 0.60 0.50 1.37 0.30 1.07

5 2.25 0.60 1.65 1.67 0.60 1.07 2.30 0.30 2.00

6 14.49 o.60 13.89 21.69 0.60 21.09 4.72 0.30 4.42

7 4.67 0.60 4.07 5.08 0.60 4.48 15.48 0.30 15.18

8 1.77 0.60 1.17 1.42 0.60 0.82 1.60 0.30 1.30

Total 27.77 4.80 22.97 33.82 4.80 29.02 28.55 2.60 25.95

Design storm centered Design storm centered
over total area over areabetween

above Lewisville Dam Lewisville Dam and Aubrey Damsite
6- : Area between Lewisville Dam

hour:: Area above Lewisville Dam Area above Aubrey Damsite : and Aubrey Damsite

period. 6-hour : : : 6-hour: : : 6-hour

increment : :Rainfall-: increment: :Rainfall-: increment : :Rainfall-

:of rainfall: Loss : excess :of rainfall: Loss : excess :of rainfall: Loss : excess

(inches) :(inches):(inches) : (inches) :(inches):(inches) : (inches) :(inches): (inches)

1 0.95 0.50 0.45 1.00 0.50 0.50 0.90 0.50 0.40

2 1.12 0.30 0.82 1.25 0.30 0.95 1.03 0.30 0.73

3 1.17 0.30 0.87 1.25 0.30 0.95 1.13 0.30 0.83

4 1.44 0.30 1.14 1.59 0.30 1.29 1.33 0.30 1.03

5 2.97 0.30 2.67 3.48 0.30 3.18 2.50 0.30 2.20

6 4.05 0.30 3.75 3.64 0.30 3.34 4.45 0.30 4.15

7 12.78 0.30 12.48 10.49 0.30 10.19 14.38 0.30 14.08

8 1.85 0.30 1.55 2.01 0.30 1.71 1.73 0.30 1.43

Total 26.33 2.60 23.73 24.71 2.60 22.11 27.45 2.60 24.85
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TABLE 48
SPILLWAY DESIGN STORM RAINFALL AND RAINFALL-EXCESS

TEREiSEE COLQi7 RRERVOIR

D.A.=133sg. . D. A.= 1114sg. mi. - D. A. =602 sq. mi. : D. A. =694s,. . : D. A. =i, sg. . : D. A. =UD. A. =i sq. d. : D.A.=31.bsq.i - D A -82 s iAraaoeAre above West Fork Trinity River-AcesboeAb-boe Area above Ares above Ares above Area above Area abv eservors to ni ofre Be- ridgeport DaREge Moutai Des Grapevine Desm Leviovine Deo LaVOn Den rde D : Reservoirs to mouth ofLeivleDmLw a adelDmie NvroM1s st ie nsAverage :Rainfall-:Average : :Rinfall-:Average : :Rainfall-..: este NvroMll est Elm Fork Trinity River
TnisAeae :ifs-Aere :RlfUAvre :Rnfl-Average :Rifall-:Average : :Rifall-:Avracge :Rinf -:Average :Rinfal-:Averge :Raifall-:Averge :OsRinfl-6-bor :rainfall: Loss excess :ainfall: Loss exess :raifal: Loss excess :rainfall: Loss excess :rainfall: Loss: excess :raifal: Loss: excess :raisfa.ll: Loss excess :rainfall: Loss excess :rainfall: Loss excessriods ishes)ishes)isches:(inches):(isches)(isches) ishes)ishes)ishes)inches(iches)inches) inches inches(inches) (inches) inches) inches) inches inches) inches inches inches) inches inches(iches inches

1 0.31 0.31 0 0.07 0.07 0 0.18 0.18 0 0.2 0.24 0 0.12 0.2 0 0.19 0.19 0 0.23 0.23 0 0.16 0.16 0 0.10 0.10 0
2 0.48 0.48 0 0.0 0.10 0 0.27 0.27 0 0.38 0.38 0 0.6 0.16 0 0.30 0.30 0 0.36 0.36 0 0.25 0.25 0 0.11 0.11 03 0.85 0.61. 0.24 0.19 0.19 0 0.49 0.49 0 0.67 0.60 0.07 0.21 0.21 0 0.52 0.30 0.22 0.64 0.41 0.23 0.4 0.44 0 0.13 0.3 0
4 1.12 0.60 0.52 0.23 0.20 0 0.64 0.60 0.01 0.87 0.60 0.27 0.31 0.30 0.01 0.68 0.30 0.38 0.83 0.30 0.53 0.58 0.30 0.28 0.17 0.17 0
5 1.36 0.60 0.36 0.30 0.30 0 0.78 0.60 0.18 1.07 0.60 0.47 0.90 0.30 0.60 0.8 0.30 0.54 1.02 0.30 0.72 0.71 0.30 0.41 0.81 0.49 0.32
6 1.15 0.60 0.85 0.30 0.32 0 0.83 0.60 0.23 1.14 0.60 0.54 0.96 0.30 0.66 0.89 0.30 0.59 1.09 0.30 0.79 0.75 0.30 0.45 0.93 0.30 0.63

7 1.57 0.60 0.97 0.31 0.31 0 0.91 0.60 0.31 1.21 0.60 0.61 1.10 0.30 0.70 0.97 0.30 0.67 1.18 0.30 0.88 0.82 0.30 0.52 0.98 0.30 0.68
8 1.67 0.60 1.07 0.37 0.37 0 0.96 0.60 0.36 1.31 0.60 0.71 1.10 0.30 0.80 1.02 0.30 0.72 1.25 0.30 0.95 0.87 0.30 0.57 1.03 0.30 0.73
9 1.71 0.60 1.11 0.37 0.37 0 0.98 0.60 0.38 1.34o 0.60 0.710 1.13 0.30 0.83 1.05 0.30 0.75 1.27 0.30 0.97 0.88 0.30 0.58 1.31 0.30 1.0110 3.08 0.60 2.48 .0.67 0.60 0.07 1.76 0.60 1.16 2.41 0.60 1.81 2.03 0.30 1.73 1.89 0.30 1.59 2.30 0.30 2.00 1.60 0.30 1.30 2.19 0.30 1.8911 7.02 0.60 6.42 1.540 .60 0.94 4.03 0.60 3.43 5.52 0.60-.9 1.64 0.30 1.34 1.31 0.30 .01 5.26 0.30 10.96 3.65 0.30 3.35 5.00 0.30 4.712 1.71 0.60 1.11 0.38 0.38 0 0.98 0.60 0.38 1.3 0.60 0.75 1.13 0.30 0.83 1.05 0.30 0.75 1.28 0.30 0.98 0.89 0.30 0.59 1.69 0.30 1.3913 - - - - - - - - - - 0.74 0.30 0.1 0 - -

..- - - - - - 0.80 0.30 0.50
110 .. . - - - 0.56 0.30 0.26 - - - - - - - - - 0.60 0.30 0.3015 - - - - - - - - - - - - - - - - - - - - - - - - 0.34 0.30 0.041 - - - - - - - - - - - - - . ------- - - - 0.23 0 .23 017 - - - - - - - - - - - - . - - - - - - - - - - - 0.11 0.11 0- - - - - - - - - - - - - - - - 0.11 0.11 0

Total 22.33 6.80 15.53 4.89 3.88 1.01 12.81 6.34 6.47 17.54 6.62 10.92 15.03 3.79 11.24 13.71 3.49 10.22 16.71 3.70 13.01 11.60 3.55 8.05 16.6 -4.45 12.19

-D. A= 715 s. mi. D. A. = 272 sq. ai. D. A. = 532sgq. Ii A. 5sgi : D A s.i.sA.=54sq.i. : O.A.= 0q.22. - .A - s mlow Reservoirs & Trinity : Area above .ast Fork Trinity River- Trinity ver-sooth of East: Cedar Creek to head of :Chabers Creek - Bardiwell : Richind Creek - Navarro : Tehuacons Creek above -a Tb A r
:River to south of REst Pooh: Lkeview Dsite Lavn Dem to month .Fork to hesd of Tennessee : Tennessee Colony : Desite to head of :olla DeCsite to head of - head of : -jTcest to Reservoir asd:Rvrt ot fEs ok Colony Reservoir : Reservoir :Tennessee Colony Reservoir :Tennessee Colony Reservoir :Tenesee Colony Reseroir :Reseroir Surface AresTimes is Average : :Rifl-:Aversge : :Rinfafl:vrg Rlfll-:Avrsge : :Rai f1-:Averge : :Rlfl-:Averge : :Rainfa11-: Average : :snU-:Averge : Rif1:iesg Rifal6-horainar os:ecs rifl:Ls :ecs rifl: os:ecs rainfall: Loss : excess :rainfall: Loss : excess :rainfall: Loss : excess :rainfall: Loss : excess :rainfall: Loss : excess :raisff1ll:Loss : excess ereiferioLos :(iexcess (iches)nfsnces) Loss : excess rainfall:(inhes)Losschs):excessse(riocs i e(hes):e)hes)(ihes) :(inches):(inche):(inches) (inches):(nches):(iches) (i)hes)h:(inches):):)h(e(inches) :(inches)ie) ( he: (i s) ( ) i he (c s)(inches)(iches):(inches)) (inches)

1 0.14 0.14 0 0.10 0.10 0 0.13 0.13 0 0.21 0.21 0 0.17 0.17 0 0.17 0.17 0 0.20 0.20 0 0.17 0.17 0 0.14 0.14 0
2 0.14 0.14 0 0.10 0.10 0 0.11 0.14 0 0.21 0.21 0 0.18 0.18 0 0.18 0.18 0 0.21 0.21 0 0.18 0.18 0 0.15 0.15 03 0.18 0.18 0 0.13 0.13 0 0.17 0.17 0 0.28 0.28 0 0.23 0.23 0 0.22 0.22 0 0.26 0.26 0 0.23 0.23 0 0.20 0.20 0

10 0.22 0.22 0 0.16 0.16 0 0.21 0.21 0 0.33 0.30 0.03 0.28 0.28 0 0.28 0.28 0 0.32 0.32 0 0.29 0.29 0 0.23 0.23 05 1.29 0.32 0.97 0.77 0.31 0.26 1.21 0.35 0.89 1.62 0.30 1.52 1.36 0.30 1.06 1.34 0.30 1.04 1.56 0.30 1.26 1.36 0.30 1.06 1.13 0.30 0.83
6 1.38 0.30 1.08 0.89 0.30 0.59 1.32 0.30 1.02 1.88 0.30 1.58 1.56 0.30 1.26 1.55 0.30 1.25 1.80 0.30 1.50 1.56 0.30 1.26 1.31 0.30 1.01
7 1.49 0.30 1.19 0.92 0.30 0.62 1.13 0.30 1.13 1.93 0.30 1.63 1.61 0.30 1.31 1.60 0.30 1.30 1.86 0.30 1.56 1.62 0.30 1.32 1.36 0.30 1.06
8 1.56 0.30 1.28 0.98 0.30 0.68 1.51 0.30 1.21 2.07 0.30 1.77 1.72 0.30 1.2 1.70 0.30 1.40 1.98 0.30 1.68 1.72 0.30 1.42 1.44 0.30 1.149 1.62 0.30 1.30 1.210 .30 0.91 1.55 0.30 1.25 2.60 0.30 2.30 2.19 0.30 1.89 2.17 0.30 1.87 2.51 0.30 2.21 2.20 0.30 1.90 1.83 0.30 1.53

10 2.91 0.30 2.61 2.08 0.30 1.78 2.80 0.30 2.50 10.37 0.30 9.07 3.65 0.30 3.35 3.61 0.30 3.31 4.20 0.30 3.90 3.65 0.30 3.35 3.06 0.30 2.7611 6.65 0.30 6.35 10.710 0.30 10.300 6.37 0.30 6.07 10.00 0.30 9.70 8.33 0.30 8.03 8.26 0.30 7.96 9.59 0.30 9.29 8.35 0.30 8.05 6.99 0.30 6.693 12 1.60 0.30 1.305 1.60 0.30 1.430 1.55 0.30 1.25 3.38 0.30 3.08 2.81 0.30 2.51 2.79 0.30 2.19 3.24 0.30 2.94 2.82 0.30 2.52 2.36 0.30 2.06
13 1.05 0.30 0.75 0.76 0.30 0.46 1.01 0.30 0.71 1.59 0.30 1.29 1.52 0.30 1.02 1.31 0.30 1.01 1.52 0.30 1.22 1.33 0.30 1.03 1.11 0.30 0.81

110 0.81 0.30 0.51 0.57 0.30 0.27 0.77 0.30 0.17 1.21 0.30 0.91 1.1 0.30 0.71 1.0 0.30 0.70 1.17 0.30 0.87 1.01 0.30 0.71 0.85 0.30 0.55
15 o.45 0.30 0.15 0.32 0.30 0.02 0.43 0.30 0.13 0.69 0.30 0.39 0.58 0.30 0.28 0.57 0.30 0.27 0.65 0.30 0.35 0.57 0.30 0.27 0.48 0.30 0.1816 0.30 0.30 0 0.21 0.21 0 0.29 0.29 0 0.44 0.30 0.14 0.36 0.30 0.06 0.36 0.30 0.06 0.13 0.30 0.13 0.36 0.30 0.06 0.31 0.30 0.0117 0.15 0.15 0 0.11 0.11 0 . .14 0.14 0 0.22 0.22 0 0.18 0.18 0 0.18 0.18 0 0.21 0.21 0 0.18 0.18 0 0.15 0.15 018 0.14 0.14 0 0.10 0.10 0 0.14 0.14 0 0.21 0.21 0 0.18 0.18 0 0.18 0.18 0 0.20 0.20 0 0.18 0.18 0 0.15 0.15 0Total 22.12 4.59 17.53 15.78 4.42 11.36 21.20 4.57 16.63 33.26 5.03 28.23 27.72 4.82 22.90 27.47 4.81 22.66 31.91 5.00 26.91 27.78 4.83 22.95 23.25 4.62 18.63



107. SPILLWAY DESIGN FLOOD HYDROGRAPHS. - The spillway design
hydrographs representing flow into full reservoir were determined
for Lakeview, Roanoke, Grapevine, Aubrey, and Garza-Little Elm
Reservoirs by applying the appropriate rainfall-excess values given
in table 47 to, the appropriate unit hydrographs given in table 45,
and adding to the resultant flood hydrographs the runoff from the
reservoir surfaces (assumed at a rate equal to the rate of rainfall).
The resulting spillway design flood hydrographs have peak discharges
of 372,400; 325,600; and 483,100 second-feet and volumes of 4134100;
780,000; and 952,000 acre-feet for Lakeview, Roanoke, and Aubrey
Reservoirs, respectively. The spillway design flood hydrograph for
Lakeview Reservoir has been revised subsequent to approval by OCE
in February 1961 due to the larger basin shape factor applied to
the spillway design rainfall. The spillway design flood hydrograph
used to test the adequacy of the existing spillway at Grapevine
Reservoir was obtained by combining the flood hydrograph originating
between Grapevine and Roanoke Reservoirs with the outflows from
Roanoke Reservoir produced by passage of the flood originating above
Roanoke Damsite. This flood hydrograph has a peak discharge of
375,000 second-feet and a volume of 888,600 acre-feet. The spillway
design flood hydrograph used to test the adequacy of the existing
spillway at Garza-Little Elm Reservoir (Lewisville Dam) was obtained
by combining the flood hydrograph originating between Garza-Little
Elm and Aubrey Reservoirs with the outflows from Aubrey Reservoir
produced by passage of the flood originating above Aubrey Reservoir.
The resulting flood hydrograph has a peak discharge of 856,900 second-
feet and a volume of 2,114,100 acre-feet.

108. In determining the spillway design flood for Tennessee
Colony Reservoir, the initial elevation at the upstream reservoirs
was established under the assumption that the standard project flood
would occur prior to the spillway design flood. An investigation
showed that all of the flood-control storage space in the upstream
Corps of Engineers reservoirs would be filled by this antecedent
flood. Therefore, an initial elevation at top of flood-control pool
was adopted for all Corps of Engineers reservoirs and an initial
elevation at spillway crest was adopted for the Bridgeport and Eagle
Mountain Reservoirs. There are local interest reservoirs other
than Bridgeport and Eagle Mountain Reservoir in the Trinity River
Basin above Tennessee Colony Reservoir. These reservoirs have also
been assumed full in determining the spillway design flood for
downstream Corps of Engineers reservoir projects. Also, because of
the uncertainty as to the plan of operation for these local interest
reservoirs and based upon the usual operation of similar structures
in the past, it has been assumed that such projects (except for
Bridgeport and Eagle Mountain Reservoirs) would be operated so that
the outflow approximates the inflow when the reservoirs are full.
In addition, in view of the magnitude of the spillway design flood,
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no modifications of flows due to the Soil Conservation Service
reservoirs has been assumed during its passage. The spillway design
flood hydrographs for incremental areas above Tennessee Colony
Reservoir were obtained by applying the appropriate spillway design
storm rainfall-excess values given in table 48 and to the appropriate
unit hydrographs given in tables 45 and 46. Where these incremental
areas included reservoirs, the runoff from the reservoir surface
(assumed at a rate equal to the rate of rainfall) was added. The
hydrographs above upstream reservoirs were then routed through these
reservoirs, the outflows progressively combined with incremental
downstream hydrographs and routed to Tennessee Colony where the
hydrograph was further increased by the runoff from the surface of
Tennessee Colony Reservoir. The resulting spillway design flood
hydrograph for flow into full reservoir at Tennessee Colony Reservoir
has a peak discharge of 951,800 second-feet, a volume of 10,033,400
acre-feet and includes an estimated base flow of 1,000 second-feet.

109. Spillway design flood hydrographs for natural flow at the
damsites were also computed at the proposed reservoirs. The peak
discharge for natural flow at Tennessee Colony Damsite reflects the
modification resulting from major upstream reservoirs including
Navarro Mills Reservoir (under construction) and Bardwell Reservoir
(authorized). The spillway design floods for natural flow at Lake-
view and Tennessee Colony Damsites were submitted to OCE in February
1961 and approved by OCE in April 1961, subject to certain comments.
In accordance with these comments, the 24-hour rainfall curve was
modified and, in the case of the Lakeview Reservoir, a ten percent
reduction factor was adopted in adjusting the storm rainfall for
basin shape. These changes account for the differences between peak
discharges at Lakeview and Tennessee Colony Reservoirs as submitted
to OCE in February 1961 and those presented in this report. The
recommended peak discharges for natural flow at the damsites are
given in the following tabulation:

SPILLWAY DESIGN FLOODS - NATURAL FLOW AT DAMSITES

Peak discharge
Reservoir. (cfs)

Lakeview 341,700
Roanoke 313,600
Grapevine (with Roanoke in) 327,300
Aubrey 438,900
Garza-Little Elm (with Aubrey in) 64o,0o
Tennessee Colony 575,600
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110. SPILLWAY DESIGN FLOOD ROUTINGS. - The spillway design

flood hydrOgraPhsfor flow into full reservoir were routed through

the recommended reservoirs assuming that the reservoir levels at

the beginning of the flood would be at the top of the flood-control

storage. These outings were made under an induced surcharge

storage method of operation for the gated projects and utilized
te ul cpitof the flood-control outlet works at each

reseroir. pi a design flood routings were made under 
the ave

assumptions. The resultant maximum design water surfaces and peak

outflows from the recommended reservoirs are shown in the following

tabulation:

Maximum design : Peak

Reservoir water surface outflow
: (ft-msl)cfs

Lakeview 538.8 101,000

Roanoke 625.7 297,000

Grapevine (with Roanoke in) 583.9, 232,600
Aubrey 64. 5,0

Garza-Little Elm (with
Aubrey in) 5566526,000

Tennessee Colony 97.

111 The spillway design flood inflow-outflow hydrographs and

reservoir elevations for the Lakeview, Roanoke, Grapevine, Aubrey,

Garza-Little Elm, and Tennessee Colony Reservoirs are shown onlts4thog45 Tesilwydinfod dr-ah orlw

arte Llthrog 1. Tennspilway design flood hydrograph for flow

into full reservoir &re tabulated on 
table ii9.
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TAE 49

SPILLWAY DESIGN FLO O00DROGRAPHS FOR TRINITY RIVER RESERVOIRS
FLOW Io FULL SERV0OIR (CFS)

Time in : Lakeview Roanoke : Grapevine Aubrey :Gara-Little Elm Res.:Tennessee Colony Res.:Tennessee Colony Time in :Tennessee Colony Res.:Tennessee Colony
3-hour : Reservoir Reservoir Reservoir Reservoir : (Lewisville Dam) :(uncontrolled area) : Reservoir : 3-hour :(uncontrolled area) : Reservoir
periods D.A. = 272 sams.: D.A. = 604 s4.mi.. D.A. = 694 sa.mi. D.A. = 682 sg.mi. :D.A. = 1,658 sq.mi. :D.A. = 6,392 sq. m. :.A.=12,687 sq.mi. periods D.A. = 6,392 sq. mi.:D.A.12,687 sqmi

2,200 3,900 1,200 6,900 3,500 3,900 3,900 101 53,000 135,000
2 2,300 4,600 7,700 11,400 17,600 3,900 3,900 102 52,00 130,000
3 7,000 9,100 9,300 18,500 28,500 4,200 4,200 103 51,000 125,40
4 u,800 9,900 14,100 25,700 46,200 4,200 4,200 104 1,000 123,000
5 16,700 16,400 15,100 34,000 64,ooo 5,200 5,200 105 51,00 120,000
6 19,700 17,400 22,700 41,900 81,600 5,200 5,200 106 51,000 116,000
7 23,300 27,200 24,200 49,400 98,100 5,800 5,800 107 51, 0112,000
8 26,000 28,300 34,200 57,200 115,100 5,800 5,800 108 51,000 109,000
9 30,500 47,200 36,200 71,600 137,100 32,500 32,500 109 51,000 106,000

10 33,900 49,600 55,500 87,000 182,800 53,100 53,100 110 50, 0102,000
11 67,900 224,100 95,100 125,400 236,900 78,400 78,400 i 49,900 98,900
12 94,600 263,600 328,000 164,400 308,900 103,300 103,300 12 49,000 95,000
13 252,200 306,400 375,000 309,900 420,000 131,800 131,800 113 46,ooo 91,000
14 372,400 291,700 362,500 458,500 671,000 161,400 161,400 11 44, 00,000
15 274,000 325,600 316,200 483,100 856,900 194,300 194,300 115 42,000 04,400
16 170,900 320,300 307,500 471,200 825,300 225,700 225,700 116 40,000 81,000
17 89,700 291,500 306,400 357,300 778,800 268,400 268,500 117 38,600 78,600

18 59,800 241,200 293,300 297,500 717,800 309,300 309,400 118 37,000 76,000
19 41,800 165,400 274,600 215,500 652,500 388,100 388,200 119 36,000 74,000
20 30,200 124,600 236,500 149,600 566,600 459,300 459,500 120 35,000 71,000
21 20,900 86,800 147,000 107,000 402,500 648,200 648,400 121 34,000 68,000
22 12,200 64,700 73,600 73,000 250,200 813,900 814,400 122 33,000 65,000
23 5,200 47,100 54,000 53,700 185,700 836,600 837,400 123 31,000 62,000
24 1,300 35,600 39,800 40,400 143,200 885,700 887,200 124 30,000 60,000
25 500 29,000 31,000 30,300 114,300 908,800 911,500 125 29,000 57,000
26 200 23,200 25,000 23,700 93,500 937,500 941,500 126 27,000 53,000
27 100 20,000 20,600 19,100 78,700 946,300 951,800 127 26,0 51,000
28 0 16,900 17,500 15,000 67,200 944,200 951,400 128 24,000 48,000
29 14,400 14,900 12,500 58,100 924,400 933,800 129 23,000 46,000
30 12,000 12,600 10,000 50,400 910,700 923,300 130 22,000 45,000
31 9,700 10,300 7,700 43,500 896,000 911,300 131 21,0004 4,000
32 7,500 8,200 5,600 37,300 871,40 891,400 132 19,800 42,800
33 5,300 6,100 3,600 31,700 831,200 856,700 133 17,000 39,000
34 3,300 4,100 1,900 26,600 784,200 814,700 134 16,000 38,400
35 1,300 2,200 300 22,100 731,300 767,300 135 15,000 36,400
36 400 1,000 100 18,600 674,100 717,500 136 14,000 34,000
37 200 500 0 15,900 615,200 665,400 137 12,000 32,000

38 100 200 13,700 564,300 620,300 138 11,000 30,000

39 0 100 11,800 515,000 578,000 139 10,000 28,000
0 0 10,100 470,400 540,900 140 9,000 26,000
41 8,600 428,300 508,300 141 8,000 25,000
42 7,200 390,900 477,900 142 7,000 22,400
43 6,000 354,100 447,600 143 5,300 20,300
44 5,000 323,T00 423,200 144 5,000 19,000
45 4,000 296,500 403,500 145 4,000 18,000
46 3,300 273,500 388,900 146 2,500 16,500
47 2,6 -253,000 379,000 147 1,600 14,600
48 2,000 236,00 372,400 148 1,400 13,400
49 1,500 240,300 387,800 149 1,300 13,300
50 1,100 232,000 386,500 150 1,200 13,200
51 7002 17,600 378,600 151 1,100 12,40
52 500 205,300 368,300 152 1,000 12,000
53 300 196,000 360,300 153 1,000 11,000
54 100 186,300 353,300 154 1,000 11,000
55 0 178,900 344,900 155 1,000 10,300
56 171,300 338,300 156 1,000 10,000
57 163,900 330,900 157 1,0001 0,000
58 155,500 324,500 158 1,000 9,000
59 150,700 323,100 159 1,000 9,000
60 143,300 319,500 160 1,000 9,000
61 138,300 317,500 161 1,000 9,000
62 134,500 317,200 162 1,000 8,000
63 132,100 317,600 163 1,000 7,000
64 129,000 318,000 164 1,000 7,000
65 127,400 321,100 165 1,000 7,000
66 125,600 322,000 1 66 1,000 7,000
67 124,700 323,200 167 1,000 6,000
68 123,600 324,800 168 1,00 6,ooo
69 123,200 327,400 169 1,000 5,500
70 122,700 328,800 170 1,000 5,000

71 124,400 331,500 171 1,00 4,400

72 125,700 333,700 172 1,00 4,000
73 126,500 335,500 173 1,000 3,600
74 126,800 337,800 174 1,000 3,400
75 127,200 339,200 175 1,00 3,200
76 128,600 339,600 176 1,ooo 3,ooo
77 126,40 336,400 177 1,000 2,90
78 124,000 333,000 1 78 1,ooo 2,9o0
79 121,000 328,000 179 1,000 2,700
80 119,000 325,000 180 1,000 2,600
81 118,000 320,000 181 1,000 2,500
82 116,000 314,000 182 1,000 2,400
83 113,000 308,000 183 1,000 2,300
84 109,000 300,000 184 1,000 2,200
85 107,000 293,000 185 1,000 2,200
86 103,200 283,800 186 1,000 2,200
87 97,000 272,000 187 1,000 2,100
88 79,000 245,000 188 1,000 2,100
89 67,ooo 222,000 189 1,000 2,000
90 63,800 205,800 190 1,000 1,900
91 61,000 191,000 191 1,000 1,600
92 59,0 176,400 192 1,000 1,600
93 58,000 170,000 193 1,000 1,600
94 57,000 162,000 194 1,000 1,500

95 56,00 158,000 195 1,000 1,500

96 55,000 153,000 196 1,000 1,500
97 55,00 150,000 197 1,00 1,400
98 54,000 145,000 198 1,000 1,200
99 53,600 141,600 199 1,00 1,200

100 53,000 138,000 200 1,00 1,000
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112. GUIDE TAKING LINE. - The guide taking line for the
recommended reservoirs has been based upon the policy for real estate
acquisition set forth in Change 9, dated March 9, 1962, of Ei 405-2-
150. The upper guide contour has been established at three feet
above the top of flood-control storage at all reservoirs except
Roanoke where a freeboard of five feet was used. The upper guide
contours thus established have been adopted throughout the entire
reservoirs areas. More detailed studies will be made during pre-
construction planning stages to evaluate the backwater effects on
the upper reaches of the reservoirs. The adopted elevations for the
upper guide contour are summarized in table 50.

TABLE 50

UPPER GUIDE CONTOUR LEVELS

Upper guide contour
Reservoir (ft-msl)

Roanoke 624.0
Grapevine (with Roanoke in) 563.0
Aubrey 638.0
Garza-Little Elm (with Aubrey in) 535.0
Lakeview 531.0
Tennessee Colony 288.0

113. RELOCATION CRITERIA.- The criteria for alterations and
relocations is based on the maximum elevation of the 50-yeah. reservoir
operation, resulting from flood occurences on a full conservation
pool after 50 years of sediment deposition, plus freeboard. In the
upper portions of the main part of a reservoir and on tributary arms
the foregoing criterion or the envelope curve of the backwater profile
for the 50-year reservoir operation plus freeboard will be adopted.
For the purpose of this report the same elevations adopted for the
upper guide taking line in paragraph 112 have been adopted as the
basis for relocation estimates. More detailed studies will be made
during preconstruction planning stages.

114. FREEBOARD REQUIREMENTS. - Freeboard requirements for the
recommended projects were determined in accordance with the method
set forth in the minutes of a "Conference on Determination of Free-
board Requirements for McGee Bend Dam, Angelina River, Texas," held
in the Fort Worth District Office on June 15, 1956. Computations
for wave heights and wave runup were based on the computed effective
fetch at the maximum water surface for each reservoir site. The
computed wave height and total freeboard for an overland velocity of
40 miles per hour (52 miles per hour over water) was adopted as a
basis for design. The results of these computations are summarized in
table 51.
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TABLE 51

FREEBOARD REQUIREMENTS

:Max.water: : Total : Total :Elevation
surface :Effective:required :freeboard: at top

Reservoir :elevation: fetch :freeboard:provided : of dam
(ft-msl): (miles) :(feet)(l): (feet) :(ft-msl)

Roanoke 625.7 3.6 4.5 5.3 631.0
Grapevine (with Roanoke in) 583.9 4.0 4.8 4.1 588.0(2)
Aubrey 640.3 5.6 5.5 5.7 646.0
Garza-Little Elm (with
Aubrey in) 556.6 7.3 5.6 3.4 560.0(2)

Lakeview 538.8 2.9 4.3 5.2 544.0
Tennessee Colony 297.8 9.2 7.4 7.2 305.0

(1) Based on an overland wind velocity of 40 miles per hour (52 miles per
hour over water) and computed wind tide.

(2) As built.

115. The freeboards originally provided at the existing Grapevine
and Garza-Little Elm Reservoirs were based upon spillway design storm
rainfall data furnished by the Hydrometeorological Section of the United
States Weather Bureau on February 11, 1946. Under these spillway design
criteria, the freeboards at these two reservoirs are adequate either
with or without the Roanoke and Aubrey Reservoirs upstream. However, as
indicated in table 51, when the spillway design storm is based upon
Hydrometeorological Report No. 33, the freeboards available at Grapevine
and Garza-Little Elm Reservoirs are less than the minimum of 5 feet
that is usually considered desirable for earthen dams,

116. To further check the adequacy of the freeboard, spillway
design flood routings (based upon present criteria) were made for
Grapevine and Garza-Little Elm Reservoirs with the initial elevations
established at the maximum reservoir levels reached in period of record
routings for the flood of April-June 1957 under 2020 conditions of
watershed development. Under these routing conditions, the maximum water
surfaces produced at Grapevine and Garza-Little Elm Reservoirs were at
elevations 583.5 and 553.2, respectively, and would provide freeboards
of 4.5 and 6.8 feet, respectively. Based upon the foregoing the
available freeboards at Grapevine and Garza-Little Elm Reservoirs are
considered adequate.

117. HYDROLOGIC NETWORK. - It is proposed to supplement the existing
rainfall and streamflow stations by expanding the hydroclimatic and
hydrologic reporting networks on the Trinity River Basin. The records
and reports will be used to update hydrologic design criteria for pre-
construction planning; in connection with construction activities; to

52-704 0-65 (Vol. III)-9
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prescribe flood-control regulations for the reservoir system; and
in connection with the navigation project. The expanded network will
include inflow and outflow stations and reservoir level gages at
each reservoir and headwater and tailwater gages at each of the
navigation locks and dams. Evaporation and recording rainfall stations
will also be provided at each of the recommended reservoirs. Construction
of the recommended multiple-purpose channel would involve relocation of
some of the existing stream-gaging stations as well as establishment
of new stations. Additional stream-gaging stations will also be
established on selected tributaries of the Trinity River downstream
from the reservoir projects to assist in the regulation of the flood-
control storage. Detailed requirements for the complete hydrologic
network will be presented in connection with preconstruction planning
studies.

LOCAL PROTECTION

118. DESIGN STORM FOR FLOODWAY AND CHANNEL IMPROVEMENT. -
Standard project storms were developed and adopted as the design
storms for the recommended West Fork Floodway, Elm Fork Floodway,
extension of the Dallas Floodway, and the channel improvement on
Duck Creek. A standard project storm was not developed for the
Liberty project. In lieu thereof, the standard project flood
hydrograph was assumed equal to 50 percent of the probable maximum
flood hydrograph. Except for the Liberty project, located in the
lower basin, standard project storms for the various areas studied
were determined in accordance with procedures set forthin
EM 1110-2-1411 (Civil Works Engineer Bulletin No. 52-8 dated
March 26, 1952),. The standard project storm was centered at
various locations on the West Fork, Elm Fork, Mountain Creek, and
Duck Creek watersheds to obtain the most critical transposition.
The most critical transposition with respect to each project was
then adopted as the design stormfor that project. The adopted
standard project storm rainfall atnd rainfall-excess used to deter-
mine design floods for the West Fork Floodway, Elm Fork Floodway,
the extension of Dallas Floodway, and Duck Creek Channel Improvement
are shown in table 52.
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TABLE 52

STANDARD PROJECT STORM RAINFALL AND RAINFALL -EXCESS

Incremental area
:Drainage: Total :Rainfall-

area :rainfall: Loss : excess
:(sq.mi.):(inches):(inches): (inches)

Storm centered over uncontrolled area of West Fork watershed
(Used for design of lower West Fork Floodway & Dallas Floodway Extension)

West Fork Trinity River above
Bridgeport Darn

Bridgeport Dam to Boyd Dams ite
Boyd Damsite to Eagle Mtn Dam

Clear Fork Trinity River above
Benbrook Dam
Mountain Creek above Lakeview Damsite
Denton Creek above Roanoke Damsite

Roanoke Damsite to Grapevine Dam
Elm Fork Trinity River above Aubrey
Damsite

Aubrey Damsite to Lewisville Dam
West Fork uncontrolled area
Elm Fork uncontrolled area
Trinity River from Elm Fork to
Dallas Gage
Trinity River from Dallas Gage to
below mouth of White Rock Creek

1,114

593
267

433
272
604

90

682
976
823
226

11.15
11.83
14.41

12.19
13.42
12.20.
15.05

9.25
10.61
15.64
14.18

4o 16.43

173 13.50

4.93
5.07
5.44

5.13
3.39
5.13
5.52

2.98
3.17
7.16
6.83

6.22
6.76
8.97

7.06
10.03

7.07
9.53

6.27
7.44
8.48
7.35

3.66 12.77

3.42 10.08

Storm centered over uncontrolled area of Elm Fork watershed
(Used for design of Elm Fork Floodway)

Denton Creek above Roanoke Damsite
Roanoke Damsite to Grapevine Dam

Elm Fork Trinity River above Aubrey
Damsite

Aubrey Damsite to Lewisville Dam
Elm Fork uncontrolled area

604 11.60
90 15.20

682 12.90
976 13.40
226 18.30

4.20
4.70

3.00
3.10
6.80

7.40
10.50

9.90
10.30
11.50

Storm centered on Mountain Creek watershed above Lakeview Damsite
(Used for design of West Fork Floodway on Mountain Creek below Mountain
Creek Dam)

Mountain Creek watershed 305 16.40 3.27 13.13

Storm centered on Duck Creek watershed above recommended channel improve-
ment (Used for design of Duck Creek channel improvement)

Duck Creek watershed above mouth of
Long Branch 24.3 al.40o 3.20 18.20
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119. DESIGN FLOOD FOR PROPOSED FLOODWAYS AND CHANNEL
IMPROVEMENTS. - Studies indicated that, for a flood of the magnitude
of the standard project flood, the highest discharge at Liberty
would result from releases from Tennessee Colony Reservoir rather
than from floods generated on the area between Tennessee Colony
Damsite and Liberty. Therefore, 50 percent of the spillway design
flood hydrograph for Tennessee Colony Reservoir shown in table 49,
was used as the standard project flood hydrograph above the
reservoir. A flood hydrograph was also developed for the area
between Tennessee Colony Damsite and Liberty. However, because
of the length of travel time from Tennessee Colony Reservoir to
Liberty, the local area was found to contribute little flow at
the time that maximum releases from Tennessee Colony Reservoir
would reach Liberty. The standard project flood hydrograph for
Duck Creek was determined by applying one-hour increments of the
appropriate standard project storm rainfall-excess shown in table 52
to the appropriate unit hydrograph shown in table 46. The standard
project flood hydrographs for all other projects considered were
obtained as follows. Six-hour increments of the appropriate standard
project storm rainfall-excess shown in table 52 for the areas above
upstream reservoirs and for increments of the uncontrolled drainage
areas between the upstream reservoirs and the projects considered
were applied to the respective unit hydrographs shown in tables 45
and 46 to determine standard project flood hydrographs originating
on each incremental area. Where the incremental areas included
reservoirs, the runoff from the reservoir surface (assumed at a rate
equal to the rate of rainfall) was added. The flood hydrographs
above existing and proposed reservoirs were routed through the
reservoirs and the outflows and hydrographs for incremental downstream
areas were progressively combined and routed downstream to the site
of each of the projects considered. A study of system routings of
the major floods on the basin indicated the probable occurrence of
a flood antecedent to the standard project flood of sufficient volume
to fill approximately one-third of the flood-control storage provided
in the reservoirs. Therefore, in all of the standard project flood
routings referred to above, it was assumed that the flood-control
pools of upstream reservoirs would be one-third :1 at the beginning
of the standard project flood. Peak discharges for the standard
project flood for the recommended floodway and channel improvement
projects are shown in table 53 and the hydrographs at selected
locations are shown on plates 46 through 51.
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TABLE 53

DESIGN FLOOD DISCHARGES

FODWAYS AND CHANNEL IMPROVEMENTS

Location

West Fork at Fort Worth Gage

West Fork below mouth of Big Fossil Creek

West Fork below mouth of Village Creek

West Fork at Grand Prairie Gage

West Fork above mouth of Mountain Creek

Elm Fork at Carrollton (State Hwy 114 bridge)

Elm Fork at mouth

Trinity River at Dallas

Trinity River below mouth of White Rock Creek.

Mountain Creek, Lakeview Damsite to mouth

Duck Creek at head of improvement

Duck Creek at downstream end of improvement

Trinity River at Liberty

Discharge

(1) Standard project flood discharges previously determined in
conjunction with the design of the existing Fort Worth
Floodway and the authorized local protection project on
Big Fossil Creek.
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(1)

(1)

Discharge

(c fs)

95,000

117,700

138,000

148,000

160,000

58,000

61,000

163,800

174,600

59,000

21,500

409700

180,000
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120. The standard project flood was also adopted as the deign flood
for all tributary channel improvements considered in connection with
the West Fork and Elm Fork Floodways and the Dallas Floodway Extension,
These tributaries and their
tabulation:

design discharges are given in the following

Approximate : Design
Tributary Main Stem imultiple-purpose: discharge

channel mile : (cfs)

Five Mile Creek Trinity River 32150 63,500
Honey Springs Branch " 326.15 4,100
White Rock Creek s326.62 72,100
Elm Fork 338.80 61,000
Mountain Creek West Fork 340.89 59,000
Delaware Creek 341.20 17,700
Bear Creek 346.83 72,500
Unnamed-Creek 355.13 10,200
Sulphur Branch 356.08 8,100
Walker Branch 359d79 25,800
Unnamed Creek" 361913 1,890
Big Fossil Creek " 362.92 52,000
Little Fossil Creek " 363.68 17,400
White Lake Outfall 364.71 2,000

These discharges were adopted for
establishing the grades of levees
determining the sizes of proposed

developing backwater profiles, for
and overbank fill areas, and for
flood-control channels and floodways.

1219 SYNTHETIC UNIT HYDROGRAPHS - INTERIOR DRAINAGE AREASa- The
unit hydrograph studies for the Upper Trinity River Basin discussed
in paragraph 103 were used as a basis for the selection of Snyder's
coefficients used in the development of synthetic one-hour unit
hydrographs for interior drainage areas of the recommended West Fork
and Elm Fork Floodways and extension of the Dallas Floodway9  The
adopted coefficients for the interior drainage areas are as follows:
West Fork Floodway and Dallas Floodway Extension, Ct 0.90 and
Cp640 420; Elm Fork Floodway, Ct = 1.0 and Cp = 450. Unit hydrograph
studies for Buffalo Bayou, a tributary of the San Jacinto River which
is located adjacent to the Lower Trinity River, were used as a basis
for the selection of Snyder's coefficients used in the development of
synthetic two-hour unit hydrographs for interior drainage areas of the
recommended flood protection for the city of Liberty, Texas. The adopted
coefficients for the interior drainage areas are Ct = 3.0 and Cp 64o =

300. The adopted synthetic unit hydrographs developed from the foregoing
coefficients for interior drainage areas for the West Fork and Elm Fork
Floodways, the Dallas Floodway extension and the city of Liberty flood
protection project are shown in tables 54 through 57. Plates 52 through
58 show the locations of the various areas considered.
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TABLE 51

SYNTETIC ONE-HOUR UNIT HYDROGRAPHS FOR INTERIOR DRAINAGE FACILITIES - WEST FORK

Time in Discharge in second-feet
1/2 hour: Interior drainage area
periods: A B-1 B-2 C D E F G H I J K

1 85 70 40 275 60 60 60 140 40 60 65 205
2 280 170 110 590 145 175 175 390 95 150 180 525
3 590 365 230 930 270 380 530 520 180 260 290 700
4 350 295 570 1,270 520 790 975 430 400 425 195 520
5 180 180 1,130 1,370 850 600 770 305 445 540 115 350
6 110 105 900 1,260 775 350 470 215 385 400 65 245
7 75 70 550 985 580 215 275 150 245 280 40 165

S8 40 50 340 790 420 155 195 100 165 200 25 115
9 20 30 230 635 300 115 150 60 115 140 10 75

10 0 15 160 515 220 70 115 35 70 100 5 45
11 0 130 41o 175 50 90 20 45 65 0 15
12 100 320 125 30 60 10 25 35 0
13 70 250 80 10 40 5 10 15
14 50 185 50 0 20 0 0 0
15 30 135 20 10
16 20 90 0 0
17 10 50
18 0 30
19 10
20 0



TABLE 55
SYNTiETIC ONE-HOUR UNIT HYDROGRAPHS FOR INTERIOR

DRAINAGE FACILITIES - ELM FORK

Discharge in second-feet
Interior drainage area

A B C D E F G H

Time in
1/2-hour:
periods

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

55

200

590

385

205

155

100

60

40

20

10

0

119

50

130

260

560

950

860

730

560

440

340

260

200

150

120

100

80

60

40

30

20

10

0

40

110

370

700

490

270

180

130

100

70

50

30

20

10

0

50 50 50 70

130 110 120 160

270 210 250 400

570 480 480 720

800 800 800 1,030

710 1,060 1,130 820

550 980 980 610

400 830 810 420

300 680 660 290

230 540 530 230

190 400 410 180

150 290 310 150

120 240 240 120

100 190 190 90

80 160 160 70

60 130 120 60

40 110 100 40

30 90 70 20

20 70 50 10

0 50 30 0

40 20

20 0

10

0O

70

180

470

780

600

420

260

190

140

110

80

60

40

20

10

0



TABLE 56
SYNTETIC ONE -HOUR UNIT HYDROGRAPHS FOR INTERIOR
DRAINAGE FACILITIES - DALLAS FLOODWAY EXTENSION

Time in : Discharge in second-feet
1/2-hour: Interior drainage area
periods : A B C-1 C-2 D-1 D-2

1 170 60 160 50 105 40

2 450 130 500 150 235 90

3 1,080 380 1,750 360 440 190

4 2,070 675 1,060 190 800 400

5 1,670 535 600 110 1,230 600

6 1,160 355 320 70 1,150 520

7 820 215 200 50 920 415

8 570 150 130 40 590 300

9 440 105 80 30 500 205

10 360 75 40 20 380 148

11 310 50 20 10 305 110

12 270 30 0 0 250 90

13 220 15 205 70

14 190 0 160 50

15 160 125 40

16 130 90 20

17 100 55 10

18 80 0 0

19 50

20 30

21 20

22 0
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TABLE 57

SYNTHETIC TWO-HOUR UNIT HYDROGRAPHS FOR
INTERIOR DRAINAGE FACILITIES

FLOOD PROTECTION - CITY OF LIBERTY

Time in:
2-hour :
perio s :

121

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

IJo.16 s.v u w .

Discharge in second-feet

Big Bayou Clayton Bayou

50 40

108 io4

140 175

128 217

116 223

98 199

84169

70 143

58 117

48 96

38 78

28 63

16 48

8 35

0 24

14

5

0
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122o INITIAL LOSSES AND INFILTRATE ON INDICES - INTERIOR DRAINAGE
AREAS.- The studies of initial losses and infiltration indices for

the Upper Trinity River Basin previously discussed in paragraph 102

were used as a basis for adoption of an initial loss of 0o5 inch and

an infiltration index of 005 inch per hour for the interior drainage

areas of the West Fork and Elm Fork Floodways and the Dallas Floodway

extension. An initial loss of 1.0 inch and an infiltration index

of 0.10 inch : per hour was adopted for the interior draiiiage areas
for the flood protection at Liberty, Texas,

123. RAINFALL INTENSITY-DURATION0 - All-season rainfall intensity-
frequency curves for durations of from one-half to twenty-four hours

for the U. S. Weather Bureau first-order stations at Fort Worth, Dallas,
and Houston are shown on plates 59, 60, and 61, respectively. These
curves are based on a frequency analysis developed by the U. S. Weather

Bureau and presented in Technica Paper No. 25, "Rainfall Intensity-
Duration-Frequency Curves, (December 1955)0
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124. Rainfall intensity-frequency studies were also made to
determine the rainfall of 100-year frequency that might be expected
to occur coincident with river flows at or above the gate-closing
stages for proposed sluices in the three floodway areas. The
recommended operating discharges on the West Fork, Elm Fork, and the
Trinity River at Dallas are 12,000; 129000, and 20,000 second-feet,
respectively. During the passage of major floods, these flows will
be experienced within the floodways for prolonged periods of time
The inverts of the gravity sluTes on the West Fork and the Trinity
River at Dallas were established at or near the flow-line elevations
resulting from the recommended operating discharges. In the case of
the Elm Fork a discharge of 8,000 second-feet was used to establish
the inverts of the gravity sluices; however, this will be adjusted
during preconstruction planning stages to satisfy flow conditions
for 12,000 second-feet. The stage produced by the operating discharge
on each of these streams has been assumed to be the gate-closing
stage for the gravity sluices. The periods when river flows were at
or above the assumed gate-closing stages in each of the three flood-
way areas were determined from hydrographs (as modified by the existing
and recommended upstream reservoirs) at Grand Prairie, Carrollton,
and Dallas for the period 1924-1957. The daily increments of rainfall
occurring during each of these periods of gate closure were determined
from observed records at rainfall stations at or near each of the
three floodway areas. Coincident rainfall intensity-frequency curves
on the West Fork (Grand Prairie), the Elm Fork (Carrollton), and for
the Dallas Floodway extension were then constructed from the above
data in accordance with the graphical method set forth in Civil Works
Engineer Bulletin 52-24, dated August 26, 1952 ("Statistical Methods
in Hydrology," by Leo R. Beard). Coincident 100-year rainfall
intensity curves for the West Fork and Elm Fork Floodways, and the
Dallas Floodway extension are shown on plates 62, 63, and 64,
respectively. Rainfall-frequency studies were also made to determine
the rainfall that might be expected to occur coincident with river
flows of 35,000 second-feet or more at Liberty, Texas0  During the
passage of major floods, flows of 35,000 second-feet or more would be
experienced at Liberty for prolonged periods of time The above
discharge was, therefore, assumed to produce river stages at which
the gravity drainage structures would be closed at Liberty. The periods
when river flows were at or above a discharge of 35,000 second-feet were
determined from hydrographs (as modified by existing and recommended
upstream reservoirs) at Romayor, Texas, for the period 1924-1957. No
frequency analysis was made at the Liberty gage, because this gage is
affected by tidal conditions0  The Romayor gage is located approximately
50 river miles upstream from Liberty with only a 400-square mile reduction
in drainage area; it was therefore concluded that information relative
to flows at the Romayor gage was applicable at Liberty. The daily incre-
ments of rainfall occurring during each of the periods of flow of 35,000
second-feet or more were determined from records of observed rainfall at
Liberty Texas. A coincident rainfall-frequency curve for the Trinity
River at Liberty was then constructed from the above data in accordance
with the graphical method set forth in Civil Works Engineer Bulletin
52-24, and is shown on plate 65

52-704 0-65 (Vol. IIJ)-10
127



CORPS OF ENGINEERS U. S ARMY

.7

6

2 4 6 8
TIME IN DAYS

10

- - - Rainfall coincident with flows
in excess of /2,000 C FS.
at Grand Prairie

TRINITY RIVER AND TRIBUTARIES, TEXAS
WEST FORK

NAVIGATION AND FLOOD CONTROL CHANNEL

COINCIDENT RAINFALL-
INTENSITY CURVE

SCALE AS SHOWN
U.S ARMY ENGINEER DISTRICT, FORT WORTH JUNE 1962

5UBM T.ED IAPPROAL-RE.COMMENDE IAPPRCED

T~n~1T1T11n 1 -TT1TT1r

1-

-to

z

-n

\

5

4

3

2

LU

LU

V
z
z

z

z

-J
-J

U-
z

cr

0)
0

MIF " NMIN~. "REPRTS s eAMCM CME E EGINEEMG DIVISION __ DST.RICT EM61.NEERPRE PARE naws REPORc T CC001 TINIY RIVERfsv sn
MEAD__YDROGY SECTION CMECED__Y T PJFILE TRIN 230- 19

PLATE 62
128

CORPS OF ENGINEERS U.S. ARMY

w



COP O NGNES .S.AM

7

6

2 4 6 80

TIME IN DAYS

--- Rainfall coincident with flows
in excess of 8,000 C.FS.
at Carroll/on. Deta//ed reservoir
regulation studies assumed 8,000C ES operating discharge. The
regulation wi/f be made with /2,000
C ES during reconstruction stage.

129

TRINITY RIVER AND TRIBUTARIES, TEXAS
ELM FORK

FLOOD CONTROL CHANNEL AND FLOODWAY

COINCIDENT RAINFALL-
INTENSITY CURVE

SCALE AS SHOWN

U.S ARMY ENGINEER DISTRICT, FORT WORTH JUNE 1962
Su MiT OE , APPOVAL OMM ND APPROVED

4 M -- AA .. w---- oTM' Mk

f N-lHEAD .YDROLOGY SECTION CHECIED 1Y PiJ FILE RIN 230-19
PLATE 63

- -

10

- -

~L.LLJLW W LJL4 LLLW ~WJ

0

uLJ

LU
It
LU
z
0

z
zU
H
z

z
c-

5

4

3

2

0
10

U. S. ARMYCORPS OF ENGINEERS



C.OP OFEG S .

7

6

0

U)

C-)

z
z

(I)
z

LU

z

c-J

5

4

3

2

0 2 4 6 8 10
TIME IN DAYS

Ra/n/fall coincident with flows

in excess of 20,000 C F S
at Dallas.

130

TRINITY RIVER AND TRIBUTARIES, TEXAS"

TRINITY RIVER-DALLAS
NAVIGATION AND FLOOD CONTROL CHANNEL

COINCIDENT RAINFALL-
INTENSITY CURVE

SCALE AS SHOWN
U S ARMY ENGINEER DISTRICT, FORT WORTH JNE 1962

S gY o / A OV L COMM N D

ORE PARE D To '* Nom p Gomm

SECT , ONTG SE TSMY ON

PLATE 64-

I--
-t\o

ID;

: -"

''

0

CORPS OF ENGINEERS U1 S ARMY
1



CORPS OF ENGINEERS

I__ _ _I 1_ _ _ _

I _ _ _ I ,+

2

-J ____________

4

}

w

w
U
z

z

z
w
I -
z

J

z

6

TIME IN DAYS

8

RAINFALL COINCIDENT WITH
FLOWS IN EXCESS OF 35,000
C.FS. AT LIBERTY, TEXAS.

TRINITY RIVER AND TRIBUTARIES, TEXAS
TRINITY RIVER-LIBERTY

NAVIGATION AND FLOOD CONTROL CHANNEL

COINCIDENT RAINFALL-
INTENSITY CURVE

SCALE AS SHOWN

U.S. ARMY ENGINEER DISTRICT, FORT WORTH JUNE 1962
SUBM T: j APPROVAL R COMMENDED: APPROVED:

ENGINEER ~ ~ ~- ENIER--LL rR4.N +
HIEF, PLANNING C REPORTS BRANCH CHIEF, ENGINEERING DIVI SION DISTRICT ENGINEER

PREP DRAWN BY: V J M. T ACCOMPANY COPREHENSIVE SURVEYREOR YE: TRINI23 J-VE

ENGIEER CHECED Y T J. FILE: TRIN 230-i9

PLATE 65

131

7

6

U. S. ARMY

5

4

3

2

N

0 10

o

:c

T

G

F

I



125. DESIGN STORM FOR INTERIOR DRAINAGE FACILITIES.- The urban
development within the areas to be protected by recommended levees on
the West Fork, Elm Fork, and the Dallas Floodway extension consists
principally of high-valued, concentrated, commercial or industrial
facilities with some moderate to high-valued residential sections in
the vicinity of the Dallas Floodway extension. The criteria for
design of interior drainage facilities in urban areas are set forth
in a preliminary manuscript of EM 1110-2-1410 (Engineering Manual,
Civil Works Construction, Part CXIV, Chapter 10, dated August 1955,
subject "Interior Drainage of Leveed Urban Areas"). In accordance
with information therein, the areas to be protected would be
classified as class U-1 (urban commercial). The storm resulting
from a 100-year frequency rainfall has, therefore, been adopted as
the design storm for proposed gravity drainage facilities on the
West Fork and Elm Fork Floodways, and the Dallas Floodway extension.
The future urban development anticipated within the area to be
protected by the recommended levee on the Trinity River at Liberty
would consist of moderate to high-valued residential areas with some
commercial and industrial sections. In accordance with the criteria
set forth in the above referenced engineering manual, this area would
be classified as class U-2 (urban, general). Interior drainage from
the leveed areas would pass through gated outlet structures in the
levees during periods when gravity drainage is feasible and by pumping
during periods when the flow of the Trinity River is at or above
35,000 second-feet at Liberty. The excess rainfall resulting from
the 100-year frequency rainfall has been adopted as the design storm
for proposed gravity drainage facilities at Liberty during periods of
low flows. The excess rainfall resulting from the 50-year coincident
rainfall has been adopted as the design storm for pumping facilities
at Liberty during periods when flows of 35,000 second-feet or more
are experienced at Liberty.

126. Plates 59 and 60 show all-season rainfall intensity-frequency
curves for Fort Worth and Dallas, respectively. However, for a storm
of 100-year frequency there are only minor differences between the
Fort Worth and Dallas curves. Therefore, all -season rainfall of 100-year
frequency has been determined utilizing the Dallas curves and adopted
for the design of gravity drainage facilities at the recommended Upper
Trinity River floodway projects. The incremental rainfall amounts
based upon the curves of plate 60 have been arranged substantially in
accordance with the criteria presented on plates 10 and 11 of EM 1110-
2-1411 ("Standard Project Flood Determinations"). An initial loss of
0.50 inch and an infiltration index of 0.05 inch per hour were used in
determining the rainfall-excess. The rainfall amounts at Liberty
were distributed in a similar manner. The losses given in paragraph 122
were used in determining the rainfall-excess at Liberty. The 100-year
all-season rainfall and rainfall-excess adopted for the design of
gravity drainage facilities are shown in tables 58 and 59.
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TABLE 58

DESIGN STORM RAINFALL & RAINFALL-EXCESS FOR GRAVITY DRAINAGE FACILITIES
UPPER TRINITY RIVER BASIN

100-YEAR FREQUENCY

Time in ~ Rainfall-
1-hour Rainfall Loss excess

periods : (inches)(inches)inches

1
2
3
4
5
6
7
8
9

10
11
12

13
14
15
16
17
18
19
20
21
22
23
24

Total

0001
0002
0003
0004

0. 05
0.06

0.13
0.14
0.15
0.16
0.17
0020
0.28
0.64
1035

3087
0.90
0035
0.12
0.11
0.10
0.09
0.08
0007

9.12

0001
0002

0003
0.04
0005
0.06
0.13
0.14
0a07
0005
0005
0005
0005
0005
0005
0005
0005
0005
0 o05

0.05
0005
0005
0005

1030

0
0
0
0

0
0
0
0
0.08
0011
0.12
0.15
0.23
0.59
1.30
3082
0085
0030
0.07
0.06
0005
0004
0.03
0002

7.82
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TABLE 59

DESIGN STORM RAINFALL AND RAINFALL-EXCESS
FOR GRAVITY DRAINAGE FACILITIES - LIBERTY

100-YEAR FREQUENCY

Time in mo Rainfall-
2-hour : Rainfall :4Loss excess
periods (inges) : (inches) :o (inches)

1 0.10 0.10 0
2 0.14 0.14 0
3 0.18 0.18 0
4 0.26 0.26 0
5 0.40 0.32 0.08
6 0.62 0.20 0.42
7 1.80 0.20 1.60
8 6.00 0.20 5.80
9 1.00 0.20 0.80

10 0.50 0.20 0.30
11 0.30 0.20 0.10
12 0.22 0.20 0.02

Total 11.52 2.40 9.12

127. DESIGN FLOOD CRITERIA FOR INTERIOR DRAINAGE FACILITIES. -
The interior drainage areas that will be created by construction of
the recommended levees are shown on plates 52 through 58. The design
flood hydrograph for gravity drainage of each interior drainage area
was obtained by applying the rainfall-excess values shown in tables
58 and 59 to the appropriate unit hydrograph for each area shown
in tables 54 through 57.

128. Gate-closing stage for each interior drainage area was
established as set forth in paragraph 124. Sufficient sump storage
has been provided in each interior drainage area of recommended
floodways on the Upper Trinity River Basin to store the runoff
resulting from the l00,-year frequency storm rainfall that would
occur coincident with the gate-closing stages on the individual
streams without exceeding the damaging stage in each sump area. The
capacity of the proposed sumps was established as follows: The
coincident rainfall intensity curves described in paragraph 124
and shown on plates 62, 63, and 64 were used to determine the 100-
year storm rainfall, which was then arranged substantially in
accordance with the criteria presented on plates 10 and 11 of
EM 1110-2-1411. Application of an infiltration rate of 0.05 inch
per hour to the storm rainfall produced runoff within the interior
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drainage areas of the West Fork and Elm Fork Floodways and Dallas
Floodway extension of 5.61; 3.14; and 5.18 inches, respectively.
Sufficient sump and pump capacity has been provided in the Big
Bayou and Clayton Bayou interior drainage areas of the Liberty
project to handle the runoff resulting from the 50-year storm
rainfall that would occur coincident with gate-closing stages
without exceeding the damaging stages within the two sump areas.
The coincident rainfall intensity curve shown on plate 65 was used
to determine the 50-year storm rainfall and an arrangement was
adopted similar to that used for the Upper Trinity River local
protection projects. Application of an infiltration rate of 0.10
inch per hour to the storm rainfall produced runoff of 3.75 inches.

129. Utilizing the sump and pump capacities established by the
methods set forth in the preceding paragraph, each gravity sluice
was then sized to pass the design flood hydrograph resulting from
100-year all-season rainfall (see paragraph 125) with free discharge
at the outfall without exceeding the minimum damaging stage within
the sump areas. Tables 60 through 63 summarize pertinent data for
each interior drainage area on the West Fork, Elm Fork, Dallas
Floodway extension, and at Liberty, respectively.

TABLE 60

WEST FORK INTERIOR DRAINAGE AREAS - PERTINENT DATA

Recommended : Recommended sump
gravity sluices : :Capacity

:Drainage: :Number : : : at
Area : area : Invert : and : Bottom :Damaging:damaging

designation :(square :elevation: size :elevation: stage : stage
miles) :(ft--msl) :(feet) :ft -msl) :(ft-msl): (ac -ft)

A 1.35 399.0 1-5x5 398.0 415.0 450
B-1 1.05 399.0 1-4x4 398.0 422.0 350
B-2 3.62 401.0 1-6x6 400.0 422.0 1,150
C 7.81 399.0 2-6x6 398.0 426.0 2,350
D 3.55 4270 1-6x6 426.0 456.0 1,100
E 2.33 455.0 1-5x5 454.0 477.0 750
F 3.05 455.0 1-6x6 454.0 474.0 1,000
G 1.84 455.0 1-4x4 454.0 478.0 600
H 1.73 483.0 1-6x6 482.0 495.0 550
I 2.07 483.0 1-6x6 482.0 500.0 650
J 0.77 483.0 1-4 x4  482.0 500.0 250
K 2.29 483.0 1-5x5 482.0 505.0 700
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TABLE 61

ELM FORK INTERIOR DRAINAGE AREAS - PERTINENT DATA

Recommended : Recommended sump
gravity sluices : : : Capacity

Area :Drainage: :Number : : at
designation : area : Invert : and : Bottom :Damaging: damaging-(square :elevation: size :elevation: stage : stage

miles) n(ft-msl) (feet :(ft-msl):(ft-msl):(ac-ft)

A 1.4 401.0 3-5x5 400.0 415.0 250
B 4.61 401,0 6 .5x5 400.0 416.0 800
C 1.99 405.0 3-5x5 404.0 421.0 350
D 3.72 406.0 3-6x6 405.0 423.0 650
E 5.84 408.0 5-6x6 407.0 425.0 1,000
F 5.82 411.0 5-6x6 410.0 430.0 1,000
G 4.25 417.0 5-5x5 416.0 43540 750
H 2.66 418.0 3-6x6 417.0 437.0 460

TABLE 62

DALLAS FLOODWAY EXTENSION
INTERIOR DRAINAGE AREAS - PERTINENT DATA

Recommended : Recommended sum
gravity sluices : : :Capacity

Area :Drainage: :Number : : : at
designation : area : Invert : and : Bottom : Damaging: damaging

:(square :elevation: size :elevation: stage : stage
miles) :(ft-msl) :(feet) :(ft-.msl) :(ft-msl):(ac-ft)

A 7.99 375.0 5-6x6 374.0 385.0 2,250
B 2.15 375.0 3-5x5 374,0 385.0 620
C-1 3.77 375 0 4 -5x5 374.0 390.0 1,100C-2 0.84 375.0 1- 4 x4  374.0 4oo.0 250
D-1 5.84 375.0 3-5x5 374.0 390.0 1,800
D-2 2.55 375.0 1-5x5 374.0 390.0 800
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TABLE 63

LIBERTY INTERIOR DRAINAGE AREAS - PERTINENT DATA

Recommended. : :Recomtended sump
gravity sluices :Capacity

Area :Drainage :Number :Recommended: :at
designation: area Invert : and :pumping :Maximum:maximum

:(square :elevation: dia. : capacity : stage : stage
: miles) :(ft-msl):(feet) g. p.m. :(ft-m-:(ac-ft)

Big Bayou 3.07 12.6 4 - 6 40,000 18.6 400
Clayton Bayou 5.43 5.3 7 - 6 150,000 11.3 290
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CHANNELS

130. GENERAL.- Three basic requirements must be met in the
design of the channels on the Trinity River and tributaries. These
requirements are navigation, reservoir regulation, and flood control.
A channel for navigation would be of sufficient depth and width to
accommodate the modern barge navigation required to transport the
prospective commerce on the canal. Channels for reservoir regulation
purposes would be of sufficient capacity to pass such reservoir releases
as were necessary to accomplish evacuation of the flood-control storages
in upstream reservoirs within a 30-- to 40-day period. The objective
with regard to flood control for agricultural areas would be, when
economically feasible, to provide 50-year protection against floods
originating on the uncontrolled areas below upstream reservoirs.

131. Channel capacities on the Trinity River below Dallas vary
from about 9,000 second-feet in the vicinity of Rosser, up to 53,000
second-feet in the vicinity of Riverside, and then down to 20,000
second-feet in the vicinity of Liberty. Under present conditions of
watershed development, with the existing reservoirs in operation,
flows at or above bankfull capacity originating from runoff on the un-
controlled area are experienced on an average of once a year at Rosser
and Liberty, and once about every 4 years at Riverside. Each year the
operation of flood-control reservoirs in the Upper Trinity River Basin
points up the deficiency of channel capacity prevalent in streams
below the reservoirs. As a result of this channel deficiency, flooding
is frequently produced by the occurrence of storms over the uncontrolled
area and regulated flood releases from the reservoirs must be reduced
or stopped entirely in order to keep flooding at a minimum. Thus, the
effectiveness of the flood-control storage in upstream reservoirs is
seriously impaired. The problems of flood control and reservoir
regulation have been magnified by increased economic development in
the flood plains. In addition to damages produced directly by overflow
from the Trinity River, serious losses in numerous levee districts
are sustained from interior flooding attributable to the inability of
drainage structures to discharge local runoff into the river during
high stages. Further details of these problems and the requirements
necessary for their correction are set forth in the following
paragraphs.

132. NAVIGATION CHANNEL. - Channel-size formulation studies for
navigation show that a channel having a depth of 12 feet and a bottom
width of 150 feet would be the most economical for modern barge
navigation required to transport the prospective commerce on the canal.
However, the conveyance capacity of such a navigation channel would
be inadequate to appreciably reduce the water surface elevation of the
Trinity River during major floods and, therefore, would not alleviate
flooding in the problem areas. Also, the limited conveyance capacity
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of the navigation channel would not be of sufficient capacity for

the anticipated operating discharges required to evacuate the
flood-control storages of the multi-purpose reservoir system within
a reasonable period after a major flood. Since channel requirements
for flood control and reservoir regulation generally exceed the
requirements for the navigation channel, no further consideration
has been given to the requirements for navigation only.

133. CHANNEL REQUIREMENTS FOR RESERVOIR REGULATION.- In
establishing channel capacities for reservoir regulation purposes,
consideration was given to the period required for the evacuation of
flood-control storages from upstream reservoirs. The retention of

flood-storage accumulations in the reservoirs reduces their ability
to control succeeding floods. Consequently, an increase in downstream

channel capacities would make higher releases possible, would reduce

the emptying time, and thus provide a more effective utilization of

the flood-control capacity in the reservoirs. An emptying time of

from 30 to 40 days is considered desirable for reservoirs in the
Trinity River Basin.

131+. A channel deficiency presently exists on the East Fork
where the capacity is only 500 to 1,200 second-feet, although under

the present plan for Lavon Reservoir, regulation is made to 2,000
second-feet on the East Fork downstream from the dam. However, a
channel capacity of 5,000 second-feet has been recommended in the

Review of Reports on Trinity River and Tributaries, Texas, Covering

the East Fork Watershed," dated November 1, 1961. Another critical
area is on the Trinity River in the vicinity of Rosser where the
existing channel capacity is only 9,000 second-feet. Under the
present plan of regulation for the Upper Trinity River reservoirs,
regulation is to 13,000 second-feet at Dallas and this discharge,
when combined with the previously recommended 5,000 second-feet on
the East Fork, would produce a regulated flow of 18,000 second-feet
at Rosser. Under the plan of improvement set forth in this report,
the recommended Lakeview Reservoir would contribute an additional
1,000 second-feet, thereby increasing the regulation at Dallas and
Rosser to 17,000 and 22,000 second-feet, respectively. On the

Trinity River below the recommended Tennessee Colony Reservoir the
minimum bankfull capacity is 20,000 second-feet in the vicinity of
Liberty.

135. During flood periods releases from the Corps of Engineers
reservoirs will be augmented by releases from local interest
reservoirs and by uncontrolled releases from Soil Conservation Service
reservoirs. Among local interest reservoirs, the system of reservoirs
on the West Fork above Fort Worth will probably make the largest
contribution. During the 1957 floods Lake Worth spilled for ever 2 months
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with the daily spills averaging about 5,000 second-feet. Investigations

based upon preliminary data indicate that the combined releases from

existing and proposed Soil Conservation Service reservoirs on the West

Fork of the Trinity River upstream from Dallas will be about 2,000

second-feet with an additional contribution of about 3,000 second-feet
between Dallas and Rosser. A similar investigation of the area below

Tennessee Colony Reservoir indicates that combined releases from Soil

Conservation Service reservoirs in this area will amount to about

4,000 second-feet plus an additional spill from the long-range water

supply reservoirs of about 6,000 second-feet.

136. As set forth in paragraph 134, the present operating dis-

charges at Dallas and Rosser, when corrected for releases from the

recommended Lakeview and enlarged Lavon Reservoirs, would increase

the regulation at Dallas and Rosser to 17,000sand 22,000 second-feet,

respectively. Further increase in the channel capacities by 7,000

second-feet at Dallas and 10,000 second-feet at Rosser would provide

additional capacity for releases from other reservoirs, as set forth

in paragraph 135. The required channel capacities for reservoir

regulation would then be 24,000 and 32,000 second-feet at Dallas and

Rosser, respectively. A channel capacity of about 35,000 second-feet

would be required below Tennessee Colony Reservoir for flood-control

releases from that reservoir. The additional contribution of 4,000

second-feet from downstream Soil Conservation Service reservoirs plus

the 6,000 second-feet from the long-range water supply reservoirs (see

paragraph 135) would bring the total channel capacity required for

reservoir regulation on the Lower Trinity River to 45,000 second-feet.

137. Based on the data presented in paragraphs 133 through 136,

it is concluded that the channel capacities shown in table 64 would

meet the combined requirements for reservoir regulation. The existing

channel capacities and the recommended operating discharges are also

shown in table 64. Flood routing studies made for-this report were

based on a regulation to only 8,000 second-feet (existing channel

capacity) on the Elm Fork at Carrollton. The recommended channel

capacity was subsequently increased to 15,000 second-feet with_ a

recommended operating discharge of 12,000 second-feet at Carrollton.

Since the operating discharge of 20,000 second-feet at Dallas would

not be changed, the principal effect of the additional channel capacity

on the Elm Fork would be to provide for an increase in flood releases

from the reservoirs on the Elm Fork watershed and a reduction in those

from Benbrook and Lakeview Reservoirs on the West Fork watershed. Such

a regulation would generally affect only the recession side of the

modified hydrographs downstream and would have little, if any, effect

on modified peak discharges below the reservoirs. For this reason,

further routings are not considered necessary for the purposes of this

report.
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TABLE 64

CHANNEL REQUIREMENTS FOR RESERVOIR REGULATION

:Average min. : Recommended : Recommended
:bankfull capa-c channel : operating

Reach :city-existing: capacity : discharge
(cfs) : (cfs) (cfs)

Clear Fork Trinity 8,000 8,000 6,000

West Fork Trinity
Fort Worth to mouth of Elm Fork 7,000 15,000 12,000

Mountain Creek
Lakeview Damsite to mouth 4,000 4,000 4,000

Elm Fork Trinity
Denton Cr, Grapevine Dam to mouth 6,000 7,000 6,000

Elm Fork, Lewisville Dam to

Carrollton Gage 8,000 10,000 8,000

Carrollton Gage to mouth of Elm

Fork 8,000 15,000 12,000(1)

Trinity River
Dallas Gage 13,000 25,000 20,000

East Fork Trinity
Forney Damsite to mouth 500-1,200 5,000 5,000

Trinity River
Rosser Gage 9,000 32,000 25,000

Richland Creek
Navarro Mills Dam to mouth 3,000 3,000 3,000

Chambers Creek
Waxahachie Creek to mouth 4,000 4,000 4,000

Waxahachie Creek
Bardwell Damsite to mouth 2,000 2,000 2,000

Trinity River
Oakwood Gage 24,000 45,000(2) 35,000

Liberty Gage 20,000 45,000 35,000

(1) Operating discharge of 8,000 second-feet used in flood-routing studies

for this report.

(2) The proposed SCS plan of development does not provide for retardation

structures on the Trinity River Basin below Romayor. Therefore, the

full effect of combined releases from reservoirs in the SCS plan

and the long-range water supply reservoirs would be experienced only

in the reach of the river from Romayor to the mouth. This report

recommends a channel capacity of 45,000 second-feet for reservoir

regulation purposes in all reaches of the Trinity River below

Tennessee Colony Damsite. However, in preconstructin planning studies,

consideration will be given to varying the channel capacity from

45,000 second-feet in the vicinity of Romayor to about 35,000

second-feet immediately below Tennessee Colony Damsite.
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138. The time required for the evacuation of the flood-control
storage of the reservoirs in the recommended plan, based upon the
recommended operating discharges of table 64, are shown in table 65.

TABLE 65

TIME REQUIRED FOR EVACUATION OF FLOOD-CONTROL STORAGE

Time required
Flood-control : Operating :for evacuation

Reservoir : storage : discharge ;of flood-control
(ac-ft) : (cfs) storagee (days)

Benbrook 76,550(1) 6,000 7
Lakeview 136,700 4,000 18
Roanoke 223,700 )
Grapevine 47,300 ) - 12,000
Aubrey 258,300 )
Garza-Little Elm 331,600

Total 860,900 12,000 37

Lavon (enlarged) 275,600 5,000 28
Tennessee Colony 2,144,300 35,000 31

(1) Flood-control storage below uncontrolled notch (elevation 710.0).

139. CHANNEL REQUIREMENTS FOR FLOOD CONTROL.- The objective with
regard to the design of flood-control channels for agricultural areas in
this report is to provide 50-year protection against floods originating
on the uncontrolled area below upstream reservoirs, when economically
feasible. The average minimum bankfull capacity of existing channels
and the channel capacities required (in conjunction with the recommended
reservoirs) to give varying degrees of flood protection to problem areas
on the Trinity River and tributaries are given in table 66.
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TABLE 66

CHANNEL REQUIREMENTS FOR FLOOD CONTROL

:Average mini-: Channel capacity(l) (cfs)
:mum bankfull : required to provide protection

Reach :capacity of : against flood of
existing : 10-year : 25-year : 50-year

:channel (cfs ):frequency: frequency: frequency

Elm Fork, Lewisville Dam
to Carrollton 8,000 8,200 13,200 18,100

Denton Creek below
Grapevine Dam 6,000 4,600 7,000 9,000

Trinity River, Five Mile
Creek to head of
Tennessee Colony Reservoir 9,000 36,000 50,000 61,000

Trinity River below Tennessee
Colony Damsite (2) 20,000 31,500 39,300 43,000

(1) In conjunction with recommended reservoirs.
(2) Most critical area in vicinity of Liberty.

140. MULTIPLE-PURPOSE CHANNEL REQUIREMENTS. - After due consideration
of the channel requirements for navigation, reservoir regulation, and
flood-control purposes presented in the preceding paragraphs, it was
concluded that the channel requirements for reservoir regulation, shown
in table 64, would be adopted as the basis for design of the multiple-
purpose channel. Further studies for the multiple-purpose channel
revealed that realignment of the channel required for navigation
should be made in certain reaches of the river in order to provide
improved conveyance of flood flows.

141. Generally, the channel requirements for reservoir regulation
control in establishing the capacity of the multiple-purpose channel.
However, greater channel capacities would be required for flood control
rather than reservoir regulation purposes in the following reaches:
the Elm Fork between Lewisville Dam and Carrollton, Denton Creek below
Grapevine Dam, and the Trinity River between Five Mile Creek and the
head of Tennessee Colony Reservoir. Consideration was given to affording
greater flood protection to these areas by providing for additional
channel enlargement or levees, but such a plan could not be economically
justified. The recommended channel would provide for draining of leveed
areas while flood-control releases from upstream reservoirs would be in
progress and would afford varying degrees of protection against flooding
which would result from storms originating on the uncontrolled area
below the upstream Reservoirs. Table 67 shows the degree of flood

52-704 0-65 (Vol. III)--11
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protection presently afforded to agricultural areas on the Trinity
River and tributaries by the existing channel. and reservoirs, and the
degree of protection that would be provided by the recommended
multiple-purpose channel and reservoirs. Plates 66 through 69 show
the Trinity River multiple-purpose channel profiles.

TABLE 67

DEGREE OF PROTECTION UNDER EXISTING CONDITIONS
AND RECOMMENDED PLAN

Existing conditions Recommended plan
:Average :Frequency of: :Frequency of
:minimum :floods at or: :floods at or

Reach : channel : above chan- : Channel : above channel
capacity:nel capacity: capacity: capacity
(cfs) : (years) : (cTs) : (years)

Elm Fork, Lewisville Dam
to Carrollton 8,000 9 10,000 14

Denton Creek below
Grapevine Dam 6,000 17 7,000 25

Trinity River
Five Mile Creek to head
of Tennessee Colony
Reservoir 9,000 1 32,000 8

Tennessee Colony Damsite
to river mile 313.4 24,000 1 45,000 90

River mile 313.4 to
river mile 207.9 34,000 3 45,000 80

River mile 207.9 to
river mile 96.4 53,000 4 45,000 70

River mile 96.4 to mouth
of Trinity River 20,000 1 45,000 60
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142. INTERIOR DRAINAGE - EXISTING LEVEE DISTRICTS o- There are 16
operating levee districts adjacent to the Trinity River below Dallas.
Pertinent data on these levee districts are presented in table 5. River
discharges which would prevent operation of the gravity sluices in each
of the levee districts were determined from discharge-frequency data
at gages in the vicinity of the levee districts. Based on these studies,
it was estimated that drainage through the gravity sluices would be
blocked at each of the levee districts at least once a year under
existing conditions

143. Similar studies were made assuming the recommended multiple-
purpose channel and recommended reservoirs in operation. With the
recommended plan of development on the basin, it was found that several
of the gravity sluices would be permanently blocked by the water
impounded in the navigation pools0  The levee districts thus affected
would be as follows: Kaufman County No. 0; Dallas County No. 1; Dallas
County No. 2; Ellis County No0 2; Kaufman County No0 1; Henderson
County No. 1; Navarro County No- 3; Ellis County No. 10; and Houston
County No, 2. In addition, the gravity sluice of the Henderson County
District No- 3 would be below the operating level of Tennessee Colony
Reservoir and would be blocked. Gravity sluices in the remaining
levee districts above Tennessee Colony Reservoir would be provided
with about 10-year protection against blocking at the recommended
operating discharges in the channel. In the remaining levee districts
below Tennessee Colony Reservoir, 1+0- to 50-year protection would be
provided against the blocking of gravity sluices at the recommended
operating discharges. Under the. recommended plan of improvement,
these levee districts which would be permanently blocked by the
navigation pools would be provided with pumping facilities to evacuate
floodwater from their interior areas.

144. SEDIMENT IN MUTI-;RPOSE CIA 0NN. - The flow of the West
Fork and the Trinity River from Fort Worth downstream will pass through
the system of locks and dams recommended for the multiple-purpose
channel. Under full development of the water resources these flows
would be largely contained within the canalized multi-purpose channel
consisting of a systemof navigation pools formed by iovae dams in
the channel and in the Tennessee Colony, Livingston, and Wallisville
Reservoirs. The sediment that will enter the proposed multiple-
purpose channel will come from various sources. Some sediment will
pass through upstream reservoirs. However, most of it would be
contributed by uncontrolled drainage areas- An appreciable amount
of sediment inflow would also originate as a. result-,of propeller wash
causing bank erosion or from bank slides occurring in the deeply
entrenched channel sections. Sediment inflow from upstream reservoirs
and from uncontrolled areas as determined as set forth in paragraph 900
Quantities of sediment inflow due to bank erosion or slides cannot be
determined accurately; however, it is recognized that these may add up
to considerable yardage.
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145. SEDIMENT DEPOSITION.- Flows in the recommended multiple
purpose channel would exceed bankfull capacities only on rare occasions.
Inspection of tables 69 and 70 indicates that the operating discharges
of the multiple-purpose channel would be equalled or exceeded only
about 0.8 percent of the time upstream from Livingston Dam (Pool No. 5B)
and 2.7 percent of the time downstream therefrom. The additional within
bank capacity that would be available between the operating discharge
and the recommended minimum channel capacities would result in even
shorter durations. Consequently, only a minimum amount of sediment
deposition would occur outside the channel. In the case of the reach
above Lock and Dam No. 12, in Tennessee Colony Reservoir, it was assumed
for the purpose of this study, that about 25 percent of the total sediment
load produced in each reach between locks of the multiple-purpose channel
would be deposited in the channel and that the remaining 75 percent of
the sediment would be transported downstream. Total sediment inflow
estimated above Lock and Dam No. 12 is 1,700 acre-feet per annum, of which
425 acre-feet per annum would be deposited in the channel and 1,275 acre-
feet per annum would flow into Tennessee Colony Reservoir. An additional
amount of sediment roughly estimated to equal at least 25 percent of
the anticipated annual sediment yield (425 acre-feet per annum) would
also be deposited in the channel as a result of bank erosion, slides,
and propeller wash. It was assumed that about half of the total sediment
deposited in the channel (425 acre-feet per annum) would be picked up
during floods and while regulated releases are in progress and transported
within the channel to be deposited in Tennessee Colony Reservoir. Thus,
the resulting total sediment inflow above Lock and Dam No. 12 would be
1,700 acre-feet per annum. It was further assumed that about half of
the total sediment brought in above Lock and Dam No. 12 (850 acre-feet
per annum) would be deposited in the channel in Tennessee Colony Reservoir

and the other half would be distributed elsewhere in the reservoir. The
material deposited in the channel and about 250 acre-feet per annum
produced in the reach between Lock and Dam No. 12 and Tennessee Colony
Dam, or, a total of 1,100 acre-feet per annum would have to be dredged
in order to maintain the minimum required channel depth and alignment.
In the case of the channels in the reaches above the Livingston and
Wallisville Reservoirs, most of the sediment would be brought into the
channels and transported into the respective reservoirs.

146. EFFECTS ON DESIGN WATER SURFACE.- Sediment deposited in the
multiple-purpose channel that would have to be dredged or removed would
be spoiled along the old river channels and banks in the vicinity of
the channel. The effects of sediment deposition in the restricted over-
bank areas of the leveed floodways were estimated to result in an

increase in the design water surface of about 0.5 foot. The corresponding
increase in the wider, unleveed floodplain would be even less. The
maximum increase in the hydraulic flow line would not be effective until
after 100 years of operation of the entire system. In view of the ample
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freeboard provided by the proposed levees it is felt that no allowance
was necessary in the levee grade or design water surface for this
encroachment.

147. FLOW-DURATION STUDIES. - Water resource data for 2020
conditions of basin. development were used to determine the runoff at

selected stream-gaging stations for the period January 1924 through
June 1957. Daily routing studies were made assuming the full system

of existing and proposed reservoirs were in operation. Municipal,
industrial, and irrigation water requirements for the year 2020 as

determined by the Department of Health, Education and Welfare were

supplied from existing and proposed reservoirs. The flow-duration

curves are shown on plates 70 and 71.
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148. NAVIGATION DESIGN FLOOD.- The reference plane for measuring
vertical bridge clearances in nontidal waters (as set forth in EM 1145-
2-320 dated March 22, 1962) should normally be referred to the water
stage or elevation which is not exceeded more than two percent of the
time.. The flow-duration curves of plates 70 and 71 were used to
establish flows which would not be exceeded more than two percent of
the time. Discharges for the navigation design flood used to
establish the two percent flow line are shown in the following
tabulation:

Discharge equalled or
Gaging station : exceeded 2% of time

(cfs)

Fort Worth 3,200
Grand Prairie 5,000
Dallas 14,000
Rosser 23,000
Oakwood 31,000
Riverside 34,000
Romayor 35,000

149. DEPTH OF WATER AVAILABLE FOR NAVIGATION. - Table 68 shows
the proposed normal elevations of the various navigation pools of the
multiple -purpose channel and the depth of water in feet between the
normal pool elevations and the design gradients of the multiple-purpose
channel at the approach and discharge channels adjoining the movable
navigation dams. These depths would be available during the occurrence
of low and medium low flows. Depths of 15, 42, and 39.5 feet in Pools
Nos. 1, 5B and 10B would prevail under conditions of full conservation
storage in the Wallisville, Livingston, and Tennessee Colony Reservoirs,
respectively. When conservation storage in these reservoirs would be
fully depleted, a depth of 12 feet would be provided for navigation
through these reservoirs. During passage of high flows, such as the
two percent flood discharges (regulated), operating discharges, or
the minimum channel discharges, the depths of water in the various pools
would be increased due to backwater conditions in the channel. The
extent of backwater depth in the various pools for the two percent flood
discharges (regulated) is shown graphically on plates 66 through 69.
These graphical presentations show that the depths of water available
for navigation in the various pools are materially increased during
periods of high flows in the channel.
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TABLE 68

PERTINENT DATA CONCERNINGP LAN OF IMPROVEMEN FOR MULTIPLE-PURPOSE TRINITY RIVER CHANNEL O TO OR O RH8, TEXAS

Section of casse : Channeimennion:Chnne.lcaacriyico): Norma.pol Sectio o nne snnelo Cnseh Ee i :W h r Oet Mn u P lvi : ph c : ae e h le o :ursaGd pay s
L Cn Lg etn d G e ei M a o ean p o an L t l t Wt r ern uDPEvo e

&dm -.l( ,ie (MSTe..) fee) 0 1.h . einHe5 d .s (wS ) : f.ln.. 3 &3am :. 11..c.f.(2) (..co..5 . (aSL).5 (et).5-5 () discargee esina No. (5SL (5 . (2

0.0 -13.36(3) Tidal 0.0 13.36
28.3 150 None None None

28.3(4s) -. 3,36(3) Tidal 0 13.36-- -~c ij 5 r5 1.y-u.0 (5) 1 4. 15.0
7.20 150 None 35,000(6) 45,000(6)

-11.0 (5) 4 15.0
-23.0 4 27.0

8.00 300 0.01585 35,000 45,000
43.50-16.31 4 20.31

-16.31
3.95 250 0.01585 35,000 45,Eoo

2 47.45 -13.0 1 4 17.0
-13.0 2 16 29.0

8.25 250 0.02687 35,000 45,000

5570 - 1.3 16 17.3
- 1.3

3.38 200 0.02687 35,000 45,000
3 59.08 3.5 2 16 12.5

3.5 3 36 32.5
13.92 200 0.80799 35,000 45,000

73-00 24.0 
36 12.0

73.00 24.0
1.85 200 None 35,000 45,000

4 7. 852 4.03 6 12.0
26.0 3 60 3,.0

22.09 150 0.0180 35,000 45,000
96.934(8) 395(0 46.9960 13o

3.94(10) 150 0.0180 35,00 93 45,000(96
100.88 50.73 60 9.27

48.0 60 12.00
96.94 1.06(11) 150 None None None

3A9.048.0 4 60 12.0
56 98.0089.0 5A 101 12.0

1.20(11) 150 None None None

5B 99.20(12) 89.0 56 101 12.0
89-0(13) 50 131 42.0

48.72 150 None 35,000(9) 45,000(9) 5

6 147. 89.0(13) s 131 2.095.8 6 138 14.2
36.00 150 0.01589 35,000 45,000

T 183.92 126.0 4 138 12.0
126.0 7 1 2.o

23.63 150 0.02083 35,000 45,000

8 207.152.0 
T 168 16.0

8 '207.5 152.0 8 192 40.0
10.40 150 0.02550 35,000 45,000

9 217.9 166.0 8 192 26.0
166.0 9 210 44.0

11.75 150 0.02643 35,000 45,000
229.70(14) 182.39 210 27.88

4.9(15) 150 0.02643 35,000(16) 45,000(16)
234.60 203.0 210 18.11
229.70 198.0 210 12.0

3.30(17) 150 None None None

10A 233.0 198.0 9 210 12.0
223.0 106 235 12.0

0.61(17) 150 None None None

10B 233.61 223.0 10A 235 12.0
223.0(18) 10B 262,5 39.5

25.30 150 3 28,000 35,000

1

11

12

13

14

15

16

17

18

19

20

21

(1) Distance in miles from Houston Ship Channel. (14) Junction of flood release channel to Tennessee Colony Reservoir spillway and navigation channel to Lock No. 10A.
(2) Depth of channel below elevation of normal pool. (15) Flood release channel from Tennessee Colony Reservoir spillway to channel mile 229.70.
(3) Plan of improvement provides for 12-foot channel depth below mean low tide datum which is 1.36 feet below mean sea (16) Discharge from gated spillway of Tennessee Colony Reseroir when conservation pool is full to elevation 262.5.

level datum. (17) Channel for navigation only in land cut below Tennessee Colony Dam.4) Lock No. 1 located in Wllinville Dam. (18) Channel located in Tennessee Colony Reseroir provides 12-foot navigable depth when conservation storage of
Channel located in Wallisville Reservoir provides 12-foot navigable depth when conservation storage in reservoir 27.5 feet is fully depleted to elevation 235.0.
is fully depleted to elevation 1.0. (19) Channel within flood-control storage pool of Tennessee Colony Reservoir provides 12-foot navigable depth throughout

6) Discharge through Wallisville Reservoir gated and overflow spillways when reservoir is full to elevation 4.0. pol 11.
7) Upper limit of lands inundated by Wallisville Reservoir. (20) Spur channel to Dallas terminus departs northward from the multiple-purpose channel at channel mile 326.72. The spur
(8 Junction of flood release channel to Livingston Reservoir spillway and navigation channel to Lock No. 5A. channel provides a 12-foot navigable depth below noral pool elevation 372 for a length of about 2 miles and terminates
(9 Discharge from gated spillway of Livingston Reservoir when reservoir is full to elevation 131.0. at a 400-foot square turning basin located about 2,500 feet north of the Tens & New Orleans R.R. crossing of the

(10) Flood release channel from Livingston Reservoir spillway to channel mile 96.0. channel to Fort Worth. A "Wye" channel 12' x 150' connects the spur channel to the channel to Fort Worth at channel
(11) Channel for navigation only located in land okttbelow Livingston Dam. mile 327.44.
12 Lock No. 5B located through west end of Livingston Dam. (21) Junction of flood release channel and spur channel to Fort Worth terminus. The spur channel provides a 12-foot13 Channel located in Livingston Reservoir provides 12-foot navigable depth when conservation storage of 30 feet in navigable depth below normal pool elevationj80 for a length of about 1.2 miles and terminates at a 400-foot squarereservoir is fully depleted to elevation 101.0. turning basin about one mile south of Haltom City.

(22) Downstream end of existing Fort Worth floodway at Riverside Drive Bridge.
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223.0(18) 10B 262.5 39.5
255.0 3.1I 270 12.0

15.60(19) 150 None 28,000 35,000
274.51 258.0 11 270 12.0

258.0 12 284 26.0
8.89 200 0.02982 25,000 32,000

283.340 272.0 284 12.0
272.0 284 12.0

3.24 200 None 25,000 32,000
286 272.0 12 284 12.0
26- 275.0 13 308 30.0

6.36 200 0.04078 25,000 32,000
293.00 291.69 308 16.31

2.00 150 0.04078 25,000 32,000

295.0 3 296.00 308 12.0
3.3 150 None 25,000 32,000

296.0 1 308 12.0
298.38 302.0 326 24.0

5.62 150 0.04044 25,000 32,000

304.0 23 314.0 326 12.0
2.31 150 None 20,000 27,000

30.1314.0 134 326 12.0
306.31 322.0 15 33 22.0

4.94 150 0.03451 20,000 27,000
311.25 331.0 1 344 13.0

331.0 1 356 25.0
6.56 150 0.03753 20,000 27,000

317.81 344.0 16 356 12.0
344.0 17 372 28.0

8.19 150 0.03701 20,000 27,000
32.02)360.0 372 12.0

326.00(20) 5.31 150 None 20,000 27,000
331331360.0 1 372 12.0

363.5 1 396 32.5

5.99 150 0.06482 20,000 25,000
337.30 384.0 396 12.0

5.21 150 None 12,000 15,000
342.51.12.0

.0 1 r2 22.0
3.49 200 0.05427 12,000 15,000

346.00412.0 424 12.0
5.91 200 None 12,000 15,000

351.91 412.0- 19 424 12.0

5.19 426.0 200 0,05109 12,000 15,000 20 452 26.0

357.10 44o 452 12.0
3.07 200 None 12,000 15,000

360.17440.0 20 4 12.0
451.0 21 480 29.0

2.63 150 0.05524 12,000 15,000
362.80(21) 458.67 480 21.33

3-48 150 0.05524 12,000 15,000

366.28 468.82 480 11.18
1.17 150 00.1000 12,000 15,000

367.45 475.0 480 5.0
0.38 150 0.1050 12,000 15,000

367.83 477.1 480 2.9
0.57 200 0.1050 12,000 15,000

368. I 480.25
1.38 200 0.0254 12,000 15,000

369.78(22) 482.11



150. DISCHARGES CONSIDERED. - Flow-duration curves for the

multiple-purpose channel under 2020 conditions of watershed develop-

ment (including the effects of all reservoirs presented in the plan

of improvement) are shown on plates 70 and 71. Inspection of these

curves reveals that the discharges occurring two percent of time are

of lesser magnitude than either the operating discharges or the

minimum channel capacities at the various stream-gaging stations,

as shown in the following tabulation:

2 percent flood i Operating :Minimum channel

Gaging station discharge regulated: discharge : capacity
(cfs) : (cfs) : (cfs)

Fort Worth 3,200 12,000 15,000

Grand Prairie 5,000 12,000 15,000
Dallas .114,000 20,000 25,000

Rosser 23,000 25,000 32,000

Oakwood 31,000 35,000 1+5,000

Riverside 314,000 35,000 455,000

Romayor 35,000 35,000 45,000

151. Operating discharges would occur more frequently and for

greater periods of time than discharges at the recommended minimum

channel capacities. Since the operating discharges are approximately

the same as the minimum channel capacities to be provided, further

discussion of the effect of large flows on navigation will be limited

to the operating discharges for the multiple-purpose channel.

1520 DURATION OF FLOWS AT OR ABOVE OPERATING DISCHARGES.e-
Table 69 shows the percent of time regulated flows in the multiple-

purpose channel would equal or exceed operating discharges at each

lock on the channel, based on the flow-duration curve data shown on

plates 70 and 71, for the various stream-gaging stations. The data

in table 69 show that flows equalling or exceeding operating discharges

at the locks upstream from the Livingston Dam would occur less than

one percent of time and that similar flows below the Livingston Dam

would occur about 2.7 percent of time . In this reach of channel, the

operating discharge of 35,000 second-feet would have a mean channel

velocity of about 3.3 miles per hour. The data in table 69 reveal

that the occurrence of high flows on the channel would not be of long

duration and apparently would not be seriously detrimental to navigation

excepting below the Livingston Dam where speed of towboats would be

affected by the velocities at high flows.
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TABLE 69

PERCENT OF TIME OPERATING DISCHARGE IS EQUALLED OR EXCEEDED
AT PROPOSED TRINITY RIVER LOCKS & DAMS

(BASED ON FLOW DURATION CURVES FOR 2020 CONDITIONS AT DESIGNATED STREAM-
GAGING STATIONS)

.Operating Percent of time
Location : discharge:operating discharge

Gaging station or lock number : _ :at gaging: is equalled or
:River:Channel: station : exceedd
:mile mile : (cfs) :Ott r ocation

Fort Worth Gage
Lock & Dan No. 21
Lock & Dam No. 20
Grand Prairie Gage
Lock & Dam No. 19
Dallas Gage
Lock & Dam No. 18
Lock & Dam No. 17
Lock & Dam No. 16
Lock & Dam No. 15
Lock & Dam No. 14
Rosser Gage
Lock & Dam No. 13
Lock & Dam No. 12
Lock & Dam No. 11
Lock No. 1B & Tennessee Col

Lock No. 10A
Oakwood Gage
Lock & Dam No. 9
Lock & Dam No. 8
Lock & Dam No. 7
Lock & Dam No. 6
Riverside Gage
Lock No. 5B & Livingston Dam
Lock & Dam No. 5A
Romayor Gage
Lock & Dam No. 4
Lock & Dam No. 3
Liberty Gage
Lock & Dam No. 2
Lock No. 1 & Wallisville Dam

ony I

558.3 3724.9
360.17
351.91

515.1 345.3
342.51

500.3 333.9
331.31
317.81
311.25
306.31
298.38

451.4 298.0
286.64
274-.51
258.91

Dam 233.61
233.00

313.4 220.6
217.95
207.55
183.92
147.92

182.5 136.1
99.20
98.00

994.3 75.8
724.85
59.08

40.3 47.8
47.45
28.30

(1) Lock No. l0B would be located in the west end of the Tennessee Colony
Dam and in general there would be no flow in pool 10B.

(2) Lock No. 10A would be located in cut-off channel and no flow would occur
in pool 10A.

(3) Lock No. 5B would be located in the west end of the Livingston Dam and
in general there would be no flow in pool 5B, except in the upper end
of the reservoir near the Riverside Gage.

(4) Lock No. 5A would be located in cut -off channel & no flow would occur
in pool 5A.

(5) Not determined, considered same as for Romnayor Gage.
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12,000

12,000

20,000

25,000

35,000

35,000

35,000

35,000

.6

.8

.4

.2

.1

.5

2.7

(5)

.7

.8

.8

.4

.24

.4

.4

.2

.2

.2

.2

(1)
(2)

.1

.1

.3

.5

(3)
(4)

2.7
2.7
2.7
2.7
2.7



153. Further information concerning the number of days that

regulated discharges would equal or exceed operating discharges
during a recurrence of the three major floods of record at the

various stream-gaging stations under 2020 conditions of watershed

development is graphically shown on the hydrographs for the floods of

April-July 1942, February-May 191+5, and April-July 1957 presented on

plates 23 through 37. A summary of the total number of days the

modified flows would be equal or exceeded the operating discharges

at gaging stations, as determined from the hydrographs of the three

major floods is given in the following tabulation:

:Total number of days modified flows would

:Operating: equal or exceed operating discharges during
Gaging station :discharge. flood of:

(cf's) : Apr-Jul 1942 : Feb-May 1945 : Apr-Jul 195

Grand Prairie 12,000 3 1 1

Dallas 20,000 8 3 1

Rosser 25,000 17 7 1
Oakwood 35,000 4 2 0
Riverside 35,000 5 17 3

Romayor 35,000 67 49 0

154. DURATION OF FLOWS AT OR ABOVE RECOMMENDED CHANNEL CAPACITY. -

Analyses of the three major flood hydrographs reveal that the modified

flows exceeded the recommended minimum channel capacities at and upstream

from the Rosser gaging station, as shown in the following tabulation:

-Minimum :Total number of days modified flows would

:channel :equal or exceed minimum channel capacities

Gaging station capacity : during flood of:
(cfs) : Apr.-Jul 1942 : Feb-May 1945 : Apr-Jul 1957

Grand Prairie 15,000 0 1 1

Dallas 25,000 4 1 1

Rosser 32,000 6 2 0
Oakwood 45,,000 0 0 0

Riverside 45,000 0 0 0

Romayor 45,000 0 0 0

155. In connection with the data presented in the above tabulation,
it is noted that the proposed multiple-purpose channel would be located

within the existing and recommended leveed floodways. The flows exceed-

ing minimum channel capacities in this reach would be confined within

the leveed floodways and would probably cause cessation of navigation

because of adverse overbank currents, during periods when modified flows

exceed minimum channel capacities. It is believed that the modified flows

in the channel downstream from the floodways would not cause cessation of
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navigation, based on the assumption that towboats of sufficient horse-
power would be provided to move the standard barge tows of three 35- X
195-foot barges in tandem against the velocities that would accompany
discharges at the minimum channel capacities

156. VELOCITIES IN NAVIGATION POOLS. - The estimated mean channel
velocities resulting from operating discharges in each of the navigation
pools and the percent of time the operating discharges would be equalled
or exceeded are given in table 70. The data in table 70 show that a
maximum mean channel velocity of 4.6 miles per hour would exist in
the upper portion of Pool No. 11 approximately 0.2 percent of time.
The average mean velocity in the pools would be more than 3.6 miles
per hour for a very small percent of time upstream of the Livingston
Dam, and about 2.7 percent of time in the pools below the Livingston
Dam. The foregoing concerns the operating discharge velocities which
would probably be experienced during recurrence of major floods on
the multiple-purpose channel under 2020 conditions on the Trinity River
Basin.

157. The percent of time that velocities of modified flows of
lesser magnitude than the recommended operating discharges, are
estimated to occur in the multiple-purpose channel at the various
stream-gaging stations under 2020 conditions in the basin, is shown
in the following tabulation. The data shown in the tabulation are
based on the flow-duration curves and velocity curves for the several
gaging stations.

:Location:Modified flow-Velocities in miles per hr
Stream-gaging station:(channel:One mile and :One to two :Two miles or

mile) :less (% time):r4les( time moreoe (% time)

Grand Prairie 345.3 98.0 1.1 0.9
Dallas 333.9 97.0 1.0 2.0
Rosser 298.0 91.5 5-0a4.5
Oakwood 220.6 96.0 0.7 3,3
Riverside 136.1 79.0 16.2 4.8
Romayor 75.8 89.5 5.5 5.0
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TABLE 70
PERTINENT DATA CONCERNING MEAN VELOCITIES

IN NAVIGATION POOLS DURING PASSAGE OF OPERATING DISCHARGE

Mean channel :Percent of time
Length :Operating: velocities :Operating dis -

Pool :of pool:discharge: (MPH) :charge is equalled.
number :(miles): (c)s) :Upper(l1):LQwer(2): Average: or exceeded

21 2.63(3) 12,000 2.2 1.3 1.75 0-7
20 8.26 12,000 2.5 1.2 1.85 0.8
19 9.40 12,000 2.5 105 2.0 0.8
18 11.20 20,000 4.1 1.9 2075 0.24
17 13.50 20,000 3.6 2.2 2.9 0.4
16 6.56 20,000 3.6 2.5 3.05 0.4
15 4.94 20,000 347 3.1 3.4 0.4
14 7a93 20,000 4.2 3.0 3.6 0.2
13 11.74 25,000 4.3 2.3 3.3 0.2
12 12.13 25,000 3.5 2.6 3.05 0.2
11 15.60 28,000 o.6 0.4 1.35 0.2
10B 25.30 28,000 0.6 0.1 0.35 (4)
10A 0.61 (5)

9 15.05 35,000 3-.6 2.3 2.95 0.1
8 10.40 35,000 3.4 2.5 2.95 0.1
7 23.63 35,000 3.6 2.4 3.0 0.3
6 36.00 35,000 3.4 2.4 2.9 005
5B 48.72 35,000 2.1 0.1 1.1 (6)
5A 1.20 (7)
4 23.15 35,000 3.6 3.1 3.35 2.7
3 15.77 35,000 3.9 2.7 303 2.7
2 11.58 35,000 4.0 2.5 3.25 2.7
1 19.20 35,000 3.2 2.5 2.85 2.7

(1)
(2)

Velocity at upper end of pool.
Velocity at lower end of pool.

(3) From junction with flood-control channel to
(1) Negligible, based on full conservation pool

Reservoir.

(5) Lock l0A would be located in cut-off and no
in pool 1OA.

(6) Negligible, based on full conservation pool
Reservoir.

Lock 21.
at Tennessee Colony

flow would occur

at Livingston

(7) Lock 5A would be located in cut-off and no flow would occur
in pool 5A.
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158. EFFECT OF VELOCITIES ON NAVIGATION.- The data presented
in the foregoing tabulation indicate that the durations of velocities
of one mile per hour or less produced by regulated discharges in
the multiple-purpose channel would be as follows: more than 90
percent of time upstream of the Oakwood Gage, 79 percent of time at
the Riverside Gage, and about 90 percent of time at the Romayor Gage.
These data also indicate that the navigation pools generally would
be at normal elevation, or slack water condition, and that the
velocity of channel flow in the various pools would not materially
affect navigation after full development of the Trinity River Basin
reservoir system.

159. DISCHARGE FREQUENCY Observed records are available at
various gages on the Trinity River and tributaries. Based upon these
observed records, flows under 1958 (existing) conditions of watershed
development were estimated for the areas above the existing reservoirs
and for the incremental areas between the existing reservoirs and
downstream gages for the period 1924 through 1959. Flows for the same
period were also estimated under 2020 conditions of watershed develop-
ment for the areas above all reservoirs considered in the plan of
development and for the incremental areas between these reservoirs
and downstream gages. Period of record routings were made through
the system of existing reservoirs to downstream gages under 1958
conditions of watershed development and through the system of
reservoirs considered in the plan of improvement to downstream gages
under 2020 conditions of watershed development. The peak discharges
produced at downstream gages under existing (1958) conditions and under
the plan of development (2020 conditions) were then used to construct
discharge-frequency curves at selected downstream gages in accordance
with the graphical methods set forth in Leo R. Beard's "Statistical
Methods in Hydrology" (distributed with Civil Works Engineer Bulletin
52-24, dated August 26, 1952). The discharge- frequency curves thus
constructed for existing (1958) conditions and conditions that would
obtain under the plan of development (2020) have been used as a basis
for the economic studies presented in Appendix IV, Flood-Control
Economics . An example of these curves for reach 3 (Midway Gage) is
shown on figure 1 of Appendix Iv.
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HYDRAULIC DESIGN

160. GENERAL.- Studies were made to determine the hydraulic
characteristics under existing conditions and various plans of
improvement on the Trinity River and its tributaries, particularly
within the limits of the mdtiple-purpose channel between Fort Worth,
Texas, and the mouth of the river. The following paragraphs describe
the hydraulic studies made on the Trinity River, West Fork, Elm Fork,
East Fork, Mountain Creek, Duck Creek, and their major tributaries.

161. WATER SURFACE PROFILES - EXISTING CONDITIONS.- Hydraulic
computations were made to establish water surface profiles and limits
of flooding under existing conditions on the Trinity River and its
major tributaries between Fort Worth and the mouth of the river.
Backwater studies were based on Manning's formula, in accordance
with paragraph 10 of EM 1110-2-1409, December 7, 1959, using roughness
coefficients of 0.035 to 0.060 for the existing channels and 0.060 to
0.120 for the overbanks. The backwater studies were further correlated
with observed highwater data and measurements at U. S. Geological
Survey gages on the Trinity River and its tributaries. Plates 2 through
12 show the profiles of the Trinity River and its tributaries under
existing conditions and the profiles for the flood of record under
historical conditions.

162. CHANNEL CAPACITIES. - Existing channel capacities for reaches
of the Trinity River and its tributaries were determined by backwater
computations, correlated with observed discharge measurements. The
existing channel capacities for the Trinity River and its principal
tributaries, and the capacities of the improved channels are shown in
table 64.

1630 PLAN OF IMPROVEMENT.-

a. Channel.- The design of the multiple-purpose channel
is based on a consideration of the requirements for navigation, flood
control, and reservoir regulation. Various size channels were investi-
gated to satisfy these three requirements. Channel size formulation
studies for navigation show that a channel having dimensions of 12
feet deep and 150 feet of bottom width, with side slopes of 1 vertical
on 2 horizontal, would be the most economical for modern barge navigation
required to transport the prospective commerce on the channel. Channel-
size studies for flood control and reservoir regulation indicated that
the most feasible channel for these purposes would more nearly follow
the existing river alignment, including certain river bend ctt-offs,
and clearing only in portions of the existing river channel. The
recommended multiple-purpose channel incorporates the most advantageous
and feasible features of the requirements for each of the purposes.
This includes enlargement of the navigation channel by deepening and
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widening where necessary to provide sufficient capacity for passage of
operating discharges from the existing and recommended flood-control
reservoirs on the watershed and to provide additional capacity for
runoff from the uncontrolled drainage areas below the reservoirs. The
general plan of the multiple-purpose channel project is shown on
plates 72 through 79. Pertinent data concerning the design dimensions
and capacities of the multiple-purpose channel from the Houston Ship
Channel to the lower end of the Fort Worth Floodway are given in
table 68. Generally, channel dimensions established in this report
cover long reaches of the river. However, during preconstruction
planning studies more detailed surveys will be available. Actual
channel sizes will then be established based on local requirements and
topography.

b. Levees.- The existing levees downstream from Five Mile
Creek, with the exception of the recommended Liberty levee, are
agricultural levees and would provide protection from floods in excess
of 100-year frequency under improved channel conditions. The levees
for the existing Fort Worth and Dallas Floodways, which would become
a part of the improved floodway, have a minimum freeboard of 4 feet
above the water surface elevation resulting from the standard project
flood discharge. Levees generally along both banks of the improved
channel from Five Mile Creek to the existing Dallas Floodway and from
Elm Fork to the existing Fort Worth Floodway, would therefore be designed
to provide a minimum freeboard of 4 feet above standard project flood
discharge levels. All levees upstream from Five Mile Creek would be
provided with a minimum top width of 10 feet and have 1 on 2.5 side slopes.
Table 71 gives the pertinent hydraulic design data for the multiple-
purpose channel and levees upstream of Five Mile Creek. The Liberty
local protection project would consist essentially of levees along the
left bank of the Trinity River. These levees in conjunction with the
recommended multiple-purpose channel would provide protection from a
standard project flood having a peak discharge of 180,000 second-feet.
A minimum freeboard of 4 feet above the design water surface would also
be provided for the Liberty levees. Levees hydraulically constructed
would have a minimum crown width of 20 feet and side slopes varying from
1 on 20 to 1 on 3, depending upon the natural repose of the hydraulically
placed material. The plan of improvement for Liberty is shown on plate 58
and the profile of the proposed levee is shown on plate 80.

c. Bridge Improvements.- The plan of improvement provides
for all railroad bridges over the navigation channel to be of the
vertical lift type. The lift bridges would provide a minimum vertical
clearance of 50 feet in open position above the stage that governs 98
percent of the time and a minimum vertical clearance of 3 feet in closed
position above elevation of maximum high water or standard project flood
design water surface in leveed floodways, as may be applicable at the
bridge site. Table 72 gives pertinent design data for railroad bridges
on the multiple-purpose channel. The plan of improvement for all
highway bridges over the navigation channel are based on providing a
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minimum vertical clearance of 50 feet above maximum navigation eleva-

tion, which in all cases would exceed the minimum low steel level

required for the passage of flood releases. Table 73 gives informa-
tion concerning design data for highway bridges. Bridges above the

limits of navigation on the Trinity River and on tributaries above

Five Mile Creek would provide a minimum freeboard of three feet between
low steel and the water surface level of the standard project flood.

Typical highway and bridge details are shown on plate 81.

d. Interior Drainage.- Details for interior drainage
facilities in the existing, authorized, and previously recommended

floodways are set forth in the appropriate design memorandums and

plans for construction of the floodways. For all new levee systems,
with the exception of the leveed area at Liberty, the interior

drainage will be controlled by gravity sluices and sump storages to

provide protection from flooding of the interior areas from storms

having a frequency of recurrence of once in 100 years. In addition

to gravity sluices, the leveed area at Liberty will be provided with

a 40,000 gpm pump in the Big Bayou interior drainage area and a

150,000 gpm pump in the Clayton Bayou interior drainage area as shown

on plates 58 and 80. The location of sumps and tabulation of the

pertinent data for the gravity sluices and sumps are shown on
plates 52 through 58.

52-704 0-65 (Vol. III)-12
159



TABLE 71

HYDRAULIC DESIGN DATA
MULTIPLE-PURPOSE CHANNEL

FIVE MILE CREEK TO FORT WORTH, TEXAS

Location

Five Mile Creek Diversion Channel
Grade Control Change
Highway Loop 12
Honey Springs Branch Diversion Channel
White Rock Creek Diversion Channel
Above Mouth White Rock Creek
T&NO Railroad
'Iterstate Iighvqa 45
MKT Railroad
Forrest Avenue
G.C. & S.F. Railway
Lock & Dam No. 18 (D. S.)

(U. S.)
Corinth Street
Cadiz Street
Interstate Higway 353
Houston Street
Dallas-Fort Worth Turnpike
Commerce Street
T&P Railway
Continental Street
Sylvan Avenue
Hampton-Inwood Road
Westmoreland Avenue
Grade Control Change
Elm Fork Confluence
Above Mouth Elm Fork
State Highway Loop 12
Mountain Creek
Lock & Dam No. 19 (D. S.)

(U. S.)
Meyers Road
Mouth Bear Creek
Above Mouth Bear Creek
Beltline Road
Grade Control Change
Bear Creek Diversion Channel
C.R.I.&P R.R. Spur
State Highway No. 360
Lock & Dam No. 20 (D. S.)

(U. S.)
F. M. Highway No. 157
Unnamed Creek Diversion Channel
Sulphur Branch Diversion Channel
Above Sulphur Branch Diversion Channel
Arlington Bedford Road
Grade Control Change
Village Creek
Above Mouth Village Creek
Walker Branch Diversion Channel
Arlington-Smithfield Road
Lock & Dam No. 21 (D. S.)

(U. S.)
Unnamed Creek Diversion Channel
Highway Loop 820
Handley-Ederville Road
Big Fossil Creek Diversion Channel
Above Big Fossil Creek Diversion Channel
Little Fossil Creek Diversion Channel
White Lake Outfall Diversion Channel
Grade Control Change
First Street

Grade Control Change
Channel Size Change
Grade Control Point
Beach Street
Riverside Drive
End Channel Improvement

Channel
mile

321.50
326.00
326.02
326.15
326.62

328.30
328.46
330.28
330.65
331.09
331.31

331.41
332.22
332.28
332.61
333.12
333.50
333.66
333.93
334.89
336.33
337.26
337.30
338.80

340.39
340.89
342.51

345.25
346.00
346.83
350.54
350.75
351.91

354.00
355.13
356.08

357.00
357.10
358.10

359.79
359.95
360.17

361.13
362.11
362.70
362.92

363.68
364.71.
366.28
366.80
367.45
368.02
368.40
368.60
369.41
369.76

: :
:
:

:
:
:

(1) Flow 148,000 cfs prior to Bear Creek Diversion.

160

:
:

Design
discharge

(cfs)

174,600
174,600
174,600
174,600
174,600
163,800
163,800
163,800
163,800
163,800
163,800
163,800
163,800
163,800
163,800
163,800
163,800
163,800
163,800
163,800
163,800
163,800
163,800
163,800
163,800
163,800
160,000
160,000
160,000
160,000
160,000
160,000
160,000
160,000(1)
160,000(1)
160,000(1)
160,000(1)
148,000
148,000
148,000
148,000
148,000
148,000
148,000
138,000
138,000
138,0oo
138,000
117,700
117,700
117,700
117,700
117,700
117,700
117,700
117,700
117,700
95,000
95, 000
95,000
95,000
95,000
95,000
95,000
95,000
95,000
95,000
95,000

Bottom
grade
(ft-msl)

351.22
360.00
360.00
360.00
360.00
360.00
360.00
360.00
360.00
360.00
360.00
360.00
363.50
363.84
366.61
366.82
367.95
369.69
370.99
371.54
372.47
375.75
380.68
383.86
384.00
384.00
384.00
384.00
384.00
384.00
402.00
403.20

409.85
412.00
412.00
412.00
412.00
412.00
426.00
431.64
434.69
437.25

439.70
440.00
440.00
440.00
440.00
440.oo
440.00
451.00
453.80
456.56
458.38
459.02

461.24
464.24
468.82
471.46
475.00
478.15
480.25
480.50
481.62
482.11

Bottom
width
(feet)

150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
150
150
150
150
150
150
150
150
150
150
150
200
200
200
200
200

: Design
: water surface
: (ft-msl))

396.2
404.5
404.6
404.8
405.7

408.4
408.6
411.1
411.6
412.2
412.3
413.3
413.5
414.8
414.9
415.5
416.3
417.0
417.2
417.7
419.2
421.4
422.9
422.9
425.5
425.5
430,0
431.3
435.3
436.3
438.0

446.1
448.9
451.5
459.1
459.5
461.2
462.2
469.8
473.0
475.6
475.6
478.2
478.5
480.8
480.8
483.5
483.8
484.1
485.1
489.3
493.7
496.3
497.2
497.2
500.0
503.5
508.8
510.6
513.0
515.2
516.4
516.9
519.7
520.8



ORPS OF ENGINEERS

}

F

V LL
H

W 
f

O v

x

6. 
4

W -

J 
C

W

- O

Ol

J

Wig0-
ii cc

N !C

U.S. ARMY

T 1 T 1 F FFF T

0 ---- 0 --- ~ ------ RECOMMEN

~ 0 - pOP OF LEVEE

- - - - - - --- DESIGN

- - -

HIGH-- -"

-- - -. -. WAT O-F

2-36"CULVERT PIPE

NORTH

6IDN-N

INTERIOR DRAINAGE DITCH ---- . CLAYTON AD

4 44-42L L0 38 36 .- 34 32 30 28 26 24 I 22 20 8 16 14 2 10
50 48j

H10
52 .8.0H

10'1120'

12" STNRIPPING

GRUBBING

Q H 17,
DISTANCE IN THOUSAND FEET

C? I ao

3

INTERIOR DRAINAGE DITCHI

GRUBBING

IU DIVERSION DITCH -

8 6 4 2 0

40

35 .

w
w

L-

25. Z

z
0

15 0

I0

s

EL. 28.0 0

12 STRIPPING AE
RLATON -

"ERNBITO-

TYPICAL SECTION STATION 40+00 TO 115+00
TYPICAL SECTION STATION 123+00 TO 166+00

20' MIN.

20

IDe

CLEARING AND GRUBBING LIMITS

TYPICAL SECTION HYDRAULIC SPOIL EMBANKMENT

STA. 210 + 00 TO 560+400

LEGEND

-- HIGH WATER OF RECORD
--- DESIGN WATER SURFACE

CENTERLINE OF PROFILE
GRADE OF DITCHES

TRINITY RIVER AND TRIBUTARIES, TEXAS
TRINITY RIVER
LIBERTY LEVEE

PROFILE

II 2 SHEETS DCALE AD OHOWN SHEET NO. 2

U.S. ARMY ENGINEER DISTRICT, GALVESTON JUNE 1962
SUBMAPP 0 AL RED NED APPROVE.

ENGINEER ENGINEE - .C OR E[G6NEERS
S ANNING R T RAN G OCIE .ENGINEERING DIVISION TRICT ENGINEER

P EPARED: DRA N b Oy: TOACCOMPANYCOMPREHENSIVE SURVEY
REPORT ON LATTRINITYR E NI 8E0U

ED SPECIA STUDIES SECTION N cE VIE T I.23 -1

/WFWAW

C0

OI

c0

O

d"J

CLEARING LIMITS
GLEANING 6iwola

- . MC . .. STDE ECIN i ~ {1"G V

- - PL ATE 80

W

2

J

W

Z

O

S

a

w
J

W

F

M

O

U

mI

J

O.

JI,

U

-t 44664 62 60 58 56 54 52

V ARIABLE

CLAYTON BAYOU
DIVERSION DITCH

-

GRUBBING

i
I



__c



TABLE 72

PERTINENT DESIGN DATA - RECOMMENDED RAILROAD BRIDGES
MULTIPLE-PURPOSE CHAPEL

:Elevation:Maxiu ; Low steel elevation

.Channel: Channel :4Normal : of : high e (ft -msl)

Name of bridge mile : bottom pool :2 percent: water Lift span :Flanking
Width n Grade :elevation:flow line:elev.(1)lOver channel : spans

(feet o ft-_msl): (ft-mmsl)o:(ft -msl.nf mlrCoed n-(ie)

Houston Ship Channel
T&NO R.R. 47.94 250 -13.0 16.0 17.1 26.3 29.3(2) 67.1 29.3

Missouri Pacific R.R. 52.57 250 - 5.6 16.0 20.0 34.5 38.2(3) 70.0 38.2

GC&SF Rwy. 77.28 150 28.3 60.0 62.7 73.8 83.5(3)112.7 83.5

T&NO R.R. 91.93 150 42.7 60.0 74.1 91.0 94.0 124.1 94.0

Missouri Pacific R.R. 136.08 150 89.0 131.0(4) 133.0 133.0 142.7 183.0 142.7

Missouri Pacific R.R. 219.70 150 168.5 210.0 211.4 223.0 228.9(3)261.4 228.9

SL&SW Rwy. 264.14 150 258.0 For design data refer to Tennessee Colony Reservoir

Recommended Dallas Terminus

T&NO R.R. 328.30 150 360.0 372 380.8 408.4 411.4 430.8 411.

KT R.R. 330.28 150 360.0 372 382.0 411.1 414.1 432.0 414.1

GC&SF Rwy. 331.09 150 360.0 372 382.5 412.2 , 416.6 432.5 416.6

T&P Rwy 333.66 150 371.5 396 397.6 417.2 428.8 447.6 428.8

Gifford Hill Gravel Co. R.R. 341.86 150 384.0 396 402.4 4333 436.3 452.4 436.3

CRI&P R.R. 350.54 200 412.0 424 426.1 459.1 462.1 476.1 462.1

1 Rfer toeleaton f hstoica mximm h kewaer below channelmlie 322.0,~,and the~standard

project flood design water surface in recommended or existing leveed floodways upstream of channel

mile 322.0
(2) Recommended low steel will not adversely affect levee freeboard since standard project flood discharge

will inundate rail on right bank, minimum base of rail elevation 28.2, for a distance of 12,800 feet.

(3) Based on maintaining existing grade of railroad at bridge crossing.

(4) Top of conservation storage in Livingston Reservoir which 
may be depleted to elevation 101.0.



TABLE 73

PERTINENT DESIGN DATA - RECOMMENDED HIGHWAY BRIDGE

MULTIPLE-PURPOSE CHANNEL

Channel :: Elevation of : Maximum : Design 3-span : Leveed floodwayName of bridge Channel mile : bottom : Normal pool : 2 percent : high water : low steel : Top of levees : Width c to c
Width : Grade : elevation : flow line : elevation elevation : elevation : of levees
(feet) (ft-msl) (ft-mel) : (ft-mal) : (ft-mal) : (ft-ml) : (ft -I

Proposed Fort Worth Terminus

East First Street
Beach Street
Riverside' Drive (Northbound)
Riverside Drive (Southbound)

366.80
368.60
369.41
369.41

150 -11.0 4.0 4.1 8.0 54.1
150 -11.0 4.0 4.1 8.0 54.1
250 -13.0 16.0 17.1 28.0 67.1
250 -13.0 16.0 17.1 28.0 67.1
150 26.9 60.0 61.6 72.0 111.6
150 42.7 60.0 74.0 91.0 124.0
150 89.0 101.0 102.0 - 152.0
150 89.0 131.0 131.0 131.0 181.0
150 89.0 131.0 133.0 133.0 183.0
150 116.0 138.0 150.2 167.7 200.2
150 140.2 168.0 174.5 178.4 224.5
150 170.0 210.0 211.5 244.0 261.5
150 223.0 ( F
150 258.0 For design data refer to Tennessee Colony Reservoir
200 272.0 284.0 295.2 319.5 345.2
150 296.0 308.0 321.0 343.0 371.0
150 334.1 356.0 357.8 370.0 407.8
150 339.5 356.0 360.1 377.8 41o.1
150 348.1 372.0 373.8 396.0 423.8

Houston Ship Channel

Interstate Highway 10 (Westbound) 30.36
Interstate Highway 10 (Eastbound) 30.37
U. S. Highway 90 (Eastbound) 47.84
U. S. Highway 90 (Westbound) 47.90
State Highway 105 75.78
U. S. Highway 59 91.86
County Road (2) 98.90
U. S. Highway 190 111.54
State Highway 19 136.15
State Highway 21 171.63
State Highway 7 196.68
Interstate Highway 35E 220.55
U. S. Highway 287 249.99
State Highway 31 264.52
State Highway 1129 285.60
State Highway 34 298.04
Malloy County Road 312.84
Belt Line Road 315.57
Dowdy Ferry Road (2) 319.92

Proposed Dallas Terminus

State Highway Loop 12 (Eastbound) 326.02
State Highway Loop 12 (Westbound) 326.02
Interstate Highway 45 (Northbound) 328.46
Interstate Highway 45 (Southbound) 328.47
Forrest Avenue 330.65
Corinth Street 331.41
Cadiz Street 332.22
Interstate Highway 35E 332.28
Houston Street 332.61
Dallas-Fort Worth Toll Road 333.12
Comerce Street 333.50
Continental Street 333.93
Sylvan Road 334.89
Hampton Rod 336.33
Westmoreland Road (2) 337.26.
State Hghway Loop 12 340.39
Meyers Road 342.94
Belt Line Road 345.25
State Highway 360 350.75
F. M. Road 157 (Northbound) 354.00
F. M. Road 157 (Southbound) 354.01
Arlington-Bedford Road 357.00
Arlington-Smithfield Road 359.95
U. S. Highway Loop 820 (3) 362411
Handley-Ederville Road 362.70

379.2
379.2
380.8
380.8
382.3
397.0
397.2
397.2
397.2
397.3
397.3
397.8
398.2
399.2
400.2

402.2
425.0

425.1
426.1
453.0
453.0
453.2
453.7

481.0
481.0

404.6
404.6
408.7
408.7
411.6
413.5
414.8
414.9
415.5
416.3
417.0

417.7
419.2
421.4
422.9
430.0
438.0
446.1
459.5
469.8
469.8
478.2
483.8

493.7496.3

429.2
429.2
430.8
430.8
432.3
447.0
447.2
447.2
447.2
447.3
447.3
447.8
448.2

449.2
450.2
452.2

475.0
475.1
476.1
503.0
503.0
503.2
503.7

531.0
531.0

None 510.6 513.6
- 516.9 519.9
- 519.7 522.7
- 519.7 522.7

345.0 1,800
376.0 2,000
385.0 2,200

406.6
4o8.6
412.7
412.7
415.6
425.7
427.2

427.4427.9
428.8
430.7.
430.3
431.4
434.4
433.6
431.1
442.0
450.1
463.5
463.8
463.8
482.3
487.8

500.3

2,150
2,150
2,000
2,000
2,400
2,300

1,950

2,000
2,000
1,950
1,800
1,900
2,600
3, 070
2,900
2,100
2,100

2,000
3,2001,600
1,600
3, 000
3,000

2,300

514.6 1,050
520.9 1,700
523.7 1,120
523.7 1,120

(1) Refers to elevation of historical maximum high water below channel mile 322.0 and the standard project flood design water surface in proposed or existing leveledfloodways upstream of channel mile 322.0

(2) Under construction as of January 1962.

- -- -, - - -- , I -- -, - . % -- - , IL 6 W-MIWJ j LL. .L I o IMOL :j t( ee- )

150 360.0 372.0
150 360.0 372.0
150 360.0 372.0
150 360.0 372.0
150 360.0 372.0
150 363.8 396.0
150 366.6 396.0
150 366.8 396.0
150 368.0 396.0
150 369.7 396.0
150 371.0 396.0
150 372.5 396.0
150 375.7 396.0
150 380.7 396.0
150 383.9 396.0
150 384.0 396.0
200 403.2 424.0
200 409.8 424.o
200 412.0 424.0
200 431.7 452.0
200 431.7 452.0
200 439.7 452.0
200 440.0 452.0
150 456.6 48o.o
150 458.4 480.0

150 471.5 480.0
200 480.5 -
200 481.6 -
200 481.6 -
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164. WATER SURFACE PROFILES - MULTIPLE -PURPOSE CHANNEL.-

a. Trinity River below Five Mile Creek.- Backwater studies

were made for the improved channel for various regulated flows including

the 2 percent flood discharge, using a channel roughness coefficient

of 0.030 in the Manning formula. The minimum level in each navigation

pool was assumed to be one foot above normal pool during the passage

of these flows. The mean channel velocity for the operating and 2

percent discharge would vary from 0.4 to 4.6 miles per hour with

Tennessee Colony and Livingston Reservoirs at or above conservation

level. However, in extreme cases, when the reservoirs would be empty

and the navigation pools at normal (minimum) level, velocities in

the portion of the channels in the reservoirs would be slightly

higher. Plates 66 through 69 show the water surface profile for the

2 percent flood discharge for the limits of navigation under improved

conditions.

b. Trinity River and West Fork above Five Mile Creek.-
Backwater studies for the multiple-purpose channel upstream from Five

Mile Creek were based on the assumption that the flows would be confined

within levees (within the designated floodway limits) having a distance

between centerlines of levees varying from a minimum of 1,050 feet to

a maximum of 3,000 feet. Where levees are not provided on both banks

in the recommended plan of improvement, this assumption would permit

construction of additional levees where required, or other development
in the remaining flood plain without encroachment on the capacity of

the designed floodway. Water surface profiles for the design flood

discharge were developed for the improved floodway, using roughness

coefficients of 0.030 in the Manning formula for the channel, and 0.070

for the overbank (berms between channel and levees). Plates 82 through

85 show the design water surface profile for the standard project

flood discharge above Five Mile Creek under improved conditions.

163
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165. NAVIGATION LOCKS.- A total of 23 navigation locks would
be required to overcome the total fall of 480 feet in the recommended
multiple-purpose channel. All of the locks, except Lock No. 1, would
be equipped with miter gates. Lock No. 1, with a maximum lift of
4 feet, is located where a reversal of head may occur and would be
equipped with sector gates. No filling and emptying system would be
required for Lock No. 1 as filling and emptying would be accomplished
by end filling and emptying through the gates. The remainder of the
locks provide side port filling and emptying systems which were
designed in accordance with the "Arkansas River Multiple-Purpose
Project, Arkansas River and Tributaries, Project Design Memorandum No. 3,
Navigation Lock, Part I - Criteria." Typcial navigation locksites and
lock and dam details are shown on plates 86 through 93.

166. For the 84- X 600-foot locks a side port filling system is
proposed in each lock wall. The filling system would consist of a

12- X 12-foot culvert with valves of reversed tainter gates, 8 intake
manifolds, 20 lock chamber ports located in the downstream two-thirds
of the chamber and staggered with those on the opposite wall, and 6
discharge manifolds. The locks above Dallas would also have a side
port filling system consisting of an 8- X 8-foot culvert with 6 intake
manifolds, 13 lock chamber ports and 4 discharge manifolds located in
each wall.

167. The approximate lock filling or emptying time for the range
of lifts of the 84- X 600-foot locks under consideration was computed
by the formula T = m / H/2g given in .EM 1110-2-1604. In this formula,
T is the filling or emptying time in seconds; H the design lift; and m
a constant with an assumed value of 900 considered applicable for
shallow draft barge locks. Based on this formula the tentative filling
and emptying time varies from 5.5 minutes for a 10-foot lift to 10.5
minutes for a 40-foot lift, as shown in the following tabulation:

TENTATIVE LOCK FILLING AND EMPTYING TIME

Filling time (T) : Selected time
Lift (H) : (minutes) : (minutes)

40 10.33 10.5
35 9.50 9.5
30 9.08 9.0
25 8.25 8.25
20 7.40 7.5
15 6.56 6.5
10 5.33 5.5

165
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GENERAL NOTES

/ THE 8 'x6OO' LOCK SHOWN OA/ PLATES 90 AND 9/ /S

REPRESENTATIVE OF LOCKS 2, 9, f, 7, B, P, /0A,
/2,1/S, /4, /S, /6, AN-D /7

. OTHER LOCKS ARE S/MiLAR EXCEPT FOR THE
FOLLOAV/NG FEATURES:

LOCKS EA; 6, /02, AND // ARE U-FRAME
LOCKS (WI/T/OUT BEAR/NG PISES, SEE
PLATES 92 AND 93).A. LOCKS ER AND /08 (REFER TO PLATES 92
AND 93).
(I) CHAMBER IS APPROX/MAT EL V 0 FEET

LONGER TO ACCOMMODATE THE GATE GUARD(2) A SINGLE LANE BASCSIS E .R/)GE /S PRO V/7E.
(1) LOCK WALLS AT DAM SECTION ARE EXTENDED

TO PROVIDE RETAI/N/ING VALL S. UPPER GATE
/1G/TS ARE A/.J/USTED ACCORD/NGLK

LOCKS /8, /9,20, AND 2/ - SMALLER STOCKS
(56'x 400' CHAMBER I/N /EU OF 84'x 600'
AND 300-FOOTOG/DE/AALI SLENGTNS /N
S/EU OF 400-FOOT).

5 THE FOLLOWING CRITERIA APPLIES TO SOCKS 2
THROUGH 2, EXCEPT AS NOTED.

. DEPTH AT SILLS - /5 FEET BELOW RESPECTIVE
POOL S.

b. TOP OF WALLS - 7 FEET ABOVE NORMAL UPPER
POOL OR FEET ABOVE MAX/NUM NAV/GAT/ON
POOL W/IC//EVER /S //GAER, EXCEPT FOR 5B $ lOB.

. BOTTOM OF CHAMBER FLOOR - /8 FEET
BELOW LOWER POOL.

d BOTTOM OF CULVERT -/9 FEET BELOW
LOWER POOL.

e. SIZE OF CUL VERTS - /2' /2'
f //EIGHT OF GATES - / FOOT BELOW TOP OF

E/L TO 2 FEET ABOVE UPPER POOL,
EXCEPT UPPER GATES AT LOCKS ER ANDl0B.

4 THE FOLLOWING CRITERIA IS USED WHERE
APPLICABLE :

a. STEEL BEARING PILE CAPACITY - 90 TONS MAX,
UNDER EXTREME 4 

OAD/NG. b. SHEET PILE CUTOFF WAL L IENGT/I- 20
FEET MAX/MUM.

c. EMBANKMENT PROTECTION- 6 FEET ABOVE
NORMAL POOL ON EARTH 5L OPES OPPOSITE
GUIDE WALLS AND AT BASE OF WALLS AS
S//OWN

S GUIDE WALL AND GUARD WALL SECTIONS ARE
TYPICAL FOR LOCKS 2 THROUGH 2/

6. GRA/TV TYPE WALLS ON BEARING P/ILES ARE
DES/GNED TO BE INDEPENDENT LY STABLE.

/. THE CONTROL DAM SOWN IS REPRESENTATIVE
OF D4MS 2, 3, 4, , 7 8, 9, /Z, /3, /4, /S, /6, /7,/8,
/9, SO, AND 2/.

2. CONTROL DAMS ARE NOT REQUIRED AT S/TES
SA, 5, /.A, AND /0.

3 A CONCRETE SP/LL WAY IS PROVIDED FOR DAM
/.

4 THE FOL L OWING CRITERIA APPLIES . TO AL L
CONTROL DAMS.

a. WIDTH OF GATES - 40 FEET
b. WIDTH OF PIERS - 8 FEET
c. WIDTH OF MONOS /T/S - 48 FEET
d. TOP OF GATES - 2 FEET ABOVE UPPER P004.
e. TOP OF PIERS, ABUTMENTS AND STORAGE

YARD - 2 FEET ABOSE N/GH WATER.
f SILL ELEVATION- /2 FEET ELOW UPPER POOL

ELEVATION OR DESIGN APPROACH C//-NNEL
BOTTOM, WHICHEVER 1S THE SOWER EL EVAT/ON

TRINITY RIVER AND TRIBUTARIES, TEXAS
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168. NAVIGATION DAMS.- A total of 18 navigation dams would be
required in connection with the canalized Trinity River. All of the
navigation dams, with the exception of Dam No. 11, would be within-
channel dams of the movable, non-navigable type. These dams, placed
adjacent to the locks, would consist of sills, placed on grade with
the flood discharge channel, surmounted by tainter gates. The top
elevation of the tainter gates would be two feet above the level of
the upper navigation pool. The required cross-sectional area of the
gates was determined by the D 'Aubisson formula for the condition that
the structure when passing bankfull flows would not raise the water
surface more than 0.5 feet above the stage that would exist without
the structure. Discharges greater than bankfull capacity would overflow
the banks and a part of the flow would occur in the flood plain. Due to
the submergence of the sill and the cross-sectional area of the gates,
no jump was formed at the dam and therefore, apron design or length of
riprap required below the apron presented no particular problems. The
pertinent hydraulic data relating to the navigation dams are shown in
table 74.

169. Navigation Dam No. 11, located within the flood-control pool
of Tennessee Colony Reservoir, would be a fixed non-navigable dam. The
structure would extend across the entire flood plain and would consist
of a spillway with crest at elevation 275 and a total length of 5,700
feet, including a 200-foot notch with crest at elevation 271.0. The
notch would have a capacity of 4,800 second-feet which is adequate to
pass the average annual discharge of about 3,600 second-feet plus about
500 second-feet of return flow from upstream sources. Flood inflows
to the reservoir would pass over the uncontrolled spillway to the lower
conservation and flood-control pool. With one foot overflow, the spill-
way would pass a flow of 23,000 second-feet, which is approximately
equal to the operating discharge of the multiple-purpose channel at
Lock and Dam No. 12. Accordingly, it is considered that the spillway
would have no appreciable effect on the passage of flood flows.
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TABLE 74

HYDRAULIC DATA - NAVIGATION DAMS
MULTIPLE -PURPOSE CHANNEL

:Pool elevation:Lift: Discharge (cfs) :Tainter gates:Gate-sill:Apron :Riprap
Dam : Channel : (ft-msl) : in :Min. design: Bankfull : : Size :elevation:length:length

number : mile : Lower: Upper :feet: capacity :capacity(l):Number:(feet)(ft-msl) :(feet):(feet)

21 360.17 452 480 28 15,000 86,000 6 40x31 451.0 67 37
20 351.91 424 452 28 15,000 70,800 6 40x28 426.0 32 17
19 342.51 396 424 28 15,000 64,000 6 40x24  402.0 26 14
18 331.31 372 396 24 27,000 48,000 5 40x34.5 363.5 27 15
17 317.81 356 372 16 27,000 54,000 5 40x30 344.0 48 26
16 311.25 344 356 12 27,000 46,000 5 40x27 331.0 41 23
15 306.31 326 344 18 27,000 50,500 5 4 0x24  322.0 37 21
14 298.38 308 326 18 32,000 47,000 5 40x26 302.0 33 18
13 286.64 284 308 24 32,000 68,000 6 40x32 278.0 35 19
12 274.51 270 284 14 32,000 43,000 5 40x28 258.0 35 19
11 258.91 - - - 35,000 68,700 - - (2) (2)
10 - (3) - - - - - - - - -

9 217.95 192 210 18 45,000 92,000 6 40x46 166.0 45 25
8 207.55 168 192 24 45,000 68,000 5 40x42 152.0 42 23
7 183.92 138 168 30 45,000 64,000 5 40x44 126.0 35 19
6 147.92 131 138 7 45,000 63,100 5 40x44  95.8 26 14
5 - (3) - - - - - - - - - -

4 74.85 36 60 24 45,000 72,000 6 40x36 26.0 35 20
3 59.08 16 36 20 45,000 78,000 6 40x34.5 3.5 54 30
2 47.45 4 16 12 45,000 67,000 7 40x31.0 -13.0 35 19
1 - (3) - - - - - - - - - -

(1) Bankfull capacity immediately downstream from dam.
(2)
(3)

See plate 87 for design of Dam No. 11.
Storage reservoirs, no navigation dams.



170. MULTI-PURPOSE DAMS.- Dams are recommended at the Tennessee
Colony site on the Trinity River at river mile 339.2 (improved channel
mile 233.61), Lakeview site on Mountain Creek, river mile 7.2, Aubrey
site on Elm Fork, river mile 60.0., and the Roanoke site on Denton
Creek, river mile 31.4.

171. TENNESSEE COLONY DAM. -

a. Spillway.- The earthen dam would be located on the
Trinity River at river mile 339.2 with the spillway on the left bank.
The spillway would consist of an ogee weir with an underdesigned crest
at elevation 250.0 controlled by eleven 40- X 35-foot tainter gates
separated by 8-foot piers. Details of the spillway and stilling basin
are shown on plate 94. Under conditions of the spillway design discharge
(552,600 second-feet through the spillway) the reservoir level would be
at elevation 297.8. The proposed Tennessee Colony Reservoir will not
adversely affect the operation of the Cedar Creek Reservoir, now under
construction by local interests, nor the proposed Richland and Tehuacana
Reservoirs. The spillway rating curve is shown on figure 1, plate 95.

b. Outlet Works. - Four 3- X 6-foot conduits through four
of the spillway gate piers would be provided for diversion and conserva-
tion releases and for practical draining of the reservoir to elevation
225.0. Each conduit would be controlled by a 3- X 6-foot slide gate at
the entrance. Trash racks and stop logs would be provided. The
capacity of each conduit would be 610 second-feet at top of conservation
pool (elevation 262.5) and 850 second-feet at maximum reservoir level
(elevation 297.8). Rating curves for the conduits are shown on figure 2
of plate 95.

c. Tailwater Rating Curve. - The tailwater rating curve
at the damsite is shown on figure 3 of plate 95. This rating curve
was developed by backwater computations correlated with observed high-
water data and measurements at U. S. Geological Survey stream-gaging
stations on the Trinity River. The tailwater level at the damsite
(prior to closure of the main embankment) for the design discharge of
556,000 second-feet (combined flow spillway and conduit) would be at
elevation 250.9.
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172. LAKEVIEW DAM.-

a. Spillway. - The earthen dam would be located on Mountain
Creek at river mile 7.2 with the spillway in a saddle on the right bank.
The spillway would consist of an ogee weir with an underdesigned crest
at elevation 500.0 controlled by three 40- X 28-foot tainter gates
separated by 8-foot piers. Details of the spillway and stilling basin
are shown on plate 96. Under conditions of the spillway design
discharge (95,100 second-feet through the spillway) the reservoir level
would be at elevation 538.8. Energy dissipation would be accomplished
by a flip bucket with a 50-foot bucket radius and a 30 degree angle.
The top of the bucket lip would be at elevation 1610, The spillway
rating curve is shown on figure 1, plate 97.

b. Outlet Works.- The flood-control outlet works would
consist of a 12-foot diameter conduit controlled by two 5-foot 6-inch X
12-foot tractor-type slide gates, with intake inverts at elevation 460.0
and outlet invert at elevation 458.0. The conduit would be used for
diversion during construction, for the passage of flood releases, and
for the passage of low-flow discharges. The capacity of the flood-
control conduit would be 5,000 second-feet at top of conservation pool
(elevation 518.0) and 5,900 second-feet at maximum reservoir level
(elevation 538.8). The outlet works rating curve is shown on figure 2,
plate 97.

c. Tailwater Rating Curve. - The tailwater rating curve at
the damsite is shown on figure 3, plate 97. The minimum tailwater level
for Lakeview Damsite is based on the normal pool level for Mountain
Creek Reservoir, maintained at elevation 457.0. The tailwater rating
curve was developed by backwater methods based on the downstream control
at the Mountain Creek spillway (river mile 4.1). The tailwater at the
damsite (river mile 7.2) for the design discharge of 101,000 second-feet
(combined flow spillway and outlet works) would be at elevation 46146.
Lakeview Reservoir was designed to operate in conjunction with the
existing Mountain Creek Reservoir and will not adversely affect nor be
affected by the existing project.
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173. AUBREY DAM.-

a. Spillway.- The earthen dam would be located on the

Elm Fork of the Trinity River at river mile 60.0 with the spillway
in a saddle on the right bank. The spillway would consist of an ogee
weir with an underdesigned crest at elevation 600.0 controlled by

nine 40- X 35-foot tainter gates separated by 8-foot piers. Details
of the spillway and stilling basin are shown on plate 98. Under
conditions of the spillway design discharge (350,800 second-feet) the
reservoir level would be at elevation 640.3. The spillway rating curve

is shown on figure 1, plate 99.

b. Outlet Works.- The outlet works would consist of two

36-inch diameter conduits controlled by 36-inch diameter slide gates,
with intake inverts at elevation 550.0. The conduits would be used

for the passage of low-flow releases and for practical draining of
the reservoir to elevation 550.0. The capacity of each conduit would

be 280 second-feet at top of conservation pool (elevation 625.5), and

300 second-feet at maximum reservoir level (elevation 640.3). Rating
curves for 'the conduits are shown on figure 2 of plate 99.

c. Tailwater Rating Curve. - The tailwater rating curve

at the damsite is shown on figure 3 of plate 99. The tailwater rating
was developed by backwater methods correlated with observed highwater

data. The tailwater level at the damsite for the design discharge of

350,800 second-feet would be at elevation 580.2.
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17 4. ROANOKE DAM.-

a. Spillway.- The earthen dam would be located on Denton
Creek at river mile 32.0 with the spillway in a saddle on the left
bank. The spillway would consist of an ogee weir with an underdesigned
crest at elevation 584.0 controlled by seven 40- X 35-foot tainter
gates separated by 8-foot piers. Details of the spillway and stilling
basin are shown on plate 100. Under conditions of the spillway design
discharge (287,900 second-feet through the spillway) the reservoir level
would be at elevation 625.7. The spillway rating curve is shown on
figure 1, plate 101.

b. Outlet Works.- The outlet works would consist of a
15-foot diameter conduit controlled by'three 4.5- X 15-foot tractor-
type slide gates, with intake inverts at elevation 560.0. The conduit
would be used for diversion during construction, for the passage of
flood releases, and for practical draining of the reservoir to
elevation 560.0. The capacity of the conduit would be 9,100 second-
feet at maximum reservoir level (elevation 625.7). Rating curve for
the conduit is shown on figure 2 of plate 101.

c. Tailwater rating curve . - The tailwater rating curve
at the damsite is shown on figure 3 of plate 101. The tailwater rating
curve was developed by backwater methods correlated with observed high-
water data. The tailwater level at the damsite for the design discharge
of 297,000 second-feet would be at elevation 577-5.
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175. TRIBUTARY CHANNEL IMPROVEMENTS - TRINITY RIVER.- The plan of

improvement for tributaries of the Trinity River (excluding the East Fork)
listed in table 75 and Duck Creek, a tributary of the East Fork, would
be designed to provide standard project flood protection. The improve-

ments would consist generally of an improved channel with uniform bottom

grades, channel realignment, and levees. The improved channel section

would have the channel bottom depressed 1.0 foot at centerand would have

1 vertical on 2 horizontal side slopes, except as noted. The levees would

be modified or constructed to provide a minimum freeboard of 4 feet above
the water surface of the standard project flood. Bridges would have a

minimum freeboard of 3 feet. The hydraulic friction losses were based

on the Manning formula with coefficients of roughness of 0.035 and 0.070

for channel and overbank, respectively, except as noted. Table 75 shows
the approximate Trinity River channel miles and the design conditions at

the confluence of each of these tributaries and Duck Creek. The plans

of improvement for these tributaries and for Duck Creek are shown on

plates 52 through 57, and 102. The proposed channel widths, channel

grades, design water surface, levee profiles, and location and sizes of
the interior drainage structures are shown on plates 85 and 103 through

108. The details for the plans of improvement of some of the larger
tributaries are set forth in the following paragraphs.

TABLE 75

HYDRAULIC DESIGN DATA
TRINITY RIVER - TRIBUTARY CHANNEL IMPROVEMENTS

Mouth of tributary

Trinity Improved :Design

Tributary : River : Design channel water
: channel discharge :bottom width:surface

: mile : (cfs) (feet) :(ft-msl)

Five Mile Creek 321.50 63,500 50 396.2

Honey Springs Branch 326.15 4,100 50 404.8
White Rock Creek 326.62 72,100 150 405.7

Elm Fork 338.80 61,000 100 425.5

Mountain Creek 340.89 59,000 300 431.3

Delaware Creek 341.20 17,700 50 432.0

Bear Creek 346.83 72,500 200 451.5
Unnamed Creek 355.13 10,200 50 473.0

Sulphur Branch 356.08 8,100 50 475.6
Walker Branch 359.79 25,800 50 483.5
Unnamed Creek 361.13 1,890 25 489.3
Big Fossil Creek 362.92 52,000 50 497.2

Little Fossil Creek 363.68 17,400 50 500.0

White Lake Outfall 364.71 2,000 25 503.5
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176. EAST FORK IMPROVEMENTS. - The proposed plan of improvement

for the East Fork would consist of an improved channel which would

permit the controlled release of 5,000 second-feet downstream from

Forney Dam (river mile 31.8) without blocking the discharge from the

interior drainage structures through the existing levees, strengthening

the existing levees to provide a 2-foot freeboard above the 50-year

frequency flood level, and enlarging the conservation storage for

Lavon Reservoir by raising Lavon Dam (river mile 55.9), as set forth

in detail in "Review of Reports on Trinity River and Tributaries, Texas,

Covering East Fork Watershed." Profiles for the existing conditions

are shown on plate 9.

177. DUCK CREEK IMPROVEMENTS. - The proposed improvement of Duck

Creek would extend from Oates Road (river mile 10.38) through the city

of Garland, Texas, to Buckingham Road (river mile 17.50). The channel

would be enlarged and the bridges would be modified to pass the standard

project flood discharge. The improved channel side slopes would be

1 on 2, except in the reach from river mile 14.67 to 15.25 which would

have vertical walls. The improved channel would have a bottom width

of 150 feet from Oates Road to river mile 15.25, thence 135-foot width

to the upstream erd of improvement. Backwater studies were made based

on the Manning formula with coefficients of roughness varying from

0.025 to 0.030. Channel velocities would vary from 12 to 17 feet per

second under design conditions. The plan of improvement is shown on

plate 102. Profiles for the improved and existing conditions are

shown on plate 108.

178. ELM FORK IMPROVEMENTS. - The plan of improvement on the Elm

Fork shown on plates 54 and 55 consists of an improved channel from

its confluence with the Trinity River (improved channel mile 338.80)

to Elm Fork improved channel mile 21.83, the downstream end of the

spillway discharge channel for Lewisville Dam. Channel widths would

vary from 50 to 100 feet and levees would extend to Elm Fork improved

channel mile 15.1 and Denton Creek improved channel mile 1.5. Upstream

from the new levees, the improved Elm Fork channel would be designed to

carry flows of 10,000 second-feet and the Denton Creek channel, 7,000

second-feet. Table 76 shows the design discharges, channel grades,

widths and water surface levels for the improved Elm Fork channel. The

tributaries to Elm Fork would be modified by improved channels and levees

to complete the levee system of Elm Fork. The design conditions at

the confluence of each of these tributaries are shown on table 77.

The profiles for the design conditions of Elm Fork and its tributaries

are shown on plates 105 through 107.
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TABLE 76

HYDRAULIC DESIGN DATA - ELM FORK CHANNEL IMPROVEMENT
(Trinity River Channel Mile 338.80, River mile 505,48)

Design : Improved channel: Design
:discharge:Bottom :Bottom: water

Location :Channel: (cfs) : grade : width : surface
mile : (1) : (f~t ~s1) 0(feet):(ft -xsl)(2)

Begin Improvement
State Highway No. 356
CRI&P R.R.
Grade Control Change
Grauwyler Road
Empire Expressway
State Highway No. 183
Grade Control Change -
Joes Creek Diversion Channel
Wildwood Drive
St.L-SF&T R.R.
California Crossing Road
California Crossing
Diversion Channel

State Highway No. 114 Bridge
Above State Highway No. 114
Hackberry Cr. Diversion Ch.
Royal Lane Road
Farmers Br. Diversion Ch.
Valley View Lane
Button Branch Diversion Ch.
Grapevine Cr. Diversion Ch.
F.M. Highway No. 1380
St .L&SF R.R.
Carrollton Channel Dam
Above Carrollton Dam
Denton Rd. -Old US Hwy 77
Denton Cr. Diversion Ch.
Trinity Mills Road
Discharge Change
Above Denton Cr. Floodplain
U.S. Highway No. 77
MK R. R.
State Highway No. 121
Grade Control Change
End Proposed Diversion

Channel - GC&SF R.R .

0.00
0.58
1.21
1989
2.62
2.70
4.01

4.03
5.48
5.93
6.59

6.63
7.20

7.31
8.73
9.11

10.20
11.99
12.73
12.99
13.02
14.09

14.10
14.26
15.51
16.36

16.53
16.91
20.75
21.29

61,000
61,000
61,000
61,000
61,000
61,000
61,000

61,000
61,000
61,000
61,000

61,000
61,000
58,000
58,000
58,000.
58,000
58,000
58,000
58,000
58,000
58,000
58,000
144,100(3)
44,100
44,100
44,100
44,100
31,600
31,600
31,600
31,600
31,600

484.00
384.89
385.85
386.90
387.63
387.71
389.02

389.04
392.10
393.05
394. 45

394-.53
395.74

395.97
398.97
399.77
402.08
405.86
407.42
407.97
408.04
410.30
4i4.68
414.80
415.09
418.01
420.15

420055
421.47
430.72
432.00

21.83 31,600 432.50

100
100
100
100
100
100
100

100
100
100
100

100
100
100
100
100
100
100
100
100
100
100
100
50
50
50
50
50
50
50
50
50
50

425.5
426.0
426.4
426.8
427.3
427.4
427.7

427.7
429.6
430.4
431.5

431.6
432.6

432.8
435.4
436.1
438.2
441.5
442.7
443.1
443.1
444.7
444.8
444.9
445.0
448.5
451.3

451-6
451.8
46194
462.9

(1) Channel upstream from mile 15.1 designed
recommended.

(2) Design water surfaces upstream from mile
(3) Combined flow Denton Creek and Elm Fork.

for 10,000 cfs with no levees

15.1 -reflect overbank flow.
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TABLE 77

HYDRAULIC DESIGN DATA
TRIBUTARY CHANNEL IMPROVEMENTS

ELM FORK

Mouth of tributary
Improved :Design

Tributary Elm Fork : Design : channel : water
channel :discharge: bottom width: surface
mile (cfs) : (feet) : (ft-msl)

Joes Creek 4.03 9,700 50 427.7
California Crossing 6.63 9,700 50 431.6
Hackberry Creek 7.31 30,100 50 432.8
Farmers Branch 9.11 20,000 75 436.1
Hutton Branch 11.99 l4,500 75 441.5
Grapevine Creek 12.73 16,600 50 442.7
Denton Creek 14.26 44,100 40 445.0

179. MOUNTAIN CREEK IMPROVEMENTS.- The proposed plan of
improvement for Mountain Creek would consist of improved channel and
levees downstream from existing Mountain Creek Dam, river mile 4.1,
in addition to construction of Lakeview Dam, river mile 7.2, described
in paragraph 174 above. The improved channel would vary from 100 to
300 feet in bottom width and the leveed floodway would pass the
standard project flood discharge, 59,000 second-feet, without requiring
any modification to the existing Dallas-Fort Worth Turnpike Bridge at
improved channel mile 1.14. The plan of improvement is shown on plate
52 and the improved channel profile is shown on plate 103.

181



s

e

,



WATER RESOURCES STUDY

TRINITY RIVER BASIN, TEXAS

Study of Potential Needs and Value of
Water for Municipal, Industrial, and

Quality Control Purposes

DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
Public Health Service, Region VII

Dallas, Texas

In Cooperation with the

DEPARTMENT OF THE ARMY
U. S. Army Engineer Districts

Fort Worth and Galveston, Texas

SEPTEMBER 1962

183





TABLE OF CONTENTS

LIST OF TABLES .o.

Page

. o . . . . . . . 0 . 0 0 0 0 . .0 0 187

LIST OF FIGURES . . . . . . . . . .e.a.a-0-0- . - - .- 188

I. INTRODUCTION

Authority .. ... .". . . . . . . . . 189

Purpose and Scope0. . . . . .ao. . . . . . 189

Acknowledgmentscnwe.et . . . . . . . . . . - 189

II. SUMMARY AND CONCLUSIONS

Summary . . 0 .a.0 . .. . . .e. *. . . . .e191

Conclusions . . . . .o. . ... ... 191

III. WATER RESOURCES OF THE TRINITY RIVER BASIN

General . . . - - . - - . - - - - - - - - - - 193

Pertinent Data . . . - - . -- . -0 0 0 193

Water Quality . . . .e.a-e-"- - - - - - -0. . 193

Runoff e."o . . . . . . .0 . . 0. . . . 0 .0196

IV. DESCRIPTION OF STUDY AREA . . ... .. . . . 197

V. ECONOMICS AND POPULATION

Economic Projections . . .. ...... 0 0 0 .. g 199
Population Projections . - 0 . . 0 * 0 0200

VI. WATER REQUIREMENTS

General . 0 .. . . . . 0 . . . 0 . . . . 201

Municipal Water Use . . . . 0 . .. . . . 201

Industrial Water Use . . . . 0 0 0 0 0 0.. . . 203

185



TABLE OF CONTENTS (Continued)

Power Generation Water Use . . .

Nonmunicipal Water Use . . . . . . .

Other Water Uses . . . . .

Projected Basin Water Requirements .

VII. WATER QUALITY CONTROL

General . . . . ..... . . . . .

Quality Parameters . . . . . . . . .e .

Stream Loading . . . . . . . . . ...

Availability of Quality Control Water

Basin Operations Plan to Maintain Water
Quality O. . . ,.e.,.e.e. . . . .

VIII. PLANS FOR SUPPLYING FUTURE WATER
REQUIREMENTS . . . . . . . . . .

IX. BENEFITS OF STORAGE

Evaluation Method . . . . . . . .

Costsnativ . a . . . . .. . . ..

Alternative Plans .0.0.0 .. . . .o....

Page

203

203

203

205

206

206

207

208

. . . . 208

. . . 0 210

212

212

212

186

. .0.0.0

. . .o.

. .0 .o .e

. .o .o .e

. .o ." .o

. .s .e .e



LIST OF TABLES

Page

Table III-1. Pertinent Data--Proposed Reservoirs,

Trinity River Basin . . . . 195

IV-1. Characteristics of the Subareas .. .

V-1. Study Area Employment, Present and
Projected . . . . . . . . . .

V-2. Population Base and Projections by

Subareas . . . . . . . . .o

VI-1. Per Capita Municipal Water Use for
the Year 2020 . . . . . . . .

VI-2. Subarea Needs . . . .. . . . . .

VI-3. Projected Water Requirements for
the Trinity River Basin . . . ..

VIII-1. Summary Water Balance . . . .

IX-1. Benefits of Storage in Wallisville
and Enlarged Lavon Reservoirs .

IX-2. Benefits of Storage in Lakeview,
Aubrey, Roanoke, and Tennessee

Colony Reservoirs.. ... ....

. . 199

. . 200

. . 201

202

205

. . 211

212

213

IX-3. Benefits of Storage for Municipal
and Industrial Water Supply and

Water Quality Control Purposes in
Tennessee Colony and Aubrey Reser-

voirs .9. ......... . . .. 0

187

198

214



LIST OF FIGURES

Page

Existing and Proposed Reservoirs . . . . Facing 194

General Location Map . . . . . . . . . . . Facing 198

Population Projections............. Facing 200

Projected 2020 Unit Industrial Water Use . Facing 204

188

Figure 1.

2.

3.

4.



I. INTRODUCTION

Authority

In a letter dated June 8, 1959, the Corps of Engineers,
Fort Worth District, requested "HEW views and recommendations on
present and prospective municipal and industrial water supply needs
in Trinity River Basin, including Houston municipal and industrial
complex." The request was subsequently expanded to cover a 100-
year future period and to include the needs for storage of water

for quality control purposes.

This study has been made in accordance with: (1) the Water

Supply Act of 1958 (Public Law 85-500, Title III) and a Memorandum
of Agreement between the Department of the Army and the Department

of Health, Education, and Welfare, dated November 4, 1958; and (2)
the Federal Water Pollution Control Act (Public Law 84-660) as
amended by Public Law 87-88.

Purpose and Scope

This report indicates the requirements for municipal, indus-
trial, and water quality control purposes to the year 2070 in the

Trinity River basin including the Houston municipal and industrial
complex. Estimates are made of the benefits attributable to the

storage of water for these purposes in proposed Federal reservoirs.
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Commerce of the following cities:

Athens, Texas
Crockett, Texas

Dallas, Texas

Fort Worth, Texas

Galveston, Texas
Houston, Texas
Palestine, Texas

190



II. SUMMARY AND CONCLUSIONS

Summary

1. There are 23 existing, under construction, and
authorized reservoirs in the basin with storage
capacities in excess of 5,000 acre-feet each.
In addition, there are 19 proposed major reser-
voirs planned within the basin. Of the latter
group, only Tennessee Colony, Lakeview, Aubrey,
Roanoke, and Wallisville Reservoirs, and the
enlargement of Lavon Reservoir are Federal

projects.

2. All of the projections and estimates contained
in this report presuppose: (a) The existence
of the Trinity River navigation canal to Fort
Worth; and (b) a design drouth similar to the

one which occurred in the years 1950-1957.

Conclusions

1. Efficient development of all of the water re-
sources of the Trinity River basin is essential
to the continued growth of the area. To attain
full utilization of these resources for munici-
pal, industrial, agricultural, navigation, and
recreation purposes will require abatement of

the present pollution in the upper basin as well
as control of future pollution throughout the
area. Therefore, provision of water to maintain
minimum quality conditions in the river must be
made a part of the water supply plan until such

time as future advances in waste treatment

technology can economically provide for removal
of residual pollutants before they reach the
stream.

2. The study area's population is expected to reach
12 million by the year 2020 and 23 million by
the year 2070.

3. Projected municipal and industrial water needs
are 5,100 mgd (million gallons per day) in 2020
and 9,700 mgd in 2070 for the 46-county study
area.
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4. With the water supply plan as herein presented,
the potential water resource in the Trinity

River basin is sufficient to satisfy all pro-
jected water requirements within the basin, in-
cluding the diversion of the presently agreed
amount to the city of Houston until the year

2070.

5. To maintain water quality within the Trinity
River basin and on the Buffalo Bayou watershed
will require releases from storage of about

1,650 mgd in 2020 and 3,600 mgd in 2070 based
on 90 percent removal of BOD and 15 percent re-

moval of total dissolved solids.

6. Maintenance of water quality within the Trinity
River basin beyond the year 2020 is dependent
upon the improvement of waste treatment tech-
niques.

7. With increased water reuse and minimal use of
water for cooling, the projected municipal and
industrial study area water needs until 2070

can be satisfied.

8. The study area outside the Trinity River basin,
with the exception of Houston which will receive
840 mgd, will be served by sources outside the
Trinity River basin.

9. The estimated benefits of storage by purpose -for
the six proposed Federal projects in the Trinity

River basin are shown in Tables IX-1 and IX-2,
pages 212 and 213. The benefits shown in
Table IX-3, page 214, for water quality control
represent the value of storage for this purpose
at the reservoir site plus the cost of trans-
porting the required amount of water in the case
of Tennessee Colony Reservoir.
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III. WATER RESOURCES OF THE TRINITY RIVER BASIN

General

There has been considerable water resource development in

the Trinity River basin in the past. There are 23 existing, under

construction, and authorized reservoirs in the basin with storage

capacities in excess of 5,000 acre-feet each, and 79 reservoirs

having a capacity of less than 5,000 acre-feet. Several agencies

have devised plans for the ultimate development of the surface

water resource in the basin. The 19 proposed Trinity River basin

reservoirs are shown in Figure 1. This report is concerned with

six proposed reservoirs in the basin in which there is Federal

interest. These are Lakeview, Tennessee Colony, Wallisville,

Aubrey, and Roanoke Reservoirs and the enlargement of Lavon

Reservoir.

Pertinent Data

Pertinent data on storage capacity, yield, and related facts

regarding the proposed projects are presented in Table III-1. The

six reservoirs under consideration can provide 592.5 million gallons

per day of water for municipal, industrial, and water quality con-

trol uses.

Water Quality

The two primary measures of water quality used in this study

are total dissolved solids and biochemical oxygen demand (BOD).

The total dissolved solids concentrations of waters within
the basin presently vary from a low of 100 mg/1. to a high of

1,000 mg/1. Concentrations in excess of 500 mg/l. are very few

and are confined to the lower coastal region. These high concen-

trations are due to brackish Gulf of Mexico waters which affect

the mineral quality of the river as far as 40 miles inland. In

general, the mineral quality of the Trinity basin can be described

as good to very good.

On the other hand, the organic quality of a large part of

waters of the basin is presently very poor. Above Fort Worth

and below the San Jacinto County line, the organic quality of basin

streams can be classified as good. This is due to light pollution

loads entering the basin above Fort Worth and the self-recovery

of the stream from the high loads imposed by the Fort Worth and

Dallas complex by the time the river reaches the San Jacinto

County line. Below the confluence of Marine Creek with the West
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Table 111-1

Pertinent Data--Proposed Reservoirs
Trinity River Basin

River
Stream Mile

Drainage
Area

(Sq. Mi.)

Water Supply Pool
2020 Storage
Yield (Millions
(mgd) of Gals.)

Corps of Engineers

Mountain CreekLakeview

Tennessee Colony
U

Wallisville

Lavon (Enlargement)

Garza-Little Elm-Aubrey System

Grapevine-Roanoke System

Trinity River

Trinity River

East Fork Trinity River

Elm Creek

Denton Creek

_ Yield does not include 2.0 mgd utilized by the existing Mountain Creek Reservoir.

Storage and yield shown are increases resulting from reservoir enlargement.

Yields shown are increases in system yields based on storage exchange with Grapevine and Garza-Little

Elm Reservoirs.

Reservoir

7.2

339.6

3.9

55.9

60.0

31.4

272

12,687

17,760

777

682

604

a/28.4 -

290.8

146.0

42.7

65.3 -

23.9 Lc

99,841

336,441

13,621

85,470

196, 749

0



Fork in Fort Worth and downstream to Rosser in Kaufman County, the
conditions in the river are generally anaerobic and associated of-
fensive odors persist. Downstream from Rosser, sufficient tributary
dilution and reaeration occur, almost overcoming the effects of the
organic pollution,upon reaching the San Jacinto County line.

With the exception of the watershed of the proposed Tennessee
Colony Reservoir, the waters in the watersheds of the proposed reser-
voirs are not presently subjected to extensive contamination from
communities, industries, or other sources.

The waters at all six proposed reservoir sites are considered
acceptable as raw water supply for general municipal and industrial
purposes.

Runoff

Runoff within the area is characterized by large variations
annually as well as seasonally. Within the Trinity River basin,
periods of zero flow have been experienced on all tributaries of
the river with the exception of the West Fork between Fort Worth
and Dallas where upstream sewage releases account for the base flow
of the stream during dry periods. The estimated average annual
natural runoff of the entire Trinity River basin for the period
1941-1956 was 5,770,200 acre-feet.
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IV. DESCRIPTION OF STUDY AREA

Those counties which lie within the Trinity River basin and

those adjoining counties which could reasonably be served by waters

from the basin, or are an economic part of the potential water

service area, were included in the study area. This area, as shown
in Figure 2, comprises 46 counties representing approximately 15
percent of the land area of the State of Texas and 43 percent of

its population.

The study area was divided into 10 subareas for the purpose
of providing suitable size base areas for study, at the same time

maintaining a reasonable degree of homogeneity of economic, water

resource, and geographic factors. The characteristics of the sev-
eral subareas are shown in Table IV-1.

The climate of the study area is extremely diverse. It varies

from dry, subhumid in the northwest to humid along the coast of the

Gulf of Mexico. Heavy rainstorms are common throughout the area

and occasional tropical storms enter the area from the gulf. Average

winter and summer temperatures in the northwestern half of the area

vary from 420 F to 850 F, and in the southeastern half from 54 0 F to

830F. Mean annual rainfall varies from 27 inches at the extreme

northwestern edge of the area to 51 inches along the gulf coast.

The growing season is about 232 days in the northeastern por-

tion of the area and, in the southeastern portion, averages about

277 days.
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Table IV-I

Characteristics of the Subareas

Principal Cities

1960
Popu-
lation

Population
Class Economy

Mean
Annual

Alti- Temper-
tude ature

Topography (feet) ( F)

1 Archer, Clay, Jack, Palo
Pinto, Young

2 Montague, Parker, Wise

3 Cooke, Grayson

4 Fannin, Hunt, Kaufman,
Rockwall

5 Anderson, Delta, Hender-
son, Hopkins, Houston,
Rains, Van Zandt

6 Freestone, Hill, Leon,
Limestone, Madison,
Navarro

7 Hardin, Montgomery, Polk,
San Jacinto, Trinity,
Walker

8 Johnson, Tarrant

9 b/ Collin, Dallas, Denton,
Ellis

10 Li Brazoria, Chambers, Fort
Bend, Galveston, Harris,
Jefferson, Liberty

Holliday, Henrietta, Jacks- 59,649
boro, Mineral Wells,Graham

Bowie, Weatherford, Deca- 54,785
tur

Gainesville, Sherman 95,603

Bonham, Greenville, 99,088
Terrell, Rockwall

Palestine, Cooper, Athens, 115,862
Sulphur Springs, Crockett,
Emory,.Canton

Fairfield, Hillsboro, Center-
ville, Mexia, Madisonville, 107,711
Corsicana

Kountze, Conroe, Livingston,100,496
Coldspring, Groveton, Hunts-
ville

Cleburne, Fort Worth 573,215

McKinney, Dallas, Denton, 1,083,601
Waxahachie

Freeport, Anahuac, Rosen- 1,787,886
berg, Galveston, Houston,
Beaumont, Liberty

Non-Metro- Farm - Live- Rolling plains 800-
politan stock and oil to hilly 1,450

Non-Metro- Farm - Live- Rolling plains 700-
politan stock to hilly 1,400

Non-Metro- Industrial, Rolling plains 500-
politan Agricultural, 1,100

Oil

Non-Metro- Agricultural, Rolling plains
politan Industrial

Non-Metro- Agricultural, Rolling to
politan Forest, Indus-hilly

trial, Oil

300-
700

200-
800

Non-Metro- Agricultural, Level to rolling 200-
politan Livestock, 900

Industrial

Non-Metro- Agricultural, Coastal plain.
politan Livestock, to rolling

Forest, Oil

Metro- Industrial,
politan Commercial,

Some Agri-
cultural

Metro-
politan

Metro-
politan

a/ Comprises the Fort Worth SMSA.

b/ Comprises the Dallas SMSA.

c/ Includes the Houston, Beaumont, Port Arthur, and
Galveston-Texas City SMSA's.

Industrial-
Commercial,
Some Agri-
cultural

Rolling prairie

30-
450

500-
1,000

Rolling prairie 300-
900

Industrial Coastal Plains

Commercial,
Oil, Chemical,
Forest, Agri-
cultural, Live-
stock

0-
300

64 220

63 228

65 235

64 233

66 243

66 243

67 261

65 238

65 238

68 288

Sub-
area
No. Counties

Growing
Season
(days)

Avg.
Rainfall
(inches)

27.6

30.6

36.7

40.1

40.2

38.0

47.5

33.3

35.7

46.3



STUDY AREA

OKLAHOMA

r H OP K I N S

NEW MEXICO COOPE c)

Lake H NEY GROVE O /I
Coffee D E L T A SULPHUR SPRING

Mills

F BNAM N N I N CMEC MRYICOMM C~
- #/ EMORY

H U N T 5po Vye

SCALE IN MILES
VI0INeI MA GRERNVILLEGRAND SALINE

N6LEONARD E LGREENVILLEL/ N a

DENISON E-NT 0 V A N Z A N D T

VICINITY MAP Re*--s. WLL PON

- romo SHERM^."I -, @ H E N D E R S 0 W

0 /Terre/ A N D E
FARMERSVILLE SCte

CYLG R A Y S 0 N keYSPC.NGTHEN

n s.FATE .5

H YOCLKWRARLTERRELL

WHITESBOROL.MCKINNEYCKWAUFMANaMALAKOFF

L eCN 
K A U F M A N TRI IDA

GAINESVILLEN SPILOTENWFRISCCPLAN, .EASTCROSSERW1IY
SMESU TE}O

LINDSAY 0---..STRAW-N. -

NGSANGER - LEWISVILL D FAIRFIELD
MUENSTER // es -- L La- , ae

- DENTON Gaevn 'IRV G TENNIS - 0 "abet t

Res -. or/hCORSICANA FRE ONE
ANTJ - D E N T 0 N .. GRAND A R PRA . MountainTEGE

NOOACr -Creek Lke WAXAHACHIE
@ * NA" '" enon Q^ t h " Waxahach/e N A V A R R 0 ---- ~--

M N T A G U ERA KEAR INGTN Os. 4 MEXIA

W S , E MIDLOTHIAN i :/

/ DECATUR age rington AMil ROESBEC

BOWIE S/ d " NEWARK Lo ni n FT RT .. _.- . @

@BY E RS ' tl"an
PE TROLIA mn Carter .. YD- ARs.

HENRIETTA CHC" BRIDGEPORT .iWr .B nbrook/ BURLESON L I M E S T 0 N

-Lake . - Lake SPRINGTOW s QKEENE "

C L A Y Ida ndgeprt / ake Weatherford Cler@ 0 S HILLSBORO

-" CLE$URNE H I L L

Weep J 0 H .N S 0 N

" WEATHERFORD

/h/ A R K E R / wh ;"y
Wichia l JACKSBORO L .Minera s* Rite %

J A-. C K . w/s

HOLLIDAY ACECTMNERAL WELLS

*ERYSON GRAFORD

Lk.K/kapoo {

A R. H E R sae indo

/ L0NEY -- GRAHAM

\ MEGRG:L'creek Lk

MEAGL NEWCASTLE e P A L O P I N T O

SY0 0 U N G/ S @AN

GROVES
PORT NECHES

SILSBEE
0  NED RLAN PORT ARTHUR

el V NEDERLAN

EAUMONT

H A R D I N

MRlye T R I N I T Y\ P 0 L K 3e J E F F E R S 0 N

R S 0 N H 0 U S T 0 N GROVETON \ *,xwwtm

/ LIVINGSTON

6 \ , RVER
@QPALESTINE GRaAPELAN

TN/'L I B E R T Y C H A M B E R 5

COLDSPRING LIBERTY ANAHUAC
TRINITY "

O S A N J A C I N T 0 E' LE AND14

COAKWe C , 0aciTOWN SAYDAYTON

HUNTVLLEToustonNgasGALVE

BUFFALOacc SanUNacn TWN.LVEATONGALVESTON

akTW A L K E R CONROETEXA
CENTERVILLErRT e B NAITY

S MADISONVILLEFWesIAON O4t.___LAMAQUE____
L E INCIEMOMEL N T G E M E R YDC8DICWFNSONA

M A 0 I S O N S.1. H ITCHCOCK H U T N

K0 0 0PBI H A R R I S H ALVIN

I\ Res
S- MISSOURIFCITY

UGAR LAND
Barker ANGLETON

" RICHMOND L AKE JACKSON8 FR EPCR

F 0 R T BE N D )B R A Z 0 R I A

ROSENBERG 
r

L EGENDI

......... SUBAREA BOUNDARY~

SUBAREA IDENTIFICATION NO.

WATER. RESOURCES STUDY

EXISTING RESERVOIR (AS OF H--62) TRINITY RIVER BASINTEXAS

GENER AL LOCATION

MAP

SCALE IN MILES DEPARTMENT OF HEALTH, EDUCATION, a WELFARE

10 0 10 2 30 PUBLIC HEALTH SERVICE

REGION VI DALLAS, TEXAS



ss
,

,

s

a s
- ,

r -

e4 - .

s -

s
s

r

s ss
.e

a

s

,
s s -5 e

~ ~1
s

>

- - - .e
-s

- s - :-. c.

sa 
s~ 1- - _ r ,



V. ECONOMICS AND POPULATION

Economic Projections

Agricultural production of the study area is expected to

increase 140 percent by the year 2020. Four percent of the labor
force, or 70,112 workers, were engaged in agriculture in 1960. By
2020, 1 percent of the labor force, or 55,100 workers, will be
sufficient to achieve the expected production.

Mining is very important to the economy of the study area
and accounts for about 21 percent of its income. In 1960 almost
3 percent of the area's labor force was employed in mining com-

pared to a national average of slightly more than 1 percent.

Employment in mining is expected to increase from 45,909 workers

in 1960 to 76,700 workers in 2020. This will represent about
2 percent of the labor force in 2020.

A part of the projected national increase in the demand for

timber and forest products will be satisfied by these resources of

the study area. The present production rate is only 52 percent of

the net annual growth and can be expected to improve with good

forestry management practices . Employment in forestry can, there-

fore, be expected to increase from 1,382 in 1960 to 27,000 by the

year 2020. A summary of present and future employment is shown in

Table V-1.

Table V-1

Study Area Employment
Present and Projected

1960 2020
Labor Force Labor Force

Industry Number Percent Number Percent

Agriculture 70,112 4.3 55,100 1.2

Forestry and Forest Products 1,382 0.1 27,000 0.6

Mining 45,909 2.8 76,700 1.6

Manufacturing 323,454 19.9 1,004,800 21.4

Service Industries 1,114,302 68.4 3,347,400 71.2

Unemployed 74,139 -- -- --

Labor Force 1,629,298 -- 4,699,100 --
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The manufacturing industries are expected to form an impor-
tant part of the future economic base of the study area. Employment
in these categories has increased 157 percent in the two decades
since 1940. In 1960, 323,454 workers, or 20 percent of the labor
force, were engaged in manufacturing. By 2020, about 21 percent, or
1,004,800, will be so employed.

The service industries, which include sales, insurance, fi-
nance, personal services, and transportation, employed 68 percent
of the labor force, or 1,114,302 workers, in 1960. Based on past
national trends modified by relative growth and income in the area,
comparable employment in 2020 will be about 3,347,000 workers, or
71 percent of the labor force.

Population Projections

The rate of population growth in the three metropolitan sub-
areas has been about 3.5 percent per year compared to the national
average for metropolitan centers of about 2.25 percent. This trend
of higher growth rates in the study area can be expected to continue
as indicated by its economic potential. The metropolitan subareas
of Dallas, .Fort Worth, and Houston are projected to increase from
3,444,702 in 1960 to 10,722,000 by 2020 and to 20,101,000 by 2070.

A summary of the population projections
seated in Table V-2 and Figure 3.*

by subareas is pre-

Table V-2

Population Base and Projections by Subareas

1960 2020

59, 649
54, 785,
95,603
99,088

115,862
107,711
100,496
573,215

1,083,601
1,787,886
4,077,896

101,000
148,000
314,000
304,000
220,000
204,000
328,000

2,265,000
3,199,000
5,258,000

12,341,000

160,000
282,000
628,000
575, 000
350,000
325,000
614,000

4,247,000
6,001,000
9,853,000
23,035,000

*Municipal is defined here
of 1,000 or more persons,
used for the remainder of

as including the population of all places
and nonmunicipal is the classification
the population.
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Subarea

1
2
3-
4
5
6
7
8
9
10

Total
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VI. WATER REQUIREMENTS

General

Under the provisions of Title III, Public Law 85-500, the

inclusion of storage to meet present or anticipated future demand

or need for municipal and industrial water is authorized in any
reservoir project surveyed, planned, or constructed by the Corps
of Engineers, U. S. Army. A Memorandum of Agreement dated
November 4, 1958, between the Department of the Army and the De-
partment of Health, Education, and Welfare states that the Public

Health Service will submit to the Corps of Engineers a report of

its views and recommendations on present and prospective needs

for municipal and industrial water supply and the desirability
of meeting those needs from the project or projects under con-

sideration.

The probable future water requirements of the study area in

the year 2020 are based on detailed economic and population pro-

jections, coupled with analyses of unit water requirements. The

overall unit water use determined for the projected population in

2020 is assumed to remain constant for the period from 2020 to 2070.

Therefore, determination of the 2070 water requirements involves

population as the only variable.

Municipal Water Use

Municipal water is defined here as municipally supplied

water for all purposes excluding that supplied to industrial es-
tablishments. Included in the resulting per capita quantities

are losses in the distribution system, treatment plants, and

terminal reservoirs.

Future municipal water needs are calculated by multiplying

the estimated 2020 per capita use by the projected municipal popu-

lation for the area. The expected variation in gallons per capita

day use with climate in the study area is shown in Table VI-1.

Total estimated municipal requirements are summarized in Table
VI-2.

Table VI-1

Per Capita Municipal Water Use for the Year 2020

Subarea gped Subarea gpcd

1 180 6 165
2 175 7 155

3 170 8 175
4 160 9 175
5 160 10 155
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Table VI-2

Subarea Needs

2020 Water Needs in MGD

Sub- Total Total* Munic- Indus-
area Water M. & I. ipal trial

Thermal
Power Non-

Genera- munic -
tion ipal

Irri- Navi-
gation nation

1 20.9
2 30.6
3 60.3
4 80.0
5 196.2
6 131.6
7 302.5
8 582.1
9 782.7

10 3,451.1

Study
Area 5,638.0

% of
Total 100.0

18.6
27.5
55.9
48.5
140.2
77.5

268.2
580.8
774.2

3,107.5

15.7
22.7
49.2
44.2
28.6
26.8
43.6

394.9-
554.9
793.9

2.9
4.8
6.7
4.3

67.9
50.7

224.6
74.5
67.5

2,047.7

5,098.9 1,974.5 2,551.6

43.7

111.4
151.8
265.9

572.8

90.5 35.0 45.3 10.2

2.3
3.0
4.4
4.6
7.2
7.2
8.6
1.1
3.1

11.5

0.1

26.9
48.8
46.9
25.7
0.2
5.4

275.1 57.0

--

53.0 429.1 57.0

0.9 7.6 1.0

Water Needs in MCD
Non-

municipal

1.9
2.2
1.7
4.6
6.1
7.2
7.7
0.6
2.2
7.9

Irriga-
tion

0.1

26.9
48.8
46.9
25.7
0.2
5.4

275.1

Study Area

% of Total

10,178.7 9,650.5

100.0 94.8

consumptive use for thermal power generation.
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Subarea

1
2
3
4
5
6
7
8
9
10

Total
Water

33.8
58.8

121.3
127.1
293.4
191.1
582.7

1,091.8
1,429.4
6,249.3

2070
To ta 1*
M. & I.

31.9
56.5

119 .6
95.6

238.5
137.0
549.3

1,091.0
1,421.8
5,909.3

Naviga-
tion

57.

.--

57.0

*Including

42.1

0.4

429.1

4.2

57.0

0.6



Industrial Water Use

The definition of industrial water used here refers to all

water regardless of source used by the manufacturing industries

(Standard Industrial Classification categories 13, 14, and 20 through

39). The total industrial requirements are determined by combining
the projected number of employees with the projected unit employee

water use for each of the several industrial categories. Industrial

water use is shown in Table VI-2. Regional differences in industrial
practice have been accounted for in the base data which were obtained

from an industrial survey of the study area. Adjustments have been

made for anticipated recirculation and reuse practices. Figure 4

illustrates the variation which is expected in unit water use for

a composite of all industries.

Power Generation Water Use

Consumptive water use for thermal power generation is a part

of the industrial requirements but is determined separately since

water for this purpose is a function. of population rather than em-

ployment. Information on future water use was gathered from power

companies in the area and combined with data developed by the Federal

Power Commission and the Edison Electric Institute for the Senate

Select Committee on National Water Resources. The general locations

of future power generating installations were determined and the

projected needs apportioned throughout the study area according to

the service areas for the several generating plants. The water

requirements for this purpose are shown in Table VI-2.

Nonmunicipal Water Use

A small segment of the total water needs that is sometimes

overlooked is that of nonmunicipal water supply for purposes other

than irrigation. In an area where the terminal year requirement

for all of the water available is anticipated, however, an estimate

of this use becomes necessary so as not to understate the total

water requirements.

For purposes of this study, the nonmunicipal water require-
ments are assumed to consist of domestic water for nonmunicipal

population and water for the maintenance of livestock. The require-

ments for nonmunicipal water are shown in Table VI-2.

Other Water Uses

Projected irrigation and navigation uses were furnished by
the Corps of Engineers. These estimates are also included in

Table VI-2.
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Projected Basin Water Requirements

For purposes of comparison with previous and concurrent studies

and to avoid-duplication of water demands in adjoining river basins,

projections. of water demand for the area totally within the boundaries

of the Trinity River basin were also estimated and are shown in Table

VI-3. These were calculated from the subarea projections shown in

Table VI-2. In this case, the basin is divided into three parts as

follows:

1. Upper: All of the watershed area upstream of

Tennessee Colony Reservoir.

2. Middle: The watershed area downstream of the
upper basin and upstream of the north boundary

lines of Polk and San Jacinto Counties.

3. Lower: The remainder of the watershed area.

Table VI-3

Projected Water Requirements

for the Trinity River Basin

Water Requirements in MGD

Non-
Total munic- Irriga- Naviga-

Subbasin Total M&I* ipal tion tion Export Quality

For the Year 2020

Upper 1,677 1,513 15 69 0 0 80

Middle 295 227 3 65 0 0 0

Lower 1, 461 340 2 222 57 840 0

Total 3,433 2,080 20 356 57 840 80

For the Year 2070

Upper 2,877 2,797 11 69 0 0 0

Middle 504 435 4 65 0 0 0

Lower 1,806 686 1 222 57 840 0

Total 5,187 3,918 16 356 57 840 0

*Includes consumptive use for thermal power generation.
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VII. WATER QUALITY CONTROL

General

Under the provisions of the Federal Water Pollution Control
Act, Public Law 84-660 as amended, consideration must be given to

the inclusion, in any reservoir being planned by a Federal agency,
of storage for regulation of streamflow to control water quality.

Storage and release of this water is not to be provided as a substi-

tute for adequate treatment or control of wastes at their sources.

When treatment methods improve, the need for addition of water
to maintain quality will diminish and may someday entirely disappear.

Until such time, however, it is essential that recognition be given
to the need for flows which must prevail in receiving streams if
their water quality is to be maintained at acceptable levels. There-

fore, estimates of the water required to maintain quality in the

waters of the Trinity River basin and in the Buffalo Bayou watershed

have been made since these demands are an inseparable part of the

water supply plan for the study area. For the remainder of the area
outside the Trinity River basin, studies of wastes were not made

since their disposal is not expected to affect the interbasin trans-

fer of water.

Quality Parameters

The determination of water quality takes into consideration
the wastes which will result from the economic development of an

area and the effects of these wastes on stream regimen. At any point

in a stream, the water quality will be the result of mixing various
qualities and quantities of water which make up the total flow

modified by forces such as reaeration and evaporation which tend

to change its character.

A comprehensive study of water quality requires the analysis
of a large number of individual contaminants which occur in most

streams. For long-term planning, however, it is not considered
necessary to make detailed studies of this nature. Estimates of

pollution are based on water use as a logical outgrowth of present

conditions and technology. To assign values to a multiplicity of

waste constituents would create an apocryphal condition without any
degree of probability. Therefore, quality analysis is based on

broad parameters which are currently available for evaluation of
future stream conditions. Total dissolved solids projections are

employed to characterize the effects of stable pollutants (those
constituents which are not utilized or reduced by stream environ-

ment). Dissolved oxygen content is applied as a measure of unstable

pollutants (those constituents which decay and act on, or are acted

on by the stream environment).
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Stream Loading

An estimate of waste loads likely to be discharged to the

stream in the future is the first step necessary in forecasting

water quality conditions.

The expected amounts of return flow and characteristics of

the wastes were estimated and the following assumptions regarding

quality control requirements were made.

1. Sufficient treatment will be provided to remove

90 percent of the biochemical oxygen demand and

15 percent of the total dissolved solids.

2. Evaporation and seepage from streams are reflected
in streamflow records requiring no adjustment.

Adjustments for evaporation in reservoirs were

necessary, however.

3. Uniform mixing of wastes and receiving waters

will occur.

4. Water for quality control is required when the

dissolved oxygen content of the mixed water in

the stream is below 4.0 milligrams per liter

(mg/1.) or the total dissolved solids exceed

1,000 mg/l.

Analysis of the basin based on the above assumptions indicated

the following:

1. The waters of the basin will not be degraded

below acceptable limits by the stable pollutants

(total dissolved solids).

2. Organic pollution in the reach between Fort

Worth and the Tennessee Colony Reservoir site

exceeds the assimilative capacity of the stream

at present and will continue to do so in the

future.

3. The waters available for quality control in the

basin upstream of the points of need are not

adequate to raise the dissolved oxygen level of

the stream to acceptable standards.
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Further studies, however, indicated that a plan for maintain-

ing the water quality of the basin could be developed through ef-

ficient use of available dilution water and allowances for improved

waste treatment technology.

Availability of Quality Control Water

Since this report recognizes prior commitments, agreements,

and permits of local interests, storage for water quality control

purposes is available only in the several proposed Federal projects,
the largest of which is located downstream from the points of water

need. After 1970, some water will be available in Aubrey Reservoir
upstream of Dallas on an interim basis. The initial quantity is

about 65 mgd (increased system yield) which will gradually decrease
until it is all needed to meet municipal and industrial requirements.

An operation plan of surface water reservoirs in the basin

was developed. The prime function of this plan is efficient utili-
zation of available waters in maintaining water quality within the

basin.

Basin Operations Plan to Maintain Water Quality

The most upstream significant pollution source in the basin

is the city of Fort Worth. Other major sources are the Trinity

River Authority plant and the city of Dallas in that order.

There is no water available for quality control in basin
reservoirs upstream of Fort Worth. Therefore, the first stage of

development to meet water quality requirements is a pipeline from

Tennessee Colony Reservoir to Benbrook Reservoir by the year 1970
which will transport a yearly average of 80 mgd. This water is to

be released from Benbrook Reservoir to satisfy monthly needs vary-

ing from 136 mgd in July to 29 mgd in January during the year 1970.

Also to be constructed by this time is Aubrey Reservoir. Addi-

tional releases from this source amounting to an annual average of

40 mgd in 1970 are required to abate the pollution imposed by the

city of Dallas. This first stage development will satisfy water

quality needs in the upper basin until the year 1985.

Additional treatment to improve the oxygen economy in the

effluents of the Fort Worth, Trinity River Authority, and Dallas

waste treatment plants will be required by the year 1985. This
additional treatment, coupled with 80 mgd of dilution water from
Tennessee Colony Reservoir will be adequate to satisfy water quality

needs in the upper Trinity River basin until the year 2020.
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After the year 2020, the water from Tennessee Colony Reservoir
will be needed to meet municipal and industrial requirements in the
upper basin and should revert to this use completely by the year 2040.
In all probability. waste treatment technology will have advanced
sufficiently to negate the need for quality control water beyond the
year 2020. The period of 20 years between 2020 and 2040 allows for
stage construction of such facilities. On this premise, no needs
for quality control water were projected beyond this year.

In the Houston area, continued disposal of wastes into the

Buffalo Bayou watershed and the Houston ship channel, even when
treated to remove 90 percent of the organic pollutants, will require
average annual regulation flows approximating 1,200 mgd, and a maxi-
mum monthly flow in excess of 2,000 mgd in the year 2020. At present,
there seems little likelihood that such flows could be made available.

An alternative which would be effective to the terminal year

of the study, and probably beyond, would be the construction of one

or a series of outfall lines to discharge treated wastes into the

Gulf of Mexico at a suitable point offshore. Further studies of this

nature are, however, beyond the scope of this report.
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VIII. PLANS FOR SUPPLYING FUTURE WATER REQUIREMENTS

The projected study area water requirements to satisfy munic-
ipal, industrial, nonmunicipal, water quality control, navigation,
and irrigation uses are 5,638 mgd by the year 2020 and 10,179 mgd by
the year 2070. Similar requirements for the Trinity River basin,
including exports, are 3,433 mgd and 5,187 mgd for the years 2020
and 2070, respectively. Existing, under construction, authorized,
and proposed reservoirs in the Trinity River basin will yield 2,297
mgd, and reservoirs in the long-range plans of the remaining area
will yield 1,461 mgd. An additional supply of 2,060 mgd would be
required to satisfy study area requirements in the year 2020 and,
similarly, 6,601 mgd additional would be required in the year 2070.

An analysis of the available ground water, return flow, and
brackish water indicated that the potential of these resources may
be sufficiently developed to meet the additional needs in the area
to the year 2070. It is reasonable to assume that ground water use
in the study area will expand beyond the present 339 mgd; that the
use and reuse of return flows will progressively increase throughout
the projection period; and that a considerable amount of brackish
water will be used for industrial cooling along the gulf coast as
the cost of fresh water supplies increases. Other than to conclu-
sively establish the fact that ultimate water requirements will neces-
sitate the maximum practical development of these water resources in
the study area, no definitive basis is available to assign a schedule
to their development. Generally, the development and use of these
water resources will progress in accord with changing economic condi-
tions and areal development of the study area and with distribution,
availability, and quality of these water resources.

The water requirements and resources are summarized in Table
VIII-l.
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Table VIII-l

Summary Water Balance

(All quantities in mgd)

Supply

Area Requirement Surface Other A!

For the Year 2020

Trinity River Basin In Basin 2,593 In Basin 1,457 956
Import 180 /

Area Outside Trinity River Basin In Area 3,045 In Area 1,101 1,104

Import 840

Total Study Area Total 5,638 Total 3,578 2,060

For the Year 2070

Trinity River Basin In Basin 4,347 In Basin 1,457 2,710
Import 180.E/

Area Outside Trinity River Basin In Area 5,832 In Area 1,101 3,891

Import 840__

Total Study Area Total 10,179 Total 3,578 6,601

a/ Includes ground water, reuse and recirculation of return flows, and brackish water for

industrial cooling in coastal areas.

b/ In accordance with Texas Water Commission Permit No. 1970 from Livingston-Wallisville

Reservoir system.

c/ From Lake Tawakoni (Iron Bridge) and Flat Creek Reservoirs.



IX. BENEFITS OF STORAGE

Evaluation Method

The report of the Sub-Committee on Evaluation Standards of

the Federal Inter-Agency Committee on Water Resources makes the

following comment on evaluation of municipal and industrial water

supply:

"From an overall public viewpoint, a municipal and
industrial water supply development will be economi-

cally justified if it provides water to meet expected

needs at a cost not greater than the cost of the al-

ternative source that would likely be utilized in the

absence of the project."

The alternative cost method has been used for evaluation of

all storage proposed in this report.

Costs

For purposes of comparison of alternatives, capital costs

were converted to equivalent annual costs using an amortization

period of 100 years and a non-Federal interest rate of 4 percent.

The costs so determined for the date of first use of the project

are discounted to their "present" value which in this report refers

to the year 1970.

Alternative Plans

Six of the proposed reservoirs in the Trinity River basin

are Federal projects. These are Lakeview Reservoir, Tennessee

Colony Reservoir, Aubrey Reservoir, Roanoke Reservoir, Wallisville

Reservoir, and the enlargement of Lavon Reservoir. Benefits at-

tributable to the latter two projects are covered in earlier Public

Health Service reports and are shown in Table IX-1.

Table IX-1

Benefits of Storage in Wallisville

and Enlarged Lavon Reservoirs

Project Yield (mgd) Annual Benefits ($)

Wallisville (Water Supply) 146.0 359,000
Lavon Enlargement (Water Supply) 42.7* 935,100

*Yields shown are increases resulting from reservoir enlargement.
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The water supply plan reveals a need for all water that can

be economically developed in the Trinity River basin. And investi-

gations of water supply sources in surrounding basins indicate that

there are no sources of suitable quality water available, other than

those already included in the plan. Therefore, the alternatives to

Lakeview, Aubrey, Roanoke, and Tennessee Colony Reservoirs are

single-purpose reservoirs at the project sites.

A yield-requirement analysis determined a need for water

quality and/or water supply storage in Lakeview, Tennessee Colony,

and Aubrey Reservoirs by the year 1970. In addition, the Corps of

Engineers has received adequate assurances from the city of Grand

Prairie, Texas, and the Trinity River Authority committing the en-

tire conservation yield of the Lakeview and Tennessee Colony Reser-

voirs and other features of the overall Trinity River basin develop-

ment plan at the earliest possible date. Therefore, no discounting

of the benefits calculated for these projects is made.

The benefit calculated for Roanoke Reservoir is discounted

since the earliest need for storage at this site is the year 2000.

Benefits attributable to these projects are shown in Table

IX-2.

Table IX-2

Benefits of Storage in Lakeview, Aubrey,

Roanoke, and Tennessee Colony Reservoirs

Project Yield (mgd) Annual Benefits ($)

Lakeview (Water Supply Only) 28.4 907,300

Aubrey (Water Supply and

Quality Control) 65.3 bi 1,085,200

Roanoke (Water Supply Only) 23.9 bi 210,800 E/

Tennessee Colony (Water Supply

and Quality Control) 290.8 5,589,600 d/

a/ Yield does not include 2.0 mgd utilized by the existing Mountain

Creek Reservoir.
b/ Yields shown are increases in system yields based on storage ex-

change with Grapevine and Garza-Little Elm Reservoirs.

c/ Discounted 30 years from 2000 to 1970.

d/ Includes 84-inch pipeline and pumping facilities to provide 80
mgd of water for quality control upstream of Fort Worth.
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The benefits of storage as shown above for Aubrey and
Tennessee Colony Reservoirs must be divided between municipal and
industrial and water quality control purposes in accordance with
the t&ost : ged for each as outlined in the water sup-
ply ptte, i i y control sections of this report. Since
this -vries with time, it follows that the part of the total benefit
attributable to each purpose also varies. Benefits shown in Table
IX-3 were calculated in this way by decades until the total benefit
becomes attributable to storage for municipal and industrial water
supply purposes.

Table IX-3

Benefits of Storage for Municipal and Industrial
Water Supply and Water Quality Control Purposes in

Tennessee Colony and Aubrey Reservoirs

-- ---------------Annual
Tennessee Colony Res.
Yield: 290.8 mgd

M. & I, Water
Water Quality

Supply Control

1,260,400
1,260,400

1,260,400
1,260,400
1,260,400
1,260,400
3,657,800
5,589,600

4,329,200
4,329,200

4,329,200
4,329,200
4,329,200
4,329,200
1,931,800

-0-

Benefits ($)---------- --
Aubrey Res.

Yield: 65.3 mgd
M. & I. Water
Water Quality

Supply Control

-0-
65, 100
119,400

1,085,200

1,085,200
1,020,100

965k,800
-0-

0
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1970
1980
1985
1990
2000
2010
2020
2030
2040
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