
•

TEXAS WATER COMMISSION

Joe D. Carter, Chairman
O. F. Dent, Commissioner

H. A. Beckwith, Commissioner

BULLETIN 6311

FLOODS IN TEXAS

Magnitude and Frequency of Peak Flows

By

James L. Patterson J Hydraulic Engineer
United States Geological Survey

Prepared by the U. S. Geological Survey
in cooperation with the
Texas Water Commission

December 1963



FOREWORD

River basin and coastal area designations that appear on the tables and
illustrations and in the text of this publication are those of the U. S. Geo_
logical Survey, and in several instances they differ from those of the Texas
Water Commission. An enumeration of such instances follows:

u. S. Geological Survey Texas Water Commission

Arkansas River basin Canad ian River basin

Taylor Bayou basin (Part of the) Neches-Trinity coastal area

Clear Creek basin (Part of the) San Jacinto_Brazos coastal area

Chocolate Bayou basin (Part of the) San Jacinto-Brazos coastal area

Oyster Creek basin (Part of the) San Jacinto-Brazos coastal area

Mission River basin (Part of the) San Antonio-Nueces coastal area

San Bernard River basin (Part of the) Brazos_Colorado coastal area

The U. S. Geological Survey's Red River basin includes the Texas Water
Commission's Red River, Sulphur River, and Cypress Creek basins.

Flood discharge data at numerous locations were summarized during the pre­
paration of this report. These extensive summaries were deemed to be of consid­
erable value and, accordingly, were made a part of the printed report.

TEXAS WATER COMMISSION

~
John J. Vandertulip
Chief Engineer



TABLE OF CONTENTS

Page

ABSTRACT. . . . . . . . . • . . . • . . • . . . . . . • • • • . . . . . . • . • • . . . . • • . • . . . . . • . . . . . . . . . • . . 1

INTRODUCTION. . . . . . . . . . . . . . . . . . . . •• •• . . . . .. . . . . .. . . . ••. • . . . .. • . •. . . . . . . . 3

DESCRIPT ION OF THE AREA. . . . . . . . . • • • . . . . . . . • • . . . . . . . • • • . . . . . . • . . . . . . . . • • 4

Size and Drainage................................................. 4

Topography. . . . . . . . . . . . . . . . . . .•. . . . . . . .• . . . . . . . .•• . . . . . . . .•. . . . . . . • 4

Climate........................................................... 7

FLOOD-FREQUENCY ANALySIS......... .••. . . . ... .••. . . .. . . .•••. . . . .•.•. . . . . . 8

Method of Analysis................................................ 8

Records Available.... .. ....••••.... .••••.....•••••..... 8

Flood Frequency at a Gaging Station............................... 8

Types of Flood Series............ ..•.........•.......•.•.... 9

Flood-Frequency Curves.. . ....•......••.........•.•......•.•.. 9

Regional Flood Frequency.............................. ......••... 10

Mean Annual Flood............................................ 12

Composite Frequency Curve................. ..... .•.. ..... .•... 12

Mean Annual Flood Relation........................................ 12

APPLICATION OF FLOOD-FREQUENCY DATA.................................... 16

Regional Application.............................................. 16

Special Application............................................... 18

Colorado River................................... •••.......•. 19

Rio Grande.......... ...•• . . . . . . . . . . . . . . . . . . . . . . . . .•. . . . . . . .• . 20



TABLE OF CONTENTS (Cont'd.)

Page

Pecos River.................................................. 20

S~c-l-'\RY. . . . . . .. .. .. . .. . .. . . .. .•.. . . .. .•.. .. .. .•. . . . . ..••. . ...•••••. ..•• 20

SELECTED REFERENCES.................................................... 31

ILLUSTRAT IONS

Figures

1. Contour Map of Texas Showing Principal Physiographic Provinces.... 5

2. Flood-Frequency Curve for Navasota River Near Easterly, Tex. 11

3. Frequency of Annual Floods, by Regions. 13

4. Relation of Discharge for Selected Flood Frequencies to
Drainage Area, Region B, Area 7........................... ••••.• 14

5. Variation of Mean Annual Flood With Drainage Area in
Hydrologic Areas 1 Through 8. 15

6. Variation of Mean Annual Flood With Drainage Area on Main
Stems of Cypress Creek and Twelvemile Bayou Below Boggy
Creek, and San Antonio River Below Medina River................. 23

7. Variation of Mean Annual Flood With Miles Above Mouth on
Main Stem of Guadalupe River Below Comfort...................... 23

8. Relation of Discharge for Selected Flood Frequencies to
Miles Above Mouth, Canadian River Main Stem .. ,.................. 24

9. Relation of Discharge for Selected Flood Frequencies to
Contributing Drainage Area, Red River Main Stem................. 24

10. Relation of Discharge for Selected Flood Frequencies to
Drainage Area, Sabine River Main Stem Below Big Sandy Creek..... 25

11. Relation of Discharge for Selected Flood Frequencies to
Drainage Area, Neches River Main Stem Below Flat Creek

and Angelina River Main Stem Below East Fork Angelina River....... 25

12. Relation of Discharge for Selected Flood Frequencies to
Drainage Area, West Fork Trinity River Below Clear Fork
Trinity River, and Trinity River Main Stem. .... .... .... ......•.. 26

13. Relation of Discharge for Selected Flood Frequencies to
Contributing Drainage Area, Clear Fork Brazos River
Below Paint Creek, and Brazos River Main Stem................... 26



TABLE OF CONTENTS (Cont'd.)

Page

14. Relation of Discharge for Selected Flood Frequencies to
Contributing Drainage Area, Colorado River Main Stem
Between Beals Creek and Austin.................................. 27

15. Relation of Discharge for Selected Flood Frequencies to
Miles Above Mouth for Regulated Conditions, Colorado
River Main Stem Below Austin (1941-60).......................... 27

16. Relation of Discharge for Selected Flood Frequencies to
Miles Above Mouth, Nueces River Main Stem Below West
Nueces River.................................................... 28

17. Relation of Discharge for Selected Flood Frequencies to
Miles Above Mouth, Frio River Below Dry Frio River. .......•..... 28

18. Relation of Discharge for Selected Flood Frequencies to
Miles Above Mouth for Regulated Conditions, Rio Grande
Main Stem Above Falcon Dam (1916-60)............................ 29

19. Relation of Discharge for Selected Flood Frequencies to
Contributing Drainage Area for Regulated Conditions,
Pecos River Main Stem BeloW' Red Bluff Reservoir (1939-60)....... 30

Plates

Follows

1. Map of Texas showing gaging stations and flood-frequency
regions.. . .. . .. .. .. .. .. ... . . . . . . .. ... . .. .. .. . .. .. .. . . . . .. . .. Page B-155

2. Map of Texas showing gaging stations and hydrologic areas...... Plate 1

APPENDICES

Page

APPENDIX A - TABLES OF PEAK STAGES AND DISCHARGES, AND ILLUSTRATIONS
COMPARING MAXIMUM TO 50-YEAR FLOODS... A- 1

Table AI. Maximum floods at gaging stations in Texas ...........•.

Table A2. Peak discharge at miscellaneous sites and unusual
floods at short-term gaging stations .

Figure AI. Relation of ~~ximum to 50-Year Flood in Region A .

Figure A2. Relation of Maximum to 50_Year Flood in Region B......

A- )

A-ll

A_14

A_IS



TABLE OF CONTENTS (Cont'd.)

Cypress Creek near Jefferson, Tex ......•.......••.......••••.

Kelly Bayou near Hosston, La ..

Black Bayou near Gilliam, La ..........•••..•....••.......••..

Twelvemile Bayou near Dixie, La ........••.......•.........•..

Sabine River basin ...................................•••••....•••.

Sabine River near Emory, Tex .....................•........••.

Sabine River near Mineola, Tex....................•.......••.

Lake Fork Sabine River near Quitman, Tex ..........•........•.

Big Sandy Creek near Big Sandy, Tex ...............•••......•.

Sabine River near Gladewater, Tex .................•••••..•.•.

Sabine River near Longview, Tex ..........••••.....•••••....•.

Cherokee Bayou near Elderville, Tex ......••••••.....•........

Sabine River near Tatum, Tex ..............••.......••........

Sabine River at Logansport, La ............••.......••........

Tenaha Creek near Shelbyville, Tex ........••......•••........

Bayou San Patricio near Noble, La .......•..•••.....••••...•..

Bayou San Niguel near Zwolle, La .

Sabine River near Milam, Tex .

Palo Gaucho Bayou near Hemphill, Tex .

Sabine River below Toledo Bend, near Burkeville, Tex .

Sabine River near Bon Wier, Tex ..........................•...

Big Cow Creek near Newton, Tex .

Cypress Creek near Buna, Tex ................••.......•••.....

Sabine River near Ruliff, Tex ...............••.......•.......

Cow Bayou near Mauriceville, Tex ..............•.......•......

Neches River basin. " ..........................................•..

Unnamed tributary (watershed 3) of Prairie Creek near

Tyler, Tex .

Unnamed tributary (watershed 4) of Prairie Creek near

Tyler, Tex .

Unnamed tributary (watershed 5) of Prairie Creek near

Tyler, Tex.............................................•...

Neches River near Neches, Tex .

Neches River near Alto, Tex ...........•........••........••..

Neches River near Diboll, Tex ...........•••....•••••....••...

Neches River near Rockland, Tex .........••......••••....•.••.

Striker Creek near Summerfield; Tex ............•••.......•...

Mud Creek near Jacksonville, Tex ................•........••..

Angelina River near Lufkin, Tex .................•........••..

Attoyac Bayou near Chireno, Tex .

Angelina River near Zavalla, Tex ......•..•......•••••....•.•.

Angelina River at Horger, Tex ..........••........•........••.

Neches River at Town Bluff, Tex .

Neches River at Evadale, Tex ...........•.........•........••.

Village Creek near Kountze, Tex .

Taylor Bayou basin ...........................••••••...•••••....••.

Taylor Bayou near LaBelle, Tex ..........•........•••.......•.

Page

B-19
B-19
B-20
B-20

B-20
B-20
B-2l
B-21
B-22
B-22
B-23
B-23
B-23
B-24
B-24
B-24
B-25
B-25
B-25
B-26
B-26
B-27
B-27
B-27
B-28

B-28

B-28

B-28

B-28
B-28
B-29
B-29
B-29
B-30
8-30
B-31
B-31
B-32
8-32
B-32
B_33
B-33

B-33
B-33



TABLE OF CONTENTS (Cont'd.)

Hillebrant Bayou near Lovell take, Tex .

Trinity River basin ........................................••.....
North Creek near Jacksboro, Tex ........................••••..
West Fork Trinity River near Jacksboro, Tex...........•••••..
West Fork Trinity River at Bridgeport, Tex ............••.....
Big Sandy Creek near Bridgeport, Tex ...................•.....
West Fork Trinity River near Boyd, Tex ................••.....
West Fork Trinity River at Lake Worth Dam above

Fort Worth, Tex ......................................•••••.
Clear Fork Trinity River near Aledo, Tex ...............••....
Clear Fork Trinity River near Benbrook, Tex ............••....
Clear Fork Trinity River at Fort Worth, Tex ............••....
West Fork Trinity River at Fort Worth, Tex ..............••...
Marine Creek at Fort Worth, Tex ..........................•...
Village Creek near Handley, Tex.........................•••..
West Fork Trinity River at Grand Prairie, Tex ...........••...
Mountain Creek near Grand Prairie, Tex ..................••...
Elm Fork Trinity River near Sanger, Tex ...........••.....•••.
Isle du Bois Creek near Pilot Point, Tex ........•........•...
Clear Creek near Sanger, Tex .
Elm Fork Trinity River near Lewisville, Tex .
Denton Creek near Justin, Tex .
Denton Creek near Roanoke, Tex..................•••........•.
Denton Creek near Grapevine, Tex ................•••••..•.•••.
Elm Fork Trinity River near Carrollton, Tex ................•.
Turtle Creek at DaUas, Tex ...............................••.
Trinity River at Dallas, Tex ...............................••
Honey Creek subwatershed No. 11 near McKinney, Tex .........•.
Honey Cree k subwa tershed No. 12 near Hc Kinney, Tex .........•.
Honey Creek near McKinney, Tex .............................•.
East Fork Trinity River near McKinney, Tex .
Sister Grove Creek near Princeton, Tex ............•..........
East Fork Trinity River near Lavon, Tex ....................•.
East Fork Trinity River near Rockwall, Tex .
Unnamed tributary (watershed WI) of Duck Creek near

Garland, Tex .
Unnamed tributary (watershed WIll) of Duck Creek

near Garland, Tex .
Unnamed tributary (watershed WIV) of Duck Creek

near Garland, Tex .................................••••.....
East Fork Trinity River near Crandall, Tex ..........••••.....
Trinity River near Rosser, Tex .....................••........
Trinity River at Trinidad, Tex .
Cedar Creek near Mabank, Tex .
Richland Creek near Richland, Tex .......••.••.....••••••.....
Chambers Creek near Corsicana, Tex........••.•.....•••••.....
Trinity River near Oakwood, Tex ..........••••......•••.......
Trinity River near Hidway, Tex .
Trinity River at Riverside, Tex ............•.......••........

Page

8-34

8-34
8-34
B-34
8-34
B-35
B-35

8-36
8-36
8-36
8-36
B-37
B-38
8-38
8-38
8-39
8-39
8-39
8-40
8-40
8-40
8-41
8-41
8-41
8-42
8-42
8-43
8-43
8-44
8-44
8-44
8-45
8_45

8-46

8-46

8-46
8-46
8-46
8-47
8-47
8_48
8-48
B-49
8-49
8-49



TABLE OF CONTENTS (Cont'd.)

Trinity River at Romayor, Tex ......•.......•.......••..•.....
Trinity River at Liberty, Tex ..................•..•••••......

San Jacinto River basin ..............•.............•....•.•.......
West Fork San Jacinto River near Conroe, Tex ........•........
Spring Creek near Spring, Tex ........................•.......
Cypress Creek near Westfield, Tex ...................••••.....
West Fork San Jacinto River near Humble, Tex ........••.......
East Fork San Jacinto River near Cleveland, Tex ......•.......
Caney Creek near Splendora, Tex .....................•••......
Peach Creek at Splendora, Tex .........•..............•..••.•.
San Jacinto River near Huffman, Tex ..........••••.•.•••......
Buffalo Bayou near Addicks, Tex..............•••......•......
Buffalo Bayou at Houston, Tex................••......••......
Whiteoak Bayou at Houston, Tex ......••........•......••......
Brays Bayou at Houston, Tex ..........••.•.....••.•...•.•.•...
Sims Bayou at Houston, Tex ..........••........••..•...••.....
Greens Bayou near Houston, Tex .......•.......••..............
Halls Bayou at Houston, Tex..........•.....•...........•.....

Clear Creek basin .........•...............••......•••••....•••••..
Clear Creek near Pearland, Tex................••.......•.....

Chocolate Bayou basin ..............................••.......•.....
Chocolate Bayou near Alvin, Tex ......••••••...•••.•.•.••.•••.

Oyster Creek basin .........................•........•.......••....
Oyster Creek near Angleton, Tex....................••...•....

Brazos River basin ............................•................••.
Double Mountain Fork Brazos River at Lubbock, Tex .
Double Mountain Fork Brazos River near Aspermont, Tex .
White River at Plainview, Tex .
Unnamed tributary (watershed 1) of Duck Creek near

Spur, Tex .......••.....................................••..
Unnamed tributary (watershed 2) of Duck Creek near

Spur, Tex ..........................•....................••.
Unnamed tributary (watershed 3) of Duck Creek near

Spur, Tex ...........•.................•.................••.
Unnamed tributary (watershed 5) of Duck Creek near

Spur, Tex ...............................................••.
Unnamed tributary (watershed 6) of Duck Creek near

Spur, Tex ................................................•.
Unnamed tributary (watershed 11) of Duck Creek near

Spur, Tex ..............................................•.•.
Unnamed tributary (watershed 12) of Duck Creek near

Spur, Tex..........•.......................................
Unnamed tributary (watershed 14) of Duck Creek near

Spur, Tex .

Page

8-50
8-50

8-51
8-51
8-51
8-52
8-52
8-53
8-53
8-54
8-54
8-55
8-55
8-56
B-56
8-57
8-57
8-57

8-58
8-58

8-58
8-58

8-59
B-59
B-59
8-60

8-60

8-61

8-61

8-61

8-61

8-61

B-62

8-62



TABLE OF CONTENTS (Cont.d.)

Unnamed tributary (watershed 15) of Duck Creek near
Spur, Tex .......................•.....................•••..

Salt Fork Brazos River near Aspermont, Tex .
Brazos River at Seymour, Tex ...........................•.....
Clear Fork Brazos River at Nugent, Tex .................•.....
Clear Fork Brazos River at Fort Griffin, Tex ...........•.....
Clear Fork Brazos River at Crystal Falls, Tex .......•.•••....
Hubbard Creek near Breckenridge, Tex ...................••....
Clear Fork Brazos River near Crystal Falls, Tex .........••...
Brazos River near South Bend, Tex .......................••...
Brazos River near Palo Pinto, Tex .......................••••.
Palo Pinto Creek near Santo, Tex .
Brazos River near Glen Rose, Tex ......••........•........••..
Paluxy Creek at Glen Rose, Tex .
Nolands River at BltDD., Tex ............••........•........••..
Brazos River near Whitney, Tex .
Aquilla Creek near Aquilla, Tex ...........................••.
Green Creek subwatershed No.1 near Dublin, Tex .....••.•.•••.
Green Creek near Alexander, Tex .
North Bosque River near Clifton, Tex......................••.
South Bosque River near Speegleville, Tex .........•........•.
Brazos River at Haco, Tex ........................•...........
Sandy Creek watershed SW-16 near Riesel, Tex ..
Cow Bayou at Mooreville, Tex .....................••..........
Brazos River near Marlin, Tex.....................•..........
Brushy Creek watershed A near Riesel, Tex .........•....•.....
Brushy Creek watershed C near Riesel, Tex .........••.........
Brushy Creek watershed D near Riesel, Tex .........•••........
Brushy Creek watershed SW-14 near Riesel, Tex .....•••••......
Brushy Creek watershed SW-12 near Riesel, Tex .....••.........
Brushy Creek watershed Y-10 near Riesel, Tex .......•••.......
Brushy Creek watershed Y-6 near Riesel, Tex ........•••.......
Brushy Creek watershed Y·4 near Riesel, Tex .......•••........
Brushy Creek watershed Y-8 near Riesel, Tex ........•••.•.....
Brushy Creek watershed Y-2 near Riesel, Tex ........••.....•..
Brushy Creek watershed Y-7 near Riesel, Tex.........••.......
Brushy Creek watershed SW-7 near Riesel, Tex ........••.......
Brushy Creek watershed SW-l3 near Riesel, Tex .....•••••••....
Brushy Creek watershed Y near Riesel, Tex...........••••...•.
Brushy Creek watershed G near Riesel, Tex ..........•.•.......
Brushy Creek watershed Z near Riesel, Tex ...........••.......
Brushy Creek watershed V near Riesel, Tex .............•......
Brushy Creek watershed SH-18 near Riesel, Tex .......••••••...
Brushy Creek watershed 5101-11 near Riesel, Tex .......••••.•...
Brushy Creek watershed SW-17 near Riesel, Tex ........••......
Brushy Creek watershed SW-5 near Riesel, Tex .........•.......
Brushy Creek watershed W-l near Riesel, Tex .
Brushy Creek watershed SW-3 near Riesel, Tex .
Brushy Creek watershed w-6 near Riesel, Tex ..........••......
Brushy Creek watershed SW-2 near Riesel, Tex.........•••••...

Page

B-62
B-62
B-63
B-63
B-64
B-65
B-65
B-65
B-66
B-66
B-67
B-67
B-68
B-68
B-69
B-69
B-69
B-70
B-70
B-70
B-71
B-71
B-7l
B-72
B-72
B-72
B-72
B-73
B-73
B-73
B-73
B-74
B-74
B-74
B-74
B-75
B-75
B-75
B-75
B-75
B-76
B-76
B-76
B-76
B-76
B-77
B-77
B-77
B·77



TABLE OF CONTENTS (Cont'd.)

Brushy Creek watershed t,,1-10 near Riesel, Tex .....•........•..
Brushy Creek watershed w-2 near Riesel, Tex ............••....
Brushy Creek watershed SW-6 near Riesel, Tex............•••.•
Leon River near Hasse, Tex .......................•••...••••..
Leon River near Hamilton, Tex .......•...................•....
Leon River at Gatesville, Tex ..........••.......••......••...
Cowhouse Creek at Pidcoke, Tex .........••.......•.....•.••...
Cowhouse Creek near Killeen, Tex ........•••.....•••••.•..•••.
Leon River near Belton, Tex .............•.......••.......•...
Lampasas River at Youngsport, Tex ...............••.......••..
Little River near Little River, Tex .............••.......••..
San Gabriel River at Georgetown, Tex ............•••.....•••..
San Gabriel River at Circleville, Tex .....•.•...•••.•....•••.
Little River at Cameron, Tex .
Brazos River at Valley Junction, Tex .....•.......••.......••.
Brazos River near Bryan, Tex .............•........•.......•..
Yegua Creek near Somerville, Tex .........•........•........•.
Navasota River near Easterly, Tex ........•••......••..•...•..
Navasota River near Bryan, Tex....................••.......•.
Brazos River near Hempstead, Tex ..........•...... , .•......••.
Brazos River near San Felipe, Tex .........••.......•.......•.
Brazos River at Richmond, Tex.............••.......••......•.
Brazos River near Juliff, Tex ............••.•••...•••.••...•.
Big Creek near Needville, Tex .
Fairchild Creek near Needville, Tex .......•••......•••.......
Dry Creek near Richmond, Tex .
Brazos River at East Columbia, Tex ........•••.......•........

San Bernard River basin ......................•.•••••....••••......
San Bernard River near Boling, Tex .

Colorado River basin ............................••.......••.......
Bull Creek near Ira, Tex ..........••.......•••.......•.......
Bluff Creek near Ira, Tex ..
Colorado River near Ira, Tex .
Deep Creek near Dunn, Tex ...................••.......••......
Colorado River at Colorado City, Tex ..................•......
}wrgan Creek near Westbrook, Tex .
Graze Creek near Westbrook, Tex ..............•........•......
Champlin Creek near Colorado City, Tex ......••••.....•••••...
Colorado River at Robert Lee, Tex ............•••.....•..••...
Colorado River at Ballinger, Tex ..
Elm Creek at Ballinger, Tex ...................•......••......
South Concho River at Christoval, Tex ..
Middle Concho River near Tankersly, Tex ......••.......•••....
Spring Creek near Tankersly, Tex .............•••.......•.....
South Concho River at San Angelo, Tex ........••........•.....
North Concho River at Sterling City, Tex ......•........••....
North Concho River near Carlsbad, Tex ........•••......••.....
North Concho River at San Angelo, Tex ........•••••.....•••••.

Page

'-78
'-78
'-78
'-78
B-79
B-79
B-79
'-80
'-80
'-80
'-81
B~BI

B~B2

.-82
'-83
.-84
'-85
'-85
'-86
B-B6
.-87
'-87
B-BB
'-88
B-BB
.-89
.-89

.-89

.-89

B-90
.-90
'-90
B-90
.-91
B-91
B-91.-92
'-92
B-92
.-93
'-94
'-94
B-95
.-95
.-96
B-97
.-97
.-98



TABLE OF CONTENTS (Cont'd.)

Concho River near San Angelo, Tex ........••.......•..........
Concho River near Paint Rock, Tex .......••••••...••••••.•.•..
Mukewater Creek at Trickham, Tex.... _..............•.........
Colorado River at Winchell, Tex ....................•.........
Deep Creek subwatershed No.3 near Placid, Tex .
Deep Creek near Mercury, Tex .
Deep Creek subwatershed No.8 (Dry Prong Deep Creek)

near Nercury, Tex .
Dry Prong Deep Creek near Nercury, Tex .
Hords Creek near Valera, Tex ...............••••....••.••.....
Hords Creek at Coleman, Tex ................••.••.....•.•.....
Pecan Bayou at Brownwood, Tex .....•.................•.•......
San Saba River at Menard, Tex ..............••........••......
Brady Creek at Brady, Tex ..................••.........•......
San Saba River at San Saba, Tex .............••••....••.•••...
Colorado River near San Saba, Tex ........•.••••.•....•.•.•...
North Llano River near Junction, Tex .........••.......•......
Llano River near Junction, Tex ...............••.......••.....
Llano River near Castell, Tex ...............•••.......•......
Llano River at Llano, Tex ....................•••...•..•••••..
Pedernales River at Stonewall, Tex ...........•••.......••....
Pedernales River near Johnson City, Tex ......•••.......•.....
Pedernales River near Spicewood, Tex ...........•........•....
Waller Creek at 38th Street, Austin, Tex .......•.........•...
Waller Creek at 23rd Street at Austin, Tex.....•••.•....•.•..
Colorado River at Austin, Tex............................••..
Onion Creek near Del Valle, Tex .........................•••..
Colorado River at Smithville, Tex .........................•..
Dry Creek at Buescher Lake near Smithville, Tex ...........•..
Colorado River at La Grange, Tex..........................•..
Colorado River at Columbus, Tex ......................•....•..
Colorado River at Wharton, Tex .........•••••....•••.••....•..
Colorado River near Bay City, Tex .

Lavaca River basin...........................••........•..........
Lavaca River at Hallettsville, Tex ......••.........•.........
Lavaca River near Edna, Tex .............•••••.....••.•••. _...
Navidad River near Ganado, Tex...........••.......•••.••.....

Guadalupe River basin .........................•.........••........
Guadalupe River at Hunt, Tex .......................••........
Johnson Creek near Ingram, Tex .
Guadalupe River at Comfort, Tex .
Guadalupe River near Spring Branch, Tex .
Guadalupe River above Comal River, at New Braunfels, Tex .
Comal River at New Braunfels, Tex .
Guadalupe River at New Braunfels, Tex .
Blanco River at Wimberly, Tex ..............••.•.......•••....
San Marcos River at Luling, Tex ............•••......•••......
Plum Creek near Lockhart, Tex ...............•.........•......

Page

8- 98
8- 99
8-100
8-100
8-100
8-101

8-101
B-IOl
8-102
8-102
B-I03
8-103
8-104
8-104
8-105
8-106
8-106
8-107
8-107
8-108
B-l08
B-I09
8-109
8-109
B-ll0
B-110
B-110
B-HI
B-l11
8-111
8-112
B-112

8-113
8~113

8-113
8_114

8-114
8-114
8.114
8-115
8-116
B-1l6
B-1l7
B-1l7
B·1l8
8-118
8-119



TABLE OF CONTENTS (Contld.)

Page

Figure A3. Relation of Maximum to 50-Year Flood in Region C...... A-16

Figure A4. Relation of Maximum to 50-Year Flood in Region D•.•... A-17

Figure AS. Relation of Maximum to 50-Year Flood in Region E•..... A-17

Figure A6. Relation of Maximum to 50-Year Flood in Region F...... A-18

Figure A7. Relation of Haximum to 50-Year Flood in Region G...... A-18

Arkansas River basin .
Canadian River at Logan, N. Hex .
Unnamed tributary (watershed W-l) of Middle Alamosa Creek

near Vega, Tex .
Unnamed tributary (watershed W-2) of Middle Alamosa Creek

near Vega, Tex .
Canadian River near Amarillo, Tex .
Canadian River near Canadian, Tex...........••......••.......
Canadian River at Bridgeport, Okla ...........•••.......•••...
Palo Duro Creek near Spearman, Tex ..........•••......••......
Wolf Creek at Lipscomb, Tex .

APPENDIX B - GAGING-STATION RECORDS LISTED 8Y BASIN AND IN
DOWNSTREAM ORDER . 8. 1

B- 6
8- 6

B_ 6

B- 6
B- 7
B- 7
B- 8
B- 9
B- 9

Red River basin ...............................................••..
Tierra Blanca Creek at reservoir, near Umbarger, Tex .
Prairie Dog Town Fork Red River near Canyon, Tex .
North Tule Draw at reservoir, near Tulia, Tex .
Prairie Dog Town Fork Red River near Brice, Tex ..........•••.
Prairie Dog Town Fork Red River near Estelline, Tex .....•.•..
Salt Fork Red River near Wellington, Tex ................•....
Salt Fork Red River at Mangum, Okla .....................•....
Quitaque Creek near Quitaque, Tex ......................••....
Pease River near Crowell, Tex ...................••••....••••.
Wichita River at Wichita Falls, Tex ..............••.....•..•.
Little Wichita River near Archer City, Tex ..............•....
Little Wichita River near Henrietta, Tex ........•.......•....
Red River near Terral, Okla .....................•........•...
Red River near Gainesville, Tex .................•••.....•••..
Red River near Colbert. Okla ...........•.••.....•••••...••••.
Red River at Arthur City, Tex ............•......••.......•...
Red River a t Index, Ark .........................•.........••.
South Sulphur River near Cooper, Tex .....•........•........•.
North Sulphur River near Cooper, Tex .....••••....••......•••.
Whiteoak Creek near Talco. Tex ...........•.......•..•....•...
Whiteoak Creek below Talco, Tex ..................•........•..
Sulphur River near Darden, Tex ...................••..........
Cypress Creek near Pittsburg, Tex .........••••...•.••......•.
Boggy Creek near Daingerfield, Tex .......••.••...••...•......

B- 9
B- 9
B-l0
B_I0
8-10
8-11
B-11
B-11
8-12
B-12
8-12
B-13
B-13
B-13
8·14
8-14
B-15
8-16
B-16
8_16
8-17
8-17
B-17
B-18
B-18



TABLE OF CONTENTS (Cont'd.)

Plum Creek near Luling, Tex ................•.......•.........
San Marcos River at Ottine, Tex .
Guadalupe River at Gonzales, Tex .....•••...•••••.....••......
Sandies Creek near Westhoff, Tex .....•.•.....•.......••......
Guadalupe River below Cuero, Tex .............••......•••.....
Guadalupe River at Victoria, Tex .....•.......••.......••.....
Coleta Creek near Schroeder, Tex .....•........••.......•.••..
Cole to Creek near Victoria, Tex .........•.....••••..•.•••....

San Antonio River basin ............................••.......••....
San Antonio River at San Antonio, Tex .........••.......••....
San Pedro Creek at San Antonio, Tex .
Medina River near Pipe Creek, Tex ..............•.....•.••••..
Medina River near San Antonio, Tex ......••..•..•••.....••....
Calaveras Creek near Elmendorf, Tex .............•.......••...
San Antonio River at Calaveras, Tex ............••.......••...
San Antonio River near Falls City, Tex ..........•.........•..
Cibolo Creek near Bulverde, Tex ..........................••..
Cibolo Creek at Selma, Tex , .
Cibolo Creek near Falls City, Tex ........................••..
Escondido Creek subwatershed No. I near Kenedy, Tex ......••..
Escondido Creek at Kenedy, Tex ............................•..
Dry Escondido Creek near Kenedy, Tex .....................••..
San Antonio River at Goliad, Tex .........•••....••••••....•..

Hission River basin ..........................••.......••........•.
Mission River at Refugio, Tex...........••.......•...........

Nueces River basin ....................................•••.•.•.....
Nueces River at Laguna, Tex ........................•.........
West Nueces River near Brackettville, Tex .........••.........
Nueces River below Uvalde, Tex .....................••........
Nueces River near Cinonia, Tex ....................•.••••.....
Nueces River near Asherton, Tex..........••.••.....••..•.....
Nueces River at Cotulla, Tex ..............••.......••........
Nueces River near Tilden, Tex .............••........••.......
Frio River at Concan, Tex .
Dry Frio River near Reagan Wells, Tex ................•.......
Frio River below Dry Frio River near Uvalde, Tex ......•••....
Sabinal River near Sabinal, Tex ......................••......
Sabinal River at Sabinal, Tex ........................••......
Hondo Creek near Tarpley, Tex ...............••.......•.......
Hondo Creek near Hondo, Tex .......••.........•.......••......
Seco Creek near Utopia, Tex .......•.•........•••......•......
Seco Creek near D'Hanis, Tex ........•.......•••.•....•.•.....
Frio River near Derby, Tex ..........•........••.......••.....
Frio River at Calliham, Tex .
Atascosa River at Whitsett, Tex .............••.......••......
Nueces River near Three Rivers, Tex ..........••.......•......
Nueces River near Hathis, Tex .............•.••••••....•••••. _

Page

B-1l9
B-120
B-120
B-121
B-12l
B-122
B-122
B-123

B-123
B-123
B-124
B-124
B-124
B-125
B-125
B-l25
B-125
B-126
B-126
B-I27
B-127
B-127
B-127

B-128
B-128

B-128
B-128
B-129
B-129
B-I29
B-130
B-130
B-l30
B-l3l
B-131
B-131
B_132
B-132
B-132
B-133
B-l33
B-133
B-I33
B-134
B-134
B-134
B-135



TABLE OF CONTENTS (Cont'd.)

Rio Grande basin .....................•..............•••.•....••...
Rio Grande at El Paso, Tex : .
Rio Grande below American Dam, Tex .......................••..
Rio Grande at Juarez, Chihuahua, Mexico ..................••..
Rio Grande at Island Station near El Paso, Tex ............•..
Rio Grande at Tornillo Bridge near Fabens, Tex ............•..
Rio Grande at County Line Station near El Paso, Tex........•.
Rio Grande at Fort Quitman, Tex ...........................•..
Rio Grande at La Nutria, Tex .
Rio Grande above Presidio, Tex. (upper Presidio station) .
Rio Conchas at Chuchillo Parado, Chihuahua, Mexico .
Rio Conchos near Ojinaga, Chihuahua, Mexico .
Rio Grande above Presidio, Tex .
Alamito Creek near Presidio, Tex ...................••........
Rio Grande below Presidio, Tex ............••........••.......
Terlingua Creek near Terlingua, Tex .......•••.......•........
Rio Grande at Johnson Ranch, Tex ...........••••....••••••....
Rio Grande at Boquillas, Tex...............••........•.......
Rio Grande at Langtry, Tex .................•.......•••.......
Pecos River near Malaga, N. Mex ............••.......•........
Pecos River at Red Bluff, N. Mex .
Delaware River near Red Bluff, N. Mex .......••••...•••••••...
Pecos River near Angeles, Tex ..............•••.......••......
Salt (Screwbean) Draw near Orla, Tex ........•........•.......
Pecos River near Orla, Tex ..................•.........•......
Pecos River at Pecos, Tex .............................•......
Madera Canyon near Toyahvale, Tex .................•..•••.••..
Limpia Creek near Fort Davis, Tex.....................•......
Toyah Creek below Toyah Lake near Pecos, Tex ..........••.....
Pecos River near Grandfalls, Tex ......................•......
Pecos River below Grandfalls, Tex .......................•....
Pecos River near Girvin, Tex ..........••.....•••......•.••...
Pecos River near Sheffield, Tex ..............•••......••.....
Pecos River near Shumla, Tex ........••.......••..............
Devils River near Juno, Tex ..........•.........•.......••....
Devils River near mouth .
Rio Grande below Amistad damsite .........................••..
Arroyo Las Vacas near Ciudad Acuna, Coahuila, Mexico .
Rio Grande near Del Rio, Tex .
San Felipe Creek near Del RiO, Tex .
Pinto Creek near Del Rio, Tex ...........................••...
Rio San Diego at Jimenez, Coahuila, Mexico ...........•.••••..
Rio San Rodrigo near El Moral, Coahuila, Mexico .........••...
Rio Grande at Eagle Pass, Tex .
Rio Escondido at Villa de Fuente, Coahuila, Mexico .
Rio Grande at San Antonio Crossing near Villa Guerrero,

Coahuila, Mexico .
Rio Grande at Laredo, Tex .
Rio Salado at Las Tortillas, Tamaulipas, Mexico..........••..
Rio Salado at Ciudad Guerrero, Tamaulipas, Mexico........••..

Page

8-136
8-136
B-136
8-136
8-137
8-137
B-137
8-137
8-138
8-138
B-138
8-138
B-139
B-139
8-139
B-139
8-140
8-140
B-140
8-141
B-141
B-142
8-142
8-142
8-143
8-143
B-143
8-144
8-144
8-144
B-144
8-145
8-145
B-145
B-146
B-146
8-147
8-147
B-147
B-147
8-148
B-148
8-148
8-149
8-149

8-149
B-150
8-150
B-150



TABLE OF CONTENTS (Cont'd.)

Rio Grande near Zapata, Tex .........................•........
Rio Grande at Chapeno, Tex .
Rio Alamo at Ciudad !Her, Tamaulipas, Mexico .
Rio Grande at Roma, Tex .
Rio San Juan at Santa Rosalia, Tamaulipas, Mexico .
Rio Grande at Fort Ringgold, Rio Grande City, Tex .....•......
Mission Branch south of McAllen, Tex .
Rio Grande below Anz.a lduas Dam .
Hackney Branch south of McAllen, Tex .......••........•.......
Rio Grande at Hidalgo, Tex.................••••.....•••••....
Rio Grande at Progreso Bridge, Tex................•..••......
Rio Grande near San Benito, Tex ......................•.......
Rio Grande at Matamoras, Tamaulipas, Mexico ..........••......
Rio Grande at Lower Brownsville, Tex ..................•......

Page

B-lSI
B-151
B-lSl
B-lSl
B-152
B-152
B-I53
B-I53
B-153
B-I53
B-154
B-154
B-154
B-155



FLOOD S I N T E X A S

Magnitude and Frequency of Peak Flows

ABSTRACT

This report outlines methods by which the magnitude and frequency of ex·
pected floods for most streams in Texas may be predicted. Peak discharge data
from gaging stations have been used to define flood-frequency curves applicable
to the State. Composite frequency curves were drawn showing the relation of
mean annual floods to floods having recurrence intervals from 1.2 to 50 years.
Other curves express the relation of the mean annual flood to contributing
drainage area. By combining data from the two types of curves, flood-frequency
curves may be drawn for streams in Texas not materially affected by regulation
or diversion. The curves should not be extrapolated beyond the range defined
by base data.

In general, very large streams in the State do not lend themselves to re­
gional analysis; therefore, they are given special treatment in this report.

A tabulation of peak gage heights and discharges for most
in the State having as many as 5 years of record are included.
tabulations include all peaks above a selected base discharge.
tions only annual peaks are shown.

gaging stations
In general, the
For some sta-



FLOOD S I N T E X A S

Magnitude and Frequency of Peak Flows

INTRODUCTION

Knowledge of the magnitude and frequency of floods is a primary factor for
the proper design of structures in the flood plains of streams. Such knowledge
is also necessary for sound flood-plain zoning and may be used as a basis for
establishing insurance rates for flood damage. The proper design of structures
in the flood plains requires consideration of the flood hazard. If the failure
of structures, such as dams, spillways, or levees can cause the loss of human
life or great property damage, the structures should be designed to withstand
the maximum flood. Other structures may be designed without considering the
flood hazard. For most structures, however, such as bridges, culverts, highway
fills, and buildings, inundation or loss of the structure will cause only tem­
porary inconvenience or moderate property loss. Therefore, these structures
usually are designed on the basis of less severe flooding considerations, taking
into consideration the expected life of the structure, cost of repair or re­
placement, and inconvenience caused the public. These economic considerations
dictate the choice of a design-flood frequency.

The purposes of this report are:
magnitude and frequency of floods on most
accumulated flood-peak data in the State.

(1) to describe methods of predicting
streams in Texas, and (2) to present

A comprehensive report now being prepared by the author will describe
the magnitude and frequency of floods in Western Gulf of Mexico basin, which
includes parts of Texas and several other states. Frequency relations for that
part of Texas in the Arkansas and Red River basins are essentially the same as
described by the author in a report titled '~gnitude and Frequency of Floods in
Lower Mississippi River Basin." The two basin reports will be published as
U. S. Geological Survey Water-Supply Papers.

Basic data for this report were compiled by U. S. Geological Survey
personnel of the Texas district under the direction of Trigg Twichell, district
engineer, Surface Water Branch. Unless otherwise noted in the individual sta­
tion descriptions, the data were collected by the U. S. Geological Survey in
cooperation with the Texas Water Commission and other Federal and State agencies
and numerous political subdivisions.
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DESCRIPTION OF THE AREA

Size and Drainage

Texas has an area of 265,896 square miles (Douglas, 1930). The State is
traversed by several major rivers. The Canadian River, a tributary to the
Arkansas River, and the Red River and its tributaries drain the Panhandle and
the northern part of the State. The Sabine River on the east divides Texas
from Louisiana below the State line gaging station near Logansport, Louisiana,
and the Rio Grande on the south and west divides Texas from Mexico. Between
these two rivers, the major river basins from east to west are: Neches,
Trinity, San Jacinto, Brazos, Colorado, Lavaca, Guadalupe, San Antonio, and
Nueces. The Arkansas and Red Rivers flow into the Mississippi River and thence
into the Gulf of Mexico, whereas the streams in the remainder of the State drain
directly into the Gulf of Mexico or into connecting lakes or bays.

Topography

The topography of the area is characterized by its diversity. The highest
point in the State is on Guadalupe Peak in Culberson County in extreme West
Texas with an elevation of about 8,750 feet. General land-surface elevation is
about 5,000 feet above mean sea level along the Texas-New Mexico border in
Hudspeth County, and decreases progressively southeastward across the State to
mean sea level along the Gulf of Mexico.

Texas lies in four separate physiographic regions. These are: (1) the
Basin and Range province; (2) the Great Plains provincej (3) the Central Low­
land; and (4) the Coastal Plain. These provinces, as defined by Fenneman
(1931), are shown in Figure 1.

The Basin and Range province lies west of the Pecos River. General land­
surface elevation ranges from less than 2,000 feet along the Rio Grande at the
southeastern boundary of the province to about 5,000 feet at the Texas-New
Mexico border. This province includes the Salt Basin, which lies between the
Pecos River basin on the east and the Rio Grande basin on the west. It is a
closed basin and comprises an area of about 5,500 square miles in Texas. Be­
cause it is a closed basin, this area does not contribute surface.water runoff
to either the Pecos River or the Rio Grande.

The Great Plains province covers a large part of west-central and West
Texas and is comprised of the High Plains, the Edwards Plateau, and the Central
Texas section. The High Plains, a relatively flat area of West Texas, comprises
an area of about 35,000 square miles. General land-surface elevation ranges
from about 2,500 to 4,000 feet. This area is dotted by thousands of playa lakes
or "pot holes" in which the small amount of surface runoff collects and either
percolates into the ground or is lost to evaporation. Only on rare occasions
will any surface runoff from streams originating on the High Plains appear in
the reaches of the streams east of the High Plains escarpment. The rolling
plains to the east of the escarpment is a region about 125 miles wide, west to
east, and about 200 miles long. The surface area dips approximately 10 feet
per mile to the east or southeast. Streambeds, generally, are of loose alluvial
material, commonly shifting sand and light clay. Except for a 30-mile wide
north-south band of Terrace deposits, the topography ranges from steep slopes
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on the High Plains escarpment to a relatively flat region on the east. Streams
in the Edwards Plateau and Central Texas section of the Great Plains province
generally have relatively steep slopes and narrow, well-defined flood plains.
General land-surface elevation ranges from about 800 to 2,500 feet. Tremendous
floods have occurred in this section of the State and, considering drainage­
area size and rate of runoff, are among the greatest experienced in the United
States. A peak discharge of 580,000 cfs (cubic feet per second) from a drainage
area of 402 square miles occurred on the West Nueces River near Brackettville
June 14, 1935.

The Central Lowland includes much of the north-central part of the State.
The gently rolling topography of the area contrasts sharply with the rougher
terrain to the south and southwest.

The Coastal Plain in Texas is represented by the West Gulf Coastal Plain
section occupying most of southeast Texas. The West Gulf Coastal Plain in cen­
tral and south-central Texas is separated from the Edwards Plateau by the Bal­
cones fault zone which forms the Balcones escarpment extending from a point near
Del Rio eastward to San Antonio, thence northeastward to a point near Waco.
North of Waco the boundary between the West Gulf Coastal Plain and the Great
Plains and Central Lowland is less distinct and is considered by some geologists
to be the contact between Lower and Upper Cretaceous rocks. The topography of
the West Gulf Coastal Plain ranges from low, rolling hills in the inland areas
to relatively flat terrain along the lower reaches of the streams and along the
Gulf Coast. Streams in this area have fairly flat slopes and wide flood plains.

Climate

The climate of Texas is even more diverse than its topography. Conditions
range from humid along the lower reaches of the Sabine River to semiarid in the
extreme western part of the State. Mean annual precipitation is about 55 inches
along the lower Texas-Louisiana border and decreases fairly uniformly westward
to less than 10 inches at EI Paso. Rainfall is quite erratic with long periods
of little or no precipitation and occasional tremendous downpours. A minimum
annual precipitation of 1.95 inches was recorded at Imperial in 1953, and a
maximum of 109.38 inches was recorded at Clarksville in Red River County in
1873. Some of the highest rates of rainfall in the United States have occurred
in Texas. At D1 Hanis in Medina County, 21.5 inches fell in 3 hours on May 31,
1935, and at Thrall in Williamson County, 38.2 inches fell in 24 hours on Sep­
tember 9 and 10, 1921.

Floods in Texas are caused by several different types of storms and may
occur during any month of the year. Great floods have occurred most frequently
during the months of April through October. Most of the major floods are caused
by tropical or semitropical storms from the Gulf of Mexico. Some floods such as
those of April through June 1957 are caused by cooler air from the northwest
colliding with warm, moisture· laden air from the Gulf. On rare occasions, large
floods have been caused by storms crossing Mexico and the United States from the
Pacific Ocean. Floods in the western part of the State are frequently caused
by thunderstorms of high intensity, and usually cover relatively small areas.
These storms normally occur during the summer or early fall.

Snowmelt is not a contributing factor to floods in Texas.
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FLOOO.FREQUENCY ANALYSIS

Method of Analysis

Methods used in the preparation of this report have been developed by
engineers of the U. S. Geological Survey over a period of years and are outlined
by Dalrymple (1960) and Benson (1962).

Peak-discharge data collected at a gaging station are used to define f100d­
frequency relations at the gaging station. These point relations are then com.
bined to define regional frequency relations, which may be applied over a broad
area. Using data collected in Texas and adjoining states for varying types and
sizes of drainage areas, two basic relations were defined: (1) A curve showing
the relation between the ratio of a flood for a selected recurrence interval to
the mean annual flood, and (2) A curve showing the relation between the mean
annual flood and the contributing drainage areas.

Records Available

A summary of pertinent data for all gaging stations is given in Appendix
A, Table AI. Many measurements of peak discharge for outstanding floods have
been made at miscellaneous sites in Texas. Peak-discharge data for these floods
and for outstanding floods at gaging stations having less than 5 years of record
are listed in Table A2.

Data on peak flow at 394 gaging stations in Texas and adjoining states
having 5 or more years of record are included in Appendix B of this report.
Location of these stations is shown on Plates 1 and 2.

Streamflow records for only 189 gaging stations were used in the analysis.
In general, only those stations having 10 or more years of peak.discharge re­
cords, not materially affected by. unnatural conditions, were used in defining
regional flood-frequency relations. Some of the larger streams have experienced
a relatively constant degree of regulation over a long period of time. Records
for stations on these streams were used to define frequency relations under re~

gulated conditions and are included in the 189 gaging stations noted above.

Flood Frequency at a Gaging Station

A flood-frequency curve based on peak-discharge records collected at a
gaging station indicates what has happened at that particular site during a
specific period of time. If the period was not typical of the long-term flood
experienced in the area, this will be a poor basis for predicting future flood
events. Furthermore, the information is generally wanted for an ungaged point.
It is believed, therefore, that a frequency curve based on regional character­
istics, as defined by many gaging-station records, is more reliable and appli­
cable than one based on flood experiences at only one site. Exceptions would
be stations on large streams having floodflow characteristics radically differ­
ent from those of smaller tributary streams. In order to define regional fre­
quency relations, it is first necessary to draw frequency curves for individual
gaging stations.

- 8 -
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Types of Flood Series

Flood data for a gaging station may be analysed either as an annual flood
series or as a partial-duration flood series. Only the highest peak in each
water year which begins October 1 and ends September 30 is used in the annual
series, whereas the partial·duration series includes all peaks above a selected
base. The water year is identified by the year in which it ends; thus, a peak
which occurs in October, November, or December 1950 would be listed in the 1951
water year.

The annual flood series has been used in this report. Langbein (1949) has
shown that for recurrence intervals of 10 or more years, the two methods give
practically the same results. Comparative values of recurrence intervals by
the two methods are shown in the following table.

Recurrence interval, in years

Annual flood Partial-duration
series flood series

1.16 0.5

1.58 1.0

2.00 1.45

2.54 2.0

5.52 5.0

10.5 10

20.5 20

50.5 50

100.5 100

The above table may be used to compute recurrence intervals for partial­
duration series from curves based on annual series. It should be noted that
there is a distinction in meaning of "recurrence interval" between the two
series. In the annual flood series, recurrence interval is the avera~nterval

of time within which a given flood will be equaled or exceeded once as an annual
maximum. In the partial-duration series, the recurrence interval is the aver~g~

interval of time within which a given flood will be equaled or exceeded once
without regard to its relationship to the ~ear or any other period of time.

Flood-Frequency Curves

Methods of preparing frequency graphs for a particular gaging station have
been explained in numerous other publications, notably Dalrymple (1960).
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In this report, data used to define frequency curves at gaging stations
were plotted on a special form based on the theory of extreme values. The time
scale as devised by Powell (1943) tends to make the frequency curve plot as a
straight line for many gaging stations. Recurrence interval, the time scale of
the curve, was computed by the formula T=(n+l)/m, where T is the recurrence
interval in years, n is the number of years of record, and m is the order num­
ber, beginning with the largest flood as number 1. The frequency curve for
Navasota River near Easterly, Tex., is shown in Figure 2 as an example. This
curve is based on 36 years of record (1925-60). The greatest flood during this
period was 60,300 cfs occurring May 2, 1944. By substituting in the formula
given above, the recurrence interval was computed as T=(36+l)/1 = 37 years.
Recurrence intervals for each of the other 35 annual peaks were computed in the
same manner and plotted against corresponding discharge in Figure 2. After
plotting the points, a curve was fitted to the points by visual inspection. As
most streamflow records are relatively short, it is believed that this method
is preferable to analytical curve fitting.

In Texas a great deal of historical flood information has been collected,
and this information was used as an aid in defining the upper end of frequency
curves. At the Navasota River gage near Easterly it is known that a peak dis­
charge of 90,000 cfs occurred in June 1899. It is also known that this was the
greatest flood since at least 1845 (116 years). The recurrence interval for
this historical flood was computed as (ll6+l){l = 117 years and plotted at this
position in Figure 2.

A recurrence interval is the average interval of time within which a flood
of a given magnitude will be equaled or exceeded once. A flood having a recur­
rence interval of 10 years has a 10 percent chance of recurring in any year.
A 50-year flood has a 2 percent chance of recurring in any year. It should be
emphasized that there is no implication that a 10-year flood will occur each 10
years, or that one 50-year flood will occur each 50 years. Owing to the vagar­
ies of naturei\ several large floods may occur during a relatively short period
of time or, o~ the other hand, there may be a period of several years without
an outstanding flood. Discharge records for the Nueces River at Laguna, rex.,
illustrate this point. The frequency curve for this gaging station indicates
that the peak discharge for the 10-year flood is 112,000 cfs. During the 5-year
period from 1935 to 1939 there were three floods whose peak discharge exceeded
this value, whereas during the 9-year period from 1940 to 1948 the greatest dis­
charge experienced was 19,600 cfs haVing a recurrence interval of 2.6 years.

Regional Flood Freguency

The limitations of frequency curves based on flood data at a single gaging
station led to the development of methods of combining the data for individual
sites and relating flood-frequency functions to measurable characteristics of
drainage basins.

flood-frequency curves have been combined in two ways. First, the records
were combined on the basis of similarity of the slope of the individual frequen­
cy curves. This step defined a composite dimensionless frequency curve repre­
senting the ratio of the floods for selected frequencies to an index flood (the
mean annual flood). Secondly, a curve was defined of relation between topo­
graphic characteristics of a drainage basin and the mean annual flood based on

- 10 -
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gaging-station records_ The mean annual flood can be predicted at any point in
the area by use of the relation curve defined in the second step. Flood-fre­
quency curves for most sites in the State, whether gaged or ungaged, can be
drawn by use of the two sets of curves.

Mean Annual Flood

The mean annual flood at a gaging station is by definition a flood having
a recurrence interval of 2.33 years in the annual-flood series. According to
the theory of extreme values J the mean of all the annual floods has a value
corresponding to the flood of 2.33-year recurrence interval. The mean annual
flood has been found to be a good index of geographical variation of floodflow
and has been used as an index flood in this report.

Composite Frequency Curve

The State of Texas has been divided into seven flood-frequency regions
(A-G) on the basis of similarity of the slope of the individual station fre­
quency curves. The ratio of the 10-year flood to the mean annual flood was used
as a measure of the slope. In each region, ratios to the mean annual flood of
floods having recurrence intervals of 1.2 J 2.33, 5 J 10, 25 J and 50 years were
computed for each station and the median ratio at each flood level computed.
The median ratios were used to define a dimensionless composite frequency curve
for each region. These curves give the ratio of the flood of any recurrence
interval between 1.2 and 50 years to the mean annual flood and are shown in
Figure 3. Flood-frequency regions are outlined on Plate 1. In region B it was
found that frequency curves for small drainage basins were steeper than for
large basins. Composite curve B shown in Figure 3 is applicable only for areas
of 100 square miles or less. Figure 4 is used for flood-frequency computations
for larger areas in region B.

Mean Annual Flood Relation

Having derived composite frequency curves relating floods of various re­
currence intervals to the mean annual flood J the next step is to provide a means
of determining the value of the mean annual flood.

The magnitude of the mean annual flood is influenced to some extent by
climatic factors and such physical-characteristics of the drainage basin as
size J topography, shape, soil type, and floodwater storage. Of the measurable
physical characteristics, only size was found to be highly significant.

The mean annual flood was graphically correlated with drainage-basin size.
On the basis of this correlation J the State was divided into eight hydrologic
areas as shown on Plate 2. Curves showing the relation of mean annual flood to
contributing drainage area are shown in Figure 5.

- 12 -
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APPLICATION OF FLOOD-FREQUENCY DATA

Procedures for determining the magnitude of flood peaks having recurrence
intervals up to 50 years are outlined in this section. As stated in a previous
section of the report, the frequency curves should not be extrapolated beyond
the range defined by base data. Mean annual flood curves shown on Figure 5 in­
dicate the range of drainage areas for which the mean annual flood is defined
in each hydrologic area. Composite frequency curves ShO~l on Figure 3 are de­
fined only up to a 50-year recurrence interval.

Owing to the paucity of long-term records for drainage basins smaller than
100 square miles, frequency relations are not as well defined in the smaller
basins as for those having drainage areas of 100 square miles or more.

Flood-frequency relations for some parts of the State are not defined, nor
can they be safely estimated from relations derived for adjacent defined areas.
The undefined areas are indicated by hatch lines on Plates I and 2.

On the basis of streamflow records, it is apparent that there is a drastic
reduction in peak flow on streams in the Nueces River basin as they leave the
Edwards Plateau, cross the Balcones escarpment, and flow through the Gulf Coastal
Plain towards the Gulf of Mexico. This reduction in peak flow is probably
caused by several factors, among which are: (1) loss to Edwards limestone in
the Balcones fault zone and perhaps to other permeable formations downstream
from the fault zone, (2) flattening of basin slopes in the Gulf Coastal Plain,
(3) increase in natural flood storage, and (4) difference in rainfall pattern.

On the Nueces and Frio River main stems, the reduction of peak flows is
defined by gaging stations upstream and downstream from the escarpment. For
the Blanco and Sabinal Rivers and Seco and Hondo Creeks, flood-frequency rela­
tions are defined only upstream from the escarpment. Regional curves should not
be used to compute frequency relations on these streams below the escarpment.

Regional Application

The magnitude of floods having recurrence intervals up to 50 years may be
determined for most streams in Texas by the following procedure:

l. Determine the size of the contributing drainage area above the site.~

~There is a cooperative program between the U. S. Geological Survey and the
Texas Water Commission for determination of drainage areas for the entire State.
Drainage-area determinations have been published in Circulars of the Texas Hater
Commission as follows:

Sabine River Basin and Sabine-Keches Coastal Area--Circular No. 62-02
Neches River Basin and Neches-Trinity Coastal Area--Circular No. 62-03
San Jacinto River Basin and San Jacinto-Brazos Coastal Area--Circular No. 62-05
Trinity River Basin and Trinity-San Jacinto Coastal Area--Circular No. 63-01
San Antonio River Basin--Circular No. 63-07

See also "Drainage Area Data--Arkansas, k'hite, and Red River Basins" com­
piled by the Southwestern Division, U. S. Army Corps of Engineers, Tulsa. Okla­
homa, which contains drainage-area determinations for the listed river basins.
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2. From Plates I and 2 determine the flood-frequency region and hydrologic
area in which the site is located.

3. Determine the mean annual flood for the site from the appropriate hy­
drologic area curve, Figure 5.

4. From Figure 3 determine the ratio of flood discharge to the mean annual
flood for the selected recurrence interval. (Exception for region
B, see below.)

5. Multiply the mean annual flood (step 3) by the ratio of flood discharge
to mean annual flood (step 4).

A complete frequency curve for the site can be drawn by repeating steps 4
and 5 for several_selected recurrence intervals.

If the site is in region B, area 7, and the drainage area is greater than
100 square miles, steps 3, 4, and 5 are eliminated and the magnitude of floods
having selected recurrence intervals may be taken directly from Figure 4.

For the purpose of illustration, let it be assumed that the user wishes
to design a bridge on Village Creek near Handley at Fort Worth-Webb road cross·
ing. Let it be further assumed that it is desired to design the structure to
pass the 50-year flood. The following procedure should be followed:

1. The drainage area at the site
available topographic maps.
square miles.

should be determined from
The drainage area at the

the best
site is 126

2. From Plates I and 2 determine the flood-frequency region and hydrologic
area in which the site is located. Village Creek is in region C and
area 3.

3. From Figure 5 determine the mean annual
a drainage area of 126 square miles.

flood for hydrologic area 3 for
Determined as 4,400 cfs.

4. From Figure 3 determine the ratio of the 50-year flood to mean annual
flood for region C. Determined as 5.3.

5. Determine the magnitude of the 50-year flood as 4,400 x 5.3=23,300 cfs.

Let it now be assumed that a discharge of 15,000 cfs has been measured at
the site referred to above, and it is desired to determine the frequency of a
similar occurrence. This may be determined as follows:

1. The mean annual flood has been determined as 4,400 cfs in the previous
example.

2. Compute the ratio of the experienced flood to mean annual flood as
15,000/4,400 = 3.41.

3. From Figure 3 determine the recurrence interval for region C for a
flood having a peak discharge 3.41 times that of the mean annual
flood. Determined as 16 years.

- 17 -



Special Application

Most of the larger streams in Texas traverse regions having diverse climatic
and physical characteristics. These streams integrate floodflow characteristics
of all the areas through which they flow, and have flood-frequency relations
differing from those of the smaller tributary streams. For this reason, region­
al and areal curves are not applicable and separate treatment must be given the
larger streams. They may be placed in two categories: (1) Those streams for
which one or more composite frequency curves (Figure 3) are applicable, whereas
mean annual flood curves are not; and (2) those for which neither composite
frequency curves nor mean annual flood curves are applicable.

Those streams falling in the first category are the main stems of:

Cypress Creek and Twelvemile Bayou below Boggy Creek (Red River basin)
San Antonio River below Medina River
Guadalupe River below Comfort

For Cypress Creek and Twelvemile Bayou and San Antonio River, individual
curves showing variation of mean annual flood with drainage area were drawn and
are shown in Figure 6 (page 23). For the Guadalupe River below Comfort, a
curve showing variation of mean annual flood with miles above mouth was drawn
and is shown in Figure 7 (page 23.)

Flood magnitudes at sites below points indicated on these streams can be
determined as outlined under "Regional Application" on page 16, except that
values of the mean annual flood are taken from Figure 6 or 7. It will be noted
that the Guadalupe River lies in two regions (0 and E). The composite frequency
curve for the region in which a site is located is used in determining flood
magnitudes.

Those streams falling in the second category are main stems of:

Canadian River
Red River
Sabine River below Big Sandy Creek
Neches River below Flat Creek
Angelina River below East Fork Angelina River
West Fork Trinity River below Clear Fork Trinity River and

Trinity River
Clear Fork Brazos River below Paint Creek, and Brazos River
Colorado River below Beals Creek
Colorado River below Austin
Nueces River below West Nueces River
Frio River below Dry Frio River
Rio Grande above Falcon Dam
Pecos River below Red Bluff Reservoir.

For this group, families of curves were drawn showing the relation of dis­
charge for selected flood frequencies to drainage area or miles above mouth.
The curves are shown in Figures 8 through 19 (pages 24 through 30). Flood
magnitudes for selected recurrence intervals at sites on these rivers may be
taken directly from the family of curves by first determining the contributing
drainage area above the site of the distance upstream from the mouth. River

- 18 -



miles used in this analysis are those determined by the U. S. Army Corps of En­
gineers or, for the Rio Grande, the International Boundary and Water Commission.

An example of the use of Figures 8 through 19 is given below.

Assume that it is desired to prepare a flood-frequency curve for a point
on the Sabine River below the mouth of Sandy Creek.

1. The drainage area at this point is determined as 7,104 square miles
from Texas Water Commission Circular No. 62-02 entitled, "Drainage
Areas of Texas Streams, Sabine River Basin and Sabine-Neches Coastal
Area."

2. From Figure 10 the magnitudes of floods having recurrence intervals of
2.33, 10, 25, and 50 years for a drainage area of 7,104 square miles
are 28,500, 64,000, 83,000, and 100,000 cfs, respectively.

3. The discharges determined in step 2 are then plotted against corres­
ponding recurrence intervals on plotting paper similar to that shown
in Figure 2, or some other suitable plotting paper, and a smooth
curve drawn through the plotted points.

4. If it is desired to determine the magnitude of a flood having a speci­
fic recurrence interval (25 years for example), this value is taken
directly from Figure 10 as 83,000 cfs.

5. Recurrence intervals of predetermined discharges at the site are deter­
mined by either interpolating between curves on Figure 10, or enter­
ing the frequency curve drawn in step 3 with the discharge and read­
ing the recurrence interval from the time (recurrence interval) scale.

In general, flood-frequency relations are shown for natural conditions.
For the lower reaches of some of the major rivers in Texas, peak flows have been
materially affected by a relatively constant degree of regulation during most
of the period for which records have been collected. Frequency curves for reg­
ulated conditions for portions of the main stem of these rivers have been
drawn. Data upon which these curves are based are explained in the following
sections.

Colorado River

Since storage began in Buchanan Reservoir in 1937 and in Lake Travis in
September 1940, peak discharges below Austin have been materially affected by
storage. Peak flows on the lower reaches of the Colorado River are caused
largely by runoff from tributary streams below Austin. The family of curves
shown in Figure 15 is based on peaks under regulated conditions for the period
1941-60. Owing to the relatively short period of record available, frequency
relations are defined only to a recurrence interval of 25 years.

_ 19 _



Rio Grande

Peak flows of the Rio Grande are affected to some extent by reservoirs on

the main stem and on tributary streams. Elephant Butte Reservoir on the Rio

Grande in New Mexico (capacity, 2,206,800 acre.feet, survey of 1957) completed

in 1916 and La Boquilla Reservoir on the Rio Conchas in Mexico (capacity,

2,417,500 acre-feet) built in 1914, were the first reservoirs constructed in the

basin that would affect peak flows below El Paso. Although several other large

reservoirs have been built in the basin since 1916, their effect on peak flows

of Rio Grande main stem between El Paso and Falcon Dam is probably not apprecia­

ble. Since completion of Falcon Dam in 1953, peak flows below this point have

been largely regulated. The family of curves shown in Figure 18 is based on

observed data for the period 1916~60. No attempt was made to adjust them to

natural conditions. Peak discharge data for the historical flood of 1865 were

used in the definition of frequency relations. Owing to regulation by Falcon

Reservoir and a large amount of flood flows bypassing gaging stations along the

lower reach of the Rio Grande 1
flood-frequency relations are not defined below

the dam.

Pecos River

Peak flows on the Pecos River from the New Mexico~Texas State line to the

gaging station near Sheffield are affected by regulation by several upstream

reservoirs. Flood-frequency relations shown in Figure 19 are based on regulated

conditions for the period 1939-60, and are defined only to a 25-year recurrence

interval. Peak flows at the mouth of Pecos River are almost entirely due to

runoff from the area below Sheffield and are not materially affected by regula­

tion. On the basis of records collected at gaging stations near Comstock and

near Shumla, the magnitude of a flood having a recurrence interval of 50 years

is about 200,000 cfs. Peak discharge of 948,000 cfs for the unprecedented flood

of June 2B, 1954, at the gaging station near Comstock was about five times as

great as the 50.year flood and more than eight times the previous maximum dis­

charge experienced during the period of record beginning in 1901. This flood

originated in the area below Sheffield.

SillNARY

Methods outlined in this report may be used to predict the most probable

value of flood magnitudes for selected recurrence intervals over a long period

of time. The report cannot be used to predict the date of occurrence of any

future flood and does not imply that a flood having a specific recurrence inter~

val will occur on schedule at regular intervals. It is possible that several

large floods may occur within a period of a few years. On the other hand 1 sev~

eral years may pass without experiencing a major flood.

In genera1 1
flood-frequency relations defined in this report are based on

natural flow conditions in the report area 1 and are not applicable for streams

whose peak flows are materially affected by manmade changes. Curves presented

are based on all available data through the 1960 water year. A great deal of

historical data has bee~ collected in Texas which were used in the analysis.

The composite frequency curves (Figure 3) cannot be used with confidence beyond

50 years 1
nor should curves showing relation of mean annual flood to drainage

area be extended above or below the limits of the curves.

- 20 -
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Frequency curves for the main stem of Colorado River below Austin, Rio
Grande between EI Paso and Falcon Dam, and Pecos River below Red Bluff Reservoir
are based on observed data during the periods indicated, with no attempt being
made to adjust these data to natural unregulated conditions. The effect of re­
gulation on peak flows was relatively constant during the periods on which the
curves were based.

Owing to the paucity of long-term records on drainage areas less than
about 100 square miles, frequency relations for these areas are not as well
defined as for the larger drainage areas.
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APPENDIX A

TABLES OF PEAK STAGES AND DISCHARGES,
AND ILLUSTRATIONS COMPARrnG

MAXDiUM TO SO·YEAR FLOODS

Maximum known flood stages and discharges in Texas are ta­
bulated, together with other station data, in tables of peak
stages and discharges. These data are summarized for regular
gaging stations in Table Al and for miscellaneous sites and
short-term gaging stations in Table A2. Graphical comparisons
of maximum known discharges and corresponding floods having
recurrence intervals of 50 years, in each combination of flood­
frequency region and hydrologic area portrayed on Plates 1 and
2, are shown in Figures Al through A7.
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Table Al.--Haximum floods at gaging stations in Texas
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Table Al.+-Maximum floods at gaging stations in Texas--Continued
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Table Al.--Maximum floods at gaging stations in Texas-~Continued
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Table Al.--Maximum floods at gaging stations in Texas--Continued
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Table A2.--Peak discharge at miscellaneous sites and
unusual floods at short-term gaging stations
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GAGING-STATION RECORDS LISTED
BY BAS IN AND IN DOWNSTREAM ORDER

This section contains a brief description of all gaging stations for which
flood data are included in this report. A tabulation of all peaks above a se­
lected base is shown for most stations. Only the highest peak during the year-­
the annual flood--is shown for some stations.

Station records are presented in downstream order, in accordance with the
system used in U. S. Geological Survey Water-Supply Papers since 1951. The
number preceding the station name is a permanent reference number used in all
U. S. Geological Survey Water-Supply Papers since 1958. The number in paren­
thesis following the station name is the station number us~d on Plate 1 and in
Table AI.

The peaks are arranged by water years unless otherwise noted. Both peak
stages and discharges are usually lis~ed. In a few instances, only peak stage
or discharge is shown. If the peak stage and discharge do not occur on the same
day, the date of p~ak discharge is given with appropriate footnote to indicate
the date of peak stage. '

Peak discharges, unless otherwise noted, are instantaneous peaks expressed
in cubic feet per second (cfs). In a few instances, only maximum daily mean
discharges are available and are so lisced with appropriate footnotes.

Underlining in the tables of peak stages and discharges has the following
significance:

1. Line u!1d~r t1wa ter year" column means a d iscont inuous record.

2. Line beginning at "date" column and continuing through "discharge"
colum' means a change in site and datum.

3. Line in "date" and "discharge" column means a change in site without a
change in datum.

4. Line in "gag2 height" column means a change in datum only.

5. No underlines are used for changes in site or datum if peaks have been
adjusted to present conditions.

Depressions or closed basins in \.,rest Texas and New !'texico do not permit
direct surface runoff to defined streams. Such areas have been deducted from
the total drainage area above a gaging station to determine the area which con­
tributes directly to surface runoff. Exce~t for stations in the Rio Grande
basin, both total and contributing drainage area are shown. Only contributing
area is 'Js:~d in flood-frequency analyses. The bankfull stage has been noted in
station descriptions where it has been determined. This is the s~age ~t which
one or both banks are overtopped in the vicinity of the gage and is sometimes
referred to as flood stage.

An explanation of methods u5~d in computation of streamflow data is given
in each water-supply paper of the annual series of reports of the U. S. Geologi­
cal Surv'::,y entitled "Surface Water Supply of the United States" and, since 1960,
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in the U. S. Geological Survey report "Surface Water Records of Texas." Addi­
tional information can be found in standard texts and in U. S. Geological Survey
Water-Supply Paper 888, entitled "Stream-Gaging Procedure,"

Regular gaging-station r~cords of less than 5 years in length at the end of
the 1960 water year, records on irrigation and diversion canals, and records
of spring flol" are not included in this report. Those regular gaging stations
in Texas for which records are not included are listed below. The station
number is the U. S. Geological Survey's permanent reference number.

Station
No.

7-2990
7-2995.7
7-2998.5
7-3078
7-3082
7-3085
7-3117
7-3118
7-3119
7-3121
7-3122
7-3154
7-3432
B- 172
8- 173
8- 180
8- 223
8- 315
8- 350
8- 375
8- 390
8- 391
8- 488
8- 502

8- 503
8- 520
8- 527
8- 600

8- 617
8- 632
8- 775
8- 785
8- 800
8- 810
8- 812
8- 815
8- 850
8- 881

Station

Hulberry Cr~ek near Brice
Red River near Quanah
Salt Fork Red River near Clarendon
Pe3s~ River near Childress
Pease River near Vernon
Red River near Burkburnett
North Fork Wichita River near Truscott
South Fork l-lichita River near Benjamin
Wichita River near Seymour
Wichita River near Mabelle
Beaver Creek near Electra
Little Wichita River near Ringgold
Sulphur River near Talco
Sabine River at Greenville
South Fork Sabine River near Quinlan
Sabine River near Golden
Murvaul Bayou near Gary
Neches River near Reese
Mud Creek at Ponta
Arenoso Creek near San Augustine
Ayish Bayou at San Augustine
Ayish Bayou near San Augustine
Big Fossil Creek at Haltom City
Elm Fork Trinity River subwatershed no. 6-0

near Muenster
Elm Fork Trinity River near Muenster
Elm Fork Trinity River near Denton
Little Elm Creek near Aubrey
East Fork Trinity River above Pilot Grove

Creek near Lavon
Duck Creek near Garland
Pin Oak Creek near Hubbard
Hickory Slough near Pearland
Austin Bayou near Danbury
Double Mountain Fork Brazos River near Rotan
Salt Fork Brazos River near Peacock
Croton Creek near Jayton
Salt Croton Creek near Aspermont
Paint Creek near Haskell
Salt Creek at Olney

B-4

Period of record

1949-51
1960­
1960­
1960­
1960-
1925, 1960­
1960-
1960-
1960-
1960-
1960-
1959-
1957-
1959-
1959­
1924-25
1958­
1924-27
1924-27
1938-40
1924-25

"'1959­
1959-

1957­
1957­
1924-27
1956-

1949-53
1958­
1956-

*1944-49
,"1944-48

1950, 1951
1950, 1951
1959­
1957-
1950, 1951
1958 1959



Station
No.

8· 882
8- 883
8- 937
8- 952
8- 953
8- 954
8- 968
8- 980
8-1060
8·1070
8-1075
8·1080
8·1160
8-1164
8-1225
8-1236.5
8-1237
8-1238
8-1592
8-1676
8-1678
8-1713
8-1724
8-1745
8 -1746
8-1791
8-1824

8-1845
8-1855
8-1879

8-1997
8-2045
8-2075
8-3700
8-4140
8-4310
8-4315
8-4330
8-4355

Stat ion

Salt Creek near Newcastle
Oak Creek near Graham
North Bosque River at Stephenville
North Bosque River at Valley Mills
Middle Bosque River near McGregor
Hog Creek near Crawford
Cow Bayou subwatershed no. 4 near Bruceville
Deer Creek at Chilton
Brushy Creek at Coupland
Big Elm Creek near Temple
Big Elm Creek near Buckholts
North Elm Creek near Ben Arnold
Big Creek near Guy
Dry Creek near Rosenberg
Morgan Creek near Colorado City
Beals Creek above Big Spring
Beals Creek at Big Spring
Beals Creek near Westbrook
Colorado River at Bastrop
Rebecca Creek near Spring Branch
Guadalupe River at Sattler
Blanco River near Kyle
Plum Creek at Lockhart
Peach Creek near Dilworth
Peach Creek below Dilworth
Red Bluff Creek near Pipe Creek
Calaveras Creek subwatershed no. 6

near Elmendorf
Cibolo Creek above Bracken
Cibolo Creek at Sutherland Springs
Escondido Creek subwatershed no. 11

(Dry Escondido Creek) near Kenedy
Frio River near Frio Town
Leona River near Divot
Atascosa River near McCoy
Rio Grande near Fort Hancock
Pecos River near Porterville
Toyah Creek near Pecos
Salt Draw near Pecos
Barrilla Creek near Saragosa
Pecos River below Barstow

Period of record

1958-60
1958­
1958·
1959·
1959­
1959­
1956­
1934-36

*1924-26
1934-36
1934-36
1934-36
1947 ·50
1959·
1947-49
1959­
1957, 1958
1958-
1960
1960
1960­
1956­
1959­
1930-33
1959­
1956-

1957­
1946-51
1924-29

1958­
1924.27
1924-29

tl951-57
1900·1903
1922-26

'~1939-41, 1944, 1945
*1939-41, 1944, 1945
*1925, 1926, 1932

1939-41

>~ Fragmentary
t Peaks not determined
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