


Floods of September-October
1967 in South Texas and
Northeastern Mexico

By ELMER E. SCHROEDER, R. U. GROZIER, D. C. HAHL,
and A. E.HULME

FLOODS OF 1967 INTHE UNITED STATES

GEOLOGICAL SURVEY WATER-SUPPLY PAPER 1880-B

Prepared in cooperation with the
Texas Water Development Board

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON : 1974



UNITED STATES DEPARTMENT OF THE INTERIOR

ROGERS C. B. MORTON, Secretary

GEOLOGICAL SURVEY

V. E. McKelvey, Director

Library of Congress Cataloging in Publication Data

Floods of September-October 1967 in south Texas and northeastern Mexico.

(Floods of 1967 in the United States) (Geological Survey Water-Supply Paper 1880-B)

“Prepared in cooperation with the Texas Water Development Board.”

Bibliography: p.

Supt. of Docs. No.: 119.13:1880-B

1. Floods—Texas. 2. Floods—Mexico. I. Schroeder, Elmer E. II. Texas. Water
Development Board. III. Series. IV. Series: United States. Geological Survey.
Water-Supply Paper 1880-B.

TC801.U2 no. 1880-B [GB1225.T4] 553'.7'0973s [551.4'8] 74-16470

For sale by the Superintendent of Documents, U. S. Government Printing Office
Washington, D. C. 20402 - Price $3.55 (paper cover)

Stock Number 2401-02562



CONTENTS

Page
Definitions of terms and abbreviations ..............ccvitiininrienieniana.. VI
A raCt ... e e B1
INtroduction . .......uiiniitit it i e e e 2
Acknowledgments .. .........i i e e 4
Description of the storm .............iititiiiiieniiieiiieenieraaeneeannns 4
Description of the floods ...ttt e e 15
Lavaca River basin .. ....... ... . it 20
Guadalupe River basin ............ccciitiiiiiiiie it iiieananaenn. 22
San Antonio River basin ....... ... ... o i i e 28
Mission River basin .......... .. . i 35
Aransas River basin ....... ... .. it e 37
Nueces River basin ... ... .ot e 39
Coastal area between the Nueces River and the Rio Grande .............. 44
Rio Grande basin ........... ...t iiiiiiiii e i e 47
Magnitude and frequency of the floods . ........ ..ot 50
Flood volume . ........... i e e e s 60
Summary of flood damage .............. i e 64
Results of freshwater inflow to bays and estuaries, by D. C. Hahl ............. 67
Nueces-Corpus Christi Bay . ...ttt 84
Guadalupe-San Antonio Bay .......... . e 87

Effects of the hurricane on water levels in wells, by Texas Water Development
Board ... e et e 88
Explanation of station data ........... ... 97
Summary of flood stages and discharges ...................cooiiiiiiii... 108
Selected references ........ ..ottt i e 108
Index ..o e ettt 109

ILLUSTRATIONS

Page

PLaTE 1. Maps showing data on Hurricane Beulah, September-October
1967, south Texas and northeastern Mexico ............... In pocket
2. Map showing flooding by Poesta Creek at Beeville .......... In pocket

3. Graph showing concentrations of dissolved solids, chloride, and

dissolved oxygen in the Nueces River and Corpus Christi Bay and

in the Guadalupe and San Antonio Rivers and San

Antonio Bay ....... ... e In pocket
Figure 1. Map showing track of Hurricane Beulah ...................... B3

2. Graph showing accumulation of rainfall at Falfurrias, Whitsett,
Mission, and Three Rivers, September 19-25, 1967 ........... 6

3. Graph showing accumulation of rainfall at Cibolo Creek, Goliad,
Sinton, and Beeville, September 19-25, 1967 ................. 7



v

Ficure

4,

7-20.

21.

22,

24,

25.

26.

21.

28.

29.

30.

CONTENTS

Graph showing accumulation of rainfall at Sombreretillo, Nuevo
Leon; Difunto Angel, Tamaulipas; Ciudad Mier, Tamaulipas;
Bajo Rio San Juan, Tamaulipas; and Villa de Santiago, Nuevo
Leon, Mexico, September 19-25, 1967 ..............ccovnuy..

Isohyetal and location of rain-gage network on the King Ranch .

Map showing location of U.S. Weather Bureau recording rain gages

Graphs showing:

7. Rainfall intensity-duration-frequency curve for Corpus
Christi and the maximum point rainfall intensity at U.S.
Weather Bureau rain gage 0639, Beeville 5 NE.,
September 21, 1967 .........cooiiiiiiiiiiiia

8. Rainfall intensity-duration-frequency curve for San An«
tonio and the maximum point rainfall intensity at U.S.
Weather Bureau rain gage 0639, Beeville 5 NE.,
September 21, 1967 ... ... iiiiriiir e

9. Barometric pressure and wind velocxty at the U.S.
Weather Bureau station, Corpus Christi, Tex ........

10. Barometric pressure and wind velocity at the U.S.
Weather Bureau station, Victoria, Tex ..............

11. Barometric pressure at Harlingen, Tex ...............

12. Barometric pressure and wind velocity at McAllen, Tex.,
0 T3 o

13. Barometric pressure and wind velocity at Brownsville,
Tex., @rport ....vevureiin it

14. Barometric pressure at Port Isabel Coast Guard Station,
South Padre Island . ............cciviiiiinninnnnn,

15. Tide elevation at Matagorda Penmsula gage ........,.

16. Tide elevation in Lavaca Bay at Interstate Highway 35

CAUSBWAY .0 evoevusenennnenecansonnonneruncannns
17. Tide elevation in San Antonio Bay at Benderwald Point
18. Tide elevation in Copano Bay at Bayside .............

19. Tide elevation in Corpus Christi Bay at the tidal basin

20. Tide elevation in Corpus Christi Bay at the Naval Air
Force Station ............coiipiiirreeeneeennnnn.

Graph showing accumulated weighted ramfall and net runoff,
Escondido Creek subwatershed 1 ........................ ...
Graph showing accumulated weighted rainfall and net runoff,
Escondido Creek subwatershed 11 ................ ... .o.es
Graph showing accumulated weighted rainfall and net runoff,
Escondido Creek at Kenedy ...........ccoviiviiiiionennn...
Discharge hydrographs for Guadalupe River at Vlctons Coleto
Creek near Schroeder, and San Antonio River at Goliad ... ...
Flood profile of Poesta Creek at Beeville, September 21, 1967 ..
Discharge hydrograph for Nueces River at Simmons, Frio River
near Calliham, Atascosa River at Whitsett, and Nueces River at
Three RiVers .. ......vviieiievennaieiaannreneeranannnannnn
Discharge hydrograph for Nueces River near Three Rivers and
Nueces River near Mathis ............oovveiiiiiiirrennn..
Profile of water-surface elevations along St. Marys Street (U.S.
Highway 281) in Falfurrias, September 23, 1967 ..... e
Discharge hydrographs for the United States floodways and the
main-stem Rio Grande below Anzalduas Dam ...,...........
Discharge hydrographs for each main-stem Rio Grande gaging sta-
tion downstream from Falcon Dam ,,.......................

Page

B8
22
23

24

25
26

27

29
30

31
31

32
32

33
34
35
36
37
38
39

43

47

49



Ficure 31.
32.

33.

34, 35.

36.

37.

38.
39-41.

43.

45.

46.

47-50.

51.

52.

T ABLE 1.

CONTENTS

Flood-distribution graph for San Antonio River at Goliad ......
Flood-distribution graph for Mission River at Refugio..........
Flood-distribution graph for Nueces River at Three Rivers .....
Regional flood-frequency curves for selected stations ...........
Graph showing peak discharge on the main-stem Nueces River
below West Nueces River and the relation of discharge to distance
above the mouth for selected recurrence intervals ............
Graph showing peak discharge on the Frio River below Dry Frio
River and the relation of discharge to distance above the mouth
for selected recurrence intervals ............ ..o,
Graph showing relation of unit peak discharge and drainage area
Pictographs of runoff volume for selected drainage areas .......
Graph showing relation of drainage area and runoff, in inches, dur-
ing the Hurricane Beulah storm period ......................
Graph showing relation of drainage area and runoff, in acre-feet,
during the Beulah storm period .................... .. ...
Damage-survey index map .............coiviiiiiiiiiiiiinn
Graph showing periods of data collection and stages of Corpus
Christi and San Antonio Bays, September 28-October 3, 1967 .
Graph showing the relationship of dissolved solids and chloride
concentrations to specific conductance in Corpus Christi and San
Antonio Bays . ........ i e,
Maps showing location of:
47. Quality-of-water data-collection sites in Nueces-Corpus
Christi Bay ......cooiiiiiiiii et
48. Quality-of-water data-collection sites in San Antomo Bay
49. Wells and changes in water levels in the Alice-Corpus
Christi area .........ovineiniiiir e ananen.
50. Wells and changes in water levels in the lower Rio Grande
Valley ..o
Hydrographs of wells and precipitation at nearby stations in the
Alice-Corpus Christi area .................cciiiiiiiann.
Hydrographs of wells and precipitation at nearby stations in the
lower Rio Grande Valley ..............ccoiiriiiiininnin...

TABLES

Precipitation at U.S. Weather Bureau gages, storm period
September 19-25, 1967 ... ... ...t e
Precipitation at supplemental sites, storm period September 19-25,

Precipitation at weather stations in Mexico, storm period
September 19-25, 1967 ........c.ciitiiiiiiiiin e
Precipitation at King Ranch rain gages, storm period September
18-25, 10687 ... it s
Hourly precipitation at U.S. Weather Bureau weighing rain gages,
storm of September 19-25, 1967 .............cciiiiiiiinn..
Summary of hurricane damages by areas in south central Texas
Summary of damages at selected Texas cities affected by
Hurricane Beulah ......... ... ... .. .. i oo,
Suspended-sediment concentrations in the Nueces River and Cor-
pus Christi Bay ........covvvreiiiiini i

57

58
59
60, 61
62

63
65

68
81
85
87
89
91

96

98

Page
B9
11
11
14

16
64

68



VI CONTENTS

Page

TaBLE 9. Chemical analyses of water in the Nueces River and in Corpus
Christi Bay, September 28-30, 1967 ..................oouunnn B69

10. Field determinations of water-quality data for Corpus Christi Bay,
September 28-30, 1967 .. ... ...t 71

11. Chemical analyses of water in the Nueces River and in Corpus
Christi Bay, October 2-3, 1967 ... .....ciiiiiiiiiieeennannn 74

12. Field determinations of water-quality data for Corpus Christi Bay,
October 2-3, 1967 ... ..t iir ittt iee e 76

13. Chemical analyses of water in the Guadalupe and San Antonio

Rivers and in San Antonio Bay, September 27 and October 1,
L 79

14. Field determinations of water-quality data for San Antonio Bay,
October 1, 1967 ...ttt iiieeteieeanieeaiieenns 82
15. Water levels in wells in the Alice-Corpus Christi area.......... 92
16. Water levels in wells in the lower Rio Grande Valley.............. 94
17. Summary of flood stages and discharges ...................... 100

DEFINITION OF TERMS AND ABBREVIATIONS

The terms and abbreviations of streamflow and other hydrologic data, as used in this
report, are defined as follows:

Gaging station is a particular site on a stream, canal, lake, or reservoir where systematic
observations of gage height or discharge are obtained. When used in connection with a
discharge record, the term is applied only to gaging stations where a continuous record
of discharge is obtained.

Crest-stage station is a particular site where limited streamflow data on peak stages are
collected systematically over a period of years for use in hydrologic analyses.

Cubic foot per second (cfs) is the rate of discharge of a stream whose channel is 1
square foot in cross-sectional area and whose average velocity is 1 foot per second. The
volume of water represented by a flow of 1 cubic foot per second for 24 hours is
equivalent to 86,400 cubic feet, 1.983471 acre-feet, or 646,317 gallons.

Cubic feet per second per square mile (cfs per sq mi) is the average number of cubic feet
of water flowing per second from each square mile of area drained, assuming that the
runoff is distributed uniformly in time and area.

Acre-foot (acre-ft) is the quantity of water required to cover an acre to a depth of 1 foot
and is equivalent to 43,560 cubic feet, or 325,851 gallons. The term is generally used in
relation to storage and volume of runoff.

Runoff, in inches (in.) is the depth to which the drainage area would be covered if all the
runoff for a given time period were uniformly distributed on its surface.

Drainage area of a stream at a specified location is that area, measured in a horizontal
plane, which is so enclosed by a topographic divide that direct surface runoff from
precipitation normally would drain by gravity into the stream above the specified
point. Drainage area is expressed in square miles in this report.

Contents is the volume of water in a reservoir or lake and is expressed in acre-feet.
Volume is computed on the basis of a level pool and does not include bank storage.
Time of day is expressed in 24-hour time; for example, 12:30 a.m. is 0030, 1:30 p.m. is

1330. All times noted are Central standard time.
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FLOODS OF SEPTEMBER-OCTOBER 1967
IN SOUTH TEXAS AND
NORTHEASTERN MEXICO

By EiLmer E. Scuroeper, R. U. Grozier, D. C. HaHt,
and A. E. Huime

ABSTRACT

Floods produced by Hurricane Beulah during September and October 1967 were out-
standing because of the magnitude of the stage and discharge and because of the number
of river basins affected. Previously known maximum stages were exceeded, at the
downstream station, in five river basins in Texas by amounts ranging from 2.7 feet at
Guadalupe River near Tivoli to 9.2 feet at Aransas River near Skidmore.

The greatest relative maximum discharge recorded during the storm occurred at Medio
Creek near Beeville, where the peak discharge was 4.1 times the previous maximum since
1919 and 6.0 times the magnitude of a regional 50-year flood. The inflow to Lake Corpus
Christi was more than 4.5 times the volume of the lake at spillway elevation.

Because of the large volume of fresh-water inflow to bays and estuaries along the Texas
coast, the salinity of the water was greatly reduced. Data collected in Nueces—Corpus
Christi and Guadalupe—San Antonio Bays show that dilution proceeded rapidly along
the line of flow.

Fresh-water inflow to Corpus Christi Bay exceeded 60,000 cubic feet per second from
September 23 through September 28. The total inflow was about 1.5 times the volume of
water normally in the bay, but because of its shape and depth, the bay was not entirely
flushed of saline water.

Fresh-water inflow to San Antonio Bay exceeded 40,000 cubic feet per second from
September 21 through September 26. The total inflow was more than three times the
volume of water normally in the bay, and most of the saline water was flushed from the
bay.

Measurements of water levels in wells indicate that Hurricane Beulah caused signifi-
cant rises in water levels in shallow wells by percolation of rainfall and ponded waters and
by the cascading of floodwaters directly into numerous inundated wells.

Flooding along the Rio Grande and its floodways below Falcon Dam was the greatest
since the American floodway system was completed in 1926. At Mission Branch
Floodway, south of McAllen, Tex., the peak discharge was 2.15 times the previous max-
imum in 1932. The peak stage exceeded the previous maximum by 4.14 feet. Flooding
along the Mexican floodways destroyed all stream-gaging equipment.

A 4,000-square-mile area of south Texas having no defined drainage system contains
thousands of shallow wind-formed depressions. These normally dry depressions were in-
undated by the storm runoff, which produced a vast amount of ponded water. The ponds
blocked highways for several days and hampered ranching and oil field operations for
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months after the storm. Rainfall measurements of 25 inches during the period September
19-25, 1967, were common in Texas, and as much as 35 inches was measured in Mexico.

Total damage in 39 counties of Texas was estimated by the Galveston District of the
Corps of Engineers to be $168,844,000.

INTRODUCTION

Torrential rainfall produced by Hurricane Beulah caused floods of
record-breaking magnitude on many streams in a 50,000-square-mile
area of south Texas and northeastern Mexico in September and Oc-
tober 1967. Beulah made landfall near Brownsville about daybreak on
September 20, 1967, and dissipated in the mountains of northern Mex-
ico on September 22 (fig. 1). Unofficial rainfall measurements during
the period September 19—25 ranged up to 34 inches in the Nueces River
basin in Texas and up to 35 inches on the Rio Alamo watershed in Mex-
ico. The highest measurement at a regular U.S. Weather Bureau rain-
fall station was 25.5 inches near Falls City in Karnes County.

Major flooding occurred on the main and tributary streams in the
Guadalupe, San Antonio, Mission, Aransas, and Nueces basins and in
many of the small coastal basins in Texas; on the Rio Grande and its
floodways; and on the Rio Alamo and Rio San Juan in Mexico.

In Mexico, the magnitude of the flood was so great that most of the
recording gages were either submerged, destroyed, or were unable to
record the total discharges because water overflowed the natural
divides and bypassed the gaging stations. At several streamflow
stations in Texas, the maximum rate of flow was more than three times
the magnitude of a 50-year flood. The greatest relative discharge rate
recorded was on Medio Creek, where the peak discharge was six times
that of a 50-year flood.

In the flood area, stage and discharge data were collected at 53 sites
in the network of stream-gaging stations that are maintained by the
U.S. Geological Survey in cooperation with various State, local, and
Federal agencies. Peak stage and discharge data were also obtained at
nine miscellaneous reservoir sites in the Escondido Creek watershed
near Kenedy and at 11 other miscellaneous sites throughout the flood
area. The International Boundary and Water Commission, United
States and Mexico, collected data at 16 regular stations in the Rio
Grande basin below Falcon Dam. The Ministry of Hydraulic Resources
of Mexico collected data at four stations in Mexico in the Rio Grande
basin below Falcon Dam. Rainfall data were collected by the U.S.
Weather Bureau in the United States. Rainfall data for Mexico were ob-
tained from the International Boundary and Water Commission.

This report was prepared to present all the documented flood data in
a comprehensive, and readily available form. The report includes dis-
cussion of the storm; tabulations of rainfall data; an isohyetal map; a
description of the floods, by basin, in terms of magnitude, frequency,
and urban inundation; a damage report; a section on the effect of fresh-
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water inflow on the quality of water in Nueces, Corpus Christi, and San
Antonio Bays; a discussion of the effect of rainfall on ground-water
recharge; a discussion of ponded water on the Coastal Plain; and
detailed information on stage, discharge, and maximum rates of dis-
charge for the September—October 1967 period.
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DESCRIPTION OF THE STORM

The first advisory on Hurricane Beulah was issued on September 7,
1967. The disturbance was classified as a tropical storm, centered 35
miles west of Martinique in the eastern Caribbean. Winds reached
hurricane force about noon on September 8.

As Beulah moved westward across the Caribbean, hurricane winds
and rains affected inhabited areas of Martinique, St. Lucia, the
Barahona Peninsula of the Dominican Republic, the Tiburon Peninsula
of Haiti, and Puerto Rico (fig. 1).

Because part of its circulation was over land, the force of the
hurricane diminished, and on September 13, Beulah was downgraded
to a tropical storm. By September 14, Beulah regained hurricane force
and moved across Cozumel Island and the lowlands of the Yucatan
Peninsula. The hurricane entered the Gulf of Mexico on the afternoon-
of September 17. During the 3 days required for Beulah to reach the
coast of south Texas and northeastern Mexico, she gained considerable
energy from the warm waters of the Gulf of Mexico.

When Beulah made landfall near Brownsville, Texas (pl. 1), about
daybreak on September 20, she was a large, dangerous hurricane with a
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central pressure of 28.05 inches of mercury. A low of 27.25 inches was
observed on the previous day by hurricane-hunting aircraft. The max-
imum wind speed, 136 miles per hour, was reported by the SS Shirley
Lykes, which was docked in Port Brownsville. Hurricane-force winds
were recorded as far up the coast as Corpus Christi, and as far inland as
Alice.

Beulah began to lose windspeed as she moved north-northwest
toward Alice. The storm center stalled, then took a southwesterly
course and dissipated in the Sierra Madre near Monterrey, Mexico.

During recent years, most of the hurricanes reaching Texas have been
captured by the continental weather system, causing them to move
rapidly to the north and east and to dissipate their energy over a large
area. Beulah moved in the opposite direction and compounded the in-
tensity of energy-mass dissipation by adding an orographic effect to the
already torrential rains. Consequently, the greatest amount of rainfall
during the storm period occurred on the Rio Alamo watershed, where a
maximum of more than 35 inches was reported.

According to reports of the U.S. Weather Bureau, Beulah was the
third largest hurricane of record to strike the North American Conti-
nent. On the basis of frequency curves (Miller, 1964), the storm
produced rainfall in excess of a 100-year recurrence interval for
durations of 1—7 days at a number of stations. Figures 2 and 3 show the
accumulated daily rainfall for eight stations where the 2-day, 100-year
frequency was exceeded. Figure 4 shows accumulated daily rainfall for
five selected stations in Mexico. Although no information on frequency
is available for Mexico, the recurrence interval is probably at least 100
years.

Beulah’s maximum rainfall intensity was less than that for the storm
at Hearne, Tex., on June 28, 1899 (24 inches in 24 hours), or for the
storm at Thrall, Tex., on September 9—10, 1921 (38.2 inches in 24
hours), according to U.S. Weather Bureau records. However, a com-
parison of the areas bounded by the 5-inch isohyetal lines shows that
Beulah was greater in areal extent than either of these storms. Rainfall
distribution for the period September 19—25 is shown on plate 1.

Table 1 lists daily rainfall measurements from regular U.S. Weather
Bureau observation stations; table 2 lists supplemental reports from
privately owned gages or other receptacles; table 3 lists rainfall data for
sites in Mexico, obtained by the U.S. Weather Bureau and the United
States’ Section of the International Boundary and Water Commission.

Table 4 is a tabulation of accumulated rainfall during the period
September 18—25 from a private network of standard rain gages main-
tained by the four divisions of the King Ranch in Jim Wells, Kleberg,
Kenedy, Nueces, and Brooks Counties. The location of these gages is
shown in figure 5. An example of the great variation in rainfall distribu-
tion is illustrated by the amounts received at the Encino headquarters
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Ficure 2.—Accumulation of rainfall at Falfurrias, Whitsett, Mission, and Three Rivers,
September 19-25, 1967.

gage and the Encino crossroads gage. A difference of 11.32 inches was
measured by these two gages, which are separated by a distance of only
4 miles.

Table 5 is a tabulation of hourly rainfall recorded at 16 U.S. Weather
Bureau recording rain gages during the period September 19—25, 1967.
The location of these gages is shown in figure 6.

A study of table 5 indicates that hurricane-produced rainfall, fre-
quently referred to as torrential, is not necessarily of record intensity for
durations of less than 3 hours. In the list of stations shown in table 5,
station 0639 (Beeville 5 NE.) recorded the greatest storm total as well as
the greatest intensity for durations of 2 to 6 hours. Figures 7 and 8 il-
lustrate how the maximum point rainfall at the Beeville station com-



SOUTH TEXAS AND NORTHEASTERN MEXICO, SEPT.-OCT. B7

30
Cibolo Creek ~]
"\
25 /’
Goliad
e T s
20 /_--———-:_m»tm-——nsmmn
-7
! +**r—~Sinton

[

" | Beeville SNE

S

ACCUMULATED PRECIPITATION, IN INCHES

2l 22 23 24 25
SEPTEMBER 1967

Ficure 3.—Accumulation of rainfall at Cibelo Creek, Goliad, Sinton, and Beeville,
September 19—25, 1967.

pares with the intensity-duration-frequency curves for San Antonio and
Corpus Christi for durations of 1 to 24 hours.

In addition to large amounts of rainfall, a hurricane also produces
high wind velocities, high tides, and low barometric pressures. Figures
9—14 are graphs of barometric pressures and wind velocities for selected
weather stations along the gulf coast of Texas. Figures 15—20 are graphs
of tide elevations for selected stations along the gulf coast of Texas.

The tide elevation at the Lavaca Bay station (fig. 16) exceeded that
at the Matagorda Bay station (fig. 15). This characteristic is rather
common in some coastal areas and is the result of land configuration
which causes the tide elevation at an inland location to exceed the
elevations of both hurricane tides and normal tides.
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Ficure 4.—Accumulation of rainfall at Sombreretillo, Nuevo Leon; Difunto Angel,
Tamaulipas; Ciudad Mier, Tamaulipas; Bajo Rio San Juan, Tamaulipas; and Villa de
Santiago, Nuevo Leon, Mexico, September 19—25, 1967.
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TaBLE 1.—Precipitation, in inches, at U.S. Weather Bureau gages, storm period
September 19—25, 1967

* Amount included in following measurement, time distribution unknown. -- No record. T Trace.

PRECIPITATION COLLECTED ON-- TOTAL
COUNTY AND STATION SEPTEMBER FOR
19 20 21 22 23 24 25 PERIOD

Aransas County:

Austwell, National Wildlife Refuge.. 1.03 (*) (*) 13.90 0 0 0 14.93

ROCKPOrt. . vvtereriirnronannennnns .. 1,55 4.50 0 A5 6,10 0 0 12.30
Atascosa County:

Charlotte, 5 mi NNW .03 2.12 2.50 5.23 02 0 .65 10.55

Jourdanton cee 499 4.70 2.95 6.72 0 [} .05 15.41

POLEEL. vt ttntvenvvnenrnreeenrananns 44 3.15 2.60 5.75 0 .50 T 12.44
Bee County:

Beeville, 5 mi NE........ovvvvennnn, 0o 1.87 7.43 10.61 47 0 0 20.38
Bexar County:

Classens Ranch......ovvveiannnecaans .39 1.91 2.15 1.53 0 0 0 5.98

San Antonio WB Airport.............. 31 2.33 2.45 46 T 26 0 5.81
Brooks County:

Falfurrias...ovveiiiieeniiinnnnennns 2.90 10.00 7.00 5.20 .20 T T 25.30
Calhoun County:

Point Comfort...ovuivevnenieveannan, 1.27 7.60 3.36 .02 0 .18 o0 12.43

Port Lavaca No. 2 . 02 4,36 7.01 .02 0 0 0 1.4

POrt 0'ConNOr. . vveuerreeaeenasaanens T 4.85 3.60 Lho T 0 T 8.85
Cameron County:

Brownsvilie WB Airport......... sl 2,17 12.09 1.14 0 .33 .69 0 16.42

Harlingen.....vveveivevsnnnnnn .. W45 3.85 4.8 .87 .05 1.4 .06 10.49

Port Isabel.....oviniiennnnnsnn ceeee (%) (%) (*) 16.00 0 0 0 16.00

San Benito.. . veiiiiiiireaiiiieneana, 51 3.3 4.35 2.23 .07 45 0 10.92
Oe Witt County:

Cuero, I mi Soieviuviniieiniaiieanns 0o 1.32 10.90 7.45 b0 0 19.81

YOrkKEOwn. .. oiiiiin e iianiinnaannan 0 2.00 10.62 9.49 7 0 0 22.28
Duval County:

Benavides, 3 mi S...ccriiiiiiiiannan [} 1.15 .60 1.75 20 0 .ho 4.10

Benavides, 7 mi S.vvieecniernnoaneas 0 1.75 4.75 5.75 3.8 0 0 16.10
frio County:

L o .21 2.09 3.81 .68 .07 0 6.86

Pearsall....oiiviiieneriieieeanenoas [ 1.40 2.23 4.03 .19 0 .22 7.85
Goliad County:

[ - T .78 8.84 9.16 1.96 .05 T 0 20.79

Goliad, 1 mi SE........... rveesenenn [} 1.70 6.56 7.20 0 0 0 15.46
Gonzales County:

Dryer, 1 mi NW......ciiiiininnennnns .13 4.00 5.79 2.98 0 0 0 12.90

Gonzales .62 1.70 6.56 7.20 0 0 0 16.08

Nixon..........vuus .15 4.25 7.24 2.5 0 0 0 14,19

Waelder, 7 mi SSW 0 2.00 4.09 1.51 0 0 0 7.60
Guadalupe County:

SGUIM . vt inenervncanannnonnan .21 2.96 2.95 2.05 0 0 0 8.17
Hidalgo County:

Engleman Garden........ooivienrennnn 3 4.00 3.00 2.75 .25 .25 0 10.38

McAllen.......... e, 0.14 3.06 5.52 6.06 0.87 0.29 0.11 16.05

McAllen FAAAP.. Cetesivestiaaa 2.78 5.08 -- -- - -- - --

McCook..uvvannn. .09 4.05 6.28 3.76  2.42 R b 1718

Mercedes, 6 mi SSE. B 1] 2,44 2,87 2.77 .54 .21 .30 9.53

MiSSiON. .t iiiii e iiiiiaan L4.47 2,66 1m.n h.46 0 0 0 22.70

Wes1aco, 2 mi Euivvevvennnncnnnns ... 1.00 2.75 7.33 4o .35 .37 0 12.20
Jackson County:

Edna, 3 mi SW...iiieininaiiannnenans .62 6.50 5.10 .05 0 0 0 12.27
Jim Hogg County:

Hebbronville... .02 1.13 4.00 2.60 7.00 .04 .03 14,82

Kaffie Ranch... 2.00 5.50 2,80 3.22 .91 0 [} 14.43
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TaBLE 1.—Precipitation, in inches, at U.S. Weather Bureau gages, storm
September 19~25, 1967—Continued

PRECIPITATION COLLECTEO ON--

COUNTY AND STATION

19

Jim Wells County:

Allce. iiniivernninneenns N |
Karnes County:

Cibolo Creek.......... 0

Falls City, 4 mi WSW.. T

Karnes City...ivuvovennn. A 1

Kenedy.......con.. e PN 1i]

Runge........... teetressssaganns 56

Kenedy County:

ArmSErONg..civuniiereneniraseannnnns
Sarita, 7 mi Eovvineninnnnninnn

Kleberg County:
Kingsville......... v e eiaer e .69
Richards..... e PN 1.00

La Salle County:
Cotulla...uiiiiiiiiiiiiiiiiinans 0

Cotulla FAA Airport... . .27

Encinal, 3 mi NW.. 0

Fowlerton...... B . .27
Lavaca County:

YoaKum. e vt eee i T

Live 0ak County:
George West..,...... Ceeeraniaseanay .
Three Rivers....... teeseraanase
Whitsett, 2 mi SW..,..... vesess

Matagorda County:
Bay City Waterworks......... AP 0
Matagorda No. 2......0vuuvnnn . PPN
Palacios FAA Airport.......,.co00,.. 1.66

McMullen County:
Tilden.......... e PPN 0

Nueces County:
Chapman Ranch,....ceoviivrnennicannss 1.00
Corpus Christi.....ccoevvunns PRI .91
Corpus Christi WB Airport.......... , .90
RObSEOWN. i teviiniievenreniann.s .68

Refugio County:
Refugio..ovuiviieniieainn, O 1

San Patricio County:
Aransas Pass 2...

Welder Wildlife Fndtn....... veeren .

Starr County:
Rio Grande City, 3 mi W............. .02

Victoria County:
Victoria WB Airport..... ereneenes .. 1.07

Webb County:
Laredo No. 2......ccinvrinniirncianns YA |
Oilton....cooiuiennnnn beeeaaaa vevees 0

Willacy County:
Port Mansfield......ccvvvivanacnnnns .38
Raymondville........cooivinuinnennn, .09

Wilson County:
Floresville....,.icoununne. P T

Zapata County:
Zapata........... PN W47

20

1.03

13.75
1.22
7.72
6.62
5.65

(*)
3.65

.70

.43

.58
2.20

.02

o=

.0h

.20
.72
12

OV -

.57

w0

00
.76

68

~

.92

.38

.05
91

Y. N

.55
.38

(+)
0

3.30

SEPTEMBER
21 22

8.05  2.00
175 0

5.32 6,38
3.77  7.95
4,19 6.90
6.32  6.15
11.50 (*)
5.20  2.10
3.55 4.1
8.00  2.36
.72 2.90
2,38 1.58
1.10 h.20
3.20  4.50
3.27 0

5.57 9.12
5,70 11.00
1,49 15.69
4. 88 1.25
6.79 0

3.8 0

3.56 6.93
1.50  0.50
3.68  1.26
6.38 3.02
6.38  3.48
4,00  0.31
5.10  1.60
8.40  7.65
8.16 2,60
5.97 3.60
4.00 12.51
5.27 T

1.33 3.61
3.3 2.22
(*) 14.30
8.88 4,87
2.70  9.25
2,42 3.1

23

3.90

.23
.10
.10
.02

.04
.23
m

1.18
.75

1.30
.60

oo

1.26

0.85
.08
.29

1.76

.95
3.52

.64
.50

1.62

24

.20

.10
.06

.62

3¢

[=N-N-N=]

.10
.04

.58

25

.48

coocoo

.76

.06

cocoo

.53

b2

coo

24

oo

oo

.32

periad

TOTAL
FOR
PERIOD

15,59

25.50
13.15
19.72
18.36
18.70

18.50
12,76

12,20
12.56

5.58
6.09
7.10
11.09

7.27

18.16
19.65
24,22

7.33
11.09
11,67

13.36

14,15
12.69
14.07
14.22

13.42

16.13
20.26
20.49
11.58

25.31
12,97

7.25
9.59

14,68
16.20

15.75

10. 44
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TaBLE 2.—Precipitation, in inches, at supplemental sites, storm period September 19—25,

1967
PRECIPITATION COLLECTED ON-- TOTAL
SITE LAT. LONG, SEPTEMBER FOR
19 20 21 22 23 24 25 PERI0D

Alice, 3 mi E 27°4k'  98°02' 0.6 6.65 2,35 4.79 0.20 0.01 0.01 1465
Calliham, 5 mi N 28°33'  98°21'  -- -~ -~ - -- -- -- 16.5
Calliham, 8.5 mi N 28°35'  98°23' 2.25 7.90 9.60 .56 .80 -- -- 21.1
Charco, 3 mi W 28°44' 97°40' - -- -- - -- 21.5 - 21.5
Cuero, 10 mi NNE 29°13'  97°13'  -- 5.0 5.0 2.0 -- -- -- 12.0
Falfurrias, 10 mi § 27°04'  98°09' .18 2.0 6.0+ -- 13.0 -- -- 21.18
Fannin 28°42'  97°14' -- - 16.0 4.0 -- -- -- 20.0
Goliad, 10 mi SSE 28°32¢  97°21' - -- -- .- 19.5 -- -- 19.5
Hochheim, 4 mi § 29°11' 97°17'  -- 2.0 8.0 4.1 -- -- -- 14,1
Nursery, 8 mi w 28°55¢  97°14' -~ 5.0+ 10.0 4.0 -- -- -- 19.0+
Placedo, 6 mi SE 28°38'  96°45' - -- .- 16.0 -- -- - 16.0
Premont, 2 mi N 27°24'  98°07'  -- 3.0 6.0+ 5.0 5.0 .2 -- 19.2+
Realitos, SE 27°21  98°29'  -- -- -- -- - 19.5 -- 19.5
San Diego 27°h6'  98°14' - -- -- -- - -- 15.8 15.8
Stockdale, 1.5 mi SSW  29°13' 97°69' ~- 4.5 4.5 4.5+ -- -- -- 13.5+
Thomas ton 29°00'  97°09' -~ -- - 22.00 -- -- - 22.00
Tilden, 6 mi SE 28°24'  98°27' -- 3.3 3.9 4.1 -- 1.1 -- 12.4
Tilden, 8 mi § 28°21'  98°34%' .- -- -- %19.3 - 1.1 -- 20 4+
Victoria 28°49'  97°00'  -- -- 18.0 -- -- -- - 18.0
Victoria, 10 mi NW 28°56'  97°05' -~ - -- 22.2 -- - - 22.2
Weesatche 28°51¢  97°27* -- -- -- 21.02 -- -- -- 21,02
wes thof f 29°11 97°28 -~ -- 10.00 .- 10.9 -- -- 20.9
Yorktown, 8 mi SE 28°53'  97°28*  -- -- -- 21.0+ -- == -- 21.0+

* Undetermined amount of spill,
Data from bucket survey by U.S. Weather Bureau and Texas Water Development Board.

Tase 3.—Precipitation, in inches, at weather stations in Mexico, storm period
September 1925, 1967

Data furnished by (nternational Boundary & Water Commission, United States amd Mexico and U,§. Weather Bureay

PRECIPITATION COLLECTED OMr~ TOTAL
STATION LATITUBE  LOHGITUDE PTEMBER . FoR

19 2 A 2 23 ™ 25 PEMIOD

Adjuntas, N. L. 25%18¢ 100%8' T 1.77 0,12 1,02 12,60 1,57 2.36 19,4k
Agua Blanca Canoes, M.L. 25°32¢ 100°30¢ 0.3 .55 2,68 K9 98 24 - 9.684
Agualeguas, M.L. 219 99°32' - .= - 6,00 6.00 6.00 -~ 18.00
Anshuac, M.L, 27M8¢ 100°08* T W31 . 2,52 00 T .85 5.1
Apodaca, N.L. 25°46° too*nnt - 1,65 .98 .83 5.33 3.62 1.28  i3.69
Bajo Rio Bravo, Tamps. Na, 1-2 25°56" 97°%6' .39 3,21 A70 430 .39 .30 - 13.89
-3 25°50° 97%42' .16 315 3.9% 2,95 .47 .31 3% 137

-4 25°5t ¢ 97°%5' .20 3,31 N,06  3.7W .71 55 - 12,57

1-12 25°56" 97°38* J9 2,48 3.23 1.46 Jd2 - 1,18 9.26

See footnetes at end of table,
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FLOODS OF 1967 IN THE UNITED STATES

TaBLE 3.—Precipitation, in inches, at weather stations in Mexico, storm

STATION

Bajo Rio Bravo, Tamps. No.

1-13
2-5
2-6
2-7
2-8
2-10
2-12
3-14
3-15
317
16

Bajo Rio San Juan, Tamps. No. 2-29

Barranco Azul, Tamps.
Brecha Arguelles, Tamps.
Burges, Tamps.
Bustamante, N.L.
Cabezones, N.L.
Cadereyta, N.L.
Camargo, Tamps.
Candela, Coah.

Cd. Mier, Tamps.
Cerralvo, N.L.
Cerritos, N.L.

Cerro Prieto, N.L.
China, N.L,

Cienega de Flores, N.L.
Comales, Tamps.
Control, Tamps.
Cruillas, Tamps.

Difunto Angel, Tamps.

Div. de Munic. Y Canal Rode, Tamps.

Don Martin, Coah.

£l Barrote, Tamps.
€1 Cuchillo, N.L.
€] Manzano, N.L.

E] Ocotilial, Tamps.
El Pealito, N.L.

Estacion Camacho, N.L.

See footnotes at end of table.

2-33
2-38

September 19—25, 1967—Continued

LATITUDE

25°44"
25°48"
254k’
2539
25°40°
25°36"
25%9"
256"
25°46"
25*49'
25%35"
26°10"
26°10"
26%06'
26°04’
25°58"
25°52"
25°50°
25°46"
25°41°
24024
%11
457"
26°32"
24°59°
25°35°
26*19"
26°51°
26°26"
26°05"
25°31°
24°56"
25%h2*
25°57¢
26°11"
25°18"
2445
26°23"
26°06"
27°3

26°10

2543"
25°32'
24%24"
25°18*
24°53"

LONG I TUDE

97°4o"
97°49'
97°53*
97%2*
975"
97°52°
97°38"
97*59*
98%01*
97°58"
98°00¢
98°38"
98°28'
98°34*
98%19"
98°07"
98*12®
98°11"
98*10*
98°06°
99%07°
98°28*
98°48"
100°30"
99°45°
100%00"
98°50*
100" 40"
99°09"
99°37*
100°12°
99°23'
99%14*
100*10*
98°55"
97°49'
98°32"
99°02"
98°34"*
100°37
9838
99°16"
100°28*
98°28"
99°21*
99°35*

PRECIPITAT{ON COLLECTEO ON--

20
*)
(%}

1.50
(%)
()]
(*)

2.48

2.05

1.97
*)

3.54

2.95

2.95

2.85
1.77
5.91
4.3
4.53
4.53
1.39
2,95
2.56
2.20
(B}
1.83
1.57

1.38
.94
1,06

2.95
.67
2.72
.65
2.83

SEPTEMBER
21 22
7.09 .77
() 02.60
1.65 472
6.50 .98
5.91 472
5.39  5.35
3.23 146
3.03  1.63
2,64 2.95
(*) 10.24
3.15  2.4o
3.94  6.50
3.23 12.20
1.57  3.35
5.05 473
4.64  3.87
3.5 2.13
5.12 2.9
5.04  3.27
472 3.7h
.85 2.18
3.23  12.20
79 433
.98 4.53
b .48
16 3.07
3.54  9.57
.83 4.80
1.97 13.58
.58 9.70
2,99
- .83
1.38 9,29
0.71  8.07
3.52  11.89
(*) 9.00
3 .73
.64 17.7
1.57  3.3%
20 1.73
3.94  6.50
.68 9.29
a2 130
.51 8
.35 7.48
5 .50

23

157
-39
1.57
1.50
.12
.81
1.77
.79
2.56
2.58
1.57

3.37
1.57
3.27
L7
4.50
2.96
1.38
5.83

2.05
12.60

1.38
3.66
2.27

.24
7.32
1.78
5.51

2.58
1.36
1301
5.91
.55
2.72

1.55

.77

.55

1.37
L7

1.77

2.76

1.93

period

ToTAL
FOR
PERI00
8.86
13.43
9.64
7.87
12.72
12.59
9.26
9.40
10.39
12.30
12.87
17.43
20.11
12.52
15.63
12.99
11.78
15.71
16.18
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TasLe 3.—Precipitation, in inches, at weather stations in Mexico, storm period
September 19—25, 1967—Continued

PRECIPITATION COLLECTED ON--

STATION

Garza Ayala, N.L.
Gral. Bravo, N.L,
Gral. Trevino, N.L.
Hedionda Grande, Coah.
Hidalgo, Tamps.
Higueras, N.L.

inst, Nac. Invest. Agr., N.L.
Iturbide, N.L.
Jimenez, Tamps.

La Arena, N.L.

La Cruz, N.L.

La Encarnacion, Tamps.
La Gloria, N.L.

Laguna de Sanchez, N.L.
La Popa, N.L.

Las Comitas, N.L.

Las Enramadas, N.L.
Las Norias, Tamps,
Linares, N.L.

Los Aldamas, N.L.

Los Herreras, N.L.

Los Ramones, N.L.
Magueyes, Tamps.
Hendez, Tamps.

Migue! Aleman, Tamps. (same as Difunto, Tamps.)
Mina, N.L.

Monciova. Coah.

Montemorelos, N.L.

Monterrey, N.L.

Muzquiz, Coah.

Nueva Cd. Guerrero, Tamps.

Nuevo Laredo, Tamps. CiLA

Pajonal, N.L.

Paso del Aura, Tamps.

Potrero Redondo, N.L.

Progreso, Coah.

Rancho Mercedes, Coah,

Rancho San Juan de la Palma, Tamps.
Rayones, N.L.

Reynosa, Tamps.

Reynosa Km. 40, SW, N.L,

Rinconada, N.L.

Rio Bravo, Tamps.

Sabinas Hidalgo, N.L.

San Carlos, Tamps.

San Fernando, Tamps.

san Juan, N.L.

See footnotes at end of table.

LATITUDE

2629
25%48"
26°14"
25%7"
20°15
25°58"
25°18¢
20kt
24130
25°46"

25°28"

26°53"
2521"

26%10"

25°30°
24°37¢
24°52)
26°04"
2554
25% k2t
24° 34
25%07"
26°24"
26%00"
26°5h*
25120
25°40"
27°53*
26° 341
27°30"
25°29"

25°16°
27°25"
28%02'
26°54*
25°01"
26%06*
25°57
25%4)"
25°59*
26°30*
24°35¢
25y

25°33*

LONGITUDE

100°03"
99° 11"
99°29¢
10053 "
59°26°
100°01"
99°36*
39°54*
98°29°
100%01 ¢

100°26"

9943’
10017

100°50*

99°31"
98°18"
99°34*
99°%12*
99°24*
99°38"
99°33'
98°35'
93* 02"
100°32"
101.25"
99°50°
100°18*
101°31*
99° 14°
99" 30
100°23°

100°10*
101%00"
100°01"
99°20*
100%05*
98°17*
98°39°
100°43"
98°06*
10010
98°56"
98° i
99°50"

.08
.20
-67
.02
.06

1.97
.08

.79

.73
49

.37

.83

20

2.20
B3
.
-39
.0
1.42
2.20
.69
5%
.73
.63
1.38
2.7
1.38

V.42

1.57
1.54
0.35
.63
.55
1.57
t.9l
.59

2
.83

3.94
7.09

7.48

3.78

2.48
3.17

21

81
1.52
.28
.27
.81
.16
.02
R
.39
2.9%

1.57
3
1.38

4.3
57
.16

.09

3.64

.69

7.48
5.54
.63
5.9
.19
1.36
-9t
1.61

SEPTEMBER

22

2.36
1.79
51
.36
2.83

2.52

a7
10.86
5.20
3.98
2,36
1.83
2.09
.55
7.30
1.38
.50
5.91
10.63

23
2.38
.87
9.84
3.84
.67

1.97

8.78
2.23

-9
5.81

6.69
1.89
3.23
3.35
9.31
2.72

3.18
1.89
4.33
8.46

24

1.21

18

1.54
2.56

25

TOTAL
FOR
PERIDD

8.96
17.82
10.83

1.85
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TasLe 3.—Precipitation, in inches, at weather stations in Mexico, storm period
September 19-25, 1967—Continued

PRECIP)TATION COLLECTED ON-~ '!BfAl
STATION LAT{TUDE  LONGITUDE SEPTE FOR

20 21 22 23 24 25 PERIOD

San Miguel de Camargo, Tamps. 26°14" 98°36' .12 3.19 2.95 230 1.57 - .43 10.56
San Nicolas, Tamps. 24 k2 98°s50* .91 7.09 1,28 1.75 5.61 1.52 18.16
Santa Catarina, N.L, 25°h0" 100°28* - .87 2 1.8) 6.10 .87 il 10.01
Santa Teresa, Coah. 26°27' 101 %24 - .79 .20 1.85 2.3 .24 5.21
Sombraretillo, N.L. 26m18¢ 99%58*  3.15 2.76 12.60 11.02 2.9 3.15 35.67
Tenacitas, Tamps. 25°59¢ 98%02' 2.24 3.25 .51 .33 13.58 6.38 .37 26.66
Topo Chico, N.L. 2544 100°20¢ s+ 1.52 .10 2.46 k.76 .79 .28 3.91
Tunel San Francis¢o, N.L. 2525 100°10¢ @ 1,33 - - 8.66 .02 .75 10.85
Valadeces, Tamps. 2614 98%0' .06 3.25 3.56  4.k0  2.05 1.6 14.38
valleciilo, N.L. 2640 99°59* 1.81 .08 .10 K1} b .93 1.46 5.141
Villa Allende, N.L. 25%17" 160%1 .20 1.81 .20 1.10 9.92 1.06 .71  15.00
Villa de Santiago, N.L. 2525 100°03" .17 .07 .08 1.20 13.08 1.73 .79 18.12
vitla Hidalge, Ceah. 27%7° 99°52¢ 59 .55 457 i.18 24 e - 7.13

* Amount included in fo)lowing messurement, time distribution unknows.

T Trace.

TasLe 4.—Precipitation, in inches, at King Ranch rain gages, storm period September

18-25, 1967
Site Site No. Total for period
Santa Gertrudis
Headquarters ............ O 13.07
Stratton ................. 2 16.12
Morgan.................. N 14.80
PaloLebo................ P 13.00
Patricio ................. > S 13.61
Tamales ................. 6 15.58
ElParr .................. 7 15.38
Seeligson ................ 8 15.78
LosVoces ................ 9 14.55
Alazan .................. 10 14.90
Jenson .......... Cevaeann 11 14.82
Paisano ................. 12 e 18.14
Canelo .................. 18 e 13.24
Noria Chorro ............. 14 e 17.00
SantaCruz .............. 15 ... e 12.23
Lampasosa .............. 16 e 15.05
Chapa................... B 12.77
Escondido ............... 18 14.02
CaesarPens .............. 19 12.47
Kingsville .......... R 20 i, 13.56
BigCaboza .............. 2 16.45
Laureles
Headquarters ............ 22 e 12.96
OjodeAgua.............. 28 e 12.65
Banderita................ 24 e 12:50
Martilla ................. 7 12.17
NorthGate ............ N 26 e 10.16
Petrofina 2l e 15.00
Dochess ................. 28 e, 11.00
Garcias .................. 29 e 11.15
Chiltipin ................ T80 e i, 9.90
Palmas .................. 31 .. e 5,70
NoriaHonda ............. 32 ..... e, 4.00
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TasLe 4.—Precipitation, in inches, at King Ranch rain gages, storm period September
18-25, 1967—Continued

Site Site No. Total for period

Laureles—Continued

KingsvilleGate........... 38 i 8.24
Leoncitas ................ 34 9.05
Binotera ................. 35 e 9.95
Telephone ............... 36 e 12.20
Paso LasFlacas .......... i 9.30
Jaboncillas .............. 38 e 9.96
Viboras.................. 39 e e 10.00
Portales Verde ........... 40 ........ e 12.60
Zacahuistal .............. 41 e 9.85
Alazan .................. 42 e 9.35
Norias
OldNorias ............... 43 ... P 16.15
Maravillas ............... 44 e e 14.00
Stillman ....... b A5 e . 15.00
Calandria................ T 20.00
Horacio ................. A7 e 19.40
Encine
Headquarters ............ 48 i 21.52
Mineral Exp............. . L 21.10
Pita..................... B0 e 10.85
Venada.................. Bl e 15.00
Barrosa.................. 5 e 18.05
LasOratis ............... L5 T 17.00
No.lwell................ L PPN 17.00
CrossRoads .............. 55  iiiiiiiian. s 10.20

Figures 19 and 20 illustrate a case of opposite characteristics. The
hurricane tide in Corpus Christi Bay at the tidal basin was reduced in
magnitude when it reached the Naval Air Force Station. This is
probably an exception rather than the rule in the bay systems of the
Texas gulf coast.

A unique feature of Hurricane Beulah was the record number of tor-
nadoes (115 and 1 waterspout) spun off from the main storm. Sightings
were reported as far up the coast as Houston and as far inland as
Austin, where several buildings were slightly damaged by one tornado
that touched down within the city. The most severe tornado occurred at
Palacios on Matagorda Bay, where three persons were killed, and five
were injured.

DESCRIPTION OF THE FLOODS

Flooding varied from minor to ‘“maximum known” during
September—October 1967 in south Texas and northeastern Mexico.
From the Lavaca River to the Rio Grande, all streams that discharge
into the Gulf of Mexico were affected by the storm. The record-breaking
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TasLe 5.—Hourly precipitation, in inches, at U.S. Weather
[Tr.,

Hour

0100 | 0200 | 0300 [ Okoo [ 0500 | 0600 {0700 | 0800 09C0 | 1000 | 1100 {1200
Sept.

4191, Hindes,

190 e PP RN IET AN A N PUIRP RA I NS N HRTTT e

I N KUY R I 0.0k lo.25 L..... Jo.c6 [0.16 10.38 | c.25 | 0.10 | 0.25
3 I 0.C1 C.C1 | 0.03 |ueuniifunnnn, PP .11 .C3 .CE 20 R
220, ... B3 .09 HJS NG .01 |[o.ch .05 J1L .02 .c5 .08 .01
- T O O S A A A .2 02 feceend] 0L feaeeni]ennn .

0.09
.1b

7L22. Randolph Field,

19......n I S A [ ! ISP R veeees | 0021
20,.....] C.1C €.15 | ¢.39 [0.46 |0.33 |o.2¢ |0.79 |1.65 j0.34 [ 1,65 |0.20 .03
21......] “.13 .10 12 | L1k [N c) N AN R PPN I S § .10 .01
-SSP Y T [ B PR T N I IR A IR T e

IRERREE DT P

1136. Brownsville W. B. Airport,

19..... Jooerned 00021 0,02 (0,02 |....lle.s PO RN (AP MR 0.c3 | o.k7 |0.08
20......00.30 | 1.50 | 1.50 | b5 |.....)e..nld 0.30 |0.05 |0.05 .C5 .05 | 2.00
21......| .ch .08 .08 |0.11 |0.1k |0.05 [eei.iifieia .10 J1b .08 .03

2o
2300 Lt SR RN N T S 4 o33 Ll
2R D FUPU DU DT SR 03 sk b e

See footnotes at end of table.
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Bureau weighing rain gages, storm of September 19—25, 1967

trace]

Daily Storm
1300 | 1400 {1500 | 1600 1700 | 1800 1900{ 2000|2100 |2200 [2300 [2k0O total total
(inches)|(inches)

Atascosa County

Bee County

o.c6 f0.38 |o.01 |..... |.....]c.00 Jo.o1 )., L., 8
.35 .65 | .30 |c.ch o.or | 1k 11 |0.13]0.52 0.56 0 chl... | 7.61
W11 .20 | .61 | b5 [1.65 1.9 |1.66)2.10|1.35] .2c| .11]o0.c2 | 11.01

Ne .03 | .C1 Q1 .Ch L) N O A

EEEETS EEEETE PR A c.c7 je.c® Lo bl o8 oS ..., 1.0 f......ns

£.19 |0.78 [c.03 {o.0p |o.11 |o.7% |o.10].....].....]0.25 ]0.c6 |c.02 | 2.5C
.12 .07 .05 {.05 (151 | .87 ..o ..l o7 .03 Job | 9.12 J........

SRR IFPRET N PRI PP PERTEE PRI A BT PT T e veovafesese] srvas] seneane baciiannn

I R O I fpoeees R A R KRR EERTEY IR ) EEEE R .o

Czreron County

p.a2 {0.07 |.....0.00 {o0.01 |o.01 |o0.03 |C.5L f0.23 |0.31 |0.10 |0.10] 2.17 ceeecnnn

P.co [2.00 [0.30 | .30 .30 | .29 22| | o7 | bk} .1 |.....]12.09
L ovvalf L06 | .01 | .02 .02 | .10 o/ 2 IR o) B R F e I e

I P P PO S P A R DR vevefeeiedeea] .33
[ -2 IR [ R A [ R PR IR [P I (P B )
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TasLe 5.—Hourly precipitation, in inches, at U.S. Weather

0100 | 0200 | 0300 | OkOO | 0500 | 0600 | 0700 | 0800 0900 f 1000 } 1100 | 1200

0689. Benavides,

0.01 | c.12y0.04 |O.C1 |0.06 | 0.23 | C.26 | 0.06 | 6.10 | 0.53 | 0.52
.10 05| .05 1 .02 .22 .20 .22 .15 .12 .26
.06 A3 .o .35 .55 2k .05 .07 .23

PN IR I IR 4 .61 12 .02 Pl PP N PN

.. veveeefeseeas| .38

0.01 | 0.11{0.16 [0,10 [0.08 |0.26 |0.16 | 0.19 { 0.19 | C.25 | 1.02
.28 16 .27 .17 .15 .12 .58 .90 .25 .23 .10

[0 N U] A A . R RS TR O eeeee

ceesendecsave [eevnas faoesen

IEERERY PERERE PRI ER PR

9588, Welasco 2E,

O Y P AN P A PP I« 1«2 N 075 & A B0
0.05 | 0.15 [0.19 ]0.06 |0.15 |0.45 [o0,24 |oO,02 .28 Q1 .12
RS .39 | .c8 .Ob .08 .10 [1.05 [1.10 .25 .10 .05

............ P I A AP AR B 01 eeveeidienan,

Presaees R R R I S R R I A N R R T

LT S veeforenes|eeriis]o06 fo0r (...l elndol Jooo s, R P R
2C...+..|0.00 0.12 | c.01 |0;03 |c.10 {1.15 }{o0.25 .10 .20 | 0.33 |0.07 |0.10
2l......| .”8 .30 .20 | .25 .67 .03 .01 .03 .05 .16 .10 .05
22...... .08 03 |ae.ll] 01 .19 [1.1h .03 .25 .22 - - -

-5 P Y ERT TR (PO B I B EETEEY] R NI NI RN

-1 P [ PR PR teveeeteeiaes]| ¥ * * * * * *

2048, Cotulls,

...... R R R N R R N N T e

veesaiferesaa|0.05 |0.02 |O0.01 [C.02 |0.02 |0.08 |0.02 |C.05
.03 .10 .0h .01 .05 .18
.02 .02 < I S
.01 ]..02.. L05 feenad e

PEREERS EETRETY [ER TP RNy sy EEIIn

0569, Bay City Waterworks,

hU-FPUDRNS DR PP PP P P
20..,...10.02 0.03 | 0.07 j{0.08 j0.07
21..,...1..03 .03 .03 | .22 .38

FZXETERTY PRFTTI PRI PRSPPI (A R

B R R N R R e

0.10 {0.19 }0.05 [0.02 [0.01 [0.02
b .18 | .59 | .06 | .03

EERYS IERRREY EET T RS PR

X PP PRRSIRI MR MO S M T B Y R R R R

L P P P

25

EEEERRN PRI I e b ey

See footnotes at end of table.
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Bureau weighing rain gages, storm of September 19—25, 1967—Continued

Daily Storm
13001 1400 | 1500 | 1600 | 1700 [ 1800 | 1900 2000|2100 |2200 |2300 |2L0O total total
(inches)|(inches)

Duval County

eeren 10,22 10.38 |00 [aevin foveentieen e e fen e b 0003 0L6L
0.0h .09 s | .25 | 0.5010.49 | €.A1} c.55( 0.3¢] 0.c9| o0.c6&| .c9| 5.16
20 A7) a8 | L2 .Ch ] 15 FRE 1 ) PR N M B O N 4
.30 297 .37 | a8 091 .C9 .01 .o1| .o .15| .ref.....) w10
cend | WCB Ll P RO P RO T P P PP PR 1.78
00 0L |..... .

Gonrales County

..... 0.17 10.05 [0.03 [..... [0.01 | 0.15
0.13 .05 | .08 1 .12 | 0.12 ] .1k .16
.0 .CL| .01 | .08 | 1.61] .ho .09

2leii e} 0.85 i

DRTPI M . . PPN P P PR PO s ‘s 03 Jeeerennns
e PP TR P P TN . . PR PRI chveaes
..... o3

Hidulco County

0.1 {c.03 |c.c5 jo.c1 | 0.05 |0.03 | €.01|.uuusfenen.]| 0.26] Ci1k] 0,30 1.66 [.........
SOl 081 .02 | .ok |..... .05 154 ¢.21| 0.19] .c9| .51 .55 3.75 |o..v.....
.0o | Les| .06 ) .03 Lon| .os | .on]| .o2| o1 Lcife....fe.... 5.55 |eveenenn.
.0 05 |..... 2h | .05 | .01 ... vevva] w01 Lon| oLor| .01 .50 feee......
ERTT R < N I N PUDUIR DO PR IRV PO R FUDRR I a7 ...
RIS B DU DUDIE N RO PO PR U AR PP U U

Kenedy County

0.7% Jo.08 lo.01 |0.05 | ¢.05 |o.ct | o.c2f..... 0.C1}.....}0.c1] 0.02] 1.¢9 |.oevins..
.08 a2 .3k | .32 .33 | .58 .89 0.L1| .s50|o.ke| 21| .26] 6.8% |.........
A8 03] .3 | .02 .10 | .0k L051 .01 .o 05| .02| .15 2.33 |.....

la Inlle Courty

venee bae PR [ -1 3 I ol - N RN DU RN P PR P M B - ¢
0.0’ 10.20 0.33 | .3¢C .13 |0.12 |..... | 0.01]0.03]|c.01|..... 0.05| 1.52
10 .21 | .1l | oLob .08 | .02 | 0.06| .ok| .05| .15]0.55| .20| 2.17 |.........
e W05 ol ior fellll ) Lo L.l 0L, ceves e ] s02] 122 e,

Matsicorda Cou-ty

P P DU PP 0.02 |0.29 | 0.26 | 0.03|0.05]|0.03}0.0c6}0.02| 0.76 |.....
veee. | 0.0 }O.UE [0.05 Lo | 17 oh| o9l M6l L0 .09 2.6 [i........
0.03 .01 - - - - - - - - - - 2,56 Jeseennien

O IR I TR M ET TP PRI R TR T DRI M A vofosenennas
XTI I EETTE PR [ Lo P IR R PPN EIP P vesnn I L
R N I I T ETEET S CE T T T PRI PR PP PP vefoserennas
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TasLe 5.—Hourly precipitation, in inches, at U.S. Weather

Hour
0100 | 0200 | 0300 | 0%oo | 0500 | 06oo lo7o0 |o08co 0900 | 1000 | 1100 | 1200
Sept .

2015. Corpus Christi WB Airport,
) LT O [ T 0.27 te.¢h 0.0 f....idee i e
200, aunn 0.03 0.03 | 0.03 Jo.o1 01 .23 7r |0.28 [o0.11 {0.h9 |o.k2 |o0.12
-3 TP [ S IR 37 [ T O Y .07 06 |1.37 |1.23
-3 S I PR 38 1.3 I .33 27 10 08 )8
P-X TR I I PO PN DO -3 T UG RN P I I N
-2 [ FUT T PRI [P DA IR A PP (RO PR I I,

25
93hh. Victoria WB Airport,
1S N RPN PN P I DA [P (N O S RN N B
20...... 0.03 0.07 | c.20 [¢,38 |c.17 |c.13 {e.s0 |o.90 |o0.48 |0.16 [0.80 |o.01
21...... .26 (d .95 | .5k .10 .1c .30 [1.31 .25 .32 .10 .03
(-2 DU I BN FTIRS MU [ R I R I I R
- PO (RN ERTTRTS IS I (A [ e I I I [ RO
2N ETT TN PO PRI U ROUIY U I RPN PO PO I vend veendd

25
5C60. Lerado No. 2,
L TORPURN U PR SRS FURUUTY P PV UUVRTS! PUTUUS! DUNUUS DU DRSO B
F-Io TP [P P Y O D c.ct |c.cr jo.05 Jo.or je.or |o.cz | é.08
2loinan. C.CE 0.C5 | o.c2 jc.c2 [c.o1 c2 c7 .02 .l OL |evunnd] cunund
22...... 1.07 .03 oL Le2 €2 Jaeenn. .01 .0k .15 .06 .2k oL
-2 TP [ P .05 | .CE .08 .1 .10 v ' [ .05 .25
LT N P P T PR D T 01 P ) N SRR R I

25
9976. Zopata,
* * * > * ¥* :)6 »* * *
............ c.c3 Jc.er fc.c2 el fo.ch fo.c2 |c.c2 [ €05
€.19 {c.37 c 3C 3C .30 24 C1 01 03
* * * * * * YT AN N R

- No record.
* Amount included in & following measurement, time distribution unknown.

volume of water carried by the Rio Grande and its floodways was runoff
from the Rio Alamo and Rio San Juan watersheds in Nuevo Leon and
Tamaulipas, Mexico. Soil moisture and other factors that influence the
runoff rate ranged from extremely favorable for a high percentage of
runoff in the Rio Alamo and Rio San Juan watersheds to near or below
normal in the Lavaca River basin.

LAVACA RIVER BASIN

The headwaters of the Lavaca River are on the east edge of the heavy
precipitation area. In this basin, rainfall ranged from 5 to 15 inches,
with the lesser amount occurring in the headwaters area. The weather
station at Edna in Jackson County reported a 2-day total rainfall of
11.60 inches on September 20 and 21. Rainfall of this amount has a
recurrence interval of greater than 25 years.
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Bureau weighing rain gages, storm of September 19—25, 1967—Continued

Daily Storm
1300 | 1400 | 1500 {1600 | 1700 | 1800 | 1900| 2000}2100 |22c0 2300 |2ho0 total total
(inches)](inches)
th eces County
..... 0.35 [¢.02 015 [ c.e3 |.enni]eene vl 003 e Loeeea | 0090 Ll
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............................................................ 29 leveennnnn
.................................................................. iQ:oT .
‘.’i‘(:tnria Cow.ty
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05 12 6 o8 | 1.63 L3 .01l .01} o0.0110.05 15 20| 6.63 l.........
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............................................. e
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..... [ 700 I R A <~ P .7
.......... c7 | .02 (<3 W0 [P R .12
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¥ * < * 0.47 Jeuch | C06 009 . iaii ol Lald 0.65 Levieann.
1 6 |c.cs cs | .2 c2 58 10.27 [€.27|C.11 ] G.C5 | 1.9 fooviunn..
" 5 5 | .C9 3 - - - - - - 2.8 L.l
..................................................... b e Lol
L2 L O T A P I P I ST feiieenen
7.26

Runoff was substantial, although less than would be expected from
the rainfall frequency. This result, based on a daily discharge of 3.6 cfs
(cubic feet per second) on Septernber 19 at the streamflow station near
Edna (site 1), can be partly attributed to fairly low soil-moisture con-
tent in the basin. On the 23d, a peak discharge of 22,500 cfs at a gage
height of 26.37 feet was recorded. Flood stage at Edna is 21 feet. A flood
of this magnitude has a recurrence interval of about 4 years.

The Navidad River, a tributary of the Lavaca River, had a peak dis-
charge of 26,600 cfs from 1,116 square miles with a stage of 31.91 feet at
the streamflow station near Ganado (site 2). Flood stage at Ganado is 21
feet. A flood of this magnitude has a recurrence interval of about 4
years.

Flooding did occur in the Lavaca River basin, but flood damage was
minor, and the flood did not approach the magnitude of previous floods.
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GUADALUPE RIVER BASIN

The Guadalupe River basin received rainfall ranging from 1.75 inches
at Kerrville in Kerr County, near the headwaters, to about 25 inches in
the Coleto Creek area upstream from the gaging station at Schroeder
in Goliad County. The greatest amount of rainfall recorded during the
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storm period at a regular weather station was 22.28 inches at Yorktown
in DeWitt County, although larger amounts were reported at
supplemental sites in this basin. Yorktown received a 2-day total rain-
fall for September 21 and 22 of 20.11 inches. Cuero, also in DeWitt
County, had a 2-day total rainfall of 18.35 inches for the same period.
These amounts greatly exceed the 2-day, 100-year frequency.

In downstream

order,

the principal streams tributary to the

Guadalupe River are the San Marcos River, Peach Creek, Sandies
Creek, and Coleto Creek, Runoff in the basin above the mouth of the
San Marcos River was light.

Peach Creek, in a 5- to 10-inch rainfall zone in Gonzales County, had
a peak discharge of 10,200 cfs at the streamflow station near Dilworth
(site 5). A flood of this magnitude has a recurrence interval of 3 years,



B24 FLOODS OF 1967 IN THE UNITED STATES

CORPUS CHRISTI, TEXAS
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From U.S. Weother Bureau Technical Paper No. 25

Ficure 7.—Comparison of the rainfall intensity-duration-frequency curve for Corpus
Christi and the maximum point rainfall intensity at U.S. Weather Bureau rain gage
0639, Beeville 5 NE, September 21, 1967. Frequency analysis by method of extreme
values, from Gumbel, 1954.

Sandies Creek watershed, in Guadalupe, Gonzales, Wilson, Karnes,
and DeWitt Counties, received rainfall totals during the storm period
ranging from less than 10 inches at the headwaters in Guadalupe Coun-
ty to more than 20 inches at the streamflow station near Westhoff in
DeWitt County. At a site near Leesville, Sandies Creek (site 6) had a
peak discharge of 3,920 cfs from a drainage area of 47.4 square miles.
This discharge has a recurrence interval of 3 years. At the streamflow
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SAN ANTONIO, TEXAS
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Ficure 8.—Comparison of the rainfall intensity-duration-frequency curve for San Antonio
and the maximum point rainfall intensity at U.S. Weather Bureau rain gage 0639,
Beeville 5 NE, September 21, 1967. Frequency analysis by method of extreme values,
from Gumbel, 1954.

station near Westhoff (site 7), the peak discharge was 79,700 cfs from a
drainage area of 560 square miles. The recurrence interval for this dis-
charge is 35 years.

Coleto Creek watershed, in DeWitt, Goliad, and Victoria Counties,
received 20 to 25 inches of rainfall during the storm period. These were
the greatest amounts reported in the Guadalupe River basin, and the
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Ficure 9.-—Barometric pressure and wind velocity at the U.S. Weather Bureau station,
Corpus Christi, Tex. Data furnished by U.S. Army Engineer District, Galveston, Tex.

consequent flooding on Coleto Creek was greater than any previously
observed during the period of historical record dating back to 1872. The
peak discharge from the 365-square-mile drainage area above the
streamflow station near Schroeder (site 12) was 122,000 cfs, which is
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Ficure 10.—Barometric pressure and wind velocity at the U.S. Weather Bureau station,
Victoria, Tex. Data furnished by U.S. Army Engineer District, Galveston, Tex.

1.73 times the magnitude of a 50-year flood. At the discontinued gaging-
station site near Victoria (site 13) in Victoria County, the peak dis-
charge from a drainage area of 514 square miles was 236,000 cfs, which
is 2.74 times the magnitude of a 50-year flood and is 2.65 times greater
than the previously recorded maximum.

A peak discharge of 70,000 cfs was recorded on the Guadalupe River on
September 21 at the gaging station near Victoria (site 10). This runoff
was generated primarily in the 284-square-mile area between the Cuero
station and the Victoria station. The upstream rise, which had a peak
discharge of 61,500 cfs at Cuero (site 8), did not reach the Victoria sta-
tion until September 24. The peak discharge at Cuero and Victoria has
a recurrence interval of 10 and 14 years, respectively.

Flooding also occurred on the many smaller streams in the basin. At
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Figure 11.—Barometric pressure at Harlingen, Tex. Data by U.S. Army Engineer
District, Galveston, Tex.

the present time, data from this area are not sufficient to define a fre-
quency and magnitude relation for streams having a drainage area of
less than 30 square miles, but peak stage and discharge data for four
small streams are included in table 17.

Flood damage in the Guadalupe River basin was most severe along
the lower reaches of Sandies Creek, downstream from Westhoff; along
all of Coleto Creek; and along the main stem below Victoria, especially
below the mouth of Coleto Creek. In these areas, inundation damaged
railways, highways, and utilities.

SAN ANTONIO RIVER BASIN

In the San Antonio River basin, rainfall during the period ranged
from 1.92 inches at Medina in Bandera County, near the headwaters of
the Medina River, to 25 inches in the lower Cibolo Creek watershed
near the Wilson-Karnes County line. The 2-day, 100-year frequency
was exceeded at a number of weather stations. The greatest 2-day total
(25.50 in.) at a regular weather station was recorded at the site of the
streamflow station Cibolo Creek near Falls City (site 22) in Karnes
County.

In downstream order, the principal streams tributary to the San An-
tonio River are Medina River, Calaveras Creek, Cibolo Creek, Ecleto
Creek, and Escondido Creek.
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Figure 12.—Barometric pressure and wind velocity at McAllen, Tex., airport. Data fur-
nished by U.S. Army Engineer District, Galveston, Tex.

Very little overbank flooding occurred in the San Antonio River basin
above the mouth of the Medina River. However, local flooding did occur
in the city of San Antonio, where at least two people were drowned at
low-water crossings.

Runoff from the Medina River and Calaveras Creek watersheds was
comparatively light. A peak discharge of 5,480 cfs was recorded at
Medina River near San Antonio (site 16) and 3,720 cfs was recorded at
Calaveras Creek near Elmendorf (site 19) in Bexar County. Medio
Creek, a tributary of the Medina River, had a peak discharge of 2,640
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FiGurRe 13.—Barometric pressure and wind velocity at Brownsville, Tex., airport. Data
furnished by U.S. Army Engineer District Galveston, Tex.

cfs from a drainage area of 47.9 square miles at a miscellaneous site near
Macdona (site 15) in western Bexar County.

Cibolo Creek, which drains parts of Kendall, Comal, Bexar,
Guadalupe, Wilson, and Karnes Counties, had very light runoff up-
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Ficure 14.—Barometric pressure at Port Isabell Coast Guard Station, South Padre Island.
Data furnished by U.S. Weather Bureau.
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Ficure 15.—Tide elevation at Matagorda Peninsula gage.

stream from the streamflow station at Selma (site 21) in Bexar County.
During this storm, a peak discharge of only 89 cfs was recorded, which
was not the maximum for September. At the downstream station near
Falls City (site 22) in Karnes County, a maximum discharge of 25,300
cfs was recorded from 827 square miles. The runoff in the lower part of
the watershed, produced by rainfall that ranged from 10 to 25 inches,
has a recurrence interval of 9 years.

Ecleto Creek watershed in Wilson and Karnes Counties had 10 to 20
inches of rain during the storm period. Runoff was very high in the 239-
square-mile area above the streamflow station near Runge (site 23) in
Karnes County, where a peak discharge of 58,400 cfs was recorded. This
discharge is 2.24 times the magnitude of a 50-year flood.



o

32 FLOODS OF 1967 IN THE UNITED STATES

A ~—

18 19 20 21 22
SEPTEMBER 1967

TIDE ELEVATION ABOVE MEAN SEA LEVEL, IN FEET

Ficure 16.—Tide elevation in Lavaca Bay at Interstate Highway 35 causeway.
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Ficure 17.—Tide elevation in San Antonio Bay at Benderwald Point.



TIDE ELEVATION ABOVE MEAN SEA LEVEL, IN FEET

TIDE ELEVATION ABOVE MEAN SEA LEVEL, IN FEET

SOUTH TEXAS AND NORTHEASTERN MEXICO, SEPT.-OCT.

B33

AN,
f
J
I_‘/J
~— ,—\-/JJ_/

Ficure 18.—Tide elevation in Copano Bay at Bayside.

SEPTEMBER 1967

18

19

20
SEPTEMBER

2l
1967

22

FiGure 19.—Tide elevation in Corpus Christi Bay at the tidal basin.
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Ficure 20.—Tide elevation in Corpus Christi Bay at the Naval Air Force Station.

Escondido Creek, which drains 72.4 square miles above the
streamflow station at Kenedy in Karnes County, had very heavy runoff
as a result of antecedent conditions in the watershed. Ten floodwater-
retarding structures, which partly control the runoff from 36.5 square
miles, discharged over the emergency spillways. The weighted-mean
rainfall in the watershed above the Kenedy station (site 34) was 17.3 in-
ches, and the peak discharge at this station was 37,000 cfs. This dis-
charge is 3.82 times the magnitude of a 50-year flood.

Because the Escondido Creek watershed is a special study area,
detailed information was obtained for two subwatersheds above
floodwater-retarding structures. Rainfall and runoff data for these two
sites (subwatersheds 1 and 11) are shown in figures 21 and 22. Figure 23
shows rainfall and runoff for Escondido Creek at Kenedy. Some
flooding from Escondido Creek did occur. Water overflowed U.S.
Highway 281 at Kenedy and inundated some houses in the northeastern
part of town.

The San Antonio River was above bankfull stage from Ecleto Creek
in Karnes County to the mouth. The volume of runoff contributed by
very small tributaries is illustrated by the discharge from Baugh Creek
at Goliad (site 36), where a peak discharge of 1,000 cfs was recorded
from a drainage area of 3.02 square miles.

The downstream discharge station, San Antonio River at Goliad (site
37), had a peak discharge of 138,000 cfs from a drainage area of 3,921
square miles. This discharge is 3.22 times the magnitude of a 50-year
flood, and 4.08 times the previously recorded maximum flood that oc-
curred in 1942. The peak stage exceeded the previously recorded max-
imum stage (1942 flood) by 8.8 feet. Available information indicates
that the great historical flood of 1869 was several feet higher than the
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Ficure 21.—Accumulated weighted rainfall and net runoff, Escondido Creek sub-
watershed No. 1.

flood (Beulah) of September 23, 1967. The San Antonio River joins the
Guadalupe River just above Tivoli (site 14), where the peak stage was
2.7 feet higher than the previous maximum in 1869.

Discharge hydrographs for Guadalupe River at Victoria, Coleto Creek
near Schroeder, and San Antonio River at Goliad (sites 10, 12, and 37)
are shown in figure 24.

Flooding was severe in the lower part of the basin. All low areas from
Goliad to the Gulf of Mexico were inundated, and all highways crossing
the river from Goliad to the coast were closed.

MISSION RIVER BASIN

Extreme flooding occurred throughout the Mission River basin in
Bee, Goliad, and Refugio Counties. During the storm period, rainfall of
20 to 25 inches was reported over most of the basin upstream from
Refugio. Pettus in Bee County reported an unconfirmed measurement
totaling 27.38 inches during the period September 20—24, which, if cor-
rect, is one of the largest amounts reported in Texas. Rainfall in the
basin easily exceeded the 2-day, 100-year frequency.

The main stem of the Mission River is formed a few miles upstream
from Refugio by the confluence of Blanco and Medio Creeks. On Blanco
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Ficure 22.—Accumulated weighted rainfall and runoff, Escondido Creek subwatershed
No. 11.

Creek, the peak discharge at the miscellaneous site near Berclair (site
38) in Bee County was 38,000 cfs from a drainage area of 70.3 square
miles. This is 4.28 times the magnitude of a 50-year flood.

Toro Creek, a tributary of Medio Creek, had a peak discharge of 13,-
400 cfs from a drainage area of 24.6 square miles at a miscellaneous site
near Tuleta (site 39) in Bee County. Medio Creek, which has a drainage
area of 204 square miles at the streamflow station near Beeville (site
40), had a peak discharge of 105,000 cfs, which is 6.0 times the
magnitude of a 50-year flood. The stage for this flood was 7.7 feet higher
than the previous maximum in 1919.

At the streamflow station Mission River at Refugio (site 41), a peak
discharge of 116,000 cfs from a drainage area of 690 square miles oc-
curred on September 21, the day before Medio Creek crested at the
Beeville station. Therefore, the peak at Refugio was principally Blanco
Creek water. A secondary peak slightly less in magnitude occurred at
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Ficure 23.—Accumulated weighted rainfall and net runoff, Escondido Creek at Kenedy.

Refugio when the upstream rise from Medio Creek reached the Mission
River. The peak discharge for this station is 3.17 times the magnitude of
a 50-year flood.

Flood damage was widespread throughout the entire basin. Many
rural and urban homes were damaged, and transportation was almost
nonexistent because of the many submerged highways. One of the most
severely damaged places in the basin was the small unincorporated
village of Pettus in Bee County, which was completely inundated by 3
to 5 feet of flowing water from Medio Creek. Five people were reported
drowned.

ARANSAS RIVER BASIN

The Aransas River basin is a small coastal basin having a drainage
area of 247 square miles above the streamflow station near Skidmore in
Bee County. Rainfall throughout the basin during the storm period was
slightly more than 20 inches. Beeville in Bee County reported 18.04 in-
ches in 48 hours ending at 1800 hours on the 22d, and Sinton in San
Patricio County reported 15.21 inches in 48 hours ending at 0800 hours
on the 21st. These amounts are equal to or greater than a 2-day, 100-
year storm.
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Ficure 24.——Discharge hydrographs for Guadalupe River at Victoria, Coleto Creek near
Schroeder, and San Antonio River at Goliad.

Flooding in this basin was almost equal to that in the Mission River
basin. The streamflow station Aransas River near Skidmore (site 44)
had a maximum discharge of 82,800 cfs from a drainage area of 247
square miles, This discharge is 4.23 times the magnitude of a 50-year
flood. The stage for this flood was 9.22 feet higher than the previous
maximum since 1914.

Poesta Creek (site 42), a tributary in the upper part of the basin, had
a peak discharge of 20,800 cfs from a drainage area of 46.5 square miles.
This discharge is 3.02 times the magnitude of a 50-year flood.

A very small stream, Olmos Creek tributary near Skidmore (site 43),
had a peak discharge of 325 cfs from a drainage area of 0.58 square mile.

A sample of the magnitude of runoff in ungaged areas was obtained at
Papalote Creek near Papalote (site 45) in San Patricio County. The peak
discharge at this site was 56,400 cfs from a drainage area of 99.2 square
miles. This discharge is 5.19 times the magnitude of a 50-year flood.

Flooding was extensive in the Aransas River basin, Most of the prin-
cipal highways were closed for a time, and considerable inundation oc-
curred in both rural and urban areas.
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Fiaure 25.-Flood profile of Poesta Creek at Beeville, September 21, 1967.

Poesta Creek inundated part of Beeville (pl. 2). The depth of inunda-
tion at any point can be obtained by using the flood profile (fig. 25) to
determine the water-surface elevation and a topographic map to deter-
mine the elevation.

Sinton in San Patricio County was completely inundated by water
from Chiltipin Creek. Local residents reported that the floodwater in
the town was as much as 4 feet deep but had no discernible velocity, so
flood damage was less than would have occurred from flowing water.

A form of sheet flow was prevalent, especially in the lower part of the
basin. The boundaries of inundation from any particular creek could
not be delineated in the classical manner of observing depesits of flood
debris because sheet flow extended continucusly from one creek to

another.
NUECES RIVER BASIN

The Nueces River basin, which has a drainage area of 16,860 square
miles above the downstream discharge station near Mathis (site 61),
had the greatest main-stem flood in the lower basin since records began
in 1919. Less than one-half of the total drainage area contributed runoff
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to the flood. Runoff from the 5,260 square miles above Cotulla (site 46)
on the main stem and from the 3,493 square miles above Derby (site 51)
on the Frio River was comparatively low. Furthermore, the Nueces
River at Cotulla crested after the large crest had occurred at
downstream stations.

Rainfall during the storm period ranged from less than 5 inches at the
headwaters to 25 inches in the lower part of the basin. The 2-day, 100-
year frequency was exceeded at a number of regular weather stations in
the lower basin.

The Atascosa River, which drains part of Bexar, Wilson, Karnes, and
Atascosa Counties, is tributary to the Frio River at a point just a few
miles upstream from the mouth of the Frio River, which is tributary to
the Nueces River near a town in Live Oak County appropriately named
Three Rivers. In the 1,171-square-mile drainage area upstream from the
discharge station at Whitsett (site 56) in Live Oak County, rainfall
ranged from less than 10 inches to more than 25 inches, with the heavier
amounts occurring in the lower part of the watershed. The greatest 24-
hour total reported from a regular weather station in Texas was 15.69
inches at Whitsett. This amount greatly exceeds the 100-year fre-
quency.

In the upper part of the watershed, runoff was appreciable but not
record breaking. Rutledge Hollow Creek near Poteet (site 54, drainage
area 18.3 sq mi) and Lucas Creek near Pleasanton (site 55, drainage
area 32.8 sq mi), both in Atascosa County, had a peak discharge of 1,800
and 2,970 cfs, respectively. For Lucas Creek this discharge has a
recurrence interval of 8 years.

At the gaging station Atascosa River at Whitsett (site 56), the peak
discharge was 121,000 cfs. The stage was 0.3 foot higher than the
previous maximum in 1881, and the discharge was 1.70 times the
magnitude of a 50-year flood.

Flooding along the Atascosa River was severe from Pleasanton to the
mouth. West of Whitsett, State Highway 99 was severely damaged, and
near Campbellton, a 3-mile stretch of U.S. Highway 281 was inundated.
The railway between Campbellton and Three Rivers was severely
damaged. Many of the smaller streams in the watershed caused other
roads to be closed at times.

In the Frio River watershed downstream from Derby in Frio County,
rainfall ranged from less than 10 inches at Derby to 19 inches at Three
Rivers. The 2-day, 100-year frequency was exceeded only in the lower
part of the watershed.

At Derby (site 51), the peak discharge was only 3,880 cfs, which is less
than the magnitude of the mean annual flood.

San Miguel Creek near Tilden (site 52), a tributary of the Frio River,
in McMullen County had a peak discharge of 13,700 cfs from a drainage
area of 793 square miles. Discharge of this magnitude has a recurrence
interval of about 4 years.
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At Calliham (site 53) near the McMullen—Live Oak County line, the
Frio River had a peak discharge of 57,000 cfs. This discharge has a
recurrence interval of about 34 years. The stage was about 3 feet less
than that during the great flood in 1932.

Flooding was substantial but not record breaking in the Frio River
watershed. At Farm Road 99, just downstream from the Frio River gag-
ing station (site 53), the maximum depth over the highway was 7 feet.
More than one-half of the total discharge flowed over the left channel
bank into Opossum Creek, which for a short distance had more dis-
charge than the Frio River. At this stage, the creek had become an
overflow channel of the river.

The drainage area along the main stem of the Nueces River below
Cotulla in La Salle County received rainfall ranging from less than 10
inches at Cotulla to about 25 inches near Mathis in San Patricio Coun-
ty. The 2-day, 100-year frequency was exceeded in the lower part of the
basin. Mathis reported a 2-day total for September 21-22 of 16.05
inches.

At Cotulla (site 46), a peak discharge of 7,050 cfs was recorded. This
discharge, which is less than the mean annual flood, occurred after the
crest had passed the downstream stations.

San Casimiro Creek near Freer (site 47), a tributary of the Nueces
River, had a peak discharge of 43,200 cfs from a drainage area of 469
square miles. This was a large flood, but the peak stage was 1.4 feet
lower than the previous maximum in 1954. At the streamflow station on
State Highway 44 west of Freer in Duval County, the width of flow over
the highway was 0.9 mile.

On the main-stem Nueces at the gaging station near Tilden (site 48)
in McMullen County, the peak discharge was 76,500 cfs. This discharge
has a recurrence interval of 45 years. The stage was the greatest known
since 1902 and was about 0.1 foot higher than the previous maximum in
1946. In this area, the volume of water contributed by very small
streams is indicated by Plant Creek near Tilden (site 49), where a peak
discharge of 220 cfs occurred from 0.36 square mile.

The last streamflow station on the main stem above the mouth of the
Frio River is at Simmons (site 50) in Live Oak County. The peak dis-
charge at this station was 72,000 cfs. The peak stage for this flood was
about 0.3 foot lower than the previous maximum in 1919.

At Three Rivers (site 57) in Live Oak County, the combined flow of
the Atascosa and Frio Rivers merged with the Nueces to produce the
greatest flood since at least 1875. A peak discharge of 141,000 cfs oc-
curred on September 23, 1967. This discharge is 1.76 times the
magnitude of a 50-year flood and is 1.66 times greater than the previous
maximum, which occurred in 1919. The 1919 stage was exceeded by 3.2
feet.

Flooding in the town of Three Rivers, which has a population of ap-
proximately 2,000, was nearly catastrophic. The entire business section,
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as well as most of the residential area, was inundated with floodwaters
up to 6 feet deep. The depth of inundation was made vividly evident by
an ugly deep ring of oil that adhered to the surface of practically every
building in town. This oil ring was later found to be about three-
quarters of a foot below the peak. All traffic was stopped by floodwater.
Scouring action sank an internal pier, and two spans dropped from the
northbound lane of a bridge on U.S. Highway 281 south of town. Flood
damage was heavy in all parts of the lower Nueces basin, but the
damage at Three Rivers was the most severe.

The flood at Three Rivers would have been slightly greater had the
runoffs from the Atascosa, Frio, and Nueces Rivers reached the site
simultaneously. Actually, the Atascosa water probably reached the site
several hours before the flood crest of the Frio arrived. The maximum
upstream flood crest on the Nueces did not arrive until about 43 hours
after the peak on September 23. Flood hydrographs for Nueces River at
Simmons, Frio River at Calliham, Atascosa River at Whitsett, and
Nueces River near Three Rivers are shown in figure 26.

There is an increase of 1,056 square miles in drainage area between
the discharge station at Three Rivers and Wesley E. Seale Dam, which
impounds Lake Corpus Christi. This drainage area had a recorded rain-
fall ranging from more than 15 inches to about 25 inches. A rancher who
lives 1 mile south of Dinero in Live Oak County reported that he had
measured 34 inches of rainfall during the period September 20—23,
1967.

A sample of the peak rate of flow from this ungaged area was obtained
at two sites. Sulphur Creek (site 58), which joins the Nueces River on
the east bank near Oakville, had a peak discharge of 43,600 cfs from a
drainage area of 71.1 square miles at a site east of Three Rivers.
Ramirena Creek (site 59), which drains 84.4 square miles of southern
Live Oak County, had a peak discharge of 20,500 cfs at a site south of
George West. Evidence of a high runoff rate was noted at other creeks in
the area, particularly on Gamble Gully and La Parra Creek. Com-
putations indicate that the peak inflow rate into Lake Corpus Christi
was produced by the combined flow of these relatively small creeks and
that the peak rate of inflow occurred prior to the arrival of the flood
crest of the main-stem Nueces River.

Discharge from Lake Corpus Christi was partly controlled by
manipulation of the 60 tainter gates in Wesley E. Seale Dam. These
gates were operated throughout the flood to allow the least damage
possible, both from backwater flooding upstream and from release-
water flooding downstream. The lake (site 60) had a peak elevation of
94.82 feet (contents 320,000 acre-ft), which is the highest stage since the
present dam was completed in 1958. The peak discharge from the lake,
at about 1800 hours on September 24, was computed to be 138,000 cfs.
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Ficure 26.—Discharge hydrograph for Nueces River at Simmons, Frio River at Calliham,
Atascosa River at Whitsett, and Nueces River near Three Rivers.

At that time, 54 of the gates were fully open and the other six were part-
ly open.

The discharge station (site 61), 0.6 mile downstream from the dam,
had a peak stage of 47.7 feet, which is 7.7 feet higher than the previous
maximum in 1919. This discharge of 138,000 cfs is 2.38 times the dis-
charge of the 1919 flood. Discharge hydrographs for Nueces River near
Three Rivers and Nueces River near Mathis, are shown in figure 27.

State Highway 359 and the Southern Pacific Railroad were sub-
merged just downstream from the dam for several days. Farther
downstream, State Highway 9 and U.S. Highway 77 were also closed.
Some homes in Corpus Christi and Calallen suburbs were inundated
along Nueces Bay, which had a substantial rise as a result of floodflow
from the Nueces River.
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Ficure 27.—Discharge hydrograph for Nueces River near Three Rivers and Nueces River
near Mathis.

COASTAL AREA BETWEEN THE NUECES RIVER
AND THE RIO GRANDE

The coastal area between the Nueces River and the Rio Grande totals
10,442 square miles, of which 5,179 square miles is probably noncon-
tributing. This area is relatively flat, having a maximum elevation of
less than 200 feet above sea level. Total rainfall in the contributing part
of the coastal area ranged from 10 to 25 inches during the storm period.

The coastal area between the mouth of the Nueces River at Corpus
Christi Bay and the mouth of Los Olmos Creek at Baffin Bay is a 3,576-
square-mile drainage area, of which 273 square miles is probably non-
contributing. This 273 square miles consists mainly of many small
depressions, known locally as water holes. The rest of the area is
drained by a fairly well developed system of streams that ultimately
discharge into Corpus Christi or Baffin Bays. During this flood, some
overland flooding occurred as water overflowed from one watershed to
another in the lower part of the area.
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Oso Creek (site 62), which discharges into Nueces Bay, had a peak
discharge of 3,620 cfs at a site near Violet on State Highway 44 in
Nueces County from a drainage area of 45.8 square miles. This vicinity
was described as a “sea of water,” with water overflowing the highway at
many places. At one time, State Highway 44 was the only access road to
Corpus Christi. Much of the area east of a line from Mathis to
Kingsville to Falfurrias, a distance of about 50 miles, was reported to
have been covered by sheetflow as much as 2 feet deep.

San Fernando Creek is one of the principal streams that ultimately
discharges into Baffin Bay. A tributary of this creek, San Diego Creek,
had a peak discharge of 14,000 cfs from a drainage area of 319 square
miles above the discharge station at Alice (site 65) in Jim Wells County.
This discharge has a recurrence interval of 44 years. A short distance
downstream from the mouth of San Diego Creek, San Fernando Creek
(site 67), which has a drainage area of 507 square miles, had a peak dis-
charge of 16,900 cfs. This is slightly greater than the 1962 flood, which
was the greatest since 1949.

Runoff from 150 of the 188 square miles of intervening drainage area
between the San Diego and San Fernando stations is partly controlled
by Lake Alice on Chiltipin Creek (site 66). This reservoir was completed
in 1965 and has a capacity of 2,780 acre-feet below the siphon spillway.
The maximum contents during this flood was 4,150 acre-feet. Flow from
73.4 square miles above Lake Alice is partly controlled by six
floodwater-retarding structures having a combined total capacity of
15,690 acre-feet below the flood spillways.

A short distance downstream from the streamflow station San Fer-
nando Creek at Alice, part of the flood discharge overflowed into Pintas
Creek, a tributary of Petronila Creek, which also discharges into the
Baffin Bay system.

Near Kingsville, a small dam on Santa Gertrudis Creek broke, and
part of the water overflowed into Tranquitas Creek above Tranquitas
Reservoir. This reservoir overflowed on both sides, and part of the water
flowed into San Fernando Creek, and part of it flowed back into Santa
Gertrudis Creek upstream from the King Ranch dairy dam. The dairy
dam reservoir then overflowed on the right side and flowed over into
Escondido Creek.

At the sites where these three creeks cross U.S. Highway 77, near
Kingsville, flood marks indicate that only moderate rises had occurred
and that the flow was well confined within banks. A field estimate of
8,700 cfs was computed for San Fernando Creek at the U.S. Highway 77
crossing, just north of Kingsville. At this site, San Fernando Creek has a
nominal drainage area of 627 square miles; however, because of the
watershed overflow and interchange, the drainage area is indefinite.

The southernmost stream in Texas that contributes discharge to the
Gulf of Mexico is Los Olmos Creek. At the streamflow station just north
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of Falfurrias (site 69) in northeastern Brooks County, the peak dis-
charge was 3,380 cfs from 480 square miles. Local residents reported
that water overflowed the divide upstream from the gage and flowed
south into Cibolo Creek, which flows through the northern part of
Falfurrias. The unit peak discharge, in cubic feet per second per square
mile, for the Los Olmos Creek station was only about one-seventh of
that for the miscellaneous site (site 70) on Palo Blanco Creek 16 miles
west of Falfurrias. Downstream from Falfurrias, the low-water channel
of Cibolo Creek joins Palo Blanco Creek, and further downstream at a
very shallow lake (Laguna Salado) about 25 air miles inland from Baf-
fin Bay, at an elevation of about 80 feet above mean sea level, Baluarte
Creek joins the Palo Blanco Creek system. Outflow from the Laguna
Salado of the Palo Blanco Creek system, which drains an area greatly in
excess of 1,000 square miles, soon disappears among the sand dunes and
does not reach the Gulf of Mexico as surface-water flow.

Floods are such a rare event in these sandy areas that Palo Blanco
Creek does not have a defined channel through part of Falfurrias. At a
site on State Highway 285 about 16 miles west of Falfurrias, Palo Blan-
co Creek (site 70) had a peak discharge of 16,600 cfs from a drainage
area of 343 square miles. On State Highway 285 at a site about 3% miles
west of the center of Falfurrias, more than 5,000 cubic yards of fill was
required to repair the washout created by Palo Blanco Creek.

In Falfurrias the weather station reported successive daily totals of
2.90, 10.00, 7.00, and 5.20 inches of rain during the storm period. The
September total exceeded the long-term monthly mean by 28.24 inches.

The city of Falfurries experienced the worst flood in history. Some
residents had to evacuate their homes during the early morning hours of
September 22. By that evening, the crest had receded enough for some
of them to return home. During the early morning hours of September
23, the town was almost completely inundated by the combined flow of
Cibolo and Palo Blanco Creeks. Some residents report that the south
part of town received floodwaters from the overflow of Una de Gato, a
very small tributary of Baluarte Creek. Water covered U.S. Highway
281 from north of Los Olmos Creek to south of Baluarte Creek, except
for a small hill between Los Olmos and Cibolo Creeks and the hill where
the Brooks County courthouse is located. Figure 28 is a profile along
U.S. Highway 281, showing the elevation of the water surface. Many
business establishments and homes suffered extensive damage, but
because of the efforts of the rescue teams, no lives were lost.

Between Baluarte Creek and the Rio Grande, a distance of about 60
miles, there is no defined drainage system. The surface of this noncon-
tributing area of about 4,000 square miles is mostly sandy deposits that
can readily absorb normal amounts of rainfall. During this storm, rain-
fall intensity exceeded the infiltration rate of the sand, and water
collected in thousands of shallow depressions. Ponded water inundated
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in Falfurrias, September 23, 1967.

U.S. Highway 77 and U.S. Highway 281 at many places and prevented
many of the people who had evacuated the area from returning.
Although many of the ponds disappeared rather quickly, many others
were still present as late as January 1968, and a few were still present in
September 1969. This remaining ponded water eventually evaporated,

and the ponds returned to the normal (dry) condition.

Rainfall decreased west of Encino in Brooks County. Between Encino
and La Gloria, in Starr County, there was very little evidence of ex-
cessive rainfall. In this area, the sands were apparently able to receive

most of the water, although rainfall ranged up to 20 inches.

The area south and east of Encino, which includes parts of Brooks,
Kenedy, Willacy, and Starr Counties, was mostly under water. The
conditions on the Norias Division of the King Ranch, in Kenedy Coun-
ty, are typical of those in the southeastern part of the basin. Ponded
water stood at a maximum elevation of about 20 feet near the Norias
headquarters. At the end of October 1967, all ranch roads were closed,

and boats were a common means of transportation.

Attempts to drain some of the ponded water into the Gulf of Mexico
by ditching and pumping were futile. Some water was removed, but the
water level did not decrease appreciably in the ponds because the un-
derlying sands dewatered immediately. More than 2 years elapsed
before the depressions became dry and the water table receded to pre-

Beulah levels.
RIO GRANDE BASIN

Record-breaking floods occurred on the Rio Grande in the reach
downstream from Falcon Dam. As a result of the orographic demise of
Hurricane Beulah, rainfall in the Rio Alamo watershed was greater
than in other areas. Amounts in excess of 35 inches were recorded in this
watershed, and amounts ranging up to 20 inches were recorded in the
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adjacent Rio San Juan watershed. These two watersheds constitute
more than 85 percent of the approximately 17,700 square miles of con-
tributing drainage area downstream from Falcon Dam. Although there
was some runoff in the basin above Falcon Dam, the water was im-
pounded, and no releases were made during the flood.

In the Rio Alamo and Rio San Juan watersheds, antecedent con-
ditions were very favorable for a high percentage of runoff. During the
last 2 weeks of August and the first 3 weeks of September, rainfall had
been above normal, with totals ranging up to 25 inches recorded in the
San Juan watershed during the period August 18—31. Soil-moisture
content was high, and all reservoirs in the basin were at or near spillway
levels, including the large Marte Gomez Reservoir on the Rio San Juan.

International Falcon Reservoir (site 72) gained 990,885 acre-feet in
contents during the period September 19—30, 1967. During this period
the peak daily discharge at the station Rio Grande below Falcon Dam
(site 73) was only 18 cfs.

Downstream along the main stem, the first floodwater was con-
tributed by the Rio Alamo from a drainage area of approximately 1,700
square miles. A maximum discharge of 86,500 cfs was recorded at the
streamflow station at Ciudad Mier (site 74), Tamaulipas. This dis-
charge alone was sufficient to cause a major flood on the Rio Grande.

The Rio San Juan normally joins the Rio Grande about 23 miles
downstream from the mouth of the Rio Alamo. During large floods the
Rio San Juan overflows its right bank, and part of the floodwater
bypasses both the lower streamflow station and the streamflow station
on the Rio Grande near Rio Grande City. During the storm period, rain-
fall ranging up to 20 inches was recorded in the 13,601-square-mile
drainage area of the Rio San Juan. The resultant flood inundated the
streamflow station at Carmargo (site 76), Tamaulipas, and floodwater
overflowed the right bank on September 22. The peak discharge at the
Marte Gomez Dam (site 75), 9.4 miles upstream from the Carmargo
station, was 166,000 cfs on September 25.

On the main-stem Rio Grande, a peak discharge of 220,000 cfs was
recorded at the streamflow station Rio Grande at Fort Ringgold near
Rio Grande City, Tex. (site 77). Under present conditions, this dis-
charge constitutes a great flood with a stage about 10 feet above top of
banks. The discharge was only slightly reduced when the crest reached
the head of the floodway system near Mission, Tex.

Floodwaters in the Rio Grande are diverted through a series of
floodways in both the United States and Mexico. In the United States,
part of the excess water is diverted from the river through a system with
inlets located approximately 6 miles upstream (Mission Inlet) and 7
miles downstream (Hackney Inlet) from Anzalduas Dam. These
channels join at a point 5 miles northeast of Hidalgo to form the Main
Floodway which extends eastward about 19 miles to a point about 3
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Figure 29.—Discharge hydrographs for the United States floodways and the main-stem
Rio Grande below Anzalduas Dam.

miles southwest of Mercedes, Tex. At this point, the Main Floodway
branches into two channels. The right-hand channel joins the Arroyo
Colorado, which discharges into Laguna Madre. The left-hand channel
(North Floodway) extends north and east through Cameron and
Willacy Counties before it also discharges into Laguna Madre.

This floodway system was completed in 1926. Since that time the
system has diverted excess water on nine occasions prior to the Beulah
flood; during that storm, the peak discharge through the system was
about double the previous maximum in 1932. Figure 29 shows
hydrographs of daily mean discharge of the river and the U.S. floodway
system below Anzalduas Dam.

The floodway system is designed so that diversions into the Arroyo
Colorado can be limited to stay within the capacity of its channel. Dur-
ing this flood, the control structure failed and permitted excessive
floodwater to flow into the Arroyo Colorado. As a result, extensive flood
damage occurred along the channel.

On the Mexican side of the Rio Grande, there are three principal
floodways, which are operated by the Ministry of Hydraulic Resources.
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Ficure 30.—Discharge hydrographs for each main-stem Rio Grande gaging station
downstream from Falcon Dam.

These are located about 38 miles (Retamal Heading), 51 miles (San
Rafael), and 107 miles (Floodway, No. 2) downstream from Anzalduas
Dam. To date, no discharge data have been published by the Ministry
of Hydraulic Resources. However, the effectiveness of the entire
floodway system is graphically illustrated by figure 30, which shows the
hydrographs of daily mean discharge at each of the main-stem gaging
stations below Falcon Dam. A considerable reduction in rate of flow, as
well as a reduction in volume of water in the main channel, was at-
tained by the system. The maximum daily mean discharge at the lower
Brownsville station (site 93) was 15,500 cfs on October 1, 1967.

A factual comparison of the Beulah flood with previous great floods is
nearly impossible because of the many manmade changes in the Rio
Grande basin, such as the floodway systems, the Marte Gomez Dam on
the Rio San Juan, and the Falcon Dam on the Rio Grande. Discharge
records for the United States floodway show that the system carried
more floodwater during the Beulah flood than at any time since comple-
tion in 1926.

The lower Rio Grande Valley area was damaged severely by the
Beulah storm. This damage was inflicted by a combination of
hurricane-force winds, excessive rainfall that destroyed fall vegetable
crops, and flooding that inundated residential and business areas.

MAGNITUDE AND FREQUENCY OF THE FLOODS

The magnitude of floods of this report has been described in terms of
recurrence interval, ratio to a regional 50-year flood, ratio to the
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previously known maximum discharge, or the number of feet that the
maximum previously known stage was exceeded. Each of these stan-
dards of comparison provides a means of stating the relative severity of
a flood. These methods refer to the maximum instantaneous rate of dis-
charge, or the maximum stage.

The magnitude of a flood may also be stated in terms of volume of
runoff, which can be expressed in acre-feet or in inches of runoff from
the contributing drainage area.

Expressing the magnitude of a flood in terms of recurrence interval
or, more correctly, “probability of exceedance” is the favorite tool of
those concerned with the evaluation of the flood potential of a stream
when structures located in the flood plain are designed. Using this
method, the probable return frequency can be determined by analysis
of flood records for gaging stations. Regional flood characteristics are
developed from a statistical study of flood experiences on a number of
streams. The reliability of calculated return fregencies may be expected
to vary with the aerial coverage and the number of years of flood records
on which they are based. A fair degree of confidence is indicated for
recurrence intervals as great as 50 years; extension of curves beyond
that period is not recommended. A flood having a recurrence interval of
50 years has a 2-percent chance of occurring in any year. The regional
frequency relations for streams in Texas, presently in use, were
developed from records of streamflow collected prior to 1961 and utilize
the index-flood concept.

A relatively easy method of determining an implied frequency for a
streamflow station is by means of the flood-distribution graph. Figures
31 through 33 are flood-distribution graphs for three selected stations in
the Beulah flood area. This method provides a means of rapidly deter-
mining the approximate magnitude of a flood by visual inspection on
the basis of stage.

The regional flood-frequency curves shown in figures 34 and 35 are
based on a Gumbel (1954) distribution of annual maximum discharge
experienced prior to 1961. This method expresses the magnitude of
floods in each region in terms of the ratio of the discharge to that of the
index flood, which is the mean annual flood or the flood having a
recurrence interval of 2.33 years in the Gumbel distribution. Based on
this method, the greatest flood experienced during the Beulah storm
period, in Texas, occurred at Medio Creek near Beeville (site 40; fig.
34), where the peak discharge was 6.00 times the magnitude of the
regional 50-year flood.

Special methods must be employed to determine the flood frequency
for stations on the main stem of some streams. The main-stem Nueces
River and its principal tributary, the Frio River, falls into this special
category. Figures 36 and 37 are the frequency relations presently used
for these streams.
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Figure 31.—Flood-distribution graph for annual floods, San Antonio River at Goliad.

Some hydrologists prefer to compare the relative magnitude of floods
by means of curves that show the relation between peak discharge per
square mile and the contributing drainage area. Two of these curves are
the Jarvis-Myers curve and the Commons curve. These curves are ex-
pressed as: g= KAX; where q is the peak discharge per square mile, K is
a constant, and Ax is the contributing drainage area raised to some
power.
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Ficure 32.—Flood-distribution graph for annual floods, Mission River at Refugio.

The Jarvis-Myers curve is based on the theoretical concept that the
maximum possible peak discharge from 1 square mile is 10,000 cfs, and
that the peak discharge per square mile will diminish in inverse ratio to
the square root of the drainage area.

The Commons curve was derived empirically. It is a curve that en-
compasses the maximum discharges experienced and the discharges
computed from the maximum stages experienced. This curve has been
a practical tool for those concerned with the design of structures that
must withstand and control major floods.
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Ficure 33.—Flood-distribution graph for Nueces River near Three Rivers.
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Ficure 34.—Regional flood-frequency curves for selected stations. Frequency curves after
Patterson (1965). Numbers conform to those in table 17 and on plate 1. Numbers in
parentheses are September 1967 peak discharges.

The unit peak discharges experienced during the Beulah storm period
have been plotted on figure 38 to illustrate how these peaks rank in
magnitude by these standards. The Jarvis-Myers curve is not really
applicable to streams in this area, and the Commons curve includes
streams in North Texas. A curve encompassing the maximums ex-
perienced during the Beulah storm period is also shown.
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