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GLOSSARY

Acre-foot (acre-ft). The volume of water required to cover 1 acreto a
depth of 1 foot. It equals 43,560 cubic feet, 325,851 gallons, or
1,233 cubic meters.

Contents. The volume of water in a reservoir or lake. Content is
computed on the basis of a level pool or reservoir backwater
profile and does not include bank storage.

Convection cloud. A cloud which owes its vertical development,
and possibly its origin, to convection.

Cubic foot per second (ft3/s). A rate of discharge. One cubic foot
per second is equal to the discharge of a stream of rectangular
cross section, 1 foot wide and 1 foot deep, flowing at an average
velocity of 1 foot per second. It equals 28.32 liters per second
or 0.02832 cubic meters per second.

Cubic foot per second per square mile [(ft3/s)/mi2]. The average
number of cubic feet per second flowing from each square mile
of area drained by a stream, assuming that the runoff is distri-
buted uniformly in time and area. One cubic foot per second per
square mile is equivalent to 0.01093 cubic meter per second per
square kilometer.

Dew point (or dew temperature). The temperature to which a
given parcel of air must be cooled at constant pressure and
constant water-vapor content in order for saturation to occur.

Drainage area of a stream at a specific location. The contributing
area of a stream, measured in a horizontal plane, bounded by
topographic divides. Drainage area is given in square miles.
One square mile is equivalent to 2.590 square kilometers.

Flash flood. A local and sudden flood which usually follows brief
heavy precipitation.

Flood. Any high streamflow that overtops natural or artificial
banks of a stream and overflows onto land not usually under-
water and causes or threatens damage.

Flood peak. The highest value of the stage or discharge attained
by a flood.

Flood profile. A graph of the elevation of water surface of a
river in flood, plotted as ordinate, against distance, plotted
as abscissa.

Flood stage. The approximate elevation of the stream when over-
bank-flooding begins.

Front. The interface or transition zone between two airmasses of
different density.

Gaging station. A particular site on a stream, canal, lake, or
reservoir where systematic observations of gage height or dis-
charge are obtained.

Isohyetal map. A map showing lateral distribution of precipita-
tion and drawn as contours of equal rainfall depths.

Jet stream. High-velocity strong winds concentrated within a
narrow stream high in the atmosphere.

Mean sea level. The annual mean sea level is the average of
hourly heights of the tide from a calendar year of tidal record.
This is referenced to the National Geodetic Vertical Datum
of 1929.

Millibar (mb). A unit of pressure equal to 1,000 dynes per square
centimeter.

National Geodetic Vertical Datum (NGVD). Formerly called Sea
Level Datum of 1929. A geodetic datum derived from a general
adjustment of the first order level nets of both the United
States and Canada. In the adjustment, sea levels from selected
tide stations in both countries were held as fixed. The year
indicates the time of the last general adjustment. This datum
should not be confused with mean sea level.

N-year precipitation (rain). A precipitation amount which can be
expected to occur, on the average, once every N years.

Precipitable water. The total atmospheric water vapor contained
a vertical column of unit cross-sectional area extending from the
surface up to a specified pressure level, usually 500 mb.

Rawinsonde. A radiosonde tracked by a radio direction-finding
device to determine the winds aloft.

Recurrence interval. As applied to flood events, recurrence inter-
val is the average number of years within which a given flood
peak will be exceeded once.

Ridge. An elongated area of high atmospheric pressure.

Time of day expressed in 24-hour time. For example, 12:30 a.m.
is 0030 hours, 1:00 p.m. is 1300 hours.

Unit discharge. 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.

Vorticity. A vector measure of local rotation in a fluid flow,
defined mathematically as the curl of the velocity vector. In
meteorology, vorticity usually refers to the vertical component
of the vector.
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CONVERSION OF INCH-POUND UNITS TO
INTERNATIONAL SYSTEM OF UNITS (SI)

[Most units of measure used in this report are inch-pound units. The following factors may be used to convert inch-pound

units to the International System of Units (SI}.]

Multiply By To obtain

acre-foot (acre-ft) 1,233 cubic meter
cubic foot per second (ft3/s) 0.02832 cubic meter per second
cubic foot per second 0.01093 cubic meter per second

per square mile [(ft3/s)/mi2] per square kilometer
degrees Fahrenheit (°F) 5/9 (F-32) degrees Celsius (°C)
foot (ft) .3048 meter
inch (in) 25.4 millimeter
knot (kn) 1.85 kilometer per hour
mile (mi) 1.609 kilometer
mile per hour (mph) 1.609 kilometer per hour
millibar {mb) 0.1 kilopascal (kPa)
nautical mile (nmi) 1.85 kilometer

square mile (mi2) 2.590

square kilometer







FLOODS IN CENTRAL TEXAS,
AUGUST 1-4, 1978

By E.E. SCHROEDER and B.C. MASSEY, U.S. GEOLOGICAL SURVEY,
and EDWIN H. CHIN, NATIONAL WEATHER SERVICE, NATIONAL OCEANIC
and ATMOSPHERIC ADMINISTRATION

ABSTRACT

Catastrophic floods caused by record rainfall occurred in central Texas
during August 1-4. 1978. Torrential rain initiated by the remnants of
tropical storm Amelia fell over south-central Texas during August 1-3, and
very intense rain due to the interaction between the cold front and maritime
air mass fell over north-central Texas on August 3—-4. Rainfall of more than
48 inches near Medina in south-central Texas established a new United
States record of extreme point rainfall for a 72-hour period.

Major flooding occurred on the Medina and Guadalupe Rivers. Severe
to minor flooding occurred on the Brazos, Llano, Pedernales, and Nueces
Rivers. Floods with recurrence intervals in excess of 100 years and record-
setting peak discharges were observed at several streamflow stations.

Thirty three lives were lost and total damages reportedly exceeded $110
million.

INTRODUCTION

Catastrophic floods caused by intense rainfall occurred
in central Texas during Aug. 1-4, 1978. The rain was initiated
by remnants of tropical storm Amelia but was compounded
by other meteorological factors. Torrential rain fell over
the hill country area of south-central Texas during Aug.
1-8, and over the big country area of north-central Texas
during Aug. 3-4. A maximum rainfall of more than 48 in. at
a location 11 mi northwest of Medina (29°49’N. 99°15'W.)
set a new extreme point rainfall record for a 72-hour period
in the United States. A map of central Texas is shown in
figure 1, and a map of Medina and vicinity (expanded scale)
is shown in figure 2.

Major flooding occurred on the Medina River and its
tributaries above Medina Lake and on the Guadalupe River
and its tributaries above Canyon Lake. Moderate to severe
flooding occurred on tributaries of the Nueces River, on
Clear Fork Brazos River and its tributaries, and on the
Llano and Pedernales Rivers, which are tributaries of the
Colorado River. Peak discharges at several streamflow sta-
tions exceeded the historic peaks. The highest unit dis-
charge observed was 3,010 {t3/s/mi? from the 14.1-mi2
drainage area of Spring Creek. which is a tributary of
the Pedernales River.

Much of the extraordinary runoff was in the form of flash
flooding. About half of the town of Medina was damaged.

and many buildings in the city of Bandera farther downstream
on the Medina River also were damaged. Medina Lake had
4 ft of flow over the spillway at maximum stage. In north-
central Texas, 6 ft of water inundated the town of Albany on
a tributary of Clear Fork Brazos River, forcing people to
seek safety on roofs and trees. Floodwater opened gaps in
the earthen dam of Albany Reservoir and overtopped the
spillway at Lake Throckmorton. A total of 33 people lost
their lives due to the floods. Property damages were estimated
at $110 million.

This report presents the meteorlogical situations and the
precipitation distributions that caused the floods and a
description of the floods by basins with peak stages and
discharges and flood-frequency estimates. Detailed discharge-
hydrograph data, including historic maxima are presented
in tabular form for 10 gaging stations. These should be of
considerable value in assessing the risks involved in developing
the flood plains of streams in the affected area.

This report was prepared jointly by the U.S. Geological
Survey and the National Oceanic and Atmospheric
Administration and in cooperation with the State of Texas
and other agencies.

METEOROLOGICAL SETTINGS AND
PRECIPITATION DISTRIBUTION

The disturbance that developed into tropical storm Amelia
originated off the African coast as a tropical wave on July
19, 1978. It remained a weak system without much deep
convection until it reached the central Caribbean Sea on
July 26. On July 29, as the wave moved off the Yucatan
Peninsula into the southwestern Gulf of Mexico, convection
increased and the cloud mass took on a circular appearance
on satelite pictures. By Sunday morning, July 30, the disturbance
had turned toward the northwest and the cloud band structure
had appeared. The track of Amelia is shown in figure 3, and
surface analysis for the period July 30-August 4 is shown in
figures 4A~F. All time mentioned in this report refers to
central standard time (c.s.t.) unless stated otherwise. The
surface analysis at 0600 July 30 (fig. 4A) indicated very flat
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FIGURE 1.— Location of streamflow-data sites.
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METEOROLOGICAL SETTINGS AND PRECIPITATION DISTRIBUTION

TaBLE 1.—Comparison of maximum storm rainfalls with that of historical storms over central Texas in
the summer season.

Areg Duration Greatest on record Depth (1in.)
(mic) (hours) (central Texas) ‘Medina center ATbany center
Tn. Date (Aug. 1-3, 1978) (Aug. 2-4, 1978)
100 6 12.7 (June 27-July 4, 1936) 15.4% 8.7
12 16.5 {June 28-30, 1940) 20.0* 16.0
24 25.8 (June 30-July 2, 1532) 24.0 27.3*
48 30.0 (June 27-duly 1, 1899) 31.6% 30.0
100 6 12.2 (June 27-July 4, 1936) 13.8% 8.2
12 15.6 (June 28-30, 1940) 17.7* 15.0
24 23.8 (June 30-July 2, 1934) 21.5 25.5*
48 29.5 (June 27-July 1, 1899) 28.5 28.1
1,000 6 10.9 (June 27-Jduly 4, 1936) 9.1 6.4
12 12.3 (June 27-July 4, 1936) 12.0 11.5
24 21.1 (June 27-Jduly 1, 1899) 15.0 19.6
48 27.1 (June 27-Jduly 1, 1899) 20.3 21.7

* Denotes record-setting event in the summer season.

TABLE 2. — Comparison between storm rainfalls and 100-yr amounts

100-year Storm 100-year Storm
Location 24-hour rain 24<hour rain 3-day rain 3-day rain
(in.) (in.) (in.) (in.)
Medina 11NW 9.05 30% 11.4 >48
(ending 0600 (52 hours
Aug. 2, 1978) Aug. 1-3, 1978)
100-year Storm 100-year Storm
Location 24-hour rain 24-hour rain 2-day rain 2-day rain
(in.) (in.) (in.) {in.)
Albany 3W 8.8 29.05 10.0 30.25
(Aug. 4, 1978) (48 hours

Aug. 3-4, 1978)

* Approximate.

TABLE 3.— Comparison of extreme point rainfalls in the United States and the world.

Duration (hours)
Storm 6 12 18 24 43 72
Amount (in.)

Smethport, Pa. (July 17-18, 1942) +30.8 | 34.3

Thrall, Tex. (Sept. 8-10, 1921) 36.4 38.2 39.7
Yankeetown, Fla. (Sept. 3-7, 1950) 38.7 43.1 45.2
Manatt Ranch (Aug. 1-3, 1978) >48 (52

hours)

Cilaos, La Reunion (Mar. 15-18, 1952) 73.62 | 98.42 | 127.56
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in the Indian Ocean, where elevations rise to 10,000 ft in
10-15 mi from the shore (Paulhus, 1965).

Rainfall extremes set the very lowest limit to estimates of
probable maximum precipitation (PMP). The record of
more than 48 in. observed during August 1-3, 1978, 11 mi
northwest of Medina in the hill country reached 95 percent
of the all-season probable maximum precipitation (PMP)
for 72 hours and 10 mi? at that location (Schreiner and
Riedel, 1978) and will constitute important input in future
PMP studies.

DESCRIPTION OF THE FLOODS

Flooding to some degree occurred in an area of approximately
25,000 mi? in parts of the Nueces, Guadalupe, Colorado,
and Brazos River basins. A summary of flood stages and

discharges for selected sites is given in table 4; the locations
of the sites are shown in figure 1. The locations of discontinued
streamgaging stations and miscellaneous discharge-measurement
sites are given in table 5.

NUECES RIVER BASIN

During the early part of the storm on August 1, substantial
rain fell on the headwaters of the Sabinal River, Hondo
Creek, and Seco Creek in the Nueces River basin. The
greatest 24-hour amount recorded by the National Weather
Service in this basin was at Vanderpool in Bandera County,
where a total of 11.53 in. fell in the 24-hour period ending at
0700 August 2. Sharp rises occurred on many streams, but
tflooding was minor.



DESCRIPTION OF THE FLOODS

TABLE 4.—Summary of flood stages and discharges

Map WRD Qontribut- Period Maximum flood Maximum during Recur-
mm-| station Stream and place of ing draind of previously known August 1978 flood Tence
ber | number determination age area known Date Stage Discharge Date Stage Discharge | interval
(mi?) floods (feet) (£23/s) (1978) (feet) (£t3/s) (years)
BRAZOS RIVER BASIN
1 |08082500 |Brazos River at Seymour 5,972 1906-78 Sept. 28, 1955 23.00 71,200 [Aug. 5 14.20 28,200 -
2 |0808.700 |Millers Creek near Munday 104 1883-1978 June 135, 1930 >18.0 )Y, Aug. 4 17.53 34,600 >100
3 |08082800 |Millers Creek Reservoir near 240 1974 June 3, 1977 |1,309.89 213,440 Aug. 6 1,335.30 2134,480 -
Bomarton
4 108082900 [North Elm Creek near 3.58 | 1966 Apr. 30, 1966 26.28 1,350 [Aug. 4 30.6 5,000 >100
Throckmorton 3/
5 ] 08083240 (Clear Fork Brazos River at 1,416 1915 1932 4/ 1/ Aug. 4 14.64 2,540 -
Hawley - -
6 108083245 |Mulberry Creek near lawley 205 1932 1957 16.0 pYs Aug. 4 13.98 1,770 -
7 08083300 |Elm Creek near Abilene 133 1963 Sept. 18, 1974 18.68 4,570 |Aug. 3 13.26 1,830 -
8 {08083400 [Little Elm Creek ncar Abilene 39.1 1903 1913 15.0 1 Aug. 3 9.50 1,340 -
9 |0B083420 [Cat Claw Creek at Abilene 13.0 1970 Sept. 18, 1974 6.41 1,200 [Aug. 3 6.60 1,310 -
10 {0B083470 |Cedar Creek at Abilene 119 1970 Sept. 18, 1974 12.54 4,670 |Aug. 3 11.93 3,830 -
11 |08083500 |Fort Phantom Hill Reservoir 470 1940 May 25, 1957 58.7 2189.910 Aug, 6-10 48.4 3150,370 --
near Nugent
12 | 08084000 |Clear Fork Brazos River at 2,199 1876 1876 30.0 1/ Aug. 4 9.97 2,840 -
Nugent -
13 | 08084500 jLake Stamford near Haskell 368 1953 Sept. 9-10, 1962(1,416.6 2/74,100 Aug. S 1,422.18 Z-/IIJS,GOO -
14 |080B4800 |California Creek near Stamford 478 1897 June 10, 1962 29.6 Y Aug. 4 31.00 40,000 >100
1S (080B5300 jHumphries Draw near Haskell 3/ 3.51 | 1966 Aug. 5, 1971 19.41 1,840 |Aug. 4 19.36 1,830 10
16 | 08085500 [Clear Fork Brazos River at 3,988 1876 Sept. 1900 38.0 Y Aug. 4 38.88 149,000 =100
Fort Griffin
17 | 08086050 |Deep Creek at Moran 3/ 228 1888 June 6, 1961 25.6 Y - 21.80 13,000 10
18 | 08086150 {North Fork Hubbard Creek near 39.3 1940 June 10, 1940 21.0 1/ Aug. 4 23.3 103,000 >100
Albany July 18, 1953
19 | 08086212 |Hubbard Creek below Albany 613 1966 Jan. 21, 1968 25.10 27,200 [Aug. 4 41.41 330,000 >100
20 (08086290 |Big Sandy Creek above 280 1949 May 16, 1949 24.6 Y Aug. 4 21.86 5,140 --
Breckenridge July 20, 1953
Apr. 29, 1957
21 108086400 |[Hubbard Creek Reservoir near 1,085 1962 Feb. 3, 1975 1,183.61 Z-/327,200 Aug. § 1,188.06 g-’401,500 -
Breckenridge
22 |0B086500 [tiubbard Creek near Breckenridge| 1,089 1925 July 20, 1953 34.2 1/ Aug. 5 30.66 14,600 --
23 {08087300 [Clear Fork Brazos River at 5,697 1877 Sept. 1900 35.0 1/ Aug. 6 37.04 68,000 >100
Eliasville May 1, 1957
24 |08088000 {Brazos River at South Bend 13,107 1876 1876 36.2 v Aug. 6 41.50 78,100 25
25 [08088300 |Briar Crcek near Graham 24.2 1900 Sept. 1955 15.2 Y Aug. § .78 1. .-
26 {0808B8400 {Lake Graham near Graham 221 1958 Apr. 30, 1970 |1,077.77 Z-/61,110 Aug. 5 1,067.61 2-/36,090 -
27 |08088450 |Big Cedar Creek near Ivan 97.0 1964 July 8, 1968 22.39 9,590 lAug. S 4.11 3. -
28 |08088500 }Possum Kingdom Reservoir near {14,030 1941 Oct. 5, 1941 1,001.0 Z-/743,700 Aug. 12 999.69 E-/564.800 -
Graford
29 {08089000 |[Brazos River near Palo Pinto 14,245 1876 1876 s/ v Aug. 8 22.93 54,500 -
30 |08092600 |Brazos River at Whitney Dam 16,950 1853 May 9, 1922 45.0 1/ Aug. 10 12.81 9-/5.710 -
near Whitney
31 |08098290 |Brazcs River near Highbank 20,870 1909 Dec. 1913 42.0 v Aug. 13 5.90 4,000 -
32 | 08099000 |Leon Reservoir near Ranger 259 1955 June 13, 1967 |1,382.2 Z-/2-/40,640 Aug. 6-8 1,369.80 3!20,000 -
33 {08099100 [Leon River near De Leon 479 1908 May 1908 19.3. by Aug. 4 2.47 17 -
34 108099300 [Sabana River near De Leon 264 1890 May 1908 24.0 v Aug, 4 8.80 617 -
35 [08099400 |Proctor Lake near Proctor 1,259 1963 Jan. 26, 1968 [1,174.84 31137.500 Aug, 4-7 1,154.48 Z-/31.170 -
36 |08109500 |Brazos River near College 30,033 - -- - - Aug. 18 - 4120 -
Station
37 {08114000 |Brazos River at Richmond 35,441 1852 Dec. 10, 1913 51.2 Vv Aug. 20 6.90 3,850 -
38 |08116650 |Brazos River near Rosharon 35,773 1884 Dec. 11, 1913 56.4 lj Aug. 21 13.29 3,270 -

See footnotes

at end of table.
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TABLE 4.—Summary of flood stages and discharges —Continued

Map WRD Contribut-| Period MA§imum tlood Maximum during Recur-
rum-| station Stream and place of ing drain-| of previously known August 1978 flood rence
ber | number determination age area known Date Stage | Discharge Date Stage | Discharge |interval
(mi?) f1oods (feet) (£t3/s) (1978) (feet) (£t3/s) (years)
COLORADO RIVER BASIN
39 08126500 {Colorado River at Ballinger 5,240 1882 1884 36.0 1y Aug. 3 23.95 16,600 --
40 08127000 |Elm Creek at Ballinger 471 1904 Aug. 1906 §-/M.SO l/ Aug. 3 9.17 23,400 15
Oct. 13, 1957 14.20 50,000
41 (08136500 |Concho River at Paint Rock 5,132 1853 Sept. 17, 1936 43.4 301,000 jAug. 3 19.11 12,700 -
42 |08136700 [Colorado River near Stacy 11,160 1882 Sept. 18, 1936 64.59 356,000 [Aug. 4 22.50 35,700 --
43 108138000 |Colorado River at Winchell 11,700 1882 Sept. 19, 1936 62.20 bY) Aug. S 31.88 29,600 -
44 108140600 [Lake Clyde near Clyde 37.9 1970 May 28, 1975 [1,873.4 g-/6,37(1 Aug, 4 1,875.50 2!7,420 -
45 108140700 [Pecan Bayou near Cross Cut 532 1900 1908 26.5 )Y, Aug. 4 24.90 16,200
46 |08140800 [Jim Ned Creek near Coleman 333 1961 May 6, 1969 9.08 5,020 |Aug. 4 5.77 1,830 .-
47 108141000 [Hords Creek Lake near Valera 48 1948 May 1, 1956 |1,906.86 Z-’12.790 Aug. S 1,887.90 2!3,570 -
48 |08141500 [tlords Creek near Valera 53 1900 July 3, 1932 23.0 l! Aug. 3 11.06 2,360 -
49 108143000 {Lake Brownwood near Brownwood 1,535 1933 May 2, 1956 1,431.4 3-’192,.’500 Aug. ;3-2;6 1,424.4 31138,500 -
B
50 108143500 {Pecan Bayou at Brownwood 1,614 1900 July 3, 1932 -- g-’235,000 Aug. 4 1.05 47 --
S1 |08143600 {Pecan Bayou near Mullin 2,034 1967 Jan. 23, 1968 29.26 13,700 jAug. 3 6.50 1,690 -
§2 108144500 |San Saba River at Menard 1,151 1880 June 6, 1899 23.3 Y Aug. 2 17.36 35,400 25
53 | 08144800 |Brady Creek near Eden 97 1884 July 1938 15.8 Y4 Aug. 3 1.3 2.1 -~
$4 08144300 |brady Creok Reservoir near 513 1963 Sept. 24, 1971 |1,747.7 /40,880 {Aug. 3 1,738.12 | #21,570 -
rady
S5 | 08145000 |Brady Creek at Brady 575 1882 July 23, 1938 29.1 86,000 |Aug. 2 8.31 536 -
56 {08146000 {San Saba River at San Saba 3,042 1899 July 23, 1938 39.3 203,000 |Aug. 3 28.38 27,000 -
57 (08147000 |Colorado River near San Saba 17,720 1878 July 23, 1938 63.2 224,000 |Aug. 4 22.59 28,100 -
58 [ 08148000 |Lake Buchanan near Burnet 18,370 1937 Jan. 24, 1968 11,020.8 211.010,000 Aug. 8 1,011.94 g--/81.4.700
59 -- Bear Creek at Interstate High- 155 1936 Sept. 16, 1936 -- 31,300 |Aug. 3 .- 81,000 -
way 10 near Junction 19/
60 |08148500 [North Llano River near 914 1875 Sept. 16, 1936 29.2 94,800 |Aug. 2 23,50 64,800 10
Junction 3/
61 |08150000 {Llano River near Junction 1,874 1875 June 14, 1935 43.3 319,000 {Aug. 2 22.14 76,700 -
62 108150700 {Llano River near Mason 3,280 1875 June 14, 1935 -- l-l-~/388.1210(! Aug. 3 121.35 92,500 .-
63 108150800 [Beaver Creek near Mason 218 1963 May 16, 1965 13.58 23,200 [Aug. 3 24.00 66,900 >100
64 108151500 [Llano River at Llano 4,233 1879 June 14, 1935 41.5 380,000 {Aug. 3 25.61 139,000 15
65 |08152000 [Sandy Creek near Kingsland 327 1881 Sept. 11, 1952 34.2 163,000 [Aug. 2 8.89 3,610 -
66 |08152800 Sp;ing gyeek near Fredericks- 15.2 1967 Aug. 28, 1974 8.42 7,530 JAug. 3 17.0 42,500 >100
urg 3
67 |08153100 {Cane Branch at Stonewall 3/ 1.37 - - - -- Aug. 3 -- <10 -
68 |08153500 Pegg:nales River near Johnson 947 1859 Sept. 11, 1952 42.5 441,000 fAug. 3 24.9 127,000 25
ity
69 |08154500 |Lake Travis near Austin 25,250 1940 May 18, 1957 707.4 Z-’1,770,000 Aug., 4 662.9 g-/868,200 -
GUADALUPE RIVER BASIN
70 | 08165300 NoathtFork Guadalupe River near 168 1900 July 1, 1932 37.3 140,000 [Aug. 3 26.8 39,300 -
un
71 ]08165500 JGuadalupe River at Hunt 288 1900 July 2, 1932 36.6 206,000 |Aug. 2 23.5 62,900 10
72 {08166000 |Johnson Creek near Ingram 114 1852 July 2, 1932 35.0 138,000 |Aug. 3 21.4 73,900 60
73 -~ Turtle Creek at State Highway 26.5 -- -- -- -- Aug. 2 -- 32,700 -
16 near Kerrville 10/
74 (08166300 [Turtle Creek tributary near 46 .- - -- -— - n.2 605 -
Kerrville 3/
75 |08167000 |Guadalupe River at Comfort 838 1848 July 1869 40.3 1 Aug. 2 40.9 240,000 >100
76 }08167500 Gu:daluge River near Spring 1,315 1859 1869 $3.0 b¥) Aug. 3 45.25 158,000 >100
Tanc,

See footnotes at end of tabie.
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TABLE 4.—Summary of flood stages and discharges —Continued

Map WRD Contribut- Period Maximum flood Maximum during Recur-
num-| station Stream and place of ing drain- of previously known August 1978 flood rence
ber| number determination age areca known Date Stage Discharge Date Stage Discharge |interval
(mi2) | floods (feet) (£t3/s) (1978) (feet) (fe3/s) (years)
77 08167600 {Rebecca Creek near Spring 10.9 1885 Sept. 1952 25.5 1/ Aug. 1 2.06 1.5 -~
Branch
78 { 08167700 |Canyon Lake near New Braunfels | 1,432 1962 Apr. 22, 1977 917.96 2!460.400 Aug. 4 l£é30.6] 2!583,400 --
79 | 08167800 |Guadalupe River at Sattler 1,436 1962 Feb, 11, 1975 8.18 l-3—-/5.39() Aug. 5 8.31 5,850 -
80 - North Prong Medina River near 67.5 1932 July 1, 1932 -- 40,200 [Aug. 2 - 123,000 -
Medina 10/
81 |G8178900 |Bandera Creek tributary near .27 .- -- -- -- Aug. 2 10.9 120 -
Bandera gj
82 08179000 |Medina River near Pipe Creek 474 1880 1919 43.0 15!115,000 Aug. 2 49.6 281,000 >100
83 08179100 |Red Bluff Creek near Pipe Creek 56.3 1905 Sept. 27, 1964 22.64 46,900 {Aug. 2 3.7 160 -
84 [08179500 |Medina Lake near San Antonio 634 1913 Sept, 16, 1919 |1,078.0 2/288,000 Aug. 2 1,076.67 11281,000 -
85 [08180500 [Medina River near Rio Medina §/ 650 1922 July 15, 1973 23.2 28,600 {Aug. 2 20.0 20,100 -
86 [08180800 [Medina River near Somerset 967 1890 July 17, 1973 29,39 30,500 |Aug. 4 22.35 12,800 -
87 {08181500 |Medina River at San Antonio 1,317 1939 July 17, 1973 43.59 31,900 (Aug. 4 29.95 1,030 -
88 { 08183900 [Cibolo Creek near Boerne 68.4 1892 Sept. 27, 1964 19.15 36,400 JAug. 2 3.65 462 -
NUECES RIVER BASIN
89 } 08195000 [Frio River at Concan 405 1869 July 1, 1932 34.44 162,000 |Aug. 2 6.9 3,350 -
90 | 08196000 |Dry Frio River near Reagan 117 1875 1880 33.0 1/ Aug. 1 5.23 1,500 --
Wells -
91 { 08198000 |Sabinal River near Sabinal 206 1892 July 2, 1932 33.0 1/ Aug. 2 19.43 23,200 -
92 108200000 |Hondo Creek near Tarpley 86.2 1907 June 17, 1958 28.2 69,800 |Aug. 2 13.10 13,200 --
93 { 08201500 [Seco Creek at Miller Ranch near 43.1 1901 June 17, 1958 16.4 52,600 [Aug. 2 8.40 10,600 -
Utopia

1/ Discharge not determined.

2/ Contents in acre-feet.

3/ Discontinued site, sce table 2.

1/ The maximum stage since 1915 occurred in 1932 and the second highest
stage occurred in 1959, 2,510 feet.

5/ The maximum stage occurred in 1876 and was several feet higher than

T flood of June 16, 1930, 30 feet, 95,600 ft3/s.

6/ Stage and discharge data at site 08093100,

7/ At site 6.5 miles downstream,

GUADALUPE RIVER BASIN

The drainage area of the Guadalupe River above Canyon
Lake received the first of the heavy rainfall during the
night of August 1 and the morning of August 2. The storm
cell, which was centered just west of Kerrville in Kerr County,
produced rainfall amounts that resulted in severe flooding
on the Guadalupe River and all of its local tributaries. On
August 2, the flood crest on the Guadalupe River at Comfort
(site 75, fig. 1) exceeded by 0.6 ft the previously known
maximum, which occurred in July 1869. When the crest
reached the Spring Branch gaging station (site 76) on August
3, the peak discharge had attentuated from 240,000 ft3/s
at Comfort to 160,000 ft3/s at Spring Branch. Secondary
peaks occurred at both stations. A discharge hydrograph
for Guadalupe River at Comfort is shown in figure 15, and
data are presented in table 6. A discharge hydrograph for
Guadalupe River near Spring Branch is shown in figure 16,
and data are presented in table 7.

Canyon Lake contained all of the flood runoff from the
Guadalupe River basin above the dam, so no damage occurred

Backwater from Colorado River.

Prior to completion of Lake Brownwood.

Miscellaneous site, see table 2.

At site 17 miles downstream.

Elevation at 2400 hours.

Maximum since closure of Canyon Dam on July 21, 1962,
14/ From rating extended above 32,000 ft3/s on basis of
T slope-area measurement of 64,000 fei/s,

below Canyon Lake. The contents of Canyon Lake increased
from 362,200 acre-ft at 2400 August 1 to 588,400 acre-ft at
2400 August 4. This was the maximum storage since closure
of the dam on July 21, 1962.

MEDINA RIVER BASIN

A second cell of the storm that caused flooding in the
Guadalupe River basin was centered near Medina in Bandera
County where the North Prong and the West Prong of the
Medina River join. The official total rainfall near the storm’s
center was in excess of 48 in., which resulted in a catastrophic
flood on the headwaters of the Medina River. A peak discharge
0f 123,000 ft3/s from a drainage area of 67.5 mi? was recorded
at a miscellaneous site (site 80) on the North Prong Medina
River about 10 mi upstream from Medina. The maximum
flood discharge probably occurred a short distance downstream
from the confluence of the North Prong and West Prong of
Medina River.
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TABLE 5. — Locations of discontinued stream-gaging stations and miscellaneous discharge-measurement sites

Map
number

Station
number

Name and location

1

17

59

60

67

73

74

80

81

85

08082900

08085300

08086050

08148500

08152800

08153100

08166300

-

08178900

08180500

BRAZOS RIVER BASIN

North Elm Creek near Throckmorton. Lat 33°10°'S0", long 99°22'0S, Throckmorton County,
Hydrologic Unit 12060101, at culvert on State Highway 24, and 11.3 miles (18.2 kilom-
eters) west of Throckmorton.

Humphries Draw near Haskell. Lat 33°10'40", long 99°34'30", Haskell County, Hydro-
logic Unit 12060101, at culvert on State Highway 24, and 9.3 miles (15.0 kilometers)
east of Haskell.

Deep Creek at Moran. Lat 32°33'33", long 99°10'11", Shackelford County, Hydrologic
Unit 12060105, at downstream side of bridge on U.S. Highway 380, 0.8 mile (1.3 kilom-
eter) north of Moran, and 10.8 miles (17.4 kilometers) upstream from Hubbard Creek.

COLORADO RIVER BASIN

Bear Creek at Interstate Highway 10 near Junction. Lat 30°31'57'", long 99°50'11",
Kimble County, Hydrologic Unit 12090202, 1.3 miles (2.1 kilometers) upstream from
Interstate Highway 10, 1.5 miles (2.4 kilometers) upstream from mouth, and 3.4 miles
(5.5 kilometers) west of Junction.

North Llano River near Junction. Lat 30°31'06", long 99°48'39", Kimble County, Hydro-
logic Unit 12090202, 1,000 feet (305 meters) upstream from remains of old Wilson Dam,

2.1 miles (3.4 kilometers) northwest of Junction, and 4 miles (6 kilometers) upstream

from confluence with South Llano River.

Spring Creek near Fredericksburg. Lat 30°18'10", long 99°03'20", Gillespie County,
Hydrologis Unit 12090206, downstream side of bridge on U.S. Highway 290, and 11 miles
(18 kilometers) west of Fredericksburg.

Cane Branch at Stonewall. Lat 30°14'07", long 98°39'21", Gillespie County, Hydrologic
Unit 12090206, at culvert on U.S. Highway 290 at Stonewall, and 0.6 mile (1.0 kilome-
ter) upstream from Pedernales River.

GUADALUPE RIVER BASIN

Turtle Creek at State Highway 16 near Kerrville. Lat 29°57'41', long 99°12'35", Kerr
County, Hydrologic Unit 12100201, 0.1 mile (0.2 kilometer) upstream from Lambs Creek,
at State Highway 16 and 9.0 miles (14.5 kilometers) southwect of Kerrville.

Turtle Creek tributary near Kerrville. Lat 29°58'11", long 99°11'02", Kerr County,
Hydrologic Unit 12100201, at culvert on Farm Road 2771, and 5.9 miles (9.5 kilometers)
south of Kerrville.

North Prong Medina River near Medina. Lat 29°51'49", long 99°22'18", Bandera County,
Hydrologic Unit 12100302, 0.5 mile (0.8 kilometer) upstream from Lima School, and 12.0
miles (19.3 kilometers) upstream from mouth.

Bandera Creek tributary near Bandera. Lat 29°50'S1", long 99°06'12", Bandera County,
Hydrologic Unit 12100302, at culvert on Farm Road 689, and 10 miles (16 kilometers)
north of Bandera.

Medira River near Rio Medina. Lat 23°29'53", long 98°54'16", Medina County, Hydrolo-
gic Unit 12100302, on left bank 233 feet (71 meters) upstream from bridge at Haby's
crossing, 4.2 miles (6.8 kilometers) northwest of Rio Medina, and 10.4 miles (16.7
kilometers) upstream from San Geronimo Creek.
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TABLE 6.— Data for gaging station 08167000 Guadalupe River at Comfort

[Gage height, in feet, and discharge, in cubic feet per second, at indicated time, 1978]

Gage

Gage

Date Hour height Discharge Date Hour height Discharge Date Hour height Discharge
Aug. 1 - 0900 4.10 50 Aug. 2 - 1000 38.82 203,000 Aug. 3 - 1400 27.83 69,200
1500 4.14 56 1100 36.07 161,000 1600 23.67 39,900
1600 4.36 103 1200 34.19 137,000 1800 19.87 21,700
1700 6.12 1,040 1500 30.89 98,600 2100 16.45 12,000
1800 8.25 1,990 1800 26.23 56,400 2400 14.52 7,870
1900 9.85 2,760 2100 21.36 28,000
2400 11.26 3,580 2400 17.58 14,600 Aug. 4 - 0600 12.31 4,520
1200 10.88 3,330
Aug. 2 - 0300 11.74 3,960 Aug. 3 - 0300 15.20 9,260 2400 9.00 2,340
0400 13.24 5,710 0500 19.38 20,100
0500 15.85 10,700 0600 30.76 97,200 Aug. 5 - 1200 8.00 1,770
0600 22.97 36,000 0700 33.98 134,000 2400 7.49 1,450
0700 30.98 99,500 0800 35.08 148,000
0800 37.55 183,000 0900 34.87 145,000 Aug. 6 - 1200 7.18 1,260
0900 40.90 240,000 1100 33.00 122,000 2400 7.04 1,170
Highest mean discharge, in cubic feet per second,
Period

for the indicated number of comsecutive days
3

August 1978-~--cccmmmccmenccaan 74,200 44,400 19,800
1940 to July 1978--===c-veeemcns 27,300 13,700 6,840
10,000 T
A NEAR MEDINA, AUGUST 1-3 B NEAR ALBANY, AUGUST 2-4
6 12 18 24 48 HOURS
6 1218 24 48 HOURS
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FIGURE 14.—Depth-area duration analysis for storm centered near: A, Medina; B, Albany.
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TABLE 7.— Data for gaging station 08167500 Guadalupe River near Spring Branch
[Gage height, in feet, and discharge, in cubic feet per second, at indicated time, 1978]

DISCHARGE, IN THOUSANDS OF CUBIC FEET PER SECOND

Ga : G
Date Hour hg?gﬁt Discharge Date Hour heggit Discharge Date Hour he?gﬁt Discharge
Aug. 1 - 0300 2.20 40 Aug. 2 -~ 2400 34.00 54,400 Aug. 4 - 0200 40.60 118,000
1200 2.37 64 0300 39.40 108,000
2400 2.55 95 Aug. 3 - 0100 37.80 94,500 0800 32.30 56,300
0200 42.00 130,000 1200 27.80 36,400
Aug. 2 - 0300 2.57 99 0300 15.25 160,000 1600 21.40 21,300
0600 2.77 144 0400 44.40 152,000 2000 14.00 10,400
1000 3.07 232 0600 38.00 96,100 2400 11.00 6,920
1100 3.90 611 1200 32.70 58,800
1200 5.10 1,290 1900 25.60 30,100 Aug. 5 - 0400 9.40 5,340
1400 6.60 2,320 2000 28.00 37,000 1200 8.00 4,100
1600 8.25 3,540 2200 32.60 58,100 2400 6.90 3,240
1800 10.95 6,050 2400 37.00 88,300
2000 17.70 14,40y Aug. 6 - 1200 5.87 2,420
2200 25.30 27,600 Aug. 4 - 0100 39.20 106,000 2400 5.85 2,400
Higheet mean discharge, in cubic feet per eecond,
Period for the indicated number of comsecutive daye
1 3
August 1978----mcmouomeceimnan 76,500 43,200 20,100
1923 to July 1978---=vucmecacae 66,100 32,700 14,900
240
l ‘ l | 160 j | | |
08167000 Guadalupe River at 08167500 Guadalupe River near
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FIGURE 15.— Discharge hydrograph of Guadalupe River necar Com- | FIGURE 16.— Discharge hydrograph of Guadalupe River near Spring
fort for August 1-6, 1978. Branch for August 1-6, 1978.
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TABLE 8.— Data for gaging station 08179000 Medina River near Pipe Creek
[Gage height, in feet, and discharge, in cubic feet per second, at indicated time, 1978]

DISCHARGE, IN THOUSANDS OF CUBIC FEET PER SECOND

G
Date Hour hg?gﬁt Discharge Date Hour hg?gﬁt Discharge Date Hour he?gﬁt Discharge
Aug. 1 - 0600 3.88 16 Aug. 2 - 1200 45.00 160,000 Aug. 3 - 2400 10.70 6,710
1200 3.96 26 1300 38.70 95,100
1900 3.96 26 1400 33.20 64,200 Aug. 4 - 1200 8.60 4,260
2400 4,22 60 1600 25.20 36,100 2400 7.80 3,450
1900 18.40 19,800
Aug. 2 - 0300 4.20 57 2400 15.55 14,300 Aug. 5 - 1200 7.15 2,840
0400 7.70 1,060 2400 6.65 2,410
0500 8.20 1,810 Aug. 3 ~ 0200 15.00 13,300
0700 9.75 3,230 0300 20.70 24,900 Aug. 6 - 1200 6.15 2,000
0800 11.65 5,360 0400 23.00 30,400 2400 5.80 1,720
0900 27.95 39,000 0500 21.20 26,000
1000 43.60 119,000 1200 15.80 14,700 Aug. 7 - 1200 5.45 1,460
1100 49.60 281,000 1800 13.40 10,600 2400 5.20 1,260
Highest mean discharge, in cubic feet per second,
Period for the indicated numbe;r of congecutive days
1
August 1978---==cmmmccmvenncan- 41,700 20,100 9,640
1924 to July 1978-==c-e-e-mmaua 23,000 15,000 7,900
350
| T l 0 |
| 08179000 Medina River near Pipe _ | 08150800 Beaver
300 60
Creek Texas, Creek near Mason,
(drainage area 474 Texas (drainage area
square miles) 218 square miles)
250 | — 50 —
200 — — 40 (—
150 — — 30—
100 — — 20—
50 — — 10—
0 J | | — ol NV |
2 3 4 5 6 7 2 3 5
AUGUST AUGUST

FIGURE 17.— Discharge hydrographs of Medina River near Pipe Creek for August 2-7, 1978, and Beaver Creek near Mason for August 2-5, 1978.
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TABLE 11.— Data for gaging station 08086212 Hubbard Creek below Albany
[Gage height, in feet, and discharge, in cubic feet per second, at indicated time, 1978}

Gage Gage Gage

Date Hour height Discharge Date Hour height Discharge Date Hour height Discharge
Aug. 3 - 0400 3.31 0.00 Aug. 4 - 0300 39.89 189,000 Aug. 5 - 0600 23.30 14,400
0600 3.81 3.8 0400 41.4 330,000 0800 18.00 7,920
1200 4.04 6.9 0430 41.15 300,000 1000 11.40 2,970
1300 7.37 681 0500 40.29 218,000 1200 9.40 1,840
1500 8.13 1,020 0600 40.33 221,000 1800 7.80 942
1800 9.74 1,980 0700 40.19 210,000 2400 7.19 657
2100 12.72 3,760 0730 40.39 226,000
2200 18.01 7,890 0800 40.01 196,000 Aug. 6 - 1200 6.52 391
2300 23.88 15,300 1000 38.11 112,000 2400 6.04 250
2400 30.17 26,300 1200 35.72 56,000
1500 32.44 33,700 Aug. 7 - 1200 5.65 164
Aug. 4 - 0100 35.79 56,700 1800 29.94 25,900 2400 5.40 122
0200 38.29 118,000 2400 27.67 21,600
Highest mean discharge, in cubic feet per second,
Period for the indicated number of congecutive days .
August 1978---ccc-ecccncmacana. 94,700 34,400 14,800
1967 to July 1978--w-ceccccaa-- 20,100 14,600 6,670
TABLE 12.— Data for gaging station 08085500 Clear Fork Brazos River at Fort Griffin
[Gage height, in feet, and discharge, in cubic feet per second, at indicated time, 1978}
Gage Gage Gage
Date Hour height Discharge Date Hour height Discharge Date Hour height Discharge
Aug. 3 - 2100 1.54 0 Aug. 4 - 1700 38.10 108,000 Aug. 6 - 2400 28.05 10,400
2200 6.28 1,360 1900 38.81 142,000
2300 19.20 13,900 2100 38.88 149,000 Aug. 7 - 1200 21.55 7,340
2400 25.20 16,900 2400 38.76 141,000 2400 16.15 5,160
Aug. 4 - 0100 28.81 20,800 Aug. 5 - 0400 38.18 107,000 Aug. 8 - 1200 13.17 4,040
0500 35.66 43,200 1200 36.75 59,600 2400 11.48 3,360
0800 36.56 57,000 2400 34.40 28,600
1200 35.58 39,500 Aug. 9 - 1200 10.18 2,850
1500 36.32 52,000 Aug. 6 - 1200 32.80 20,800 2400 9.19 2,500
Highest mean diescharge, in cubic feet per second,
Pertod for the indicated number of consecutive days
3
August 1978--ceccnccccncnacccnn 72,800 53,500 25,400

1925 to July 1978--w-eecceen e 30,800 24,000 15,300
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TABLE 13.—Data for gaging station 08087300 Clear Fork Brazos River at Eliasville
[Gage height, in feet, and discharge, in cubic feet per second, at indicated time, 1978]

Date Hour hg?ggt Discharge Date Hour hg?ggt Discharge Date Hour hg?gﬁt Discharge
Aug. 4 - 0030 7.56 0.04 Aug. 5 - 1800 36.63 61,900 Aug. 8 - 2400 30.51 27,500
0500 7.84 .93 2400 36.98 67,100
0600 7.98 4.3 Aug. 9 - 1200 27.83 21,900
0700 8.25 29 Aug. 6 - 0100 37.04 68,000 2400 24.53 16,100
0900 8.72 132 0200 36.93 66,300
1000 9.10 289 0600 36.71 63,100 Aug. 10- 1200 22.01 12,700
1100 10.25 1,160 1200 36.08 54,500 2400 20.37 11,300
1200 11.29 2,920 1800 35.48 47,400
1400 12.40 4,570 2400 34.92 43,300 Aug. 11~ 1200 18.22 9,630
1900 16.90 8,650 2400 15.20 7,310
2400 24.19 15,600 Aug. 7 - 1200 34.05 37,600
2400 33.24 34,800 Aug. 12- 0400 12.28 4,420
Aug. 5 - 0600 31.70 30,200 1200 11.23 2,820
1200 35.44 47,100 Aug. 8 - 1200 32.10 31,300 2400 10.83 2,040
Higheat mean discharge, in cubic feet per second,
Period for the indicated number of consecutive days ;
3
August 1978--=---ecmcmcecaannna- 55,200 46,400 30,700
1917 to July 1978~-cemccccecun- 32,400 23,200 16,600

Some tributaries to the Brazos River upstream from the
Clear Fork Brazos River also experienced high rates of run-
off. Millers Creek near Munday (site 2), which has a drainage
area of 104 mi2, had a peak discharge of 34,600 ft3/s. Dis-
charge hydrographs for Millers Creek near Munday and
California Creek near Stamford are shown in figure 24, and
data are presented in tables 14 and 15, respectively.

The streamflow gaging station on the Brazos River near
South Bend (site 24), 1.8 mi downstream from the Clear
Fork Brazos River, has a peak discharge of 78,100 ft3/s.
Although this discharge was exceeded by a flood that occurred
in May 1941, the peak stage (41.5 ft) was the greatest to occur
since at least 1876. Because of changes in the stage-discharge
relationship, the peak stage of the August 1978 flood exceeded
that of May 1941 by about 14 ft.

Major flooding occurred along the Brazos River from
South Bend to Possum Kingdom Reservoir. Possum Kingdom
Reservoir was 6.6 ft below the normal pool level before the
heavy runoff began. Releases from the reservoir by the
Brazos River Authority, in anticipation of the approaching
flood wave, reduced the crest of the flood and effectively
prevented a more serious flood from occurring downstream.

Flood damages in the Brazos River basin downstream from
Possum Kingdom Reservoir were minimal. Flooding did
not occur on the Brazos River downstream from Lake Whitney,
where sufficient storage capacity was available to contain
the floodwaters.

MAGNITUDE AND FREQUENCY OF THE FLOODS

The relationship of flood-peak magnitude to the probability
of occurrence, or recurrence interval, generally is referred
to as a flood-frequency relation. The probability of occurrence
is the percent chance of a given flood magnitude being
exceeded in any 1 year. The recurrence interval, which is
the reciprocal of the probability of occurrence multiplied
by 100, is the average number of years between exceedances.
It is emphasized that the recurrence interval is an average
interval and that the occurrence of floods is assumed to be
random in time; no schedule of regularity is implied. The
occurrence of a flood having a 50-year recurrence interval
(2-percent chance of occurrence) is no guarantee, therefore,
that a flood of equal or greater magnitude will not occur the
following year, or even the following week.
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