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Documented and Potential Extreme Peak Discharges 
and Relation Between Potential Extreme Peak 
Discharges and Probable Maximum Flood 
Peak Discharges in Texas

By William H. Asquith and Raymond M. Slade, Jr.

Abstract

The U.S. Geological Survey, in cooperation 
with the Texas Department of Transportation, con­ 
ducted a study of extreme flood potential for 
Texas. Potential extreme peak discharges, derived 
from the relation between documented extreme 
peak discharges and their contributing drainage 
areas, can provide valuable information concern­ 
ing the maximum expected peak discharge that 
could occur at a stream site. Documented extreme 
peak discharges and associated data were aggre­ 
gated for 832 sites, some with and some without 
streamflow-gaging stations, in natural basins in 
Texas.

A potential extreme peak discharge curve 
was developed for each of 11 hydrologic regions 
in Texas and for the State as a whole, based on 
documented extreme peak discharges and associ­ 
ated contributing drainage areas. The curve envel­ 
ops, for a large range of drainage areas, the largest 
documented extreme peak discharges. Potential 
extreme peak discharges estimated from the 
curves were compared to probable maximum 
flood peak discharges estimated from various sim­ 
ulation models.

INTRODUCTION

The extreme flood potential at a site, which is an 
estimate of the highest peak discharge expected to 
occur at the site, often is useful for peak-streamflow 
frequency analysis. Extreme flood potential exceeds 
the discharge associated with large recurrence inter­ 
vals, such as the 100-year peak discharge. The U.S. 
Geological Survey (USGS), in cooperation with the

Texas Department of Transportation, conducted a 
study of extreme flood potential for Texas.

For more than 100 years, the USGS has been 
monitoring streamflow and publishing streamflow 
data, including annual peak discharges at gaging sta­ 
tions throughout Texas. In addition to this activity, the 
USGS routinely determines peak discharges for large 
floods at sites without streamflow-gaging stations. 
Qualifications are assigned to the peak discharges. 
These qualifications document the nature of each peak 
discharge and provide information regarding regula­ 
tion, reservoirs, land use, and other characteristics 
affecting the discharge values. The peak discharges 
presented in this report are from natural basins. A nat­ 
ural basin is defined as a drainage basin for which the 
peak discharges are not affected by regulation, reser­ 
voirs, diversions, urbanization, or other human-related 
activities.

The purpose of this report is to (1) present docu­ 
mented extreme peak discharges for natural basins in 
Texas, (2) present potential extreme peak discharge 
curves (upper-limit or envelope curves developed from 
graphs of documented extreme peak discharges as a 
function of contributing drainage area) for hydrologic 
regions in the State, and (3) relate potential extreme 
peak discharges (from the curves) to probable maxi­ 
mum flood peak discharges. The base of information 
from which the potential extreme peak discharge 
curves were developed comprises documented extreme 
peak discharges from 619 sites in Texas with stream- 
flow-gaging stations and 213 sites in Texas without 
streamflow-gaging stations.

Crippen and Bue (1977) present work similar to 
that presented in this report. They defined 17 regions 
encompassing the conterminous United States. Within 
each of these regions, they aggregated substantial max­ 
imum floodflows, graphed the floodflows as functions
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of contributing drainage areas, and developed an enve­ 
lope curve for each region, to estimate maximum peak 
discharges. The curve envelops, for various contribut­ 
ing drainage areas, the largest values of floodflow. The 
envelope curves that they present correspond to the 
potential extreme peak discharge curves presented 
here. Thomas and others (1994) present an envelope 
curve for their study area in the southwestern United 
States. They define envelope curve as a measure of the 
maximum potential floodflow at a site. Costa (1987) 
presents an envelope curve for the entire United States, 
based on the largest rainfall-runoff floods.

Eleven regions (fig. 1) based on similar hydro- 
logic characteristics were developed by consideration 
of the regions presented by Carr (1967), Kier and oth­ 
ers (1977), and Schroeder and Massey (1977). Can- 
presents four physical divisions of Texas, based on 
Fenneman (1931, 1938) and Fenneman and Johnson 
(1946). Schroeder and Massey (1977) present six 
regions that were determined by regionalization of 
peak-streamflow frequency. Kier and others (1977) 
identify regions based on physiography, surface geol­ 
ogy, soils, and vegetative boundaries. Kier's regions 
generally support those presented by Carr (1967) and 
Schroeder and Massey (1977).

In addition to the previous work listed above, 
factors that influenced the regional boundaries pre­ 
sented in figure 1 are (1) areal density of the sites;
(2) drainage-basin boundaries for the larger basins; and
(3) climatic patterns (precipitation and evaporation). 
Density of the sites was a primary factor in the location 
of regional boundaries the boundaries pass through 
areas with low site densities. In Texas, drainage basins 
of the major rivers, which tend to be oriented from 
northwest to southeast, were the basis for some 
regional boundaries. Climatic patterns in Texas, which 
tend to be aligned perpendicular to the major drainage 
basins, were the basis for the northeast-to-southwest 
boundaries of regions in the coastal area.

DOCUMENTED EXTREME PEAK 
DISCHARGES

Two types of documented extreme peak dis­ 
charges are presented in this report. These are maxi­ 
mum peak discharges documented at sites with 
streamflow-gaging stations and substantial peak dis­ 
charges documented at sites without stations. Collec­ 
tively, the peak discharges identified above are defined 
as the documented extreme peak discharges (DEPDs).

The DEPD was identified at each of 619 sites in 
natural basins with streamflow-gaging stations (table 1 
at end of report). Aggregated with each peak discharge 
is the site number (sequential order), USGS station 
number, USGS station name, hydrologic region num­ 
ber, latitude and longitude of station, contributing 
drainage area, and date of the DEPD.

The DEPD also was identified at each of 213 
sites in natural basins without streamflow-gaging 
stations (table 2 at end of report). For many years, the 
USGS has systematically documented substantial peak 
discharges at sites without stations. Many of these peak 
discharges are associated with catastrophic storms and 
represent, for the State, many of the largest peak dis­ 
charges for their corresponding contributing drainage 
areas. The information shown for each DEPD in table 
2 is the same as in table 1, except that table 2 shows 
stream name and approximate location in place of 
USGS station name, a reference for the source of each 
peak discharge, and minimum historical record with 
which the peak discharge is associated.

The location of each site is shown on plate 1. The 
site numbers on the plate refer to those in tables 1 and 
2. Sites 1-619 represent sites with stations, and sites 
620-832 represent sites without stations.

POTENTIAL EXTREME PEAK 
DISCHARGES

A curve enveloping the DEPDs was developed 
for the State (fig. 2) and for each hydrologic region 
(figs. 3-13) from graphs of DEPDs as a function of the 
corresponding contributing drainage areas. The rela­ 
tion between DEPD and other basin characteristics, 
such as channel length and channel slope, were evalu­ 
ated. DEPD better correlates with contributing drain­ 
age area than with other characteristics therefore, the 
other characteristics were not used in the development 
of the curves. The envelope curves are referred to as 
potential extreme peak discharge (PEPD) curves. The 
PEPD curve for each region is estimated, based on an 
iterative process, with consideration of the DEPD data 
for that region; DEPD data for sites in adjacent regions 
within about 40 miles (mi) of its regional boundaries; 
and the PEPD curves for adjacent regions. All DEPD 
data within each region and within about 40 mi of 
regional boundaries are included in figures 3-13; the 
data are not differentiated. Also used to construct the 
curves is the relation between the estimated 100-year 
peak discharge and the contributing drainage area for

Documented and Potential Extreme Peak Discharges and Relation Between Potential Extreme Peak Discharges and Probable 
Maximum Flood Peak Discharges in Texas
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EXPLANATION 

1 HYDROLOGIC REGION NUMBER

    HYDROLOGIC REGION BOUNDARY

-  - REGIONAL DELINEATION PRESENTED BY CARR (1967)

................... REGIONAL DELINEATION PRESENTED BY KIER
AND OTHERS (1977)

        REGIONAL DELINEATION PRESENTED BY 
SCHROEDER AND MASSEY (1977)

Figure 1 . Hydrologic regions for Texas.
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each of 262 stations in natural basins in Texas with at 
least 20 years of data (L.J. Judd, U.S. Geological Sur­ 
vey, written commun., 1994). The 100-year peak dis­ 
charges are not presented in this report, but each curve 
envelops the 100-year peak discharges within its 
region. Additionally, 100-year peak discharges from 
adjacent regions occasionally were used for curve 
placement (noted, if applicable, in the curve descrip­ 
tion for each region). The PEPD curves were devel­ 
oped using all identified peak data as of 1992 but are 
subject to change as larger peak discharges are docu­ 
mented.

A PEPD estimate for any site in a natural basin 
can be obtained from the PEPD curve for the hydro- 
logic region containing the site, if the contributing 
drainage area for the site is known. Recurrence inter­ 
vals are not associated with PEPD because recurrence 
intervals cannot be defined objectively (Crippen and 
Bue, 1977). Information regarding the development of 
the PEPD curve for each region follows.

Region 1 (fig. 3): The part of the PEPD curve 
between about 0.1 and 2,000 square miles (mi2) envel­ 
ops the DEPD data and the 100-year peak discharge 
data. The part of the curve beyond 2,000 mi2 is drawn 
so that it does not exceed the 100-year peak discharges 
of region 3, because the 100-year peak discharges of 
region 3 generally are larger than those of region 1.

Region 2 (fig. 4): The part of the PEPD curve 
between about 0.2 and 100,000 mi2 envelops the 
DEPD data and the 100-year peak discharge data.

Region 3 (fig. 5): The part of the PEPD curve 
between about 0.06 and 1,000 mi2 envelops the DEPD 
data and the 100-year peak discharge data. The part of 
the curve beyond about 1,000 mi2 is drawn so that it 
does not exceed the 100-year peak discharges of region
4. because the 100-year peak discharges of region 4 
generally are larger than those of region 3. The curve of 
region 7 also was used because the 100-year peak dis­ 
charges of region 7 are comparable in magnitude to 
those of region 3.

Region 4 (fig. 6): The part of the PEPD curve 
between about 0.06 and 8,000 mi2 envelops the DEPD 
data and the 100-year peak discharge data. The part of 
the curve beyond about 8,000 mi2 is drawn so that it 
does not exceed the 100-year peak discharges of region
5. because the 100-year peak discharges of region 5 
generally are larger than those of region 4.

Region 5 (fig. 7): The part of the PEPD curve 
between about 0.15 and 8,000 mi2 envelops the DEPD 
data and the 100-year peak discharge data. The part of

the curve beyond about 8,000 mi2 is based on the shape 
of the curve for the entire State (fig. 2), because many 
of the largest peak discharges in the State have 
occurred in region 5.

Region 6 (fig. 8): The PEPD curve envelops the 
DEPD data and the 100-year peak discharge data.

Region 7 (fig. 9): The PEPD curve envelops the 
DEPD data and the 100-year peak discharge data; it 
also is similar in shape to the curve for region 10 
because of the proximity of the two regions.

Region 8 (fig. 10): The PEPD curve envelops the 
DEPD data and the 100-year peak discharge data.

Region 9 (fig. 11): The PEPD curve envelops the 
DEPD data and the 100-year peak discharge data.

Region 10 (fig. 12): The PEPD curve envelops 
the DEPD data and the 100-year peak discharge data; it 
also is similar in shape to the curve for region 7 because 
of the proximity of the two regions.

Region 11 (fig. 13): The PEPD curve envelops 
the DEPD data and the 100-year peak discharge data; it 
also is similar in shape to the curve for region 10 
because of the proximity of the two regions.

A comparison of the PEPD curves for all hydro- 
logic regions (figs. 3-13) is shown in figure 14. Indi­ 
vidual PEPD curves are not identified on the figure, and 
DEPD data are not shown. The curve for Texas (fig. 2) 
is not shown on figure 14, but figure 14 generally rep­ 
resents the maximum of the union of the curves for 
regions 2 (fig. 4) and 5 (fig. 7). Additionally, Crippen 
and Bue's (1977) envelope curve for their region 10, 
which encompasses most of Texas, generally approxi­ 
mates the PEPD curve for region 5 of this study.

RELATION BETWEEN POTENTIAL 
EXTREME PEAK DISCHARGES AND 
PROBABLE MAXIMUM FLOOD PEAK 
DISCHARGES

The probable maximum flood peak discharge 
(PMF) represents the largest peak discharge possible 
under natural conditions that is, in the absence of 
dam failure or other unnatural conditions. The PMF 
often is used in the design of structures such as nuclear- 
power plants and reservoir spillways. Recurrence inter­ 
vals are not associated with PMF because recurrence 
intervals cannot be defined objectively (Pilgrim and 
Cordery, 1992). A PMF typically is determined by a 
simulation model incorporating basin characteristics, 
estimates for probable maximum precipitation, and an

16 Documented and Potential Extreme Peak Discharges and Relation Between Potential Extreme Peak Discharges and Probable 
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assumption of maximum antecedent soil-moisture con­ 
ditions.

A data base of the PMF at 52 stream sites esti­ 
mated from various simulation models was compiled 
from several sources (table 3 at end of report): 1 site 
is from Rutledge and Tullis (1990), 8 sites are from 
Bullard (1986), and 43 sites are from the U.S. Nuclear 
Regulatory Commission (1977). The hydrologic region 
for each of the 52 sites was identified, and a PEPD was 
estimated graphically using the appropriate PEPD 
curve (figs. 3-13) and contributing drainage area for 
each site. The PEPD was compared to the PMF at each 
of the 52 sites, and a ratio of PMF to PEPD was com­ 
puted (table 3). Ratios for 43 sites equal or exceed 1.0. 
The mean ratio of 1.35 for all sites indicates that the 
PEPD obtained from the curves typically is less than 
the PMF.

The ratio of PMF to PEPD for each of five sites 
was much less than 0.85 (table 3). These sites are the 
Neches River near Rockland (ratio = 0.57), Buffalo 
Bayou near Addicks (ratio = 0.70), Navasota River 
below mouth of Camp Creek (ratio = 0.67), Ferguson 
Dam site no. 3 on Navasota River (ratio = 0.70), and 
Millican Dam site on Navasota River (ratio = 0.66).

SUMMARY

Maximum peak discharges at sites with 
streamflow-gaging stations and substantial peak dis­ 
charges at sites without streamflow-gaging stations 
have been documented for more than 100 years in 
Texas. The peak discharges are assigned qualifications 
to document the nature of the peak discharge and the 
characteristics affecting discharge. Collectively, these 
peak discharges are referred to as documented extreme 
peak discharges (DEPDs). DEPD and associated data 
were aggregated for 832 sites in natural basins in 
Texas.

The extreme flood potential for Texas is charac­ 
terized by potential extreme peak discharge (PEPD) 
curves developed for the State and for each of 11 
hydrologic regions in the State. These curves generally 
are based on DEPDs and the associated contributing 
drainage areas. The PEPD curve envelops, for a large 
range of drainage areas, the 100-year peak discharges 
within each region. PEPD can be estimated for any site 
in a natural basin using the PEPD curve for the hydro- 
logic region the site is in and the contributing drainage 
area for the site.

Probable maximum flood peak discharges 
(PMFs) for 52 sites, estimated from various simulation 
models, were compiled in a data base. The PEPD was 
estimated for each of the 52 sites using the PEPD 
curves and contributing drainage area. PEPD was com­ 
pared to PMF at each site, and a ratio of PMF to PEPD 
was computed. The mean ratio of 1.35 for all sites indi­ 
cates that the PEPD obtained from the curves typically 
is less than the PMF.
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ô
co
Os

£
co
00

o
O co

Sabine River near Ruliff, Texas

8 
S 
S§
r-
o

g55
cs

0

55
CJ
2

T?
£J

£
S?
oco
Os

£
co

2
o
O 
co

X
HH

0^

Adams Bayou tributary near Deweyvill

8 
S 
Soo 
o

oo 
o

805^

co
S

Os
^*

§

0co
co
oo

0 co
In
oco
Os

£
O

~
0co

Cow Bayou near Mauriceville, Texas

1

S

S
NO

Os

CO
CS

S

o
"-1

co
oo 
co
o
Os

£

3
jU
CS 
co

O

Bethlehem Branch near Van, Texas

8
r  1 
<  1
co
0§
0

8w
2

Os

ji
QJ
3

CS
cs

£

coo*o
Os

.

co
oo
0
CS
co

0

c3

Kickapoo Creek near Brownsboro, Tex

1
co
0§
-

8>n
^?

0?
CS"

53

 0

  "J
1 1

°>
ao
ON

£

co
co
o
co

O

Neches River near Neches, Texas

§
00o

cs

a

co
Os

ô0
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fÔ
>

00
O

r-
00

8
Tl*

pn
ON

^
^
8

r-
CM

O

r-

S
£
CM

^
b

CM

Limpia Creek below Fort Davis, Texas

8
00

pn^^
oo
0

oo 
oo

8
CMCM*

OO 
ON

oo
O

8

CM

pn
r-
CM
o

S
£
00 
CM
r-

O
O

CM

Barrilla Draw near Saragosa, Texas

|pn
PO^^
oo
o

ON
oo

o
00V*

2
0\

J5
5oo 
0

8r-;pn*

8
CM
o

S
£

8
CM
o

pn

CM

tn
rt
X

Toyah Creek below Toyah Lake near Pecos,

§ *
^^
oo
o

g

O
CMpn*

r-

£5
§8

0

oo

8
2
os
8
CM
b

CM

Alpine Creek at Alpine, Texas

CMvo
PO
^^
oo
o

ON

sr~pn*

 ^t
ON

£5C*
8

0

^

Tfr
CM
00

opno

0

sbpn

CM

Moss Creek near Alpine, Texas

§
*O
CO
^>

oo
o

ON

t~-
>o

CM

ON
~";

CM

S

0r-
ON 
CM

£

O

8

CM

CM
b

CM

Sunny Glen Canyon near Alpine, Texas

8
*o
fO
^+
00
0

pn
ON

gvoCM*

r-

>o
^
8

CM
OO

*-<

If)

0opno

£r-

S
o

pn

CM

Coyanosa Draw near Fort Stockton, Texas

8oo
fÔ
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