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FACIORS FOR CONVERTING INCH-POUND UNITS TO INTERNATIONAL SYSTEM {(51)
OF METRIC UNITS

Multiply By To obtain
inch (in.)} 25.40 miliimeter (mm)
inch per year (in/yr) 25,40 millimeter per year (mu/yr)
foot (ft) 0.3048 meter (m)
foot per mile (ft/mi) 0.18%4 meter per Kilometer (m/km)
cubic foot per second 0.02832 cubic meter per second
(f£/s) (m3/5)
mile {mi) 1.609 kilometer (km)
square mile (miZ) 2.590 square kilometer (km?)

To convert temperature in degrees Celsius (°C) to degrees Fahrenheit
(°F), multiply by 9/5 and add 32,

IV



FIOODS IN LOUISIANA, MAGNITUDE AND rREQUENCY
FOURTH EDITION

By Fred N. Lee

ABSTRACT

The magnitude and frequency of floods are presented in this report
for 287 streamflow-gaging sites in Louisiana and bordering sites in the
adjacent states of Mississippi and Arkansas. Regression equations, using
217 of these sites that are basically natural and unaltered and with
drainage areas less than 3,000 square miles, were developed using multiple
regression techniques and were used to estimate discharges for return
periods of 2, 5, 10, 25, 50, and 100 vyears. Accuracy of the estimated
discharges range from +35 percent to +43 percent. The report includes data
used in the analyses through the 1983 water year. Independent variables,
defined as being significant as predictors, are contributing drainage
area, main-channel slope, and a mean annual precipitation index.
Discharge weighted on the basis of station discharge and regression
discharge is recommended for use at gaged sites when the stream is
basically natural and unaltered. fxamples of use of the estimating
techniques that were developed are given.

Peak-discharge data for the return periods of 2, 5, 10, 25, 50, and
100 years are given for streamflow sites with drainage areas larger than
3,000 square miles. Craphs of discharge versus drainage area are presented
for those streams that have more than one data-collection location.

INTRODUCTION

As man encroaches upon flood plains, it becomes important to have a
good understanding and quantitative description of the magnitude and
frequency of floods. This understanding is of utmost importance for the
design of highways, levees, dams, and other structures that encroach on
flood plains. In addition, flocd-plain management plans and £lcod-
insurance rates are based on the best information available.

This report presents methods for estimating the magnitude and
frequency of floods for many of the streams in Louisiana that have not been
significantly changed by man. A relationship was established between flood
magnitude and frequency for individual streamflow sites using a log-Pearson
Type III analysis. A log-linear regression analysis was then used to
develop equations for estimating the discharge for the return pericds 2, 5,
10, 25, 50, and 100 vyears (Qp, Qg, Quqr Q25, Qsqe and Qo) at ungaged
sites for natural, basically unaltered, Louislana streams.



Magnitude and frequency of flcods for Louisiana have previously been
reported by Cragwall (1952), Sauer (1964), Neely (1976), and Lowe (1979).
Landers (1985) presented flood-frequency results for the Missigsippi River
delta using streamflow data from Louisiana streams in the delta to augment
streamflow data from Mississippi and Arkansas. Cragwall (1952) developed
a set of composite curves of the relationship between the recurrence
interval and the ratio to the mean annual flood for each of the four
regions in Louisiana. The curves were based on data for the period
1926-50. Sauer's (1964) analysis used an additional 10 years of record
(1951-60) for most of the streams Cragwall used in his report, plus many
stations with 5 to 15 years of record that were not used in the first
report. Neely (1976) used peak-flow data for 170 streamflow-gaging stat-
ions with more than 9 years of record to develop equations to estimate the
peak discharge for recurrence intervals ranging from 2 to 100 years. The
equations are based on three basin characteristics (area, precipitation,
and channel slope) that can be measured from topographic maps and from an
ischyetal map. Fregquency analyses of data for stations on the main stems
of larger streams were handled separately in all of the above studies.

Lowe (1979) developed non-linear equations to estimate discharges for
recurrence intervals ranging from 2 to 100 years for streamflow sites
within Louisiana with drainage areas less than 10 miZ. Discharge data
for 47 streamflow-gaging stations with lengths of record varying from 6 to
14 years were avallable for analysis. Lowe's equations are applicable for
non-regulated streams in Iouisiana that have drainage areas between 0.1
and 10 mi“ and main channel slopes between 5 and 100 ft/mi.

This report, which supersedes all previous flood-frequency reports for
Iouisiana, is the result of a cooperative agreement between the Louisiana
Department of Transportation and Development and the U.S. Geological
Survey. The data base is from streamflow-gaging station records collected
and assembled through the 1983 water year by the U.S. Geological Survey in
cooperation with various Federal and State agencies, principally the
Louisiana Department of Transportation and Development, Office of Highways,
and the U.S5. Army Corps of Engineers (New Orleans, Mobile, and Vicksburg
Districts}.

GENERAL DESCRIPTION OF STUDY AREA

Iouisiana is located in the south-central United States and lies
wholly within the coastal plains physiographic province (Fenneman, 1938).
Judge (1979) indicates that Louisiana has 2.2 million acres of inland
water surface (7 percent of the total State area) and is ranked fifth in
relation to other states in ratio of total inland water-surface area to
total land area.

Louisiana has a humid-subtropical climate. Temperatures are moderate
the year round with lowest temperatures occurring during January and Febru-
ary and highest temperatures during July and August. Mean temperatures
range from 19.0°C in northern Iouisiana to 20.5°C in southern Louisiana.
Because periods of prolonged freezing rarely occur, snow and ice have no
effect on flood runoff from streams originating within the State,
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Annual rainfall ranges from about 46 in. in the northeast to about
68 in. in the southeast. The median rainfall is about 56 in. The most
intense rainfall occurs during localized thunderstorms, which produce large
amounts of rainfall and are usually of short duration.

Another source of heavy rainfall 1is from tropical storms. These
storms originate over the warm ocean waters and move slowly inland. During
this slow inland movement, extremely heavy rainfall can occur over much of
the State in a short period of time and may cause major flooding.

Storms that produce the most severe flooding throughout the State are
associated with frontal movements. These fronts, which usually come in
from the northwest, often stall over the Gulf of Mexico and pump warm,
moist air back over the State, subjecting large areas to intense rainfall
for hours or even days.

Louisiana has been divided into four physiographic divisions: (1)
Pine Hills, (2) Prairies, (3) Coastal Marshes, and (4) Alluvial Plains
(Fenneman, 1938) (fig. 1). The Pine Hills includes a large part of the
State and almost all of the area where peak-flow data are available for
flood-frequency analysis. The terrain is typically rolling hills and
except where farms and pastures exist, heavily forested with pine and
hardwood trees. The Prairies, however, is located only in the southwestern
part of the State. It is typically flat, with elevations ranging from 20
to 30 ft above sea level and is generally treeless, except along fence
lines and the meandering, sluggish streams. The Coastal Marshes border the
Prairies west of the Atchafalaya River and the Pine Hills east of the

Mississippi River. The terrain is extremely flat and, therefore, subject
to tidal flooding from the nearby Gulf of Mexico. The Alluvial Plains
consists of the river flood plains that extend from the Mississippi River
delta, the Ouachita River, and the Red River. The terrain is extremely
flat, and the meandering stream channels are complex and interconnected,
permitting interchange of flow between basins during high floods.

Principal rivers draining Louisiana are the Pearl River, the
Mississippi River, the Red River-Atchafalaya River system, and the Sabine
River. All other streams are tributary to these rivers with the exception
of two groups.

One of these groups consist of those streams east of the Mississippi
River and west of the Pearl River. Major streams in this area are the
Tchefuncta River, Tangipahoa River, Natalbany River, and the Amite River.
These streams flow into the Gulf of Mexico through Lake Maurepas, Lake
Pontchartrain, and Lake Borgne.

The other group of streams is west of the Mississippi River and east
of the Sabine River. Major streams in this system are Bayou Teche,
Vermilion River, Mermentau River, and the Calcasieu River. These streams
either flow directly into the Gulf of Mexico or eventually discharge to
the gulf through coastal lakes and estuaries.
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The Mississippi River is the largest river in the State, but only a
few streams within the State are tributary to it. The two largest streams
are Thompson Creek and Bayou Sara,

The Atchafalaya River, a significant part of the lower Mississippi
River system, is now a controlled distributary of the Mississippi River.
In addition, it carries flow from the Red River (which drains a large part
of northern Louisiana) to the Gulf of Mexico.

The Pearl River is part of the eastern boundary between Louisiana and
Mississippi. This large river drains only a small part of the State. The
Bogue Chitto is its only significant tributary within the State.

The Sabine River is part of the western boundary between Louisiana
and Texas. This river, which drains only a small part of the State, 1is
the main source of water supply to the Toledo Bend Reservoir.

AVATLABLE DATA

Flood-peak data have been collected systematically at some Louisiana
streamflow sites since 1921. Most of the streams for which long-term
systematic data (1921-83) are available are those with large drainage
basins.

Observed peak-discharge data at 287 streamflow gaging stations were
available for this flood-frequency analysis. These sites are shown on
plate 1 and listed in tables 1, 2, and 3. Table 1 contains those stations
operated by the Geological Survey on_a regular basis and have drainage
areas ranging from 0.019 to 1,880 mi4 and periods of record ranging from
10 to 97 vears. Table 2 contains 47 sites that were operated as a small
streams network (Lowe, 1979) and have drainage areas ranging from 0.1 to
10 mi? and periods of record ranging from 5 to 13 years., Table 3
contains streamflow sites operated on a regular basis with drainage areas
larger than 3,000 mi2 and periods of records ranging from 16 to 107
years,

Included in table 1 are three streamflow stations in Mississippi and
three in Arkansas for streams that flow into Louisiana, either directly or
indirectly. BEach of these six streamflow sites have drainage areas less
than 3,000 mi2 and are used in this study to provide continuity between
flood-frequency analyses among the three states.

The analysis in thisg report is based on peak-discharge data collected
through the 1983 water year at most streamflow sites. The distribution of
drainage area size, the average length of record, the minimum length of
record, and the maximum length of record are shown in table 4. Table 4
shows that about 60 percent of the sites have drainage areas between 10
and 500 miZ2 and length of record generally increases with drainage-area
size. The average length of record for the 287 streamflow sites 1is 26
years.
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Table 4.--Summary of drainage area size, distribution, and length of record

Numbar Average length Minimum length Maximum length

Drainage‘area of of record of record of record
(square miles) stations :
in years

1 49 10 ag 26
1~ 5 15 11 a6 22
5 - 10 7 13 az 19
10 - 50 80 26 10 33
50 - 100 41 31 1l 33
100 - 500 54 29 11 81
500 - 1,000 16 42 11 97
1,000 - 2,000 11 43 14 83
2,000 - 3,000 0 - - —-—
3,000 14 49 16 107

[T ——

Total 287 Overall 26
average

@ Number of years of actual data collection. Record extended synthetically
to about 60 years using rainfall-runoff model. :

COMPUTATION OF STATION FLOOD MAGNITUDES AND FREQUENCIES

The guidelines in Bulletin 17B (Hydrology Subcommittee, 1982)
recommend applying a Pearson 'iype III distribution to the logarithm of
annual peaks to analyze annual flood-peak discharges. Suggestions are made
for using skew weighting, high and low outliers, historical peak informa-
tion, and peaks below a base.

The U.S. Geological Survey log-Pearson Tyvpe III program E675 (ucdated
version), which incorporates the guidelines from Bulletin 178, was used in
this study. The guidelines and suggestions were followed closely, so that
others whe might use the same data base to make a flood-frequency analysis
would obtain the same results.

Of the 287 streamflow gaging stations available for this flood-
frequency analysis (tables 1, 2, and 3), 276 have drainage areas less than
3,000 mi2, and 47 of these 276 stations have drainage areas ranging from
0.1 to 10 mi2 (table 2). A flood-freguency analysis using long-term
precipitation data (Lowe, 1979) previously had been made for these 47
sites; therefore, no further refinement to the flood-frequency curves was
deemed necessary. Flood-frequency statistics for individual stations were
taken from this previous analysis.

Flood-frequency analyses were made for all streamflow-gaging stations
with 10 or more years of record. Many of these sites had historical
information or periods of missing record that required special handling
during the analysis.
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A site that had data missing during its record period (example:
period of record 1950-83, missing data 1960-65) was compared to a nearby
site that had a complete data set for the same period. The time period
for which data were missing (1960-65) was used in the frequency computa-
. tions if the comparison site showed that peak discharges for 1960-65 did
not equal or exceed the maximum peak for the rest of the pericd. (At the
comparison site, discharges for 1960-65 did not equal or exceed peak
discharge for 1950-59 or 1966-83.) For the site with the missing data,
utilization of this time period (1960-65) in the analysis was accomplished
by setting the high-outlier threshold discharge to 1 ft3/s less than the
highest peak discharge of record (for periods 1950-59 and 1966-83) and by
specifying a historical period to be inclusive of the period with missing
data.

Documented historical data or information outside the continous record
period were available at some sites. This information included peak stage
and, occasionally, an estimated discharge. When only an historical stage
was available, the high-outlier threshold was set to 1 ft3/s less than
the highest discharge of record, and the historical period was set to
include the time period between the historical peak and the beginning of
systematic record collection. This procedure resulted in adjustments to
the plotting positions of the frequency curve defined by the systematic
record.

Peak discharges for selected recurrence intervals of 2, 5, 10, 25,
50, and 100 years were taken from flood frequency curves developed by
using guidelines of the Hydrology Subcommittee (1982) and the criteria
described above. ‘These discharges are shown in tables 1 and 3 as the
discharges based on weighted values between station skews and regional

skews.

REGRESSION ANALYSIS

A log-linear regression analysis (Ezekiel, 1953) was used to develop
equations for estimating the Qp, Qg, Q1gr Q25 Qs and Qg discharges.

This analysis was done using the regression model

log Q = log a + xlogh + ylog(P-35) + zlogS (1)
where Q, = the peak discharge for a given recurrence interval, in cubic
feet per second;
a = the regression constant;
A = the contributing drainage, in square miles;
P = the average annual precipitation taken from figure 2, in inches

per year. (P is limited to no more than 60 in/yr to minimize
the standard error of estimate;

S = the stream~channel slope taken between the 10 and 85 percent
distances from the gaging-station site along the streamline, in
feet per mile. (S is limited to no steeper than 16 ft/mi to
minimize the standard error of estimate); and

X, y, z = the regression coefficients.
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EXPLANATION

Isohyetal line of mean annual
precipitarion, in inches

50 MILES
50 KILOMETERS

U s W o
-

Figure 2.--Average annual precipitation for Louisiana, 1931-60.

Criteria for a station to be used in this regression analysis were:
Must have at 1least 10 years of record. (Those stations used by Lowe
(1976) were exceptions to this criterion.)
No significant man-made regulations.
Drainage area less than 3,000 mi?,
Drainage area and channel slope definable,

Rating curve adequately defined by either current-meter measurements

or a conbination of current-meter measurements and indirect measure-

ments. Stations were discarded where the rating was gquestionable or
was developed entirely from indirect measurements.
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A total of 217 streamflow stations met the criteria for the regression
analysis. Data for these stations are listed in tables 1 and 2. The
following equations were developed using these 217 streamflow stations.

Q, = 5.45 &°%2 (p-35) 100 g+ 33 (2)
Q. = 5.50 &% (p-35) 10 g+31 (3)
0y = 5.24 &° 1 (p-35) 102 561 (4)
Qs = 4.85 a7 '% (p-35) 106 g7 (5)
Qo = 4.25 &7 (p-35) 1010 578 (6)
00 = 3,85 &7 (235113 584 .

The above equations were tested for statewide bias by obtaining a
ratio of the actual discharge, [Q(A)(actual)], to the regression
discharge, [Q,(R) {regression)]. These ratios were then plotted on a map of
tne State and visually inspected. No significant bias could be detected.

The adeguacy of each eguation was assessed by making residual
discharge plots {residual Q = Qu(A)-Q:(R)] versus each independent variable
(A, P, and §). The plot using the independent variable, P, showed a slight
irregularity resembling a sine curve. An effort was made to straighten
this curve by modifying precipitation (P} using several offsets (P-35,
P-30, and so forth). BAlthough none of these offsets were effective in
straightening the residual Q versus P curve, the offset (P-35) did improve
the overall standard error of estimate as well as reduce the size of the
equation exponents.

As a replacement for precipitation, the 2-year, 24-hour rainfall
intensity was inserted into the regression. This variable indicated the
same irregularity in the plot as precipitation, but the standard error of
estimate was increased significantly.

To check the equations, the predicted discharge, Qu(R), was
compared to the actual discharge, Qg(A). There was a slight bias (10-20
percent) in the upper, extreme values for Q,, Qs, Qigs and Qog, wnich was
not considered great enough to require further reflnement of the equations.
In addition, it was found that certain combinations of the predictors could

give (oo values less than Q2 when the slope is less than 1.75 f£t/mi and
drainage area is less than 2.0 mi

Accuracy of the Equations

Accuracy of equations 2 through 7 can be expressed in two ways:
(1} standard error of estimate, in percent, or (2) equivalent years of
record. The standard error of estimate is the range of error, in percent,
to be expected about two thirds of the time. It is computed £from the
differences between station Qg(A) and Ox(R) obtained £from the regression
equation. Equivalent years of record is the number of actual years of
record required to provide an estimate of the Q, with the same accuracy
as the standard error of estimate (Hardison, 1969}.

21



_ The regression analysis resulted in acceptable standard errors of
estimate. The standard error of estimate and corresponding eguivalent
years of record for selected recurrence intervals are given in table 5.

Table 5.--Accuracy of regression equations

Recurrence interval Standard error of Equivalent years
(years) estimate (percent) of record
2 +38 5
5 +35 8
10 +35 10
25 +38 13
50 F41 14
100 +43 14

FLOOD MAGNITUDE AND FREQUENCY OF LARGE STREAMS

For this study, streamflow sites having drainage areas equal to or
greater than 3,000 mi“ are considered large streams and were not used in
the regression analysis (table 3). Many of these large streams are
regulated by controls and diversions. Flood frequencies resulting from
log-Pearson Type III analyses for these streams are shown in table 3, and
the flood frequency for those streams with more than one data collection

location are shown in graphical form in figures 3, 4, and 5. Following
are brief synopses of those streams that are in the above category.

Mississippi River System

The Mississippi River extends from Minnesota to the Gulf of Mexico.
Its dralnage basin covers an area from New York to Montana, comprising
about 40 percent of the conterminous United States. Flood-ZIrequency
relation for one gaging station, Mississippi River near Vicksburg, Miss.
(07289000} , is shown in table 3.

The Atchafalaya River serves as a distributary to the Mississippi
River through the 0ld River control structure. This diversion occurs
about 128 mi downstream from Vicksburg, Miss., and about 8 mi upstream
from Tarbert Landing in Mississippi. This river also serves as an outlet
for the Red River to the Gulf of Mexico. One station, Atchafalaya River
at Krotz Springs (07381500), was available for analysis on the Atchafalaya
River. The flood-frequency analysis for this station is shown in table 3.

The Red River flows into the Atchafalaya River near the 014 River

control structure. At this point, it drains approximately 18,400 miZ2 of
the State, or about 38 percent.
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Figure 3.~--Flood-frequency discharge curves for Red River.
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Figure 4.--Flood-frequency discharge curves for Pearl River.
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Figure 5,-~Flood-frequency discharge curves for Sabine River.

Regulation of the Red River began in 1943 when lLake Texoma dam was
completed. The flood-frequency curves (fig. 3) and the data shown in
table 3 are based on peak-flow information collected after 1943 and
represent regulated conditions,

Ouachita-Black River System

The Ouachita River originates in the hills of central Arkansas. From
there, 1t flows in a southeasterly direction until it crosses into
Louisiana where the direction of flow changes into a southerly one. This
river continues its meandering course until it intersects the Tensas and
Little Rivers to form the head of the Black River at Jonesville, La.

The flow pattern of the Ouachita River is altered by many locks and
dams. Because of the difficulty in obtaining daily-discharge data on
streams that are regulated by locks and dams, only two continuous discharge
stations are operated on the Quachita River in Louisiana. These sites are
at Monroe and at the Columbia Lock and Dam. Flood-frequency discharges for
the Monroe site are shown in table 3. A flood-frequency analysis was not
done for the Columbia Lock and Dam because of the short period of record.
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Lower Pearl River System

The lower Pearl River forms the southern part of the boundary between
Louisiana and Mississippi. Flood-frequency discharges for the Pearl River
at two stations in Iouisiana and one in Mississippi are shown in table 3.
Figure 4 shows the flood-frequency relationships for these sites.
Discharges shown are those agreed upon by the U.S. Geological Survey and
the Corps of Engineers, Mobile District, in 1980, following the extreme
floods in 1979 and 1980.

Sabine River System

The Sabine River forms part of the western boundary of Louisiana.
This river flows through the largest reservoir in ILouisiana, the Toledo
Bend Reservoir, which supplies electrical power to parts of Louisiana and
Texag. Flood-freguency discharge relationships (table 3} were computed
for three sites along tnis river. These relationships are shown in figure
5 and represent conditions after the reservoir started operating.

EXAMPLE APPLICATION OF REGRESSION EQUATIONS

The accepted procedure (Neely, 1976) for computing Oy at gaged sites
having drainage areas less than 3,000 mi? is to weight the station flood-
frequency discharge, (A}, with the regression flood~frequency discharge
Ok (R). This weighting process is based on the number of years of record at
the site and the equivalent years of record for the regression eguation,
listed in table 5. The equation for computing the weighted average
discharge, Qy(w) [Q;(weighted)], is

(B) M) + Q_(R) (E)
Q, (W)= . = '

(8)

N+ E
where Q,(w) = the weighted discharge for recurrence interval X,
Q¢ (A) = the actual discharge for recurrence interval x {(table }),
G« (R} = the regression discharge for recurrence interval x (using

eqs: 2_7) I3
the number of years of record for Qy(a) (table 1), and
the equivalent years of record for Qu(R) (table 5}.

N
B

An example of this weighting technique is illustrated in the following
table using the station, Amite River near Denham Springs (07378500) .
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Recurrence
interval, x Q. (A) N Q, (R) P Q, (W)

(years) (F£3/s) (vears) (Ft3/s) {years) (F£3/s)
2 26,200 63 18,200 5 25,600

5 48,000 63 39,200 8 47,000
10 65,500 63 58,200 10 64,500
25 91,200 63 86,500 13 90, 400
50 113,000 63 126,000 14 114,000
100 136,000 63 151,000 14 139,000

Flood frequency at sites having drainage areas less than 3,000 mi?
ard that are not at but near a gaged site on the same stream, can be
computed using a combination of the regression eguations and data from the
nearby station. If the drainage area of the ungaged site is within 50
percent of that of the gaged site, the following procedure should be used.

1. Obtain a weighted ratio for the gaged site using the following equation

Q. (w) (9)
QR

Where QOx{w) 1is from tables 1 or 2 and Q.(R} 1is computed From
equations 2 through 7. This ratio, R, adjusts the regression Qx{R) to
the Qu(w).

2, Next, determine a correction factor, R', for the ungaged site using the

R =

equation
AA
| J— - el -
R R 05 Ag (R=1.00), (16)
where AA = the difference between the drainage areas of the gaged and the

urndaged sites, and
the drainage area of the gaged site.

1

Ag

If AA/Ag is greater than 0.5, the regression equations should be used
directly and no further adjustments made.

The following example for computing the Qigg is given to illustrate
the aforementioned procedure using the Amite River at Denham Springs
(07378500) as the gaged site:

Ag = 1,280 mi%;
S = 5.2 ft/mi;
P = 58 in/vr;



=z
il

63 years;

=3
H

14 years;

Qoo = 136,000 ftz/s (From table 1);
QlOO(R) = 151,000 £t7/s (from eq. 7);:

QlOO(w) = 139,000 ft3/s {(fxom eq. 8);
©00(w) _ 139,000
R = = £ = (,92 (from eq. 8).
QlOO(R) 151,000
The ungaged site is upstream from Denham Springs:
2

A= 700 mi”;
S = 6.0 £t/ni;
P = 55 in/yr;

= 90,600 (from eqg. 7);

AA = 1,280 - 700 = 580 mi?

AA _ 580 _ )
5 3:5@5' 0.45 (less than 0.5});
_ _ 580 _ ]
R' = 0.92 - g-s7r 7507 (0- 92 1.00), (eq. 10}
rR' = 0.99;
Q100 = Q100(R) (R'} = 90,600 (0.99) = 89,700 £t3/s.

If the ungaged site is located between two gaged sites, the drainage
area at the ungaged site should be compared to each gaged site. The gaged
site that is nearest in drainage area size to the ungaged site, (ratio =
AB/Bg - 0.5), should be used in the computations. If the ratio of both of
the gaged sites is greater than 0.50, then equations 2 through 7 should be
used and not adjusted.

LIMITATIONS

Equations presented in this report are based on streamflow data for
basically natural, unaltered streams. They should not be used for streams
that are controlled by dams, flood-detention structures, or other manmade
encumbrances that may significantly affect the flood peak. In addition,
these equations are not applicable to streams where the channels have been
dredged.
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The main-channel slopes used in developing the equations ranged in
magnitude from 0.41 to 96.8 ft/mi and drainage area ranged from 0.14 to
1,880 mi2, 1In using the regression analysis, the upper limit of the
slope was held to 16 ft/mi. By holding the slope to 16 ft/mi, the standard
error of estimate was greatly decreased and a bias in the plot of residual
Q versus S was eliminated. When the equations were tested, it was found
that slopes less than 1.75 ft/mi and drainage areas less than 2.00 mi<
could, in some instances, give Qigp values less than Qp. Use of the
equations presented in this report should be limited to the range in
channel slope used in developing them, with an upper limit of the slope not
to exceed 16 ft/mi. In addition, when slopes less than 1,75 ft/mi and
drainage areas less than 2.0 mi“ are used, caution is advised, and the
results should be examined to make sure the Qigg is greater than the
Q2.

Because the sites used in this study are basically natural, unaltered
streams, peak discharges for those streams affected by significant urban
development should not be evaluated with equations presented in this
report. Flood-frequency discharges for streams affected by urban areas
can be estimated using information presented by Neely (1976) or methods
presented by Sauer and others (1983). -

The average annual rainfall ranges from 45 to 64 in/yr. In using the
regression analysis, the upper limit for the average annual rainfall was
set to 60 in/yr. The equations in this report are limited to use when the
average annual rainfall is equal to or greater than 45 in/r. If the
average annual rainfall exceeds 60 in/yr, then 60 in/yr should be used
instead of the actual value. The average annual rainfall is derived from
the base period 1931-60, as indicated in figure 2.

Graphical relations shown in this report for streamflow sites having
drainage areas larger than 3,000 mi2 are not transferable to other sites.
For those streams that are natural, unaltered water bodies, estimates of
discharge for a given recurrence interval can be made for sites between or
near gaged locations on the same stream. For those streams that are
affected by regulation of some sort, the grapns are given for information
only and are not applicable for estimating discharge at any location other
than at the gaged site.
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