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Flood Frequency of Streams in Rural Basins of Tennessee

By Jess D. Weaver and Charles R. Gamble

ABSTRACT

Multiple regression equations and other infor­ 
mation are presented for estimating the flood fre­ 
quency of streams in Tennessee. Flood-frequency 
characteristics are defined for 223 gaging stations in 
Tennessee having 10 or more years of record 
through 1986. Regression equations were computed 
using the generalized least-squares regression proce­ 
dure. The resulting equations can be used to esti­ 
mate the magnitude of floods having recurrence 
intervals of as much as 500 years on ungaged 
streams, if contributing drainage area is known. At 
or near gaged sites, a weighted average of the 
regression results and the gaging station data is 
recommended. Updated information on peak dis­ 
charge at miscellaneous sites is given.

INTRODUCTION

Man encroaches upon flood plains for many vital and 
worthwhile purposes. Intelligent, safe, and economically 
feasible encroachment demands an understanding and 
quantitative description of the magnitude and frequency of 
floods. A knowledge of the flood-frequency characteris­ 
tics is essential to the design of adequate and economical 
bridges, culverts, embankments, dams, levees, and other 
structures near streams. Flood-plain management plans 
and flood-insurance rates are based on available informa­ 
tion on flood magnitude and frequency.

Previous reports by Jenkins (1960), Patterson (1964), 
Speer and Gamble (1964), and Randolph and Gamble 
(1976) have presented methods to define flood frequency 
for streams in Tennessee. The first three of these reports 
used a graphical fit on Gumbel probability paper for at- 
site frequency analysis and the index flood method 
(Dalrymple, 1960) for regional analysis. The first two 
reports were based on data collected mostly on large 
streams. Randolph and Gamble (1976) used log-Pearson 
Type III methods as described in U.S. Water Resources

Council, Bulletin 17 (1976) for at-site frequency analysis 
and ordinary least-squares regression for regional analy­ 
sis. This report uses log-Pearson Type III methods as 
recommended by the Interagency Advisory Committee on 
Water Data, Bulletin 17B (1982) for at-site frequency 
analysis and generalized least-squares regression for 
regional analysis. This report uses 16 years of additional 
data and additional sites representing a larger variety of 
stream types and sizes as compared to Randolph and 
Gamble (1976).

The purpose of this report is to update previous flood- 
frequency reports for Tennessee by providing methods of 
estimating the magnitude of floods for selected recurrence 
intervals based on the most recent techniques and data 
available. The scope of the report is statewide. Data for 
some streams near Tennessee in adjacent states were 
incorporated into the analysis.

The report is the result of a cooperative agreement 
between the U.S. Geological Survey (USGS) and the 
Tennessee Department of Transportation (TDOT). It is 
based on gaging-station data collected and published by 
the USGS for many years as part of cooperative programs 
with various Federal, State, and municipal agencies, 
principally the U.S. Army Corps of Engineers (Nashville 
District), Tennessee Valley Authority (TVA), Tennessee 
Department of Environment and Conservation, and 
TDOT. Data at several sites collected and published by 
the TVA and the U.S. Army Corps of Engineers (Mem­ 
phis District) also were used.

Description of the Study Area

Tennessee has diverse topography ranging from the 
Great Smoky Mountains in the east to the Coastal Plain in 
the west. Parts of eight physiographic provinces (Blue 
Ridge, Valley and Ridge, Cumberland Plateau, Sequatchie 
Valley, Central Basin, Highland Rim, Western Valley, 
and Coastal Plain) are present in Tennessee (Fenneman, 
1946; Raisz, 1954; and Miller, 1974) (fig. 1). Elevations 
range from about 300 feet in the Coastal Plain of West
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Tennessee to about 6,600 feet in the Blue Ridge province 
in East Tennessee. Average annual precipitation ranges 
from about 47 inches in the west to 80 inches in the 
mountains in the east, and averages about 48 inches I 
statewide (U.S. Geological Survey, 1986). Streams in the 
Coastal Plain generally have sustained flows during dry . 
periods while those on the Cumberland Plateau often go | 
dry. Many streams in the Central Basin also go dryl 
during long periods of no rainfall. Streams in the Blue 
Ridge, Valley and Ridge, and Highland Rim have sus­ 
tained flows that vary between these extremes.

Average annual runoff varies from approximately 18 
to 40 inches (U.S. Geological Survey, 1986). This 
variation is caused by seasonal precipitation patterns and 
the varied geography and geology of Tennessee. Evapo- 
transpiration averages about 30 inches per year in Tennes-,1 
see (Tennessee Department of Conservation and Com­ 
merce, 1961).

Data Used in the Analysis

This study is based on streamflow data collected 
through 1986 from 304 gaging stations operated for 10 or 
more years. Of these, 223 are located within Tennessee 
and 81 are located in adjacent States near the Tennessee 
boundary. The streamflow records used were not signifi­ 
cantly affected by manmade changes to the natural 
character of the stream. Records from streams that have 
been significantly affected by urbanization, channel 
dredging, or regulation from manmade controls were not 
used in this study.

FLOOD-FREQUENCY ANALYSIS AT GAGING 
STATIONS

A flood-frequency relation for a stream where 
gaging-station data are available can be defined by fitting 
the array of annual peak discharges (largest instantaneous 
discharge for each year) to a theoretical frequency 
distribution. The Interagency Advisory Committee on 
Water Data (1982) has recommended a uniform technique 
for determining flood-flow frequencies by fitting the 
logarithms of the annual peak discharges to a Pearson 
Type III distribution and has described these calculations 
in detail. This technique is now generally accepted by 
most Federal and State agencies and is referred to as the 
log-Pearson Type III frequency analysis. The logarithms 
of annual peak discharges for each gaging station used in 
this study were fitted to the Pearson Type III distribution 
(Interagency Advisory Committee on Water Data, 1982)..

4 Flood frequency of ctreemc in rural becin* of Tennecce*

Peak discharges for recurrence intervals of 2, 5, 10, 25, 
50, 100, and 500 years were determined for each gaging 
station (table 1). For those streams where regulation now 
exists, the discharge values presented are based on data 
collected prior to regulation.

A flood-frequency curve is the relation of flood-peak 
magnitude to probability of exceedance or recurrence 
interval. Probability of exceedance is the chance of a 
given flood magnitude being exceeded in any 1 year. A 
5-year flood, for example, has the probability of 0.2 (or 
20-percent chance) of being exceeded in any given year. 
Recurrence interval is the reciprocal of probability of 
exceedance and is the average number of years between 
exceedances for a long period of record. Recurrence 
interval, or average return period, does not mean floods 
occur at uniformly spaced intervals. For example, a 
5-year flood is expected to be exceeded on the average of 
once in 5 years, or 20 times in 100 years. However, a 
flood of this magnitude can be exceeded more than once 
in the same year, or can occur in consecutive years.

REGIONAL FLOOD-FREQUENCY ANALYSIS

Peak discharges were computed from station fre­ 
quency curves for selected recurrence intervals. They 
were related to basin and climatic characteristics using 
linear . multiple-regression techniques and generalized 
least-squares (GLS) regression analysis. These techniques 
yield equations that can be used to estimate the peak 
discharge at an ungaged site based on the basin character­ 
istics of that site. The multiple-regression analysis 
determined basin and climatic characteristics which were 
statistically significant in estimating peak discharge and 
therefore warranted inclusion in the estimating equations 
defined by GLS. The basin and climatic characteristics 
tested for significance in the multiple-regression analysis 
were as follows:

  Contributing drainage area (A), in square miles, is the 
rea that contributes directly to surface runoff.are

Main channel slope (S), in feet per mile, measured at 
points 10 and 85 percent of the stream length up­ 
stream from the gage.

Stream length (L), in miles, measured along stream 
channel from gage to basin divide.

Mean basin elevation (E), in feet above sea level, 
measured from topographic maps by transparent
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grid-sampling method (20 to 80 points in basin were 
sampled).

  Storage (ST), area of lakes, ponds, and swamps in 
percent of contributing drainage area, measured by 
the transparent grid-sampling method.

  Precipitation (P), mean annual precipitation, in inches, 
for period 1935-64 from unpublished map prepared 
by TVA and based on data published in "Precipita­ 
tion in Tennessee River Basin" by TVA, an annual 
series.

  24-hour, 2-year rainfall (I), in inches, from U.S. 
Department of Commerce (1961).

Ordinary Least-Squares Regression Analysis

The multiple-regression analysis required several steps 
to define the best predictive equations. Initially, peak- 
discharge data from all gaging stations were regressed 
against their basin and climatic characteristics using 
ordinary least-squares regression techniques. This yielded 
an equation whose standard error was considered unac- 
ceptably large for reliable estimates of peak discharge. 
Residuals, in log units, for each gaging station from this 
regression were plotted on a map of Tennessee. A 
residual is equal to the log of the actual discharge ob­ 
tained from the station frequency curve minus the log of 
the discharge computed from the regression equation. 
The residuals plot was inspected for geographic trends 
indicating potential regional groupings of gaging stations. 
Several regional groupings of gaging stations and combi­ 
nations of basin characteristics were investigated in order 
to improve the accuracy of the estimating equations.

The ordinary least-squares (OLS) regression and 
regional analyses indicated that four regional groupings 
(fig. 1) provided the most accurate estimating equations. 
The boundaries of the four areas approximately coincide 
with some of the physiographic province boundaries that 
occur within Tennessee.

The Wilcoxon Signed Ranks Test (Tasker, 1982) was 
used to test the statistical significance of the regional 
clustering of the regression residuals compared to the 
whole-sample group for the State. The test results 
showed that each regional boundary was statistically 
different from the whole-sample group at the 5-percent 
level of significance.
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Of the basin characteristics found to be significant for 
use in the estimating equations for each region, contrib­ 
uting drainage area was the only variable within each 
region ttyat proved to be a consistent predictor of peak 
flows associated with recurrence intervals ranging from 2 
through 500 years (table 2). The standard error of the 
estimate, which represents a measure of how well the 
experienced flood peaks agree with those computed by the 
regression equations, was used as a measure of the 
prediction accuracy. In table 2, the highest standard error 
means that the variable was chosen first as the most 
significait explanatory variable in the regression. The 
next hig lest standard error in each category (region and 
recurrence interval) represents the explanatory variable 
which Was the second most significant variable. The 
difference in the first and second highest standard errors 
in each Category reflects the improvement by the addition 
of the n$w variable.

Table 2. Standard error of estimate for regional (ordinary least- 
squares) ! regression equations using basin characteristics 
having a 5-percent level of significance

[Variables tabulated in decreasing order of significance; A, contributing 
drainage area, in square miles; I, 24-hour, 2-year rainfall, in inches; P, mean 
annual precipitation, in inches; E, mean basin elevation, in feet above sea level; 
S, main channel slope, in feet per mile; and ST, storage, in percent of 
contributing drainage area]

Hydro- 
logic 
area Vari

1

2

3

4

Recurrence interval
2- 

able year

A 44
I **
P
E
S

A
Sr

I

A
P

A
S

40
39
38

28
P 26

24

36
35

29
28

4

5- 
year

43 6
40.3

3
8
4

5
8
9

6
4

7
2

39
**
**

23
22
20

35
**

30
32

8

7
1
4

2

4
3

10- 
year

43.8
41.3
**
**
**

24.4
21.8
**

35.4
**

32.3
**

25- 
year

45
43
**
**
**

27
25
**

36
**

35
**

.3

.6

.8

.6

.9

.9

50- 
year

47.1
45.6
**
**
**

30.9
29.0
**

38.4
**

38.8
**

100- 
year

49.2
48.1
**
**
**

34.0
32.3
**

40.1
**

41.9
**

500- 
year

49.7
**
**
**
**

55.7
**
**

42.6
**

44.6
**

** Variable does not meet 5-percent level of significance test.

Generalized Least-Squares Regression Analysis

Generalized least-squares regression analysis was 
performed on the regional groupings of gaging stations



identified by ordinary least-squares regression. Gener­ 
alized least-squares regression is used to determine the 
final regional equations because the technique contains an 
algorithm that accounts for the error inherent in two 
assumptions necessary when ordinary least-squares 
regression is used to estimate streamflow characteristics. 
The two assumptions required when ordinary least-squares 
regression is used to estimate streamflow characteristics 
are: (1) the estimates of peak discharges from site-to-site 
have a constant variance, and (2) the site-to-site stream- 
flow data are statistically independent. Both assumptions 
are commonly violated because the standard errors 
associated with the estimates of peak discharges vary 
depending on the length of observed record, and because 
the site-to-site concurrent streamflow data are often 
correlated because they are caused by the same climatic 
events.

Stedinger and Tasker (1985, 1986) have shown that 
generalized least-squares regression is superior to ordi­ 
nary least-squares regression in accounting for the 
unequal variance of streamflow characteristics and cross- 
correlated flows for nearby sites. Generalized least- 
squares procedures use a weighting matrix to ensure that 
sites in the data set are weighted proportionally to the 
accuracy of the estimate of the peak discharges and the 
cross correlation of these events. Possible cross-correla­ 
tion of streamflow data is included in the weighting 
matrix as a function of distance between gaged sites. 
Tasker and Stedinger (1989) describe the operational GLS 
model that was used in this analysis.

The accuracy of the regression equations is expressed 
in two ways: (1) standard error of prediction and (2) 
equivalent years of record (table 3). The standard error 
of prediction is partitioned into model error and sampling 
error. Model error is the error associated with assuming 
an incomplete model form for the prediction equations. 
Model error cannot be reduced by additional data-collec­ 
tion activities. Sampling error includes both time- and 
spatial-sampling errors and usually is reduced as more 
data become available through additional data collection.

Hardison (1971) describes a method of expressing the 
errors associated with predicting streamflow characteris­ 
tics as equivalent years of record. Equivalent years of 
record is defined as the number of years of actual stream- 
flow records needed to provide an estimate of equivalent 
accuracy to the regression equation estimate.

Prediction errors (table 3) are a measure of how well 
the regression model, or estimating equations, will 
perform when applied to ungaged sites. Prediction error

provides a more accurate estimate of the predictive error 
of the estimating equations than the standard error of 
estimate (measure of how well actual flood peaks agree 
with those computed by the regression equations) shown 
in previous flood-frequency publications for Tennessee. 
This occurs because the weighting matrix in the general­ 
ized least-squares algorithm quantifies sampling error in 
addition to model error. A comparison of the standard 
error of prediction shown in table 3 to the standard error

Table 3. Summary of generalized least-squares regression 
equations

[Q, peak discharge in cubic feet per second; <, less than; A, contributing 
drainage area]

Recurrence 
interval 
(years)

Standard error 
of prediction 

Equation (percent)

Equivalent 
years of 
record

Hydrologic area 1
2
5

10
25
50

100
500

Q
Q
Q
Q
Q
Q
Q

= 118A0-753
= 198A0-736
= 259A0-727
= 344A0-717
= 413A0-711
= 493A0'703
= 670A0'694

44
43
44
44
45
46
48

<2
2
3
4
5
6
7

Hydrologic area 2
2
5

10
25
50

100
500

Q
Q
Q
Q
Q
Q
Q

= 222A0'722
= 382A0-708
= 502A0'703
= 668A0'697
= 800A0'694
= 938A0-690
= 1,282A°'682

35
32
32
34
36
37
41

5
9

12
13
13
13
13

Hydrologic area 3
2
5

10
25
50

100
500

Q
Q
Q
Q
Q
Q
Q

= 353A0-682
= 562A0-678
= 716A0'676
= 924A0'673
= i.oseA0-672
= 1,253 A0'670
= 1.656A0-666

41
39
39
40
41
42
44

2
3
5
6
7
8
8

Hydrologic area 4
2
5

10
25
50

100
500

Q
Q
Q
Q
Q
Q
Q

= 411 A0-523
= 556A0-550
= 648A°-*°
= 757A0-577
= 833A0-5*5
= 905A0-595
= 1,063 A0'612

37
36
38
40
42
44
48

3
4
5
5
5
5
5
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of the estimate reported in the previous flood-frequency 
publication (Randolph and Gamble, 1976) could mislead 
the user into the false assumption that the previous equa­ 
tions produce a more accurate prediction. However, 
standard errors of estimate (table 2) can be compared with 
those shown in previous reports.

Generalized least-squares regression analysis was 
used to produce the final regression equations for this 
report (table 3). These equations can be used to estimate 
peak discharges for the indicated recurrence intervals for 
ungaged streams in Tennessee.

METHODS OF ESTIMATING FLOOD FREQUENCY

Methods for estimating peak discharges at desired 
sites vary depending on the amount of data available 
at the site. Methods are presented in the following 
sections that describe procedures in the order of expected 
reliability.

Gaged Sites

Flood estimates at gaged sites can best be determined 
by a combined use of the gaging-station frequency curve 
and the regression equations. The recommended proce­ 
dure (Interagency Advisory Committee on Water Data, 
1982) is to compute the discharge for the desired recur­ 
rence interval by weighting the station value and the 
regression value. The weighted value is based on length 
of record of the observed station data (table 1) and 
equivalent years of record for the regression value as 
determined from table 3. The equation below is used to 
compute the weighted value:

log Qw =
Gog (i)(N,) + (log

(1)
N, + N,

where

Qw is the weighted station discharge,
Q, is the station discharge from the gaging station

frequency curve, 
Qr is the regression discharge, 
N, is the number of years of gage record used to

compute Q,, and 
NB is the equivalent years of record for Qr from

table 3.

Discharges as defined by the station frequency curve 
and regionally weighted discharges for selected recurrence
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intervals have been determined for each gaging station 
used in the analysis (table 1). The weighted values shown 
in the second line for each station are recommended for 
design purposes at gaged sites.

Ungaged Sites

For computing discharges at ungaged sites, a hierar- 
chal system of methods should be used (table 4). This 
hierarchy of methods is based on the location of the 
desired site with respect to gaging stations (flood-frequen­ 
cy information based on observed data). The methods
referred

Table 4.
ungaged

to in table 4 are described below.

Hierarchy of discharge computation methods for 
;ites

equal to or less than; >, greater than]

METHOD A Desired site is located between two gages and the ratio 
of the drainage area size of the two gages is

Drainage area of downstream gage

Drainage area of upstream gage

METHOD B Desired site is located between two gages and the ratio 
of the drainage area size of the two gages is

Drainage area of downstream gage 

Drainage area of upstream gage
> 3

or

The desired site is relatively near a gaging station on 
the same stream and the drainage area is within 
50 percent of the gage drainage area

REGRESSION Desired site drainage area is not within 50 percent 
EQUATION of drainage area for a gaged site

or

METHOE

No gage is available

Desired site is on a stream which crosses a hydrologic 
area boundary or a state line

Method A

When flood magnitudes are desired between two 
gages on the same stream, select the regionally weighted 
discharge for the desired recurrence interval (table 1) for



each gage. Estimate discharge at the site of interest by 
interpolation on the basis of contributing drainage area. 
Interpolation can be done by plotting discharge and 
contributing drainage area on logarithmic paper for the 
two gaged sites and connecting the points with a straight 
line. Enter the straight-line relation with the value of the 
contributing drainage area for the site of interest and 
select corresponding discharge. If the contributing drain­ 
age area at the downstream gage is more than three times 
that at the upstream gage, use the procedure described in 
the next paragraph or the regression equations.

Method B

Flood discharges estimates for a desired recurrence 
interval for sites which: (1) are located between two 
gages or (2) are located relatively near a gaging station on 
the same stream can be calculated by a combined use of 
the weighted station data (table 1) and the regression 
equations (table 3). Method B should be used for condi­ 
tion 1 described above if the drainage area of the down­ 
stream gage divided by the drainage area of the upstream 
gage is greater than 3. In this case, only data for the 
gage nearest in drainage area size to the site of interest 
should be used. Furthermore, the drainage areas of the 
nearest gage and the site of interest should be within 
50 percent. For condition 2 described above, the drain­ 
age areas of the gage and the site of interest should be 
within 50 percent.

The calculation procedure for this method involves 
transferring the weighted station discharge value from 
table 1 upstream or downstream and weighting the result 
with the regression discharge computed using table 3. 
The weighted station value can be transferred upstream or 
downstream by the equation,

(2)

and a weighted value at the ungaged site can be calculated 
by the equation,

(3)

where

Qw is the weighted station value from table 1; 
Q' w is the weighted station discharge from table 1, 

transferred upstream or downstream to the 
ungaged site, defined by equation 2; 

Q" w is the final weighted discharge at the ungaged
site;

Qr is the regression discharge at the ungaged site; 
Au is the drainage area of the ungaged site; 
A, is the drainage area of the gaged site; 

AA is the absolute difference between AB and As;
and

b is the regression coefficient (exponent) of drainage 
area of the gaged site from table 3.

If the drainage area for the ungaged site lies within 
more than one hydrologic area, use method C for compu­ 
tation of Qr in equation 3.

Method C

In some cases, streams cross hydrologic area bound­ 
aries. For a site downstream from this crossing, compute 
the desired discharge as if the total drainage area lies in 
each hydrologic area and weight the discharges on per­ 
centage of drainage area in each hydrologic area. This 
same procedure can also be used at sites on streams that 
cross state lines where different estimating techniques 
apply.

In summary, suggested procedures for estimating 
peak discharges for selected recurrence intervals at a 
desired site are as follows:

1. Determine that the stream is not appreciably affected 
by manmade changes.

2. From figure 1 determine hydrologic area in which the 
site is located.

3. Search for stream-gaging information at the site using 
figure 1 and table 1.

4. Search for stream-gaging information for nearby sites 
on the same stream.

5. Measure the contributing drainage area, in square 
miles, from the best map available.

6. Estimate desired discharges using method A, B, C, or 
the appropriate regression equations.
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Computation Examples

Example 1:

Assume the discharge is desired for a flood with a 
recurrence interval of 50 years at the ungaged site, 
Buffalo River at Natchez Trace (Lewis County). Desired 
site does not meet criteria from table 4, method A, B, or 
C, therefore, use regression formulas in table 3.

From figure 1, site is in hydrologic area 2.

From table 3, the equation to use is: 
Q50 = 800 A0694 .

From 7 1 /2-minute topographic maps, the drainage 
area is 99.8 mi2 .

Final equation is: Q50 = 800 (99.8)0694 = 19,500 
cubic feet per second.

Example 2:

The discharge for a flood with a recurrence interval 
of 50 years is desired for an ungaged site on Collins 
River upstream from Hills Creek. The drainage area at 
the site is 232 mi2 of which 175 mi2 (75 percent) lies in 
hydrologic area 1 and 57 mi2 (25 percent) lies in hydro- 
logic area 2. Desired site does not meet criteria for 
methods A or B (table 4), but does meet method C 
criteria. The 50-year flood discharge should be computed 
using the equations for both hydrologic areas 1 and 2 
from table 3 for 232 mi2 . The final discharge is a 
weighted value based on percent of drainage area in each 
hydrologic area.

From table 3, the equation to use for hydrologic 
area 1 is: Q50 = 413 A0- 711 .

For hydrologic area 2: Q50 = 800 A0- 694 .

Final equations adjusted for drainage area in each 
hydrologic area are:

For area 1, Q50(l) = 413 (232)°-711x 0.75 = 14,900 
cubic feet per second;

For area 2, Q50(2) = 800 (232)<xe94x 0.25 = 8,760 
cubic feet per second.

Final Q50 = 23,660 cubic feet per second. 

Use Q50 = 23,700 cubic feet per second.
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Example 3:

The discharge for a flood with a recurrence interval 
of 50 years is desired for a site on Piney River upstream 
from the gaging station at Vernon (03602500). The site 
is in hydrologic area 2 and has a drainage area of 
160 mi2 . The drainage area of Piney River at the gage is 
193 mi2 . Because the drainage area at the site is within 
50 percent of that at the gaged site, the criteria for 
method B, table 4, is satisfied and should be followed.

From table 3, the equation to use is: 
= 800 (A)° «.Q50

At the site Q, = 800(160)ae94 = 27, 100 cubic feet per 
second.

From table 1, the 50-year weighted discharge, Qw, 
the gaging station near Vernon is 36,700 cubic 

f Jet per second. This discharge is transferred up­ 
stream to the site by the equation:

Q'w = (160/193)0694 (36,700) = 32,200 cubic 
feet per second

The equation for the final discharge is:

= =

Final 50-year peak discharge is:

Q" w = (2(42)/193)(27,100)
+ (1 - (2(42)/193))(32,200)

= 29,980 cubic feet per second.

Accuracy and Limitations of Flood-Frequency 
Estimates

The regression equations are known to be applicable 
only within the range of drainage basin size in the sample 
used in the analysis. Reliability of the equations for 
estimating discharges at sites outside the sample range is 
unknown. Consequently, the regression equations might
only be
sizes fal within the following ranges:

reliable for streams in Tennessee whose basin



Hydrologic area 1 
Hydrologic area 2 
Hydrologic area 3 
Hydrologic area 4

0.36 to 21,400 mi2 
0.47 to 707 mi2 
0.03 to 892 mi2 
0.76 to 2,308 mi2

The degree of regulation of streams in Tennessee has 
varied from the negligible effect of the grist mill dams of 
the early settlers to nearly complete regulation of most 
major streams at present (1992). The methods for 
estimating peak discharges described in this report are not 
applicable to streams downstream of reservoirs. Major 
dams, streams affected, and date of closure are listed 
below:

Dam Streams affected Date of 
closure

Wolf Creek ....... Cumberland ............. 1959
Dale Hollow ...... Obey, Cumberland ........ 1943
Cordell Hull ...... Cumberland ............. 1967
Center Hill ....... Caney Fork, Cumberland .... 1948
Old Hickory ...... Cumberland ............. 1954
J. Percy Priest ..... Stones, Cumberland ........ 1967
Douglas ......... French Broad, Tennessee..... 1943
South Holston ..... South Fork Holston, Holston,

Tennessee............. 1950
Watauga ......... Watauga, South Fork Holston,

Holston, Tennessee ....... 1948
Cherokee ........ Tennessee .............. 1941
Fort Loudon ...... Tennessee .............. 1943
Fontana ......... Little Tennessee, Tennessee . . . 1944
Tellico .......... Little Tennessee, Tennessee . . . 1979
Norris .......... Clinch, Tennessee ......... 1936
Melton Hill ....... Clinch, Tennessee ......... 1963
Watts Bar ........ Tennessee .............. 1942
Chatuge ......... Hiwassee, Tennessee ....... 1942
Nottely .......... Nottely, Hiwassee, Tennessee . . 1942
Hiwassee ........ Hiwassee, Tennessee ....... 1940
Chickamauga ...... Tennessee .............. 1940
Nickajack ........ Tennessee .............. 1967
Elk River ........ Elk, Tennessee ........... 1952
Tims Ford ........ Elk, Tennessee ........... 1970
Wheeler ......... Tennessee .............. 1936
Pickwick Landing . . . Tennessee .............. 1938
Normandy ........ Duck, Tennessee .......... 1976
Kentucky ........ Tennessee .............. 1944

Flood-frequency data for most of the streams listed 
can be obtained either from the U.S. Army Corps of 
Engineers (Nashville District) for streams in the Cumber­ 
land River basin or from the Tennessee Valley Authority 
for streams in the Tennessee River basin. In addition to 
regulation on major streams, flood characteristics in 
several small basins across the State have been altered by 
Soil Conservation Service watershed projects. Infor­ 
mation concerning the location of these projects can be 
obtained from that agency.

In West Tennessee, construction of levees and 
dredging of the low-water channels have undoubtedly 
affected flood flows. The effect of this work cannot be 
evaluated quantitatively since most of the work was done 
before streamflow records were collected systematically 
or was done on streams where little or no streamflow 
records are available.

The user is cautioned to look for manmade changes 
in the basin upstream from the site where an estimate is 
to be made. Reservoirs, urban development, levees, 
channel improvements, and transfer of flows between 
basins for such purposes as storage, water supply, 
irrigation, hydroelectric plants, and storm drainage might 
alter flood flows.

MISCELLANEOUS FLOOD DISCHARGE 
INFORMATION

Flood records covering various periods of time have 
been collected at gaging stations in Tennessee. Data for 
maximum known flood at these gaging stations (table 5) 
might be of interest to the user of this report as a compar­ 
ison to calculated peak discharges for various recurrence 
intervals.

Flood-discharge measurements have been made at a 
number of miscellaneous sites since publication of the last 
(1976) flood-frequency report for Tennessee. Miscella­ 
neous measurements of flood flow are usually made when 
a notable flood occurs at a site where a stream gage does 
not exist. The discharge information (table 6) is a 
compilation of all the miscellaneous measurements since 
1972 in the U.S. Geological Survey Water Resources 
Data for Tennessee, published annually. It is intended to 
supplement the miscellaneous peak-discharge information 
compiled in the previous (1976) flood-frequency report.

Miscellaneous flood discharge information 23
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oô

1
or

S

^

^O
^/
ro

0) 
ID"3
a.
u
ID

2!

1
u g
ID

|

8o
in* 
ro

0
co

s

s
in
CM

g

N

Z

ro
*Q*v

."*

H- 

1_

a u.
4-> 
ID

O
Ik

§
0) 

Z
1_ 
ID

g

1
ro

^
co

Miscellaneous flood discharge information 33



g 3 g. 
Ta

bl
e 

5.
 
Ma
xi
mu
m 
kn

ow
n 

di
sc
ha
rg
es
 a

t 
ga

gi
ng

 s
ta
ti
on
s 

in
 T
en

ne
ss

ee
-C

on
ti

nu
ed

 
3"  o
 

[f
tV
s,
 c
ub

ic
 f
ee
t 
pe

r 
se
co
nd
; 
ft

Vs
^m

i1
),

 c
ub
ic
 f
ee

t 
pe

r 
se

co
nd

 p
er

 s
qu
ar
e 
mi
le
; 
mi

1, 
sq
ua
re
 m
il
es
; 
-,
 n
o 

da
ta
]

5 
_;  
 -

- 
  

. 
.- 

...
_ 

-  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 -  
 
 
 
 
 
 
 
 
 
 
 
 
 

o 
Ma

p
m 

no

i i 3

Co
nt

ri
bu

ti
ng

St
at
io
n 

St
at

io
n 

na
me

no
.

dr
ai

na
ge

ar
ea

(m
l

1)
Ye
ar
s 

of
re

co
rd

c 
Hy
dr
o 
lo

gi
c 

ar
ea

8. 2"
 

18
2

8.
 

2 
18

3
s. H 

18
4

f 
18

5
S 

18
6

18
7

18
8

18
9

19
0

19
1

19
2

19
3

19
4

19
5

19
6

19
7

35
97
30
0 

Wa
rt

 r
ac
e 
Cr
ee
k 

ab
ov
e 

Be
ll

 
Bu

ck
le

35
97
45
0 

Ke
ll

y 
Cr
ee
k 

tr
ib

ut
ar

y 
ne

ar
 B

el
l

Bu
ck
le
.

35
97
50
0 

Wa
r t

ra
ce

 C
re
ek
 a

t 
Be
ll
 
Bu

ck
le

35
98
20
0 

We
ak

ly
 C

re
ek
 n

ea
r 

Ro
ve

r

35
99
00
0 

Bi
g 

Ro
ck
 C

re
ek

 a
t 

Le
wl
sb
ur
g

35
99
20
0 

Ea
st
 R

oc
k 

Cr
ee

k 
at
 
Fa
rm
in
gt
on

35
99
40
0 

Li
tt

le
 F

la
t 

Cr
ee

k 
tr

ib
ut

ar
y 

ne
ar

 
Ra

ll
y 

Hi
ll
.

36
00
00
0 

Ru
th

er
fo

rd
 C

re
ek

 n
ea

r 
Ca
rt
er
s 

Cr
ee
k

36
00
50
0 

Bi
g 

Bi
gb
y 

Cr
ee
k 

at
 S

an
dy
 H

oo
k

35
94

41
5 

Be
ec

h 
Ri

ve
r 

ne
ar

 L
ex

in
gt

on

35
94
43
0 

Ha
rm
on
 C

re
ek
 n

ea
r 

Le
xi
ng
to
n

35
94

43
5 

Pi
ne

y 
Cr

ee
k 

at
 
Hi

gh
wa
y 

10
4 

ne
ar

Le
xi

ng
to

n.
36
06
50
0 

Bi
g 

Sa
nd
y 
Ri

ve
r 

at
 B

ru
ce
to
n

70
24
30
0 

Be
av
er
 C

re
ek

 a
t 

Hu
nt
in
gd
on

70
24
50
0 

So
ut

h 
Fo
rk
 O

bi
 o
n 

Ri
ve

r 
ne

ar
Gr
ee
nf
le
ld
.

70
25
00
0 

Ru
th

er
fo

rd
 F

or
k 

Ob
i 
on

 R
iv
er
 n

ea
r

4.
99

0.
73

16
.3 9.
46

24
.9

43
.1 0.
63

68
.8

17
.5

15
.9 6.
87

19
.2

20
5 55
.5

38
3

20
1

21 10 29 29 15 33 21 15 32

Hy
dr
o 
lo
gi
c

11 18 17 57 32 57 28

Da
te

3-
 -
Co

nt
in

ue
d

03
/1

5/
19

73

01
/0

3/
19

82

03
/2
1/
19
55

03
/1

5/
19

73

03
/2
1/
19
55

12
/0

9/
19

66

04
/0

3/
19

74
"

03
/2
2/
19
55

03
/1

5/
19

73

Ar
ea

 4

01
/2
9/
19

56

04
/0

1/
19

70

02
/1
4/
19

59

03
/-
-/
18

97

09
/0

9/
19

70

01
/2
2/
19

37

01
/2
2/
19

37

Ma
xi

mu
m 

kn
ow
n 
di

sc
ha

rg
e

Pe
ak
 d

is
ch
ar
ge

<
f
t
'
/
8
)

3,
22

0

66
7

8,
24

0

5,
38

0

16
,7
00

13
,7

00
 
 
 
 
 
 
 
 
 
 53

0  
 
 
 
 
 

11
,8

00

7,
70

0

1,
70
0

1,
00
0

2,
44

0

25
,0

00

8,
35

0

25
,6
00

9,
73

0

Un
it

 d
is
ch
ar
ge

[f
t3
/8

/(
m1

f)
l

64
5

91
4

50
6

56
9

67
1

31
8

 
 
 
 
 
 84

1  
 
 
 
 
 
 
 
 
 
 

17
2

44
0

10
7

14
6

12
7

12
2

15
0 66
.8

48
.4

B
ra

df
or

d.



T
ab

le
 5

. 
M

a
xi

m
u

m
 k

n
o
w

n
 d

is
ch

a
rg

e
s 

a
t 

g
a
g
in

g
 s

ta
tio

n
s 

in
 T

e
n
n
e
ss

e
e
-C

o
n
tin

u
e
d
 

[ft
*/

s,
 c

ub
ic

 fe
et

 p
er

 s
ec

on
d;

 f
t*

/s
/(m

i*)
, 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d 
pe

r 
sq

ua
re

 m
ile

; 
m

i*,
 s

qu
ar

e 
m

ile
s;

  
, 

no
 d

at
a]

Ma
p 

no
.

St
at

io
n 

St
at
io
n 
na
me
 

no
.

Co
nt
ri
bu
ti
ng
 

dr
ai

na
ge

 
ar

ea
 

Ye
ar

s 
of
 

(m
i*

) 
re
co
rd

Hy
dr

o l
og
ic
 a

re
a

2 8*
 

8 I § 6" 2. Q. 8* §- e» a 1! o i a e. s

19
8

19
9

20
0

20
1

20
2

20
3

20
4

20
5

20
6

20
7

20
8

20
9

21
0

21
1

21
2

21
3

21
4

21
5

70
25
50
0 

No
rt
h 

Fo
rk
 O
b i

on
 R

iv
er
 n

ea
r 
Un
io
n

Ci
ty
.

70
26
00
0 

Ob
i o

n 
Ri
ve
r 

at
 O

bi
 o
n

70
26
50
0 

Re
el

 f
oo

t 
Cr
ee
k 

ne
ar
 S

am
bu

rg

70
27
50
0 

So
ut

h 
Fo

rk
 F

or
ke
d 
De
er
 R

iv
er
 a

t
Ja

ck
so

n.
70

27
80

0 
So

ut
h 

Fo
rk

 F
or
ke
d 
De
er
 R

iv
er
 n

ea
r

Ga
te

s.
70
28
00
0 

So
ut

h 
Fo
rk
 F

or
ke
d 
De
er
 R

iv
er
 a

t
Ch
es
tn
ut
 B

lu
ff

.
70
28
50
0 

No
rt

h 
Fo

rk
 F

or
ke
d 
De
er
 R

iv
er
 a

t
Tr

en
to

n.
70
28
60
0 

Ca
in
 C

re
ek
 t

ri
bu

ta
ry

 n
ea
r 

Tr
en
to
n

70
28
70
0 

Ca
in

 C
re
ek
 n
ea
r 

Tr
en
to
n

70
28
90
0 
Mi
dd
le
 F

or
k 

Fo
rk
ed
 D
ee
r 

Ri
ve
r 
ne

ar
Sp
ri
ng
 C

re
ek

.
70

28
94

0 
Tu
rk
ey
 C
re
ek
 n

ea
r 
Me

di
na

70
29
00
0 

Mi
dd
le
 F

or
k 

Fo
rk
ed
 D
ee
r 

Ri
ve
r 

ne
ar

Al
am

o.
70
29
05
0 

Na
sh

 C
re
ek
 n
ea
r 

Ti
gr
et
t

70
29

09
0 

Le
wi

s 
Cr
ee
k 
ne
ar
 D
ye

rs
bu

rg

70
29

10
0 

No
rt

h 
Fo

rk
 F

or
ke
d 
De
er
 R

iv
er
 a

t
Dy

er
sb

ur
g.

70
29

27
5 

Ha
tc
hi
e 

Ri
ve
r 

ne
ar

 P
oc

ah
on

ta
s

70
29

37
0 

Cy
pr
es
s 

Cr
ee
k 

at
 S

el
me
r

70
29
40
0 

Ha
tc

hi
e 

Ri
ve
r 

at
 P

oc
ah
on
ta
s

48
0

1,
85

2

11
0

49
5

93
2

1,
00

3 73
.5 0.
95

14
.4

88
.2 7.
87

36
9 7.

23

25
.5

93
9

31
0 44
.1

83
7

41 49 22 44 24 28 21 30 32 24 15 44 24 30 34 12 21 35

Ma
xi

mu
m 

kn
ow
n 
di

sc
ha

rg
e

Da
te

4-
 -
Co
nt
in
ue
d

01
/2

2/
19

37

01
/2
4/
19
37

06
/1

3/
19

70

01
/2

1/
19

35

03
/1
6/
19
75

01
/2
2/
19
35

09
/1

3/
19

82

09
/1
3/
19
82

09
/1
3/
19
82

01
/2
1/
19
73

09
/1
3/
19
82

01
/3

0/
19

56

09
/0

5/
19

70

03
/0
9/
19
64

11
/2
0/
19
57

02
/1
4/
19
48

03
/1

2/
19

75

02
/1

4/
19

48

Pe
ak

 d
is

ch
ar

ge
 

(f
t'

/s
)

49
,2

00

99
,5
00

16
,6

00

43
,6

00

35
,3

00

45
,0

00 --

1,
33

0

15
,6
00

16
,2
00  -

34
,3

00

2,
03

0

5,
45
0

22
,4

00

21
,9
00

6,
55
0

47
,6

00

Un
it
 d

is
ch

ar
ge

 
[f
t'
/s
/d
ni

1)
]

10
3 53
.7

15
1 88
.1

37
.9

44
.9

--

1,
40
0

1,
08

3

18
4 -- 93
.0

28
1

21
4 23
.8

70
.6

14
9 56
.9

w



3 o g. _f
c 3 c 3 S a 3 n 3 5* 2 2. tr
 

 5* a H 3 | s

T
ab

le
 5

. 
M

ax
im

um
 k

no
w

n 
di

sc
ha

rg
es

 a
t 

ga
gi

ng
 s

ta
tio

ns
 i

n 
T

en
ne

ss
ee

-C
on

tin
ue

d

[ft
V

s,
 c

ub
ic

 f
ee

t p
er

 s
ec

on
d;

 f
tj/

s/
(m

ij)
, 

cu
bi

c 
fe

et
 p

er
 s

ec
on

d 
pe

r 
sq

ua
re

 m
ile

; 
m

i3,
 s

qu
ar

e 
m

ile
s;

  
 , 

no
 d

at
a]

C
o

n
tr

ib
u

tin
g

M
ap

no
.

S
ta

ti
o

n
n

o
.

S
ta

ti
o
n
 n

am
e

d
ra

in
a
g
e

a
re

a
(m

i1
)

Y
ea

rs
 
o
f

re
co

rd

H
yd

ro
 lo

g
ic

 a
re

a

21
6

21
7

21
8

21
9

22
0

22
1

 
 
 
 
 
 
 2

2
2
-

22
3

70
29

50
0

70
30

00
0

70
30

05
0

70
30

10
0

70
30

27
0

70
30

28
0

TO
SO

SO
O^

70
31

70
0

H
a
tc

h
ie

 
R

iv
e

r

H
a
tc

h
ie

 
R

iv
e

r

H
a
tc

h
ie

 
R

iv
e

r

C
an

e 
C

re
ek

 
a
t

a
t 

B
o

liv
a

r

n
e

a
r 

S
ta

n
to

n

a
t 

R
ia

lt
o

R
ip

le
y

C
le

a
r 

C
re

ek
 
n

e
a

r 
A

rl
in

g
to

n

L
o
o
sa

h
a
tc

h
ie

U
n
tf
 
B

iv
a
r 

a
t

W
w

 t
 

1  
 n
 1

 W
l  
 
  -

%

W
ol

f 
R

iv
e
r 

a
tR

iv
e

r 
a
t 

B
ru

n
sw

ic
k

R
o

ss
vi

 t
ic

R
a
le

ig
h

1
,4

8
0

1,
97

5

2
,3

0
8 3
3

.9

6
0
.5

50
5

50
3

77
1

56 29 38 14 29 37 42 37

M
ax

im
um

 k
no

w
n

d
is

ch
a

rg
e

P
ea

k 
d

is
ch

a
rg

e
D

at
e

4
- -

C
o

n
tin

u
e

d

0
3

/1
8

/1
9

7
3

0
1

/2
2

/1
9

3
5

0
1
/1

3
/1

9
4
6

0
7
/0

1
/1

9
8
9

0
3
/1

3
/1

9
7
5

0
1
/0

9
/1

9
4
6

0
1
/2

0
/1

9
3
5

0
1

/0
9

/1
9

4
6

(f
tV

s
)

6
1

,

5
9

,

55
,

6
,

5
,

3
9

,

4
0

,60
0

00
0

70
0

36
0

07
0

70
0

00
0

40
0

U
n

it
 
d

is
ch

a
rg

e
[f

t'
/s

/d
n

i*
)]

4
1

.

29
.

24
.

18
8 8
3

.

78
.

7
9

.

5
3

.6 9 1 8 6 5 7



Table 6. Peak discharge at miscellaneous sites in Tennessee 
since 1972

[mi2, square miles; ftYs, cubic feet per second]

Stream end place 
of determination

Drainage 
area 
(mi2)

Peak discharge 
Date (ff/s)

Hydrologic area 1

Emory River above Wartburg 49.2 May 28, 1973 15,500
Gallagher Creek at Friendsville 10.6 May 30, 1974 4,040
Soddy Creek at Soddy 49.0 Aug. 17, 1982 16,000
North Chickamauga Creek at Mile 74.0 Aug. 17, 1982 26,800

Straight.
Suck Creek at Chattanooga 22.6 Aug. 17, 1982 43,600
Running Water Creek at Whiteside 4.77 Aug. 17, 1982 8,790

Hydrologic area 2

Brimstone Creek near Robbins 
Moss Spring Hollow at Centerville 
Beaverdam Creek at Coble 
Cow Hollow Creek above Coble 
Lower Sinking Creek near Coble 
Wells Creek above Erin 
Erin Branch at Erin 
Wells Creek below Erin 
Red River near Portland

Hydrologic area 3

Smith Fork near Auburntown 
Mill Creek at Nolensville 
Mill Creek near Antioch 
Mill Creek at 1-40, at Nashville 
Little Harpeth River at Granny

White Pike at Brentwood. 
McCrory Creek at Ironwood Drive

at Donelson.
Hickman Creek at Hickman 33.3 
Mulherrin Creek near Gordonsville 26.9 
Peyton Creek below Pleasant Shade 27.4 
Peyton Creek at Riddleton 49.8 
Bradley Creek at Loftin 30.1 
Bushman Creek near Murfreesboro 10.5 
Bear Branch near Compton 2.26 Sept.

48.7 May 27, 1973
3.68 May 4, 1979

74.0 May 4, 1979
1.36 May 4, 1979
2.45 May 4, 1979

19.1 June 6, 1981
7.42 June 6, 1981

32.0 June 6, 1981
15.1 June 10, 1981

6,540
1,930

14,700
1,140
1,300

11,200
5,620

14,300
10,400

31.1
12.0
64.0
99.6
22.0

April
May
May
May
May

3,
4,
4,
4,
4,

1974
1979
1979
1979
1979

22,100
11,400
30,100
28,800
9,260

7.31 Sept. 13, 1979 2,760

Aug. 16, 1982 
Aug. 16, 1982 
Aug. 16, 1982 
Aug. 16, 1982 

4, 1986 
4, 1986 
4, 1986

Sept. 
Sept.

Hydrologic area 4 

Turkey Creek at Fairview 13.3 Sept. 13, 1982

17,400
24,000
21,600
31,500
20,500

4,610
3,270

14,600

unregulated, rural streams in Tennessee. The predictive 
equations are based on data from 304 gaging stations, 81 
of which are located near the Tennessee boundary in 
adjoining States. Streamflow records from these gages 
are not significantly affected by manmade changes to the 
natural character of the streams.

Regression analyses were used to define hydrologic 
areas having similar flood characteristics and to develop 
predictive equations that relate peak discharge to one or 
more drainage basin characteristics. Ordinary least- 
squares regression was used to divide the State into four 
hydrologic areas that exhibited within-area flood-charac­ 
teristic homogeneity. These hydrologic areas generally 
follow physiographic province boundaries. Ordinary 
least-squares regression also was used to determine the 
significance of each drainage basin characteristic in 
predicting peak discharge. Drainage basin size was 
determined to be the only significant basin characteristic 
for use in predicting peak discharge for each hydrologic 
area. Generalized least-squares regression was used to 
define the final values of the regression coefficients used 
in the predictive equations, the model error, and the 
prediction error, after the hydrologic areas and the 
significant drainage basin characteristics had been deter­ 
mined. The predictive equations defined by the gener­ 
alized least-squares analysis are recommended for use in 
estimating peak discharge at ungaged sites.

Methods are presented for determining peak dis­ 
charges at sites near gaging stations where a combination 
of gaging station data and predictive equation results 
might be warranted. A hierarchal table depicting estimat­ 
ing techniques dependent on proximity of the site to a 
gaging station assists the reader in selecting the most 
appropriate estimating technique. Computation examples 
demonstrating these techniques are provided. A table 
showing peak discharges at miscellaneous sites since 1972 
(date of last flood-frequency report) also is presented.
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