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CONVERSION FACTORS

For those readers who may prefer to use metric units rather than the inch-pound units,
conversion factors for terms used in this report are listed below:

Multiply inch-pound units by To obtain metric units
inch (in.) 254 millimeter (mm)
foot (ft) 0.3048 meter (m)
cubic foot per second (ft3/s) 0.0283 cubic meter per second (rn3/s)
cubic foot per second per 0.01093 cubic meter per second per
square mile [(ft3/s)/mi2] square kilometer [(m /s)/kmz]
mile (mi) 1.609 kilometer (km)

Sea level: In this report "sea level" refers to the National Geodetic Vertical datum of
1929 (NGVD of 1929)--a geodetic datum derived from a general adjustment of the
first-order level nets of both the United States and Canada, formerly called Sea Level
Datum of 1929.
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FLOODS OF FEBRUARY 1989 IN TENNESSEE

By Ferdinand Quinones and Charles R. Gamble

ABSTRACT

Rainfall amounts of more than 5 inches
during the early morning hours of February 14,
1989, caused flooding in some areas of West and
Middle Tennessee. The towns of Lebanon in
Middle Tennessee and Obion in West Tennessee
were hardest hit. Much of the business district
in Lebanon and many residential areas in Obion
were flooded. Recurrence intervals for 24-hour
rainfall totals were as high as 25 years at some
sites but most peak discharges had recurrence
intervals of less than 10 years.

Rainfall amounts for the period
February 13-20, 1989, peak stages and discharges
for this flood, the peak of record, and a list of
discharge measurements made during the flood
are documented in this report.

INTRODUCTION

Localized flooding occurred in West and
Middle Tennessee (fig. 1) as a result of intense
rains during the period February 13-20, 1989,
with the most severe flooding occurring on
February 14. Flooding was caused by nearly con-
tinuous rainfall that affected the western and
middle parts of the State. Rainfall in East Ten-
nessee was above normal during the period but
did not result in any flooding. The most intense
rainfall was recorded on February 14 with 24-
hour precipitation totals in the area of flooding
averaging nearly 3 inches. The maximum

recorded 24-hour rainfall for the storm was 5.68
inches at the town of Antioch near Nashville,
Tenn. Flooding was most severe in the cities of
Lebanon (Middle Tennessee) and Obion (West
Tennessee).

The U.S. Geological Survey (USGS), as
part of cooperative programs with the U.S. Army
Corps of Engineers (COE), Nashville District,
the Tennessee Valley Authority (TVA), the Ten-
nessee Department of Transportation, the Ten-
nessee Department of Health and Environment,
and the Metropolitan Government of Nashville
and Davidson County, monitored the storm and
flood events. Flood-discharge measurements at
selected streamflow-gaging stations were made
by the USGS. Peak discharges at streamflow-
gaging stations operated in cooperation with the
above agencies were determined from available
records. Daily and cumulative rainfall totals for
the 8-day period were supplied by the National
Weather Service (NWS), Memphis, Tenn., and
additional data were compiled from data
recorded at rainfall stations operated by the
COE, and by the USGS. This report summarizes
the data collected during the storm and flood
periods.

Purpose and Scope

This report describes and documents the
rainfall and resulting flooding during Feb-
ruary 13-20, 1989, in Tennessee. The report
covers approximately the western two-thirds of
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the State (fig. 1). The eastern third of the State
received some rainfall, but experienced only
minor flooding.
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RAINFALL

Intense rainfall began in West Tennessee
on February 13, 1989, as a result of a cold front
that moved from the west to the east over the
State. Rainfall during the next day, as recorded
at the NWS stations in West and Middle Ten-
nessee, ranged from 1.33 t0 5.12 inches (table 1).
The maximum precipitation recorded on
February 14 (at gages operated by the USGS)
occurred at the town of Antioch, near Nashville,
with a 24-hour total of 5.68 inches (fig. 2). At
Carthage, a 24-hour total for February 14 of 5.11
inches was recorded (table 1).

In much of West Tennessee, 3.5 to 5.0
inches of rainfall occurred during the night of
February 13 and early morning hours of
February 14 with Alamo reporting 5.12 inches on
the 14th. At Memphis, a total of 4.24 inches fell
from 6 p.m. on February 13 through midnight on
February 14, however, 3.77 inches of this amount
fell during the 6-hour period from midnight to
6 a.m. on February 14 (fig. 3).

Rainfall data recorded on February 14 at
the continuous rain gage at Carthage in Smith
County showed that most of the rainfall occurred
during the early morning hours (fig. 4). About
97 percent of the recorded rainfall occurred

before 12 noon. As a result, flooding in the town
of Lebanon, as well as in other communities in
Wilson and Cheatham Counties, occurred late in
the morning and early in the afternoon.

The intensity of the rainfall declined
during the next 4 days, decreasing to small
amounts on February 19. Rainfall intensified in
association with a near-stationary front on
February 20, and rainfall totals for the day
average about 2 inches. Flooding from this
storm was minimal (table 2).

The recurrence interval of the 5.68 inches
of rainfall recorded at Antioch on February 14
(24-hour cumulative) is about 25 years (U.S.
Department of Commerce, 1961). The recur-
rence interval of the most intense rainfall for a
12-hour period (5.11 inches) was about 40 years,
while the maximum hourly rate of 1.5 inches had
a recurrence interval of 3 years (U.S. Depart-
ment of Commerce, 1961).

FLOODING

Except for the larger streams, most of the
flooding in the Middle Tennessee area occurred
on February 14, as a result of the intense rainfall
between about 1 a.m. to 6 a.m. on that day. In
West Tennessee, where the hydrology is some-
what different from the rest of the State, peaks
on most streams occurred later (table 2). The
most severe flooding occurred in the city of
Lebanon, about 30 miles east of Nashville. Sink-
ing Creek, in the urban area of Lebanon, flooded
most of the downtown area. Severe flooding also
occurred at Obion where the Obion River
flooded significant areas of the town. The peak
stage at the Obion River at Obion gaging station
(station number 07026000) reached about 37.4
feet, or 3 feet less than the maximum stage of



Table 1.--Rainfall data, in inches, for February 13 through 20, 1989

[T, Trace; --, Not recorded]

February
Location 13 14 15 18 17 18 18 20
Corps of Engineers’ gages operated by USGS
Jamestown 0.1 291 0.10 0.33 0.60 0.23 0.20 1.40
Byrdstown .08 2.88a .13a .22 .30 18 a7 1.87
Celina .10 2.30 .19 .18 32 14 .07 140
North Springs .20 3.20 18 .23 51 .07 3 1.81
Livingston 14 3.35 15 .26 .51 .15 0 1.78
Gainsboro 24 417 A7 27 .63 .30 .01 1.94
Cookeville .10 1.02 .08 .20 .84 18 .08 .21
Cordeti Hull Dam .02 2682 02 0 [¢] [¢] 0 42
Lafaystte k<3 3.08 22 .20 33 24 .01 233
Carthage .20 5.11 .38 30 24 20 o] 1.76
McMinnville .05 .34 .05 .28 .88 .15 0 1.51
Statesville BRI 1.60 .15 .28 .85 14 01 2.01
Center Hill Dam .10 1.52 .05 A3 .46 .04 0 2.08
Hunters Point 21 4.33 .22 28 .54 .08 [+} 1.87
Woodbury .08 .81 .08 .23 .88 .08 0 1.36
Orlinda 134 2.35 .53 .20 .09 .18 0 2.43
Old Hickory Dam 7 2.71 .18 .23 .42 .08 0 1.86
Lascassas .02 1.54 .08 .34 .88 A1 0 1.81
Murfreesboro .07 1.53 .07 .38 .88 .18 0 1.38
Smya .07 2,01 14 .24 .78 A7 .01 1.30
Antioch .18 5.68 A3 .32 .78 18 03 208
USGS-Eim Hill Pike o 5.05 .28 .30 .60 .14 o 218
Franklin 08 2.54 .10 .25 .61 .03 .21 1.60
Kingston Springs .23 .54 .19 .33 .62 A1 BB 2.98
Cheatham Dam 1.58 2.29 .16 10 .18 .18 0 2,30
Bethpage .80 2.47 .22 .20 .32 .18 0 2.45
Springfield 1.40 2.58 .34 21 .18 13 0 2.97
Port Royai 1.41 3.08 82 .23 .08 .15 .42 1.73
Clarksvilie 1.30 1.73 .85 .27 .03 .05 [*] 1.58
Ellis Miils 1.78 3.36 .84 .22 .20 12 0 1.80
Dover 1.87 2.10 1.28 24 .01 0 [¢] 1.83
Lebanaon .14 4.55 .18 .26 71 a7 .03 1.38
Monterey 11 1.18 13 .34 .81 .01 .30 1.34
Oneida .08 1.34 .05 .38 .49 .01 .38 .78
National Weather Service gages

Memphis .12 4,14 .81 22 .82 0 .01 180
Millington 1.30 248 .84 .10 1.09 .02 .04 .04
Dyersburg .43 3.18 1.74 .83 12 .20 0 1.54
Jackson .33 3.83 n 18 1.08 .04 03 177
Nashvilie .20 4.73 .18 .24 .83 .04 0 1.78
Crossville .19 48 0 .35 1.04 19 ] .80
Chattanooga .05 .08 [ .16 .62 52 o .23
Knoxville .01 32 [+] 20 1.31 19 [¢] .08
Tri-Cities .03 .18 o .33 .42 .27 0 .04
Fort Campbeii 1.88 1.33 1.53 .28 .20 .01 [+] 212
Camden .79 3.73 .- .68 47 - 0 .-

Alamo 13 5.12 - .57 - - o} 1.80
Milan 0 3.83 - 0 .34 - - -

Kenton .45 4.10 - 48 - - ¢} 1.78
Humboldt [} 3.38 - .83 - -- .40 160
Gibson 14 4.18 -- .48 34 -- T 1.66
Bolivar 0 3.40 - Al 1.07 - - 215
Brownsville 0 a7 - 1.23 .60 - - 1.88
W. Haywood Co. .04 4.22 - - - - - -

Martin .85 3.33 - .40 - - T 1.42
Gleason 41 427 - - .60 - [¢] 1.53

*Rainfall may have been greater, records incomplete.



RAINFALL, IN INCHES

1.5

0.5

0\(’0

| T

) )
& aS

24—HOUR TIME, IN HOURS

A. One—hour increment totals.

I 3 | i r 1 T T ] T T I V T 1 [ 17T 1 I
mS-— -
(V)
=
(&)

z

Z‘L' —

i

2

L

E;L. —l

<

o

Wl

2

l—z-

< .

2

=

3
1F —
° A I i N I | 1 ) | i L o E— ] A A 1 L ) VO 1
O O O N O
) ) ) ) Q

0\ Qﬁ ’O’ \% q’l

24—HOUR TIME, IN HOURS
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Figure 2.——Rainfall distribution on February 14, 1989,
at Antioch, Tenn.




RAINFALL, IN INCHES

CUMULATIVE RAINFALL, IN INCHES

2400

o LSLSSLSLLSISSISL LSS IS S LSS IS ///// / // // //////// / /// // / //// / // / /// //// // / / //
1800 2400 0600 1200 1800
]
Feb. 13 | Feb. 14
24—~HOUR TIME, IN HOURS
A. Six—hour increment totals.

s L LS T T T ' L] L] L] 1§ I T T T T T r T T L) ¥ L] ' L] T L] L L
5| -
4
3
2+
l -
o ry A n 1 " —r e e " 1 e A 4 A A i e e
1800 2400 0600 1200 1800 2400

Feb. 13 Feb. 14

24—-HOUR TIME, IN HOURS
B. Cumulative rainfall totals.

Figure 3.——Rainfall distribution on February 13—14, 1989,
at Memphis, Tenn.
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record in 1937, and had a peak discharge of about
42,000 cubic feet per second (fig. 5). A typical
discharge hydrograph for a stream in Middle
Tennessee, Sycamore Creek near Ashland City
(station number 03431800), is shown in figure 6.
Localized flooding occurred in several com-
munities in Wilson, Cheatham, and Williamson
Counties of Middle Tennessee and in several
areas in West Tennessee.

Minor flooding occurred along the main
stem of the Cumberland River. Peak stages
during the flood period are compared with estab-
lished flood stages in table 3. At Clarksville,
flood stage was exceeded by about 3 feet.

Peak discharges and recurrence intervals at
selected streamflow-gaging stations are sum-
marized in table 2. Most of the peaks did not
exceed a recurrence interval of 10 years (Ran-
dolph and Gamble, 1976; Neely, 1984).

U.S. GEOLOGICAL SURVEY
ACTIVITIES RELATED
TO THE FLOODS

Discharge measurements at selected
gaging stations were made by the USGS during
the storm and flood periods. These data are
summarized in table 4. The USGS, in coopera-
tion with the COE, Nashville District, and Ten-
nessee Department of Transportation, surveyed
high-water marks at ungaged sites on Sinking,
Spring, and Bartons Creeks in Lebanon. These
data were used to determine the peak discharge
and recurrence interval for stations on these
streams and are listed in table 2. The USGS, in
cooperation with the City of Lebanon, the COE,
Nashville District, and the Federal Emergency
Management Agency, is in the process of prepar-
ing a map delineating the areas flooded in
Lebanon during the flood of February 14. Flood
profiles also are being defined.

Table 3.--Comparison of February 1989 peak stages
with established flood stage at selected stations on

the Cumberland River
Estab-
February 1989 flood lished
Station Station Peak flood
No. name Elevation stage stage
(feet) (feet) (feet)
03417500 Cumberiand River at Celina 513.58 24.58 40
03425000 Cumberland River at Carthage 468.63 31.10 40
03431500 Cumberland River at Nashville 405.56 36.46 40
03436500 Cumberland River at Clarksville 380.33  80.33 77
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Table 4.--Discharge measurements made during the February 1989 floods in Tennessee

[ft3/s, cubic feet per second]

Gage

Station Station height Discharge

No. name Date (feet) (fta/s)
CUMBERLAND RIVER BASIN

03414500 East Fork Obey River near Jamestown 02/22 7.01 2,520
03416000 Wolf River near Byrdstown 02/21 6.97 4,920
03425000 Cumberland River at Carthage 02/24 21.91 52,700
03431700 Richland Creek at Chariotte Ave. 02/14 7.42 2,560

03431517 Cummings Branch at Lickton 02/14 3.02 95.9
03436000 Sulphur Fork Red River near Adams 02/21 21.62 14,400
03436100 Red River at Port Royal 02/15 37.16 29,300
03436690 Yellow Creek at Ellis Mills 02/14 13.77 7,400
03580995 East Fork Mulberry Creek at Lynchburg 02/21 5.46 974
03602500 Piney River at Vernon 02/21 12.97 9,600
03603000 Duck River at Hurricane Mills 02/22 20.96 41,500
03604000 Buffalo River near Flat Woods 02/21 16.26 12,100

MISSISSIPPI RIVER BASIN
07024300 Beaver Creek at Huntingdon 02/16 11.27 1,540
07024500 South Fork Obion at Greenfield 02/17 16.61 9,740
02/22 13.76 4,230
07025500 North Fork Obion near Union City 02/17 19.82 14,000
02/21 16.27 7,690
02/22 12.51 4,340
07026000 Obion River at Obion 02/19 36.85 38,000
07026370 North Reelfoot Creek at Hwy 22 02/22 11.75 416
near Clayton

07026400 South Reelfoot Creek near Clayton 02/14 14.86 470
07026640 Running Slough near Ledford 02/15 9.13 240
07028500 North Fork Forked Deer River at Trenton ~ 02/21 6.59 2,340
07029500 Hatchie River at Bolivar 02/14 13.77 5,080
02/23 17.35 19,700
07030240 Loosahatchie River at Arlington 02/16 15.54 5,580
07031660 Wolf River at Walnut Grove Rd. 02/15 14.60 6,880
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