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FLOODS OF 1964 IN THE UNITED STATES

SUMMARY OF FLOODS IN THE
UNITED STATES DURING 19¢4

By J. O. Rostvept and others

ABSTRACT

This report describes the most outstanding floods in the United States during
1964. The four most damaging floods during the year were in December in the
Par Western States, in March along the Ohio River, in September in central and
northern Florida and southern Georgia, and in June in northwestern Montana.

The floods of December in the Far Western States were the most damaging in
the history of the area. Record-breaking discharges occurred in an unusually
large area—Oregon, northern California, western Nevada and Idaho, ¢nd south-
ern Washington. Forty-seven lives were lost, and damage amounted to several
hundred million dollars.

Two storms in early March along the Ohio River caused maximum discharges
of record on many streams in Ohio, Kentucky, and Indiana and also high dis-
charges in parts of Illinois, West Virginia, and Pennsylvania. Eigh‘een lives
were lost, and flood damage was about $100 million.

In September, Hurricane Dora, the first hurricane of record to cross north-
eastern Florida from the Atlantic Ocean, caused outstanding floods in northern
Florida and southern Georgia. Flood damage exceeded $100 million.

The most severe fioods of record in northwestern Montana occurred on both
sides of the Continental Divide following heavy rains in early June. Tl irty lives
were lost, and flood damage was about $55 million.

About $6 million damage resulted from severe flooding in a small area in the
Papillion Creek basin, in eastern Nebraska, in early June.

In the last half of September, floods from torrential rains in three areas in
Texas caused about $1 million damage.

In addition to the floods mentiond above, 21 others of lesser magnitude are
considered important enough to be included in this annual summary.

INTRODUCTION

This report summarizes information on outstanding flood~ in the
United States during 1964. The floods reported were unusual hydro-
logic events in which large areas were affected, great damage resulted,
or record-high discharges or stages occurred, and sufficient deta were
available for the preparation of a report.

C1
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Three U.S. Geological Survey Water-Supply Papers—1840-A,
“Floods of March 1964 Along the Ohio River” (Beaber and Rostvedt,
1965) ; 1840-B, “Floods of June in Northwestern Montana” (Boner
and Stermitz, 1967) ; and 1866, “Floods of December 1964—January1965
in the Far-Western States” (Waananen and others, 1970a, b)-—are spe-
cial reports that describe the 1964 floods in detail in their respective
areas. The areas for which flood reports have been preparec for 1964
are shown in figure 1. The areas discussed in the individual reports
are indicated by a solid pattern, and other areas discussed in this
summary chapter are shown by a line pattern. The months in which
the floods occurred are shown; the map thereby gives both the loca-
tion and the time distributions of floods during the year.

A flood may be defined as any abnormally high streanflow that
overtops natural or artificial banks of a stream; a great rumber of
these events occur every year in the United States, but many may be
unreported.

Each flood in this report was selected as an outstanding or compara-
tively rare event. A rare flood is not necessarily an impres~ive flood,
but it is one whose probability of being duplicated at any one site is
very small. A rare flood in an isolated area or in a sparsely inhabited
area could possibly be a more outstanding hydrologic event than a
much publicized flood in a developed area.

Many variable factors of meteorology and physiography in innum-
erable combinations produce floods of all degrees of severity. Some
meteorological factors influencing floods are the form, the amount,
and the intensity of precipitation ; moisture condition of the soil before
the storm ; the temperature, which may cause frozen soil or may deter-
mine the rate of snowmelt; and the diréction of the storm movement.
The principal physiographic features of a basin that affect floodflows
are drainage area, altitude, geology, shape, slope, aspect, and vege-
tation cover. With the exception of vegetation cover, which varies
seasonally, the physiographic features are fixed for any given area.
The combination of the magnitude and intensity of meteorclogic fac-
tors, antecedent moisture conditions, and the effect of inherent phys-
iographic features on runoff determine the magnitude of a flood.

Losses from floods in the United States during 1964 ($652 million)
were 3.7 times those in 1963 ($176 million) and 8.7 times these in 1962
($75 million). The 1964 flood losses were the highest since those of
1955 ($995 million) and were about 1.9 times the national everage of
$340 million, based on the 10-year period 1951-60, adjusted to the
1960 price index.

Total loss of life due to floods in 1964 was 100, compared with 39 in
1963 and 19 in 1962, and was considerably greater than th- national
annual average of 79 lives lost during the 40-year period 1025-64.
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C4 FLOODS OF 1964 IN THE UNITED STATES

Many of the flood reports give the amount of rainfall and the dura-
tion of the storm causing the flood. Recurrence intervals of there storms
may be determined from the U.S. Weather Bureau (1961) or from a
simplified set of isopluvial maps and charts contained in a report by
Rostvedt (1965).

Continuing investigation of surface-water resources in the areas
included in this report is performed by the U.S. Geological Survey in
cooperation with State agencies, the U.S. Army Corps of Engineers,
the U.S. Bureau of Reclamation, and other Federal or local agencies.
Some data were obtained from U.S. Weather Bureau publications.

Collection of data, computations, and most of the text were made
by the district offices in whose district the floods occurred.

DETERMINATION OF FLOOD STAGES AND DISCHARGES

Data of peak stages and peak discharges at discharge stations in this
report are those obtained and compiled in the regular procedures of
surface-water investigation by the Geological Survey.

The usual method of determining stream discharges at a gaging sta-
tion is the application of a stage-discharge relation to a known stage.
The relation at a station is usually defined by current-meter measure-
ments through as much of the range of stage as possible. If the peak
discharge at a station is above the range of the computed s*age-dis-
charge relation, short extension may be made to the graph of relation
by logarithmic extrapolation, by velocity-area studies, or by use of
other measurable hydraulic factors.

Peak discharges that are greatly above the range of the stage-dis-
charge relation at gaging stations, and peak discharges at miscella-
neous sites (which have no developed stage-discharge relation) are
generally determined by various types of indirect measurements. Dur-
ing major floods adverse conditions often make it impossible to obtain
current-meter measurements at some sites. Peak discharges are then
measured, after the flood has subsided, by indirect methods based on
detailed surveys of selected channel reaches. A general description of
the indirect methods used by the Geological Survey is given by Corbett
and others (1943), Johnson (1986), and Dalrymple and others (1937).
More detailed information concerning the latest techniques is evailable
in recent reports by Kindsvater and others (1953), Bodhaine (1963),
and Tracy (1957).

EXPLANATION OF DATA

The floods are described in chronological order. Because the type and
the amount of information differ for the floods, no consistent form is
used to report the events.

The data for each flood include: A description of the storm, the
flood, and the flood damage; a map of the flood area showir g flood-
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determination points, and, for some storms, precipitation st tions or
isohyets; rainfall amounts and intensities; and peak stages and dis-
charges of the streams affected.

Where considerable rainfall data are available, they are presented in
tabular form and show daily or storm totals. Where sufficient data are
available to determine the pattern and distribution of rainfall, an
isohyetal map is shown for some areas.

A summary table of peak stages and discharges is given for each
flood unless the number of stations in the report is small. For these
floods the information is included in the text description.

In the summary table the first column under maximum floods gives
the period of known floods prior to the 1964 floods. This period does
not necessarily correspond to that of gaging-station operation; rather,
the period may extend back to an earlier date. More than one period of
known floods are shown for some stations. A period is shown whenever
it can be associated with a maximum stage, even though the corre-
sponding discharge may not be known. A second, shorter period of
floods is then given in which maximums of both discharge and stage
are known.

The second column under maximum floods shows the year—within
the period of known floods—in which the maximum stage or c‘ischarge
occurred. The third column gives the date of the peak stage or dis-
charge of the 1964 flood.

The last column gives the recurrence interval for the 1964 peak
discharge. The recurrence interval, as obtained from data published in
the U.S. Geological Survey reports on flood magnitude and frequency,
is the average interval, in years, within which a flood of a given
magnitude will be equaled or exceeded once as an annual maximum. A
flood having a recurrence interval of 20 years can be expected to occur,
on the average, once in 20 years. In other words, the flood has a 5-per-
cent chance of occurring in any year. In nearly all flood-frequency
reports used, data limit the determination of recurrence intervals to 50
years. The severity of a flood whose recurrence interval exceeds the
limit of determination is expressed as the ratio of its peak discharge to
the discharge of the flood that has a recurrence interval equal to the
limits of determination (usually the 50-year flood).

SUMMARY OF FLOODS

FLOODS OF JANUARY 25 IN NORTH COASTAL OREGCN
By J. M. ABBOTT

On January 25, 1964, a flood in the north coastal area of Oregon,
in the Nehalem, Wilson, and Trask River basins (fig. 2), resulted
from a series of storms that moved across that area on Januery 5, 17,
and 24. During January, precipitation occurred almost ever; day in
northwestern Oregon. Heavy snowfall occurred during the series of
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storms, in the higher elevations of the north coastal river basins. A
total of 35.75 inches of rain fell at Tillamook during Januar;- (fig. 3)
compared with a normal January rainfall there of 10.11 inches Streams
had just begun to recede on January 24, when the combined surge of
runoff from rain and melted snow poured into the swollen streams
and caused major flooding along the coast from Tillamook tc Seaside.

The peak discharge in Nehalem River near Foss was 43,200 cfs
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Ficusk 2.—Flood area; location of flood-determination points, floods of Janu-
ary 25 in north coastal Oregon.
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(cubic feet per second) (fig. 4), which is the maximum for the period
of record that began in 1939. Peak discharges and their recurrence
intervals at the sites shown in figure 2 are listed in table 1.

The flood damage was localized in the flatlands surrounding
Nehalem Bay and Tillamook Bay. Damage to agricultural lands
was inundation of pastures, deposition of silt and debris, and loss
of land through streambank erosion. Residential and commercial
damage occurred along the lower Nehalem River and in the low-
land area in and around the city of Tillamook. North and south of

ES
T
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I
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e S e s
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F16URE 3.—Daily precipitation for January at Tillamook, Oreg.
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F1eure 4.—Discharge, January 17-29, on Nehalem River near I"oss, Oreg.
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TaBLE 1.—Flood stages and discharges, January 25 in north coastcl Oregon

Maximum floods
Drainage Prior to Jan. 1964 Discharge
No. Stream and place of area Jan. Gage —m8M8Mm————
determination (sq mi) 1964  height Cubic  Recur-
Period Year (day) (t) feet per rence
second  interval
(years)
Necanicum River basin
1 South Fork Necanicum 7.99 1952-63.......... 1955 ........ 18.85 3,020 ...
River near Seaside. = i 25 8.86 3,040 21.78
Asbury Creek basin
2 Asbury Creek near 9. 66 314 ...
Cannon Beach. 9.07 267 5
Nehalem River basin
3 Nehalem River near 667 1939-63.......... 1955 ... 19.67 39,300 ..........
Foss. e iiiiiicaenaaa 25 21.10 ,200 -
Patterson Creek basin
4 Patterson Creek at Bay 1.87 1952-63..__._..__ 1955 . __. 13.08 207 oo
City. e iiieaee 25 13. 06 205 3
Wilson River basin
5 Wilson River near 161 1914-16,1931-63.. 1933 __...... 319.28 30,000 _..______.
Tillamook. ... 25 17.35 25,000 6
Trask River basin
6 Trask River near 145 1921 ... 1921 ... ... 17 30,000 ...
Tillamook. 1931-55,1961-63_. 1955 ... .._. 13.09 20,200 ... _._.
__________________________ 25 11.43 18, 100 5

1 Affected by backwater from debris.

2 Ratio of peak discharge to 50-yr flood.

3 At site 100 ft downstream at datum 0.93 ft higher.

Tillamook U.S. Highway 101 was inundated, and traffic was halted.
Many cattle of Tillamook County and hundreds of sheep In north-
western Oregon were drowned in low-lying pastures. There was no
loss of human life in this area due to the flood.

FLOODS OF MARCH ALONG THE OHIO RIVER

The floods of March 1964 in the Ohio River basin caus:d wide-
spread damage in six States adjacent to the Ohio River (fig. 5).
Flood damage was estimated at more than $100 million, of which
about 75 percent was along the main stem of the Ohio River. More than
21,000 homes were damaged or destroyed, and more than 29,000 fam-
ilies suffered losses. Eighteen lives were lost.

Floods were caused by two storms, on March 2-5 and March 8-10.
Both storms approximately paralleled the Ohio River in a belt that
extended from western Kentucky, through northern Kentucky, south-
ern Indiana, and central Ohio, to western Pennsylvania. In most locali-
ties the storm of March 8-10 was the more severe. Total rainfall from
the storms exceeded 14 inches in western Kentucky. The gre~test 24-

hour precipitation recorded was 8.00 inches at Paducah, Ky., on
March 4.
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Maximum discharges previously known were exceeded at many
points in Ohio, Kentucky, and Indiana. Peak discharges of the March
floods exceeded the 50-year flood at many localities. The Licking River
at Catawba, Ky., reached the highest stage since 1888. The Chio River
in Kentucky reached stages which were second or third highest since
the maximum known flood in 1937.

These floods are fully described in a report by Beaber and Rostvedt
(1965) that presents a general description of the storm precipitation,
the floods, the flood damage, and recurrence intervals of the peak
discharges. Maximum stages and discharges for the March 1964 flood
and for the period of station record, at 150 continuous-record gaging
stations, crest-stage stations, miscellaneous sites, and reservoir stations
are listed in a summary table. Station descriptions are given for all
stations listed in the summary table. A table of daily mean discharges
for March 1964 and a table of stages and discharges at selected inter-
vals during most of the days of floodflow are given for eacl' continu-
ous-record gaging station.

FLOODS OF MARCH 5-10 IN NEW YORK
By F. LuMAN ROBISON

February 1964 was a cold month in New York, with temperatures
throughout most of the State averaging from 1° to 6° below normal.
On the last day of the month, temperatures began to moderate, espe-
cially in the eastern and south-central areas, until on March 5 high
readings of 71°F were recorded at Albany and New York, 72°F at
Poughkeepsie, and 75°F at Westerleigh, on Staten Island.

Snow cover in the eastern part of the State was moderatoly heavy,
with a measured water equivalent on March 24 of as much #s 6 inches
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in the lower Adirondacks and in the south-central counties and 12
inches in the Tug Hill area, east of Lake Ontario (fig. 6).

In the late afternoon of March 4, rain began to fall on mo-t, of the
State and continued until early evening of March 5. The heaviest meas-
ured rainfall totaled 4 inches at Piseco, in the Sacandaga River basin,
and 3.80 inches at Hoffmeister, in the West Canada Creek basin. The
distribution and amounts of rainfall for this storm are shown on the
isohyetal map, figure 7.

The combination of unseasonably warm temperatures anc of rain
falling on water-laden snow resulted in widespread, but moderate,
flooding across the south-central part of the State during Merch 5-6.

Table 2 lists streams where maximum discharges of record were
recorded with exception of the Hudson River. Also shown for compari-
son are the previous maximum discharges for the same streems. The
last column in the table gives the recurrence intervals for the 1964
flood discharges. The site numbers in this tabulation correspond to
those in figure 7.

The data for several of the stations where record peak discharges
were recorded (table 3) show that the warm temperatures and asso-

EXPLANATION
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F1eUuRE 6.—Water equivalent of snow on ground, March 2—4 in southeastern New
York, floods of March 5-10 in New York.
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ciated snowmelt were more important factors than rainfall in causing
flooding.

Peak discharges on some of the streams probably would 1'~ve been
greater had it not been for storage in upstream reservoirs. Table 4
shows the mean and maximum inflow to reservoirs in the report area,
as computed from the observed changes in contents. Also listed are the
associated daily and momentary maximum discharges at the nearest
downstream gaging stations. Sacandaga, Delta, and Hinckley are pri-
marily river-regulating reservoirs that are refilled by spring runoff.
Schoharie is a unit of the New York City reservoir system tlat is also
dependent on spring runoff. East Sidney and Whitney Point Reser-
voirs serve flood-control purposes.

As frequently happens, the Mohawk River became jammed with ice
on March 5-6 in the constriction below the bridge on State Highway
146 at Rexford. When the main jam broke free on March 6, a tremen-
dous mass of water and ice was released to the stream below, and the
gaging station at Cohoes (sta. 10) recorded the greatest discharge since
the record began in 1917.

[ ] EXPLANATION
ol0
Flood-determination
point
Lake Numbers correspond to
Ontario o those in tables 2and 4

2
Isohyet, showing pre-

cipitation,in inches,
March 4-6

0 25 50 75 MILES
1

L 1 ]

FicURE 7.—Flood area; location of flood-determination points and isohyets for
March 4-6, floods of March 5-10 in New York.
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TaBLe 2.—Flood stages and discharges, March 610 in New York

Maximum floods
Stream and place of Drainage Prior to Mar. 1964 Discharge
No. determination area ————————— Mar. Gage ———————
(sq mi) 1964 height Cutic Recur-

Period Year (date) (ft) feet per  rence
secord interval

(years)
Hudson River basin
7 Mohawk River near Little 1,348 1927-64._.. 1945 ________ 17.80 25,3% ...
Fall. . 5 1833 27,200
10 Mohawk River at Cohoes.._... 3,456 1917-64. 1936 ... 22.57 130,000 _._.___._.
S 6 2315 1143,000 71.23
11 Hudson River at Green Island. 8,090 1946-64. 1948 . __ 27.05 181,000 ___.____._
.................... [} 24.82 141,00 17
12 Hudson River at Albany._ . e
Delaware River basin
13 West Branch Delaware River 331 1950-64____ 1959 ________ 13.76 15700 ...
at Walton. P 5 13.66 15,870 20
14 Oquaga Creek at Deposit.._.__ 66 1040-64.... 1950 ... ___ 6. 42 4,5% ____ . ___

17 U%adilla River near New.__.__
erli
18 Butternut Creek at Morris._.

19 Chenango River at Eaton...._.
20 Chenango River at Sherburne.

Clark Creek at Oxford..____.__
Tigu%hnioga River at Cort-
nd.

8

1 From release of upstream ice jam.
2 Ratio of peak discharge to 50-yr flood.

3 Not determined.
TABLE 3.—Measured snow-water equivalent, rainfall, and runoff March 4-8 in
New York
Recorded runoff
Water Mar. 5-8
Drainage equivalent Rainfall Total
No. Stream area in snow  Mar. 4-5 (in.) Cubie feet
(sq. mi.) (in.) (in.) per Inches
second-cays
(efs-days)
13 West Branch Delaware River
at Walton.____.__.._._________. 331 5 0.3 5.3 21.320 2.40
17 TUnadilla River near New
erlin. ... ... 196 4 1.6 11.780 2.24
18 Butternut Creek at Morris_._.. 59.6 4 1.4 5.4 4194 2.62
20 Chenago River at Sherburne..... 264 2 1.6 13 960 1.97
22 Tioughnioga River near
Cortland. ... ... ... 296 3 1.4 4.4 21. 340 2.68

Figure 8 is a stage hydrograph for the Mohawk River at Cohoes (sta.
10) and for the Hudson River at Green Island, above Troy (sta. 11)
and at Albany (sta. 12). It shows the rise and the recession r»sulting
from the ice-jam release.



Ci13

SUMMARY OF FLOODS

008 ‘21 S 008 ‘e1 9 003 ‘21 | T [+ ©TTT-gRse)] 1% JOATY wS0[UUSNOLY, 3
T e e T 062 ‘6 9-g 0809 1% [ "~ -Ij0AI0S0Y JU0J AUNUM €2
098 ‘T 8 0GL ‘1 6 004 ‘T [ e 201 - - - Louplg 9581 98 ¥8ID NOoS[UQ 91
T e e e 099°g S-v 0681 LV <1 S I0AI0SOY AQuplg 58 9T
007 ‘63 g 000 51 9 008 ‘1T o i g8 Tttt -9[[JASUOLITI 18 991D OLIBGOYdS 6
0 S 0eL's 99 00% ¥ 1% PIg  TTTTTTTTTomnmemmmettocssesecs 11041959y OIEpoydy 8
007 ‘81 S 007 ‘01 g 050 ‘L L TR 99  CTTooToTooeee 03pHIg 9S8 1% JO0ID BPBUBD ISOM 9
................................................................ 006 ‘¢1 L-9 005 ‘01 L 8.8 TTTTToTosososssseTeTeToSSo-SQOAIRSOY AO[YOUIH @
804 K 09% g 818 o T g1 Tttt we( B[O MO[OQ IOATY AMBUOW ¥
................................................................. 08g‘L 0-g 0g8'e 2% (<34 TTTSTTTIoETTIoTCooCTCWIOY 180U JT0ANISOY IR €
080 ‘% g WL g 08¢ Q-  TTToTooToTeTeToooooosmssescosssssocooones §80 ‘T ~£o[pRH Jeou 03pLIg S}1BMO)S J8 I0ATY BIBpULIRY T
........................................................... TTTTTTT 003 '8 9-g 002 ‘12 15 W1 TTTTTTTO RMMASUNIUOD v J10AKeSRY vSepuUBOBS 1
puocesJed yoaey puocestad golgpy pucdessed gote puodestad yotepy puooesed  gorel

1901 O[QUD UIOJB( 99JOIqMOD UIeje J09F AN UISJR(X Je9F UMD uIeje IefIqND uFesed (1w bs)

vole UO[}BO0] PUB SUIBN
981egos[p wWnwW 031eqosTp A[ep amogur Mogur eSeureIq
~IX8UL AI8JUS IO UBOUL WINUIIXe ©318TOSIP UG 1NOY-$Z WNWIXBH JJ0AIASAI MBI

YLOX MIN UL G—F YD P DBaDYISLD puUD MoYul 41001289 —F AIAV],



Cl4 FLOODS OF 1964 IN THE UNITED STATES

26 , ,

24 —
Hudson River at
Lock 4, above Troy.

Mohawk River
at Cohoes

Hudson River
at Albany

GAGE HEIGHT AT COHOES AND ABOVE TROY, IN FEET

GAGE HEIGHT AT ALBANY, IN FEET

MARCH

Fieure 8.—Stage of the Mohawk River at Cohoes and the Hudson River at
Lock 4, above Troy and at Albany, N.Y., March 5-7.

Figure 9 is a stage hydrograph for Butternut Creek at Morris (sta.
18) ; it shows the rise and recession of this flood caused by a moderate
amount of rain falling on a snowpack that had about a 3.5-inch water
equivalent.
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Fiocure 9.—Stage of Butternut Creek at Morris, N.Y., March 4-6.

Two indirect measurements of peak discharge were made at ungaged
sites in the Chenango River basin (stas. 19 and 20).

The monetary damage resulting from this widespread flond is very
difficult to assess. Although a significant area was affected by flood-
waters, most of the damage consisted of water-filled cellars and of
minor street and highway washouts. Three small highway hridges on
secondary roads in the Mohawk basin were damaged or lost owing to
erosion of the earth fill at the abutments. It was estimated that replace-
ment of a bridge lost near the village of Ohio in Herkimer County
would cost $40,000. An earthen dam on the Electric Light Stream and
a bridge on the Chenango River at Eaton in Madison Comnty were
destroyed, but no estimates of damage are available.
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On March 10 a complex, low-pressure weather system, moving from
the lower Mississippi Valley toward the New Jersey—Delaware coast,
brought heavy snow to the Mohawk Valley and Adirondacks, and rain
to the Southern Tier counties. Discharges of many streams increased
considerably, but a new record peak was established at only one New
York stream-gaging station, Oquaga Creek at Deposit (table &). Dam-
age from this flood was minor.

FLOODS OF APRIL 6-10 IN EAST-CENTRAL MISSISSIPPI
After WiLsoN and ELLisoN (1968)

Heavy rains of as much as 12 inches in a 12-hour period fell during
the night of April 5-6 in a narrow band in east-central Mississippi,
from Stringer, through Waldrup, Paulding, and Enterprise, and on
into Alabama near Kewanee. Residents in the Rose Hill-Paulding area
reported uniformly intense rain for the entire night. The greatest rain-
falls recorded were 11.70 inches at Paulding, and 10.27 inches at Enter-
prise. The band in which rainfall exceeded 10 inches is estimated to
have had a maximum width of about 10 miles in the Rose Hill-
Paulding area (fig. 10). The band of 6-inch rainfall was about 25 miles
wide in the same area. This rainfall produced unusually high f'aods on
streams draining 20 to 500 square miles. The greatest floods were on
Souinlovey, Tallahala, Tallahoma, and Etehoma Creeks, and f'rods on
upper Buckatunna and Sowashee Creeks were somewhat less extreme.

Additional rains fell in the Laurel area from 10 p.m. on April 7 to
7 a.m. on April 8. The reported total at Laurel was 2.26 inches. and at
Shubuta, 30 miles northeast, it was 3.72 inches. The rain fell during
the initial cresting of Tallahala and Buckatunna Creeks and greatly
increased the flood wave as it moved downstream. Isohyetal lines of
the April 7-8 rainfall are shown in figure 10.

Peak discharges at gaged sites (fig. 10) where unusual floods oc-
curred are shown in table 5.

Nuakfuppa and East Tallahala Creeks on State Highway 528 (stas.
5 and 4, respectively) near Bay Springs overtopped the highvay and
crested above their estimated 50-year flood levels. The extreme floods
on upper Tallahala and Tallahoma Creeks moved downstream into
the Laurel area as a flash flood. Residents, railroads, and businesses
had little warning. The peak stage on Tallahala Creek at Interstate
Highway 59 (sta. 6) exceeded that of February 1961 by 1 foot. As the
crest reached the vicinity of State Highway 15S (sta. 7) near midnight
of April 7, almost 8 inches more rain fell. This caused a buildup of the
flood wave, which also exceeded that of February 1961 at State High-
way 29 near Ellisville (sta. 10). The flood wave decreased as it moved
downstream, and at Runnelstown (sta. 11) it was considerably below
that of February 1961.
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The peak discharge in Sowashee Creek was the maximum in 24 years
of record. At the U.S. Highway 45 gage (sta. 15), the peak stage was
1.3 feet higher than that of the flood of February 21, 1961, and the

peak discharge was 25 percent greater. This flood cansed heavy damage
in Meridian.

90° a9°

EXPLANATION

ol0
Flood-determination point

Numbers correspond to those %
in table 5 =
Z

10
Isohyet, in inches, for 24 hours o)
ending at 7a.m., April 6 W 2

—_——— e e
Isohyet, in inches, for 24 hours
ending at 7 a.m., April 8

e —
——

{-Area of
report

31°
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| 1 | |

Fieure 10.—Flood area ; location of flood-determination points and isohyets for
April 6-8, floods of April 6-10 in east-central Mississippi.
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TaBLE 5.—Flood stages and discharges, April 6—-10 in east-central Mississipp?

Maximum floods
Drainage Prior to Apr. 1964 Apr. Gage Dis-
No. Stream and place of determina- area 1964 height  charge
tion sq mi) Period Year (date) (ft) (cfs)
Pascagoula River basin
1 Leaf River near Raleigh_ ____.___ 143 1940-43, 1957-64.. 1961 __________ 301.93 lé, %
2 Leaf River near Collins_._....._. 0]
48, 500
23, 000
3 Leaf River at Hattiesburg...._.. )
72, 200
29, 500
4 East Tallahala Creek near Bay 11, 200
Springs 22,000
5 lexakfuppa Creek near Bay 5, 530
rin,
6 Tallahala Creek at Interstate 59 0]
at Laurel. 18, 700
22, 600
7 Tallahala Creek at State High- ©)
way 158 at Laurel. 19, 100
21 100
8 Tallahoma Creek near Laurel. .. g ggg
9 Tallahoma Creek at Ellisville__. . 0]
13, 600
13, 000
10 Tallahala Creek at Ellisville. ... )
27, 200
31, 100
11 Tallahala Creek near Runnels- 0]
town. 32,800
23, 700
12 Tarlow Creek near Newton._._.__ é. ggg
13 Chunky River near Chunky _ ___ %g’ %
14 Okatibbee Creek near Meridian _ 2;, (1)028
15 Sowashee Creek at Meridian. _ .. ()
8,030
9, 530
16 Chickasawhay River at Enter- )
prise. 61, 700
217, 500
17 Souinlovey Creek near Rose llé' i%
18 Souinlovey Creek near Pachuta. - (@)
18, 500
20, 000
19 Pachuta Creek at Pachuta..._.__ 0
6, 000
7, 200
20 Shubuta Creek near Shubuta_... 12’ 868
21 Buckatunna Creek near Sykes.._ , 300
15, 800
22 Long Creek near Quitman_______ g, Z 58
23 Buckatunna Creek near ()
‘Waynesboro. 20, 500
20, 000
24 Buckatunna Creek near Bucka- 0]
tunna. 26, 000
17, 000
25 Strong River near Puckett_.. ... 260 19500 oo 50 oo 27.06 19, 300
195564 ... 1961 ... ... 26. 35 15, 500
__________________________ 6 25, 53 9, 300
26 Strong Riverat Dlo.____.__.___.. 420 1900 ... 1900 ... 33+ ®
1929-64__________ 1950 _.__....... 33.0 24, 800
__________________________ 7 25. 55 , 800
1 Unknown.

2 At site 0.5 mile upstream; same datum.
3 At site 0.4 mile upstream; same datum.
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The flood on upper Souinlovey Creek was probably the most, unusual
in the flood area. The new crossing of State Highway 503 near Hero
was overtopped, and more than 100 feet of fill was completely removed.
The drainage area at that point is about 20 square miles, and the
estimated peak discharge greatly exceeded the 50-year flood. At State
Highway 504 (sta. 17) the peak stage was 2 feet higher than that of
February 1961 and was higher than any other flood of record. At
Interstate 59, U.S. Highway 11 (sta. 18), and State Highway 512, the
Souinlovey Creek flood exceeded those of February and December
1961, and it was about as high as the historic flood of 1900.

Pachuta Creek at Pachuta (sta. 19), with a drainage avea of 23
square miles, had the maximum flood of record which began in 1951.
Tarlow Creek near Newton (sta. 12) was not in the area of heaviest
rainfall, but its flood was the second greatest since records began in
1951. Shubuta Creek near Shubuta (sta. 20) had a severe flcod.

Upper Buckatunna and Long Creeks had severe floods that crested
higher than the floods of February 1961 at State Highway 18 (stas. 21
and 22). Asthe flood wave moved downstream, it began to decrease, but
on the night of April 7, about 4 inches of rain fell in the Buckatunna
basin near Shubuta. This increased the flood, and at progosed U.S.
Highway 84 (sta.283), it almost equaled that of February 1961. It again
began to decrease as it moved south, and at U.S. Highway 45 (sta. 24),
it was 8 feet lower than that of the flood of February 1961.

The crest at Chickasawhay River at Enterprise (sta. 16) was mod-
erate because rains in the upper basin probably did not éxcee1 4 inches.
The drainage basin of Chunky River near Chunky (sta. 13) also was
north of the heavy rains, and its flood was moderate.

The amount of flood damage was considerable. Hundreds of families
in Meridian were driven from their homes on the morning of April 6
by the rising waters of Sowashee Creek. The floodwaters covered
hundreds of lawns in heavily populated residential areas on the north
side of Sowashee Creek and endangered business areas on the south
side, according to local news media. Damage from floodwaters of
Gallagher Creek, which flows through much of northern ard western
Meridian, was reported to have been heavy.

The U.S. Army Corps of Engineers reported that damage amounted
to $457,000, and that 2,000 persons were evacuated from Laurel during
the flood of April 6-7.

Elevations of floodmarks were determined at many highw~y, county
road, and railroad crossings on the streams most affected by the floods.
Floodmarks were surveyed on Etehoma, Tallahala, Tallahoma, So-
washee, Souinlovey, Pachuta, Buckatunna, and Long Cree's. Flood-
marks were obtained at most highway and railroad crossings to show
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differentials in water-surface elevation across fills at the mair-channel
bridge and at each edge of the valley. Detailed descriptions of flood-
marks and permanent reference marks, referenced to mean sea level
at most crossings, and historical flood elevations and those correspond-
ing to the 50-year flood on flood profiles at highway and railroad
crossings are given in a report by Wilson and Ellison (1968).

FLOODS OF APRIL IN ALABAMA

By JERALD F. MCCAIN

Weather throughout Alabama during the entire month of April was
distinguished by numerous thunderstorms, tornadoes, and heavy rain-
fall, resulting in local flash floods that caused widespread damage. The
greatest total monthly rainfall recorded in the State was 18.70 inches
at Prattville. The total monthly rainfall of 15.64 inches at Montgomery
was the second greatest amount recorded during April for more than
90 years of record. The monthly rainfall of 16.82 inches at Meridian,
Miss., near the west-central Alabama border was a record for April.

During the period of April 6-8, several thunderstorms over the
central part of the State produced heavy rains., Rainfall amounts of
9 inches or more were recorded along a line from Meridian, Miss.,
through Montgomery to Auburn. Percipitation for April 6-8 is shown
on the isohyetal map (fig. 11). Several rainfall stations reported 7
inches or more on April 6. Pushmataha in west-central Alakama re-
ported 10.10 inches. Other notable rainfall amounts were 7.98 inches at
Dayton, 7.63 inches at Marion Junction, and 7.09 inches at Prattville.

The intense rainfall of April 6-8 caused several streams in south-
central Alabama to have record-breaking floods (table 6). Tuckabum
Creek near Butler (sta. 32) in the western part of the State had a peak
discharge on April 6 that was more than five times greater than the
previous maximum in a 10-year record. At Uchee Creek nesr Fort
Mitchell (sta. 4), near the Georgia State line, the peak stage on
April 9 was 4.5 feet higher than the previous maximum stage in an
18-year record. The peak discharges at Tuckabum Creek and Uchee
Creek were 2.31 and 1.65 times the 50-year floods, respectively. The
outstanding flood peaks at Alamuchee Creek near Cuba (s*a. 30),
Kinterbish Creek near York (sta. 31), and Uchee Creek near Seale
(sta. 2) were approximately 1.1 times the 50-year flood at each site.
The peak discharge at Uphapee Creek near Tuskegee (sta. 19) was the
maximum during 25 years of record and has an estimated recurrence
interval of 32 years. The April 9 peak stage at Uphapee Creek was
about 1 foot lower than the historic 1929 flood peak. Floods of record
also occurred at Phelps Creek near Opelika (sta. 3) and Ivy Creek at
Mulberry (sta.22).
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FieUure 11.—Flood area; location of flood-determination points and isohyets for
April 6-8, floods of April in Alabama.

Damage to public facilities in the flood area was reported by the
Alabama Civil Defense Department as about $215,000.

Heavy rains fell over most of southern Alabama again or April 27,
producing significant floods on many streams. Heaviest rainfall
amounts were 9.30 inches at Georgiana, 8.38 inches at Greenville, 7.57
inches at Highland Home, and 7.89 inches at Robertsdale.

Record floods occurred at two gaging stations—Pigeon Creek near
Thad (sta. 7) and Montlimar Creek at U.S. Highway 90 at Mobile
(sta. 34). The peak discharge at Pigeon Creek was the marimum for
28 years of record. Two other streams in the area of heavy rainfall,
Patsaliga Creek at Luverne (sta. 5) and Sepulga River near McKenzie
(sta. 6), had peak discharges with estimated recurrence irtervals of
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TABLE 6.—Flood stages and discharges, April in Alabama

Maximum floods
Dminsge Prior to Apr. 1964 Discharge
No. Stream and place of Apr. Gage ——M—MmM8m—————
determination (sq mi) . 1964  height Cubic  Recur-
Period Year (date) (ft) feet por  rence
second interval
(year)
Apalachicola River basin
1 Osanippa Creek near 101 16. 12,800 ...
Fairfax. 8.18 3,840
2 TUchee Creek near Seale._ _ 134 13.1 [
14,06 19,570 2111
3 Phelps Creek near 7.47 1959-64 8.81 6% ...
Opeiika. 9.85 3,000 (1)
4 Uchee Creek near Fort 325 0 21,170 ...
Mitchell. 26. 45 65 170 21.65
5 Patsaliga Creek at 249
Luverne.
6 Se ulga River near 464
cKenzie.
7 Pigeon Creek near 206
Thad.
8 Murder Creek near 170
Evergreen.
9 Styx River near Loxley. . 93.2 1026.. . .__..._ 106 22.2 [¢5)
19.73 14,000 _
17.01 7,820 8
10 Fish River near Silver 55,1 1953-64...___.... 1953 ... 17.04 570 (...
Hill. s 27 15.00 5,470 7
11 Paint Creek near Marble
Valley.
12 Hatchet Creek near
13 WReoguockftkordé k
a Creek near
‘Weogufka.
14 Paterson Creek near
Central.
15 Coosa River at Jordan
Dam near Wetumpka.
16 Tallapoosa River at
Wadley.
17 Harbuck Creek near
Hackneyville.
18 Hillabee Creek near
1o Upinpe Lok
reek near
Fuskegee.
20 Calabee Creek near
Tuskegee.

See footnotes at end of table,



SUMMARY OF FLOODS C23

TaBLE 6.—Flood stages and discharges, April in Alabama—Continued

Mazximum floods
Drainage Prior to Apr. 1964 Discharge
No. Stream and place of area Apr. Gagpg —m8m8Mm8 —————

determination (sq mi) 1964  height Cul‘c  Recur-

Period Year (date) (ft) feet per  rence
second interval

(year)

Mobile River basin—Continued

21 Autauga Creek at Pratt- 109
ville.

22 Ivy Creek at Mulberry.. 10.5 196064
23 Big Swamp Creek near 247
Lowndesboro.

24 Mulberry Creek at Jones_ 208
25 Alabama River at Selma. 17,100

26 Boguechitto Creek near 104
rowns.
27 Turkey Creek at 114
Kimbrough.
28 Pursley Creek near
Camden.
20 Sucarnoochee River at 606
Livingston.
30 Alamuchee Creek near 63
Cuba.
31 Kinterbish Cresk near 91.4 1954-64
York.
32 Tuckabum Creek near 112
utler. 6
33 Okatuppa Creek at 151
Gilbertown.
34 Montlimar Creek at 8.26 196264 _______ 1962 _..___. 5.00 804 __________
&S}.’ iIliighwav.y 90,8t el 2 8.60 4.000 O]
obile.

1 Not determined.

2 Ratio of peak discharge to 50-yr flood.

3 Datum in use 1966; 1944-64 datum 1 ft lower.

€ Regulated.

8 At site 0.2 mile upstream, at datum 1.46 ft higher.

8 Daily discharge.
13 and 12 years, respectively. At the Montlimar Creek gagirg station,
which is equipped with a continuous-recording rain gage, more than
10 inches of rainfall was recorded in a 36-hour period. Diring one
intense burst, 1.9 inches fell in a 15-minute period. (See fig. 12.)

Overtaxed or clogged drainage channels overflowed in several areas

of Mobile and the resultant flooding damaged many houses The city
of Mobile estimated the total damage to streets and bridges to be about
$60,000. In addition to damage to streets and bridges, an estimated
$150,000 would be required to dredge Montlimar Creek, which was

partly clogged by sediment from headwater bank erosion.
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Ficure 12.—Cumulative rainfall on April 25-27 at Montlimar Cree% at U.S.
Highway 90 at Mobile, Ala.

FLOODS OF APRIL 18-20 NEAR VILLE PLATTE, LA.
By VERNON B. SAUER

A small area in south-central Louisiana, mainly the northern part
of Evangeline Parish, received torrential rains on the night of April
17 and the early morning of April 18. Official U.S. Weather Bureau
reports for Ville Platte, a community of about 8,000 persons, indicated
that 14.55 inches of rain fell during the 14-hour period from 5 p.m.
on April 17 to 7 a.m. on April 18, and a total of 14.61 inches fell during
a 16-hour period. This storm produced the third greatest 24-hour pre-
cipitation recorded in Louisiana in any April. The real extert of the
storm was small, as indicated by rainfall recorded at nearby stations.
Eunice, about 15 miles southwest of Ville Platte, received 0.89 inch
of rainfall, and Bunkie, about 19 miles north-northeast, received 1.45
inches. As a result, flooding was not extensive, even though some
streams in the immediate area rose to record heights. The locations of
flood-determination points and precipitation gages are shown in figure
13.
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EXPLANATION
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in table 7
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F1cURE 13.—Flood area ; location of flood-determination points and precipitation
stations, floods of April 18-20 near Ville Platte, La.
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The most outstanding flood occurred at Boggy Bayou, near Pine
Prairie (51.3 sq mi), which had a peak discharge of 17,400 cfs, a
flood equivalent to 2.3 times the 50-year flood. Peak stages and dis-
charges at gaging stations in the area are given in table 7.

TaBLE 7.—Flood stages and discharges, April 18-20 near Ville Plate, La.

Maximum floods
Drainage Prior to Apr. 1964 Discharge
No. Stream and place of ares Apr. Gage —m™mMmMm8———
determination (sq mi) 1964  height Culfc  Recur-
Period Year (date) (tt) feet rence

interval
second  (years)

Mississippi River Delta

1 Bayou Cocodrie near 72.1 195464 ______. 1955 . ___ 12. 50 [C) J
lenmora. 0 e mmc———— 20 15. 54 [ F T

2 Bayou des Cannes near 131 193864 ... 1953 ..o 22.36 11,800 ._______..

Eunice. o 20 20.70 8, 680 8
3 East Fork Bayou 40.0 1953-64___ . __.__ 1953 __..___. 18.93 [C) 2
Nezpique near Reddell. . _____... 19 17.68 [Q I
4 Boggy Bayou near Pine 51.3 1048-58,1062-64._ 1953 __...___ 18. 50 16,000 __________
Prairie. 000 el 19 18.78 17,400 22.3

1 Not determined.
2 Ratio of peak discharge to 50-yr flood.

Flash flooding from local drainage and small streams ir or near
Ville Platte and St. Landry caused damage to homes and business
establishments. Half of Ville Platte was flooded by 4 a.m. on April
18 with water as much as 3 feet deep in some areas. About 250 persons
were forced to evacuate their homes in Ville Platte and St. Landry.
The deluge resulted in extensive damage to levees in rice fields and to
newly planted rice and cotton. Some highways were closed, and some
powerlines were down. Lake Chicot, a 2,000 acre-foot reservoir, over-
flowed during the night of April 18, causing danger to an esrth dam
near its north end.

FLOODS OF APRIL 20-24 IN CENTRAL INDIANA
By ArcHIE A. MoCoLLAM

Severe flooding occurred in central Indiana on April 20-24 as the
result of heavy rains on April 18-22. Precipitation in the flnod area
ranged from 3 to 7 inches. The isohyetal map (fig. 14) was compiled
from U.S. Weather Bureau data.

Peak discharges were great in the upper drainage basins in areas
of heavy rainfall (fig. 14). At 10 gaging stations the peak stages
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equaled or exceeded previous maximums for periods of recorc ranging
from 3 to 40 years. Thirty-eight flood-determination points are listed
in table 8. The known recurrence intervals of the flood peaks equaled
or exceeded 50 years at five stations, exceeded 25 years at 11 stations,
and exceeded 10 years at 21 stations.
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FIGURE 14.—Flood area; location of flood-determination points an¢ isohyets
for April 18-22, floods of April 20-24 in central Indiana.
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TaBLE 8.—Flood stages and discharges, April 20—-24 in ceniral Indiana

‘Wabash River basin

Maximum floods
Drainage Prior to Apr. 1964 Discharge
No. Stream and place of area ————  Apr. Gage —m8Mm—————
determination (sq mi) 1964  height Culkic  Recur-
Period Year (date) (ft) feet per  rence
second interval
(years)
1 Wildcat Creek near
Jerome.
2 Kokomo Creek near
Kokomo.
3 Wildeat Creek at Ko-
komo.
4 Wildcat Creek at
Owasco.
5 South Fork Wildcat
Creek near Lafayette. 3
6 Wildcat Creek near La- 791 10654-64 . ______. 1958 ... __ 21. 52 25,000 __________
fayette. e 21 18. 36 18, 300 9
7 Wabash River at La- 7,247 1901-02, 1904, 1913 ... __. 32.9 190,000 ..___..___
fayette. 1907-64.
8 Big Pine Creek near 329
Williamsport.
9 Wabash River at Cov- 8,208
ington.
10 Sugar Creek at Craw- 509
fordsville.
11 Sugar Creek near 668
Byron.
12 Wabash River at 11,100
Montezuma.
13 B1§ Raccoon Creek near 132
incastle.
14 Big Raccoon Creek at 215
Ferndale.
15 Little Raccoon Creek 133
near Catlin.
16 Big Raccoon Creek at 440
Coxville. 3 A -
17 Wabash River at Terre 12,200 1828, 1858, 1867, 1913 - . .. 31.1 245,000 _____..__.
Haute. 1875, 1883,
1892-97, 1902-
64.
24.39 82,470 3
18 White River at 242 22.6 20,000 ...
Muncie.
14.98 14,300 42
19 Buck Creek near 36.7 12. 64 1,70 ...
Muncie. 13.96 1,780 3
20 White River at 401 23.6 L, 000 ..
Anderson. 19.41 18, 700 24
21 White River near 814 191464 _________ 1927 . . ... 27,200 ..
Noblesville. 16.35 . ieiiaaons
16.35 26, 600 13
22 White River at Nobles- 837 23.8 (O
ville. 20.55 24,000 __________
21.31 26, 800 10
23 Cicero Creek near 131 15.6 [ T,
Arcadia. 11. 86 6,720 ...
10.65 3, 7
24 Little Cicero Creek near 44. 8.69 3,960 __________
Arcadia. 7.63 2, 210 m
25 Hinkle Creek near 16. 8.45 ,920 . ..
icero. 7.80 3,200 O]
26 Cicero Creek at Nobles- 219 19.5 (O J
ville. 1526 9,80" ______.._
14. 50 7,80 20
27 White River near Nora.. 1,200 22,4  58.500 ___.__ .. ..

18.65 30,407 30

See footnotes at end of table.
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TaBLE 8.—Flood stages and discharges, April 20-24 in central Indiana—Continued
Wabash River basin—Continued

Maximum floods
Drainage Prior to Apr. 1964 Discharge
No. Stream and place of area — Apr. Gage —————
determination (sq mi) 1964  height Cutfec  Recur-
Period Year (date) (ft) feet per  rence
second interval
(vears)
28 Fall Creek near Fort- 172 1913 . 1) & R, 12
ville. 943 9,77
9.88
29 Mud Creek at Indian- 42.5 R 8.05
apolis. 8.37
30 Fall Creek at Millers- 313 1913, 1926, 1930 913 . 16.3
ville. 64,
__________________________ 21 12.78
31 White River at Indian- 1,627 1904-06, 1912-64.. 1913 _.__.._._ 30.0
apolis. 19.88
32 Eagle Creek at Zions- 19,20
ville. 13. 22
14.64
33 Eagle Creek at Indian- 16. 38
apolis. 11.05
34 thtle Eagle Creek at 7.44
Speedway. 7.3t
35 West Fork White Lick 16.0
Creek at Danville. 8,77
36 White Lick Creek at 22.95
Mooresville. 20.
37 White River near O]
Centerton. 17.2
17.5
38 White River at Spencer. 28.
23.33

1 Not determined.

? Affected by ice backwater.

3 Daily discharge.

4 Regulated by reservoir.

5 Ratio of peak discharge to 50-yr flood.

At least one life was lost as a result of the floods, and meny fam-
ilies were evacuated from their homes. Widespread damage occurred
to levees, bridges, utilities, homes, and personal possessions. Damage
in Delaware, Henry, and Madison Counties was more than $1.8 mil-

lion, according to Civil Defense officials.

FLOODS OF APRIL 25-28 IN SOUTHERN MISSISSIPPT
After WiLsoNn and ELLIsON (1968)

Moderate to heavy rains fell over all of Mississippi on April 24-27.
The rains were especially heavy along the coast, where a total of 12.01
inches fell at Gulfport in the 8-day period. At Gulfport, 11.69 inches
fell in the 29 hours from April 26 (1 a.m.) to April 27 (6 am.). A
total of 10.85 inches was reported to have fallen in 24 hours at Bay
St. Louis, which is a record 24-hour rainfall for any April in the
coastal area of Mississippi. An isohyetal map of southern Mississippi
(fig. 15) shows that the rainfall diminished rapidly northward from
the coast, with only about 4 inches of rainfall recorded 50 miles north
of Gulfport.
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Fieure 15.—Flood area; location of flood-determination points and isohyets
for April 24-27, floods of April 25-28 in southern Mississippi.

The rains caused major flooding on small streams in the coastal
area and on the lower reaches of the larger streams draining into the
gulf. According to local news media, the low-lying areas in Gulfport
were covered with water, and approximately 2,000 persors in the
Gulfport-Biloxi area were evacuated from their homes. Brickyard
Bayou, a primary drainage outlet in Gulfport, flooded and backed
water into homes in the western section of the city. Some areas in
Bayou View were flooded by the water from both Brickyard Bayou
and Bayou Bernard.

Several highways in the coastal area were overtopped by the flood-
water. Bluff Creek crested only 1.0 foot below the peak of th< record
flood of September 1957, and its water overtopped State ITighway
57 by about 3 feet at Vancleve. U. S. Highway 90 was overtopped in
several places between Biloxi and the Mississippi-Alabama State line.

Peak stages and discharges at 21 selected sites (fig. 15) in the areas
of heavy rainfall are listed in table 9.
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TaBLE 9.—Flood stages and discharges, April 256-28 in southern Mississippi

Maximum floods
Stream and place of Drainage
No. determination area Prior to Apr. 1964 Apr.1964 Gage Dis-
(sq mi) - (date) height charge
Period Year (ft) (cfs)
Pascagoula River basin

1 Walls Creek near Brooklyn. ... g, ggg
2 Black Creek near Benndale... ?;2;’ ggg
3 Red Creek at Lumberton. ... 3, ggg

4 Red Creek near Wiggins....._. [©)
17,000
10, 300
5 Red Creek near Perkinston.._. 14, 000
18, 500
6 Flint Creek near Wiggins______ 3,320
3,870
7 Red Creek near Vestry........ 21, 500
20, 200
8 Franklin Creek near Grand 2,750
Bay, Ala. 1,920

9 Tuxachanie Creek near Biloxi_ [O]
22.22 17,700
19,72 11, 200
10 Tchoutacabouffa River near 13 08 , 000
Biloxi. 1€. 40 26, 400

11 Biloxi River at Wortham. ... 27.3 Q)

21.08 7,740
20,94 8, 420
12 Biloxi River at Lorraine. . __... €.03 35,000
7.09 23, 400
13 Bayou Bernard near Landon. . 30.0 1957-64._...._...._ 1957 ... 1€.5 9, 900
____________________________ 27 12.11 5, 900
Wolf River basin

14 Wolf River near Poplarville.._. 71 1952-64. ... ... 1961 ... 193.42 lg,ggg
15 Murder Creek near Poplarville. ;: ggg
18 Wolf River near Lyman_.._._.. 18: 500
20, 000

17 Catahoula Creek near Santa 155 21.5 Q)]
Rosa. 1£. 36 4,360
25.05 16,600

18 Jourdan River near Bay St. 215 a7 (2)
Louis. 7.85 26,300
7.43 22, 400
19 Bayou La Croix near Clear- 43 27,65 2,900
mont Harbor. 2. 90 3,200

See footnotes at end of table.



C32 FLOODS OF 1964 IN THE UNITED STATES

TaBLE 9.—Flood stages and discharges, April 25-28 in southern Mississippi—Con.

Maximum floods

Stream and place of Drainage
No. determination area Prior to Apr. 1964 Apr.1964 Gage Dis-
(sq mi) (date)  height charge
Period Year (ft) (cfs)
Pearl River basin

20 East Hobolochitto Creek at 108 1956-64. . _______. 1961 ... _.____ 87.54 6, 800
Picayune. e 26 88 58 8, 000
21 West Hobolochitto Creek near 92 1928-64. 1961 ........_. 133. 89 19, 900
Poplarville. e 26 129.82 6,000

| Between 152.5 {t and 153.5{t.
2 Unknown.

The lower reaches of the Jourdan, Biloxi, and Tchoutrcabouffa
Rivers had severe flooding, and the smaller gaged streams. such as
Bayou La Croix (sta. 19), Bayou Bernard (sta. 13), and Franklin
Creek (sta. 8), had floods of much less severity. The heavy rainfall
diminished north of the coastal area, and Catahoula Creek (sta. 17)
had only a moderate flood.

The flood on Red Creek was minor near its headwaters at Lumber-
ton (sta. 3), but it grew progressively more severe in the lower
reaches, and when it reached Perkinston (sta. 5), it had the greatest
peak discharge in the period of record, which began in 1952.

FLOODS OF APRIL 25-MAY 3 IN NORTHERN FLORIDA AND
SOUTHERN GEORGIA

By JamMes W. RasoN

Heavy general rains fell over the panhandle and northern penin-
sula of Florida and in southern Georgia during late April and early
May. These rains caused significant flooding on many stream-. princi-
pally those draining basins of less than 500 square miles.

Streamflow preceding the storms was considerably above normal
in the entire area. In the panhandle of Florida, streamflov for the
first half of the water year (October 1963-March 1964) was 20 per-
cent above normal for Econfina Creek near Bennett (sta. 45), 65
percent above normal for Shoal River near Crestview (sta. 54), and
three times normal for Ochlockonee River near Havana (sta. 39).
(See fig. 16.) :

The excess of runoff above normal ranged from 5.8 inches for Econ-
fina Creek near Bennett to 9.4 inches for Ochlockonee River near
Havana. In the northern peninsula, streamflow for the preeding 6
months ranged from 234 times normal for North Fork Black Creek
near Middleburg (sta. 11) to five times normal for St. Marys River
near Macclenny (sta. 5). The excess of runoff above normal ranged
from 6.7 inches for North Fork Black Creek to 9.1 inches for St.
Marys River.
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The greatest amounts of rainfall in the panhandle area cf Florida
occurred April 26-28. The greatest 1-day rainfall (9.01 in.) occurred
at the Crestview weather station on April 27, and total rainfall for
the period April 25-May 3 was 11.16 inches. A total of less than half
an inch was measured on 7 of the 9 days. At Cairo, Gfa., in the head-
waters of the Ochlockonee River, 3.80 inches rainfall was measured
on April 27 and 4.92 inches on May 2. Total rainfall measured at this
station for the 9-day flood period was 9.97 inches. In the northern
peninsula, the greatest 1-day rainfall, 7.03 inches, occurred on May
2 at the Jasper weather station, and 6.41 inches fell at the Glen St.
Mary station. Total rainfall amounts for the flood period at these
two stations were 13.37 inches and 11.61 inches, respectively. Figure
17 shows the rainfall depth-duration curve for the recording-gage
weather station at Raiford State Prison.

Maximum discharges of record occurred at three gaging stations
in the St. Marys River basin, where the peak discharges at Turkey
Creek at Macclenny (sta. 3) and South Prong St. Marys River at Glen
St. Mary (sta. 4) slightly exceeded those for 50-year floods (table 10).
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Fieure 17.—Cumulative rainfall, April 25-May 2 at Raiford State Prison
weather station, Florida.
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In the St. Johns River basin, three crest-stage partial-record stations
had peak discharges that were maximums in short periods of record.
The peak discharge at one of these stations (Yellow Water Creek
near Maxville, sta. 10) exceeded that for a 50-year flood. At one
coastal-basin station, Moultrie Creek near St. Augustine (sta. 15),
the peak discharge was about 16 percent greater than that for a
50-year flood. Peak discharges of streams in the Suwannee River basin
were generally less than those for 10-year floods.

TABLE 10.—Flood stages and discharges, April-May in northern Florida and
southern Georgia

Maximum floods
Drainage Prior to Apr. 1064 Df<charge
No. Stream and place of area ——————— Apr.May Gage ——mM————
determination (sq mi) 1964 height Cubfc  Recur-
Period Year (date) (ft) feet per rence
second interval
(years)
St. Marys River basin
1 North Prori& St. Marys 160 1921-23 1928 . ___ 116.7 16,080 __________
River at Moniac, Ga, 1927—54,
1951-64.
...................... May 3,4.. 15.41 2,760 4
2 Middle Prong St. 127 1955-64______ 1958 ___._..___.. 12.0 1,790 ...
Marys Riverat . May3._._. 13.96 3, 590 13
Taylor, Fla.
3 Turkey Creek at 20.9 1955-64______ 1963 ... ... 7.10 1,270 .. ___
Macclenny, Fla. ... May2..__. 8.40 2, 600 21,04
4 South Prong St. Marys 150 1047 .. 1947 . . 13.0 6,000 _______.__
River at Glen St. 1950-64______ 1950 . ______ 12,71 6,200 .. __.__
Mary, Fla. s May3.... 13.26 6, 340 21.11
5 St. Marys River near 720 192664 ____. 1947 . ___ 22.29 128100 ____..___.
Macclenixdy, Fla. e May4._.. 20.72 16,500 13
6 Little St. Marys River 18.1 1961-64.._.__ 1962 ... 6.03 768 ...
near Hilliard, Fla. ... May_..... 5,58 521 7
7 South Fork Black 11.24 3,240 ...
Creek near Camp 7.68 697 1
Blanding, Fla.
8 Greens Creek near 6.00 1,360 __._.._...
Penney Farms, Fla. 5.20 900 5
9 South Fork Black 26.33 13,900 ... __.._
Creek near Penney 16.48 3,000 2
Farms, Fla.
10 Yellow Water Creek near . 8.64 1,000 _......_..
Maxville, Fla. . May3.._.. 10, 55 3,220 21.10
11 North Fork Black Creek 174 919 ________ 1919 ... 25.3 15,000 __._______
near Middleburg, Fla. 1931-64______ 1944 ____________ 23.76 10,400 __________
______________________ May3..._ 23.91 12600 18
12 Durbin Creek near 36.7 1961-64______ 1963 .. 545 332 __._____..
Durbin, Fla. s May. _____ 8. 66 1,350 22
13 Trout River at 20 1961-64______ 1963 . 7.18 522 ..
Dinsmore, Fla. .. May.._... 7.41 564 7

Coastal basing between St. Johns River and Lake Okeechobee and the Everglad~s

14 Moultrie Creek at State 22.1  1961-64 1963 8.47 682 ..
Highway 207, near ... May3.__. 8. 77 766 ®)
St. Augustine, Fla.

15 Moultrie Creek near 23.3 1939-64..._._ 1941 . 9.31 1,370 oo
St. Augustine, Fla. e May3.__. 8.73 1,280 21.16

See footnotes at end of table,
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TABLE 10.—Flood stages and discharges, April-May in northern Florida and

southern Georgia—Continued

Maximum floods

Drainage Prior to Apr. 1964 Discharge
No. Stream and place of area —ee—————————— Apr.-May Gage ——————
determination (sq mi) 1964 height Culic  Recur-
Period Year (date) (ft) feet per rence
seco1d interval
(vears)
Suwannee River basin
16 Suwannee River at 1,990
‘White Springs, Fla.
17 Withlacoochee River 2,220
near Pinetta, Fla.
18 Suwannee River at 6, 580
Ellaville, Fla.
19 Suwannee River at 7,090
Branford, Fla.
20 Santa Fe River near

Graham, Fla.

21 New River near Lake
Butler, Fla.

22 Santa Fe River at
Worthington, Fla.

23 Swift Creek near Lake
Butler, Fla.

24 Santa Fe River near
High Springs, Fla.

25 Santa Fe River near 1,080
Fort White, Fla.

26 Suwanee River near 9, 500
Wilcox, Fla.

27 Steinhatchee River near 350 1950-64. __.__ 1957 ... 15. 84 4,320 __________
Cross City, Fla. ... May3.... 12,90 1,760 1

Coastal basins between Steinhatchee River and Aucilla River

28 Fenholloway River near 70 14.08 1,620 ...
Foley, Fla. 10.75 465 1

29 Fenholloway River at 80 16.03 2,640 _________
Foley, Fla. 14.34 797 2

30 Econfina River near 192 12.78 2,540 __________
Perry, Fla. 10. 99 £66 2

31 Little Aucilla River 20
near Greenville, Fla.

32 Aucilla River at 680
Lamont, Fla.

Coastal basins between Aucilla River and Ochlockonee River

33 St. Marks River near 540 10. 01 4010 ... ____.
Newport, Fla. 6.76 1, 530 ®)

34 Sopchoppy River near 104 19. 90 2,080 ...
Sopchoppy, Fla. 14. 68 1,730 2

35 Ochlockonee River 550 20.1 72,000 _____.____
near Thomasville, Ga. 18.8 14, £°0 11

36 Barnetts Creek near 104 16.8 10,400 ... ___
Thomasville, Ga. 19. 04 14, €080 21.45

37 Wolf Creek near Whig- 19 15 [ J
ham, Ga. 8.2 2,000 o

9.32 3,720 2

See footnotes at end of table.
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TABLE 10.—Flood stages and discharges, April-May in northern Florida and
southern Georgia—Continued

Maximum floods

Drainage Prior to Apr. 1964 Discharge
No. Stream and place of area ————————— Apr.-May QGage —mmMm———
determination (sq mi) 1964 height Cub‘c  Recur-

Period Year (date) (ft) feet per  rence
secord interval

(years)
Coastal basing between Aucilla River and Ochlocl River—Continued
38 Tired Creek near Cairo, 60 16.3 28,
Ga. 13.0 14,
39 Ochlockonee River near 1,020 35.08 55,
Havana, Fla. 30.11 17,
40 Little River near 250 20.45 23,
Quincy, Fla. 15.13 6,
41 Ochlockonee River near 1,660 28. 50 50,
Bloxham, Fla. 32.64 555,
21.94 17,
42 Apalachicola River at 17,100 1928-64._____ 1929 ... 38.97 293,000 ... _______
Chattahoochee, Fla.  ______________________ May6__._ 27.04 111,000 3
43 Chipola River near 781 1912-13, 1926 . ... 33.55 25000 ..._.__...
Altha, Fla. 1921-27,
1929-31,
1943-64.
26.05 8,960 6
44 Econfina Creek near 40.5 1962-64 11. 58 1,050 __________
Compass Lake, Fla. 7.67 474 2
45 Econfina Creek near 122 12.46 4,860 ______._..
Bennett, Fla. 8.05 1, 1
46 Bear Creek near 67.2 1962-64 1268 20260 _._..____
Youngstown, Fla. 11.12 1,360 7
Choctawhatchee River basin
47 Choctawhatchee River 3,499 271 206,000 _______...
at Caryville, Fla. 13.52 33,200 2
48 Sandy Creek at Ponce 115 10. 94 3,910 __________
de Leon, Fla. 14,21 9,120 21.07
49 Holmes Creek at 386 23.35 10,900 .__..__...
Vernon, Fla. 21.12 8,120 32
50 Choctawhatchee River 4,384 1250 122,000 . .. __..
near Bruce, Fla. 13.11 40, 900 3
Coastal basins between Choctawhatchee River and Yellow River
51 Alaqua Creek near De 65.6 18.47 9,020 ...
Funiak Springs, Fla. 16.15 2, 020 2
52 Yellow River at 624 26. 2 [
Milligan, Fla. 1513 28,000 _.__.._._
10. 51 8,830 2
53 Shoal River near Mossy 123 21.86 8,600 _______.__
Head, Fla. 23. 64 10, 500 21.08
54 Shoal River near 474 14.26 12,700 ...
Crestview, Fla. 12,11 15, 10

See footnotes at end of table.
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TaBLe 10.—Flood stages and discharges, April-May in northern Florida and
southern Georgia—Continued

Maximum floods

Drainage  Prior to Apr. 1964 Discharge
No. Stream and place of area ——————— Apr-May G _—
determination (sq mi) 1964 beight Cul‘c  Recur-
Period Year (date) (ft) feetper rence
second interval
(years)
Blackwater River basin
55 Blackwater River near 20.80 17,200 ._........
Baker, Fla. 15. 56 5, 7t 2
56 Big Juniper Creek near 12.34 3,900 ...
Munson, Fla. 10. 14 1, 850 2
57 Big Coldwater Creek 1733 23,100 ...._._.__
near Milton, Fla. 12.12 9, 240 3
58 Pond Creek near 11. 52 3,380 _......_..
Milton, Fla. 9.75 1,940 1
59 Hurricane Branch near 4.60 272 ...
Milton, Fla. 5. 69 1, 680 ®)

60 Escambia River near 3,817
Century, Fla.

61 Pine Barron Creek 75.3
near Barth, Fla.

62 Brushy Creek near
Walnut Hill, Fla.

63 Perdido River at
Barrineau Park, Fla.

64 Styx River near
Loxley, Ala.

1 At different site or datum.

2 Ratio of peak discharge to 50-yr. flood.
3 Not determined.

4 Affected by backwater.

5 Affected by dam failure upstream.

Peak discharges at seven gaging stations in the panhandle area are
of special interest. At three stations in the upper Ochlockonee River
basin in Georgia, peak discharges were the greatest since the record
floods of 1948. At two of these three stations, Barnetts Creek near
Thomasville (sta. 36) and Tired Creek near Cairo (sta. 38), peak dis-
charges were about 1.5 to 2 times those for 50-year floods. Outstanding
floods occurred on two streams in the Choctawhatchee River basin.
Sandy Creek-at Ponce de Leon (sta. 48) had a peak discharge slightly
exceeding that for a 50-year flood, and Holmes Creek at Vernon
(sta. 49) had a 32-year flood. The maximum discharge of record

occurred on Shoal River near Mossy Head (sta. 53) and was about 8



SUMMARY OF FLOODS C39

percent greater than that for a 50-year flood. Hurricane Branch near
Milton (sta.59), a crest-stage partial-record station draining only 2.95
square miles, had a peak discharge of 569 cfs per sq mi (cubic feet
per second per square mile). The frequency of this flood has not been
determined.

Damage from rains and flooding were light.

FLOOD OF APRIL 26-27 NEAR BILLINGS, MONT.

By MELVIN V. JOHNSBON

Intense rainfall on April 25-26 caused local flooding in the Pryor
Creek basin, southeast of Billings, Mont. (fig. 18). Precipitation at
the U.S. Weather Bureau station at Pryor was 2.20 inches on April 25
and 2.44 inches on April 26.

Peak stages and discharges, determined by indirect measurements,
of the April 26-27 flood are compared with stages and discharges from
prior maximum know floods in table 11.

TABLE 11.—Flood stages and discharges, April 26-27 in Pryor Creek basin, near
Billings, Mont.

Maximum floods
Drainage Prior to Apr. 1964 Discharge
No. Stream and place area Apr. Gage —m88 ———
of determination (sq mi) 1964 height Cul‘c Recur-
Period Year (date) (ft) feet per  rence
second interval
(years)
1 Wets Creek near Billings. 8.14 1955-64._ llsgs ...... 35
5
2 West Buckeye Creek near 185 oo
Billings. 215 25
3 Pryor Creek near 435 1,700 .. . ...
Billings. 3,720 211
4 Pryor Creek at Huntley. 606 2,300 ____.._...
860 50

1 At site 2,000 ft downstream.
2 Ratio of peak discharge to 50-yr flood.

The peak discharges from this storm were relatively largs. The re-
currence interval for the peak discharge on each of the tribntaries to
Pryor Creek was 25 years, and that for each of the two stations on
Pryor Creek was about 50 years.

Flood damage was estimated by the U.S. Weather Bursau to be
more than $100,000. A mainline railroad bridge at Huntley was
destroyed by the flood.
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floods of April 26-27 near Billings, Mont.
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FLOODS OF MAY AND JUNE IN NEBRASKA
By H. D. Brice

Severe flooding in parts of Nance County in east-central Nebraska
(fig. 19) occurred as a result of heavy, localized rainfall, May 25-26.

The time and intensity of the rain were not recordec, but in
Nebraska such local storms usually last less than 12 hours. A total of
5.98 inches was observed at the U.S. Weather Bureau nonrecording
rain gage 2 miles west of Genoa, and the May 28 edition of the Nance
County Journal reported that amounts greater than 10 inches fell in
some areas of the county during the night of May 25-26. According
to the U.S. Weather Bureau (1961), this amount in 12 hours is almost
twice the 100-year, 12-hour rainfall for the Genoa vicinity.

Skeedee Creek basin, northwest of Genoa, is in the area believed
to have been hit hardest by the storm. Runoff from an area of 0.59
square mile, 734 miles west and 314 miles north of Genoa, indicates
that the heaviest concentration of rainfall was in the upper part of the
basin. The unit discharge from that small area was 1,670 ¢fs per sq. mi.,
about three times as great as the present-day concept of a 50-year peak
discharge from a drainage area of that size in that vicinity. Farther
downstream, and on the mainstem of Skeedee Creek (at a county
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F1eure 19.—Flood area; location of flood-determination points, flood of May
25-26 in east-central Nebraska.
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road bridge 3 miles west of Genoa; drainage area, 18.0 sq. mi. a peak
discharge of 21,300 cfs occurred (table 12), which is about 12 times as
large as a 50-year flood discharge at the point.

The peak discharge (18,500 cfs) in Beaver Creek below the mouth
of Skeedee Creek was slightly less than the peak in Skeedee Creek.
This unusually high peak in the small tributary stream was sbout two
times the size of that for a 50-year flood after it entered the much
larger Beaver Creek.

During the height of the flooding in the Genoa area on May 26, State
Highway 22 was closed to traffic just west of the village, and several
families were evacuated from their homes along Beaver Cre2k. Dam-
age to highways, bridges, and culverts in Nance County was estimated
at $200,000. Other damage, including crop losses, livestock losses, farm
building and machinery damage probably reached several hundred
thousand dollars.

Rainfall of from 5 to 7 inches between June 8 and 15, followed by
a torrential downpour of as much as 6 inches on June 16, re-ulted in
extremely severe flooding in Papillion Creek basin in eastern Nebraska
during the night of June 16-17 (fig. 20).

Hundreds of residents were evacuated from their homes in West
Omaha, Elkhorn, Ralston, Millard, and Papillion. Many lives were
saved by heroic rescue efforts, but nine lives were lost by drowning or
heart attacks.

Damage was estimated to be more than $6 million. This is more
than that sustained during any previous flood in this area because of
recent additional urbanization of the flood plains.

Three determinations of peak flood discharges were made in this
basin, and their magnitude in relation to the recurrence interval and
to the 50-year flood is shown in table 12.

TABLE 12.—Flood stages and discharges, May 256-26 and June 16 in east-central
and eastern Nebraska

Maximum floods
Drainage Prior to May 1964 T ‘scharge
No. Stream and place of area —————— May- Gage —m8mmMm8mMmM
determination (sq mi) June height  Cub‘c Ratio
Period  Year 1964 (1) feet toa
(date) per 50-year
secon” flood
1 Skeedee Creek tributary May 25 ... 985 3
near Genoa.
2 Skeedee Creek near Genoa... May 25 ___...... 21, 300 12
3 Beaver Creek at Genoa.__... 627  1040-64.___ 1950 _._______________.__ 21,200 ...
May 26 20.75 18, 5% 2.1
4 W&slgul’a illion Creek near June 16 _.___.._.. 45, 200 2
illard.
5 Hell Creek near Millard._ ... June 16 . ______ 4,90 11
6 Big Papillion Creek at June 16 __________ 15,4% 29

Ralston.

1 Contributing area.
2 Recurrence interval, in years.
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F16URE 20.—Flood area; location of flood-determination points, flood of June
16 in eastern Nebraska.

5 10 15 MILES
| J

— o

FLOODS OF JUNE IN NORTHWESTERN MONTANA

Northwestern Montana had the most severe floods of record on both
sides of the Continental Divide (fig. 21) after the heavr rains of
June 7-8. Precipitation during the 36-hour-storm period wes much as
14 inches. Streams were high from late snowmelt runoff anc soil mois-
ture was favorable for high runoff rates.

The principal streams affected by the floods were the St. Mary,
Belly, and Waterton Rivers in the Hudson Bay basin; the Dearborn,
Sun, Teton, and Marias Rivers in the Missouri River basin; and the
Flathead River upstream from Flathead Lake in the Colurbia River
basin.

Peak discharges on streams in the flood area ranged in magnitude
from about 2 to 11.5 times the probable 50-year flood. The peak dis-
charge (5,740 cfs) of Street Creek at international boundary, from
6.0 square miles of drainage area, was 10.3 times the 50-year flood.
The peak discharge (54,600 cfs) of Teton River near Farmington was
115 times the 50-year flood from a drainage area of 105 square miles.

372-048 0—70——4
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F16ure 21.—Flood area ; in June in northwestern Montana.

The peak discharge (75,300 cfs) of Middle Fork Flathead River at
Essex was 3.9 times the 50-year flood and was four times the maximum
discharge during the previous 25 years of record.

The operation of irrigation and flood-control reservoirs did much
to reduce flood peaks and damages. However, the failure of Swift Dam
on Birch Creek and Lower Two Medicine Lake Dam on Two Medicine
Creek caused destruction of numerous buildings and bridges down-
stream.

Flood damage within the United States was estimated at $55 million.
Thirty lives were lost, 350 persons were injured, and about 8,700 per-
sons were evacuated from their homes during the high-water period.
Damage in C'anada was reported at more than $1 million.

These floods are fully described in Geological Survey Water-Supply
Paper 1840-B, by Boner and Stermitz (1967).

The above-mentioned Water-Supply Paper presents discussions of
the antecedent hydrology and of the meteorology of the flood-produc-
ing storm; a description of the flcods; information on flood damage;
maps of principal urban inundation; flood profiles; discussions of
storage regulation, previous floods, flood frequency, and deposition
and degradation of stream channels; and detailed information on the
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stage, discharge, and reservoir contents for the May-June period.
Maximum stages and discharges for the June 1964 flood and for the
period of station record at 204 continuous-record gaging stations, crest-
stage stations, miscellaneous sites, and reservoir stations are listed in
a summary table. Station descriptions are given for all stations listed
in the summary table of that report.

FLOODS OF JUNE 8 IN NORTHERN IDAHO
By C. A. THOMAS

Flooding occurred in northern Idaho on June 8 as a result of per-
sistent, widespread rains on above-normal snowpacks that were already
melting at fairly high rates. The fringe of the severe storm tlat caused
the great flood in northwestern Montana extended into Idaho. The
area of flooding in northern Idaho is shown in figure 22. The heaviest
rain was on June 8, and most of the peak discharges occurred on that
date. Figure 23 shows weather conditions typical for the area during
May and June. Figure 24 shows isohyets for June 5-8, and location of
snow courses and water equivalent of the snow on June 1.

The most noteworthy floods occurred in Clearwater, Coeur d’Alene,
and Salmon River basins. (See table 13.) However, flooding extended
also into other basins.

In the Clearwater River basin, peak discharges in several large
tributaries exceeded previous maximums of record. The June 1 snow
surveys showed the water equivalent in the snowpacks to be consider-
able. Of 11 snow courses surveyed, the highest measured 6¢ inches of
water, the lowest, 10 inches, and the average was 40 inches. Rainfall
June 5-8 was about equal to a 25-year storm according to U.L'. Weather
Bureau (1964a). On June 2, when there was little precipitation, daily
discharge at Lochsa River near Lowell (sta. 12) was 18.4 cfc per sq mi
or an average of 0.68 inch of runoff per day, from the basin. By June 8,
the average daily temperature had dropped 15°-20°, but the surcharge
from the heavy rainfall increased the peak runoff to 29.8 cfs per sq mi
or a rate of 1.10 inches per day for the basin.

The major runoff from snow in the Coeur d’Alene River basin oc-
curred prior to June 8. Peak discharges were not unusual in the Coeur
d’Alene River main stem or major tributaries. However, the intense
rain on June 8 caused flooding on several small tributaries near the
headwaters, A total of 3.86 inches of precipitation was raported at
Burke June 5-8, of which 2.66 inches fell on June 8. Rainfall was
probably at least this heavy over a considerable area near th'e summait,
and melting of the remaining snow probably contributed to the runoff.

Flooding in the Salmon River basin was limited to small tributaries
adjacent to the Clearwater River basin (table 13). Because of the
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Fieure 22.—Flood area; location of flood-determination points, floods of
June 8 in northern Idaho.
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F1eURE 23.—Weather conditions for May and June at Powell, Idaho.
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FIGURE 24.—Precipitation amounts and water equivalent of sno—v prior to
floods of June 8 in northern Idaho.
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TaBLE 13.—Flood stages and discharges, June 8 in northern Idcho

49

Maximum floods

Drainage Prior to June 1964 Discharge
No. Stream and place of area June Gage —
determination (sq mi) 1964  height Cubic  Recur-
Period Year (date) (ft) feet per  rence
second interval
(years)
Coeur d’Alene River basin
1 East Fork Eagle Creek 457 50+
near Murray.
2 Cottonwood Creek 328 504
near Murray.
3 Boulder Creek at 136 - o oo
Mullan. 144 .
4 Canyon Creek at Gem.___ 817 50+
5 North Fork Skookum- 15.6
chuck Creek near
‘White Bird.
6 Sallgpon River at White 13, 550
ird.
7 White Bird Creek at 96
White Bird.
8 Snake River near 92,960 1958~64. . ___.__ 1963 .. ____ 15.55 102,000 _____.____
Anatone. e 17 17.27 119,000 ... __-
9 Meadow Creek near 7.26 5, 650 25
Lowell.
10 Selway River near 16. 04 40,900 _.__._____
Lowell. 14.39 47, 400 25
11 Fish Creek near 5. 54 2,280 ...
Lochsa ranger 5.42 2,160 ...
station.
12 Lochsa River near 13. 44 L, 800 - ...
Lowell. 13. 50 35,100 40
13 South Fork Clearwater 113.06 3,700 oo ..
River near Elk City. 7.48 4, 040 50
14 Peasley Creek near 10. 04 108
Golden. 11.11 240 ... ...
15 South Fork Clearwater 13.6 15,000 oo
River near Grange- 13.0 13,700 35
ville.
16 Sally Ann Creek near 9.17 266 ol
Stites. 9.99 328 ..
17 South Fork Clearwater 21,150 16,00 10,700 ..o
River at Stites. 10.3 , 800 oo
18 Clearwater River at 24,850 19.22 99,000 _-ooooo_..
Kamiah. 19.16 102 000 55
19 Lolo Creek near Greer 243 7.8 I:ii' i%(()) ..........
.......... , I
20 Clearwater River at 2 5, 580 1931-38__ .. ... 1933 ... 120.87 C500 Looeoo
Orofino. oo 8 20.32 99,700 50
21 North Fork Clearwater 996 1944-64__________ 1948 ________ 1113 27,400 _____.____
River at Bungalow . 8 9.24 2,400 5
ranger station.
22 North Fork Clearwater 22 440 192664 ... 1933 ... 355 100,000 ___..--.._.
River near Ahsahka. ... 8 21.90 41,800 5
23 Clearwater River at 29,570 1910-13, 1924-64_. 1948 ________ 23.76 177,000 ... ...._.
Spalding. 1963 _....... LI ¢
.......................... 8 20.70 14°.000 10

1 Site and datum then in use.
2 Approximately.
3 Due to ice jam.
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persistent rains and continuing high water, a small dam broke on West
Fork Lake Creek. Lake Creek is a small tributary to Salmcn River,
upstream from Riggins. Although only an estimated 70 acre-feet of
water was released in the steep channel, the deluge destroyed several
buildings and severely eroded the West Fork channel in a reach about
1 mile long. The enormous load of debris dammed the main ctannel of
Salmon River, which overtopped and washed out the north ¢pproach
to a bridge across the Salmon River just below the mouth of Lake
Creek.

Damage to roads, bridges, railroads, sawmills, and other improve-
ments was sizable, and there wag considerable erosion in forested areas.
No estimate of damage is available, but the potential seriousness of
the flood was lessened because of the sparse population and the few
improvements in large parts of the flood area.

FLOOD OF JUNE 13 AT ARTESIA, N. MEX,
By GeorGE L. HAYNES, JR.

A thunderstorm of rare occurrence and wide coverage centered about
5 miles west of Artesia, N. Mex. (fig. 25) from 4 p.m. to 7 p.m. on
June 13. According to data gathered by the Soil Conservation Service,
at least 4.5 inches of rain fell at the storm center, of which abot three-
fourths of the total fell in 1 hour. The storm covered an elliptical area
of about 80 square miles. Of the total drainage area of 185 square miles
of the Eagle Draw drainage basin above Artesia, roughly only 25
square miles was covered by the storm.

Artesia suffered its worst flooding from Eagle Draw since 1911,
when an estimated $1 million damage occurred. The worst flood of
record occurred in 1905 and caused $1.33 million damage. The floods
come principally from Eagle Draw, but some of the 1964 flooding
was caused by water from an unnamed arroyo draining an area near
the municipal airport, where 4.40 inches of rain fell. Total damage
from the 1964 flood was estimated by the Soil Conservation Service
at $1,214,000. Damage in Artesia was estimated at $819,000, and agri-
cultural damage was estimated at $395,000. No lives were lost, but
approximately 130 persons were evacuated from their homes
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Two flood crests struck the town, the first at about 7:30 p.m. The
time of the second crest is unknown, but it was probably several hours
later. The first crest came from the unnamed tributary that jcins Eagle
Draw at the west edge of Artesia.

Peak discharges at two sites on Eagle Draw and at one site on the
unnamed tributary over which the storm centered are given in table 14.
The peak discharge of Eagle Draw about 5 miles west of Artesia had a
recurrence interval of 22 years. The recurrence interval for the peak
discharge of the 1954 flood 2 miles upstream from this site was con-
siderably greater and the discharge was 1.3 times that of the 50-year
flood. The 1954 flood caused less damage in Artesia ($310,000) than
the 1964 flood, but several persons were drowned. The storm that pro-
duced the 1954 flood occurred over the upper part of the basin, whereas
much of heaviest precipitation during the 1964 storm occurred down-
stream from this area.

A peak discharge of 10,700 cfs was measured on the unnamed tribu-
tary about 3 miles west of Artesia. As much as 4.5 inches of rain fell
over most of the drainage basin area of 4.3 square miles. Flood-fre-
quency relations are not defined in this area for small drainage basins.
The unit discharge of 2,490 cfs per sq mi is outstanding; the 50-year
flood on Eagle Draw (drainage area, 174 sq mi) is about 10,000 cfs,

TaBLE 14.—Flood stages and discharges, June 13 at Artesia, N. Mezx.

Maximum floods

Drainage Prior to Discharge
No. Stream and place of area June 13, 1964 June Gage —mMm————
determination (sq mi) ————— 1964 heifght Cubic  Recurrence
Period Year (date) (ft) feet per interval
second (years)
Rio Grande basin
1 EagleDraw.__..____._____..__ 71N 22
. 12,500 (... ...
2 Unnamed tributary_.___.__.. 10, 707 Q]
3 EagleDraw...___._____.__.___ 7,02) @

1 At site about 2 miles upstream from site 1.
2 Unknown.

A peak discharge of 7,020 cfs was measured on Eagle Draw just
downstream from the unnamed tributary at the west edge of Artesia.
The crests from the unnamed tributary and Eagle Draw did not
synchronize, and the peak on Eagle Draw attenuated considerably
because of extensive spreading of the flow between the measuring sites.
A small amount of flow from Eagle Draw may have crossed the divide
into an arroyo to the south.
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FLOOD OF JUNE 15 ON THE NORTH CANADIAN RIVER NEAR
GUYMON, OKLA.,

By L. L. LAINE

A record high discharge occurred on the North Canadian River near
Guymon in the central Oklahoma Panhandle on June 15 from high-
intensity rains over a relatively small drainage basin (fig. 26). The
peak discharge of 55,400 cfs was 26 percent greater than the previously
known maximum of September 1941 and was the greatest peak dis-
charge since records began in 1937.

Volume of discharge on the North Canadian River on June 15-16
was extremely great (fig. 27) and was about equal to the average
yearly runoff (21,500 acre-ft) during a 27-year period of record at
this site.

At 5:30 am. on June 15, a major flood on Beaver (Sand) Creek and
a minor rise on Tepee Creek were observed at the State Highway 95
bridge crossings of these creeks. The two tributary creeks enter the
North Canadian River a few miles upstream from the gaging station
near Guymon. High-water marks showed that no significant flow had
occurred on the North Canadian River a short distance upstream from
the tributaries.

Most of the floodwater originated in the 220-square-mile basin of
Beaver Creek, which is only a small part of the total contributing
area of 1,175 square miles of the North Canadian River near Guymon.

The probability of occurrence of a flood similar to that of June 15
is very small, for the peak discharge has a recurrence interval of 50
years at the Guymon gaging station.
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F1cURE 26.—Flood area; location of flood-determination point, flood of June 15
on the North Canadian River near Guymon, Okla.
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Figure 27.—Discharge for the North Canadian River near Guyron, Okla.,
June 15-16.

Precipitation data are not available for either Beaver Creel- or Tepee
Creek basins, and records for nearby basins do not indicate the amount
or intensity of the rain that caused the flood. A Guymon newspaper
reported an unofficial rainfall of 5.3 inches in 2 days at Texhoma, a
few miles southeast of the Beaver Creek basin.

Flood damage to pasture land, livestock, and residential property
was small.

FLOODS OF JUNE 17-18 IN CENTRAL-EASTERN MISSOURI
After M. S. PETERSEN (1965)

Floods of June 17-18 on several small creeks in Jefferson, £‘e. Gene-
vieve, and St. Francois Counties in central-eastern Misscuri were
among the most outstanding floods ever- recorded in Missouri. The
intensity of the rainfall and the magniture of the peak discharges were
outstanding in a small area of about 200 square miles.

Short bursts of rain began at 8 p.m. on June 17, and by 10 p.m. the
intensity began to increase and soon became unusually great. "he rains
were decreasing rapidly by 12 p.m. and stopped soon thereaf‘er. Most
of the rain fell in a 2-hour period, and intensities of 3 inches in 1 hour
were reported. The greatest amount of storm rainfall reported was 7.30
inches at Prairie du Rocher, I1l. Rainfall was also intense in the Isle du
Bois Creek basin, in Kinsey Creek basin, and in the upper part of
Plattin Creek basin (fig. 28).
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F16URE 28.—Flood area ; location of flood-determination points.and isohyets for
June 17-18, floods of June 17-18 in central-eastern Missours.

The area is characterized generally by rolling hills. The ste~p slopes
of the uplands are heavily wooded, and croplands dominate the flood
plains. The streambed, typical of this type of terrain, is very steep in
the headwater reaches, becomes less steep as the tributaries join to
form a main channel, and flattens considerably on reaching the
Mississippi River alluvium.

The floods were the highest and the most damaging headwater floods
in the memory of residents; one resident said the floods were the
highest in 80 years. Peak discharges, measured at three sites, were
extremely high and were much greater than 50-year floods (table 15).
Those on Isle du Bois Creek and Kinsey Creek were each about 5.5
times the magnitude of a 50-year flood and had the highest Myers
rating of any recorded peaks in Missouri. Figure 29 is a discharge
hydrograph of Dry Branch near Bonne Terre. Although this stream
is small and did not have an outstanding flood, the shape of tl> hydro-
graph is representative of the discharge pattern for other streams
in the area.
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F1agure 29.—Typical flood hydrograph, Dry Branch near Bonne Terre, Mo., floods
of June 17-18 in central-eastern Missouri.

TaBLE 15.—Flood stages and discharges, June 17-18 in central-easterv M issouri

Maximum floods

Stream and place Drainage Prior to Discharge
No. of determination ¢ area.) June 1964 June Gage
sq mi;

height Cubic Ratio to
(ft) feet per a 50-year

—_— 1964
Period Year (date)
second flood

1 Plagtin Creek near Crystal

[0 17528 4 . 17 24. 06 30,107 2.3
2 Isle du Bois Creek near

Ste. Genavieve__._______ 6.4 . 17 31.08 28, 400 5.5
3 Kinsey Creek at Kinsey.. . 318 . 17 .. 11, 600 5.6
4 Dry branch near Bonne

Terre. oo 3.65 .. .. 17 2. 89 372 .17

The floods caused many thousand dollars’ damage. The areas affected
were almost all rural, and damage was confined mostly to crops and
agricultural equipment. Automobiles and farm machinery were swept
down the creeks. Private roads and fields were badly scoured. Several
county bridges were damaged or destroyed, and 500 feet of blacktop
surface was washed away from one section of road. A county road
engineer reported that $15,000 was spent to replace gravel and road
fill and to clean out culverts. One major bridge on U.S. Highway 61
was damaged. Numerous homes were damaged, and their contents were
swept away by the swift current. About 5,000 acres of cropland was
covered with water, and huge piles of debris were lodged against
trees, rocks, posts, and buildings.
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A U.S. Armp Corps of Engineers report (1964a) of Plattin Creek
shows a water-surface profile and the estimated inundated area of a
200-year flood. The stage of the rare flood of June 1964 was significantly
higher than that for the estimated 200-year flood of the report.

FLOODS FROM THUNDERSTORMS OF JULY-SEPTEMBER IN
ARIZONA

By Otto MooSBURNER and B. N. ALDRIDGE

Frequent thunderstorms in Arizona on July 14-15, July 2425, July
29-August 2, August 13-14, August 26, September 6, and September
13-14 caused major flooding in some areas. Unofficial estimates of dam-
age from these major floods totaled more than $2 million, and several
smaller floods each caused tens of thousands of dollars’ damage. Much
of the flood damage resulted from runoff from steep slopes and from
overloaded storm-drainage facilities. High unit rates of runoff, in
cubic feet per second per square mile, and minor damage occurred in
several small remote areas not included in this report. The floods
are discussed in chronological order. Significant flood data are tabu-
lated, in downstream order, in table 16, and flood-determination points
are shown in figure 30.

Moderate to heavy thunderstorm activity on July 14-1f caused
flooding and property damage in Wickenburg, Phoenix, and Tucson.
The most severe damage reported was in Wickenburg on July 15. A
flash flood in Powder House Wash—a tributary of the Hassayampa
River—caused from $50,000 to $75,000 damage to residences and mo-
tels on the alluvial fan at the mouth of the wash. A rancher, whose
home is in the drainage basin of Powder House Wash, reported 214
inches of rain in a 45-minute period; the U.S. Weather Bureau re-
ported 1.30 inches of rain at Wickenburg on July 15. A peak dis-
charge of 1,980 cfs was measured, by use of the slope-area method,
about half a mile upstream from the damaged area (sta. 26, fig. 30).
The rate of runoff was 1,080 cfs per sq mi from a drainage area of
1.83 square miles.

On July 25, a flood from the steep slopes west of Jerome washed
out U.S. Highway 89A and deposited large amounts of rock debris
in and around business buildings in Jerome. The steep stream gradi-
ents and lack of defined channels made measurements of peak dis-
charge infeasible.

July 30 to August 2 was a period of widespread thunderstorm ac-
tivity. Rain fell througout most of the State, and severe flooding
occurred in several areas. Eight persons drowned, and unofficial esti-
mates of damage were about $1 million. The estimates included dam-
age from direct rainfall, hail, ponding, and failure of local drainage
structures.
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F1cUre 30.—Flood area; location of flood-determination points, flood from thun-
derstorms of July—September in Arizona.

In Flagstaff 214 to 3 inches of rain fell in a period of half an hour
during the afternoon of July 30. Many homes and business places in
the low-lying areas of the city were inundated by overflow from the
River de Flag and by direct runoff from the surrounding hills. Dam-
age amounted to about $100,000.

About midnight on July 30, a flash flood of about 20,000 cfs origi-
nated in Nazlini Wash, a tributary to Chinle Wash in northeastern
Arizona. The flood claimed eight lives when the bridge that spanned
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TaBLE 16.—Flood stages and discharges, July—September in Arizona

Maximum floods

Drainage Prior to July 1964 Discharge
No. Stream and place of area —_  July- Gage
determination (sq mi) Sept. height Cubic Cubic feet
Period Year 1964 (ft) feet per per second
date) second per square
mile
1 Chinle Washat Chinle._... 1750  ._......_____._.._.. July 31 _________ 290,000 ..o
2 Cla‘lyn%e Wash near Mexican 3,660 _._.___.________..__ Aug. 7.2 3,280 0.9
ater,
3 Ruby Wash above airport L R, Aug. 12 _______.__ 42,100 420
levee at Winslow.
4 Ruby Wash at city limits £ 10 § S, Aug. 12 ... __.__ 42,400 220
of Winslow.
5 Ruby Wash at railroad 3128 .. Aug. 12 ___ ... 42,200 170
bridge at Winslow.
6 Ice House Wash at city 32,2 el Aug. 12 _________. 41,600 730
limits of Winslow.
7 Ico House Wash Y4-mile ... __ ... ... .. ______. Aug. 12 .. ____ 4300 ...
downstream from rail-
road bridge at Winslow.
8 Toltec Wash at U.8. High- 38,2 ool Aug. 12 (... 1,130 350
way 66, 1 mile west of
Winslow.
9 Rillito Creek tributary I Sept. 6 ..._____.. 43 360
No. 3 at Orange Grove
Road near Tucson.

10 Pima Wash at Ina Road 493 ... Sept. 6 11,12 195 40
near Tucson.

11 Pima Wash tributary at [ ¥ T Sept. 6 ... _._.__ 5104 690
First Avenue near
Tucson.

12 Pima Wash tributary W06 e iieeal. Sept. 6 _.._.._._. 549 820
No. 2 at First Avenue

.near Tueson.

13 Pima Wash tributary 06 - Sept. 6 ... ... 563 1,000
No. 3 at Ina Road
near Tucson,

14 Pima Wash tributary L24 L. Sept. 6 ... 5134 560
No. 3 at First Avenue
near Tucson.

15 QGeronimo Wash at 2.08 L. Sept. 6 11.9 445 214
Skyline Drive near
Tueson.

16 Rillito Creek tributary 07 e Sept. 6 ... 154 2,200
at U.8. Highway 89
near Tucson.

17 Nanini WashatIna .37 _.__.................Sept. 6 ..______. 5 455 1,230
Road near Tucson.

18 Rillito Creek tributary @ 1.68 .___....____.._..... Sept. 6 ... 2,670 1, 590
No. 2 near Tucson.

19 Agua Fria River tributary 6.28 411 ...
No. 2 near Rock 19, 54 1,200 1,200
Springs.

20 Agua Fria River at 2.54 700 o ooieea.o
Grand Avenue near 3.73 2, 500 22
E1 Mirage.

21 New River near Rock 3.1 1,050 - ...
Springs. 6.3 4,900 73

22 New River near Black 7.33 4,620 ___.........
Canyon. 7.18 4,380 51

23 Skunk Creek at State 4.0 9,000 ... _..._.
Highway 69 near 4. 49 11, 500 148
Phoenix.

24 New River at Glendale
Avenue near Glendale.

25 Agua Fria River at Buck-
eye Road at Avondale.

26 Powder House Wash about
¥4 mile above mouth
near Wickenburg.

27 Ox Wash near Morristown_.

28 Sand Tanks Wash at U.S.

Highway 80 at Gila
Bend.

! Less than 14 of the drainage area contributed to the flood.
2 Estimated on basis of channel geometry.
3 Drainage area is approximate.
4 Estimates by the U.S. Army Corps of Engineers.
5 Approximate, .
A y Rramage area does not include the 1,459 sq mi above Lake Pleasant that was noncontribiting to this
ood.

372-048 0—70——5
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Chinle Wash, which provided access to the Canyon de Chelly Na-
tional Monument, at Chinle (sta. 1) was washed away (fig. 30). The
victims were passengers in a car that was either driven into the wash-
out or carried away when the bridge collapsed. Information from
local residents indicates that most of the runoff originated from the
eastern slopes of the drainage basin, which includes about one-third
of the 750 square miles of drainage area above the bridge. No precipi-
tation data are available from the Nazlini Wash drainage b»sin. The
U.S. Weather Bureau reported 0.34 inch of rainfall on July 37 and 0.33
inch on August 1 at Chinle; the Ganado station about 30 miles south
of Chinle, recorded 0.64 inch on July 30 and 0.70 inch on August 1.
A continuous-recording gaging station—Chinle Wash near Mexican
Water (sta. 2)—is about 60 miles downstream from station 1. Be-
tween Chinle and the gaging station, there is considerable channel
and reservoir storage; therefore, the streamflow records are not in-
dicative of flow at station 1. At the gaging station (sta. 2), peaks
occurred on July 31 and August 1; the highest (3,280 cfs) was on
August 1. A local resident stated that this peak discharg~ was the
highest since at least 1950.

Several sections of State Highway 177 and of the Apache Railway
near Snowflake were washed out by floods on July 31 after a rain-
fall of 3 to 4 inches in 1 hour. Streets and some business establish-
ments in Snowflake were flooded by Little Cottonwood Wesh. Addi-
tional rain on August 1 and 2 kept the wash at a high stage for 3 days.

Floods on August 1 and 2 in the Phoenix area damaged streets and
roads throughout the metropolitan district; the most demage oc-
curred at grade-level crossings along the Agua Fria and New Rivers.
The flood of August 1 originated mainly in Skunk Creek (sta. 23),
which had a peak discharge of 11,500 cfs. Stages on Skunk Creek
and on the New River below Skunk Creek were the highest since at
least 1951. By the time the peak had reached the mouth of the Agua
Fria River, the discharge had been reduced considerably, but it was
still the largest peak since December 1959. The flood of August 2
originated in the New River upstream from Skunk Creek. In the
valley around Phoenix, cottongrowers sustained heavy losses from the
floods of August 1 and 2, and large acreages of cotton were damaged
by rain. Irrigation works and roads in the Eloy, Casa Grande, and
Stanfield areas were damaged by overflow from the Ssnta Cruz
River.

The floods of August 1 and 2 marooned about 300 persons in a dozen
small villages west of Sells in central Pima County. Food was flown
into the area, where about 40 families had been without food for a
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week. Two persons died, and epidemics of fever and diarrhea broke
out in three villages where the drinking water had been contami-
nated by the floodwaters.

Runoff from intense rainfall on August 12 caused severe flood dam-
age in Winslow, a city of 10,000 persons. Newspapers referred to this
flood as the worst in the history of Winslow. Most of the runoff orig-
inated in a 20-square-mile area southwest of town. The U.S. "Veather
Bureau reported 2.04 inches of rainfall received at the Winslow airport
between 4 p.m. and 5 p.m. The U.S. Army Corps of Engineers (1964b)
reported rainfall totals of 1.7 inches west of town and 2.41 inches within
the city limits (fig. 31). The maximum 30-minute rainfall-intensity
rate at the airport was 3.12 inches per hour. Five small washes flow
through Winslow (fig. 81). These washes have moderate channel
gradients of about 30—40 feet per mile southwest of town and very mild
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F1cURe 31.—Flood area; location of flood-determination points and rainfall
measurement sites, flood of August 12 in Winslow, Ariz.
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gradients of about 10-15 feet per mile in town. The main streams in
the developed part of town are Ruby and Ice House Washes. The storm
moved over the drainage basins of these two washes from the northeast
and then returned to the northeast. The combined flows from the air-
port diversion channel and Ruby Wash inundated the south-side hous-
ing areas. Floodwater in some of the houses was 214 to 3 feet deep.
Bridge openings under the railroad tracks on the south side of Winslow
were not large enough to accommodate the flow, and water spread along
the railroad embankment and was ponded along the south side of the
tracks. This ponding reduced the peak flow into the business district
on the north side of the tracks. The bridge opening at Ice House Wash
became plugged with debris, and water flowed east along the tracks to
Ruby Wash. At the railroad bridge, Ruby Wash (sta. 5) peaked at
about 5:50 p.m. on August 12. Water poured over the tracks near the
center of town and flooded a low-lying area just north of the tracks
and east of the bridge. Dikes along Ruby Wash broke and allowed
considerable flooding of low areas along the north side of town. About
300 to 500 persons were evacuated from their homes. The U.S. Army
Corps of Engineers (1964b) estimated total damage to be $307,000, of
which $205,000 was residential damage (table 17). Most of the damage
resulted from inundation, rather than from the velocity of the flood-
water. Many low-cost residences were damaged when their adobe walls
dissolved and collapsed. Large amounts of silt were deposited in the
flooded areas. Trains were delayed for 3 hours, and the airport was
closed during the night of August 12 because of debris on the runway.
A health problem arose because floodwater had washed through cess-
pools and spread contaminated water through town. A large number
of mosquitoes hatched in ponds that remained after the flood. The U.S.
Army Corps of Engineers cstimated the flow at several places (stas.
3-7), and the U.S. Geological Survey computed the flow of Toltec
Wash by use of the contracted-opening method (table 16).

In Casa Grande, which is in the bottom of a large bowllike depres-
sion, 3.08 inches of rain fell in 2 hours from another storm on Au-
gust 12. Sheetflow and ponding in areas that had little or no drainage
facilities inundated roads and highways. Several homes in Casa Grande
and on the surrounding farms were damaged by flood water.

A bridge at U.S. Highway 80 at Gila Bend (sta. 28) was washed
out, on August 14, by floodwater from Sand Tank Wash. The flood re-
sulted from a combination of natural runoff and spillage from an irri-
gation canal that broke because of a large amount of intercepted inflow.

A flood on August 26 damaged crops in the Harquahala F'ains (un-
official estimates of damage were about $500,000) and washed out a
section of highway at Ox Wash near Morristown, south of Wicken-
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TABLE 17.—Summary of damage from flood of August 12 in Winslow, Ariz.

[Data from U.S. Army Corps of Engineers (1964b)]

Damage
i t;
opet property B PR
losses
Residential . ____________________________ $186, 000 $19, 000  $205, 000
Commercial .. _____________________ 13, 000 6, 000 19, 000
Public.__ . _______ 9, 000 1, 000 10, 000
Railroad_ __ . ________________________._ 36, 000 4, 000 40, 000
Industrial - _ _ . __________________________ 7, 000 7, 000 14, 000
Streets and highways2___________________ 17, 000 2, 000 19, 000
Total . __________  _____________ 268, 000 39, 000 307, 000

L Includes cost of cleanup.
2 Includes cost of repairs to levees.

burg (sta. 27), which temporarily halted traffic on U.S. Highways 60,
70, 89, and 93. The peak flow of Ox Wash was 2,900 cfs from a drain-
age area of 7.44 square miles—the highest flow at that location since at
least 1938.

An intense rainstorm, covering about 10 square miles, occurred over
a subdivision north of Tucson on September 6 (fig. 32). The storm
started shortly after 2 p.m. and lasted for 2 to 3 hours. One resident
measured 4.9 inches of precipitation in a 2-hour period, and several
others reported between 3 and % inches of rain in 2 to 8 hours. The U.S.
Weather Bureau (1961) indicates that a storm of this duration and
intensity in this area has a recurrence interval of more than 100 years.
Several persons nearly lost their lives when floodwater engulfed their
vehicles or collapsed pavements at stream crossings. The Riverside
housing development on the northwest corner of La Canada D-ive and
Roller Coaster Road was badly damaged by water and debris. A few
other homes near the mouths of small washes sustained wind, water,
and debris damage. Damage to county roads was estimated at $10,000
(oral commun., Pima County Engineer, 1964). Peak discharges were
measured at four places in or near the area of intense precipitation
(table 16), and estimates of peak flow were obtained at several other
places. Several of the estimates indicate unit rates of runoff of 1,000
to 1,300 cfs per sq mi.

On September 13, flash floods closed highways and stranded about
200 persons in Sabino Canyon near Tucson. On September 14, the
U.S. Weather Bureau reported 1.25 inches of rain in a 30-minute
period at the Sky Harbor Airport in Phoenix—the highest 80-minute
intensity ever reached there. Large amounts of rainfall were recorded
in some parts of the city; one observer measured 2.48 inches in 45
minutes. Business establishments were flooded throughout the city.
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FIGURE 32.—Flood area; location of flood-determination points and rainfall-
measurement sites, flood of September 6 near Tucson, Ariz.

Streets became rivers, and sections of pavement collapsed. Cotton
crops in the valley surrounding Phoenix were badly damaged by rain,
hail, and floodwater. Damage from this storm, most of which was from
direct rainfall, ponding, and failure of local drainage structures,
was unofficially estimated to be about $1 million.
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FLOODS OF JULY 30 AND AUGUST 2 IN SOUTHWESTE™N

COLORADO

A flood on Disappointment Creek in southwestern Colorado (fig.
33) was due to an intense rainstorm of short duration, which is the
usual cause of floods on this stream. The abrupt peak discharze at the
gaging station near Dove Creek lasted only 5 to 10 minutes and was
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F1cure 33.—Flood area ; location of flood-determination points, floods of July 30

and August 2 in southwestern Colorado.



C66 FLOODS OF 1964 IN THE UNITED STATES

2,240 cfs, which was about 500 cfs higher than the previous maximum
in 7 years of record. The peak discharge was about 114 times the
magnitude of a 50-year flood.

Mud flows covered sections of 20 miles of the only road in the val-
ley, which was impassable until the mud was removed. The bridge over
Disappointment Creek 6 miles below the gaging station was destroyed,
which caused considerable inconvenience and many miles of extra
travel on highway detours.

Only 3 days after the flood on Disappointment Creek, another flood
occurred about 70 miles farther north, on East Creek nerr White-
water, Colo. (fig. 33). This flood was also due to rainfall of short
duration. The peak discharge on East Creek of 3,630 cfs, the highest
in the memory of nearby residents, came from a drainage area of 112
square miles. The runoff of 32 cfs per sq mi is very high for this area
and is greater than that for a 50-year flood. A much greater flood than
this occurred on West Creek, in an adjacent basin, in 1940, when a
peak discharge of 11,700 cfs resulted from rain on a drainage basin
of similar size.

The flood of August 2 caused minor damage to a hayfield near the
canyon at the mouth of East Creek at the Gunnison River.

FLOODS OF AUGUST IN UTAH
By ELMER BUTLER

In August, several floods were caused by intense thunderssorms and
cloudbursts in southwestern and central Utah, where the annual floods
usually come from thunderstorms during late summer and early fall.
Small-area high-intensity storms often cover a small part of a drain-
age basin. These storms cause abrupt peak discharges whicl* are high
for the immediate area affected but which attenuate very rapidly
with distance downstream.

Because of the sparsity of rain gages in Utah and the small areas
covered by the thunderstorms, reported rainfall figures very often
have no true relation to the intensity of a storm that may have pro-
duced a significant flood.

Damage from the widely scattered floods is usually light or nonex-
istant because of the absence of destructibile property on the flood
plains.

The August floods in Utah are described, in chronological order,
and their peak discharges are listed, in downstream order, in table 18.

Scattered rains occurred over southern Utah (fig. 34) on August 1,
and near Orangeville, they were intense enough to cause unusmal floods
on Cottonwood Creek. The peak discharge of 7,220 cfs on Cottonwood
Creek near Orangeville (sta. 2) on August 1 was the greatest in 52
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TaBLE 18.—Flood stages and discharges, August in Utah

Maximum floods
D'~wharge
Drainage Prior to Aug. 1964 Aug. Gage —_

No. Stream and place area 1967  height Cubie Ratio
of determination (sq mi) (date) (ft) feet por  to a 50-

seconl year

Period Year flood

Green River basin

1 Huntington Creek near 188
Huntington.

2 Cottonwood Creek near 205
Orangeville.

3 Cottonwood Creek 220
below Grimes Wash,
near Orangeville.

4 TFerron Creek (upper 157
station) near Ferron.

5 San Rafael River near 927
Castle Dale.

6 Hog Canyon 34 mile 18.5 i 1961 .. 36,E80 ...
upstream from mouth  __________________________ 12 . 10, 850 4.7
near Kanab.

Virgin River basin

7 Tributary to East 0. 81 e 12 . 1,420 ()}
Fork Virgin River
near Orderville.

8 Leeds Creek near
Leeds._ .. ... ... 15,8 . 12 6.0 2,980 1.5

9 Cottonwood Canyon
near Harrisburg_.______ 43 s 12 6,440 1.4

10 Twist Hollow near St.
George. . _eeeon 4.9 e 12 . 1,340 [©]

11 Twist Hollow at St.
(1700 (- 4.1 . 12 . 4,280 2.0

See footnotes at end of table.

12 The Gap near St. 315 12 . 5, €30 *
George.

13 Dry Wash at Antimony- 2,310 4.0

14 Anderson Wash near 840 (O]
Sigurd.

Cedar City Valley

15 Coal Creek above 54,2 1959-64_____.____ 1959 .. 12. 40 1,210 ...
Right Hand Creek o eieiimas 4 14. 00 1,¢ 14
near Cedar City.

16 Shurtz Creek near 128 1959-64.____ ____ 1961 ________ 15.20 416 ____._____
Cedar City. el 20.3 1,2 3.2

Escalante Valley

17 Tributary to Little 0.30 oo } 5 S, 2, €20 ®
Pinto Creek near
Newecastle

18 Joel Wash (upper site) 586 ool b } S 1,290 O]
near Newcastle.

19 Joel Wash near New- 12,8 s b3 R 2,470 Q]

castle.

t Less than mean annual flood.

2 At different site and datum.
3 At mouth near Kanab.

4 Undefined by flood-frequency data, but probably greater than a 50-year flood.
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years of record. When the peak arrived at a point 214 miles down-
stream, below Grimes Wash (sta. 3), it had decreased to 4,390 cfs. Most
of the runoff for the greatest flood known to local residents on Cotton-
wood Creek came from about 14 square miles of the 220 square miles
draining the basin. The local pattern of the flood-causing storm is ap-
parent from the low peak discharges at three nearby stream-gaging
stations (stas. 1,4, and 5). No precipitation was recorded for the U.S.
Weather Bureau precipitation station at Castle Dale on August 1.

Scattered rains over southern Utah with some local precipitation of
very high intensity on August 4 caused floods at Antimony and Cedar
City (fig. 34). The peak discharges on Dry Wash at Antimony (sta.
13) and on Coal Creek (sta. 15) and Shurtz Creek (sta. 16) near
Cedar City each exceeded that of a 50-year flood. No damage was
caused by these floods.
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Scattered rains on August 11 and 12 and locally heavy storms caused
floods on several small streams in southwestern Utah (fig. 834). Flood-
frequency relations are undefined for drainage areas of less than
about 15 square miles in the region of flooding, but it is believed that
al]l peak discharges had recurrence intervals that are more than 50
years (table 18). The peak discharge of 2,630 cfs on a tributary to
Little Pinto Creek near Newcastle (sta. 17) from a drainage area of
0.30 square mile was the maximum known unit-rate of runoff (8,770 cfs
per sq mi) for Utah.

Rainfall recorded by the U.S. Weather Bureau in the area ranged
from zero at St. George on August 11 to 0.54 inch at Orderville on
August 12.

The floods were in sparsely inhabited areas, and little damage re-
sulted. The flood on the tributary to the East Fork Virg'n River
(sta. 7) caused several thousand dollars’ worth of damage to a farm
home and to farm equipment, and some farm animals were lost. About
$3,000 damage to farmlands and machinery resulted from floods in
The Gap near St. George (sta. 12). Floodwaters overflow>d State
Highway 10 and caused about $500 damage.

A flood on Anderson Wash near Sigurd (sta. 14) on August 15 was
due to a cloudburst.

The peak discharge of 840 cfs from a drainage area of 1.4 square
miles was probably greater than that of a 50-year flood. The rain over
Anderson Wash was intense, but the U.S. Weather Bureau precipita-
tion station at Richfield recorded only 0.04 inch rainfall, and the
station at Salina recorded no rainfall.

Damage to farm crops, fences, and irrigation systems was estimated
by the U.S. Soil Conservation Service to be $1,600.

FLOODS OF SEPTEMBER 9-11 IN THE SANTA CRUZ RIVER BASIN,
ARIZONA

By B. N. ALprIDGE and OTTO MOOSBURNER

Moist tropical air associated with Hurricane Tillie off the west coast
of Baja California, moved into southern Arizona on September 9.
The moist air met a cold front and produced intense rainfall over a
fairly large part of southeastern Arizona late on September 9 and
early on September 10. The storm centered in the upper Santa Cruz
River basin (fig. 35). A maximum 2-day (September 9-10) precipita-
tion of 6.75 inches was reported in two places—one, in the foothills of
the Santa Catalina Mountains, and the other, north of Sahuarita. The
isohyetal lines in figure 35 are based on precipitation data from 35 U.S.
Weather Bureau stations and 27 U.S. Army Corps of Engine-rs field-
survey stations (U.S. Army Corps of Engineers, 1964c).
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The Santa Cruz River and its major tributaries had high peak dis-
charges and large volumes of flow during the flood period. Large flows
entered the Santa Cruz River from minor tributaries about 2 miles
downstream from the Santa Cruz River near the Nogales gaging sta-
tion (sta. 2). The tributaries crested about 1 hour before th~ Santa
Cruz River crested, and local residents reported that the combined
flow in the Santa Cruz River at this point was the highest in 55 years
(U.S. Army Corps of Engineers, 1964¢). The flood in Josephine Can-
yon was one of the largest known to local residents, and the flow was
estimated to be almost as great as that in the Santa Cruz River above
Josephine Canyon (U.S. Army Corps of Engineers, 1964c). The vol-
ume of runoff in the Santa Cruz River from this one storm exceeded
the mean annual runoff at the Continental (sta.4) and Tucson (sta. 5)
gaging stations. At four other gaging stations in the basin—Santa Cruz
River near Lochiel (sta. 1), Sonoita Creek near Patagonia (sta. 3),
Pantano Wash near Vail (sta. 11), and Santa Cruz River at Cortaro
(sta. 14)—the runoff was more than 50 percent of the mean annual run-
off. The peak flow of 13,000 cfs of Santa Cruz River at Tucson (sta. 5)
was the third highest in 59 years of record (table 19). The peak flows at

TABLE 19.—Flood stages and discharges, September 911 in the Santa Cruz River
basin, Arizona

Maximum floods

Drainage Prior to Sept. 1964 Df«wharge
No. Stream and place of deter- areg ————————— Sept. Gage ————————
mination (sq mil) Period Year 1964  height Cubic  Recur-

(date) (ft feot per  rence
second interval

(years)

1 Santa Cruz River near Lochiel . 82.2 6.75 4,520 ___.___.._

6.44 2,330 4

2 Santa Cruz River near 12.3 12,000 ...

ales. 7.47 , 260 2

3 Sonoita Creek near Patagonia_ . 13.0 14,000 ____.____.

8.79 2, 640 2

4 Santa Cruz River at Con- 1L.3¢ 17,500 ...

tinental. 10.13 14,000 13

5 Santa Cruz River at Tueson. . 21,30 16,600 __________

18.05 13,000 9

6 Tueson Arroyo at Vine 10.35 5,000 ...
Avenue, Tueson. 4.39 137 O]

7 Tanque Verde Creek near 3. 50 1,520 ... __

Tueson. 4,86 2, 630 10

8 Sabino Creek near Tucson.__.__ 8,43 5100 ... ..

582 1,310 3

9 Bear Creek near Tucson..__... 2.30 575 . __..._.
2.38 433 O]

10 Barrel Canyon near Sonoita. - _ 2,57 M5 ..
4,78 879 ®»

11 Pantano Wash near Vall.______ 24 38,000 ___.._-_._

. 11. 06 9, 960 7

12 Rincon Creek near Tucson. ... 9.90 8,250 ..oo-...

) 5.30 948 1

13 Rillito Creek near Tucson.____ 224 24,00 ..

8.58 9,420 10

14 Santa Cruz River at Cortaro. .. 29.9 17,00 ..

9,29 15,900 9

15 Santa Cruz River near Laveen . 17. 50 9,20 _______._.
13.67 1,280 (Y

1 Not determined.
2 Site and datum then in use.
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the Continental and Cortaro gaging stations were the third Fghest in
25 and 29 years of record, respectively.

At Pantano Wash near Vail, the peak flow of 9,960 cfs was the high-
est since 1959, when the gage was installed; the discharge, however,
is low in comparison to the peak flow of 38,000 cfs on August 11, 1958.
Because of the long duration of flow on September 10, much of the
‘flow reached the Rillito Creek near Tucson gaging station (sta. 13).
The peak discharge of 9,420 cfs was the highest since 1950 at this sta-
tion. The large flow (peak discharge 2,630 cfs) from Tanque Verde
Creek near Tucson (sta. 7) also contributed to the flooding on Rillito
Creek. Sabino, Bear, and Rincon Creeks had peaks of 1,310, 433, and
948 cfs, respectively, and contributed very little water to the flood.
The flood crests on Rillito Creek and on the Santa Cruz River reached
the confluence almost simultaneously, causing a high peal- flo