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FLOODS OF 1960 IN THE UNITED STATES

SUMMARY OF FLOODS IN THE UNITED STATES DURING
1960

By J. O. RostvEeDpT

ABSTRACT

This report describes the most outstanding floods in the United States during
1960. No major floods occurred during the year, although two flood~ caused
severe damage—the first in March and April in eastern Nebraska and adjacent
areas, and the second in September in Puerto Rico.

Unseasonal rains in mid-March caused extensive flooding in north-central
Florida. Several thousand persons were evacuated from their homes, anc' damage
to homes, roads, and crops was extensive.

The most widespread flooding ever known in Nebraska occurred late in March
and early in April as a result of rapid melting of a heavy snow cover. Most of
the flood damage, estimated at about $3 million, was to roads and bridg»s. The
flood area extended into South Dakota, Iowa, Kansas, Missouri, and Wisconsin.

Snowmelt in April supplemented by rains and later heavy rains in early May
caused severe flooding in northern Wisconsin and in Michigan Upper P3ninsula.

The most destructive flood of the year was in eastern Puerto Rico as the result
of hurricane Donna. More than one hundred persons died, and considerably
more than one hundred persons were injured; property damage was sbout $7
million. Hurricane Donna also caused severe flooding as it passed over Florida

and along the Atlantic coastline.
In addition to these floods mentioned, 31 others of lesser magnitvde were
significant enough to report in this annual summary.

INTRODUCTION

The purpose of this summary chapter in the series “Floods of 1960”
is to assemble into a single volume information relating to outstanding
floods in the United States during 1960. The floods described in this
summary chapter were selected because they were unusual hydrologic
events in which large areas were affected, great amounts of damage
resulted, or extremely high discharges or stages occurred.

Water-Supply Paper 1790-A, ‘“Floods of March-April 1960 in
Eastern Nebraska and Adjacent Areas,” is a special report that de-
scribes floods in these areas in detail.

The areas for which flood reports have been prepared for 1960 are
shown in figure 1. The area discussed in the special flood report is

B1
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SUMMARY OF FLOODS B3

‘ndicated by a solid pattern, and other areas discussed in this sunr mary
~hapter are shown by a line pattern. The months in which the floods
nccurred are shown; the map thereby gives both the location ard the
time distribution of floods during the year.

Of the 35 reports for the year, 20 are for floods in the 3 months
May-July, and 9 of these are for floods in June.

A flood is the occurrence of high streamflow that overtops the
~atural or artificial banks in any reach of a stream. By pcpular
definition, a flood is a discharge or a stage of extremely high magnitude
*hat allows the writing or telling of a striking story about large areas
‘nundated, much damage, or great loss of life. In a hydrologic
<ense, an outstanding flood need not be newsworthy and may ke one
of which only a few or possibly no persons are aware. An outstanding
“00d is a rare flood ; one which will not be often duplicated at a given
~ite. An unusually rare flood on an unoccupied or nonutilized flood
»lain would be little noticed by the public, but to the hydrologist it
could be an event of great interest.

Floods result from the combined effects of meteorological events
and the physiographic characteristics of a basin. The principal
“hysiographic factors affecting flood flows from a basin are dreinage
area, altitude, geology, shape, slope, directional alinement, and
around cover. With the exception of ground cover, which varies
<easonally, the factors are fixed for any area.

The meteorological factors, of which precipitation is the principal
nne, are variable with respect to both place and time. Other meteor-
nlogical factors influencing floods are the form of the precipitation—
whether rain, snow, hail, or sleet—the amount and intensity of the
nrecipitation, the moisture conditions of the soil before the flood-
nroducing precipitation, and the temperature, which may freeze
the soil or may cause variation in rate of snowmelt.

In general, meteorological events determine when and where
the floods will be. The magnitude and intensity of meteorological
avents combined with the effect on runoff of physiographic features
inherent in the drainage basin determine what the magnitude of a
Tood will be. The many different and variable factors form irnum-
srable combinations to produce floods of all degrees of severity.

If two floods have equal peak discharges but originate from different
~ize drainage areas having similar runoff and climatologic char-~cter-
istics, the one from the smallest drainage area would be the rarer
or more outstanding flood. Also, if two floods have equal discharges
and originate from equal drainage areas, the flood from the dreinage
area having geographic and climatologic characteristics that normally
aroduce a smaller flood peak would be considered the rarer.

The severity and prevalence of floods are not determined by the
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F1GURE 2.—Graph of rainfall depth versus recurrence interval of storms.

absolute values of the contributing factors such as amount and
intensity of rainfall, peak discharge (in cubic feet per second), volume
of runoff, and ratio of runoff to rainfall but are determined by the
value of these factors relative to normal condition=.

Many of the flood reports give the amount of rainfall and the dura-
tion of the storm producing it. These data may be used to determine
the recurrence interval of the storm.

Rainfall depths were computed by the U.S. Weather Bureau * for the
2-year storm and for the 100-year storm at 1-hour and at 24-hour
durations throughout the conterminous United States. Isopluvial
lines (lines representing rainfall of equal frequency) were drawn on
each of four maps. It was established that the rainfall depths for
recurrence intervals other than 2 and 100 years could be determined
from a straight line between the relationships of rainfall depth versus
recurrence interval for the 2-year and 100-year storms. Figure 2 is
a graph for determining the approximate rainfall depths for storms
having recurrence intervals of 10-100 years.

1 U.8, Weather Bureau, 1061, Rainfall Frequency Atlas of the United States: Technical Paper 40, 115 p.
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It was also established that the relationship of rainfall denth to
duration of storm was a straight line between 1 hour and 24 hours on
a graph such as the one shown in figure 3.

Four maps (figs. 4-7) show isopluvial lines for the limiting conditions
of 1-hour and 24-hour durations at 10-year and 100-year recurrence
intervals. By use of the two graphs (figs. 2, 3) and the four maps
(figs. 4-7), the recurrence interval between 10 and 100 years of any
storm having a duration of 1-24 hours can be determined

The method of using the maps and graphs is best explained ttrough
llustration: on July 29, 1960, 7.42 inches of rain fell in 24 hours at
Wilson, N.C. From figures 5 and 7, the 10-year 24-hour rainfsll and
the 100-year 24-hour rainfall are 5.9 inches and 8.5 inches, respectively.
The recurrence interval of 7.42 inches of rain in 24 hours is obviously
between 10 and 100 years. The two hypothetical storms, 5.9 inches
and 8.5 inches of rain in 24 hours, are plotted in figure 2 at 10 years
and 100 years, respectively. A straight line between the two points
represents a 24-hour storm at Wilson for any recurrence interval from
10 to 100 years. The given rainfall of 7.42 inches in 24 hours on the
line represents about a 40-year storm. This same method can be used
for a 1-hour storm by using figures 4 and 6.

For a duration between 1 and 24 hours, figure 3 must be used frst to
determine the hypothetical rainfalls for 1-hour and 24-hour storms
vhich in turn are applied to figure 2: on June 23, 1960, 5.14 inches of
~ain fell in 12 hours at Louisville, Ky. From figures 4-7, four hypo-
*hetical storms are determined as follows: 10-year 1-hour storm =
2.04 inches; 10-year 24-hour storm =4.50 inches; 100-year 1-hour

12

6.2)]
—
(5.4!
. @5
100-yr ST (4.0)
[
(2.04)
0
1 2 3 6 12 24

DURATION, IN HOURS

FIGURE 3.—Graph of rainfall depth versus duration of storms.
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storm =2.87 inches; 100-year 24-hour storm=6.20 inches. These
points are plotted in figure 3, and the two (10- and 100-year) recurrence
interval lines are drawn. From these lines the rainfall for the 12-
hour storm of the 10- and the 100-year recurrence intervals is deter-
mined to be 4.0 inches and 5.4 inches, respectively. These two values
of the 12-hour storm are plotted in figure 2 as the rar~e of a 12-hour
rainfall. The given rainfall of 5.14 inches plots at a recurrence interval
of about 65 years.

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

The collection of data, the computations, and some of the preparation
of text were made by the district offices of the Surface Water Branch in
whose district the floods occurred.

The complete report was assembled and prepare¢ in the Floods
Section, Water Resources Division: Tate Dalrymple, chief.

DETERMINATION OF FLOOD STAGES AND DISCHARGES

The data for peak stages and discharges at gaging stations and at
miscellaneous sites presented in this chapter are those which are
obtained and compiled in the regular procedure cf surface-water
investigation by the Geological Survey.

The usual method of determining stream discherges at gaging
stations is the application of a stage-discharge relation to the known
stage. The relationship at a station is usually defined by current-
meter measurements through the maximum range of stage. However,
the peak discharge at a station may be above the range of the stage-
discharge relation, and short extensions may be made to the graph
of relation by logarithmic extrapolation, by veloci‘y-area studies,
or by use of other measurable hydraulic factors.

Peak discharges that are greatly above the range of the defined
stage-discharge relation at gaging stations and peak discharges at
miscellaneous sites are generally determined by various methods of
indirect measurements at the sites. During major floods, adverse
conditions often make current-meter measurements iripossible to ob-
tain at some sites; during such conditions, peak discharges are meas-
ured by indirect methods based on detailed surveys of selected
channel reaches. A general description of these indirect methods is
given in Water-Supply Paper 888. Water-Supply Papers 773-E,
796-G, and 816 contain more detailed descriptions and illustrated
examples.
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EXPLANATION OF DATA

The floods described herein are presented in chronological order.
Because each flood has characteristics peculiar to itself and 1'~cause
amounts of information available are different for each flood, no
consistent format is used in reporting the events.

The data include (1) a description of the storm, flood, and flood
damage, (2) a map of the flood area showing the location of flood-
determination points and, on some maps, isohyets or the location of
precipitation-measuring stations, (3) rainfall data, and (4) peak stages
and discharges during floods in the streams affected.

Usually, some rainfall amounts are included in the description of
the flood. When considerable rainfall data are available, they are
presented in tabular form and may include daily or storm totals.
When sufficient data are available to determine the pattern and
distribution of rainfall, an isohyetal map may be shown.

A table summarizing peak stages and discharges is given for each
flood unless the number of stations reported is small; if the number
-is small, the information is included in the text description.

In the summary table, the first column under ‘“Maximum floods”
shows the period of known floods prior to the 1960 floods. This
period does not necessarily correspond to that in which continuous
records of discharge were obtained, but for many stations it extends
back to an earlier date. More than one period of known floods are
shown for some stations: periods are shown whenever maximum
stages can be associated with them, even though the corresponding
discharge may not be known, and a second period of knowr floods
is 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
discharge occurred. The third column gives the date of the peak
stage or discharge during the 1960 floods.

The last column generally gives the recurrence intervals for the
1960 peak discharges. The recurrence interval is the averige in-
terval, in years, in which a flood of a given magnitude (tte 1960
peak) will be equaled or exceeded once as an annual maximum. A
flood having a recurrence interval of 20 years can be expected to
oceur, on the average, once in 20 years, or it is one that has a 5 per-
cent chance of occurring in any year.

The recurrence intervals in the table were obtained from U.S.
Geological Survey reports on flood magnitude and frequency (State-
wide reports or from Water-Supply Papers referring to a specific part
(principal river basins) of the United States.

757-337 0—65———2



B12 FLOODS OF 1960 IN THE UNITED STATE®

In nearly all the flood-frequency reports referred to, the definition
of the recurrence interval is limited to 50 years. When the recur-
rence interval of a flood exceeds 50 years, the severity of the flood is
expressed as the ratio by which the peak discharge exceeded the
50-year flood.



SUMMARY OF FLOODS OF 1960
FLOODS OF FEBRUARY 8-10 IN NORTHERN CALIFORNIA

Heavy rainfall over northern California in early February krought
floods to many lowland communities and caused major stream rises
in all coastal basins north of San Francisco Bay and in the Sacramento
Valley (fig. 8). Most of the precipitation was associated with a cold
front that moved northeastward across the California coast early on
February 8. Heavy orographic rains preceding the passage of the
cold front started before noon on February 7 and continued for about
24 hours. During this time, the freezing level was generilly at
8,000 feet.

The generalized isohyets in figure 8 show that precipitation totals
of more than 10 inches were not unusual for the 5-day storm period
February 6-10. Several precipitation stations received more than
6 inches of rainfall in 24 hours. Cloverdale (11W), in the Coast
Range, reported 9.24 inches in 24 hours, and Blue Canyon, in the
Sierra Nevada, reported 8.30 inches during a similar period. No
hourly rainfall totals of more than 0.75 inch were reported.

The most damaging floods occurred in the coastal basins. The
Eel and South Fork Eel Rivers, rising in some reaches at a rete of 3
feet per hour, surged over their banks and forced the evacuation of
more than 200 residents from the lumber and resort communities of
Weott, Pepperwood, and Myers Flat. In this same area, higl water
and slides blocked north-south highway U.S. 101. The peak dis-
charge of 117,000 cfs (cubic feet per second) recorded at the gaging
station on South Fork Eel River near Miranda has been exceeded
only by the flood peak of December 1955 since the establishment of
the station in 1940. The discharge hydrograph for this stetion is
shown in figure 9.

The greatest damage in the Russian River basin occurred in the
summer-resort communities along the 16-mile reach of river upstream
from Duncan Mills. Commercial and residential areas were in-
undated, and highways were severely damaged. Agricultural loss
was heavy throughout the basin, primarily as a result of deposition
of river-borne silt on fields and orchards.

Farther south, in Marin County, widespread flooding of lowland
communities occurred along Corte Madera Creek. The residents of
more than 50 homes in Kentfield were evacuated by rowboset, and
the General Hospital in Ross was marooned for several hours.

B13
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FI1GURE 8.—Flood area; location of selected flood-determination points and isochyets for February 6-10
are shown. Floods of February 8-10 in northern California.

The Sacramento River Flood Control Project, an ertensive system
of dams, levees, and floodways, functioned very effectively. As a
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FIGURE 9.—Discharge hydrographs for South Fork Eel River near Miranda, Calif., and for Feater River
near Oroville, Calif., February 6-11.

result of operations at Shasta Reservoir, the discharge of the upper
Sacramento River at Keswick did not exceed 8,830 cfs. Farther
downstream, overflow occurred at all relief weirs except Sacramento
Weir, and project floodways carried substantial flows. Folsomr Lake
was effective in limiting the peak discharge to 5,260 cfs about 7 miles
downstream in the American River at Fair Oaks. Some flooding,
however, occurred in the Little Holland tract in the Sacramento
River delta area.

The most noteworthy peak discharges in the Sacramento River
basin occurred on the Feather River and its tributaries. The peak
discharges exceeded those of the flood of February 1958, ard the
discharge of 9,730 cfs on Dry Creek at Virginia Ranch was greater
than that of the flood of December 1955. The discharge hydrograph
for Feather River near Oroville is shown in figure 9. Table 1 lists
peak discharges for 46 selected gaging stations shown in figure 8.

Stream bank erosion was the principal source of flood damage in
the Sacramento River basin, and other damage was relatively light.
In the coastal basins, one life was lost and damage totalled about
$2 million, of which three-fourths was agricultural and highway
damage. Table 2 summarizes flood damage in the coastal basins
under six categories as compiled by the Corps of Engineers, San
Francisco District.
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TaBLE 1.—Flood stages and discharges, February 8-10, in northern California

Maximum flods
Drain-
No.| Stream and place of determination | age area Prior to Feb. 1960 Gage | |
(sq mi) _ February| height [Discharge
(t) (cfs)
Period Year
Sacramento River basin

1| Sacramento River at Delta._.____ 427 194460 ... 1855 |- 19. 50 37,000
8| 13.05 16, 300
2 | Pit River near Montgomery | 5,170 1044-60__________ B 11T, O —— 14.12 137,100
Creek. 8| 9.04| 117,000
3 | Sacramento River at Keswick._._| 6,710 1938-60__.____.. 1940 | .- @) 186, 000
9] 12,36 18,830
4 | Cottonwood Creek near Cotton- 945 1940-60__..______ 1941 |- 15.4 52,300
wood. 8| 12,78 26, 100
5 | Battle Creek near Cottonwood____ 362 1987 __ . 1987 |oooooooooe 15.8 35, 000
1940-60 1942 11.85 12, 800
7 8.48 5,410
Sacramento River near Red Bluff.| 9,300 1892-1960. -] 1940 38.9 201, 000
8| 17.29 177,600
7 | Stony Creek near Hamilton City. 764 194160 ... 1958 .- 18,31 139, 900
8| 12,63 110, 800
8 | Butte Creek near Chico........... 148 1930-60. 1955 13.35 18,700
8 7.75 6, 490
9 | Sacramento River at Knight |..__._.___ 1640-60-_ 1642 .. 41,83 [ccmcccmnns
Landing. U N 129, 600
10| 3776 124,900

10 | Feather River at Bidwell Bar..___ 1,353 | 1862 oo 1862 |- 32.1 (2)
1911-60__________ 1965 {-ceomeoean 25.5 104, 000
8] 20.50 62, 800
11 | North Fork Feather River at Big | 1,945 1610-60_ ... 1955 |ooooooeee 35.60 | 172,400
Bar. 8| 2510 134, 300
12 | Feather River near Oroville.__.___ 3,611 190160 ... 1907 | o (%) , 000
8| 63.80 | !135,000
13 | Yuba River at Englebright Dam .| 1,104 1941-60________.. 1956 |eaucmnn- & gg ‘,“;2'%
14 | Dry Creek at Virginia Ranch.. ... 71.3 | 1948-60_______ __ 1955 |.eoooano & lg' gg g. ;gg
15 | Bear River near Wheatland.._..._ 295 1928-60__..____._ 1055 |ocooeeon i {g g :33,%
16 | Feather River at Nicolaus....____| 5,920 1943-60___.____._ 1955 |- oo 51.60 | 1357,000
9| 46.06 136, 000
17 | Sacramento River at Verona..____|_...____._ 192660 __..____ 1940 oo 41.20 | 179,200
9| 3545 164, 500
18 | SacramentoWeir near Sacramento_|..._..__.. 192660 -_._ 1928 | oo 1118, 000
1950 |-coocaaaao 32,92 |ccocmmmnean
10 (2) 13964
19 | Middle Fork American River 1955 [cooeooooe 33.9 79, 000
near Auburn. B| 2274 36, 700
20 | South Fork American River near 1965 |- coceeas 21.37 371,800
Lotus. 8| 10.15 8, 890
21 | American River at Fair Oaks.____ 1950 [oooooooo. 31.85 180, 000
8 3.99 15,260
22 | Sacramento River at Sacramento. 1950 [-oooooeo-- 30.14 | 104,000
10 | 21.39 169, 600
23 | North Fork Cache Creek near 1937 |ccceeo- 13.98 20, 300
Lower Lake. 8| 1103 11, 500
24 | Cache Creek near Capay..__...__. 1958 |oooooo- 20, 90 1 51, 600
8| 13.08 1 18, 400
25 | Yolo bypass near Woodland. 1042 (oo 32.00 | 272,000
9| 27.06 73, 600
26 | Putah Creek near Guenoe. ... 112 1904-06, 1930-60..) 1937 |__________ . 7 32, 000
8| 17.90 18, 600

Coastal basins

27 | Napa River near St. Helena..____. 81.3 | 1929-32, 1939-60._| 1955 |.__...___. 16.17 12, 600
8| 14.48 11, 600
28 | Corte Madera Creek at Ross____.. 18.3 | 1951-60._._______ 19565 |- ... 17.45 3,620
8| 14.87 2,610
29 | Russian River near Guerneville__.[ 1,342 1939-60_ ... ... 1955 | ..___. 49.7 90,100
8 | 40.80 63, 100
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TaBLE 1.—Flood stages and discharges, February 8—10, in northern California—Con.

Maximum floods
Drain-
No.| Stream and place of determination | age area Prior to Feb. 1960 Gage
(sq mi) February| height |Discharge
(ft) (cfs)
Period Year
Coastal basins—Continued
30 | Navarro River near Navarro___.._ 304 1950-60__...__._. 1955 | ... 40. 60 64, 500
8| 30.98 24, 800
31 | Mattole River near Petrolia...____ 242 1911-13, 1950-60__| 1955 |__________ 29. 60 90, 400
8| 25.34 62, 000
32 | Eel River at Alderpoint_._._______ 2,079 1955-60_ . ... 1955 | _. 72.5 376, 000
8| 55.70 220, 000
33 | South Fork Eel River near Mir- 537 1940-60_______... 1955 | oocoo.. 42,7 173, 000
anda. 8| 34.61 117,000
34 | Eel Riverat Scotia__.._.___________ 3,113 1910-60.______._. 1955 | oo ... 61. 90 541, 000
8| 5145 343,000
35 | Van Duzen River near Bridgeville_| 214 1950-60. .. _.____. 1955 | ... 21.3 43, 500
8| 17.60 30, 000
36 | Mad River near Arcata._.__..__.__ 485 191013, 1950-60_.| 1955 | . ...___ 27.30 77,800
8 17.85 48, 000
37 | Redwood Creek at Orick.__.____.. 278 1911-13, 1953-60. ggg, .......... 23.95 , 000
' 8| 1870 24,90
38 | Klamath River below Fall Creek | 4,370 1923-60_______ ... 1955 (oceeooo . 8.15 1 12,000
near Copco. 8 536 15,110
39 | Shasta River near Yreka.__._.__.__ 796 193341, 1944-60__| 1955 |..__.._. v g 3:; (15, ggg
40 | Scott River near Fort Jones_.__.__ 662 1941-60_________. 1955 f.ooo ... 91. 40 ’500
8| 10.79 8, 220
41 | Klamath River near Seiad Valley.| 6,980 1912-25, 1951-60__| 1955 (. .._.... 29.2 122, 000
8| 11.90 119, 600
42 | Salmon River at Somesbar_.______ 746 1011-15, 1927-60_.| 1955 | ... _.__. 28.80 , 000
8 12.97 25, 900
43 | Trinity River at Lewiston.__._.___ 726 1911-60. ... 1955 | oo 27.3 71, 600
8 13.88 17, 900
44 | Trinity River near Hoopa......... 2, 846 19%3-%%916—18, 1955 |.oeo... 36.90 190, 000
3 .
8| 24.78 85,700
45 | Klamath River near Klamath___._ 12, 100 1910-26, 1950-60..| 1955 | ._....__. 49.7 425, 000
8 30.08 195, 000
46 | Smith River near Crescent City .- - 613 1913-60_ . ._.___. 1955 (oo .. 41.20 165, 000
8| 28.13 74, 300
1 Affected by storage or diversion.
2 Not determined.
3 Not necessarily the maximum for the period.
TaBLE 2.—Flood damage in coastal basins of California in February
[Compiled by Corps of Engineers, San Francisco District]
Flood damage
Stream basin High-
Agricul- | ways | Residen-| Com- Public | Emer- | Totalin
tural |and pub- tial mercial | utilities gency basin
lie facil- ald
ities
EelRiver__.__________.______. $528,800 | $412,200 | $35,800 | $136,500 | $62,800 | $11,000 ($1, 187,100
Russian River._______ """~ 365, 205,900 | 25,500 | 107,300 3,600 0| 708,200
Subtotal . _._____________ 804,700 | 618,100 61,300 | 243,800 66, 400 11,000 | 1,895,300
CorteMadera CreeK...._.._ocoofcceeomoas RV RGPS SIS R, 50,
Total....__.___ R FR PR, 1,945, 300




FLOODS OF MARCH 7-9 IN SOUTHERN INAHO

Flooding occurred in several low altitude basins in southern Idaho
(fig. 10) as a result of the melting of shallow snow by high tempera-
tures accompanied by rain. Blackfoot River near Blackfoot, Idaho,
reached the highest discharge in 18 years of summer record and in
29 years of complete record. Big Wood River basin below Magic
and Little Wood Reservoirs had the highest rate of runoff since 1922.
Since 1922 several floods have been higher at the gaging station Big
Wood River near Gooding, but all came from the basin above Magic
Reservoir. The peak discharge on Clover Creek near Bliss was
nearly twice the previous maximum in the 8 years of record. (See
table 3.)

Considerable damage at Blackfoot was averted by recently con-
structed or improved dikes. Damage was limited to flooded farm-
lands and roads. Areas flooded were all in rural aress that were not

extensively developed. Crops were not yet planted, and damage was
relatively light.
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F1GURE 10.—Flood area; location of flood-determination points is shown. Tloods of March 7-9 in
southern Idaho.
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TaBLE 3.—Flood stages and discharges, March 7-9, in southern Idaho

Mazximum fioods

Drain- Re-

No. Stream and place of age Prior to cur-
determination a Mar. 1960 Gage Dis- {rence

(sq mi) March | height chan’e in-

(ft) (cfs} ter-

val

Period Year (yrs)

Snake River basin

-

Blackfoot River  near 1,205 | 1913-60

7.04
Blackfoot. 6.42
2 | Big Wood River below | 11,110 | 1916-60 9.00
Magic and Little Wood 8.30
reservoirs near Gooding. 9| 2882 |...
3 | Clover Creek near Bliss_ ... 140 | 193843, 1957-60..] 1942 |._________ 6. gg
7.

1 Does not include area above reservoir.
2 Caused by ice jam

3 Ratio of peak discha:ge to that of 50-year flood.



FLOODS OF MARCH 17-APRIL 5 IN CENTRAL FLORIDA

Unsually heavy and unseasonal rains on March 15-18 centered
in an area 25 miles north of Tampa and extended across the north-

central part of the peninsula (fig. 11).

More than 15 inches of rain

was measured north of Tampa in the 4 days, and unofficial reports
indicate as much as 20 inches may have fallen at scattered points.
The greatest 1-day precipitation recorded was 6.96 incl =s at Lakeland
on March 16, and 12.81 inches fell at Bay Lake on March 16 and 17.
The greatest 4-day total recorded was 15.60 inches at Saint Leo.
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F1GURE 11.—Flood area; location of flood-determination points and isohyets for March 15-18 are shown.
Floods of March 17-April 5 in central Florida.
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The intense rains caused most streams in the area to go out of their
banks by March 18 or 19, and some streams reached peak stages and
discharges higher than any previously known (table 4).

Several thousand persons were evacuated from homes in lovr-lying
and poorly drained areas. Damage to homes, roads, and crops was
extensive, and 12 counties in central Florida were declared a disaster
area.

TaBLE 4.—Flood stages and discharges, March 17-April 5, in central Florida

Maximum floods

Drain- Re-

No. Stream and place of age Prior to cur-
determination area March 1960 March- | Gage Dis- |rence

(sq mi) April | height | charye in-

it) (cfs) ter-

val

Period Year (yrs)

St. Johns River basin

1 | Jane Green Creek near 248 1953-60____..____ 1966 (... 10.95 18,400 | ____.
Deer Park, 9.
2 | Wolf Creek near Deer Park. 26.3
3 | Jim Creek near Christmas._ 2.7
4 | Econlockhatchee River 119
near Bithlo.
5 | Little Econlockhatchee 27.1
River near Union Park.
6 | Econlockhatchee River 260
near Chuluota.
7 | Wekiva River near San- [.._.._.___
ford.
8 | Big Creek near Clermont.__ 68
9

Apopka-Beauclair Canal 180
near Astatula.

10 Olélawaha River near| 1,100

cala.
11 Lochloosa Creek at Grove 34.7
12 Oran%e Creek at Orange 431 2,
rings. 1,
13 Deep Creek near Rodman__ 5.3 1,280
14 | Oklawaha River at River- | 2,100 1943-60______._._ 1950 | ___. 9. 50 7,820 |___.__
si de Landi.ng near Orange Mar. 20 9. 80 7,830 |._.___
15 Little Haw Creek near 120 1951-60-.___..__. 1958 |-ooooo- 8.72 1,490 {______
Seville. Mar. 19 8.58 1,600 |....__
Moultrie Creek basin
16 | Moultrie Creek near St. 23.3 | 1939-60._________ 1941 |________.. 9. 31 1,370 |..____
Augustine. Mar. 18 8.37 936 | 5
Spruce Creek basin
17 | Spruce Creek near Samsula. 32 1951-60. ... 1968 | ... 15.49 L. 2 —
Mar, 17 | 13.56 501 |..___.

See footnotes at end of table.
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TaBLE 4.—Flood stages and discharges, March 17-April 6, in ceniral Florida—Con.

Maximum floods
Drain- Re-
No. Stream and place of age Prior to cur-
determination area Mar. 1960 March- | Gage Dis- |lence
(sq mi) April height | charge | in-
) (cfs) ter-
val
Period Year (yrs)
Lake Okeechobee and the Everglad
18 | Boggy Creek near Taft___.. - B S I Mar. 18 | 13.64 3,680 | 10
19 | Shingle Creek near Vine- 46,1 |oe e Mar, 17 | 12.61 4.8 5
and.
20 | Shingle Creek at Airport 86.4 | 1958-60__._______ 1958 | . _.____.. 9.17 1,250 |._____
near Kissimmea. Mar. 18 | 11.00 3,320 | 7
21 | Cypress Creek at Vineland. 30.3 | 194560 _______{ 10456 | _________|._______ 181 ...
1969 | ... 3,88 |oceomccc]ameeas
Mar. 18 4.45 276 {11.32
Alafia River basin
22 | North Prong Alafia River 176 1950-60_ ... 1960 .. ... 13.47 65,680 {__.._.
at Keysville. Mar. 17 | 14.50 7,000 | 14
23 | Alafia River at Lithia._____ 335 103360 __.____.. 1033 ... . 6 19,300 |-._.__
Mar. 18 [ 17.20 7,250 | b
Hillsborough River basin
24 | Blackwater Creek near 110 1961-60. .. _.. 1959 |__...___ 8.70 2,220 |....-
Knights. Mar. 18 9.70 5,400 | 18
25 | Hillsborough River near 220 1939-60.__._.____ 1047 || 5920 |.__.._
Zephyrhills. 1950 | ... 13.80 [ |o.___.
Mar. 18 | 15.33 12,600 | 11.02
26 | Pemberton Creek near 24 196760 ... 1969 | ... 6.6 330 |-
Dover. Mar. 17 8.78 1,400 | 8
27 | Hillsborough River near 650 1933 __ . 1033 | |eeaes 16,500 |.__._..
Tampa. 193860 ... 1045 | |- 9,690 |__.___
1950 | ____ 22.76 |oeccmaee e
Mar, 19 | 22.62 |- _[-..._.
Mar. 21 |___..__. 14,600 |.._._.
Sweetwater Creek basin
28 | Sweetwater Creek near 6.4 1961-60________._ 1969 ... 14.23 1,380 | __...
Sulphur Springs. Mar. 17 4.25 438 (...
Rocky Creek basin
29 [ Rocky Creck near Sulphur 36 19563-60._._ . .. __ 1959 |__________ 14,23 1,380 |._____
Springs. Mar. 17 | 16.09 2,340 (.. __

See footnotes at end of table,
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TaBLE 4.—Flood stages and discharges, March 17-April 5, in ceniral Floride—Con.

Maximum fioods
Drain- Re-
No. Stream and place of age Prior to cur-
determination area March 1960 March- Gaghe Dis- [rence
(sq mi) April | height | charge [ in-
(ft) (cfs) ter-
val
Period Year (yrs)
Lake Tarpon basin
30 | Brooker Creek near Tarpon 30 1950-60__ . _____ 1950 | ... 12.80 L0 | ..
Springs. Mar. 17 | 13.32 1,600 |._____
Anclote River basin
31 | Anclote River near Elfers. .. 72.5 | 1945-60.___._____ 1945 (________ 27.7 5000 | ____
Mar. 18 | 26.05 3,8 |______
Withlacoochee River basin
32 | Withlacoochee River near 130 195860 ... .. 1959 | |- 836 |-
Eva. 1959 |-..-..—__. 6.25 | .
Mar. 17 6. 80 2,160 |._.__.
33 | Withlacoochee-Hillsbo- | ___| ... | Mar. 19 6,87 1,880 |...._.
{ougl} overflow near Rich-
and.
34 | Withlacoochee River near 390 193033, 1958-60__| 1959 | _________[-______ 2,740 |_____.
Dade City. Mar. 21 14.28 5,000 |_____.
35 | Withlacoochee River at 580 1928-60___..__._. 1934 |._________ §20.5 8,840 (. ____
Trilby. Mar. 23 | 19.38 6,92" | 38
36 | Little Withlacoochee River 160 1958-60_ ... .. .__. 1959 (... 10. 74 1,940 |__.__.
at Rerdell. Mar. 19 | 12,32 3,40 |-
37 | Withlacoochee River at 880 1934 . __. 1934 | ____ 15.2 [C) TN P
Croom. 1939-60. .. ... 1950 [___ ... __ 12.71 8,480 |
Mar. 23 | 13.78 8,65 | 30
38 | Withlacoochee River near | 1,710 1928-60____._____ 1034 | |- 6,740 |_____.
Holder. 1934 |- ... 11,63 ||
Apr. § 13.28 8,662 | 19

1 Ratio of peak discharge to that of 50-year flood.

2 Maximum stage since at least 1928,

3 Daily mean discharge. .
+ High-water diversion from Withlacoochee River basin to Hillsborough River basin.
3 At site 134 miles downstream at datum 0.12 ft, lower. "
8 Not determined.



FLOODS OF MARCH-APRIL IN THE SKUNK RIVER AND LOWER
IOWA RIVER BASINS, IOWA

As the result of heavy snowfalls that accumulated during the winter
and melted rapidly under warm temperatures and sunny skies, Towsa
streams were in flood at the end of March. At many points the snow-
fall amounts exceeded any previously recorded, and nearly all of it
remained on the ground. Snow surveys made in l1arch indicated
water contents of more than 5 inches in some places.

Because the snow melted rapidly, it produced flooc's on all streams
in the State. The most outstanding of these floods were in the south-
eastern corner of the State (fig. 12). The peaks on the smaller streams
were not of record-breaking proportion; however, the concentration
produced in the larger streams resulted in much greater floods. The
floods on the Lower Skunk River was the greatest in a period of 48
years of record at the gaging station at Augusta (table 5) and greatly
exceeded a 50-year flood in the lower Iowa River basin, in Bear
River at Ladora, and in English River at Kalona. In the lower
Cedar River on April 4, the peak almost equaled the maximum
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F1GURE 12.—Flood area; location of flood-determination points is shown. Floods ¢f March~April in Skunk
River and lower Iowa River basins, Iowa.
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discharge and slightly exceeded the maximum stage since 1939,
and the peak stage was only 0.2 foot lower than the maximura stage
since 1900. Discharge hydrographs (fig. 13) for two stations in the
Skunk River basin show the high discharges that occurred and illus-
trate the great degree by which the peak discharge on North Skunk
River near Sigourney exceeded the previous maximum discharge
of record.

Damage was not heavy because of protective works and the ade-
quate forewarning provided. No loss of life or serious injur:” from
the flood was reported.

TaBLE 5.—Flood stages and discharges, March—April, in Towa

Mazximum floods
Drain- Re-
No. Stream and place of age Prior to cur-
determination area Mar. 1960 March- | Gage Dis- | rence
(sq mi) April | height | chare | in-
(ft) (cfs) ter-
val
Period Year (yrs)
Iowa River basin
1 | Bear Creek at Ladora...... 189 | 104560 _____.._ 1046 |- feeoeeo.. 9,080 [
1988 |._..____.. 13.78 |ocoooooofemaas
Mar. 30| 14.60 10,500 | 11.8
2 | English River at Kalona___ 573 | 1030 ___._.__.__. 1930 |__....__.. 19.9 18,500 [.____
193060 _..__.. 1946 |___._____. 10.74 16,400 [__.____
Mar. 31| 19.89 18,500 | 11.4
3 | Cedar River near Cones- 7,785 | 1900-60_________. 1929 | ... ... 15.8 (G T .
ville. 1930-60..._ _.__. 1047 |._____. 15.35 60,000 |___.__
Apr. 4| 15.60 58,800 | 13
Skunk River basin
4 | Skunk River near Ames.... 315 | 1920-27,1932-60_.| 1944 |.______.._ 13.90 | ofeeea
5 | Skunk River below Squaw 556
Creek near Ames.
6 | Indian Creek near Mingo. _ 276
7 | Skunk River near Oska- 1,635
loosa.
8 | North Skunk River near 730
Sigourney.
9 | Big Creek near Mount 106
Pleasant.
10 | Skunk River at Augusta._ .. 4,303

1 Ratio of peak discharge to that of 50-year flood.
2 Not determined.
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FIGURE 13.—Discharge hydrographs, Skunk River basin. Floods of March-April in Iowa.



FLOODS OF MARCH 20-APRIL 6 IN SOUTHEASTERN WISCONSIN
AND NORTHEASTERN ILLINOIS

The southeastern part of Wisconsin and the northern part of Illinois
received excessive snowfall during the winter of 1959-60. March
1960 was the coldest March of record, and record amounts of snow
lay on the ground at the end of the month. General rains of long dura-
tion fell in the area March 30-31. The rain varied in intensity, and
Milwaukee received 2.57 inches in 24 hours, a record for such a storm
in March. The heavy snow cover and ice-covered ground, high tem-
peratures, and rain caused many of the major rivers to go out of their
banks (fig. 14). High water from the Milwaukee, Kinnickinnic, and
Root Rivers and from other waterways in and around Milwaukee was
the highest in 40 years; that from rivers and waterways in north-
eastern Illinois was less extreme.
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FIGURE 14.—Flood area; location of flood-determination points is shown. Floods of March 29-April 6 in
southeastern Wisconsin and northeastern Illinois.
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Flood damage was extensive. Large sections of industrial areas in
Milwaukee were inundated. Many families were evacuated, and
many basements were flooded. New housing developments in low-
lying areas were inundated, and major traffic arteries were blocked by
the high water. Ice jams aggravated conditions at many stream
constrictions. Suburban areas north of Chicago near the Des Plaines
and the North Branch Chicago Rivers were flooded. Rises on the
Pecatonica and Rock Rivers caused evacuation of resilents from low-
lying areas in Freeport and Rockford, Ill., and some farmland was
flooded.

The Milwaukee River had the highest discharge since 1929. Cedar
Creek near Cedarburg, Fox River at Wilmot, and Ye'lowstone River
near Blanchardville, Wis., had peak flows of record (table 6). Less
extreme floods occurred in the Sheboygan River near Sheboygan,
Wis., the Sugar River near Brodhead, Wis., and the Rock and Peca-
tonica Rivers.

Crest-stage gages in southeastern Wisconsin recorded moderate to
high stages; the highest unit discharges were at Oak C-eek near South
Milwaukee (79.1 cfs per sq mi) and at Rock Branch near Mineral
Point (230 cfs per sq mi). Stages in the Fox Chain-of-Lakes were
record breaking at all five stations. The peak dircharge on Fox
River at Algonquin, Ill., was the greatest in 45 years of record.

TaABLE 6.—Flood stages and discharges, March 29-April 6, in southern Wisconsin
and northern Illinois

Meaximum floois
Drain-
No. Stream and place of age Prior to Re-
determination area Mar. 1960 March- | Gage Dis- eur-
(sq mi) April | height | charge |rence
(ft) (clsg inter-
val
Period Year (yrs)
Streams tributary to Lake Michigan
1 | Sheboygan River at She- 432 1916-24, 1950~60__| 1920 |._____._._ 19,40 7,140 |......
boygan, Wis.
Mar. 30 10. 85 6, 300 13
2 | Cedar Creek near Cedar- 121 1930-60. ... 1952 | .. __. 11.40 3,600 |-
burg, Wis, Mar. 30 | 12.25 3, 600 50
3 | Milwaukee River at Mil- 686 191460 . ... 1918, | ... 19.00 15,100 |._.__.
waukee, Wis, 1924
Mar, 31 8.05 9, 300 15
4 | Oak Creek near South Mil- 13,9 | Mar. 30 | 17.49 1,100 |._-...
waukee, Wis.
5 | Kinnickinnic River at 27th b U A T PO N, Y [, MO P 1,780 |.._...
8t., Milwaukee, Wis.
6 | Root River at State High- 490 || s [+ T P 5,130 |.._.__
Wg 100, near Milwaukee,

See footnotes at end of table.
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TaBLE 6.—Flood stages and discharges, March 29-April 6, in southern Wisconsin
and northern Illinois—Continued

Maximum floods
Drain- Re-
No. Stream and place of age Prior to cur-
determination area Mar. 1960 March~ | Gage Dis- rence
(sq mi) April | height | charg in-
(it) (cfs) ter-
val
Period Year (yrs)
Rock River Basin
7 | Rock Branch near Mineral 5.04 | ]eaae Mar. 29 | 16.14
Point, Wis
8 | Yellowstone River near 29.1 | 195460 .. .. 1059 | . .. __ 10. 00
Blanchardville, Wis. Mar. 29 | 10.47
9 | Pecatonica River at Mar- | 1,040 1939-60__ .. ... 1960 .. ... 20.23
tintown, Wis. Apr. 1| 19.55
10 | Sugar River near Brod- 527 1914-60. ... 1016 |- 11. 4
head, Wis. Mar. 31 .
11 | Pecatonica River at Shir- | 2, 540 193960 ___.._.__ 1959 | _.__ 17. 45
land, I Apr. 3| 17.08
- IDlinois River Basin
12 | Des Plaines River near 215 1945-60_._.__.___ 1048 | ...
Gurnee, I11. Apr. 2| 10
13 Buﬁal(I) Creek near Wheel- 19.4 | 1952-60____....__ 1957
g, 11l
14 | Des Plaines River near Des 3569 1938-60. ... 1938
Plaines, 111
15 | Salt Creek near Arlington 33.7 | 1950-60.. ... 1957
Heights, Ill.
16 | Des Plaines River at River- 635 1914-60_ ... 1919
side, I11. 194360 ... 1960 3
17 | North Branch Chicago 20.7 | 1952-60.. ... ... 1959
River at Deerfield, Ill.
18 | Fox River at Wilmot, Wis_.| 880 1939-60_ .. ... 1943
19 | Channel Lake near Anti- |...___.... 1930-60_._______. 1948
och, Il
20 F(ﬁ1 Lake near Lake Villa, [.__.___.__ 1939-60_ .. ... 1948
21 | Nippersink Lake at Fox |.......... 1939-60_ . _____ 1948
Lake, Ill.
22 | Fox River at Johnsburg, |..._._.___ 1939-60_ . ____.__ 1948
urg, I1L
23 Fl})lf River near McHenry, |....._..... 194160 .. ....... 1948
24 Fc};ﬁ' River at Algonquin, | 1,364 1916-60_.__._____ 1016

1 At different datum.
2 Not determined.
3 Affected by ice jam.



FLOODS OF MARCH-APRIL IN EASTERN NEBRASKA AND ADJACENT
AREAS

Record-breaking or outstanding floods occurred in late March and
early April in Missouri River tributaries over a large area (fig. 15)
consisting of southeastern South Dakota, eastern Nebraska, north-
eastern Kansas, 8 narrow strip of western Iowa, and the northwest
corner of Missouri.

Precipitation as rain and snow over the flood area from October
1959 thirough March 1960 was 137 percent of normal. Most of the
October precipitation fell as rain, and snow fell over most of the area
during November. Sioux City, Iowa, had 15.1 incher of snow, which
was its greatest November snowfall in 70 years. Both rain and snow
fell in December, and above-normal temperatures were prevalent.
January precipitation was mostly snow and was about twice the normal
amount in the southern half of the flood area.

February precipitation was freezing rain early in the month, and
snow after the eighth of the month; it was above normal in about the
same area that had above-normal precipitation in January. More
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FI1GURE 15.—Area of floods of March-April in eastern Nebraska and adjacent areas.
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FIGURE 16.—Water equivalent of snow on ground on March 18 in eastern Nebraska and adjacent areas.

snow fell in northeastern Kansas during February 1960 than in any
other February since 1930. At the end of the month, the accumulated
snow on the ground ranged from 7 inches in southeastern South Dakota
to 22 inches in eastern Nebraska.

Frequent light to moderate snow fell over most of the flood area
during early March, and a storm on March 12-16 brought heavy
snows (fig. 16). The snowfall in eastern Nebraska from December
27 to March 26 was about twice the annual average.

Except in December, monthly mean temperatures throughout the
flood area were below normal. The antecedent precipitation and the
low temperatures produced a snowpack having the potential to cause
a major flood when a rapid rise of temperature occurred. (See fg. 17.)
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FIGURE 17.—Water equivalent of snow on ground on March 25 in eastern Nebrasta and adjacent areas.

The period of low temperatures ended on March 2. and precipita-
tion in the two periods, March 26-31 and April 1-3 (figs. 18, 19) was
mostly rain. The accumulated and compacted snow had 3-4 times
the average water content of newly-fallen snow, and that near
Lincoln, Nebr., had 3.6 inches of water per foot of snow depth.

The temperature rise started in the western part of the flood area
about March 18 and progressed eastward. Most tributaries of the
Missouri River in South Dakota and Nebraska flow eastward; there-
fore, the breakup took place in the headwaters of the streams several
days before it did in the downstream reaches. Ice jams formed at
the downstream end of flood crests at the upstream edges of the
solid ice cov<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>