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Conversion Factors and Datums

Multiply By To obtain

acre 4,047 square meter

cubic foot per second 0.02832 cubic meter per second
cubic foot per second per square mile 0.01093 cubic meter per second per kilometer
foot 0.3048  meter

foot per second 0.3048 meter per second

inch 254 millimeter

inch per hour 25.4 millimeter per hour
mile 1.609 kilometer

mile per hour 1.609 kilometer per hour
square foot 0.09290 square meter

square mile 2.590 square kilometer

yard 0.9144  meter

Temperature can be converted to degrees Celsius (°C) or degrees Fahrenheit (°F) by the
equations:

°C=5/9(°F-32)
°F=9/5(°C) +32.

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).

Vertical coordinate information is referenced to the North American Vertical Datum of 1988
(NAVD 88).



Glossary

Although much of the terminology used in
this report is widely understood, some terms
have specialized meanings in hydrology or are
unfamiliar outside of hydrologic usage. Most
of the definitions given here are from Lang-
bein and Iseri (1960), with slight modifica-
tions, and explain the terms as they are
generally used by hydrologists in the U.S.
Geological Survey.

Absorption The entrance of water into the soil
or rocks by all natural processes. It includes
the infiltration of precipitation or snowmelt.

Bank The margins of a channel. Banks are
called right or left as viewed facing the direc-
tion of the flow.

Convective precipitation Precipitation that
falls from storms with localized updrafts (thun-
derstorms).

Cubic feet per second A unit expressing rates
of discharge. One cubic foot per second is
equal to the discharge of a stream of rectangu-
lar cross section, 1 foot wide and 1 foot deep,
flowing water at an average velocity of 1 foot
per second.

Current meter An instrument for measuring
the velocity of flowing water. The U.S. Geo-
logical Survey typically uses a rotating cup
meter.

Discharge In its simplest concept, discharge
means outflow; therefore, the use of this term
is not restricted as to course or location, and it
can be applied to describe the flow of water
from a pipe or from a drainage basin. If the
discharge occurs in some course or channel, it
is correct to speak of the discharge of a canal
or of ariver.

Drainage area The drainage area of a stream
at a specified location is that area, measured in
a horizontal plane, that is enclosed by a drain-
age divide.

Drainage basin A part of the surface of the
Earth that is occupied by a drainage system,
which consists of a surface stream or a body of
impounded surface water together with all
tributary surface streams and bodies of
impounded surface water.

El Nifio A warming of the eastern tropical
Pacific Ocean that affects weather patterns
worldwide.

Flood An overflow or inundation that comes
from a river or other body of water (Barrows,
1948, p. 4) and causes or threatens damage.
Any relatively high streamflow overtopping
the natural or artificial banks in any reach of a
stream (Leopold and Maddock, 1954, p. 249—
251).

Flood plain The lowland that borders a river,
usually dry but subject to flooding (Hoyt and
Langbein, 1955, p. 12).

Flood stage The stage at which overflow of
the natural banks of a stream begins to cause
damage in the reach in which the elevation is
measured.

Isohyetal map A map or chart showing lines
that connect points that received the same
amount of precipitation.

Overland flow The flow of rainwater or snow-
melt over the land surface toward stream
channels.

Peak flow The greatest rate of flow during a
flood.

Regulation The artificial manipulation of the
flow of a stream.

Reservoir A pond, lake, or basin, either natural
or artificial, for the storage, regulation, and
control of water.

Runoff That part of the precipitation that
appears in surface streams.

Stage The height of a water surface above an
established datum plane (also gage height).

Stage-discharge curve A graph showing the
relation between the gage height, usually plot-
ted as ordinate, and the amount of water flow-
ing (discharge) in a channel, expressed as
volume per unit of time, usually plotted as
abscissa.

Stage-discharge relation The relation
expressed by the stage-discharge curve.

Standardized Precipitation Index An index
that is based on the probability of precipitation
for any time scale.



Streamflow The discharge that occurs in a
natural channel. Although the term discharge
can be applied to the flow of a canal, the word
“streamflow” uniquely describes the dis-
charge in a surface stream course. The term
"streamflow" is more general than runoff as
streamflow may be applied to discharge
whether or not it is affected by diversion or
regulation.

Streamgage A gaging station where a record of
discharge of a stream is obtained.

Surface runoff That part of the runoff that trav-
els over the soil surface to the nearest stream
channel. It also is defined as that part of the
runoff of a drainage basin that has not passed
beneath the surface following precipitation.

Surface water Water on the surface of the
Earth.

Water equivalent of snow The amount of
water that would be obtained if the snow
should be completely melted. Water content
may be merely the amount of liquid water in
the snow at the time of observation (Wilson,
1942, p. 153-154).

Water year In U.S. Geological Survey reports,
water year is the 12-month period, October 1
through September 30. The water year is des-
ignated by the year in which it ends. Thus, the
year ending September 30, 1994, is called the
"1994 water year."



Summary of Significant Floods in the United States and
Puerto Rico, 1994 Through 1998 Water Years

By C.A. Perry

Abstract

This volume is a compilation of significant floods that
occurred at streamgages throughout the United States and
Puerto Rico from October 1, 1993, through September 30,
1998. A significant flood in this report refers to a peak-flow dis-
charge (instantaneous or time averaged) that is in the top 5 per-
cent of all the annual peak flows recorded at streamgages during
their total period of record. Most of these floods are approxi-
mately equal to or greater than the 20-year recurrence interval
flood (0.05 probability of occurrence in any 1 year) for that
streamgage.

A summary of the most devastating floods according to
number of lives lost and amount of damage is provided for each
water year from 1994 through 1998. Significant interstate
floods also are described. For each year, national maps are pro-
vided showing percentage of streamgages in each State record-
ing the significant floods and standardized deviations from
long-term (1950-95) mean precipitation.

Compilations arranged by State for each of the 50 United
States and Puerto Rico also are presented. Each State compila-
tion includes: (1) State maps to locate the streamgages record-
ing significant floods and (2) tables of data that allow the reader
to compare each significant flood during water years 1994
through 1998 with the maximum flood for the entire period of
record at each streamgage.

Introduction

Maximum floodflows for selected locations are compiled
annually by State and Puerto Rico offices of the U.S. Geological
Survey (USGS). Each office publishes these data along with
other data including daily flow, water-quality, and ground-
water information in the USGS Water-Data Report series. The
peak discharges for each streamgage also are placed in the Peak
Flow File of the USGS National Water Information System
(NWIS) and is available on the World Wide Web
(http://water.data.usgs.gov/nwis). A publication was needed
that compiled significant floods nationwide and provided a rel-
ative measure of the severity in a single publication. These pub-
lications have become the National Flood Summary series of
which this volume is a part. This publication, in addition to

providing a list of floods, provides a description of major or
noteworthy floods and provides some information as to cause,
loss of life, damage, and cost. During the period October 1,
1993, through September 30, 1998 (1994-98 water years)
approximately 5,000 county declarations of disaster were tabu-
lated for the United States; 54 percent of these declarations were
for flooding and another 10 percent were for hurricanes during
which flooding is inherent.

Innumerable combinations of variable meteorologic and
physiographic factors produce floods of all degrees and sever-
ity. Some meteorologic factors that affect floods are the form,
amount, duration, and intensity of precipitation; the amount of
previous precipitation, which would affect the moisture absorp-
tion of the soil; the air temperature, which may cause frozen soil
or may determine the rate of snowmelt; and the direction of
storm movement. The principal physiographic features of a
drainage basin that determine floodflows are drainage area, ele-
vation, character of soil, shape, slope, direction of slope, and
vegetative or other land cover. With the exception of vegetative
cover and soil preconditions, the physiographic features are
fixed for any given drainage basin. The combination of the
magnitude and intensity of meteorologic phenomena, the ante-
cedent moisture conditions, and the effect of inherent physio-
graphic features on runoff determines what the magnitude of a
flood will be.

Human factors also affect the magnitude of flooding.
Levees, designed to protect parts of the flood plain from inun-
dation, can raise flood elevations. Flood-control reservoirs store
floodwaters and can lower flood elevations and peak dis-
charges. Urban areas have increased impervious areas that can
increase flood elevations and discharges significantly.

Flood damages frequently are difficult to assess. Dollar
amounts given in this report should be used as a general indica-
tion of flood losses rather than as definite values. Even if
detailed surveys and estimates have been made, there is little
consistency among methods used and types of losses included.
Some estimates may exclude certain locations (such as moun-
tainous areas) or types of loss (either insured or uninsured) or
type of property (either private or public). Some estimates
include traffic interruptions and flood-mitigation costs; others
include strictly physical damage. Estimates may be based on
replacement costs or on depreciated values. For floods not
described in detailed published reports, the only damage esti-
mates available usually are the preliminary figures contained in
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newspapers, National Oceanic and Atmospheric Administra-
tion (NOAA) climatological data, or other sources published
shortly after the flood. A statement that a disaster declaration
was issued indicates that the damage was severe and that finan-
cial aid to victims was authorized by the governmental entity
making the declaration.

Some of the flood descriptions in this volume give the
amount of rainfall and duration of the storm associated with the
flooding. Recurrence intervals for these storms may be deter-
mined from a rainfall-frequency atlas of the United States
(U.S. Weather Bureau, 1961) or from a simplified set of equal-
rainfall maps and charts contained in a report by Rostvedt
(1965).

Continuing investigation of surface-water resources within
the United States is performed by the USGS in cooperation with
more than 800 agencies and organizations, including State
agencies, the U.S. Army Corps of Engineers, the Bureau of Rec-
lamation, and other Federal, tribal, or local agencies. The
National Weather Service, in addition to collecting and compil-
ing data on meteorological phenomena, also collect data on
stream stages in some areas.

Previous Flood Summary Reports

During the 1950s and 1960s the USGS summarized floods
of each year in an annual series of Water-Supply Papers enti-
tled, "Summary of Floods In the United States." A summary
was published for each calendar year from 1950 through 1969.
Water-Supply Paper 1137-1, the first in the series (U.S. Geolog-
ical Survey, 1954), states the purpose of the series as being:

"To assemble in a single volume information relating
to all known severe floods in the United States
whether local or of wide areal extent. For floods that
are described in... other publications of the Geologi-
cal Survey or in reports by other Federal and State
agencies, only very brief mention including refer-
ences to the reports containing detailed descriptions,
will be given here. Local floods for which no individ-
ual reports have been prepared are described briefly."

In the first volume of that Water-Supply Paper series, each
flood was described in a maximum of three or four paragraphs.
Later volumes contained longer articles including maps. The
series was discontinued after the 1969 volume; however, in
1987 a program was begun to prepare and publish summaries
for 1970 and succeeding years. Two National Flood Summary
publications (one for the calendar years 1990 and for 1991 and
one for 1992 through September 1993) were published with the
longer article format. The period from January 1, 1970, to
December 31, 1989, was published with an abbreviated format
for the 50 United States, Puerto Rico, and the Virgin Islands.
Water-Supply Papers 2474 and 2499 cover the periods 1990 to
1991 (Jordan and Combs, 1996) and 1992 to 1993 (Perry and
Combs, 1998), respectively. Water-Supply Paper 2502 covers
the calendar year period from 1970 to 1989 (Perry, Aldridge,
and Ross, 2001). This volume is published in the abbreviated

format for the 1994-98 water years. Much of the explanation
contained in the next two sections of this volume is paraphrased
from previous reports (Rostvedt, 1972; Jordan and Combs,
1996; Perry and Combs, 1998; Perry, Aldridge, and Ross,
2001).

Determination of Flood Stages and Discharges

The usual method of determining stream discharges at a
streamgage is the application of a stage-discharge relation to a
known stage. This relation usually is defined by current-meter
measurements made through as wide a range of stage as possi-
ble (fig. 1). If the maximum discharge exceeds the range of the
current-meter measurements, short extensions may be made to
a graph of the stage-discharge relation by logarithmic extrapo-
lation, by velocity-area studies, or by the use of other measur-
able hydraulic factors (Kennedy, 1983).

Maximum discharges that are substantially greater than the
range of the defined stage-discharge relation at streamgage and
maximum discharges at miscellaneous streamgages that have
no developed stage-discharge relation generally are determined
by various types of indirect measurements. In addition, adverse
conditions often make it impossible to obtain current-meter or
acoustic doppler measurements at some streamgages during
major floods. Maximum discharges at these streamgages are
determined, after the floods have subsided, by indirect methods,
which involve determination of water-surface elevations from
high-water marks, surveying cross sections, and computing
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Figure 1. Example of a stage-discharge relation and upward
extension of relation to observed maximum stage.



discharge from hydraulic equations rather than from direct mea-
surement of stream velocity by use of a current meter or acous-
tic doppler. Indirect methods are described by Dalrymple and
Benson (1967), Hulsing (1967), Matthai (1967), Bodhaine
(1968), and Benson and Dalrymple (1987).

The accuracy of indirect measurements depends on
streamgage conditions and the experience of personnel who
select streamgage locations and make the surveys, and gener-
ally is poorer than for current-meter or acoustic-doppler mea-
surements. The indirect measurements used in determining
maximum discharges for floods are not identified as such in this
volume. Information as to the source and quality of discharge
data in this volume can be obtained from the USGS office in the
State in which the reported streamgage is located.

Explanation of Data

The floods in this volume are described by State and in
downstream order. The data for each State include: (1) a short
narrative of selected floods that occurred during the 1994-98
water years and references for published reports on precipita-
tion data, floods, and flood damage for the State, (2) a summary
table of flood data for those streamgages with significant floods
of approximately 20-year recurrence interval or greater during
the 1994 through 1998 water years, and (3) a State map showing
location of all streamgages where a significant flood was
recorded.

In the example of a summary table (table 1), the first two
columns identify the streamgage, which may be a continuous-
record streamgage, a partial-record streamgage, or another
streamgage at which data have been obtained. The first column
gives the USGS permanent streamgage number (downstream-
order number). The second column gives the name of the
streamgage.

Total drainage in the summary table is the total area, as
measured on a flat projection map, that constitutes the stream
basin (divide to divide). The actual drainage area contributing
to runoff may be smaller than the total drainage area if the total
area includes areas of extremely rapid infiltration rates that do
not produce surface runoff or closed subbasins within the larger
basin that do not have surface outlets.

The column headed "Period of record" shows the water
years for which the stage or discharge shown in the sixth and
seventh columns is known to be a maximum. For most stream-
gages, this period corresponds to the period of systematic col-
lection of streamflow data. For other streamgages, written or
oral history may indicate that a flood stage was the highest since
people have observed the stream or was the highest since some
known date. For some streamgages, two or more periods are
given. The use of two periods separated by a comma indicates a
break in the period of record. Maximum stages or discharges
during the intervening period are unknown.

Introduction 3

The fifth column shows the water year in which the maxi-
mum stage and discharge for the indicated period occurred. The
sixth and seventh columns show the stage and discharge of that
maximum. Separate listings are made when maximum stage
and maximum discharge did not occur concurrently.

The last five columns present data for the significant
floods during the period October 1, 1993, through September
30, 1998. The data include the date on which the maximum
occurred, maximum stage, and maximum discharge, whether
the stream was regulated during the flood and, where available,
the recurrence interval of the discharge.

The probability of a given discharge being equaled or
exceeded in any given year frequently is used as an indication
of a flood's relative magnitude and for comparison with floods
at other streamgages. The relative magnitude also can be
expressed in terms of recurrence interval, which is the recipro-
cal of the flood probability. A third way of expressing the rela-
tive flood magnitude is the percent chance of occurrence, which
is 100 times the flood probability. A discharge that will be
equaled or exceeded on an average (over a long period of time)
of once in 10 years has a recurrence interval of 10 years; is
termed a "10-year flood"; has a probability of 0.10; and has a
10-percent chance of occurring in any given year. A 100-year
flood has a recurrence interval of 100 years; a probability of
0.01; and a 1-percent chance of occurring in any given year.
Because recurrence interval is most commonly used by Federal
agencies (for example, in the context of flood insurance), it is
used in this volume even though percent chance avoids the
unintended connotations of regularity of occurrence that
accompany the term "recurrence interval."

Equivalence of flood probability and percent-chance val-
ues to selected recurrence-interval values are as follows:

Probability Recurrence
- ; Percent chance interval
(dimensionless)
(years)
0.50 0 5
.20 20 5
.10 10 10
.04 4 25
.02 2 50
01 1 100

In addition to probability or percent chance of a given magni-
tude of discharge occurring in any 1 year, the probability or per-
cent chance of occurrence during a given period of consecutive
years also can be calculated. Results of such calculations for
selected combinations of recurrence interval and length of
period are as follows (*means greater than 99.9 but less than a
100-percent chance):



Table 1. Example of summary table presented in State or territory compilations.

[miz, square miles; ft, feet above an arbitrary datum; ft3/s, cubic feet per second; --, not determined or not applicable; ST, state name; >, greater than; <, less than. Source: Recurrence intervals calculated
from U.S. Geological Survey data. Other data from U.S. Geological Survey reports or databases]

v

Maximum stage and discharge for period

of record through 1998 water year Significant floods 1994-98 water years

Total
Streamgage Streamgage name drainage  Period of Dis- Date Regu-  Recur-
number 2 d  Wat St St Disch lated
(mid) recor ater age h ( h/dav/ age ischarge ate rence
(water year (ft) gharge month/day, (ft) (ft3/s) durin interval
(fts) year) {
years) flood (years)
05551212 Hypothetical Creek near Town, ST 21.0 1961-97 1961 13.1 - 02/02/94 12.22 4,200 N 25
11/30/97 12.67 5,500 25-50
05555000 Hypothetical River at City, ST 1,212 1939, 1995 21.21 82,800 09/12/95 21.21 82,800 N >100
1955-98
06930030 Hypo River near Metropolis, ST 3,333 1919-98 1943 33.33 99,900 12/23/96 25.55 33,000 Y 10-25

'Regulated during flood: N, no; Y, yes.
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Recur- Percent chance for indicated time period, in years
rence
interval 5 10 50 100 500
(years)
2 97 99.9 * * *
10 41 65 99.5 * *
50 10 18 64 87 *
100 5 10 39 63 99.3

Recurrence intervals during any given flood may differ
from streamgage to streamgage because of nonuniform distri-
bution of runoff and uncertainty in the computed recurrence
values. Operational patterns for reservoirs generally are not
defined adequately to permit recurrence intervals to be com-
puted for maximum discharges on regulated streams.

Another method of indicating a flood's relative magnitude
is by comparison of its maximum discharge and the stream's
drainage area with values on a regional "envelope curve." A
flood-envelope curve is one drawn on a graph in which maxi-
mum known discharges are plotted in relation to the drainage
area of each streamgage (fig. 2). The envelope curve is a smooth
curve drawn to equal or exceed all the plotted discharges in rela-
tion to the drainage areas. Envelope curves are given for
17 regions of the conterminous United States in Crippen and
Bue (1977). This method is better than the formerly used calcu-
lation of "unit discharge" (division of the discharge by the
drainage area) because unit discharges for greatly different sizes
of drainage area are not comparable. If the unit discharges for a
very small and a very large drainage area are the same, the unit
discharge is much more unusual for the large drainage area.

The Standardized Precipitation Index (SPI) is an index that
looks at the probability for precipitation for any time scale
(McKee and others, 1993). Calculation of the SPI value is based
on long-term precipitation records for a specific time period and
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Figure 2. Maximum discharge in relation to drainage area and
envelope curve for a region (modified from Crippen and Bue,
1977, p. 15).
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can be done for any location desired. The record is put into
probability and normal distributions so that the mean SPI value
for that location is zero. Positive values are an indication of
greater than median precipitation amount, whereas a negative
value indicates a less than median precipitation amount.
Because the SPI is standardized, both drought and wet condi-
tions can be represented for all climate types.
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Summary of Floods By Water Year

1994 Water Year

The 1994 water year began quietly after the great floods in
the Mississippi River Basin subsided during the late summer
and fall of 1993. Figure 3 shows the percentage of streamgages
in each State recording significant floods (top 5 percent of the
peak-flow record) during 1994 water year. Georgia had 25 per-
cent of its streamgages with significant flooding (top 5 percent)
and Missouri had 21 percent. Alabama, Alaska, Delaware, I1li-
nois, Indiana, North Carolina, Tennessee, and West Virginia
had more than 5 percent of their total number of streamgages
with significant flooding. Standardized precipitation deviations
for the 1994 water year (fig. 4) show a similar trend. On the
basis of 1950-95 long-term mean precipitation, much of the
Southeast and the Northeast had above-normal annual precipi-
tation. Most of the western two-thirds of the United States expe-
rienced below-normal precipitation.

Excessive rains during November 1993 in Missouri caused
flooding on the Big, Bourbeuse, Current, Gasconade, James,
Meramec, and Osage Rivers (see fig. 37 in the State compila-
tions). Floods came again to this same region during April 1994.
These floods extended into Illinois, with the Embarras, Illinois,
Sangamon, and Vermilion Rivers flooding, and also into Indi-
ana, with the Eel, Maumee, St. Mary, Tippecanoe, Vermilion,
Wabash, and White Rivers flooding (see figs. 25 and 26 in the
State compilations). These floods were part of a wet spring with
floods in West Virginia during February 1994, and floods in
Tennessee and North Carolina during March 1994.

Spring floods also occurred in North Dakota during April
and May 1994 with melting of an excessive accumulation of
winter snowfall. Spring floods also occurred in Alaska during
May and June 1994. The Alaska flooding was exacerbated dur-
ing August 1994 by excessive rainfall in the Koyukuk River
Basin (see fig. 14 in the State compilations).

The 1994 tropical storm season started early with the first
named storm, Tropical Storm Alberto (June 30 through July 7,
1994), affecting the southeastern States of Alabama, Florida,
Georgia, and Mississippi. The remnants of Alberto also caused
flooding in North Carolina, South Carolina, and Tennessee.
Thirty-one deaths and more than $500 million in damage
resulted from this slow-moving storm (Stamey, 1997). Tropical
Storm Beryl lingered in the central Gulf Coast region during
August 14-19, 1994, and caused flooding in Alabama, Florida,
and Georgia.

USGS Published Reports on Flooding During 1994
Water Year
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1995 Water Year

The 1995 water year recorded flooding in many States.
Figure 5 shows the percentage of streamgages in each State
recording significant floods (top 5 percent of the peak-flow
record) during the 1995 water year. Wyoming had the highest
percentage of streamgages with significant floods at 26 percent,
and Colorado and South Dakota had 19 and 17 percent, respec-
tively. Alaska, California, Florida, Georgia, Kansas, Louisiana,
Nebraska, North Carolina, Oklahoma, South Carolina, Texas,
Utah, Vermont, Virginia, and West Virginia all had from 6 to
15 percent of their streamgages recording significant floods.
Standardized precipitation deviations for the 1995 water year
(fig. 6) showed above-normal conditions in much of the coun-
try. The only areas that had a rainfall deficit were parts of the
Northeast, the Southern Appalachian Mountains, western Ten-
nessee, eastern Arkansas, and extreme southern Texas, and
some of the areas around the Great Lakes.

The 1995 water year began with Tropical Storm Gordon
(November 8-21, 1994) crossing the southern part of the Flor-
ida peninsula, moving northeastward into the Atlantic Ocean,
then doubling back and striking Florida again near Melbourne
(see fig. 21 in State compilations). Damage was estimated at
$400 million (National Oceanic and Atmospheric Administra-
tion, 1994).

Pacific winter storms lashed southern California in Janu-
ary 1995 causing many streams to flood. Southern Utah experi-
enced excessive snowfall in March 1995, which melted rapidly
and caused flooding. Snowmelt also was a problem in South
Dakota in the James River Basin (see fig. 54 in State compila-
tions) in April 1995. During April and May 1995, intermittent
intense thunderstorms from Louisiana and Texas, through
Oklahoma and Kansas, and north to South Dakota caused floods
and flash floods. New Orleans, Louisiana (fig. 30), experienced
more than $3 billion in damage from the intense rains (National
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Oceanic and Atmospheric Administration, 1995). In Dallas,
Texas (see fig. 56 in State compilations), excessive rainfall and
flash flooding caused 17 deaths (National Oceanic and Atmo-
spheric Administration, 1995).

The mountains of Colorado and Wyoming had deep snow-
packs from the 1994-95 winter that persisted into late spring
1995 because of cooler than normal temperatures. However, the
snowpack melted rapidly in late May and June 1995 causing
flooding on many streams originating in the Rocky Mountains.
Excessive precipitation in the Midwest caused the Mississippi
and Ohio Rivers to flood in May and June 1995 in Illinois, Ken-
tucky, and Missouri (see figs. 25, 29, and 37 in State
compilations).

The 1995 hurricane season in the Atlantic Ocean and Gulf
of Mexico was quite active with 15 named storms through Octo-
ber 1, 1995. Hurricane Allison (June 3-6, 1995) struck the Pan-
handle of Florida, southern Georgia, and the eastern edge of
North Carolina and South Carolina. Tropical Storm Dean
(July 28—August 2, 1995) made landfall south of HouSston and
moved northwest of Dallas (see fig. 56 in State compilations)
and dissipated. Hurricane Erin (July 31-August 6, 1995)

crossed the Florida peninsula from east to west, curved up to
Mobile, Alabama (see fig. 13 in State compilations), crossed
Mississippi, and then traveled up the Ohio River until it dissi-
pated over West Virginia. Tropical Storm Jerry (August 22-28,
1995) traveled the length of the Peninsula of Florida, through
central Georgia, and dissipated over eastern South Carolina.
The center of Hurricane Marilyn (September 12-22, 1995)
passed just east of Puerto Rico and caused flooding on the east-
ern part of the island.

USGS Published Reports on Flooding During 1995
Water Year

Allen, D.V., 1996, Floods, runoff, and snow pack in Utah, 1995:
U.S. Geological Survey Fact Sheet 106-96, 2 p.

Morgan, B.A., Wieczorek, G.F., and Campbell, R.H., 1999a,
Historical and potential debris-flow and flood hazard map of
the area affected by the June 27, 1995, storm in Madison
County, Virginia: U.S. Geological Survey Geologic Investi-
gations [-2623-B, 1 sheet.
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National Climatic Data Center, various months.
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of August 1995 and July 1997 storms in the city of Charlotte
and Mecklenburg County, North Carolina: U.S. Geological
Survey Fact Sheet 036-98, 2 p.

Teller, R.-W., Burr, M.J., and Rahder, D.L., 1995, Floods in
South Dakota, spring 1995: U.S. Geological Survey Fact
Sheet 164-95, 4 p.

Torres-Sierra, Heriberto, 1998, Storm-tide elevations caused by
Hurricane Marilyn on the U.S. Virgin Islands, September 15—

16, 1995: U.S. Geological Survey Open-File Report 96—
0440, 31 p., 16 sheets.

U.S. Geological Survey, 1995, Northern California storms and
floods of January 1995: U.S. Geological Survey Fact
Sheet 062-95, 2 p.

1996 Water Year

The 1996 water year had flooding in many of the States in
the northern one-half of the country. Figure 7 shows the per-
centage of streamgages in each State recording significant
floods (top 5 percent of the peak-flow record) during the 1996
water year. Hardest hit were the Eastern and Northeastern States
from North Carolina to New York. West Virginia had 41 per-
cent of its streamgages record significant floods during 1996.
Streamgages in Idaho, Oregon, and Washington also had a high
percentage of floods. This tendency for flooding extended east-
ward from Montana and Wyoming to Indiana. Standardized
1996 water year precipitation deviations showed an abundance
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of precipitation in the Eastern States and in the Pacific North-
west (fig. 8).

The 1996 water year began with flooding from Hurricane
Opal in eastern Alabama and western Georgia on October 4-5,
1995. The water year ended with a strong Pacific storm moving
onshore over Oregon and Washington, and moving inland to
Idaho and Wyoming. The worst flooding from this storm
occurred in the Seattle area (fig. 7) and also in the southwestern
part of Oregon. This storm and the many more to follow in Jan-
uary and February 1996 resulted in widespread flooding in the
Pacific Northwest States. Many peak floods of record occurred
from northern California to Washington and Idaho.

January 1996 was also the month for flooding in the North-
eastern States of Virginia, Maryland, Delaware, New Jersey,
Pennsylvania, New York, and Vermont. This major regional
flood was a result of rain falling on a deep snowpack. There
were 35 deaths from this flood. A major rain and snowmelt
flood traveled down the Ohio River Valley from Pennsylvania
to Kentucky in January 1996.

In March and April an artificial flood was released down
the Colorado River below Lake Powell to Lake Mead to benefit
river-bar formation (fig. 7). Many rivers in Illinois were above
flood levels from May through July 1996 as a result of persis-
tent summer thunderstorms. Hurricane Bertha (July 5-14,
1996) struck Puerto Rico, the Virgin Islands, and North and
South Carolina causing flooding and 12 deaths. Hurricane Fran
(August 23—September 6, 1996) caused the greatest flooding of
any of the tropical storms for 1996. Hurricane Fran made land-
fall in southern North Carolina on September 5, travelled
through the center of North Carolina, Virginia, and West Vir-
ginia, western Pennsylvania, and crossed Lake Erie into Can-
ada. Many streamgages in these States had their highest flow of
record during this time. Hardest hit were North Carolina, Vir-
ginia, Maryland, and Pennsylvania. Hurricane Hortense (Sep-
tember 3—16, 1996) caused flooding and 21 deaths in Puerto
Rico.

USGS Published Reports on Flooding During 1996
Water Year
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Geological Survey Fact Sheet 222-96, 2 p.

Berris, S.N., Hess, G.W., Taylor, R.L., and Bohman, L.R.,
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1997 Water Year

The 1997 water year saw flooding in many of the States in
the northern and western parts of the country. Figure 9 shows
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the percentage of streamgages in each State recording signifi-
cant floods (top 5 percent of the peak-flow record) during the
1997 water year. Extreme rain and snowmelt flooding occurred
from Idaho to Minnesota. North Dakota had 40 percent of its
streamgages experience a significant flood in 1997. Idaho and
California had 36 and 28 percent of its streamgages, respec-
tively, experience flooding. Standardized precipitation devia-
tions for the 1997 water year showed much of the Western
United States with above-normal precipitation. There were very
few below-normal areas nationwide (fig. 10).

Excessive snowfall in November and December 1996
throughout the Pacific Northwest augmented flooding that
began during a January 1997 warming in California, Idaho,
Nevada, Oregon, and Washington. Excessive winter snowfall
extended eastward into Montana, North Dakota, South Dakota,
and Minnesota. The deep snowpack and warming temperatures
in March 1997 started flooding on the Red River of the North
(fig. 9). An intense blizzard in early April 1997 brought a severe
drop in temperatures and 70-mile-per-hour winds that com-
pounded the flooding problems. Additional runoff from the

snow, sleet, and rain forced the Red River of the North to record
levels. Severe flooding continued for more than a month in
North Dakota and Minnesota.

Intense early spring thunderstorms during the first week of
March 1997 from Arkansas to Pennsylvania caused extensive
flooding in those States and in Indiana, Kentucky, Missouri,
Ohio, Tennessee, and West Virginia. The Ohio River was
above flood stage from Pittsburgh, Pennsylvania, to Cairo,
Ilinois (fig. 9). Severe flooding occurred on the Licking River
in Kentucky.

The only tropical storm during the 1997 water year that
affected the United States was Hurricane Danny (July 16-26,
1997). It made landfall on July 17 on the Louisiana Delta, skirt-
ing southern Mississippi, travelling the length of Alabama
before turning east and cutting through northern Georgia, north-
ern South Carolina, and going out to sea near the North Caro-
lina/Virginia border. Flooding occurred in Alabama, Florida,
Georgia, Mississippi, North Carolina, and South Carolina.
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Center, at URL http://www.cdc.noaa.gov/USclimate/USclimdivs.html).

On July 28, 1997, excessive rainfall in Colorado created
flash floods in which five persons lost their lives. Flash floods
in Arizona claimed 11 lives on August 12.

USGS Published Reports on Flooding During 1997
Water Year

Berris, S.N., Hess, G.W., Taylor, R.L., and Bohman, L.R.,
1997, Flood-control effects of Truckee River basin reser-
voirs, December 31, 1996, through January 4, 1997, Califor-
nia and Nevada: U.S. Geological Survey Fact Sheet 037-97,
4p.

Brigham, M.E., and Lorenz, D.L., 1997, Water quality in the
Red River of the North during the spring flood of 1997, in
Hartman, J.H. ed., Symposium on the Red River flood of
1997—involving science in future watershed management
decisions: Proceedings of the North Dakota Academy of Sci-
ence, v. 51, supplement 1, p. 30.

Hess, G.W., and Williams, R.P., 1997, Flood of January 1997
in the Truckee River basin, western Nevada: U.S. Geological
Survey Fact Sheet 123-97, 2 p.

Hunrichs, R.A., Pratt, D.A., and Meyer, R.-W., 1998, Magnitude
and frequency of the floods of January 1997 in northern and
central California—preliminary determinations: U.S. Geo-
logical Survey Open-File Report 98-626, 120 p.

Jackson, K.S., Vivian, S.A., Diam, F.J., and Creceluis, C.J.,
1997, Flood of March 1997 in southern Ohio: U.S. Geologi-
cal Survey Water-Resources Investigations Report 97-4149,
21 p.

Macek-Rowland, K.M., 1997, Floods in the Red River of the
North and Missouri River basins in North Dakota and west-
ern Minnesota: U.S. Geological Survey Open-File
Report 97-0575, 9 p.

Rigby, J.G, Crompton, E.J., Berry, K.A., Yildirim, Unal, Hick-
man, S.F., and Davis, D.A., 1998, The 1997 New Year's
floods in western Nevada: Nevada Bureau of Mines and
Geology, Special Publication 23, 111 p.



Robinson, J.B., Hazell, W.F., and Young, W.S., 1998, Effects
of August 1995 and July 1997 storms in the city of Charlotte
and Mecklenburg County, North Carolina: U.S. Geological
Survey Fact Sheet 036-98, 6 p.

Teller, R.-W., and Burr, M.J., 1998, Floods in north-central and
eastern South Dakota, spring 1997: U.S. Geological Survey
Fact Sheet 021-98, 4 p.

Thomas, K.A., and Hess, G.W., 1997, Flood of January 1997 in
the Walker River basin, California and Nevada: U.S. Geolog-
ical Survey Fact Sheet 182-97, 2 p.

Thomas, K.A., and Williams, R.P., 1997, Flood of January
1997 in the Carson River basin, California and Nevada: U.S.
Geological Survey Fact Sheet 183-97, 2 p.

Wiche, G.J., Martin, C.R., Albright, L.L., and Wald, G.B.,
1997a, Flood tracking chart for the Red River of the North
basin: U.S. Geological Survey Open-File Report 97-193,

1 sheet.

Wiche, G.J., Martin, C.R., Albright, L.L., and Wald, G.B.,
1997b, Flood tracking chart for the Sheyenne River basin:
U.S. Geological Survey Open-File Report 97-177, 1 sheet.

1998 Water Year

The 1998 water year experienced flooding in the south-
eastern and northeastern parts of the United States. California
also had some significant floods. Figure 11 shows the percent-
age of streamgages in each State recording significant floods
(top 5 percent of the peak-flow record) during the 1998 water
year. Much of the country had above-normal standardized pre-
cipitation deviations for the 1998 water year (fig. 12). The same
areas just mentioned had above-normal precipitation of more
than two standard deviations for the 12-month period from
October 1997 to September 1998.

A major storm that struck the eastern United States during
January 4-9, 1998, caused flooding from Texas and Oklahoma
across the southeast, on up the eastern seaboard, and finally out
to sea east of Maine. This storm was followed a month later in
February 1998 by an intense Atlantic storm that caused coastal
flooding from North Carolina to New Jersey. Strong February
storms also caused record peak flows in California from the San
Francisco Bay area on south to the Los Angeles area (fig. 11).

Although there were several episodes of severe weather in
the spring and summer 1998, there were no significant floods.
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However, the 1998 hurricane season brought flooding to the
Southeastern States by August. Hurricane Bonnie (August 19—
30, 1998) came onshore in eastern North Carolina on August 27
and caused widespread wind damage and coastal flooding.
Tropical Storm Charlie (August 21-24, 1998) brought torrential
rain and flooding to southern Texas. Hurricane Earl

(August 31-September 3, 1998) raced from the western Gulf of
Mexico across Florida, Georgia, and South Carolina and caused
minimal flooding. Tropical Storm Frances (September 8—13,
1998) wandered into southern Texas and caused flooding there.
Hurricane Georges (September 15-October 1, 1998) first struck
Puerto Rico on September 21 with high winds and torrential
rainfall. Its track carried it up the center of the islands of His-
paniola and Cuba where it lost some of its intensity before mak-
ing landfall in southern Mississippi. There, Georges turned
abruptly east and tracked along the Gulf Coast until crossing
Florida and dissipating. The storm surge and excessive rain
caused flooding along the Gulf Coast.

USGS Published Reports on Flooding During 1998
Water Year

Bowers, J.C., 2001, Floods in Cuyama Valley, California, Feb-
ruary 1998: U.S. Geological Survey Fact Sheet 162-00, 6 p.

Fischer, E.E., 1999, Flood of June 15-17, 1998, Nishnabotna
and East Nishnabotna Rivers, southwest Iowa: U.S. Geolog-
ical Survey Open-File Report 99-70, 15 p.

Koltun, G.F., 1999, Floods of June 28-29, 1998, in Ohio: U.S.
Geological Survey Water-Resources Investigations Report
99-4192, 26 p.

Parker, G.W., Ries, K.G., III, and Socolow, R.S., 1998, The
flood of June 1998 in Massachusetts and Rhode Island: U.S.
Geological Survey Fact Sheet 110-98, 4 p.

Slade, R.M., Jr., and Persky, Kristie, 1999, Floods in the Guad-
alupe and San Antonio River basins in Texas, October 1998:
U.S. Geological Survey Fact Sheet 147-99, 4 p.

Turnipseed, D.P., Giese, G.L., Pearman, J.L., Farris, G.S.,
Krohn, M.D., and Sallenger, A.H., Jr., 1998, Hurricane
Georges—headwater flooding, storm surge, beach erosion,
and habitat destruction on the central Gulf Coast: U.S. Geo-
logical Survey Water-Resources Investigations Report 98—
4231, 6 p.
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Significant Floods by State or Territory

Alabama

The remnants of Tropical Storm Alberto stalled over the
southeastern United States and produced a period of off-and-on
torrential rains July 3-7, 1994. The off-and-on rains lasted for
5 days and produced significant flooding on the Pea River, the
Choctawhatchee River, Catoma Creek, Conecuh River, Tal-
lapoosa River, and Murder Creek (fig. 13). The torrential rains
also produced extensive flash flooding in parts of southeastern
Alabama. Two deaths occurred as a result of the excessive rain
and flooding. Damage was $14 to $20 million (National Oce-
anic and Atmospheric Administration, 1994b).

Excessive rains of 8 to 14 inches just west of Mobile
caused flash flooding on December 18, 1995. A 22-year-old
man was killed when he was swept into a culvert while trying to
clear debris from a drainage ditch (National Oceanic and Atmo-
spheric Administration, 1995b).

Hurricane Danny moved inland from the Gulf of Mexico
across Fort Morgan and into Mobile Bay during the early morn-
ing hours of July 18, 1997. The storm remained nearly station-
ary over Mobile Bay for 8 hours. Danny then crept east, making
landfall near Weeks Bay. Danny then drifted north along the
Alabama and Florida border, weakening to a depression by
July 21. Danny continued to drift north through the State and
passed into northern Georgia by July 23. Torrential rainfall fell
in extreme southern Alabama. Observing sites reported from
30 to 40 inches across the area with Dauphin Island reporting
36.71 inches. Unofficial estimates of 35 to 40 inches of rainfall
(National Oceanic and Atmospheric Administration, 1997a)
were reported near the center of Danny as the storm moved
across Weeks Bay. Record flooding caused major damage to
homes along the Fowl and Fish Rivers. A streamgage on the
Fowl River (National Oceanic and Atmospheric

Administration, 1998b) recorded a stage of 12.6 feet, which is
1.5 times higher than the 100-year flood. At a streamgage on the
Fish River near Silver Hill (streamgage 02378500, table 2) a
stage of 22.8 feet was recorded, making this a 50-year flood. A
storm-surge height of 5 to 6.5 feet was recorded.

A vigorous Gulf storm dumped 8 to 14 inches of rain
(National Oceanic and Atmospheric Administration, 1998a)
across parts of southern Alabama during March 8, 1998. The
earthen levee near the city of Elba was breached. A 6-foot wall
of water rushed into the city, and 2,000 residents were forced to
evacuate. Four people were killed when their vehicles were
swept away by floodwaters. The Choctawhatchee River at
Newton (streamgage 02361000, table 2) crested near 34.6 feet
on March 9. A man drowned when he jumped in to rescue a
stranded motorist. Another man drowned when his vehicle was
carried into the lake by a collapsing roadway (National Oceanic
and Atmospheric Administration, 1998b).

Torrential rains from Tropical Storm/Depression Georges
of 8 to 24 inches (National Oceanic and Atmospheric Adminis-
tration, 1998a) during September 28-29, 1998, produced the
worst flooding in southeastern Alabama since Hurricane Opal
in 1995 (National Oceanic and Atmospheric Administration,
1998b). The Styx River near Elsanor (streamgage 02377570,
table 2) crested at 28.6 feet, which was estimated to be greater
than a 100-year flood.

References

National Oceanic and Atmospheric Administration (NOAA),
1994a-98a, Climatological data (by State): Asheville, North
Carolina, National Climatic Data Center, various months.

National Oceanic and Atmospheric Administration (NOAA),
1994b-98b, Storm data (by State): Asheville, North Caro-
lina, National Climatic Data Center, various months.
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Table 2. Maximum stage and discharge for period of record for streamgages having significant floods during 1994-98 water years in Alabama.

[miz, square miles; ft, feet above an arbitrary datum; ft3/s, cubic feet per second; --, not determined or not applicable; >, greater than. Source: Recurrence intervals calculated from U.S. Geological Survey data.
Other data from U.S. Geological Survey reports or databases]

Maximum stage and discharge for period of record

through 1998 water year Significant floods 1994-98 water years

Streamgage Total
number Streamgage name drainage  Period of Date Regulated  Recurrence
(fig. 13) (mi2) record Water vear Stage  Discharge  (month/  Stage  Discharge durin nterval
(water y (ft (fts) day/  (f (fts) i
flood (years)
years) year)
02342500 Uchee Creek near Fort Mitchell, 322 1947-98 1964 26.45 55,100 7/8/94 23.35 25,600 N 25
AL
02343275 Abbie Creek near Abbeville, AL 48.7 1951-80, 1994 13.00 30,000 7/6/94 13.00 30,000 N >100
1990, 1994
02343300 Abbie Creek near Haleburg, AL 146 1958-94 1994 37.00 35,000 7/6/94 37.00 35,000 N >100
02343801 Chattahoochee River near 8,210 1975-98 1994 123.98 202,000 7/7/94 123.98 202,000 Y -
Columbia, AL
02360500 East Fork Choctawhatchee River 291 1953-63, 1994 29.30 43,000 7/6/94 29.30 43,000 N >100
near Midland City, AL 1966-70,
1990, 1994
02361000 Choctawhatchee River near 686 1922-27, 1990 40.30 87,500 7/7/94 37.78 60,800 N >100
Newton, AL 1929, 1929 42.00 70,000 3/9/98 34.58 39,200 N 50
1935-98
02362240 Little Double Bridges Creek near 21.4 1986-98 1994 16.45 14,200 7/6/94 16.45 14,200 N >100
Enterprise, AL
02364000 Pea River at Elba, AL 959 1929-55, 1929 43.50 65,000 3/6/98 39.23 45,000 N 35
1972-98
02367500 Lightwood Knot Creek at Babbie, 114 1930-75 1998 19.54 37,900 3/8/98 19.54 37,900 N >100
AL 1990, 1998
02369800 Blackwater River near 87.7 1968-98 1990 25.35 24,000 3/8/98 25.30 23,500 N >100
Bradley, AL
02371500 Conecuh River at Brantley, AL 500 1929-98 1990 24.44 25,700 3/10/98 22.62 17,000 N 15
1929 26.00 25,000
02376500 Perdido River at Barrineau Park, 394 1929, 1998 26.30 44,000 9/29/98 26.30 44,000 N 50-100
FL 1942-98

02377570 Styx River near Elsanor, AL 192 1988-98 1998 28.60 48,000 9/29/98 28.60 48,000 N >100
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Table 2. Maximum stage and discharge for period of record for streamgages having significant floods during 1994-98 water years in Alabama.—Continued

[miz, square miles; ft, feet above an arbitrary datum; ft3/s, cubic feet per second; --, not determined or not applicable; >, greater than. Source: Recurrence intervals calculated from U.S. Geological Survey
data. Other data from U.S. Geological Survey reports or databases]

Maximum stage and discharge for period of record

through 1998 water year Significant floods 1994-98 water years

Streamgage Total
number Streamgage name drainage  Period of Date Regulated Recurrence
(fig. 13) (mi?) record Water vear Stage  Discharge  (month/  Stage  Discharge durin nterval
(water Y (ft (ft¥s) day/ () (ft¥s) 7
flood (years)
years) year)
02378500 Fish River near Silver Hill, AL 55.3 1954-69, 1997 22.78 16,900 7/20/97 22.78 16,900 N 50
1971,
1987-98
02399200 Little River near Blue Pond, AL 199 1948, 1985 16.98 53,800 10/5/95 15.26 40,700 N 50
1958-98
02400100 Terrapin Creek at Ellisville, AL 252 1963-98 1979 19.82 20,100 10/5/95 19.10 16,900 N 25
02408540 Hatchet Creek below Rockford, 263 1981-98 1996 27.90 27,800 10/5/95 27.90 27,800 N 10-25
AL
02419890 Tallapoosa River near Montgom- 4,646 1973-98 1996 34.59 90,800 3/10/98 34.59 90,800 N -
ery-Montgomery Waterworks, 1990 42.13 --
AL
02423130 Cahaba River at Trussville, AL 19.7 1989-98 1998 10.45 5,360 1/7/98 10.45 5,360 N -
02423398 Little Cahaba River near Leeds, 19.4 1981, 1998 1998 11.83 2,900 1/7/98 11.83 2,900 N -
AL 1989-98
02423400 Little Cahaba River near 24.4  1987-98 1996 5.08 2,900 1/26/96 5.80 2,900 N -
Jefferson Park, AL
02423496 Cahaba River near Hoover, AL 226 1989-98 1996 33.37 12,200 3/7/96 33.37 12,200 N 2-5
02450000 Mulberry Fork near Garden City, 365 1929-98 1990 25.04 66,500 2/11/94 21.97 49,600 N 25
AL
02457595 Fivemile Creek near Republic, AL 51.9 1989-98 1996 15.60 8,990 1/26/96 15.60 8,990 N --
02458300 Village Creek at 24th Street at 26.0 1989-98 1998 12.68 5,860 1/7/98 12.68 5,860 N --
Birmingham, AL
02458450 Village Creek at Avenue West at 33.5 1976-79 1996 13.70 6,320 2/26/96 13.70 6,320 N --
Ensley, AL 1989-98 1979 14.00 5,450
0357587728 Dallas Branch at Coleman Street in 2.99 1985-98 1994 5.20 1,150 2/11/94 5.20 1,150 N -
Huntsville, AL
03575980 McDonald Creek at Patton Road 9.64 1985-98 1998 11.59 3,530 5/7/98 11.59 3,530 N 10-25

near Huntsville, AL

lRegulated during flood: N, no; Y, yes.
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Alaska

Southeastern Alaska experiences some of the largest rain-
fall totals in North America. However, because the Coast
Mountains rise so rapidly from the Pacific Ocean, streams are
generally short and steep, so regional floods resulting from
these intense rains are rare although peak discharge often
exceeds 300 cubic feet per second per square mile.

Two storms occurred during August 1994, and each
resulted in more than 5 inches of rain (National Oceanic and
Atmospheric Administration, 1994) throughout the upper
Koyukuk River Basin (fig. 14). Major flooding occurred from
Wiseman, in the headwaters, to Hughes, near the mouth of the
Koyukuk. Three villages were entirely evacuated, one of which,
Alatna, has since been relocated. The area was declared a
national and State disaster. The flood had a recurrence interval
of greater than 100 years. Peak flows of record were measured
at four streamgages across central Alaska.

Remnants of Tropical Storm Oscar struck south-central
Alaska on September 19-21, 1995. Rivers from Kodiak Island
in the southwest to Valdez in the east to Palmer in the north
experienced flows having recurrence intervals of 2 to greater

than 100 years (table 3). Flood damage was remarkably scat-
tered given that the storm affected such a large area. For exam-
ple, rivers flowing into Knik Arm of Cook Inlet carried flows
greater than the 100-year flood, yet streams in Anchorage did
not overtop their banks. Around Cook Inlet, streamflow proba-
bly was augmented by snow and glacier melt, which resulted
from a very high freezing level. Homes along the Kenai and
Resurrection Rivers were inundated, but most structural dam-
age was confined to roads and bridges.

A series of storms in June, July, and August 1997 caused
localized flooding in the interior of Alaska, with flood damage
to roads along the upper Yukon, upper Tanana, and Chisana
Rivers. The Alaska Highway was closed for several days due to
bridge abutments being washed out.

Reference

National Oceanic and Atmospheric Administration (NOAA),
1994, Climatological data (by State): Asheville, North Caro-
lina, National Climatic Data Center, various months.



p £ . 150°
Z A $ :
Vi &3

70°—% A g
f 4 B
J- EXPLANATION
157470005— ) G
N ® 15088000 o Streamgage and number
‘Wiseman
O Toseders .
< % il
BERING c® ¢ ‘ 1 15743850 Alatna P pY ,,,J,}
SEA 1 i3 NG
3 Wk R ughes' L AP é{
e QY IANY - 2,
ﬂ % 564900 . ’@; L)
15624998 > 15442500 %
! ’ A3,15493000 E‘ Z
=]
%“’"a I“\,\ >
2 LR, \
&
A N
15470000 .
/ Knik A
‘ ,C"l;ak;r’l’;eoff - R
alme!

\Q 15284000
\ }‘ Chisana River "
}@ 4 15277410 0 ; |

S 2K 577100

‘Anchorage _._-'s",

15272530 @, <1 <15212500

15276000 NS TS .
IO > 140
- Ken'aiRAgzer ;'.,l’ ’: ) Coﬂs;' Iq]f:
152663005 A 1"’0/' 5272280 v 0"@}5;&
¢ Zo4 o Tm36000 “AUng.
y 7 a3 Resurrection River Y
4T { | ° Nk 15239050
! ? L 15238990
GULF OF
= ALASKA
S
A ] - ¢
° _4 N 4’ q
p =~ 4
‘ AR 4
& b,
- OB o 7&53 0 100 200  a00wmLEs
Base from U.S. Geological Survey digital data, 1:2,000,000, 1934 et T T
Albers Equal-Area Conic projection 0 100 200 300 KILOMETERS

Standard parallels 29°30" and 45°30', central meridian -96°00"

Figure 14. Location of streamgages with significant floods during 1994-98 water years for Alaska.

Aioyuia] 10 aje)g Aq spooy4 Jueaiubig

14



Table 3. Maximum stage and discharge for period of record for streamgages having significant floods during 1994-98 water years in Alaska.

[miz, square miles; ft, feet above an arbitrary datum; ft3/s, cubic feet per second; --, not determined or not applicable; >, greater than. Source: Recurrence intervals calculated from U.S. Geological Survey
data. Other data from U.S. Geological Survey reports or databases]

9

Maximum stage and discharge for period of record

through 1998 water year Significant floods 1994-98 water years

Streamgage Total -
number Streamgage name drainage  Period of . Date . Regulated Recurrence
(fig. 14) (mi?) record Water year Stage  Discharge  (month/  Stage  Discharge during nterval
(water (ft) (ft%/s) day/ (ft) (ft%/s) i
flood (years)
years) year)
15022000 Harding River near Wrangell, AK 67.4 1952-98 1994 16.21 15,300 10/26/93 16.21 175,300 N 75-100
1962 16.22 15,000
15024800 Stikine River near Wrangell, AK 19,920 1977-98 1994 30.60 351,000 9/23/94 30.60 351,000 N 50-100
15039900  Dorothy Lake outlet near Juneau, 11.0  1987-98 1995 13.05 990 9/10/95 13.05 990 N 10-25
AK
15049900 Gold Creek near Juneau, AK 8.41 1985-97 1996 21.71 2,810 9/25/96 21.71 2,810 N 25-50
15050000  Gold Creek at Juneau, AK 9.76 1917-20, 1996 8.14 2,950 9/25/96 8.14 2950 N 25-50
1947-48,
1950-82,
1991, 1994,
1996, 1998
15052500 Mendenhall River near Auke Bay, 85.1 1966-98 1995 11.18 16,000 9/11/95 11.18 16,000 N 50-75
AK
15088000  Sawmill Creek near Sitka, AK 39.0 1921-22, 1994 - 11,100 11/19/93 - 11,100 N >100
1929-42, 1948 10.20 7,100
1946-57,
1994
15212500 Boulder Creek near Tiekel, AK 9.80 1964-98 1981 11.72 1,330 9/22/95 10.58 484 N 10-15
1964 12.28 450
15236200  Shakespeare Creek at Whittier, AK 1.61 1970-80, 1995 14.90 690 9/20/95 14.90 690 N 25-50
1984-98
15238990 Upper Bradley River near Nuka -- 1980-98 1995 15.10 4,100 9/20/95 15.10 4,100 Y -
Glacier near Homer, AK
15239050 Middle Fork Bradley River near 9.25 1980-98 1995 8.86 1,470 9/20/95 8.86 1,470 N 25-50

Homer, AK
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Table 3. Maximum stage and discharge for period of record for streamgages having significant floods during 1994-98 water years in Alaska.—Continued

[miz, square miles; ft, feet above an arbitrary datum; ft3/s, cubic feet per second; --, not determined or not applicable; >, greater than. Source: Recurrence intervals calculated from U.S. Geological Survey
data. Other data from U.S. Geological Survey reports or databases]

Maximum stage and discharge for period of record

through 1998 water year Significant floods 1994-98 water years

Streamgage Total
number Streamgage name drainage  Period of Date Regulated Recurrence
(fig. 14) (mi?) record Water vear Stage  Discharge  (month/  Stage  Discharge durin nterval
(water Y (ft (fts) day/ (ft (fts) 7
flood (years)
years) year)
15266300 Kenai River at Soldotna, AK 1,860 1965-98 1995 14.50 42,200 9/24/95 14.50 42,200 N >100
15272280 Portage Creek at Portage Lake 40.5 1984, 1995 10.66 13,000 9/20/95 10.66 13,000 N 25-50
outlet near Whittier, AK 1989-98
15272530 California Creek at Girdwood, AK 7.19 1967-84, 1995 16.04 760 9/21/95 16.04 760 N 30-40
1986-93, 1967 20.83 593
1995
15276000 Ship Creek near Anchorage, AK 90.5 1947-98 1989 6.38 2,100 9/21/95 6.52 1,890 Y 30-35
1980 8.04 1,080
15277100 Eagle River at Eagle River, AK 192 1966-80, 1995 11.10 14,000 9/21/95 11.10 14,000 N >100
1995
15277410 Peters Creek near Birchwood, AK 87.8 1974-83, 1995 10.40 5,000 9/21/95 10.40 5,000 N >100
1995
15284000 Matanuska River at Palmer, AK 2,070 1949-74, 1971 13.60 82,100 9/22/95 13.04 46,000 N >100
1985-86,
1992, 1995
15295700 Terror River at mouth near Kodiak, 30.7 1964-68, 1995 7.67 10,000 9/19/95 7.67 10,000 Y -
AK 1982-98
15297485 Kizhuyak River near Port Lions, 47.5 1980-95 1995 11.20 6,560 9/19/95 11.20 6,560 Y -
AK
15303660 Gold Creek at Takotna,AK 6.31 1987-98 1998 7.49 69 7/8/98 7.49 69 N 2-5
15442500 Quartz Creek near Central, AK 17.2 1967, 1995 23.08 700 T7/15/95 23.08 700 N 25-50
1969-79,
1989-98
15470000 Chisana River at Northway 3,280 1949-71, 1997 13.75 14,500 8/7/97 13.75 14,500 N >100
Junction, AK 1997
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Table 3. Maximum stage and discharge for period of record for streamgages having significant floods during 1994-98 water years in Alaska.—Continued

[miz, square miles; ft, feet above an arbitrary datum; ft3/s, cubic feet per second; --, not determined or not applicable; >, greater than. Source: Recurrence intervals calculated from U.S. Geological Survey
data. Other data from U.S. Geological Survey reports or databases]

8¢

Maximum stage and discharge for period of record

through 1998 water year Significant floods 1994-98 water years

Streamgage Total
number Streamgage name drainage  Period of Date Regulated Recurrence
(fig. 14) (mi?) record Water vear Stage  Discharge  (month/  Stage  Discharge durin nterval
(water Y (f) (ft¥s) day/ () (ft¥s) 7
flood (years)
years) year)
15493000 Chena River near Two Rivers, AK 937 1967-98 1992 22.04 20,000 6/26/94 23.65 18,300 N 10-15
1967 26.60 --
15564872 Nugget Creek near Wiseman, AK 9.47 1975-88, 1998 40.17 540 5/26/98 40.17 540 N 25-30
1990-98
15564875 Middle Fork Koyukuk River near 1,200 1968, 1994 12.92 42,700 8/27/94 12.92 42,700 N >100
Wiseman, AK 1971-80, 1973 13.50 17,100
1984-87,
1994
15564900 Koyukuk River at Hughes, AK 18,400 1961-82, 1994 34.60 330,000 8/31/94 34.60 330,000 N >100
1994
15624998 Arctic Creek above tributary near 1.13 1975, 1998 19.06 182 8/20/98 19.06 182 N 25-30
Nome, AK 1979-98
15743850 Dahl Creek near Kobuk, AK 11.0  1986-98 1994 - 1,840 8/17/94 - 1,840 N 25-50
1990 6.60 538
15747000 Waulik River below Tutak Creek 705 1985-98 1994 12.21 38,500 8/17/94 12.21 38,500 N 15-20

near Kivalina, AK

lRegulated during flood: N, no: Y, ves.

siea ) 19)e\ 8661 YBnoay] pe61 ‘091y 0MaNg pue sajelg payiuq ayl ul Spooj4 Juesyiubig jo Arewwng


khartley
Content that is not attached to the structure tree will not be available via assistive technology like screen readers.


Arizona

Two to 3 inches of rain fell over parts of Scottsdale on
October 6, 1993 (National Oceanic and Atmospheric Adminis-
tration, 1993a). The intense rain caused Indian Bend Wash
(fig. 15) to overflow onto city streets and wash over the bridges
on Camelback and Indian School Roads. A few motorists
had to be rescued from their cars as they tried to cross the
flooded wash.

A series of thunderstorms moved through the Yuma area
during the early morning hours of August 21, 1994, and as
much as 5 inches of rain led to the flooding of four homes about
8 miles south of Yuma. The Yuma County Extension Agent
estimated nearly $1 million in damages, mainly to cotton crops
(National Oceanic and Atmospheric Administration, 1994b).

Excessive rains fell on the Salt River and Verde River
watersheds during February 13—15, 1995. This, combined with
rain falling on snowpack in the higher mountains of central and
northern Arizona, led to flooding and flash flooding. The Salt
River and Verde River watersheds averaged 1.27 and
2.16 inches of rain, respectively, between the morning of Feb-
ruary 13 and the morning of February 15 (National Oceanic and
Atmospheric Administration, 1995a). During the night of Feb-
ruary 14, remote rain gages in the Bradshaw Mountains
reported as much as 5.12 inches of rain (National Oceanic and
Atmospheric Administration, 1995a). Record flows were
observed on the Verde River below Tangle Creek (streamgage
09508500, fig. 15) when the flow peaked at 108,000 cubic feet
per second (table 4).

Excessive rains on March 6, 1995, produced flash flooding
on Bright Angel Creek, and six employees of Phantom Ranch
were stranded on an island in the middle of the creek. Rock and
soil movement along the south rim of the Grand Canyon caused
severe trail damage. The trans-canyon water pipeline running
under the trail was broken when a 100-yard-long section of the
trail gave way.

A strong Pacific storm on March 5-6, 1995, resulted in
excessive rain falling over the central and northern mountains
where soils were already saturated from previous rains.
Between the afternoon of March 5 and the morning of March 6,
1995, a remote rain gage south of Prescott reported 4.92 inches
(National Oceanic and Atmospheric Administration, 1995a).
Many other locations received about 2 inches of rain. Near-
record flows were observed on Oak Creek at Cornville and on
Dry Beaver Creek (National Oceanic and Atmospheric Admin-
istration, 1995b). The flooding caused an estimated $1.3 million
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in damage (National Oceanic and Atmospheric Administration,
1995b).

Excessive rain during March 11-12, 1995, resulted in
flooding along Beaver Dam Wash and the Virgin River in the
vicinity of Littlefield. Erosion of the banks along the wash
caused four mobile homes to be washed downstream. Damage
to public property was estimated at $335,000 and private prop-
erty at $1,290,000 (National Oceanic and Atmospheric Admin-
istration, 1995b).

A series of strong thunderstorms moving through Tucson
brought widespread damage on August 11, 1995. Many power
poles were knocked over, and roofs were torn off buildings. As
much as 4 inches of rain accompanied these storms (National
Oceanic and Atmospheric Administration, 1995b). Some areas
received 0.75-inch-diameter hail. Washes in the area were run-
ning near bankfull. One woman attempting to drive through a
flooded wash was swept to her death.

Eleven hikers and tourists were drowned in a flash flood in
a narrow slot canyon 5 miles southeast of Page, on August 12,
1997. A severe thunderstorm 3 to 5 miles upstream produced
very intense rain causing a 10- to 30-foot wall of water to crash
down Antelope Canyon. The 11 who died were warned not to
enter the canyon because of the flood potential from an
approaching thunderstorm (National Oceanic and Atmospheric
Administration, 1997b).

A flash flood on Phantom Creek killed two people and
injured a third person on September 11, 1997. Runoff from the
excessive rainfall several miles north of the flash flood site
caught the three people as they were crossing Phantom Creek
(National Oceanic and Atmospheric Administration, 1997b).

Three members of a Boy Scout troop perished after their
sport utility vehicle was swept away on March 28, 1998. The
scouts tried to cross a flooded wash near Sunflower (National
Oceanic and Atmospheric Administration, 1997b).

A man was killed when he was caught in a flooded wash
and drowned in the eastern part of Tucson on August 9, 1998
(National Oceanic and Atmospheric Administration, 1997b).

References

National Oceanic and Atmospheric Administration (NOAA),
1993a-97a, Climatological data (by State): Asheville, North
Carolina, National Climatic Data Center, various months.

National Oceanic and Atmospheric Administration (NOAA),
1993b-97b, Storm data (by State): Asheville, North Caro-
lina, National Climatic Data Center, various months.
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Table 4. Maximum stage and discharge for period of record for streamgages having significant floods during 1994-98 water years in Arizona.

[miz, square miles; ft, feet above an arbitrary datum; ft3/s, cubic feet per second; --, not determined or not applicable. Source: Recurrence intervals calculated from U.S. Geological Survey data. Other data
from U.S. Geological Survey reports or databases]

Maximum stage and discharge for period of record

through 1998 water year Significant floods 1994-98 water years

Streamgage Total
number Streamgage name drainage  Period of Date Regulated Recurrence
(fig. 15) (mi2) record Water vear Stage  Discharge  (month/  Stage  Discharge durin nterval
(water y (ft (ft¥s) day/ (ft (ft¥s) 7
flood (years)
years) year)
09386030 Little Colorado River above Zion 1,007 1976-98 1994 4.16 590 7/31/94 4.16 590 Y -
Reservoir near Saint Johns, AZ
09498503 South Fork Parker Creek near 1.09 1987-92, 1995 4.10 87 3/6/95 4.10 87 N 10-25
Roosevelt, AZ 1994-98
09508500 Verde River below Tangle Creek 5,858 1891, 1906 1993 23.40 145,000 2/15/95 21.75 108,000 N 25
above Horseshoe Dam, AZ 1916, 1920
1925-98
09512090 Indian Bend Wash at Shea 24.5 1986-95, 1994 3.89 4,700 10/6/93 3.89 4,700 N 25-50
Boulevard at Phoenix, AZ 1998
09514200 Waterman Wash near Buckeye, AZ 420 1964-78, 1997 7.80 9,400 8/8/97 7.80 9,400 N 100
1980-93,
1996-98
09517280 Tiger Wash near Aguila, AZ 852 1963-79, 1997 10.17 8,070 9/26/97 10.17 8,070 N 100
1983, 1970 10.20 4,550
1991-95,
1997-98
09537200 Leslie Creek near McNeal, AZ 79.1 1970-77, 1994 9.00 5,200 9/1/94 9.00 5,200 N 20
1982-98

lRegulated during flood: N, no; Y, yes.
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Arkansas

Flooding was reported across the entire city of Magnolia
(fig. 16) on April 4-5, 1997. Rainfall in parts of southwestern
Arkansas for a 24-hour period averaged slightly less than
12 inches. Many roads and bridges were washed out, resulting
in $1 million in damage (National Oceanic and Atmospheric
Administration, 1997b).

A local man was apparently fishing in the Cross Terre
Rouge Creek when he was swept away and drowned by flood-
waters on February 11, 1998 (National Oceanic and Atmo-
spheric Administration, 1998b).

Excessive rain caused street flooding throughout Texar-
kana on May 28, 1998. A total of 10.48 inches of rain fell from
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the storm, which was a record for that date (National Oceanic
and Atmospheric Administration, 1998a). Significant floods

for Arkansas are listed in table 5.
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Carolina, National Climatic Data Center, various months.
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lina, National Climatic Data Center, various months.
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Table 5. Maximum stage and discharge for period of record for streamgages having significant floods during 1994-98 water years in Arkansas.

[miz, square miles; ft, feet above an arbitrary datum; ft3/s, cubic feet per second; --, not determined or not applicable; <, less than. Source: Recurrence intervals calculated from U.S. Geological Survey data.
Other data from U.S. Geological Survey reports or databases]

Maximum stage and discharge for period of record

through 1998 water year Significant floods 1994-98 water years

Streamgage Total
number Streamgage name drainage  Period of ) Date . Regulated Recurrence
(fig. 16) (mi?) record Water year Stage Dlsc?arge (month/ Stage Dlscgarge during nterval
(water (fd (ft’/s) day/year) (fo (fe’ss) flood' (years)
years)
07050285 Osage Creek at Osage, AR 82.3 1988-98 1990 1491 27,000 4/22/96 11.99 13,700 N 2-5
07076750 White River at Georgetown, AR 22,387 1913-98 1983 28.87 179,000 12/18/94 20.96 59,900 Y <2
1949 32.80 --
07077200 Big Creek tributary near 1.58 1962-98 1998 9.94 790 7/25/98 9.94 790 N 20
Boydsville, AR
07077940 Spring Creek near Aubrey, AR 38.0 1962-81, 1997 16.11 2,050 4/5/97 16.11 2,050 N 10
1993-98
07196900 Baron Fork at Dutch Mills, AR 40.6 1958-98 1986 14.81 20,900 1/4/98 13.85 17,500 N 5-10
07249447 Mill Creek at Fort Smith, AR 10.0 1981-98 1990 36.40 2,400 6/10/95 32.07 -- N --
07251790 Mulberry River near Oark, AR 70.2  1988-98 1993 14.72 21,500 9/26/96 14.42 20,000 N 10-25
07258000 Arkansas River at Dardanelle, 153,670 1887-98 1943 43.60 683,000 6/16/95 33.38 205,000 Y 2
AR
07359610 Caddo River near Caddo Gap, 132 1989-98 1994 26.27 97,200 12/3/93 26.27 97,200 N 50-100
AR
07362100 Smackover Creek near 385 1939-98 1974 24.97 52,700 4/6/97 24.08 41,700 N 50
Smackover, AR
07362500 Moro Creek near Fordyce, AR 240 1938, 1958 16.47 26,800 4/6/97 16.39 26,000 N 50
1952-98
07363400 Hurricane Creek below Sheridan, 261 1938-40, 1997 16.34 26,400 4/6/97 16.34 26,400 N --
AR 1947-64, 1960 17.60
1996-98
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Table 5. Maximum stage and discharge for period of record for streamgages having significant floods during 1994-98 water years in Arkansas.—Continued

[miz, square miles; ft, feet above an arbitrary datum; ft3/s, cubic feet per second; --, not determined or not applicable; <, less than. Source: Recurrence intervals calculated from U.S. Geological Survey data.

Other data from U.S. Geological Survey reports or databases]

Maximum stage and discharge for period of record

through 1998 water year Significant floods 1994-98 water years

Streamgage Total _
number Streamgage name drainage  Period of ) Date . Regulated Recurrence
(fig. 16) (mi?) record Stage Discharge Stage Discharge . .
Water year 3 (month/ 3 during interval
(water (fd (ft’/s) day/year) (fo (fe’ss) flood' (years)
years)
07364030 L’aigle Creek tributary near 0.36 1963-88, 1991 7.06 260 4/5/97 6.59 206 N 30-40
Hermitage, AR 1990,
1992-93,
1995-98
07364100  Ouachita River near Louisiana 10,787  1912-85, 1971 18.66 17,400 10/25/94 - 12,800 Y -
State line, AR 1987-95 1945 44.20 --

1Regulated during flood: N, no; Y, yes.
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California

Frequent and powerful storms swept over the entire State
of California from January to March 1995. El Nifio conditions
in the Pacific Ocean helped to spawn an unusual series of
storms during this time that caused intense, prolonged, and in
some cases, unprecedented precipitation across California. This
series of storms caused widespread minor to record-breaking
floods. Peaks of record occurred at several streamgages. Total
damage for the period was estimated to be near $3 billion. There
were 27 deaths attributed to the storms and flooding (Perry,
2000).

A powerful storm system dropped 3 to 6 inches of rain
over portions of Los Angeles (fig. 17C) during the first weeks
of January 1995. The Santa Ynez River washed out bridges in
the Santa Ynez Valley. Flooding near Santa Barbara caused
$92 million in damage (National Oceanic and Atmospheric
Administration, 1995b). Many other cities in southern Califor-
nia had substantial damage from floodwaters. Three days of
record-setting rainfall culminated in widespread flooding of
small rivers in central California, January 11, 1995. More than
1,000 homes and small businesses were damaged near Sacra-
mento (fig. 17B) with estimated damage of $50 million. One
death also occurred when a homeless man was drowned in the
flood. Total damage in California from the January 1995 flood
exceeded $350 million (National Oceanic and Atmospheric
Administration, 1995b).

Warm rain on top of snow brought large amounts of water
from the mountains in Yosemite National Park. The resulting
water surge produced the peak of record on the Merced River
(streamgage 11264500, table 6). Sierra Nevada 24-hour rainfall
reports on the morning of May 16, 1996, ranged from 2.0 to
2.5 inches (National Oceanic and Atmospheric Administration,
1996a). Snowmelt above 10,000 feet in the southern Sierra
Nevada Mountains added to the rainfall runoff and caused the
Merced River to crest at 8.84 feet, which is 3.1 feet above the
stage when minor flooding begins. Damage estimates were in
the $2-3 million range (National Oceanic and Atmospheric
Administration, 1996b).

Several periods of rain beginning December 20, 1996, set
up saturated conditions in northern California that led to flood-
ing on January 1, 1997, as subtropical air moved in and melted
snow up to the 8,000-foot level. As the runoff moved down-
stream and flood-control dams operated at near-maximum
releases, stress on the Sacramento River (fig. 17A) and San
Joaquin River (fig. 17B) levees resulted in numerous levee
breaks, especially from January 4-10, 1997. Intense rains
returned at the end of the month, beginning on the 22nd and
lasting through the 27th. These storms produced flooding prob-
lems in the foothills of the Sierra Nevada Mountains and on the
valley floor. Levees continued to break in the Sacramento-San
Joaquin River delta as the floodwaters headed out to San Fran-
cisco Bay. Preliminary data indicated record peak stages were
set at nine streamgages in the Sacramento-San Joaquin River
system. The particular rivers included the Sacramento, San
Joaquin, Feather, Cosumnes, and Toulumne Rivers. The variety
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and magnitude of the damage were huge. At least 120,000 peo-
ple were evacuated, and five deaths occurred in interior north-
ern California. Flooding in the estimated 250 square miles that
were inundated, damaged or destroyed a minimum of

20,000 homes and 1,500 businesses. Damage was estimated at
$1.6 billion, much of it in interior northern California. The
flooding also virtually destroyed two large fish hatcheries, the
Feather River fish hatchery and the San Joaquin fish hatchery
(National Oceanic and Atmospheric Administration, 1997b).

Excessive rainfall on a much above-normal snowpack sub-
sequently during the first week of January 1997 also led to
floods in the southern Sierra Nevada Mountains as well as the
adjacent San Joaquin Valley. Especially hard hit was Yosemite
National Park as the Merced River produced the largest flood in
80 years. The water level reached 23.43 feet at the streamgage
near Yosemite (streamgage 11266500, table 6), indicating a dis-
charge of 24,600 cubic feet per second on January 3, 1997. One
drowning fatality occurred southwest of Yosemite National
Park as a vehicle was swept from a roadway. Also adversely
affected were Kings Canyon and Sequoia National Parks with
substantial road and trail damage (National Oceanic and Atmo-
spheric Administration, 1997b).

A severe thunderstorm packing torrential rains and golf-
ball-size hail pummeled part of the San Bernardino Mountains
during September 4, 1997, sending floodwaters rushing down
creeks near Forest Falls (fig. 17C). That small community bore
the brunt of the damage as tons of mud, boulders, and debris
buried roads, mangled automobiles, and battered scores of
homes. Total estimated damage was $3.2 million in Forest Falls
(National Oceanic and Atmospheric Administration, 1997b).

A slow-moving, low-pressure center off the coast of south-
ern California spawned late-night showers and thunderstorms
on December 6, 1997. Rainfall generally ranged from 4 to
8 inches across the area (National Oceanic and Atmospheric
Administration, 1997a), resulting in widespread flooding. The
hardest hit area was the coastal plain southwest of the Santa Ana
Mountains. It was the most intense rain recorded in at least
70 years. Collapsing hillsides and raging water triggered flood-
ing that forced scores of people to flee their homes, 