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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. 
The definitions given here are from Langbein and Iseri 
(1960), with slight modifications, and explain the terms as 
they are generally used by hydrologists in the U.S. Geologi­ 
cal Survey.
Absorption The entrance of water into the soil or rocks by 

all natural processes. It includes the infiltration of pre­ 
cipitation or snowmelt. 

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

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

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

Discharge In its simplest concept, discharge means out­ 
flow; 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 cor­ 
rect to speak of the discharge of a canal or of a river. 

Drainage area The drainage area of a stream at a speci­ 
fied location is that area, measured in a horizontal plane, 
that is enclosed by a drainage divide. 

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

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 over­ 
topping 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 join 
points that received the same amount of precipitation.

Overland flow The flow of rainwater or snowmelt over the 
land surface toward stream channels.

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 plotted as ordinate, and 
the amount of water flowing (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.

Streamflow The discharge that occurs in a natural chan­ 
nel. Although the term discharge can be applied to the 
flow of a canal, the word "streamflow" uniquely 
describes the discharge 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.

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

Surface runoff That part of the runoff that travels 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 precip­ 
itation.

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 designated by the year in which it 
ends. Thus, the year ending September 30, 1993, is 
called the "1993 water year."
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Summary of Floods in the United States, January 1992 
Through September 1993
Edited by C .A. Perry anofLJ. Combs

Abstract

This volume contains a summary of the 
flooding in the upper Mississippi River Basin dur­ 
ing the spring and summer of 1993 and 36 articles 
describing severe, widespread, or unusual flooding 
in the United States from January 1, 1992, to the 
end of the 1993 water year, September 30, 1993. 
Each flood is described to an extent commensurate 
with its significance and the availability of data on 
the hydrology and the damages. Each article 
includes one or more maps showing the general 
area of flooding and the sites for which data are 
presented. Most articles include tables of data that 
allow the reader to compare the described flood 
with past floods at selected flood-determination 
sites. The articles generally do not attempt to ana­ 
lyze the floods or draw definitive conclusions, 
except for a few cases in which the author had suf­ 
ficient information for an analysis to be made.

INTRODUCTION

This report summarizes information on floods in 
the United States from January 1, 1992, through Sep­ 
tember 30, 1993. The floods reported were unusual 
hydrologic events during which large areas were 
affected, great damage resulted, or record-high stages 
or discharges occurred and for which sufficient data 
were available for the preparation of an informative 
article. The States in which the floods described in this 
volume occurred are shown in figure 1. Also shown is 
the year(s) of occurrence.

A flood may be defined as any abnormally high 
streamflow that overtops natural or artificial banks of a

stream. Every year, a large number of floods occur that 
are not reported in national or regional media.

Innumerable combinations of variable meteoro- 
logic and physiographic factors produce floods of all 
degrees and severity. Some meteorologic factors that 
affect floods are the form, amount, duration, and inten­ 
sity of precipitation; the amount of previous precipita­ 
tion, which would affect the moisture absorption of the 
soil; the air temperature, which may result in frozen 
soil or may determine the rate of snowmelt; and the 
direction of storm movement. The principal physio­ 
graphic features of a drainage basin that determine 
floodflows are drainage area, elevation, 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 fea­ 
tures are fixed for any given drainage basin. The com­ 
bination of the magnitude and intensity of 
meteorologic phenomena, the antecedent moisture 
conditions, and the effect of inherent physiographic 
features on runoff determines what the magnitude of a 
flood will be.

Flood damages frequently are difficult to assess. 
Dollar amounts given in this report should be used as a 
general indication 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 mountainous 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 val­ 
ues. For floods not described in detailed published 
reports, the only damage estimates available usually 
are the preliminary figures contained in newspapers, 
National Oceanic and Atmospheric Administration
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Figure 1. States and years in which floods reported in this volume occurred in the conterminous United States, 
Alaska, Hawaii, and Puerto Rico during 1992 and 1993.

(NOAA) climatological data, or other sources pub­ 
lished shortly after the flood. A statement that a 
disaster declaration was issued indicates that the dam­ 
age was severe and that financial aid to victims was 
authorized by the governmental entity making the 
declaration.

Many of the articles in this volume give the amount 
of rainfall and duration of the storm associated with the 
flooding. Recurrence intervals for these storms may be 
determined 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 con­ 
tained in a report by Rostvedt (1965).

Continuing investigation of surface-water 
resources in the flooded areas reported by this volume 
is performed by the U.S. Geological Survey in cooper­ 
ation with State agencies, the U.S. Army Corps of 
Engineers, the Bureau of Reclamation, and other Fed­ 
eral or local agencies. NOAA, in addition to collecting 
and compiling data on meteorological phenomena, also
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collects data on stream stages in some areas. The data 
presented herein were collected, computations were 
made, and most of the text was written by U.S. Geolog­ 
ical Survey personnel located in offices in or near the 
flooded areas.

Previous Reports

During the 1950's and 1960's, the U.S. Geological 
Survey summarized floods of each year in an annual 
series of Water-Supply Papers entitled, "Summary of 
Floods in the United States." A summary was pub­ 
lished for each calendar year from 1950 through 1969. 
Water-Supply Paper 1137-1, the first in the series (U.S. 
Geological 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 Geological Survey or in reports by other 
Federal and State agencies, only very brief men­ 
tion including references to the reports containing 
detailed descriptions, will be given here. Local 
floods for which no individual 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. 
Much of the following explanation is paraphrased from 
Byron N. Aldridge (U.S. Geological Survey, written 
commun., 1993) and from the published report for 
1968 (Rostvedt, 1972).

Determination of Flood Stages and 
Discharges

The usual method of determining stream dis­ 
charges at a streamflow-gaging station is the applica­ 
tion of a stage-discharge relation to a known stage. 
This relation usually is defined by current-meter mea­ 
surements made through as wide a range of stage as 
possible (fig. 2). If the maximum discharge exceeds 
the range of the current-meter measurements, short 
extensions may be made to a graph of the stage-dis­ 
charge relation by logarithmic extrapolation, by

30
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DISCHARGE, IN THOUSANDS OF CUBIC FEET PER SECOND

EXPLANATION

  Current-meter measurement and number 

    Relation established by measurements

     Extension of relation to observed maximum stage

Figure 2. Example of stage-discharge relation and upward 
extension (from Jordan and Combs, 1997).

velocity-area studies, or by the use of other measurable 
hydraulic factors (Kennedy, 1983).

Maximum discharges that are greatly above the 
range of the defined stage-discharge relation at stream- 
flow-gaging stations and maximum discharges at mis­ 
cellaneous sites 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 cur­ 
rent-meter measurements at some sites during major 
floods. Maximum discharges at these sites are deter­ 
mined, after the floods have subsided, by indirect meth­ 
ods, which involve determination of water-surface 
elevations from high-water marks, surveying cross sec­ 
tions, and computing discharge from hydraulic equa­ 
tions rather than from direct measurement of stream 
velocity by use of a current meter. 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 
onsite conditions and the experience of data-collection 
personnel who select sites and make the surveys, and 
generally is poorer than for current-meter measure­ 
ments. The indirect measurements used in determining 
maximum discharges for floods are not identified as

Introduction



such in this volume. Information as to the source and 
quality of discharge data in this volume can be obtained 
from the U.S. Geological Survey office in the State in 
which the reported flood-determination site is located.

Explanation of Data

Floods are described in this volume in chronologi­ 
cal order. Because the type and the amount of informa­ 
tion differ for the floods, no consistent form can be 
used to report the events.

The data for each flood include: (1) a description of 
the storm, the flood, and the flood damage; (2) a map of 
the flood area showing flood-determination sites and, 
for some storms, precipitation data sites or lines of 
equal precipitation; (3) rainfall amounts and intensi­ 
ties; (4) and maximum stages and discharges for the 
streams affected.

When considerable rainfall data are available, they 
are presented in tabular form and show daily or storm 
totals. When sufficient data are available to determine 
the pattern and distribution of rainfall, an isohyetal map 
may be shown.

A summary table of maximum stages and dis­ 
charge is given for each flood, except where the num­ 
ber of flood-determination sites in the article is small 
and for which the information is included in the text 
description. In the summary table (table 1), the first 
three columns identify the site, which may be a 
continuous-record streamflow-gaging station, a 
partial-record station, or another site at which data 
have been obtained. The number in the first column 
identifies the site on a map that accompanies each 
article. The second column gives the U.S. Geological 
Survey station number (downstream-order number) if 
such a number has been assigned. The third column 
gives the name of the streamflow-gaging station or 
flood-determination site.

Drainage area in the summary table is the total 
area, as measured on a flat projection map, that would 
contribute surface runoff to the indicated site. The con­ 
tributing drainage area 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 that retain all their 
inflow.

The column headed "Period" shows the calendar 
years prior to the described flood for which the stage or

discharge shown in the seventh and eighth columns are 
known to be a maximum. For most sites, this period 
corresponds to the period of systematic collection of 
streamflow data. For other sites, 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.

The sixth column shows the calendar year in which 
the maximum stage and discharge for the indicated 
period occurred. The seventh and eighth columns 
show the stage and discharge of that maximum. Sepa­ 
rate listings are made when maximum stage and maxi­ 
mum discharge did not occur concurrently. An effort 
was made to use stages that were measured relative to 
the datum in use at the time of the flood being described 
or to indicate by a footnote that a different datum 
was used.

The last four columns present data for the maxi- 
mums during the described flood or floods. The data 
include the date on which the maximum occurred, 
maximum stage, and maximum discharge 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 com­ 
parison with floods at other sites. The relative magni­ 
tude also can be expressed in terms of recurrence 
interval, which is the reciprocal of the flood probabil­ 
ity. A third way of expressing the relative flood mag­ 
nitude 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 used most commonly by 
Federal agencies (for example, in the context of flood 
insurance), it is used in this volume even though per­ 
cent chance avoids the unintended connotations of reg­ 
ularity of occurrence that accompany the term 
"recurrence interval."

Summary of Floods in the United States, January 1992 Through September 1993
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Equivalence of flood probability and percent- 
chance values to selected recurrence-interval values is 
as follows:

Recurrence 
Probability Percent chance interval

1

0.50
.20
.10
.04
.02
.01

50
20
10
4
2
1

2
5

10
25
50

100

In addition to probability or percent chance of a given 
magnitude of discharge occurring in any one year, the 
probability or percent chance of occurrence during a 
given period of consecutive years also can be calcu­ 
lated. Results of such calculations for selected combi­ 
nations of recurrence interval and length of period are 
as follows (* means greater than 99.9 but less than a 
100-percent chance):

Recur­ 
rence

interval

2

10

50

100

Percent chance for indicated time 
in years

5

97

41

10

5

10

99.9

65

18

10

50
*

99.5

64

39

100

*

*

87

63

period,

500
*
*
*

99.3

Recurrence intervals during any given flood may 
differ from site to site because of nonuniform distribu­ 
tion of runoff and uncertainty in the computed recur­ 
rence values. Operational patterns for reservoirs 
generally are not defined adequately to permit recur­ 
rence intervals to be computed for maximum dis­ 
charges 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 maximum known dis­ 
charges are plotted against the drainage area of each 
stream site (fig. 3). The envelope curve is a smooth 
curve drawn to equal or exceed all the plotted dis­ 
charges in relation 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 calculation of "unit dis-
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Figure 3. Maximum discharge versus drainage area and 
envelope curve for a region (modified from Crippen and 
Bue, 1977, p. 15).

charge" (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.
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Floods of the Upper Mississippi River Basin, 
Spring and Summer 1993

During spring and summer 1993, the hydrologic effects of extended rainfall throughout 
the upper midwestern United States were severe and widespread. Record flooding inun­ 
dated much of the upper Mississippi Basin. The magnitude of the damages in terms of 
property, disrupted business, and personal trauma was unmatched by any other flood 
disaster in United States history. Property damage alone was estimated to exceed $10 bil­ 
lion (Parrett and others, 1993). Damaged highways and submerged roads disrupted over­ 
land transportation throughout the flooded region. The Mississippi and the Missouri Rivers 
were closed to navigation before, during, and after the flooding. Millions of acres of pro­ 
ductive farmland remained under water for weeks during the growing season. Rills and 
gullies in many tilled fields resulted from the severe erosion that occurred throughout the 
midwestern United States farm belt. The banks and channels of many rivers were severely 
eroded, and sediment was deposited over large areas of the basin's flood plain. Record 
flows submerged many areas that had not been affected by previous floods. Industrial and 
agricultural areas were inundated, which caused concern about the transport and fate of 
industrial chemicals, sewage effluent, and agricultural chemicals in the floodwaters. The 
extent and duration of the flooding caused numerous levees to fail.
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Precipitation in the Upper Mississippi River Basin 
During the Floods of 1993
By Kenneth L Wahl, Kevin C. Vining, anc/Gregg J. Wiche 1

INTRODUCTION

Excessive precipitation produced severe flooding 
in a nine-State area in the upper Mississippi River 
Basin during spring and summer 1993. Following a 
spring that was wetter than average, weather patterns 
that persisted from early June through July caused the 
upper Midwest to be deluged with an unusually large 
amount of rainfall. Monthly precipitation data were 
examined at 10 weather-station locations in the 
flood-affected region to illustrate precipitation patterns 
and amounts in the flood-affected area. During 1993, 
all 10 of the selected locations received greater-than- 
normal rainfall for January through June, 8 of the 
10 stations received more than 200 percent of the nor­ 
mal rainfall for July, and 3 received more than 400 per­ 
cent of the normal rainfall for July. (The average 
rainfall for the 30-year period 1961-90 is termed "nor­ 
mal" rainfall.) May through August 1993 was the wet­ 
test or nearly the wettest such period on record at many 
locations in the flooded area. All 10 selected locations 
received more rainfall during the first 9 months of 1993 
than generally is received during a year.

MONTHLY PRECIPITATION

In early June, a weather pattern (fig. 4) developed 
that was characterized by a strong low-pressure trough 
over the western United States and a corresponding 
large high-pressure system positioned over the south­ 
eastern United States. The jetstream dipped south over 
the western United States and flowed northeasterly 
across the upper Midwest. Southeastern high pressure 
blocked the eastward movement of storms, thus creat­ 
ing a convergence zone between the warm, moist air 
from the Gulf of Mexico and the much cooler and drier 
air from Canada, which resulted in thunderstorms. 
This pattern persisted through most of June and July 
(National Weather Service, 1993b). As a result, the

This article is based on previously published reports (Wahl 
and others, 1993,1994).

upper Midwest within this convergence zone was del­ 
uged with rain, while the southeastern and the eastern 
United States from Florida and Alabama to Delaware, 
under the influence of the high-pressure system, was 
hot, humid and had little rainfall. Slight movements in 
the atmospheric pattern determined the timing and 
location of the excessive rainfall throughout the upper 
Midwest.

The persistence of this weather pattern caused 
unusually large amounts of rain to fall over the upper 
Midwest. These large amounts and the wetter-than- 
normal spring produced flooding throughout the upper 
Mississippi River Basin. The rains were extraordinary 
in the areal extent and in the amounts accumulated. 
Precipitation for January 1 through July 31 totaled 
more than 20 inches over most of the flood-affected 
area and was more than 40 inches in areas of northeast 
Kansas and east-central Iowa (fig. 5A; Parrett and oth­ 
ers, 1993). Most of the area received from 150 to 
200 percent of the 1961-90 normal total amounts for 
January through July (fig. 5B; Wahl and others, 1993).

Annual precipitation over the nine-State area 
affected by flooding (fig. 5A, 5B) generally averages 
slightly more than 30 inches but ranges from about 
16 inches in south-central North Dakota to about 
40 inches in southern Missouri. Although precipitation 
is about evenly divided between the first and last halves 
of the year, the accumulation rates are not uniform 
throughout the year. Normally, 45 percent of the 
annual precipitation falls between April 1 and July 31; 
June precipitation represents about 15 percent (2 to 
5 inches) of the average annual precipitation total.

Precipitation amounts recorded throughout the 
upper Mississippi River Basin during the first 9 months 
of 1993 generally were substantially greater than nor­ 
mal (January-September 1961-90). Although 
May-through-August precipitation was much greater 
than normal, little evidence early in the year indicated 
that precipitation amounts in 1993 would be above nor­ 
mal. January-through-March precipitation in the States 
of the upper Mississippi River Basin was near normal 
to slightly above normal. Because precipitation for 
those 3 months is often in the form of snow and gener-

Precipitation in the Upper Mississippi River Basin During the Floods of 1993 9
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Figure 4. Dominant weather patterns over the United States for June through July 1993 (from National Weather 
Service, 1993b).

ally totals less than 6 inches of moisture, it caused little 
concern for potential flooding. However, that situation 
began to change in April.

Precipitation in April and May over the area ranged 
from near normal to much greater than normal, but the 
areas of greatest precipitation differed for the 2 months. 
April rainfall was nearly twice the normal amounts in 
parts of Wisconsin and in Missouri but was only mod­ 
erately above normal in much of the remainder of the 
flood-affected area. By contrast, May rainfall was 
more than twice the normal amounts for the month over 
an area that extended from southeastern South Dakota 
across Iowa to eastern Kansas. The largest storms, 
though, were still to come.

Monthly precipitation data for January through 
September 1993 and the normal (average) amounts for 
the period 1961-90 (National Oceanic and Atmo­ 
spheric Administration, 1992) are compared in figure 6

for 10 weather-station locations in the upper Missis­ 
sippi River Basin (table 2). These locations Bis­ 
marck, North Dakota; Sioux Falls, South Dakota; 
Minneapolis, Minnesota; Des Moines and Cedar Rap­ 
ids, Iowa; Madison, Wisconsin; Peoria, Illinois; Man­ 
hattan, Kansas; and Kansas City and St. Louis, 
Missouri are illustrative of precipitation patterns in 
the flood-affected area.

Precipitation during 1993 generally was much 
greater than normal for May through August over the 
entire area. The July rainfall totals, however, were par­ 
ticularly impressive. The significance of the July 1993 
rainfall amounts can best be understood by comparing 
the 1993 values for January through June, July, and 
January through September with the 30-year normal 
amounts for those periods (fig. 7). All 10 of the 
selected locations received more than 100 percent of 
the normal precipitation for January through June 
1961-90, and 8 locations received more than 130 per-
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Figure 5. Area! distribution of total precipitation in the area of flooding in the upper Mississippi River Basin, 
January through July 1993. A, In inches (from Parrett and others, 1993); B, In percentage of 30-year 
precipitation normal for January through July 1961-90 (from Wahl and others, 1993). Data from National 
Weather Service (David Miscus, National Weather Service, written commun., 1993).
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cent of the normal precipitation for that period. By the 
end of June, the soil was saturated; then came the July 
1993 deluge. Of the 10 locations, 8 received more than 
200 percent of the normal rainfall for July (1961-90). 
Only Minneapolis (158 percent) and St. Louis (131 
percent) did not receive 200 percent of the normal rain­ 
fall in July. Three locations, Bismarck, Cedar Rapids,

and Manhattan, received from about 400 to about 650 
percent of the normal rainfall amounts for July.

Total January-through-September rainfall for 1993 
for each of the 10 locations was compared to the 
1961-90 normals for the 9-month period and the 
annual total (fig. 8). All 10 locations received more 
rain in the first 9 months of 1993 than generally is

Precipitation in the Upper Mississippi River Basin During the Floods of 1993 13
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Figure 7. Seasonal precipitation for 1993 at 10 weather­ 
station locations in the upper Mississippi River Basin. Data 
from National Weather Service.

received during a year. Except for Minneapolis, the 
9-month totals exceeded 150 percent of normal for the 
period and ranged from 122 to 172 percent of the nor­ 
mal annual totals; Minneapolis received 124 percent of 
normal for January through September.

The National Weather Service computed state­ 
wide-average precipitation by month for 1895 to the 
present. They reported that the statewide averages for 
July 1993 were among the three wettest years since 
1895 for eight of the nine States in the flood-affected 
area (National Weather Service, 1993b). Statewide 
average precipitation totals for the combined months of 
April through August 1993 were the greatest since 
1895 in four States (North Dakota, Minnesota, Wiscon­ 
sin, and Iowa) and were among the greatest five years 
in the other five States of the flood-affected area. Rain­ 
fall totals for the 4-month period May through August 
computed for this report for Bismarck, Cedar Rapids, 
and Manhattan were compared to period-of-record 
maximums for that 4-month period (table 3). At Bis­ 
marck and Cedar Rapids, May through August 1993 
was the wettest such period in more than 100 years of 
recordkeeping. In fact, the precipitation for May 
through August 1993 at Cedar Rapids was 59 percent 
greater than for the second wettest year, 1969. At Man­ 
hattan, May through August 1993 was the second wet­ 
test such period in 104 years of record; in 1951, the 
4-month rainfall total was only 2 percent greater than 
that of 1993.
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Figure 8. Precipitation for January through September 
1993, normal precipitation for January through September 
1961-90, and normal annual precipitation for 1961-90 at 10 
weather-station locations in the upper Mississippi River 
Basin. Data from National Weather Service.

DAILY ACCUMULATIONS

The rates of accumulation for 1993 daily precipita­ 
tion are compared with normal values in figure 9. The 
normal values are the accumulated daily averages for 
1961-90 smoothed to pass through the month-end 
accumulated totals. The precipitation totals for Janu­ 
ary through September 1993 at Bismarck, Manhattan, 
and Cedar Rapids were about 200 percent of normal for 
January through September 1961-90, but the rates at 
which the precipitation accumulated were different 
(fig. 9). Although the rate of accumulation at Bis­ 
marck was about normal through June, a dryer-than- 
normal January through March caused the amount of 
precipitation received to be slightly less than normal 
until the end of June. Three large storms, June 29 
through July 1, July 15 and 16, and July 21 and 22, 
combined to produce the large seasonal totals. There 
was little precipitation after the middle of August. Pre­ 
cipitation at Manhattan followed a pattern similar to 
that of Bismarck, except that several large storms came 
earlier in the year. Manhattan's large seasonal total 
resulted primarily from precipitation during four dis­ 
tinct periods March 29 through 31, May 7 through 
11, July 1 and 2, and July 18 through 22. However, pre­ 
cipitation continued to accumulate at greater-than-nor- 
mal rates through August and September.
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Table 3. Five greatest May-August precipitation totals for 
Bismarck, North Dakota, Cedar Rapids, Iowa, and 
Manhattan, Kansas
[Totals, in inches; length of records, in parentheses. Data from National 
Weather Service]

Bismarck 
(11 9 years)

Year

1993
1915
1914
1879
1927

Total

22.57
17.59
17.57
15.60
15.14

Cedar Rapids 
(11 2 years)

Year

1993
1969
1902
1990
1924

Total

44.34
27.88
27.63
27.55
25.27

Manhattan 
(104 years)

Year

1951
1993
1902
1908
1915

Total

43.05
42.21
34.71
34.69
31.22

The rate of accumulation of precipitation at Cedar 
Rapids was different from that at either Bismarck or 
Manhattan. Although large storms, such as that for 
July 4 and 5, contributed to the excessive moisture, the 
rate of accumulation was greater than normal after 
mid-March. Unlike Bismarck and Manhattan, the rate 
reflected the accumulation of many small-to-moderate 
precipitation amounts and shows the effects of wide­ 
spread storms over the entire area. The above-normal 
accumulation rates continued into late August, but Sep­ 
tember precipitation was near normal.

DISTRIBUTION OF JULY PRECIPITATION

Much of the severe flooding in the upper Missis­ 
sippi River Basin during 1993 was the culmination of 
the wet spring and a series of storms during July. Daily 
rainfall totaled more than 4.00 inches at many locations 
during July. Thus, flooding was affected not only by 
wet antecedent conditions and large rainfall totals, but 
also by the way July daily rainfall was distributed. 
Maximum 1- and 3-day rainfall totals for July at Bis­ 
marck, Manhattan, and Cedar Rapids are similar 
(table 4). Maximum 5-day rainfall totals are similar at 
Bismarck and Cedar Rapids, but the maximum 5-day 
rainfall total at Manhattan was about 1.6 inches greater 
than at Bismarck and Cedar Rapids (table 4).
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Figure 9. Accumulated daily precipitation for January 
through September 1993 and accumulated normal daily 
precipitation for January through September 1961-90 
for (A) Bismarck, North Dakota, (B) Manhattan, Kansas, 
and (C) Cedar Rapids, Iowa.

Table 4. Maximum 1-, 3-, and 5-day rainfall totals for 
July 1993 at Bismarck, North Dakota, Manhattan, Kansas, 
and Cedar Rapids, Iowa
[Data from National Weather Service]

Rainfall totals (inches)

Location 1-day 3-day 5-day

Bismarck......
Manhattan.....
Cedar
Rapids..... ......

4.32
4.81

4.18

5.74
5.56

5.55

6.18
7.70

6.01
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Effects of Reservoirs in the Kansas, Missouri, and 
Mississippi River Basins on the 1993 Floods
By Charles A. Perry 1

INTRODUCTION

The floods of 1993 were of historic magnitude as 
water in the Mississippi and Missouri Rivers reached 
levels that exceeded many of the previous observed 
maximums. Although large parts of the flood plains of 
both rivers upstream from St. Louis, Missouri, were 
inundated, water levels would have been even higher 
had it not been for the large volume of runoff retained 
in flood-control reservoirs. Most of the total flood-con­ 
trol storage available upstream from St. Louis is 
located along the main stem and tributaries of the Mis­ 
souri River; the largest concentration of reservoirs is 
located within the Kansas River Basin (fig. 10). The 
Kansas River Basin accounts for about 10 percent 
(60,000 square miles) of the drainage area of the Mis­ 
souri River Basin, and reservoirs control streamflow 
from 85 percent (50,840 square miles) of the drainage 
area of the Kansas River Basin. Analyses of flood dis­ 
charges in the Kansas River indicate that reservoirs 
reduced flooding along the Kansas and the lower Mis­ 
souri Rivers.

Flood discharges from the Mississippi and the 
Missouri Rivers combined for a historic peak of 
1,080,000 cubic feet per second on the Mississippi 
River at St. Louis, Missouri, on August 1, 1993. His­ 
toric streamflow records show that this discharge was 
the largest since 1861 and has been exceeded only by 
an estimated discharge of 1,300,000 cubic feet per sec­ 
ond for the flood of 1844. Discharge for the flood of 
1903, which had been estimated to be 1,019,000 cubic 
feet per second was slightly less than that of 1993. 
However, changes in the upper Mississippi River Basin 
that have been made in the last 50 years, such as the 
construction of many flood-control reservoirs, reduced 
the magnitude of the maximum discharge of the 1993 
flood at St. Louis.

This article is based on a previously published report (Perry,
1994).

FLOOD-CONTROL RESERVOIRS

The function of flood-control reservoirs is to tem­ 
porarily store a part of the flood discharge for later 
release so that the flood peak downstream will be 
reduced. In an uncontrolled stream, the flood dis­ 
charges of the tributary streams are added to the dis­ 
charge in the main stem. As a result, the total flood 
volume increases in the downstream direction, as does 
the maximum discharge (fig. 11A). In the case of the 
controlled stream, all or part of the flood discharge is 
stored in a reservoir for later release at a reduced flow 
rate (fig. 1 IB). Downstream from the reservoir, addi­ 
tional flood discharges in the tributaries enter the main 
stem, which add uncontrolled flood discharges to the 
controlled discharge. In the actual operation of a 
flood-control reservoir, the uncontrolled flood dis­ 
charges from the drainage area downstream from a res­ 
ervoir need to be considered before reservoir releases 
are made. If uncontrolled flood discharge from areas 
downstream from the reservoir produces a flood on the 
main stem, then reservoir releases can be reduced to 
near zero to minimize additional flooding downstream, 
provided storage capacity is available in the reservoir.

Most flood-control reservoirs in the upper Missis­ 
sippi River Basin are of the multipurpose type, which 
are used to store water for irrigation, power generation, 
navigation, public-water supply, and recreation. The 
flood-control, or flood-storage capacity, pool of a reser­ 
voir always is above the multipurpose pool level 
(fig. 12). All reservoirs with provision for flood control 
are operated so that a minimum amount of water in the 
flood-control pool is maintained prior to flooding to 
maximize flood protection. The flood-reduction poten­ 
tial of a reservoir is compromised if additional flood- 
water must be stored before the previously stored water 
can be released.

Flood-control reservoirs are constructed with an 
emergency spillway to protect the dam from being 
overtopped, which can cause severe damage to or fail­ 
ure of the dam. Flow through the spillway can be 
uncontrolled or can be controlled by gates that regulate 
the releases up to a certain elevation in the reservoir.

Effects of Reservoirs in the Kansas, Missouri, and Mississippi River Basins on the 1993 Floods 19
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Figure 10. Location of flood-control reservoirs and selected streamflow-gaging stations in the Kansas, Missouri, and 
Mississippi River Basins.

Once the water level in the reservoir rises to the top of 
the closed spillway gates or the sill of an uncontrolled 
spillway, water stored above this elevation in the reser­ 
voir is in the surcharge pool. Outflow of surcharge in 
the reservoir is determined by the depth of water and 
the geometry of the spillway or the spillway gate 
opening.

FLOOD STORAGE IN AND EFFECTS OF 
RESERVOIRS ON FLOOD DISCHARGES, 
MISSOURI RIVER BASIN

There are 34 major flood-control reservoirs within 
the Missouri River Basin that drain areas greater than 
100 square miles (table 5). Table 5 also includes 11 res-

20 Summary of Floods In the United States, Januery 1992 Through September 1993
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Figure 11. Hypothetical hydrographs for (A) an 
uncontrolled stream and (B) reservoir-regulated 
outflow.

ervoirs in the Mississippi River Basin upstream from 
its confluence with the Missouri River. Of the 
reservoirs in the Missouri River Basin, water levels in 
13 reached historic elevations, 3 came within 1 foot of 
their records, and 6 exceeded their spillway elevations. 
Water levels in reservoirs on tributaries of the Missis­ 
sippi River upstream from its confluence with the Mis­ 
souri River, including Saylorville Lake, Coralville 
Reservoir, and Lake Red Rock, all in Iowa, also 
reached record elevations. Several reservoirs in the 
Arkansas River Basin, just south of the Kansas River 
Basin, had record and near-record water-level eleva­ 
tions. The number of reservoirs with record 
water-level elevations is an indication of the magnitude 
and wide extent of the floods of 1993.

Missouri River Main Stem

The six-reservoir system on the main stem of the 
Missouri River from Montana through North Dakota 
and South Dakota is used for power generation, storage 
for navigation and public-water supply, and flood con­ 
trol. When the 1993 water year began (October 1, 
1992), the total storage content in the reservoir system

Multipurpose 

pool

NOT TO SCALE

Figure 12. Typical reservoir showing location of 
surcharge, flood-control, and multipurpose-pool levels.

was about 43,900,000 acre-feet. By April 1,1993, the 
total system content had increased to 45,468,000 acre- 
feet (U.S. Army Corps of Engineers, written commun., 
1993). The additional 1,568,000 acre-feet resulted 
from runoff produced by melting snowpack in the 
mountains during winter and early spring. The total 
increase in storage contents of the six-reservoir system 
from April 1 to midnight August 1, 1993, was 
10,293,000 acre-feet and the result of excessive snow- 
melt and rainfall during this period. During July 1993 
alone, reservoirs on the main stem Missouri River 
stored nearly 5,369,000 acre-feet of floodwater. If this 
water had been released at a constant rate, the daily 
average discharge of the Missouri River downstream 
during July would have been about 87,000 cubic feet 
per second larger than the observed average discharge 
of 291,000 cubic feet per second on the Missouri River 
at Kansas City, Missouri (map reference P, fig. 10).

Kansas River Basin

The Kansas River Basin is about 60,000 square 
miles in area, of which streamflow from 85 percent, or 
50,840 square miles, of the basin is controlled by reser­ 
voirs. Except for the main-stem Missouri River reser­ 
voir system, the Kansas River Basin is the largest basin 
under flood control in the Mississippi River Basin. 
Eighteen reservoirs, which have a total flood-control 
capacity of 7,390,000 acre-feet, provide flood protec­ 
tion within the basin and along the Missouri River 
downstream. From April 1 to August 1, 1993, the res­ 
ervoir system in the Kansas River Basin stored 
4,500,000 acre-feet of water. Of this amount, 
4,027,000 acre-feet were stored during July alone. If 
this water had been released at a constant rate, the aver­ 
age discharge of the Kansas River downstream during 
July would have been about 65,500 cubic feet per sec-

Effects of Reservoirs in the Kansas, Missouri, and Mississippi River Basins on the 1993 Floods 21
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ond larger than the observed average discharge of 
76,800 cubic feet per second on the Kansas River at 
DeSoto, Kansas (map reference N, fig. 10). About 
one-half of the 4,027,000 acre-feet were stored in Mil- 
ford and Tuttle Creek Lakes (reservoir reference num­ 
bers 15 and 22 in figure 10). Both lakes filled their 
flood-control pools and were required to store floodwa- 
ter in their surcharge pools. Tuttle Creek Lake stored 
97,000 acre-feet in its surcharge pool, and Milford 
Lake stored 207,000 acre-feet in its surcharge pool.

Chariton River Basin

The Chariton River is a tributary of the Missouri 
River and flows from Iowa through northern Missouri. 
Lake Rathbun in Iowa and Lake Longbranch in Mis­ 
souri (reservoir reference numbers 28 and 30 in figure 
10) are flood-control reservoirs in the Chariton River 
Basin and stored 269,000 and 9,000 acre-feet, respec­ 
tively, during July 1993. The water level in Lake Rath- 
bun reached a record elevation of 927.20 feet above sea 
level on July 28, thus requiring the storage of 
27,000 acre-feet of water in its surcharge pool.

Osage River Basin

Streamflow from the nearly 15,000-square-mile 
Osage River Basin is almost completely controlled by 
Melvern, Pomona, and Hillsdale Lakes in Kansas (res­ 
ervoir reference numbers 25, 26, and 27 in figure 10) 
and Stockton, Pomme de Terre, and Harry S Truman 
Lakes and Lake of the Ozarks in Missouri (reservoir 
reference numbers 31,32,33, and 34 in figure 10). The 
reservoir system in this basin stored 3,547,000 acre- 
feet of water from April 1 to August 1, 1993; of this 
total, 3,289,000 acre-feet were stored during July. The 
effect of Harry S Truman Lake on discharge in the 
Osage River was significant because the lake stored 
more than 3,000,000 acre-feet of water during July. 
The storage in Harry S Truman Lake and that of the 
other reservoirs in the Osage River Basin system 
reduced the average discharge of the Osage River at its 
confluence with the Missouri River for July by 
53,500 cubic feet per second.

COMBINED EFFECT OF FLOOD-CON­ 
TROL RESERVOIRS ON MISSOURI 
RIVER DISCHARGE

As severe as the flooding was during 1993, stream 
and river levels could have been even higher had a sys­ 
tem of flood-control reservoirs not been in place 
throughout the Missouri River Basin. About 
10,300,000 acre-feet of potential floodwater were 
stored in the upper Missouri River main-stem reser­ 
voirs in Montana, North Dakota, and South Dakota 
from April 1 to August 1,1993. In the downstream 
sections of the Missouri River Basin, the quantity of 
water stored from April 1 to August 1 in reservoirs on 
the Kansas River was 4,500,000 acre-feet, while reser­ 
voirs in the Platte, the Chariton, and the Osage River 
Basins stored 3,900,000 acre-feet. If the total 
18,700,000 acre-feet stored in the system had been 
allowed to flow to St. Louis, the average discharge of 
the Missouri River would have been 77,300 cubic feet 
per second greater for this 4-month period. During July 
alone, the combined storage of about 13,000,000 acre- 
feet in the Missouri River Basin 5,400,000 acre-feet 
in the Missouri River main-stem reservoirs, about 
4,000,000 acre-feet in the Kansas River Basin reser­ 
voirs, and about 3,600,000 acre-feet in the reservoirs of 
the Platte, the Chariton, and the Osage River Basins  
reduced the average discharge of the Missouri River at 
Hermann, Missouri (map reference Q, fig. 10), from 
about 587,000 to 376,000 cubic feet per second, which 
is a difference of 211,000 cubic feet per second. An 
analysis of the storage of flood volumes in the Missouri 
River Basin from April 1 to September 1, and specifi­ 
cally during July, enables a comparison of discharges at 
various points along the river and tributaries with and 
without the protection of the reservoirs.

The discharges of streams and the changes of stor­ 
age in reservoirs in the Kansas River Basin during July 
1993 were analyzed to estimate the discharges that 
would have occurred in the absence of the reservoir 
system. Floodwater that was stored in a particular res­ 
ervoir was routed down the river valley under high-dis­ 
charge conditions and added to the observed discharge 
downstream. This simulation process was iterative 
because several streams had more than one reservoir. 
Routing times were determined from observed high 
discharges before reservoir construction. The Muskin- 
gum routing method (Viessman and others, 1972) was 
used to allow for flood-discharge storage along the 
river valley as the flood discharges moved down­ 
stream. Using this method, daily mean discharges were

Effects of Reservoirs In the Kensas, Missouri, end Mississippi River Beslns on the 1993 Floods 25
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estimated for selected gaging stations in the Kansas 
River Basin by using daily reservoir storage and daily 
observed stream discharges. The computer program 
BENEFITS (U.S. Army Corps of Engineers, written 
commun., 1993) was used to estimate the uncontrolled 
instantaneous maximum discharge at selected gaging 
stations on the Kansas and the Missouri Rivers. The 
uncontrolled instantaneous maximum discharges are 
compared with the observed instantaneous maximum 
discharges and the simulated uncontrolled maximum 
daily mean discharges (table 6).

The total effect of the Kansas River Basin reser­ 
voirs can be seen in the analysis of the flood discharges 
on the Kansas River at DeSoto, Kansas (fig. 13). The 
simulation of uncontrolled discharges resulted in the 
highest daily mean discharge of 252,000 cubic feet per 
second on July 10. A secondary simulated uncon­ 
trolled discharge of 233,000 cubic feet per second 
would have occurred on July 26. An observed instanta­ 
neous maximum discharge of 172,000 cubic feet per 
second occurred on July 27, while the instantaneous 
uncontrolled discharge was 266,000 cubic feet per sec­ 
ond on July 27. Many other cities and hundreds of 
thousands of acres of farmland along the tributaries and 
main stem of the Kansas River benefited from the 
flood-control reservoirs as flood discharges were 
reduced by 30 to 70 percent.

All simulated uncontrolled discharges on the Kan­ 
sas River would have been contained by the Federal 
levee system, except in Kansas City where backwater 
from the flooding Missouri River on July 27 might 
have caused the river stage to overtop the levee system 
there. However, without the control of reservoirs on 
the main-stem Missouri River, the combined uncon­ 
trolled discharges of the Kansas and the Missouri Riv­ 
ers would have overtopped the Kansas City levees 
(Flood Insurance Administration, 1981).

RESERVOIR-LEVEL MAINTENANCE

To maintain storage capacity in flood-control reser­ 
voirs, stored floodwater is released as soon as the river 
downstream can accept it without additional flooding, 
as indicated by figure 14, which shows water-level 
fluctuations during the 1993 water year at selected res­ 
ervoirs in the Kansas River Basin. Water levels in many 
of the reservoirs in the Kansas River Basin at the begin­ 
ning of the 1993 water year were above multipur­ 
pose-pool elevation, but all were lowered during the 
1992-93 winter. However, the snowmelt and precipi­ 
tation of February through May 1993 resulted in fluc­ 
tuations and steadily increasing discharge in streams in 
the Kansas River Basin as summer approached. An 
example is Tuttle Creek Lake, where, beginning in 
February, monthly increases in storage were followed 
by controlled releases to lower the lake level back to 
multipurpose-pool elevation. At the same time, other 
reservoirs in the Kansas River Basin were releasing 
stored water, and many uncontrolled streams were 
flooding. This combination resulted in many streams 
being at bankfull capacities for extended periods of 
time.

This cycle of precipitation, flooding, and resulting 
releases of water from reservoirs was interrupted dur­ 
ing July when intense rains fell somewhere in the basin 
nearly every day of the month. With most uncontrolled 
streams at or above flood stage and the lower Missouri 
and Mississippi Rivers flooding, the flood-storage 
capacity of the Kansas River Basin reservoir system 
was nearly completely filled. Some floodwater was 
released as water levels in Tuttle Creek and Milford 
Lakes reached surcharge storage elevations, but the 
reservoir system performed effectively to reduce the 
flooding.
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Floods in the Upper Mississippi River Basin, 1993
By Charles Parrett, Nick B. Melcher, and Robert W. James, Jr. 1

INTRODUCTION

From spring through summer of 1993, severe 
flooding in the upper Mississippi River Basin resulted 
from intense, persistent, widespread rainfall from Jan­ 
uary through September. The flooding was unusual 
because it came so late in the spring-summer runoff 
season and because of the large number of stream- 
flow-gaging stations that had record or near-record 
maximum discharges. Record maximum discharges 
were recorded from mid-June through early August at 
many U.S. Geological Survey (USGS) streamflow- 
gaging stations in the Minnesota River Basin in Minne­ 
sota; in the Skunk, the Des Moines, the Little Sioux, 
and the Nishnabotna River Basins in Iowa; on the Mis­ 
sissippi River at Keokuk, Iowa; in the James River 
Basin in North and South Dakota; in the Platte River 
Basin in Nebraska; in the Kansas River Basin in Kan­ 
sas; in the Grand River Basin in Missouri; and along 
the Missouri River from St. Joseph to Booneville, Mis­ 
souri. Unusually high flood discharges were recorded 
at other locations throughout the area of flooding. The 
flooding also was unusual for its long duration and 
widespread and severe damage. At St. Louis, Missouri, 
the Mississippi River reached flood stage on June 26 
and remained above flood stage until late August. Mil­ 
lions of acres of agricultural and urban lands in the 
upper Mississippi Basin were inundated for weeks, and 
unofficial damage estimates exceeded $10 billion (Par­ 
rett and others, 1993).

FLOOD RECURRENCE INTERVAL

For comparative purposes, flood-maximum dis­ 
charges are referenced to a specific recurrence interval 
or probability of occurrence. The recurrence interval is 
the average number of years between occurrences of 
annual maximum discharges that equal or exceed a 
specified discharge. For example, a discharge that has 
a 100-year recurrence interval is so large that an equal

lrrhis article is based on a previously published report (Parrett 
and others, 1993).

or greater annual maximum discharge is expected, on 
average, only once in any 100-year period. Because of 
the random nature of flood events, the times between 
annual maximum discharges of a certain magnitude are 
far from uniform; a large flood in 1 year does not pre­ 
clude the occurrence of an even larger flood the next 
year. In any given year, the annual maximum discharge 
has 1 chance in 100 of equaling or exceeding the 
100-year flood (U.S. Interagency Advisory Committee 
on Water Data, 1982).

Recurrence intervals for the 1993 flood peaks pre­ 
sented in this report are generally determined by using 
the most current published USGS flood-frequency 
reports for States in the area of flooding. Recurrence 
intervals for the 1993 maximum discharges on the Kan­ 
sas River, the Missouri River, and the Mississippi River 
are based on unpublished flood-frequency analyses 
completed by the U.S. Army Corps of Engineers (Gary 
Dyhouse, St. Louis District, U.S. Army Corps of Engi­ 
neers, written commun., 1993; Jerry Buehre, Kansas 
City District, U.S. Army Corps of Engineers, written 
commun., 1993).

CHRONOLOGY OF THE SPRING AND 
SUMMER FLOODING

The magnitude and timing of several rainstorms 
during late June and July, combined with wet anteced­ 
ent climatic conditions, were the principal causes of the 
severe flooding in the upper Mississippi River Basin. 
To illustrate the effect of the timing of runoff from 
these storms on the maximum discharge in the Missis­ 
sippi River, the maximum discharges and their dates of 
occurrence for selected streamflow-gaging stations in 
the general area of flooding are shown in figure 15.

During June 17-18, 2 to 7 inches of rain fell 
throughout southern Minnesota, northern Iowa, and 
southwestern Wisconsin. Runoff from this storm 
caused flooding on the Minnesota and the Mississippi 
Rivers in Minnesota and the Chippewa and the Black 
Rivers in Wisconsin. As a result of these floodwaters, 
the discharge of the Mississippi River at Clinton, Iowa, 
peaked on July 8, 1993.
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Raccoon River at Van Meter, Iowa 
Q = 68,900 cubic feet per second 
July 10, 1993 x

X

South Skunk River below 
Squaw Creek near Ames, Iowa 
Q = 25,300 cubic feet per second 
July 9, 1993

Minnesota River near Jordan, Minnesota. 
Q = 91,500 cubic feet per second 
June 25, 1993

Mississippi River at St. Paul, Minnesota. 
Q = 105,000 cubic feet per second 
June 28, 1993

\
Mississippi River at Clinton, Iowa 
Q = 234,000 cubic feet per second 
JulyS, 1993

Kansas River at Topeka, Kansas 
Q = 196,000 cubic feet per second 
July 24, 1993

Mississippi River at Keokuk, Iowa 
Q = 435,000 cubic feet per second 
July 10, 1993

Missouri River at Hermann, Missouri. 
Q = 732,000 cubic feet per second 
July 31, 1993

Mississippi River at St. Louis, Missouri. 
Q = 1,030,000 cubic feet per second 
August 1, 1993

EXPLANATION

Area of flooding streams 

Boundary of Mississippi River Basin

Streamflow-gaging station 

Discharge

Figure 15. Maximum discharges (Q) and dates of occurrence for the 1993 flood at selected streamflow-gaging 
stations in the upper Mississippi River Basin (Parrett and others, 1993).

Two separate storms during early July caused 
large-scale flooding in Iowa. During the first storm on 
July 5, 2 to 5 inches of rain fell in central Iowa and 
caused lowland flooding on the Iowa, the Skunk, and 
the Des Moines Rivers. During the second storm on 
July 8-9, 2 to 8 inches of rain fell in central Iowa. Riv­ 
ers throughout central Iowa had not receded from the 
July 5 storm, and the three major reservoirs in this part 
of the State were at capacity. The runoff from this 
storm, combined with the runoff from the July 5 storm, 
caused record or near-record maximum discharges at 
streamflow-gaging stations throughout the Iowa, the 
Skunk, the Raccoon, and the Des Moines River Basins. 
The floodwaters from these rivers entered the Missis­

sippi River at about the same time as the flood peak 
from the late June storm in northern basins reached 
Keokuk, Iowa. The coincident timing of the flood 
peaks from these tributary rivers increased the maxi­ 
mum discharge on the Mississippi River and aggra­ 
vated flooding on the Mississippi River from 
Davenport, Iowa, to St. Louis, Missouri. The discharge 
on the Mississippi River at St. Louis that resulted from 
these combined floodwaters peaked on July 20.

On July 15-16, 2 to 7 inches of rain fell in eastern 
North Dakota and western Minnesota and caused 
flooding in the upstream reaches of the Minnesota 
River Basin in Minnesota and the James River Basin in 
North Dakota. Although maximum discharges from
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this storm were not as large in the downstream reaches 
of these basins as the maximum discharges of late June, 
the floodwaters from the James River added to the 
flooding of late July on the Missouri River.

From July 22 to 24, 2 to 13 inches of rain fell in 
parts of Nebraska, Kansas, Missouri, Iowa, and Illi­ 
nois. The runoff from this storm caused record maxi­ 
mum discharges on the Platte River in Nebraska and 
contributed large flows to previously filled reservoirs in 
the Kansas River Basin in Kansas. Maximum dis­ 
charges on the Kansas River were the largest since 
1951, which is before significant river regulation 
began. Discharges also were near-record on the 
Nishnabotna River in Iowa and the Illinois River in 
Illinois.

Before the July 22 to 24 storm, the Missouri River 
was at or near flood stage as a result of large tributary 
inflows earlier in the month from the James River in 
North and South Dakota, the Big Sioux River in South 
Dakota, and the Little Sioux River in Iowa. As a result, 
floodwaters from the Platte and the Kansas Rivers

caused record or near-record maximum discharges on 
the Missouri River at streamflow-gaging stations 
downstream from the confluence of the Platte River. 
The flood peak on the Missouri River reached Her­ 
mann, Missouri, on July 31. The maximum discharge 
from the Missouri River caused a second and greater 
maximum discharge at the streamflow-gaging station 
on the Mississippi River at St. Louis on August 1.

Flood conditions on the Mississippi River differed 
upstream and downstream from the confluence of the 
Ohio River. At Thebes, Illinois, just upstream from the 
confluence, severe flooding on the Mississippi River 
peaked on August 7. Downstream from the confluence, 
flooding on the Mississippi River was not severe 
because of less-than-average discharge contributed by 
the Ohio River and a substantially larger channel 
capacity in this reach of the Mississippi River. The dis­ 
charge of the Ohio River was less than average during 
July and August as a result of generally dry conditions 
and low reservoir outflows throughout the Ohio River 
Basin.

Floods in the Upper Mississippi River Basin, 1993 31
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Flood Discharges, Gage Heights, and 
Recurrence Intervals in the Upper 
Mississippi and Missouri River Basins by 
State
By Charles A. Perry

Flooding during the spring and summer of 1993 in the upper Mississippi and 
Missouri River Basins was widespread, encompassing nine States. Many streams 
in this nine-State area had historic floods, while some streams had only moderate 
flooding. Tables 7 through 15 include a compilation of flood information for 
selected streams within each of the states of Illinois, Iowa, Kansas, Minnesota, 
Missouri, Nebraska, North Dakota, South Dakota, and Wisconsin (U.S. Geological 
Survey, 1994). Figures 16-24 provide the location of the streamflow-gaging sta­ 
tions within each State. Only streams within the upper Mississippi and Missouri 
Basins are listed. Flooding outside of these basins or other than the spring and sum­ 
mer of 1993 are listed in the sections "Summary of Floods of 1992" and "Summary 
of Floods of 1993."
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EXPLANATION
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Number corresponds to that in table 7

Figure 16. Location of selected streamflow-gaging stations in Illinois.
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January 5-6, 1992, in Puerto Rico
By Heriberto Torres-Sierra

During January 5-6, 1992, most of the mountain­ 
ous interior and several areas along the north, east, and 
south coasts of Puerto Rico experienced moderate to 
severe floods (fig. 25). More than one-half of the 
island's towns were affected (40 municipalities). This 
flood was a result of intense rainfall generated by the 
unusual combination of a cold front and an upper-level 
pressure trough. As much as 20 inches of rain fell on 
the interior of Puerto Rico. Damage to houses, busi­ 
nesses, farmlands, livestock, highways, bridges, and 
other public and private properties was $155 million. 
This value was estimated from reports submitted by 
different agencies, which included the Federal Emer­ 
gency Management Agency, the Puerto Rico Depart­ 
ment of Agriculture, and the Puerto Rico Department 
of Transportation and Public Works.

The U.S. Geological Survey collected and ana­ 
lyzed data on the magnitude and frequency of maxi­ 
mum discharge recorded at streamflow-gaging stations 
throughout Puerto Rico. At streamflow-gaging stations 
where recording instruments failed or were damaged 
during the flood, high-water marks were surveyed to 
determine the maximum stage and discharge. Maxi­ 
mum discharges at the Rio de La Plata at Proyecto La 
Plata and at the Rio Grande de Patillas near Patillas 
gaging stations were estimated using indirect- 
discharge measurement techniques. This article pro­ 
vides a general description of the storm and flood, flood 
damage, and maximum stages and discharges for the 
January 5-6, 1992, flood and for previous maximum 
floods at selected streamflow-gaging stations.

Information related to rainfall quantities and inten­ 
sities throughout the island was provided by the 
National Weather Service, National Oceanic and 
Atmospheric Administration, U.S. Department of 
Commerce. The Federal Emergency Management 
Administration, the Puerto Rico Department of Agri­ 
culture, and the Puerto Rico Department of Transporta­ 
tion and Public Works provided information on 
damage caused by the rain, floods, and landslides.

THE STORM

On January 4,1992, an extensive area of low pres­ 
sure at the surface and aloft was located off the east 
coast of the United States. An associated cold front 
extended from the Atlantic Ocean east of the Bahama 
Islands southwest to the Caribbean Sea. At 0800 on 
January 5, the front was positioned northeast to south­ 
west across the Dominican Republic. As the day pro­ 
gressed, convective activity ahead of the cold front 
became more intense. By 1400, a surface pressure 
trough had developed over Puerto Rico ahead of the 
nearly stationary cold front. A weak surface low pres­ 
sure also developed near the Gulf of Venezuela rein­ 
forcing the moist airflow into the storm system 
(fig. 26).

The unusual combination of these weather systems 
produced nearly stationary thunderstorms and intense 
rain on the mountainous interior of Puerto Rico. By the 
evening of January 5, the showers and isolated thunder­ 
storms had spread over the island. Strong thunderstorm 
activity and intense rain continued throughout that 
night and into the early morning hours of January 6 as 
the stationary cold front remained over the Dominican 
Republic. The surface trough ahead of the cold front 
and the weak low-pressure system to the southwest of 
Puerto Rico had dissipated. Although scattered show­ 
ers and thunderstorms persisted, the intense rains had 
diminished.

Rainfall totals ranged from about 2 inches in the 
northern part of Puerto Rico to 20 inches in its interior 
(fig. 27). The largest 24-hour rainfall total recorded was 
20.3 inches at Toro Negro Forest (table 16). As much 
as 19.6 inches of rain fell in Cayey, exceeding the pre­ 
vious 24-hour record of 12.8 inches on August 30, 
1979. Rainfall intensities for 1-, 2-, 3-, and 6-hour 
durations of 5.9, 8.4,11.2, and 18.4 inches exceeded 
previous islandwide maximums of 4.3, 6.7, 7.8, and 
10.4 inches, respectively.

FLOOD DESCRIPTION AND DAMAGES

During January 5-6, 1992, at least 40 of the 
78 municipalities in Puerto Rico were affected by the
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lase from the Central Intelligence Agency. 1 3.000,000, 1987 
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Low pressure system

Figure 26. Location of weather systems that produced intense rain over Puerto Rico during evening of 
Januarys, 1992.

worst flooding since the October 7,1985, flood. Rood- 
waters inundated downtown areas and neighborhoods, 
washing away homes, businesses, vehicles, bridges, 
and portions of roads. Twenty persons were drowned as 
floodwaters swept away their vehicles as they 
attempted to cross flooded bridges and roads. The most 
affected municipalities were Patillas, Cayey, Comerio, 
Toa Baja, Dorado, Salinas, and Ponce. Many landslides 
occurred on the slopes of the island's mountainous inte­ 
rior. About 15 main thoroughfares were obstructed or 
destroyed by floodwaters and landslides.

At Patillas, the floodwaters of the Rio Grande de 
Patillas and its tributaries destroyed 15 houses and

severely damaged another 141 houses. Most of these 
houses were affected by the Quebrada Arriba, a major 
tributary of the Rio Grande de Patillas upstream from 
the Lago Patillas. The residents of Barrio Mulas were 
isolated when the Rio Grande de Patillas destroyed the 
bridge on Highway 754. The streamflow-gaging station 
on the Rio Grande de Patillas was extensively dam­ 
aged. Several older citizens living along the Quebrada 
Arriba and the Rio Grande de Patillas indicated that 
this flood was the largest they had ever experienced.

Roods along the Rio de La Plata and its upper 
reach tributaries were particularly noteworthy. At 
Cayey, the Quebrada Santo Domingo and the

January 5-6,1992, in Puarto Rico 93
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Table 16. Daily rainfall reported for January 5-6,1992, at selected National Weather Service-National Oceanic and 
Atmospheric Administration (NWS-NOAA) stations throughout Puerto Rico (data from National Oceanic and Atmospheric 
Administration, 1992)
[Data recorded at the NWS-NOAA stations are reported for a 24-hour period starting at 0800 of one day and ending at 0800 of the date reported. 
--, daily rainfall value not available]

Climatic subdivision and 
name of NWS-NOAA 

station

WESTERN INTERIOR

Adjuntas substation
Arecibo observatory
Cerro Maravilla
Coloso
Corozal substation
Dos Bocas
Jayuya
Las Marias
Maricao 2 SSW
Morovis 1 N
Negro-Corozal
San Sebastian 2 WNW
Toro Negro Forest
Utuado

EASTERN INTERIOR

Aibonito
Caguas 1 W
Cayey 1 E
Cidra 1 E
Gurabo substation
Juncos 1 NNE
Paraiso
Pico del Este
Rio Blanco Lower
San Lorenzo 3 S

NORTHERN SLOPES

Can6vanas

Fajardo
Isabela substation
La Muda-Caguas
Manati 2 E
Rinc6n Powerplant
Trujillo Alto 2 SSW

Rainfall (inches)
1               

January 
5

0.31

0

2.00

0

0

0

.14

.02
 

0

0

0

.75

0

0.30

.05

.10

.05

.07

0

.40

1.60

5.14

.54

0.15

0

.02

0

0
--

.05

January 
6

6.63

1.70

12.00

1.40

6.10

1.22

7.20

1.14
 

2.96

8.00

1.37

20.30

3.55

5.00

6.95

19.56

10.36

7.11

6.57

8.20

10.10

2.11

5.60

4.95

8.00

1.92

4.93

1.43
--

4.01

Total

6.94

1.70

14.00

1.40

6.10

1.22

7.34

1.16

6.40

2.96

8.00

1.37

21.05

3.55

5.30

7.00

19.66

10.41

7.18

6.57

8.60

11.70

7.25

6.14

5.10

8.00

1.94

4.93

1.43

2.25

4.06

Climatic subdivision 
and name of 

NWS-NOAA station

SOUTHERN SLOPES

Benavente-Hormigueros
Coamo 2 SW
Corral Viejo
Guayama
Humacao 2 SSE
Juana Diaz Camp
Maunabo
Patillas
Puerto Real
Roosevelt Roads
Sabana Grande 2 ENE
Yabucoa 1 NNE

NORTH COAST

Borinquen Airport
Quebradillas
Rio Piedras AES
Rio Piedras Heights
San Juan WSFO
Toa Baja 1 SSW

SOUTH COAST

Central Aguirre
Central San Francisco
Ensenada
Lajas substation
Ponce 4 E
Ponce City
Santa Isabel 2 ENE

Rainfall (inches)

January 
5

0

0

.32

0

0

0

0

0

0

4.65

0

0

0
--

.05

0

0

0

0

.02

.05

.01

.20

1.66

0

January 
6

3.05

9.00

12.15

4.82

12.00

10.15

7.60

2.10

4.80

1.64

5.00

10.90

0.40
--

2.00

4.60

2.24

3.30

2.05

2.92

4.16

10.00

8.30

5.49

5.00

Total

3.05
9.00

12.47

4.82
12.00

10.15

7.60
2.10
4.80
6.29
5.00

10.90

0.40

3.66
2.05
4.60

2.24
3.30

2.05
2.94
4.21

10.01
8.50
7.15

5.00
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Quebrada Vieques rose quickly, flooding homes and 
businesses in downtown Cayey. Floodwaters washed 
away 10 municipal vehicles, including 3 new garbage 
trucks worth $55,000 each. At the Proyecto La Plata 
streamflow-gaging station (site 2, table 17), the river 
crested at a stage of 36.39 feet, exceeding the previous 
maximum of record by about 4 feet. The bridge on 
Highway 173, downstream from the streamflow-gag­ 
ing station, was washed away by the floodwaters. The 
Rio de La Plata flooded homes and businesses in the 
Comerio downtown area and partially destroyed the 
bridge on Highway 775, a newly built sewage pipeline, 
and the streamflow-gaging station at Comerio (site 3, 
table 17).

Farther downstream at Lago La Plata, the water 
level increased 19 feet in 6 hours. The streamflow-gag­ 
ing station at Highway 2 (site 6, table 17) recorded a 
maximum discharge of 110,000 cubic feet per second, 
which exceeded the maximum previously recorded dis­ 
charge of 95,000 cubic feet per second, produced dur­ 
ing the flood of September 6,1960 (Barnes and Bogart, 
1961). Downtown Toa Baja and nearby low-lying areas 
were hard hit by the floodwaters of the Rio de La Plata. 
In many homes the floodwaters reached a depth of 
7 feet. Water hyacinths carried from the Lago La Plata 
by the Rio de La Plata proved to be a menace to bridges 
and culverts. At Dorado, water hyacinths and bamboo 
blocked the opening of the river bridge, forcing flood- 
waters over and around the bridge, resulting in severe 
damage to the bridge deck, abutments, and piers.

On the south coast, the towns of Salinas and Ponce 
were the most affected by the January 5-6,1992, flood. 
At Salinas, the Rio Lapa flooded the rural area of 
Vazquez, and the Rio Nigua flooded the communities 
of El Coco and Margarita, destroying a bridge and 
10 houses and damaging 164 other houses. At Ponce, 
an extensive area near the confluence of the Rio Chiq- 
uito and the Rio Portugues was inundated when flood- 
waters from both streams combined.

The northeastern area of Puerto Rico also experi­ 
enced notable floods when the Rio Sabana and the Rio 
Fajardo overflowed their banks. At the stream- 
flow-gaging station on the Rio Sabana at Sabana 
(site 18, table 17) the maximum stage exceeded the 
previous maximum of record of 19.35 feet by 0.39 feet, 
while at the Rio Fajardo near Fajardo streamflow-gag­ 
ing station (site 19, table 17) the maximum stage 
almost equalled the maximum of record of 20.00 feet. 
The Rio Fajardo gage house was washed away and 
found destroyed about 2 miles downstream.

The rain, floods, and landslides caused extensive 
damage to private and public property. Total damages 
were estimated at $155 million by the Federal Emer­ 
gency Management Administration. The flood of Janu­ 
ary 5-6,1992, resulted in 23 deaths, 20 of which 
involved motor vehicles. There also were 167 persons 
injured; 17 required hospitalization (Torres-Sierra, 
1995).

Emergency housing, medical attention, food, and 
clothing were provided for thousands of people as 
78 houses were destroyed and 4,241 others damaged. 
Damage to homes, including those destroyed, was esti­ 
mated at $20.5 million. As a result of the flooding 
about 550 persons were left homeless. Damage to busi­ 
nesses was estimated at $11.5 million. Damages 
occurred mostly in the towns of Toa Baja, Cayey, and 
Patillas (Torres-Sierra, 1995).

The Puerto Rico Department of Agriculture 
reported considerable damage, with losses of approxi­ 
mately $5.0 million. The damage to vegetable crops 
alone was $1.6 million. The plantain and banana crops 
suffered a loss of $0.5 million. Damage to the agricul­ 
tural infrastructure in Puerto Rico was about $1.0 mil­ 
lion (Torres-Sierra, 1995).

Public facilities, roads, and bridges sustained more 
than $24 million of damage. At least 5 bridges were 
destroyed, and 20 were damaged. Many water-filtra­ 
tion plants, sewage-treatment plants, pumping stations, 
and aqueduct systems were severely damaged 
(Torres-Sierra, 1995).

SUMMARY OF FLOOD STAGES AND 
DISCHARGES

The U.S. Geological Survey collected maximum 
stage and discharge information from its network of 
streamflow-gaging stations throughout Puerto Rico 
during the January 5-6,1992, flood. High-water marks 
were surveyed shortly after the flood to determine the 
maximum stages and discharges by indirect methods at 
sites where recording instruments failed or were dam­ 
aged during the flood. The streamflow-gaging stations 
on the Rio Grande de Patillas near Patillas and on the 
Rio Fajardo (sites 20 and 19, fig. 28) near Fajardo were 
washed away by the floodwaters. Twelve others were 
rendered inoperable because of the accumulation of 
heavy debris and partial washouts. Discharges at the 
Rio Grande de Patillas near Patillas and at the Rio de 
La Plata at Proyecto La Plata were calculated using

96 Summary of Floods in the United States, January 1992 Through September 1993
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indirect methods and were found to exceed the histori­ 
cal maximum discharges.

Hydrologic information indicates that floods of 
moderate to severe intensity occurred in the basins of 
the Rio de La Plata, the Rio Grande de Loiza, the Rio 
Sabana, the Rio Fajardo, the Rio Grande de Patillas, the 
Rio Lapa, the Rio Majada, the Rio Toa Vaca, and the 
Rio Cerrillos (fig. 28). Flood stages, discharges, recur­ 
rence intervals, and other pertinent information for 
selected streamflow-gaging stations within these 
basins are summarized in table 17.

Previous maximum discharges were exceeded at 
18 streamflow-gaging stations, and 11 streams had 
maximum flows in excess of 1,000 cubic feet per sec­ 
ond per square mile. The largest flows during the flood 
were recorded at the streamflow-gaging stations along

the Rio de La Plata. The Rio de La Plata at Comerio 
had a maximum discharge of 127,000 cubic feet per 
second (1,170 cubic feet per second per square mile), 
the Rio de La Plata below La Plata Dam had a maxi­ 
mum discharge of 127,000 cubic feet per second 
(734 cubic feet per second per square mile), and the 
Rio de La Plata at Highway 2 near Toa Alta had a max­ 
imum flow of 118,000 cubic feet per second (590 cubic 
feet per second per square mile). The streamflow-gag­ 
ing station with the largest flow per square mile during 
the flood was the Rio Grande de Loiza at Quebrada 
Arenas station with 3,030 cubic feet per second per 
square mile (18,200 cubic feet per second). Discharge 
hydrographs for selected streamflow-gaging stations 
are shown in figure 29.
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Figure 29. Discharge hydrographs for selected streamflow-gaging stations during January 5-7,1992.
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March 11, 1992, Ice-Jam Flood in Montpelier, Vermont
By Jon C. Denner and Robert O. Brown

The ice-jam flood on March 11, 1992, caused the 
largest inundation of Vermont's State capital since the 
flood of 1927. Unlike the 1927 flood, which occurred 
because of intense rainfall and excessive runoff, the 
high water levels of March 1992 were generated by 
ice-induced backwater of the Winooski River. 
Although the areal extent of an ice-jam flood is small, 
the consequences to a community may be severe. That 
was the case in Montpelier when the Winooski River 
overflowed its banks and inundated the downtown 
area.

PRE-BREAKUP CONDITIONS IN THE 
WINOOSKI RIVER BASIN

In mid-February, the Winooski River and North 
Branch Winooski River in the Montpelier area were 
covered with solid ice and snow. Streamflow on unreg­ 
ulated streams was low because of consistently cold 
temperatures. On February 18, a discharge of 
232 cubic feet per second was measured in the reach 
upstream from the streamflow-gaging station on the 
Winooski River at Montpelier (fig. 30). The discharge 
measurement was made through ice cover using a cur­ 
rent meter. Backwater attributed to ice effect, as deter­ 
mined by the discharge measurement, was 1.21 feet. 
The average ice thickness in the cross section was 
about 1.7 feet. After a brief thaw and light rains on 
February 19, temperatures remained seasonably cold 
through the first week of March.

A moderating trend began as a storm system devel­ 
oped over the mid-Atlantic Coast and moved in a 
northeasterly direction along a cold front bringing rain 
and above-freezing temperatures to Vermont. When 
ice-covered rivers, such as the Winooski River, are sub­ 
ject to mild weather, the following two processes are 
likely to occur: (1) increased runoff by snowmelt and 
rains can result in increased uplift and frictional forces 
applied to the ice cover, and (2) increased heat input to 
the ice can reduce its strength (Beltaos and others, 
1990, p. 39).

Although snow depth had diminished to 2-4 inches 
in the Montpelier area, a considerable snowpack 
remained in the higher altitudes on March 10. 
Snow-course data, collected on March 3 at an elevation

of 1,300 feet in the headwaters of the Winooski River 
Basin, indicated an average snow depth of 18 inches 
and a water depth equivalent of 5 inches (unpublished 
data on file with the Bow, New Hampshire, office of the 
U.S. Geological Survey).

Late in the evening on March 10, a low-intensity 
rainfall commenced over the Winooski River Basin 
and continued overnight. By 0600 on March 11, the 
storm dropped about 0.60 inch of rain. An additional 
0.20 inch accumulated throughout the day on 
March 11. About 0650, local police reported an ice 
jam near the Washington County Railroad Bridge, west 
of Pioneer Street Bridge (fig. 30). The jam subse­ 
quently released, and the ice and water surged down­ 
stream. At 0700 another police report described an ice 
jam near the Bailey Avenue Bridge, and flooding was 
reported on State Street (Times Argus, March 15, 
1992). Within less than 1 hour, downtown Montpelier 
was inundated to a depth of 2 to 5 feet. A formal state 
of emergency was declared by the Governor of Ver­ 
mont at 0900.

Ice from the 1.5-mile section of the Winooski 
River downstream from the confluence with Stevens 
Branch probably caused the ice jam in Montpelier 
(Federal Emergency Management Agency, 1992). A 
surge of water released from the upstream ice jam may 
have triggered ice breakup along the Winooski River in 
Montpelier. The ice run stalled at a bend in the channel 
about 300 feet downstream from the Bailey Avenue 
Bridge. Stage data recorded at the streamflow-gaging 
station downstream from the major ice jam indicated 
substantial backwater in this reach prior to the forma­ 
tion of the jam (fig. 31). Another ice jam downstream 
from the streamflow-gaging station, possibly in Mid­ 
dlesex, may have caused the backwater. Channels 
affected by backwater typically have a marked reduc­ 
tion in water-surface slope and a decrease in flow 
velocities. These factors may have contributed to the 
stalling of the ice run and its subsequent ice-jam forma­ 
tion on the Winooski River.

After the initial ice jam formed near the Bailey 
Avenue Bridge, additional ice fragments continued to 
arrive from upstream. The jam thickened primarily 
because of underturning of ice blocks. Rising water 
levels caused large ice fragments to become entangled 
with the low steel of the Bailey Avenue and Taylor
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Figure 31. Gage height, Winooski River at Montpelier, Vermont, March 10-12,1992 (source: 
U.S. Geological Survey files, Bow, N.H.).

Street Bridges. Ice was stacked against the upstream 
side of the Washington County Railroad Bridge, but 
about 1.5 feet separated the Main Street Bridge from 
the ice pack. Bridges and other structures can contrib­ 
ute support to ice jams. The ice jam extended about 
1 mile along the Winooski River, its toe (downstream 
end) was located near the Bailey Avenue Bridge, and 
its head (upstream end) was upstream from the Granite 
Street Bridge (Federal Emergency Management 
Agency, 1992).

MONTPELIER FLOODING

Flooding of the downtown area was rapid. The ice 
jam formed about 0700, and by 0800, Main, Elm, and 
State Streets were inundated. Most office workers, 
merchants, and residents had little warning of the 
impending flood. Some waded through thigh-deep 
water in parking lots only to find their vehicles 
stranded. Hundreds of people were evacuated by local 
and State police, fire departments, and private citizens

using an array of small watercraft. Fortunately, the 
flood occurred during daylight; otherwise, the rescue 
operations would have been more difficult.

Flooding was observed first on State Street in a 
low-lying area near the confluence of the North Branch 
and Winooski River. The high water levels on the 
Winooski River, resulting from the ice jam, created 
backwater on the North Branch Winooski River. The 
North Branch overflowed sending floodwater onto 
State Street. Ice cover along the North Branch was 
uplifted but remained intact as the water level 
increased. Downstream movement of ice on the North 
Branch was prevented because the ice pack on the 
Winooski River blocked its outlet. Furthermore, ice 
cover on the North Branch lodged against the Langdon, 
Rialto, and Washington County Railroad Bridges.

Flow on the North Branch Winooski River is regu­ 
lated by the Wrightsville Detention Reservoir (site 3, 
fig. 32), located 4.2 miles upstream from the conflu­ 
ence with the Winooski River. The earthfill reservoir, 
constructed for flood-control storage, was completed in
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Figure 32. Location of U.S. Geological Survey streamflow-gaging stations in vicinity of Montpelier, Vermont.
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1935. The effectiveness of the structure was docu­ 
mented during the 1936 flood; the reservoir contributed 
to reducing the flood crest and potential for flood dam­ 
age in Montpelier (Denner, 1991, p. 539). As originally 
designed, the reservoir was an uncontrolled, self-regu­ 
lating detention basin. Outflow was dependent on the 
capacity of the outlet opening near the base of the dam. 
Since 1985, a hydroelectric-generating station has 
operated at the reservoir outlet. When the reservoir 
stage is below 635 feet, discharge is through a conduit 
leading to the generating units. Water levels higher 
than 635 feet flow out an uncontrolled conduit; dis­ 
charge at high stages, then, is a direct function of the 
reservoir stage.

The streamflow-gaging station on the North 
Branch Winooski River (site 2, fig. 32) is 0.8 mile 
downstream from Wrightsville Detention Reservoir 
(site 3, fig. 32). Recorded data showed discharge on 
March 11, from midnight to 0500, at about the mini­ 
mum-flow rate of 30 cubic feet per second (fig. 33). At 
0600, discharge increased to 215 cubic feet per second

as a result of powerplant operation. Powerplant opera­ 
tion continued until shutdown at about 1015. Mean­ 
while, the water level at Wrightsville Detention 
Reservoir was increasing (fig. 34). Outflow to the 
uncontrolled conduit began at about 1100 when the res­ 
ervoir stage exceeded 635 feet. Discharge on the North 
Branch increased during the afternoon; a discharge of 
563 cubic feet per second was recorded at 1715, 
approximately when the ice jam released on the 
Winooski River. Discharge probably was slightly 
higher at the mouth because of additional inflow from 
streams between the streamflow-gaging station and 
Montpelier. A maximum discharge of 842 cubic feet 
per second occurred at the North Branch Winooski 
River streamflow-gaging station on March 12, at 0530.

Discharge on the North Branch Winooski River 
alone was too small to account for the rapid flooding of 
Montpelier. Estimated streamflow on the Winnooski 
River was about 3,000 cubic feet per second during the 
period of inundation; thus, the Winooski River was
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Figure 33. Discharge, North Branch Winooski River at Wrightsville, Vermont, March 10-12,1992 
(source: U.S. Geological Survey files, Bow, N.H.).
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1992 (source: U.S. Geological Survey files, N.H.).

most likely the major source of floodwater in the down­ 
town area.

HIGH WATER LEVELS RESULTING FROM 
ICE JAM

A major consequence to communities during 
ice-jam flooding is the high water levels attained 
behind the ice dam. An important constraint to the size 
of an ice jam and thus the maximum water level is flow 
diversion around the ice jam (Beltaos and others, 1990, 
p. 77). After the Winooski River and North Branch 
Winooski River overflowed onto the flood plain, water 
was free to move around the ice jam. The ice dam at the 
Bailey Avenue Bridge was bypassed on the north bank. 
Lower State Street, in effect, became a spillway for the 
ice dam. Overbank flow on the flood plain reconverged 
with the main channel about 200 feet downstream from 
the Bailey Avenue Bridge (fig. 30).

The water-surface elevation in the impoundment 
was relatively stable during most of the flood. Water 
levels, based on onsite inspections, ranged from 
523.4 feet at 1055 to 524.3 feet at 1630. A maximum 
water level of 525.1 feet (0.9 foot below the current 
Federal Emergency Management Agency 100-year 
flood elevation) was determined from high-water 
marks found at the Federal building on State Street. 
The maximum elevation probably occurred during the 
surge of ice and water at about 1700. In comparison, 
the 1927 flood crest of 533.9 feet exceeded the 
100-year flood elevation by 7.9 feet.

ICE-JAM RELEASE

Between 1430 and 1500, a section of the toe of the 
ice jam dislodged as a result of high flows and interven­ 
tion by construction equipment; a crane operating on 
the left bank dropped a steel beam on the ice fragments 
while excavators pushed blocks downstream. The ice
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jam redeveloped, however, when upstream ice frag­ 
ments moved downstream. Ultimately, the ice jam was 
pushed out by a major surge of ice and water. The surge 
originated in the steep section of the channel between 
the Stevens Branch confluence and the upstream dam 
at Levesque Station. An ice jam at the confluence broke 
up at about 1615. The flood surge traveled downstream 
to the Bailey Avenue Bridge, causing breakup of the ice 
jam there at about 1710.

As the jam moved out, ice damaged the right truss 
of the Washington County Railroad Bridge, thereby 
causing the bridge to fail. The bridge was driven off its 
center pier by a large mass of ice and snow that had 
accumulated over the winter as snow was removed 
from the city streets and dumped into the Winooski 
River. The mass remained lodged against the bridge 
after the water receded (Federal Emergency Manage­ 
ment Agency, 1992).

When ice jams release, water in storage discharges, 
and sudden increases in water levels and velocities are 
generated downstream. The maximum gage height and 
discharge recorded at the Winooski River stream- 
flow-gaging station downstream from the Bailey Ave­ 
nue Bridge were 15.71 feet and 11,500 cubic feet per 
second, respectively, at 1730. The maximum discharge 
had a recurrence interval of about 10 years (10-percent 
chance in a given year). The 1992 flood maximum was 
much smaller than the 1927 flood maximum. A maxi­ 
mum gage height of 27.1 feet and a maximum dis­ 
charge of 57,000 cubic feet per second occurred during 
the 1927 flood; the recurrence interval was greater than 
100 years (1-percent chance in a given year).

The duration of flooding in the downtown area was 
about 11 hours. After the ice jam released, floodwater 
quickly receded from the streets of Montpelier. The 
surge of ice and water traveled downstream causing 
overbank flooding in the fields between Montpelier and 
Middlesex. The arrival of sharply colder weather later 
in the day on March 11 reduced runoff and thus less­ 
ened the potential for more flooding in the Montpelier 
area.

Despite backwater from ice-affected streamflows 
at the streamflow-gaging station on the Winooski 
River, recorded stage data provided valuable informa­ 
tion on the ice-jam flood. The gage-height plot (fig. 31) 
illustrates streamflow trends. Stage and discharge 
increased during the early morning on March 11. The 
sharp spike at 0715 shows the surge following the 
release of the ice jam upstream from Montpelier. Dis­ 
charge decreased after the ice jam formed downstream

from the Bailey Avenue Bridge. Between 0730 and 
0800, the flow by the streamflow-gaging station was 
relatively stable, probably because of water being 
retained by the ice dani- The upward trend after the 
inundation of the downtown resulted from flow bypass­ 
ing the jam and increased runoff in the basin. About 
1500, heavy equipment dislodged some ice in 
mid-channel. The rapid drop during this period proba­ 
bly was not caused by a reduction in discharge but 
instead may indicate a reduction in backwater. By 
1600, the ice jam redeveloped, and flows continued to 
increase. The flood wave that ultimately caused the ice 
jam to fail arrived at about 1700. High flows, related to 
the dynamic breakup, are represented by the sharp 
upward trend. The recession after the maximum at 
1730 shows decreasing discharges under mostly 
open-water conditions.

FLOOD DAMAGE

The downtown commercial district of Montpelier 
received severe damage from the flooding. Water levels 
were 2 to 3 feet above the main-level floors in many 
businesses. Flood damage consisted primarily of 
destroyed inventory, machinery and equipment, and 
records and utilities housed in basements and on 
main-level floors. Buildings, streets, sidewalks, and a 
railroad bridge were damaged (Federal Emergency 
Management Agency, 1992).

Martial law was declared in Montpelier on March 
11, and only business owners and displaced residents 
were allowed in the city. Cleanup efforts were ham­ 
pered by extremely cold weather and light snows. The 
first priority for many property owners was to pump out 
basements and to repair heating and utility units 
because subfreezing temperatures could have further 
damaged properties. More than 200 automobiles were 
damaged or totally destroyed by floodwater. Some 
vehicles, not towed to heated garages, sustained more 
damage because engine blocks and transmission cases 
were cracked by expanding ice.

Petroleum spills caused pollution and safety haz­ 
ards. An estimated 8,000 gallons of fuel oil were dis­ 
charged into the floodwater (Federal Emergency 
Management Agency, 1992). In addition, gasoline 
leaked from automobile-service stations and vehicles. 
These contaminants either evaporated or were flushed 
downstream with the high flows after the ice jam was 
released. However, some petroleum residue remained 
in buildings and soils and created potentially hazardous
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conditions for emergency crews. In Montpelier, the 
ice-jam flood caused an estimated $4 million in dam­ 
age. Other flood damage totaling $1.1 million occurred 
in Caledonia, Orange, Washington, Windsor, and Chit- 
tenden Counties (Federal Emergency Management 
Agency, 1992). The President of the United States 
declared the flood-affected counties a disaster area 
(Times Argus, March 15,1992). No deaths or serious 
injuries were reported.
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April 1992, in Central and Southwestern Virginia
By Byron J. Prugh, Jr.

A strong frontal system moved eastward across 
Virginia during the third week in April 1992. The com­ 
bination of a low-pressure system over the Midwest 
coupled with a high-pressure system over the Atlantic 
Ocean off the eastern seaboard helped bring moisture 
northward from the Gulf of Mexico. The resultant 
rainfall amounts varied from 1 inch in the eastern part 
of the State to as much as 8 inches at several locations 
along the crest of the Blue Ridge Mountains (National 
Oceanic and Atmospheric Administration, 1992). 
Runoff from the rain produced widespread flooding, 
with the most severe damage noted along streams 
draining the western slopes of the Blue Ridge Moun­ 
tains and in the valley to the west of the mountains.

There were two large areas where the maximum 
flood discharges had a recurrence interval in excess of 
10 years (fig. 35). The largest area, encompassing 
more than 5,000 square miles, was along the Blue 
Ridge Mountains from the Virginia-North Carolina 
State line northward for about 150 miles. A second, 
smaller area of nearly 400 square miles was located at 
the northern end of the Shenandoah River Valley and 
on adjacent tributaries to the Potomac River.

Additionally, streamflow-gaging stations in two 
smaller areas one in the New River Basin on Big 
Reed Island Creek (site 15, fig. 35) and Beaverdam 
Creek at Hillsville (site 16, fig. 35) and a second in the 
upper James River Basin on the Maury River (site 5, 
fig. 35) recorded flood discharges with a recurrence 
interval in excess of 50 years.

Flooding was less severe along the eastern slopes 
of the Blue Ridge Mountains in the headwaters of the 
upper Rappahannock, Rapidan, and Rivanna River 
Basins where flood discharges with 2- to 10-year recur­ 
rence intervals were recorded. Along the eastern slope 
of the Blue Ridge Mountains in the headwaters of the 
Roanoke and Dan Rivers, there was considerable vari­ 
ation in response to runoff from the rainfall, and flood 
discharges from less than 2 years to more than 30 years 
were recorded.

The maximum stages and discharges recorded at 
selected streamflow-gaging stations are summarized in

table 18. New maximum discharges for the period of 
record were recorded at three stations in the New River 
Basin during the April 1992 flooding. A new maximum 
of record 257 cubic feet per second was recorded 
on Mira Fork tributary near Dugspur, Virginia (site 14, 
fig. 35), on April 21. The previous maximum for this 
0.62-square-mile watershed was 184 cubic feet per sec­ 
ond during May 1989. At the streamflow-gaging sta­ 
tion on Big Reed Island Creek near Allisonia, Virginia 
(site 15, fig. 35), a discharge of 17,900 cubic feet per 
second was recorded on April 21. The previous record 
of 14,500 cubic feet per second was established during 
September 1959. A third peak of record was measured 
at a partial-record station on Beaverdam Creek at Hills­ 
ville, Virginia (site 16, fig. 35), and was determined to 
be 876 cubic feet per second. The previous record 
maximum discharge of 834 cubic feet per second was 
recorded during September 1979.

Damages from the flooding were in the millions of 
dollars with more than 300 private residences inun­ 
dated and numerous roads, bridges, and public utilities 
damaged (Federal Emergency Management Agency, 
1992). Preliminary estimates of damages in the vicin­ 
ity of Roanoke and surrounding counties was $7.5 mil­ 
lion. Effects of the flooding were felt as far downstream 
as the James River at Richmond (fig. 35) where sand­ 
bags were used to fill gaps in a new floodwall that was 
being constructed to protect low-lying areas. One 
death was attributed to the flooding.
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Base from U S Geological Survey digital data, 1 2,000,000,1994
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EXPLANATION

Approximate extent of 10-year or greater 
recurrence-interval flooding

^ Flood-determination site Number corresponds 
to that in table 18

Figure 35. Approximate extent of 10-year or greater recurrence-interval flooding during April 1992, location of 
selected streamflow-gaging stations, and physiographic provinces in central and southwestern Virginia.
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May-August 1992, in Alaska
By Bruce B. Bigelow

Several floods occurred in Alaska during 1992 as 
spring streamflow was above normal. The flooding 
during May and June was intensified by backwater 
from ice jams. Some flooding was caused by excessive 
rainfall during August.

YUKON RIVER

The ice breakup in 1992 started with an ice-jam 
flood May 12 on the Yukon River near the Canadian 
border. The stage at the streamflow-gaging station at 
Eagle (site 1, fig. 36) was almost equal to the maximum 
observed stage caused by an ice jam during May 1962 
(table 19). The ice-jam flooding dissipated within the 
next 100 miles downstream from Eagle. The spring 
streamflows throughout much of Alaska were above 
normal. In the Yukon River Basin, the Chena River 
near Two Rivers (site 6, fig. 36) and the stream- 
flow-gaging station on the Yukon River near Stevens 
Village (site 3, fig. 36) recorded 100-year floods on 
June 3 and 11, respectively. Other stations (sites 1 and 
2, fig. 36) had peak flows with recurrence intervals 
from 10 to 30 years during early June. The Kobuk 
River near Kiana (site 9, fig. 36) in northwest Alaska 
also had a significant spring-melt discharge during 
early June.

FAIRBANKS

During the last week in May and the first week in 
June, flooding occurred in the upper Chena River Basin 
near Fairbanks. The streamflow-gaging station on the 
Chena River near Two Rivers (site 6, fig. 36) recorded 
a flood with a recurrence interval of 100 years. This 
discharge produced the highest stage since the flood 
that occurred in 1967. The discharge of the August 13, 
1967, flood was not determined, but its stage was 
4.56 feet higher than that recorded during the flood of 
June 3,1992. In contrast, the 1992 maximum discharge 
at the streamflow-gaging station on the Salcha River 
(site 4, fig. 36) and at the crest-stage gage on Monu­ 
ment Creek (site 5, fig. 36, a small tributary in the 
Chena River headwater) had recurrence intervals of 
only 4 years. Maximum discharge on the Chena River

occurred about a week later than the maximum dis­ 
charges on the Salcha River and Monument Creek. The 
relatively high discharge on the Chena River was the 
result of local rainfall during June 1-3 on parts of the 
headwaters at the time of maximum snowmelt runoff. 

For the first time since the Moose Creek flood-con­ 
trol dam on the Chena River became operational in 
1981, water was diverted (May 30-June 6) into the 
Tanana River. The impoundment of floodwater in the 
Moose Creek Reservoir and the diversion of some of 
this water prevented major flooding in Fairbanks. The 
impoundment and diversion elevated ground-water 
levels in the area. These high ground-water levels 
along with poor drainage patterns and high water in the 
upper Chena River Basin caused damage estimated at 
about $500,000. However, damages that were pre­ 
vented by the Chena Lakes Flood Control Project (of 
which Moose Creek Reservoir is a part) were estimated 
by the U.S. Army Corps of Engineers at about $10 mil­ 
lion (U.S. Army Corps of Engineers, 1994).

ARCTIC SLOPE

A flood occurred along the Sagavanirktok River 
extending from Atigun Pass in the Brooks Range to the 
North Slope of Alaska during the last week of August 
1992. On August 24-26 where the road between Fair­ 
banks and Prudhoe Bay climbs to Atigun Pass, precip­ 
itation fell as snow. However, where the road descends 
to the lower elevations of the Arctic Slope, the precip­ 
itation fell as rain and caused flooding at both gaging 
stations along the Sagavanirktok River.

The August 27 maximum discharge at the gage on 
Sagavanirktok River tributary near Pump Station 3 
(site 11, fig. 36) 20 miles north of Atigun Pass had a 
recurrence interval of 50 years. At the Sagavanirktok 
River near Pump Station 3 (site 12, fig. 36), about 
140 miles north of Atigun Pass, the August 27 dis­ 
charge had a recurrence interval greater than 100 years.

At the Kuparuk River near Deadhorse (site 10, 
fig. 36), 10 miles upstream from the Arctic Ocean 
(Prudhoe Bay), the August 28 maximum discharge had 
a recurrence interval less than 2 years. Usually the 
spring-melt discharge at this station far exceeds any 
summer discharge.
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Base from U S Geological Survey digital data, 1 2,000,000,1975
Albers Egual-Area Conic projection
Standard parallels 55° and 65 IJ , central meridian -154"
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EXPLANATION

±11 Streamflow-gaging station and site number 
Number corresponds to that in table 19

Figure 36. Location of selected U.S. Geological Survey streamflow-gaging stations in Alaska used to determine 
maximum stages and discharges for May-August 1992.
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Damage to roads and other public facilities was REFERENCE 
minor. A culvert on the Fairbanks to Prudhoe Bay road 
was washed out and delayed traffic briefly. At Prudhoe U'S ' ^1 CorPs of Eniineers- 1994' u-s - A y c°n>s °f
Bay, the Sagavanirktok River flooded some oil-field ?gi,neers ^J^. ̂ ^P0" to Coniress for

,. f, , , ., ,   c ,, fiscal year 1993: Washington, B.C., 17 p. 
areas, which halted oil production for several days.
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June 1992, in Western Virginia
By Byron J. Prugh, Jr.

During the first week of June 1992, a strong frontal system moved across Vir­ 
ginia. The front was accompanied by widespread rainshowers, some of which were 
locally intense. Total rainfall amounts for June 4-6 generally varied from 1 to 
4 inches; however, some areas in the southwestern part of the State received more 
than 6 inches of rain (National Oceanic and Atmospheric Administration, 1992).

Runoff from the rains produced high water across much of the western 
one-half of the State; however, the area of major flooding was confined to the New 
River Basin (fig. 37). Maximum discharges at streamflow-gaging stations on the 
main stem New River had recurrence intervals of approximately 7 to 20 years 
(table 20). At streamflow-gaging stations on tributaries to the New River, the recur­ 
rence interval of the flood peaks varied from less than 2 to 22 years, except on 
Walker Creek where the recurrence interval was estimated to be in excess of 
100 years (site 10, table 20).

The maximum discharge of 25,000 cubic feet per second at the stream- 
flow-gaging station on Walker Creek at Bane, Virginia (site 10, fig. 37), was the 
largest recorded since the beginning of gaging-station operation in 1938. Informa­ 
tion on a historical flood that occurred in 1878 was provided by local residents 
when the station was established in 1938. The flood of September 1878 had a max­ 
imum discharge estimated at 40,000 cubic feet per second on the basis of historical 
high-water marks and channel geometry measured after the June 1992 flood. 
Table 20 summarizes the maximum stages and discharges for the June 1992 flood 
at selected streamflow-gaging stations in the New River Basin.

REFERENCE

National Oceanic and Atmospheric Administration, 1992, Climatological data, Virginia: 
Asheville, N.C., National Climatic Data Center, v. 102, no. 6, 23 p.
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June 14-15, 1992, Along the North Fork 
Powder River Below Pass Creek, Near 
Mayoworth, Wyoming
By Jeff C. Vigil

Intense rain, associated with strong convection, fell over much of north-central 
Wyoming on the night of June 14 and morning of June 15,1992, and caused flood­ 
ing on the North Fork of the Powder River and other tributaries of the Powder 
River (Evans, 1993). The National Oceanic and Atmospheric Administration 
(1992) reported 4.06 inches of rain at Buffalo and 5.60 inches, 15 miles south of 
Buffalo, on June 14th and 15th. Unofficial reports indicated that more than 6 inches 
of rain fell southwest of Buffalo (fig. 38). Most of the rainfall occurred in an 
18-hour period and was equivalent to a 24-hour design storm having a recurrence 
interval of 100 years (Evans, 1993).

The streamflow-gaging station on North Fork Powder River below Pass Creek, 
near Mayoworth, Wyoming (site 1, fig. 38), had a maximum stage of 7.47 feet and 
a maximum discharge of 1,090 cubic feet per second on June 15. This discharge 
has a recurrence interval of about 20 years, but it did not exceed the 1984 maximum 
discharge of 1,590 cubic feet per second (table 21). At a bridge about 7 miles 
downstream from site 1, floodwaters overtopped the road embankment.

Stream stages in the affected drainage areas increased downstream from the 
area of greatest rainfall. Wyoming State Engineer Office personnel reported an 
increase in stage of more than 7 feet at the streamflow-gaging station on Crazy 
Woman Creek at Trabing Bridge (site 2, fig. 38) (Carmine LoGuidice, Wyoming 
State Engineer's Office, written commun., 1993).

Johnson County Road and Bridge Department officials (oral commun., 1993) 
reported minor damage to roads and bridges in Johnson County. The greatest dam­ 
age occurred to road surfaces and shoulders of roads as a result of overflowing 
water, and some roads were closed for as long as a week. Rip-rap structures 
around bridges and culverts also were reported to have been damaged. The area 
affected is sparsely populated, so that monetary damage resulting from this flood 
was small.

REFERENCES

Evans, J.S., 1993, Flash flooding in central Johnson County, Wyoming: National Weather
Service Central Region Technical Attachment 93-19,7 p. 

National Oceanic and Atmospheric Administration, 1992, Climatological data, Wyoming,
June 1992: U.S. Department of Commerce, v. 101, no. 6, 27 p.
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June 18, 1992, in Central Kentucky
By Kevin J. Ruhl

High winds and locally excessive rains and flood­ 
ing were experienced throughout the central part of 
Kentucky on the morning of June 18, 1992, as a result 
of a fast-moving frontal system. Widespread flooding 
occurred throughout the Beech Fork Basin in central 
Kentucky. Localized intense flooding occurred in the 
Cartwright Creek Basin in Washington County 
(fig. 39). Maximum discharge occurred on June 18 in 
Cartwright Creek near Fredericktown (site 4, fig. 39). 
However, on Beech Fork at Maud (site 3, fig. 39), the 
maximum discharges occurred on June 19.

A fast-moving frontal system also produced exces­ 
sive rainfall throughout central Kentucky on June 18 
and 19. Springfield received approximately 6 inches of 
rain in about 4 hours; 6.27 inches of rain fell from 0700 
on June 18 to 0700 on June 19. Bardstown, Kentucky, 
received 3.13 inches of rain from 1800 on June 17 to 
1800 on June 18. The area around Springfield 
received the largest rainfall amounts, as reflected by 
the lines of equal rainfall shown in figure 40. The lines 
were drawn on the basis of rainfall data from the 
National Oceanic and Atmospheric Administration 
(1992), which gives 24-hour precipitation values at 
selected locations.

The flooding on Cartwright Creek near Frederick- 
town was the most extreme in more than 200 years 
according to one elderly resident whose family has 
resided in the area for that long. Just upstream from 
Fredericktown, extensive walls of fieldstone erected in 
the flood plain during the late 1700's were toppled over 
by the force of the flowing water. The peak discharge 
for the June 18 flood was determined using indirect 
methods in this vicinity (site 4, table 22) immediately 
following the flood. Using techniques outlined by 
Choquette (1988), the recurrence interval of this flood 
magnitude was 100 years. The largest previously 
known flood on Cartwright Creek in recent times 
occurred in December 1978 and was approximately

2.5 feet lower in elevation than this flood at the location 
of the indirect measurement.

Hood-determination sites are shown in figure 39. 
The maximum-discharge information and date of 
occurrence are given in table 22. The maximum dis­ 
charge for Rolling Fork near Lebanon (site 2) stream- 
flow-gaging station had a 5-year recurrence interval but 
was not the maximum for the 1992 water year. The dis­ 
charges at sites 1,3, and 5 listed in table 22 are not 
extremely high, indicating that the excessive rainfall 
was localized. Recurrence-interval determinations 
were made from information by Choquette (1988) and 
Hannum (1976).

Residents in the Cartwright Creek Basin were 
adversely affected. About 100 people were evacuated 
from their homes in Springfield. Fredericktown, a 
small town located geographically midway between 
Bardstown and Springfield and at the mouth of Cart­ 
wright Creek, was especially hard hit. At least 12 fam­ 
ilies were evacuated, and several businesses were 
damaged. A state of emergency was declared in Wash­ 
ington County, and the National Guard was called in to 
help with the evacuations.

REFERENCES

Choquette, A.F., 1988, Regionalization of peak discharges 
for streams in Kentucky: U.S. Geological Survey 
Water-Resources Investigations Report 87-4209, 
105 p.

Hannum, C.H., 1976, Technique for estimating magnitude 
and frequency of floods in Kentucky: U.S. Geological 
Survey Water-Resources Investigations 76-62, 81 p.

National Oceanic and Atmospheric Administration, 1992, 
Climatological data, Kentucky: Asheville, N.C., 
National Climatic Data Center, v. 87, no. 6, 22 p.
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KENTUCKY

37°30'

Base from U S Geological Survey
Hydrologic unit map, Kentucky, 1 500,000,1974
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A Flood-determination site Number 
corresponds to that in table 22

Figure 39. Location of flood-determination sites for flood of June 18,1992, in central Kentucky.
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37°3Q'

Based on rainfall data from National Oceanic 
and Atmospheric Administration (1992)

Base from US Geological Survey
Hydrologic unit map, Kentucky, 1 500,000,1974
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Figure 40. Lines of equal rainfall for June 18 and 19,1992, in central Kentucky.
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July 1992, in Eastern Kansas
BySethE. Studley

Excessive rainfall during several days in July 1992 caused isolated flooding in 
parts of eastern Kansas (table 23). Intense isolated thunderstorms occurred on 
July 4-5 in Wabaunsee County, July 22 in the southern part of Riley County, 
July 24 in and near Bourbon County in southeast Kansas, and on July 25 near the 
Nebraska border in Marshall, Nemaha, and Washington Counties (fig. 41).

An isolated severe thunderstorm occurred on the afternoon of July 4,1992, in 
Wabaunsee County, Kansas. Rainfall totals ranged from 6.74 inches at McFarland 
to 3.55 inches at Eskridge (fig. 41) (National Oceanic and Atmospheric Adminis­ 
tration, 1992). Mill Creek near Paxico (site 7, fig. 41) had a maximum discharge of 
38,500 cubic feet per second with a recurrence interval of between 25 and 50 years. 
Damage was limited to crops in low-lying areas.

Another isolated thunderstorm produced about 4 inches of rain over the 
4.1-square-mile drainage basin of Kings Creek in Riley County (site 2, fig. 41) on 
July 22. The resulting maximum discharge of 5,800 cubic feet per second set a new 
maximum for the 12-year period of record at this site and was determined to have 
a 100-year recurrence interval. The flood wave lifted a small footbridge from near 
the streamflow-gaging station and carried it 0.25 mile downstream, destroying the 
bridge and damaging some discharge-measuring equipment.

Severe thunderstorms moved across the upper reaches of the Marmaton River 
in southeast Kansas on July 23 and 24, producing rainfall in excess of 4 inches for 
the 2-day period (fig. 41). Marmaton River near Marmaton (site 8, fig. 41) recorded 
a discharge of 48,500 cubic feet per second, which is considered a 50-year recur­ 
rence-interval flood.

Rainfall of 5.31 inches fell at Marysville in Marshall County, and more than 
2 inches fell at nearby sites (fig. 41) on the evening of July 25. Five stream- 
flow-gaging stations in the area (sites 1 and 3-6, fig. 41) recorded large discharges 
although little flood damage occurred.

REFERENCE

National Oceanic and Atmospheric Administration, 1992, Climatologic data, Kansas, July 
1992: Asheville, N.C., National Climatic Data Center, v. 106, no. 7, 31 p.
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iase from U S Environmental Protection Agency digital data, 1 500,000.1982, 
and Kansas Geological Survey digital data, 1 24,000,1992 
Lambert Conformal Conic projection 
Standard parallels 33° and 45°
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EXPLANATION

^ Flood-determination site Number corresponds 
to that in table 23. Number in parentheses is 
precipitation amount in inches

.(4.92) National Weather Service precipitation
' station Number in parentheses is 

precipitation amount in inches

Figure 41. Location of flood-determination sites and precipitation amounts for floods of July 1992, in eastern 
Kansas.
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July 1992, in Central and Western Ohio
By Harold Shindel

Severe thunderstorms and excessive rainfall started in mid-July 1992 follow­ 
ing a period of drought over much of Ohio. On July 12-13, excessive rains in cen­ 
tral and western Ohio caused moderate to severe small-stream and urban flooding. 
Rainfall amounts of more than 6 inches were reported in some areas (National Oce­ 
anic and Atmospheric Administration, 1992). Auglaize, Franklin, Mercer, and 
Shelby Counties (fig. 42), as well as parts of surrounding counties, were hardest hit.

Showers and thunderstorms were common statewide throughout the remainder 
of the month. Several other storms of note occurred. On July 16-17, excessive 
rains prompted flood warnings in central, western, and northwestern Ohio, as well 
as small-stream and urban flood warnings in many other areas of the State.

On the afternoon of July 26, an estimated 4 inches of rain fell within 2 hours 
in parts of south-central Ohio. The intense rains caused major flooding on Indian 
Creek, a tributary to the Scioto River that passes through the community of Mass- 
ieville in Ross County. Floodwaters from Indian Creek rose so quickly that heli­ 
copters and boats were required to rescue some residents as they sat atop the roofs 
of houses and mobile homes.

Flood damage for the July 26 flood was extensive. Two people drowned, 
reportedly while attempting to aid others. Debris caused blockage of some stream 
crossings, which increased flood elevations and property damage (Federal Emer­ 
gency Management Agency, 1992). In all, 35 mobile homes and 3 single-family 
homes were destroyed during the flood in the Massieville area. Another 40 mobile 
homes, 55 single-family homes, and 7 businesses sustained major damage (Baird, 
1992). A number of residential propane tanks were dislodged from their moorings 
and were carried downstream by the flood, some of which lodged under bridges 
and near homes. Newspapers reported that several tanks exploded (Columbus Dis­ 
patch, 1992); however, there were no reports of explosion damage.

A maximum stage of 20.65 feet was determined by survey of high-water marks 
at the previously discontinued partial-record streamflow-gaging station on Indian 
Creek at Massieville (site 1, fig. 42). The previous maximum stage during the 
1947-77 operation of the station, 17.98 feet, occurred on June 25,1971 (table 24). 
Computations by the U.S. Geological Survey for the 1992 flood at this site esti­ 
mated the maximum discharge at about 8,200 cubic feet per second, which was 
slightly less than the 100-year recurrence interval flood. On the same day, storms 
caused some flooding conditions in Belmont, Jefferson, and Perry Counties. 
Storms on July 29-30 in northeastern Ohio caused moderate flooding in Mahoning 
and Counties.

REFERENCES
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National Oceanic and Atmospheric Administration, 1992, Climatological data, Ohio:
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Figure 42. Ohio counties affected by flooding during July 1992 and location of flood-determination site for 
flood of July 26, 1992.
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July 12-16,1992, in Central Indiana
By Donald V. Arvin

As the month of July 1992 began in Indiana, the lack of precipitation began to 
show its effects. Low soil moisture resulted in pronounced crop stress. Water-sup­ 
ply managers started to initiate water conservation measures. However, thunder­ 
storms and rain returned in July and resulted in total monthly precipitation ranging 
from 4 to more than 15 inches throughout the State (National Oceanic and Atmo­ 
spheric Administration, 1992). These rains caused soils to become saturated and 
resulted in occasional lowland flooding. Intense rains on July 12-13 resulted in 
flooding along streams in Carroll, Howard, Grant, Blackford, Madison, Delaware, 
and Hancock Counties (fig. 43).

Soils of central Indiana became saturated with water from as much as 3 inches 
of rain that fell during the early morning hours of July 12. As a result of an addi­ 
tional 4 to 6 inches of rain that fell late July 12 and early July 13, many State and 
local roadways were closed.

This flood resulted in new maximum discharges for the period of record for at 
least two streamflow-gaging stations (table 25). The streamflow-gaging station on 
Pipe Creek at Frankton (site 5, fig. 43), which has a drainage area of 113 square 
miles and a period of record beginning in May 1968, had a record maximum dis­ 
charge of 5,630 cubic feet per second on July 13, which had a 30-year recurrence 
interval. The streamflow-gaging station on Wildcat Creek near Jerome (site 3, 
fig. 43), which has a drainage area of 146 square miles and a period of record that 
dates back to July 1961, had a record maximum discharge of 7,120 cubic feet per 
second on July 14, 1992. The flood had a recurrence interval of 40 years.

REFERENCE

National Oceanic and Atmospheric Administration, 1992, Monthly report of river and 
flood conditions for July 1992: Indianapolis, Indiana, 3 p.

July 12-16,1992, in Centre! Indiana 139



85°30'

40°30'-

I 4 Wildcat ,-f. U^__  ^-^-T
I Owasco

i Base from U S Geological Survey 1 100,000.1983
( Albers Equal Area projection
i Standard parallels 20"30' and 45°30'. central meridian -8B°00'

B^X 1Alexandria Delaware

/* ' Muncie 
./ rrankton

INDIANA

Index map 30 MILES

0 10 2D 30 KILOMETERS

EXPLANATION
5 ^ Flood-determination site 

Number corresponds to that 
in table 25

Figure 43. Location of flood-determination sites for flood of July 12-16,1992, in central Indiana.
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July 25-August 2, 1992, in Southeastern Nebraska
SyJ.A. Boohar

Severe flooding in southeastern Nebraska occurred 
the latter part of July as a result of two separate storms. 
The first storm occurred July 25 and produced 7 inches 
of rain in much of the area, with unofficial reports of 
11 inches in some places. The second storm occurred 
July 29 and produced 3 to 6 inches of rain on the 
already saturated ground (National Oceanic and Atmo­ 
spheric Administration, 1992).

A list of the streamflow-gaging stations showing 
maximum discharges where major flooding was mea­ 
sured can be found in table 26. The location for these 
streamflow-gaging stations is shown in the figure 44.

Maximum discharge of the Little Blue River near 
Deweese (site 10, fig. 44) occurred on July 25 and was 
determined to have a 2-year recurrence interval. Other 
streamflow-gaging stations located downstream on the 
Little Blue River (fig. 44) near Alexandria (site 11) and 
near Fairbury, Nebraska (site 13), and at Hollenberg, 
Kansas (site 14), recorded new maximum discharges 
for the period of record as a result of the first storm 
(table 26). The streamflow-gaging station near Alexan­ 
dria (site 11) recorded a maximum stage of 21.07 feet 
on July 25. Discharge was 32,600 cubic feet per second 
and was determined to be 1.1 times the 100-year recur­ 
rence-interval discharge. The stage and discharge 
exceeded the previous maximums by 3.77 feet and 
7,000 cubic feet per second. The streamflow-gaging 
station near Fairbury (site 13, fig. 44) recorded a max­ 
imum stage of 24.33 feet on July 25. Discharge was 
54,000 cubic feet per second and was determined to 
have a 100-year recurrence interval. The stage and dis­ 
charge exceeded the previous maximums by 7.35 feet 
and 12,100 cubic feet per second. The streamflow-gag­ 
ing station at Hollenberg, Kansas (site 14, fig. 44), 
recorded a maximum stage of 21.21 feet on July 26. 
The maximum discharge was 47,800 cubic feet per sec­ 
ond and was determined to be 1.1 times the 100-year 
recurrence-interval discharge. The stage exceeded the 
previous maximum by 0.21 foot, but the discharge 
exceeded the previous maximum by 11,200 cubic feet 
per second. The streamflow-gaging station at Alexan­ 
dria on Big Sandy Creek (site 12, fig. 44), a tributary of 
the Little Blue River, recorded a maximum discharge

on July 25, which was determined to have a recurrence 
interval of 10 years.

July was a wet month in the area around Falls City. 
This area consists of relatively impermeable soils with 
rolling hills and stream valleys. Most of the streamflow 
in this area is a result of overland runoff. The average 
July rainfall for Falls City is 4.33 inches; the average 
annual rainfall is 34.72 inches (National Oceanic and 
Atmospheric Administration, 1992). The storms that 
were responsible for severe flooding along the Little 
Blue River contributed to the 1992 July total of 
22.3 inches at Falls City. The Big Nemaha River at 
Falls City (site 4, fig. 44) recorded two peak stages. The 
first was recorded on July 26 with a stage of 25.85 feet 
and a discharge of 32,200 cubic feet per second. Four 
days later, a second peak was recorded as a result of the 
second storm; this maximum had a stage of 28.03 feet 
and a discharge of 40,900 cubic feet per second. This 
discharge was determined to have a 5-year recurrence 
interval. The streamflow-gaging station on the Little 
Nemaha River at Auburn (site 2, fig. 44) recorded two 
peak discharges, one on July 25 having a recurrence 
interval of 7 years and a second lesser discharge on 
July 30. The streamflow-gaging station on the North 
Fork Big Nemaha River at Humboldt (site 3, fig. 44) 
recorded a peak discharge on July 25 and a second, 
greater peak discharge on July 30 having a recurrence 
interval of 10 years.

These same thunderstorms also caused damaging 
floods along Salt Creek. The streamflow-gaging station 
on Salt Creek at Roca (site 1, fig. 44) recorded a maxi­ 
mum discharge on July 25 that was determined to have 
a recurrence interval of 20 years.

Streamflow-gaging stations along the Big Blue 
River and its tributaries also recorded maximums dur­ 
ing this period. The streamflow-gaging station on the 
West Fork Big Blue River near Dorchester (site 5, 
fig. 44) and two streamflow-gaging stations along the 
Big Blue River, one near Crete (site 6) and the other at 
Beatrice (site 8), each recorded two maximum dis­ 
charges. Meanwhile, the streamflow-gaging station on 
Turkey Creek near Wilber (site 7, fig. 44) and Big Blue 
River at Barneston (site 9) recorded one peak. The 
recurrence interval for these peaks were 5 years or less.
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Figure 44. Location of flood-determination sites for flood of July 25-August 2,1992, in southeastern 
Nebraska.

Many homes were flooded, cattle were swept 
away, numerous roads were closed, and crops were 
damaged. No serious injuries were reported. Total 
losses in the State were estimated to be $6,683,000 
(U.S. Army Corps of Engineers, 1994).

REFERENCES
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August 8, 1992, in Southeastern and 
South-Central Indiana

By Donald V. Arvin

On the morning of August 8,1992, torrential rains of 3 to 13 inches fell across 
southeastern and south-central Indiana, causing flash floods that forced people 
from their homes, damaged businesses, and claimed the life of one person, who 
drowned. Affected areas included Lawrence, Jackson, Jennings, Washington, 
Scott, Jefferson, and Clark Counties (fig. 45). Scott County was the hardest hit, 
receiving between 8 and 13 inches of rain (National Oceanic and Atmospheric 
Administration, 1992b).

Because of the flash flooding, numerous roads and bridges were destroyed. 
Nearly 65 miles of railroad tracks were washed out. A landslide, with boulders the 
size of automobiles, closed a local road near Hanover in Jefferson County. In Hen- 
ryville in Clark County, people were forced to their rooftops by the rapidly rising 
water and were rescued by helicopter.

The torrential rain fell from thunderstorms that developed in warm, moist air 
during the early hours of August 8. The storm system remained nearly stationary 
from the time the intense rain began, just after 0300, until the storm dissipated in 
the early afternoon. The 100-year rainfall for a 6-hour period in this area of Indiana 
is about 5.3 inches (Glatfelter, 1984); the U.S. Soil Conservation Service received 
unofficial reports for this storm of more than 12.5 inches of rain during a 6-hour 
period in Scott County. A National Weather Service automated rain gage at 
Crothersville recorded 7 inches of rain during a 3-hour period (National Oceanic 
and Atmospheric Administration, 1992a).

The flash floods were most pronounced on the smaller tributaries and in the 
headwaters of the major streams. At the streamflow-gaging station, Muscatatuck 
River near Deputy (site 3, fig. 45), which has a drainage area of 293 square miles, 
the stream rose more than 29 feet in 12 hours. Maximum stages and maximum dis­ 
charges at two other sites are listed in table 27. There were unofficial reports of 
local streams in Clark and Jefferson Counties rising 30 to 35 feet. Because flows 
in the larger receiving streams were relatively low prior to the storm, water that 
drained rapidly from the tributaries did not cause significant flooding along the 
larger streams and rivers.

REFERENCES

Glatfelter, D.R., 1984, Techniques for estimating magnitude and frequency of floods on 
streams in Indiana: U.S. Geological Survey Water-Resources Investigations 
Report 84-4134, 110 p.

National Oceanic and Atmospheric Administration, 1992a, Monthly report of river and 
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Figure 45. Location of flood-determination sites for flood of August 8,1992, in southeastern and south-central 
Indiana.
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September 1992, in South-Central Iowa
By Rodney Southard

Monthly rainfall totals varied greatly across Iowa during September 1992, 
from 1.22 inches in northern Iowa to 17.86 inches in Lucas County in south-central 
Iowa (National Oceanic and Atmospheric Administration, 1992). The south- 
central climatological division, which includes Lucas County, received an average 
of 10.82 inches or 266 percent of normal rainfall during September, making it the 
third wettest September in 103 years of record for south-central Iowa (National 
Oceanic and Atmospheric Administration, 1992).

Most of the rainfall in south-central Iowa fell on September 14 and 15. Intense 
thunderstorms developed over south-central Iowa about mid-morning on the 14th 
and redeveloped over the same areas until about 1200 on the 15th, resulting in 4 or 
more inches of rain over most of south-central Iowa (National Oceanic and Atmo­ 
spheric Administration, 1992). The largest official rainfall totals were 12.06 inches 
at Derby and 11.05 inches near Promise City. The maximum 24-hour rainfall at 
Derby was 11.7 inches, which is the fifth largest official 24-hour rainfall total ever 
recorded in Iowa (National Oceanic and Atmospheric Administration, 1992). The 
largest unofficial rainfall total was 16 inches at Van Wert. The rainfall total at Van 
Wert was more than double the 100-year, 24-hour rainfall of 7.74 inches for that 
part of the State.

Runoff from the intense rainfall resulted in major flooding in the Thompson, 
Chariton, and South Fork Chariton River Basins (fig. 46, table 28). The maximum 
stage and discharge of the Thompson River at Davis City (site 7) were 24.29 feet 
and 57,000 cubic feet per second, respectively. The maximum discharge for this 
flood was substantially higher than the previous maximum discharge at Davis City 
of 30,000 cubic feet per second. The maximum stage for the Chariton River near 
Chariton (site 9, fig. 46) exceeded the previous maximum recorded by 6.18 feet and 
was more than double the previous maximum discharge. Excessive rainfall also 
occurred in the headwaters of the South Fork Chariton River. At South Fork Chari­ 
ton River near Promise City (site 10, fig. 46), the maximum stage was 4.89 feet 
above the previous maximum of July 4, 1981, and the maximum discharge was 
more than 3.6 times the 100-year discharge. A listing of other streams considerably 
affected by the flooding is included in table 28.

REFERENCE

National Oceanic and Atmospheric Administration, 1992, Climatological data, Iowa, Sep­ 
tember 1992: Asheville, N.C., National Climatic Data Center, v. 103, no. 9, 36 p.
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Figure 46. Location of flood-determination sites for flood of September 1992, in south-central Iowa.
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September 5-6, 1992, on Cat Point 
Creek, Eastern Virginia
By Byron J. Prugh, Jr.

Runoff from locally excessive rains on September 5-6,1992, in eastern Vir­ 
ginia caused the failure of Chandlers Millpond dam near Montross, Virginia 
(fig. 47). The resultant floodwaters generated a new maximum stage of record 
(1943-92) at the streamflow-gaging station on Cat Point Creek, 3.8 miles south of 
Montross and 4.5 miles downstream from the millpond. The maximum discharge 
of 5,240 cubic feet per second was the second highest discharge for the period of 
record. The highest discharge was 6,820 cubic feet per second recorded on August 
20,1969. The maximum stage of the September 5-6,1992, flood (10.86 feet) was 
0.41 foot higher than the maximum stage of August 1969 because of bridge and 
highway reconstruction in the 1970's that changed the geometry of the channel and 
road embankment. A natural flood of the magnitude recorded in September 1992 
would have a recurrence interval of approximately 50 years. Figure 47 shows the 
location of the streamflow-gaging station, the precipitation gages, and total rainfall 
for September 5-6, 1992.

Varying amounts of rainfall were recorded in Virginia between September 3 
and 7 as a frontal system spawned numerous thunderstorms as it moved across the 
State. The largest amounts of rainfall were recorded between Norfolk in the south 
and Fredericksburg in the north (fig. 47). More than 6 inches of rainfall were mea­ 
sured at some locations, with the largest amounts received late on September 5 and 
early on September 6. At Kilmarnock, 38 miles to the southeast of Montross, the 
2-day total was 6.41 inches; at Colonial Beach, 15 miles to the northwest, the total 
was 2.09 inches; and at Warsaw, 10 miles to the southeast, the total was 3.49 inches 
(National Oceanic and Atmospheric Administration, 1992). Local reports indi­ 
cated that 6 inches of precipitation fell in the Montross area between midnight and 
dawn on September 6.

A 150-to-200-foot wide breach in Chandlers Millpond dam also closed State 
Route 647, which crossed the crest of the dam. No deaths or serious injuries were 
reported.

REFERENCE

National Oceanic and Atmospheric Administration, 1992, Climatological data, Virginia, 
September 1992: Asheville, N.C., National Climatic Data Center, v. 102, no. 9, 23 p.
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September 10,1992, Swain County, 
North Carolina
By W. Harold Eddins and Thomas J. Zembrzuski, Jr.

A severe flash flood swept along Raven Fork near Smokemont, North Carolina 
(fig. 48), between 1900 and 2200 on September 10,1992, and caused serious dam­ 
age to bridges, homes, campgrounds, commercial trout ponds, and maintenance 
facilities. Property damage was estimated in the millions of dollars, but due to 
timely warnings from the National Weather Service (NWS) and local emergency 
management personnel, there were no deaths or injuries. About 800 people were 
evacuated from their homes, and hundreds of tourists in campgrounds along the 
stream were warned to seek higher ground. Witnesses reported seeing a wall of 
water roaring down the stream at approximately 1930 and having only minutes to 
run for safety.

The flood was the result of about 3 hours of intense rainfall from a small but 
strong thunderstorm centered over the higher elevations of Mt. Guyot (elevation 
6,621 feet above sea level) and Mt. Hardison (elevation 6,134 feet above sea level) 
at the headwaters of Raven Fork (fig. 48). The NWS determined from radar data 
that the storm began before 1900, and bucket surveys indicated approximately 5 to 
8 inches of rain fell (R.C. Jones, National Weather Service, oral commun., March 
1994). The excessive rainfall was limited to the upstream reaches of Raven Fork; 
little rain fell in the downstream, more densely populated part of the basin (below 
elevation 2,600 feet above sea level) where property damages were sustained from 
the floodwaters.

Raven Fork drains 74.3 square miles and is tributary to the Oconaluftee River. 
Maximum discharge was determined at a site near Smokemont, North Carolina 
(site 1, table 29). Row was computed by the slope-area method (Dalrymple and 
Benson, 1976) to be 16,200 cubic feet per second. Maximum depths in the main 
channel ranged from 14 to 16 feet, and the average flow velocity ranged from 13 
to 14 feet per second.

Data collected at the streamflow-gaging station on Oconaluftee River at Bird- 
town (site 2, fig. 48) provided further evidence of how localized the Raven Fork 
flood was. At the gage, the Oconaluftee River drains 184 square miles, which 
includes the entire Raven Fork drainage basin. Maximum discharge recorded at the 
gage was only 10,700 cubic feet per second, cresting at 2300, about 3.5 hours after 
the crest of Raven Fork.

The recurrence interval of the Raven Fork flood was approximately 500 years 
at site 1. By the time the crest had traveled downstream to the gage on Oconaluftee 
River, the discharge had declined to less than that of a 5-year recurrence interval.

REFERENCE

Dalrymple, Tate, and Benson, M.A., 1976, Measurement of peak discharge by the
slope-area method: U.S. Geological Survey Techniques of Water-Resources Investi­ 
gations, book 3, chap. A2, 12 p.
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Figure 48. Location of flood-determination sites for flood of September 10,1992, in Swain County, North 
Carolina.
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October 9-10, 1992, in South Carolina
ByCurtis L. Sanders, Jr.

Flooding occurred on October 9-10,1992, as a result of excessive rainfall in 
Allendale, Hampton, and Colleton Counties in southern South Carolina. Total 
rainfall amounts at the towns of Allendale and Hampton, in Hampton County, were 
7.44 and 5.02 inches, respectively, between 1700 on October 7 and 0800 on Octo­ 
ber 9, 1992 (National Oceanic and Atmospheric Administration, 1992).

Flood data for selected sites (fig. 49) in the Coosawhatchie, Salkehatchie, and 
Savannah River Basins are listed in table 30. Flooding on the Coosawhatchie 
River at State Secondary Road S-21 near Fairfax (site 6, fig. 49) was greatly 
increased by flow from a breached dam on a 60-acre pond on a tributary that joins 
the Coosawhatchie River just upstream from the streamflow-gaging station (site 6).

Maximum discharges at streamflow-gaging stations in the basins had recur­ 
rence intervals ranging from about 60 years to more than 100 years. Maximum dis­ 
charges equaled or exceeded the 100-year recurrence interval at nine sites. Three 
persons lost their lives, and three were seriously injured in flood-related accidents.

REFERENCE

National Oceanic and Atmospheric Administration, 1992, Climatological data, South 
Carolina: Asheville, N.C., National Climate Data Center, v. 95, no. 10, 24 p.
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Figure 49. Location of flood-determination sites for flood of October 9-10,1992, in South Carolina.
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December 11-12, 1992, in New Jersey
By Thomas P. Suro

An intense, slow-moving "nor'easter" storm hit 
the eastern coast of New Jersey during December 11 
and 12, 1992. This storm produced strong winds and 
record and near-record flooding along the entire Atlan­ 
tic Coast of New Jersey from Bergen County to Cape 
May (fig. 50). Two deaths were attributed to the storm. 
The President of the United States declared Bergden, 
Essex, Hudson, Somerset, Union, Middlesex, Mon- 
mouth, Ocean, Salem, Atlantic, Cumberland, and Cape 
May Counties a disaster area. The State was granted 
$46 million in disaster relief funds for public damages 
(A.S. Mangeri, New Jersey State Police, Emergency 
Management Office, oral commun., 1994) and 
$265 million for insured damage (National Weather 
Service, 1994) that occurred as a result of this storm. 
(No information on uninsured private damages is avail­ 
able.) The hardest hit areas were near Raritan, Newark, 
Sandy Hook, and Upper New York Bay. The effects of 
this storm were documented by the U.S. Geological 
Survey (USGS) from records at tidal crest-stage gages 
and from streamflow-gaging stations, and from 
high-water marks located along the entire coast. The 
storm's effects also were recorded by several National 
Ocean Service (NOS) tide gages along the New Jersey 
coast and in adjacent States.

Data were collected from 11 tidal crest-stage 
gages, 1 streamflow-gaging station, 2 USGS tide 
gages, and 5 NOS tide gages to document the effects of 
the storm on the New Jersey coast. After the storm had 
passed, the USGS identified high-water marks to docu­ 
ment tidal flooding within the State. The elevations of 
these high-water marks were determined by the New 
Jersey Department of Transportation and several coun­ 
ties.

The location of and coincident storm elevations at 
the USGS tide gages and crest-stage gages, as well as 
the NOS tide gages, are shown in figure 50. The highest 
tide elevations during the storm occurred in the north­ 
ern part of the State near Raritan Bay (by crest-stage 
gages) at Perth Amboy (site 2; 10.4 feet) and Keyport 
(site 3; 10.13 feet above sea level). The NOS tide gages 
at Cape May (site 17), Atlantic City (site 13), and 
Sandy Hook (site 4) recorded maximum tide elevations 
of 6.83,7.20, and 8.68 feet above sea level (the highest

tide elevations recorded at these sites during their peri­ 
ods of record).

The northern parts of the State sustained more 
extensive flooding and higher observed tide elevations 
than other parts of the State as a result of the timing 
between the normal tide cycle and the storm surge. The 
storm surge occurred nearly at low tide at Cape May 
(see fig. 51) and nearly at high tide at Sandy Hook 
(fig. 52). High-water marks indicate that parts of Mon- 
mouth and Middlesex Counties experienced even 
higher tide elevations than those recorded by these 
gages. Record elevations were observed at Keyport 
(site 3), Manahawkin (site 6), Beach Haven (site 7), 
and Ocean City (site 15). Several of the crest-stage 
gages that did not record a new maximum for the 
period of record did record the highest maximum since 
the "nor'easter" of March 7,1962. The adjacent 
Coastal States of New York and Delaware, as well as 
Maryland, also experienced record and near-record tide 
elevations as a result of this storm. The USGS tide 
gages and crest-stage gages and the NOS tide gages 
that recorded elevations during the December 1992 
storm are listed in table 31.

This storm produced precipitation in the coastal 
areas that ranged from 0.6 inch at Cape May to more 
than 2.4 inches at Sandy Hook. Inland precipitation 
ranged from more than 1.70 inches at Somerville to 
more than 3.80 inches at Mooristown (National Oce­ 
anic and Atmospheric Administration, 1993). Most of 
the flooding and damage were the result of increased 
tide elevations. Some nontidal streamflow-gaging sta­ 
tions recorded large discharges associated with the 
storm as the result of runoff from excessive rainfall. 
The most severe flooding and damage occurred in 
Monmouth and Middlesex Counties near Raritan Bay. 
Major highways and railroads were closed from a few 
hours to several days. At one point, the Garden State 
Parkway was closed in the area of Cheesequake. Parts 
of New Jersey Routes 30, 35, 36, 40, 47, and 72 also 
were closed during the storm. In addition, the New Jer­ 
sey Transit's North Coast line was shut down due to 
flooding and debris. The PATH subway line also was 
flooded for many days in the Newark area because of 
this storm. Flooding was less severe in the southern 
part of New Jersey because the surge from the storm
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hit the coast closer to low tide there (fig. 5 IB). By the 
time the storm reached Middlesex and Monmouth 
Counties, the surge associated with the storm was 
nearly in phase with the high-tide cycle (fig. 52), which 
resulted in much more intense flooding than in parts of 
southern New Jersey. As a result of the full moon on 
December 9 and an unusually long storm duration that 
affected several tide cycles (Deitemyer, 1993), the 
resulting tide caused the most severe flooding along the 
New Jersey coast in nearly 30 years.
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December 30, 1992-January 15, 1993, 
in Northern Indiana
By Donald V. Arvin

Rain falling on snow-covered, frozen ground created flood conditions in north­ 
ern Indiana during the last week of December 1992 and the first two weeks of Jan­ 
uary 1993. Flooding occurred on many rivers including the Elkhart, Tippecanoe, 
Yellow, and Kankakee Rivers (fig. 53). Flooding also occurred on numerous lakes 
in northeast Indiana and in both St. Joseph River Basins.

On Christmas Eve temperatures plunged, causing the ground to freeze 
throughout northern Indiana. Snow cover was 3 to 7 inches in the area that later 
experienced flooding (National Oceanic and Atmospheric Administration, 1992). 
Rains of 2 to 3 inches fell December 30-31, melting the snow and causing rapid 
surface runoff. Discharge on December 31 at the streamflow-gaging station, Fish 
Creek at Hamilton (site 6, fig. 53), reached a maximum of 757 cubic feet per sec­ 
ond, exceeding the 100-year recurrence interval (table 32). Just as floodwaters 
were beginning to recede, an additional 1.5 to 2.5 inches of rain fell across the 
entire State on January 3-4 (National Oceanic and Atmospheric Administration, 
1993). On January 5, discharge at Fish Creek at Hamilton reached a maximum of 
729 cubic feet per second, again exceeding the 100-year recurrence interval. Sub­ 
stantial flooding during this storm also occurred in other nearby basins. Discharges 
corresponded to about the 50-year recurrence interval for Pigeon Creek near 
Angola (site 1, fig. 53), and about the 25-year recurrence interval for North Branch 
Elkhart River at Cosperville (site 3, fig. 53) and for the Yellow River at Plymouth 
(site 10, fig. 53). On January 5, the discharge of 13,400 cubic feet per second was 
the maximum for the period of record at St. Joseph River near Fort Wayne (site 8, 
fig. 53).

Because of this winter flood, many local and State roads were closed, and 
many homes and businesses were threatened. The Tippecanoe River flooded 
nearly 200 homes in Carroll County. Nearly 150 homes at a resort in Newton 
County were saved from flood damage when sandbagging efforts by the National 
Guard prevented failure of a weakened dike along the Kankakee River. Sandbag­ 
ging operations by local officials prevented flood damage in the business districts 
of Plymouth and South Bend. In total, at least 1,000 homes were evacuated during 
the flood.
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Figure 53. Location of flood-determination sites for flood of December 30,1992^January 15,1993, in northern Indiana.
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January and February 1993, in Southern California
By James C. Bowers

THE STORMS AND RESULTING FLOODS

From January 6 to February 28,1993, a series of 
storms produced 20 to 40 inches of rain over much of 
the southern California coastal and mountain areas and 
more than 52 inches at some precipitation gages in the 
San Bernardino Mountains (National Oceanic and 
Atmospheric Administration, 1993). These storms, 
which coincided with a reappearance of weak warming 
of sea-surface temperatures in the tropical regions of 
the Pacific Ocean, were driven by a regional atmo­ 
spheric low-pressure system off the coast of northern 
California and Oregon (National Oceanic and Atmo­ 
spheric Administration, 1994). In southern California, 
precipitation intensified because a high-pressure area 
that extended over Alaska, the Gulf of Alaska, and the 
western States concentrated this low-pressure system 
farther south than usual and held it in place just off­ 
shore, sending a series of storms into southwestern part 
of the United States. Tropical moisture was pulled up 
from the south by the jetstream, which crossed the west 
coast from the southwest at about the latitude of San 
Diego. Arriving storms from the jetstream helped gen­ 
erate intense rain and snow. Rainfall in southern Cali­ 
fornia was further intensified by the orographic effect 
of the east-west-trending mountains, which helped to 
enhance precipitation in the San Gabriel and San Ber­ 
nardino Mountains. Precipitation also was excessive in 
the Laguna Mountains of San Diego County (fig. 54).

Substantial peak streamflows occurred 
January 6-7 as a result of excessive rainfall on a fairly 
substantial snowpack that had accumulated in Decem­ 
ber 1992. The recurrence intervals of discharges in the 
Mojave and Santa Ana River Basins were about 25 to 
50 years (table 33). In the Victorville area, the Mojave 
River overtopped a levee, causing damage to a housing 
tract. This reach of the river channel had become exten­ 
sively overgrown with vegetation as a result of the 
drought conditions of the past 6 years and the lack of 
channel-clearing high flows.

Rain continued throughout the first 2 weeks of Jan­ 
uary, and a second major runoff occurred late on Janu­ 
ary 16 as the low-pressure system moved slightly south 
before moving to the east on January 18. The most 
severe flooding was in the Santa Margarita and San

Luis Rey River Basins (fig. 55) in northern San Diego 
and southern Riverside Counties. In the 24-hour period 
beginning at 0800 on January 16, 6.80 inches of rain 
were recorded at the Santa Rosa Plateau precipitation 
gage (shown in fig. 55) in the Santa Margarita River 
Basin, and similar rainfall totals were reported 
throughout the area (National Oceanic and Atmo­ 
spheric Administration, 1993).

A nearly identical storm pattern developed in early 
February as a stationary atmospheric low-pressure sys­ 
tem centered off the Oregon coast. Major storms and 
resultant runoff occurred February 8 and from Febru­ 
ary 18-19. Although the maximum discharges did not 
exceed the 50-year recurrence-interval magnitudes, 
substantial local flooding occurred because of the satu­ 
rated conditions in the basins due to the January 
storms. Major streambank failures occurred along the 
Mojave River in the Silver Lakes area (fig. 54), about 
10 miles north of Victorville, as a result of sustained 
high flow in the normally dry channel.

Rainfall totals decreased substantially as the 
storms came onshore and moved from the southwest to 
the northeast (fig. 54). During this 2-month storm 
series, more than 200 percent of the average annual 
rainfall fell on the mountains nearest the coast; farther 
inland, the north side of the San Bernardino Mountains 
received 127 percent of the average annual rainfall 
(National Oceanic and Atmospheric Administration, 
1993).

The highest maximum discharges in the Mojave 
and Santa Ana Rivers (see stage hydrographs, fig. 56) 
occurred January 6-7 as a result of rapid melting of the 
accumulated snowpack. The three subsequent maxi- 
mums were slightly lower, but nearly of the same mag­ 
nitude. By comparison, the highest stage in De Luz 
Creek in the Santa Margarita River Basin (fig. 56) 
occurred January 16; its discharge was nearly an order 
of magnitude higher than the other three major maxi­ 
mum discharges. Maximum discharges on January 16 
exceeded a 100-year recurrence-interval flood at sev­ 
eral streamflow-gaging stations in the basin.
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Figure 54. January-February 1993 rainfall at selected precipitation gages in southern California (precipitation 
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Albers Equal-Area Conic Projection
Standard Parallels 29 D30', and 45°30', central meridian -96°00
U.S. Gological Survey digital data, V 100,000,1995
Universal Transverse Mercator projection,
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10 KILOMETERS

EXPLANATION
3 

A Streamflow-gaging station 
Number corresponds to that 
in table 33

4 Precipitation gage

Figure 55. Location of streamflow-gaging stations and precipitation gages in the San Luis Rey and 
Santa Margarita River Basins in southern California.

THE SANTA MARGARITA RIVER BASIN 
FLOOD JANUARY 16,1993

The January 16, 1993, flooding in the Santa Mar­ 
garita River Basin resulted from excessive rainfall that 
generally was localized over the upper reaches of the 
basin principally in the Santa Rosa Plateau and 
Temecula areas (fig. 55), where the 6-hour rainfall was 
126 and 114 percent, respectively, of the 100-year, 
6-hour precipitation values (Miller and others, 1973). 
This intense precipitation was on a basin still saturated 
from the January 6-7 storm.

The most severe flooding during the January-Feb­ 
ruary 1993 storms (see table 33) happened on 
January 16 in the Murrieta Creek flood plain at Temec­ 
ula (fig. 55). At the Murrieta Creek streamflow-gaging 
station near Temecula (site 4), where flow overtopped

the gage shelter, the stage was the maximum for the 
68 years of record and exceeded the previous (Febru­ 
ary 21, 1980) record by more than 3 feet.

Maximums of record also were recorded on the 
Santa Margarita River near Temecula (site 5) and on 
other, smaller streams in the basin. Extensive flooding 
occurred along the Santa Margarita River as it passed 
through Camp Pendleton, the U.S. Marine Corps base 
near the mouth of the river. The floodwaters spread 
over the broad, flat flood plain on the base and depos­ 
ited large quantities of sediment and debris. The Santa 
Margarita River streamflow-gaging station at Ysidora 
(site 9) was damaged as the debris-laden river washed 
out the bridge. The estimated discharge (see table 33) 
of 44,000 cubic feet per second exceeded the maximum 
discharge for the 68 years of record (33,600 cubic feet 
per second on February 16, 1927) by 34 percent.
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Figure 56. Stages at selected streamflow-gaging stations in 
southern California, December 31,1992-February 28,1993.
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January and February 1993, in Arizona
SyC.F. Smith, K.M. Sherman, G.L Pope, and P.O. Rigas

An unusual series of storms from the Pacific Ocean 
starting on January 6,1993, and continuing through 
February 28,1993, caused excessive and prolonged 
precipitation across Arizona. These excessive rains 
resulted in the most widespread and severe flooding in 
Arizona since the turn of the century (Mac Nish and 
others, 1993). Winter storms normally originate in the 
Gulf of Alaska and dissipate most of their moisture 
before reaching Arizona. Because the position of the 
jetstream during January was farther south than was 
normal, subtropical moisture from the Pacific Ocean 
west of the coast of Baja California was directed 
toward Arizona, creating excessive rains that resulted 
in widespread flooding and loss of property. Eight 
deaths and 112 injuries were attributed to the floods. 
Estimated damages to public and private property 
exceeded $400 million (U.S. Army Corps of Engi­ 
neers, 1994).

The most intense rains fell in central Arizona north 
and east of Phoenix. This area includes most of the 
Verde and Salt River Basins. Precipitation was 
520 percent of normal for January and 400 percent of 
normal for February in these areas (U.S. Army Corps 
of Engineers, 1994).

The prolonged rainfall during January and Febru­ 
ary caused record or near-record flood peaks and flood 
volumes on nearly every major river basin in the State. 
Figure 57 shows the network of selected stream- 
flow-gaging stations operated by the U.S. Geological 
Survey in Arizona. Record maximum discharges 
occurred at 28 of the streamflow-gaging stations during 
the floods of 1993 (table 34). The following sections 
describe flooding in the unregulated portions of the Lit­ 
tle Colorado River, upper Gila River, Santa Cruz River, 
Salt River, and Verde River Basins.

storms prior to the major storms resulted in near-satu­ 
rated soil conditions. Precipitation from the two major 
storms was not distributed uniformly across the basin. 
Consequently, maximum-discharge flood frequency 
for streams in the Little Colorado River Basin varied 
from less than 2-year to greater than 25-year recurrence 
intervals.

Hooding in the Little Colorado River Basin gener­ 
ally occurred in tributaries draining the south-central 
mountains of the basin. Maximum discharges of record 
occurred at the gaging sites near Holbrook (site 5) and 
Winslow (site 7). Other streamflow-gaging stations 
within the basin recorded maximum discharges with 
recurrence intervals ranging from 5 to 25 years 
(table 34). Maximum discharges in the Little Colorado 
River attenuated between Winslow and Grand Falls 
(site 8). Consequently, streamflow-gaging stations 
downstream from Grand Falls recorded less frequent 
recurrence-interval floods; however, the duration of the 
floods were longer. The maximum discharge of the Lit­ 
tle Colorado River near Cameron (site 10) on 
January 13 was 18,200 cubic feet per second, a 15-year 
recurrence interval. By contrast, the total flood volume 
for 15 consecutive days (January 10-24) was greater 
than the 100-year total volume recurrence interval.

Maximum discharges on the Little Colorado River 
during February generally were less than those during 
January. The streamflow-gaging station at Little Colo­ 
rado River near Cameron (site 10) recorded a 10-year 
recurrence-interval maximum discharge on 
February 24; the discharge for January 13 was deter­ 
mined to have an approximate 15-year recurrence 
interval. Several tributaries that drain the south-central 
mountains within the basin sustained maximum dis­ 
charges nearly equal to those recorded for the January 
flood.

FLOODS IN THE LITTLE COLORADO 
RIVER BASIN

Beginning January 6 and again on February 19, 
1993, major subtropical storm systems produced floods 
in the Little Colorado River Basin. Excessive rainfall, 
combined with snowmelt, caused severe and wide­ 
spread flooding. Rainfall from a succession of smaller

FLOODS IN THE UPPER GILA RIVER 
BASIN

The abnormal weather pattern that caused exces­ 
sive rainfall and flooding throughout Arizona persisted 
for approximately 2 months and sent a series of storms 
through Arizona that resulted in multiple maximum

January and February 1993, in Arizona 185
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table 34

Figure 57. Location of selected U.S. Geological Survey streamflow-gaging stations in Arizona used to determine 
maximum stages and discharges for January and February 1993.
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discharges in many of the rivers within the Gila River 
Basin in Arizona and New Mexico. Flooding that 
occurred in the upper Gila River Basin in New Mexico 
is discussed in a following article.

Most of the rainfall in the upper Gila River Basin 
was generated by four storms that occurred during Jan­ 
uary 6-8, 10-11, 14-15, and 17-18. Precipitation var­ 
ied from about 4 inches near the Arizona-New Mexico 
border to approximately 7 inches at San Carlos Reser­ 
voir (National Oceanic and Atmospheric Administra­ 
tion, 1993). Two factors contributed to the severity of 
the flooding first, the duration and intensity of the 
rain, which saturated and exceeded the infiltration 
capacity of the soil, maximizing runoff volumes; sec­ 
ond, much of the rain fell over existing water-laden 
snowpack, accelerating snowmelt that combined with 
direct runoff from the storm resulting in flooding that 
set records for total runoff volume as well as maximum 
discharge. Recurrence intervals determined for maxi­ 
mum discharges for streams within the Gila River 
Basin ranged from less than 10 years to greater than 
100 years. Although maximum-of-record discharges 
occurred at several stations, a notable aspect of this 
flooding was the total runoff volumes produced. The 
contents in San Carlos Reservoir increased to 
near-maximum storage levels, resulting in maximum 
gate releases as well as uncontrolled spillway 
discharges.

Flooding within the Gila River Basin was wide­ 
spread and generated maximum-of-record discharges 
on several streams that drain into the Gila River from 
the north. Maximum discharge values at or greater than 
the 100-year recurrence interval occurred at Eagle 
Creek above pumping plant near Morenci (site 18), 
Bonita Creek near Morenci (site 19), and San Carlos 
River near Peridot (site 22). The maximum discharges 
occurred on January 8, 1993, on the San Carlos River 
near Peridot and on January 18,1993, at Eagle Creek 
above pumping plant near Morenci and Bonita Creek 
near Morenci. The peak discharge, which attenuated 
considerably along the main stem of the Gila River, 
reached the Gila River at Calva streamflow-gaging sta­ 
tion (site 21) on January 20, with a maximum discharge 
of 109,000 cubic feet per second and a recurrence inter­ 
val of 60 years. San Carlos Reservoir reached maxi­ 
mum capacity from this flood of 1,060,000 acre-feet on 
January 20,1993, and resulted in a maximum reservoir 
outflow of 29,300 cubic feet per second, which is the 
highest outflow since 1940.

FLOODS IN THE SANTA CRUZ RIVER 
BASIN

The precipitation for January 5-19 for the Santa 
Cruz River Basin ranged from 2 inches in the western 
part of the watershed to 6 inches in the southern part. 
Most of the precipitation occurred on January 17 and 
18 and caused severe flooding on the Santa Cruz River. 
The streamflow-gaging station on the Santa Cruz River 
near Lochiel (site 31) had a maximum discharge of 
7,320 cubic feet per second with a recurrence interval 
of 30 years. The Santa Cruz River near Nogales 
streamflow-gaging station (site 32) had a maximum 
discharge of 8,800 cubic feet per second with a recur­ 
rence interval of 7 years. Runoff from about 6 inches of 
rain just north of Nogales produced a maximum dis­ 
charge of 32,400 cubic feet per second with a recur­ 
rence interval of 75 years at the Santa Cruz River at 
Continental streamflow-gaging station (site 33). This 
was the second highest maximum discharge since 
1892. The streamflow-gaging station on the Santa 
Cruz River at Tucson (site 34) recorded a maximum 
discharge of 37,400 cubic feet per second with a recur­ 
rence interval of more than 100 years. This was the 
second highest maximum discharge since 1892. The 
Santa Cruz River near J^aveen streamflow-gaging sta­ 
tion (site 43) recorded a maximum discharge of 11,000 
cubic feet per second with a recurrence interval of more 
than 25 years.

The precipitation totals for January 5-19 for the 
Rillito Creek Basin near Tuscon ranged from 4 inches 
in the lower elevations to 6 inches in the higher eleva­ 
tions. The majority of the precipitation occurred on 
January 5 through 7, which resulted in record flooding 
on January 8th for Sabino Creek (site 35), Tanque 
Verde Creek (site 36), and Rillito Creek (site 40). The 
streamflow-gaging station Sabino Creek near Tucson 
(site 35) recorded a maximum discharge of 
12,900 cubic feet per second with a recurrence interval 
of more than 100 years. The maximum discharge 
recorded at the Tanque Verde Creek at Tucson stream- 
flow-gaging station (site 36) was 24,500 cubic feet per 
second with a recurrence interval of 70 years. The Ril­ 
lito Creek at Dodge Blvd. streamflow-gaging station 
(site 40) recorded a maximum discharge of 
24,100 cubic feet per second with a recurrence interval 
of more than 50 years. This was the highest maximum 
discharge since October 1983. The maximum dis­ 
charge at a downstream site on Rillito Creek having 
21 additional square miles of drainage area was 
29,700 cubic feet per second recorded in October 1983.
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FLOODS IN THE SALT RIVER BASIN

Precipitation totals for January 5-19, 1993, were 
highest in the western and central areas of the Salt 
River Basin. The precipitation total for these areas was 
approximately 12 inches. Tributaries that drain the 
north and eastern areas of the basin had precipitation 
totals that ranged from 12 inches in the downstream 
part of the basin to 6 inches in the upstream part. This 
produced less-severe flooding in the upstream part of 
the basin compared to record-setting flooding that 
occurred on the main stem of the Salt River.

The gaged tributaries in which the precipitation 
totals ranged from 6 to 12 inches were Black River, 
White River, Carrizo Creek, Cibecue Creek and Cherry 
Creek. Black River below pumping plant, near Point of 
Pines (site 44), had a maximum discharge of 
8,940 cubic feet per second with a recurrence interval 
of 10 years. Black River near Fort Apache (site 45) had 
a maximum discharge of 54,700 cubic feet per second 
with a recurrence interval of 25 years. This was the 
largest maximum discharge since 1906. White River 
near Fort Apache (site 47) had a maximum discharge of 
12,600 cubic feet per second with a recurrence interval 
of 35 years. Carrizo Creek near Show Low (site 48) had 
a maximum discharge of 19,300 cubic feet per second 
with a recurrence interval 25 years.

The precipitation total for the Tonto Creek Basin 
was 12 inches for January 5-19. The streamflow-gag- 
ing station at Tonto Creek above Gun Creek (site 54) 
recorded a maximum discharge of 72,500 cubic feet 
per second with a recurrence interval of 40 years. This 
was the highest maximum discharge since 1941.

Salt River near Chrysotile (site 49) and the Salt 
River near Roosevelt (site 53) both had maximum dis­ 
charges for the period of record. Maximum discharge 
recorded at Salt River at Chrysotile was 76,600 cubic 
feet per second with a recurrence interval of 40 years. 
This was the highest maximum discharge since 1916. 
Maximum discharge at Salt River near Roosevelt was 
143,000 cubic feet per second with a recurrence inter­ 
val of 40 years. This was the highest maximum dis­ 
charge since 1941.

FLOODS IN THE VERDE RIVER BASIN

Flooding in the upper Verde River Basin was more 
severe during February than during January, with max­

imum discharges occurring on February 20. The 
streamflow-gaging stations Verde River near Clarkdale 
(site 58) and at Verde River near Paulden (site 57) 
recorded maximum discharges with 50-year recurrence 
intervals or greater. Oak Creek near Comville stream­ 
flow-gaging station (site 60) reached a maximum dis­ 
charge nearly equal to the 1980 flood, which had a 
recurrence interval of 25 years. As floodwaters pro­ 
gressed downstream, a discharge of 119,000 cubic feet 
per second was reached at the Verde River near Camp 
Verde streamflow-gaging station (site 64), the highest 
discharge on record. Although some of these maximum 
discharges were high, the most notable aspect of the 
floods was the total volume of runoff produced. For 
example, flood volumes for a consecutive 15-day 
period during January for the Verde River below Tan­ 
gle Creek (site 67) and Little Colorado River near 
Cameron (site 10) were determined to have a 70-year 
and a greater than 100-year recurrence interval, respec­ 
tively.

In the Verde River Basin, the most severe flooding 
occurred in tributaries in the center of the basin and on 
the downstream main stem of the Verde on January 8. 
Streamflow-gaging stations at Wet Beaver Creek near 
Rimrock (site 62), West Clear Creek near Camp Verde 
(site 63), and Wet Bottom Creek near Childs (site 66) 
all recorded maximum discharges with recurrence 
intervals ranging from 10 to 100 years. Other tributar­ 
ies to the Verde River contributed significant dis­ 
charges (7- to 25-year recurrence intervals), which 
combined to produce a maximum discharge at Verde 
River below Tangle Creek (site 67) of 145,000 cubic 
feet per second (highest discharge since 1891), with a 
recurrence interval of greater than 50 years.
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January-March, July, and August 1993, 
in New Mexico
By Scott D. Waltemeyer

Large discharges and high stages occurred on several streams in New Mexico 
during January-March, July, and August 1993. Winter floods occurred at sites 1,5, 
6,7,8, and 9 (fig. 58) as a result of excessive precipitation that occurred in western 
New Mexico. The summer floods occurred in isolated areas (sites 2, 3, and 4) as a 
result of summer monsoon thunderstorms during July and August. Six stream- 
flow-gaging stations experienced maximum discharges with recurrence intervals 
of 25 to 50 years (table 35). The greatest recurrence-interval flood occurred at 
streamflow-gaging station Los Esteros Creek above Santa Rosa Lake (site 3); the 
maximum discharge was the largest since data collection began in 1973.

No property damage or loss of life was reported to the Emergency Manage­ 
ment Planning and Coordination office of the Department of Public Safety for New 
Mexico.
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January 8-21, 1993, in Southeastern 
Georgia
By Timothy C. Stamey

Major flooding occurred throughout much of southeastern Georgia as a result 
of excessive rain on January 8-13, 1993. Selected streamflow-gaging stations 
located in the flood-affected area of the State are shown in figure 59. Total rainfall 
amounts in southeastern Georgia for this period were as much as 6.5 to 7 inches 
(National Oceanic and Atmospheric Administration, 1993). According to rainfall 
data furnished by the National Oceanic and Atmospheric Administration, areas in 
southeastern Georgia received about 3 inches of rain on January 8 and 9 and 
another 3 to 3.5 inches on January 12 and 13.

High water, resulting from the excessive rain falling on already saturated 
ground in southeastern Georgia, flooded agricultural and timberlands in the low­ 
land areas adjacent to creeks and rivers. However, the high water did not produce 
severe or extensive flood damage to property or livestock. The most extensive 
flooding occurred in parts of the Altamaha, Ogeechee, Satilla, and Little River 
Basins (fig. 59).

Maximum discharges at selected active and discontinued streamflow-gaging 
stations had recurrence intervals ranging from 2 to 100 years. Recurrence intervals 
for the maximum discharges produced by the storms at the selected stations are 
shown in table 36. The range in the maximum discharge recurrence intervals for 
this flood was similar to maximum discharges that occurred during the March 
1984, February 1986, and January 1991 floods, and which occurred in the same 
general area of the State.

The most severe flooding occurred at sites 4, 5, 6, 10, 12, 15, and 17-19 
(fig. 59, table 36). Maximum discharges at these sites had recurrence intervals 
ranging from 25 to 100 years. Also, new maximum stages and discharges for the 
period of known floods (based on U.S. Geological Survey records) were recorded 
at sites 10, 17, and 18 (table 36). The maximum discharge of 23,100 cubic feet 
per second at site 12 was the fourth highest in 89 years of record, and the maximum 
discharge of 12,000 cubic feet per second at site 15 was the third highest since 
1928.

REFERENCE

National Oceanic and Atmospheric Administration, 1993, Climatological data, Georgia, 
January 1993: Asheville, N.C., U.S. Department of Commerce, National Climatic 
Data Center, v. 97, no. 1, 22 p.
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Figure 59. Extent of flooding and location of selected streamflow-gaging stations for flood of January 8-21, 
1993, in southeastern Georgia.
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January 20-23, 1993, in Southern 
Mississippi
By W.Trent Baldwin

During a 2-day period from the morning of January 19 through the morning of 
January 21,1993, a storm system swept through southern Mississippi producing 
rainfall totals in excess of 8 inches (fig. 60). The town of White Sand received 
10.8 inches of rainfall in a 24-hour period (National Oceanic and Atmospheric 
Administration, 1993). The 50-year, 24-hour rainfall at White Sand is about 
10.5 inches (Hershfield, 1961).

Maximum stages and discharges were documented at 25 flood-determination 
sites (fig. 60) that experienced a flood with a 2-year recurrence interval or greater. 
These floods are summarized in table 37. The most severe flooding occurred on 
West Hobolochitto Creek (site 24) where the flood was the largest on record and 
was estimated to have a 200-year recurrence interval.

REFERENCES

Hershfield, D.M., 1961, Rainfall frequency atlas of the United States: U.S. Department of 
Commerce, Weather Bureau, Technical Paper No. 40, 115 p.

National Oceanic and Atmospheric Administration, 1993, Climatological data, Missis­ 
sippi, January 1993: Asheville, N.C., National Climatic Data Center, v. 98, no. 1,27 p.
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Oceanic and Atmospheric Administration, 1993).
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January 21-23, 1993, in Southeastern 
Louisiana
By Brian E. McCallum

During January 1993, greater-than-normal rainfall occurred in southeastern 
Louisiana due to a stationary front over the Mississippi River Valley. The excessive 
rain kept the soil saturated and rivers at flood stage. A slow-moving cold front 
interacting with warm, moist air from the Gulf of Mexico caused excessive rainfall 
in the Amite River Basin on January 20. Rainfall on January 19-21 ranged from 
3.30 inches at Liberty, Mississippi, to 11.23 inches just north of Baton Rouge, Lou­ 
isiana (fig. 61). The average basin rainfall was 8.54 inches (U.S. Department of 
Commerce, 1993).

Maximum stages and discharges for the period of record at six streamflow- 
gaging stations within the Amite River Basin are given in table 38. These stations 
are located in figure 61. The discharge on the Comite River near Comite (site 4, 
fig. 61) was the greatest since records began in 1944. The flood crested at the Den- 
ham Springs site (site 5, fig. 61) on January 22; the stage was 38.15 feet above sea 
level. The maximum discharge had a recurrence interval of 10 to 25 years.

Damages to more than 1,500 dwellings were reported for Ascension, East 
Baton Rouge, East Feliciana, and Livingston Parishes. According to guidelines 
established by the American Red Cross, the flooding destroyed 16 dwellings within 
the basin, caused major damage to 680 single-family dwellings, apartments, and 
mobile homes, and minor damage to 807 dwellings. The American Red Cross 
offered relief to nearly 1,300 people following the flood at a cost of more than 
$1 million (Margaret McGarity, American Red Cross, written commun., 1994). No 
loss of life was reported due to the flooding in the basin despite the rapid rise of the 
rivers and the number of dwellings damaged.

Total property damage from the flood was estimated at more than $2 million 
by the Louisiana Office of Emergency Preparedness (Shawn Fontenot, Louisiana 
Office of Emergency Preparedness, oral commun., 1994). This amount does not 
include damage costs claimed by individuals with flood insurance.

REFERENCE

U.S. Department of Commerce, National Weather Service, March 1993, Monthly report of 
river and flood conditions: New Orleans, Louisiana, Weather Service Forecast Center.
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Index map

Base from U S Geological Survey hydrologic unit map, 1 500,000,1974 
Lambert Conformal Conic projection 
Standard parallels 33° and 45°

EXPLANATION

Flood-determination site Number
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Figure 61. Location of streamflow-gaging stations in Amite River Basin, southeastern Louisiana.
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March 1993, in Virginia
By Byron J. Prugh, Jr.

MARCH 4-6,1993

On March 4 and 5,1993, a low-pressure center 
moved from South Carolina across southeastern Vir­ 
ginia. Moisture-laden air associated with the center 
was driven by southeasterly winds that were forced up 
the eastern slope of the Blue Ridge Mountains and pro­ 
duced excessive rains that were concentrated over the 
central part of Virginia. Precipitation varied from 
2 inches along the coastal plain, to between 3 and 
4 inches over much of the Piedmont and Shenandoah 
River Valley, to 1.5 to 2 inches in the southwestern cor­ 
ner of the State (National Oceanic and Atmospheric 
Administration, 1993). The rain changed to snow in 
the western parts of the State.

Runoff from the rain caused widespread moderate 
flooding across much of the eastern half of Virginia. 
There were three distinct areas of flooding where the 
recurrence intervals of the maximum discharges were 
greater than 10 years. One area was for streams tribu­ 
tary to the Potomac River in the extreme northern cor­ 
ner of the State, a second was for streams in the 
headwaters of the Rappahannock River Basin, and a 
third for streams in the middle Roanoke and upper 
Appomattox River Basins (fig. 62). The most severe 
flooding occurred in the upper Rappahannock River 
Basin where the maximum discharges had a recurrence 
interval of about 20 years. The magnitudes of the max­ 
imum stages and discharges at selected stream- 
flow-gaging stations are summarized in table 39.

Elsewhere in the State, the recurrence intervals of 
maximum discharges in the James, Shenandoah, Anna, 
Meherrin, Nottoway, and parts of the Roanoke River 
Basins were between 2 and 10 years. In southwestern 
Virginia, maximum discharges had recurrence intervals 
of less than 2 years. Major damage from the flooding 
was road closures and power outages. There were no 
deaths reported.

MARCH 23-30,1993

A maximum discharge of 19,000 cubic feet per 
second was recorded at the streamflow-gaging station 
on Walker Creek at Bane, Virginia (site 6, fig. 63), on 
March 24, 1993. This was the second highest dis­ 
charge recorded at this site since systematic data col­ 
lection began in 1938. The calculated recurrence 
interval was in excess of 100 years. Maximum stage

and discharge data for March 23-24 at selected stations 
in the New River and adjacent basins are summarized 
in table 40.

Precipitation for March 23-25 was only 2 to 
3 inches over the central part of the New River Basin 
including the Walker Creek Basin. Precipitation for the 
surrounding area was less than 2 inches. However, the 
ground was well saturated from five episodes of precip­ 
itation earlier in the month, and local rainfall amounts 
could have been greater. The runoff from the 
March 23-25 precipitation produced the highest maxi­ 
mum discharges for the 1993 water year at 15 stream- 
flow-gaging stations in the New River Basin, at 20 sta­ 
tions in the Tennessee River Basin, at 5 stations in the 
Big Sandy and Roanoke River Basins, and at 1 station 
in the upper James River Basin. The greatest flooding 
occurred on tributaries in the lower New River Basin 
where maximum discharges with recurrence intervals 
of 8 to more than 100 years were recorded. Elsewhere 
the flooding was less severe. In the Tennessee and 
upper New River Basins, maximum discharges had 
recurrence intervals of less than 2 years to about 
10 years. In the Big Sandy, upper James, and upper 
Roanoke River Basins, maximum discharges had 
recurrence intervals of less than 2 to about 5 years. The 
approximate extent of the 10-year recurrence-interval 
flooding and location of these stations are shown in 
figure 63.

The March 23-25 rainfall was not the final precip­ 
itation and subsequent runoff for the month, as another 
storm occurred on March 27-30. The cumulative 
effect of the frequent precipitation resulted in 
greater-than-normal flows for the month of March. 
Numerous streamflow-gaging stations across the State 
recorded new maximum monthly mean flows for the 
month. At long-term stations on the James River, the 
monthly mean flows were the highest for March since 
at least 1899. In the Tennessee and Big Sandy River 
Basins, the monthly mean flows were the highest since 
1975, and in the Roanoke and New River Basins flows 
were the highest since 1930.

REFERENCE

National Oceanic and Atmospheric Administration, 1993, 
Climatological data, Virginia: Asheville, N.C., National 
Climatic Data Center, v. 103, no. 3,23 p.
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EXPLANATION
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3

Flood-determination site Number 
corresponds to that in table 39

Figure 62. Approximate extent of 10-year or greater recurrence-interval flooding during
March 4-8,1993, location of selected streamflow-gaging stations, and physiographic provinces in
eastern Virginia.
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Figure 63. Approximate extent of 10-year or greater recurrence-interval flooding during March 23-24,1993, and 
location of selected streamflow-gaging stations in western Virginia.
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March 8-12, 1993, in East-Central Nebraska
ByJ.A. Boohar

On March 9,1993, severe flooding occurred 
because of ice jamming on the Platte River in Sarpy 
County (fig. 64). Ice on the Elkhorn River had loosened 
during warm weather in early March, sending water 
and ice into the still-frozen Platte River near Gretna. A 
2-mile ice jam forced waters out of the banks of the 
Elkhorn River along various points from West Point 
down to its confluence with the Platte River.

The Elkhorn River at West Point (site 8, table 41) 
had a discharge of 28,000 cubic feet per second at a 
stage of 18.60 feet, which was determined to have a 
10-year recurrence interval. Although the March max­ 
imum for this streamflow-gaging station was not the 
maximum for the water year, the stage was the maxi­ 
mum for the period of record. The Elkhorn River at 
Waterloo (site 12) had a discharge of 33,500 cubic feet 
per second at a stage of 15.76 feet and was calculated 
to have an approximate 10-year recurrence interval. 
Flow from tributary streams and the ice jam on the 
Platte River near Gretna caused backwater conditions 
that contributed to the flooding along the Elkhorn 
River.

A western Sarpy County levee at the confluence of 
the Elkhorn and Platte Rivers upstream from the ice 
jam near Gretna ruptured and allowed water to escape 
the channel and flood cabins and about 8,000 acres of 
farmland downstream from the ice jam. Along the 
west bank of the Platte River farther downstream, 
water supplies from the city of Lincoln well field near 
Ashland were threatened when two of three water 
mains washed out. The remaining main held after the 
line was shored up by workers. The West Sarpy County 
Drainage District created a channel in the jam using 
dynamite. This released pressure against the levee and 
allowed repairs to take place. The continuous-record 
streamflow-gaging station, Platte River near Ashland 
(site 13), recorded a maximum stage of 19.23 feet on 
March 10. Discharge for this peak, including bypass 
flow, was estimated to be 130,000 cubic feet per second 
and was determined to be greater than the 100-year 
recurrence interval.

At Columbus, near the confluence of the Loup and 
the Platte Rivers, a 0.5-mile ice jam caused flooding 
and evacuation of some residents from the Columbus 
area. Above-freezing temperatures caused melting on

the Cedar River and neighboring streams that drain into 
the Loup River and eventually into the Platte. Highway 
81, south of Columbus, sustained extensive damage 
and was closed to traffic.

Upstream along the Platte River, floodwater from 
the Wood River rose to a depth of 2 feet in the town of 
Wood River and forced about 20 people from their 
homes. The Wood River near Alda (site 1) had a dis­ 
charge of 1,300 cubic feet per second at a stage of 
11.81 feet on March 12. The volume of water draining 
into the Platte River, and eventually entering the Mis­ 
souri River, created backwater at the Missouri River. 
The flow at site 14, Platte River at Louisville, 
16.5 miles upstream from the confluence of the Mis­ 
souri River, was determined to be 143,000 cubic feet 
per second, just 1,000 cubic feet per second less than 
the maximum for the period of record, at a stage of 
11.49 feet. This discharge was determined to have 
greater than a 50-year recurrence interval.

Site 18, West Fork Big Blue River near Dorchester, 
recorded a stage of 21.71 feet at 0530 on March 11. 
Discharge estimated for this stage was 12,400 cubic 
feet per second, which was a new maximum discharge 
for the period of record although the stage was not a 
new maximum. Flooding on the West Fork Big Blue 
River near Beaver Crossing resulted in two fatalities.

Of the 40 counties that reported flooding, the fol­ 
lowing 12 had major flooding: Buffalo, Butler, Colfax, 
Cuming, Dodge, western Douglas, Hall, Nance, Platte, 
Sarpy, Saunders, and Seward. Damages estimated by 
the Civil Defense and the Federal Emergency Manage­ 
ment Agency in five categories agriculture, highway 
system, public assistance, individual assistance, and 
soil erosion totaled more than $16.6 million in the 
40 counties (Federal Emergency Management Agency, 
1993).

REFERENCE

Federal Emergency Management Agency, 1993, Interagency 
hazard mitigation team report for Nebraska: 
FEMA-983DR-NE.
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April 1993, in New York

By Carolyn O. Szabo

A severe winter storm deposited large amounts of snow over New York State 
on March 13-14. Many areas received three to five times greater-than-normal 
snowfall for March. Syracuse reported approximately 43 inches for the 2-day 
period. Of that amount, more than 35 inches fell within 24 hours (Cornell Univer­ 
sity, 1993). More than 40 inches of snow fell in extreme northern and northeastern 
New York. By March 17, the snowpack in the Oswego River Basin (fig. 65) ranged 
from 30 to 40 inches, with a water equivalent of more than 10 inches in some areas.

April 1993 was New York's third wettest April on record. Statewide precipita­ 
tion for April averaged 5.42 inches, 165 percent of normal for the month. Several 
rainstorms, combined with the deep snowpack and warm temperatures, caused riv­ 
ers and lakes to rise slowly but continuously during the month. Flood watches and 
warnings were issued throughout the State as rivers continued to rise. Flooding was 
most severe on the Black and Oswego Rivers, east and southeast of Lake Ontario, 
respectively (fig. 66).

Most flooding in the Black River Basin occurred April 11-12. Record river 
stages and discharges were recorded throughout the downstream reaches of the 
basin from Watson to Dexter (fig. 66) where the river stage was more than 1 foot 
higher than the record-high level reached during the flood of December 1984-Jan- 
uary 1985. The streamflow-gaging station on Black River at Watertown (site 9) 
recorded the maximum stage and discharge for the period of record (table 42).

The Oswego River experienced flooding throughout April. Peak stages at var­ 
ious lakes and rivers in the basin occurred April 24-27 and were similar to those 
recorded during the floods from Hurricane Agnes in 1972 (table 42). The Seneca 
River, most of which is included in the New York State Barge Canal system, begins 
at the outlet of Seneca Lake and meanders northeastward through the lowlands 
south of Lake Ontario until it joins with the Oneida River, near Phoenix, to become 
the Oswego River (fig. 66). Because the channel slope is relatively flat, the Seneca 
River frequently overflows its banks as a result of excessive runoff. During the 
spring of 1993, river levels remained high throughout April and into the early part 
of May, damaging many homes and businesses along the river.

The level of destruction in the Oswego and Black River Basins, although not 
considered a national disaster area, resulted in local states of emergencies. The 
Governor of New York obtained a disaster declaration under the Small Business 
Administration (SBA) program. Seventeen counties (4 of which were declared 
SB A disaster areas and 13 contiguous) (fig. 67) were judged eligible to receive sup­ 
port under various SBA programs (New York State Disaster Preparedness Com­ 
mission, 1993).

REFERENCES

Cornell University, 1993, New York climate: Northeast Regional Climate Center Bulletin,
v. 93, no. 3, p. 1. 

New York State Disaster Preparedness Commission, 1993, After action report, Nor'caster
'92, World Trade Center Explosion, Blizzard '93, Flooding '93: 25 p.
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May-September 1993, in Southeastern 
Kansas
BySethE. Studley

Excessive precipitation fell across Kansas from May-September 1993 with 
more than the annual average falling during the 5-month period. Maximum precip­ 
itation amounts occurred in Marion and Cherokee Counties (fig. 68). In 1993, mean 
annual discharge at 81 of the State's streamflow-gaging stations exceeded the pre­ 
vious maximum mean annual discharge.

Kansas is divided into two major drainage basins the Missouri River Basin 
to the north and the Arkansas River Basin to the south. This article will cover only 
the Arkansas River Basin because a separate article titled "Floods of the Upper 
Mississippi River Basin, Spring and Summer 1993" provides information on the 
Missouri River Basin.

May thunderstorms in south-central and southeastern Kansas produced sub­ 
stantial precipitation that caused flooding in the lower Arkansas River Basin and 
its tributaries. The Verdigris River near Virgil (site 14, fig. 68), North Cottonwood 
River below Marion Lake (site 16), and the Cottonwood River at Marion (site 17) 
all had maximum peak discharges for the period of record (table 43). In addition to 
these sites, the Ninnescah River near Peck (site 11) and the Arkansas River at 
Arkansas City (site 13) had notable maximum peak discharges.

During the latter part of July, maximum peak discharges for the period of 
record were recorded at 10 streamflow-gaging stations (sites 1, 2, 3, 6, 10, and 
14-18). Rattlesnake Creek near Zenith (site 3) had a maximum discharge in excess 
of the 100-year recurrence interval. Lightning Creek near McCune (site 18) had a 
maximum discharge of record on September 25, with a discharge of 67,500 cubic 
feet per second at a stage of 19.79 feet. The flood was a result of extremely exces­ 
sive rainfall on September 24 and 25, during which the precipitation gage at Girard 
(fig. 68) recorded 15.84 inches on September 25 (National Oceanic and Atmo­ 
spheric Administration, 1993).

Damage in the area was estimated at $6.5 million with two lives lost. Two hun­ 
dred fifty-four houses were damaged, several thousand head of livestock were lost, 
more than 120,000 acres of farmland crops were damaged, and nearly $1 million 
worth of farm machinery was destroyed (Federal Emergency Management 
Agency, 1993).

REFERENCES

Federal Emergency Management Agency, 1993, Interagency hazard mitigation team report
for Kansas: FEMA-100DR-KS. 

National Oceanic and Atmospheric Administration, 1993, Climatological data, Kansas,
September 1993: Asheville, N.C., National Climatic Data Center, v. 107, no. 9, 31 p.
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Figure 68. Lines of equal total precipitation and location of flood-determination sites for floods of May-September 
1993, in southeastern Kansas.
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May 8-14 and September 25-27,1993, in Oklahoma
By Darrell M. Walters and Robert L. Tortorelli

Floods of May 8-14 affected most of Oklahoma 
except for the Panhandle and the southeast. From Sep­ 
tember 25-27, floods affected the extreme northeastern 
part of the State. These areas and selected flood-deter­ 
mination and reservoir-measurement sites are shown in 
figure 69.

FLOODS OF MAY 8-14,1993

From May 5-10, 1993, a slow-moving storm sys­ 
tem generated widespread strong thunderstorms over 
most of Oklahoma. The storm system produced intense 
local rainfall on May 8 over an area that was already 
saturated from previous rainfall. More than 5 inches of 
rain fell in 3 hours in southwestern Oklahoma City 
(National Oceanic and Atmospheric Administration, 
1993), which caused flash flooding along Twin, Brock, 
and Lightning Creeks (sites 27-29, fig. 69) and claimed 
four lives. Flooding was reported in Guthrie, King­ 
fisher, Skiatook, and Sperry (near sites 7,5,13, and 14, 
fig. 69). More than 2,700 homes were damaged state­ 
wide, at least 1,000 of them in Oklahoma County 
(Oklahoma Climatological Survey, 1993a). A total of 
43 of the 77 counties in the State were declared eligible 
for emergency assistance (Oklahoma Climatological 
Survey, 1994).

Several locations throughout the flooded area 
(fig. 69) reported 24-hour rainfall totals greater than 
6 inches from May 8-10 (Oklahoma Climatological 
Survey, 1993a). Will Rogers Airport, in southwestern 
Oklahoma City, received 7.06 inches of rain during the 
24-hour period from 1900 May 7 to 1900 May 8, of 
which 5.28 inches fell during the 3-hour period from 
1500 to 1800 May 8 (National Oceanic and Atmo­ 
spheric Administration, 1993) (fig. 70). According to 
statistics in U.S. Weather Bureau Technical Paper 
No. 40 (Hershfield, 1961), this 3-hour total was very 
near the 100-year frequency of 5.38 inches (fig. 71).

Excessive rainfall from the May storm system pro­ 
duced high stages and discharges of record at several 
streamflow-gaging stations (table 44). New maximum 
discharges for the period of record were recorded at 
13 streamflow-gaging stations (sites 1,6,9,12,15,16,

18, 19, 27-30, and 41). Many other streams had dis­ 
charges with recurrence intervals of 10 years or more.

The small urban creeks in southwest Oklahoma 
City (sites 27-29) had extremely high stages and dis­ 
charges. Twin Creek discharge (site 27) was more than 
three times the 100-year discharge; Brock Creek dis­ 
charge (site 28) was more than two times the 100-year 
discharge, and Lightning Creek discharge (site 29, 
table 44) was nearly two times the 100-year discharge 
(Federal Emergency Management Agency, 1988).

Many of the rivers and their tributaries in the 
flooded area are regulated by reservoirs. Large 
amounts of runoff produced new maximum elevations 
and contents for the period of record at five lakes at 
sites 46, 48, 52, 55, and 59 (table 45). The flood-pool 
storage exceeded design quantities for Kaw, Keystone, 
and Eufaula Lakes and Lake Altus (sites 46, 48, 56, 
and 57).

FLOOD OF SEPTEMBER 25-27,1993

Excessive rainfall during September 24 and 25 in 
extreme northeastern Oklahoma, southeastern Kansas, 
and southwestern Missouri produced flooding on the 
Neosho and Spring Rivers (sites 17-19, fig. 69) in 
Ottawa County (Oklahoma Climatological Survey, 
1993b). About 500 structures were evacuated in the 
county, including 300 in Miami, Oklahoma (Oklahoma 
Climatological Survey, 1994). Flooding also was 
reported in Craig and Nowata Counties.

The 24-hour rainfall totals in extreme northeastern 
Oklahoma reached 5.5 to 6.5 inches in several towns. 
Larger amounts were reported in some locations in 
southeastern Kansas, which received as much as 
18 inches in 24 hours. Rainfall totals in southwestern 
Missouri were as much as 15 inches (Oklahoma Clima­ 
tological Survey, 1993b).

On September 26, streamflow at the streamflow- 
gaging station at Spring River near Quapaw (site 19) 
reached a record stage and discharge, with a recurrence 
interval of more than 100 years. Streamflow at the 
streamflow-gaging station at Tar Creek at 22nd Street 
at Miami (site 18) also reached a record for stage and
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discharge on September 26, with a 25-year recurrence 
interval. The flood-pool storage exceeded design quan­ 
tities for the Lake O' the Cherokees (site 53).
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    1994, Oklahoma annual summary 1993: Norman,
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June 7-9, 1993, in Northeastern Illinois
ByG.O. Balding

Severe weather that was experienced in Illinois 
during June 1993 was more severe than all the 1993 
spring months combined. Wayne Wendland, State Cli- 
matologist, stated that June was the seventh wettest 
June since 1895 (Illinois State Water Survey, 1993, 
p. 2). Thunderstorms producing large amounts of 
precipitation hit the Chicago area on June 7-8. The 
city of Burr Ridge recorded an unofficial 4.63 inches of 
rain in about 2 hours, and an unofficial 6.03 inches 
(50-year recurrence interval) fell during the 24-hour 
period of June 7-8 (Illinois State Water Survey, 1993, 
p. 2). Thunderstorms on June 7, in northeastern Illi­ 
nois, produced 50- to 70-mile-per-hour winds and 3/4- 
to 1-inch hailstones; on June 8, there were sightings of 
tornadoes and funnel clouds (Wendland and Dennison, 
1993, p. 3). Total precipitation at selected precipita­ 
tion gages in northeastern Illinois ranged from 1.81 to 
5.11 inches (table 46).

The excessive rainfall on June 7 and 8 caused Saw­ 
mill Creek near Lemont (site 10, table 47, fig. 72) to 
reach a maximum discharge of 1,600 cubic feet per sec­ 
ond, which was estimated to correspond to a 100-year 
recurrence interval. Other streams in the southern 
Chicago suburbs had maximum discharges ranging 
from less than a 2-year to less than a 10-year recurrence 
interval.

Table 46. Precipitation totals for June 7-9,1993, at 
selected precipitation gages in northeastern Illinois
[Data from National Oceanic and Atmospheric Administration, 1993]

Precipi-
Siteno. Latitude, tation 
(fig. 72) longitude Precipitation gage (inches)

1

2

3

4

5

41°45', 88°21'

41°24', 88°17'

42°00', 87°53'

41°44I , 87°46'

41°30', 88°06'

Aurora
Channahon Dresden 

Island
Chicago O'HareWSO 

AP
Chicago Midway AP 3 

SW
Joliet Brandon Road 

Dam

3.12

2.30

1.81

5.11

2.22

6 41°30', 87°41' Park Forest
7 41°20', 87°48' Peotone
8 41°49', 88°04' Wheaton 3 SE

4.01
2.88
2.53

The Chicago Tribune newspaper reported that the 
downpour flooded parts of the southern and southwest­ 
ern Chicago suburbs leaving streets flooded to a depth 
of 4 feet and closing parts of expressways in Chicago 
for up to 4 hours (Thornton and Kass, 1993). Sewers 
on the southside of Chicago quickly reached 
capacity. Raw sewage was reported coming up 
through the storm drains and into the basements of 
homes (in many parts of Chicago, storm sewers also 
are sanitary sewers). The Des Plaines River became 
so swollen at Lockport that the Chicago Sanitary and 
Ship Canal could not effectively drain into it. Less 
than 1 inch of rain fell at O'Hare International Airport 
(site 3) on June 7, yet about 250 inbound and outbound 
flights were canceled. In Blue Island, the roof of a 
50,000-square-foot warehouse collapsed, apparently 
under the weight of accumulated rainwater. Even 
though discharge at the streamflow-gaging station on 
Sawmill Creek near Lemont (site 10) was nearly equiv­ 
alent to a 100-year recurrence interval, the Lemont 
Reporter (1993) stated that there was no major flooding 
in Lemont.

Total property damage as a result of the flooding is 
unknown. On June 8, 1993, the Governor of Illinois 
declared Cook and Du Page Counties State disaster 
areas (Swanson, 1993).
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EXPLANATION

Flood-determination site Number
Standard parallels 33° and 45', central meridian -89" corresponds to that in table 47

2 
A Precipitation gage Number corresponds

to that in table 46

Figure 72. Location of flood-determination and precipitation gage sites for flood of June 7-9,1993, in 
northeastern Illinois.
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June 8-9,1993, in Northern Indiana, and August 17, 
1993, in West-Central Indiana
By Donald V. Arvin

JUNE 8-9,1993

Rainy conditions during the last 3 days of May and 
the first 5 days of June 1993 produced 3 to 4 inches of 
precipitation, saturating the soils in northern Indiana. 
Then on June 7 and 8, rainfall totalling 5 to 8 inches fell 
on these water-soaked soils and caused flooding in 
many of the region's river basins (National Oceanic 
and Atmospheric Administration, 1993a). Affected 
areas included Lake, Porter, LaPorte, St. Joseph, 
Elkhart, Lagrange, and Jasper Counties (fig. 73). 
Flooding caused many local roads and city streets to be 
closed. Levees along the Kankakee River in southern 
LaPorte County were overtopped.

On June 9, discharges exceeded the 100-year 
recurrence interval at the streamflow-gaging station on 
Trail Creek at Michigan City (site 2, fig. 73), which 
monitors streamflow from an area of 54.1 square miles. 
The instantaneous maximum discharge of 4,240 cubic 
feet per second was the largest discharge recorded at 
the station since data collection began in June 1969.

Major flooding also occurred in other basins across 
northern Indiana (table 48). The Little Elkhart River at 
Middlebury (site 3) had a discharge with a recurrence 
interval between 70 and 80 years. The Iroquois River at 
Rosebud (site 5) discharge had a 30-year recurrence 
interval, and Hart Ditch at Munster (site 6) had a dis­ 
charge with a 10-year recurrence interval.

The wet conditions that prevailed prior to the rains 
of June 7 and 8 markedly increased the effect of the 
flooding. On June 2 and 3, the period-of-record high 
water level of 20.98 feet occurred at the lake-level 
recording gage on Pine Lake at LaPorte (site 7).

Brown, and Bartholomew Counties, although other 
nearby areas also sustained damage. Evacuations 
occurred in the cities of Rosedale, Cloverdale, Quincy, 
Paragon, Trevlac, and Nashville, Indiana (fig. 73).

The flooding of August 17 was preceded by exces­ 
sive rainfall of 6 to 8 inches on August 12 (National 
Oceanic and Atmospheric Administration, 1993b). 
Then late during the evening of August 16 and early 
August 17, the area received another 2 to 11 inches of 
rain. The area affected was a 10-15 mile wide area 
extending from Clinton to just west of Columbus.

Floodwaters from Doe Creek swept away two 
homes and severely damaged a city bridge. U.S. High­ 
way 231 was overtopped by Doe Creek as one lane and 
the supporting embankment were ripped away. Croys 
Creek submerged parts of Interstate 70 in Putnam 
County, forcing closure of that main roadway for sev­ 
eral hours. Surrounding areas experienced similar dam­ 
age. Railroad tracks were washed away near Paragon, 
Quincy, Fontanet, and Cloverdale. Many roads were 
closed and received extensive damage. In some areas, 
fields of 8-foot corn stalks were entirely submerged.

After the intense rainstorm ended on August 17, 
the flash-flood water levels fell quickly. As the water 
drained to the receiving streams, the maximum dis­ 
charges tended to dissipate, causing lesser effects on 
the larger streams. The streamflow-gaging station near 
Reelsville (site 8) recorded a gage height of 22.11 feet. 
This corresponded to a discharge of 10,200 cubic feet 
per second, which had a recurrence interval of 5-10 
years.

AUGUST 17,1993

Flash floods along small streams in west-central 
Indiana on August 17,1993, caused substantial damage 
to private property, railroads, and public highways. The 
areas most affected were Montgomery, Vermillion, 
Parke, Putnam, Vigo, Clay, Owen, Morgan, Monroe,

REFERENCES

National Oceanic and Atmospheric Administration, 1993a, 
Monthly report of river and flood conditions for June 
1993: Indianapolis, Indiana, 3 p.

    1993b, Monthly report of river and flood conditions 
for August 1993: Indianapolis, Indiana, 4 p.
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July and August 1993, in Eastern and South-Central 
North Dakota
By Gregg J. Wiche, R.E. Harkness, andJara Williams-Sether

The same weather patterns that caused flooding in 
the nine-State area of the upper Mississippi River 
Basin during the spring and summer of 1993 also pro­ 
duced widespread flooding of unprecedented magni­ 
tude in the drainage of the Hudson Bay Basin in North 
Dakota (fig. 74). The most severe flooding occurred in 
the Devils Lake, Red River of the North, and upper 
James River Basins and on several tributaries to the 
Missouri River. Urban flooding affected Bismarck, 
Jamestown, Valley City, Fargo, and other smaller com­ 
munities. As a result of the flooding, 39 counties in 
North Dakota were declared disaster areas, about 
10,000 people received $22.4 million in Federal assis­ 
tance, and damage to public infrastructure was about 
$22.5 million (Russell Staiger, North Dakota Division 
of Emergency Management, oral commun., 1994). 
Agricultural losses caused by the flooding have been 
estimated at $500 million (Federal Emergency Man­ 
agement Agency, 1993).

Severe flooding in the Devils Lake, Sheyenne 
River, and James River Basins (fig. 74) was preceded 
by near-normal precipitation during April and May and 
much-greater-than-normal precipitation during June; 
drainage areas of the tributaries to the Missouri River 
received near-normal precipitation from May until the 
last week in June (fig. 75). The rate of accumulation of 
precipitation at Devils Lake indicates that many 
small-to-moderate rainstorms occurred during July; 
however, at Cooperstown, Jamestown, and Bismarck 
(fig. 75), individual large storms produced from 30 to 
50 percent of the July precipitation total. The large 
amounts of precipitation (6.30 inches at Cooperstown 
on July 25, 6.35 inches at Jamestown on July 15, and 
5.55 inches at Bismarck on July 15 to 16) from the 
individual storms caused urban flooding. In other parts 
of the flooded area, precipitation from the individual 
storms totaled more than 3.0 inches, and 5-day precip­ 
itation totaled more than 5.0 inches (National Oceanic 
and Atmospheric Administration, 1993). Thus, the dis­ 
tribution of precipitation in July, as well as the anteced­ 
ent conditions, affected flooding.

The most severe flooding in the Devils Lake Basin 
(a closed basin) occurred in the Edmore Coulee and 
Edmore Coulee tributary subbasins. Maximum stages 
and discharges for the period of record occurred at

Edmore Coulee near Edmore (site 2) and Edmore Cou­ 
lee tributary near Webster (site 3) (table 49). Runoff 
into Devils Lake from Big Coulee and Channel A 
began in late June and continued throughout the winter 
of 1993-94 as the chain of lakes upstream from Devils 
Lake slowly drained. Runoff during 1993 produced the 
second largest inflow to Devils Lake in about 
110 years. As a result of the inflow, the lake rose 
5.2 feet from March-December 1993.

Although maximum discharges during July were 
less than the maximum discharges for the period of 
record, maximum or near-maximum stages occurred at 
streamflow-gaging stations on the Sheyenne River 
(sites 7-9) (table 49). During the 1993 flood, the pres­ 
ence of summer vegetation increased the resistance to 
flow, so that higher stages were required for a given 
discharge. Also, widespread floods are unusual during 
the growing season, and the extent and magnitude of 
the flooding throughout North Dakota was greater than 
might be expected on the basis of the computed recur­ 
rence intervals for maximum discharges (table 49).

The most severe flooding in the James River Basin 
occurred in and around Jamestown and upstream from 
Jamestown Reservoir. Maximum discharge on the 
James River near Manfred (site 14) was greater than 
the 100-year recurrence interval and also exceeded the 
maximums that occurred during the spring snowmelt 
floods of 1969 and 1979. Maximum discharge on the 
James River at Jamestown (site 16) had a 50-year 
recurrence interval for the regulated period. The max­ 
imum discharge at Jamestown is unusual in that most 
of the runoff contributing to the maximum came from 
areas in and adjacent to Jamestown. Little flooding 
was attributed to releases from Pipestem or Jamestown 
Reservoirs.

REFERENCES

Federal Emergency Management Agency, 1993, Interagency 
hazard mitigation team report for North Dakota: 
FEMA-1001DR-ND.

National Oceanic and Atmospheric Administration, 1993, 
Climatological data, North Dakota, July and August 
1993: Asheville, N.C., National Climatic Data Center, 
v. 102, no. 7-8.
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Figure 75. Accumulated daily precipitation for January-August 1993 and accumulated normal daily precipitation for 
January-August 1961-90 at (A) Devils Lake, (B) Cooperstown, (C) Jamestown, and (D) Bismarck, North Dakota (data from 
National Oceanic and Atmospheric Administration, 1993).
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July 13-17, 1993, in Central Mississippi
By W.Trent Baldwin

Excessive rainfall from scattered thunderstorms during July 1993 produced 
flooding in central Mississippi. The city of Vicksburg in west-central Mississippi 
was the hardest hit as it received 6.6 inches of rainfall in a 3-hour period beginning 
at 1900 on July 11 (National Oceanic and Atmospheric Administration, 1993). The 
100-year, 3-hour rainfall for Vicksburg is 5.4 inches according to Hershfield 
(1961).

Maximum stages and discharges were documented at eight flood-determina­ 
tion sites (fig. 76) that experienced at least a 2-year recurrence interval and are 
summarized in table 50. At Red Cane Creek tributary near Pisgah (site 6), the max­ 
imum peak discharge was the largest for the period of record. The flood was more 
severe at the flood-determination sites with the smaller drainage areas (sites 3 and 
6), which indicates the intense but isolated nature of the thunderstorms.

REFERENCES

Hershfield, D.M., 1961, Rainfall frequency atlas of the United States: U.S. Department of 
Commerce, Weather Bureau Technical Paper No. 40, 115 p.

National Oceanic and Atmospheric Administration, 1993, Climatological data, Missis­ 
sippi: Asheville, N.C., National Climatic Data Center, v. 98, no. 7, 27 p.
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Figure 76. Location of flood-determination sites for flood of July 13-17,1993, in central 
Mississippi.
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August 12, 1993, in Eastern Illinois

ByG.O. Balding

Excessive rainfall during the early morning hours of August 12, 1993, 
occurred over the adjacent cities of Champaign and Urbana, Illinois (fig. 77). Rain 
showers on August 9 produced about 0.5 inch at the Urbana precipitation gage. 
Rain continued each day with 0.26 inch falling on August 10 and 1.56 inches fall­ 
ing on August 11. Just before midnight on August 11, a very localized and 
slow-moving thunderstorm system produced 4.77 inches of rain in less than 
2 hours and 6.30 inches of rain in 3 hours. The storm had a recurrence interval 
exceeding 100 years (the magnitude of a 100-year, 3-hour storm at that location is 
4.23 inches) (Wayne M. Wendland, State Climatologist, written commun., 1994). 
Precipitation totals during August 9-12 at selected precipitation gages are listed in 
table 51.

The streamflow-gaging station, Boneyard Creek at Urbana (site 9), on the Uni­ 
versity of Illinois campus (fig. 77), recorded a maximum discharge for the period 
of record of 905 cubic feet per second from the 4.46-square-mile urban drainage 
area (table 52). Other continuous-record streamflow-gaging stations nearest to the 
Boneyard Creek at Urbana station recorded streamflow discharges having flood 
recurrence intervals of less than 2 years, which demonstrates the localized nature 
of the flooding.

Flooding and sewer backup occurred throughout the Champaign-Urbana area 
and other nearby communities. The News-Gazette reported that the excessive rain­ 
fall forced sandbagging in southwestern Champaign, closed the State highway 
south of Savoy, flooded streets in Tolono and around Campustown (University of 
Illinois), and flooded basements and street-level businesses in Champaign-Urbana 
that had never been flooded before (Cook and Kline, 1993). Many residences in the 
Champaign-Urbana area received substantial flood damage either by sewer 
backup, overland flooding, or from seepage into basements and crawl spaces that 
exceeded the capacity of residential sump pumps. On the University of Illinois 
campus, the basement of the new Grainger Engineering Library was filled with 
6 feet of water and was 1 of 36 buildings on campus that had flooded basements 
(Wurth, 1993).

The University of Illinois experienced about $4 million of damage to engineer­ 
ing equipment and buildings (Wurth, 1994). Residential and commercial property 
damage from the flooding is not known.

REFERENCES

Cook, Anne, and Kline, Greg, 1993, Area gets taste of flooding: Champaign, 111., The
News-Gazette, August 12,1993, p. A-l. 

National Oceanic and Atmospheric Administration, 1993, Climatological data, Illinois,
August 1993: U.S. Department of Commerce, v. 98, no. 8, 27 p. 

Wurth, Julie, 1993, UI cleaning up, assessing damage: Champaign, 111., The News-Gazette,
August 13, 1993, p. A-l. 
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Flood-determination site 
Number corresponds to that 
in table 52

Precipitation gage Number 
corresponds to that in table 51

0 10 20 30 KILOMETERS

Figure 77. Location of flood-determination and precipitation gage sites for flood of August 12,1993, in 
eastern Illinois.
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Table 51. Precipitation totals for August 9-12,1993, at selected precipitation gages 
in eastern Illinois
[Data from National Oceanic and Atmospheric Administration, 1993]

Site no. Precipitation 
(fig. 77) Latitude, longitude Precipitation gage___(Inches)

1 40°08', 87°39' Danville 0.85
2 40°28', 88°22' GibsonCitylE 1.28
3 40°28', 87°40' Hoopeston 1NE .29
4 40°02', 88°36' Monticello2 1.17
5 40°23', 88°05' Paxton 1.82

6 40°19', 88°10' Rantoul 2.74
7 40°061,88°14' Urbana 7.58
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August 31,1993, Storm Surge and Flood of Hurricane 
Emily on Hatteras Island, North Carolina
By J. Curtis Weaver and Thomas J. Zembrzuski, Jr.

THE STORM

Hurricane Emily began as a tropical depression in 
the Atlantic Ocean on August 22,1993 (National Oce­ 
anic and Atmospheric Administration, 1993). It 
reached tropical storm strength 400 miles south of Ber­ 
muda on August 25, and by the next day was upgraded 
to a hurricane (fig. 78). Emily's strength dropped 
briefly to a tropical storm early August 27 but by the 
end of the day had returned to hurricane force. Its west­ 
erly track veered northwesterly as it steadily intensified 
and slowly moved toward the south-central coastal 
States. The storm achieved category-three strength 
(maximum sustained winds greater than 110 miles per 
hour) at 1500 on August 31. The storm's center passed 
within 25 miles of Hatteras Island, North Carolina

(fig. 78), at approximately 1800 on August 31 before 
turning north and then northeastward away from land. 
Maximum wind gusts measured by the National 
Weather Service (NWS) during the storm ranged from 
98 miles per hour at Buxton, North Carolina, to 
132 miles per hour at Diamond Shoals, North Carolina, 
approximately 14 miles southeast of Cape Hatteras. An 
unofficial measurement of a maximum wind gust of 
107 miles per hour was made at a commercial estab­ 
lishment in Buxton on Hatteras Island (W. DeMaurice, 
National Weather Service, oral commun., October 
1993).

Although the eye of the hurricane did not make 
landfall, the western edge of the eye wall moved over 
part of Hatteras Island. As the eye approached the 
island, the storm's counterclockwise winds blew first
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Figure 78. Path of Hurricane Emily, August 23-September 1,1993, south-central coastal States (modified from 
National Oceanic and Atmospheric Administration, 1993).
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from the north and then north-northwest across Pam- 
lico Sound, pushing water onto the sound side of the 
island. The area most affected by the resulting storm 
surge was between the southern tip of the island at Hat- 
teras and Little Kinnakeet, North Carolina (fig. 79). 
Although the NWS station at Cape Hatteras reported 
7.51 inches of rain from the storm, rainfall was not a 
factor in the flooding. No more than 1 inch of precipi­ 
tation was reported at any of the NWS precipitation 
gages in the counties adjacent to Pamlico Sound.

THE FLOOD

Documentation of notable coastal floods provides 
scientists and flood-plain managers with useful data 
and technical information for an improved understand­ 
ing of the hazard and for improved management of 
flood-prone areas. Of particular importance is docu­ 
mentation of the duration of flooding (and rates of rise 
and recession of floodwaters), maximum flood eleva­ 
tions and depths, and delineation of the extent of 
storm-surge flooding.

Duration of Flooding

The most severe flooding on Hatteras Island 
occurred between 1600 and 2200 on August 31, but the 
duration of flooding on the island varied, depending on 
location and ground elevation. Although there are no 
active tide gages on southern Hatteras Island to provide 
official documentation, a discontinued U.S. Army 
Corps of Engineers (COE) recording tide gage located 
in Pamlico Sound near Buxton (fig. 79) was reactivated 
by a volunteer observer prior to the arrival of the storm. 
It appears that the stilling-well gage had produced sat­ 
isfactory graphic record up to a point when interference 
between the float and the weight prevented it from 
recording higher stages. A reproduction of the graphic 
record is shown in figure 80; annotation of the axes and 
estimated record were added to the original strip chart 
by the NWS (W. DeMaurice, National Weather Ser­ 
vice, written commun., October 1993). The tide-gage 
datum is not known. A survey of the outside staff gage 
located next to the discontinued recording gage pro­ 
duced a datum correction of -1.23 feet. This correction 
can be used to convert chart readings to sea-level 
datum. The actual maximum stage at the gage was 
later verified by using a nearby high-water mark (mark 
42, table 53) surveyed to sea-level datum.

The tide gage indicated that the level of Pamlico 
Sound began to rise rapidly by 1500 on August 31 in 
response to a change in the wind direction and an 
increase in wind speed (fig. 80). The maximum rate of 
rise was 2.7 feet per hour between 1630 and 1730, and 
the maximum level was estimated to have occurred 
about 1830. The total rise was more than 7 feet in 
4 hours. The gage record indicated that by 2200, the 
water level had declined more than 4 feet to an eleva­ 
tion at which most of the flooded area was again above 
water.

It is reasonable to assume that the timing of the 
flood peak was similar throughout the flooded area. In 
Buxton, the total rise in water level was in the range of 
9 to 10 feet. A simple extrapolation of the maximum 
rate of rise at the reactivated tide gage against the total 
rise in Buxton suggests that the maximum rate of rise 
in Buxton was in the range of 3.5 to 4.0 feet per hour.

Flood Elevations

High-water marks were flagged during the 3 days 
following the hurricane. Numerous "still-water" marks, 
usually fine debris or seed lines, were found deposited 
on the interior walls of poorly sealed buildings and 
sheds. Long, nearly unbroken 1- to 4-foot thick rows 
of mixed waterborne debris and seagrass were depos­ 
ited along the sound side of the dunes, especially in the 
undeveloped expanses of the Cape Hatteras National 
Seashore between villages on the southern end of the 
island.

Of a total of 108 marks flagged, 62 were chosen to 
provide a wide representation of elevations in the 
flooded area. Level circuits were run to each 
high-water mark from benchmarks tied to established 
U.S. Coast and Geodetic Survey and North Carolina 
Geodetic Survey benchmarks in the area.

Data for each of the 62 surveyed high-water marks 
are tabulated to show latitude, longitude, type and qual­ 
ity of mark, as well as the water-level and ground-sur­ 
face elevations (table 53). The location and elevation of 
selected marks are in figure 81.

In the Avon vicinity, still-water surface elevations 
ranged from 5.92 feet (mark 1, table 53) at the Little 
Kinnakeet Coast Guard Station (north of Avon) to 
7.62 feet (mark 5) within the village boundary. The 
maximum water depth (determined from table 53 as the 
difference between water-surface and ground-surface 
elevation) surveyed was 5.54 feet (mark 7). Flood lev­ 
els along the sound side of the dunes averaged about 
7.5 feet.
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Figure 80. Reproduction of original strip chart from discontinued U.S. Army Corps of Engineers tide gage at Buxton, North 
Carolina, August 31-September 1,1993. (Source: Original strip chart from Joe Ortner, Buxton, N.C.; wind direction and 
velocity, and estimated record from W. Demaurice, National Weather Service, Buxton, N.C.)

Along the Cape Hatteras National Seashore 
between Avon and Buxton, only the dunes remained 
above water during the storm surge. Flood levels 
increased from north to south, ranging from 7.6 feet 
(mark 13) near Avon to 11.5 feet (mark 23) near the 
Buxton village limits. The deposition of waterbome 
debris by flooding from the sounds indicated that a 
near breach of the dunes occurred about 0.5 mile north 
of Buxton.

The highest still-water elevations from Hurricane 
Emily occurred in the village of Buxton in structures 
closest to the Pamlico Sound shoreline where a maxi­ 
mum of 10.54 feet was surveyed (mark 25). The Cape 
Hatteras School was inundated to a level of 9.30 feet 
(mark 36). The maximum water depth surveyed in the 
area was 6.1 feet (mark 29). Flood levels declined con­ 
siderably inland (south) of the sound, where a line of 
secondary dunes restricted access of the storm surge 
into Buxton Woods. Further movement of floodwaters 
into Buxton Woods was impeded by dense underbrush 
and undulating topography.

Flood levels continued to decline west of Buxton to 
the village of Frisco, where the previously mentioned 
reactivated COE tide gage recorded most of the rising 
and falling limbs of the storm-surge hydrograph 
(fig. 80). The maximum stage of the water-surface 
peak shown in figure 80 was estimated by the NWS to 
be slightly more than 10 feet. Applying the datum cor­ 
rection (-1.23 feet) suggests that the actual

water-surface peak at the discontinued U.S. Army 
Corps of Engineers tide gage was in the range of 8.7 to 
9.0 feet above sea level. This is in reasonable agree­ 
ment with the elevation (8.31 feet) of a high-water 
mark (mark 42) surveyed inside a house located next to 
the reactivated tide gage. The maximum elevation sur­ 
veyed in the vicinity of Frisco was 8.7 feet (mark 47). 
The deepest floodwaters noted in this area were about 
4 feet (mark 44).

Two small breaches of the dunes from the ocean 
side (fig. 79) occurred in a stretch of the Cape Hatteras 
National Seashore between the villages of Frisco and 
Hatteras (Federal Emergency Management Agency, 
1994), even though flood levels continued to decrease 
to the west of Frisco. A maximum elevation of 8.3 feet 
(mark 57) was surveyed along the dunes, but the high­ 
est still-water elevation surveyed was 7.02 feet (mark 
54) above sea level. In Hatteras village, surveyed 
still-water marks of better than poor quality ranged 
from 6.4 (mark 59) to 6.98 feet (mark 57) above sea 
level. The maximum water depth surveyed in the vil­ 
lage was nearly 3.6 feet (mark 57).

Delineation of the Extent of Storm-Surge 
Flooding

The general area of inundation extended from 
north of Avon village to the southern tip of Hatteras 
Island (fig. 81). Onsite reconnaissance and interviews
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Table 53. Location and descriptions of high-water marks and water- and ground-surface elevations for the Hurricane 
Emily flood, Hatteras Island, North Carolina, August 31, 1993
[Locations of selected high-water marks (HWM) are shown in figure 81]

HWM 
no. 

(fig. 81)
1
2
3
4
5

6
7
8
9

10

11
12
13
14
15

16
17
18
19
20

21

22
23
24
25

26
27
28
29
30

31
32
33
34
35

36
37
38
39
40

Nearest town
Avon
Avon
Avon
Avon
Avon

Avon
Avon
Avon
Avon
Avon

Avon
Avon
Avon
Avon
Avon

Avon
Avon

Buxton
Buxton
Buxton

Buxton
(at near-breach)
Buxton
Buxton
Buxton
Buxton

Buxton
Buxton
Buxton
Buxton
Buxton

Buxton
Buxton
Buxton
Buxton
Buxton

Buxton
Buxton
Buxton
Frisco
Frisco

Latitude
35° 24' 22"
35° 22' 38"
35° 22' 35"
35° 22' 33"
35° 22' 17"

35° 21' 38"
35° 21' 37"
35° 21' 30"
35° 21 '30"
35° 21' 29"

35° 21' 07"
35° 20' 35"
35° 20' 05"
35° 20' 04"
35° 19' 21"

35° 19' 20"
35° 19' 13"
35° 17' 10"
35° 16' 59"
35° 16' 40"

35° 16' 37"

35° 16' 28"
35° 16' 09"
35° 16' 05"
35° 15' 59"

35° 15' 53"
35° 15' 36"
35° 15' 52"
35° 16' 07"
35° 16' 07"

35° 15' 48"
35° 15' 49"
35° 15' 53"
35° 15' 39"
35° 16' 09"

35° 15' 54"
35° 15' 52"
35° 15' 49"
35° 15' 27"
35° 15' 22"

Longitude
76° 29' 29"
75° 29' 40"
75° 29' 40"
75° 29' 40"
75° 29' 55"

75° 30' 28"
75° 30' 28"
75° 30' 09"
75° 30' 00"
75° 30' 03"

75° 30' 41"
75° 30' 19"
75° 30' 20"
75° 30' 27"
75° 30' 34"

75° 30' 32"
75° 30' 33"
75° 30' 54"
75° 30' 56"
75° 30' 59"

75° 31' 00"

75° 31' 01"
75° 31' 06"
75° 31' 08"
75° 31' 10"

75° 31' 19"
75° 31' 40"
75° 31 '42"
75° 31' 43"
75° 31' 59"

75° 32' 27"
75° 32' 27"
75° 32' 34"
75° 32' 35"
75° 32' 37"

75° 33' 03"
75° 33' 29"
75° 33' 44"
75° 34' 59"
75° 35' 08"

Type and quality1 of HWM
Seed line, excellent
Drift line on dunes, poor
Drift line on dunes, poor
Drift line on dunes, poor
Seed line, excellent

Seed line, good
Seed line, excellent
Seed line, excellent
Wash line, poor
Seed line, good

Seed line, excellent
Drift line, poor
Drift line, poor
Seed line, fab-
Seed line, good

Debris line, poor
Drift line on dunes, poor
Drift line on dunes, poor
Drift line on dunes, poor
Drift line on dunes, poor

Drift line on dunes, poor

Drift line on dunes, poor
Drift line on dunes, poor
Drift line on dunes, poor
Seed line, excellent

Seed line, excellent
Seed line, good
Seed line, excellent
Water stain, good
Seed line, good

Seed line, fair
Seed line, good
Seed line, good
Drift line, poor
Seed line, good

Seed line, excellent
Seed line, excellent
Drift line near road, poor
Drift line, poor
Seed line, good

Water-surface 
elevation 

(feet above 
sea level)

5.92
7.2
7.6
7.5
7.62

7.3
7.54
7.53
7.5
7.6

7.62
7.5
7.6
7.5
8.5

8.5
8.8

10.8
11.1
11.1

4 11.2

10.3
11.5

4 10.3
10.54

9.71
8.4
8.68

10.1
9.5

7.1
7.1
9.0
6.3

10.0

9.30
9.42

"9.6

6.3
6.4

Ground-surface 
elevation 

(feet above 
sea level)

Z4.0
37.2
37.6
37.5

4.4

22.3
22.0

3.8
37.5

6.0

25.2
37.5
37.6
25.0

5.3

38.5
38.8

3 10.8
3 11.1
3 11.1

3 11.2

3 10.3
3 11.5
3 10.3

5.9

26.4

7.5
5.8
4.0
7.0

4.9
3.9
7.8

36.3

5.4

4.9
4.6

39.6
36.3

5.5

August 31,1993, Storm Surge and Flood of Hurricane Emily on Hatteras Island, North Carolina 263



Table 53. Location and descriptions of high-water marks and water- and ground-surface elevations for the 
Hurricane Emily flood, Hatteras Island, North Carolina, August 31,1993 Continued

HWM 
no. 

(fig. 81)
41
42
43
44
45

46
47
48
49
50

51
52
53
54
55

56
57
58
59
60

61
62

Nearest town Latitude
Frisco
Frisco
Frisco
Frisco
Frisco

Frisco
Frisco
Frisco
Frisco
Frisco

Frisco
Hatteras
Hatteras
Hatteras
Hatteras

Hatteras
Hatteras
Hatteras
Hatteras
Hatteras

Hatteras
Hatteras

35°
35°
35°
35°
35°

35°
35°
35°
35°
35°

35°
35°
35°
35°
35°

35°
35°
35°
35°
35°

35°
35°

15'
15'
14'
15'

50"
50"
57"
04"

14' 25"

14'
13'
13'
13'
13'

13'
13'
13'
12'
12'

13'
13'
13'
13'
12'

12'

01"
35"
33"
22"
17"

12"
01"
00"
59"
56"

07"
22"
14"
07"
46"

32"
12' 28"

Longitude
75°
75°
75°
75°
75°

75°
75°
75°
75°
75°

75°
75°
75°
75°
75°

75°
75°
75°
75°
75°

75°
75°

35'
35'
35'
36'
37'

37'
38'
38'
38'
39'

39'

23"
35"
56"
10"
11"

32"
11"
14"
59"
13"

26"
40' 03"
40' 05"
41'
41'

41'
41'
41'
41'
41'

41'
42'

12"
18"

25"
04"
27"
40"
46"

55"
10"

Type and quality1 of HWM
Seed line,
Seed line,
Seed line,
Seed line,
Seed line,

Seed line,
Seed line,
Drift line

good
excellent
excellent
good
excellent

good
good
on dunes, poor

Drift line on dunes, poor
Drift line on dunes, poor

Drift line
Drift line

on dunes, poor
on dunes, poor

Water-surface 
elevation 

(feet above 
sea level)

5.9
8.31
7.88
8.0
8.05

8.1
8.7

"8.3

7.8
7.7

7.3
7.9

Drift line on dunes, poor ^.S
Seed line,
Seed line,

Seed line,
Seed line,
Seed line,
Seed line,
Seed line,

Seed line,
Seed line,

excellent
good

poor
excellent
fair
fair
excellent

excellent
excellent

7.02
7.0

5.8
6.98
6.7
6.4
6.93

6.68
6.68

Ground-surface 
elevation 

(feet above 
sea level)

4.2
3.9
4.3
3.8
4.5

5.9
5.4

38.3
37.8
37.7

37.3
37.9
37.8

3.9
3.3

23.5
23.4
24.0

4.4
23.3

4.2
25.6

'Quality: "excellent," + 0.05 foot; "good," ± 0.1 foot; "fair," + 0.25 foot; "poor," greater than 0.25 foot
2Estimate.
3Ground-surface elevation at drift line is same as water-surface elevation.
4Water-surface elevation is average of two marks.

with residents and Federal, State, and local officials 
were the basis for mapping the flooded area. The loca­ 
tion and elevations of the 62 surveyed high-water 
marks were plotted on U.S. Geological Survey (USGS) 
7.5-minute, 5-foot contour-interval topographic quad­ 
rangle maps to assist with the delineation of the inun­ 
dated areas.

In most places, the extent of the storm surge was 
fairly easy to delineate. An obvious and mostly contin­ 
uous drift line was deposited on the sound side of 
ocean-front dunes that extended north of Buxton and 
southwest of Frisco. The northern extent of flooding 
during Hurricane Emily was about 3 miles north of 
Avon village near the Little Kinnakeet Coast Guard 
Station (fig. 79). From this point to the northern edge of

Buxton village, the storm surge completely inundated 
State Highway 12. Except for several structurally ele­ 
vated properties, the entire village of Avon was inun­ 
dated. Likewise, from the western end of Frisco village 
to the end of Hatteras Island, the storm surge crossed 
over Highway 12 and reached the sand dunes at the 
ocean. The entire village of Hatteras was flooded.

In the wide part of Hatteras Island between Buxton 
and Frisco, several factors made the extent of inunda­ 
tion into Buxton Woods more difficult to delineate. The 
ground elevation in much of this area ranges from 5 to 
10 feet (with many notable exceptions of higher eleva­ 
tions), the same range as the water-surface elevations 
during the flood. Although the overall relief is low in 
most places, there is considerable undulation of the
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Figure 81. Location of and water-level elevations at selected high-water marks surveyed on Hatteras Island, North 
Carolina, for August 31,1993, storm surge from Hurricane Emily.
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topography. Natural wetlands cover most of the 
low-lying areas, and some artificial drainage ditches 
and canals connect wetland pockets to Pamlico Sound. 
Vegetation in Buxton Woods generally is quite dense, 
and the artificial drainage system is not extensive. 
These factors, as well as the fairly short duration of 
flooding, probably acted to attenuate the storm surge as 
it moved inland from Pamlico Sound into Buxton 
Woods. Definitive high-water marks could not be 
located in the interior of the island.

Although the high-water elevations are not known, 
other evidence indicates rather extensive intrusion of 
the storm surge into Buxton Woods, at least inland to 
the dunes that mark the edge of the Cape Hatteras 
Water Association (CHWA) well field (fig. 81). Spe­ 
cific-conductance measurements of well water were 
made during September 3 and 4 by the North Carolina 
Division of Environmental Management (T. Mew, 
Ground Water Section, North Carolina Department of 
Environment, Health, and Natural Resources, written 
commun., September 1993). These measurements sug­ 
gest that saltwater intruded to the interior of the island.

The extent of storm-surge inundation is shown in 
figure 81. Areas where inundation was confirmed by 
reconnaissance or extrapolation from high-water mark 
elevations are delineated with a solid line. The areas 
where field surveys were inconclusive and where 
high-water elevations could not be extrapolated (nota­ 
bly, Buxton Woods) are delineated by dashed lines.

FLOOD DAMAGES

Although Hurricane Emily was not particularly 
notable in terms of wind damage, it will be remem­ 
bered for extensive inundation from the Pamlico 
Sound. Many homes and buildings, while sustaining 
minor damage due to winds, were extensively damaged 
or destroyed by flooding. The Federal Emergency 
Management Agency (FEMA) reported 160 homes 
destroyed, 216 extensively damaged, and 144 that 
received minor damage (Federal Emergency Manage­ 
ment Agency, 1994). Several commercial establish­ 
ments and public buildings, including the Dare County 
Emergency Operations Center, also were flooded. The 
Cape Hatteras School sustained approximately 
$3.1 million in damages to structure and contents. In 
total, Hurricane Emily's damages were estimated to be 
$12.6 million (J. Self, Division of Emergency Manage­ 
ment, North Carolina Department of Environment, 
Health, and Natural Resources, oral commun., March

1994). The Governor of North Carolina declared a state 
of disaster on September 3,1993. A Presidential decla­ 
ration of major disaster followed on September 10.

Approximately 160,000 tourists and residents were 
evacuated from the Cape Hatteras area prior to the 
storm. Although no deaths occurred during Hurricane 
Emily, three drownings occurred on the day after the 
storm when swimmers were lost in the heavy surf near 
Nags Head (fig. 79), more than 50 miles north of the 
flooded area, and in Virginia.

The saline floodwaters that covered Buxton Woods 
had a delayed effect on the quality of water pumped 
from the CHWA well field. Water produced and distrib­ 
uted by CHWA is a blend from several individual 
wells. Chloride content of water distributed to custom­ 
ers was 40 to 45 milligrams per liter prior to the storm. 
The chloride content rose slowly but steadily during 
the next 3 months to a maximum of 280 to 285 milli­ 
grams per liter, as the saltwater infiltrated the produc­ 
tion zones of the wells, before declining during another 
3 months to a level of about 60 milligrams per liter 
(J. Coleman, Cape Hatteras Water Association, oral 
commun., August 1994). Although individual wells 
were not tested for chloride, water from some probably 
had maximum chloride concentrations higher than 
285 milligrams per liter.

COMPARISON WITH OTHER STORMS 
AND WITH 100-YEAR FLOOD ELEVA­ 
TIONS

The flooding caused by Hurricane Emily was the 
most extensive in the recollection of long-time resi­ 
dents of the island. Flood levels surpassed those from 
other large storms, which occurred in September 1933, 
September 1944, and September 1985 (Hurricane Glo­ 
ria). On the southern end of Hatteras Island, flood lev­ 
els also were higher than levels generated during 
March 13-14,1993, by the "storm of the century" (Fed­ 
eral Emergency Management Agency, 1994). Perhaps 
the last time that flooding was more severe was during 
the hurricane of August 1899 when the "entire island 
was covered with water to a depth of 4 to 10 feet; there 
were not more than four houses in which the tide did 
not rise to a depth of 1 to 4 feet" (Carney and Hardy, 
1967).

The 100-year flood elevations on the sound side of 
the ocean-front dunes on Hatteras Island were deter­ 
mined by FEMA to range from 6.3 feet in the village of 
Hatteras to 8.6 feet in the area between the villages of
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Buxton and Avon (Federal Emergency Management 
Agency, 1993). Hurricane Emily's still-water flood ele­ 
vations exceeded the published (Federal Emergency 
Management Agency, 1993) 100-year flood levels in 
Hatteras, Frisco, and the parts of Buxton that were clos­ 
est to Pamlico Sound by amounts ranging from a few 
tenths of a foot in Hatteras to about 2 feet in Buxton. In 
Avon, flood levels were either close to or slightly below 
the FEMA 100-year elevations. Flood levels were 
probably several feet below the FEMA 100-year eleva­ 
tions in the Buxton Woods area.
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canes: Raleigh, N.C., U.S. Department of Commerce 
Environmental Science Services Administration, 
Weather Bureau, 40 p.

Federal Emergency Management Agency, 1993, Hood
insurance study, Dare County, North Carolina (unincor­ 
porated areas): Federal Emergency Management 
Agency, National Hood Insurance Program, Commu­ 
nity Number 375348, 28 p.

    1994, Hurricane Emily: Federal Emergency Manage­ 
ment Agency Interagency Hazard Mitigation Team 
Report FEMA-1003-DR-NC, Region IV, 50 p.

National Oceanic and Atmospheric Administration, 1993, 
Special climate summary Hurricane Emily: Colum­ 
bia, S.C., Southeast Regional Climate Center, 6 p.

August 31,1993, Storm Surge and Flood of Hurricane Emily on Hatteras laland, North Carolina 267



266 Summary of Flooda In the United Statea, January 1992 Through September 1993



September 22-26,1993, in Northwestern 
and Central Missouri
By Rodney Southard

In Missouri, 1993 will be remembered for the dev­ 
astation caused by the Missouri and Mississippi Rivers 
during the great flood of July-August 1993. However, 
record flooding also occurred during September 
throughout a large part of the State. After months of 
greater-than-normal rainfall, two series of thunder­ 
storms swept across the State the third week of Septem­ 
ber. The first series of storms occurred 
September 22-23 and resulted in precipitation totals in 
excess of 5 inches in northwestern Missouri (National 
Oceanic and Atmospheric Administration, 1993). As 
these storms traveled southeast, they weakened and 
then redeveloped over east-central Missouri resulting 
in 3 to 6 inches of rainfall. The second series of storms 
on September 24 and 25 originated in southern Kansas 
and traveled to southwestern and east-central Missouri. 
These storms produced intense rainfall in a 
75-mile-wide band across the State (fig. 82). Two-day 
rainfall totals in excess of 7 inches were recorded at 
several precipitation gages (table 54).

Because damage estimates for the September 
flooding were included in the totals of the Missouri and 
Mississippi main-stem floods, which occurred during 
July and August, no specific estimates exist for the 
September flooding. For flooding July-September 
1993,102 counties and 1 city were declared eligible for 
Federal disaster assistance. The estimated damage in 
Missouri totaled $4 billion, and at least 31 deaths have 
been attributed to the flooding (Jane Epperson, Mis­ 
souri Department of Natural Resources, written com- 
mun., 1994). Many individuals were affected by the 
flooding, and about $42 million was disbursed for indi­ 
vidual assistance to flood victims in Missouri by Fed­ 
eral Emergency Management Agency (FEMA), which 
is a large part of the total of $93 million for individual 
assistance in the upper Mississippi River Basin (Ron 
McCabe, Federal Emergency Management Agency, 
oral commun., 1994).

During September, numerous rivers were affected 
by the excess rainfall as streamflow-gaging stations or 
flood-determination sites measured record or 
near-record maximum discharges (fig. 83). The rainfall 
of September 22-23 resulted in devastating flooding in 
the Nodaway River Basin (site 6) in northwestern Mis­

souri and in the Cuivre River Basin (site 5) in east-cen­ 
tral Missouri. Flood-determination sites in both basins 
had discharge recurrence intervals in excess of 
100 years (table 55). The September 24-25 storms 
resulted in more extensive flooding, and eight 
flood-determination sites had maximum discharges 
exceeding the 100-year recurrence interval, and nine 
sites established maximum discharges for the period of 
record. The most excessive precipitation occurred in 
south-central Missouri, and storm totals decreased 
eastward across the State. The Spring, Sac, James, and 
Pomme de Terre Rivers had maximum discharges sub­ 
stantially higher than the previous maximum dis­ 
charges for the period of record. Two examples of the 
maximum discharges are the Spring River near Waco 
(site 33), which had a maximum discharge on Septem­ 
ber 26 of 1.47 times the 1943 maximum discharge of 
103,000 cubic feet per second, and the Sac River near 
Dadeville (site 9), which had a maximum discharge 
2.65 times greater than the 1986 maximum discharge 
of 13,600 cubic feet per second (table 55). Even though 
the storms dissipated as they moved eastward, the rain 
fell on ground saturated from the earlier storms of Sep­ 
tember 22 and 23, and the resulting flooding was severe 
in the Big River and Gasconade River Basins. Tributar­ 
ies to the Gasconade River, such as the Big Piney River 
and Little Piney Creek, did not have extreme flooding, 
but the Gasconade River main stem had a major flood. 
The maximum discharge at the Jerome flood-determi­ 
nation site (site 20) had a 70-year recurrence interval. 
A number of other streams had substantial flooding 
because of the overlap of precipitation from both 
storms (table 55).
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Base from U S Geological Survey digital data 
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Albers Equal-Area Conic Projection 
Standard parallels 29=30' and 45°30'. central meridian -98 C 00'

EXPLANATION
^8 Precipitation gage Number corresponds 

to that in table 54

Figure 82. Location of precipitation gages for flood of September 22-26,1993, in northwestern and centra! Missouri.
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Table 54. Precipitation totals for September 22-26,1993, at selected precipitation gages in Missouri
[Data from National Oceanic and Atmospheric Administration, 1993]

Site no. 
(fig. 82)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Precipitation, in inches

Precipitation gage site

Graham 1 NW

Conception

Amity 7 WNW

Pattonsburg 2 S

Mexico

Vandalia

Elsberry 1 S

Hermann

Pacific 1 S

Rich Fountain 3 E

Potosi 3 N

Salem

Houston 3 E

Wasola

Lebanon 2 W

Marshfield

Bolivar 1 NE

Lockwood

Mt. Vernon M U SW CTR

Waco 2 E

Sept. 22

5.30

5.10

6.70

2.59

1.34

2.39

.85

0

0

0

0

0

0

0

0

0

0

0

.01

0

Sept. 23

0.30

.80

.28

1.14

6.28

3.10

3.66

4.45

3.04

4.83

3.50

.67

0

0

0

0

.01

0

0

0

Sept. 24

0.31

.38

.30

.01

.22

.28

.19

.68

1.74

.69

2.93

2.27

1.40

5.14

3.15

3.20

4.47

3.40

1.52

.47

Sept. 25

0.49

.50

.31

1.39

.43

.59

0

.77

.44

1.57

2.42

2.00

3.74

2.96

3.58

4.55

4.80

6.04

8.20

11.00

Sept. 26

0.06

.05

.05

.11

.35

0

.46

.52

.65

.07

.29

0

.50

.19

.35

.55

.02

.03

.02

0

Total

6.46

6.83

7.64

5.24

8.62

6.36

5.16

6.42

5.87

7.16

9.14

4.94

5.64

8.29

7.08

8.30

9.30

9.47

9.75

11.47
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ILLINOIS

Base from U S Geological Survey digital data 
1 2,000,000,1072 

Albers Equal-Area Conic Projection 
Standard parallels 29"3Q' and 45°30', central meridian -98 U00'

EXPLANATION 

Flood area

Flood-determination site 
Number corresponds to that 
in table 55

Figure 83. Location of flood-determination sites for flood of September 22-26,1993, in Missouri.
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INDEX

absorption, definition, IX
abstract, 1
Alabama, 9
Alaska, 115-118,179

damages, 115
flood of "May-August 1992," 115-118
maximum discharges, 115,117
maximum stages, 117
streamflow-gaging stations, 116,117 

Alda, Nebraska, 217 
Alexandria, Nebraska, 143 
Allendale, South Carolina, 161 
Allendale County, South Carolina, 161 
Allisonia, Virginia, 111 
Altamaha River Basin, Georgia, 199 
Amite River Basin, Louisiana, 207 
Angola, Indiana, 173 
Anna River Basin, Virgina, 211 
Appomattox River Basin, Virginia, 211 
Arctic Ocean, 115 
Arctic Slope, 115 
Arizona, damages, 185

flood of "January and February 1993," 185-193
maximum discharges, 185,187-191
maximum stages, 185,187-191
precipitation, 185,192,193
streamflow-gaging stations, 186-191 

Arkansas City, Kansas, 227 
Arkansas River, Kansas, 227

at Arkansas City, Kansas, 227 
Arkansas River Basin, 21, 227
Arvin, Donald V, flood of "July 12-16, 1992, in central 

Indiana," 139-141
flood of "August 8, 1992, in southeastern and south- 
central Indiana," 147-149 
flood of "December 30, 1992-January 15,1993, in 
northern Indiana," 173-175 
floods of "June 8-9, 1993, in northern Indiana, and 
August 17, 1993, in west-central Indiana," 243-245 

Ascension Parish, Louisiana, 207 
Ashland, Nebraska, 217 
Atigun Pass, Alaska, 115 
Atlantic City, New Jersey, 165 
Atlantic Coast, 103,165 
Atlantic County, New Jersey, 165 
Atlantic Ocean, 91, 111, 259 
Auburn, Nebraska, 143 
Auglaize County, Ohio, 135 
Avon, North Carolina, 260,262,264, 267

B

Bahama Islands, 91
Baja California, 185
Balding, G.O, flood of "June 7-9,1993, in northeastern

Illinois," 239-241
flood of "August 12,1993, in eastern Illinois," 255-258 

Baldwin, W. Trent, flood of "January 20-23,1993, in south­ 
ern Mississippi," 203-206
flood of "July 13-17, 1993, in central Mississippi," 251-
253

Bane, Virginia, 119, 211 
bank, definition, IX 
Bardstown, Kentucky, 127 
Barneston, Nebraska, 143 
Barrio Mulas, Puerto Rico, 93 
Bartholomew County, Indiana, 243 
Baton Rouge, Louisiana, 207 
Beach Haven, New Jersey, 165 
Beatrice, Nebraska, 143 
Beaver Crossing, Nebraska, 217 
Beaverdam Creek, Virginia, 111

at Hillsville, Virginia, 111 
Beech Fork, Kentucky, 127

at Maud, Kentucky, 127 
Beech Fork Basin, Kentucky, 127 
Belmont County, Ohio, 135 
BENEFITS computer program, 25 
Bergen County, New Jersey, 165 
Bermuda, 259 
Big Blue River, Nebraska, 143

at Barneston, Nebraska, 143
at Beatrice, Nebraska, 143
near Crete, Nebraska, 143
West Fork, Nebraska, 143 

Big Coulee, North Dakota, 247 
Bigelow, Bruce B., floods of "May-August 1992, in

Alaska," 115-118 
Big Nemaha River, Nebraska, 143

at Falls City, Nebraska, 143 
Big Piney River, Missouri, 269 
Big Reed Island Creek, Virginia, 111

near Allisonia, Virginia, 111 
Big River Basin, Missouri, 269 
Big Sandy Creek, Nebraska, 143 
Big Sandy River Basin, Virginia, 211 
Big Sioux River, South Dakota, 31 
Big Stone Lake, Minnesota, 24 
Bill Williams River Basin, Arizona, 187 
Biloxi River Basin, Mississippi, 206 
Birdtown, North Carolina, 157
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Bismarck, North Dakota, 10,13-17,247 
Blackford County, Indiana, 139 
Black River, Arizona, 193

at Watertown, New York, 221
below pumping plant near Point of Pines, Arizona, 193
near Fort Apache, Arizona, 193
New York, 221
Wisconsin, 29

Black River Basin, New York, 221 
Blue Island, Illinois, 239 
Blue Ridge Mountains, 111, 211 
Boneyard Creek, Illinois, 255

at Urbana, Illinois, 255 
Bonita Creek, Arizona, 192

near Morenci, Arizona, 192 
Bonny Reservoir, Colorado, 22
Boohar, J.A., flood of "July 25-August 2,1992, in south­ 

eastern Nebraska," 143-145
flood of "March 8-12, 1993, in east-central Nebraska,"
217-220

Booneville, Missouri, 29 
Bourbon County, Kansas, 131 
Bow, New Hampshire, 103 
Bowers, James C., floods of "January and February 1993, in

southern California," 179-183 
Brock Creek, Oklahoma, 231 
Brooks Range, Alaska, 115 
Brown, Robert O., "March 11, 1992, ice-jam flood in Mont-

pelier, Vermont," 103-110 
Brown County, Indiana, 243 
Buffalo, Wyoming, 123 
Buffalo County, Nebraska, 217 
Burr Ridge, Illinois, 239 
Butler County, Nebraska, 217 
Buxton, North Carolina, 259,260,262,264,267 
Buxton Woods, North Carolina, 262,264,266,267

Caledonia County, Vermont, 110 
California, maximum discharges, 181

maximum stages, 181,183
precipitation, 179,180,182
southern, floods of "January and February 1993,"
179-183
streamflow-gaging stations, 181,182 

Calva, Arizona, 192 
Cameron, Arizona, 185,193 
Camp Pendleton, California, 182 
Camp Verde, Arizona, 193 
Campustown, Illinois, 255 
Canada, 9
Cape Hatteras, North Carolina, 259,260,266 
Cape Hatteras National Seashore, North Carolina, 260,262 
Cape May, New Jersey, 165

Cape May County, New Jersey, 165
Caribbean Sea, 91
Carrizo Creek, Arizona, 193

near Show Low, Arizona, 193 
Carroll County, Indiana, 139,173 
Cartwright Creek, Kentucky, 127

near Fredericktown, Kentucky, 127 
Cartwright Creek Basin, Kentucky, 127 
Cat Point Creek, Virginia, 155 
Cayey, Puerto Rico, 91,93,96 
Cedar Bluff Reservoir, Kansas, 22 
Cedar Rapids, Iowa, 10,13-17 
Cedar River, Nebraska, 217 
Champaign, Illinois, 255 
Chandlers Millpond, Virginia, 155

near Montross, Virginia, 155 
Channel A, North Dakota, 247 
Chariton, Iowa, 151 
Chariton River, Iowa, 25,151

near Chariton, Iowa, 151 
Chariton River Basin, Iowa, 25,151 
Cheesequake, New Jersey, 165 
Chena Lakes Flood Control Project, Alaska, 115 
Chena River, Alaska, 115

near Two Rivers, Alaska, 115 
Chena River Basin, Alaska, 115 
Cherokee County, Kansas, 227 
Cherry Creek, Arizona, 193 
Chicago, Illinois, 239 
Childs, Arizona, 193 
Chippewa River, Wisconsin, 29 
Chittenden County, Vermont, 110 
Chrysotile, Arizona, 193 
Cibecue Creek, Arizona, 193 
Clark County, Indiana, 147 
Clarkdale, Arizona, 193 
Clay County, Indiana, 243 
Clinton, Indiana, 243

Iowa, 29
Clinton Lake, Kansas, 23 
Cloverdale, Indiana, 243 
Colfax County, Nebraska, 217 
Colleton County, South Carolina, 161 
Colonial Beach, Virginia, 155 
Colorado, 22 
Columbus, Indiana, 243

Nebraska, 217
Comerio, Puerto Rico, 93,96,100 
Comite, Louisiana, 207 
Comite River, Louisiana, 207

near Comite, Louisiana, 207 
Continental, Arizona, 192 
contributing drainage area, 4 
Cook County, Illinois, 239 
Cooperstown, North Dakota, 247,249
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Coosawhatchie River, South Carolina, 161
at State Secondary Road S-21 near Fairfax, South Caro­ 
lina, 161

Coosawhatchie River Basin, South Carolina, 161,165-164
Coralville Reservoir, Iowa, 21,23
Cornville, Arizona, 193
Cosperville, Indiana, 173
Cottonwood River, Kansas, 227 

at Marion, Kansas, 227
Craig County, Oklahoma, 231
Crazy Woman Creek, Wyoming, 123 

at Trabing Bridge, Wyoming, 123
Crete, Nebraska, 143
Crothersville, Indiana, 147
Croys Creek, Indiana, 243
cubic feet per second, definition, IX
Cuivre River Basin, Missouri, 269
Cumberland County, New Jersey, 165
Cuming County, Nebraska, 217
current meter, definition, IX

Dadeville, Missouri, 269
Dan River, Virginia, 111
Davenport, Iowa, 30
Davis City, Iowa, 151
Deadhorse, Alaska, 115
Delaware, 9,165
Delaware County, Indiana, 139
De Luz Creek, California, 179
Denham Springs, Louisiana, 207
Denner, Jon C., "March 11,1992, ice-jam flood in Montpe-

lier, Vermont," 103-110 
Deputy, Indiana, 147 
Derby, Iowa, 151 
Des Moines, Iowa, 10,14,15 
Des Moines River, Iowa, 30 
Des Moines River Basin, Iowa, 29,30 
DeSoto, Kansas, 25-28 
Des Plaines River, Illinois, 239 
Devils Lake, North Dakota, 247,249 
Devils Lake Basin, North Dakota, 247 
Deweese, Nebraska, 143 
Dexter, New York, 221 
Diamond Shoals, North Carolina, 259 
discharge, definition, IX 
Dodge County, Nebraska, 217 
Doe Creek, Indiana, 243 
Dominican Republic, 91 
Dorado, Puerto Rico, 93,96 
Dorchester, Nebraska, 143,217 
Douglas County, Nebraska, 217 
drainage area, definition, IX, 4 
drainage basin, definition, IX

Dugspur, Virginia, 111
Du Page County, Illinois, 239

Eagle, Alaska, 115 
Eagle Creek, Arizona, 192

above pumping plant near Morenci, Arizona, 192 
East Baton Rouge Parish, Louisiana, 207 
East Feliciana Parish, Louisiana, 207 
Eddins, W. Harold, flood of "September 10,1992, Swain

County, North Carolina," 157-159 
Edmore, North Dakota, 247 
Edmore Coulee, North Dakota, 247

near Edmore, North Dakota, 247 
Edmore Coulee tributary, North Dakota, 247

near Webster, North Dakota, 247 
El Coco, Puerto Rico, 96 
Elkhart County, Indiana, 243 
Elkhart River, Indiana, 173 
Elkhorn River, Nebraska, 217

at Waterloo, Nebraska, 217
at West Point, Nebraska, 217 

Enders Reservoir, Nebraska, 22 
Eskridge, Kansas, 131 
Essex County, New Jersey, 165 
Eufaula Lake, Oklahoma, 231 
explanation of data, 4

Fairbanks, Alaska, 115,118 
Fairbury, Nebraska, 143 
Fairfax, South Carolina, 161 
Falls City, Nebraska, 143 
Fargo, North Dakota, 247 
Fish Creek, Indiana, 173

at Hamilton, Indiana, 173 
flood, definition, IX, 1

ice-jam, 103-110,115, 217 
flood-control pool, 19 
flood-control reservoirs, 22-24 
flood damage, 1, 2, 91,93,96,109-111,115,131,135,145,

147, 157, 173,185,207, 217, 221, 227, 231,239,243,
247,255, 266,269 

flood discharge, determination of, 3 
flood-envelope curve, 6 
flood magnitude, 4 
flood plain, definition, IX 
flood probability, 4,6 
flood stage, definition, IX

determination of, 3 
flood storage, 20-25 
Florida, 9 
Fontanet, Indiana, 243
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Fort Apache, Arizona, 193
Fort Peck Reservoir, Montana, 22
Fort Wayne, Indiana, 173
Francis Case Reservoir, South Dakota, 22
Franklin County, Ohio, 135
Frankton, Indiana, 139
Fredericksburg, Virginia, 155
Fredericktown, Kentucky, 127
Frisco, North Carolina, 262,264,267

Garden State Parkway, New Jersey, 165 
Gasconade River, Missouri, 269 
Gasconade River Basin, Missouri, 269 
Georgia, maximum discharges, 199,201,202

maximum stages, 199,201,202
precipitation, 199
southeastern, flood of "January 8-21,1993," 199-202
streamflow-gaging stations, 200-202 

Gila River, Arizona, 185,192
at Calva, Arizona, 192 

Gila River Basin, Arizona, 185,192
New Mexico, 192
precipitation, 192 

Girard, Kansas, 227 
glossary, IX
Grand Falls, Arizona, 185 
Grand River Basin, Missouri, 29 
Grant County, Indiana, 139 
Gretna, Nebraska, 217 
Gulf of Alaska, 179,185 
Gulf of Mexico, 9, 111, 207 
Gulf of Venezuela, 91 
Gun Creek, Arizona, 193 
Guthrie, Oklahoma, 231

H

Hall County, Nebraska, 217
Hamilton, Indiana, 173
Hampton, South Carolina, 161
Hampton County, South Carolina, 161
Hancock County, Indiana, 139
Hanover, Indiana, 147
Harkness, R.E., floods of "July and August 1993, in eastern

and south-central North Dakota," 247-250 
Harlan County Reservoir, Nebraska, 22 
Harry S Truman Lake, Missouri, 23,25 
Harry Strunk Reservoir, Nebraska, 22 
Hart Ditch, Indiana, 243

at Munster, Indiana, 243 
Hatteras, North Carolina, 259-267 
Hatteras Island, North Carolina, 259-267 
Henryville, Indiana, 147

Hermann, Missouri, 25,31 
Hillsdale Lake, Kansas, 23,25 
Holbrook, Arizona, 185 
Hollenberg, Kansas, 143 
Howard County, Indiana, 139 
Hudson Bay Basin, North Dakota, 247 
Hudson County, New Jersey, 165 
Hugh Butler Reservoir, Nebraska, 22 
Humboldt, Nebraska, 143 
Hurricane Agnes, 221 
Hurricane Emily, 259-267 
Hurricane Gloria, 266

I

ice-jam flooding, 103-110,115,217 
Illinois, 31,33-36

damages, 239,255
eastern, flood of "August 12,1993," 255-258
flood-determination sites, 241,256,258
maximum discharges, 35,36,240,258
maximum stages, 35,36,240,258
northeastern, flood of "June 7-9,1993," 239-241
precipitation, 239,255,257
streamflow-gaging stations, 34-36 

Illinois River, Illinois, 31 
Indian Creek, Ohio, 135

at Massieville, Ohio, 135 
Indiana, central, flood of "July 12-16, 1992," 139-141

damages, 147,173,243
flood-determination sites, 140,141,148,149,174,175,
244,245
maximum discharges, 139,141,149,175,245
maximum stages, 141,149,175,245
northern, flood of "December 30, 1992-January 15,
1993," 173-175
northern, flood of "June 8-9,1993," 243-245
precipitation, 139,147,173,243
southeastern and south-central, flood of "August 8,
1992," 147-149
west-central, flood of "August 17, 1993," 243-245 

indirect measurements, 3 
introduction, 1 
Iowa, 10,16,23-25,29,31,33,37-43

east-central, 9
flood-determination sites, 152,153
maximum discharges, 38-43,153
maximum stages, 38-43,153
precipitation, 9,10,16,30,151
south-central, flood of "September 1992," 151-153
streamflow-gaging stations, 37-43,152,153 

Iowa River, Iowa, 30,38 
Iroquois River, Indiana, 243

at Rosebud, Indiana, 243 
isohyetal map, definition, IX
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Jackson County, Indiana, 147
James, Robert W., Jr., "floods in the upper Mississippi River

Basin, 1993," 29-31 
James River, at Jamestown, North Dakota, 68, 247

at Richmond, Virginia, 111
Missouri, 269
near Manfred, North Dakota, 247
North Dakota, 31, 247
South Dakota, 31
Virginia, 211 

James River Basin, North Dakota, 30, 247
North and South Dakota, 29
Virginia, 111, 211

Jamestown, North Dakota, 247,249 
Jamestown Reservoir, North Dakota, 247 
Jasper County, Indiana, 243 
Jefferson County, Indiana, 147

Ohio, 135
Jennings County, Indiana, 147 
Jerome, Indiana, 139

Missouri, 269 
jetstream, 9,179, 185 
Johnson County, Wyoming, 123,124

K

Kankakee River, Indiana, 173,243
Kanopolis Lake, Kansas, 22
Kansas, 22,25, 29,31,33,44-48,131-133,231, 269

damages, 131,227
eastern, 10
eastern, floods of "July 1992," 131-133
flood-determination sites, 133,228,229
maximum discharges, 45-48,132,227,229
maximum stages, 45-48,132,227,229
northeast, 9
precipitation, 9,10, 131, 227,228
southeastern, floods of "May-September 1993," 227-
229
streamflow-gaging stations, 20,44-48,132,133, 228,
229

Kansas City, Missouri, 10,14,15,21, 27 
Kansas River, 19,21, 27, 28,31

at DeSoto, Kansas, 25,27,28 
Kansas River Basin, Kansas, effects of reservoirs, 19-29,31

flood discharges, 26 
Kaw Lake, Oklahoma, 231 
Keith Sebelius Lake, Kansas, 22 
Kentucky, central, 127-130

flood of "June 18, 1992," 127-130
flood-determination sites, 128
maximum discharges, 130
maximum stages, 130
precipitation, 127,129

Kentucky River Basin, Kentucky, 130 
Keokuk, Iowa, 30 
Keyport, New Jersey, 165 
Keystone Lake, Oklahoma, 231 
Kiana, Alaska, 115,117 
Kilmarnock, Virginia, 155 
Kingfisher, Oklahoma, 231 
Kings Creek, Kansas, 131 
Kirwin Lake, Kansas, 23 
Kobuk River, Alaska, 115

near Kiana, Alaska, 115 
Kuparuk River, Alaska, 115

near Deadhorse, Alaska, 115

Lago La Plata, Puerto Rico, 96
Lago Patillas, Puerto Rico, 93
Lagrange County, Indiana, 243
Laguna Mountains, California, 179
Lake Altus, Oklahoma, 231
Lake County, Indiana, 243
Lake Longbranch, Missouri, 23, 25
Lake of the Ozarks, Missouri, 23,25
Lake Ontario, 221
Lake Rathbun, Iowa, 23,25
Lake Red Rock, Iowa, 21, 24
La Plata Dam, Puerto Rico, 100
LaPorte, Indiana, 243
LaPorte County, Indiana, 243
Laveen, Arizona, 192
Lawrence County, Indiana, 147
Leech Lake, Minnesota, 24
Lebanon, Kentucky, 127
Lemont Creek, Illinois, 239
Levesque Station, Vermont, 109
Lewis and Clark Reservoir, South Dakota, 22
Liberty, Mississippi, 207
Lightning Creek, Kansas, 227

near McCune, Kansas, 227
Oklahoma, 231 

Little Blue River, Nebraska, 143
at Hollenberg, Kansas, 143
near Alexandria, Nebraska, 143
near Deweese, Nebraska, 143
near Fairbury, Nebraska, 143 

Little Colorado River, Arizona, 185
near Cameron, Arizona, 185,193 

Little Colorado River Basin, Arizona, 185 
Little Elkhart River, Indiana, 243

at Middlebury, Indiana, 243 
Little Kinnakeet, North Carolina, 260 
Little Nemaha River, Nebraska, 143

at Auburn, Nebraska, 143 
Little Piney Creek, Missouri, 269
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Little River Basin, Georgia, 199 
Little Sioux River, Iowa, 31 
Little Sioux River Basin, Iowa, 29 
Livingston Parish, Louisiana, 207 
Lochiel, Arizona, 192 
Lockport, Illinois, 239 
Los Esteros Creek, New Mexico, 195 
Louisiana, damages, 207

maximum discharges, 209
maximum stages, 209
precipitation, 207
southeastern, flood of "January 21-23, 1993," 207-209
streamflow-gaging stations, 208,209 

Louisville, Nebraska, 217 
Loup River, Nebraska, 217 
Lovewell Reservoir, Kansas, 22 
Lucas County, Iowa, 151

M

Madison, Wisconsin, 10,14,15 
Madison County, Indiana, 139 
Mahoning County, Ohio, 135 
Manahawkin, New Jersey, 165 
Manfred, North Dakota, 247 
Manhattan, Kansas, 10,13-17 
Margarita, Puerto Rico, 96 
Marion, Kansas, 227 
Marion County, Kansas, 227 
Marion Lake, Kansas, 227 
Mark Twain Lake, Missouri, 24 
Marmaton, Kansas, 131 
Marmaton River, Kansas, 131

near Marmaton, Kansas, 131 
Marshall County, Kansas, 131 
Maryland, 165 
Marysville, Kansas, 131 
Massieville, Ohio, 135 
Maury River, Virginia, 111 
Mayoworth, Wyoming, 123-125 
McCallum, Brian E., flood of "January 21-23, 1993, in

southeastern Louisiana," 207-209 
McCune, Kansas, 227 
McFarland, Kansas, 131 
Meherrin River Basin, Virginia, 211 
Melcher, Nick B., "floods in the upper Mississippi River

Basin, 1993," 29-31 
Melvern Lake, Kansas, 23,25 
Mercer County, Ohio, 135 
meteorologic factors, 1 
Miami, Oklahoma, 231 
Michigan City, Indiana, 243 
Middlebury, Indiana, 243 
Middlesex, Vermont, 103,109

Middlesex County, New Jersey, 165,171 
Milford Lake, Kansas, 22,25-27 
Mill Creek, Kansas, 131

near Paxico, Kansas, 131 
Minneapolis, Minnesota, 10,13,14-16 
Minnesota, 10,16,24,29,30,33,49-52

maximum discharges, 50-52
maximum stages, 50-52
precipitation, 10,16
streamflow-gaging stations, 49-52 

Minnesota River, 29 
Minnesota River Basin, 29,30 
Mira Fork tributary, Virginia, 111

near Dugspur, Virginia, 111 
Mississippi, central, flood of "July 13-17, 1993," 251-253

flood-determination sites, 204-206, 252,253
maximum discharges, 205,206, 253
maximum stages, 205,206, 253
precipitation, 203,251
southern, flood of "January 20-23,1993," 203-206 

Mississippi River, 8,19,27,269
at Clinton, Iowa, 29
at Keokuk, Iowa, 29
at St. Louis, Missouri, 19,29-31
flood discharge, 19,33-87
gage heights, 33-87
recurrence intervals, 29,33-87 

Mississippi River Basin, damages, 8,29
effects of reservoirs, 9-28
floods in, 1,29-31
precipitation, 9-17,29
upper, 1, 8-17, 19,29-31,33-87, 247, 269 

Mississippi River Valley, 207 
Missouri, 8,10, 23-25, 29-31,33, 53-58,231

damages, 269
flood of "September 22-26,1993," in northwestern and
central Missouri," 269-274
flood-determination sites, 272-274
maximum discharges, 54-58, 273,274
maximum stages, 54-58, 273,274
precipitation, 9,231,269-271
southern, 9
streamflow-gaging stations, 20,53-58 

Missouri River, 8,19, 21, 25,27, 29,31, 217,247,269
at Kansas City, Missouri, 21
at Hermann, Missouri, 25
flood discharge, 19,26, 33-87
gage heights, 33-87
recurrence intervals, 33-87 

Missouri River Basin, 19-28,227
effects of reservoirs, 9-28 

Mojave River, California, 179 
Mojave River Basin, California, 179 
Monmouth County, New Jersey, 165,171 
Monroe County, Indiana, 243
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Montana, 21,22,25 
Montgomery County, Indiana, 243 
Montpelier, Vermont, 103-110

flood damage, 109,110 
Montross, Virginia, 155 
Monument Creek, Alaska, 115 
Mooristown, New Jersey, 165 
Moose Creek, Alaska, 115 
Moose Creek Reservoir, Alaska, 115 
Morenci, Arizona, 192 
Morgan County, Indiana, 243 
Mt. Guyot, North Carolina, 157 
Mt. Hardison, North Carolina, 157 
multipurpose pool, 19 
Munster, Indiana, 243 
Murrieta Creek, California, 182

near Temecula, California, 182 
Muscatatuck River, Indiana, 147

near Deputy, Indiana, 147 
Muskingum routing method, 25

N

Nags Head, North Carolina, 266 
Nance County, Nebraska, 217 
Nashville, Indiana, 243 
Nebraska, 22, 29,31-33,59-65,131

damages, 145,217
east-central; floods of "March 8-12, 1993," 217-220
flood-determination sites, 144,145,218-220
maximum discharges, 60-65,143,144,219,220
maximum stages, 60-65,143,144,219,220
precipitation, 143
southeastern, flood of "July 25-August 2, 1992," 143-
145
streamflow-gaging stations, 59-65,143,144,218-220 

Nemaha County, Kansas, 131 
Neosho River, Oklahoma, 235 
Newark, New Jersey, 165 
New Jersey, damages, 165

flood of "December 11-12, 1992," 165-171
tide elevations, 166-170
tide gages, 166-170 

New Mexico, 192
floods of "January-March, July, and August 1993," 195-
197
maximum discharges, 197
maximum stages, 197
streamflow-gaging stations, 196,197 

New River, Virginia, 111, 119,211 
New River Basin, Virginia, 111, 119,211 
Newton County, Indiana, 173 
New York, 165,221

damages, 221
flood of "April 1993," 221-225

maximum discharges, 224
maximum stages, 224
precipitation, 221
snowpack, 222
streamflow-gaging stations, 223,224 

Ninnescah River, Kansas, 227
near Peck, Kansas, 227 

Nishnabotna River, Iowa, 31 
Nishnabotna River Basin, Iowa, 29 
Nodaway River Basin, Missouri, 269 
Nogales, Arizona, 192 
Norfolk, Virginia, 155 
North Branch Elkhart River, Indiana, 173

at Cosperville, Indiana, 173 
North Branch Winooski River, Vermont, 103-105,107,108

at Wrightsville, Vermont, 107 
North Carolina, 111

damages, 157,266
extent of storm-surge inundation, 266
flood of "September 10, 1992, Swain County," 157-159
flood of "August 31,1993, storm surge and flood of Hur­ 
ricane Emily on Hatteras Island," 259-267
flood-determination sites, 158,159
high-water marks, 260,263-265
maximum discharges, 159
maximum stages, 159
precipitation, 157,260 

North Cottonwood River, Kansas, 227
below Marion Lake, Kansas, 227 

North Dakota, 9,10,16,21, 22,25, 29-31, 33,66-68
damages, 247
eastern and south-central, floods of "July and August
1993," 247-250
extent of flooding, 248
flood-determination sites, 248,250
maximum discharges, 67, 68,250
maximum stages, 67,68,250
precipitation, 9,16, 249
south-central, 9
streamflow-gaging stations, 66-68 

North Fork Big Nemaha River, Nebraska, 143
at Humboldt, Nebraska, 143 

North Fork Powder River, Wyoming, 123-125
below Pass Creek, near Mayoworth, Wyoming, 123 

North Slope, Alaska, 115 
Nottoway River Basin, Virginia, 211 
Nowata County, Oklahoma, 231

Oahe Reservoir, South Dakota, 22 
Oak Creek, Arizona, 193

near Cornville, Arizona, 193 
Ocean City, New Jersey, 165 
Ocean County, New Jersey, 165
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Oconaluftee River, North Carolina, 157
at Birdtown, North Carolina, 157 

Ogeechee River Basin, Georgia, 199 
Ohio, damages, 135

floods of "July 1992, in central and western Ohio," 135-
137
central and western, 135-137
flood-determination site, 136
maximum discharges, 137
maximum stages, 137
precipitation, 135 

Ohio River, 31 
Ohio River Basin, 31 
Oklahoma, damages, 231

flood-determination sites, 232,234-236
floods of "May 8-14 and September 25-27,1993," 231-
237
maximum contents of reservoirs, 237
maximum discharges, 234-236
maximum elevations of reservoirs, 237
maximum stages, 234-236
precipitation, 231,233
reservoir-measurement sites, 232, 237 

Oklahoma City, Oklahoma, 231, 233 
Oklahoma County, Oklahoma, 231 
Oneida River, New York, 221

near Phoenix, New York, 221 
Orange County, Vermont, 110 
Oregon, 179
Osage River, Missouri, 25 
Osage River Basin, Kansas and Missouri, 25 
Oswego River, New York, 221 
Oswego River Basin, New York, 221 
Ottawa County, Oklahoma, 231 
overland flow, definition, IX 
Owen County, Indiana, 243

Pacific Ocean, 179,185
Pamlico Sound, North Carolina, 260,262,266, 267
Panhandle, Oklahoma, 231
Panorama Lake, Iowa, 24
Paragon, Indiana, 243
Parke County, Indiana, 243
Parrett, Charles, "floods in the upper Mississippi River

Basin, 1993," 29-31
Pascagoula River Basin, Mississippi, 205, 206, 253 
Pass Creek, Wyoming, 123 
Patillas, Puerto Rico, 93, 96 
Paulden, Arizona, 193 
Paxico, Kansas, 131 
Pearl River Basin, Mississippi, 206,253 
Peck, Kansas, 227 
Peoria, Illinois, 10,14,15

percent chance of occurrence, 4,6
Peridot, Arizona, 192
Perry, Charles A., "effects of reservoirs in the Kansas, Mis­ 

souri, and Mississippi River Basins on the 1993 floods," 
19-28
"flood discharges, gage heights, and recurrence intervals 
in upper Mississippi and Missouri River Basins by 
State," 33-87

Perry County, Ohio, 135
Perry Lake, Kansas, 23
Perth Amboy, New Jersey, 165
Phoenix, Arizona, 185 

New York, 221
physiographic factors, 1
Piedmont, 211
Pigeon Creek, Indiana, 173 

near Angola, Indiana, 173
Pine Lake, Indiana, 243 

at LaPorte, Indiana, 243
Pine River Lake, Minnesota, 24
Pipe Creek, Indiana, 139 

at Frankton, Indiana, 139
Pipestem Reservoir, North Dakota, 247
Pisgah, Mississippi, 251
Platte County, Nebraska, 217
Platte River, Nebraska, 31,217 

at Louisville, Nebraska, 217 
near Ashland, Nebraska, 217 
near Gretna, Nebraska, 217

Platte River Basin, Nebraska, 25,29
Plymouth, Indiana, 173
Point of Pines, Arizona, 193
Pokegama Lake, Minnesota, 24
Pomme de Terre Lake, Missouri, 23,25
Pomme de Terre River, Missouri, 269
Pomona Lake, Kansas, 23,25
Ponce, Puerto Rico, 93, 96
Pope, G.L., flood of "January and February 1993, in Ari­ 

zona," 185-193
Porter County, Indiana, 243
Potomac River, Virginia, 111, 211
Powder River, Wyoming, 123
previous reports, 3
Promise City, Iowa, 151
Prudhoe Bay, Alaska, 115,118
Prugh, Byron J., Jr., flood of "April 1992, in central and 

southwestern Virginia," 111-113 
flood of "June 1992, in western Virginia," 119-121 
flood of "September 5-6,1992, on Cat Point Creek, east­ 
ern Virginia," 155,156 
flood of "March 1993, in Virginia," 211-215

Puerto Rico, damages, 91,93, 96
floods of "January 5-6,1992," 91-101 
maximum discharges, 96-98,100 
maximum stages, 96-98
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precipitation, 91, 94, 95 
streamflow-gaging stations, 97-99 

Putnam County, Indiana, 243

Quapaw, Oklahoma, 231 
Quebrada Arenas, Puerto Rico, 100 
Quebrada Arriba, Puerto Rico, 93 
Quebrada Santo Domingo, Puerto Rico, 93 
Quebrada Vieques, Puerto Rico, 96 
Quincy, Indiana, 243

Raccoon River Basin, Iowa, 30 
Rapidan River Basin, Virginia, 111 
Rappahannock River Basin, Virginia, 111, 211 
Raritan, New Jersey, 165 
Raritan Bay, New Jersey, 165 
Rattlesnake Creek, Kansas, 227

near Zenith, Kansas, 227 
Raven Fork, North Carolina, 157

near Smokemont, North Carolina, 157 
recurrence interval, 2,4,6 
Red Cane Creek tributary, Mississippi, 251

near Pisgah, Mississippi, 251 
Red River of the North, North Dakota, 247 
Reelsville, Indiana, 243 
regulation, definition, IX 
reservoir, definition, IX

effects of, 19-28
flood-control, 19, 20
level maintenance, 27 

Richmond, Virginia, 111 
Rigas, P.O., flood of "January and February 1993, in

Arizona," 185-193 
Riley County, Kansas, 131 
Rillito Creek, Arizona, 192 
Rillito Creek Basin, Arizona, 192 
Rimrock, Arizona, 193 
Rio Cerrillos, 100 
Rio Chiquito, Puerto Rico, 96 
Rio de La Plata, Puerto Rico, 93,96,100

at Comerio, Puerto Rico, 96,100
at Highway 2 near Toa Aha, Puerto Rico, 100
at Proyecto La Plata, Puerto Rico, 91, 96
below La Plata Dam, Puerto Rico, 100 

Rio Fajardo, Puerto Rico, 96,100
near Fajardo, Puerto Rico, 96 

Rio Grande de Loiza, Puerto Rico, 100
at Quebrada Arenas, Puerto Rico, 100 

Rio Grande de Patillas, Puerto Rico, 93,100
near Patillas, Puerto Rico, 91,96 

Rio Lapa, Puerto Rico, 96,100

Rio Majada, Puerto Rico, 100
Rio Nigua, Puerto Rico, 96
Rio Portugues, Puerto Rico, 96
Rio Sabana, Puerto Rico, 96,100 

at Sabana, Puerto Rico, 96
Rio Toa Vaca, Puerto Rico, 100
Rivanna River Basin, Virginia, 111
Riverside County, California, 179
Roanoke, Virginia, 111
Roanoke River, Virginia, 111
Roanoke River Basin, Virginia, 211
Roca, Nebraska, 143
Rolling Fork, Kentucky, 127 

near Lebanon, Kentucky, 127
Roosevelt, Arizona, 193
Rosebud, Indiana, 243
Rosedale, Indiana, 243
Ross County, Ohio, 135
Ruhl, Kevin J., flood of "June 18, 1992, in central Ken­ 

tucky," 127-130
runoff, definition, IX

Sabino Creek, Arizona, 192
near Tuscon, Arizona, 192 

Sac River, Missouri, 269
near Dadeville, Missouri, 269 

Sagavanirktok River, Alaska, 115,118
tributary near Pump Station 3, Alaska, 115 

Sakakawea Reservoir, North Dakota, 22 
Salcha River, Alaska, 115 
Salem County, New Jersey, 165 
Salinas, Puerto Rico, 93,96 
Salkehatchie River Basin, South Carolina, 161,163 
Salt Creek, Nebraska, 143

at Roca, Nebraska, 143 
Salt River, Arizona, 185,193

near Chrysotile, Arizona, 193
near Roosevelt, Arizona, 193 

Salt River Basin, Arizona, 185,193
Kentucky, 130

San Bemardino Mountains, California, 179 
San Carlos Reservoir, Arizona, 192 
San Carlos River, Arizona, 192

near Peridot, Arizona, 192 
Sanders, Curtis L., Jr., flood of "October 9-10, 1992, in

South Carolina," 161-164 
San Diego, California, 179 
San Diego County, California, 179 
Sandy Hook, New Jersey, 165,168 
Sandy Lake, Minnesota, 24 
San Gabriel Mountains, California, 179 
San Luis Rey River Basin, California, 179 
Santa Ana River, California, 179
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Santa Ana River Basin, California, 179
Santa Cruz River, Arizona, 185,192 

at Continental, Arizona, 192 
at Tuscon, Arizona, 192 
near Laveen, Arizona, 192 
near Lochiel, Arizona, 192 
near Nogales, Arizona, 192

Santa Cruz River Basin, Arizona, 185,192 
precipitation, 192

Santa Margarita River, California, 182 
at Ysidora, California, 182 
near Temecula, California, 182

Santa Margarita River Basin, California, 179,182
Santa Rosa Lake, New Mexico, 195
Santa Rosa Plateau, California, 179,182
Sarpy County, Nebraska, 217
Satilla River Basin, Georgia, 199
Saunders County, Nebraska, 217
Savannah River Basin, South Carolina, 161,164
Savoy, Illinois, 255
Sawmill Creek, Illinois, 239 

near Lemont, Illinois, 239
Saylorville Lake, Iowa, 21,23
Scotio River, Ohio, 135
Scott County, Indiana, 147
Seneca Lake, New York, 221
Seneca River, New York, 221
Seward County, Nebraska, 217
Sharpe Reservoir, South Dakota, 22
Shelby County, Ohio, 135
Shenandoah River Basin, Virginia, 211
Shenandoah River Valley, Virginia, 111, 211
Sheridan County, Wyoming, 124
Sherman, K.M., flood of "January and February 1993, in 

Arizona," 185-193
Sheyenne River, North Dakota, 247
Sheyenne River Basin, North Dakota, 247
Shindel, Harold, floods of "July 1992, in central and west­ 

ern Ohio," 135-137
Show Low, Arizona, 193
Silver Lakes, California, 179
Sioux Falls, South Dakota, 10,14,15
Skiatook, Oklahoma, 231
Skunk River, Iowa, 30,40
Skunk River Basin, Iowa, 29,30
Smith, C.F., flood of "January and February 1993, in Ari­ 

zona," 185-193
Smithville Lake, Missouri, 23
Smokemont, North Carolina, 157
Somerset County, New Jersey, 165
Somerville, New Jersey, 165
Southard, Rodney, flood of "September 1992, in south-cen­ 

tral Iowa," 151-153
flood of "September 22-26, 1993, in northwestern and 
central Missouri," 269-274

South Bend, Indiana, 173 
South Carolina, 211

flood of "October 9-10, 1992," 161-164
flood-determination sites, 162-164
maximum discharges, 163,164
maximum stages, 163,164
precipitation, 161 

South Dakota, 10,21, 22,25, 29,31,33, 69-81
maximum discharges, 70-81
maximum stages, 70-81
precipitation, 10
southeastern, 10
streamflow-gaging stations, 69-81 

South Fork Chariton River Basin, Iowa, 151
near Promise City, Iowa, 151 

Sperry, Oklahoma, 231 
Springfield, Kentucky, 127 
Spring River, Missouri, 269

near Quapaw, Oklahoma, 231
near Waco, Missouri, 269
Oklahoma, 231 

stage, definition, IX 
stage-discharge, curve, definition, IX

relation, definition, IX, 3 
Stamey, Timothy C., floods of "January 8-21, 1993, in

southeastern Georgia," 199-202 
Stevens Branch, Vermont, 103,104,109 
Stevens Village, Alaska, 115 
St. Joseph, Missouri, 29 
St. Joseph County, Indiana, 243 
St. Joseph River, Indiana, 173

near Fort Wayne, Indiana, 173 
St. Joseph River Basins, Indiana, 173 
St. Louis, Missouri, 10,13-15,19, 25, 30, 31 
Stockton Lake, Missouri, 23,25 
storm surge, 165,167,168, 259-267 
streamflow, definition, IX 
streamflow-gaging station, definition, IX 
Studley, Seth E., floods of "July 1992, in eastern Kansas,"

131-133
floods of "May-September 1993, in southeastern Kan­ 
sas," 227-229

summary table of maximum stages and discharges, explana­ 
tion, 5

surcharge pool, definition, 20 
surface runoff, definition, IX 
surface water, definition, IX 
Suro, Thomas P., flood of "December 11-12, 1992, New

Jersey," 165-171
Suwannee River Basin, Georgia, 202 
Swain County, North Carolina, 157-159 
Swanson Reservoir, Nebraska, 22 
Syracuse, New York, 221 
Szabo, Carolyn O., flood of "April 1993, New York," 221-

225
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Tanana River, Alaska, 115 
Tangle Creek, Arizona, 193 
Tanque Verde Creek, Arizona, 192

at Tuscon, Arizona, 192 
Tar Creek, Oklahoma, 231

at 22nd Street at Miami, Oklahoma, 231 
Tchoutacabouffa River Basin, Mississippi, 206 
Temecula, California, 182 
Tennessee River Basin, Virginia, 211 
Thebes, Illinois, 31
Thompson Creek Basin, Mississippi, 206 
Thompson River, Iowa, 151

at Davis City, Iowa, 151 
Thompson River Basin, Iowa, 151 
Tide gages, 166,168-170

elevations, 166,169, 170 
Tippecanoe River, Indiana, 173 
Toa Alta, Puerto Rico, 100 
Toa Baja, Puerto Rico, 93,96 
Tolono, Illinois, 255 
Tonto Creek, Arizona, 193

above Gun Creek, Arizona, 193 
Tonto Creek Basin, Arizona, 193 
Toro Negro Forest, Puerto Rico, 91 
Torres-Sierra, Heriberto, floods of "January 5-6, 1992, in

Puerto Rico," 91-101 
Tortorelli, Robert L., floods of "May 8-14 and September

25-27, 1993, Oklahoma," 231-237 
Trail Creek, Indiana, 243

at Michigan City, Indiana, 243 
Trevlac, Indiana, 243 
Trumbull County, Ohio, 135 
Turkey Creek, Nebraska, 143

near Wilber, Nebraska, 143 
Tuscon, Arizona, 192 
Tuttle Creek Lake, Kansas, 23,25,27 
Twin Creek, Oklahoma, 231

U

Union County, New Jersey, 165 
unit discharge, 6 
United States, 1,2,8

Coastal States, 165 
south-central, 259

eastern, 9
Midwest, 9, 111
southeastern, 9
southwestern, 179
upper Midwestern, 8,9
western, 9,179 

University of Illinois, 255 
Upper New York Bay, 165 
Urbana, Illinois, 255

Valley City, North Dakota, 247 
Van Wert, Iowa, 151 
Vazquez, Puerto Rico, 96 
Verde River, Arizona, 185,193

below Tangle Creek, Arizona, 193
near Camp Verde, Arizona, 193
near Clarkdale, Arizona, 193
near Paulden, Arizona, 193 

Verde River Basin, Arizona, 185,193 
Verdigris River, Kansas, 227

near Virgil, Kansas, 227 
Vermillion County, Indiana, 243 
Vermont, damages, 109,110

"March 11, 1992, ice-jam flood in Montpelier," 103-110
streamflow-gaging stations, 106 

Vicksburg, Mississippi, 251 
Victorville, California, 179 
Vigil, Jeff C., flood of "June 14-15,1992, along the North

Fork Powder River below Pass Creek, near Mayoworth,
Wyoming," 123-125 

Vigo County, Indiana, 243 
Vining, Kevin C., "precipitation in the upper Mississippi

River Basin during the floods of 1993," 9-17 
Virgil, Kansas, 227 
Virginia, 111-113,119-121,155,156

central and southwestern, "flood of April 1992," 111-113
damages, 111
eastern, "flood of September 5-6,1992, on Cat Point
Creek," 155,156
flood of "March 1993," 211-215
maximum discharges, 111, 113,119,121,155,213,215
maximum stages, 113,121,155,213,215
physiographic provinces, 212
precipitation, 119,155,156,211
streamflow-gaging stations, 112,113,120,121,156,
212-215
western, flood of "June 1992," 119-121

W

Wabaunsee County, Kansas, 131
Waco, Missouri, 269
Waconda Lake, Kansas, 23
Wahl, Kenneth L., "precipitation in the upper Mississippi

River Basin during the floods of 1993," 9-17 
Walker Creek, Virginia, 119,211

at Bane, Virginia, 119,211 
Walker Creek Basin, Virginia, 211 
Waltemeyer, Scott D., floods of "January-March, July, and

August 1993, in New Mexico," 195-197 
Walters, Darrell M., floods of "May 8-14 and September

25-27,1993, in Oklahoma," 231-237 
Warsaw, Virginia, 155
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Washington County, Indiana, 147
Kansas, 131
Kentucky, 127
Vermont, 103,110

water equivalent of snow, definition, IX 
water year, definition, IX 
Waterloo, Nebraska, 217 
Watertown, New York, 221 
Watson, New York, 221 
weather patterns, 9,10 
Weaver, J. Curtis, flood of "August 31, 1993, storm surge

and flood of Hurricane Emily on Hatteras Island, North
Carolina," 259-267 

Webster, North Dakota, 247 
Webster Reservoir, Kansas, 23 
West Clear Creek, Arizona, 193

near Camp Verde, Arizona, 193 
West Fork Big Blue River, Nebraska, 143,217

near Beaver Crossing, Nebraska, 217
near Dorchester, Nebraska, 143,217 

West Hobolochitto Creek, Mississippi, 203 
West Point, Nebraska, 217 
Wet Beaver Creek, Arizona, 193 
Wet Bottom Creek, Arizona, 193

near Childs, Arizona, 193 
White River, Arizona, 193

near Fort Apache, Arizona, 193 
White Sand, Mississippi, 203
Wiche, Gregg J., floods of "July and August 1993, in east­ 

ern and south-central North Dakota," 247-250
"precipitation in the upper Mississippi Basin during the
floods of 1993," 9-17 

Wilber, Nebraska, 143 
Wildcat Creek, Indiana, 139

near Jerome, Indiana, 139 
Williams-Sether, Tara, floods of "July and August 1993, in

eastern and south-central North Dakota," 247-250 
Wilson Lake, Kansas, 23 
Windsor County, Vermont, 110 
Winnibigoshish Lake, Minnesota, 24

Winooski River, Vermont, 103-105,107-109
at Montpelier, Vermont, 103-105 

Winooski River Basin, Vermont, 103-105 
Winslow, Arizona, 185 
Wisconsin, 10,16,29, 33,82-87

maximum discharges, 83-87
maximum stages, 83-87
precipitation, 10,16
streamflow-gaging stations, 82-87 

Wolf River Basin, Mississippi, 206 
Wood River, Nebraska, 217

near Alda, Nebraska, 217 
Wrightsville, Vermont, 108
Wrightsville Detention Reservoir, Vermont, 105,107,108 
Wyoming, flood of "June 14-15, 1992, along the North

Fork Powder River below Pass Creek, near Mayoworth,
Wyoming," 123-125
maximum discharges, 125
maximum stages, 125
precipitation, 123,124
streamflow-gaging stations, 124,125

Yellow River, Indiana, 173 
at Plymouth, Indiana, 173

Ysidora, California, 182
Yukon River, Alaska, 115 

at Eagle, Alaska, 115 
near Stevens Village, Alaska, 115

Yukon River Basin, Alaska, 115

Zembrzuski, Thomas J., Jr., flood of "September 10, 1992, 
Swain County, North Carolina," 157-159 
flood of "August 31, 1993, storm surge and flood of Hur­ 
ricane Emily on Hatteras Island, North Carolina," 259- 
267

Zenith, Kansas, 227
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Selected Series of U.S. Geological Survey Publications

Books and Other Publications

Professional Papers report scientific data and interpretations 
of lasting scientific interest that cover all facets of USGS inves­ 
tigations and research.

Bulletins contain significant data and interpretations that are of 
lasting scientific interest but are generally more limited in 
scope or geographic coverage than Professional Papers.

Water-Supply Papers are comprehensive reports that present 
significant interpretive results of hydrologic investigations of 
wide interest to professional geologists, hydrologists, and engi­ 
neers. The series covers investigations in all phases of hydrol­ 
ogy, including hydrogeology, availability of water, quality of 
water, and use of water.

Circulars are reports of programmatic or scientific information 
of an ephemeral nature; many present important scientific 
information of wide popular interest. Circulars are distributed 
at no cost to the public.

Fact Sheets communicate a wide variety of timely information 
on USGS programs, projects, and research. They commonly 
address issues of public interest. Fact Sheets generally are two 
or four pages long and are distributed at no cost to the public.

Reports in the Digital Data Series (DOS) distribute large 
amounts of data through digital media, including compact disc- 
read-only memory (CD-ROM). They are high-quality, interpre­ 
tive publications designed as self-contained packages for view­ 
ing and interpreting data and typically contain data sets, 
software to view the data, and explanatory text.

Water-Resources Investigations Reports are papers of an 
interpretive nature made available to the public outside the for­ 
mal USGS publications series. Copies are produced on request 
(unlike formal USGS publications) and are also available for 
public inspection at depositories indicated in USGS catalogs.

Open-File Reports can consist of basic data, preliminary 
reports, and a wide range of scientific documents on USGS 
investigations. Open-File Reports are designed for fast release 
and are available for public consultation at depositories.

Maps

Geologic Quadrangle Maps (GQ's) are multicolor geologic 
maps on topographic bases in 7.5- or 15-minute quadrangle 
formats (scales mainly 1:24,000 or 1:62,500) showing bedrock, 
surficial, or engineering geology. Maps generally include brief 
texts; some maps include structure and columnar sections only.

Geophysical Investigations Maps (GP's) are on topographic 
or planimetric bases at various scales. They show results of 
geophysical investigations using gravity, magnetic, seismic, or 
radioactivity surveys, which provide data on subsurface struc­ 
tures that are of economic or geologic significance.

Miscellaneous Investigations Series Maps or Geologic 
Investigations Series (I's) are on planimetric or topographic 
bases at various scales; they present a wide variety of format 
and subject matter. The series also incudes 7.5-minute quadran­ 
gle photogeologic maps on planimetric bases and planetary 
maps.

Information Periodicals

Metal Industry Indicators (Mil's) is a free monthly newslet­ 
ter that analyzes and forecasts the economic health of five 
metal industries with composite leading and coincident 
indexes; primary metals, steel, copper, primary and secondary 
aluminum, and aluminum mill products.

Mineral Industry Surveys (MIS's) are free periodic statistical 
and economic reports designed to provide timely statistical data 
on production, distribution, stocks, and consumption of signifi­ 
cant mineral commodities. The surveys are issued monthly, 
quarterly, annually, or at other regular intervals, depending on 
the need for current data. The MIS's are published by commod­ 
ity as well as by State. A series of international MIS's is also 
available.

Published on an annual basis. Mineral Commodity Summa­ 
ries is the earliest Government publication to furnish estimates 
covering nonfuel mineral industry data. Data sheets contain 
information on the domestic industry structure. Government 
programs, tariffs, and 5-year salient statistics for more than 90 
individual minerals and materials.

The Minerals Yearbook discusses the performance of the 
worldwide minerals and materials industry during a calendar 
year, and it provides background information to assist in inter­ 
preting that performance. The Minerals Yearbook consists of 
three volumes. Volume I, Metals and Minerals, contains chap­ 
ters about virtually all metallic and industrial mineral commod­ 
ities important to the U.S. economy. Volume II, Area Reports: 
Domestic, contains a chapter on the minerals industry of each 
of the 50 States and Puerto Rico and the Administered Islands. 
Volume III, Area Reports: International, is published as four 
separate reports. These reports collectively contain the latest 
available mineral data on more than 190 foreign countries and 
discuss the importance of minerals to the economies of these 
nations and the United States.

Permanent Catalogs

"Publications of the U.S. Geological Survey, 1879-1961" 
and "Publications of the U.S. Geological Survey, 1962- 
1970" are available in paperback book form and as a set of 
microfiche.

"Publications of the U.S. Geological Survey, 1971-1981" is
available in paperback book form (two volumes, publications 
listing and index) and as a set of microfiche.

Annual supplements for 1982, 1983, 1984, 1985, 1986, and 
subsequent years are available in paperback book form.



Availability of Publications of the U.S. Geological Survey

Order U.S. Geological Survey (USGS) publications from the 
offices listed below. Detailed ordering instructions, along with 
prices of the last offerings, are given in the current-year issues 
of the catalog "New Publications of the U.S. Geological 
Survey."

Books, Maps, and Other Publications 

By Mail

Books, maps, and other publications are available by mail 
from 

USGS Information Services 
Box 25286, Federal Center 
Denver, CO 80225

Publications include Professional Papers, Bulletins, Water- 
Supply Papers, Techniques of Water-Resources Investigations, 
Circulars, Fact Sheets, publications of general interest, single 
copies of permanent USGS catalogs, and topographic and 
thematic maps.

Over the Counter

Books, maps, and other publications of the U.S. Geological 
Survey are available over the counter at the following USGS 
Earth Science Information Centers (ESIC's), all of which are 
authorized agents of the Superintendent of Documents:

  Anchorage, Alaska-Rm. 101, 4230 University Dr.
  Denver, Colorado-Bldg. 810, Federal Center
  Menlo Park, California-Rm. 3128, Bldg. 3, 

345 Middlefield Rd.
  Reston, Virginia-Rm. 1C402, USGS National Center, 

12201 Sunrise Valley Dr.
  Salt Lake City, Utah-2222 West, 2300 South (books and 

maps available for inspection only)
  Spokane, Washington- -Rm. 135, U.S. Post Office 

Building, 904 West Riverside Ave.
  Washington, D.C.-Rm. 2650, Main Interior Bldg., 

18th and C Sts., NW.

Maps only may be purchased over the counter at the following 
USGS office:

  Rolla, Missouri 1400 Independence Rd.

Electronically

Some USGS publications, including the catalog "New Publica­ 
tions of the U.S. Geological Survey" are also available elec­ 
tronically on the USGS's World Wide Web home page at 
http://www.usgs.gov

Preliminary Determination of Epicenters

Subscriptions to the periodical "Preliminary Determination of 
Epicenters" can be obtained only from the Superintendent of

Documents. Check or money order must be payable to the 
Superintendent of Documents. Order by mail from 

Superintendent of Documents 
Government Printing Office 
Washington, DC 20402

Information Periodicals

Many Information Periodicals products are available through 
the systems or formats listed below:

Printed Products

Printed copies of the Minerals Yearbook and the Mineral Com­ 
modity Summaries can be ordered from the Superintendent of 
Documents, Government Printing Office (address above). 
Printed copies of Metal Industry Indicators and Mineral Indus­ 
try Surveys can be ordered from the Center for Disease Control 
and Prevention. National Institute for Occupational Safety and 
Health, Pittsburgh Research Center. P.O. Box 18070, Pitts­ 
burgh, PA 15236-0070.

Mines FaxBack: Return fax service

1. Use the touch-tone handset attached to your fax machine's 
telephone jack. (ISDN [digital] telephones cannot be used with 
fax machines.)
2. Dial (703) 648^999.
3. Listen to the menu options and punch in the number of your 
selection, using the touch-tone telephone.
4. After completing your selection, press the start button on 
your fax machine.

CD-ROM

A disc containing chapters of the Minerals Yearbook (1993- 
95), the Mineral Commodity Summaries (1995-97), a statisti­ 
cal compendium (1970-90), and other publications is updated 
three times a year and sold by the Superintendent of Docu­ 
ments, Government Printing Office (address above).

World Wide Web

Minerals information is available electronically at 
http://minerals.er.usgs.gov/minerals/

Subscription to the catalog "New Publications of the U.S. 
Geological Survey"

Those wishing to be placed on a free subscription list for the 
catalog "New Publications of the U.S. Geological Survey" 
should write to 

U.S. Geological Survey 
903 National Center 
Reston, VA 20192
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