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FOREWORD

ational Water Summary 1988-89—Hydrologic Events and Floods and Droughts is
the sixth in a series of reports that describe the condition and characteristics of the
water resources of the United States. This volume of the series describes some of
the most memorable floods and droughts of record, as reflected in the long-term
streamflow records of each State, and is the most comprehensive report to date on the occurrence
of extreme hydrologic events in the United States. For the first time, historic extreme hydrologic
events in each State are presented in the context of climate and the pathways by which moisture,
evaporated from the oceans, Great Lakes, and land areas, is conveyed by the atmosphere to the State.

Floods and droughts are among the most frequent and costly of natural disasters, both in terms
of human hardship and economic loss. Floods usually are local, transient events that strike suddenly,
some with little or no warning, and raise havoc and destruction along the course of streams and
rivers. As much as 90 percent of the damage related to natural disasters (not including droughts)
is caused by floods (including mud and debris flows). The 10-year (1979-88) average annual estimated
flood damage is $2.4 billion, and the long-term (1925-88) annual average for lives lost is 95, mostly
as a result of flash floods. One only has to recall the flash flooding of the Big Thompson River
in Colorado in 1976 that swept through campgrounds and vacation homes nestled in a narrow canyon
and killed 139 people to realize how unexpected and costly, in human life alone, such phenomena
can be.

Droughts, on the other hand, affect human activities gradually as precipitation deficits
accumulate over a period of months and commonly years. The cumulative effects of these deficits,
often temporarily offset by brief periods of rainfall, reduce streamflow and reservoir storage at a
time when water demand increases. In historic times, precipitation deficits and their cumulative
effects drastically reduced food supplies, causing widespread famine; in modern times, this type
of calamity still occurs in parts of Africa and Asia. Developed countries have established interna-
tional food procurement, storage, and distribution systems that compensate for variations in supply,
but even so, the economic loss and hardship associated with regional, multiyear droughts, such as
the one that has affected California from 1987 to the present, can have long-term, but difficult to
quantify, effects on crops, operating costs, industrial production, and the environment.

On December 1, 1987, the United Nations passed a resolution by unanimous consent that
supported the establishment of the International Decade for Natural Disaster Reduction, which
encourages all nations to reduce the loss of life and property damage and to minimize social and
economic disruption from natural hazards during 1990-2000. The U.S. Geological Survey is
committed to international cooperation in this effort and in transferring and making available the
technology developed over the years to characterize natural hazards. With respect to extreme
hydrologic events, the U.S. Geological Survey has conducted research for many years to better
understand the physical processes that lead to floods and droughts, measured these events, and prepared
hazard maps and other sources of information to help planners mitigate the effects of extreme
hydrologic events and to develop loss-reduction measures. Data telemetered from about 3,400 of
the nearly 7,400 stream gages that are operated by the U.S. Geological Survey are available to the
National Weather Service to forecast floods for more than 20,000 communities. In cooperation with
the National Weather Service and local agencies, many of these stream-gaging stations are used
for flood-alert systems to provide timely warning of flash floods. The U.S. Geological Survey also
has mapped many of the Nation’s flood plains to assist agencies that regulate development on the
flood plains.

Routinely, and particularly during times of drought, the U. S. Geological Survey provides
water-management agencies with information on the status of streamflows and ground-water levels
for use in the management of water supplies. Perhaps more importantly, the U.S. Geological Survey
provides water-resources assessments that identify the quantity and quality of existing water supplies
and their current use. Such assessments commonly are used to identify and quantify alternative supplies
for use in time of drought. Historic data can be used to simulate drought conditions and to determine
under what circumstances alternative water-conservation measures should be applied and what changes
in water-management operations optimize the use of the remaining water supplies.

I
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As the Nation’s population and the economy grow, competition for available water resources
also continues to grow. Of increasing concern is the effect of long-term droughts and human activities
on the environment. As more and more water is impounded or diverted from rivers for offstream
human use, streamflow may be altered significantly, affecting such instream uses as navigation,
recreation, hydropower generation, and fish and wildlife habitat. The construction of reservoir storage,
for example, can greatly reduce the extremes of flood peaks and low flows. Conversely, increases
in/urbanization and water use can increase these extremes. These changes in the frequency and mag-
nitude of flows can have significant effects on riparian habitats, wetlands, and related fish and wild-
life resources. Of course, efforts to maintain instream flows for nonhuman use will restrict availability
of water for human use and may lead to more frequent shortages of water for human use.

In 1878, Major John Wesley Powell, Director of the United States Geographical and Geological
Survey of the Rocky Mountain Region, submitted to the Secretary of the Interior and The Congress
his “‘Report on the Lands of the Arid Region of the United States.’” Powell’s message was simple:
The West is principally an arid land and even subhumid areas are subject to periodic and recurrent
droughts. Therefore, habits, lifestyles, and agricultural methods developed in the humid East could
not be applied to the West without modification. Rectilinear or grid land surveys, for example,
appropriate for the relatively flat and humid Midwest, were inappropriate for arid areas dependent
on irrigation, because they made no provision to bring water to land claims. Powell’s solution was
to| classify the lands as irrigable and nonirrigable, on the basis of scientific—topographic, hydro-
graphic, and engineering—surveys, before entry by settlers under the Homestead Act. The subse-
quent establishment of the U.S. Geological Survey in 1879, and the initiation in 1888 of its Irrigation
Survey in response to the 1887-88 drought in the West resulted in the beginning of the Nation’s
stream-gaging program,; this stream-gaging program was the precusor of the U.S. Geological Survey’s
present extensive program of water-resources investigations. Powell’s predictions of droughts and
their effects came true with a vengeance in the Dustbowl of the 1930’s

Because the average amount of freshwater, for all intents and purposes, is fixed and because
demand increases commensurate with population and economic growth, water-resources planning
will assume greater and greater importance. Although improvement in the efficiency of water use
can do much to alleviate water 'shortages in the short term, problems will arise again as growth
continues to push the limits of supply, and supply interruptions will increase. In other words, the

nerability of water-supply systems to drought may increase to the point where some water suppliers
will be unable to meet demand even in periods when precipitation and runoff are only slightly below
normal. Such situations are not restricted to the West; they have begun to surface in the East as
well. Furthermore, the challenge of planning for the future is aggravated by uncertainty about the
effect of possible global warming on available freshwater.

In the United States the choice and implementation of solutions to many water-supply problems,
such as the interbasin transfer of water, allocation of water to highest economic uses, and establishment
of water markets, rest largely with the States. The U.S. Geological Survey will continue to collect
data and conduct research to better understand the processes of extreme hydrologic events to support
the wise management and use of the Nation’s water resources.

DIRECTOR
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VERVIEW AND BACKGROUND
AND
INTRODUCTION

Water level of Donnell Lake near Dardanelle, Calif., during the 1976-77 drought exposes more than 150 feet
of bleached shoreline. Note the boar in the center of the photo.
(William E. Templin, U.S. Geological Survey)
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All photographs from the National Archives

Miami River, Ohio, flood, 1913 (27-G-14-1-32395B)

Effect of droughts on crops. Hereford. Deaf Smith County. Tex.. 1941
(16-G-121-3-1)

Red River, Fargo, N. Dak., flood, 1897 (27-G-1A-6-27177B)

Dry nver bed due to drought, Otero County, N. Mex., 1934
(16-G-121-3-19181C).
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OVERVIEW AND BACKGROUND

: ational Water Summary 1988-89—
Hydrologic Events and Floods and

j 7 Droughts documents the occurrence
. in the United States, Puerto Rico, and

the U.S. Virgin Islands of two types

of extreme hydrologic events—floods and droughts—
on the basis of analysis of stream-discharge data. This
report details, for the first time, the areal extent of
the most notable floods and droughts in each State,
portrays their severity in terms of annual peak dis-
charge for floods and annual departure from long-term
discharge for droughts for selected stream-gaging
stations, and estimates how frequently floods and
droughts of such severity can be expected to recur.

These two types of extreme hydrologic events
are very different in their duration, cause, areal extent,
and effect on human activities. Floods are short-term
phenomena that typically last only a few hours to a
few days and are associated with weather systems that
produce unusually large amounts of rain or that cause
snow to melt quickly. The large amount of runoff
produced causes rivers to overflow their banks and,
thus, is highly dangerous to human life and property.
In contrast, droughts are long-term phenomena that
typically persist for months to a decade or more and
are associated with the absence of precipitation-
producing weather. They affect large geographic areas
that can be statewide, regional, or even nationwide
in extent. Droughts can cause great economic hardship
and even loss of life in developing countries, although
the loss of life results almost wholly from diminished
water supplies and catastrophic crop failures rather
than from the direct and obvious peril to human life
that is common to floods.

The following discussion is an overview of the
three parts of this 1988-89 National Water Summary—
““Hydrologic Conditions and Water-Related Events,
Water Years 1988-89,”” ‘‘Hydrologic Perspectives on
Water Issues,”” and **State Summaries of Floods and
Droughts.’” Background information on sources of
atmospheric moisture to the States from a study
sponsored by the U.S. Geological Survey to enable
related information to be presented in each of the State
summaries also is given.

HYDROLOGIC CONDITIONS AND
WATER-RELATED EVENTS, WATER
YEARS 1988-89

Because this volume of the National Water
Summary covers two water years, 1988 and 1989, a
description of the hydrologic conditions is presented
for each of the water years. Data presentations are
consistent with previous Summary volumes to maintain
the continuity of the descriptions of hydrologic con-
ditions and events. Of all weather-related events that
occurred during the two water years, perhaps the most
dramatic was Hurricane Hugo in September 1989, one
of the most destructive hurricanes to strike the
Caribbean islands and the eastern coast of the United
States. Although rainfall was relatively low (4 to 10
inches), wind and storm surge caused about $9 billion

in property damage and took 26 lives directly or
indirectly attributable to the storm.

WATER YEAR 1988

Severe drought conditions affected most of the
United States during water year 1988 (October 1987
through September 1988), a continuation of conditions
that had affected parts of the West since 1987 and parts
of the Southeast since 1984. During the fall and winter,
a high-pressure ridge over the western United States
blocked Pacific storms from entering the Pacific
Northwest. The high-pressure ridge expanded east-
ward and southward during the spring and summer
to cover the north-central United States. The pressure
pattern produced by this high-pressure ridge and a
stronger-than-normal trough over the south Atlantic
Coast blocked Gulf of Mexico moisture from moving
northward and thus expanded the drought to the north-
central part of the country. Although this drought
affecting the north-central States was relatively short
term, it occurred at a critical time for plant germina-
tion and growth in the Nation’s heartland and had a
substantial effect on agriculture and navigation on the
Miississippi River. For the country as a whole, precipi-
tation levels in the spring of 1988 were the lowest of
this century.

In a large part of the United States and southern
Canada, streamflow was below normal during water
year 1988 at 62 percent of the 181 key stream-gaging
stations in the conterminous United States and southern
Canada compared to 34 percent in water year 1987.
The combined flow of the three largest rivers—the
Mississippi. St. Lawrence, and Columbia—was 20
percent below the long-term median. New record
monthly low flows were set in June and July at the
Mississippi River at Vicksburg, Miss., and monthly
flows between May and September were below 1931
levels, the driest water year of record. During the
summer of 1988 maximum-temperature records were
equaled or exceeded at more than 1,000 stations
throughout the country. By June the drought affected
1.231 counties in 30 States, and the U.S. Department
of Agriculture declared that a drought emergency
existed in more than 40 percent of the Nation’s coun-
ties. Although most parts of the country experienced
drought, a few areas such as Arizona and parts of
Colorado had normal or above-normal precipitation
and streamflow.

WATER YEAR 1989

Near-normal precipitation and below-normal
temperatures in the eastern States caused a return to
near-normal streamflows during water year 1989
(October 1988 through September 1989) from drought
flows of the previous water year. The mean circula-
tion pattern during water year 1989 of a high-pressure
ridge over the eastern Pacific Ocean and a trough over
the eastern United States permitted cold Arctic air to
flow into the eastern and southern States during
the winter and early spring, bringing below-normal



temperatures and normal precipitation. However,
streamflow was below normal for a large part of the
Southwest, the northern Great Plains, and the central
Rocky Mountains. By the end of August, the Pacific
Northwest had experienced 30 months of below-median
streamflow, and the northern Great Plains had ex-
perienced 24 months of below-median streamflow. Low
reservoir storage forced water-use restrictions to be
adopted by New York City, which draws its water from
the upper Delaware River basin, and by New Jersey,
which diverts water from the Delaware River. Florida
also invoked water-use restrictions. Six inches of rain
in early May led to the removal of water-use and water-
withdrawal restrictions in New York and New Jersey
as Delaware River basin reservoir storage rose above
the drought-warning level.

Storage at the Lake Tahoe Reservoir, on the
California-Nevada border, and the Hungry Horse
Reservoir, in Montana, was below median for most of
the water year. Lake Tahoe Reservoir stage dropped
below the usable-storage level in October 1988 and re-
mained there for 5 consecutive months, leading to the
adoption of water-use restrictions in southern California.

By the end of September 1989, California had
completed its third year of drought. During the 1987-
89 water years, the drought ranked as the fourth driest
3-year period on record. Although March storms
brought some relief to northern California, streamflow
in the Sacramento River remained below normal for
the year. Many counties in the State declared a drought
emergency, and urban areas instituted mandatory or
voluntary water-use restrictions. Ground water was used
in some areas to compensate for diminished surface-
water supplies.

HYDROLOGIC PERSPECTIVES ON
WATER ISSUES

The Hydrologic Perspectives on Water Issues
part of this 1988-89 National Water Summary consists
of two sections—* ‘Hydrology of Floods and Droughts™
and *‘Institutional and Management Aspects”’—that con-
tain nine articles providing information on many tech-
nical and societal aspects of floods and droughts. The
following discussion summarizes the many facts about
floods and droughts that these articles document, but
it begins with the background information on moisture
sources.

MOISTURE SOURCES

Understanding the sources of atmospheric
moisture and patterns of precipitation is fundamental
to understanding the role of climate in causing floods
and droughts. The principal source of precipitation for
most States is moisture from the oceans or the Great
Lakes that is conveyed by the atmosphere. This
mechanism is referred to as a State’s moisture-delivery
system. Another important source for some States is
moisture that has been removed from other areas by
evapotranspiration, conveyed by the atmosphere, and
reprecipitated [the State water-budget diagrams in the
1987 National Water Summary (U.S. Geological Sur-
vey, 1990) show that evapotranspiration accounts for
much of the outflow of water from most States].
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Additionally, most States receive inflow of surface and
ground water from neighboring States.

Seven major atmospheric-moisture sources for
the conterminous and nonconterminous States are iden-
tified by Clark (1989). The following maps, based on
Clark’s analysis of atmospheric-moisture sources, show
whether a source is—

] Major
[J Minor

The maps also show that most of the conterminous
States, even those far removed from the coasts, receive
at least some moisture from the Pacific and Atlantic
Oceans and the Gulf of Mexico.

] Local
1 Negligible

Conterminous United States

Pacific Ocean.—Pacific Ocean moisture is
evaporated from the midlatitude Pacific Ocean surface
and is transported over North America by winds from
the west, where much of it is removed from the atmos-
phere in pass-
ing over west-
ern mountains.
This moisture
transport  is
greatest during
the fall and
winter seasons.

Subtropical Pacific Ocean.—Subtropical
Pacific Ocean moisture originates in the subtropical
area of high pressure that persists off the west coast
of North America, south of the Gulf of Alaska. This
subtropical moisture is delivered to the continent from
the west or northwest, and the circulation typically
conveys the
moisture to the
southwestern
United States.
This circula-
tion pattern is
most promi-
nent in sum-
mer.

Gulf of Mexico and Subtropical Atlantic
Ocean.—Water vapor from the Subtropical Atlantic
Ocean is conveyed to the Caribbean Sea by trade
winds from the east, where more water vapor is added
from the Caribbean as the winds move northwestward
across the Gulf of Mexico. Atmospheric circulation
patterns then convey this moisture to most of the
eastern and central United States. The name of this
source reflects the difficulty in distinguishing
between water
vapor from the
Gulf of Mexico
and water va-
por transported
from the Sub-
tropical Atlan-
tic by the trade
winds.
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Atlantic Ocean.—Atlantic oceanic mois-
ture from the midlatitudes is delivered onshore by
the counterclockwise circulation of cyclones as they
move eastward or northeastward along the Atlantic
Coast. Much
of this moisture
is derived from
the evapor-
ation of warm
surface water
of the Gulf
Stream.

Northeasterly Atlantic Ocean.—Midlatitude
cyclones moving to the east across North America tend
to converge over New England and the Mari-
time Provinces of Canada. Occasionally, such cy-
clones may reach maximum intensity and stall near
New England. The resultant counterclockwise circu-
lation pattern of winds can deliver large amounts

3 of  Atlantic
oceanic mois-
ture inland,
often accompa-
nied by gale-
force winds,
especially be-
tween Septem-
ber and April.

Great Lakes.—Locally, evaporation from
the Great Lakes provides important and significant
moisture to adjacent downwind areas. This lake-effect
moisture is particularly significant in winter when
cold, dry winds
from the north-
west can cause
high evapora-
tion from the
relatively warm
lakes.

Land-Recycled Moisture.—Evaporation and
transpiration from the land surface commonly are over-
looked as important sources of moisture. Few studies
have been made to estimate the importance of Land-
Recycled Moisture, but it may represent from 10 to
60 percent of precipitation. The smaller percentages are
on the coastal areas of the Pacific Northwest and

4 the Gulf Coast,
and the larger
percentages
occur in the
Great Plains
and upper Mis-
sissippi  River
basin.

Nonconterminous United States

For Alaska, the major and minor moisture
sources are Pacific Ocean and Land-Recycled Moisture,
respectively. For Hawaii, the major source is the Pacific

Ocean. For Puerto Rico and the U.S. Virgin Islands,
the major source is the Subtropical Atlantic Ocean.

HYDROLOGY OF FLOODS AND DROUGHTS

The distinction between climate and weather is
important in understanding the hydrologic regime of
an area. The effect of the long-term atmospheric-
circulation patterns described in the preceding section
is referred to as climate, whereas the day-to-day var-
iations in these patterns and their effect on precipita-
tion, wind, and temperature are referred to as weather.
Precipitation caused by the small day-to-day devia-
tions from these climate patterns typically cause only
small changes in daily discharge of the streams that
drain the land and in ground-water levels. Large or
long-term deviations from the climate patterns may
cause the hydrologic extremes of floods and droughts.

Floods

Meteorological processes that produce flood-
causing precipitation occur within the context of global
climate. Floods occur when weather deviates strongly
from the long-term climate pattern and delivers more
water to land surfaces than can be readily absorbed
or stored. The article **Climate and Floods’” discuss-
es the large-scale systems that deliver the moisture to
North America that leads to the release of flood-
causing precipitation. In the United States, the most
important sources of flood-causing precipitation are
extratropical or midlatitude cyclones and their associat-
ed fronts; convective thunderstorms, especially when
they occur in large-scale convective systems; and trop-
ical cyclones (hurricanes). In large drainage basins,
most major floods are caused by precipitation from
extratropical cyclones and their associated fronts,
which occur in all seasons, although they predominate
in the winter and spring when their effect is enhanced
by saturated soil and melting snow. In the summer and
fall, convective storms—thunderstorms and tropical
cyclones—caused by warmer temperatures and en-
hanced by large influxes of precipitable water vapor,
increase in frequency and become important sources
of flood-causing precipitation. The extremely intense
precipitation of convective storms can produce sub-
stantial runoff, despite low soil moisture that occurs
in the summer and fall. In regions that have moun-
tainous or hilly terrain, precipitation involving any of
the above processes can be intensified by lifting of air
by passage up and over mountains or other topographic
barriers.

Seasonal and geographic distribution of flood-
causing precipitation is related to the large-scale gen-
eral circulation of the atmosphere, which determines
the seasonal availability and large-scale delivery path-
ways of atmospheric moisture. Within a given sea-
son, the frequency, typical location, and degree of
persistence of the meteorological processes that cause
a flood are influenced by large-scale atmospheric-
circulation patterns that develop over areas much
larger than the flood-affected region. Furthermore, the
large-scale climatic framework that influences the
occurrence of floods can have a continuity that is much
longer than the period of floeding. This occurs when



the climate-related, land-surface condition, such as
saturated soil or extensive snow cover, that affects
runoff, develops over a period of several weeks or
months.

The role of climate in the occurrence of floods
varies from region to region in the United States. Some
regions are dominated by several different sources of
flood-causing precipitation during the year, whereas
other regions are dominated by only one or two. Floods
caused by distinctly different climatic processes have
distinctly different magnitudes and frequencies of
recurrence.

Droughts

Droughts occur when seasonal, or even annual,
weather deviates from the long-term climate pattern so
that less water is delivered to the land surface than usual.
Droughts typically begin and end subtly and have a
duration measured in years. In contrast, the occurrence
and immediate effect of floods are obvious and their
duration is short. Droughts affect surface runoff, soil
moisture, stream discharge, and ground water at differ-
ent stages of a drought. Although the direct threat of
droughts to human life is less severe than that of floods,
the long-term economic effect typically can be great
and more difficult to assess than floods.

The importance of just a few large storms
in defining a “*normal’’ as opposed to a ‘‘below nor-
mal”’ or precipitation-deficient period is described
in the article ‘‘Climate and Droughts.”” Comparison of
dry years with wet years suggests that dry years
can have as many precipitation days as wet years,
but dry years have minimal daily precipitation,
whereas wet years have substantial daily precipitation.
Droughts, particularly summer droughts or the sum-
mer periods of multiyear droughts, generally, but not
always, are associated with higher than normal surface-
air temperatures.

Because the effect of droughts is the result of
the accumulation of precipitation deficits, droughts are
associated with persistent atmospheric-circulation pat-
terns that produce little or no precipitation. Daily cir-
culation patterns do not have any unique features to
suggest the cause of drought. However, monthly mean
circulation patterns suggest, as possible causes of
drought. the importance of (1) descending air, (2) trans-
port of dry air, and (3) the lack of destabilizing tem-
perature gradients that can trigger convective storms.
Abnormally great vertical movements in atmospheric
circulation, in particular the descent of air over an area,
greatly increase the capacity of air to hold moisture and
thus not release it as precipitation. This may be the most
compelling drought-producing mechanism of the
atmosphere because the descent of the air increases air
temperatures, decreases relative humidity, and increases
the stability of the lower atmosphere. These descriptions
do not, however, answer the question of why drought-
producing circulation patterns occur and persist.

Recurrent periods of below-normal precipitation
are best described as climatic anomalies, not weather
anomalies. Growing evidence suggests that the regional
atmospheric-circulation patterns that cause periods of
below-normal precipitation may be related or connected
to anomalous conditions that occur at great distances
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from the drought-affected area. Of particular interest
are sea-surface temperature anomalies (the difference
between air temperature and sea-surface temperature),
which are an important factor in controlling the
exchange of energy between oceans and the atmosphere
by evaporation and the transfer of sensible heat. Anoma-
lies of 2 to 3 degrees Fahrenheit over large areas of
the ocean for several months can produce substantial
variations in atmospheric heating. Cold and warm sea-
surface temperature anomalies can support and maintain
circulation patterns that alter precipitation patterns over
continental areas. On land, soil-moisture anomalies are
important in regulating evapotranspiration and, thus,
the transfer of latent heat to the atmosphere. Many
current investigations are focused on improving under-
standing of anomalous conditions at the boundary of
the atmosphere with the ocean and the land. Such
understanding is vital to improving the accuracy of
global-circulation models and predictions of the effects
of global warming.

These persistent atmospheric-circulation patterns
are influenced strongly by the exchange of moisture and
heat between the oceans and the atmosphere, and
persistent sea-surface temperature anomalies have been
associated with atmospheric-circulation patterns that
have caused droughts on land far from the location of
the anomalies at sea. To a lesser extent, atmospheric-
circulation patterns also are influenced by anomalies
in the soil-moisture content or the snow cover of land-
surface areas. Consequently, understanding the cause
of a drought in an area requires knowledge of persistent
atmospheric-circulation patterns commonly influenced
by sea- and land-surface anomalies far beyond the area
affected.

The loss of water to the atmosphere through
evaporation and by the transpiration of plants is
described in the article ‘‘Evapotranspiration and
Droughts.”” Except for precipitation, evapotranspiration
is the most significant component of the hydrologic
cycle. It contributes greatly to the effects of drought
because evapotranspiration continues to transport
moisture to the atmosphere during times of reduced
rainfall, thus deepening the deficiency of soil moisture
and reducing the amount of water in streams, lakes,
ponds, and wetlands. In the United States. the evapo-
transpirative return of moisture to the atmosphere ranges
from about 40 percent of precipitation in the North-
west and Northeast to 100 percent in the Southwest and
averages about 67 percent nationwide. Factors that in-
fluence evapotranspiration from the land surface include
type of vegetation, temperature, solar radiation, soil
moisture, windspeed, and relative humidity.

Analysis of Floods and Droughts

Statistical analysis of floods and droughts
requires systematic observations of the quantity of water
flowing in rivers and streams throughout the country.
Such systematic records commonly are less than about
35 years long, although a few records extend from the
1890’s when the U.S. Geological Survey began to sys-
tematically gage streams. Therefore, estimates of the
long-term frequency of floods and droughts and of
streamflow variability are very uncertain because these
relatively short-term records rarely document the most
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infrequent and extraordinarily large floods and
droughts. As a result, hydrologists have sought ways
of reducing uncertainty by extending these records by
paleohydrologic techniques to gather indirect evidence
of hydrologic events that occurred before the advent
of systematic measurements.

The application of paleohydrologic techniques
to quantitatively reconstruct hydrologic variability for
about the last 10,000 years is described in the article
**Paleohydrology and Its Value in Analyzing Floods
and Droughts.”’ Indirect evidence of hydrologic events
includes pollen, sediment, and tree-ring data; the pat-
terns and positions of lake or river sediments that
resulted from changes in lake levels or peak river dis-
charges; and the patterns of vegetation that were
affected by peak river discharges. Additionally, tree-
ring records and radiocarbon dating of organic material
trapped in river sediments can give absolute estimates
of the year of a hydrologic event, whereas the juxtapo-
sition of sediment deposits can provide insight into the
relative age and sequence of events. For example, the
dimensions of abandoned and preserved river channels
can yield information about the maximum and mean
flow depth, mean flow velocity, and bankfull discharge.

By using long-term sequences of annual tree
rings and correlation of modern tree-ring size with
stream discharge, paleohydrologists have been able to
reconstruct and analyze 450 years of Colorado River
discharge. This analysis revealed that for the 450-year
period the average Colorado River discharge was about
18,600 ft*/s (cubic feet per second). In contrast, the
discharge during the 35-year period between 1896 and
1930 was about 23,500 ft*/s, which was the basis of
the Colorado River Compact of 1930 for allocating
24,200 ft*/s of the water to the many users in the United
States and Mexico. However, between 1931 and 1965,
Colorado River discharge was only about 18,000 ft*/s.
Further, droughts between 1564 and 1600 and between
1868 and 1892 were of longer duration and greater
severity than any droughts recorded between 1896 and
the present. The value of such information to water-
resources planning and management is obvious, and it
gives insight into the climate that existed in the Colorado
River basin in the past.

INSTITUTIONAL AND MANAGEMENT ASPECTS OF
FLoobs AND DROUGHTS

Society has always attempted to predict, cope
with, and mitigate the effect of floods and droughts.
In the United States, the Federal Government is deeply
involved in predicting hydrologic extremes, minimizing
their effect, and compensating for resultant loss of
property and income. In addition to the well-known role
of the National Weather Service (NWS) in predicting
weather, the article ‘‘Flood Forecasting and Drought
Prediction by the National Weather Service’’ describes
the role of the NWS in predicting stream discharge.
In support of that goal, the NWS operates a network
of 13 River Forecast Centers that forecast daily river
discharges for water-management purposes and that
issue flood warnings. Data from a network of thousands
of weather and stream-gaging stations, operated in
cooperation with other Federal, State, and local agen-
cies, are telemetered, some by Earth-orbiting satellites,

to the Centers where forecasts are prepared and warn-
ings issued. Additionally, the NWS also provides tech-
nical assistance to local officials in the establishment
of hundreds of local flash-flood warning systems.
Although not nearly as well refined as flood-prediction
techniques, the NWS also is developing techniques to
forecast low-stream discharge during times of drought.
Technological improvements in satellites, weather
surveillance radar, information processing and commu-
nications systems, and automated precipitation and
streamflow stations will greatly improve the quality of
flood and water-supply forecasts and extend their
coverage to many more communities during the 1990’s.

The expanding role of the Federal Government
in flood control during the 20th century is discussed
in the article *“Flood and Drought Functions of the U.S.
Army Corps of Engineers,”” which reports that floods
account for about 90 percent of all damage caused by
natural disasters (not including droughts) in the United
States. Since 1936, appropriations from the Congress
have enabled the U.S. Army Corps of Engineers to
invest about $235 billion in flood-control projects in the
United States. Although the Nation continues to sus-
tain about $2.4 billion annually (1979-88 average) in
flood damage, flood-control projects prevent an aver-
age of almost $12 billion in damage annually (1979-88
average). To maximize the benefit of authorized flood-
control projects, these projects also are operated to sup-
port objectives in addition to flood control that include
navigation, hydroelectric power, irrigation, municipal
and industrial water supply, fish and wildlife conser-
vation, water quality, and recreation. The Corps also
is responsible for providing emergency assistance to
States and local agencies during and after floods and
assists them in developing plans to implement nonstruc-
tural flood-protection measures, such as flood-plain
regulations, flood-proofing measures, and flood-
warning and preparedness programs. During droughts,
the Corps also works with local officials to assist in
the management and allocation of water within Corps
projects and to mitigate the effects of reduced stream
discharge and reservoir storage.

Progress made by the Federal Government’s
National Flood Insurance Program since its creation 20
years ago and the events leading up to the National
Flood Insurance Act of 1968 are described in the article
“‘National Flood Insurance Program—Twenty Years of
Progress Toward Decreasing Nationwide Flood
Losses.”” This program, which is administered by the
Federal Emergency Management Agency (FEMA),
provides flood insurance to about 18,000 communities.
The program provides insurance to communities that
are subjected to periodic flooding, encourages local and
State officials to guide development away from flood-
prone areas and to make land-use adjustments to restrict
the development of land that is subject to flood damage,
cooperates with the private insurance industry and
private lending institutions to support the program, and
studies additional ways to mitigate the effects of floods.
A key requirement to implement the program is the
development and adoption of a standard for use in iden-
tifying flood-plain areas that have special flood hazards.
This article also notes that the Federal Government
adopted the 100-year flood standard. This standard
represents the flood that has a 1-percent chance of being
equaled or exceeded in any year. Expressed in longer




term risk, the chance that a 100-year flood can be
expected to be equaled or exceeded within a 30-year
period, the length of the typical home mortgage, is about
1in 4.

In 1972, the year in which Hurricane Agnes
devastated much of the East with flooding, less than
1 percent of damaged properties that were eligible for
flood insurance were insured. The Flood Disaster
Protection Act of 1973 accelerated flood-risk studies
and required the purchase of flood insurance as a
condition of receiving Federal or federally related finan-
cial assistance. As a result, participation in the program
increased markedly, with 2.2 million policies in force
as of fiscal year 1989. Future directions of the program
will include increased program evaluation, refinement,
and increased technical assistance to encourage adoption
of floodproofing and the use of geographic informa-
tion systems technology and digital flood maps to
display and analyze the areal extent of flood hazards.

At the State and local level, the management
and mitigation of floods and droughts can be greatly
enhanced by using mathematical models to assist
managers in estimating water demand, allocating water
supply, regulating reservoir storage, and making de-
cisions about the operation of water projects. The ar-
ticle *‘Flood Simulation for a Large Reservoir System
in the Lower Colorado River Basin, Texas’’ describes
a complex of seven dams and reservoirs whose oper-
ations are simulated by a mathematical model to fore-
cast the effects of different operating strategies on the
potential for flooding in local communities. Managers
also can use the model, given real-time information
on rainfall and river discharge, to explore a range of
possible operations before deciding on reservoir
releases. Such models should find widespread use in
many river basins as more real-time data become
available.

In contrast to the proactive role many
communities play with regard to floods, the article
‘‘Management of Water Resources for Drought
Conditions’” suggests that society tends to be unwilling
to plan for droughts. Local governments react to
droughts for the most part by reducing water demands
under their jurisdiction and waiting out the drought.
Because such demand-reduction measures are not
popular, timely action rarely is taken. Local govern-
ments also are not responsive to other drought issues,
such as the maintenance of instream flows, because
these issues traditionally are not the responsibility of
local governments. With few exceptions, such as the
Water-Supply Coordination Agreement of the Inter-
state Commission on the Potomac River Basin for the
Metropolitan Washington, D.C., Area, governments
do not plan to minimize the effect of droughts. The
article also states that, at the State level, with the
exception of eight States, the management of water
resources has been minimal. The involvement of the
Federal Government has been limited to the provision
of water-resources information, technical assistance,
and financial relief to mitigate the cost after a drought
has occurred. Obstacles to effective drought planning
at all levels of government include uncertainty about
the onset and conclusion of droughts, the apparent
randomness of their occurrence, the need for collec-
tive action as opposed to the action of individuals
to solve the problems, difficulty in assessing true
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economic and social costs of droughts, and political
considerations, such as lack of public support. This
article suggests that five planning tools are available
to assist States in coping with water shortages assoc-
iated with droughts:

e Drought indicators to define when a drought begins and
ends;

e Before a drought occurs, designation of a govern-
ment agency having drought-planning authority to
declare a drought emergency and alter water-use
patterns;

o Public-notification procedures;

e Establishment of priorities for meeting categories of
water demands; and

e Methods of obtaining compliance with restrictions
imposed.

Finally, this article notes that in the conter-
minous United States, 8 States have comprehensive
water-shortage plans to deal with droughts, 27 States
have emergency drought provisions within their water-
rights system, and 13 States do not appear to have
plans for managing water resources during droughts.
Clearly, in the future as water demand continues to
grow in the face of a fixed water supply, the economic
effects of even minor droughts will be serious and
States will have to assume leadership roles in develop-
ing water-management plans.

STATE SUMMARIES OF FLOODS AND
DROUGHTS

The ‘‘State Summaries of Floods and
Droughts’ part of this 1988-89 National Water
Summary describes the most memorable floods and
droughts in each State, the District of Columbia
(combined with Maryland), Puerto Rico, and the U.S.
Virgin Islands. Each State summary contains the
following information:

e Overview of floods and droughts;

e Discussion of general climatology and the long-term
atmospheric-circulation patterns that convey moisture
to the State;

e Description of the most memorable floods and droughts
in the State, as defined by records of stream discharge;

e Description of flood-plain-management programs, flood-
warning systems, and water-use and drought-
management plans in the State; and

o Selected references on floods and droughts.

Each State report also includes a table and four mul-
ticolor illustrations that show:

e A chronological list of the characteristics (date of
occurrence, area affected, recurrence interval, and
remarks about the effects of the event) of as many as
20 of the State’s most memorable floods and droughts;

e Principal sources and delivery patterns of moisture to the
State;

e Selected geographic features;

e Maps of the areal extent of major floods that had a
recurrence interval of 25 years or more and graphs of
the annual peak stream discharges at selected sites; and

e Maps of the areal extent of major droughts that had a
recurrence interval of 10 years or more and graphs of
the departures of annual stream discharge from the long-
term average discharge at selected sites.
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Maps in the State summaries that define the
areal extent of a particular flood or drought should,
ideally, match at adjacent State boundaries. In prac-
tice, the mapping of the areal distribution of these
events has a degree of subjectivity, and many analysts
participated in the preparation of the State summaries.
Moreover, the computation of the recurrence inter-
val of droughts is affected by the period of record of
a stream-gaging station, and neighboring States com-
monly started their stream-gaging programs at differ-
ent times.

Typically, the edge matching of the areal extent
of flood maps is better than that for drought maps
because floods are discrete events, their areal extent
is more restricted, and selecting them and computing
their recurrence interval are less subjective. In con-
trast, the duration of a regional drought commonly is

highly variable over a large area, and the onset of a
drought in neighboring States may vary over 1 or more
years. For example, in the chronological listing of
floods and droughts in the Virginia, North Carolina,
and South Carolina State summaries, the drought of
the late 1960’s was determined from stream-discharge
data by State-report authors to persist from 1962-71,
1966-71, and 1965-70, respectively. Moreover, the
recurrence interval of the stream-discharge departures
was greater than 40 years in Virginia and North Caro-
lina but somewhat less in South Carolina.
Although the onset, duration, and recurrence
of a drought may be characterized somewhat differ-
ently in neighboring States (see tabulation below), in-
formation can be aggregated from the chronological
listing of floods and droughts in the State summaries,
and the areal extent of persistent regional or national

Maximum recurrence interval of droughts in the conterminous United States, 1930-39

[Symbols: > = greater than; N = normal or above-normal streamflow; U = unknown recurrence interval.

Source: Data from

table 1 in respective State summary, 1988-89 National Water Summary)

Recurrence interval, by year

State 1930 1931 1932 1933 1934 1935 1936 1937 1938 1939
Alabama....... >25 >25 >25 N N N N N >25 >25
Arizona... N N 20 20 20 20 20 N N N
Arkansas.. N N N N N N N N N N
California.......... >100 >100 >100 >100 >100 >100 >100 >100 N N
Colorado >25 >25 >25 >25 >25 >25 >25 >25 >25 >25
Connecticut. .. - 50 50 50 N N N N N N N
Delaware.......... U u U u U N N N N N
Florida........... N N N >50 >50 >50 N 50 50 50
Georgia.. >25 >25 >25 >2%5 >25 >25 N N >50 >50
Idaho ........... >50 >80 >50 >50 >50 >60 >50 >50 >50 >50
Illinois. 60 60 60 60 60 60 60 N N 70
Indiana....... 20 20 N 60 60 &0 60 N N 60
lowa..... . >25 >25 >25 >25 >25 >25 >25 >25 >25 >25
Kansas............. >25 >25 >25 >25 >25 >25 >25 >25 >25 >25
Kentucky . U U N N N N N N N 55
Louisiana . N N N N N N N N N N
Maine................ N N N N, N N N N >30 >30
Maryland/D.C.... >25 >25 >25 N N N N N N N
Massachusetts ........ >50 >50 >50 N N N N N N >50
Michigan........ 70 70 70 70 70 70 70 70 N >50
Minnesota.. 70 70 70 70 70 70 70 70 70 70
Mississippi.... U U u u u N N N N N
Missouri........ >50 >50 >50 >50 >50 >50 >80 >50 >80 >50
Montana................ >25 >25 >25 >25 >25 >25 >25 >25 >25 >25
Nebraska.. >25 >25 >25 >25 >25 >25 >25 >25 >25 >25
Nevada.................. >25 >25 >25 >25 >25 >25 >25 >25 N N
New Hampshire....... >25 >25 >25 >25 >25 >25 >25 N N >25
New Jersey.......... 60 60 60 N N N N N N N
New Mexico...... N >25 >25 >25 >25 >25 >25 >25 >25 >25
New York........ >25 >25 >25 >25 >25 >25 N N N >25
North Carolina 60 60 60 60 60 N N N N N
North Dakota........ >25 >25 >25 >25 >25 >25 >25 >25 >25 >25
Ohio....oiviiiiiis 70 70 70 70 70 70 70 N N 760
Oklahoma. . >50 >50 >50 >50 >50 >80 >50 >50 >50 >50
Oregon .......... >25 >25 >25 >25 >25 >25 >25 >25 >25 >25
Pennsylvania...... . >25 >25 >25 >25 >25 N N N N >50
Rhode Island......... U U N N N N N N N N
South Carolina...... >25 >25 >25 >25 >25 >25 N N N N
South Dakota....... >25 >25 >25 >25 >725 >25 >25 >25 >25 >25
Tennessee......... N N N N N N N N >80 >50
Texas...... N N >25 >25 >25 N N N >25 >25
Utah.............. >25 >25 >25 >25 >25 >25 >25 N N N
Vermont....... >25 >25 >25 >25 >25 >25 >25 N N >25
Virginia... . >80 >80 >80 N N N N N >60 >60
Washington......... 70 70 70 N N N N N 70 70
West Virginia.......... >275 >25 >25 N N N N N N N
Wisconsin ... >75 >75 >75 >75 >75 N N N N N
Wyoming............... >25 >25 >25 >25 >25 >25 >25 >25 >25 >25




droughts can be estimated. For example, by using the
State summaries, information was compiled on the
recurrence interval of droughts in the conterminous
United States during the period 1930-39, a period that
1s fixed in the American consciousness as the Great
Depression—a time of great economic hardship and
agricultural failure. This compilation (see page 9) lists
for each State the recurrence interval of drought for
each year of the 10-year period. If the State summary
gave a range of recurrence intervals cited for a specific
year, the tabulation lists the upper limit of the range
cited, which indicates that at least part of the State was
experiencing drought having the high recurrence in-
terval.

All 10 years were identified as drought years
by State-report authors in 13 States (Colorado, Idaho,
lowa, Kansas, Minnesota, Missouri, Montana,
Nebraska, North Dakota, Oklahoma, Oregon, South
Dakota, and Wyoming), and from 5 to 10 years were
designated as drought years in 37 States during the
period. Although California was not one of the States
that experienced drought during the entire decade, it
was perhaps the most severely affected State. It
experienced a drought from 1928 through 1937 that
had a recurrence interval of more than 100 years,
which the State summary cites as being the most severe
drought of record in the State.

Buried machinery in barn lot, Dallas, S. Dak., 1936
(National Archives, 114-DLSD-5089)
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During 1935, midway through the decade, the
drought affected a broad swath of the country from
California across almost all of the West, into the
Midwest. through the Ohio Valley, and into the North-
east. The map above identifies the States that were
in drought in 1935. States in which the drought had
a recurrence interval of 50 years or more (dark red),
25-50 years (medium red), and less than 25 years
(light red) formed an almost contiguous block from
the West Coast to New England. Wisconsin and Penn-
sylvania are not shown to be in drought in 1935, but
both States experienced drought from 1930 through
1934. Three States in the South—Florida, Georgia,
and South Carolina—also experienced drought in
1935, although other States in the South experienced
drought earlier and later in the decade. The uncolored
States on the map experienced normal or above-normal
streamflows that year.

A national drought that persisted for a decade
in more than 25 percent of the States and for at least
5 to 10 years in 75 percent of the States must have
added greatly to the human suffering of the Great
Depression. The consequences of a recurrence of a
drought of that duration and areal extent in the United
States at the turn of the 21st century are difficult to
contemplate.
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INTRODUCTION

<ghis volume, National Water Summary
" 1988-89—Hydrologic Events and Floods
and Droughts, is organized into three parts,
as were the five previous volumes (see
inside front cover for previous volumes) in
the National Water Summary series.

The first part, *‘Hydrologic Conditions and
Water-Related Events, Water Years 1988-89,”" pro-
vides a synopsis of water-resources conditions during
the 1988 and 1989 water years (October 1, 1987,
through September 30, 1988, and October 1, 1988,
through September 30, 1989). A brief review of each
water year is supplemented by maps of annual stream-
flow and precipitation and a chronological listing of sig-
nificant floods, droughts, and other water-related
events. One of the significant events was Hurricane
Hugo in September 1989; the storm-surge flooding
caused by Hugo is described in more detail in a separate
article following the discussion of the 1989 water year.
The annual review is followed by seasonal reviews that
contain maps of streamflow, precipitation, temperature,
and upper-air atmospheric-pressure patterns for the four
seasons of each of the two water years to demonstrate
the relation between the seasonal climatic regimes and
streamflows.

The second part of this volume, ‘‘Hydrologic
Perspectives on Water Issues,’’ contains articles on the
hydrology and institutional and management aspects of
floods and droughts. These articles deal with some
aspects of the relation of climate to floods and droughts;
the role of evapotranspiration in the hydrologic cycle;
estimation of the magnitude of extreme hydrologic
events that occurred before the advent of systematic
hydrologic-data collection; the institutional roles of the
National Weather Service, U.S. Army Corps of En-
gineers, and Federal Emergency Management Adminis-
tration in forecasting floods and droughts and mitigating
their effects; and the activities of State and local govern-
ments in the management of floods and droughts.

The third part, ‘‘State Summaries of Floods and
Droughts,”” describes the most memorable floods and
droughts of each State, the District of Columbia (com-
bined with Maryland), Puerto Rico, and the U.S. Virgin
Islands. Each State summary also contains a discussion
of the State’s general climatology and a description of
the State’s water-management activities related to flood-
plain management, flood-warning systems, and water-
use management during droughts. Illustrations include
multicolor maps and graphs that depict the temporal
and areal distribution of as many as five of each of the
most memorable floods and droughts. Additionally, the
illustrations include a map that depicts the atmospheric
transport of moisture into the State from various iden-
tified oceanic and Great Lakes sources and a general
geographic index map of the State. Each State summary
also contains a table listing the characteristics of the
floods and droughts shown in the illustrations, as well
as additional memorable floods and droughts of record.
The analytical techniques used to define the characteris-
tics of floods and droughts are described in *‘Introduc-
tion to State Summaries of Floods and Droughts.”

To supplement the information provided in this
volume, bibliographic references are listed at the end
of each article and State summary. Most technical terms
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are defined in the glossary at the end of this volume,
and a conversion table of water measurements follows
the glossary. A map of water-resources regions and
subregions and a map of State climate divisions also
are included. Water-resources regions and subregions
are shown in many State-summary maps in previous
volumes of the National Water Summary, and climate
divisions are the basis for display of precipitation and
temperature data in the ‘“Hydrologic Conditions and
Water-Related Events’” part of this volume.

The analyses of floods and droughts for portrayal
in the State summaries would not have been possible
without the extensive data base of stream-discharge data
maintained by the U.S. Geological Survey. The earliest
systematic collection of stream-discharge data in the
United States began more than 100 years ago, and the
stream-discharge data base is a continuing resource for
water-resources planning, hydrologic research, and
operation of water-resources projects. Additional data
are added to the data base each year from the network
of about 7,400 stream-gaging stations that the U.S.
Geological Survey operates in the United States; data
from about 3,400 of these stream-gaging stations are
telemetered by an Earth-satellite-based communications
system, which enables the data to be available in real
time for the operation of water-resources projects by
many agencies and for flood forecasting by the National
Weather Service. Much of this stream-gaging network
is operated by the U.S. Geological Survey in coopera-
tion with more than 1,000 State and local agencies as
part of its Federal-State Cooperative Program. Other
components of the network are operated by the U.S.
Geological Survey at the request of other Federal
agencies, such as the U.S. Army Corps of Engineers
and U.S. Bureau of Reclamation, to provide those agen-
cies with hydrologic data that are needed for planning
and operating water-resources projects. Additionally,
part of the network is operated by the U.S. Geological
Survey to support national programs of water-resources
investigations, to collect data required by court decree,
treaty, or compact, and to conduct hydrologic research.

Since early in this century, the U.S. Geological
Survey has published numerous reports on floods in
the United States and has at times jointly published
reports on selected floods in cooperation with the
National Weather Service. Annual peak-flow statistics
are published in the U.S. Geological Survey’s annual
data reports for each State (for example, see U.S.
Geological Survey, 1976-89). The U.S. Geological
Survey and other Federal agencies also have adopted
consistent techniques for estimating flood-discharge
statistics (Thomas, 1987; U.S. Interagency Advisory
Committee on Water Data, 1982). The results of the
drought-frequency analyses that are presented in this
volume are based on a multiyear discharge analysis that
was developed and applied in the 1960’s in Kansas
(Furness, 1962: Carswell and Bond, 1980). Addition-
ally, low-stream-discharge statistics commonly are com-
puted and published by the U.S. Geological Survey.

As in past volumes, other national-scale analyses
of water resources related to the theme of the National
Water Summary are documented here. The U.S. Forest
Service published *‘An Analysis of the Water Situa-
tion in the United States, 1989-2040"" as part of its
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1989 Resource Planning Assessment (Guldin, 1989);
the Geological Society of America published ‘‘Surface
Water Hydrology’’ (Wolman and Riggs, 1990) as part
of its series on the geology of North America; and
the U.S. Army Corps of Engineers published ‘“The
National Study of Water Management During Drought™
(Werick and others, 1991) as the first of its reports
designed to help the Nation improve water management
during drought. Also published was ‘‘Drought and
Natural Resources Management in the United States™
(Riebsame and others, 1991). Although not directly
addressed in this volume, the effect of the introduction
to the atmosphere of large volumes of carbon dioxide,
methane, and other byproducts of worldwide industry
on atmospheric circulation and patterns of precipita-
tion and temperature are the subject of an extensive
worldwide scientific effort. The effect of changes
in these patterns on water supply and demand was
explored by the American Association for the
Advancement of Science’s Panel on Climatic Variability
and documented in ‘‘Climate Change and U.S. Water
Resources’” (Waggoner, 1990).
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YDROLOGIC CONDITIONS AND
WATER-RELATED EVENTS.
WATER YEARS 1988-89

Destruction of Utah Highway 6 and bridge over the Virgin River in
southwest Utah as a result of a flood on January 1, 1989.
(DeLoy C. Emett, U.S. Geological Survey)
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REeviEw oF WATER YEAR 1988 HyprorLocic CONDITIONS
AND WATER-RELATED EVENTS

By Gregory J. McCabe, Jr., James L. Barker, and Edith B. Chase

Surface-water hydrologic conditions and many
water-related events are controlled primarily by
meteorologic and climatic factors. The following
annual and seasonal summaries of hydrologic condi-
tions for water year 1988, therefore, are described in
a climatic context. Streamflow and precipitation,
which are expressed as departures from long-term
mean or normal conditions, are depicted on maps
(fig. 1) to provide an overview of the water year.
These quantities also are presented on a quarterly basis
(figs. 54, B: 64, B. 74, B; 84, B) in the Seasonal
Summaries section and are accompanied by maps
showing temperature as a departure from average con-
ditions (figs. 5C, 6C, 7C, 8C) and mean atmospheric-
pressure conditions near 10,000 feet (figs. 5D, 6D,
7D, 8D). The distribution of high- and low-pressure
areas across the United States at about 10,000 feet,
which are recorded in terms of the 700-millibar pres-
sure surface, or height field, influences the distribu-
tion of surface temperature, precipitation, and, thus,
streamflow. Usually, excessive precipitation and
droughts that persist throughout a season will be
observed in conjunction with persistent low- and high-
pressure conditions in the upper atmosphere. Because
these maps depict conditions averaged over a 3-month
period, ephemeral events, such as a single flood result-
ing from an individual storm, may not be associated
easily with the general upper-level circulation.

The data used in preparing these summaries
were taken from the following publications: the
National Oceanic and Atmospheric Administration’s
““Climate Impact Assessment, United States’’; **Daily
Weather Maps, Weekly Series™’; ““Monthly and Sea-
sonal Weather Outlook’’; ““Storm Data’’; and ‘“Week-
ly Weather and Crop Bulletin™* (the last publication
is prepared and published jointly with the U.S. Depart-
ment of Agriculture) and the U.S. Geological Survey’s
monthly **National Water Conditions”’ reports. Geo-
graphic designations in this article generally conform
to those used in the *“Weekly Weather and Crop Bulle-
tin’’ (see map showing geographic designation).

For water year 1988, streamflow for the con-
terminous United States was below average for a large
part of the country (fig. 14)—specifically in the Pacific
Northwest: the Great Basin; and parts of the northern
Rocky Mountains, the northern Great Plains, the
Mississippi, Tennessee, and Ohio Valleys, and some
of the Atlantic Coast. Below-normal streamflow
occurred at 62 percent of the 181 key stations in the
conterminous United States and southern Canada for
the 1988 water year, compared with 34 percent for
the 1987 water year. The combined flow of the three
largest rivers in the conterminous United States—
the Mississippi, St. Lawrence, and Columbia—
averaged 816,000 cubic feet per second, which was
20 percent below median for the water year.

Annual streamflow, as shown in figure 14, is
indicative of the hydrologic conditions during 1988.
For most of the country, annual precipitation was
below normal (fig. 1B) and temperatures were above
normal. Only some areas in the southwestern United
States, the central Great Plains, the Middle Missis-
sippi Valley, and the Gulf Coast experienced near-
normal or above-normal annual precipitation. The
annual-precipitation totals in these areas are not in-
dicative of the severe drought that affected most of
the country during 1988.

The drought of 1988, which characterized water
year 1988, was intense and widespread. During the
fall and winter, a high-pressure ridge persisted over
the western United States and prevented Pacific storms
from entering the Pacific Northwest, thus contribut-
ing to drought. During the spring, the high-pressure
ridge expanded eastward and southward to cover most
of central Canada and the north-central United States.
At the same time, a stronger than normal trough domi-
nated the southern Atlantic Coast of the United States.
This pressure pattern produced more winds from the
north than usual over the central United States and
prevented Gulf of Mexico moisture from flowing
northward, thus intensifying and expanding drought
across the Nation.

For the country as a whole, precipitation in the
spring of 1988 was the least of this century. During
the summer, the high-pressure ridge was centered
over the central United States, with higher than nor-
mal pressure for almost the entire country. This above-
normal pressure produced above-normal temperatures
and below-normal precipitation for most of the
country. During the summer of 1988, more than 1,000
maximum-temperature records were equaled or estab-
lished and over half of the country experienced below-
normal streamflow. The flow of the Mississippi River
at Vicksburg, Miss., was characteristic of the drought.
Monthly flows were much below median for most of
the year, and from May through September monthly
flows were below 1931 values, which is the driest
water year on record. During June and July, the
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Figure 1. Streamflow (4) and precipitation (5} in the United States and Puerto Rico in water year 1988. Data are shown as a percentage
of normal.  (Sources: A4, Data from U.S. Geological Survey. £, Data from the National Oceanic and Atmospheric Administration, National Climatic Data Center.)
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Figure 2. Monthly discharges for selected major rivers of the United States for water years 1987 and 1983
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Figure 3. Month-end storage of selected reservoirs in the United States for water years 1987 and 1988 com-
pared with median of month-end storage for reference period. The reference period, which varies but is
a minimum of 34 years, for each reservoir or reservoir system is shown on the graph; the beginning year
for a reservoir system is the year records began for the last reservoir in the system. The location of individual
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is shown by an open circle. Principal reservoir and water uses—F, flood control; 1, irrigation; M, municipal,
P, power; R, recreation; and W, industrial. (Source: Data from U.S. Geological Survey files.)



monthly flows of the Mississippi set new record low
flows, and during August and September the record
low flows were approached.

The regional and local patterns of hydrologic
conditions can be seen in the graphs of monthly dis-
charges for selected rivers (fig. 2) and month-end
storage of selected reservoirs (fig. 3). For example,
drought in the Pacific Northwest, Great Basin, and
Pacific Coast is reflected in the below-median monthly
flows observed at the Smith River near Crescent City,
Calif., and the Clearwater River at Spalding, Idaho.
Monthly flows of these two rivers were much below
median for almost every month during the water year.
Similarly, storage in the Pine Flat Reservoir in Califor-
nia, the Rye Patch Reservoir in Nevada, and the Boise
River System Reservoir in Idaho were below the long-
term median month-end values during the entire water
year and were especially low during the summer of
1988.

Drought in the South and Midwest also is
reflected in the graphs of monthly discharge for
selected rivers and month-end storage of selected
reservoirs (figs. 2, 3). Observed monthly flows at the
Grand River near Gallatin, Mo., the Tombigbee River
at Demopolis Lock and Dam, Ala., the Potomac River
at Paw Paw, W. Va., and the Sangamon River at
Monticello, Ill., all indicated below-median flows for
most months during water year 1988. The month-end
reservoir levels at the Possum Kingdom Reservoir in
Texas and the Strom Thurmond Lake Reservoir, which
is on the border between South Carolina and Georgia,
were much below median for the entire water year.

In contrast to the majority of the country, which
experienced drought during water year 1988, a few
areas, such as Arizona and parts of Colorado,
experienced normal or above-normal precipitation and
streamflow. For example, observed monthly dis-
charges at Bear Creek at Morrison, Colo., were above
median for all but 1 month of water year 1988 and
were above median for all of water year 1987. Simi-
larly, month-end reservoir storage was above median
for all of water year 1988 at the Salt and Verde River
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System Reservoir in Arizona and the John Martin
Reservoir in Colorado.

During the 1988 water year, many significant
water-related events, both natural and human induced,
occurred. A representative set of these events is listed
chronologically in table 1, and their geographic loca-
tion is plotted in figure 4. Table 1 represents a cull-
ing of some hundreds of these hydrologic occurrences,
generally omitting, for example, floods where the
recurrence interval is less than 10 years, toxic spills
that involve less than 2,500 gallons, and fishkills of
less than 5,000 fish. The selection of events for
inclusion in table 1 was affected to some extent by
the degree of media coverage, including National
Weather Service and U.S. Geological Survey period-
icals, and by communications from U.S. Geological
Survey field offices alerting the national office that
significant hydrologic events had occurred. Toxic-spill
data were provided by the U.S. Coast Guard National
Response Center. Fishkill data were based on infor-
mation provided to the U.S. Geological Survey by the
U.S. Environmental Protection Agency; the report-
ing of fishkills by the States to the Environmental Pro-
tection Agency is voluntary, and not all States pres-
ently report such data. Reporting of weather-related
events and damage estimates is subjective, therefore,
table 1 may not be completely consistent with other
national compilations of hydrologic events, such as
the annual flood-damage report to Congress by the
U.S. Army Corps of Engineers (1988). Weather-
related events (excluding drought) were estimated to
have caused about 1 billion in economic losses. Of
this amount, flood damage was almost $500 million
(U.S. Army Corps of Engineers, 1988).

REFERENCE CITED

U.S. Army Corps of Engineers, 1988, Annual flood-damage
report to Congress, fiscal year 1988: U.S. Army Corps
of Engineers Report DAEN-CHW-W; prepared in
cooperation with the National Weather Service.
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Table 1. Chronology of significant hydrologic and water-related events, October 1987 through September 1988

[The events described are representative examples of hydrologic and water-related events that occurred during water year 1988. Toxic-spill data were provided by
the U.S. Coast Guard National Response Center. Fishkill data were provided by the U.S. Environmental Protection Agency on the basis of reports transmitted by
State agencies. Meteorological data are mostly from reports of the National Oceanic and Atmospheric Administration. Abbreviations used: Mgal/d = million gallons
per day; ft*/s = cubic feet per second; mi? = square miles; mg/L = milligrams per liter]

No. EVENT
(fig. 4)
OCTOBER 1987 NOVEMBER 1987 (con.)
1 On October 15, a large fishkill occurred in Sweetwater 5 (con.) flow had a recurrence interval of about 30 years) on
Creek tributary to Chattahoochee River) near November 27, exceeding the May 1985 peak by about
Austell, Cobb County, northwestern Georgia. A 1,800 ft*/s. Two other gaging stations had peak discharges
boxboard-manufacturing plant accidentally released into that exceeded previous former peaks of record. Three
the creek 200 gallons of sulfuric acid that killed about people drowned, and two others were injured when their
5,800 fish in a 7-mile section of the creek. About 10 per- car was swept off a small bridge by the rising waters of
cent of the fish were game fish. a creek near the town of Juncos, 349 people were evacu-
(not shown) Drought conditions persisted throughout the Western and ated, and 2,850 hous_gs were affected in 21 municipalities.
. . . Twenty-seven municipalities reported damage to roads
Southeastern States into late October; streamflows in . . .
. e and highways mainly due to landslides. The town of
Montana, Idaho, Washington, Oregon, and California .
Humacao was severely affected when the main access,
were at, or near, record lows at many streamflow- High 30 Josed b landslide. Da o w
gaging stations. Abnormally low streamflows also ltg ‘Zta}:i t ,bwasbgutsgﬁ )glla}or?n Suce. Damage was
were recorded in parts of Kentucky, Tennessee, South cstimated to be a mhon.
Carolina, Alabama, and Mississippi. Because of the
drought, water rationing was put into effect in many DECEMBER 1987
areas. Hunters, hikers, and loggers were restricted
from forests, winter wheat crops were threatened, salmon 6 On December 7 and 8, a slow-moving cold front approached

and other fish were hampered in their migration to
upstream spawning beds, and low river flows slowed
barge traffic on navigable rivers.

On October 27, a major oil spill occurred when a towboat

having 23,000 gallons of diesel fuel onboard sank in the
Ohio River near Paducah, Ky.; 20,000 gallons leaked
from the fuel tanks. The master of the vessel pushed the
vessel into the left descending bank as far as possible
before the vessel sank. Divers plugged the fuel vents,
and a boom was deployed around the vessel. After oil
stopped seeping from the boat, the boat was raised and
pumped out by a salvage contractor. After cleanup, no
significant environmental damage was reported.

NOVEMBER 1987

South Setauket, N.Y., was the site of the largest gasoline

spill ever recorded on Long Island. The spill, discovered
in November, originated as a pin-sized hole in an
underground pipe at a petroleum depot. An estimated
800,000 gallons leaked from the pipe over a period of
years and formed a plume of gasoline as much as 7 feet
thick and more than 30 acres in extent. The company
responsible initiated cleanup procedures and recovered
free gasoline trapped near the depot. Additional test wells
were drilled to determine the extent of dissolved gasoline.
Cleanup costs exceeded $3 million.

On November 15 and 16, intense rains totaling 6 to 18 inches

caused flooding in north-central Louisiana. Peak stream-
flow at two gaging stations exceeded both the 100-year
flood and the previous flood of record. At five other
gaging stations, the peak streamflow exceeded the previ-
ous flood of record. Chickasaw Creek near Olla, for
example, peaked at about 2.3 times the streamflow for
the 100-year flood or about 17,600 ft*/s more than the
previous maximum. No lives were lost, and damage was
estimated at $6 million.

On November 26 and 27, severe floods occurred in the eastern

interior part of Puerto Rico when more than 12 inches
of rain fell in 24 hours in some areas. These rains were
associated with a stationary upper-level weather system
just west of the island. The Rio Valenciano near Juncos
(drainage area 16.4 mi®) peaked at 27,500 ft*/s (the peak

the island of Puerto Rico from the northwest and induced
a southwestern flow of moist tropical air across the eastern
Caribbean. This combination promoted the formation of
intense rain that caused severe flash flooding over the
eastern and southeastern interior parts of the island. Near
the town of Las Piedras, as much as 17 inches of rain
fell during an 8-hour period and as much as 19 inches
during a 24-hour period. The Rio Valenciano near Juncos
(drainage area 16.4 mi?) peaked at 40,000 ft3/s (recur-
rence interval of 100 years) on December 8, exceeding
the November 1987 peak by about 12,500 ft*/s. At another
gaging station, on the Rio Espiritu Santo, near Rio Grande
(drainage area 8.6 mi?*), streamflow peaked at 20,000 ft*/s
(recurrence interval of about 50 years) on December 7,
exceeding the December 1983 peak by about 7,600 ft'/s.
Three other gaging stations had peak discharges that
exceeded former peaks of record. One person drowned
when a car was swept away by strong currents on a bridge
over the Rio Valenciano in Gurabo. More than 1,000 peo-
ple were evacuated from nine towns. Four bridges were
destroyed, and nine others were damaged. Numerous
landslides also were reported. Damage was estimated to
be about $5 million.

On December 13, a fishkill occurred near the town of Rome,

Floyd County, northwestern Georgia. The fishkill affected
about 1.5 miles of Zaber and Dozier Creeks (the latter
is a tributary to the Oostanaula River). About 6,300 fish
were killed, of which about 38 percent were game fish.
The kill, which lasted 2 days, was the result of an
accidental release of ammonia at a dairy operation.

On December 16, a large fishkill occurred in Peak Creek

(tributary to the New River), near the town of Pulaski,
Pulaski County, southwestern Virginia. The fishkill
resulted when about 5,000 gallons of phosphoric acid
spilled into the creek from a tank car that ruptured fol-
lowing a train derailment. Severe contamination along
1 mile of stream killed more than 16,000 fish, including
about 500 game fish.

In western Idaho, about 90 miles north of Boise, a fishkill

occurred on December 19 in the Little Salmon River, near
the town of New Meadows. The fishkill resulted when
an overturned truck on Highway U.S. 95 spilled 300 to
400 gallons of Vitavax, a fungicide, into the river.
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Table 1. Chronology of significant hydrologic and water-related events, October 1987 through September 1988—continued

No. EVENT
(fig. 4)
DECEMBER 1987 {con.) JANUARY 1988 (con.)
9 (con.)  The entire population of young coast rainbow trout died 13 (con.)  tank that had been dismantled, moved from its original
along a 22-mile reach of river upstream from Riggins. location, and reconstructed in Floreffe, ruptured and
The river was closed to fishing for 120 days. In addi- spilled about 1 million gallons of No. 2 diesel oil into
tion, 18 private wells and the Riggins City supply well the Monongahela River. The spill created a bank-to-bank
were temporarily shut down until the water could be tested oil slick that, by January 7, reached Wheeling, W. Va.,
and found free of residual levels of the chemical. about 115 miles downstream. The water supplies of more
10 In western Tennessee and eastern Arkansas, between than 750,000 people in Pennsylvania and thousands more
December 24 and 29, a stalled cold front caused intense in Ohio and West Virginia were tainted as the oil traveled
rains and flooding. As much as 14.8 inches of rain fell down the Monongahela and the Ohio Rivers on its way
in Millington, Tenn., 9 inches in Memphis, Tenn., and to the M1s51331pP1 aner. In addition to causing wat_cr
12.8 inches in West Memphis, Ark. Flood damage was shortages, the oil spill halted boat ‘tra_fﬁc on the heavily
restricted primarily to the Shelby County area of traveled Monongahela am':i k{lled significant numbers of
Tennessee. Two thousand people were evacuated from fish, ducks, and other wildlife.
440 homes, and several roads and bridges were damaged. 14 On January 4, in northeastern Illinois in the vicinity of
The Lossahatchie River near Arlington, Tenn. (drainage Seneca, Grundy County, 500,000 galtlons of 28-percent
area 262 mi?), peaked at a streamflow of 27,400 ft*/s ammonia spilled into the Illinois River. The Iilinois State
(recurrence interval of 50 years) or about 3,700 ft*/s more Water Survey learned of the spill when the Peoria Water
than the previous flood of record. Several large rivers, Treatment Department reported that the water had been
including the Ouachita at Camden, the Saline near Rye, fouled with ammonia late on January 10 (Peoria’s intakes
and Bayou Bartholomew at Garrett Bridge, continued to are on the Illinois River about 86.5 miles downstream
rise through December 29. The Ouachita River at Camden from Seneca).
recorded a streamflow of 173,000 ft*/s (recurrence 15 On January 5, in Deptford Township, Gloucester County,
interval of 25 years) and was 12 feet above flood stage. N.J., about 10 miles south of Camden, an underground
Floleng in the two States left nearly 6,000 people tem- pipeline ruptured and spilled about 200,000 gallons of No.
porarily homeless. At least two bridges and several roads 2 fuel oil into a small tributary to Steward Lake on Wood-
were damaged and closed. bury Creek. The owners of the pipeline hired private con-
11 On December 30, in Santa Cruz County, Calif., a water pipe tractors to contain the oil to the lake and to perform
at a sand quarry burst in the night, allowing silt laden recovery operations. Nearly all the oil was recovered.
water to foul Zayante Creek, and killed an estimated 16 On January 7, a substantial fishkill occurred in Lake
10,000 juvenile steelhead trout. The responsible company Michigan near the town of Burns Harbor, Porter
paid a $25,000 fine to the county for the damage and for County, in northwestern Indiana. Industrial effluent
cleanup and stream-restoration work. from a steel plant killed an estimated 5,000 fish, but only
12 On December 31, 1987, and January 1, 1988, flooding caused about 1 percent were game fish. Some shore birds also
by as much as 20 inches of rain in 24 hours, occurred were affected.
on the island of Oahu; Hilo, on the island of Hawaii, also 17 In eastern Pennsylvania, near Allentown, on January 16 and
had some flooding. On the island of Oahu, 2,800 people 17, chlorine from an industrial plant leaked into the
were evacuated and 72 people were left homeless. Lehigh River (a tributary to the Delaware River) and
Damage was estimated at about $30 million. The most killed an undetermined number of fish. Many of the
severe flooding on Oahu occurred east of a north-south fish were game fish, including bass, walleye, and
line through Diamond Head. Most damage occurred in muskellunge.
and around the relatively new developments of Hawaii . .
Kai and Niu, both on the south coast, and Waimanalo 18 In Puget Sound, near Rosario Strait, Anacortes, Wash., about
and Kailua on the northeastern coast. In Hawaii Kai, most 70,000 gallons of heavy-cycle ol spilled from a tank barge
of the damage occurred where a road had been built next on January 30 when the barge sank in 130 feet of water.
to and over a stream. Much of the damage in the Niu The {nclldent was considered a major spxll because of its
and Waimanalo areas may have been caused by flood- proximity to local clam beds and the Fidalgo Head State
waters pushed out of the streambanks by rocks, boulders, Park.
and debris that blocked culverts. There were reports that
residential and street flooding in Kailua occurred only FEBRUARY 1988
after water topped a dike. Rain of this magnitude had not
occurred in eastern Oahu for many years; consequently, 19 On February 6, near Monaville, Waller County, in eastern
much debris was carried down to culverts from the higher Texas, an 8-inch pipeline ruptured and discharged
elevations where the intense rains fell. On the island of 2,000 barrels (84,000 gallons) of crude oil into a drainage
Hawaii, the gaging station on the Wailuku River at Hilo ditch and eventually into a tributary of Iron Creek, a
(having a drainage area of about 75 mi®) was washed out, tributary of the Brazos River. The oil contaminated about
but floodwaters were confined to the river channel and 1,000 feet of stream before being contained.
did little or no damage in the city. At this gage, the stage . . .
probably was several feet higher for the November 17, 20 During early February, high levels of hazardgus 'chemlcals
1979, flood (34.57 feet; 65,500 ft*/s), when the gage also present in grounq water were found seeping into base-
was washed out. ments of homes in the southeast part of Ponca City, in
northern Oklahoma. Analyses of samples collected by the
JANUARY 1988 U.S. Environmental Protection Agency indicated the pre-
sence of benzene, toluene, and xylene, three hydrocarbons
13 On January 2, in the town of Floreffe, about 20 miles south commonly found in refined gasoline and cleaning

of Pittsburgh, Pa., a 40-year old, 4-million-gallon storage

products.
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Table 1. Chronology of significant hydrologic and water-related events, October 1987 through September 1988 —continued

No EVENT

(fig. 4)

FEBRUARY 1988 (con.) APRIL 1988 (con.)

21 On February 17, near Tiffin in northwestern Ohio, a break 26 On April 23, more than 61,000 fish died along a 27-mile

in an underground transmission pipe spilled 105,000 gal-
lons of toluene, which seeped into a swamp that flows
into Sugar Creek and the Sandusky River. Toxic vapors
prompted the evacuation of 10,000 nearby residents for
5 days. The spill killed an undetermined number of fish
in Sugar Creek, the Sandusky River, and Lake Erie’s San-
dusky Bay. Sandusky Bay supports a multimillion dol-
lar walleye and perch industry.

On the Delaware River, in southeastern Pennsylvania, a

tanker lost steering on March 18 and struck a dock at
Marcus Hook, Delaware County. About 105,000 gallons
of crude oil spilled into the river from a hole in a cargo
tank of the ship. Booms deployed by the ship owners con-
tained most of the oil. Small patches of oil affected about
2 miles of the New Jersey shoreline.

In Rochester, N.Y., tests of ground water by State officials

during late March confirmed the presence of 28 chemi-
cals detected in Kodak Park and under about 200 homes
along Rand Street. The concentrations of at least 12 chem-
icals and 5 trace metals were in violation of State
standards. Several of the chemicals, including methylene
chloride and methanol, were present in extremely high
concentrations. The source of the contamination was
believed to be sludge that was dumped into a large hole
near the park by employees of a chemical plant.

Drought conditions persisted during March in the Northwest

and Southeast for the first half of water year 1988.
National Weather Service statistics for October to March
indicated the driest March in the past 6 years; monthly
mean flows were lowest for the period of record for the
month at 13 gaging stations—11 in the Southeast and 2

(not shown)

stretch of the South Branch Kishwaukee River (a tribu-
tary of the Rock River) in northern Hllinois about 13 miles
north of DeKalb. The source of pollution was a ruptured
pipe at a sewage-treatment lagoon that sent an estimated
400,000 gallons of liquid waste from a hog farm into the
river. State officials said it was the second largest fishkill
in recent northern Hlinois history.

27 On April 23, during a late winter storm in the San Francisco
During February, unusually dry weather and low streamflows Bay area, California, an open valve on a storm drain run-
persisted in the Pacific Northwest for the 11th consecutive ning through an oil-storage tank used to keep rainwater
month. Monthly mean flows were below normal at 15 off the tank’s floating roof allowed an estimated 365,000
of 17 gaging stations in Montana, Idaho, Washington, gallons of crude oil to be syphoned out into the Suisun
and Oregon. The Governor of Washington urged water Bay marshland about 40 miles northeast of San Francisco
conservation by all. The snowpack in Washington was near Martinez. The thick crude oil affected 15 miles of
reported at about 50 to 80 percent of normal and reser- waterway from Carquinez Strait to the mouth of the
voirs at or near low capacities. In neighboring Califor- Sacramento-San Joaquin Delta. This region supports a
nia, most unregulated streams had flows that were below major sport-fishing industry, as well as the Peyton Slough
normal, continuing low-flow conditions that began in Marsh and Ryer Island wildlife areas. The tarlike oil report-
November 1986. edly killed at least 200 birds and about 50 other small mam-
mals but had relatively little effect on the fishing, except
MARCH 1988 for keeping anglers off the water.

28 A sinkhole developed in Sebring, Fla., starting on April 29.
On March 2, a sewer line that crosses the Rogue River By May 1, the sinkhole was 200 feet wide and 20 feet
near Grants Pass, about 32 miles west-northwest of deep, had destroyed a $70,000 house, and was filling with
Medford in southwestern Oregon, broke and contaminated water. Sinkholes, which result when underground lime-
the river with raw sewage. The State Health Department stone caverns collapse, are common to central and south-
closed the river to all activities in a 21-mile reach from central Florida. As many as 100 sinkholes form in west-

Grants Pass to Hog Creek. The Rogue River is an central Florida each year.
important steelhead and salmon sport-fishing river. 29 In Marsh Run Park, Fairview Township, York County, about

6 miles south of Harrisburg, Pa., tests of the soil and
ground water at a landfill site revealed traces of arsenic,
petroleum degreasers, and other carcinogens that the U.S.
Environmental Protection Agency lists as priority pollutants
and potential health hazards. The 14-acre park, which was
used as a landfill during the 1950’s, was closed in Sep-
tember 1987 after preliminary tests indicated contamination.

During April, large sections of the country continued to

receive less than normal precipitation leading to persis-
tent drought. In the southeastern States, precipitation and
streamflows were less than 50 percent of normal for this
time of year. Georgia and Tennessee were on drought-
alert status, and eastern Tennessee’s drought situation was
classified as extremely severe. In the central States, Iowa
received only 53 percent of normal precipitation for January
through April, making it the driest for this period since
1934 and the fifth driest in 116 years of records. Western
States also suffered from the lack of normal snowpack and
precipitation necessary to maintain water-supply reservoirs.
Streamflow in the Columbia River at The Dalles, Oreg.,
for example, were 66 percent of normal and the second
lowest in 63 years. Precipitation in the Columbia River
basin was 60 to 70 percent of normal.

in the Northwest. 30 In Huron, S. Dak., during late April and early May, an
estimated 15,000 fish in the James River died when exposed
APRIL 1988 to toxic levels of ammonia in the discharge from a sewage
lagoon. Low streamflows contributed to the problem by
In southern Louisiana, on Easter weekend (April 1 and 2), not diluting the discharge.
more than 9 inches of rain fell on New Orleans and nearby
Marrero. The resultant floodwaters drove 200 people MAY 1988
from their homes, knocked out power, and left muck and
debris throughout the area. One person died after driv- 31 In Lake Pepin, about 45 miles southeast of St. Paul, Minn.,

ing a car off a flooded street into a canal.

in April and May a fishkill of 7,000 to 8,000 walleye,
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Table 1. Chronology of significant hydrologic and water-related events, October 1987 through September 1988 —continued

No. EVENT
{fig. 4)
MAY 1988 {con.) MAY 1988 {(con.)

31 (con.)  sheepshead. northern pike, sauger, white bass, and carp 39 On May 28 and 29, in southwestern Kansas, intense rains
was found in an area confined to the upper end of the southeast of Dodge City caused animal waste held in a
lake, a naturally dammed lake of the Mississippi River. feed yard and sale barn to be washed into the Arkansas
The dead fish included more than 3,300 large walleyes River. The pollution killed an estimated 130,000 fish in
totaling nearly 10,000 pounds. The cause of the fishkill a 20-mile stretch of the river because of low oxygen. Low-
could not be determined, but officials do not believe water conditions also contributed to the problem. The vast
chemicals were involved. majority of the fish were minnows, and about 16 per-

32 On the west coast of Florida, near Gibsonton (south of cent were game and pan species.

Tampa), about 187,000 gallons of phosphoric acid spilled 40 In Butte, Mont., a “‘slug’’ of acidic water containing toxic
from a storage tank at a fertilizer plant; about 44,000 gal- concentrations of copper and zinc was washed into the
lons reached the Alafia River. The spill, which occurred Mill-Willow bypass during an intense thunderstorm on
on May 1, killed thousands of fish and crabs. A similar May 27 and killed a large number of spawning sucker
event occurred in April 1987, when 13.7 million gallons fish. The *‘slug’" washed into the water from the bypass
of acidic waste were discharged into nearby Hillsborough banks. Water samples collected during the event showed
Bay. that copper concentrations rose to 2.5 mg/L, or more than

33 In south-central Texas on May 1, about 5 inches of rain fell 1,00 times the acute-toxicity l‘evel, and zinc concentra-
during a massive thunderstorm that caused flash flood- tions rose to 3.3 mg/L, or 27 times the acute-toxicity lev-
ing along the Blanco and Guadalupe Rivers 30 to 50 miles el. The pH level, normally !"’*tw"ﬁ“ 7 and 8, decreased
northeast of San Antonio. The Blanco River rose 8 feet, to 4.8. The slug of metals did not enter the Clark Fork.
and the Guadalupe River surged from 430 ft>s to 7,000
ft*/s in a short time. Quick action by law-enforcement JUNE 1988
officers is credited with getting 2.000 campers out of the
path of the floodwaters with no loss of life. 41 Intense thunderstorms swept across eastern New Mexico and

34 In southern Montana and northern Wyoming, 4-6 inches of north-central Texas on June 1 and caused $3 to $5 mil-
intense rain and wet snow on May 6-8 caused numerous lion in darr}age to homes, b‘%sme,sses’ and bridges. The
crecks to overflow their banks. Although the precipita- storm, which caused flooding in more than a dozen
tion brought welcome relief to the drought area, the storm counties, was reported as the worst to hit the area in 30
flooded basements and washed out canals, roads, bridges, years. Some of the most severe dama}ge was in Comanche
and culverts. The storm also resulted in accumulations Cognty, Tex., where overnight rain totaled more than
of mud, trees toppled by wind, and broken fences. Among 10 inches.
the hardest hit areas were Park, Carbon, Big Horn, and 42 On June 4, in Milwaukee, Wis., a 16-inch petroleum trans-
Yellowstone Counties near Billings, Mont., as well as fer line ruptured and spilled 50,000 gallons of fuel oil
Park and Big Horn Counties, Wyo. Storm damage was into Underwood Creek and the Menomonee River. Strong
estimated at more than $500,000. University of Wyom- currents at the spill site prevented immediate effective
ing researchers said rainfall this intense usually comes containment of the oil. A boom deployed downstream
only once every 50 years. was successful in containing most of the spilled oil.

35 Runoff from 2 to 3 inches of intense rainfall caused a flash 43 In central Missouri near California, Moniteau County, about
flood on the Concho River near Paint Rock (Concho 23 miles west of Jefferson City, between 25,000 and
County) in west Texas on May 11. In nearby San Angelo, 30,000 fish were reported dead on June 5, in the Burris
the floodwater swept away one person who tried to leave Fork of the North Moreau Creek, a tributary of the
a flooded camper. Moreau River. The cause was hog manure released into

36 In southern Pennsylvania, northern Maryland, and northern the creek by a local farmer.

Delaware, as much as 6 inches of rain during a 4-day 44 Near Redding, in north-central California, an application of
period beginning May 16 brought area creeks and rivers herbicide on June 7 to control aquatic weeds and algae
to flood stage. Although the intense rain caused no severe in the Tehama Colusa Canal killed more than 8,000 chi-
damage, it flooded basements, washed out some small nook (king) salmon smolts and fry. The herbicide was
bridges, and stalled traffic. The Christina River and White applied earlier in the year than normal because of the un-
Clay Creek, near Newark, New Castle County, Del., usually large quantities of aquatic growth brought about
crested at three times their normal height, their highest by the warm, dry weather.

since 1947. 45 In the Mojave Desert northeast of Los Angeles, near

37 On May 18, in Spartanburg County, S.C., an accidental Victorville, Calif., a dump site containing deteriorating
release of caustic soda from a chemical plant on the banks drums of known carcinogenic trichloroethylene (TCE),
of Tyger River near Roebuck killed more than 4,000 fish buried in the 1960’s, has contaminated the ground water.
in a 7-mile stretch of the river. The TCE-contaminated ground water has moved down-

38 In Lindon, 6 miles north of Provo, Utah, on May 22, a slope toward the Mojave River at the rate of about 236

30-foot section of the Murdock Canal broke through its
eroded banks and released a torrent that ripped out yards
and roads and filled some basements with muddy water.
About 40 homes were damaged, but no one was seriously
injured. Estimated damage was more than $1 million.
The canal, built in 1938 by the U.S. Bureau of Recla-
mation, supplies irrigation water to Salt Lake and other
northern Utah counties.

feet a year. TCE concentrations near the dump site were
as high 560 parts per billion, or 112 times the acceptable
level.

(not shown) The hot, dry weather that persisted in many parts of the country

during the spring and early summer caused an unusually
high number of natural fishkills brought about by a com-
bination of stress factors, including warm temperatures,
low water levels, algae blooms, low dissolved-oxygen
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Table 1. Chronology of significant hydrologic and water-related events, October 1987 through September 1988—continued

No.
(fig. 4)

JUNE 1988 (con.)

JULY 1988 (con.)

(not shown—
con.)

concentration, fish disease, and spawning. Large numbers
of fish were reported dead in many smaller lakes and
several rivers, particularly in the Central Plains States
from Texas to Minnesota.

(not shown) By June 22, the drought disaster of 1988 had hit 1,231 coun-

46

ties in 30 States. The U.S. Department of Agriculture
declared that a drought emergency existed in more than
40 percent of the Nation’s counties stretching from New
Mexico to Pennsylvania and from Idaho to South
Carolina.

On June 16, in Romeo (Macomb County) about 30 miles

north of Detroit, Mich., a 30-inch petroleum transmis-
sion line ruptured. The line spilled about 330,000 gal-
lons of crude oil, much of which reached the Clinton
River, which flows into Lake St. Clair. Recovery efforts
were hampered by a fire sparked by cleanup equipment.
Five wells were drilled to assess the effects on local
ground water.

JULY 1988

47

A series of storms on July 9 and 10 caused severe flooding

in Albuquerque N. Mex. A young person drowned after
being swept from a car by the floodwaters of the Embudo
Channel. Property damage was estimated at $1.5 mil-
lion. The 8 inches of rain that fell in parts of the city
caused peak or near-peak-of-record discharges at two gag-
ing stations on the Tijeras Arroyo. Recurrence intervals

for the peak discharges were estimated to be close to 100
years.

Along the Corpus Christi Industrial Canal in Corpus Christi,

Tex., on July 13, a tanker suffered an 8-foot portside gash
during mooring operations, which resulted in a major oil
spill of 645,000 gallons of heavy crude oil into the canal
and the biologically sensitive Tube Lake Marsh area.
Cleanup operations removed 500,000 gallons of oil and
oiled debris from the site.

On July 14, a jokulhlaup, or glacial outburst flood, occurred

on Tahoma Creek, a tributary of the Nisqually River
in Mount Rainier National Park, Wash. The floodwaters
mobilized loose volcanic debris into a debris flow that
traveled 5 miles, or more, down valley and covered a
150-yard section of access road with large boulders that
prevented vehicle passage from the park. On July 26, a
second such event produced a similar flood wave that
transported boulders the size of automobiles in the flow.
Flow velocity was estimated to be 15 to 20 feet per second
where the gradient is about 11 percent, and the peak dis-
charge were estimated to be about 20,000 ft*/s. The entire
event took less than an hour; damage was minimal to the
West Side Road along Tahoma Creek.

During mid-July in the central Montana town of Moore in

Fergus County, unacceptably high levels of nitrates were
found in the town’s ground-water supply. Farm fertilizers
were responsible for the contamination. Pregnant women
and new mothers were warned to seek alternative sources
of drinking water.
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Table 1. Chronology of significant hydrologic and water-related events, October 1987 through September 1988 —continued

EVENT

No.
(fig. 4)
AUGUST 1988 AUGUST 1988 (con.)

51 On August 4, in Portland, Oreg., raw sewage spilled into 54 (con.) life; however, toxic components that remained may have

the Willamette River and caused closure of the river to
recreational use for 5 days. The spill was the seventh such
spill since late June.

In Ann Arbor, Mich., during the week of August 9, 16 pri-

vate domestic wells were discovered to be polluted with
the solvent dioxane. The suspected source was a chemi-
cal plant.

During July, the salinity, as measured in concentrations of

chloride, of the Mississippi River at New Orleans, La.,
peaked at 4,500 mg/L. as saltwater made its way upriver
from the Gulf of Mexico. The upstream movement of
the saline water was attributed to the drought in the
Nation’s Midwest, which caused the river to diminish
to about a third of its normal flow. An underwater dam
was built by the U.S. Army Corps of Engineers to
prevent the saltwater from moving farther upstream
[for more details, see article, *‘Flood and Drought
Functions of the U.S. Army Corps of Engineers’’ in this
volume}.

On August 24, an oil barge on the Chesapeake Bay near the

mouth of the Potomac River cracked down the middle
and spilled 168,000 gallons of diesel oil and gasoline into
the bay near Indian Creek, Va. The spill was 3 miles wide
and 6 miles long in a north-south direction in the middle
of the bay at a point where it is 12 miles wide. Because
the oil was ‘‘light variety,”” it dissipated spontaneously
and did not cause any serious problems for bird

harmed oysters.

SEPTEMBER 1988

Thousands of fish died in the East Walker River in California

on September 1, when Bridgeport Reservoir was drained;
the drain water carried silt that suffocated fish and affected
miles of spawning beds. The East Walker River is consi-
dered a world-class trout fishery.

On September 3, near New Orleans, La., 990,000 gallons of

carbon-black feed-stock oil (aromatic tar) spilled into the
lower Mississippi River. The spill occurred when a tanker
scraped bottom while maneuvering around an anchored
vessel and ruptured a 14-inch by 32-foot hole in its num-
ber one starboard cargo tank. Because of its low toxicity
and nonreactivity, and because the oil balled up and sank
to the bottom of the river, the spill caused no observed
fishkills or other environmental damage.

On September 16, Hurricane Gilbert came ashore for the sec-

ond time in 3 days as it crossed Mexico along a sparsely
populated stretch of the Gulf of Mexico coast south of
Matamoros. The huge storm, which became a hurricane on
September 10. killed 26 in Jamaica, 30 in Haiti, 5 in the
Dominican Republic, and 8 in Honduras before hitting
Mexico. At least 200 people were killed in Mexico and
3 in Texas. The United States coastal area was spared the
brunt of the storm, but Brownsville, Tex., on the Mexican
border, received intense rains and winds of 82 miles per
hour.

[Scott A Hoffman assisted in compiling the events in this table.}

U.S. Geological Survey Water-Supply Paper 2375
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SEASONAL SUMMARIES OF Hyprorocic CONDITIONS,
WATER YEAR 1988

By Richard R. Heim, Jr.,* and Gregory J. McCabe, Jr.?

FALL 1987

Below-normal streamflow that began in the
spring of 1987 persisted during the fall (October-
December 1987) in Washington, Oregon, Idaho, parts
of Montana, Wyoming, Nevada, California, and parts
of the southern Atlantic Coast and Tennessee and Ohio
Valleys (fig. 54). For most of the season, a high-
pressure ridge over the western United States prevented
Pacific storms from entering the Pacific Northwest and
produced warmer than normal temperatures in many
Western States (fig. 5C, D). In October, Spokane,
Wash., reported the driest September of record, and,
until rain fell in late October, Yakima, Wash., had
experienced 103 consecutive days without measurable
precipitation, which was the longest dry period on
record there since at least 1909. The percentage of sta-
tions that had streamflow in the normal to above-normal
ranges was the lowest for October since 1982 and the
lowest for November and December since 1981.

Above-normal flow occurred in areas of Texas,
Oklahoma, Arkansas, Louisiana, Missouri, Illinois,
Iowa, parts of the Southwest, and southern Florida

(fig. 54). For the Nation as a whole, as characterized
by the combined flow of the ‘‘Big Three"" rivers—the
Mississippi, St. Lawrence, and Columbia—streamflow
averaged below normal during October [551,000 ft*/s
(cubic feet per second), 14 percent below the October
median] and November (561,000 fi*/s, 15 percent
below the November median) but increased to the nor-
mal range during December (804,000 ft*/s, 4 percent
below the December median). The average flow for
the season was 639,000 ft*/s, 22 percent below the fall
season median.

During mid-October, Hurricane Floyd caused
mean-daily streamflow in southern Florida in the
Fisheating Creek at Palmdale to increase by 6,340 per-
cent and the flow of the Peace River near Arcadia to
increase by 666 percent. Also in October, remnants of
Hurricane Ramon and widespread thunderstorms
brought unusually large amounts of moisture to much
of the Southwest.

Parts of the Lower Mississippi Valley also
experienced intense rain. On November 15-16, 16 to

A. Streamflow — Fall 1987
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Figure 5. Hydrologic conditions during the fall {October-December 1987) of water year 1988.

HAWAI streamflow
[ Lessthan 50
131
'/? [ s0-75
186 Z60 f’ ?35/ 124 [ 75-100
1 100-150
0 100 MILES 150-200
0 100 KILOMETERS B Greater than 200
ALASKA 0 500 MILES
|_'_L'_|J 1 3y PUERTO RICO
2 0 500 KILOMETERS 65
Sag B s
0 165
. . 0 50 MILES
0 500 KILOMETERS BA. Streamflow in the United States and Puerto Rico expressed
as a percentage of average (1951-80) fall conditions. 0 50 KILOMETERS

(Sources: Meteorological data from the National
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18 inches of rain caused severe floods in north-central
Louisiana. Peak discharges at two gaging stations
exceeded both the 100-year flood and the previous flood
of record. At five other gages, peak discharges exceeded
the flood of record but not the 100-year flood (table 1,
event 4).

In eastern Puerto Rico, more than 12 inches of
rain fell in 24 hours on November 26-27 and caused
severe flooding (table 1, event 5). On December 7-8,
eastern Puerto Rico had as much as 19 inches of rain
in 24 hours in some places, which caused flash floods
(table I, event 6).

In northeastern Arkansas and western Tennessee,
15 inches of rain during December 24-29 caused flood-
ing (table 1, event 10). The most severe flooding took
place on ungaged streams, but peak discharge at one
gage in Tennessee exceeded both the 50-year flood and
the previous flood of record.

In Hawaii, a week of thunderstorms beginning
on December 11 caused flooding in low-lying areas.
At the end of the month, as much as 20 inches of rain
fell in 24 hours and caused flooding on the islands of
Qahu and Hawaii (table 1, event 12).

Seasonal precipitation was below normal across
the northwest quarter of the Nation due to the persis-
tent upper level pressure ridge (fig. 5B, D). Much of
the Northern Plains received less than half of normal
October-December precipitation, and parts of Montana
and the Dakotas recorded 25 percent or less of nor-
mal. Precipitation was below normal for most of the
Atlantic Coast States and 75 percent of normal or less
for parts of Massachusetts, Connecticut, Ohio, the
Central and Southern Plains, the Upper Mississippi
Valley, and large areas of the Southeast.

Above-normal fall precipitation occurred in parts
of New England, Florida, the Ohio Valley, Central
Plains, Central and Southern Rockies, Great Basin,
Pacific Coast, most of the Mississippi Valley, Great
Lakes, Alaska, Hawaii, and Puerto Rico. An enhanced
subtropical flow of Pacific moisture brought above-
normal precipitation to the Southwest; this increased
precipitation resulted in southern Nevada averaging
more than twice the fall normal. In southwest Arkansas,
seasonal precipitation averaged twice the normal, mostly
because of intense rains during December.

Temperature patterns were characterized by
unusual warmth in the Northern States and much of
the West; the greatest seasonal departures occurred in
the Northern Plains and parts of the Pacific Northwest
(fig. 5C). In Hawaii, Puerto Rico, and most of Alaska
temperatures averaged above normal; in the Mid-
Atlantic, Southeast, and Southern Plains States temper-
atures generally averaged below normal.

58. Precipitation in the conterminous United States
expressed as a percentage of average (1951-80) fall total
precipitation.

5C. Temperature in the conterminous United States
expressed as a departure from average (1951-80) fall
conditions. {(Much above, at least 1.28 standard deviations
above the mean; above, between 0.52 and 1.28 standard
dewiations above the mean; near normal, between —0.52
and 0.52 standard dewiations above the mean; below,
between 0.52 and 1.28 standard deviations below the mean.
50. Average height of 700-millibar pressure surface (blue
line) over North America and departure from average
(1951-80) fall conditions (black dashed line). Data in meters.
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WINTER 1988

The pattern of streamflow during winter
(January-March 1988) was similar to that of the previ-
ous fall but had fewer extremes (fig. 64). The circu-
lation pattern over the United States (fig. 6D) was
similar to that of the previous season. A high-pressure
ridge continued over western North America and
prevented Pacific storms from entering the Pacific
Northwest. By the end of the winter season, drought
had persisted in the Pacific Northwest for 12 consecu-
tive months. In contrast, parts of the southern Great
Plains, primarily Texas and Oklahoma, continued to
experience above-normal streamflow during the winter
season. An area in the southern Atlantic Coast and
the eastern Tennessee and Ohio Valleys continued to
experience below-normal streamflow. The average
combined flow of the ““Big Three™ rivers—the
Mississippi, St. Lawrence, and Columbia—steadily
decreased from normal in January to below normal
in March.

The blocking ridge in the West was part of an
amplified western ridge and Hudson Bay-Great Lakes
trough pattern over North America. Slightly stronger
than normal troughs extending from the Great Lakes
southwestward to the Texas Panhandle stimulated
storm activity in the middle of the country, which con-
tributed to a patchwork precipitation pattern (fig. 6B,
D). Winter precipitation was below normal over the
western third of the Nation and along two bands, one
stretching from the southern Rockies to the Middle
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Mississippi Valley, the other stretching from the
southern Great Plains to the Tennessee Valley, then
northeastward. Precipitation generally was above nor-
mal between these areas. Climatically, winter is the
wettest season in the Pacific Coast region; however,
precipitation this winter averaged less than half of nor-
mal. The dry areas in the East and South generally
resulted from a relatively inactive season by Gulf and
Atlantic Coast storms.

The persistent circulation pattern of a western
ridge and an eastern trough caused generally above-
normal average temperatures in the West, northern
Great Plains, and Alaska and guided cold Canadian
air masses that brought below-normal temperatures to
most of the central and eastern sections of the coun-
try (fig. 6C); some of these Canadian air masses
brought record-low temperatures. On January 5, for
example, Chicago’s maximum temperature reached
only —1 °F. Intense snow storms accompanied these
cold temperatures, and, on January 6 and 7, 12 inches
of snow fell on Oklahoma and Kansas, and as much
as 16 inches fell in Arkansas (making it the State’s
largest snowstorm of the century). Another cold
outbreak occurred during February, and, on Febru-
ary 6, more than a dozen cities from Alabama to Maine
measured record-low temperatures following a storm
that brought snow as far south as the Gulf Coast.
Similar storm activity and cold temperatures pum-
meled the Nation’s midsection in mid-March and

A. Streamflow — Winter 1988
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Figure 6.

Hydrologic conditions during the winter {January-March 1988) of water year 1988.

(Sources: Meteorological data from the National

Oceanic and Atmospheric Administration, Climate Analysis Center and National Climatic Data Center; streamflow data from the U.S. Geological Survey.)



National Water Summary 1988-89—Floods and Droughts: SEASONAL SUMMARIES 1988 WATER YEAR 29

dropped 31 inches of snow on Nebraska’s panhandle
and more than 5 feet on the Black Hills of South Dakota.
On March 15, more than 40 weather stations in the
South reported record-low temperatures for that date.

68. Precipitation in the conterminous United States
expressed as a percentage of average (1951-80) winter total
precipitation.

6C. Temperature In the conterminous United States
expressed as a departure from average (1951-80) winter
condrtions. (Much above, at least 1.28 standard deviations
above the mean; above, between 0.52 and 1.28 standard
deviations above the mean; near normal, between —0.52
and 0.52 standard deviations above the mean; below,
between 0.52 and 1.28 standard deviations below the mean.
6D. Average height of 700-millibar pressure surface (blue
line) over North America and departure from average
(1861-80) winter conditions (black dashed line). Data in
meters.
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SPRING 1988

Streamflow in spring (April-June 1988)
decreased steadily through the season as drought
increased in both extent and severity. Much-below-
normal streamflow occurred in parts of northern
California, the Great Basin, the northern Rocky Moun-
tains, the northern High and Great Plains, the Lower
Mississippi Valley, the Tennessee Valley, and parts
of the southern Ohio Valley and the southern Atlantic
Coast (fig. 74). The increase in the extent of the
drought was a result of a stronger-than-normal 700-
millibar ridge present over western North America that
persisted through the spring.

The ridge expanded eastward and southward
during the spring, to cover most of central Canada and
the north-central United States (fig. 7D). At the same
time, a stronger-than-normal trough dominated the
southern Atlantic Coast of the United States. This pres-
sure pattern produced more winds from the north than
usual over the central United States and prevented Gulf
of Mexico moisture from flowing northward, thus
intensifying drought. A large area in the Mississippi
Valley received less than 50 percent of normal spring
rainfall, which led to the lowest water levels on record
in southern parts of the Mississippi Valley by late
spring (fig. 7B). Southern Texas and parts of the
Northeast, Great Lakes. and the Ohio and Missouri
River valleys also received less than 50 percent of nor-
mal spring precipitation. The spring precipitation pat-
tern in Alaska was generally below normal in the

northern and southern two-thirds, with a band of
above-normal precipitation stretching east-west across
the middle third of the State.

April was the wettest month of the season for
the country as a whole. Streamflow of the Columbia
River at The Dalles. Oreg.. reached normal flow in
April for the first time in 11 months as a result of above-
normal precipitation in the Pacific Northwest. Also in
April, above-normal precipitation throughout the
Western States and in the Southeast resulted in a com-
bined flow of the ‘‘Big Three'” rivers—the Mississippi,
St. Lawrence, and Columbia—that averaged 1,295,000
ft*/s (normal flow, 8 percent below median).

Streamflow in California, the lower Mississippi
Valley, and the southern Atlantic Coast decreased in
May. The average combined flow of the **Big Three”’
rivers decreased to 955,000 ft*/s (37 percent below
median), which represented a 26 percent decrease from
April. The combined flow was the second Jowest for
May for the 60-year record and only 4,500 ft*/s (5 per-
cent) higher than the May 1941 record low. Flow of
the Mississippi River measured at Vicksburg, Miss.,
also was the second lowest for the period of record (60
years), only 19 percent greater than the record low of
May 1934. Flow on the St. Lawrence River measured
at Cornwall, Ontario, was below normal for the first
time since July 1967.

The flow of the *‘Big Three’” rivers decreased
further in June and averaged 745,000 ft*/s (45 percent

A. Streamflow — Spring 1988
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Figure 7. Hydrologic conditions during the spring (April-June 1988) of water year 1988. (Sources: Meteorological data from the National
Oceanic and Atmospheric Administration, Climate Analysis Center and National Climatic Data Center; streamflow data from the U.S. Geological Survey.)
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below median), which set a record low for the month
for the 59-year combined record. Monthly flow of the
Mississippi River at Vicksburg, Miss., also was the
lowest for June in 59 years. Record low flows were
recorded at 33 key streamflow stations in June, and,
of these, 14 were previously set during the ‘‘Dust
Bowl™" years, 1930-36.

Not all of the country had a moisture deficit.
Part of the Mid-Atlantic Coast, extreme southern
Florida, southeast Louisiana, western Nebraska, and
much of the West had near- or above-normal spring
rainfall. These moisture surpluses, however, were not
enough to significantly change national drought
conditions and, in May and June, the extent of the
severe-to-extreme drought area continued to increase.
June 1988 was one of the driest Junes ever recorded
in the eastern half of the country, and many areas
measured less than 1 inch of rainfall. By the end of
the month, the extent of the severe-to-extreme long-
term drought covered more than 40 percent of the con-
terminous United States. For the country as a whole,
April-June rainfall levels were the lowest of this
century.

The stagnant upper-level high-pressure cell also
brought above-normal temperatures to over half of the
conterminous United States, including the area that
extended from the Great Lakes westward to the South-
west and Pacific Northwest and to most of Alaska (fig.
7C). Mean temperatures were more than two standard
deviations above seasonal normals in the Upper
Mississippi River Valley, northern Great Plains, and
northern Rockies and three standard deviations above
normal in southeast Montana. June 1988 was the
hottest June in more than 50 years in the northern Great
and High Plains, temperatures ranged from 5 to more
than 12°F above normal, and about 550 daily-
maximum temperature records were met or exceeded.
On June 25 alone, 50 cities reported new temperature
records. The anomalous trough over the southeastern
United States was responsible for below-normal
seasonal temperatures along the Gulf Coast and much
of the Atlantic Coast.

A stronger than normal subtropical ridge that
stretched across the Pacific from southern China to
California dominated the weather over the Hawaiian
Islands. Spring temperatures were predominantly
higher than normal, and rainfall generally lower than
normal.

7B8. Precipitation in the conterminous United States
expressed as a percentage of average (1951-80) spring total
precipitation.

7C. Temperature in the conterminous United States
expressed as a departure from average {1951-80) spring
conditions. (Much above, at least 1.28 standard deviations
above the mean; above, between 0.52 and 1.28 standard
deviations above the mean; near normal, between —(.52
and 0.52 standard deviations above the mean; below,
between 0.52 and 1.28 standard dewviations below the mean;
much below, at least 1.28 standard deviations below the
mean.)

7D. Average height of 700-millibar pressure surface (blue
line) over North America and departure from average
(1951-80) spring conditions (black dashed line). Data in
meters.
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SUMMER 1988

The summertime (July-September 1988) mean
upper-level circulation pattern consisted of a stronger
than normal high-pressure ridge centered over the
central United States, with higher than normal aver-
age 700-millibar heights for practically the entire coun-
try (fig. 8D). The high pressure brought above-normal
temperatures to most of the country, which exacer-
bated drought conditions (fig. 8C). Rainfall for the
season generally was below normal from the north-
ern Great Plains to the Pacific Coast and near or above
normal for much of the rest of the country (fig. 8B);
streamflow was below normal for more than half of
the United States (fig. 84).

The drought, as measured by cumulative rain-
fall deficits, was most severe in early July. The July
combined flow of the Mississippi, St. Lawrence, and
Columbia Rivers averaged 527,000 ft*/s (46 percent
below median). This flow was 45,000 ft*/s (8 percent)
lower than the previous July low of the combined
record of 59 years. Flow of the Columbia at The
Dalles, Oreg., and of the Mississippi at Vicksburg,
Miss., was the lowest of record for July and, for the
former, was the lowest July flow in 109 years.

An eastward shift in the Midwest high-pressure
ridge during July allowed Gulf moisture to flow into
the Ohio Valley, which allowed convective showers
and thunderstorms to provide temporary drought
relief. However, dry weather continued unabated
over the northern Great Plains and upper Mississippi

Valley. The dry conditions combined with above-
normal temperatures to cause high rates of evapotran-
spiration, which intensified the drought. Many States
in the northern Rockies and northern Plains exper-
ienced the hottest summer since 1931, and more than
1,000 maximum-temperature records were met or es-
tablished from June 1 through August 18. Potential
for forest fires in much of the northern half of the
Rockies was critical in August.

By mid-August, the upper-level ridge suddenly
collapsed and was followed by an increasing tendency
for trough development, which brought increasing
rainfall and more seasonable temperatures to the Mid-
west and Northeast and provided at least short-term
relief to the drought in those areas. Several hurricanes
and tropical storms (Beryl, Chris, Florence, and
Gilbert) in August and September provided abundant
rainfall to parts of the eastern half of the United States.
Despite the increase in rainfall, streamflows continued
low. In August, the combined flow of the *‘Big Three”
rivers decreased to an average of 506,000 ft®*/s (31
percent below median), the third lowest for August
in 59 years. Similarly, August flow of the Mississippi
River measured at Vicksburg, Miss., was the third
lowest in 59 years. Two record monthly low flows
occurred during August. One occurred on the
Appalachicola River at Chattahoochee, Fla., where
the August mean flow of 4,110 ft*/s was 69 percent
below median and 13 percent below the previous

A. Streamflow — Summer 1988
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Figure 8. Hydrologic conditions during the summer (July-September 1988) of water year 1988. (Sources: Meteorological data from the National
Oceanic and Atmospheric Administration, Climate Analysis Center and National Climatic Data Center; streamflow data from the U.S. Geological Survey.)
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all-time low. The other record occurred on the
Sangamon River at Monticello, Ill., where the August
mean flow of 1.72 ft3/s was 97 percent below median
and 31 percent below the previous all-time record low.
A record daily low also occurred on the Sangamon
River at Monticello when the stream went dry for
several days for the first time in 77 years.

The combined streamflow of the ‘‘Big Three”’
rivers continued below normal in September, with a
mean discharge of 459,000 ft*/s (28 percent below
normal), the third lowest flow of the 59-year combined
record for the month of September. Mean flow of the
Columbia River at The Dalles,. Oreg., was a new
record low for September (109-year record), and mean

B. Precipitation — Summer 1988

flow of the Mississippi River at Vicksburg, Miss., was EXPU’;NA"?N :

. . nor;
the second lowest during the period of record ?;%es'}fgg(ﬁ g’um"m’;’:’ precipitation
(59 years) for September. On the Sangamon River at (] Lessthan50 [ 125-150
Monticello, Ill., a new record monthly low flow was g ?05:125 B Greater than 150

measured at 0.33 ft3/s (99 percent below median),
breaking the record low flow set the previous month.

Flow of the Mississippi River at Vicksburg,
Miss., which drains much of the drought-affected area,
was characteristic of the drought of 1988. Monthly C. Temperature — Summer 1988
flows were much below median for most of the water
year, and from May through September, monthly
flows were less than 1931 flows, which is the driest
water-year on record. The monthly flow of the Mis-
sissippi River during June and July set new record
lows, and record low flows were approached during
August and September.

ML o

The overall seasonal rainfall pattern for the ﬁ.-‘q‘
eastern half of the country was above normal, except
for three major areas of below-normal rainfall—a dry / —-'
area of less than 50 percent of normal rainfall was cen- ‘
tered in west-central Illinois, and areas of 75 percent L
North Carolina. The dryness in the middle Mississippi Departure from average

(1951-80) summer temperature

or less were located in northeast Kansas and coastal EXPLANATION

Valley contributed to the record-low streamflows and, )

.. . . ¥ Muchbelow  [] Above
because it is a major agricultural area of the United =1 Below @8 Muchabove
States, contributed to low crop yields. Seasonal rain- [ Near normal
fall was below normal over much of Alaska and parts
of Hawaii.

Seasonal mean temperatures were above nor-
mal for more than 80 percent of the country; the
greatest departures from normal occurred in the Great
Lakes region, upper and middle Mississippi Valley,
Pacific Coast, and parts of Florida, Alaska, and the
middle and northern Atlantic Coast. Below-normal
temperatures were centered over New Mexico and the
southeastern corner of Washington.

8B. Precipitation in the conterminous United States
expressed as a percentage of average (1951-80) summer
total precipitation.

8C. Temperature in the conterminous United States
expressed as a departure from average (1951-80) summer
conditions. {Much above, at least 1.28 standard deviations
above the mean; above, between 0.52 and 1.28 standard
deviations above the mean; near normal, between —0.52 T
and 0.52 standard dewviations above the mean; below, ) =S5y
between 0.52 and 1.28 standard deviations below the mean;
much below, at least 1.28 standard dewviations below the
mean.} cre0

8D. Average height of 700-millibar pressure surface (blue D. 700-millibar pressure surface — Symmer ﬂg@ =4
line) over North America and departure from average
{1951-80) summer conditions (black dashed line). Data in
meters. Figure 8. Continued.
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REeviEw oF WATER YEAR 1989 HyproLoGic CONDITIONS
AND WATER-RELATED EVENTS

By Gregory J. McCabe, Jr., Judy D. Fretwell, and Edith B. Chase

Surface-water hydrologic conditions and many
water-related events are controlled primarily by
meteorologic and climatic factors. The following
annual and seasonal summaries of hydrologic condi-
tions for water year 1989, therefore, are described in
a climatic context. Streamflow and precipitation,
which are expressed as departures from long-term
mean or normal conditions, are depicted on maps
(fig. 9) to provide an overview of the water year.
These quantities also are presented on a quarterly basis
(figs. 134, B; 144, B; 154, B, 164, B) in the Seasonal
Summaries section and are accompanied by maps
showing temperature as a departure from average
conditions (figs. 13C, 14C, 15C, 16C) and mean
atmospheric-pressure conditions near 10.000 feet (figs.
13D, 14D, 15D, 16D). The distribution of high- and
low-pressure areas across the United States at about
10,000 feet, which are recorded in terms of the
700-millibar pressure surface, or height field. in-
fluences the distribution of surface temperature,
precipitation, and, thus, streamflow. Usually, exces-
sive precipitation and droughts that persist through-
out a season will be observed in conjunction with
persistent low- and high-pressure conditions in the
upper atmosphere. Because these maps depict condi-
tions averaged over a 3-month period, ephemeral
events, such as a single flood resulting from an
individual storm, may not be associated easily with
the general upper-level circulation.

The data used in preparing these summaries
were taken from the following publications: the
National Oceanic and Atmospheric Administration’s
‘“Climate Impact Assessment, United States’’; ““Daily
Weather Maps, Weekly Series’’; ‘‘Monthly and
Seasonal Weather Outlook’’; ‘‘Storm Data’’; and
““Weekly Weather and Crop Bulletin’’ (the last pub-
lication is prepared and published jointly with the U.S.
Department of Agriculture) and the U.S. Geological
Survey’s monthly *’National Water Conditions™
reports. Geographic designations in this article gener-
ally conform to those used in the ~’"Weekly Weather

Northern

(]
®
2]
-

.
Central

and Crop Bulletin (see map showing geographic
designation).

Streamflow in the conterminous United States
for water year 1989 was near normal for much of the
country but was below normal for a large part of the
southwestern United States and the northern Great
Plains and central Rocky Mountains. In contrast,
streamflow was above normal for parts of the southern
Great Plains, the Lower Mississippi Valley, the
Tennessee Valley, the western and central Gulf Coast,
and parts of North Carolina, Maryland, and Delaware
(fig. 94).

Annual precipitation was above normal for most
of the Eastern States and below normal for parts of
the Southwest and the northern Great Plains States
(fig. 9B). Annual temperatures were near normal for
much of the United States. Above-normal temperatures
occurred in the Southwest, Texas, and Florida. Below-
normal temperatures occurred in the Mississippi,
Ohio, and Tennessee Valleys. The near-normal and
below-normal temperatures in the Eastern States, com-
bined with above-normal precipitation, caused stream-
flow in the East during water year 1989 to be greater
than in water year 1988, when drought occurred
throughout much of the United States.

The mean-circulation pattern during water year
1989 consisted of a ridge of high pressure over the
eastern Pacific Ocean and the western conterminous
States and a trough over the eastern United States. The
trough over the Eastern States caused the generally
below-normal temperatures and above-normal precipi-
tation that occurred in the Eastern States. During the
winter and early spring of 1989, this pressure pattern
permitted cold Arctic air to flow into the Eastern and
Southern States, and, as a result, 350 minimum tem-
perature records were established in April. This pres-
sure pattern also permitted numerous low-pressure
systems to pass through the Eastern States and produce
abundant precipitation.

Several large weather events were experienced
during water year 1989 at many locations across the
United States; Hurricane Hugo, however, was one of
the major weather events of the water year. During
September 17-18, Hurricane Hugo passed over the
U.S. Virgin Islands and Puerto Rico. Subsequently,
Hugo made landfall on the United States mainland on
September 22 near Charleston, S.C. The storm caused
about $9 billion in property damage and took 26 lives
directly or indirectly attributable to the storm. [For
additional details, see article ‘Storm-Surge Flooding
by Hurricane Hugo on the U.S. Virgin Islands, Puerto
Rico, and South Carolina, September 1989 in this
volume. |

Although streamflow for much of the country
increased during water year 1989 from that in water
year 1988, the effects of the 1988 drought lingered
through the water year. The regional and local patterns
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Figure 9. Streamflow (A) and precipitation (8) in the United States and Puerto Rico in water year 1989. Data are shown as a percentage
of normal. (Sources: 4, Data from U.S. Geological Survey. 8, Data from the National Oceanic and Atmospheric Administration, National Climatic Data Center.)
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Figure 10. Monthly discharges for selected major rivers of the United States for water years 1988 and 1989

compared with monthly median discharges for the reference-period water years 1951-80.

U.S. Geological Survey files.)

{Source: Data from
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Figure 11. Month-end storage of selected reservoirs in the United States for water years 1988 and 1989
compared with median of month-end storage for reference period. The reference period, which varies but
1s a minimum of 34 years, for each reservoir or reservoir system is shown on the graph; the beginning year
for a reservoir system is the year records began for the last reservoir in the system. The location of individual
reservoirs is shown on the map by a black dot; the general location of reservoir systems (multi-reservoirs)
is shown by an open circle. Principal reservoir and water uses—F, flood control; |, irrigation; M, municipal;
P, power; R, recreation; and W, industrial. (Source: Data from U.S. Geological Survey files.)



of hydrologic conditions are illustrated by the graphs
of monthly discharges for selected rivers and month-
end storage of selected reservoirs (figs. 10, 11). For
example, drier than normal conditions in the central
Great Plains and the central and northern Rocky
Mountains are illustrated by the observed flows along
the Weber River near Oakley, Utah, the Clark Fork
River at St. Regis. Mont., the Saline River near
Russell, Kans., and the Crow River at Rockford,
Minn. For these rivers, the observed monthly flows
during water year 1989 were below median for most
months.

Similarly, storage of the Lake Tahoe Reservoir
on the California-Nevada border and of the Hungry
Horse Reservoir in Montana was below median for
most of water year 1989. During the fall and winter,
storage at the Lake Tahoe Reservoir dropped to a point
where, for a period of 5 consecutive months, water
could not be withdrawn and water-use restrictions were
adopted in California.

At the end of January 1989, storage of the New
York City Reservoir System was 56 percent of nor-
mal maximum and below median from June 1988 until
June 1989. Diversions of water from this reservoir
system in the Delaware River basin were reduced to
70 percent of the maximum normally allowed, and
water-use restrictions also were adopted in New
Jersey. Water-use restrictions in New York City and
the Delaware River basin also were adopted but were
terminated in mid-May, when storage in the reservoirs
improved. Parts of Florida also experienced dry con-
ditions during the first half of water year 1989, and
water-use restrictions were adopted.

In contrast, parts of the southern Great Plains,
the lower Mississippi Valley, and the Gulf Coast
received above-normal precipitation for the year,
which resulted in above-normal streamflow. This
increase is reflected in the above-median month-end
reservoir storage observed at the Red Bluff Reservoir
in Texas for each month of water year 1989, which
continued the conditions of water year 1988. As a
general observation, the observed monthly discharge
for selected rivers and month-end storage for selected
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reservoirs indicate that hydrologic conditions were
below median for most of the country during the first
part of the water year and increased to near median
or above median during the latter half of the year.
During the 1989 water year, many significant
water-related events, both natural and human induced,
occurred. A representative set of these events is listed
chronologically in table 2. and their geographic loca-
tion is plotted in figure 12. Table 2 represents a cull-
ing of some hundreds of these hydrologic occurrences,
generally omitting, for example, floods where the
recurrence interval is less than 10 years, toxic spills
that involve less than 2,500 gallons or 200 barrels,
and fishkills of less than 5,000 fish. The selection of
events for inclusion in table 2 was affected to some
extent by the degree of media coverage, including
National Weather Service and U.S. Geological Survey
periodicals, and by communications from U.S. Geo-
logical Survey field offices alerting the national office
that significant hydrologic events had occurred. Toxic-
spill data were provided by the U.S. Coast Guard
National Response Center. Fishkill data were based
on information provided to the U.S. Geological Survey
by the U.S. Environmental Protection Agency: the
reporting of fishkills by the States to the Environmental
Protection Agency is voluntary, and not all States
presently report such data. Reporting of weather-
related events and damage estimates is subjective,
therefore, table 2 may not be completely consistent
with other national compilations of hydrologic events,
such as the annual flood-damage report to Congress
by the U.S. Army Corps of Engineers (1989).
Weather-related events (excluding drought) were es-
timated to have caused $1.110 billion in economic
losses. Of this amount, flood damage was about $1.100
billion (U.S. Army Corps of Engineers, 1989).

REFERENCE CITED

U.S. Army Corps of Engineers, 1989, Annual flood-damage
report to Congress, fiscal year 1989: U.S. Army Corps
of Engineers Report DAEN-CHW-W; prepared in
cooperation with the National Weather Service.
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Table 2. Chronology of significant hydrologic and water-related events, October 1988 through September 1989

[The events described are representative examples of hydrologic and water-related events that occurred during water year 1989. Toxic-spill data were provided by
the U.S. Coast Guard National Response Center. Fishkill data were provided by the U.S. Environmental Protection Agency on the basis of reports transmitted by
State agencies. Meteorological data are mostly from reports of the National Oceanic and Atmospheric Administration. Abbreviations used: Mgal/d = million gallons
per day; ft*/s = cubic feet per second; mi* = square miles; mg/L = milligrams per liter]

EVENT

No.
(fig. 12)
OCTOBER 1988 NOVEMBER 1988 {con.)

(not shown) A series of frontal systems brought widely scattered but 5 On November 24, in a storm drain emptying directly into

drenching rains from the Mississippi Valley to the Atlantic
Coast during October. Flooding was not a serious problem,
and the rains did much to alleviate the drought conditions
in the eastern third of the Nation.

On October 21, papermill waste water was discharged into

Brushy Fork in Pineville, La.. north of Alexandria in
Rapides County. A pump failure at an ash pond caused
the pond to overflow and created a high concentration of
biochemical oxygen demand (BOD). Four days later, dead
fish, turtles, and snakes were found in the creek, which
flows into Cedar Lake and the Red River. On October 29,
an unrelated spill of 6,600 gallons of caustic materials oc-
curred near the same central Louisiana town. The spill was
caused by breakage of a retention pond; no lasting environ-
mental damage was observed.

In late October and early November, toxic blooms of algae

occurred in two areas of Texas. The first area was in
Haskell County (north-central Texas about 125 miles west
of Fort Worth), where 43,000 fish were killed in an 18-mile
reach of the California and Paint Creeks (tributaries to the
Clear Fork of the Brazos River). The fish were killed by
Pyrmnesium parvum, which is an organism similar to the
algae that causes the deadly Red Tide along the Gulf Coast.
The algae prefer salty water and have been known to cause
similar fishkills in Israel and European countries. The
second area was near the southern New Mexico border
and in the western part of Texas in Loving County. An
estimated 500,000 fish were killed in Red Bluff Lake, on
the Pecos River (tributary to the Rio Grande), and more
than 200,000 fish died in the Pecos River. The range of
the kill was from the border south to Iraan and Shefield
in Pecos County, a distance of about 170 miles.

NOVEMBER 1988

In an area southeast of Porterville (about 40 miles north of

Bakersfield), in central California, an unknown quantity
of a gasoline-type chemical from an underground storage
tank contaminated the ground water. After sampling nearly
30 wells in early November, officials found that two were
contaminated. Of the four chemicals detected in the wells,
the most serious was the carcinogen benzene. Officials
believe the contamination came from a leak in an indus-
trial disposal pond in the early 1980’s.

Near Cape Girardeau, Mo., low water levels in the Missis-

sippi River affected barge navigation. To ensure sufficient
depth for the barges, about 120.000 cubic yards (1.5 feet
of bedrock) was removed near Grand Tower and Thebes
in the southeastern part of the State.

During the third week of November, two major storm systems

brought torrential rains and flooding to the north-central
Pacific Coast, the southern Plains, and the northern and
Mid-Atlantic Coasts. Recorded rainfall was 8.0 inches
along the Oregon coast and 12 inches in Arkansas. A rain-
fall record for the month was set in Arkansas when
precipitation totals exceeded 10.2 inches. Minor flooding
was widespread over the entire third of the Nation by
November 21.

the Watanga River between Wilbur Dam and Boone Lake
west of Elizabethtown in northeastern Tennessee, a spill
of sulfuric acid at a textile plant killed more than 3,500
fish within a 3-mile reach of river. The State Department
of Health estimated that as much as 2,000 gallons of acid
may have spilled when a rubber hose ruptured as the acid
was being unloaded from a railroad tank car.

Tropical storm Keith came ashore at Florida’s Gulf Coast

near Sarasota about 2 a.m. on November 23; by 11 a.m.
the storm left Florida north of Melbourne on the Atlantic
Coast. The storm brought winds as high as 65 miles per
hour and 5-7 inches of rain. High tides, beach erosion,
and local flooding were most serious between Ft. Myers
and Tampa, on the Gulf Coast. Estimated damage was
$5.5 million for Pinellas County.

DECEMBER 1988

On December 21, a major oil spill occurred near Jennings,

La. (32 miles east of Lake Charles in the southwestern
part of the State). An oil pipeline leaked 105,000 gallons
of crude oil into Bayou Nezpique, tributary to the Mer-
mentau River. No fishkills or other environmental damage
was observed.

About 65 miles south of the mouth of the Gasconade River

(a southern tributary to the Missouri River), an oil pipe-
line broke and spilled more than 863,000 gallons of crude
oil. The point of the spill was near the town of Vienna,
Mo., in Maries County, in the central part of the State.
The company responsible funded over $12 million for the
cleanup effort. An environmental assessment was made
to determine if the cleaning and recovery methods used
would do more harm to the environment than letting the
oil disintegrate with time. [By April 1989, 438,000 gallons
of oil had been cleaned from the river, 225,000 gallons
had evaporated, and 125,000 gallons were still in the river
and along the shores.]

From December 18 through 31, the lower Mississippi and

Ohio Valleys received substantial rainfall. Precipitation in
Memphis, Tenn., Bowling Green, Ky., and Little Rock,
Ark., was 5.6, 6.3, and 3.0 inches, respectively. In Beau-
mont, Tex., Baton Rouge, La., and Meridian, Miss., rain-
fall was 5.4 , 4.2, and 6.4 inches. respectively.

JANUARY 1989

Early on the morning of January 1, a section of an carthen

dike broke and sent a 12-foot-high wall of water down the
Virgin River in southwest Utah. The dike, which was part
of the Quail Creek Dam near St. George, Utah (about 350
miles southwest of Salt Lake City), was undermined by
seepage erosion. Low-lying areas were flooded, particu-
larly the Washington Field’s area near St. George. About
25,000 acre-feet of water breached the dike. An estimated
1,500 people were evacuated, but no injuries were reported.
In the aftermath of the flood, fish populations in the Virgin
River were affected—habitats of the Woodfin Minnow (an
endangered species) and Virgin River Chub were destroyed



National Water Summary 1988-89—Floods and Droughts: REVIEW 1989 WATER YEAR 41

Table 2. Chronology of significant hydrologic and water-related events, October 1988 through September 1989— continued

No.
(fig. 12)

EVENT

JANUARY 1989 (con.)

FEBRUARY 1989 (con.)

9 (con.)

10

11

12

13

(not shown)

for 44 miles downstream from the break. Also as a result
of the flood, an undetermined amount of untreated sewage
was carried from the Virgin River into Lake Mead. A sew-
er line, buried under the river bed, broke as a result of
channel scouring. The Lake Mead drainage basin supplies
water for many areas of Arizona, California, Nevada, and
Utah. No adverse health effects were reported.

In the Alyeska marine terminal, Valdez, Alaska, on Janu-

ary 3, a crack in the hull of a tanker released 72,400 gal-
lons of crude oil into the Port of Valdez (about 120 miles
east of Anchorage). By January 25, about 67,000 gallons
had been recovered.

During the week of January 9, the Hawaiian Islands received

high winds and intense rainfall from a tropical disturbance.
Rainfall in Lihue on the island of Kauai was 6.0 inches.
On the island of Hawaii, rainfall for the week was 11.8
inches.

Steady rains from January 9 through 15, combined with tor-

rential downpours, caused flooding in the Tennessee and
the lower Mississippi Valley. Weekly rainfall totals in
Greenwood, Miss. (Leflore County), and Memphis, Tenn.
(Shelby County), were 5.8 and 3.8 inches, respectively.
In McNairy County, southwestern Tennessee, more than
6.8 inches fell between January 12 and 15. The Forked
Deer River flooded parts of Madison County in south-
western Tennessee; and in Marion County in southern
Tennessee, the Sequatchie River overflowed its banks.

In the town of Kingsport in extreme northeastern Tennessee,

on January 21, about 800 pounds or 120 gallons of am-
monia was discharged into the South Fork of the Holston
River as a refrigeration line was being dismantled. The
ammonia leaked into a storm sewer and killed an estimated
39,700 fish in the 1.5-mile river segment affected by the
spill.

Throughout January, many States reported fishkills due to

winterkill. Winterkill is caused by a combination of low
water levels, little sunlight, lack of oxygen in the water,
cold temperatures, and high nutrient levels, particularly
phosphates and nitrates. lowa, Minnesota, North Dakota,
and Utah had significant kills.

FEBRUARY 1989

14

(not shown)

(not shown)

Intense rainfall on the northern section of the island of Hawaii

on February 3 and 4 produced flooding near the Hamakua
coast. On February 3, the city of Waimea reported 6 inches
of rain between 6:00 a.m. and noon.

Continued winter fishkills spanned the northern-tier States, as

well as Utah and Texas. Reservoirs in Vernal (northeastern
Utah) reported fishkills from low water levels and lack
of oxygen. In Brownsville (extreme southern Texas), a
large number of the tropical fish Talapia nilotico (used
to reduce algae and weeds) died during the week of
February 11, when the water became chilled below the
tolerance level for these fish. At other points along the
Texas Gulf Coast, an estimated 7.5 million fish were killed,
of which 5.5 million were bay anchovies. Other fishkills
estimated for the coast were 240,000 spotted seatrout,
109,000 redfish, and 52,000 sheepshead.

Between February 13 and 16, low-pressure systems passing

along a stationary front produced intense rainfall throughout
central and western Kentucky and Tennessee; areas in

(not shown—
con.)

16

17

Arkansas, Illinois, Indiana, and Ohio also were affected.
The heaviest rainfall occurred in western and central
Kentucky—Caneyville (Grayson County, western Ken-
tucky) received 11.79 inches, and Bardstown (Nelson
County, central Kentucky) 10.45 inches. In Memphis
(Shelby County, western Tennessee) and Nashville (David-
son County, central Tennessee), rainfall was 6.0 and 6.2
inches, respectively. Flooding occurred in 82 of 120 coun-
ties in Kentucky and 20 of 95 counties in Tennessee. In
Kentucky, more than 2,000 residents were evacuated, and
in Obion County (northwestern Tennessee) 400 people were
removed. Flooding in many Kentucky rivers and streams
exceeded the 100-year recurrence interval. In Frankfort
(north-central Kentucky), the Kentucky River crested at
44.17 feet at Lock 4, about 13 feet above flood stage. In
Tennessee, some of the towns hardest hit by flooding were
in the northwest corner of the State—Obion, Rives, and
Samburg had significant flood damage. The flooding in
Rives was due to a levee break on the Obion River. The
northwestern counties of Tennessee—Dyer, Gibson, Lake,
Obion, and Weakly—were designated disaster areas by the
U.S. Small Business Administration. In central Tennes-
see, Cannon, Davidson, DeKaulb, Rutherford, Smith,
Sumner, and Trousdale Counties also were designated.
Three people in Kentucky and one in Tennessee died as
a result of the flooding. Property damage was estimated
to be $18.7 million in Kentucky and about $1.7 million
for uninsured damage in Tennessee.

In the Ohio River at Cincinnati, Ohio, a gasoline spill

occurred on February 19. Seven barge in tow struck a rail-
road bridge; two of the barges were damaged. About
40,000 gallons of unleaded gasoline spilled into the river.
Because the river stage was high, the spill dissipated
quickly.

Intense rain fell on already saturated parts of Kentucky and

Tennessee on February 20 and 21. The largest amounts
of rain were in southern Kentucky (Scottsville, Allen
County, 3.48 inches) and in central Tennessee. Flash flood-
ing occurred in northern Alabama and Obion and Weakly
Counties in northwestern Tennessee. The Green and Salt
Rivers in Kentucky flooded from Ohio River backwater.
One death was attributed to the flooding.

At the Rocky Flats Plant near Westminster, Colo. (8 miles

south of Boulder), during the night of February 22-23,
an employee left water flowing in a tank that contained
the highly toxic carcinogen chromic acid. By morning,
about 2,000 gallons had overflowed from the tank and
seeped into undetected holes in the concrete walls and floor,
and about 4.5 pounds of chromic acid was released to hold-
ing ponds and nearby fields. The ponds are sometimes
released into Walnut Creek, which flows into Great
Western Reservoir, a drinking-water supply. By March
1, the spill was diluted to less than 0.05 mg/L, the stan-
dard above which human health is affected, as it flowed
into the treatment facility.

MARCH 1989

18

In early March, as a result of intense rain in late February,

flooding occurred in the Deep River basin (tributary to
the Cape Fear River) in Moore County, south-central North
Carolina. Most of the flooding occurred in the northern
part of the county near the town of Glendon from McLen-
don Creek (tributary to the Deep River). The community
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EVENT

MARCH 1989 (con.)

MARCH 1989 (con.)

of Southern Pines, 20 miles west of Fayetteville, recorded
1.54 inches of rain.

On March 4 and 6, a late-season winter storm caused intense

flooding in middle Tennessee. In Nashville and Lebanon
(Wilson County), rainfall totals were 3.31 and 4.27 inches,
respectively. The town of Carthage (Smith County, 48
miles east of Nashville) had the largest residential
evacuation—80 people in low-lying areas along the Cum-
berland River were moved to shelters. The Harpeth River
at Franklin (tributary to the Cumberland River) had a peak
flow of 12,300 ft*/s and flooded parts of Williamson
County, and the Duck River (tributary to the Tennessee
River) had a peak flow of 36,500 ft*/s at Columbia and
flooded parts of Maury County. In Rutherford County,
36 roads were closed, and in Clarksville, Montgomery
County, a landslide along the Cumberland River closed
River Road. The storm also created tornadoes in Heard
and Coweta Counties in western Georgia and in Tallade-
ga County, east-central Alabama. Owing to the intense rain-
fall in February and March, central Tennessee had a surplus
of soil moisture after a deficit in 1988.

A Pacific storm on March 8-10 produced record rainfall

in Washington and Oregon. In northern California, week-
long rains caused several rivers to fill their banks, which
slightly eased water-supply concerns. On March 9, about
0.96 inch of rain fell between 4 and 10 p.m., a record
for a 24-hour period for the month. Hangman Creek (tribu-
tary to the Spokane River) peaked about 1 foot above flood
stage, at 12.26 feet, on March 10 in Spokane, eastern
Washington. A severe hail storm and mudslides occurred
in Whitman County, south of Spokane. In the Idaho pan-
handle (30 miles east of Spokane), Coeur d* Alene and
Hayden Lakes received 1.25 and 1.27 inches of rain,
respectively. In north-central Washington, most roads in
Douglas County were closed or partly washed away; the
worst damage from flooding in the county was centered
in the towns of Bridgeport (110 miles northwest of
Spokane) and Palisades (115 miles southwest of Spokane).
In Enterprise, eastern Oregon, Prairie Creek (tributary to
the Columbia River) flooded as a result of melting snow,
and intense rains damaged 125 homes. In northern Califor-
nia, intense rains in Mendocino County washed out High-
way 1, about 5 miles south of Rockport. In Redding (Shasta
County), the weekly rainfall total was 4.0 inches. Intense
rains combined with snow in Plumas County to cause minor
flooding. In the San Francisco Bay area, rockslides created
local traffic hazards in the Santa Cruz Mountains; and in
Saratoga, 40 miles southeast of San Francisco, 1.81 inches
of rain was recorded.

Flooding began in Bartholomew and Jackson Counties (south-

central Indiana) on March 21. A cold front moved rapidly
southeastward and created thunderstorms having locally
intense rain on March 18 and 19. Between Interstates 70
and 64, rainfall, which ranged from 1.50 to 2.25 inches,
sent the West Fork of the White River (tributary to the
Wabash River) above flood stage.

Finney County in southwestern Kansas received only 7.5

inches of precipitation in the preceding 17 months. Reduced
water levels in the Ogallala aquifer and low discharges in
the Arkansas River raised water-supply concerns. Between
October 1988 and February 1989, average rainfall over
the State was slightly more than 3 inches. This was the
seventh driest period since 1895.

23

24

(not shown)

25

(not shown)

On March 23 and 24, a low-pressure system moved up the

Atlantic Coast and brought needed soaking rains to the
parched Southeast. These rains swelled rivers and streams
in Georgia, North Carolina, South Carolina, and Virginia.
In eastern North Carolina, rainfall totals for the week were
7.2 inches in Hatteras, 3.4 inches in New Bemn, and 4.2
inches in Wilmington.

On March 24 at about 12:30 a.m., an oil tanker ran aground

on Bligh Reef near the Port of Valdez (south-central coast
of Alaska). A catastrophic environmental disaster was creat-
ed by a spill of 11.2 million gallons of crude oil into Prince
William Sound. By March 27, the oil slick, spread by high
winds, covered more than 50 mi?, and oil washed ashore
along more than 100 miles of pristine coastline. On March
29, private cleanup efforts began, and later in the week
Federal and public efforts began. A Soviet oil skimmer
joined forces on April 20 in the cleanup effort. The oil
worked its way around Kenai Peninsula, to lower Cook
Inlet and Kodiak Island. Among the dead were as many
as 100,000 birds, including 150 bald eagles, and 1,000
sea otters. The $100 million fishing industry was affected.

Between March 27 and 29, showers and severe thunderstorms

ahead of a frontal system produced intense rains across
the Gulf Coast States and into the Ohio Valley. In Arkan-
sas, a statewide flash-flood watch was put into effect on
March 28. Southwestern Arkansas counties of Miller,
Lafayette, and Columbia received more than 3 inches of
rain between 3 and 6 p.m. on March 28. In Little Rock
(central Arkansas), the rainfall total was 3.8 inches for the
3-day period. Torrential rains soaked northeastern Texas,
as more than 14 inches fell at Longview in Gregg County.

An unusually late occurrence of warm temperatures produced

rapid thawing of a thick snowpack in parts of Michigan,
Minnesota, and North Dakota. Temperatures began ris-
ing on March 23 and peaked at around 70°F on March
27 throughout the upper Midwest. The warm temperatures
caused rapid snowmelt, although thick ice was still in place
on many streams. In the western Minnesota town of
Browns Valley (Traverse County), severe flooding oc-
curred, and 35 homes were damaged when ice jammed
at a bridge over the Little Minnesota River (at the head-
waters of the Minnesota River) and forced floodwater
carrying large chunks of ice over the river banks and into
the town. Counties in north-central Michigan also were
hit by the rapid rise of flood waters. Wexford, Lake,
Osceola, and Clare Counties had flooding on March 29-
April 1. Clare County had the worst flood damage—166
roads were closed because of washouts, and 350 homes
sustained an estimated water damage of $250,000. In Os-
ceola County, the Muskegon River near Evart peaked 3
feet above flood stage. The new peak discharge of 56 years
of record was 9,040 ft*/s; this discharge equaled the
100-year recurrence interval flood and exceeded the March
1976 peak of record by 16 percent. In Benzie County, on
the eastern shore of Lake Michigan, the collapse of the
Thompsonville Dam caused flooding in the Betsie River
basin, whereas in adjacent Manistee County, the collapse
of the Copemish Dam contributed to flooding in the
Manistee River basin. Numerous road closings were
reported throughout the State.

A complex weather system brought torrential rains to Texas

and caused flooding throughout the eastern half of the coun-
try. Flooding occurred on March 31 in Jackson County
from the East Fork of the White River (tributary to the
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(fig. 12)

MARCH 1989 {con.)

APRIL 1989 (con.)

(not shown—
con.)

Wabash River) in south-central Indiana. Warm temper-
atures and intense rains caused flooding in Vermont and
northern New York.

APRIL 1989

26

27

(not shown)

28

In western Minnesota and eastern North Dakota, flooding on

the Red River was caused by the combination of rising
early April temperatures, a delayed snowmelt, and rainfall.
In the headwaters of the Red River, the hardest hit towns
were Wahpeton (Richland County in eastern North Dakota)
and Breckenridge (Wilkin County in western Minnesota);
damage estimates for the two towns exceeded $1.6 million.
The water-supply treatment facility in Breckenridge was
threatened by the rising water. In Wahpeton, on April 1,
the Red River reached 12 feet, which was 2 feet above
flood stage. On April 4, the river reached a peak of 17.84
feet at 10 p.m., nearly 8 feet above flood stage. Flood
damage in the two States was estimated to be in excess of
$12.7 million—$2.2 million in urban areas of North Dako-
ta, $3.1 million in urban areas of Minnesota, and more than
$7.4 million in rural areas—to transportation, agriculture,
utilities, and as a result of erosion and sedimentation.

A bridge spanning the Hatchie River on Highway 51, about

6 miles north of Covington, western Tennessee, collapsed
on April 1. Northward migration of the main channel over
time, along with intense spring rains and associated flooding
after 2 years of drought, is thought to have contributed
to the fall of the bridge by washing sandy soil away from
the supports. Eight people died in the incident. Property
damage was estimated at more than $5 million.

In early April, flooding, which occurred throughout many areas

in the eastern half of the country, was caused partly by a
rapid warming along the northern-tier States and partly
from slow-moving frontal systems. These systems triggered
severe thunderstorms and produced intense rain from the
central Gulf Coast into the lower Ohio Valley. Shreveport
(northwest Louisiana) experienced flooding from Caddo
Lake because of intense rains that saturated parts of eastern
Texas. The lake crested on April 3 at about 5 feet above
flood stage. Several secondary roads were closed near
Logansport and Joaquin (Shelby County, eastern Texas) by
Sabine River flood water. The Great Miami River at Cleves
in extreme southwestern Ohio crested 4 feet above flood
stage on April 4. The Little Wabash River (tributary to the
Wabash River) flooded the town of Carmi in White
County, southeastern Illinois. A 2.27-inch rainfall between
9 p.m. April 3 and 1 a.m. April 4 caused a widespread
flash flood in Louisville, in north-central Kentucky.

Between 1 and 7 p.m. on April 4, about 3.5 inches of rain

fell at a recording station in Punaluu on the windward
(north) side of the island of Oahu, Hawaii. The storm,
which moved quickly eastward, drenched the islands of
Maui, Molokai, and Hawaii. Flash-flood warnings were
commonplace throughout the islands during the week. On
Oahu, Maunawili Valley was hard hit with swollen streams
that broke water lines. Between April 6 and 8, the storm
left 20 inches of rain on the Hana area of northeast Maui
and created two landslides that closed the Hana highway.
Nearly 1 inch of rain per hour saturated the big island of
Hawaii’s Hamakua area and created the worst flood in the
Waipio Valley, near Waimea, in 8 years; the peak dis-
charge recurrence interval at a nearby gaging station was
in the range of 50 to 100 years. Associated damage was
about $700,000.

A health advisory was issued along Mosquito Creek (Muskegon

County, western Michigan) after a spillway on an irriga-
tion ditch collapsed and released about 1 million gallons
of partially treated sewage into the stream on April 23 near
the town of Muskegon, Mich. The released effluent was
substantially diluted by the creek and subsequently the
Muskegon River; no fishkills were noted.

MAY 1989

On May 15, water-withdrawal and water-use restrictions ended

in New York City, N.Y., and in the Delaware River basin
after 6 inches of rain fell May 1-11. This precipitation
brought contents of the New York reservoir system above
the drought-warning level.

Severe flooding, caused by intense rains in most of Texas,

reached a peak on May 18. One of the worst floods in
history hit Newton County in east Texas. Flood damage
to houses, businesses, roads, and public property was
extensive all along the Sabine River below the dam at
Toledo Bend. Damage was estimated at $5.5 million not
including crop damage. Peak flood stages exceeded the
record peaks at 13 of 14 gaging stations in the Houston
area. At Whiteoak Bayou in the Houston area, the stage
and discharge records (April 1972, 52 years of record)
were exceeded by 0.61 foot and 700 ft*/s, respectively.
Houston received 13.56 inches of rain during May (7.78
inches during 24 hours).

Intense rains on May 25-26 caused some of the worst flood-

ing in 3 years in the southwestern part of Ohio. A record-
breaking peak (20-year period of record), 5.42 feet higher
than that of the highest previous flood, on Sevenmile Creek
temporarily stranded 25 people in their houses in Camden.
Several bridges were washed out in Hamilton, Preble, and
Butler Counties. At least two people were killed when a
temporary bridge over the Great Miami River (tributary
to the Ohio River) near Miamitown was washed out by
the floods. At the time of the bridge washout, the Great
Miami River was at an elevation of 21 feet, which is 5 feet
above flood stage. Two other people were killed as a result
of flooding (one in Hancock County and one in Clark
County). In Hamilton County alone, estimated damage was
$3.4 million. Repair to bridges, berms, culverts, and guard
rails was expected to cost $400,000-$500,000 in Preble
County. About 500 homes were damaged or destroyed by
floodwaters in the four-county area of Preble, Butler,
Warren, and Hamilton.

Intense rains on May 26-31 caused flooding along the

Chagrin River in northeastern Ohio in Geauga and Lake
Counties. Fifty people were evacuated from their homes
in Eastlake in Lake County when an earthen dam burst.
Runoff flooded basements and caused the closing of several
roads. Roads also were closed in Geauga County. Damage
to homes in North Olmstead alone was an estimated $52
million. Damage to businesses, industry, and homes in
Eastlake was estimated at $5-6 million. Nearby Cleveland
received record-breaking rainfall of 9.11 inches in May
(record keeping began in 1871).

JUNE 1989

On May 31-June 1, torrential rains, resulting from a slow-

moving frontal system, flooded streets and homes in the
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Chicago, Ill., region and caused extensive power outages.
Roads, basements, and yards were flooded by backed-up
sewer systems. In St. John, Ind., 5.3 inches of rain fell
in 6 hours. Rising water in the Little Calumet River forced
the closing of Highway 41 in Hammond, Ind. The storm
also affected Cook and Will Counties in Illinois and caused
record rainfall (4.26 inches in the 24-hour period on
May 31-June 1) on Hazel Cress, Ill.

On June 2, one of the heaviest rainfalls in 40 years (4.4 inches;

0.2 inch short of the 1950 record for a 24-hour period)
caused flooding along the St. Marys, St. Josephs, and Mau-
mee Rivers in Allen and Huntington Counties, near Fort
Worth, Ind. One flood-related death occurred in Huntington
County. A 12-block area, including the downtown sec-
tion of Roanoke (Huntington County), was flooded with
about 1 foot of water that the sewer system could not handle
when Cow and McPherrer Creeks overflowed their banks.
About 90 homes were evacuated in New Haven (Allen
County). Residents in the Riverhaven area between Fort
Wayne and New Haven were warned to evacuate. Boats
were used to ferry some people from their homes in east
Allen County. Many roadways were closed.

In southwestern Michigan, intense rains (8 inches in 2 days,

June 2 and 3) caused record-breaking floods at 11 stations
along the St. Joseph River and its tributaries. Peak dis-
charge of the St. Joseph River at Mottville (drainage area
1,866 mi*) was 11,400 ft*/s, equaling the 100-year flood
and exceeding the April 1950 peak discharge of record
(66 years of record) by 6 percent. Peak discharge of
Nottawa Creek near Athens (drainage area 162 mi?) was
2,190 ft*/s; the discharge equaled the 100-year flood and
exceeded the February 1985 peak of record (23 years of
record) by 850 ft*/s (63 percent) and 1:82 feet. One
hundred residents were separated from their homes, and
two bridges were damaged and closed due to flooding.

Intense rains (2.25 inches in 30 minutes) in Claymont, New

Castle County, Del., flooded houses, washed out base-
ments, and stalled cars when creeks in the area overflowed
their banks on June 7. Three teenagers were rescued from
a creek after being swept one fourth of a mile downstream.

On June 8-9, 3-15 inches of rain fell on Florida’s panhandle

and the area east of Mobile Bay in Alabama (Baldwin
County), and caused several streams to exceed either peaks
of record or the 100-year flood. Three people were killed in
the Eastpoint area of the panhandle by a tornado on June 9.

Flash floods occurred in north Texas when the Trinity River,

and many of its tributaries, overflowed its banks on June
14. The 100-year storm flooded roads in the cities of
Arlington, Grand Prairie, and Carrollton (all in the
Dallas-Fort Worth area) and left four dead and several
people homeless. Two deaths were attributed to flooding
of the Trinity River in Liberty County, where several peo-
ple were swept from bridges by rising water on June 18.
The floods resulted from intense rains that began June 8.
In the panhandle of the State, one person drowned in the
Prairie Dog Town Fork of the Red River. Most lakes in
this part of the State were discharging flood water over
their spillways. Lake Bridgeport (near Ft. Worth) reached
a historical peak of 839.57 feet on June 15.

More than 200 families were evacuated from their homes in

a 10-county area in southeastern Kentucky, as a result of
intense rainfall starting on the evening of June 16 and con-
tinuing into the subsequent morning. Three deaths were

40 (con.)

41

42

43

4

45

linked to the intense rains. One house was carried down-
stream and deposited on the opposite bank of a creek. The
hardest hit community was Arjay, where 90 families were
forced out of their homes. More than 100 bridges, mostly
on county roads, were damaged extensively or washed
away. Damage was estimated at $5.3 million.

In western Pennsylvania, intense rains caused severe flood-

ing June 20-21 in the Clarion and Allegheny Rivers basins.
Several hundred people were evacuated from their homes,
bridges were washed out, basements were flooded, and
barges and boats were torn from their moorings. The June
20 peak discharge of 11,400 ft*/s on the Clarion River at
Johnsonburg equaled that of the 100-year flood and was
about the same as that of the May 1946 record peak dis-
charge, but the peak stage was 0.7 foot higher than in 1946.

Flash flooding was triggered by torrential rains on June 21

in the Birmingham-Bloomfield Hills area of southeastern
Michigan. West Bloomfield received more than 4 inches
in less than 1 hour. Water from the Rouge River flooded
basements of homes and businesses in Oakland County.
The peak discharge of the Upper River Rouge at Farmin-
ton (drainage area 17.5 mi®) was 885 ft*/s, which was the
second highest discharge for the period of record (begun
in 1958) and was exceeded only by the discharge of 1,500
ft*/s of June 1968.

Flash flooding occurred in western New York on June 22 and

23. Over 100 families were evacuated when creeks and
rivers overflowed their banks. Several bridges were washed
out, and roads and basements were flooded. In Arcade,
Wyoming County, N.Y., 70,000 partially assembled yo-
yos were washed out of a flooded factory and into the Cat-
taraugus Creek. About 30 miles southwest of Rochester,
Little Tonawanda Creek at Linden (drainage area 22.1 mi?*)
peaked at 2,900 ft*/s (recurrence interval 100 years) on
June 23 topping the previous peak of record (67 years of
record) by 200 ft*/s.

The June 23 flood near Oklahoma City was the second

occurrence of flooding in 2 weeks in central Oklahoma.
Flooding of streams and rivers during June caused evacu-
ations of more than 100 people, closed many roads and
bridges that were either damaged or destroyed, and
damaged numerous homes and businesses. The worst
flooding occurred in Caddo, Comanche, Oklahoma, and
Cleveland Counties. The floods caused damage to wheat
crops still in the fields. One person was killed as a pickup
truck was swept from a flooded bridge over Choctaw Creek
(tributary to North Canadian River) in Choctaw in eastern
Oklahoma County. In a separate incident, two cars were
swept from a flooded bridge in nearby Spencer (Oklahoma
City). Total rainfall in Oklahoma City for June was 14.66
inches, the most since recordkeeping began in 1890. The
North Canadian River near Shawnee (Pottawatomie
County), Washita River in Clinton (Caddo County), Blue
River near Armstrong (Bryan County), and Neosho River
in Commerce (Ottawa County) all overflowed their banks,
as did tributaries to them.

Flooding caused by rainfall of as much as 1 inch an hour was

reported throughout Maryland and Delaware on June 23,
and rivers and creeks overflowed their banks. The Christina
River reached a stage of 11.23 feet, more than 2 feet above
flood stage. A 24-hour June rainfall record of 3.68 inches
was set at Dover Air Force Base on June 23; the month
was the wettest June of record at the base.
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47

48
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On June 24, a fishkill was reported in Beaufort County, N.C.,

on Bonds Creek, a tributary of the Pamlico River, Spot,
croaker, menhaden, flounder, freshwater sunfish, clams,
and crabs died. The cause was either a saltwater wedge
or an algae bloom. Evidence of both was present.

Tropical storm Allison crossed the Texas coast on June 26.

About 10 inches of rain fell in the Houston area in a 36-hour
period and ended on the morning of the 27th. Intense rains
were accompanied by high tides, which caused flooding
of major highways and homes. As creeks and streams over-
flowed their banks, several hundred people were evacu-
ated from their homes. Four deaths were attributed to the
storm (two drownings, one auto accident, and one elec-
trocution). Eastern Texas received rainfall twice; the storm
reversed its course after entering Louisiana and returned
to Texas. On June 30, the second largest recorded release
of water from Lake Livingston caused the Trinity River
to rise 5 feet above flood stage; as a result, 100 people
were evacuated. Between June 30 and July 2, high water
forced about 500 people from their homes along the Trinity
River in Liberty County. About 3,000 homes sustained
flood damage, rainfall records were broken, and damage
was estimated at about $15 million. At Houston Interna-
tional Airport, rainfall for the month was 16.28 inches,
which included the second highest recorded rainfall for a
24-hour period (10.34 inches). For the week ending June
30, Port Arthur received more than 10 inches of rain and
received a record 17.5 inches for June. June rainfall in
Jefferson County was a record 18.9 inches. Flood records
set before 1989 were exceeded at seven gaging stations
during the June 26-27 floods. For example, Greens Bayou
at U.S. Highway 75, near Houston, peaked at 13,000 ft*/s
on June 26—about 3.4 times the 100-year flood, exceed-
ing the May 19, 1989, peak by 2,500 ft*/s, and the
pre-1989 peak of record by 6,080 ft*/s.

In Louisiana, between June 27 and July 1, about 12-15 inches

of rain from remnants of tropical storm Allison fell on at
least 10 parishes. In Winnfield, in north-central Louisiana,
more than 2 feet of rain fell from one storm and caused
three deaths; a total of 30.22 inches of rain fell in June
(the largest amount in the month since recordkeeping began
in December 1871). About 700 homes were flooded, and
200 families were evacuated from homes in Oakdale about
30 miles south of Alexandria. In central Louisiana, many
rivers and lakes were swollen. The Calcasieu River at
Oberlin crested at 24.7 feet, about 13 feet above flood
stage. Other rivers and streams, such as the West Fork
of the Calcasieu, the Indian Bayou, and other tributaries
of the Calcasieu River also overflowed their banks. Many
roads were flooded. At Pecan Island about 30 miles north-
west of Baton Rouge, an oxbow lake flooded homes. The
Sabine River flooded below the Toledo Bend Reservoir.

Dayton, Tenn., and adjacent areas (Rhea, Hamilton, Meigs,

and Roane Counties) were declared disaster areas because
of flooding during the last week of June. Intense rains (more
than 9 inches reported in Chattanooga made it the third
wettest June in history) caused minor flooding several times
in eastern Tennessee during the month. Flooding of tribu-
taries to the Tennessee River caused damage estimated at
more than $1 million to homes, businesses, roads, and
cropland in eastern Tennessee. Most damage occurred in
Rhea County at Spring City and Rockwood. Two bridges
were washed out and, as a result, several roads were closed;
a landslide caused the closing of Interstate Highway 40.

49 (con.)

In the western part of the State, Memphis had the wettest
June in 40 years with rainfall of 7.19 inches, the highest
since 1949, when 10.3 inches fell. Intense monthly rain-
fall was attributed to the abnormally large number of storm
systems that moved across the State. The Tennessee Val-
ley Authority reported more water stored in reservoirs in
June than since recordkeeping began.

JULY 1989

50

51

52

53

About 12 inches of rain fell between June 27 and July 2 in

McGehee and Dermont, Ark. Six inches fell in 36 hours
in Dermont, and 15 to 20 homes had to be evacuated when
flooding occurred on July 1-2. In Chicot County, more
than 100,000 acres of farmland was damaged by the
excessive rain and flooding between May 2 and July 1.
Soybeans, cotton, rice, grain sorghum, and corn were
among the crops damaged. As of July 12, after 3 weeks
of intense rain, an estimated $1 million of damage had
occurred in nine counties (Ashley, Bradley, Calhoun,
Chicot, Cleveland, Desha, Drew, Lincoln, and Phillips),
and 100 homes had been flooded.

About 5-10 inches of rain fell on western Mississippi from

July 27 to June 3 as remnants of tropical storm Allison
moved up the western border of the State. Because rain-
fall totals statewide already were about twice the normal
amount for the month, the additional rainfall caused
widespread devastation and resulted in five deaths, several
hundred flooded homes, and the flooding of an estimated
450,000 acres of land in the delta. Total rainfall at
Greenwood for the month of June was 18.74 inches. Crop
damage primarily due to delta flooding was estimated to
be $50 million, and 12 counties were declared disaster
areas.

Intense rains in North Carolina’s Pisgah National Forest on

July 4 caused Wilson Creek to overflow its banks; about
100 campers had to be evacuated. One person was killed
when a camping tent was washed away. Another death
also was attributed to the remnants of tropical storm Allison
when a person drowned in a rain-swollen river near
Cashiers. Some mudslides also were attributed to the storm.

A storm system passed through northern Delaware and eastern

Pennsylvania on July 5 and left three dead in its wake.
Four to six hundred people had to be evacuated from their
homes. A 9-year-old child fell into a culvert and was swept
away, and an adult drowned when a vehicle was swept
off a bridge at Shellpot Creek. Two bridges over the creek
also were washed out. Another person drowned in White
Clay Creek while tubing. Five hundred people were
evacuated in Elsmere in New Castle County. Amtrak train
tracks were flooded north of Wilmington and caused delays
in train traffic between Washington, D. C., and New York.
Passengers had to be evacuated from the Market-Frankfort
Line trains, and service was stopped between Philadelphia
and Baltimore. A record-setting rainfall occurred July 5
when 4.5 inches fell in 24 hours in the Pennsylvania-
Delaware area. At New Castle County Airport (Delaware),
6.63 inches of rainfall in a 24-hour period broke a 95-year
record. At Philadelphia International Airport, a record of
4.38 inches of rain fell, the most in a single day since 1978.
In Delaware County, Pa., flooding occurred along Chester
Creek from Chester south to the Delaware River. Damage
from the storm for northern Delaware alone was
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Table 2. Chronology of significant hydrologic and water-related events, October 1988 through September 1989 — continued

No. EVENT
(fig. 12)
JULY 1989 (con.) JULY 1989 (con.)

53 (con.)  estimated at about $5 million. Also on July 5, water lev- 59 (con.) the lake by intense rain may have been a contributing factor.
els in Christina River, Shellpot Creek, and White Clay Either hypothesis accounts for the depletion of oxygen,
Creek in Delaware were all above those of the 100-year which in turn caused the fishkills.
flood. 60 In Rock Springs, Sweetwater County, Wyo., on July 12, a

54 On July 5, rains from the remnants of tropical storm Allison thunderstorm caused flash flooding, which washed vehi-
washed out roads, flooded homes, and stranded motorists cles down the streets and flooded roads and basements.
in New Jersey in a 100-year-occurrence storm. More than Damage was estimated at $3.5 million.

13 inches of rain fell during the storm in Monroe Town- 61 More than 5.000 fish died in the Mill Willow Bypass and an
lsllz’lll;:; li\:liii,ejzf ggﬁrylt};n %Z;ﬁgﬁf;ﬂé?ui‘;f::t:dcﬁ?; 18-miile stretch of the Clark Fork River near Deer Lodge
: and Warm Springs, Mont., in early July. At Deer Lodge,

overflowed its banks when a dam washed out and damaged h as 1.5 inches of rain fell in a few hours and washed
several homes. Streams and creeks, such as the Assun- as much as 1. INCEs Of rain 1e4 In a Iew hours e v

. . X toxic tailings (heavy metals) into the river, which in turn
pink and Rancocas, overflowed their banks. Two bridges | ed the pH of the water. Toxic elements included
were washed out in Hamilton Township (Mercen County). ower € pHl o water. oxi ic. Fish
In Allentown, runoff that flowed over farms and into the al.“m“‘?lm’ iron, zinc, copper compounds, and arsenic. Fis

. : . killed included brown trout, whitefish, and suckers.

Indian Run fouled two township wells and caused them ’ ’
to be shut down for 2 weeks; drinking water had to be 62 Along an 8-mile stretch of the Mississippi River between
obtained from other sources. Thirty people were evacuat- Sullwan Slough, south of Burlington, Iowa, and Grape
ed from their homes in Howell Township because of flood- Island near Dallas City, Ill., about 5,000 fish were killed
ing from the Manasquan River after a 3'2-hour rainfall. between June 28 and July 13. The fishkill may have been
Two youths drowned when they slipped into a culvert in caused by fertilizer entering the river from a manufactur-
East Brunswick. In some areas of New Jersey, 2 inches ing plant.
of rain fell in 1 hoqr.. Damage from the storm was esti- 63 Many fish (hundreds of steelhead and salmon and thousands
mated to be $17 million. of less valuable fish) died about July 14, in Soquel Creek

55 On July 5, torrential rains caused intense localized flooding in Soquel, Calif., when the creek started drying up. Warm
and $1 million in damage in Cobb and Cherokee Coun- temperatures, lack of water, and lack of oxygen contributed
ties, Ga. Bridges, roads, water pipes, and telephone lines to the deaths.

Svere w;shed out. Several businesses and homes also were 64 In the Wapsipinicon River near Anamosa, lowa, about 13,000
amaged. fish died in a 3- to 4-mile stretch downstream from the

56 Flash flooding occurred on July 6 in Breathitt, Owsley, and Wapsipinicon State Park between July 18 and 19. Between
Perry Counties, Ky., when Wolf Creek, Indian Creek, 8,000 and 10,000 were rough fish, carp, carp suckers,
Crane Fork, Smith Fork, Millers Branch, and Morris white suckers, minnows, and channel catfish. About 4,000
Branch overflowed their banks. About 200 people were were game fish (smallmouth bass, walleye, flathead cat-
stranded temporarily, and damage to crops, roads, gardens, fish, white bass, and crappies). Cause of the kill was
bridges. and farm equipment was about $1 million. unknown, but the incident was suspected to be the result

57 About July 8 on the eastern shore of Lake Winnebago, Wis., of intense égm tl‘;e dda); b:gore, Whlch s:lllrred up algae that
about 10,000 fish died in a 3-mile stretch near the com- decomposed and depleted oxygen in the water.
munities of Brothertown and Quinney in southern Calu- 65 In Alexander (central Arkansas), one person drowned when
met County across the lake from Oshkosh. The fish are a car was swept from Interstate Highway 30 into rain-
believed to have died because hot weather caused algae swollen Hurricane Creek after about 5 inches of rain fell
to decompose and deplete lake-water oxygen. Species killed in 90 minutes on July 19. About $1 million in damage was
included walleyed pike, white bass, sheepshead, shad, estimated for flooding caused by rains between July 17
perch, sturgeon, carp, and lawyer (bowfish). and 19.

58 Seven inches of rain in less than 3 hours caused flash flood- 66 More than 7 inches of rain was reported in parts of Watauga
ing and a fishkill in middle Tennessee on July 11. Bass, County (northwestern North Carolina) on the evening of
catfish, and bluegill were among the fish killed as a result July 20. Flash floods generated by the rain washed out
of a depletion of oxygen in many ponds in the area. The several bridges and damaged S8 homes in Boone.
rain washed out planktonic alga and allowed light to pene- 67 One person drowned when a truck was washed off the road
trate to the bottom of ponds; as a result, filamentous algae id G Creek in Fauquier County. Va
(moss), which depletes oxygen, was created. Summer tem- near a bri ge over L0ose Lree q ty. Va.,

ratures also contributed to the kill on July 20; a total of 10 vehicles was washed away as a
pe ’ result of as much as 5 inches of rain falling during a 2-hour

59 The death of crab and fish along the southeast Texas coast period. The creek rose 13 feet in 30 minutes, railroad tracks
was attributed to ‘*black water’" caused by intense rains were undermined, and railroad service was halted.
g:sg;lﬁo S(;ljt ag:jd d:;ﬁgglggggzlieg]fgz’erfz%s;alt(li(l)l[j 68 A break in a cooling system at a plant along th; Zumbro River
) .y near Rochester, Minn., released ammonia into the river
ing the fish. Fishkills were reported at a Chambers County 4 Killed th ds of fish on July 21
lake on July 11. On July 13, fishkills were reported in an ousands ol lish on July 1.
freshwater bayous, streams, and lakes in Beaumont, Tex. 69 An unidentified toxin killed about 1,500 bluegill and largemouth

Dozens of fishkills were reported in Orange and Cham-
bers Counties. Dead fish included game fish, such as bass,
sunfish, and catfish. In Lake O’The Pines, near Longview,
Tex., hot summer temperatures and dropping lake levels
caused fishkills from July 2 to 11. Bacteria washed into

bass (almost the entire stock) in two lakes spanning 9 acres
in Severna Park, Md., near Annapolis. Traces of chlo-
rine (possibly from swimming pools in the area) and sew-
age (from nearby drainage ditches) found in the freshwater
lakes were suspected causes of the kill.
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Table 2. Chronology of significant hydrologic and water-related events, October 1988 through September 1989—continued

No. EVENT
(fig. 12)
JULY 1989 (con.) AUGUST 1989 {con.)

70 Thousands of fish were killed between July 23 and 24, when 77 (con.) (an agricultural fertilizer) seeped through a protective hold-
rainwater washed over burned-out hills and carried debris ing dike into a nearby storm sewer. The sewer in turn emp-
and ash down Westwater Wash tributary into the Colorado tied into Wolf Branch of the Apple River, and the chemical
River in Utah near the Utah-Colorado State line. The salty spread along nearly 14 miles of waterway.

h and below- i . . . .
;Siv :rn :n decgl‘:l seréonnlzna; fslgev:;i;?;i((li ts};;eglj,foést[}: focglogrﬁg 78 A record rainfall of 5.25 inches in 24 hours (more rain in one
suffocation. About 75 percent of the kill was channel cat- i{yemng/{hgn usuallzdogcur; mh2 tygzgi) (Z:l A;l(g)ustf(,)&r)l
fish. Several humpback chubs (an endangered species) also uma, Ariz., caused foods £a aged about 1.
were killed. homes, swamped cars, clogged sewers, and caused the
evacuation of dozens of families.

71 Homes and road were d ed, and brid hed out . .

o at Zairtlllman,‘ﬁ{ii ;Leenagl:(%rg esa C re;( %evsezlagw edoiltls 79 A major aqueduct to Los Angelgs, Calif., was closed afte~r
banks in flash flooding between July 24 and 26 due to _ﬂash ﬂr(r)glds left 1(;0,;)00 cubic \);aﬁi s of n;.\d and ; ebris
intense rainfall. Two persons were rescued from their in a 2-mile area of the Owens Valley on August Los
flooded house trailer. Angeles Water and Power was forced to buy additional

water from another supplier.

72 Two derailed railroad cars spilled 12,000-14,000 gallons of . N
No. 2 diesel oil into Whitefish Lake, Mont., on July 31. 80 A railroad fuel tender and locon_mnve _tlpped over near
The spill affected at least 30 percent of the lake’s surface. Guernsey, Wyo., _when fhe train derailed on A}lgust 9.
Cost of cleanup was estimated at $1.2 million. The fuel tender slipped into the North Platte River and

spilled 6,500 gallons of diesel fuel. Followup reports did
not indicate any fishkills.
A ST . .
UGUST 1989 81 In Yellowstone National Park, Wyo., rain cascading down
L. . . steep hilisides denuded by 1988 wild fires caused 3 major

73 About 10,000 fish died in the Chicago River on July 31 or d 12 mi dslides. Several vehicl t
August 1 when 2 tons of industrial cyanide (a byproduct i_rll the mnligl 01(')nmeuvset1ﬁ;se. Wz‘s/e;as;:dlzs,z;v ierfeth;alsgi?
:efvt:‘ri:lﬁ:cf;}:;g?g:is;‘lpﬁtﬁ:t%gﬁg?gg} rI;;t‘nfeltri swollen Gibbon River after its occupants were rescued.
plant and contaminated the river. 82 Near Oakville in Grays Harbor County, Wash., thousands of

. . fish died in a 15-mile stretch near the junction of the Black

74 Hurricane Chantal reached landfall at High Island (upper Texas d Chehalis Ri A t 11-15. The kill included at
Gulf Coast) on August 1. It brought driving rains and 80 ?;st 3060 a(ljsuh Z}?irrslooltlgsl;slmon (Sjthereﬁ];llil ]glﬁeg fvdel?e
mile-per-hour winds that quickly diminished. Within 3 immature salmon. eels. suckers c.rayﬂsh bullhead, squaw-
hours of reaching land, the storm was downgraded to a fish. sculpins. shiners. and other MINNOWS: mar;y craw-
tropical storm, and by evening it was downgraded to a fish also v\;/’ereidﬂed. Tfle probable cause was a combination
:;’gllc aél&;a gfﬁ;gaeﬁagﬁgggs i;lh:ev)ffzsrs\:,gte at}::)(iveg; of environment conditions (warm water and low oxygen

¢ : ? i llutants fi .

the Dickinson area near Galveston. Three deaths were concentrations) and pollutants from upstream
associated with the storm, two in Texas (two teenagers 83 During the summer drought in the southeastern part of Alaska,
drowned in a drainage ditch) and one in Louisiana (one 25,000 salmon died in 8 streams due to low flows, warm
person drowned in a fall from an oil platform in the Gulf). water, and lack of oxygen. Six of the eight fishkills were
. . reported on Prince of Wales Island near Ketchikan. Kills

& Abo;;&gggngsﬁoggmfoﬁﬁnﬁe ii‘:; al}lnﬁ;n?:t:zsg?an(t:(;g ranged from 500 pink salmon 0;1 0(1(1)% gf.laybeso River to
equipment) leaked from a plant along the river sometime (l:?,i?(o 0(:1n g::ll Ce g ffr%?};ie'l:tg:n d' ied on Trocadero
between August 4 and 6. The equipment coolant mistakenly ’
was flushed into a storm sewer that discharges to the river. 84 On Maryland’s Eastern Shore, 40 people were evacuated from
Carp, bullhead, and suckers were the dominant species their homes along the St. Martin River in Bishopville
killed. (Worcester County) on August 18 as a preventive meas-

. . . because of 10 inches of rain August 11-13 and high

76 Flooding destroyed two houses, two bridges, and several high- ure be ;
ways when Stevens Branch River at Barre (Washington n“v:r;;g(e)lsl.l(;l‘k:' E?;::gges ;ng flegtzgg‘%:sh:v tf;zk(;aixnngizc\l&;
County), Vt., overflowed its banks August 5. Residents 1 famili df h
were warned to boil their water before drinking because Hill, Md., and families were evacuate rom five houses
of silt in the reservoir, Twenty-five-year flooding also on August 20. Roads were washed out, businesses were
occurred on the Winooski River between Montpelier and Eogﬁg?v :Irllﬁ rnzsziziﬁ? gﬁf:ng; pﬁﬁ;ﬁ&ﬂ“ﬁ:ﬁiﬂ
Middlebury and on the Dog River at Montpelier. Several d b y N - s Hill
mudslides occurred between Hancock and Middlebury. The roads were £ $n aged et\l;:een.Blsh.o pvite a;nd dSpow th
Plainfield-Marsh area was the hardest hit area when (]:}olggll;\ga(r)e w:sl:;:a:vrg(r)ste Flr::;riins?rlllser); ;29 ]';l]slte Sﬁ):;lod
7 inches of rain fell in 8 hours and caused the Great Brook idered ¢ ° th ; 00-
to overflow; two bridges were damaged, two bridges was co/;mdere to be 1.7 times greater than a lH year
washed out, and four families were stranded when a road tels(:i(ﬁ.;l i edﬂtzol?eoln gﬁ:‘?gg g]o O((ir e::rr;lesgdsnl?lwme léle;gaf
washed out. Property was damaged by the storm (which . . S. C yh d : f chick 4
was the remnants of tropical storm Chantal) in Orange ville area in ussex County, thousands of chickens
Berlin. East Montoelier. Northfield. Waterbury. and Bam.; drowned, 30-40 families were displaced because of flood
Town. Damage t‘szs e’ timated at ’$2_$2 5 gf]l'on damage, and many roads were flooded when 8-12 inches

' & s - mihon. of rain fell in 6 hours. A total of 500,000 chickens died,

77 About 100,000 fish valued at $14,000 died in the Apple River and crops were severely damaged in Delaware, Worcester

near Lena, Iil., in early August when ammonium nitrite

County, Md. and Accomack County, Va. Storm damage
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Table 2. Chronology of significant hydrologic and water-related events, October 1988 through September 1989—continued

EVENT

SEPTEMBER 1989 (con.)

SEPTEMBER 1989 (con.)

Intense rainfall of 10 inches in 48 hours, beginning on Sep-

tember 19, caused severe flooding at New Brunswick in
central New Jersey. Many streets, including key high-
ways and bridges, and homes were flooded. People were
evacuated from Howell, Manalapan, and Freehold Town-
ships and Englishtown. In Jamesburg, Manalapan Brook
undercut a railroad bridge and caused record flooding
downstream. An overflow at the Jamesburg-Helmetta
sewage-treatment plant resulted in raw sewage spilling
into Devoe Lake at Spotswood downstream (Manalapan
Brook) from Jamesburg. More than 100 people were
evacuated from their homes when South Branch of the
Rahway River overflowed its banks as a result of a dam
break on a pond in Edison on September 21. In Tren-
ton, 50 houses were evacuated when creeks, rivers, and
lakes overflowed their banks and flooded roads. In Mercer
County, 4-6 inches of rain fell in 2 days. In Atlantic,
Cape May, Cumberland, and Ocean Counties, property
damage resulted from flooding produced by rainfall, peak
high tide, and bay and ocean swells.

As a storm passed through Virginia on September 22, nearly

half of Floyd County’s 48,000 acres of corn was flooded
by swollen creeks or blown over by gale-force winds.
Damage was estimated at $300,000 for county farmers.
In Montgomery County, the Little River overflowed its
banks.

Hurricane Hugo made landfall east of Charleston, S.C., shortly

after midnight, Friday morning, September 22. Hugo’s
storm surge hit about 1 hour before high tide and caused
severe coastal flooding and damage from Charleston
north to southern North Carolina. The storm surge peaked
at about 20 feet above mean low water just south of
McClellanville, about 35 miles up the coast from
Charleston. Storm surge also caused saltwater to intrude
upstream in parts of coastal rivers that are usually fresh;
this incursion caused some concern for municipalities, such
as Myrtle Beach, that withdraw water from those rivers
or the Intracoastal Waterway. At least one new inlet was
cut between the Atlantic Ocean and the Intracoastal Water-
way through Pawley’s Island, and several bridges linking
the mainland with the barrier islands were damaged.
Hurricane-force winds left a path of destruction 100 miles
wide that extended inland from Charleston to Charlotte,
N.C. Rainfall was relatively light for a hurricane, averaging
5-6 inches in the storm’s path, but some flood damage
occurred. Twenty-nine people were killed. Thousands of
fish were killed in rivers and lakes throughout the storm’s
path as storm debris and resuspended bottom sediment
depleted oxygen concentrations. Immediately following the
storm, 75,000 people were without homes, and 760,000
were without power. About $7 billion in damage was
estimated for the State, $3 billion for Charleston County
alone. Wind and flood damage occurred inland to the
mountains in Allegany County. An estimated $120 mil-
lion in damage occurred to homes and businesses in Gaston
County. near Charlotte. Charlotte County estimated $366
million in damage. [For more details, see article ‘“Storm-
Surge Flooding by Hurricane Hugo on the U.S. Virgin

97 (con.)

98

99

100

(not shown)

Islands, Puerto Rico, and South Carolina, September 1989™
in this volume.]

Hundreds of people were evacuated September 21 in Boone,

Watauga County, N.C., when propane tanks (some leak-
ing) were washed into the Kraut Creek as a result of 5
inches of rain from Hurricane Hugo. The tanks, which
washed up against a bridge, were removed without incident.

Following torrential rains from Hurricane Hugo, Webb Creek

overflowed its banks on September 22 and flooded a school,
the city hall, and a bridge leading to these buildings at
Pittman Center near Sevierville in Sevier County, Tenn.
Residents and campers in low-lying areas in Pigeon Forge
were evacuated. Worst hit areas were Baskins and Dudley
Creeks. Flooding started at secondary streams off main
forks of the Little Pigeon River and Little River, which
drain a major section of the Great Smoky Mountains Na-
tional Park. When water topped the Twin Island bridge
in Gatlinburg in Carter County, 350 people were evacu-
ated from that area.

As much as 16 inches of rain fell on Jacksonville, Fla., Sep-

tember 24-28 (a 5-day period). Two drownings resulted
from intense flooding in the northwest side of Jackson-
ville when a stalled cold front dropped more than 11 inches
of rain on the city in 2 days. Most of the flooding occurred
in the flood-prone area of McCoys Creek. More than 30
blocks of the city were under water and some streets were
10 feet under water. Flooded streets and buildings left peo-
ple stranded in cars and buildings. Poor drainage con-
tributed to the problem. Interstate Highways 10 and 95
were temporarily closed. A few days later, an additional
3-5 inches of rain fell on the city; as a result, some streets
and highways were closed and homes flooded. In spite of
the torrential rains, the Floridan aquifer remained below
normal levels because much of the water flowed into the
St. Johns River.

The end of September and the closeout of the 1989 water year

marked the completion of a third year of drought in Califor-
nia. During the 1987-89 water years, the drought ranked
as the 4th driest 3-year period on record. Along the State’s
central coast, the period ranked as the driest in the 88 years
of streamflow record at the gaging station at Arroyo Seco
near Soledad. In northern California, moisture was pro-
vided by a series of rain- and snowstorms in March;
however, streamflow in the Sacramento River basin was
below average during the year, although it did increase
from the ““critically dry”’ classification that marked<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>