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ocated on the banks of the Schuykill River in Philadelphia, Pa., the Fairmont
Water Works greatly influenced the development of public water-supply systems
in the United States during the 19th century. Built to supply Philadelphia with a
reliable water supply, the Water Works made use of a variety of technologies to
pump water to a reservoir on the top of nearby Morris Hill (now the site of the
Philadelphia Art Museum), from whence the water was distributed to the city through
cast-iron pipes.

The Fairmont Water Works was designed by Frederick Graff (1774-1847),
who was a draftsman trained in engineering by Benjamin Henry Latrobe (later one
of the architects of the Nation’s Capitol). Over the course of nearly 100 years, the
Water Works used steam engines, wooden and cast-iron breast wheels, and iron
water turbines to power its pumps. Graff, who was also the engineer and manager
of the Water Works, became a leading authority on the design and the construction
of public water supplies; during his career, he provided consultation and advice
to the builders of water supplies in more than 30 cities.

By the mid-19th century, the Fairmont Water Works had become a popular
tourist attraction. Visitors came to observe the operation of the machinery and to
enjoy the scenic grounds. Among the notable visitors was Charles Dickens who
described the Water Works in his American Notes and Pictures from Italy (1873,
London, Chapman and Hall, p. 47) as follows:

Philadelphia is most bountifully provided
with fresh water. which is showered and jerked
about, and turned on, and poured off everywhere.
The Water-works, which are on a height near the

city, are no less ornamental than useful, being

tastefully laid out as a public garden, and kept in
the best and neatest order. The river is dammed
at this point, and forced by its own power into high
tanks or reservoirs, whence the whole city, to the
top stories of the houses, is supplied at a very
trifling expense.

In 1977, the Fairmont Water Works was designated a National Historical
Mechanical Engineering Landmark by the American Association of Mechanical
Engineers and in 1978 it was documented in the Historic American Engineering
Record (HAER file PA-51). In 1988, the Water Department and the Fairmont Park
Commission of the city of Philadelphia completed restoration of the Water Works
buildings, which are cited as an outstanding example of Greek Revival style applied
to early 19th century American industrial architecture.
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FOREWORD

ational Water Summary 1987—Hydrologic Events and Water Supply and Use

is the fifth in a series of annual reports that describe the condition and the charac-

teristics of the Nation’s water resources. This volume portrays the source, use, and

disposition of freshwater in the United States for five major categories of use—public
supply, domestic and commercial, industrial and mining, thermoelectric power, and agricultural.
It utilizes information from the U.S. Geological Survey’s National Water-Use Information Program
to present water-use data by county, by aquifer, and by river basin for each State and to document
the steps being taken by each State to manage water use.

The U.S. Geological Survey has published estimates of water use for the United States at
5-year intervals since 1950. In 1977, the Congress expanded the Survey’s water-use activities by
establishing a National Water-Use Information Program, which, in cooperation with the States, collects
reliable and uniform information on the sources, the uses, and the disposition of water in the United
States. The program constitutes formal recognition by the Congress of the importance of water-use
information in planning and managing the Nation’s water resources.

The history of water-resources development in the United States reflects the history of water
use. In colonial times, local springs, shallow wells, creeks, and rainwater collected in cisterns served
to meet domestic and livestock uses. These supplies were subject to the uncertainties of droughts
and were vulnerable to contamination. Urban growth in the Eastern States, particularly after 1800,
caused the quality of city water supplies to deteriorate noticeably. Shallow water supplies commonly
were contaminated by household privies that often were located near the family well. Cistern water
was contaminated by accumulations of soot, dust, and street debris that collected on roofs and in
gutters.

As the population grew during the 1880’s, people moved away from free-flowing creeks and
rivers. But the need for adequate water supplies to fight devastating fires that frequently wrought
havoc in the cities was of great concern. In addition, the use of water for washing streets increased
because it was believed that the prevalent epidemics of yellow fever, typhoid fever, cholera, and
smallpox were related to the filthy conditions of the streets. As a result, cities such as Boston, New
York, and Philadelphia began looking for ways to ensure reliable water supplies early in the 19th
century. To develop such supplies required storage reservoirs, aqueducts, distribution systems, and
engineers to design and build them. It is interesting to note that more than 2,000 years ago, Native
Americans in the arid West already had built and used elaborate diversion and distribution systems
for irrigation. These systems were revitalized and copied by the Spanish and later European settlers.

Inland navigation also was of increasing importance to the commerce of the Nation in the
early 1800’s. A major navigation project—the Erie Canal—was begun in 1817. Because there were
few practicing engineers in the United States at that time, the construction of the canal served as
a training ground for surveyors and others to learn engineering skills through an apprenticeship
system. After the completion of the canal in 1825, a number of graduates of the ‘‘Erie Canal School
of Engineering’’ went on to design reservoirs and aqueducts for Boston, New York, and a number
of other cities. It is of note that one of the first hydrologic studies of water availability in the United
States was made along the canal route to ensure that there was sufficient supply to meet the needs
of navigation and the operation of the canal locks.
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In addition to the use of water for public supplies and navigation, the demand for mechanical
energy led to the design of sophisticated water wheels and turbines to power America’s growing
industry. The history (1815-1911) of the Philadelphia Fairmont Water Works, pictured on the cover
of this report, embodies many of the characteristics of the early development of public water supplies
and water power in the United States.

During the first two-thirds of the 20th century, water planners and managers sought to develop
the Nation’s water resources to meet the growing needs of the country. Large reservoirs and aqueducts
were constructed in the West to provide water for public supply, industry, irrigation, and hydropower
and to foster regional economic development. By the 1960’s and 1970’s, concerns about the
environmental effects of large reservoirs, as well as increasing construction costs and the scarcity
of suitable storage sites, curtailed the construction of significant additional reservoir capacity. Water
demand continued to increase through 1980, and use of alternate supply sources, such as ground
water, increased over 60 percent between 1960 and 1980. However, data for 1985 indicate that
37 States and Puerto Rico reported less water withdrawn during 1985 than during 1980 for an over-
all 12-percent decrease in ground-water withdrawals and an 8-percent decrease in surface-water
withdrawals.

As we enter the 1990’s, concerns for dependable water supplies will cause water planners
and managers to place increasing emphasis on improving the efficiency with which we use existing
supplies. Some of the tools that will be used to increase water-use efficiency and to make greater
beneficial use of developed water resources are legislative controls on ground-water withdrawals,
improved operating rules for reservoirs and reservoir systems, conjunctive use of ground and surface
water, water conservation measures (such as leak-detection programs, installation of water-efficient
plumbing fixtures, lining of irrigation canals, and improved irrigation techniques), reuse of water,
and establishment of water markets in which to buy and sell water rights. Intensive water manage-
ment by State, regional, and local agencies requires an accurate accounting of water as it moves
through the hydrologic cycle. Water-use data and information, therefore, will become increasingly
important as a means of evaluating the effects of human activities and climate changes on the quantity
and the quality of water resources and to measure the success of water conservation and other manage-
ment programs to allocate water supplies. U.S. Geological Survey scientists look forward to continued
cooperation with States and other Federal and regional and local agencies to improve the reliability
of water-use information and to support improved management and protection of the quality and
quantity of our water resources.

Suggestions about themes for future National Water Summary reports and comments regard-
ing this series are most welcome. Remarks should be addressed to Chief Hydrologist, U.S. Geolog-
ical Survey, 409 National Center, Reston, Virginia 22092.

DIRECTOR
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OVERVIEW

ater use in the United States, as meas-

ured by freshwater withdrawals in

1985, averaged 338,000 Mgal/d

(million gallons per day), which is
enough water to cover the 48 conterminous States to
a depth of about 2.4 inches. Only 92,300 Mgal/d, or
27.3 percent of the water withdrawn, was consump-
tive use and thus lost to immediate further use; the
remainder of the withdrawals (72.7 percent) was return
flow available for reuse a number of times as the water
flowed to the sea. The 1985 freshwater withdrawals
were much less than the average 30 inches of precipi-
tation that falls on the conterminous States each year;
consumptive use accounted for only 7 percent of the
estimated annual runoff of 1,230,000 Mgal/d.
Nonetheless, as the State summaries on water supply
and use clearly show, water is not always available
when and where it is needed. Balancing water demands
with available water supplies constitutes one of the
major resource allocation issues that will face the
United States in the coming decade.

Of the 1985 freshwater withdrawals, 78.3 per-
cent (265,000 Mgal/d) came from surface-water
sources (streams and lakes), and 21.7 percent (73,300
Mgal/d) came from ground water. Surface water
provided drinking water for about 47 percent of the
Nation’s total population. It was the source of
59.9 percent of the Nation’s public-supply systems.
For self-supplied withdrawals, surface water accounted
for 1.6 percent of the domestic and commercial uses;
64.0 percent of the industrial and mining use; 99.4
percent of the thermoelectric generation withdrawals,
mainly for cooling water; and 65.6 percent of the
agricultural withdrawals. Eight States accounted for
43 percent of the surface-water use; California,
Colorado, and Idaho used surface water primarily for
irrigation, and Ilinois, Michigan, Ohio, Pennsylvania,
and Texas used surface-water primarily for cooling
condensers or reactors in thermoelectric plants.

Ground water provided drinking water for
53 percent of the Nation’s total population and nearly
all the rural population. It was the source of 40.1 per-
cent of the public-supply systems withdrawals. For
self-supplied withdrawals, ground water accounted for
11.3 percent of the domestic and commercial use, 17.3
percent of the industrial and mining withdrawals, less
than 1 percent of the thermoelectric generation with-
drawals, and 34.4 percent of the agricultural withdraw-
als (irrigation and livestock). Eight States—Arizona,
Arkansas, California, Florida, Idaho, Kansas,
Nebraska, and Texas—accounted for 66 percent of the
ground water used. In each of those States, as in many
other States, irrigation was the major use of ground
water. Each offstream-use category described in
the State summaries—public supply, domestic and
commercial, industrial and mining, thermoelectric
power, and agriculture (irrigation and livestock)—
followed its own geographic pattern as described
below.

Consumptive use of water effectively removes
the water from immediate further use downstream
of the withdrawal point. Of the total amount of
consumptive water use in 1985, agricultural use

accounted for about 82.5 percent. More than one-half
(53 percent) of irrigation water is consumptively used
by evapotranspiration or is incorporated into the crop.
This is a good indication of the effect that irrigated
agriculture can have in a river basin where irrigation
is a major activity. The availability of return flows
for reuse depends largely on where the water reenters
the system. If the return flows are discharged to a
stream, they usually can be reused; if they are dis-
charged to a saltwater estuary, they are effectively lost
to further use because of water-quality degradation just
as if the water had been consumptively used. Simi-
larly, water that recharges a highly transmissive aquif-
er can be available for reuse either through pumpage
from a well or as discharge to a local stream. Thus,
much of the water withdrawn for different uses can
and does become available for further use although
the quality might degrade with each additional use.

The allocation and the management of water
resources are the responsibilities of the individual
States and water institutions within the States. These
institutions are evolving in response to the challenges
of water management problems. As the individual
State summaries indicate, recent State legislation deals
with facilitating water transfers within the States as
a means of reducing imbalances between water
supplies and use, with emphasizing water conserva-
tion in times of drought and at places where ground-
water depletion is a problem of long standing, and with
reducing threats to public health and the environment
from water pollution.

Most of the State summaries indicate the
expectation that water use will continue to increase
in the future and that water contamination will continue
to be a major water concern. Both issues will require
increasingly intensive water management in the future.
Whether the water resources under management
are considered to be fully appropriated or over
appropriated, as in some Western States, or whether
the resource could support additional development, as
is the situation in most States, improved water-use
information will play a key role in future water-
management efforts.

HYDROLOGIC CONDITIONS AND WATER-
RELATED EVENTS, WATER YEAR 1987

Hydrologic conditions during water year 1987
(October 1986-September 1987) exhibited broad
regional patterns—below-normal streamflows in the
western one-third of the country, above-normal flows
in the central one-third, and near-normal flows in the
eastern one-third. A remarkably persistent split-flow
circulation pattern where the polar-front jet stream
remained in Canada north of its normal position and
an active subtropical jet stream crossed the Southern
United States led to opposing hydrologic extremes—
progressively severe hydrologic drought in Nevada and
California and unusually high streamflows in the
southern Great Plains. The combined flow of the
Mississippi, the St. Lawrence, and the Columbia
Rivers, which broadly reflects hydrologic conditions



in much of the United States and parts of Canada, was
65 percent above normal during the first quarter of
the year, near normal during the second and third
quarters, and much below normal during the fourth
quarter as the western drought intensified near the end
of the water year.

Weather-related events caused more than
$2.14 billion in economic losses in water year 1987.
Of this amount, flood damage comprised $1.5 billion.
Eighty-eight lives were lost as the result of flooding.
This is well below the 10-year average (1977-86) of
$2.5 biltion in flood damage and 138 lives lost. Flood-
ing in the Nation’s midsection and in the Northeast
accounted for 85 percent of the annual flood losses,
of which 48 percent occurred in urban areas. Great
Salt Lake rose to a level equal to its record-high level
of June 1986 (4,211.85 feet above sea level) at the
end of March, 3 months before the usual peak level
in its annual cycle. Aided by below-normal inflows,
increased evaporation, and pumping of the water from
the lake into West Desert Pond, which began on
April 10, 1987, the lake level declined during the
remainder of the year. These hydrologic conditions
and 87 specific events are reviewed in the ‘‘Hydrologic
Conditions and Water-Related Events, Water Year
1987’ part of the 1987 National Water Summary.

The chronological listing of significant
hydrologic and water-related events in ‘Selected
Hydrologic Events, Water Year 1987’ shows that
eight major floods occurred. Three of those floods
were of sufficient magnitude to be described in detail.

A slow-moving storm dropped 4 to 8 inches of
rain in western and central Maine at the beginning of
April 1987. Several days later a second storm brought
2 to 4 inches of rain to southern Maine. Runoff from
both storms, augmented by snowmelt, resulted in
record to near-record peak discharges, many of which
exceeded the 100-year flood recurrence interval.
Twenty-six sewage-treatment plants were damaged,
some seriously enough to result in the release of
untreated sewage into rivers for as long as 3 months
after the storms. Petroleum storage tanks were
unearthed, and petroleum spills were reported in at
least 15 communities, especially in the Androscoggin,
the Kennebec, and the Piscataquis Rivers basins. Flood
damage to 100 small dams, utilities, public buildings,
and businesses exceeded well over $100 million.

Flooding in New York from the same set of
storms caused flooding on Schoharie Creek, which is
a tributary of the Mohawk River, and contributed to
the failure of the New York State Thruway bridge near
Amsterdam, N.Y. Ten people were killed when five
vehicles fell off the collapsed span of the bridge.

Heavy precipitation in areas of Cook and
Du Page Counties, Ill., in mid-August 1987
established a new 24-hour record of 9.35 inches of
rain at O’Hare International Airport and in the Chicago
suburbs. The most acute flooding from this storm
occurred in the Des Plaines River basin where the
recurrence intervals of peak flows ranged from 100
years to 1.4 times the 100-year flow. The heavy flood-
ing and associated events caused four deaths and more
than $77 million in damage.

Other water-related events involved water
quality. Early in 1987, State and Federal wildlife
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biologists reported a major fish kill and die off of
aquatic birds in the Carson Sink near the mouth of
the Carson River, Nev. Abnormally wet years and
high runoff from the Humboldt and the Carson Rivers
from 1982 to 1984 inundated the sink, which normally
is dry, to create a 212,000-acre lake that had a maxi-
mum depth of nearly 12 feet. Since January 1985, the
size of the lake has shrunk to 180,000 acres and a
maximum depth of 6 feet because of reduced inflows
and evaporation. Increased dissolved-solids con-
centrations due to evaporation and the freezing of the
lake in January 1987 is thought to have killed the fish.
Avian cholera killed most of the birds when the freez-
ing of the lake forced the fish-feeding birds to
congregate near open ice holes.

A pumping valve malfunction caused more than
500,000 gal (gallons) of No. 6 fuel oil to spill over
a 4-day period during offloading operations at Garden
City, Ga., on the Savannah River in early December
1986. The spill affected a variety of resources. More
than 60 miles of shoreline was moderately to heavily
affected, 5,500 acres of intertidal wetlands was
exposed to oil, aquatic birds were coated with oil,
commercial fishing in the area decreased, and air
pollution increased in the Savannah area because of
the volitization of the hydrocarbons. The area will be
monitored to determine the long-term effects on
aquatic resources.

Farther south, one of the largest and most in-
tense algal blooms ever recorded in Lake Okeecho-
bee, Fla., took place between August 12 and 20, 1986.
Preliminary evidence suggested that excessive nutrient
loading from agricultural lands in the 4,500-square-
mile drainage area reduced the lake’s capacity to as-
similate phosphorus. Concentrations of total phospho-
rus in Lake Okeechobee doubled between 1974 and
1984. To prevent further eutrophication of the lake,
phosphorus inflows must be reduced and controlled
as part of an overall lake management plan, which is
directed by the South Florida Water Management
District. The blue-green algae bloom has raised public
awareness of the need to reduce nutrient loadings to
the lake and has created wide-spread public support
for proposed management actions.

Unplanned - effects of human activities are
demonstrated by the April 1987 landslide near
Hagerman, Idaho, on the Snake River. Unlined canals
operated by a local irrigation company had been leak-
ing water, which is thought to have accumulated as
perched aquifers near the rim of the Snake River
canyon. The perched aquifers fed springs in the wall
of the canyon and led to large-scale slumping that
caused an estimated $1.5 million in damage to an
irrigation pumping station and undetermined damage
to fossil beds at the Hagerman Fauna Site National
Landmark on adjacent BLM (Bureau of Land Manage-
ment) lands. The BLM and the irrigation company
jointly are funding the lining of the irrigation canals
to prevent further seepage.

The last water-related event described in this
volume commemorates the 50th anniversary of the
construction of the Bonneville Dam on the Columbia
River in Oregon and Washington. Constructed
between 1933 and 1937 by the U.S. Army Corps of
Engineers, Bonneville was the first of a series of
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10 Federal dams to harness the enormous hydropower
potential of the Columbia River system.

HYDROLOGIC PERSPECTIVES ON
WATER ISSUES

The hydrologic perspectives part of the 1987
National Water Summary provides an introduction to
some of the technical, economic, social, and institu-
tional factors that determine the quantity of water used
in the different economic sectors. It also provides back-
ground information for the **State Summaries of Water
Supply and Use.”’

DoMESTIC AND COMMERCIAL WATER USE

Domestic and commercial water use amounted
to 35,300 Mgal/d in 1985. This category includes
water used by households, hotels, restaurants, office
buildings;, and other commercial establishments and
institutions, and public use and losses in public-supply
distributions systems. It depends on public supplies
for 87.1 percent of its water. Almost all the remainder
is self-supplied from wells that are located mostly in
rural and nonurban areas. As with public supplies, the
States that have the largest domestic and commercial
uses are those that have the largest populations—
California, Texas, and New York.

Domestic or household water use represents
water used by households for drinking, bathing, cook-
ing, and lawn watering. In 1985, about 18 percent of
the population was self-supplied from privately owned
wells or surface-water sources. The remaining 82 per-
cent of the population obtained their water from public-
supply systems. Water withdrawals from these sys-
tems increased 78 percent between 1960 and 1985.
This is attributable to two factors—an increase in popu-
lation served by these systems and an increase in water
use per capita. The population served by public
systems increased at an average annual rate of
1.54 percent in contrast to a 1.14-percent increase in
the U.S. population. Per capita domestic use increased
at an average rate of about 0.76 percent per year. The
highest rates of withdrawal increases have occurred
in the Southeast and the West and the lowest rates have
occurred in the Northeast; these rates reflect regional
patterns of population growth. Although growth in per
capita use in the West recently has slowed, domestic
use per capita is substantially higher in the West
[138 gal/d (gallons per day) per capita] than in the
Southeast (101 gal/d per capita), Northeast (85 gal/d
per capita), or the East as a whole (90 gal/d per
capita).

In addition to population growth, major factors
thought to affect domestic water use include house-
hold size, household income, and the cost of water.
Although population increased between 1960 and
1980, the average household size decreased from 3.30
persons to 2.75 persons. This decrease could be the
principal cause of the growth of per capita water use
because smaller households might use water less
efficiently—more water per person for cooking,
clothes washing, lawn watering, and car washing—
than large households.

Generally it is assumed that higher income
households tend to use more water because higher
incomes permit better housing, more water-using
appliances, and larger lawns to be watered. Median
family income, however, after adjusting for inflation,
remained the same for each of the years in which the
U.S. Geological Survey conducted water-use surveys.
The biggest changes occurred during the 1960°s and
undoubtedly contributed to improvements in housing
conditions, such as the acquisition of indoor plumb-
ing facilities, especially in the Southeast. The improve-
ment in the plumbing facilities of housing units and
the acquisition of dishwashers and clotheswashers dur-
ing this period could have accounted for per capita
water-use increases during the 1960’s. However, the
proportion of households owning a clotheswasher has
not changed in the past 25 years, which suggests that
increases in the number of water-using appliances
might not be a major factor in increasing per capita
use.

Finally, the cost of water to households usually
is thought to be a major determinant in the quantity
of water used by households. A number of factors
complicate direct comparison of the prices paid by
water users for service. Some 20 percent of the
Nation’s water suppliers do not meter water used, and
those that do meter might not meter individual
households. Utilities that sell water on a volume
(metered) basis do so under a variety of rate schedules.
The situation is further complicated by the addition
of service charges and taxes to the water bill and, in
many instances, the inclusion of sewer charges to
cover the cost of disposing of the wastewater. An
estimated average annual water bill for households that
use 7,500 gal of water per month was computed from
information available for 59 utilities across the
country. Adjusted for inflation, this hypothetical water
bill declined at an average annual rate of 1 percent
between 1965 and 1984. Although the monthly bill
did not decrease steadily over that period and, in fact,
increased slightly between 1981 and 1984, the cost
of water in each region of the country now appears
to be less than it was in 1965.

The 1985 cost of water, exclusive of sewage
charges, was higher in the East as a whole, and in the
Northeast in particular, than in the West. The inclu-
sion of sewer charges, however, blurred the differ-
ences between the regions; this led to the interesting
finding that there is not a statistical difference between
the average total water and sewer bills of any of the
regions. A weighted average (based on the number
of customers served by individual utilities) of the 1985
marginal price of water (that is, the expenditure
required to purchase an additional unit of water) was
estimated from a survey of 106 utilities across the
country. The marginal cost of water in the East
was not statistically different from that in the West,
either with or without sewer charges. Within the East,
however, the marginal price of water was about
40 percent higher in the Southeast than in the
Northeast. These *‘direct costs’’ to households might
not truly reflect the full cost of water to households;
for example, some of the costs might be paid by taxes
in areas that have government-owned utilities. In such
situations, the utilities might not recover the capital
costs of providing water. Most utilities do not pay for



the raw water itself, although its use now imposes costs
on other users, now or in the future. For these rea-
sons, water is undoubtedly underpriced in many areas.

INDUSTRIAL {MANUFACTURING) AND MINING

Industrial (manufacturing) and mining with-
drawals represent about 30,800 Mgal/d, or 9.1 per-
cent of the Nation’s total freshwater withdrawals. Most
industrial water, which is used for washing, cooling,
and processing, is self-supplied from surface water
(64.0 percent) and ground water (17.3 percent); an
additional 18.7 percent is obtained from public
supplies. Indiana, Pennsylvania, and New York
reported the largest freshwater withdrawals in this
category for 1985; Texas had the largest saline with-
drawals.

The bulk of industrial water use tends to be
concentrated in a few kinds of industrial sectors and
in a few firms within each sector. In 1983, for
example, 3 percent of the nearly 358,000 manufac-
turing firms in the United States accounted for more
than 95 percent of the water used in manufacturing.
Major water-using manufacturing sectors include
chemicals and allied products, paper and allied
products, petroleum refining, steel processing, and
food processing; major water-using mining sectors
include oil and gas extraction, nonmetallic minerals
mining (except fuels), coal mining, and metal mining.

Total intake for manufacturing use and total
discharge both peaked in the late 1960’s and had
declined 35 percent by 1983 despite increases in
industrial output over a 15-year period. Correcting for
changes in production levels, 1983 intake and
discharge were only one-fourth of what they had been
in 1954 as a result of changes in production levels,
in water-use technology, and in environmental
pollution laws.

All things being equal, water use increases as
production increases. However, production technol-
ogy is very sensitive to changes in the price of produc-
tion inputs, such as energy, and the costs of pollution
control. High energy prices during the mid-1970’s
provided firms with an incentive to cut back on energy
consumption. This led to the more efficient use of
existing heat, which, in turn, led to a more efficient
use of water as a result of increased recycling of the
water. Similarly, environmental laws of the 1970’s
encouraged manufacturers to modify their production
processes so that waste discharges were reduced, thus
minimizing the volume of effluent that needed treat-
ment to meet more stringent pollution discharge
requirements. The money saved by recycling water
instead of treating and discharging process and cool-
ing water helped offset the increased pollution abate-
ment costs. From 1954 to 1983, all manufacturing
firms except the food industry had almost doubled their
recycling rates. The petroleum industry had the highest
recycling rates, and the steel and the chemical indus-
tries had the lowest. As a result, far less water was
withdrawn for manufacturing during the 1980’s than
had been forecasted a decade or two earlier.

Water use in the mining industry is far less con-
centrated than in manufacturing. Figures reported for
mining water use include the removal of drainage
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water from mines (mine water) as well as intake water.
Water withdrawn from mines provides about one-third
of the total mining water use and is the principal source
of water for ore processing. Saline water also is
extracted during the production of oil and gas. Mining
water use generally is restricted to locations where
minerals are extracted. California, Florida, Minnesota,
Pennsylvania, Texas, and Wyoming reported the
largest freshwater withdrawals for mining in 1985.
Unlike manufacturing, water intake per unit of produc-
tion has remained constant during the last 20 years.

THERMOELECTRIC POWER

Thermoelectric power generation represents a
special type of industrial use, which, because of its
magnitude, is treated as a separate category. In 1985,
freshwater withdrawals for thermoelectric power
generation were 131,000 Mgal/d, which was 38.7 per-
cent of the total freshwater withdrawals for all uses
and second in magnitude only to agricultural use.
About 56,000 Mgal/d of saline water was used for
cooling, mostly by thermoelectric plants in coastal
areas. Illinois, Ohio, and Pennsylvania had the largest
freshwater withdrawals for thermoelectric uses.

AGRICULTURE

Agricultural use (irrigation and livestock)
represents the largest use of water (141,000 Mgal/d,
or 41.8 percent of the total freshwater withdrawals)
in the United States in 1985. The vast majority of the
withdrawals was for irrigation (97 percent) primarily
in the western part of the country. The 22 conter-
minous States west of the Mississippi, for example,
accounted for 95 percent of the 1985 irrigation
withdrawals. California and Idaho were by far the
largest users of irrigation water. In the East, Florida,
Mississippi, and Georgia were the largest irrigation
States. Livestock use of water for beef, dairy, poultry,
and other livestock production, such as fish farming
(aquaculture), amounted to only 3 percent of the water
used in agriculture but these uses contribute about one-
half of agricultural cash receipts.

The contribution of irrigation to the farm
economy is substantial. In 1982, for example, irrigated
farms comprised only 12 percent of all farms, yet they
produced nearly one-third of the total value of agricul-
tural products sold off the farm.

The decision of what, where, and when to
irrigate crops is based on many factors. The most
obvious factor is climate, which determines the amount
and the time of crop water requirements. In many parts
of the West, crop production is impossible without the
application of water. In other areas, irrigation is used
to increase yields; to supplement natural precipitation,
especially in soils that have low moisture-holding
capacity; and as a form of drought insurance.

A major factor that affects irrigation use is the
availability and costs of a surface- or ground-water
supply. In the West, the cost of large surface-water
storage projects to develop water resources has
increased greatly in recent years because the most cost-
effective storage project sites have been developed.
Environmental quality and dam safety concerns also
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have added to the cost of projects. Finally, Federal
policies to increase the cost sharing of new projects
have increased the cost of water to agricultural users.

The cost of ground water also increased but for
different reasons. A number of regions of the country,
such as the Southern High Plains, where large volumes
of ground water are pumped for irrigation, are
experiencing long-term declines in ground-water
levels, often termed ‘*‘ground-water mining’’ because
the withdrawal rates over a long period of time exceed
the natural recharge rates. As the ground-water levels
decline, the cost of pumping water from greater and
greater depths increases, and the quantity of water
(well yield) that can be obtained from a well decreases.
Thus, more wells are needed to provide a given
quantity of water. Pumping costs are further increased
by higher energy costs. Between 1974 and 1983, for
example, energy costs increased 182 percent for
electricity and 700 percent for natural gas.

Other factors being equal, as the cost of ground
water increases, the farmer can install more efficient
irrigation technology, improve irrigation scheduling,
and grow crops that have smaller water requirements
or greater financial returns. In the face of continuing
ground-water declines, a shift to dryland farming or
the abandonment of farming in some areas is likely.

Current and anticipated future prices for
irrigated farm products are important factors in the
decision to invest in irrigation equipment. The recent
general decline in crop and livestock prices fosters a
poor investment climate and undoubtedly has dis-
couraged new irrigation efforts. Competition for water
between instream and offstream (withdrawal) uses,
between irrigation and other offstream uses, such as
industrial and municipal users, and even between
irrigators in different areas, such as those served by
the Colorado River, has increased the value of water,
especially in the West, considerably above what most
agricultural users can pay.

Numerous laws, water rights, and public
policies at the State and the Federal levels control the
allocation of water to irrigation, municipal, and
industrial uses. To meet new water demands, pressures
are increasing to modify these laws and to develop
policies that would facilitate the voluntary transfers
of water rights. Such a policy, which was adopted
recently (1988) by the U.S. Bureau of Reclamation,
permits the Bureau to facilitate transfers of water
stored in Bureau projects.

Irrigation played an important part in the
economic development of the Western States during
the first three decades of the 20th century. Ground-
water irrigation became economically feasible during
the 1950’s when improved water pumps and center-
pivot systems were developed that allowed the irriga-
tion of rolling topography unsuitable for conventional
ditch irrigation.

Between 1950 and 1978, irrigated acreage
doubled; however, harvested croplands decreased by
nearly 10 percent because of Federal farm programs
that reduced cropland acreage. Growth of irrigation
in the West was steady but slow because much irriga-
tion development had already taken place. The
development of the center-pivot systems led to rapid
irrigation development in the Plains States in the
1950’s and in the Southeast during the 1960’s as large

acreages of corn and soybeans were brought under
irrigation. Rise of farm commodity prices and expand-
ing agricultural trade in the 1970’s continued to
provide generally favorable economic conditions for
irrigated agriculture. Since 1975, rising energy costs
and declining ground-water levels have caused declines
in ground-water usage for irrigation.

Although water use for irrigation had shown a
long-term increase of about 54 percent between 1950
and 1985, irrigation water use was 6 percent less dur-
ing 1985 than during 1980. This decline could reflect
wetter conditions in 1985 than in 1980, which resulted
in the use of less water, and also conservation
practices. The decline also was influenced heavily by
declines in farm commodity prices and a downturn in
the farm economy during this period.

Livestock water use, which includes drinking
water for livestock, evaporation from stock watering
ponds, uses for sanitation and waste disposal, and
aquaculture increased from 1,590 Mgal/d in 1960 to
2,200 Mgal/d in 1980. Between 1980 and 1985, the
estimated withdrawals for livestock use doubled,
primarily as a result of large increases in water use
for aquaculture.

Livestock water use is determined by livestock
numbers and production practices. These, in turn, are
influenced by technical developments in production
and marketing practices and by the demand for
livestock products. The number of red meat and dairy
animals declined between 1970 and 1985 but is
believed to have slowly increased by 1988. Changing
consumption patterns and a relative decline in the price
of poultry have been important factors in the steady
growth in per capita consumption of poultry over the
past three decades. Aquaculture has increased signifi-
cantly in Arkansas, Idaho, and Mississippi.

Livestock water use was highest in the central
Midwest during the 1960’s; this reflected the concen-
tration at that time of dairy and livestock production
in that region. By 1985, livestock water use in the
Plains region surpassed that in other regions because
of a shift in cattle feedlot operations from the Corn
Belt States to a region where climatic conditions are
more favorable to the confinement of cattle. This shift
also was accompanied by an increase in irrigated feed
and forage production.

INSTREAM USE

The offstream uses described above sometimes
are called out-of-stream or diversionary uses inasmuch
as the water is withdrawn (diverted) from a stream
(or pumped from a well) and transported to the place
of use. In the process, the quantity of water available
in the stream below the point of use is reduced. In
contrast, instream water use does not diminish the
streamflow below its point of use.

An early instream use of water in the United
States was the creation of mechanical power for grist
mills and, later, for a variety of industries in the
mid-19th century. At the end of the 19th century, the
hydroelectric powerplant began to replace the mill as
a means of converting water flow to energy, and its
use gradually has increased over the years. In 1985,
3,050,000 Mgal/d (3.42 billion acre-feet) of water was
used to generate hydropower. This is equivalent to



passing all the surface-water runoff from the conter-
minous United States through a powerplant nearly
2.5 times.

Another early instream use of the Nation’s
water resources was for navigation. Some stream
systems have been greatly modified by channelization,
diking, and the construction of dams and locks to cre-
ate today’s 12,000-mile inland water navigation sys-
tem, which transports about one-half billion tons per
year. Still another use, increasingly controlled by
water-quality legislation, is the dilution and transport
of wastes in discharges from communities and indus-
tries and in runoff from the land.

During the 1960’s, other instream uses gained
new recognition as legitimate and beneficial uses of
water. The use of streamflows for biological, recrea-
tional, and esthetic purposes began to emerge as legiti-
mate uses of water under State and Federal laws and
regulations. Over the past 30 years, these uses of water
have been able to compete with traditional offstream
uses, such as irrigation and domestic uses, and com-
mercial instream uses, such as navigation and
hydropower generation. This legal legitimacy is
reflected in the continuing trend towards adoption of
instream protection laws and policies by the States,
although the legal approach to the allocation of flows,
which differs from State to State, depends upon the
abundance of water, water law, and the state of water
development. As a result, traditional water-
management organizations are accommodating
instream uses into their day-to-day decisions and
operations.

The recognition of instream flows for environ-
mental purposes has led to the development of methods
to quantify instream-flow requirements. As these
methods matured, they have provided a more rigorous
basis for allocating flows. Current methodological
questions center on how much reliance to place on the
results of simulation models of the biological response
to flows based on field observations. Although every
method in use is based on some instream-flow meas-
urements, an issue remains as to the degree to which
extrapolated data and model results can replace long-
term field observations. Clearly, instream-flow
requirements will be an increasingly important factor
in future water-allocation and water-management
decisions throughout the country.

WATER-USE FORECASTS

An essential component of water-resources
planning is the water-use forecast, an estimate of the
amount of water that will be used by different sectors
of the economy at future points in time. The planner
is motivated to make a forecast for two reasons. First,
the merits of alternative investment strategies for the
development of water-supply capacity and for
wastewater treatment capacity must be evaluated in
the light of future demands for water. Second, it is
useful to anticipate water-use conflicts so that institu-
tional mechanisms can be developed that promote
efficient and equitable allocation of water.

Although water-use forecasts help structure
public debate over water-policy issues, they generally
are inaccurate. This is simply a reflection of the fact
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that the underlying technical, social, and economic
factors that determine future water use are likely to
change in unpredictable ways. Despite the likelihood
that long-term water-use projections will prove
inaccurate, these forecasts still lie at the heart of the
water-resources-planning process. Some forecasts are
based on the statistical extrapolation of past water use
and explicitly assume certain growth rates for water
use. For example, a population projection can be com-
bined with a projection of per capita water use to obtain
estimates of future domestic water use. Such a method
is simple, inexpensive, and easily understood in terms
of rationale and methods used. However, the under-
lying causes that determine water use (the facts that
influence per capita use, for example), need not be
specified by the planner or be made explicit for the
decisionmaker.

A forecast based on a causal analysis, however,
presumes that water-use demands respond to social,
economic, and public policy forces that can be
described and, to some extent, predicted. The relation
between these factors and water use is defined and
projected by assuming the causal relations that have
held in the past will continue to hold in the future.
Such an approach attempts to explicitly address the
reasons why water use will change in the future.
Causal analysis can focus on factors that are under the
control of the decisionmaker, such as water-pricing
strategies, and can suggest public policy actions to
control and direct water use as part of the overall
investment and management strategy. Thus, the
analysis defines future levels of water use and suggests
possible solutions for managing the capital investment
problem. Most important, it permits the user to
examine the conceptual reasoning, the basic assump-
tions, the data, and the methods that might cause the
projection to be inaccurate and to form a judgement
about the likelihood of projection error. Causal
analysis also is amenable to sensitivity analysis, which
identifies how much a particular causal variable needs
to change to influence an investment decision. In this
manner, the decisionmaker can determine how much
error is tolerable in the causal variables.

Planning practices of the past favored
acceptance and use of projections that supported
the building of excess system capacity for the purpose
of promoting economic growth and assuring certainty
of water supply. Because the system costs are spread
over time among many users and are often financed,
in part, by intergovernmental grants, planners did not
have incentives to examine the costs of promoting
growth and reducing supply uncertainty.

The cost-burden distribution that helped
reinforce past investment strategies that favored
growth and assuring water-supply certainty could be
changing for a number of reasons. Rising construc-
tion costs (adjusted for inflation), rising unit costs of
water and wastewater treatment as a result of require-
ments of water-quality legislation, a decline in the
availability of intergovernmental grants, the increas-
ing use of water and sewer fees to finance expansion,
and other factors have increased the costs of pursu-
ing economic growth and water-supply certainty goals
through investment in system capacity expansion. A
new group of decisionmakers who directly bear the
costs of capacity expansion will review the balance
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between the goals of economic growth and water-
supply certainty and the goal of cost-saving flexibility.
The response to errors in water-use projections may
no longer be to construct excess capacity.

The future role of water-use forecasts could be
to help illuminate issues and resolve debate over the
best investment and management strategy for meet-
ing future water demands by highlighting the tradeoffs
between reduced costs, growth inducement, and
assuring water-supply certainty as investment goals.
Water-use forecasting need not be a prescription for
future investment, rather it can be a tool to organize
the factors that influence water use and to enhance
understanding of these factors by decisionmakers.

STATE SUMMARIES OF WATER
SUPPLY AND USE

The State summaries of water supply and use,
which constitute the final part of the 1987 National

Water Summary, are based primarily on water-use data
compiled by the district offices of the U.S. Geological
Survey’s Water Resources Division, in cooperation
with those State agencies that participate in the
National Water-Use Information Program. The State
summaries document water use for several categories
of use, identify major sources of water, and describe
the quantity consumed or returned to the ground-water
or stream system. Each summary describes the avail-
able water supplies in the State, the history of water-
resources development, discernable trends in water
uses, and water-management approaches to the
allocation of water to various uses. Multicolor
illustrations show the State’s water budget, the quantity
of usable surface-water storage over time, freshwater
withdrawals for counties, major river basins (surface-
water sources), and principal aquifers (ground water).
A summary diagram relating sources, uses, and
disposition of water withdrawals following its use is
included for each State. A glossary of water-use and
related terms and a conversion table of water meas-
urements are included as supplemental information.

U.S. Geological Survey Water-Supply Paper 2350
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ational Water Summary 1987—
Hydrologic Events and Water Supply
and Use is primarily an extension and

. J exploration on a State-by-State basis
of 1985 water-use information collected by the
National Water-Use Information Program of the U.S.
Geological Survey. If, in the judgment of the U.S.
Geological Survey’s water-use specialists, improved
estimates of 1985 water uses were available at the end
of 1987, appropriate adjustments were made to the
water-use data for those individual State summaries.
As with previous National Water Summaries, this
year’s report is organized into three parts. The first
part, ‘‘Hydrologic Conditions and Water-Related
Events, Water Year 1987,” provides a synopsis of
the hydrologic conditions and water-related events that
occurred during the 1987 water year (October 1, 1986~
September 30, 1987). Streamflow variations are com-
pared to precipitation, temperature, and upper-air
atmospheric pressure patterns for the four seasons of
the year to demonstrate the relation between seasonal
climatic regimes and streamflows. Selected events
described in this part include an unusual wildlife kill
in the Carson Sink, Nev.; major floods in Illinois,
Maine, and New York; the effects of an oil spill on
the Savannah River, Georgia and South Carolina; a
landslide near Hagerman, Idaho; algal blooms in Lake
Okeechobee, Fla.; and a commemoration of the 50th
anniversary of the Bonneville Dam on the Columbia
River, Oregon and Washington.

The second part of the report, ‘‘Hydrologic
Perspectives on Water Issues,’’ contains articles on
various aspects of water use. These articles deal with
observations on domestic, industrial, and agricultural
water uses; estimation techniques for determining
instream-flow requirements; and the benefits and
capabilities of water-use forecasts.

The third part of the report, ‘‘State Summaries
of Water Supply and Use,’” describes the source, use,
and disposition of water in each State, the District of
Columbia (combined with Maryland), Puerto Rico,
and the U.S. Virgin Islands. Each State summary
contains an overview of water supply and use, includ-
ing a simplified State water budget, a brief history of
water-resources development in the State, a descrip-
tion of the major categories of water use and their
geographic distribution within the State, and a sum-
mary of water-use-management activities. Illustrations
include a multicolor diagram that shows the source,
use, and disposition of freshwater and maps that show
surface-water, ground-water, and total withdrawals by
county. Pie charts show the percentage of withdrawals
from the major river basins and the principal aquifers
for each water-use category. Additional illustrations
show the distribution of population in 1985, the
historical growth of population, and the growth of
reservoir storage in the State. The contents of the State
summaries are discussed in the article ‘‘Synopsis of
State Summaries of Water Supply and Use.”’

To supplement the information provided,
bibliographic references are listed at the end of each
article and State summary. Most technical terms used
in this volume are defined in the ‘‘Glossary.”” A
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conversion table of water measurements also is provid-
ed for the reader’s convenience.

Although numerous reports have been published
during the past 40 years on the subject of water use,
many of these reports pertain either to a particular
category of use or to a particular geographic area. In
1950, the U.S. Geological Survey initiated a series
of national water-use estimates to be published at
5-year intervals (MacKichan, 1951, 1957; MacKichan
and Kammerer, 1961; Murray, 1968; Murray and
Reeves, 1972, 1977); these estimates, however, were
based on a variety of sources of differing accuracy.

In recognition of the need for more uniform and
reliable water-use information, the Congress in 1977
directed the U.S. Geological Survey to undertake a
National Water-Use Information Program. This
program, which is part of the U.S. Geological
Survey’s Federal-State Cooperative Program, comple-
ments the water quantity and quality data-collection
programs of the Survey. As of 1988, 49 States and
Puerto Rico were participating in the water-use
program, which supports field data collection, evalu-
ation of existing data, and development of State water-
use information systems. As the State water-use
information programs are implemented and refined the
accuracy of State and national water-use estimates will
continue to increase. National water-use estimates
prepared by this program include those of Solley and
others (1983, 1988). Reports prepared by the States
are given in each State summary and in Solley and
others (1988).

The 1987 National Water Summary comple-
ments other water-use reports such as the U.S. Bureau
of the Census surveys of industrial and mining water
use (U.S. Bureau of the Census, 1985, 1986a) and its
surveys of farm and ranch irrigation (U.S. Bureau of
the Census, 1986b). However, various agencies use
different definitions of water-use categories and
different information sources. These differences must
be kept in mind when comparing information from the
various agencies. Through the auspices of the Federal
representatives to the Interagency Advisory Committee
on Water Data, efforts are underway to standardize
water-use categories and terminology among the
Federal agencies.
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REeviEw oF WATER YEAR 1987 Hyprorocic CONDITIONS
AND WATER-RELATED EVENTS
By Harry F. Lins, John C. Kammerer, 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 1987, 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; 6A, B; 7A, B; 84, B) in seasonal sum-
maries and are accompanied by maps showing

monthly National Water Conditions reports.
Geographic designations in this article generally
conform to those used in the Weekly Weather and Crop
Bulletin (see map showing geographic designations).

Hydrologic conditions across the United States
during water year 1987 exhibited broad regional
patterns—the western one-third of the Nation had
below-normal streamflow, the central one-third,
above-normal flows, and the eastern one-third near-
normal annual flows (fig. 14). The most anomalous
conditions existed in Nevada and California, where
hydrologic drought became progressively severe
throughout the water year, and in the southern Great
Plains, where unusually high streamflows prevailed
in all seasons of the water year.

Significantly, these opposing hydrologic
extremes were both associated with the -same
atmospheric condition—a remarkably persistent split-
flow circulation pattern in which the polar-front jet
stream tended to remain in Canada, north of its normal

Bosiry | PR L position, while an active subtropical jet stream

? o\ R traversed the Southern United States. The northward
\?’.g VU iy displacement in the polar jet carried storms and
Ny Ealw precipitation into Canada, which left the United States

unusually dry. This dryness was reinforced by the
position of the subtropical jet, which, by flowing

/
&
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|
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temperature as a departure from average conditions
(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
pressure surface, or height field, influences the
distribution 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. Inasmuch
as these maps depict conditions averaged over a
3-month period, ephemeral events, such as a single
flood resulting from an individual storm, might 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 publication is prepared
and published jointly with the U.S. Department of
Agriculture) and the U.S. Geological Survey’s

northeastward across northern Mexico and the South-
western States into the southern and central Great
Plains, kept the moisture south and east of the Far West
(fig. 1B). However, it gave rise to abundant precipi-
tation and above-normal streamflow in Texas and
Oklahoma.

Regional and local patterns of hydrologic condi-
tions can be seen more specifically in the graphs of
monthly discharges for selected rivers and month-end
storage of selected reservoirs (figs. 2, 3); for example,
below-normal streamflow reflected dry conditions
throughout much of the Pacific Northwest and
California, as seen in streamflow graphs for the
Spokane and the Columbia Rivers. Both rivers were
below normal during the second one-half of the water
year after having reached near-normal levels at
midyear. Throughout the second one-half of the water
year, reservoir storage for Folsom Lake in California
also reflected these dry moisture conditions and was
below long-term median month-end values. In
contrast, precipitation at or above the normal levels
throughout the Midwest was reflected in high
streamflow in the Colorado River in Utah and the
Washita River in Oklahoma, as well as in above-
normal conditions in several reservoir systems.
Streamflow in the Washita River near Dickson, Okla.,
was dramatically higher than normal and reflected the
very moist conditions in the areas that stretched from
the Texas gulf coast to the Dakotas. The storage of
water in the Salt and Verde River System Reservoirs
in Arizona was about twice the long-term month-end
average throughout the entire water year, whereas the
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Figure 1.
of normal.

Streamflow (4) and precipitation (8) in the United States and Puerto Rico in water year 1987. Data are shown as a percentage
(Sources: A, Data from U.S. Geological Survey. 8, Data from the National Oceanic and Atrmospheric Administration, National Climatic Data Center.)
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Figure 2. Monthly discharges for selected major rivers of the United States for water years 1986 and 1987

compared with monthly median discharges for the reference period water years 1951 to 1980.
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Figure 3. Month-end storage of selected reservoirs in the United States for water years 1986 and 1987
compared with median of month-end storage for reference period. The reference period, which varies but
is a minimum of 14 water 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 in-
dividual 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 the U.S. Geological Survey files.)



Lake McConaughy Reservoir in Nebraska and the
Mississippi River Headwater System in Minnesota
maintained above-average storage, though not to the
degree experienced in Arizona. Monthly discharge of
the St. Lawrence River between Ontario, Canada. and
New York was consistently high throughout the water
year; this continued the trend from the previous water
year and reflected record-high water levels in Lake
Erie and Lake Superior and generally high water levels
in the entire Great lakes system. Montana, which is
located between the dry conditions of the Pacific
Northwest and the wet conditions of the central part
of the Nation, experienced near-normal hydrologic
conditions. Storage capacity of Montana’s reservoirs,
such as the Hungry Horse Reservoir, was near normal
because slightly above-normal storage in the middle
of the water year was balanced by below-normal
storage at the beginning and at the end of the water
year. Storage contents of the New York City Reservoir
System. which were slightly above normal at the
beginning of the water year, fell a little below normal
throughout the summer and closed out the water year
slightly above the long-term monthly average for the
system: this reflected the near-normal moisture condi-
tions throughout the Atlantic Coastal States.

Hydrologic and moisture conditions across the
Nation were a study of contrasts, especially along the
boundaries between areas of the Nation where condi-
tions were unusually moist or unusually dry. In Utah,
for example, below-normal runoff generally was more
severe in the western part of the State. Great Salt Lake,
however, rose to record high levels even though inflow
was below normal; later in the year, the lake level
declined as a result of evaporation and pumping of
water from the lake. Floods occurred in areas of
Washington State early in the water year, despite the
increasing effects of dry conditions across the West
in general. Precipitation in Arizona and Nevada ranged
from much below normal in the western parts of the
States to much above normal in the eastern parts.
These contrasts in precipitation were reflected in
streamflow, which in Arizona, for example, ranged
from greater than 200 percent of normal levels in the
eastern part of the State to below 75 percent in the
western part. In Texas, however, moisture conditions
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were much above normal in the western part and near
normal in the eastern part; this was reflected in
streamflow much as 400 percent of normal throughout
the west-central part of the State and 150 percent of
normal in the eastern part of the State.

Flows of the Mississippi, the St. Lawrence, and
the Columbia Rivers, also known as the *‘Big Three,”’
broadly reflect the hydrologic conditions in much of
the United States and in parts of Canada. Variation
in their combined flow over time is a measure of
changing average continental hydrologic conditions.
The combined flow of these rivers was 65 percent of
normal during the first quarter of the water year, near
normal during the second and third quarters of the
year, and much below normal for the last quarter of
the water year. This decrease in flow reflected the
worsening of the western drought in the last quarter
of the water year and also the tapering off from
unseasonably high precipitation in the central part of
the United States at the beginning of the year to normal
or even below-normal precipitation in the Great Plains
and the Mississippi and the Ohio Valleys.

During the 1987 water year, many significant
water-related events, both natural and human induced,
also occurred. A representative set of these events
is listed chronologically in table 1, and their
geographic locations are plotted in figure 4. Table 1
represents a culling of some hundreds of these
hydrologic occurrences, generally omitting, for
example, flood events where the recurrence interval
is less than 10 years, toxic spills that involve less than
6,000 gallons or 150 barrels, 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 periodicals, and by com-
munications 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 information provided to
the U.S. Geological Survey by the U.S. Environmental
Protection Agency. Because the reporting of fishkills
by the States to the Environmental Protection Agency
is voluntary, not all States presently report such data.
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Figure 4. Location or extent of significant hydrologic and water-related events in the United States and Puerto Rico, October 1986 through
September 1987 as documented in table 1.
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Table 1. Chronology of significant hydrologic and water-related events, October 1986 through September 1987

{The events described below are representative examples of hydrologic and water-related events that occurred during water year 1987. Toxic-spill data were provided by
the U.S. Coast Guard National Response Center. Fishkill data were provided by the U.S. Enwronmental 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: acre-ft/year = acre-feet
per year; ft*/s = cubic feet per second; Mgal/d = million gallons per day; mi? = square miles; mg/L = milligrams per liter]

Arkansas, the Caney, the Canadian, the North Canadian,
the Cimarron, the Washita, the Salt Fork, the Neosho,
and the Verdigris Rivers and the North Fork of the Red
River. More than 500 homes were destroyed, and about
30,000 people were evacuated from 25 towns. About one-
half of the evacuations were from Bartlesville near Caney
Creek in Washington County. On October 4, the peak
discharge of the Cimarron River at Perkins, Payne
County. was 160,000 ft*/s (drainage area 17,852 mi?)
and had an estimated recurrence interval of 70 years.
Much of the flooding in northeastern Oklahoma was the
result of releases from the many reservoirs in the area
in order to avoid the possibility of catastrophic dam

No. EVENT

{fig. 4)

OCTOBER 1986 OCTOBER 1986 (con.)

1 Between September 26 and October 5, heavy rains and 1 (con.) failures at reservoirs that were nearly full or rapidly fill-
flooding occurred in the Central States, especially in ing. Flooding along the Arkansas River and some of its
Kansas, Missouri, Oklahoma, and Illinois. The Nation- tributaries extended downstream from Oklahoma into
al Weather Service described the weather situation— Arkansas.

““During the last four days of September and the first four In northeastern Illinois, the late September rains
days of October, the almost stationary positioning of a caused record-breaking peak flows on October 1 along
front resulted in a band of heavy rainfall that extended upstream parts of the Des Plaines River (a tributary of
from the Texas Panhandle, through Oklahoma and the Illinois River) that had recurrence intervals of 50 to
southeast Kansas, and into central Missouri. By the end 75 years. Additional rainfall elsewhere in the State caused
of September, the ground was saturated throughout most flooding along many other streams.
of the region, and ﬂoqdi‘ng was already prevalent in many During October and November, parts of Kansas.
areas. Then the precipltation beca'?‘e further enhanced Missouri, Oklahoma, and Illinois were declared Federal
as the remnants of Pacific Hurricane Paine moved disaster areas as a result of the storms and flooding noted
northeastward along the front on October 2 and 3 ... many above
locations received rainfall in excess of 20 inches during ’ —
the 8-day period. Hardest hit by the flooding were north- 2 The storm systems noted above alsp caused flooding in much
central Oklahoma and southeast Kansas.'" of( southwestern Texas early in the month; on.October
S in northern Val Verde County, about 200 miles west

In Kansas, the most severe flooding, which followed of San Antonio, 10 to 15 inches of rain caused severe
the 18-inch rains on October 2 and 3, occurred along the flooding on the Devils and the Dry Devils Rivers
Marmaton, the Little Osage. the Neosho. the Verdigris. (tributaries of the Rio Grande). The protracted and
and the Caney Rivers and their tributaries. The Marmaton sometimes torrential rains on October 4 and 5 affected
River (a tributary of the Osage River via the Little Osage adjoining areas to the west and north in Upton. Brewster.
River) crested at more than 14 feet above flood stage and and Crockett Counties; flash flooding occurred along
more than 3 feet above the previous record high of 1915. the Rio Grande and its tributaries, including the Pecos
At Fort Scott, the flooding of the Marmaton River River and its tributaries. A reported 16.21 inches of rain
damaged much of the industrial area, affected at least 55 fell in 24 hours at McCamey (southwestern Upton
businesses and 52 homes and reached the first-floor ceil- County), which is within 10 miles of the Pecos River.
ings in some buildings. In northern Bourbon County, the One drowning occurred when a car was washed off a road
Little Osage River reached a record high of 13 feet above east of Rankin (Upton County). In Brewster County, the
flood stage at Fulton and washed out a section of track, Rio Grande rose 17 feet. and Terlingua Creek (tributary
where a train derailed. In southeastern Kansas, the to the Rio Grande) rose 12 feet and sent 3 feet of water
extensive flooding caused an estimated $60 million in through city streets in Terlingua and Lajitas.
damage to more than 340,000 acres of farmland. 3 Between October 6 and 10 in northwestern Indiana, more

In Missouri, extensive flooding occurred across the than 10,000 fish (9 percent game fish) died along 8.5
southwestern and much of the central and eastern parts miles of Carpenter Creck near Remington (55 miles south
of the State. A 16-year old boy drowned on October 3 of Gary), Jasper County. The cause was contamination
while trying to rescue his dog from the swollen Moreau from ammonia water (high concentration of ammonia
River near Jefferson City. On October 1, several streams nitrogen) as a result of a truck spill. Carpenter Creek is
in the Osage River basin reached peak flows that equaled a tributary of the Illinois River via the Iroquois and the
or exceeded the 100-year recurrence interval, including Kankakee Rivers.
the Sac River at Highway J below Stockton (north of 4 In southeastern Alaska on October 8 at about midnight local
Springfield), which peaked at 14,800 ft*/s on October 1 time, Russell Lake breached the dam that had been formed
(drainage area 1,292 mi*). The Missouri River at by Hubbard Glacier on May 29, 1986. The lake drained
Hermann (60 miles west of St. Louis) had a peak daily in 2 days and resumed its previous physiographic identity
discharge of 547,000 ft'/s (drainage area 524,200 mi?) as Russell Fiord. During a 4-hour period of maximum
on October 5; this was the highest October daily discharge lowering of the water level, average discharge from the
in the entire 89 years of record at that site. lake was estimated to be about 3.7 million ft¥/s.

In Oklahoma, severe flooding occurred along the 5 From October 10 to 12 in south-central Alaska, runoff from

record 24-hour rainfalls caused highly variable and, in
some places, severe flooding. The hardest hit areas were
on the Kenai Peninsula south of Anchorage and in the
Susitna River valley west and north of Anchorage. The
areas on the Kenai Peninsula included Seward and the
Bradley Lake area at the head of Katchemak Bay east
of Homer. Damage estimates of $15 million to $20 million
were reported. about $4 million to $5 million of which
was 1o the Alaska Railroad. The President declared major
disaster areas in Matanuska-Susitna Borough, Kenai
Peninsula Borough, the city of Cordova (about 150 miles
east-southeast of Anchorage), and that part of the Alaska
Railroad south of the community of Healy (80 miles
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Table 1. Chronology of significant hydrologic and water-related events, October 1986 through September 1987 —continued

No.
(fig. 4)

EVENT

OCTOBER 1986 (con.)

NOVEMBER 1986 (con.)

5 (con.)

10

southwest of Fairbanks). Peak discharges equaled or
exceeded 100-year recurrence intervals on some streams,
including the Susitna River at Susitna Station (drainage
area 19,400 mi?), which is within 20 miles of the mouth
of the river. The maximum flow of 312,000 ft3/s occurred
on October 12.

Rains of 2 to 5 inches fell on southeastern Nebraska between
October 10 and 11 and caused extensive flooding along
the Big Blue and the Little Blue Rivers and their
tributaries. Many roads and thousands of acres of
farmland were flooded.

Near the southern coastal tip of South Carolina, a fishkill
of more than 2,000 fish occurred in the Wright River in
Jasper County from October 10 to 12 as a result of the
discharge of wastewater from a spoil area near a con-
struction site. The Wright River is a small estuarine river
that flows into the Atlantic Ocean and roughly parallels
the lower reaches of the Savannah River northeast and
east of Savannah, Ga.

Heavy rains from October 14 to 16 in the southeastern Alaska
panhandle touched off mudslides in downtown Juneau and
near Petersburg, about 120 miles southeast of Juneau.
These rains, which followed 3 weeks of wet weather, fell
on saturated ground. The mudslides caused the closing
of Mitkof Highway near Petersburg and the evacuation
of several families in Juneau.

In southwestern West Virginia from October 22 to 23,
more than 8,000 fish were killed along 3.4 miles of Lens
Creek near Marmet (about 5 miles south-southeast of
Charleston), Kanawha County. The kill resulted from
hydrochloric acid (from a gas-well drilling operation) that
reached the creek by means of a diversion ditch. Lens
Creek is a tributary of the Kanawha River, which flows
into the Ohio River about 45 miles northwest of
Charleston.

Unusually high streamflows for this time of year occurred
in downstream parts of the Mississippi and the St.
Lawrence Rivers. Monthly mean discharge of the St.
Lawrence River at Cornwall, Ontario, Canada, near
Massena, N.Y. (drainage area 298,800 mi?), was 323,900
ft3/s, which was the highest for October in the 126 years
of record and reflected prolonged wet spells in the Great
Lakes-St. Lawrence River basin. Similarly, the monthly
mean flow of 905,000 ft*/s and the daily mean flow of
1,176,000 {t*/s on October 21 on the Mississippi River
near Vicksburg, Miss. (drainage area 1,144,500 mi?),
were the highest for October in 58 years of record.

NOVEMBER 1986

11

12

In eastern and southeastern Kentucky on November 8 and
9, 3 to 5 inches of rain fell in less than 12 hours in some
places and caused widespread flash flooding. The effects
were intensified because the ground had been saturated
by soaking rains that began on November 5. Numerous
roads and bridge approaches were washed out, and many
mudslides occurred. Most of the flooding occurred along
small streams in headwater areas of the Licking and the
Kentucky Rivers (tributaries of the Ohio River) and along
the Licking River itself in Morgan County.

On November 10 and 11, many parts of the island chain of

12 (con.)

13

14

15

16

Hawaii received 10 to 20 inches of rain. Although the
result was mostly minor flash flooding, rockslides,
mudslides, and water caused the closing of roads in
several areas on the island of Hawaii. On the northeastern
part of the island of Kauai, rivers flowing out of the
interior overflowed their banks and caused roads and
bridges to be closed. On the island of Maui, the road from
Kaupo to the upcountry area was washed out, stranding
Kaupo's 100 residents who had lost their other road out
of town (via Hana), as the result of high surf caused by
Hurricane Estelle on July 23.

In western Washington, a Pacific frontal system stalled on

November 23 and released 2 to 3 inches of rain over much
of the Puget Sound lowlands and 4 to 5 inches on the
western foothills of the Cascade Range. Maximum
reported rainfall was 7.21 inches at Spada Lake, which
is about 30 miles northeast of Seattle. The National
Weather Service issued flood warnings for 13 rivers in
western Washington. The Snoqualmie River basin (east
and northeast of Seattle) had floods in the 15- to 50-year
recurrence interval range that caused two deaths near the
town of Sultan (Snohomish County) and the partial
evacuation of the town of Snoqualmie (King County).
Some evacuations also were necessary near Sumner
(Pierce County southeast of Tacoma) as the result of
40-year recurrence flooding of the Puyallup River. By
November 24 to 25, the Chehalis River (drainage area
434 mi?) had crested at a 50-year recurrence level near
Chehalis (Lewis County about 50 miles south-southwest
of Tacoma). On November 25, peak discharge farther
downstream on the Chehalis River, near Grand Mound
(Thurston County), was 51,100 ft*/s (drainage area
895 mi?), highest flow in the 59 years of record at that
site. The Chehalis River flows into the Pacific Ocean on
the western coast of the State, and the Puyallup River
reaches the ocean via Puget Sound. The President
declared six counties in western Washington major
disaster areas. North of the severely flooded region near
Mount Baker and about 10 miles south of the Canadian
border, about 1,000 skiers were temporarily isolated
on November 23 or 24 when floodwaters damaged bridge
approaches (along State route 542) because a river chan-
nel had become heavily choked with silt; a temporary
bridge subsequently opened the area to travel. Flood
recurrence intervals in that area, however, were only 5
to 10 years.

From November 23 to 25, parts of the same or related storm

systems that affected western Washington, as noted above,
also caused numerous rains in northwestern Oregon and
flooding on several of the northern and central coastal
streams, principally the Nehalem and the Wilson Rivers
(Clatsop, Columbia, and Tillamook Counties). Rainfall
totals of more than 4 inches in 24 hours were common.
Some minor flooding occurred in the central and the
northern Willamette Valley.

On November 24, as a result of rainfall on heavy snowpack

at higher elevations, Lightning Creek (tributary to Clark
Fork east of Pend Oreille Lake), which is near the town
of Clark Fork (Bonner County, in northern Idaho),
flooded. A cabin was destroyed by the flooding, and a
mudslide also occurred in the area.

Torrential rains and flooding occurred in southeastern Texas,

especially in Hardin, Jasper, Jefferson, Newton, and



20 National Water Summary 1987 —Water Supply and Use: HYDROLOGIC CONDITIONS AND EVENTS

Table 1. Chronology of significant hydrologic and water-related events, October 1986 through September 1987 —continued

No.
{fig. 4)

EVENT

NOVEMBER 1986 (con.)

DECEMBER 1986 (con.)

16 (con.)

Orange Counties at various times during the period from
November 24 to 28. In southern and eastern Hardin
County, 2-day rainfall totals were 10 to 12 inches, and
nearly 10 inches fell at Evadale in southern Jasper County.
Flooding was widespread along many streams. In Hardin
County east of the Neches River, Pine Island Bayou and
Village Creek and their tributaries were among the
streams that flooded. A section of a bridge collapsed along
a highway near Lumberton, and 3 feet of water covered
a bridge that led to the town of Pinewood.

DECEMBER 1986

17

20

In southern Maine, near the town of Wells (York County,

30 miles southwest of Portiand), a tank truck overturned
on a sharp curve while entering the Maine Tumnpike (I-95)
on December 4. The tank ruptured and spilled almost its
entire 7,800 gallons of waste motor oil down a steep grade
and into a swamp that contained high water as a result
of rain on December 3; the oil-water mixture then flowed
into Depot Brook, which flows into Wells Harbor, parts
of which abut the Rachel Carson National Wildlife Refuge
and the Wells National Marine Estuarine Sanctuary. Oil-
removal operations along the brook recovered about 3,000
gallons of the oil within 24 hours and 75 percent by
December 15. Cleanup operations were reportedly ade-
quate to prevent adverse effects on the refuge and the
sanctuary.

From December 4 to 8, a tankship spilled about 500,000

gallons of fuel oil into the tidal Savannah River during
transfer operations while docked just north of Savannah,
Ga. The spill, which was attributed to malfunctioning
valves in the cargo and ballast piping, affected about 25
miles of the Savannah River and its tributaries, as well
as 8,000 acres of the Savannah River National Wildlife
Refuge. Cleanup operations were begun by the U.S. Coast
Guard in the area of the spill on December 5, and, by
December 30, an estimated 200,000 gallons of oil-water
mixture and 160 cubic yards of oily debris had been
recovered. As of January 12, 1987, no floating or
recoverable oil appeared to be present on the Savannah
River. [For additional details, see article in this volume
““Major Oil Spill on the Savannah River, Georgia and
South Carolina, December 1986.”" The same tankship
also had lesser leakage problems in the St. Johns River
near Jacksonville in northeastern Florida between
December 14 and 17.]

In eastern Massachusetts on December 13, an overfilled tank

at South Weymouth Naval Air Station (Norfolk County)
about 15 miles south-southeast of Boston spilled about
6,000 gallons of jet fuel, most of which entered adjacent
French Stream. The stream is a tributary of the North
River (Plymouth County; via the Drinkwater and the
Indian Head Rivers) that flows into Massachusetts Bay.
Cleanup operations consisted of containment by using
booms, flushing of affected areas, and removal of oil and
contaminated soil; cleanup on French Stream, Studleys
Pond, and the adjacent land area was completed by
December 30.

Lake Erie, as measured at Cleveland, Ohio, was at its highest

December level in 127 years of record (574.68 feet above
sea level), and the calendar-year average level for 1986
also was a new calendar-year record. A new record-high
annual average also occurred on Lake Superior as

20 (con.)

measured along its southeastern shore at Marquette, Mich.
Also reflecting the prolonged wet spells in the Great
Lakes-St. Lawrence River basin, the December monthly
mean discharge of the St. Lawrence River at Cornwall,
Ontario, Canada, near Massena, N.Y ., was 327,000 {t*/s,
highest of record for the month and above average for
the 23d consecutive month.

JANUARY 1987

21

23

24

In southeastern Michigan on January 11, in the vicinity of

the Detroit Metropolitan-Wayne County Airport at
Romulus, 54,000 gallons of jet fuel was spilled into a
diked area when an underground tank was overfilled dur-
ing fuel-transfer operations. About 16,000 gallons of the
fuel spilled from the dikes into a roadside ditch and thence
into the Sloss and Ganong Drain, which affected 5 miles
of drains. Dams and sorbent booms were used to isolate
the fuel for removal and cleanup. Water in the Sloss and
Ganong Drain reaches the Detroit River 9 miles to the
east by way of the Sexton and Kilfoil Drain, the South
Branch Ecorse River, and, finally, a 0.5-mile reach of
the Ecorse River.

Rainfall of 2 to 10 inches that occurred from January 17 to

19 over central Alabama, east-central Mississippi, and
several parts of Georgia caused flash flooding along many
streams. In Alabama, the most intense rains (as much
as 7 inches or more) occurred in a broad band from near
Livingston, Sumter County (100 miles southwest of
Birmingham), northeastward to and north of Birmingham.
Flooding along the Sucarnoochee River (a tributary of
the Tombigbee River) forced the evacuation of several
families in the Livingston area. Flooding along the
Tombigbee, the Alabama, the Cahaba, and the Black
Warrior Rivers generally was confined to nearby
lowlands. In adjacent east-central Mississippi, some of
the most intense rains were near Meridian, Lauderdale
County (80 miles west of Jackson) and resulted in some
evacuations as a result of flash flooding along Sowashee
Creek, which is a small stream in the Pascagoula River
basin. On January 18, in northern Georgia, flash flood-
ing occurred on many small streams from the Douglas-
ville area (Douglas County, east of Atlanta) to northern
parts of the Atlanta metropolitan area.

On January 19 and 20 at a Bayonne port terminal south of

In

Jersey City, N.J., 586,000 gallons of caustic soda solution
(sodium hydroxide) leaked from a ground-level crack in
a 600,000-gallon storage tank. About 200,000 gallons
entered Kill Van Kull, the waterway south of Bayonne
that connects Newark Bay with the Hudson River estu-
ary. The hydroxide was neutralized by using sodium
bicarbonate, and contaminated soil was removed.
Reportedly, there were minimal environmental affects;
about 160,000 gallons of solution was recovered by
excavation and vacuum trucks.

west-central Nevada in late December and early
January, State and Federal biologists reported that about
500,000 fish were dead and dying in the Carson Sink,
which is near the mouth of the Carson River in the Fallon
National Wildlife Refuge about 75 miles northeast of
Carson City. The sink, which began filling in 1983 and
began receding in 1986, comprised about 180,000 acres
of lake area in early 1987. By early February, the number
of dead fish numbered about 7 million (all tui chubs),
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Table 1. Chronology of significant hydrologic and water-related events, October 1986 through September 1987 —continued

No. EVENT

(fig. 4)

JANUARY 1987 (con.) FEBRUARY 1987 (con.)

24 (con.) and about 1,500 aquatic birds of many species also were 30 (con.) Resources, recovered some of the contaminant. The
reported to be dying in the sink. Major factors in the fish- Department reported a fishkill of several species of fish
kill were thought to be increasing salinity (about 20,000 and advised that the majority of the contaminant was in
mg/L dissolved solids in this massive natural evaporation the upper part of Delaney Creek and that the outgoing
pan) and near-freezing temperatures. The waterfowl tide carried a minimal amount to East Bay (an inlet of
reportedly died of avian cholera, which is a bacterial in- Hillsborough Bay).
fecti.on,‘ [For.add.itiona] details, see article in this volume 31 On February 25 at Bethel in southwestern Connecticut
W‘Z:tl:rh{zél_ugs7lfl,]the Carson Sink, Western Nevada, (Fairfield County southeast of Danbury), a gasket beneath

’ 2 feet of snow blew out at a bulk storage tank during
delivery from a fuel truck. About 19,000 gallons of fuel

FEBRUARY 1987 oil was released into a diked area, and some of the oil
overflowed the dike into a drainage ditch. From the ditch,

25 In western Oregon, intense rains from a January 31 to the oil flowed into a swamp, which is a wetland con-
February 1 storm and the storms that followed, plus some tiguous with Sympaug Brook (a tributary of the
low-elevation snowmelt runoff, caused considerable Housatonic River via the Still River). By the evening of
flooding of central and northern coastal rivers and of many the next day, about 13,000 gallons of oil had been
of the Willamette River tributaries. Mudslides and high- recovered.
way washouts occurred.

26 In west-central Pennsylvania on February 2, drainage of MARCH 1987
farmyard manure into Warriors Mark Run near Warri-
ors Mark, Huntingdon County (about 20 miles northeast 32 Three days of rainfall totaling 2.5 to 6 inches in western
of Altoona), killed about 13,700 fish along 10 miles of Washington triggered mudslides that temporarily closed
the run and downstream Spruce Creek. Spruce Creek is at least two highways— Highway 2 east of Monroe
a tributary of the Susquehanna River via the Little Juniata (northeast of Seattle) and Highway 101, 20 miles west
and the Juniata Rivers. of Bremerton (west of Seattle).

27 In extreme southern Texas, torrential rains of 6 to 33 On March 4 near Lima. Allen County, northwestern Ohio,
7 mches.that. fell in a 2-hour penod on February 6 resulted a pipeline leak released more than 120,000 gallons of
in flooding in parts of Brownsville (Cameron County). crude oil onto the ground. The spill was contained in 1.5
A flood drainage system in ‘the city was washgd away. miles of drainage ditches on oil company property and
The flood waters were COHSl_dCTCd by some residents to did not affect the Ottawa River (which flows through
be worse than the 1967 flooding from Hurricane Beulah. Lima), a tributary of the Maumee River via the Anglaize

28 On February 17 in southeastern New York State, a River. Within 2 days, more than 170,000 gallons of mixed
tank barge while being pushed upstream on the Hudson oil and water had been recovered.

River ran aground a short distance south of the community 34 In north-central Massachusetts at Lunenburg (Worcester
of Highland Falls, Orange County (south of West Point County, 22 miles north of Worcester) on March 6,
and 40 miles north of New York City). About 102,000 10,000 gallons of oil was spilled from underground
gallons of unleaded gasoline leaked into the river from storage tanks at the elementary school and entered an
holes in two tanks of the barge. The plume of the spill unnamed tributary of Lake Shirley via Catacoonamug
extended downstream about 4.5 miles. No environmental Brook, which flows into the Nashua River (a tributary
affects were reported to have resulted from the spill. The to the Merrimack River). About 8,000 gallons were
gasoline remaining in the punctured tanks was transferred recovered within 7 days. After further cleanup, final
to another barge, and the damaged barge was refloated cleanup of the oil recovery area with sorbent materials
so that it could be towed to New York City for offloading was deferred until the summer.

and repairs. )

29 On February 21 at Texas City, Tex., near the Gulf coast 35 On Mal.FCh 17.»severe thun_derstorms and sometimes tornadoes
(about 30 miles southeast of Houston), a warehouse fire inflicted widespread wind and water ‘.‘a‘T‘age 1n many parts
caused the melting of plastic containers holding 1 million 9f west-central and south—cer{tr al Mississippi. Numerous
gallons of antifreeze (ethylene glycol). The resulting spill instances of flash flooding occurre.d from ﬂ?e
was about 150 yards from the Texas City ship channel Fhunderstorms that bought as much as 6 inches O.f rain
of Galveston Bay, but the antifreeze was prevented from in 3 to 4.5 hours. Flood damages were greatest in the
reaching the channel by diked drainage ditches from Vicksburg area (Warren County). Damages to homes,
which most of the liquid (diluted by rainfall) was pumped businesses, streets, and public utilities reportedly
into three storage tanks. Cleanup activities were exceeded $5 mllh(.m' More than 250 people were
completed by February 26. The remaining diluted liquid evacuated from their homes.
from the ditches was released into the Texas City harbor 36 An upper air trough moving slowly eastward across northern
at a rate sufficiently slow to meet environmental Puerto Rico generated extensive showers and a few
requirements established by the Texas Water Com- thunderstorms over the northwestern, northern, and
mission. northeastern coasts. The largest rains during the 48-hour

30 At Tampa (Hillsborough County) near Florida's gulf coast period from March 16 to 17 ranged from about 6 to

on February 23, the bottom of a 1-million-gallon storage
tank failed, which resulted in the release of about 700,000
gallons of ammonia nitrate (70 percent solution) into near-
by Delaney Creek. Cleanup operations, which were
monitored by the Florida Department of Environmental

16 inches. Flooding of small-streams was widespread.
At coastal Isabela near the west end of Puerto Rico, road
112 near the town cemetery became a flooded
“‘sinkhole’"—19 houses and 2 gas stations were under
water.
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Table 1. Chronology of significant hydrologic and water-related events, October 1986 through September 1987 —continued

No.
{fig. 4)

MARCH 1987 (con.)

APRIL 1987

37

38

39

In North Dakota, a mild, dry, early winter coupled with

above-normal precipitation and warmer temperatures dur-
ing February and March combined to create flood hazards
on tributaries to the Missouri River in mid-March. The
town of Linton (population 1,500) in Emmons County
(south-central part of State) bore the brunt of the flood
damage. Overflowing waters of Beaver Creek and its
tributary, Spring Creek, damaged 20 homes, caved in
two basements, and forced the evacuation of more than
a dozen families. Beaver Creek flows into Lake Oahe
on the Missouri River west of Linton.

Widespread flooding occurred in central and eastern Nebraska

at various times during the period between March 18 and
27 as a result of 4 to 6 inches of rain in parts of the area
between March 6 and 18 and as much as 3 inches of rain
on March 23 and 24. The river basins affected were
mainly the lower Platte River and its tributary basins (the
Elkhorn River and Salt Creek) and the Big Blue River
basin (a tributary of the Kansas River), all in eastern
Nebraska. On March 18, the discharge of South Fork
Elkhorn River near Ewing (drainage area 314 mi?), Holt
County (northeastern part of the State), peaked at 6,750
ft*/s, which is 1.5 times the flood discharge for a 100-year
recurrence interval. The Elkhorn River at Neligh
(drainage area 2,200 mi*), Antelope County, peaked at
14,500 ft*/s on March 19. This flow had a recurrence
interval of about 50 years and exceeded the flood of June
1947 by about 2,500 ft*/s. Peak discharges at the most
downstream stations on the Platte, the Big Blue, and the
Little Blue Rivers were estimated to have recurrence in-
tervals of 20 to 30 years.

Great Salt Lake in northern Utah reached its seasonal peak

on March 30—4,211.85 feet above sea level. This level
was the same as the seasonal high level of June 3 to 8,
1986, which was the highest level in nearly 140 years
of recorded and estimated levels of the lake. These high
levels, which reflect a rise of 12.2 feet since September
1982, are the result of a series of years of above-normal
precipitation—principally occurring as snowfall—in the
region that drains into the lake. The high levels have
caused estimated damages of $285 million and have
flooded wildlife refuges, county roads, minerals
industries, and transportation corridors. A major effort
is underway to reduce peak levels in the future by pump-
ing 800,000 acre-ft/yr or more from Great Salt Lake to
West Desert Pond, which has a storage capacity of about
780,000 acre-feet and an estimated potential evaporation
of about 825,000 acre-ft/yr.

On March 31 at the St. Petersburg-Clearwater International

Airport near the gulf coast of Florida, about 100,000
gallons of wastewater (airplane stripping solution, which
included cadmium, chromium, phenol, methylene-
chloride, and chloroform, mixed with wastewater) spilled
from overfilled storage tanks onto the ground. About
35,000 gallons of the wastewater solution was held within
a concrete containment area, but the remainder flowed
by natural drainage to a grass area and into a ditch that
leads to the Cross Bayou Canal tributary to Old Tampa
Bay on the northern edge of the airport. The ditch leading
to the bayou was diked, and the wastewater was drained

- and pumped into holding tanks. Concentrations of the

contaminants were analyzed and reported to be low. A
contributing factor to the overfilling of the tanks was the
S days of rainfall preceding the spill.

Between March 31 and April 6, heavy rains—more than

10 inches in some areas—coupled with snowmelt runoff
caused extensive flooding in the Northeast. In the New
England area, Maine, Massachusetts, and New
Hampshire were the most seriously affected. In southern
New England, the Housatonic, the Connecticut, the
Merrimack, and the Concord Rivers flooded; some people
were evacuated in southeastern New Hampshire; and
thousands fled in Massachusetts. Property damage was
most serious in Maine and Massachusetts, where estimates
of $100 million and $50 million, respectively, were
reported. Affected parts of these two States were declared
Federal disaster areas. In Connecticut, the failure of a
dam undergoing repairs on Hermere Reservoir, which
is the principal water supply for the city of Meriden,
caused extensive flooding downstream.

South-central Maine was particularly hard hit. Rain-
fall of 6 to 7 inches in the headwaters of the Androscog-
gin and the Kennebec Rivers was nearly continuous for
44 hours. Record high flows were recorded at many
stream-gaging stations in Maine—flows exceeded the
100-year recurrence interval at 14 gaging stations. Recur-
rence intervals generally were greater than 100 years on
the Piscataquis (a tributary of the Penobscot River) and
the Kennebec Rivers. The peak discharge of the Kennebec
River at North Sidney (11 miles upstream from the State
capitol in Augusta) on April 2 (drainage area 5,403 mi*)
was 220,000 ft*/s. On April 1, the peak discharge of the
Little Androscoggin River, near South Paris (drainage
area 73.5 mi?), was 9,300 ft*/s, which was nearly 1.5
times the 100-year flood and the highest during the
55-year period of record. On April 6, pollution-hazard
warnings were issued because a large number of drums
containing hydrocarbons had been released by flood
waters into the Kennebec River and other streams.
Fortunately, these drums were recovered without serious
incident. [For additional details, see article in this volume
‘“‘Flood of April 1987 in Maine.”’]

Flooding also occurred in several parts of the Middle
Atlantic States, but no major damage was reported in
northern New Jersey and northeastern Pennsylvania. On
April 4 and 5, New York streams that drain the Catskill
Mountains flooded; the floods ranged from the 25- to the
75-year recurrence interval. The flooding was especially
severe on Schoharie Creek, which is a tributary of the
Mohawk River, where it contributed to the failure of the
New York State Thruway bridge near Amsterdam (west
of Albany) on April 5. Ten people were killed when four
cars and a truck fell off the failed bridge. [For additional
details, see article in this volume ‘‘Flood-Induced
Collapse of the New York State Thruway Bridge Near
Amsterdam, New York, April §, 1987.”’]

Between April 11 and 13, Puerto Rico experienced serious

floods that resulted from intermittent heavy rains,
particularly in the northern part of the island. Some areas
had as much as 14 inches of rain during the period, with
a maximum-day rainfall of 9 inches reported near the town
of Vega Baja on April 12. The Rio Cibrico (0.8 mile east
of Vega Baja; drainage area 99.1 mi?, of which 25.4 mi’
does not contribute directly to surface runoff) had a record
peak flow of 33,000 ft*/s. Four people drowned and the
homes of 1,450 families sustained property damage or
were totally destroyed. Sixteen towns suffered flood
damage; the most damage occurred in the town of Vega
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Luxemburg (Kewaunee County) spilled an unknown
quantity of ammonia and other compounds. As a result,
a 5-mile stretch of School Creek was affected, and
thousands of crawfish and more than 8,000 fish (about
4 percent game fish) were killed.

No. EVENT
(fig. 4)
APRIL 1987 (con.) MAY 1987 (con.)
42 (con.) Baja. Overall damage was estimated to be more than 48 On May 13, 1987, an oil spill occurred when a leak in a
$2 million. pipeline operated by a major oil company released about
X 104,000 gallons of jet fuel into a stream flowing into
43 On April 16, ground-water seepage preci[?itated a landslide Iv(I)i‘:idle Lgoch‘ Pearlj Harbor, Hawaii. Navy persgonnel
I?Il; tilem\::st(eGrn t:;mk (():f the S“?ke Rn;r canyTnIéx:;lr immediately deployed a harbor boom at the mouth of the
ab og tr30 il 00 1l:g rglumy)' fn']I‘ sou F:J:lemfl‘ah 1 do stream, and a private contractor performed recovery
e cansed o Y$Vle35‘ e operations. U.S. Fish and Wildlife officials reported that,
;31116 caused an estimat -2 mithon in damage to the in a refuge fed by the stream, two endangered birds died
L Rapids Irrigation Company’s pumping plant and from oil exposure. In addition, 1,000 mosquito fish were
;?:::So?ﬁgeﬁgn;h;i?temaﬂ folsos;1 tzg‘ils on }J'S' found dead in ponds adjacent to the spill site, and a
[For additional de tai]sg o an];(r:(l)giel:ty&ﬁs :olumfc)w‘l‘]i;)npg; number of man grove trees near the mouth of the stream
slide of April 14, 1 9;37 near Ha 1d al; » also were killed. Ultimately, 75 percent of the oil was
’ > german, 0”".] recovered, and 100 cubic yards of contaminated soil was
On April 27, a large fishkill was reported in Byllesby removed.
Reservoir in southeastern Minnesota, near the town of
T 49 On May 15, the Governor of Idaho declared a state of
Cannon Falls (Goodhue County). The kill s‘temmed from eme}rlgency in Ada, Elmore, Washington, Blaine, and
a scheduled (;lrawdown of the lak.e for repairs to the dam Adams Counties in anticipation of an irrigation water
gate. Lowem?g the Water level in the lake reduced the shortage during the summer [see events 62 and 78].
amount of available dissolved oxygen over a 40-acre area. - e
The action also stirred up sediment, which released Spring precipitation throughout the area was as muph a
ammonia from the sedimenpt to the Car‘mon River below 47 percent below normal, and runoff from the existing
. . snowpack already had been reduced by above-normal
the dam and killed fish for 6 miles downstream. The low :
. . spring temperatures.
oxygen content and the ammonia reportedly combined
to kill about 21,500 fish, 8 percent of which were game 50 A stationary upper level trough over Hispaniola (about 100
fish. In addition, secondary poisoning of some wildlife miles west of Puerto Rico) produced heavy showers and
occurred. thunderstorms over northeastern Puerto Rico; some rain-
fall intensities were as much as 4 inches in 3 hours on
MAY 1987 May 18 and 19. The towns of Rio Grande and Ceiba were
the hardest hit—flooded roads, landslides, and several
. houses were affected. A small bridge on New Road No. 3
From May 8 to 11, a fishkill occurred on Kelly Brook and at the entrance to the U.S. Navy base in Ceiba was
its receiving stream, the Little River, a tributary of Green destroyed.
Bay (via Oconto River), near Lena, Wis., in Oconto
County. About 18 miles of stream were affected including 51 From May 26 to 29, rains totaling 10 to 13 inches caused
the 15 miles of Kelly Brook farthest downstream and severe flooding in the central and western parts of
3 miles downstream on the Little River from the point Oklahoma. Two persons drowned, several bridges were
of confluence of Kelly Brook and the Little River. The washed out, some highways closed, and 500 families were
water in the fishkill area was being treated for sea lamprey evacuated. Many streams and rivers in the Arkansas and
with 3-trifluoromethyl-4-nitrophenol (TFMm). Apparently, the Red River basins had flows that exceeded the 50- to
an abnormally high concentration of ammonia (from 100-year recurrence intervals in an area covering about
decomposition of organic matter), low dissolved oxygen, 40,000 mi?. On May 29, the Washita River (a Red River
and TFM were responsible for the death of about 41,000 tributary) near Dickson (drainage area 7,202 mi?) peaked
fish (about 10 percent game fish); also killed were various at 105,000 ft3/s, 1.8 times the 100-year flood and
insects and crayfish. 7,000 ft*/s greater than the previous maximum discharge
Between May 9 and 22, the Fox River and Buckstaff Creek on May 19, 1967.
(a Fox River tributary) near Oshkosh in Winnebago 52 On May 26 to 29, rains totaling 3 to 11 inches caused severe
County, east-central Wisconsin, were the scene of six flooding in the Nishnabotna River basin in southwestern
fishkills totaling about 30,000 fish, of which about 45 Iowa. At the gaging station upstream from Hamburg, the
percent were game fish. The Fox River is a tributary of river reached 28 feet, which exceeded the March
Lake Butte des Morts, which, in turn is tributary to Lake 1979 record height of 27.46 feet. On May 27, about
Winnebago. From 0.5 to 2 miles of stream was affected 1,100 people were evacuated from Red Oak
in each of the six kills. The cause of the kills remains (Montgomery County), where Indian Creek enters
uncertain despite the fact that fishkills have occurred the Nishnabotna River. Several other towns also were
repeatedly in these streams in recent years. According evacuated, and the Governor declared Mills,
to the Wisconsin Department of Natural Resources, a Montgomery, Fremont, and Page Counties disaster
pollutant was suspected, but not confirmed, in the latest areas because about $5.8 million of land, property, and
May occurrence. crop damages were sustained. The Nishnabotna River is
On May 11, near the confluence of the Kewaunee River glebsl:g;yl\zsgfur issouri River from the east in north
(tributary of Lake Michigan) and School Creek in ’
northeastern Wisconsin, a dairy plant in the town of 53 On May 27, in northwestern Washington, Little North Creek,

which is a tributary to North Creek and the Sammamish
River and, in turn, flows into Puget Sound near the town
of Bothell (King County), was contaminated by applica-
tions of pesticide (Diazinon and Guthion mix) to fruit trees
in a residential area. The pesticide apparently drifted from
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No.
(fig. 4)

MAY 1987 (con.)

JUNE 1987 (con.)

53 (con.)

54

55

the application site, and, in a period of about 12 hours,
almost 2,500 fish (mostly Coho salmon and trout) were
killed in a 1.5-mile section of the creek beginning at its
intersection with State Route 27.

On May 27, at a chemical warehouse in Dayton Park, Dayton,

southwestern Ohio, a lift truck accidentally spilled cans
of solvent, which exploded and caught on fire. Ultimately
1,500,000 gallons of toxic chemicals was released.
Because runoff water from firefighting posed an
immediate threat to the adjacent Miami well field
muncipal water supply and the nearby Great Miami River,
the fire was allowed to burn itself out. Response crews
constructed containment trenches and plugged storm
sewers to prevent discharge into the river. River samples
indicate that a small quantity of solvents entered the water,
but tests of the Miami well field revealed no con-
tamination, though local agencies will continue to monitor
ground water for contamination in the Dayton area. The
chemical company is operating several recovery wells
and monitoring the volatile material on site. Water from
three monitoring wells has contained solvents, and air-
injection recovery wells have removed 3,700 pounds of
volatile organics.

On May 31, flood waters on the Red River at Gainesville,

in northeastern Texas (drainage area 24,846 mi*), peaked
at 1.4 times the 100-year peak discharge, which exceeded
the stage of the May 1983 flood by 3.16 feet. Two people
drowned, and several State highways were closed, and
bridges were washed away in areas of severe flooding.

JUNE 1987

56

57

58

59

Added to the heavy rains that began at the end of May in

east Texas, the torrential rains that fell from June 1 to
4 caused many streams to flood. One death occurred when
flood water swept a car off a road. Northeast of Wichita
Falls, an oil pipeline was ruptured by flood waters, and
a small volume of crude oil was dumped into the Red
River, which flows into Lake Texoma; no toxic effects
were reported. The eastern and southern parts of Texas
continued to receive heavy rains throughout most of the
month.

Rains during the first week of June caused Lake Texoma,

which is located on the north-central Texas-Oklahoma
border, to reach its highest level since 1957. As a result,
most recreation and concesssion areas were closed until
the water receded. At its peak on June 5, the lake surface
area had expanded to 131,000 acres, which is an increase
of nearly 47,000 acres over that observed on May 28.
The lake, which normally has 585 miles of shoreline,
expanded to more than 800 miles of shoreline by June 5.

On June 2, 6 to 9 inches of rain fell in Winchester,

Randolph County, east-central Indiana. This rain caused
flooding in 90 percent of the town; 35 to 55 persons were
forced to evacuate their homes. Also, three bridges were
torn from their abutments, and several others were
destroyed.

During mid-June, near the town of Wheatland, in southeastern

Wyoming, about 14,000 fish (about 1,500 game fish)
were killed in the areas of the confluence of Wheatland
Creek and the Laramie River. The kill affected 3 miles
of Wheatland Creek and 3 miles of the Laramie River
downstream of the confluence of these streams. Although
the cause is unknown, pesticides were suspected.

From about June 18 to 30, about 10,000 fish died at Lead

Lake in the Stillwater Wildlife Management Area near
Fallon, Nev. Carp, catfish, and Sacramento black fish
were the principal species affected. This is the second
massive kill on the refuge in 1987. [See event 24 and
article in this volume, ‘“Wildlife Kills in the Carson Sink,
Western Nevada, Winter 1986-87."]

On June 28, a large fishkill occurred in Padden Creek near

the town of Bellingham, Whatcom County, northwest
Washington. Padden Creek drains Lake Padden and,
in turn, the creek empties into Puget Sound. About
7,100 fish were killed (98 percent game fish). A 1-mile
section of the creek apparently was affected by a pesticide,
but this could not be confirmed.

In Idaho, the drought continued despite some light showers

during May. The lack of any precipitation in April
established a historical precedent and added to the drought
condition that started with below-normal snowfall in the
winter 1986. The State requested Federal emergency
drought relief for 10 southwestern counties. The severity
of the agricultural drought was not reflected in the
streamflow because of ground-water discharge and large
reservoir releases.

JULY 1987

From July 1 to 2 in the north-central part of Ohio, heavy

rains totaling 4 to 6 inches in 24 hours or less caused
severe flooding in Ashland, Richland, Marion, Crawford,
Delaware, and Morrow Counties, which is an area of
more than 2,000 mi*. Damages in the area were estimated
to be $30 million to $40 million. Flooding was more
severe on the upstream reaches of the Scioto, the
Olentangy, and the Sandusky Rivers and on the Black
Fork and the Clear Fork of the Mohican River. No record
peak discharges were reported, but, on July 3, the
Olentangy River at Claridon, Ohio (drainage area
257 mi?), peaked at 13,700 ft*/s, which was 1.5 times
the discharge for the 100-year flood but 12,000 ft*/s less
than the January 1959 peak of record. Downstream
reaches of all but the Sandusky River are protected by
reservoirs.

In early July, hundreds of fish were found dead along the

upper Clark Fork in western Montana. The fishkill
occurred between Warm Springs and Galen below the
settling ponds at the headwaters of the Clark Fork; these
ponds were designed to remove toxic metals from Sil-
ver Bow Creek. Although the cause of the fishkill was
not determined, it occurred during summer thunderstorms
when flow bypassed the settling ponds via the
Mill-Willow bypass. Toxic metals carried into the river
by overland flow was thought to be the cause of the
fishkill.

On July 2, a treatment pond, which contained water from

a coal-preparation plant, broke and released water into
Pecks Run, a tributary of the Buckhannon River near
Hodgesville (Upshur County) in the east-central part of
West Virginia. The contaminated water, which contained
anhydrous ammonia plus iron, manganese, aluminum,
and other chemicals, resulted in a kill of about 7,500 fish,
more than 25 percent of which were game fish.

On July 14, intense local thunderstorms near Black Rapids

in the central Alaska Range caused flash flooding in
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No.
(fig. 4)

EVENT

JULY 1987 (con.)

JULY 1987 (con.)

66 (con.)

67

68

several small (less than 7 mi*) drainage basins. The floods
washed out roadways and stream-control structures,
plugged bridges and culverts with sediment, and deposited
great quantities of mud and debris on the Richardson
Highway. Damage to the highway, the only surface-
transportation route through this part of the Alaska Range,
was estimated to be about $1 million.

Heavy rains on July 16 caused flooding of the Guadalupe

River in south-central Texas. About 25 miles upstream
at Kerrville on the North Fork of the Guadalupe, rain
began at 4:00 a.m. and, by dawn, 3.3 inches had fallen.
Near Comfort, Tex., a church camp bus carrying
43 children was swept from a low-water crossing by
flashflood water: 9 passengers were killed, and many
others were injured.

From July 20 to 24, back-to-back storms dropped

14.49 inches of rain at Minneapolis, Minn.; this was
double the amount recorded between January 1 and
July 18. The first storm, which occurred overnight
(July 20-21), hit the southwestern side of the Twin Cities
area and dropped as much as 9 inches of rain. The second
storm (July 23-24), which was centered slightly north
of the first storm and was preceded by a tornado, dumped
more than 11 inches of rain in some areas; 10 inches were
recorded in about 6 hours at the Twin Cities area Weather
Service rain gage. This exceeded the 100-year, 24-hour
rainfall by about 4 inches. Combined rainfall for the two
storms exceeded 16 inches in some areas of the southwest
Minneapolis suburbs. Flooding on the two streams most
severely affected—Purgatory Creek (drainage area about
30 mi*) and Nine Mile Creek (drainage area 46.2 mi?)
is estimated to have exceeded the 100-year flood
recurrence interval in some areas. Those streams flow
southeastward through Minneapolis suburbs to the
Minnesota River—Purgatory Creek in Eden Prairie and
Nine Mile Creek through Edina and Bloomington. These
creecks were hit by both storms, whereas Minnehaha
Creek (drainage area 157 mi*) and Bassett Creek (drainage
area 37.4 mi*) were severely affected by only the second
storm, which caused flooding approaching the 100-year
recurrence interval in several areas. Two people drowned
in the flooding, and damages were estimated to be $40
million to $50 million.

On July 22, industrial waste that had a pH level of 9 or more

entered Mill Creek, which is a tributary of the Conasauga
River near the town of Dalton in northwest Georgia. The
contamination affected almost 2.9 miles of the creek and
killed about 7,800 fish, of which 73 percent were game
fish.

Between July 23 and 24, a fishkill was discovered on

Cayadutta Creek, which is in Montgomery County near
the town of Berryville in east-central New York. About
17,500 fish were killed; more than one-half of these were
game fish (smallmouth bass). The kill apparently was the
result of ammonia in sewage waste originating from a
tanning plant. A section of the creek about 2 miles long
was affected.

On July 26, a large fishkill was reported in the area of the

confluence of Peachtree Creek and the Chattahoochee
River near Atlanta, Ga., in Fulton County. A pollutant
was not identified, but the kill affected 6 miles of
Peachtree Creek near its confluence with the
Chattahoochee River and 8 miles of the Chattahoochee

71 (con.)

72

River downsteam of the confluence. About 6,500 fish
were killed (8 percent game fish).

Between July 30 and 31, a fishkill was reported on Rattlesnake
Creek (a tributary of the Grant River, which is a tributary
to the Mississippi River), in Grant County, southwestern
Wisconsin). Rainfall of about 3 inches in a 6-hour period
caused overland runoff into the creek, and the dissolved
oxygen dropped to minimal levels. The fishkill was
extensive and involved 8 to 10 miles of stream above the
intersection of the creek and Rattlesnake Road. The
smallmouth bass population was reduced from more than
300 fish per mile to only 13.

AUGUST 1987

73

74

75

76

77

On August 4, an industrial plant in Criders Corner, Cranberry
Township, Butler County, western Pennsylvania, was the
source of aluminum waste that entered Brush Creek and
killed about 35,000 fish (1 percent game fish). Brush
Creek, which is a tributary of Connoquenessing Creek,
was contaminated for 2.8 miles.

On August 11, mine waste was discharged into Meadow
Run, which is a tributary of Dunkard Creek near
Davistown, Dunkard Township, Green County,
southwestern Pennsylvania. One-half mile of the stream
was affected, which resulted in a kill of nearly 23,000
fish (less than 2 percent game fish). The pollutant was
a polymer used to settle suspended solids.

On August 13, manure runoff from a hog feedlot
contaminated Willow Creek, which is located near the
town of Preston in Fillmore County, southeastern
Minnesota. A rainfall of about 1 inch caused the ruroff
that affected about 4 miles of the creek. The dissolved-
oxygen deficiency created by this waste load entering the
shallow stream killed 5,000 fish (10 percent of which were
trout).

On August 13 and 14, rains of 4 to 9 inches in the 24 hours
ending at noon on August 14 caused severe flooding in
a 750-mi> area of Du Page and Cook Counties
(northeastern Illinois). Near Chicago (Cook County),
many highways were closed, and O’Hare International
Airport, which had 3 feet of water over all the roads
leading into the airport, was closed and isolated. The
Governor declared the counties of Du Page and Cook
disaster areas. New peak-discharge and water-level
records were set on eight streams in the area including
the North Branch Chicago River (drainage area, 19.7 mi?)
at Deerfield, which had a recorded discharge of 900 ft*/s
on August 14; it exceeded the 100-year recurrence interval
and the 1982 stage record by 0.6 foot. [For additional
details, see article in this volume *‘Storm and Flood of
August 13 to 15, 1987, in Cook and Du Page Counties,
Illinois."*] On August 16, rain again drenched the Chicago
area and caused some suburban residents to temporarily
flee their homes.

In southeastern Mississippi in mid-August, torrential rains
caused severe flooding; the estimated damages of
$4.5 million affected about 275 families. More than
10 inches of rain fell on Vancleave on August 15 (more
than 31 inches for the month as a whole) in central Jackson
County 13 miles from the gulf coast. Rainfall at
Pascagoula, on the coast near the Alabama border, was
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No.
(fig. 4)

EVENT

AUGUST 1987 (con.)

AUGUST 1987 (con.)

77 (con.)

78

more than 7 inches on August 15 and was more than
12 inches at Columbia (Marion County) on the Pearl
River on August 13. The recurrence interval of peak
discharge was equal to or greater than 50 years on some
streams, including Bluff Creek (a Pascagoula River
tributary) near Vancleave and Tuxachanie and
Tchoutacabouffa Creeks near Biloxi, Harrison County.

August brought drought to many areas of the United States.

The Southeastern States that had experienced severe
drought in 1986 fared better in summer 1987, but parts
of the region continued to suffer drought through most
of the growing season. By August, it was clear that parts
of the Western United States, as well as some Eastern
States, also experienced harsh drought conditions.

In New England, drought hurt crops in many States.
Rhode Island, which experienced its worst drought in
22 years, had only 7.6 inches of rain during the main
part of the growing season (May-August) compared to
normal rainfall of 13.3 inches. Crop losses were estimated
to be $25 million. Other States hurt by the agricultural
drought were parts of Maryland, Virginia, Pennsylvania,
Delaware, West Virginia, North Carolina, Texas,
Wisconsin, Iowa, and Idaho.

Farmers in the southwestern and south-central parts
of Ohio experienced their worst water problems in more
than 50 years; crop yields reportedly were cut by one-
half. One community was down to a reservoir supply of
only 30 days, and another community constructed a
temporary 5-mile pipeline from the source of supply of
a nearby community to supplement its supply.

In southern Indiana, drought conditions resulted in
zero flow at Indian Creek, which is the water source for
the town of Corydon, from mid-August through the end
of the 1987 water year. Connections were installed to
neighboring water distribution systems so this community
of 4,000 persons could receive its public water supply.

Beginning in mid-July, dry conditions led to forest
and bush fires in many areas in the Western States. A

78 (con.)

79

80

forest fire that swept across 10,000 acres southeast of
Roseburg, Oreg., destroyed eight houses and killed two
loggers. Somewhat smaller, but no less destructive, fires
broke out near Spokane, Wash., Cedar City, Utah,
Kaibab National Forest, Ariz., the Boise National Forest
near Idaho City, Idaho, Libby, Mont., and Modoc
National Forest, Calif.

Drought conditions also contributed to low alfalfa and
hay harvests in Wyoming and record crop losses in parts
of Idaho. Idaho farmers started diverting water from the
Snake River to irrigate fields in Lincoln, Ada, Blaine,
Washington, and Elmore Counties. The Bonneville Power
Authority suffered significant reduction in power output
because of a 30-percent reduction in Columbia River flow
through hydroelectric plants.

Between August 18 and 20, storm runoff from a pit on

a farm caused the deaths of 20,000 fish (9 percent game
fish) on Black Creek near the town of Franklin in
Kewaunee County, Wis. Black Creek is a tributary of
the Neshota River, which, in turn, is a tributary of the
West Twin River. The kill extended 3 to 4 miles from
Black Creek near its confluence with the Neshota River
on into Manitowoc County near the town of Gibson.
Ammonia from the runoff, which apparently reduced the
level of dissolved oxygen in the water, was thought to
be the cause of the kill.

Between August 19 and 21, a substantial fishkill occurred

in Deer Creek near the town of Edmonds, Snohomish
County, northwest Washington. Deer Creek drains
directly into Puget Sound just south of Edmonds.
Apparently, silt and fresh concrete entered the stream
below a construction project, killing about 3,200 fish
(80 percent game fish). The kill affected a 1-mile section
of the creek.

Between August 23 and 25, acid mine drainage and associated

metals were released accidentally from an industrial waste
pond into the Buckhannon River 4.5 miles south of the
town of Buckhannon, near the town of Sago in east-
central West Virginia. About 6.2 miles of stream was
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Roanoke, in the vicinity of Charlottesville, and along the
eastern slopes of the Blue Ridge. Several bridges were
washed out on Goose Creek. The highest flood measure-
ment ever on the Roanoke River was observed on
September 10 at Randolph—32.4 feet, about 3 feet higher

No. EVENT
(fig. 4)
AUGUST 1987 (con.) SEPTEMBER 1987 (con.)
81 (con.) contaminated, which resulted in a kill of about 6,600 fish 83 (con.) than the previous high measurement of 29.38 feet
(about one-third game fish). recorded on November 6, 1986.
84 On September 9, a substantial fishkill occurred on Pike Creek
SEPTEMBER 1987 north of Muncie, Delaware County, east-central Indiana.
The kill was caused by runoff from field tiles of hog
Drought conditions contributed to more forest fires in early manure applied to a field. Decomposition of the waste
September throughout large areas of Oregon, Nevada, in turn reduced the levels of dissolved oxygen. The kill
California, and Idaho. Lightning was responsible for the involved about 3,360 fish and other aquatic animals over
majority of fires, and the number of fires was so large about a 2-mile section of the stream.
that finding enough firefighting crews was difficult. . .
Northern California, which was hardest hit, had 979 fires, 8S Between June 29 and September 23, four jokulhlaups (glaclal
most of which were reported in August and September. outburst floods) flowed from South Tahoma Glacier on
About 750.000 acres wete burned over in California the southwestern side of Mount Rainer, Wash. The
alone. Homes were destroyed by forest fires in Oregon, jokulhlaups mobilized debris on the valley floor and
Idaho, and California. Campgrounds and whole com- buried the site ofa picnic area 4 miles from the terminus.
munities had to be evacuated in several areas. Several hikers who witnessed the floods were not
seriously injured. Nearby, in a seperate event, a series
Heavy rains from September 8 to 10 caused flooding in the of small rockfalls traveled down the nearly vertical head-
southwestern part of Virginia. For the week ending wall above South Tahoma Glacier from midmonth on and
September 12, rainfall at Roanoke totaled 7.39 inches caused dust clouds that were visible from Tacoma, which
(5.99 inches in a 24-hour period). Peak discharge or is 40 miles away. The frequency and the duration of the
stage at three gaging stations exceeded record highs. rockfall events are uncommon because the slopes
Discharge of the Big Otter River near Evington (drainage normally are frozen or covered by snow.
area 3 2,0 mi®) peaked at 41,900 ft*/s on September 8, 86 On September 24 in west-central Mississippi just south of
exceeding both the 100-year flood and the floods of Jackson, a leaking pressure relief valve on a chlorine-
October 1937 and August 1939 by about 2 feet and filled tank car was discovered in the Jackson railyard.
14,400 fr’/s. (The floods of October 1937 and August Failing in efforts to relieve pressure from the car, officials
1939 were within 0.01 foot of each other and had the decided that the least dangerous option was to empty the
same published discharge.) On the Pigg River, near Sandy chlorine from the car to the river via the city sewage-
Level (dram'age area 350 mi?), and' Goose Creek, near treatment plant; the possible detrimental effects on the
Huddleston in Bedford County (drainage area 188 mi*), river and its aquatic life were taken into account. As a
the stage was the highest of record by about 5.5 feet result more than 14,000 fish were killed along a 12-mile
and 11.9 feet, respectively. Discharge on both streams reach of the Pearl River, but the action averted a poten-
exceeded the 100-year recurrence interval, 65,600 ft’/s tial disaster to people living or working in the area.
and 53,200 ft’/s, respectively. The area of heaviest
flooding was on the western Piedmont just to the east of 87 On September 28, about 12,700 fish (2 percent game fish)

were killed along a 2.4-mile section of the East Fork
of the Greenbrier River, near the town of Durbin,
Pocahontas County, southeastern West Virginia. The
cause was sulfuric acid (1,200 gallons), which flowed
from an industrial site into the river.

U.S. Geological Survey Water-Supply Paper 2350



28 National Water Summary 1987 —Water Supply and Use: HYDROLOGIC CONDITIONS AND EVENTS

SEASONAL SUMMARIES OF HybroLoGgic CONDITIONS,
WATER YEAR 1987
By Harry F. Lins’ and Thomas R. Karl?

Figure 5. Hydrologic conditions during the fall (October-December 1986) of water year 1987.

FALL 1986 The fall season of water year 1987  which had recurrence intervals 'En excess of 50 years,
(October-December 1986) was characterized by very ~ were the result of intense rainfall that had been
high streamflow in the northern and the southern Great  generated by the combined effects of a stationary
Plains and somewhat lower flows in the central Great ~ front and the advection of moisture associated with
Plains. This pattern exhibited remarkable persistence,  the remnants of Pacific Hurricane Paine from the
having appeared in each season of the previous water ~ Southwest. Also in October, extremely severe flood-
year. Other notable features of the autumn months  ing occurred in south-central Alaska. Record flows
included the progressive development of dry condi-  were recorded at nearly a dozen gaging sites in the
tions in the Far West and a continuation of drought  Susitna River valley and on the Kenai Peninsula.
in eastern North Carolina. However, recovery from Rainfall also was widespread in November, and
the severe drought that pervaded much of the Southeast ~ streamflow was in the normal to above-normal range
during most months of the 1986 water year (fig. 54)  at more than 90 percent of the 192 index gaging
was significant. The general hydrologic condition of  stations (190 in the United States and 2 in southern
the Nation, as characterized by the combined flow of  Canada). In Washington, a series of unusually intense
the three largest rivers in the conterminous United  rainstorms coupled with melting mountain snows
States (the Mississippi, the St. Lawrence, and the  generated floods on rivers and creeks in the Chehalis,
Columbia), was above normal. For the season, the  the Puyallup, and the Snohomish River basins and on
combined mean discharge of the Big Three rivers was  Lake Washington in late November. Moreover, new
1,327,900 ft*/s (cubic feet per second), a 56-percent  maximum monthly mean discharges for November
increase over the summer season (July-September  were recorded at seven index gaging stations in the
1986) flow and 65 percent above the fall season median  Great Basin, the northern High Plains, and on the
combined flow. St. Lawrence River.

Autumn began with major flooding across much By December, seasonal increases in streamflow
of the central Midwest. Numerous rivers flooded in  were occurring in Nevada, Texas, Louisiana, and
Oklahoma, Kansas. Missouri, and Nllinois. The floods,  Georgia and throughout much of the Ohio Valley,
A.Streamflow — Fall 1986
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(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.)

‘“9. Geological Survey. *National Oceanic and Atmospheric Administration, National Climatic Data Center.
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Middle Atlantic and New England States. However,
a significant unseasonal decrease began affecting parts
of Washington, Oregon, and northern California.
Record monthly high flows for December occurred
on the St. Lawrence, the Colorado, and the San Juan
Rivers. Notably, the flow of the St. Lawrence River
at Cornwall, Ontario, for calendar year 1986 was the
highest in 126 years of record. Also, at the end of
December, new water-level records had been set on
two of the Great Lakes. Lake Erie experienced new
highs for both December (at 574.68 feet above sea
level) and the annual average for a calendar year (at
574.76 feet above sea level, which exceeded the old
record of 574.28 feet set in 1973). Lake Superior also
set a record high annual average level at 602.65 feet
above sea level; this exceeded the previous record of
602.46 feet set in 1951.

The fall season in the conterminous United o ol
States was the 13th wettest autumn in the past 92 years, | 8. Precipitation — Fall 1986
and much of the season’s flooding could be attributed
to intense precipitation (fig. 58). Not every month was
wet, however. The season began with an October that
was wet nearly everywhere in the United States
except along its northern, western, and northeastern
boundaries. November also was wet across much of
the Nation, except for the Far West and Midwest, but,
by December, all but the southern and eastern parts
of the Nation were dry. This transition coincided with
a major circulation change that was to manifest itself
frequently over the next two seasons as extreme
warmth dominated much of the country, especially the
northern Great Plains. Despite the warm December
and the lack of snow cover in the Plains States, the
seasonal temperatures were tempered by the cool
November as much of the Nation had near-normal
temperatures when averaged over the season (fig. 5C).
The major circulation feature that dominated the last
month of the fall season can be seen on the 700-mb
(millibar) height pattern (fig. 5D). A split flow,
combined with an active subtropical jet, developed in | C. Temperature — Fall 1986
the southern parts of the country, while the polar jet
remained north of its normal position. As a result,
below-normal 700-mb heights occurred in the T, i1 TRy TR
Southwest and above-normal heights occurred over the ¢ e)%-Jj, \ gg/‘%\‘\\\\\\\ ‘\\}\\
rest of North America. AN N st / RS R _J { \Qi‘m‘ “\

N 3 NS
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5B8. Precipitation in the conterminous United States expressed 20 \ e ", ~
as a percentage of average (1951-80) fall total precipitation. \ 3\ e .\90 ,{50
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conditions {black dashed line). Data in meters. Figure 5. Continued.
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WINTER 1987

The winter season (January-March 1987)
brought a continuation of extremely moist conditions
in the Central United States, an expansion and
intensification of the dryness of the West, and a change
from above- to below-normal streamflow in the Ohio
Valley and the eastern Great Lakes regions and from
below- to above-normal streamflow across most of
Florida (fig. 6A4). The expanded dryness during the
winter months was reflected in the seasonal mean
combined flow of the Big Three rivers, which at
1,124,600 ft*/s was down 15 percent from the fall
combined flow.

Although, as a whole, the Nation had near-
normal precipitation during this season, the spatial
variability was considerable (fig. 6B). The Central
States remained wet, while the dryness continued in
the West and intensified and expanded in the Great
Lakes. The near-record and record dryness across the
Great Lakes helped to reverse their recent rise. Despite
this general deficiency in moisture supply, one of the
more notable hydrologic events of the winter season
was the continued rise of the Great Salt Lake. After
undergoing a typical seasonal decline from the June
1986 record high level, the dramatic 5-year increase
in the lake’s level continued; by the end of March (3
months before the usual peak in its annual cycle), the
Great Salt Lake stood again at its record high of

4,211.85 feet above sea level. The anomalously high
precipitation that occurred in the Great Plains and parts
of the Southeast also was notable. The wettest winter
of the century occurred in much of Nebraska and parts
of South Dakota, Kansas, and northern Florida.

The most persistent pattern throughout the
winter was the extreme warmth in the northern one-
half of the Central States (fig. 6C). It was the warmest
winter of the century in all areas north of a line from
eastern Montana southeast to Iowa and northeast to
lower Michigan. Such warmth prevented the substan-
tial buildup of snow on the ground so typical of these
areas. Undoubtably, this lack of snow helped to pre-
vent flooding in many of these areas when two to five
times the normal precipitation fell during February and
March. In general, no extreme or damaging hydrologic
events occurred during the winter months. In January,
new monthly maximum mean flows were recorded at
five index stations scattered through the eastern and
southern conterminous United States and at one station
in Alaska. During February, only four new monthly
maximums occurred—two in New Mexico and one
each in Utah and Florida. The growing dryness in the
upper Ohio River valley gave rise to a record monthly
minimum mean flow on Oil Creek at Rouseville, Pa.
Similarly, in March, only five new monthly high flows
were recorded at the 190 index stations around the
country.

A. Streamflow — Winter 1987
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Figure 6. Hydrologic conditions during the winter (January-March 1987) of water year 1987,

(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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The dryness in the Far West during this
normally wet season can be attributed to the continua-
tion of the split-flow pattern that developed the
previous December. Storms moving in from the
Pacific were taken well north of their normal track
by the polar jet into Canada. At the same time, the
subtropical jet was most active south and east of the
Far West (fig.6D), thus moving moisture into the
Great Plains. In fact, several of the major precipita-
tion events in the Central and Southern States could
be attributed to a well-developed subtropical jet across
Mexico and the Southwestern States. As several upper
air disturbances moved along this jet, they intensified
in the Central and Southern States to such an extent
that they altered the normal west-to-east flow. A strong
southerly flow, which developed ahead of these
disturbances, advected considerable moisture well into
the central and northern Great Plains. However, much
of the energy in these systems was expended by the
time they moved farther east, thus leaving the Eastern
States dry.

65. 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 conditions. (MA =
much above, at least 1.28 standard deviations above the mean;
A = above, between 0.52 and 1.28 standard deviations above
the mean; N =near normal, between —0.52 and 0.52 standard
deviations above the mean; B = below, between 0.52 and 1.28
standard deviations below the mean.)

60D. Average height of 700-millibar pressure surface (blue line)
over North America and departure from average (1951-80) winter
conditions (black dashed line). Data in meters.

B. Precipitation — Winter 1987

C. Temperature — Winter 1987
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Figure 6. Continued.
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SPRING 1987

The general geographic pattern of positive and
negative streamflow anomalies prevailing during the
winter months persisted through the spring season
(April-June 1987). The region of above-normal flows
in the Central States remained fairly stable, although
the areas of diminished flows in both the East and the
Far West underwent considerable expansion (fig. 74).
The combined seasonal flow of the Mississippi, the
St. Lawrence, and the Columbia Rivers, at
1,235,000 ft*/s, was 10 percent above the winter flow,
although still roughly 10 percent below its seasonal
median.

Above-normal precipitation during this season
was limited to the South Central States, parts of New
England, and the Great Basin (fig. 7B). Wet weather
continued in southern New Mexico and in western
Texas, parts of which had their second wettest spring
of the century. Overall, however, the spring of 1987
across the United States was on the dry side, which
ranks it in the lower quartile of all springs since 1895.
Eastern South Dakota had its driest spring on record.
This is of particular importance inasmuch as spring
normally is the wettest time of year in this region of
the country. The Far West continued to be dry; parts
of the Southeast were very dry, and southwestern
Florida had its second driest spring of the century.

From another perspective, the most notable
aspect of the spring season of water year 1987 was
the extreme warmth. The above-normal temperatures
led to early heat waves across much of the Northern

States, and it was the warmest spring of the century
from eastern Washington eastward to Wisconsin
(fig. 7C). The hot weather placed added demands on
the reduced streamflow and water supply in the North-
west and upper Midwest. The only relatively cool
weather that could be found was in southwestern
Texas, where the rainfall had been unusually heavy.

The remarkable persistence in the split-flow
atmospheric circulation pattern contributed to the wet
weather in the South and, because the polar jet already
was beginning its seasonal retreat from its existing
abnormal northward displaced position, did little to
help the dry conditions that had developed in the Far
West. The subtropical jet again was active during this
season as indicated by the below-normal 700-mb
heights (fig. 7D).

The season began with heavy rains combining
with melting snow to produce widespread flooding in
New England. The most severe conditions occurred
between April 1 and 3 in the Penobscot, the Sheepscot,
the Kennebec, and the Androscoggin River basins of
Maine, in the Piscataquis and the Merrimack River
basins of New Hampshire, and in the Parker, the
Ipswich, and the Connecticut River basins of
Massachusetts. Maine was declared a Federal disaster
area on April 8. Peak discharges on the Piscataquis,
the Sebec, the Sandy, the Sebasticook, and the Little
Androscoggin Rivers in Maine exceeded those of
record and also were greater than the 100-year

A. Streamflow - Spring 1987
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Figure 7. Hydrologic conditions during the spring (April-June 1987) of water year 1987.

(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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recurrence interval. Peaks of record also were
measured at more than a dozen other gaging stations
in Maine, New Hampshire, Massachusetts, and New
York. A flow in excess of the 100-year recurrence
interval occurred on Schoharie Creek near Amster-
dam, N.Y., and caused the collapse of a New York
State Thruway bridge. Ten people died in the inci-
dent when their vehicles plunged into the flood-swollen
creek. (See articles in this volume, ‘“Flood of April
1987 in Maine’’ and ‘‘Flood-Induced Collapse of the
New York State Thruway Bridge Near Amsterdam,
N.Y., April 5, 1987"".)

Spring streamflow in Idaho was extremely low.
In April, the Governor of Idaho declared a state of
emergency in Ada, Canyon, Elmore, Washington,
Blaine, and Adams Counties because surface water
was so deficient that a shortage of irrigation water was
expected during the coming summer. Precipitation
since the beginning of the water year was only 47 per-
cent of normal for the Boise River basin and 58 per-
cent of normal for the entire State. Moreover, as of
April 1, the snowpack was less than one-half of nor-
mal for that date. By season’s end, record low flows
had been recorded on the Salmon and the Clearwater
Rivers.

Notably, on June 30 the level of Great Salt Lake
was at 4,211.20 feet above sea level, which
represented a 0.65-foot fall since the end of March
when the lake stood at its record-equaling high. The
volume of the south arm of the lake decreased about
606,000 acre-feet during the spring while that of the
north arm declined about 404,000 acre-feet. Although
precipitation in the region was below normal during
the winter and the spring months, the decline in the
level of the lake also was affected by the West Desert
Pond Pumping Project. An estimated 450,000 acre-
feet was pumped from the lake to the pond between
April 10, 1987, when the project began operation, and
June 30.

75. 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. (MA =
much above, at least 1.28 standard deviations above the mean;
N = near narmal, between —0.52 and 0.52 standard deviations
above the mean; B = below, between 0.52 and 1.28 standard
deviations below the mean, MB = much below, at least 1.28
standard deviations below the mean.)

70. 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.

B. Precipitation — Spring 1987

Figure 7. Continued.



SUMMER 1987

The areas of unusually high and low spring
streamflow remained anomalous through the summer
season (July-September 1987). The acute dryness in
the West, much-above-normal flows in the central and
the southern Great Plains, and low-flow conditions in
the middle Mississippi Valley and western Great Lakes
continued during each summer month (fig. 84). The
most notable differences between the two seasons
occurred along the east coast. The spring high flows
that prevailed in parts of the Middle Atlantic region
and in southern Florida were replaced by very low
discharges, and the dry spring conditions in the
southern and eastern Great Lakes area recovered with
above-normal summer streamflow. The seasonal
decline in the flow of the Big Three rivers during the
1987 summer was stronger than normal, which
reflected the unusual moisture deficit over much of
the Columbia and the Mississippi River basins. The
combined flow of the Big Three was 712,400 ft*/s,
which was down 42 percent from the spring flow and
13 percent below the combined seasonal median flow.

Despite the dryness in the Northwest and the
lower Mississippi Valley, the total summer precipita-
tion across the Nation was very close to normal
because of the abundant rainfall across the rest of the
country (fig. 858). As is so often the case, however.
much of this summer precipitation was not well
distributed throughout the season. Several heavy
rainstorms contributed to the total seasonal precipita-
tion; for example, parts of the Minneapolis-St. Paul
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area received over 9 inches of rain in one night dur-
ing July; the Greater Chicago area received as much
as 9 inches of rain in one 24-hour period during
August; and La Cross, Wis., had over 5 inches of rain
in a one-day event.

The lack of tropical storms and hurricanes in
the Southeast during the summer months contributed
to the below-normal precipitation in this region.
Typically, tropical storms and hurricanes contribute
as much as 5 to 20 percent of the total summer
precipitation along the gulf coast and the southeastern
Atlantic coast as far inland as several hundred miles.
The only substantial rainfall directly related to tropical
activity during the season occurred when a weak
tropical disturbance along the gulf coast dropped more
than 7.5 inches of rain on Baton Rouge, La.

Temperatures across the country finally broke
from the broad patterns that began during the previous
December. Near-normal temperatures returned to the
northern Great Plains and much above normal
temperatures were found farther east in the Middle
Atlantic and the Great Lake States and in southern
Florida (fig. 8C). Below-normal temperatures
occurred in much of the Southwest.

The 700-mb height pattern for the summer
reflected the warmth in the East and cooler conditions
in the Southwest (fig. 8D). In the Southeast, the higher-
than-normal heights associated with the Bermuda High
contributed to the warm, dry summer in this region.
In the Southwest, the below-normal 700-mb heights
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Fig‘ure 8. Hydrologic conditions during the summer (July-September 1987) of water year 1987. (Sources: Meteorclogical 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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were associated with the cooler-than-normal weather.
The area between such anomalies often tends to have
enough instability so that, when adequate atmospheric
moisture occurs, the result is above-normal precipita-
tion (fig. 8B).

Several significant hydrologic events occurred
across the Nation during the summer season. In mid-
August, severe flooding was generated by very heavy
rainfall over a 24-hour period in northeastern Hlinois.
New peaks of record were set, and the 100-year flood
was equaled or exceeded at nine gaging stations in the
1llinois River basin—from 4 to 9 inches were recorded
across Du Page and Cook Counties. (See article in this
volume, *’Storm and Flood of August 13 to 15, 1987,
in Cook and Du Page Counties, Ill.””) Additional rain
at the end of the month gave this area the wettest
August on record and the fourth wettest month of the
century (three Septembers were wetter). Farther west,
in southwestern Jowa, more moderate flooding
occurred in late August in the Nishnabotna, the Grand,
the Chariton, and the Skunk River basins. The flow
on the Nishnabotna River set a new record for the
month, and the discharge of 7,800 ft*/s on the Platte
River at Diagonal, Iowa, on August 25 was a record
peak.

Of more widespread significance were the low-
flow conditions that affected a number of basins around
the country. Record or near-record low flows were
recorded at many stations in Washington, Oregon, and
Idaho. Most notable were the low-flow records—set
on the Columbia River at The Dalles, Oreg., in August
and September, both of which were roughly 10 per-
cent lower than their previous recorded lows. New
low discharges for September also were recorded at
index stations on the Skykomish and the Spokane
Rivers in Washington and on the Clearwater River in
Idaho. Inasmuch as the summer is typically the dry
season in these areas, the below-normal rainfall
certainly contributed to the record low flows. The
antecedent dry conditions resulting from the fall,
winter, and spring seasons, when the largest percent-
age of annual precipitation typically occurs,
undoubtedly were important factors in the severity of
the hydrologic drought. Moreover, the added stress
of increased seasonal evaporation and transpiration,
coupled with the existing low soil moisture and
snowpack, only served to exacerbate the surface-water
conditions.

At season’s end, the level of the Great Salt Lake
had fallen to 4,210.10 feet above sea level, which was
down 1.75 feet from the record-tying 4,211.85 feet
reached on March 30. Although the lake level at the
end of water year 1987 was 1.20 feet below the level
of a year ago, it was still 5.23 feet above the level
of 4 years ago.

88. Precipitation in the conterminous United States expressed
as a percentage of average (1951-80) summer total precipitation.
8C. Temperatuie in the conterminous United States expressed
as a departure from average (1951-80) summer conditions.
(MA = much above, at least 1.28 standard deviations above the
mean; A = above, between 0.52 and 1.28 standard deviations
above the mean; N = near normal, between ~0.52 and 0.52
standard deviations above the mean; B = below, between 0.52
and 1.28 standard deviations below the mean, MB = much
below, at least 1.28 standard deviations below the mean.)
8D. Average height of 700-millibar pressure surface (blue line)
over North America and departure from average (1951-80)
summer conditions (biack dashed line). Data in meters.

B. Precipitation — Summer 1987

C. Temperature — Summer 1987
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SELECTED HyprOLOGIC EVENTS, WATER YEAR 1987

Floods, droughts, and other water-related events that occurred during water year 1987 are
documented in the previous section of this volume (‘‘Review of Water Year 1987, Hydrologic
Conditions and Water-Related Events’”). Seven of those events are described in more detail in the
following pages. They were selected because they illustrate the range of events that can affect large
numbers of people or require a variety of management actions to mitigate their effects.

Weather-related events caused more than $2.1 billion in economic losses during water year
1987. Of this amount, flood damages were more than $1.5 billion—well below the 10-year (1977-86)
average of $2.5 billion. Flood-related fatalities totaled 88, which was well below the 10-year aver-
age of 138 lives. Flash floods accounted for more than 75 percent of the water-year 1987 deaths,
and at least 80 percent of those deaths took place in moving vehicles. Flooding of some degree
occurred in every region of the country; the most economically damaged area was in the Nation’s
midsection, and the second was in the Northeast. Those two regions accounted for more than 85
percent of the annual losses and, of that amount, 48 percent occurred in metropolitan areas (U.S.
Army Corps of Engineers, 1988). Eight major floods occurred in water year 1987—the same num-
ber that occurred in water year 1986. These floods are summarized briefly in the previous section
in table 1 (events 1, 2, 13, 41, 51, 52, 55, 63, 67, 76, 77). Three of those events are discussed
more fully in this section—*‘Flood of April 1987 in Maine,”” *‘Flood-Induced Collapse of the New
York State Thruway Bridge near Amsterdam, New York, April 5, 1987,”" and ““Storm and Flood
of August 13 to 15, 1987, in Cook and Du Page Counties, Illinois.”’

What is not reflected in the events listed in table 1 is some good news. The U.S. Army Corps
of Engineers” dams, levees, and flood-protection projects prevented an estimated $5.2 billion in
economic damages. However, this amount is well below the 10-year (1977-86) average of
$10.3 billion; the record was set in water year 1986 when $27.3 billion in flood damages were
prevented (U.S. Army Corps of Engineers, 1988; U.S. Geological Survey, 1988, p. 34).

Other significant water-related events—both human induced and naturally occurring—in water
year 1987 that required a diversity of management actions are described in three articles: ““Wildlife
Kills in the Carson Sink, Western Nevada, Winter 1986-87,”" ‘‘Major Qil Spill on the Savannah
River, Georgia and South Carolina, December 1986,’” and *‘Algal Blooms in Lake Okeechobee,
Florida, and Management Strategies to Mitigate Eutrophication.”” Another event was of scientific
interest because it caused an undetermined amount of damage to fossil beds at the Hagerman Fauna
Site National Landmark in Idaho. The fossils at this site are of major paleontological significance
because they are considered to be one of the most complete assemblages of Pliocene fauna in the
world. This event is described in the article ““Landslide of April 14, 1987, Near Hagerman, Idaho.”’
Water year 1987 also was a significant year for the Bonneville Power Administration, as described
in the article ‘‘Bonneville Dam—Fifty Years of Public Service.”’
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WiLDLIFE KiLLs IN THE CARrRsoN SINK, WESTERN NEVADA,

WINTER 1986-87

By Timothy G. Rowe and Ray J. Hoffman

In late December 1986 and early January 1987,
State and Federal wildlife biologists reported that about
500,000 fish were dead or dying near the mouth of
the Carson River, in the Carson Sink, which is a part
of the Fallon National Wildlife Refuge and is about
75 miles east of Reno, Nev. (fig. 9). By early February
1987, the estimated number of dead fish had increased
to about 7 million. Fish carcasses were found along
40 miles of shoreline (fig. 10), and about 1,500 aquatic
birds of many species were found dead in the sink,
mainly near the Humboldt Slough (Steven P.
Thompson, U.S. Fish and Wildlife Service, oral com-
mun., 1987).

The U.S. Fish and Wildlife Service asked the
U.S. Geological Survey to collect and analyze water
and bottom-material samples near the wildlife kills in
the Carson Sink to help determine the cause of the
wildlife deaths. Background information and the
results of studies by the two agencies are presented
in this article.

The Carson Sink is the northeastern terminus
and ultimate discharge area of the Carson River basin.
During abnormally wet years, such as the period
1982-84, the Humboldt River also discharges into the
sink by way of the Humboldt Slough. Normally, the
sink is a dry, nearly flat, 400-mi? (square mile) playa
that is entirely barren and, in many places,
salt-encrusted. However, during the 3-year period of
1982-84, the Carson and the Humboldt Rivers had
much greater than normal flows into the sink; for
example, at the Carson River stream-gaging station
nearest the sink (below Fallon), the average flow for
the 3-year period was 264 ft*/s (cubic feet per second),
or 191,000 acre-ft/yr (acre-feet per year) (U.S. Geo-
logical Survey, 1976-85). This flow was 300 percent
of the average for the 17 years of record, 1968-84
(U.S. Geological Survey 1967-75, 1976-85). The
gage farthest downstream on the Humboldt River
(below Rye Patch Reservoir) recorded an average flow
of 1,110 ft*/s, or 804,000 acre-ft/yr, for the 3-year
period. This flow was 450 percent of the average for
70 years of record (1943-84 and several periods during
1899-1941; U.S. Geological Survey, 1960, 1963,
1970, 1967-75, 1976-85).

Because of unmeasured losses or gains, or both,
in flow between the gages and the sink, inflow to the
sink is not just the total of the flow measured at the
two gages. For example, on the lower Humboldt
River, within a distance of about 50 miles between
the gage and the sink, substantial water is lost as a
result of diversions and evaporation in the Humboldt
Sink (fig. 9), and only a small amount of flow is
regained as a result of irrigation returns. In contrast,
on the lower Carson River, return flows from irriga-
tion drainage through the Stillwater Wildlife Manage-
ment Area can be significant (fig. 9). U.S. Fish and
Wildlife Service records indicate that more water was
received (496,000 acre-ft) in the Stillwater Wildlife

Management Area in the 1983 calendar year than in
any of the previous 38 years. This amount is about
eight times more than the 58,060 acre-ft received in
1985, which was a normal year.

By September 1984, the abundant inflow had
raised the water-surface altitude in the Carson Sink
to 3,876.2 feet above sea level (fig. 11), which is
possibly the highest level in more than 100 years. This
level was maintained until mid-January 1985, when
it started to decline (Morris C. LeFever, U.S. Fish
and Wildlife Service, written commun., 1986).
Between July 1984 and February 1985, the surface
area of the Carson Sink was the largest of any water
body in the State of Nevada; the lake inundated about
212,000 acres to a maximum depth of nearly 12 feet.

Since January 1985, the sink has continued to
shrink as a result of evaporation and the lack of major
inflow, which has caused an increase in salinity
(dissolved-solids concentration). By mid-January
1987, at the time of the wildlife kill, the lake level
had declined more than 6 feet, and the water covered
less than 180,000 acres to an average depth of 2 feet
and a maximum depth of 6 feet. The increase in salinity
near the Humboldt Slough is reflected by an increase
in specific conductance, from 4,700 S (microsiemens
per centimeter at 25°C) in July 1983 to 31,300 uS in
January 1987. For comparison, the specific conduc-
tance of sea water is about 50,000 uS, which is equiva-
lent to a dissolved-solids concentration of about
35,000 mg/L (milligrams per liter).

In January 1987, the lake froze, which probably
further raised salinity in the water beneath the ice; the
temperature of the brackish water dropped below
30°F. Wildlife biologists speculate that the salinity and
the sudden drop in temperature were the probable
causes of death of the fish, whose initial population
was swept into the sink during the previous high flows.
(Norman Saake, Nevada Department of Wildlife, oral
commun., 1987).

The fish that were killed during winter 1986-87
included three age classes of tui chubs (Gila bicolor);
this fish is a member of the minnow-carp family
(Cyprinadae). Interestingly, a fishkill of similar mag-
nitude occurred 1 year earlier in much the same area
(Steven P. Thompson, U.S. Fish and Wildlife Service,
oral commun., 1987); however, those fish were almost
exclusively carp (Cyprinus carpio). Apparently, the
carp died earlier than did the tui chub because they
are less tolerant of increasing salinities. The tui chubs
apparently gained tolerance to the high salinity over
time because a large tui chub population remained
trapped in the sink in mid-1987.

The water in the Carson Sink at the time of the
wildlife kill was brackish (about 20,000 mg/L of dis-
solved solids, dominated by sodium and chloride), cool
(36-47°F), supersaturated with respect to dissolved
oxygen (135-182 percent), and highly alkaline (pH
9.5). The laboratory determinations for water samples
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Figure 9. Landsat image of the Carson Sink, Nev., on October 27, 1984, at time of maximum lake level (3,876.2 feet
above sea level). Dashed line is lake level as of January 1987 (about 3,870 feet). Note numerous clouds and their
shadows across the image.  Abbreviations: NWR, National Wildlife Refuge; Res., Reservoir, WMA, Wildlife Manage-
ment Area. (Source: Image from U.S. Geological Survey, Flagstaff, Ariz.)



consisted of dissolved inorganic constituents, nutrients,
and trace elements; bottom materials were analyzed
for trace elements and organochlorine compounds.

Concentrations of arsenic, boron, copper, and
dissolved solids in the lake [800 pg/L (micrograms
per liter), 40,000 ug/L, 80 pg/L, and 20,100 mg/L,
respectively] were high enough to be potentially stress-
ful to aquatic organisms (U.S. Environmental Protec-
tion Agency, 1986). Arsenic and boron occur
naturally, commonly in high concentrations, in the
soils and ground water of the lower Carson River
basin.

With the exception of DDE, DDT, and endo-
sulfan, the organochlorine compounds in the bottom
material were at or below detection limits. The con-
centrations of DDE, DDT, and endosulfan were
low—0.3, 0.2, and 0.1 pg/kg (micrograms per kilo-
gram), dry weight, respectively.
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not necessarily mean that such concentrations will
result in adverse biological effects (Dennis Lemly,
U.S. Fish and Wildlife Service, written commun.,
1987).

Water samples also were analyzed by the U.S.
Geological Survey for toxin-producing blue-green
algae. None were expected because of the seasonally
cool water, and none were found. The single-celled
diatom (Cyclotella meneghiniana) was by far the most
abundant alga in the lake in terms of numbers (76 per-
cent of the total) and biovolume (77 percent of the
total).

The deaths of the aquatic birds and the fish were
the result of different physiological causes. Patholo-
gists at the U.S. Fish and Wildlife National Wildlife
Health Research Center, Madison, Wis., determined
that the major cause of the bird kill was avian cholera.

Figure 10. Dead tui chubs of three age classes on the shoreline of the Carson Sink

near the Humboldt Slough, Nev., February 7, 1987.

U.S. Fish and Wildlife Service.)

Trace-element concentrations found in the bot-
tom material, except those for mercury and
lithium—0.48 and 190 pg/g, (microgram per gram)
dry weight, respectively—were less than those com-
monly found in soils in the Western United States
(Shacklette and Boerngen, 1984, p. 6). The high con-
centrations of lithium are typical for arid, saline
environments. In contrast, mercury-contaminated sedi-
ments are distributed widely in the lower Carson River
basin because about 7,500 tons of mercury was lost
during the milling of gold and silver in the late-1800’s
(Smith, 1943).

Analysis of nine tui chubs for trace elements
by the U.S. Fish and Wildlife Service showed arsenic
and copper totals (0.67 and 1.0 ug/g of whole fish,
wet weight, respectively) that exceeded the baseline
values of the National Contaminant Biomonitoring
Program (Lowe and others, 1985). According to the
U.S. Fish and Wildlife Service, even if concentrations
are high in relation to the baseline values, this does

(Source: Steven P. Thompson,

The ice cover on the lake was a major factor in this
bacterial outbreak because the ice reduced the feed-
ing areas, which caused the birds to congregate. This
crowding of birds allowed avian diseases to spread
easily and quickly (Kathy A. Converse, U.S. Fish and
Wildlife Service, oral commun:, 1987).

Selected birds were sent to the U.S. Fish and
Wildlife Service, Patuxent Wildlife Research Center,
Laurel, Md., for analysis of trace elements. Several
migratory bird species had high levels of mercury and
selenium (220 and 51 pg/g, dry weight, in their livers,
respectively). These levels are potentially harmful to
aquatic birds; for example, laboratory feeding studies
have shown that 72 pg/g of mercury in soft tissues
of wild birds (Finley and others, 1979, p. 108) and
9.4-43 pgl/g of selenium in livers of adult mallards
(Heinz and others, 1987, p. 5) can cause significant
reproductive failure. About 1,500 birds died in the sink
during January 1987 (Steven P. Thompson, U.S. Fish
and Wildlife Service, oral commun., 1987). California
gulls were the most numerous of the bird fatalities.
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In summary, an unusual natural event occurred
during 1986 and early 1987 after the Carson Sink, a
normally dry, salty playa, was inundated with water
from unusually high runoff in the Carson and the
Humboldt River basins (from 1982 through 1984). The
high flows flushed in the initial fish populations along
with a large amount of dissolved salts. These fish
flourished in their new nutrient-rich environment un-
til the lake began to recede after the high inflows
ceased and evaporation continued. This recession
caused the lake to increase in salinity, which, in turn,
caused the tui chubs to die as they reached their max-
imum salt-tolerance levels, as happened to the carp
in 1986. The fishkills in 1987 also were intensified
by a sudden freeze-over of the lake, which further
increased the salinity of the water beneath the ice and
further stressed the fish. The freezing also forced the
abundant fish-feeding birds to congregate near open
ice holes. This crowding allowed an outbreak of avian
cholera to spread easily.
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Figure 11. Surface altitude of lake in the Carson Sink,
Nev., 1983-87. (Source: Data from Otto Moosburner, U.S.
Geological Survey, written commun., 1987, and Morris C.
LeFever, U.S. Fish and Wildlife Service, written commun., 1986.)

In April 1988, the former 330-mi? lake became
a dry, salty playa (Steven P. Thompson, U.S. Fish
and Wildlife Service, oral commun., 1988), as has
happened countless times before over geologic time.
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Froop or ApriL 1987 in MAINE
By Richard A. Fontaine and Thomas J. Maloney

The New England States were subjected to severe rainstorms between March 31 and
April 8, 1987. Heavy rainfall, more than 10 inches in some areas, coupled with snowmelt
runoff, caused extensive flooding especially in Maine, Massachusetts, and New Hampshire.
Particularly hard hit was south-central Maine where between 6 and 7 inches of rain fell in
the headwaters of the Androscoggin and the Kennebec Rivers (fig. 12). The flooding was
the climax to a series of meteorologic and hydrologic extremes experienced in Maine during
winter-spring of 1987.

In Portland, Maine, January brought 50.7 mches of snow—31.5 inches more than nor-
mal for the month and also the fourth highest total for any January in the last 100 years.
In sharp contrast to January, February had only 0.04 inch of precipitation, which was the
lowest monthly precipitation total for any month since March 1871 when records began (Fred
Ronco, National Weather Service, oral commun., 1987). March was characterized by pleasant
spring weather—daytime high temperatures ranged from about 55 °F to about 65 °F.
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Figure 12. Precipitation, selected peak flows, and counties in Maine that were
declared Federal disaster areas as a result of the storms of April 1987. (Source:
Precipitation data compiled by National Weather Service; peak-fiow data from U.S. Geo-
logical Survey files.)
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Rapid snowmelt, coupled with rainfall that began on
March 30, produced increased runoff but gave no
warning of the floods that would follow in early April.

On March 31, a storm system that moved
northeastward into the Province of Quebec, Canada,
brought heavy snowfall to the central parts of the
United States. Over Virginia, a new area of low
pressure formed on the cold front that trailed from the
storm center in Canada and moved slowly toward
Maine bringing heavy rain to the area. By the time
this slow-moving storm reached Maine, it was travel-
ing in a path almost perpendicular to the mountainous
region in the western part of the State. The slow speed
of the storm and orographic effects combined to cause
extreme rainfall totals in the headwater areas of several
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river basins, such as the Piscataquis, the Sandy, the
Carrabassett, the Wild, and the Little Androscoggin.
The storm, which began to affect Maine on March 30
and continued through the morning of April 2, dropped
4 to 8 inches of rain in the central and western parts
of the State (fig. 12). The highest rainfall totals
observed during this storm were 8.30 inches at
Pinkham Notch, N.H., and 7.33 inches at Blanchard,
Maine. Runoff from the storm was augmented by
meltwater from a snowpack that contained a water
equivalent of 5 to 7 inches, and as much as 10 inches
of water equivalent in the higher elevations
(Fred Ronco, National Weather Service, written
commun., 1987).

Figure 13. Lows Bridge, a National Historic Landmark completed in 1857, succumbs to the floodwaters of the
Piscataquis River, April 1, 1987. Lows Bridge had been the site of the U.S. Geological Survey stream-gaging station,
Piscataquis River near Dover-Foxcroft, Maine, since 1902. A, The rising flood water exerting pressure on the bridge,
7:15a.m. The national historic dedication plaque is shown in right center of photograph. &, The bridge has broken
in half and has moved off the abutments, 7:40 a.m. The U.S. Geological Survey gage is just out of the photograph
near the lower left corner. C, The broken bridge has been swept well downstream. D, The dedication plaque is

all that remains of the bridge that had stood for 130 years.

Maine.)

(Source: Courtesy of Dwinal Hall, resident, Dover-Foxcroft,
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From April 4 to 8, before water levels in rivers
had a chance to recede from the March 30 storm,
another low-pressure area formed over the Carolinas,
moved to the northeast, and brought an additional 2 to
4 inches of rain, primarily to southern Maine. Runoff
from the second storm prolonged recessions from the
maximum flood peaks caused by the combined effects
of heavier rainfall and snowmelt from the first storm.

These storms, combined with snowmelt runoff,
resulted in record to near-record flood peaks. Recur-
rence intervals of many peak discharges exceeded
100 years. Record peaks occurred at 15 of the 25
U.S. Geological Survey stream-gaging stations in
western and central Maine. Peak-discharge and
recurrence-interval data for the April 1987 flood are
summarized in figure 12 for all gaging stations in
Maine where new record peaks were measured
(Fontaine, 1987). Flood peaks on the Piscataquis River
near Dover—Foxcroft (fig. 13), the Carrabassett River
near North Anson, and the Sandy River near Mercer
were 63, 65, and 28 percent higher, respectively, than
those of any flood peak previously recorded at these
sites. Damage from the storm was estimated to exceed
$100 million in Maine (figs. 14, 15) (Hasbrouck,
1987), and 14 of Maine’s 16 counties (fig. 12) were
declared Federal disaster areas (Federal Emergency
Management Agency, 1987).

In addition to damage from high water levels,
the flood affected water quality throughout much of
central Maine. Twenty-six sewage-treatment plants
were damaged. Plants in the Anson-Madison area and
in Augusta, Brunswick, Farmington, and Skowhegan
suffered severe damage, which resulted in the release
of untreated sewage into rivers for as long as 3 months
after the flood (Dennis Keshel, Maine Department of
Environmental Protection, oral commun., 1987).

Petroleum spills were reported in at least 15
communities. These ranged from relatively minor
spills from automobiles and homes to major spills
of many thousands of gallons from automobile-service
stations and fuel-storage yards. At least 30 under-
ground gasoline-storage tanks were unearthed, and
more than 600 55-gallon drums were recovered from
rivers after the flood. The total amount of petroleum
spilled was estimated to be greater than 8,500 gallons
in the Androscoggin River basin, at least 100,000
gallons in the Kennebec River basin, and at least
15,000 gallons in the Piscataquis River basin (Fred
Brann, Maine Department of Environmental Protec-
tion, oral commun., 1987). Fumes from the oil spills
lingered for days along the rivers of central Maine.

Severe erosion was reported along the major
rivers. According to Hasbrouck (1987), ‘‘About
100 small dams were damaged by the flood through
erosion of banks and support structures. Many roads
throughout the flooded areas were severely eroded or

Figure 14. A lone boater surveys the flood damage
on Water Street in Gardiner, Maine. Flooding was
caused by the Kennebec River on April 2, 1987.  (Source:
Courtesy of Lewiston, Maine, Sunday Sun Journal.)

Figure 15. The flood-swollen Androscoggin River
threatens the Route 201 highway bridge connecting
Brunswick and Topsham, Maine, on April 2, 1987.
(Source: Courtesy of Richard Connelly and Brunswick, Maine,
Times Record.}



washed out and with 200 miles of track under water,
there was much damage to railroad banks and
foundations. A small number of farms, mostly on the
Sandy River below Farmington, were damaged
through erosion or deposits of debris on cropland.””
The Maine Department of Human Services (1987)
reported erosion damage at six water utilities and a
significant amount of sedimentation in reservoir pools
at two utilities.

The April 1987 flood also caused extensive
structural damage in Maine. Twenty-five water
utilities reported such flood damages as loss of pipe-
line river crossings, structural damage to reservoirs
and dams, and damage to pump houses. Individuals
and businesses reported damages estimated to be
$70 million, including $16 million to homes;
$45 million to small businesses; $8 million to elec-
tric utilities, railroads, paper mills, and other in-
dustries; and $0.5 million to farms (Hasbrouck, 1987).
Public buildings and facilities had estimated damages
of $33 million, including $17.1 million to roads and
bridges, $3.6 million to sewage-treatment plants, more
than $1 million to public water supplies, $1.8 million
to public buildings, more than $5 million to small
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dams, and about $3 million for other miscellaneous
categories (Hasbrouck, 1987).
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Froop-Inpucep CoLLapsE OF THE NEW YORK STATE THRUWAY
BrIDGE NEAR AMSTERDAM, NEw YORK, APRrIL 5, 1987

By Thomas J. Zembrzuski, Jr.

The two center spans of the New York State
Thruway (Interstate 90) bridge near Amsterdam,
N.Y., collapsed into flood-swollen Schoharie Creek
at 9:48 a.m. Est' on Sunday, April 5, 1987, when
one of the piers supporting the bridge span failed
(fig. 16A). In the ensuing moments, before motorists
could react or be warned, five vehicles plummetted
80 feet into the stream below and carried 10 people
to their deaths. During the next several hours,
search-and-rescue efforts were thwarted by deep water
and swift currents and, consequently, were unsuccess-
ful in rescuing any victims. Subsequently, an additional
span of the bridge collapsed into the creek (fig. 16B).
Preliminary investigations of the accident implicated
scour around one of the four bridge piers as the cause
of the failure.

The bridge collapse marked the climax of a
weekend of widespread devastating flooding in the
Schoharie Creek basin and in the Catskill Mountains
of southeastern New York. Two days of sometimes
heavy rain from a slow-moving coastal storm brought
many streams in the region to their highest levels in
32 years, and the resulting flood damages prompted
the Governor to declare five counties—Delaware,
Greene, Montgomery, Schoharie, and Ulster—to
be major disaster areas (fig. 17). Homes, farms,
businesses, roads, and bridges sustained direct
damages in excess of $65 million (Anthony Germano,
New York State Emergency Management Office,
written commun., 1987). On May 15, the President
declared the five counties eligible for Federal disaster
assistance (New York State Disaster Preparedness
Commission, 1987).

The rain began falling late on April 3, 1987,
and, by the time the storm ended on April 5, 6 to
8 inches of rain had fallen over the headwaters of the
drainage basins of Schoharie, Esopus, Catskill, and
Rondout Creeks and the Neversink and the East
Branch Delaware Rivers (fig. 17). Stream levels,
which already were high as a result of snowmelt and
a storm during the preceding week, rose quickly in
response to the heavy rain. By late evening of April 4,
when the storm began to weaken, the discharge of most

rivers in the mountains had peaked near or above the
25-year recurrence interval.

Schoharie Creek is a northward-flowing trib-
utary to the Mohawk River and drains the northwestern
Catskill Mountains (fig. 18). The flood crest traveled
quickly down the steep, forested headwater channels
to the broad agricultural flood plains that begin
between North Blenheim and Breakabeen, which is
40 miles downstream. Along the way, it passed
virtually unattenuated and undelayed through the Scho-
harie Reservoir, which is part of the New York City
water-supply system, because the reservoir already
was filled to overflowing before the flood began. (It
has no provision for regulation of floodwaters.) Five
and one-half miles further downstream, the lower
reservoir of the New York Power Authority
Blenheim-Gilboa pumped-storage hydroelectric
project also passed incoming floodwaters without
modification, as is required by its Federal Energy
Regulatory Commission license. Less than 2 hours
separated the crests recorded at the U.S. Geological
Survey gaging stations at Prattsville (upstream from
the reservoirs) and North Blenheim (downstream from

Figure 16. Collapsed New York State Thruway bridge
over Schoharie Creek near Amsterdam, N.Y. A, View
from the east following collapse, afternoon of April 5,
1987. B, View from east bank as bridge section collapses,
about 11:15a.m. (EST), April 5, 1987. €, View from west

bank of collapsed bridge, April 14, 1987.

courtesy of Sid Brown, Schenectady Gazette, C Thomas J.

Zembrzuski, Jr.)

*April 5 was the day the United States went on daylight saving time, and all public accounts of the times involved in the bridge collapse
are daylight saving time. However, to maintain hydrologic integrity in discussing peak-flow traveltime, all times used in this article are

eastern standard time (EST).
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Figure 17. Lines of equal 48-hour precipitation through 7:00 a.m. EST, April 5, 1987, and counties declared

eligible for Federal disaster assistance. (Source: Precipitation data from an unpublished map compiled by the New
York State Department of Environmental Conservation.)
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the reservoirs), where the stream discharged maximum
flows of 47,600 ft*/s (cubic feet per second) and
64,200 ft’/s, respectively. (Tributary inflow accounted
for the increase in discharge between the two stations. )

During the early morning of April 5, flood
waters continued to rise further downstream (north)
of the gage at Breakabeen, where a peak flow of
72,200 ft*/s was recorded. The progression of the
crest slowed as it moved down the more gently
sloped channel between Breakabeen and the gage at
Burtonsville. Thousands of acres of farmland along
the creek were inundated, as were low-lying areas in
the villages of Middleburg and Schoharie. The smaller
streams that are tributary to the lower Schoharie Creek
already were receding, and, as more water spilled onto
the wide flood plains, the crest began to attenuate. The
peak discharge of 64,900 ft*/s at the Burtonsville gage
arrived at 7:45 a.m. EST.

In the Schoharie Creek’s last 17 miles of descent
to the Mohawk River, the channel again steepens. Es-
timates of traveltime (based on wave-speed calcula-
tions) indicate that the crest arrived at the mouth of
the creek between 90 and 120 minutes after the crest
passed the Burtonsville gage. Accordingly, the col-
lapse of the Thruway bridge probably occurred within
30 minutes of the cresting of Schoharie Creek.
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Figure 19. Comparison of peak flows and relative durations of the April 5, 1987, and the
October 16, 1955, floods on Schoharie Creek at Burtonsville, N.Y. Times are eastern standard
time. (Source: 1955 data from Bogart, 1960; 1987 data from the U.S. Geological Survey National Water-
Data Storage and Retrieval System.)

Within 90 minutes after the initial collapse, one
more span and another pier had fallen into the creek.
The tangle of steel and concrete in the stream dammed
the crossing sufficiently to raise the water level on the
upstream (southern) side of the bridge 4 to 5 feet higher
than would have been expected from normal back-
water. The difference in water levels between the up-
stream and the downstream sides of the bridge was
later determined from highwater marks to have been
7 feet.

The piers of the Thruway bridge were founded
on spread footings set 5 to 8 feet into compact cobbly
silty to clayey glacial till. The footings were not
supported by piles. Investigations after the collapse

determined that the average depth of scour in the
bridge vicinity was about 13 feet and that the maxi-
mum depth of scour was 25 feet (Dineen, 1987).
Patterns of local scour resulting from the bridge debris
in the channel extended beyond the area near the pier
where the failure originated; this obscured definitive
reconstruction of the sequence of events leading to the
failure. The floating and partly submerged debris (such
as logs and utility poles) carried by the current might
have aggravated the situation by piling up around
the piers (Hearings testimony, National Transporta-
tion Safety Board, oral commun., July 1987). In its
investigation, the National Transportation Safety Board
(1988) concluded that the footings were vulnerable to
the erosive force of the flood waters because of
inadequate riprap around the base of the piers.

The recurrence interval of the April 1987 flood
at the Burtonsville gage was estimated to be 75 years.
This flood was exceeded only once in the 84 years
since stream gaging began in the Schoharie basin—
on October 16, 1955, when a peak flow of 76,500 ft*/s
was recorded (fig. 19; Bogart, 1960). The 1955 flood
occurred only 1 year after the opening of the New
York State Thruway.

Scour around bridges is a serious problem on
many rivers (Jarrett and Boyle, 1986, p. 1), and the
collapse of the New York State Thruway bridge has
focused national attention on the vulnerability of
other bridges to failure from scour. In its final report,
the National Transportation Safety Board (1988)
recommended revision of Federal and State bridge
design, maintenance, and inspection guidelines as they
relate to the threat posed by scour. The Board also
recognized a need for continuing research into the
scour phenomenon, particularly with respect to the
stability of riprap in fast-flowing waters.
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StorM AND FrLoop orF Aucust 13 1o 15, 1987, in Cook AND
Du Pace Counties, ILLINOIS

By George W. Curtis
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Heavy rainfall on August 13 and 14, 1987, caused severe flooding of urban areas
by streams in Cook and Du Page Counties, Ill. The storm was caused by the interaction
of warm, moist air from the Southeast and Southwest with a cold-air mass from the
Northwest. This interaction created a stationary weather pattern over northeastern Illinois
that caused the heavy rain.

An all-time 24-hour rainfall record was established for the Chicago area when 9.35
inches of rain fell at O'Hare International Airport between 9:16 p.m. Thursday, August
13, and 2:45 p.m. Friday, August 14. This surpassed the previous record of 6.24 inches
for a 24-hour period that was set on July 13, 1957. Record rainfall amounts also occurred
in Chicago and in the suburbs within a 15-mile radius of the airport (R.R. Waldman,
National Weather Service, written commun., 1987). An additional 2 to 3 inches of rain
fell over the area during the following 2 days (fig. 20).
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Figure 20. Precipitation and selected peak flows of the Des Plaines River and Salt Creek as
a result of the storm of August 13 to 15, 1987, Cook and Du Page Counties, lll. Precipitation,
in inches, for the 48-hour period ending at 1 p.m. on August 15, 1987. (Source: Precipitation
data provided by the National Weather Service and Wayne M. Wendland, lllinois State Climatologist; peak-
flow data from U.S. Geological Survey files.)
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The areas most acutely affected by flooding
were communities along the Des Plaines River, which
traverses the metropolitan area from north to south
(fig. 20), and its tributary, Salt Creek. On August 14,
flash flooding on the Des Plaines River occurred
between 7 a.m. and about 11 a.m. The Des Plaines
River crested near Des Plaines at midnight on August
14 and downstream at Riverside at noon on August
15 (R.R. Waldman, National Weather Service, written
commun., 1987). General flooding continued after that
time.

Suburban communities in the heavily urbanized
Cook and Du Page Counties that were affected by the
flooding include Arlington Heights, Bensenville,
Buffalo Grove, Des Plaines, Elk Grove Village, Elm-
hurst, Mount Prospect, Rolling Meadows, Roselle,
Schaumburg, and Wheeling. On August 14, access to
O’Hare Airport was halted in the afternoon, and the
first floor of the National Weather Service Forecast
Office, which is located near the airport, was covered
by 3 feet of water. The office lost electrical power
and, after exhausting their emergency power, trans-
ferred their forecasting responsibilities to backup
offices in Michigan, Wisconsin, and Illinois.

Figure 21. Flooded homes in Cook County, Ill., as a
result of the storm of August 13 to 15, 1987. (Courtesy
of Chicago Tribune.)

At least four deaths in the Chicago area and
extensive damage were associated with the flooding
(fig. 21). No deaths, however, were reported in the
suburban residential areas located in the Des Plaines
River basin (Federal Emergency Management
Agency, 1987). Du Page County and parts of Cook
County were declared major disaster areas by the
President. Preliminary damage assessments indicate
that about 8,900 buildings were affected by flooding
or sewer backup in Cook County and about 7,500
buildings were affected in Du Page County. The total
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number of homes affected was about 11,500, almost
all of which were owner-occupied, single-family units.
The Small Business Administration’s estimate of
damages to private property was $53.0 million. The
estimate damages to public property was $9.4 million
(Jane E. Norton, Federal Emergency Management
Agency, oral commun., 1989).

The intense rainfall produced record maximum
peak flows at 10 stream-gaging stations on the Des
Plaines River and its tributaries, including Salt,
Addison, and McDonald Creeks, and the West Fork
of North Branch Chicago, the West Branch Du Page,
the North Branch Chicago, and the Skokie Rivers.
Recurrence intervals for peak flows at the 10 gages
ranged from 100 years to 1.4 times greater than a
100-year flow. [See Curtis (1977), for computation
techniques. ]

The severe flooding in the lower reach of the
Des Plaines River basin was caused partly by the large
inflow from Salt Creek. The Des Plaines River near
Des Plaines, (24 miles upstream from Salt Creek),
peaked at 3,370 ft*/s (cubic feet per second), which is
equivalent to a 10-year recurrence-interval discharge.
The Des Plaines River at Riverside (0.9 mile down-
stream from Salt Creek) peaked at 9,750 ft*/s, which
is equivalent to a discharge 1.2 times greater than a
100-year discharge.

Salt Creek gages at Rolling Meadows and
Western Springs set new peaks of record on August
14 of 1,670 and 3,230 ft*/s, respectively, which are
equivalent to discharges 1.4 times greater than a
100-year discharge. Additional heavy rains on August
16 caused the stream at Western Springs to rise again
and peak at 3,540 ft*/s on August 17, thus breaking
the peak of recor<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>