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NATIONAL WATER SUMMARY 1983—HYDROLOGIC EVENTS AND ISSUES

By U.S. GEOLOGICAL SURVEY
SUMMARY

The United States as a Nation possesses abundant
water resources and has developed and used those
resources extensively. The national renewable supply of
water is about 1,400 billion gallons per day (for the con-
terminous 48 States). Approximately 380 billion gallons
per day of freshwater is withdrawn for use by the Nation’s
homes, farms, and industries, and about 280 billion
gallons per day is returned to streams. Although a large
percentage of the Nation’s waste is carried in this return
flow, the quality of water in streams has improved in
many respects as a result of the pollution-control pro-
grams of recent years. However, much remains to be
learned about water quality—particularly the extent of
contamination by synthetic organic chemicals and heavy
metals, and the effects of these contaminants on human
health.

Hydrologic conditions change abruptly in space and in
time, and this variability tends to complicate the develop-
ment and management of water resources and the re-
sponse to hydrologic problems. What works well in one
area may work poorly elsewhere because of geologic,
climatic, or institutional differences. What seems impor-
tant today (the flood or drought or toxic spill) may seem
relatively unimportant tomorrow. The period from Janu-
ary 1982 through August 1983 provides examples of the
extreme areal and temporal variability of water condi-
tions. Through much of this period, normal and above-
normal precipitation patterns that prevailed over most of
the United States filled reservoirs, recharged aquifers,
and caused severe flooding in at least 14 States. Heavy
precipitation and runoff in the Rocky Mountains and
Great Basin caused the Great Salt Lake to experience its
greatest seasonal rise in history and caused reservoirs of
the Colorado River Storage Project to fill completely for
the first time. In contrast, drought prevailed in Florida
and in the New York City area early in 1982; in the sum-
mer of 1983, deficient rainfall caused crop losses over a
large portion of the Nation.

The 1983 National Water Summary reviews current
hydrologic conditions and recent events in the United
States and provides a broad overview of the hydrologic
issues facing the Nation. The summary also includes a
description of water issues for each State, the District of
Columbia, Puerto Rico, the U.S. Virgin Islands, and the
western Pacific Islands under the jurisdiction of the
United States. States were chosen as the basis for describ-
ing water issues because the country’s water resources are
managed and controlled, for the most part, by State gov-
ernments. The State water-issue summaries were pre-
pared by U.S. Geological Survey personnel in each of the
States and are based on discussions with more than 130
State and local organizations, reviews of recently pub-
lished information, and knowledge of water conditions ac-
quired in the course of U.S. Geological Survey studies.
The State water-issue summaries identify concerns ex-
pressed by State and local water-management officials. In

some cases, they also illustrate the variety of actions that
are being taken to resolve these issues.

Because most water problems are local in nature, the
State water-issue summaries cannot describe every water
situation of concern; some issues may be missing from the
descriptions. Taken together, however, these State sum-
maries indicate the major similarities and differences in
water issues facing different parts of the country.

Major issues described in this report include (1) the
short-term vulnerability of surface-water supplies and
shallow ground-water supplies to drought; (2) concerns
about the reliability of water supplies as competition for
water increases; (3) declining ground-water levels; (4)
control of surface-water pollution, especially nonpoint
sources of pollution; (5) contamination of ground-water
supplies and the mitigation of existing sources of pollu-
tion, such as hazardous-waste sites; (6) the potential
effects of acidic precipitation; (7) chronic problems of
flooding; (8) the impacts of resource development, such as
coal mining and low-head hydropower, on water re-
sources; and (9) the development of water allocation and
reallocation procedures. Hydrologic perspectives on these
issues are discussed in the following paragraphs. Items
1-3 are discussed under the heading ‘‘Water
availability’’; items 4-6 under ‘‘Water quality’’; items
7-8 under ‘‘Hydrologic hazards and land use’’; and item
9 under ‘‘Institutional and management’’.

Water availability

The United States has an abundance of fresh surface
and ground water. The renewable (long-term) supply of
water in streams and aquifers is approximately 1,400
billion gallons per day (for the conterminous United
States). That is more than three times the present rate of
freshwater withdrawal in the Nation, and about 14 times
the national consumptive use of water. Thus, considering
only the overall supply of water without regard to devel-
opment, distribution, or quality, there is no crisis facing
the Nation; the resource far exceeds the present level of
use. However, this in itself does not guarantee that ade-
quate water supplies of an acceptable quality will be avail-
able where and when they are needed in the years to
come.

The actual availability and quality of water are deter-
mined, to a large degree, by the way in which the
resource is developed and managed in the face of chang-
ing demands. These matters are governed by human
decisions regarding the engineering works required to
develop new supplies, the management strategies and
operating policies governing the use of existing supplies,
the allocation or reallocation of supplies among users or
among States, and the policies or actions employed to en-
sure the quality of water supplies.

In order to understand water-availability issues, it is
necessary to make a distinction between the raw resource
(the total flow of water through streams and aquifers) and
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the developed resource (the part of the total flow that is
reliably available for use). The characteristics of the
developed resource are a function of the raw resource and
of the existing structures and institutions that control its
use.

The limits imposed by the availability of the raw re-
source are important in the Colorado River basin, the
Rio Grande basin, the Great Basin, parts of the High
Plains, and parts of California. In these areas, the ratio of
present consumptive use to the renewable supply of water
is high, and water available for additional development is
limited. In most other areas of the country, the availabil-
ity of the raw resource does not now constitute a signifi-
cant limit. The availability of the developed resource,
however, imposes limits almost everywhere. Typically,
the rates of withdrawal and use in an area increase
gradually over time, but the storage and distribution
facilities that provide the developed supply may fail to
keep pace with these increases. The result is a decline in
the reliability of supply—that is, supplies become more
vulnerable to drought. This vulnerability can be dimin-
ished by building surface-water reservoirs, using ground
water, improving water-supply forecasting and improv-
ing overall management of the existing facilities.

In recent years, the rate of reservoir construction has
slowed considerably, whereas ground-water use has ac-
celerated. There is a growing recognition that the best
reservoir sites have already been put to use, and that new
reservoir development is likely to be less cost-effective
than that which has occurred in the past. Nevertheless,
the potential for creating a larger developed supply
through the construction of new reservoirs appears to be
good in most regions of the country, except for the arid
Southwest.

In three areas where the raw resource is limiting—the
lower Colorado River basin, the High Plains, and
California—sustained withdrawals of ground water from
storage have occurred in recent decades. Although these
withdrawals have maintained high levels of supply to
these areas, they cannot continue indefinitely. As ground-
water levels fall, increasing pumping costs and decreasing
well yields will force gradual reductions in pumping. This
has already begun to happen in the southern High Plains
and in some parts of Arizona. In contrast, ground-water
development in humid areas such as Florida and the
Adantic Coastal Plain has been characterized by diver-
sion of water from streamflow or from evapotranspira-
ton, rather than by extended withdrawals from storage.
In these areas, ground-water development is a substitute
for the construction of surface-water storage and con-
veyance facilities.

All of the State water-issue summaries refer to water-
availability issues or to related management issues. Con-
cern is expressed over the future of certain instream uses
(navigation, fish habitat, and waste assimilation) as diver-
sions continue to grow. Many of the State water-issue
summaries point to ground-water development as the
primary means of increasing developed supplies or in-
creasing the reliability of existing supplies.

Water quality

The quality of the Nation’s ground- and surface-water
supplies generally is adequate, although numerous prob-

lems exist. Contamination of ground and surface waters
is mentioned frequently in the State water-issue sum-
maries. The sources of contamination noted most fre-
quently include sewage-treatment plants, industrial
plants, coal mines, spills, urban runoff, agricultural
runoff, feedlots, landfills, and naturally saline waters.
The hazardous wastes most often mentioned are synthetic
organic compounds and toxic metals.

Data collected from major streams during the period
1974-81 by the U.S. Geological Survey indicate improve-
ment in some aspects of water quality and deterioration in
others. In particular, lead concentrations and bacterial
counts show widespread declines, whereas some other
metals, nutrients, and inorganic compounds show in-
creases. Insufficient data were available to permit a
similar evaluation of trends in synthetic organic com-
pounds in major streams; however, the presence of these
compounds in streams, and particularly in stream-bottom
sediments, has been demonstrated in a number of studies.
State water-issue summaries indicate that considerable
progress has been made in the control of point-source
pollution of surface water, especially industrial point
sources. The serious surface-water-quality problems of
the past, depressed levels of dissolved oxygen and high
bacterial counts, appear to be much less extensive today.
However, further improvements in surface-water quality
will require increasing attention to the difticult task of
controlling nonpoint sources of pollution.

Ground-water quality is influenced by point and non-
point sources of contamination. The State water-issue
summaries focus predominantly on point-source pollution
from landfills, lagoons, and disposal pits. This concern
apparently results from several recent, interrelated
developments: (1) increased Federal and State efforts to
identify and cope with hazardous wastes; (2) discoveries
of pollution that have been widely reported by the media;
(3) advances in chemical-detection equipment and tech-
niques; and (4) growing lists of substances judged to be
carcinogenic and mutagenic. As the State summaries
indicate, neither the full extent nor the full impact of
ground-water pollution by hazardous waste has been
determined. Efforts to delineate and monitor the known
occurrences of ground-water pollution and studies of
known disposal sites to determine possible pollution of
water resources are increasing and now involve every
State. These efforts are hampered, however, by the lack
of knowledge about local ground-water flow near waste
sites, by lack of funding for comprehensive water
analyses, and by a shortage of qualified investigators.

Point-source ground-water pollution tends to be con-
centrated in urban areas, where adverse effects include
contamination of water supplies and the seepage of con-
taminated ground water into streams, drains, or ditches.
By contrast, nonpoint sources may affect broad regions,
including urban and rural settings. However, little quan-
titative data are available on the influence of nonpoint
sources of contamination on ground-water quality.

Acidic precipitation is mentioned as an issue of concern
in about half of the State water-issue summaries. Long- -
term observation of streams by the U.S. Geological
Survey in remote locations suggests that the effects of
acidic precipitation are decreasing in the Northeast, but
increasing in other areas of the Nation.



Hydrologic hazards and land use

Flooding remains a major issue nationwide despite
more than 40 years of major Federal flood-control effort
and the recent application of flood-zoning and flood-
insurance programs. Average annual flood damages have
been increasing during this century at an annual rate of
about 4 percent in real dollars, and there is some indica-
tion that this rate has increased during the last decade to
about 6 or 7 percent per year. There is widespread con-
cern over the safety of dams. The problem of increased
flooding brought about by urbanization has received con-
siderable attention, and is being addressed by laws and
regulations in many parts of the Nation.

Land subsidence and sinkhole development are two
hazards that are caused or exacerbated by the develop-
ment of ground water in certain types of geologic en-
vironments. Subsidence is well understood scientifically,
and some jurisdictions have taken actions to manage the
problem.

Erosion and sedimentation present problems related to
loss of topsoil, filling of reservoirs and navigation chan-
nels, and transport of contaminants that attach to the
sediments. Methods to control erosion are effective in
many situations, but the associated sedimentation prob-
lems may persist for decades or centuries.

The extraction of minerals can have substantial im-
pacts on water resources through contamination of sur-
face and ground water, disruption of aquifers by mining,
or competition for water with other users. This competi-
tion 1s of particular concern in regard to coal development
as a result of water use for powerplant cooling or coal-
slurry pipelines. The development or rehabilitation of
many small hydroclectric plants may aftect streamflow
and sedimentation on small streams.

Institutional and management

Water moves through the hydrologic cycle without
regard to individual property lines and political bound-
aries. "Thus, the quantity and quality of water available
for use at one location may be affected by water use,
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waste disposal, or weather-modification practices at
another location. Similarly, the cost of increasing the
available water supply in one area may be affected by
water-resources development somewhere else. It is this in-
terdependence of water users that gives rise to many
water issues and complicates the ‘‘rules of the game’’ by
which water is managed.

Water-management rules, laws, and conventions in the
United States have evolved in response to water-
management problems. There has been a continual
evolution of institutions designed to allocate water among
competing users, resolve disputes, and promote public
health, safety, and the general welfare. Because these in-
stitutions have evolved in different historical settings and
because they reflect the customs, ethics, and physical
environment of the people involved, they form a complex
mosaic that is always undergoing change.

These changes occur as the resource becomes increas-
ingly scarce. State water-right systems, for example,
originally were designed primarily to protect a static pat-
tern of water use, once that pattern had been achieved.
Increasingly, these same institutions are faced with the
problem of facilitating transfers of water rights from ex-
isting uses to new uses, while simultaneously protecting
other water-right holders. The problem of reallocating
scarce waters differs from the problem of providing and
supporting new allocations from a relatively abundant
supply. It appears that water-right markets are evolving
as a mechanism for reallocation in those areas of the West
where the demand for water is great relative to the avail-
able supply. In the East, where competition for water is
growing, there is some movement in the direction of
requiring permits for surface- and ground-water
withdrawals.

Water-management institutions and systems change as
the knowledge of water resources changes. As it becomes
possible to predict the effects of one water user’s actions
on another, laws and regulations will change n order to
manage these effects. Similarly, recognition of the bene-
fits of adopting new, more integrated water-management
approaches will lead to the changes in laws, treaties, com-
pacts, or agreements necessary to achieve these benefits.



4  National Water Summary 1983

INTRODUCTION

The public has come to expect abundant, clean, safe,
and inexpensive water at the turn of the tap. Most people
recognize that water, although abundant, is unevenly
distributed across the United States. The Western United
States, with the exception of the coastal and mountainous
areas, is arid or semiarid, whereas the Eastern United
States is humid. Daily we read or hear of a variety of
water conditions and issues that cause widespread con-
cern in every part of the country. Droughts diminish
water supplies in the humid East, whereas floods inundate
parts of the arid West. Ground-water supplies in some
places are contaminated. Decliming ground-water levels
are said to be affecting broad regions of the country. As a
result of these and other water-related events, various
writers warn of ‘‘the coming water crisis.””

The hydrologic events and concerns mentioned above
have raised numerous questions about the status of the
Nation’s water resources. What is the quality of the
water? What changes are taking place? What has caused
various conditions to develop? What can be done about
those matters? Is there a water crisis? To answer such
questions, it 1s necessary to analyze and evaluate existing
hydrologic information. Some questions can be answered
quickly because there is sufficient hydrologic information.
Other questions related to more recent concerns, such as
‘“‘What is the regional or national extent of ground-water
contamination by synthetic organic substances?,’”’ cannot
be answered immediately because sufficient information
has not been accumulated. Years may be needed to con-
duct the necessary research and obtain the needed hydro-
logic information.

Periodic analysis of national water conditions and iden-
tification of water issues can help to identify deficiencies
in water-related information and can serve as the first step
in developing water-policy options. Consequently, the
purpose of this report and subsequent National Water
Summary reports is to describe and analyze the condition
of the Nation’s water. The Geological Survey’s National
Water Summary reports will not propose or recommend
water policies. However, these reports will summarize the
results of recent analyses of water-related information for
use by those groups that do formulate policies.

This report 1s organized in four parts, each of which is
independent but related to the other parts. The four parts
are:

Man and the hydrologic cycle, which provides an over-
view of hydrologic processes and man’s interaction
with those processes, particularly in such areas as water
supply, agriculture, and urbanization.

Selected hydrologic events for January 1982 through
August 1983, which provides a synopsis of the
hydrologic events that occurred during that period.
This part covers rapidly changing water-resources
conditions, as distinct from long-term or gradually
evolving conditions and issues. 1t provides background
for many of the water-availability and hydrologic
hazard issues discussed in subsequent parts.

Hydrologic perspectives on water issues, which pro-
vides background information and a hydrologic
perspective for most of the issues described in the in-

dividual State summaries of water issues. Extensive
references to current studies and additional informa-
tion sources also are included.

State water issues, which summarizes the water issues of
concern for each State, the District of Columbia, Puer-
to Rico, the U.S. Virgin Islands, and western Pacific
Islands under United States jurisdiction. These issues
are grouped in four categories: water availability,
water quality, hydrologic hazards and land use, and
institutional and management. Each State summary
incudes a map that shows the location of areas affected
by or involved in specific issues, a summary table of
water-use data, and a list of selected references.

The State water issues described in this report are the
result of consultations between U.S. Geological Survey
personnel in each State and more than 130 State and local
organizations concerned with water, from May through
July 1983. Many of these organizations cooperate with
the U.S. Geological Survey in water-resources investiga-
tions. The U.S. Department of the Interior’s Office of
Water Policy also cooperated in this activity by arranging
for representatives of the Governors to review the issues
relating to their States.

Various aspects of the Nation’s water resources have
been assessed in a number of important studies. The U.S.
Water Resources Council’s (1978) Second National
Assessment reviewed in considerable detail water condi-
tions and issues for the base year of 1975. An earlier study
by the .National Water Commission (1973) provided one
of the most comprehensive reviews of water-resources
policies to date. The Commission’s report made more
than 200 specific recommendations to improve future
water policies.

Other Federal studies of interest include the annual
report of the U.S. Council on Environmental Quality
(1982); the National Waterways Study, in preparation by
the U.S. Army Corps of Engineers; and the 1982 Na-
tional Water Quality Inventory, in preparation by the
U.S. Environmental Protection Agency. The Soil Con-
servation Service (U.S. Department of Agriculture, 1982)
and the U.S. Forest Service (1981) have produced assess-
ments of soil, water, and forest and range lands as related
to their agricultural and forestry policies and programs.

National associations and private groups also have
been active in examining water issues. The National
Conference of State Legislatures (Morandi and Lazarus,
1982) reviewed water-resources-management issues and
options as part of a broader study that considers the inter-
active, long-range nature of water, land, and renewable-
resource issues. The Council of State Governments
(1981, 1982) reported on water-resources-management
and water-quality-planning issues in the context of State
programs. The Conservation Foundation (1982) assessed
the state of the environment and also reviewed a number
of the water-issue and water-policy studies referred to
above (Metzger, 1983). Many other groups, such as the
Interstate Conference on Water Problems (1983), Na-
tional Society of Professional Engineers (1981), and the
American lInstitute of Professional Geologists (1983),
have prepared position papers on water issues and
policies.
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MAN AND THE HYDROLOGIC CYCLE

Understanding the interactions between man’s activ-
ities and the processes involved in the hydrologic cycle is
one of the goals of hydrologic research. This understand-
ing provides the foundation upon which to design water
policies and water-management practices. As will be
shown in this part, man’s activities are an integral and an
inseparable part of the hydrologic cycle (Matalas and
others, 1982).

Water constantly circulates from the sea, to and
through the atmosphere, to the land, and eventually
returns to the sea by streamflow and to the atmosphere
(by way of transpiration and evaporation) from the sea
and land surfaces. This circulation pattern is termed the
“‘hydrologic cycle”’ and is often described as a gigantic
distillation machine. This movement of water and
moisture is driven by energy from the sun and involves a
number of interrelated processes, such as precipitation,
evaporation, transpiration by plants, soil infiltration, sur-
face runoff, and ground-water flow; it also involves a
variety of geochemical and biological processes.

The magnitude of the quantity of water transported by
the hydrologic cycle is illustrated by the gross water
budget of the conterminous United States, as shown in
figure 1. Of the approximately 40,000 billion gallons per
day (bgd) of water vapor that pass over the conterminous
United States, about 4,200 bgd falls as precipitation.
About two-thirds of this precipitation (2,800 bgd) is
returned to the atmosphere through evapotranspiration—
loss of water from a land area through transpiration of
plants and evaporation from the soil and water surfaces.
The remaining 1,400 bgd, depending upon the properties
of the land surface, soils, and vegetation, discharges
directly to streams, lakes, or to the ocean, or seeps into
the ground, where it goes into storage and subsequently
discharges to surface-water bodies. During its journey to
the ocean, some of this water is withdrawn from aquifers
and streams for various uses by man, returned to its
source (usually to streams), and withdrawn again several
times. These uses and reuses of water involve the total
withdrawal of approximately 380 bgd of freshwater, of
which about 100 bgd is consumptively used (Solley and
others, 1983). The total amount of water that returns to
the ocean is about 1,300 bgd.

The renewable water supply of the conterminous
United States is about 1,400 bgd. Consumptive use of
water is only a small part (about 7 percent) of the
renewable supply. In addition, there is a very large
volume of ground water in storage. Thus, in the ag-
gregate, there is no overall shortage of water. There are,
however, many problems of local and regional supply
because the desired amount of water is not always
available at the right place, at the right time, and of the
right quality for the intended use.

Many of man’s activities affect the distribution of water
on the Earth and in the atmosphere by directly con-
suming or evaporating water, by altering the land and
vegetation, or by affecting the climate. These activities
also alter the quality of water. An example of the effects of
one of man’s activities is the pumping of water from a
well drilled in an alluvial aquifer near a stream. The with-
drawal of ground water adjacent to the stream may
reduce the seepage of ground water into the stream or
cause water from the stream to move toward the well,
thereby reducing the streamflow available for use down-
stream. If the water is used to irrigate crops, it may
dissolve salts from the soil. During irrigation, about 50 to
80 percent of the water will return to the atmosphere
through evapotranspiration; the remaining amount car-
ries the dissolved salts and returns to the water table or to
a stream where it increases the dissolved-solids content.

Alteration of the land surface by different land uses
may significantly affect the hydrologic response of a
drainage basin to precipitation. In an urban setting, for
example, buildings, streets, parking lots, and other im-
pervious surfaces prevent precipitation from infiltrating
into the ground where it could be available for pumping
or for base flow to streams. Conversely, impervious sur-
faces and storm sewers can increase the volume and rate
of runoff as a result of decreased infiltration and de-
creased roughness of the drainage basin. The result may
be increased discharge of small streams, which can cause
channel erosion and flooding.

The chemical and physical quality of the runoff also is
altered by different land uses. Construction without ade-
quate erosion control allows soils to erode rapidly, which
adds a large quantity of sediment to local streams. Urban
runoff may flush heavy metals, oil, grease, and other
natural and synthetic organic matter from streets and
parking lots into the stream system. Agricultural runoff
may contain sediment, fertilizers, and pesticides. In
short, the land-use practices of an area influence the
quality of both surface and ground water.

Some of the more subtle effects of land modification in-
clude changes in surface roughness, surface reflectance,
vegetation, moisture-holding capacity of the soil, and
thermal characteristics of the surface, all of which alter the
transfer of moisture and heat between land and air.
Draining a wetland or deforesting an area, for example,
decreases local evaporation and transpiration and in-
creases runoff (Mather, 1978). Concentrations of dust
particles and aerosols and thermal convection over urban
areas increase precipitation and increase the frequency of
fog, cloudiness, and thunderstorms (Eagleson, 1982).

Changes in the quality and quantity of water trans-
ported in the hydrologic cycle and the associated climatic
changes may range widely over space and time. Some
changes affect only a few square miles; others may affect
the global climate. Some changes may be observed in
very short periods of time; others may take years or
centuries.
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A series of significant and diverse hydrologic events
that occurred during 1982 and the first 8 months of 1983
kept water resources in the news almost constantly. These
events highlight the degree to which our economy, health,
and welfare are dependent upon water. Often, these
hydrologic events are soon forgotten, but it is important
to learn from them and to understand the factors that con-
tribute to their occurrence. Some of the more significant
hydrologic events that occurred from January 1982
through August 1983 are listed in table 1. The geographic
locations of the events are shown in figure 2.

Many of the extreme hydrologic events of 1982 and
early 1983 are manifestations of a single, unified, global-
scale atmospheric phenomenon known as an El Nino-
Southern Oscillation (ENSO) event (Philander, 1983). An
ENSO event is characterized by a shift in the atmospheric
and oceanic flows of the equatoral Pacific from an easterly
to a westerly direction and a resulting increase in water
temperature in the Pacific Ocean. These oceanic and at-
mospheric changes lead to vanations in the distribution

TasLe 1.—Significant hydrologic events, January 1982-August 1983

SELECTED HYDROLOGIC EVENTS FOR JANUARY 1982 THROUGH AUGUST 1983

and intensity of pressure fields and shifts in storm tracks
worldwide (Namias, 1976; Barnett, 1981; Horel and
Wallace, 1981). The time interval between successive
ENSO events varies from 2 to 10 years.

The ENSO event of 1982-83 was atypical in that it
developed earlier (late summer of 1982 rather than the
usual late autumn), intensified more rapidly, persisted
longer (into the spring of 1983), and was more intense
than normal. Storm tracks that ordinarily would pass
over Western Canada were displaced to the Western
United States. This storm activity resulted in extensive
damage all along the West Coast. These storms produced
record snow accumulations in the Sierra Nevada and
Rocky Mountains, giving rise to severe floods in the
spring of 1983 throughout much of the West. Increased
storm activity along the Gulf Coast, which also tends to
occur during ENSO activity, produced excessive rain and
severe flooding and erosion in Louisiana, Mississippi,
and Florida (Rasmusson and Hall, 1983).

Location
(Sce fig. 2) Date

Event

1 January

Rains of Janua
disastrous mudslides. A rainfall of 13.5 inches was reported at Kent

3-5 in the San Francisco Bay area, California, tr}g cred
1€

>ld in

Marin County. Hundreds of homes were destroyed or damaged. Pcak flows
on streams were the highest since 1955, although their recurrence intervals
were only in the 20- to 30-year range.

Torrential rains on January 3-4 in Alabama contributed to the development of

sinkholes near Sylacauga and Calera. The recurrence intervals of the floods
caused by the rains equaled or exceeded 50 years.

3 Februa
v 20-21.

Moderately severe flooding occurred in the State of Washington on February
¥>eak discharge on the Klickitat River had a recurrence interval be-

tween 25 and 50 years.

Heavy rainfall west and north of Atlanta, Ga., produced floods on several small

streams. These floods had recurrence intervals of 50 to 60 years.

5 March

ebruary and

were eased.

A prolonged drought in south Florida ended as a result of near normal rainfall in
e first 2 weeks of March. Mandatory water-use restrictions

Anﬂeruption of Mount St. Helens on March 19 caused a snowmelt and debris

on the Toutle River system in Washington.

Extensive flooding, caused by runoff from a warm rain falling on a dense

9 June

snowpack, occurred throughout northern Indiana, southern Michigan, and
northwestern Ohio during the last half of the month. Recurrence intervals of
maximum flows on many streams equaled or exceeded those of a 100-year
flood. Extensive flood damage was experienced in much of northern Indiana.
Among the river systems a%fected were the St. Joseph, Raisin, St. Marys,
Maumee, Illinois, and Kankakee.

Intense thunderstorms on April 1 in the Sqn Jose area, California, caused near-
record flooding in the Coyote Creek basin.

Runoff from rains of from 3 to 14 inches during June 4-7 caused widespread
damage and severe flooding in Connecticut, Massachusetts, and Rhode
Island. Recurrence intervals of these floods were greater than 100 years, and
many dam failures resulted. Ground-water levels in some Connecticut wells
were highest in many years.
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TasLE 1.—Significant hydrologic ovonts, January 1982-August 1983—Continuod

Location
(See fig. 2)

Date

Event

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

do

July

do

do -

do

do

August

September

do

October

do

December

do

do

Heavy rainfall at mid-month caused flooding on several tributaries of the lowa
River downstream from Marshalltown, lowa, resulting in peak discharges
with recurrence intervals of 100 years.

Heavy rainfall in northeastern Illinois on July 22 caused severe flooding in
several suburbs north of Chicago.

Runoff from intense rains of up to 9 inches in a 12-hour period on July 28
caused flooding in Pennsylvania in northern Chester County, southern
Montgomery and Bucks Counties, and in northeast Philadelphia. Highest
discharges of record occurred on Tacony, Poquessing, Biberr, and Pen-
nyback Creeks.

A fishkill due to high biochemical-oxygen demand levels in Pat’s Creek near
Belmont, Wis., occurred during runoff following a storm on July 6.

Lawn Lake Dam on the Roaring River in Rocky Mountain National Park,
Colo., failed on_July 15, and caused severe flooding along Roaring River,
Fall River, and Big ’%hompson River and severe damage to the town of Estes
Park, Colo.

Extensive flooding occured on tributaries to the Des Moines River downstream
from Des Moines, Iowa, during July 3-16 from rains totaling almost 2 feet.
Cedar Creek near Bussey (dramage area, 374 square miles) had estimated
peak flows of 100,000 and 80,000 cubic feet per second on July 3 and 16,
respectively. The storm of the 16th also caused flooding in central and east-
central Iowa.

Several thousand rainbow trout were killed when 5,000 gallons of No. 2 diesel
fuel leaked into Spring River at Mammoth Spring, Ark., following a train
derailment on July 9.

Small streams in northwest Georgia experienced floods that exceeded a 50-year
recurrence interval.

Intense thunderstorms that produced 13 to 15 inches of rain struck north-central
Tennessee on September 2 and west Tennessee on September 13. Runoff
from these storms caused peak flows that exceeded previous maximums at
Wolf River near Byrdstown, Cain Creek near Fruitland, and Beaver Creek
at Huntingdon.

Record high rainfall along the Wasatch Front in northern Utah, on September
25-26, caused serious flooding along Big and Little Cottonwood Creeks.
Estimated recurrence intervals of the storm and floods was 100 years.

A sinkhole which developed in Lake Jackson near Tallahassee, Fla., during Oc-
tober 23-25, drained about two-thirds of the 4,000-acre lake.

Ground water was contaminated when about 7,500 gallons of carbon
tetrachloride were spilled in the town of Barcelonata, in northern Puerto
Rico.

Floods that began in December and continued into early January 1983 affected
an area about 250 miles wide and 1,000 miles long extendingrrrom the Great
Lakes to the Gulf of Mexico.

Forty counties in Arkansas and 15 counties in Missouri were declared disaster
areas because of flood and tornado damage. Damages in the two-State area
exceeded $500 million. Record high stages occurred in many streams in
Arkansas, Missouri, Louisiana, Mississippi, and Illinois, and peak discharges
exceeded the 100-year flood at several locations in each State.

New York City’s Delaware River reservoirs dropped to 33 percent of capacity. As
a result, the Delaware River Basin Commission restricted New York City’s
allocation of water from the Delaware to 560 million gallons per day about 70
Kflrcent of the city’s normal allocation. Restrictions were not removed until

ay 1983 when the reservoir system was replenished to 100 percent of normal
maximum capacity.
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TasLe 1.—Significant hydrologic events, January 1982-August 1983—Continued

Location
(See fig. 2)

Date

Event

1983

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

41

January

February-March
do

do

do -

do

do

do

July

Severe flooding occurred in north-central Louisiana as a result of heavy rains in
late December.

Drought conditions continued in Hawaii and in the western Pacific.

California was plagued with severe storms from the Pacific, which caused record
flows on some streams and local floods, mostly in urban areas. Wave damage
was extensive in shoreline areas, especially in southern California. Levee
failures along the Sacramento and San _]>(I>aquin Rivers caused extensive
flooding in rural areas.

Warm air temperatures during early March, combined with rain on a record
snowpack, caused major flooding along the Humboldt River in northern
Nevada and most small streams in eastern Nevada.

Drought conditions continued in Hawaii and in many parts of the western
Pacific. On Oahu, the first 3 months of 1983 were the driest in 105 years, with
less than 1 inch of rain recorded at the airport.

Heavy rains in the Delaware and Susquehanna River basins on April 16-17
caused flooding on many streams in eastern Pennsylvania.

Record-breaking floods in southeastern Louisiana and adjacent parts of
Mississippi occurred from the Amite River basin to the Pearl River basin. In
Louisiana, the Pearl River at Pearl River reached the highest flood level since
1874. More than 1,500 homes were flooded in St. Tammany Parish (Pearl
River basin) and more than 3,000 homes were flooded in East Baton Rouge
and Livingston Parishes (lower Amite River basin). Recurrence intervals of
flood peaks exceeded 100 years at many locations.

Severe flooding in St. Thomas and St. John in the U.S. Virgin Islands on April
19 occurred as a result of as much as 18 inches of rain in %14 hours. Extensive
areas in Charlotte Amalie were flooded and the airport was closed for 2 days by
water as much as 2 feet deep. Throughout the islands, floods exceeded
previously known maximums.

Record high streamflows and many mudslides caused extensive damage in
northern Utah. )

A large mudslide occurred in the Ophir Creek basin in Washoe County in
western Nevada.

The Peaer5 River at Jackson, Miss., reached its third highest level in history on
May 25.

Warm air temperatures triggered a rapid snowmelt in the Rocky Mountains and
caused extensive flooding in the Colorado River basin. The snowpack was
reported to be the greatest in history at many locations. The peak discharge of
65,700 cubic feet per second on [}une 26 on the Colorado River near the
Colorado-Utah State line was highest of record and had a recurrence interval
of about 100 years.

Extensive flooding occured in Arizona, California, and Nevada downstream
from Glen Canyon, Hoover, Parker, Davis, and Imperial Dams on the Colo-
rado River because of reservoir releases that were the largest since the reser-
voirs were constructed.

Floods on the Platte River in Nebraska downstream from North Platte were the
highest in over 40 years.

Floods on Plum Creek, Lincoln Creek, and the Big Blue River in southeastern
Nebraska caused by heavy rains inundated 86,00% acres of farmland.

In a few key observation wells in New England, ground-water levels were highest
for end of June during the entire 25- to 35-year period of record.

Water stored in reservoirs in the Colorado River basin reached the highest level
since dams were constructed. Flow over the spillways of Hoover Dam, Nev.,
began on July 3 for the first time in its history, except for a test of the structure
in 1941.
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FIGURE 7. Monthly flows of selected major rivers in the United States, January 1982—August 1983 and monthly





















storage due to climatic variation usually average to zero.
Thus, in terms of surface-water (reservoir) storage, and in
terms of naturally induced changes in ground-water stor-
age, the regions should be at equilibrium over the long
term. In some regions, however, sustained withdrawals of
ground water from storage have been maintained over
very long periods of time, and must be considered even in
a long-term budget. Depletion of ground-water storage is,
therefore, shown as a contribution to the supply in figure
9.

Gross supply is defined as the flow potentially or
theoretically available for use within the region under cur-
rent conditions. It may be thought of as the supply that
sustains the current consumptive use, plus the outflow
from the region. As indicated in figure 9, it can be con-
sidered the sum of the available water sources (imports,
precipitation, and depletion of ground-water storage)
minus the water not available for use (natural evapotrans-
piration and exports). Renewable supply on the other hand,
represents the flow potentially or theoretically available
for use in the region on an essentially permanent basis.
Thus, it includes only those contributions—precipitation
and imports—that presumably will remain constant, on
the average, through time. Depletion of ground-water
storage, which eventually must cease as water levels con-
tinue to fall, is not included. Renewable supply is the sum
of precipitation and imports, minus the water not avail-
able for use (natural evapotranspiration and exports). It
differs from gross supply only in that it does not include
depletion of ground-water storage.

Renewable supply is actually a simplified upper limit to
the amount of water consumption that could occur in a
region on a sustained basis. It is simplified in the sense
that the terms involved—precipitation, imports, natural
evapotranspiration, and exports—are subject to change
due to natural causes and human intervention, whether
intentional or inadvertent. Where there are legal and in-
stitutional requirements to maintain minimum flows in
streams leaving the region for instream uses such as
navigation, hydroelectric power generation, fish propaga-
tion, or downstream withdrawal uses, it may not be possi-
ble to consume the entire renewable supply. Total devel-
opment of a surface-water supply is never possible
because of increasing evaporative losses as more reser-
voirs are used. Thus, beneficial consumption—that is,
consumption other than evaporation from reservoirs—
can never equal total consumption; therefore, beneficial
consumption is always less than the renewable supply.
Nevertheless, renewable supply provides a rough meas-
ure of the abundance of the water resource, and when
compared to the existing rate of consumptive use, it pro-
vides an index of the degree to which the resource has
already been developed. Consumption in any region can
increase by no more than the difference between renew-
able supply and existing consumption unless imports are
increased, exports are decreased, or some sort of supply
enhancement is achieved—for example, by managing
vegetation or lowering ground-water levels to control or
reduce evapotranspiration.

As figure 9 indicates, renewable supply could be
calculated by adding precipitation and imports and sub-
tracting natural evapotranspiration and exports. Alter-
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natively, it can be calculated by summing outflow and
consumptive use and subtracting depletion of ground-
water storage from this total. The latter approach was
adopted in this analysis, simply because estimates of the
terms involved are more easily obtained.

Long-term average outflow rates for each region were
estimated from streamflow records through 1975. Esti-
mates of present consumption were calculated by adding
published data on offstream consumption (Solley and
others, 1983) and calculated estimates of net reservoir
evaporation. Net reservoir evaporation was calculated
with information developed by Hardison (1972), which
gives the net evaporation rate as a function of reservoir
capacity for each water-resources region. The reservoir
volumes used in this calculation were taken from the U.S.
Army Corps of Engineers inventory of dams (1981).

Depletion of ground-water storage was estimated only
where water-table decline or land subsidence has been in
progress over wide areas for a number of decades.
Storage withdrawals associated with declines in artesian
level or with small areas of water-table decline were
neglected because of the limited effect they would have on
regional water-budget calculations. Storage-depletion
estimates, based on long-term water-level declines, ad-
Justed to 1980 conditions where possible, are estimates
from ongoing U.S. Geological Survey studies and are
subject to revision as the investigations continue.

Regionally significant depletion of ground-water
storage has occurred in three major areas—southern
Arizona, the High Plains, and California. Depletion in
southern Arizona, which falls completely within the
Lower Colorado Region, was estimated at approximately
2.1 bgd for 1980. Depletion in the High Plains for 1980
was estimated at 8.9 bgd; approximately 25 percent oc-
curred in the Missouri Region, 40 percent in the
Arkansas-White-Red Region, and 35 percent in the
Texas-Gulf Region. Depletion in the California Region
for 1980 was difficult to estimate, in part because data on
ground-water levels since 1978 are limited, and in part
because the region was in a period of transition from very
dry conditions in 1976-77 to very wet conditions during
the past 3 years. However, long-term data for the period
1961-78 indicate an average storage-depletion rate of 1.4
bgd during that period. In the absence of more complete
information, this figure was used as the 1980 storage
depletion for the California Region.

The values for consumption were based largely on data
for 1980, the outflows were estimated from long-term
stream-gaging records, and the ground-water-storage
changes were derived from long-term data adjusted, in
some cases, for 1980 conditions. Complete consistency
would require all of the estimated quantities to be
evaluated for 1980, but the necessary information to do
this was not available. For the purposes of this analysis,
the estimates as developed were considered adequate.

The estimates of average outflow, depletion of ground-
water storage, consumption, and renewable supply for
the 19 water-resources regions analyzed, and for the en-
tire Colorado and Mississippi basins are given in table 2.

A useful index for comparing the regions is consump-
tive use as a percentage of renewable supply. (See table 2
and figure 10.) In 13 of the 21 regions, consumptive use is
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[Units are in billion gallons per day except where indicated|

TasLE 2.—Simplified water-resources budget for 1980, by water-resources region

Consumptive
Depletion ) use as a
Water-resources region Stream of Consumptive Renewable percentage of
outflow ground-water use supply renewable
storage supply

New England 77.8 0.0 0.6 78.4 1
Mid-Atlantic 78.9 .0 1.8 80.7 2
South Adantic-Gulf ----=----———- 227.9 .0 5.6 233.5 2
Great Lakes 72.7 .0 1.6 74.3 2
Ohio (exclusive of Tennessee

Region) 137.5 .0 2.1 139.6 2
Tennessee 40.8 .0 4 41.2 1
Upper Mississippi (exclusive of

Missouri Region) —-—---——————- 75.1 .0 2.1 77.2 3
M ississippi (entire basin) —-—------ 428.3 5.8 42.3 464.8 9
Souris-Red-Rainy -——-----—-———— 6.0 .0 .3 6.5 8
Missouri 45. 2.2 19.3 62.9 31
Arkansas-White-Red -———-——————- 61.3 3.6 11.0 68.7 16
Texas-Gulf 27.9 3.1 8.3 331 25
Rio Grande 2.2 .0 3.2 5.4 59
Upper Colorado ~---—-————————— 9.9 .0 4.0 13.9 29
Colorado (entire basin) ==--------—- 1.6 2.1 10.8 10.3 105
Great Basin 5.9 .0 4.1 10.0 41
Pacific Northwest ——-—--————————- 263.6 .0 12.6 276.2 5
California 50.5 1.4 25.5 74.6 34
Alaska 975.5 .0 .04 975.5 0
Hawaii 6.7 .0 i 7.4 9
Caribbean 4.8 .0 3 5.1 6

less than 10 percent of renewable supply; in five it is be-
tween 10 and 40 percent; in two, the Great Basin and the
Rio Grande, it is between 40 and 60 percent; and in one,
the Colorado, it is 105 percent. A percentage greater than
100 can occur only where there is depletion of ground
water in storage. These depletions cannot continue in-
definitely. As ground water in storage is progressively
depleted, becoming increasingly costly to obtain, one or
more of the following will have to happen: a decrease in
consumption, exports, or stream outflow, or an increase
in supply by precipitation, by vegetation management, or
by imports.

Even in regions where consumptive use is a small
percentage of renewable supply, there may be local areas
in that region where the percentage is high. The three
regions draining the High Plains (the Missouri,
Arkansas-White-Red, and Texas-Gulf) have percentages
between 16 and 31; yet consumptive use now exceeds
renewable supply in some of the western parts of these
regions. Conversely, within basins where consumptive
use is a high percentage of renewable supply, there may
be subbasins for which the percentage is low. For exam-
ple, tributary basins in the Colorado basin, such as the
Green, White, and Yampa, have low percentages of con-
sumptive use even though, for the entire Colorado basin,
the percentage is 105.

The purpose of considering these percentages is to
compare current development with upper limits to water
development on a broad regional scale. The results show
that, for a very large part of the Nation, consumption is a
very low percentage of supply, and considerable increases
in consumptive use could be sustained. The factors con-

trolling water availability, however, are often unrelated to
the constraints imposed by these upper limits; rather,
they are related to the limitations of the existing local or
regional supply system—the reservoirs, wells, pipelines,
canals, and their operating policies, as well as the suitabil-
ity of the water for its intended use.

Although the Nation’s natural endowment of water
may, in total, be more than adequate to meet everyone's
needs, the real issue is that the water is not always
available when and where needed. The State water-issue
summaries in this report show that water availability is an
issue in every State—those where the consumption is less
than 10 percent of renewable supply, as well as those
where it is a high percentage. In many States, it is not the
raw resource (water in streams and aquifers) that is
scarce, rather it is the developed resource. The developed
resource is the water that can be supplied for either
withdrawal or instream uses on a reliable basis. Thus, the
developed resource is not only a function of the character-
istics of the raw resource, but also of the facilities and the
institutional arrangements—laws, agreements and oper-
ating rules—for withdrawing the water from the stream
or aquifer.

The scarcity of water in an area may arise for either of
two generic reasons. The first, which largely pertains to
the more arid parts of the Nation, is the absolute decline
in the size of the raw resource due to continued depletions
from ground-water storage. The second, which is ubiqui-
tous, is the increased competition for the developed
resource—that is, increasing competition for the supply
with a fixed set of facilities. In either case, the scarcity of
water can almost always be alleviated by engineering or
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SURFACE-WATER DEVELOPMENT

The unregulated flow of many of the Nation’s rivers is
highly variable. For example, the rate of flow may be
thousands of times greater during floods than during
droughts, and some streams cease flowing during
drought. Even where the rate at which water withdrawn
from a river is small in comparison to the average flow
rate of the river (say one tenth the average flow), there
typically would be many days during which the desired
amount of water was unavailable. Thus, reliance on sur-
face water as a source of supply usually requires a dam,
creating a reservoir to store water from wet periods for
use during dry periods. If the reservoir is located
upstreamn from the location where the water is to be used,
the water stored during the wet periods may be released to
the river channel during dry periods to flow downstream
to the point of use. In other cases, the stored water is
withdrawn directly from the reservoir and carried by pipe
or canal to the point of use. In either situation, there
usually are requirements concerning the minimum flow
that must remain in the river either below the dam or
below the point of diversion. These minimum flows are
established to provide sufficient water for instream uses
such as navigation, waste dilution, or fish and wildlife
habitat.

Reservoirs are often described as having a ‘‘safe
yield,”” which is the amount of water that can be with-
drawn or released on an ongoing basis with an acceptably
small risk of supply interruption. The “‘job’’ of the reser-
voir is to make up the difference between the demand for
water and the available streamflow during the dry
periods, when the available streamflow is less than the de-
mand. If the desired safe yield is small in comparison to
the average flow rate for the river, then the dry period for
which the reservoir stores the water may be a few weeks
or months during the driest part of the year. For a safe
yield approaching the annual average flow of the river
(safe yield between 50 and 90 percent of the average
flow), the dry period for which the reservoir stores water
may span several years. The required size of a reservoir to
satisfy a given demand is determined by the volume of
water that must be stored to carry the users through
severe dry periods. This volume is the product of the flow
deficiency (demand minus flow) and the duration of the
dry period.

As is the case with the extraction of any natural
resource, ‘‘water control by storage follows a law of
diminishing returns. Each successive increment of control
(safe yield) requires a larger amount of reservoir storage
space than the preceeding increment”” (Langbein, 1959,
p- 4). In other words, a doubling of safe yield would re-
quire more than a doubling of reservoir capacity, and
this, in turn, is likely to lead to raore than a doubling of
costs.

The relationship between reservoir storage and re-
gional safe yield (a regulated flow that could be delivered
to the mouth of the basin continuously in 49 out of 50
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GROUND-WATER DEVELOPMENT

Under natural conditions, the ground water in the
saturated zone, below the water table, generally is in mo-
tion from areas of recharge to points of discharge at the
surface (see fig. 1). The movement normally occurs as
slow seepage or percolation through the intergranular
pore space of water-bearing units, or through networks of
fractures or solution openings. Normally, recharge to the
ground-water system is widely dispersed; discharge is
usually to streams, although it also may occur as
evapotranspiration by plants or as direct seepage to the
sea in coastal areas. Under natural conditions, an
equilibrium generally prevails in which the long-term
recharge to the ground-water system is balanced by the
long-term discharge from it. The ground-water flow
regime is characterized by superimposed patterns of cir-
culation, ranging from shallow, local flow into small
upland streams, to deep regional circulation toward
major drainage features.

In addition to its capacity to transmit water, the earth
provides a capacity to accumulate water in storage, and to
release it as water levels fall. Three major mechanisms are
involved. The most obvious of these is the change in
volume of water in an unconfined aquifer as the water
table rises and falls. A less familiar mechanism is that of
artesian storage, which occurs in confined aquifers
through elastic expansion and contraction of the porous
framework, and of the water itself, in response to pressure
changes (Jacob, 1940). The volumes of water stored or
released in artesian aquifers are much smaller than those
in unconfined aquifers, for equal changes in water level;
however, the mechanism is fundamental in determining
the response of ground-water systems to development.
Finally, water can be withdrawn from storage in conjunc-
tion with the irreversible compaction of certain fine-
grained sediments as pressure is reduced. This process is
always accompanied by subsidence of the land surface.

When pumpage of ground water is initiated, the im-
mediate response is a withdrawal of ground water from
storage—that is, a disruption of the natural equilibrium
in the aquifer (Theis, 1940). As water is withdrawn from
storage, ground-water levels decline; this in turn causes a
reduction in the natural discharge to streams, to the sea,
or to evapotranspiration, and may sometimes also bring
about increases in recharge. As natural discharge dimin-
ishes and as recharge increases, the amount of water that
must be withdrawn from storage to supply the pumpage
decreases. In effect, water that was formerly directed
toward natural avenues of discharge is now diverted to
the pumping centers, and increases in recharge may pro-
vide an additional source to sustain the pumpage.
Ultimately, withdrawal from storage may cease, and a
new equilibrium may be established in which the new rate
of recharge balances the pumpage and the remaining
natural discharge. On the other hand, if the pumping rate
exceeds the reductions in natural discharge and the in-
creases in recharge that can be effected in the system,
withdrawal from storage will continue until falling water
levels force a reduction in pumping rates. An equilibrium
is then established in which the remaining natural
discharge and this reduced pumping rate are balanced by
the recharge. In many applications, of course, a part of
the pumpage is returned to the aquifer or to streams after
a cycle of use. To the extent that this occurs, the impact of
the pumpage on water supply is reduced; however, it fre-
quently is replaced by an impact on water quality.

In coastal areas, and in some inland areas, the avail-
ability of ground water is influenced by the possibility of
saline-water intrusion. This phenomenon is discussed fur-
ther in the section on water-quality issues. In certain en-
vironments, moreover, the development of ground water
is limited by the potential for land subsidence or the
development of sinkholes. These processes are discussed
in the section on hydrologic hazards and land use.

A great deal of use has been made of the terms ‘“‘over-
development’’ and ‘‘safe yield’’ with regard to ground-
water development. As it is often used, ‘‘safe yield”’
seems to refer to the pumpage that can be sustained at
equilibrium, without continued withdrawal from storage.
However, sustained withdrawal from storage or, as it is
often termed, ‘‘ground-water mining,”’ is no more ‘‘un-
safe’’ than the mining of any other mineral resource, pro-
vided it is recognized and planned. Neither should pump-
age at equilibrium necessarily be considered ‘‘safe,”’
unless the attendant impacts, such as reduced streamflow
or degradation of water quality, are deemed acceptable.
The expression ‘‘safe yield”’ can, in fact, only be defined
in terms of specific impacts of pumpage. The conse-
quences of pumpage must be assessed for each level of
development, and ‘‘safe yield”” must be taken as the max-
imum pumpage for which the consequences are consid-
ered acceptable. The term ‘‘overdevelopment’’ then im-
plies pumpage beyond that maximum.

Where the goal is pumpage at equilibrium, economic
or environmental constraints may actually preclude the
attainment of that goal. For example, in order to achieve
a given reduction in natural outflow, it may be necessary
to create extensive drawdowns within the ground-water
system; the well distribution and pumping lifts required
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and others, 1981). These declines have acted in two ways
to increase the cost of water to irrigators: Increased
pumping lifts have generated higher energy costs and, as
the saturated thickness of the aquifer has decreased, the
yields of individual wells have diminished, and additional
wells have had to be drilled to maintain the supply. These
increases in costs of water may be thought of as economic
pressures that (barring artificial recharge with imported
water) will gradually force reductions in ground-water
withdrawals. Because economic pressures tend to build
gradually, the pumpage can be expected to decline gradu-
ally, rather than to cease abruptly as supplies are ex-
hausted. This process is, in fact, already occurring;
pumpage has decreased by 11 percent since 1964 in the
southern High Plains. In a continuing effort to adjust to
the condition of decreasing pumpage, growers have
sought ways to reduce their needs for water—for exam-
ple, by installing more efficient irrigation systems, or by
shifting to crops having lower water demands.

The subjects of water importation and artificial
recharge are often brought up in discussions of the
southern High Plains. Although an analysis of these sub-
jects is beyond the scope of this report, the use of such
methods would dearly be governed by economic factors.
The importation of water involves certain costs, as do the
processes of storing it in the aquifer and retrieving it by
pumpage. The fundamental question is whether these
costs would permit irrigation water to be delivered at
economically realistic prices.

The Central Valley of California (fig. 21, area B)
presently is the most heavily pumped contiguous area in
the country. The valley is a structural basin 20,000 square
miles in extent, filled with sediments that form a
heterogeneous but unified aquifer system, in which
ground water occurs under both water table and semicon-
fined conditions. Many of the sediments are susceptible to
compaction in response to the withdrawal of water, and
land-subsidence problems have characterized ground-
water development in a large part of the valley. The area
is devoted to irrigated agriculture and accounts for a large
fraction of the Nation’s production of fruits, nuts, and
vegetables.

Prior to development, the ground-water-flow patterns
in the valley involved recharge from precipitation and
from stream seepage in the higher areas, and discharge to
streams and to evapotranspiration in the central part of
the valley. Total circulation through the ground-water
systern was on the order of 2 million acre-feet of water per
year.

The growth of irrigation from surface- and ground-
water sources profoundly altered the original ground-
water flow system in the valley. Pumpage gradually be-
came the major mechanism of discharge, whereas field
seepage and conveyance losses from the irrigation system
became the major sources of recharge. In the present-
day flow regime, the circulation of water through the
ground-water system is several times its value prior to
development.

During the period from 1961 to 1978, approximately
22 million acre-feet of water per year was supplied for ir-
rigation in the Central Valley. On the average, roughly
half of this amount was diverted from surface-water

sources, and half was pumped from wells, although the
ratio varied with the availability of surface supplies. The
recharge to the ground-water system during this period
averaged approximately 11 million acre-feet per day, of
which 82 percent was return flow from irrigation (in-
cluding conveyance losses from the surface-water
distribution system and field seepage), 14 percent was in-
filtration of precipitation, and 4 percent was seepage from
streams. Discharge from the system in this period was
slightly greater than total recharge, averaging 11.8
million acre-feet per year; of this amount, 94 percent
represented irrigation pumping, 3 percent was municipal
and industrial pumpage, and 3 percent was seepage into
streams. Over the period from 1961 to 1978, therefore, an
average of 800,000 acre-feet of water per year was
withdrawn from ground-water storage in the valley.
Roughly half of this amount was supplied by drawdown
of the water table, and half by drainage from compacting
sediments, accompanied by land subsidence. Clearly,
most of the pumpage during this period was supplied by
increases in recharge (chiefly through irrigation return
flow) or by the diversion of natural discharge; only about
7 percent of the total pumpage was withdrawn from
storage.

Since 1978, generally wet conditions in California have
increased recharge to the ground-water system, reduced
irrigation requirements, and increased surface-water sup-
plies, thus reducing the need for irrigation pumpage. In-
dications are that these factors have at least produced a
condition of hydraulic equilibrium in the ground-water
system, and may actually be causing a temporary accre-
tion of ground water in storage.

The mechanism of the compaction and land-subsidence
process is discussed in a later section of this report. From
the perspective of using ground water without inducing
further subsidence, the significant point is that ap-
preciable subsidence results only if water levels are drawn
down below any previously experienced level in the locali-
ty (Poland and Davis, 1969). This characteristic of the
subsidence mechanism, coupled with the fact that the
ground-water system in the Central Valley has been at or
close to equilibrium through much of its recent history,
indicates that, with proper management, ground water
can be used extensively even in subsidence-prone areas of
the valley. During dry periods, when irrigation re-
quirements increase and surface-water supplies are
limited, pumpage of ground water from storage can be in-
creased to maintain a stable supply. In subsequent wet
periods, pumpage can be reduced and recharge allowed
to replenish the ground-water system. In subsidence-
prone areas, pumpage from semiconfined zones must be
carried out under the constraint of not exceeding the
previously recorded maximum drawdown, if further sub-
sidence is to be avoided.

Florida, southern and eastern Georgia, and small adja-
cent areas in South Carolina and Alabama are underlain
by a regional aquifer (fig. 21, area C) that has been
developed extensively for agricultural, industrial, and
municipal supply (Cederstrom and others, 1979). The
aquifer consists of a composite of carbonate (limestone
and dolomite) formations, within which are zones with
excellent water-bearing characteristics. The humid



climate and generally flat topography combine to provide
abundant recharge to the system.

The aquifer is found at shallow depths over a broad
area in southwestern Georgia and in the northwestern
quarter of the Floridan peninsula, but dips away from this
area to the east, south, and west, and 1s found at depths of
several hundred feet in southern Florida and coastal
Georgia. Where the aquifer is near land surface, it func-
tions essentially as an unconfined water-table system; its
characteristics change to those of a semiconfined artesian
system as depth below land surface increases. Where it is
unconfined, the aquifer is characterized by shallow flow
patterns in which most of the recharge entering the
system 1s discharged locally to springs, streams, swampy
areas, near-shore submarine seepage, or (in the modern
flow regime) to wells. In upland areas, however, a part of
the recharge to the unconfined system moves downward
into artesian zones of the aquifer, where it joins regional
flow patterns toward more distant coastal and offshore
discharge areas. Further accretion of recharge to the arte-
sian system occurs by downward seepage through the
semiconfining materials, particularly where those
materials are breached by fractures or solution openings,
and are overlain by shallow water-bearing zones. Natural
discharge from the artesian system is provided by upward
leakage through the semiconfining matenals, particularly
in coastal areas, where the flow eventually reaches
estuaries, bays, coastal swamps, or the ocean; as in the
unconfined system, discharge by wells is a major factor in
the present-day artesian regime.

Throughout much of the region, the effective lower
boundary of the aquifer is actually a transition from cir-
culating freshwater to underlying saline water. The con-
figuration of this transition zone agrees in general with
the principles outlined by Hubbert (1940) for the case of
an interface between moving freshwater and static saline
water. That is, the transition is deepest beneath recharge
areas in central Florida and southeastern Georgia; it rises
toward the coastlines in the general direction of ground-
water flow. Brackish or saline water extends to the top of
the aquifer along the western and southeastern coasts of
Florida, and throughout the area south of Lake Okee-
chobee. On the other hand, the transition zone extends
more than 50 miles off the coast of northeastern Florida,
and freshwater under artesian conditions is found in the
aquifer to these distances offshore (Johnston and others,
1982).

The limestone has been widely developed for water
supply, to the extent that about three billion gallons of
water per day are presently withdrawn from the system.
A number of cities, including Brunswick and Savannah in
Georgia and Daytona Beach, Jacksonville, Orlando, and
St. Petersburg in Florida, depend on the aquifer for
public supply. Moreover, pumpage from the aquifer for
industrial and agricultural uses exceeds that for municipal
supply. As a result of pumpage, water levels have been
lowered in three broad areas centered in coastal Georgia,
west-central Florida, and the Florida panhandle. (John-
ston and others, 1980, 1981) Despite these drawdowns,
most of the water pumped from the aquifer during the
course of development has been supplied by the diversion
of natural outflow or by increased recharge—not by with-
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drawal of water from storage—and the present system ap-
pears to be approximately at equilibrium.

It is estimated that prior to development, about 13.5
bgd circulated through the carbonate aquifer system
(Bush, 1982). The bulk of this amount was discharged
directly from the limestones to springs, streams, and
swamps in areas where the aquifer is near land surface. In
response to the pumpage, inflow to the aquifer has been
increased above predevelopment levels by about 1.6 bgd;
this increase in recharge represents seepage from surface-
water bodies, or water diverted into the artesian system
from overlying shallow ground-water bodies. Direct
natural discharge from the limestone aquifer by springs
and streams has decreased by about 0.7 bgd, whereas
seepage from the limestones to coastal or offshore
discharge has decreased by an equal amount. Figures in-
dicate that the original flow system has not been changed
extensively by the pumpage, which actually represents
only about 20 percent of the present flow through the
aquifer. Morever, the response to further development
will involve new increases in recharge or diversions of
natural discharge, rather than sustained storage
withdrawals. In some areas, the possibility of local saline-
water encroachment must be considered in planning ad-
ditional development.

Because the artesian system contains saline water in
southern Florida, it i1s not used for water supply in that
area. Rather, extensive pumpage has been developed
from shallow aquifers, particularly in the Miami-Ft.
Lauderdale-Palm Beach area.

The Atlantic Coastal Plain (fig. 21, area D) is a gently
rolling to flat region of approximately 70,000 square miles
that extends along the Atlantic Coast from Long Island to
eastern Georgia. Ground water is an important source of
water supply throughout the region for municipal, indus-
trial, and rural domestic uses, and increasingly for crop
irrigation. Present withdrawals appear to be only a small
fraction of fresh ground-water supplies available from the
region under managed programs of development.

The Coastal Plain is underlain by a wedge of forma-
tions composed mostly of unconsolidated deposits of clay,
silt, sand and gravel. The formations dip and thicken
seaward, and extend outward on the continental shelf
beneath the ocean. Total thickness of the formations
along the coast of Delaware is about 8,000 feet and at
Capt Hatteras, N.C., about 10,000 feet; in southeastern
South Carolina, the sands and clays interfinger with and
grade into the carbonate formations discussed above. The
sands, gravels, and some of the more permeable silts
function as aquifers, whereas the clays and finer silts act
as semiconfining beds. The aquifers are essentially un-
confined in their outcrop areas, but take on an increasing-
ly semiconfined character downdip as the thicknesses of
clay increase. Despite the occurrence of semiconfined
conditions, the entire sequence of sediments comprises an
integrated aquifer system, characterized by both local and
regional flow patterns.

Precipitation along the Coastal Plain is on the order of
40-55 inches per year; infiltration to the ground-water
system is largely in the range from 10 to 25 inches per
year. Under natural conditions, most of this water moves
in shallow patterns of circulation through the uppermost
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deposits, and discharges to the streams that dissect the
Coastal Plain; however, a small percentage of the infiltra-
tion recharges the deeper semiconfined aquifers. Dis-
charge from the deeper aquifers is primarily by upward
leakage across the semiconfining clays into the sea or into
coastal estuaries and bays. The circulating freshwater
grades into saline water through a complex sequence of
transition zones; freshwater can be found many miles off-
shore in some zones, whereas saline water can be found at
depth beneath many inland areas.

Pumpage from coastal-plain aquifers in 1900 is esti-
mated to have been about 100 million gallons per day.
Pumpage has grown steadily since that time, and total
pumpage in 1980 is estimated to have been slightly less
than 1.5 billion gallons per day. The greatest pumpage is
in the more densely populated States in the northern part
of the region; pumpage from Long Island and from New
Jersey accounted for 450 and 360 million gallons per day,
respectively, in 1980. Areas of major water-level decline
resulting from pumpage are found in every Coastal Plain
State.

The response to pumpage from deeper aquifers has
followed a generally similar pattern throughout the area
from New Jersey south to the Carolinas. Following each
increase in pumping rate in any locality, water has been
released from storage in the aquifers, and water levels
have declined. These declines have spread updip toward
the aquifer outcrop areas; as this has occurred, some of
the recharge that formerly discharged to streams has been
diverted toward the points of withdrawal. Also, but gen-
erally to a lesser extent, water that formerly discharged
upward through the semiconfining beds in coastal areas
has been diverted to sustain the pumpage. These reduc-
tions in natural discharge have acted to move the system
toward a new equilibrium. Frequently, however, before
such an equilibrium could become fully established, new
increases in pumpage triggered new withdrawals from
storage and new cycles of water-level decline. As a result,
in some areas there has been a relatively steady decline of
water levels in the semiconfined aquifers since 1900. De-
spite these declines, a very small percentage of the water
pumped to date has been supplied by withdrawal of ground
water from storage—there has been very litde ground-
water mining. Most of the water that has been pumped has
been derived from reduced natural discharge—particularly
from reduction in ground-water seepage into streams in
updip areas.

The ground-water regime, in effect, has been utilized
as a transmission system to bring water from updip areas
to the point of use, and also has been used to provide tem-
porary storage during periods of low surface supply.
While withdrawals of ground water from storage have not
been significant volumetrically, there is evidence of minor
land subsidence in some areas in association with those
withdrawals. In many areas, some movement of the
freshwater-saltwater transition zone has accompanied
ground-water development.

The situation on Long Island differs somewhat from
that in other areas of the coastal plain. The semiconfined
aquifers that have been most heavily pumped on Long
Island are in better hydraulic connection with the surface,
and the development of ground water has been more in-

tense than in other parts of the coastal plain. The changes
in the flow system due to pumping have tended to be
more uniform and have involved a higher proportion of
reduced outflow to coastal areas. In Nassau and Suffolk
Counties, much of the water pumped during the course of
development was returned to the ground-water system
through cesspools and septic systems; the completion of
sewer systemns during recent years in these areas has, in
effect, increased net withdrawals of ground water, and
can be expected to cause further reductions in natural
ground-water discharge to streams and coastal areas.

Further development of ground water in the coastal
plain can be expected to follow patterns similar to those
that have occurred in the past. Sustained withdrawals
from storage will not represent a major part of any new
pumpage. On the other hand, increased drawdown of
water levels will be required to divert additional water to
the pumping centers. The possibility of saline-water
encroachment may also place constraints on further
development.

The semiarid basin and range lowlands of Arizona (fig.
21, area E) cover an area of about 50,000 square miles
and constitute the most heavily pumped region in the
State (Davidson, 1979). Irrigated agriculture accounts for
most of the water use in the region; ground water and
surface water are used, with ground water accounting for
nearly two thirds of irrigation applications. In recent
years, competition for water has developed between irri-
gators and rapidly growing municipalities. Metropolitan
Tucson is dependent entirely on ground water for its sup-
ply; more than half of the supply of the Phoenix Metro-
politan Area is derived from ground water.

The region is characterized by rugged mountain ranges
separated by more than 30 broad sediment-filled basins.
Vast quantities of ground water are stored in the sedi-
ments, under both unconfined and semiconfined condi-
tions. Potential evapotranspiration greatly exceeds rain-
fall over most of the area, and only limited amounts of
water are available as natural recharge to the ground-
water system. Thus, extensive withdrawal of ground
water from storage has accompanied development in the
region.

In 1981, about 5.2 million acre-feet of ground water
were pumped in this region, of which slightly more than
4.4 million acre-feet were used for the irrigation of crops.
The current annual rate of depletion of ground-water
storage in the region is estimated to be slightly more than
2 million acre-feet per year, or roughly 40 percent of the
pumpage. As an average for the entire region, decreases
in natural ground-water discharge and increases in
recharge (seepage from streams) are estimated to account
for about 20 percent of the pumpage. Thus, on the order
of 40 percent of the pumpage is supplied by irrigation
return flow, including conveyance losses from the surface-
water distribution system and field seepage. Within in-
dividual basins, the percentages of pumpage derived from
storage depletion, irrigation return flow, increases in
recharge, and decreases in natural discharge may vary
substantially from these regional averages.

A number of hydrologic changes have resulted from
withdrawals of ground water in the region. Ground-water
levels have declined as much as 400 feet in some places



since the 1940’s, and rates of water-level decline have
been as great as 8 feet per year. In many areas, water-
level declines have altered the natural flow patterns that
existed prior to development, creating a series of individ-
ual flow systems, each one located near a pumping center.
In some areas of extensive water-level decline, the land
surface has subsided as much as 12 feet, and earth fissures
have caused damage to public and private property.

The basin and range lowlands of Arizona have de-
pended upon withdrawal of ground water from storage to
sustain irrigation and municipal supplies for many
decades. Concerns over land subsidence, together with
the self-limiting factors inherent in ground-water storage
depletion—declining well yields and rising energy costs
for pumping lift—are already acting to bring about
reductions in the rate of withdrawal.

In summary, patterns of ground-water development in
the Nation have varied between two general conditions.
In water deficient areas, such as southern Arizona and the
southern High Plains, long-term withdrawal of ground
water from storage (ground-water mining) has supplied
agricuitural and municipal needs for many decades.
These withdrawals cannot be sustained indefinitely.
Decreases in pumpage are already taking place as falling
water levels cause well yields to decrease and pumping
costs to rise. On the other hand, in humid areas such as
Florida and the Atlantic Coastal Plain, ground-water
development has redistributed the natural flow pattern, so
that water which originally discharged to streams, to the
sea, or by evapotranspiration is now diverted to well
fields. In these areas, the ground-water system conveys
water from source areas to points of use, and provides
short-term storage during drought; however, the net
depletion of ground water in storage has been small, from
predevelopment to the present. In the Central Valley of
California, ground-water development has followed a
course somewhere between these two conditions. Sub-
stantial withdrawals of ground water from storage have
occurred in the past in the Central Valley, but the system
appears to be near equilibrium at present. Conjunctive
use of surface and ground water, in which short-term
withdrawals from ground-water storage are used to make
up deficiencies during dry periods, should be possible on
a sustained basis in the future.
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WATER-QUALITY ISSUES

Water quality is intimately associated with water
availability because quality ultimately determines the
usability of the water for a specific purpose. The quality of
surface and ground water also is closely linked because a
large part of the Nation’s streamflow is supplied by
ground water that discharges directly into streams
(McGuinness, 1952). Thus, the quality of ground water
has an especially pronounced effect on surface-water
quality during periods of low flow. Conversely, the qual-
ity of surface water affects ground water in areas where
streams recharge aquifers.

Natural water, as it moves through the hydrologic cy-
cle, carries with it dissolved materials, such as salts,
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metals, organic substances, naturally occurring radioac-
tive substances, and suspended materials, such as
bacteria, viruses, and sediment, that may render the
water unsuitable for many purposes. Man’s activities also
may degrade the quality of water when dissolved and
suspended substances are added and natural properties
such as temperature are altered.

Many water-quality issues identified in the State water-
issue summaries relate to whether the Nation’s surface
and ground waters are safe to drink. In many parts of the
country, some drinking-water sources have been seriously
degraded by manmade pollutants. For this reason, the
sources of pollution of the Nation’s ground and surface
water, and some of the factors that can affect water qual-
ity, such as eutrophication, contamination of bottom sedi-
ments, saline-water intrusion, hazardous and radioactive
wastes, and acidic precipitation, are described in this sec-
tion. These discussions are preceded by a brief examina-
tion of trends in surface-water quality.

A commonly recurring question is whether the quality
of the Nation’s water is improving or deteriorating. To
help answer this question, the National Stream-Quality
Accounting Network (NASQAN) was established by the
U.S. Geological Survey in 1972 to (1) account for the
quantity and quality of streamflow within the United
States, (2) develop a large-scale indication of how stream

[Data from Smith and Alexander, 1983]

quality varies from place to place, and (3) detect changes
in stream quality with time. The NASQAN network
presently consists of 504 stations at which the quality of
outflow from the Nation’s major river basins is measured.
Data collected include the quantity of streamflow, con-
centration of major inorganic and trace constituents
(including trace metals), two bacterial indicators of pollu-
tion, and concentrations of selected pesticides and radio-
chemicals. Presently, there are insufficient measurements
of the concentrations of synthetic organic substances from
the NASQAN network to develop a clear picture of their oc-
currence, distribution, and effects on the aquatic environ-
ment. The data from the NASQAN stations do not
necessarily characterize water-quality conditions either
upstream or downstream because many of the reported
constituents undergo changes in concentration as the
water moves downstream.

Recently, data were analyzed for the 8-year period
1974 through 1981 to detect trends in selected water-
quality constituents and properties in the major rivers in
the United States (Smith and Alexander, 1983). Some
preliminary results for selected constituents are shown in
table 4. Reasons for the trends are presently under in-
vestigation by U.S. Geological Survey scientists and will
be presented in a separate report. The data in table 4 were
adjusted for the effects of streamflow on constituent con-

TasLE 4.—Summary of trends in selected water-quality constituents and properties at NASQAN stations, 1974-81

Number of stations with—

Constituents I - N D 5 Total
nd or . ncreasing o ecreasin .
and properties trends change trends s stations
Temperature 39 218 46 303
pH 74 174 56 304
Alkalinity 18 207 79 304
Sulfate 82 182 40 304
Nitrate-nitrite 76 203 25 304
Ammonia 31 221 30 282
Total organic carbon 36 230 13 279
Phosphorus 39 232 30 301
Calcium 23 198 83 304
Magnesium 50 208 46 304
Sodium 103 173 28 304
Potassium 69 193 42 304
Chloride 104 164 36 304
Silica -- 48 213 41 302
Dissolved solids 68 183 51 302
Suspended sediment 44 204 41 289
Conductivity 69 193 43 305
Turbidity 42 199 18 259
Fecal coliform bacteria 19 216 34 269
Fecal streptococcus bacteria 2 190 78 270
Phytoplankton 22 234 44 300
Dissolved trace metals:
Arsenic 68 228 11 307
Barium 4 81 1 86
Boron ———- 2 15 3 20
Cadmium -- 32 264 7 303
Chromium 12 152 2 166
Copper 6 83 6 95
Iron ——— 28 258 21 307
Lead 5 232 76 313
Manganese - 30 250 19 299
Mercury 8 194 2 204
Selenium ——— 2 201 21 224
T S 1 32 0 33
2N = e e o 19 251 32 302






















quality for water recreation and fish propagation by July
1, 1983. The Act also establishes a goal of zero discharge
of pollution into ‘‘navigable waters’’ by 1985 (U.S. Con-
gress, 1980). Control of industrial effluents was to be
achieved by implementation of the best practicable waste-
management technology by 1977 and the best available
technology by July 1, 1983. Federal financial and
technical assistance in upgrading and constructing
sewage-treatment plants has been the principal stimulus
for controlling municipal waste discharges to streams and
water bodies.

The quality of the Nation’s surface waters has im-
proved substantially in several respects compared to the
quality measured 10 to 20 years ago, even though both in-
dustrial activity and the population have increased during
that period, with attendant increases in use of water and
disposal of wastes. Low dissolved-oxygen levels caused by
the inflow of high concentrations of oxygen-demanding
material to streams are rarely encountered today, but
they were a major problem 20 years ago. According to the
U.S. Council on Environmental Quality (1981), this can
be attributed to measures for the control of point-source
discharges and particularly to the construction of im-
proved waste-treatment facilities. Nevertheless, the U.S.
Environmental Protection Agency reports that substantial
improvements remain to be made (U.S. Environmental
Protection Agency, 1983).

Nonpoint sources of pollution are activities or processes
that introduce contaminants to ground water or surface
water over a broad area, rather than in a specific locality.
Examples include drainage of contaminated runoff from
agricultural land or from urban areas into streams, leak-
age from urban sewer pipes or septic systems into shallow
aquifers, and downward transport of agricultural pesti-
cides to the water table.

Drainage from forest and agricultural land (including
fertilized cropland, pastureland, and animal feedlots)
commonly contains high concentrations of nitrogen and
phosphorus, and may contain high concentrations of her-
bicides and insecticides. Drainage from urban areas com-
monly contains, in addition to the above, heavy metals,
petroleum products, and oxygen-demanding materials.
Pollution of a receiving water by runoff from an urban
area commonly equals or exceeds that from the point
sources of wastewater in the same area. Precipitation,
too, may be viewed as an extensive nonpoint source
where it deposits nitrate and sulfate ions, a phenomenon
known as ‘‘acid rain’’ and discussed further in the section
on acidic precipitation.

When the Water Pollution Control Act Amendments
of 1972 were adopted, there was general awareness that
pollution of water by nonpoint sources might be a sig-
nificant problem. However, knowledge about nonpoint-
pollution processes was deficient, and no specific regula-
tions governing nonpoint pollution were included in the
legislation. Rather, State water-quality-management
agencies were directed to deal with the issue in their
areawide planning process, supported by Federal grants
under Section 208 of the Act. Studies conducted with
grant support, together with investigations by the U.S.
Environmental Protection Agency, other Federal agen-
cies, and the academic community have improved under-
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standing of the extent of nonpoint pollution and the proc-
esses involved in conveying pollutants to receiving waters.
Nevertheless, levels of understanding remain inadequate
and much investigative work remains to be done.

The effects of nonpoint sources of pollution are often
expressed in terms of loading rates—that is, the amount
of contaminant supplied per unit time from a unit area of
contributing land surface. For example, table 7 gives
estimated ranges in loading rates (expressed in pounds
per acre per year) for phosphorous and nitrogen, from a
variety of nonpoint sources. Loading rates for both
nitrogen and phosphorus from animal feedlot runoff are
as much as 100 times greater than those from any other
source. During the 1970’s, the U.S. Environmental Pro-
tection Agency placed strict controls on feedlot runoff.

Urban runoff is a major source of heavy metals enter-
ing surface waters. Concentrations of some heavy metals
can be higher in street sweepings than in naturally occur-
ring soils, rocks, and sediments. As shown in table 8,
higher average concentrations of cadmium, chromium,
copper, lead, and zinc can occur in street sweepings than
in shale (a sedimentary rock used here to represent the
composition of sediments deposited in the absence of
man’s influences). All of the listed metals are used in
common industrial processes or in domestic materials.

Average concentrations of cadmium and lead in urban
runoff exceed criteria for public water supplies, as shown
in table 9. Concentrations of all heavy metals listed far ex-
ceed criteria for protection of marine and freshwater

TasLE 7.—Approximate ranges of contribution of total nitrogen (N) and

phosphorous (P) from variable nonpoint sources, by land use
[Data in pounds per acre per feet. Data from Loehr, 1974]

Areal loading rates

Source
Nitrogen Phosphorous
Precipitation ——-----—- 50 - 9.8 0.04 - 0.05
Forest land--—---——-—- 2.7 - 12 03- .8
Range land-—----—---—- --- 07- .08
Crop land----———-—-~- d0- 12 05- 2.7
Land receiving
manure ——-——-—-—--- 36 - 12 0.7 - 27
Irrigation return flows:
Surface--—--—--—- 30 - 27 1.0 - 4.1
Subsurface-~----- 40 - 18 29 - 10
Urban land drainage--- 6.4 - 8.9 1.1 - 5.4
Animal feedlot runoff-- 90 - 1,400 8.9 -630

TABLE 8.—Average concentrations of heavy motals in street sweepings

compared to shale
[Data in milligrams per kilogram]

Average
Street ..
Heavy metal sweepings' co;tfx[s);::x]t;;)n
Cadmium (Cd) —----------- 3.4 0.3
Chromium (Cr) ——————-———- 211 100
Copper (Cu) ~-————=——m——- 104 57
Iron (Fe) 22,000 47,000
Lead (Pb) --————---—--——- 1,810 20
Manganese (Mn) ~----——--- 418 850
Nickel (Ni) ————-===mcmmemm 35 95
Zinc (Zn) 370 80

'From Bradford, 1977. 2From Krauskopf, 1967.
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aquatic life (U.S. Environmental Protection Agency,
1976).

TasLE 9.—Average concentrations of heavy metals in urban runoff com-

pared to water-quality criteria for public water supplies
[Data in micrograms per liter]

Criteria for

Heavy metal Urban runoff! public water

supplies
Cadmium (Cd) ------——- 18 210
Chromium (Cr) ~~-----—- 33 250
Copper (Cu) ~———————-——- 45 31,000
Lead (Pb) ———---———---- 235 250
Nickel (Ni) —————————- 24 -
A/ e — 236 35,000

'U.S. Environmental Protection Agency, 1982a.
2U.S. Environmental Protection Agency, 1976.
3U.S. Environmental Proection Agency, 1982b.

Pesticides, which include insecticides and herbicides,
are applied extensively to crop, pasture, and forest land
throughout the Nation. In urban areas, they are used on
lawns, gardens, and for extermination of pests in build-
ings and homes. Pesticides in runoff from crop land have
been investigated, but little work has been done on pesti-
cide residues and other organic substances in urban run-
off, although significant concentrations of many of these
substances have been measured in urban runoff.

Because of the wide variety of pesticides in use, the
diversity of application from place to place, and the com-
plexity of the processes which control the amounts of these
substances washing from agricultural land, studies at-
tempting to quantify areal loading rates of pesticides have
proven fruitless. However, some broad patterns have
been recognized in the relationships between application,
chemical properties, and losses from the soil of certain
pesticides in common use (Wauchope, 1978).

Organochlorine insecticides, such as DDT, chlordane,
and dieldrin, strongly sorb to soil and enter surface waters
as a result of soil erosion. The use of these compounds in
agriculture has been largely banned as of 1975 but,
because of their resistance to decay, they continue to be
found in sediments. Water-soluble pesticides, represented
largely by carbamates, are able to dissolve readily and
move off the land surface or downward into the soil; high
concentrations of these pesticides are possible in runoff
that occurs shortly after application.

Although nonpoint-source pollution continues to
receive much attention, improved understanding of the
magnitude of the problem and of the processes involved is
developing only gradually. It is clear that this understand-
ing must be advanced, and that much effort must be
devoted to education of the many contributors to non-
point source pollution, before signifant progress in deal-
ing with the problem will be possible.

Salinity of surface waters, originating from point and
nonpoint sources, is an issue of concern for many rivers,
particularly those where there is extensive irrigation or
where naturally occurring saltwater sources exist. Both of
these circumstances occur in the Colorado River basin,
and they create an issue of significant economic propor-
tions. Average dissolved-solids concentrations range from

about 50 mg/L in the headwater areas of the Colorado
Rockies to about 800 mg/L at Imperial Dam near the
Mexican border. The contributions of salinity to the nver
are estimated as 47 percent due to natural sources, 37 per-
cent due to irrigation, and 16 percent due to loss of low-
salinity water by reservoir evaporation, exports, and
municipal and industrial consumption. Economic losses
due to salinity were about $113 million in 1982. These in-
clude increased treatment cost for industrial use, and crop
losses. The Colorado River Basin Salinity Control Act of
1974 (Public Law 93-320) provides for the construction,
operation, and maintenance of certain works in the basin
to control the salinity of water delivered to users in the
United States and Mexico. Six projects have been
planned to control natural sources and manmade sources,
including irrigation return flow. The goal of these projects
is to reduce salinity at Imperial Dam by 120 mg/L; total
construction costs are estimated at about $700 million
(U.S. Bureau of Reclamation, 1983).
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“UTROPHICATION

Eutrophication is the process by which surface waters
become enriched with plant nutrients, especially phos-
phorus and nitrogen. These nutrients may be derived
from natural or manmade sources, such as animal waste,
industrial waste, sewage, and fertilizers. Their presence
can adversely affect lakes, reservoirs, streams, and
cstuaries.

Nutrient enrichment increases the abundance of
aquatic plants, especially phytoplankton (microscopic
plants suspended in water). Increased phytoplankton pro-
duction often results in increases in the populations of fish
and other aquatic organisms, creating increased demand
on the available oxygen supply. When the phytoplankton
die, they are decomposed by bacteria; this process tends
to reduce oxygen in the water. A reduction in oxygen
below a critical level can cause the death of all fish,
shellfish, and other higher aquatic organisms. Eutrophic
waters usually have a pea-green color, have an undesir-
able odor, and are unusable for public water supplics or
recreation.

As of 1981, nearly 10,000 publicly owned lakes in the
United States required treatment for the eutrophication
effects of nutrient enrichment. At that time, programs to
reduce these effects in approximately 100 of the lakes,
located in 29 States, were in effect or scheduled (U.S.
Environmental Protection Agency, 1981).

Eutrophication also occurs in some estuaries receiving
drainage from large metropolitan areas. Examples are the
Potomac River estuary (Rasin and Brooks, 1982) and the
Hudson River estuary (Simpson and others, 1972), and
Chesapeake Bay (Heinle and others, 1980). Estuaries dif-
fer from lakes and reservoirs because of the interaction of
tidal currents and streamflow that control the distribution
of salinity and movement of sediments and bottom mate-
nal (Milliman and Meade, 1983; Schoen, 1983). In addi-
tion, the configuration of the mouth of the estuary con-
trols flushing to the sea and hence the residence time of
nutrients in the system. The effects of nutrient enrich-
ment can be modified greatly by the residence time
(Pomeroy and others, 1972). Eutrophication of estuaries
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in the United States presently is confined to those having
large human populations on their borders. However,
even estuaries receiving drainage from large metropolitan
areas such as the Delaware River (Sharp and others,
1982) and the San Francisco Bay estuaries (Luoma and
Cloern, 1982) do not always show the effects of eutrophi-
cation due to nutrient enrichment.

An example of an enriched estuary is Chesapeake Bay
(Heinle and others, 1980; Walton, 1982). These authors
reported that increased nutrients, especially phosphorus,
have resulted in eutrophication of Chesapeake Bay. Algae
biomass has increased recently in the upper and middle
bay and in several tributaries. In the Patuxent River, in-
creased algae production has led to reduced concentra-
tions of dissolved oxygen. As a result, the effects of
cutrophication on the biota in Chesapeake Bay presently
is of concern (Heinle and others, 1980).

The amount of aquatic plants in surface water in most
parts of the United States is directly related to the amount
of phosphorus in the water (Nicholls and Dilion, 1978).
Thus, many communities throughout the Nation are at-
tempting to control the input of phosphorus by restricting
the use or disposal of phosphate fertilizers, detergents,
and other sources of phosphorus. Phosphorus loading
from wastes generated by the dense population along the
shores of Lake Erie was the chief cause of serious
eutrophic conditions in the lake a decade ago (Flynn,
1982). Control of the amount of phosphorus entering the
lake has resulted in a lessening of these conditions.

Eutrophication of lakes and estuaries is mentioned in
18 State water-issue summaries.
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BOTTOM-SEDIMENT CONTAMINATION

Contamination of bottom sediments in lakes, streams,
estuaries, and bays by inorganic and organic trace
substances may adversely affect human health and
ecological systems. Outbreaks in Japan of Minamata
disease (mercury poisoning) and itai-itai (cadmium
poisoning) have been conclusively linked to chemical
pollution of water and bottom sediments that introduced
heavy metals into the aquatic food chain. Because most
potentially toxic trace materials adhere strongly to sedi-

ment particles, concentrations of contaminants and trace
materials in bottom sediments may range from 10 to
more than 1,000 times higher than concentrations of the
same substances in the overlying water.

Most instances of bottom-sediment contamination tend
to be localized around point sources of the contaminant.
However, major contamination events, such as those
caused by discharge of polychlorinated biphenyls (PCB’s)
in the Hudson River, N.Y. (Schroeder and Barnes,
1983), Kepone in the James River, Va. (Lunsford and
others, 1982), and DDT in the Southern California
Bight, have contaminated sediments in detectable quan-
tities for distances measured in tens to hundreds of miles
downcurrent from the point of discharge.

Contamination of bottom sediment can cause death or
disruption of reproductive cycles in aquatic life. This can
occur, for example, where contaminated sediment and
benthic plants are ingested by fish and shellfish, or where
mixing and turbulence create high concentrations of con-
taminants in the water immediately above affected sedi-
ments. In some parts of the Nation, it has been necessary
to place restrictions on the harvesting of contaminated
fish and shellfish.

Contaminants may remain in bottom sediments long
after discharge of the source materials ceases. Although
certain contaminants (such as cadmium) have been
known to disperse in a short period of time, others, such
as mercury, may remain available for organism uptake
for years. Ultimately, contaminated sediments are pre-
sumably cleansed or carried out to sea, but such processes
may take hundreds or thousands of years.

Attempts to mitigate bottom-sediment contamination
by covering the sediments with uncontaminated materials
or by dredging have met with only limited success. Most
measures are either prohibitively expensive or fail to ade-
quately take into account the biological, chemical, and
physical complexities of aquatic environments. Once
sediments are contaminated, there are few quick solu-
tions. Contaminated sediments interfere with normal
activities such as maintenance dredging because of the
possibility of spreading the contaminants.

Bottom-sediment contamination is mentioned in six
State water-issue summaries.
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Saline-water intrusion in estuaries occurs where the
freshwater flow into an estuary is reduced either by
upstream diversions of water, or by drought conditions in
the areas drained by inflowing streams. Intrusion may
also be caused by engineering activities in the estuary
itself, such as channel dredging. Saline-water intrusion
into the freshwater reaches of estuaries can be controlled
by dams that prevent the inland (upstream) movement of
saline water.

Salinity of water also may be of concern to water users
as a result of point and nonpoint sources of dissolved
solids where there is extensive irrigation or where natural
sources of saline water exist. This is discussed in the sec-
tion ‘‘Point and Nonpoint Sources of Pollution.”’

Saline-water intrusion issues are mentioned in 34 State
water-issue summaries.
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HAZARDOUS WASTES

Any substance that is toxic or otherwise a threat to life
is considered hazardous waste when discharged through
human activity to the land, water, or atmosphere. The
category of hazardous waste, as used in this report, is
intended to focus primarily on nonradioactive contamina-
tion by toxic metals and toxic manmade organic
chemicals, particularly where these are introduced
through waste-disposal operations or leakage from sub-
surface storage and transmission systems. As noted
previously, there is some overlap between this category
and that of point and nonpoint sources of pollution in the
accompanying summaries of State water issues—that is,
an activity considered under hazardous waste in one sum-
mary may be considered under the category of point and
nonpoint sources of pollution in another. The discussion

presented here focuses primarily on the effects of hazard-
ous waste on ground-water systems. Radioactive wastes
are treated as a separate category in this report.

A large part of the hazardous-waste issue is associated
with some of the new organic chemicals and attendant
wastes produced by industry in the past 50 years, and
with metals such as chromium, lead, and mercury. These
constituents can be harmful even in low concentrations.

Contaminants may be added to ground water from
wastes in solid or liquid form. Solid wastes emplaced in
the unsaturated zone or on the land surface in landfills
and dumps that are not properly designed are leached by
water from precipitation or by other liquids that percolate
through the landfill or dump. The resulting leachate then
moves downward to the water table and disperses into
slowly moving ground water. Some landfills extend below
the water table, allowing ground water to interact directly
with the waste materials. In either case, a plume of con-
taminated ground water develops as a result of the
transport of dissolved constituents away from the site.
Constituents of liquid wastes can enter ground water by
direct injection through waste-disposal wells, as well as by
percolation through the unsaturated zone.

Once in ground water, the contaminants move slowly
in the direction of flow toward areas of discharge into
streams, lakes, wetlands, springs, or pumped wells.
Various attenuation processes, including dilution, disper-
sion, sorption, ion exchange, and chemical precipitation,
may decrease contaminant concentrations as the water
moves through the earth. Thus, ground-water contami-
nation from hazardous-waste disposal sites tends to be
localized. Generally, serious contamination is limited to
distances of less than a few miles from the disposal site;
however, many sites are in densely populated areas where
ground water is used for drinking water, and the disposal
sites tend to be closely spaced. In these densely populated
areas, supply wells may be threatened even though the
contaminated area is small.

Some common mechanisms by which hazardous con-
taminants have been introduced into ground water in-
clude: (1) disposal of municipal and industrial wastewater
into percolation ponds or wells and, to a lesser extent, by
spray irrigation; (2) disposal of domestic wastewater into
cesspools or drainfields; (3) spreading on land of sludge
from municipal and industrial wastewater-treatment
systems; (4) disposal of toxic chemicals and substances in
municipal and industrial dumps and landfills; (5) disposal
of solid and liquid wastes from mining operations in tail-
ings piles, settling-pond lagoons, or streams; (6) seepage
of liquid wastes from holding ponds and tanks; (7) leakage
of fuels, chemicals, and solvents from storage tanks and
transmission lines; and (8) leakage from sewer pipes.

The Comprehensive Environmental Response, Com-
pensation, and Liability Act of 1980, also referred to as
the “‘Superfund’’ legislation, established procedures for
the U.S. Environmental Protection Agency (USEPA) to
identify abandoned hazardous-waste sites in need of
remedial cleanup action. In 1982, USEPA selected more
than 400 sites for action and initiated cleanup measures
(U.S. Environmental Protection Agency, 1982). This list
of priority sites i1s updated regularly with sites added or
deleted as appropriate. The Resource Conservation and









Provisions of the Low-Level Radioactive Waste Policy
Act (Public Law 96-573) of 1980 may result in the
establishment of as many as eight new commercial dis-
posal sites by 1990. Geologic and hydrologic investiga-
tions and research at current sites by the U.S. Geological
Survey and others have provided information for the
establishment of effective Federal regulations that will
help to ensure that future low-level radioactive waste will
be disposed of in such a way as to minimize contamina-
tion of the Nation’s freshwater resources.

After more than 30 years of nuclear power develop-
ment, a suitable permanent repository has yet to be
developed for high-level radioactive waste. A disposal
concept under consideration consists of emplacing the
waste in a deep mined repository in which the geohydro-
logic environment effectively isolates the waste from the
biosphere for tens of thousands of years. Nearly all high-
level wastes are currently stored in facilities near their
places of origin (reactors or processing plants).

The comprehensive Nuclear Waste Policy Act of 1982
defines the timetable and responsibility of the U.S.
Department of Energy in selecting the first and second
repositories. The first repository site is to be selected in
1987 and emplacement of wastes is to begin by 1998. The
current earth-science approach stresses the concept of
isolating nuclear wastes by means of relatively independ-
ent multiple natural barriers to radionuclide migration
(U.S. Department of Energy, 1979; Winograd, 1981). A
major requirement is to identify environments where
such multiple natural barriers are believed to exist. A sec-
ond major requirement is to identify and understand the
critical hydrogeologic properties and processes that are in-
volved in radionuclide migration from a repository to the
biosphere. Nine locations presently are being considered
by the U.S. Department of Energy as potential sites for
the first repository.
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ACIDIC PRECIPITATION

The foremost issue concerning the quality of precipita-
tion is its acidity and the effect which that acidity may
have on aquatic animals, plants, and manmade struc-
tures, and indirectly on human health. Acidic gases in the
atmosphere are derived from natural sources such as
volcanoes and forest fires, but especially from man’s
activities such as the burning of fossil fuels in powerplants
and motor vehicles. These gases, through interaction with
sunlight, water, and dust particles, can be changed
chemically into strong acids, including sulfuric and nitric
acids. If a sufficient quantity of alkaline material, such as
soil or dust, is present in the atmosphere, the acids and
alkaline materials may react to neutralize one another.
However, an excess of acids relative to alkaline materials
yields acidic precipitation. Measurements of acidic pre-
cipitation in areas relatively unaffected by industrial emis-
sions indicate that natural precipitation generally has a
minimum (most acidic) pH of about 5.0. The pH of pre-
cipitation in much of the Eastern United States, especially
in the Northeast, averages less than 5.0, and some areas
receive precipitation with an average pH of 4.2, which 1s
nearly 10 times more acidic than most natural precipita-
tion. (A decrease of one pH unit is equivalent to a tenfold
increase in acidity.) Acidic precipitation also occurs in the
Western United States, as shown in figure 25, but prob-
lem areas are more isolated and less well-defined than in
the Northeast (Interagency Task Force on Acid Precipita-
tion, 1983).

The U.S. Geological Survey maintains a network of
hydrologic bench-mark stations on 52 streams that are
virtually unaffected by the activities of man. Data from
these stations are useful in determining changes in water-
quality constituents brought about by changes in the com-
position of precipitation. At the hydrologic bench-mark
stations, sulfate levels have tended to increase during the
past 10 years over a broad area of the conterminous
United States extending from the Southeast to the moun-
tain States and into the Pacific Northwest. In contrast,
stations in the northeastern quarter of the Nation have
tended to show either no trend or declines in sulfate con-






emissions from specific utility and industrial sources
thought to be contributing to acidic emissions.

Acidic precipitation is mentioned in 25 State water-
issue summaries.
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HYDROLOGIC HAZARDS AND LAND-USE ISSUES

Land-use and water-use decisions are closely in-
terdependent. The availability of water attracts develop-
ment, but the type of development and use of the land
may significantly alter water quantity and quality by im-
posing new patterns of water withdrawals and wastewater
discharges on the region. Development also may create
hazards to safety and property. Flooding, land sub-
sidence, sinkholes, erosion and sedimentation, volcanic
eruptions, wetlands, and resources development are
hydrologic-hazard or land-use issues of concern in various
States. They are discussed below.

FLODDING

Floods are natural and recurring hydrologic events.
They become a hazard when man makes use of flood
plains. The natural function of a flood plain is to convey
excess water during floods. Man’s encroachment onto
flood plains has led to an increase in flood damage. Flood-
plain occupancy and use is based on the economic advan-
tages of level ground, fertile soils, ease of access, and
availability of water supplies—in some cases without full
consideration of flood risk. Floods are one of the most
destructive natural hazards in the United States. They
cause 10 times as many deaths annually as any other
geologic hazard (Robinson and Spieker, 1978).

About 6 percent of the land area of the conterminous
United States is prone to flooding by streams. Low-lying
areas along the Nation’s coastline also are subject to
flooding by high tides associated with coastal storms and
hurricanes. More than 20,800 communities have flood
problems, and about 6,100 of these communities have
populations greater than 2,500 (U.S. Water Resources
Council, 1977). Since 1936, the Federal Government has
spent more than $13 billion on flood-protection works
(U.S. Water Resources Council, 1978). Average annual
flood damages have been increasing during this century
at an annual rate of about 4 percent in real dollars, and
there is some indication that this rate has increased during
the last decade to about 6-7 percent (National Science
Foundation, 1980). In 1979, average annual flood
damages were estimated to be approaching $3 billion
(U.S. Water Resources Council, 1979).

Many approaches are used to reduce losses from flood-
ing (White, 1964). Some of these are used to protect the
occupants of flood-prone areas—others are intended to
keep development off the flood plains. There are tradeoffs
between upstream and downstream interests involved in
virtually all flood-control activities. For example, levees
may be built along river banks to keep floodwaters in the
channels, but this will limit flood-plain storage of water
and thus may exacerbate flooding downstream.

Many reservoirs are built for the single purpose of con-
trolling floods. Water levels in these reservoirs usually are
kept low. Their effectiveness for flood control is largely a
function of their capacity and the water-release policy.
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Releases from these reservoirs may be regulated by an
operator, or they may be controlled by the outlet struc-
ture. On the other hand, many multipurpose storage
reservoirs impound water for water supply, recreation,
and hydropower, as well as for flood control. The man-
agement of these reservoirs for flood control is very com-
plicated. If little storage capacity is available during a
flood, the reservoirs will be ineffective in reducing the size
of the flood wave. In addition, the dam could be over-
topped and breached if the capacity of its spillway is ex-
ceeded. On the other hand, if storage in the reservoir is
kept low and a flood does not occur, valuable water for
other uses may be lost.

Complete protection from flooding is never achieved.
Flood-control reservoirs and levees may create a sense of
security, encouraging development in partially protected
areas. Flood protection in these areas may be achieved for
most floods, but there is the potential for even greater
losses during a very large flood when levees are over-
topped or reservoir flood storage is exhausted. This may
provide a partial explanation of the observed long-term
rise in flood damages.

Historically, much controversy has surrounded the
question of whether to build many small upstream dams
as opposed to a few (or one) large downstream dams.
Leopold and Maddock (1954) demonstrated that small
upstream reservoirs and large downstream impound-
ments cannot be substituted for one another in a basin-
wide flood control scheme. To be effective, a reservoir
typically should be a fairly short distance upstream from
the protected site.

In addition to levees and reservoirs, other flood-
damage mitigation strategies include ‘‘flood proofing”’ of
buildings in flood-prone areas, zoning to keep people and
property out of the most hazardous areas, and develop-
ment of flood-warning systems. Timely forecasts and
warnings can aid disaster preparedness, and thus save
lives and reduce property damage. The National Weather
Service maintains regional River Forecast Centers that
use rapidly collected hydrologic and weather data in
hydrologic models to predict the timing and magnitude of
floods.

The U.S. Flood Insurance Administration of the
Federal Emergency Management Agency directs a pro-
gram to make flood insurance available to property
owners on a nationwide basis through cooperative efforts
of the Federal Government and the private sector. This
program also encourages State and local governments to
adopt programs of flood-plain management. Flood-
insurance studies, for use by the Flood Insurance Admin-
istration in determining insurance rates, have been pre-
pared for more than 10,000 of the 20,800 communities
with known flood problems.

In 1982, Congress passed the Coastal Barrier
Resources Act (Public Law 97-348), which established a
Coastal Barrier Resources System for 186 undeveloped
units of land along the Atlantic Ocean and the Gulf of
Mexico. These areas are ineligible for Federal flood in-
surance and for most kinds of Federal assistance that
would encourage development of coastal areas prone to
flooding.

Changes in land use generally affect the magnitude of
floods occurring downstream. Changes due to urbaniza-
tion are the best documented of these. Urbanization
results in the covering of parts of a drainage basin with
impervious surfaces such as roads, parking lots, and
roofs. This typically results in a greater volume of runoff
from a given rainstorm than would have occurred prior to
development. In addition, gutters and storm sewers are
used in urbanized areas to convey runoff rapidly into
streams. Natural channels commonly are straightened,
deepened, or lined with concrete to make them carry
water away more efficiently. Storm waters can, therefore,
accumulate downstream more quickly than in natural
drainage systems. Increased volume and rate of runoff
commonly result in increased flood discharges, flood
levels, and flood damages downstream.

For many years, the general practice in designing
urban-drainage systems was to remove the water from the
area as quickly as possible. This practice has been re-
placed in recent years by more comprehensive storm-
water management, which utilizes innovative approaches
such as detention ponds, restricted outlets from rooftops
and parking lots, porous pavement, and diversion of
drainage from impervious areas to pervious areas.

Many other land-use changes related to agriculture,
forestry, and mining have some effect on flooding.
However, in many cases, the effects are subtle and dif-
ficult to quantify, and it is not clear whether flood
magnitudes will be increased or decreased by a given
land-use change. For example, surface mining may in-
crease infiltration rates of soils in some areas of disturbed
land and decrease the infiltration rates elsewhere due to
compaction of soils by heavy equipment.

Virtually all of the State water-issue summaries cite
flooding as a significant water issue. In addition to
flooding of rivers, the summaries report concern about
rising lake levels, increased urban runoff associated with
upstream development, coastal flooding, especially
flooding of barrier islands, and flash flooding in small
streamns.
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ALABAMA WATER ISSUES

As identified by the Alabama District Office of the U.S.
Geological Survey in consultation with State officials

Alabama is a State with plentiful water; precipitation
averages about 55 inches per year. Large quantities of water
are contained in sand and gravel aquifers in the southern and
western parts of the State; these aquifers are a major source of
supply. Elsewhere, limestone and other carbonate rocks, which
have extensive cavernous systems, store large quantities of
water. Large springs, principally in Madison, Morgan, and
Colbert Counties, issue from these carbonate rocks.

Major water issues are summarized by category below. The
letters and numerical subscripts identify issues shown on the
map.

WATER-AVAILABILITY ISSUES

Ground water—A,

Southeastern Alabama relies almost entirely on ground
water for its supply. Water levels in parts of this area have
declined as much as 100 feet during the past 10 years. Two
factors have contributed to the magnitude of the decline: The
increasing competition between municipal, industrial, and irri-
gation use and the small areal extent of the aquifer system.

WATER-QUALITY ISSUES

Surface water—Point and nonpoint sources of pollution—B,

The development of the Tennessee-Tombigbee Waterway
may affect the water quality of the Mobile River, its
tributaries, and Mobile Bay. Concerns have been expressed
that increased sedimentation resulting from the development
activities may adversely affect fish and game habitats and
transportation industries. State agencies, such as the Game
and Fish Division of Alabama’s Department of Conservation
and Natural Resources, have addressed these concerns as
authorized under provisions of the Fish and Wildlife Coordina-
tion Act, as amended (PL 85-624; 16 U.S.C. 661 et seq.).

Surface water—Hazardous-waste site—B;

The sediment, water, and fish in Indian Creek have been
poltuted by DDT residues. Indian Creeck was the water supply
for some people near the town of Triana, and studies con-
ducted by the Center for Disease Control, U.S. Department of
Health and Human Services, have shown that the people who
ate the fish from Indian Creek have large concentrations of
DDT in their bodies. The DDT originated from a leased produc-
tion facility located on the Redstone Arsenal property. The
Triana (Redstone Arsenal) site has been included in the U.S.
Environmental Protection Agency’s National Priorities List
(1982) of hazardous-waste sites.

Ground water—Saline-water intrusion—B;

The coastal zones of Baldwin and Mobile Counties include
major population centers that rely almost exclusively on
ground water for supply. Water from wells in the Dauphin
Island and Mobile Bay regions of Mobile County and the Gulf
Shores region in Baldwin County has increased in salinity due
to saline water intrusion resulting from large withdrawals of
ground water. There is concern that salinity will increase with
the continued and increased use of ground water.

Ground water—Hazardous wastes—B,

A relatively impermeable chalk formation in west-central
Alabama is being used as a repository for hazardous wastes
and is being considered for additional waste storage. In places
where the chalk is fractured, the water resources of the area
may become polluted and be a threat to public health.

Small concentrations of benzene, phenols, and other organic
compounds have been detected in several major ground-water
supplies in Alabama. The causes of the pollution are under in-
vestigation. The community of Perdido in Baldwin County has
been included in the U.S. Environmental Protection Agency’s
National Priorities List (1982) because benzene was detected in
its ground-water supply.

HYDROLOGIC HAZARDS AND LAND-USE ISSUES

Sinkholes—C,

Sinkholes have developed and are developing at numerous
sites underlain by carbonate rocks. It is estimated that more
than 4,000 sinkholes, sites of subsidence, or related features
have formed since 1900, with most occurring since 1950 (New-
ton, 1976). Some sinkholes are the result of natural causes,
whereas others have resulted from the dewatering of limestone,
dolomite, and marble mines; ground-water withdrawals; or
impoundment of surface water. In addition to possible loss of
life and property caused by sudden collapse, sinkholes have
been and are potential conduits for pollutants to move from the
land surface to ground and surface waters.
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ALASKA WATER ISSUES

As identified by the Alaska District Office of the U.S.
Geological Survey in consultation with State officials

Alaska has abundant water resources, most of which are
undeveloped. Certain natural phenomena hinder develop-
ment: Glacial silt and seasonal freezing affect the availability of
surface water, and permafrost affects the availability of ground
water. Climatic zones range from arctic through continental to
maritime. Precipitation ranges from about 10 inches on the
Arctic Slope to about 300 inches in parts of southeastern
Alaska. Glaciers and perennial snowfields cover about 30,000
square miles, or about 5 percent of the State. Alaska’s popula-
tion has nearly doubled during the last decade and is expected
to continue to increase rapidly. The concentration of this
population in the Anchorage-Kenai Peninsula, Fairbanks, and
Juneau areas has resulted in increased demands on their water-
supply facilities. Continued development of Alaska’s abundant
metallic and nonmetallic mineral resources and energy
resources (oil, gas, geothermal, and coal) will affect water
resources. The preservation and protection of fish habitat is
essential for the State’s anadromous fish industry.

Major water issues are summarized by category below. The
letters and numerical subscripts identify issues shown on the
map; an asterisk instead of a numerical subscript indicates that
the issue is not shown on the map.

WATER-AVAILABILITY ISSUES

Surface water—A.

Existing water-supply facilities for Anchorage and Juneau
do not have sufficient capacity to meet projected demand for
water in the next few years. Anchorage is currently meeting
demands with surface water from Ship Creek and with ground
water. Anchorage proposes to construct a pipeline from Lake
Eklutna to increase supply. Juneau is meeting demands with
surface water but is investigating the possibility of using
ground water from the Mendenhall Valley.

In most of the State, streamflow is decreased significantly by
freezing during the winter months (October through April),
and most of the flow occurs during the relatively short summer.
Many small streams freeze completely. Lakes are used for
water supply by several Arctic Slope communities. Water
volume decreases and water quality concurrently deteriorates
as ice cover thickens through the winter. Expansion of seafood-
processing operations has placed increased demands on the
local water-supply systems. At Kodiak, current storage is in-
adequate to guarantee supplies during low streamflow (Alaska
Water Study Committee, 1981).

Ground water—A.,

In most of the State, permafrost decreases the quantity of
ground water that would otherwise be available. Ground water
below the permafrost usually is saline (Cederstrom and others,
1953; Hopkins and others. 1955; Williams, 1970). In the Cop-
per River basin, a numbe: of the small unincorporated com-
munities along the State highway have potential water-supply
shortages because of frozen ground, shallow or small aquifers,
saline ground water, or malfunctioning distribution systems
(Alaska Water Study Committee, 1981). Many small coastal
communities are located on bars, spits, small benches, or
alluvial fans. Only small quantities of ground water are
available, and surface water is not a dependable source. In ad-
dition, underdeveloped or poorly developed supply systems
make it difficult to meet current demands. In some coastal
communities where pipes are insufficiently insulated to prevent
freezing, faucets are left running to keep pipes open, which
results in excessive water use during the winter months.

WATER-QUALITY ISSUES

Surface water—Point and nonpoint sources of pollution—B,

Streams draining commercial and densely populated
residential areas in the Anchorage area contain shghtly greater

concentrations of dissolved solids and suspended sediments
than do streams draining only undeveloped lands. Similar
water-quality effects might be expected, but so far have not
been documented, in parts of Fairbanks and Juneau. There is
concern that effluent from sewage treatment plants and
possibly leachate from waste-disposal sites in areas around An-
chorage, Fairbanks, and Juneau may adversely affect the
quality of local water resources.

Ground water—Landfills and septic systems—B,

Leachate from some landfills and effluent from septic
systems may pose a threat to the quality of local ground water
because of the combination of permafrost, intense springtime
recharge, proximity of surface-water bodies, and permeable
surficial material. Leachates from landfills are of particular
concern in the Anchorage and Fairbanks areas. In the Big
Lake and Wasilla areas, a shallow aquifer underlain by
relatively impermeable material also makes ground-water
pollution from septic systems a concern (Alaska %Nater Study
Committee, 1981).

Ground water—Chemical constituents—B;

Many residential ground-water supply wells in the bedrock
hills near Fairbanks produce water containing large concentra-
tions of iron, arsenic, and (or) nitrate (Cederstrom, 1963). Iron
and arsenic in the well water at Fairbanks may be of natural
origins, although the exact sources are unknown. Some of the
nitrate in the well water may be from septic-system effluent.
Large iron concentrations are a common problem in ground
water throughout Alaska.

Eutrophication—B,

Eutrophication of lakes in the Palmer-Wasilla area is the
result of recreational use and the concentration of nutrients in
runoff from adjacent developing areas.

Acidic precipitation—B;

Acid precipitation may be a problem on the Arctic Slope. A
recent survey found that water from snow samples at 15 sites
on the Arctic Slope had pH values of less than 4.9. Many arctic
lakes are susceptible to acidification because the waters have
little capacity to neutralize acid.

HYDROLOGIC HAZARDS AND LAND-USE ISSUES

Volcanoes—C;

Flooding, mudflows, and ash falls could result from volcanic
activity at any of Alaska’s 40 active volcanoes. Mount Spurr,
70 miles west of Anchorage, poses a threat to water-supply
sources, power-transmission lines, an electric-generating
plant, and oil-production facilities. Flooding and mudflows
could result from thermal activity at Mount Wrangell in the
Copper River basin.

Ice-jam flooding—C.

Streams in interior Alaska, particularly the Yukon and
Kuskokwim Rivers and their tributaries, are subject to ice-jam
floods during the spring. Many villages in Alaska have been
damaged extensively by such floods. Peak flood stage may per-
sist for several days or more until the ice jam dissipates.

Glacial-outburst flooding—C.

There are nearly 750 glacier-dammed lakes existing in
Alaska. Although many of these lakes are in remote areas, con-
tinued development of roads, mines, and power grids will in-
crease the chances for loss of life and property damage from
glacial-outburst flooding. Development is occurring on the
flood plain of the Knik River. This area has been periodically
inundated by floods when the glacier damming Lake George
melts during the spring. This has occurred annually prior to
1966 but has not occurred since then.






84

National Water Summary 1983

Erosion and sedimentation—C.,

Stream-bank erosion is prevalent in Alaska and causes prop-
erty damage to Native villages. Accelerated erosion in the
Kenai River may be {)artly caused by man'’s activities. Erosion
adjacent to roads, culverts, and bridges is prevalent along the
pipeline haul road.

Resource development—Hydroelectric power—C.

The effects of hydroelectric-power development are of con-
cern to the State. Major hydroelectric-power development
along the Susitna River is of immediate concern because of
potential effects on stream hydraulics and sedimentation,
which may then adversely affect fisheries.

Resource development-—Mineral extraction—C.

Improper disposal of wastes and waste water associated with
development of the State’s mineral resources can adversely af-
fect water quality. In northern Alaska, permafrost retards the
movement of pollutants through the ground; thus, waste water
at or near the land surface has the potential to enter nearby
lakes and streams. Placer mining, in particular, causes large
increases in sediment and dissolved-solids concentrations in
streams. Changes in the sediment regime of streams may
adversely affect the migration and spawning of anadromous
fish.

INSTITUTIONAL AND MANAGEMENT ISSUES

Water laws—D,

A concern to the State is the claim by some Native groups
that the State has no claim to ground water under Native
lands.

Water allocation—D,

At present, one of the more important issues in Alaska is the
implementation of the Alaska National Interest Lands Conser-
vation Act of 1980 (Public Law 96-487). Clarification of land
ownership will result in new resource development and associ-
ated water-allocation issues. Also of importance are water-
allocation issues concerning instream use, such as navigability.
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ARIZONA WATER ISSUES

As identified by the Arizona District Office of the U.S.
Geological Survey in consultation with State officials

Arizona is one of the major agricultural areas of the United
States because of extensive irrigation. Average annual runoff is
0.4 inch, the least in the Nation (Ligner and others, 1969).

In the Basin and Range lowlands, where the largest cities
and agricultural lands are located, annual precipitation
generally ranges from about 4 to 12 inches, but may exceed 25
inches at higher altitudes. Little surface water originates there
because of the low precipitation and high evaporation and
transpiration. Ground water occurs in very thick alluvial
deposits in the basins. Water levels range from above land sur-
face to more than 800 feet below land surface. Wells that
penetrate a significant thickness of aquifer within a basin have
yields from a few hundred to several thousand gallons per
minute.

In the Central highlands, annual precipitation ranges from
about 15 to 30 inches, and most perennial streams in the State
originate there. Ground water occurs in consolidated rocks of
limited areal extent and in unconsolidated sedimentary
deposits beneath the flood plains of major streams. Water
levels range from at land surface to more than 500 feet below
land surface. Well yields range from about 10 to 1,000 gallons
per minute.

In the northern Plateau uplands, annual precipitation
ranges from about 10 to 25 inches, and only a few streams are
perennial. Ground water occurs in the eastern two-thirds of the
uplands in consolidated sedimentary rocks. Elsewhere, sup-
plies are few. A few wells flow at the land surface; in other
places, water levels are more than 1,000 feet below the land
surface. Well yields range from about 10 to several hundred
gallons per minute.

The major stream in Arizona is the Colorado River. The
Colorado and Gila Rivers originate outside the State, but im-
portant tributaries to the Gila—the Salt and Aqua Fria
Rivers—and the Verde River originate in the Central
highlands.

Major water issues are summarized by category below. The
letters and numerical subscripts identify issues shown on the
map; an asterisk instead of a numerical subscript indicates that
the issue is not shown on the map.

WATER-AVAILABILITY ISSUES

Ground water—A,

More than 400 feet of water-level decline has occurred
southeast of Phoenix and west of Casa Grande as a result of
ground-water withdrawals during the last 50 years. Water-
level declines of more than 100 feet have occurred in extensive
areas during the same time. During 1980-81, the average
water-level decline in 14 irrigation wells scattered throughout
the developed part of the Harquahala Plains was about 8 feet
(U.S. Geological Survey, 1982b). Declining water levels cause
decreasing well yields and increasing pumping costs. Increased
withdrawals of ground water from the Coconino aquifer near
Holbrook in southern Navajo County and at St. Johns and
Springerville in southern Apache County resulted in a lawsuit
that seeks major damages because of the decrease in water
levels associated with pumping for the powerplant near St.
Johns. Withdrawals associated with coal mining on Black
Mesa in the Navajo and Hopi Indian Reservations in northern
Navajo County have resulted in more than 100 feet of water-
level decline (G. W. Hill, U.S. Geological Survey, written
commun., 1983). Local Indian community supplies may be
adversely affected if water levels in the confined aquifer con-
tinue to decline. Potential increases in ground-water withdraw-
als near Sierra Vista (Cochise County) for municipal uses
could result in a large expansion of the area of water-level
declines and could decrease surface-water flow in the San
Pedro River.
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Surface water—A.,

Most of Arizona’s streams flow only in response to rainfall;
therefore, surface-water supplies are small. Perennial streams
that drain the Central highlands are regulated by reservoirs
designed primarily to store water for irrigation. The Salt-
Verde system can store 2.06 million acre-feet and, in 1983, is
near capacity. Storage for flood control currently is not
available on the Salt-Verde system. Flood-control structures
have been built on local streams near major agricultural areas
for protection from overland runoff.

WATER-QUALITY ISSUES

Surface water—Colorado River salinity—B,

The water to be imported from the Colorado River as part of
the Central Arizona Project for the Phoenix and Tucson areas
is more mineralized than that from most surface- and ground-
water sources in the State. For example, at Parker Dam on the
Colorado River, surface water contains 700 to 800 milligrams
per liter of dissolved solids, whereas surface water from the
Salt-Verde system contains 250 to 350 milligrams per liter of
dissolved solids (U.S. Geological Survey, 1982a). The effects
of the addition of thousands of tons of salt annually on the local
water quality is a major concern to the State. Local municipali-
ties are concerned that some water-treatment plants are not
designed to treat the more saline water and that costly modifi-
cation may be required.

Surface and ground water—Bacteria—B,

There is concern that recreation and recreation-based
development periodically results in local bacterial pollution of
surface and ground water in places throughout the Central
highlands. For example, at a popular swimming and water-
sports area along Oak Creek south of Flagstaff near Sedona,
numbers of fecal coliform bacteria are encountered that com-
monly exceed State standards for such activities during the
summer. Since 1971, fecal coliform bacteria have been
detected in water from public-supply and private wells near
Pinetop and Lakeside in southern Navajo County during the
summer (Mann, 1976).

Ground water—Nonpoint sources of pollution—B;

The pesticide dibromochloropropane was detected in water
from wells in the Phoenix and Yuma areas in 1980. This pesti-
cide was commonly used to control nematodes in citrus-growing
areas. Because this pesticide is a suspected carcinogen, its use
was banned in 1979.

Ground water—Hazardous-waste sites and landfills—B,

Four sites—two hazardous-waste in the Phoenix metro-
politan area and one in the Tucson metropolitan area—and
one landfill in the Phoenix area have been included in the U.S.
Environmental Protection Agency’s National Priorities List
(1982). The occurrence of organic pollutants in ground water
near industrial waste sites is a major concern. For instance,
trichloroethylene, an industrial degreaser, has been detected in
ground water at sites in Tucson, Phoenix, Scottsdale, and
Goodyear. A sample from a well in Tucson contained 4,600
micrograms per liter of trichloroethylene (Arizona Department
of Health Services, 1983), and a sample from a weﬁ east of
Phoenix contained 992 micrograms per liter (Smith and others,
1982). Landfills, which have been used for the disposal of solid
waste for several decades under minimal restriction, also are of
concern because landfills generally are located near nonperen-
nial streams at sites initially used for mining sand and gravel.
Infiltrating surface water and fluctuating ground-water levels
present a potential for pollution of local ground water by
leachate from the landfills. A study of potential pollution
sources along the Santa Cruz River northwest of Tucson found
lead and other organic compounds such as trichlorofluoro-
methane and toluene, were in the ground water (Wilson and
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others, 1983). In the future, hazardous wastes will be disposed
of in a special facility that is being planned in Rainbow Valley
about 30 miles southwest of Phoenix.

Ground water—Natural constituents—B,

Ground water obtained from volcanic rocks generally con-
tains natural fluoride concentrations in excess of drinking-
water standards established by the State (Arizona Bureau of
Water Quality Control, 1978). Such concentrations of fluoride
are found in an area north of the Little Colorado River (Kister,
1973), in the Willcox basin in Cochise County (Kister and
others, 1966), and in the lower Santa Cruz basin in western
Pinal County %Kistcr and Hardt, 1966). In several areas,
ground water also contains naturally occurring arsenic in ex-
cess of 50 micrograms per liter, which exceeds quality of water
standards for arsenic in public-water supplies (Arizona Bureau
of Water Quality Control, 1978). In the upper Verde River
area in eastern Yavapai County, water from the Verde aquifer
contains arsenic concentrations ranging from 1 to 240 micro-
grams per liter (Owen-Joyce and Bell, 1983). Arsenic concen-
trations range from a trace to almost 100 micrograms per liter
in ground water in parts of Papago Indian Reservation in
south-central Pima County (Hollett and Garrett, 1983). Con-
centrations of other naturally occurring constituents in ground
water such as nitrate, chromium, and mercury exceed State
drinking-water standards in three areas in Maricopa County
and in the Kingman area in Mohave County.

HYDROLOGIC HAZARDS AND LAND-USE ISSUES

Subsidence—C;

Ground-water withdrawal has resulted in the dewatering
and compaction of aquifer materials in several intensively
developed areas. Near Eloy in south-central Pinal County,
land subsidence of about 12 feet has been measured, and many
earth fissures attendant have been mapped (Laney and others,
1978). Natural drainage and engineering structures may be
severely affected by subsidence. In northeastern Phoenix, sub-
sidence of about 3 feet resulted in decreased velocity of flow in
sewer lines, which decreased the capacity of the sewers. Main-
tenance problems now occur because the sewer lines no longer
are self cleaning, and excessive sewage gases have been de-
tected (Harmon, 1982).

Storm-water management—C,

Urbanization results in increased runoff because extensively
paved or roofed areas prevent infiltration of rainfall into the
ground. In Arizona, local ordinances require developers to
control the runoff, and temporary onsite storage is one alter-
native. Another alternative is to dispose of runoff in dry wells.
Ground-water pollution may result from this practice.

Resource development—Metal mining—Cs

Metal-laden tailings resulting from historic mining activities
in many areas are potential sources of pollution because of the
release of acid and heavy metals to a number of small streams.
Some adverse effects on surface-water quality caused by min-
ing wastes have occurred in the upper San Pedro River,
Boulder Creek near Bagdad, Verde River near Clarkdale, and
Pinal Creek near Miami. Pollution of local ground water also
has occurred in the Pinal Creek basin near Miami (Arizona
Department of Health Services, 1983).

Safety of dams-—C,

Recent changes in hydrologic analyses and assessment of
adequacy of spillway capacity resulted in several dams bein
classified as unsafe. The largest dams are federally owned ang
locally operated. The extent to which the local operators will be
required to share repair costs is a key issue as is the funding for
the Federal share of the repairs. The national program of dam
inspection identified several problems that require additional
studies at non-Federal dams. Some of these studies have been
made. Funding for repair of non-Federal dams that are found
to be unsafe also is an important issue.

Flooding—C.

Unusually excessive runoff from the Upper Colorado River
Basin in spring 1983 necessitated record releases from Lakes
Powell and Mead. Along the downstream reach of the Colo-
rado River from Bullhead City to Yuma, flood damage oc-
curred to residences and businesses. LaPaz, Mohave, and
Yuma Counties in Arizona were designated as Federal disaster
areas.

INSTITUTIONAL AND MANAGEMENT ISSUES

Water allocation—D,

The legal right to the control and use of sewage effluent has
been an issue in recent years. Rights to effluent was an issue in
allocations of water from the Central Arizona Project because
the effluent is considered part of a city’s dependable supply.
The Arizona Department of Health Services is developing
regulations to control the reuse of sewage effluent. In the
Phoenix area, the Palo Verde Nuclear Generating Station has
contracted with the Municipal Water Users’ Association for
the purchase of about 140,000 acre-feet of effluent per year for
use as cooling water. That action is the subject of lawsuits filed
by the Salt River-Pima-Maricopa Indian communities and by
several other entities.

Water-resources
water—D,

management—Surface and ground

A significant potential for recharge of ground water by
surplus surface water exists in the coarse alluvium that
underlies most streams, particularly in the Phoenix, Safford,
and Tucson areas, but the opportunity for recharge is limited
by the quantity of surface water available. An example of this
type of recharge occurred from 1978 to 1980 when greater-
than-normal precipitation in the Salt and Verde River basins
necessitated the release of surplus surface water to the normally
dry bed of the Salt River, which flows through the Phoenix
metropolitan area. Infiltration of nearly 500,000 acre-feet of
flood water caused ground-water levels in 169 wells that tap the
alluvial deposits in the Salt River Valley to rise an average of
about 35 feet from February 1978 to May 1980 (Mann and
Rohne, 1983).

Water laws—D.

In 1980, the Arizona Legislature passed the Groundwater
Management Act, which created four Active Management
Areas and two Irrigation Non-Expansion Areas. Subsequent-
ly, another Irrigation Non-Expansion Area has been desig-
nated in the Harquahala Plains area. In these areas, the use of
ground water will be controlled. Management goals have been
established on the basis of the safe-yield concept. Safe yield is
defined as a long-term balance between the annual quantity of
ground water withdrawn and the annual quantity of natural
and artificial ground-water recharge. The law establishes plans
for a series of management periods, which culminate in the
year 2025 when safe yield is to be achieved. This goal will be
reached through mandated conservation plans for all water
users and eventually by purchase and retirement of farmlands.
The costs of this water-management program will be recov-
ered, in part, from ground-water withdrawal fees.

Treaties and compacts—D.

Arizona’s use of Colorado River water is governed by the
Rio Grande, Colorado, and Tijuana Treaty of 1944 with Mex-
ico, the Colorado River Compact of 1922 (Arizona, California,
Colorado, Nevada, New Mexico, Utah, and Wyoming), and
the Upper Colorado River Basin Compact of 1948 (Arizona,
Colorado, New Mexico, Utah, and Wyoming). Arizona's cf-
forts to obtain water allocated, but not used, from the Colorado
River for the Central Arizona Project was challenged by
California, which was using the water. In a U.S. Supreme
Court decree (Arizona v. California, March 9, 1964), Arizona
obtained the right to 2.8 million acre-feet of water per year
from the Colorado River. Much of the water will be used in
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place of ground water in the central part of the State. The Cen-
tral Arizona Project diversion system is being constructed and
is expected to deliver water to the Phoenix area by 1985 and to
the Tucson area by 1990.

Indian water rights—D,

Arizona has 22 Indian reservations that occupy more than
25 percent of the State’s area. The water rights of each reserva-
tion have not been determined. Several lawsuits are pending as
a result of non-Indian diversions of surface water and pumping
of ground water. The outcome of these court cases, which
could significantly affect the future types of water-resources
development within the State, is of vital concern to all
residents.

Water-rights adjudication—D.

There has been no statewide adjudication of water rights. In
1980, Arizona began efforts toward comprehensive basinwide
water-rights adjudication in the Gila River basin. These ad-
judications were to include all water-rights claimants, which
include Federal agencies and Indian tribes. In February 1982,
a ruling by the 9th U.S. Circuit Court of Appeals negated the
right of Arizona to adjudicate Indian water rights.

Water-quality regulation—D.

Standards and regulations for surface-water quality were
adopted in the 1970’s. A fixed-station network was established
at that time to monitor long-term quality trends and to detect
serious degradations in surface-water quality. Standards and
regulations for ground-water quality are being developed.
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ARKANSAS WATER ISSUES

As identified by the Arkansas District Office of the U.S.
Geological Survey in consultation with State officials

Arkansas is a water-rich State; its average annual precipita-
tion ranges from about 42 to 55 inches. Physiographically, the
State has been divided into two provinces; the northwestern
one-half is part of the Interior Highlands, and the southeastern
one-half is part of the Gulf Coastal Plain (Baker, 1955). The
Highlands area generally is not suited for large-scale growing
of crops because of topography; however, large numbers of
poultry and some cattle are raised, and there is some small-
scale crop farming. In the Highlands, domestic water supplies
generally are obtained from shallow wells, and some smaller
cities obtain water from deeply buried sandstone aquifers. The
larger cities in the Highlands obtain water from surface-water
reservoirs. The Gulf Coastal Plain is an area of intensive
agriculture using large quantities of ground water; ground
water also is used extensively for municipal and domestic
supplies.

Major water issues are summarized by category below. The
letters and numerical subscripts identify issues shown on the
map; an asterisk instead of a numerical subscript indicates that
the issue is not shown on the map.

WATER-AVAILABILITY ISSUES

Surface water—A,

Although some surface water is now used for irrigation in
eastern Arkansas, withdrawals of additional large quantities of
water from the Arkansas, White, and Little Red Rivers for
irrigation have been proposed as an alternative to the predomi-
nant use of ground water because of decreasing ground-water
supplies. Additional withdrawals of surface water may gener-
ate concerns about maintaining adequate streamflow for
navigation, power production, waste dilution and assimilation,
and preservation of wildlife.

Ground water—A,

Irrigation pumpage since the early 1930’s has caused water-
level declines of more than 60 feet in the Mississippi River
alluvial aquifer in the Grand Prairie area of eastern Arkansas.
Water levels in the alluvial aquifer are declining by as much as
1 foot per year. In southern Arkansas, declines of 225 feet in
the Magnolia area (Columbia County) and of 300 feet in the El
Dorado area (Union County) of the Sparta aquifer have re-
sulted from municipal and industrial pumpage.

WATER-QUALITY ISSUES

Surface water—Point and nonpoint sources of pollution—B,

Several streams and surface-water bodies receive municipal
and industrial waste-water discharges that adversely affect the
suitability of the water for drinking, recreation, and aquatic
life. Depletion of dissolved oxygen in the White River and
eutrophication of Beaver Reservoir in northwest Arkansas
caused by nutrient enrichment are two widely publicized ex-
amples. Also contributing to concerns about the White River
are nonpoint discharges of nutrients and sediments from
agricultural and municipal sources (Terry and others, 1983).
The Arkansas River is being considered as a source of water
for public supply and irrigation. Seepage from naturally occur-
ring salt deposits in Kansas and Oklahoma, which increases
the salinity of the river, may make the river unsuitable for most
uses during low flows. Municipal and industrial discharges to
the Arkansas River may contribute wastes and chemicals that
affect its potability although storage effects of the Arkansas
River Navigation System and tributary dams may have mod-
erated the effects of any inflowing pollutants.

Surface water—Pesticides—B;

Potential pollution of water and accumulation of pesticides
in bottom sediments of streams, lakes, and ponds is a concern
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in agricultural areas of the State. Although there are many
potentially adverse effects on fish, wildlife, and human health,
the extent of these effects in Arkansas has not been quantified.
In order to decrease the erosion of soil particles to which
pesticides adhere, land-treatment practices, including planting
of cover crops, no-till farming, and crop rotation, are bein

implemented. These practices may decrease the quantity o
sediment and attached pesticides deposited in streams, ponds,
and lakes.

Ground water—Saline-water intrusion—B;

Saline water from underlying rocks is intruding into the fresh-
water aquifers in several areas due to ground-water withdrawals.
Areas of concern are the alluvial aquifer in eastern Arkansas and
the Sparta aquifer in southern Arkansas.

Ground water—Hazardous-waste sites and landfills—B,

Of the 247 hazardous-waste sites in Arkansas, 7 have been
included in the U.S. Environmental Protection Agency’s Na-
tional Priorities List (1982). Wastes at these sites include
pesticides, dioxin, pentachlorophenol, creosote, arsenic,
chromium, copper, lead, and oil. Because of their geohydro-
logic settings, all hazardous-waste sites are considered poten-
tial sources of ground-water pollution. There also are several
hundred solid-waste landfills and active open-dump sites that
have not been assessed adequately as to their contents, and
potential for pollution of local ground water.

HYDROLOGIC HAZARDS AND LAND-USE ISSUES

Resource development—Coal mining—C,

Semianthracite and bituminous coals have been mined in
the Arkansas Valley Coal Region of west-central Arkansas
since 1870 (Bush and Gilbreath, 1978). Large deposits of lignite
in south-central Arkansas are scheduled to be strip mined
beginning about 1990. A study describing premining hydro-
logic conditions has been completed for the lignite area (Terry
and others, 1979). However, little work has been done to deter-
mine environmental effects of coal mining in Arkansas.

Flooding—C,

Twenty-four-hour rains of 5 to 10 inches are frequent in the
State, and, occasionally, rains greater than 10 inches occur
(National Oceanic and Atmospheric Administration, 1976). As
a result, localized flooding is common throughout the State.
Widespread flooding in low-lying areas of the Gulf Coastal
Plain is a continuing concern.

Wetlands—C.,

Decrease of wetlands by drainage, stream channelization, or
clearing is a concern in the State. The percentage of the Missis-
sippi River alluvial plain in Arkansas that contains hardwood
bottomland decreased from 41 percent in 1937 to 13 percent in
1977 (MacDonald and others, 1979). The alluvial plain con-
tained approximately 1.0 million acres of bottomland forests in
1978; projections estimate additional decreases to 0.88 million
acres by 1985 and to 0.80 million acres by 1990 (MacDonald
and others, 1979).

INSTITUTIONAL AND MANAGEMENT ISSUES

Water laws—D,

Proposals to adopt a State water code were introduced during
the 1983 legislative session.

REFERENCES

Baker, R. C., 1955, Arkansas’ ground-water resources: Arkansas
Geological Commission Water Resources Circularl, 16 p.

Bush, W. V., and Gilbreath, L. B., 1978, Inventory of surface and
underground coal mines in the Arkansas Valley coal field: Arkan-
sas Geological Commission Information Circular 20-L, 15 p.

Holland, T. W., and Ludwig, A. H., 1982, Use of water in Arkansas,
1980: Arkansas Geological Commission Water Resources Sum-
mary 14, 30 p.



90 National Water Summary 1983

Jackson, J. L., and Mack, L. E., 1982, Arkansas water—Why wait
for the crisis?: Little Rock, The Winthrop Rockefeller Foundation,
47 p.

MacDonald, P. O., Frayer, W. E., and Clauser, J. K., 1979,
Documentation, chronology, and future projections of bottomland
hardwood habitat loss in the lower Mississippi Alluvial Plain, in
Basic report, v. 1: Vicksburg, Miss., U.S. Fish and Wildlife Serv-
ice, 133 p.

National Oceanic and Atmospheric Administration, 1976,
Climatogrzllglg of United States No. 60, Climate of Arkansas:
Asheville, N.C., Environmental Data Services, 14 p.

Solley, W. B., Chase, E. B., and Mann, W. B, IV, 1983, Estimated
water use in the United States in 1980: U.S. Geological Survey Cir-
cular 1001, 56 p.

Terry, J. E., Bryant, C. T., Ludwig, A. H., and Reed, J. E., 1979,
Water-resources appraisal of the south-Arkansas lignite area: U.S.
Geological Survey Open-File Report 79-924, 162 p.

Terry, J. E., Morns, E. E., and Bryant, C. T., 1983, Water-quality
assessment of White River between Lake Sequoyah and Beaver
Reservoir, Washington County, Arkansas: U.S. Geological Survey
Water-Resources Investigations 82-4063, 84 p.

U.S. Environmental Protection Agency, 1982, Amendment to
National Oil and Hazardous Substance Contingency Plan; the Na-
tional Priorities List: Federal Register, v. 47, no. 251, December
30, 1982, p. 58476-58485.







92

National Water Summary 1983

CALIFORNIA WATER ISSUES

As identified by the California District Office of the U.S.
Geological Survey in consultation with State officials

Average annual precipitation in California ranges from
about 4 inches in the Mojave-Colorado desert to 60 inches in
the north and along the higher elevations of the Sierra Nevada.
Before intensive development of the State’s water resources,
most of the southern part of the State depended on ground
water for its principal supply. As a result, ground water is
more extensively developed in the coastal valleys, desert areas,
and the Central Valley. Plateau areas depend mainly on
surface-water supplies. Prolonged use of ground water has
caused large water-level declines in the Los Angeles basin,
southern Central Valley, and some coastal valleys, with
attendant land subsidence, increased cost of pumping,
degradation of water quality, and saline-water intrusion along
the coast. Since about 1950, the major water projects of the
California Department of Water Resources and the U.S.
Bureau of Reclamation have diverted surface water from
northern California through large aqueducts to the southern
Central Valley and southern coastal areas. Although this prac-
tice has decreased pumping in both areas and has halted sub-
sidence, it has increased many environmental concerns in the
San Francisco Bay and the delta of the San Joaquin and Sacra-
mento Rivers area. A court-decreed transfer of 2.8 million
acre-feet of Colorado River water from southern California to
Arizona beginning in 1985 may result in more interbasin
transfer of water from northern to southern California, further
decreasing outflow to the San Francisco Bay-San Joaquin-
Sacramento delta areas. The quality of water in California
generally meets water-quality standards for most uses;
however, some local pollution of ground and surface water has
occurred in or near major metropolitan areas. The potential
for pollution from pesticides and saline agricultural waste
water exists in many areas of the State, but especially in the
southern one-third of the Central Valley where there are no
agricultural drainage systems that can remove irrigation return
water.

Major water issues are summarized by category below. The
letters and numerical subscripts identify issues shown on the
map; an asterisk instead of a numerical subscript indicates that
the issue is not shown on the map.

WATER-AVAILABILITY ISSUES

Surface water—A,

Since 1941, water levels in Mono Lake (Inyo County) have
declined about 45 feet because of increased evapotranspiration
and increased diversion of water from perennial streams flow-
ing into the lake. In the Mono Lake basin, Los Angeles has
diversion rights of 147,000 acre-feet of water per year, which is
one-sixth of the city’s annual supply. Some environmental
concerns of lowered lake levels are the effects on gull nesting
and on native vegetation, and increased lake salinity. Since
1930, the dissolved-solids concentration in the lake has in-
creased from about 45,000 to 100,000 milligrams per liter. As
water levels in the lake decline, recharge from the lake to the
ground-water system decreases, causing ground-water levels to
decline.

Ground water—A,

California, the Nation’s largest user of ground water, pumps
about 19 million acre-feet during an average year, or 28 per-
cent of the total ground water pumped in the United States.
About 48 percent of the State’s water supply during an average
year comes from ground water. As population and agriculture
increase, continual water-level declines are occurring in a
number of areas. The California Department of Water Re-
sources (1980a) determined that large ground-water declines
are occurring in 11 basins, of which 8 are in the San Joaquin
Valley where agricultural development is extensive. The an-
nual maximum water-level declines in these basins are as much
as 6 feet and average about 2.5 feet per year (California

Department of Water Resources, 1982). Three other basins
where ground-water declines are occurring, are the coastal
basins of Santa Cruz-Pajaro, Cuyama Valley, and Ventura
County; water levels have declined as much as 200 feet since
1950 and saline-water intrusion is occurring. In parts of Im-
perial, Los Angeles, Riverside, and San Bernardino Counties,
annual pumpage is more than twice the recharge to the
ground-water system.

WATER-QUALITY ISSUES

Surface and ground water—Irrigation return water—B,

Surface water imported for irrigation of 5.4 million acres in
the San Joaquin Valley part of the Central Valley adds nearly
2 million tons of salt to the soil and water in this area each year.
Losses of tillable land from increasing soil and water salinity
are expected to increase from about 400,000 acres to about
700,000 acres by the year 2020. This represents crop losses
ranging from $32 million to about $320 million annually (U.S.
Bureau of Reclamation and others, 1979). There is no valley-
wide drainage system in the Central Valley to remove saline ir-
rigation return water. Although several individual drainage
systems are operated, they drain only small areas and locally
remove irrigation return water from the valley. Therefore,
pollution of ground water by agricultural return water con-
tinues. Although the San Joaquin Valley represents a major
area where irrigation return water is an issue, it also is an issue
in many of the southern coastal basins. Examples are the Ven-
tura basin, where shallow or perched ground water, mainly
recharge of irrigation return water, contains as much as 2,500
milligrams per liter of dissolved solids, and the Salinas basin,
where dissolved-solids concentrations in irrigation return water
ranges from 400 to 1,000 milligrams per liter.

Ground water—Saline-water intrusion—B.

The intrusion of saline water occurs to some extent along
most of the central and southern coastal areas. The most
serious intrusion occurs in the Los Angeles, Orange, and Ven-
tura Counties coastal plain where ground-water withdrawals
generally are twice the recharge. Los Angeles and Orange
Counties operate artificial-recharge programs to control saline-
water intrusion. Ventura County, where about 22 square miles
of the Oxnard aquifer have been affected by saline-water intru-
sion, is implementing plans to import water for artificial
recharge. Saline-water intrusion also occurs in the Santa
Cruz-Salinas and Niles Cone (south San Francisco Bay) areas.
In the Central Valley, an extensive body of saline water con-
taining as much as 60,000 milligrams per liter of dissolved
solids ?ies below the fresh-water aquifers. The possible upward
movement of this saline water into the fresh-water aquifers is a
concern.

Ground water—Hazardous-waste sites—B;

The U.S. Environmental Protection Agency has identified
and included in the National Priorities List (1982) 11
hazardous-waste sites in California. With the exception of the
Iron Mountain Mine Complex in northern California, all of
these sites are in urban areas where pollutants may affect
municipal ground-water supplies. Pollutants at these sites in-
clude heavy metals, such as chromium, copper, lead, and zinc;
arsenic; polychlorinated biphenyls; trichloroethylene; petro-
leum sludge; and pentachlorophenols.

Ground water—Pesticides—B.

Pollution of ground water by pesticides from nonpoint
sources is widespread in California (California State Water
Resources Control Board, 1979). Dibromochloropropane, a
pesticide used to control nematodes and a suspected car-
cinogen, is found in ground water in every county in the San
Joaquin Valley and in the municipal and industrial water sup-
plies of the city of Fresno (metropolitan population about
350,000). Agricultural use of pesticides (more than 120 million
pounds of active ingredients during 1980) increases the poten-
tial for pollution of aquifers and streams. The California Water
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Resources Control Board is implementing basin-monitoring
programs designed to fully assess the issue.

HYDROLOGIC HAZARDS AND LAND-USE ISSUES

Flooding—C,

During 1982 and the first 6 months of 1983, flooding prob-
ably was the single most costly water-related hazard in éaﬁifcr—
nia. A 50-year flood at Clear Lake caused the lake to rise 17
feet to its highest recorded level and to inundate the town of
Lakeport (California Department of Water Resources, 1983).
Combined record runoff and high tides caused breaks in levees
surrounding several delta islands in the San Francisco Bay
area. About 30,000 acres of delta-island farmland was flooded
during the first 6 months of 1983. In Tulare Lake, normally a
dry lake bed in the south San Joaquin Valley, 85,000 acres of
farmland were inundated.

Subsidence—C;

The largest volume of land subsidence in the world (15.6
million acre-feet in about 5,000 square miles) due to the
withdrawal of ground water has occurred in the San Joaquin
Valley of California (Poland and others, 1975). In the Santa
Clara Valley, the volume of land subsidence as of 1971 was
about 0.5 million acre-feet. Land subsidence ranging from 1 to
4 feet in an area of undetermined extent has been reported in
the Sacramento Valley about 20 miles north of Sacramento.
Since 1971, the rate of subsidence in the San Joaquin and
Santa Clara Valleys has slowed significantly as a result of de-
creased ground-water withdrawals (Poland and others, 1975).
Subsidence may recur if ground-water pumping causes water
levels to decline below their previous lows. Such declines did
occur during the 1976-77 drought when ground-water pump-
age increased and measured subsidence was as much as 0.5
foot in the San Joaquin Valley (Ireland and others, 1982). Al-
though there was no significant subsidence during 1982 and
1983, it still remains a major issue in California.

Wetlands and estuaries—C;

San Francisco Bay and the Sacramento-San Joaquin River
delta area of central California have been affected by water-
development projects (State Water Plan and U.S. Bureau of
Reclamation’s Central Valley Project) that have decreased
streamflow from 30 million to about 15 million acre-feet per

ear. During dry years, streamflow through the delta to the
gay may be aerow as 8 million acre-feet. This decrease in
streamflow is a potential threat to one of the Nation’s largest
wetlands and wildlife areas by decreasing the opportunity for
the system to flush toxic materials and by decreasing the food
sources for both fish and waterfowl. Most of the delta is at or
near sea level, and diversion of water increases tidal intrusion
of saline water during dry years. In San Francisco Bay, pollu-
tion by local waste discharge has decreased greatly during the
last 10 to 15 years; however, heavy metals continue to be a
localized concern, especially in the southern part of the bay.

INSTITUTIONAL AND MANAGEMENT ISSUES

Water laws—D,

In all but a few southern California basins, landowners may
pump as much water as they wish. The State Legislature is

considering legislation to designate ground-water-
management areas and to implement management plans
(California Department of Water Resources, 1980b).

Interbasin transfers—D.

The Colorado River provides a significant proportion of the
water used in southern California. When the Central Arizona
Project begins diverting water in 1985, California’s share of
the Colorado River will decrease. This decrease has led the
State to plan increased interbasin transfers from northern
California. A critical link in water transfers from northern
California basins is the San Francisco Bay-Sacramento River
delta area. There are many concerns about the potential effects
of increased interbasin diversions from northern California on
the bay and delta areas.

Treaties and compacts—D,

California’s use of Colorado River water is governed by the
Rio Grande, Colorado, and Tijuana Treaty of 1944 with Mex-
ico; the Colorado River Compact of 1922 (Arizona, California,
Colorado, New Mexico, Nevada, Utah, and Wyoming); and
the Upper Colorado River Basin Compact of 1948 (Arizona,
Colorado, New Mexico, Utah, and Wyoming). In 1964, the
U.S. Supreme Court decreed that Arizona should receive 2.8
million acre-feet of water from California’s present use of Col-
orado River water. Delivery of that water to Arizona is sched-
uled to begin in 1985 and will affect water use in southern
California.
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COLORADO WATER ISSUES

As identified by the Colorado District Office of the U.S.
Geological Survey in consultation with State officials

Variations in air-mass movement over Colorado, coupled
with orographic effects of the mountains, produce a climate in
which precipitation ranges from about 8 to 50 inches per year.
Much of the streamflow in the western and central United
States results from snowfall accumulation in Colorado’s moun-
tains. Snowmelt supplies streams in the Platte River, Arkansas
River, Colorado River, and Rio Grande basins. From water
years 1972 to 1981, annual runoff has been about 120 percent
of the long-term average, except in the eastern Arkansas River
basin where streamflow has been about 75 percent of the long-
term average. Reservoirs are used throughout the State to at-
tenuate runoff and to store water to meet agricultural and
municipal demands. In general, water demands west of the
Continental Divide are met by appropriation of surface water,
and water demands east of the Continental Divide are met by
conjunctive use of ground water and surface water, augmented
by transmountain diversions. Ground water provides nearly 33
percent of the irrigation water in eastern Colorado and about 1
percent in western Colorado. The primary sources of ground
water in eastern Colorado are alluvial aquifers along the South
Platte and Arkansas Rivers and in the San Luis Valley, as well
as sand and gravel of the High Plains (Ogallala) aquifer. All
waters within Colorado are controlled by State water laws
administered by the State Engineer, and are based on the doc-
trine of prior approgriation. In addition to State water laws,
several rivers in Colorado also are subject to interstate
compacts.

Major water issues are summarized by category below. The
letters and numerical subscripts identify issues shown on the
map; an asterisk instead of a numerical subscript indicates that
the issue is not shown on the map.

WATER-AVAILABILITY ISSUES

Ground water—A,

Annual variations in ground-water levels occur statewide;
however, the only widespread, downward trends are in the
High Plains (Ogallala) aquifer in eastern Colorado. Agricul-
tural demands in the area are met primarily with ground
water. Recharge to the Ogallala aquifer is small, and, since
1965, water-level declines have affected well production and
increased irrigation costs. The saturated thickness of the
Ogallala has decreased as much as 25 percent in some areas as
the result of water-level declines of 40 to 50 feet (Borman and
others, 1983). In approximately 110 square miles of northeast-
ern Rio Grande County, water levels have declined 5 feet or
more, and, in 50 square miles of this area, declines of 20 feet
resulting from ground-water withdrawals have been measured.
Small areas of decline have been mapped in alluvial aquifers
tributary to the South Platte River. In southwestern Morgan
County, water levels have declined as much as 30 to 40 feet
since the late 1940’s (Hurr and others, 1975).

WATER-QUALITY ISSUES

Surface water—Colorado River salinity—B,

The Colorado River Basin Salinity Control Act of 1974
(Public Law 93-320) established a maximum allowable con-
centration of dissolved solids in the Colorado River as it enters
Mexico. Control of salinity in the river is a basinwide concern.
Irrigation return flows commonly are responsible for large
dissolved-solids concentrations, but, in Colorado, natural dis-
charges of saline water also are partly responsible. Saline
ground water discharging to streams, such as Salt Creek and
Dolores River, causes increases in stream salinity. Additional-
ly, dewatering of coal mines and leachate from coal spoil piles
can contribute to stream salinity. Reservoir storage in Colo-
rado contributes to increased dissolved-solids concentrations
by leaching of soluble minerals from the reservoir banks and by

evaporative concentration of dissolved solids in the stored
water. The U.S. Bureau of Reclamation has primary responsi-
bility for resolving the basin salinity issue (U.S. Bureau of
Reclamation, 1983).

Surface and ground water—Hazardous-waste sites—B;

Commerce City, a suburb of Denver, in Adams County, has
two hazardous-waste sites included in the U.S. Environmental
Protection Agency’s National Prionities List (1982). At one
site, pesticides were produced at a chemical plant until it was
destroyed by fire in 1965. After the fire, such organic pesticide
compounds such as aldrin, endrin, heptachlor, and toxaphene
were disposed in an adjacent vacant lot. Potential ground-
water pollution is of particular concern because supply wells of
the city of Thornton are within about 3 miles of the Commerce
City site. The U.S. Environmental Protection Agency and
Colorado Department of Health are conducting a study of the
site. The second site, Sand Creek, an industrial site of about
300 acres, has been used for petroleum- and chemical-product
production. Pollutants that are of concern at the site include
methane, sulfuric acid, petroleum derivatives, and pesticides.
Reconnaissance surveys by the Colorado Department of
Health and the Tri-County District Health Department in-
dicate that pollution of soil, surface water, and ground water
has occurred. The U.S. Environmental Protection Agency also
is studying the site.

Ground water—Landfills—B;

The Lowry and Marshall landfills in the Denver metropol-
itan area are of particular environmental concern. Between
1967 and 1980, the Lowry landfill in Arapahoe County re-
ceived between 10 million and 15 million gallons of hquid
industrial wastes. These wastes, together with solid wastes,
were placed in unlined trenches. Organic compounds have
been detected in the alluvial aquifer under and adjacent to the
landfill. The primary concern involves the potential for poltu-
tion of the Dawson aquifer that provides most of the water for
domestic and agricultural uses within a 3-mile radius of the
landfill (U.S. Environmental Protection Agency, written com-
mun., 1983). The Marshall landfill, which occupies about 160
acres in Boulder County, has been used as a municipal waste
and sewage-sludge landfill since 1965. The inactive northern
part of the landfill (80 acres), which was closed in 1973, also
accepted liquid wastes of unknown composition. Samples col-
lected from wells and seeps at the site as part of a water-quality
reconnaissance indicate that ground water beneath the landfill
and seepage from the base of the landfill contain phenols,
methylene chloride, trichloroethylene, and diethylphthalate.
The U.S. Environmental Protection Agency, which has in-
cluded this site in its National Priorities List (1982), is studying
the extent of ground-water pollution as well as surface-water
pollution in Community Ditch and Louisville Lateral, which
provide municipal and agricultural supplies.

Ground water—National defense facilities—B;,

The Rocky Mountain Arsenal and Rocky Flats Nuclear
Processing Plant are federally supported facilities that have
created a potential for environmental pollution. Chemical and
incendiary munitions were produced at the arsenal during
World War II. Subsequent activities have included the devel-
opment and production of defoliants and the removal of chem-
icals from munitions. These activities have resulted in the
pollution of ground water in the vicinity of the arsenal. Rocky
Flats is a plutonium recovery plant operated for the U.S.
Department of Energy. The facility also has been used as a
temporary storage site for low-level radioactive waste. Envi-
ronmental and hydrologic concerns pertain to the potential for
accidental spills or releases of radiochemical compounds. A
study by Hurr (1976) indicates that pollutants resulting from
an accidental surface spill could move into the alluvial ground-
water system within 2 to 12 hours during wet periods. Max-
imum time to reach a point of discharge in a stream would be
about 3 years.
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Eutrophication—Bs

Rapid urbanization in the Denver metropolitan area has
contributed to eutrophication of urban lakes and reservoirs and
has increased concentrations of chemical constituents in the
South Platte River. Nutrients in runoff from urban areas
entering urban lakes and reservoirs have contributed to in-
creased algal production and accelerated eutrophication
(Denver Regional Council of Governments, 1982).

HypRoLOGIC HAZARDS AND LAND-USE ISSUES

Resource development—Mineral extraction and proc-
essing—C,

Metal mining and processing of gold, silver, lead, copper,
zinc, and uranium have increased potential for surface- and
ground-water pollution near cities such as Leadville, Central
City, Idaho Springs, Denver, and Canon City. California
Gulch, located in the Leadville Mining District, contains
numerous abandoned mines and tailing piles. Drainage from
the mines has a pH of 3.2 to 5.4 and contains large concentra-
tions of iron, lead, zinc, manganese, and cadmium (Moran
and Wentz, 1974). A second area where mine drainage has
caused surface- and ground-water pollution is the Central
City-Idaho Springs-Clear Creek Mining District. About
seven mines in Central City and the Argo Tunnel in Idaho
Springs discharge acidic water containing large concentrations
of copper and cadmium into Clear Creek. The primary con-
cern of State health agencies and local water users is pollution
of local surface- and ground-water domestic supplies of small
communities along Clear Creek west of Denver. Radium was
processed, refined, or fabricated at 35 sites in Colorado during
the early 1900’s, of which 31 are in the Denver metropolitan
area. The effects on water resources of the radioactive wastes at
these sites are unknown.

In the Canon City area, possible sources of pollution include
tailings from an active uranium mill; tailings from old lead-,
zinc-, and other metal-ore-processing facilities; drainage from
abandoned coal mines underlying the area; and brines from oil
wells. Water from the tailings and abandoned coal mines seeps
into the terrace deposits and alluvium along the Arkansas
River where numerous wells produce water for livestock,
domestic supply, and irrigation. Water from these wells
contains large concentrations of uranium, molybdenum,
selenium, alpha-emitting substances, sulfate, and dissolved
solids (Hershey-Wooderson Associates, 1977). Some of the
uranium-mill tailings have been reprocessed, and the re-
mainder have been placed in lined tailings ponds. Tailings
from the lead- and zinc-ore-processing remain largely undis-
turbed. The Leadville, Central City-Idaho Springs, and
Denver sites have been included in the U.S. Environmental
Protection Agency’s National Priorities List (1982) of
hazardous-waste sites.

Resource development—Qil shale—C,

The Piceance structural basin in western Colorado contains
some of the largest undeveloped oil shale reserves in the world.
Known oil shale deposits with a minimum grade of 15 gallons
per ton of rock are estimated to contain 1.2 trillion barrels of
recoverable oil (Federal Energy Administration, 1974).
Although commercial development of this resource has been
suspended because of current economic conditions, prototype
development is continuing. Large-scale commercial develop-
ment of the resource will result in various hydrologic, environ-
mental, and institutional issues. Hydrologic concerns include
effects of mine dewatering on tributary aquifers, pollution of
aquifers, transport of pollutants in the ground-water system
from mined areas, and increased sediment and water-quality
changes in streams. In addition to the hydrologic concerns, air
quality will be a major issue. There is concern that additional
dust and stack emissions could contribute to air pollution and
increase acidic precipitation in wilderness areas and park lands
east of the Piceance basin. Also of concern is the question of
water rights, both intrastate and interstate, and the oil-shale

industry’s impact on quantity and quality requirements that
are set by international treaties, river compacts, and State
water law.

Flooding—C,

Many communities in Colorado are located near foothills at
the base of mountain ranges. Streams originating in the moun-
tains flow through scenic canyons, and, because of the esthetic
setting, urban development is progressing rapidly in and im-
mediately downstream from these canyons. Unfortunately,
foothill streams are subject to catastrophic flash floods that
often cause tragic deaths and costly property damage, as in the
flood along the Big Thompson River in 1976.

INSTITUTIONAL AND MANAGEMENT ISSUES

Water allocation—D,

As urbanization and industrialization increase along the
eastern slopes of the Continential Divide, institutional con-
straints involving water rights as regulated by State water law
will become increasingly important in water-allocation issues
relating to water demands of eastern Colorado. Currently, al-
ternative approaches including transmountain water diver-
sions and conjunctive surface- and ground-water development,
such as occur in the South Platte and Arkansas River basins,
create special concerns among various water users. These are
being considered in an areawide study of water requirements
in metropolitan Denver being conducted by the U.S. Army
Corps of Engineers. Critical factors to be considered include
Federal water rights, instream-flow requirements, traditional
offstream appropriated rights, and treaty and compact
requirements.

Treaties and compacts—D,

Treaties and compacts affect the quantity of water that can
be appropriated by Colorado from several rivers flowing into
other States and Mexico. Use of water in the Rio Grande and
Colorado River is affected by provisions of the Rio Grande
Convention of 1906, the Rio Grande Rectification Convention
of 1933, and the Rio Grande, Colorado, and Tijuana Treaty of
1944 with Mexico. Colorado currently underutilizes its rights
granted in the South Platte Compact of 1926 (Colorado and
Nebraska), in the Colorado River Compact of 1922 (Arizona,
California, Colorado, Nevada, New Mexico Utah, and Wyo-
ming), and in the Upper Colorado River Basin Compact of
1948 (Arizona, ColoracE)e, New Mexico, Utah, and Wyoming),
thereby allowing more water to flow to adjacent States than is
legally permitted. The Rio Grande Compact of 1938 (Colo-
rado, New Mexico, and Texas) was based on streamflow
records that were intended to represent average conditions but
subsequently were alleged to represent a period of greater than
normal precipitation. Based on that compact, Colorado is now
in arrears with respect to New Mexico; studies are being made
to determine how deficits can be ameliorated—for example, by
developing additional supplies through salvage of water cur-
rently lost to evapotranspiration. In the Arkansas River basin,
there is concern in Kansas as to whether the quantity of water
it is authorized to receive under the Arkansas River Compact
of 1948 (Colorado and Kansas) is being met.
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CONNECTICUT WATER ISSUES

As identified by the Connecticut Office, New England
District, of the U.S. Geological Survey in consultation with
State officials

The average annual precipitation in Connecticut ranges
from about 42 to 53 inches. Although the current supplies of
water are adequate to meet demands under normal conditions,
deficiencies occur during droughts. The quality of water
throughout the State generally meets established State stand-
ards, but locally may not be suitable for some uses. Most pres-
ent demand is met by surface-water sources. The uneven
distribution of water resources and the concentration of popu-
lation and industry are causes of supply deficiencies and con-
flicts between competing uses during droughts. Water quality
has improved since 1967 as a result of water pollution control
programs. The State’s policy for surface and ground water,
adopted in 1980 (Connecticut Department of Environmental
Protection, 1980), and basin-strategy reports scheduled for
completion in 1983 will guide future water-quality
management.

Major water issues are summarized by category below. The
letters and numerical subscripts identify issues shown on the
map; an asterisk instead of a numerical subscript indicates that
the issue is not shown on the map.

WATER-AVAILABILITY ISSUES

Surface and ground water—A,

In the southwestern part of the State, four water companies
serving all or part of five towns will not be able to meet
demands by the year 2000 without new sources of supply (New
England River Basins Commission, 1981). Several otger areas
within Connecticut will need additional sources of drinking
water during the next 20 years to meet increased demands or to
replace surface-water sources that cannot meet the re-
quirements of the Safe Drinking Water Act of 1974 (Public
Law 93-523). Areas where supply problems will be most
critical include Fairfield County, the Quinnipiac Valley in
New Haven County, and parts of New London County. State
policy is to meet most future needs by developing ground-
water sources.

WATER-QUALITY ISSUES

Surface water—Point and nonpoint sources of pollution—B,

Despite significant progress toward meeting the State’s goal
of water quality that is suitable for fishing and swimming,
about 30 percent (288 miles) of the major streams and major
harbors, including New Haven, Bridgeport, Norwalk, and
New London, do not meet established water-quality standards
(Connecticut Department of Environmental Protection,
1982b). Major factors preventing attainment of surface-water
quality goals include overflows of combined storm and sanitary
sewers, waste discharges from municipal and industrial
sources, and nonpoint sources of pollution such as runoff from
urban areas. In the upper Housatonic River in Litchfield, New
Haven, and Fairﬁeldp g:)unties surface water-quality goals are
not being met because sediments are polluted by polychlori-
nated biphenyls (Frink and others, 1982).

Surface and ground water—Public and domestic
supplies—B.

Of about 600 public-water supplies, 28 do not meet the
State’s drinking-water standards, and water from domestic
wells in many communities also has failed to meet these stand-
ards (Connecticut General Assembly 1975). Supplies that do
not meet drinking-water standards are located throughout the
State. Principal sources of the pollution are waste-disposal and
waste-storage sites; unregulated discharges or spills of various
chemicals, including gasoline, oil, and volatile organic
solvents; salt storage and highway application; fertilizers; and
septic systems. In addition, drinking water at several well sites
has been adversely affected by induced recharge of degraded

surface water and by saline-water intrusion (Handman and
others, 1979). To preserve and protect present and future
potable water supplies, the State considers the quality of drink-
ing water to be the highest water-quality management priority
(Connecticut Department of Environmental Protection,
1982a).

Ground water-Land disposal of wastes—B.

Municipal and industrial waste disposal into landfills and
lagoons has resulted in widespread ground-water pollution. In
1982, the Connecticut Department of Environmental Protec-
tion estimated that 227 active and inactive landfills had
polluted 87 private and 3 public-supply wells, and 35 landfills
are threatening supply wells (Paul Marin, oral commun.,
1982). Pollution occurs at landfills in Beacon Falls (New
Haven County), Canterbury (Windham County), and Nauga-
tuck (New Haven County), which are included in the U.S. En-
vironmental Protection Agency’s National Priorities List
(1982). Many existing hazardous-waste sites are being closed
because they have reached capacity or cannot comply with
regulatory requirements. The State is encouraging resource
conservation and recovery of municipal and industrial wastes,
while recognizing the continued need for land disposal of
residual material. Also under consideration are provisions for
future disposal of low-level radioactive wastes, dredged
material from harbors and rivers, and fly ash from powerplants
being converted to coal. Land-disposal facilities that will not
have an adverse effect on water quality are important to the
State, local municipalities, and industry, but suitable disposal
sites are few.

Eutrophication-B,

Eutrophication resulting from phosphorus enrichment is
occurring in some lakes in the State (Connecticut Department
of Environmental Protection, 1982b). A recent survey of 70
lakes found 12 to be eutrophic and 7 to be highly eutrophic
(Connecticut Department of Environmental Protection,
1982c). Sources of phosphorus include fertilizers in runoff from
agricultural lands and detergents from septic systems of
lakeside homeowners.

Acidic precipitation—B.

Precipitation in Connecticut, as in much of the Northeast, is
more acidic than in other areas of the United States. There is
public concern about the effects of acidic precipitation on soil,
water, fish, vegetation, structures, and human health. A recent
report commissioned by the Connecticut General Assembly
recommended further studies, including expanded water-qual-
ity monitoring (Connecticut Agricultural Experiment Station,
1983, p. 13).

HYDROLOGIC HAZARDS AND LAND-USE ISSUES

Flooding—C.

Riverine and coastal flooding is a major hydrologic hazard
in Connecticut and occurs statewide. Record flooding in
southern Connecticut (New Haven, Middlesex, and New Lon-
don Counties) in June 1982 caused 12 deaths and an estimated
$277 million in damage (National Weather Service, 1983). As
a consequence, the State is focusing attention on development
of improved flood-warning systems and other measures to miti-
gate damage and loss of life.

INSTITUTIONAL AND MANAGEMENT ISSUES

Interbasin transfers—D.

The Connecticut Department of Environmental Protection
estimates that there are several thousand surface-water diver-
sions of varying size, and the impacts of which on water sup-
plies and other uses of water are largely unknown. Major
decreases in streamflow or changes in the time-distribution of
streamflow are of concern, particularly where water is needed
downstream for fish and wildlife, recreation, water supply, and
waste assimilation. Large diversions from the Connecticut
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River to meet water demands in eastern Massachusetts, and
from the Farmington River in Hartford County to meet water
demands in the Hartford metropolitan area recently have been
proposed. In 1982, the State enacted the Connecticut Water
Diversion Policy Act to ensure that the impacts of diversions
and competing demands for surface and ground water are con-
sidered in the future.

Improved coordination in water-resources planning and
management—D,

Responsibilities for various aspects of water-resources plan-
ning and management are distributed among a number of
State agencies. Efforts are being made to integrate water-
supply and water-quality planning and management at the
State level (State of Connecticut, 1982).
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FLORIDA WATER ISSUES

As identified by the Florida District Office of the U.S.
Geological Survey in consultation with State officials

Florida is a water-rich State with an average annual rainfall
of about 53 inches and some of the most productive aquifers in
the Nation. Florida’s population and freshwater use almost
doubled between 1960 and 1980 (Leach, 1980). Increased mu-
nicipal, agricultural, and industrial water demands and prob-
lems of waste disposal have increased concern for the State’s
land and water resources. Because of these concerns, the State
Legislature has made efforts to protect and manage the State’s
water resources through the Florida Department of Environ-
mental Regulation and five regional water-management
districts.

Major water issues are summarized by category below. The
letters and numerical subscripts identify issues shown on the
map; an asterisk instead of a numerical subscript indicates that
the issue is not shown on the map.

WATER-AVAILABILITY ISSUES

Ground water—A,

Water-level declines of more than 150 feet have occurred in
the Floridan aquifer in the northeast and northwest coastal
areas because of municipal and industrial pumpage. Large
water-level declines also have occurred in the Floridan aquifer
as the result of large-scale agricultural and industrial pumpage
in northeastern Florida and in the Tampa Bay area. Municipal
pumpage from surficial aquifers at numerous other coastal
locations has resulted in water-use restrictions because of the
potential of saline-water intrusion, especially in densely urban-
1zed areas of the southeastern and southwestern coasts where
water in the Floridan aquifer is too saline for public supplies.

Surface water—A,

Increased urbanization and water use have lowered the level
of many lakes located near areas of major ground-water
development in central Florida. As an example, more than 90
lakes in central Florida were augmented with water from wells
during 1982. As well fields are developed to meet water needs
of an increasing population, additional stresses will be placed
on lakes (Stewart and Hughes, 1974; Gant, 1982).

WATER-QUALITY ISSUES

Surface water—Point and nonpoint sources of pollution-B,

Major point sources of surface-water pollution in Florida are
(1) municipal sewage-treatment plants (2) pulp and paper
mills, and (3) citrus-processing plants (Florida Department of
Environmental Regulation, 1980). Other industrial discharges
that cause surface-water pollution include chemical processing
and production plants, electroplating operations, and power-
plants. Agricultural runoff also results in surface-water pollu-
tion; the Everglades agricultural area is a prime example of
surface-water pollution caused by fertilizers and irrigation
practices. The Taylor Creek-Nubbin Slough area of the Kis-
simmee River basin is an example of surface-water pollution
by dairy and feedlot operations. Numerous river basins in the
Panhandle of Florida are affected periodically by erosion and
nutrient enrichment resulting from crop-production activities.
Within the upper St. Johns River basin, agricultural develop-
ment has adversely affected water quality. Direct effects on
water quality are related to the pollutant content cf discharges.
Indirect effects on water quality result from changes in the flow
regime. Increases in dissolved-solids concentrations and
decreases in dissolved-oxygen concentrations also have been
associated with modifications of the flow regime (Florida
Department of Environmental Regulation, 1980).

Surface water—Saline-water intrusion—B,

Coastal reaches of most Florida streams experience some
upstream saline-water intrusion during periods of low flow,

high tides, or a combination of these. For example, the water
supply for the urban parts of Lee County is from both the
Caloosahatchee River and shallow aquifers that yield only
small quantities of water to wells. Demands during the dry
season are increasingly dependent on the Caloosahatchee
River, but the water quality at the water-supply intakes is af-
fected periodically by upstream movement of saline water and
by organic substances. Recharge and storage of freshwater in
deep saline aquifers for later withdrawal and use has been
studied; however, development of new freshwater supplies
from a permeable limestone aquifer recently delineated in
southwestern Lee County may be a more effective solution
(Boggess and others, 1981).

Ground-water—Saline-water intrusion—B;

The intrusion of saline water into aquifers occurs along the
coastlines and is a concern in urbanized coastal areas. It is
most serious in the Jacksonville, Tampa, and Miami areas
where pumping has lowered water levels below sea level
(Wilson, 1982; Franks, 1982). Saline-water intrusion into the
shallow Biscayne aquifer in the Miami area is being reduced by
adjusting freshwater levels in canals (Hughes, 1979).

Ground water—Bacteria—B,

Fecal coliform bacteria have been found in water pumped
from the Floridan aquifer. The Florida Department of En-
vironmental Regulation has identified bacteria in water from
public-supply and private wells in Lake County. Fecal coliform
bacteria also have been found in water from shallow observa-
tion wells that tap the Biscayne aquifer in the Miami area.
Leakage from septic systems and infiltration of storm water are
likely causes of the pollution (Pitt and others, 1975).

Ground water—Hazardous-waste sites—B;

Florida has more than 200 unregulated hazardous-waste
sites. Of these, 25 are included in the National Priorities List
(U.S. Environmental Protection Agency,1982). Because of the
shallow depth to water, the permeability of the aquifers, and
the almost total reliance on ground water as a source of drink-
ing water, pollution of ground water by hazardous wastes is a
major concern. Pollution of local ground water by leachates
from hazardous wastes has been documented at sites through-
out the State (Florida House of Representatives, 1983).

Ground water—Wastewater—B.,

Large quantities of wastewater including treated sewage, in-
dustrial liquids, and storm-water runoff are injected into the
subsurface, are applied to the land surface by spray irrigation,
or disposed in percolation ponds. Deep-well injection of treated
sewage into saline-water aquifers is practiced in the
southeastern coastal area and the Pinellas Peninsula on the
western coast. Industrial wastewater also is injected at sites in
the Lake Okeechobee and Tampa Bay areas and in the western
panhandle (Vecchioli, 1981). In Orlando, Ocala, and other
places in northern peninsular Florida, excess storm water is
gravity drained through wells into the Floridan aquifer, which
is the major public water-supply source for the area. Percola-
tion ponds have long been a common means for disposing of
treated sewage in many parts of Florida. Spray irrigation, a
more recent and increasingly common means of treated-
sewage disposal, is used in the Tallahassee area, and, on a
smaller scale, at numerous other sites from the western pan-
handle to the Tampa Bay area.

Ground water—Landfills—B.

Florida has about 700 landfills and open dumps. Ground
water in most of the State is susceptible to pollution by landfill
leachate because of the permeable surficial materials underly-
ing the landfills, the abundant precipitation, and the shallow
depth to water near the landfills. There 1s concern regarding
the effect of this disposal practice on the quality of ground
water, which supplies about 90 percent of the State’s drinking
water. Leachate studies have been conducted at many major
landfills, and State and local agencies are intensifying efforts to









108

National Water Summary 1983

determine leachate characteristics at all landfills beginning
with those upgradient from ground-water supplies (Florida
Senate Committee on Natural Resources, 1982).

Ground water—Pesticide—B,

Aldicarb (Temik), a pesticide used for controlling nematodes
in citrus-growing areas, has been detected in water from some
wells used for drinking-water supplies in central Florida.
Although documentation about the magnitude, occurrence,
and distribution of aldicarb pollution is limited, its presence in
public supplies caused Florida’s Agriculture Commissioner to
temporarly ban its commercial use on January 28, 1983.
However, because the citrus crop is very important to Florida’s
economy, there is opposition to the aldicarb ban.

Acidic precipitation—B.

The acidity of precipitation in Florida may have increased
during the last 25 years. Precipitation in the northern and cen-
tral parts of the State has pH values of less than 4.7. Studies
indicate that the acidity of some of Florida’s lakes and streams
may have increased. The increased acidity adversely affects the
survival and reproduction of some aquatic organisms (Brez-
onik and others, 1980; Crisman and others, 1980).

YDROLOGIC HAZARDS AND LAND-USE ISSUES

Sinkholes—C,

Sinkholes occur throughout Florida, although the north-
central panhandle, gulf coastal, and central parts of the State
are the areas most prone to sudden development of sinkholes.
Sinkhole formation may be caused by a decrease in ground-
water levels in a limestone aquifer as a result of ground-water
withdrawal, or by a rise in the water table resulting from in-
tense rains, particularly after a drought. Sinkhole formation
resulting from ground-water withdrawals has been docu-
mented in the ’%ampa area (Sinclair, 1982) and in central
Florida (Rutledge, 1982). In addition to the possible loss of life
and property caused by their sudden development, sinkholes
and other solution features provide an avenue for pollutants on
the land surface to move rapidly into aquifers.

Resource development—Phosphate mining—C;

Phosphate-bearing strata in Florida typically are enriched in
uranium. Natural radioactive decay produces a series of radio-
active products including thorium, radium, radon, and
polonium. The Florida Departments of Environmental Regu-
lation and Health and Rehabilitative Services, the Florida In-
stitute of Phosphate Research, private companies, and several
Federal agencies, are investigating the distribution, origin,
source, and changes in these radionuclides in the natural envi-
ronments of Florida. Many wells in the phosphate-ore areas
produce water containing large concentrations of radium-226,
radium-228, and other radicactive materials (Miller and
others, 1978; Miller and Sutcliffe, 1982).

Wetlands and estuaries—C.

Wetlands and estuaries in Florida are subject to physical
changes as a result of, dredging of ship channels, filling of
marshes, and construction of islands and causeways. These
activities may change the natural tide-induced circulation and
flushing characteristics of some Florida estuaries. These
changes may have long-term ecological implication, such as the

llution of shellfish waters and important marine nursery

abitats, and a decrease in freshwater fish and wildlife popula-
tions. Studies indicate that Everglades National Park, Big
Cypress National Monument, and Biscayne Bay National
Park are dependent on managed freshwater flows to maintain
their ecological integrity (McPherson and others, 1973, 1976,
and 1982).

INSTITUTIONAL AND MANAGEMENT ISSUES

River-system management—D;

There is a tristate concern regarding the management plans
for the Chattahoochee-Flint-Apalachicola Rivers system.
Georgia and Alabama generally favor river development for
navigation, and Florida generally favors restricted river devel-
opment. Florida is concerned especially about the potential
effects on the shellfish resources in Apalachicola Bay caused by
increased dredging activities and structural navigation
controls.
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GEORGIA WATER ISSUES

As identified by the Georgia District Office of the U.S.
Geological Survey in consultation with State Officials

Georgia has a plentiful supply of water; precipitation
averages about 50 inches per year. The State is divided into the
Coastal Plain, Piedmont, Valley and Ridge, Blue Ridge, and
Cumberland Plateau physiographic provinces. The Coastal
Plain has large rivers and productive aquifers. The Piedmont is
drained by small streams and is underlain by crystalline rocks
that generally do not yield large quantities of water. Except for
the Valley and Ridge, the remaining provinces resemble the
Piedmont in that they are drained by small streams and under-
lain by aquifers that are not regionally significant sources of
water. The Valley and Ridge also is drained by small streams,
but the valleys are underlain by limestone and dolomite that
may yield significant quantities of water.

Major water issues are summarized by category below. The
letters and numerical subscripts identify issues shown on the
map; an asterisk instead of a numerical subscript indicates that
the issue is not shown on the map.

WATER-AVAILABILITY ISSUES

Surface water—A,

The largest population centers in the State are in the Pied-
mont, where streams are relatively small and ground-water
supplies are not readily available. Areas that may be affected
by shortages of surface water include all of metropolitan Atlan-
ta and Athens in the Piedmont and Dalton in the Valley and
Ridge provinces. Industrial development in the northwestern
part of the State also may be affected by shortages of surface
water.

Ground water—A,

There is competition for ground water in south Georgia for
irrigation, industrial, and municipal uses. Along the coast, in-
dustrial and municipal pumping has caused large cones of
depression in Savannah, Brunswick, and Jesup. Data indicate
that the cones of depression may be merging. The water level
at the center of the cone of depression in Savannah is about 115
feet below sea level (Matthews and others, 1982); the predevel-
opment water level was about 35 feet above sea level. In
Savannah, water levels tapping the principal confined aquifer
have declined as much as 10 feet during the past 15 years. In
southwestern Georgia, pumpage of ground water for irrigation
from the Clayton, Providence, Tallahatta, and Ocala aquifers
has increased from about 130 million gallons per day in 1977 to
about 290 million gallons per day in 1981.

WATER-QUALITY ISSUES

Surface water—Point and nonpoint sources of pollution—B;

As a result of various waste discharges, several stream
reaches have some dissolved-oxygen deficiencies, such as the
Chattahoochee River downstream from Atlanta and the Oc-
mulgee River downstream from Macon. Impacts of waste
discharges also have been observed in the Coosa River basin
downstream from Dalton and Rome. Discharges from carpet
manufacturing plants in northwestern Georgia contain nearly
300 different petrochemicals and other organic compounds.
Nutrients in nonpoint runoff from agricultural lands also have
been identified by the State.

Ground water—Saline-water intrusion—B,

Degradation of ground water in coastal Georgia is caused by
saline-water intrusion. In water from an observation well on
the north end of Hilton Head Island (at the north end of the
aquifer system that supplies water to the Savannah area),
chloride concentrations increased from 80 to 500 milligrams
per liter between 1972 and 1982. In the vicinity of Brunswick,
chloride concentrations in water from one test well have in-

creased from 4,400 to 7,000 milligrams per liter during the past
10 years. One municipal-supply well has been abandoned
because of high chloride concentrations. Saline-water intrusion
at Brunswick is caused by the upward migration of brines from
the formation below the fresh-water aquifer. A decline in water
levels resulting from the withdrawal of about 105 million
gallons per day by industry and municipalities has caused the
brines to move upward through faults and fractures. A major
decrease in ground-water withdrawal on the Brunswick penin-
sula occurred in mid-1982 when a large industry installed
evaporative cooling towers. The decrease in pumpage has
caused a rise in water levels in some wells.

Ground water—Pesticides—B;

Recent reconnaissance sampling of ground water in the
agricultural area of southwestern Georgia indicated that low
levels of several commonly used pesticides were present in
water from some wells (Hayes and others, 1983).

Ground water—Natural substances—B,

Ground water in several parts of Georgia is unsuitable for
some uses because of naturally occurring substances. Naturally
occurring radioactivity in excess of State and Federal standards
has been found in municipal supplies for Mount Vernon,
Alamo, and Tarrytown. Barium in excess of State and Federal
standards has been found in the municipal water sufply for
Fitzgerald. Each of the towns has had to modify its wells to ex-
clude water from the aquifers that contain the undesirable
substances. Naturally occurring organic substances, color, and
turbidity have been a cause of concern to the city of Valdosta
for many years, although limited ground-water pumpage is
possible without causing water-quality degradation (Krause,
1979).

Eutrophication-Bs

Jackson Lake on the Ocmulgee River and High Falls Lake
in Monroe County have been designated by the State as need-
ing restoration because of eutrophication caused by inflow of
excessive nutrients.

Bottom sediments—Bs

For a number of years, direct discharges and runoff from
several industrial areas draining into the Coosa River down-
stream from Rome contained large concentrations of poly-
chlorinated biphenyls, the presence of which was discovered in
1975. Eight years after these discharges and runoff were con-
trolled, concentrations of the pollutant ranging from 200 to 400
micrograms per kilogram are still found in the bottom
sediments. Commercial fishing on the river has been banned
for several years.

HYDROLOGIC HAZARDS AND LAND-USE ISSUES

Sinkholes—C,

Sinkholes commonly develop in the southwestern and south-
central parts of the Coastal Plain and in the Valley and Ridge
area of northwest Georgia. In the Coastal Plain, sinkholes have
formed in response to naturally occurring fluctuations in
ground-water levels. Many sinkholes formed in the southwest-
ern part of the State during the 1980-81 drought when water
levels in the Ocala aquifer declined rapidly as the combined
result of the drought and rapidly increasing pumpage for ir-
rigation. In northwestern Georgia near Rossviﬁe, sinkhole for-
mation in local areas may have been caused by declining water
levels resulting from industrial pumpage.

Coastal-zone utilization—C,

The U.S. Navy is constructing a large submarine base at
Kings Bay in southeastern Georgia. Part of the construction ef-
fort will include the dredging of a deep and wide navigation
channel from St. Marys Entrance to Kings Bay. A deep, ship-
turning basin also will be dredged. Because the dredged depth
of the facilities will be 20 or more feet deeper than the natural
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channel in most areas, movement of sediment in the estuary
will be altered.

Flooding—C,

In the rapidly developing urban areas, especially in the Pied-
mont, increased flooding caused by urbanization is an impor-
tant issue in the State. Flooding in the Atlanta area can be
expected to increase as land use in stream basins changes from
undeveloped to developed (E. J. Inman, U.S. Geological
Survey, written commun., 1983).

INSTITUTIONAL AND MANAGEMENT ISSUES

Interbasin transfers—D;

Most water for the metropolitan Atlanta area is supplied
from the Chattahoochee River basin; some water also is sup-
plied from the Coosa River basin. Because the Atlanta
metropolitan area encompasses several river basins, some of
the water withdrawn from the Chattahoochee River basin is
discharged into the Altamaha River basin. Hence, the net flow
of the Chattahoochee River is decreased by interbasin transfer.
Some of the treated-waste water currently being discharged in-
to the South and Flint Rivers soon will be diverted back into
the Chattahoochee River basin. The water quality of all three
rivers will be improved by the diversion.

Interstate ground-water issues—D,

Ground-water pumpage in the Savannah area has interstate
ramifications with South Carolina. Savannah obtains much of
its water from the aquifer system that extends into South
Carolina. There is a potential for considerable controversy
about this issue; however, a mana{gement plan is being
developed by the U.S. Army Corps of Engineers in coopera-
tion with the States of Georgia and South Carolina, the U.S.
Environmental Protection Agency, and several local govern-
ment agencies.

River-system management—D;

The Chattahoochee River basin provides water for a signifi-
cant part of Georgia’s population. Flow of the river is regulated
upstream from Atlanta by releases of water from Lake Sidney
Lanier. Releases primarily are for the production of peak-
demand electric power. Withdrawal of water for municipal use
is complicated by the cyclic nature of the releases. A recent

study of the water-supply needs of the metropolitan Atlanta
area (U.S. Army Corps of Engineers, 1981) developed a set of
alternatives for meeting the area’s water-supply needs until the
year 2000. The selected alternative requires the construction of
a dam downstream from Lake Sidney Lanier to regulate re-
leases. The purpose of the new dam would be to store water re-
leased during peak power production and then release the
stored water at a relatively even flow rate.

Water laws and water allocation—D.

Georgia has a comprehensive set of laws governing the
allocation of surface and ground water for industrial and
municipal users of more than 100,000 gallons per day. Enforce-
ment of all surface-water, ground-water, and water-quality
laws is centered in one State agency-the Environmental Pro-
tection Division. Although the laws provide for the necessary
management of industrial and municipal water users, they ex-
plicitly exempt pumpage for agricultural irrigation from the
permitting process. Irrigation is now one of the largest water
users and is the largest water consumer in the State. Com-
Krehensive management of the total water resources is

ampered because this major use is exempted from the permit-
ting process. Amendments, which were passed in 1982, to the
Georgia Ground Water Use Act of 1972 and the Georgia
Water-Quality Control Act require that irrigation water use be
reported to the State, but permits for that use still are not
required.
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HAWAII AND OTHER PACIFIC AREAS
WATER ISSUES

As identified by the Hawaii District Office of the U.S.
Geological Survey in consultation with State and other
Pacific area officials

HAWAII

The Hawaiian Archipelago consists of a 1,600-mile-long,
northwest-trending chain of 132 islands, shoals, and reefs in
the central Pacific Ocean. The eight major islands at the
southeastern end of the chain, which are the tops of large shield
volcanoes, have an area of 6,450 square miles. The principal
water-supply issues in Hawaii result from the variable spatial
distribution of precipitation. Although the average annual
precipitation is about 73 inches, precipitation on individual
islands ranges from 6.5 to 450 inches. Each of the major islands
also is independent regarding the occurrence and availability of
water for public supply. The population of Hawaii has doubled
since 1950, and there has been a corresponding increase in the
demand for water for agricultural, industrial, and domestic
use. The greatest use of water in Hawaii is for agriculture—
primarily for sugar-cane irrigation. Water for agricultural use
1s supplied equally from ground and surface water. Ninety per-
cent of Hawaii’s domestic water is supplied by ground water.
The island of Oahu, which supports 80 percent of the State’s
population, has the most water issues. If present consumptive
trends continue, the islandwide water demand could equal the
total recoverable supply by the year 2000 (Hawaii Water
Resources Regional Study Committee, 1979). Smaller areas
on several other islands will need additional water supplies by
the year 2020.

Major water issues are summarized by category below. The
letters and numerical subscripts identify issues shown on the
map; an asterisk instead of a numerical subscript indicates that
the issue is not shown on the map.

WATER-AVAILABILITY ISSUES

Ground water—A,

On Oahu, supplies of ground water are adequate to meet
present demands. However, aquifers in two areas are regu-
lated by the State because they are at or near their sustained
yield, and withdrawal of additional ground water may induce
saline-water intrusion or other adverse effects. Most of the
easily obtained ground water already has been developed;
development of smaller sources on the island is a continuing
endeavor. Because of the likelihood of saline-water intrusion,
all coastal aquifers need to be developed and managed with
care. In general, ground water is abundant on each of the other
islands except for Lanai, Niihau, and Kahoolawe. Supplies on
these islands appear to be adequate for the present populations
(Hawaii Water Resources Regional Study Committee, 1979).

Surface and ground water—A.,

Hawaii’s water resources are very susceptible to prolonged
droughts. A statewide drought during 1976-77 caused signifi-
cant decreases in streamflow and ground-water-level declines
to historic lows on Oahu and other islands in the State, which
resulted in severe crop damage, livestock losses, and water-use
restrictions. During the first 3 months of 1983, a total of 0.91
inch of precipitation was recorded at the Honolulu Airport on
Oahu—the driest first quarter in 105 years of record. This lack
of rainfall, and subsequent increase in ground-water pumpage,
caused water levels to decline significantly in some aquifers.
On the island of Hawaii, only 7 percent of normal precipitation
was recorded for January and February 1983. Water-use
restrictions were imposed, and the Governor declared the com-
munities of Puna and Kamuela disaster areas.
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Surface water—A,

The major source of dependable surface water on most of the
Hawaiian Islands is the base flow of streams. Most of this
water is transported to areas of use by ditches and tunnels.
Constraints on future development of surface-water supplies
include water rights, environmental and esthetic considera-
tions, water-treatment costs, lack of reservoir and storage sites,
and potential adverse effects on ground-water resources.

WATER-QUALITY ISSUES

Surface water—Point and nonpoint sources of pollution—B;

The adverse effects of sediment derived from agricultural
and over-grazed pasture lands on stream quality is a major
issue of concern in the State. Storm runoff from urban areas,
which also introduces additional sediment, oil, grease, chem-
icals, and urban litter into surface waters, also is of concern.
Most sediment and pollutants eventually are transported to the
near-shore coastal waters, where they may affect near-shore
ecosystems. Although pollution resulting from point-source
discharges has been identified and effectively controlled by the
State Department of Health, the more difficult task of control-
ling pollution from nonpoint sources remains.

Ground water—Point and nonpoint sources of pollution—
B.

The Pear] Harbor aquifer—the State’s most productive and
economically important aquifer—underlies large fields of sugar
cane and pineapple. Irrigation-return water contains dissolved
fertilizer salts, residues of organic pesticides, and increased
chloride concentrations. Probably, the two most potentially
hazardous organic pesticides are dibromochloropropane
(DBCP) and ethylene dibromide (EDB). Routine water sampling
by the State’s Department of Health in June 1983 discovered
traces (0.020-0.100 part per billion) of EDB in four of
Honolulu’s water-supply wells. A few days later, a well on the
island of Maui was found to have 0.140 parts per billion of
DBCP in its water. Although Hawaii does not have any stand-
ards for these pesticides in drinking water, the wells were shut
down as a precautionary measure. The Governor has organ-
ized a special task force to study the pesticide-contamination
problem on a statewide basis.

Ground water—Saline-water intrusion—B;

A major issue of concern is that the State’s coastal fresh-
water aquifers are subject to saline-water intrusion because of
large ground-water pumpage. The three aquifers most suscep-
tible to saline-water intrusion—Pearl Harbor, Honolulu, and
Waialua—underlie Oahu. In the Pearl Harbor aquifer, exten-
sive development and long-term pumping have resulted in a
gradual landward and upward movement of saline water, and
some wells have been abandoned as a result. Large increases in
chloride concentration also have occurred in water pumped
from older irrigation wells completed in the Pearl Harbor
aquifer. Saline-water intrusion also is occurring in the
Honolulu and Waialua aquifers because of intensive ground-
water pumpage.

Ground water—Waste-water injection—B.
The practice of disposing of waste water by subsurface injec-
tion has increased in Hawaii (Takasaki, 1974). This type of

waste disposal has the potential to pollute local ground-water
supplies and near-shore coastal waters.

HypRoLOGIC HAZARDS AND LAND-USE ISSUES

Flooding—C,

In Hawaii, storm runoff, high surf, and tsunamis cause
flooding that results in loss of life and extensive damage to
public and private property. Although substantial measures for
protection against flooding from storm runoff have been pro-
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vided in many areas of the State, other areas are still vulner-
able. High surf generally affects the northern and western
coasts of each island, causing damage to highways, homes, and
resort complexes. Damage has been greatest on Oahu because
of extensive development on the coasts. Flooding by tsunamis
has caused the most deaths and property damage. The city of
Hilo on the island of Hawaii is perhaps the most vulnerable to
this type of flooding because of its location near sea level along
Hilo Bay.

INSTITUTIONAL AND MANAGEMENT ISSUES

Water laws—D,

In 1979, the Pearl Harbor aquifer was designated by the
State Department of Land and Natural Resources as a ground-
water-control area. The Pearl Harbor aquifer has had declin-
ing water levels, storage depletion, and saline-water intrusion
since about 1910 (Soroos and Ewart, 1979). Since 1979, sever-
al other aquifers have been designated as ground-water control
areas. In 1983, the State Legislature appointed an advisory
study commission on water resources and charged it with de-
veloping a State Water Code.

OTHER PACIFIC AREAS

Population increases on the islands of Guam, American
Samoa, the Northern Marianas (Saipan), the Federated States
of Micronesia (Yap, Truk, Ponape, and Kosrae), and the
Republic of Palau, have increased the demand for water. This
is a major concern because surface waters commonly are
polluted by pathogenic organisms. During periods of deficient
rainfall, water shortages are a common occurrence on all the
islands. Only the islands of Guam, Saipan in the Northern
Mariana Islands, Moen in Truk, and Tutuila in American
Samoa have developed ground-water supplies. Annual rainfall
ranges from 80 inches on Saipan to about 350 inches in the
mountains on Ponape. A drought that has persisted in the
western Pacific since October 1982 has caused water shortages.
Water-use restrictions have been imposed on all main islands
with centralized distribution systems.

WATER-AVAILABILITY ISSUES

Surface and ground water—Guam—A,

Guam has an area of 212 square miles. Annual rainfall
averages about 94 inches and falls mostly from July to
December. Although supplies of ground water in northern
Guam are adequate to meet water demands in the forseeable
future, additional distribution lines and storage facilities are
needed to meet current demands (R. J. Bordallo, Territory of
Guam, written commun., 1983). An extended drought, which
has persisted since late 1982, has caused significant depletion
of reservoir storage in southern Guam. Water conservation
measures have been imposed.

Surface and ground water—American Samoa—A.

American Samoa includes the volcanic islands of Tutuila,
Aunuu, Ofu, Olosega, and Tau. The islands annually receive
more than 100 inches of rainfall, but, during droughts, water
supplies from surface-water sources become critically deficient.
Increasing population, expansion of the tuna-canning in-
dustry, and increasing tourism are creating greater demands
for water. The scarcity of sites for reservoirs hinder additional
surface-water development. Development of ground-water re-
sources is being considered (Bentley, 1975).

Surface and ground water—Northern Mariana Islands—
A‘

The Northern Mariana Islands include the 15 islands of the
Marianas chain north of Guam. Saipan is the largest island

and has an area of 48 square miles. An increasing population
and a thriving tourist industry has increased the demand for
fresh water in Saipan. Although an average annual rainfall of
81 inches falls on the island, surface-water sources are not ade-
quate because much of the rainfall percolates through the
island’s permeable limestone surface. The demand for water is
being met by production from wells and springs, but these sup-
plies are not sufficient to meet future demands.

Surface and ground water—Federated States of Micronesia
and Republic of Palau—A.

Except for the island of Moen (Truk) where ground water is
the principal source of supply, the islands of Yap, Ponape,
Kosr[;e, arr)::l:ll Koror (Reptfl:ﬁiz of Palau) depend ‘:)n surfz}:c:
water, springs, and shallow dug wells for their water. The
primary source of surface-water supply for Koror is a reservoir
located on the nearby island of Babelthuap. Yearly rainfall
averages are more than 150 inches and as much as 350 inches
in the mountains on Ponape. Streamflow is abundant on the
main islands but is dependent on the quantity and areal
distribution of rainfall. A drought in the western Pacific, which
has persisted since October 1982, has caused many streams
and dug wells at higher altitudes to go dry. The drought has
decreased drinking-water supplies and has caused extensive
tree and root-crop damage on many inhabited atolls. People on
these atolls are now faced with water and food shortages. The
municipalities on the islands of Moen, Yap, Ponape, and
Koror have centralized distribution systems, but these are
ineflicient because of large water losses due to leakage.

WATER-QUALITY ISSUES

Ground water—Saline-water intrusion—Northern

Mariana Islands—B.

Saline-water intrusion is a continuing concern in all parts of
Saipan where limestone aquifers extend below sea level. In
many localities, natural intrusion is sufficient to make the
ground water too saline for human consumption. In other
areas, numerous wells that once produced fresh water are now
abandoned because of saline-water intrusion caused by pump-
ing. A widespread limestone aquifer in southern Saipan has
been a principal source for the island’s water system since its
development by the military during the early 1940’s. A rapid
increase in salinity, which began shortly after pumping began,
was followed by a slower but persistent increase in salinity as
pumping continued. Since 1980, the average concentration of
chloride in water from the wells in southern Saipan generally
has been greater than 1,000 milligrams per liter.

Ground water—Saline-water intrusion—Truk—B,

Two drilled wells producing from thin shallow aquifers on
the island of Moen have become brackish because of increased
pumpage since the current drought began in October 1982.
Chloride concentrations from a well located near Pou Bay have
increased from an average of 50 milligrams per liter in 1980 to
1,250 milligrams per liter by April 20, 1983. Villages that are
not being supplied with water by the government have been
advised to boil water obtained from 1 sources because of the
threat of cholera.

Ground water—Point and nonpoint sources of pollution—
American Samoa—B.

Because of the high permeability of the surface rocks, pollu-
tion by leakage from shallow cesspools and contaminated <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>