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1.0 OVERVIEW

1.1 THE IMPORTANCE OF
WATER RESOURCES

Is it really necessary to have a chapter on the importance of
water resources? How about | simplify this section and get
to the point: Without water, there would be no life on this
planet. Water is the major environmental issue of the 21st
century; all other concerns pale in comparison.

We think of Earth as a water world, and it certainly is,
with ocean waters covering nearly 71% of Earth's surface.

Ninety-eight percent of the water on the planet is in the
oceans and therefore unusable for drinking. Of the 2%
of the fresh water, the majority is in glaciers and the polar
ice caps. Approximately 0.36% is in underground aquifers,
and about the same amount makes up our lakes and rivers.
(See Figure 1.1.)

But although there is plenty of water on Earth, it is not
always in the right place, and it is not always there when
we need it. The world’s population is expected to expand
to over 9.4 billion people by 2050, and scientists are
concerned that our water resources will not be able to

Figure 1.1 Water is the most important environmental issue of this or any other century. Image courtesy NRCS.




Figure 1.2 Water is essential for life on this planet. The question
is how to protect existing water resources while meeting all the
demands for water. Image courtesy NRCS.

accommodate this mass of people. According to the
Stockholm International Water Institute, more than 1 bil-
lion people worldwide do not have adequate clean drink-
ing water, and 2.5 billion lack safe sanitation (U.S. Census
Bureau).

In most parts of the United States, people take for granted
that cheap, clean water will always be available to us. In
other parts of the world, tens of millions of people do
not have access to safe water. The United Nations calls it
a crisis of epic proportion. According to the U.S. Census
Bureau, at the beginning of 2000, one-sixth (1.1 billion
people) of the world’s population was without access to
improved water supply and two-fifths (2.4 billion people)
lacked access to improved sanitation. The majority of these
people live in Africa and Asia.

In recent years, though, even the United States has expe-
rienced severe droughts that rival the dust bowl days of
the Great Depression. Water is a natural resource that is

already in short supply in many parts of the nation, and
the situation is only going to get worse. As the popula-
tion continues to grow, demands for water increase, and
climate change mucks up the hydrologic cycle, water will
become even scarcer. (See Figure 1.2.)

For example, the state of Georgia is one of the fast-
est-growing states in the United States. In the past two
decades, however, Georgia has experienced the two worst
droughts on record. According to the U.S. Army Corps of
Engineers, on August 14, 2008, Lake Lanier, which supplies
most of the water for the Atlanta metropolitan area, had
fallen to 16 feet below full pool. This is a full 9 feet lower
than the lake level during the droughts of 2007. Within a
matter of days, Atlanta was running out of water.

It is important to point out, though, that the issue is not
just about water availability. Water quality is increasingly
becoming a major concern. Poor water supply and sanita-
tion have a high health toll. Much of our water is polluted
to the point where it is no longer safe for human use. One
of the keys to ensuring we have sufficient water for the
future is our ability to use small amounts of clean water to
bring large productivity gains.

Since this book is about “sustainable” solutions to water
resources, | would be remiss if | did not talk about the
amount of energy it takes to meet water demands and
the environmental impact of our actions. According to
the National Resources Defense Council (2009), the col-
lection, distribution, and treatment of drinking water and
wastewater nationwide produce as much carbon dioxide
each year as would 10 million cars on the road (www.nrdc
.org/water/energywater.asp). We need to develop sustain-
able water resource policies that allow us to meet all of our
needs.

The 1987 Bruntland report from the World Commission
on Environment and Development defined sustainable
development as development that “meets the needs of the
present generation without compromising the ability of
future generations to meet their needs.” One objective
of the Commission is to find the right balance between
society’s needs for economic growth, protection from
floods, and affordable power, with environmental con-
cerns such as water quality, the preservation of wetlands,
and the protection of threatened or endangered species.
(See Figure 1.3.)
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1.2 OVERVIEW OF
WATER RESOURCES

Water resources involve surface water, water below ground,
and water that falls from the sky. Most cities meet their
needs for water by withdrawing it from the nearest river,
lakes, reservoir, or aquifer. In some parts of the United
States, precipitation is considered to be public domain
because it is such a valuable resource.

One thing discovered over the years is that groundwater
and surface water are fundamentally interconnected and
are integral components of the hydrologic cycle. They have
to be thought of as one cohesive system.

The United States Geological Survey (USGS) compiled esti-
mates of surface-water and groundwater withdrawals for
the nation at five-year intervals since 1950. The data are
compiled at the county, state, and national levels for eight
categories of water use. These include:

Figure 1.3 The Yolo Bypass Wildlife
Area is a 3,700-acre restoration
project that opened in 1997 near
Sacramento and Davis, California.

It is part of the 59,000-acre Yolo
Bypass, which provides flood control
for the cities in the area. Image
courtesy NRCS.

Public supply
Domestic

1

2

3. lrrigation

4. Livestock

5. Aquaculture

6. Self-supplied industrial
7. Mining

8. Thermoelectric power

1.2.1 Rivers and Streams

When we talk about water resources, most people probably
think of rivers and streams. The United States has more than
250,000 rivers that collectively make up 3.7 million river miles
inlength. The longest river in the United States is the Missouri,
which is approximately 2,500 miles in length, and the larg-
est is the Mississippi, which has a flow volume of 593,000
cubic feet per second at its mouth (www.americanrivers
.org/library/river-facts/river-facts.html). (See Figure 1.4.)

Overview of Water Resources



Figure 1.4 The NRCS in Idaho
has developed the Conservation
Stewardship Program, which
encourages producers to adopt
new conservation practices and
improve or maintain existing
conservation practices that
address resource concerns. The
program has had a significant
impact on water quality in the
state. Image courtesy NRCS.

Of the country’s rivers and streams, 45% were reported
as impaired according to the 2002 National Assessment
Database. Sediment, pathogens, and habitat alterations are
the biggest problems associated with the nation’s rivers and
streams. This fact obviously raises some big concerns.

The 2002 National Assessment Database includes water
quality information for all states as well as the District
of Columbia and the U.S. Virgin Islands. Alabama, North
Carolina, Washington, Puerto Rico, the tribal nations, and
the island territories of the Pacific did not provide data
electronically in 2002.

A watershed is defined by the U.S. Environmental Protection
Agency (EPA) as “the geographic region within which
water drains into a particular river, stream, or body of
water” (www.epa.gov/adopt/defn.html). Watershed drain-
age areas are large, ranging from 20 to 100 square miles

or more. Each watershed is composed of a number of
smaller “subwatersheds,” which typically range from 5to 10
square miles in size.

Rivers have had a major impact on settlement patterns in
the United States. Most of the nation’s major cities in the
eastern part of the country were built along rivers. Rivers
provide water needed for drinking, sanitation, growing
crops, and even navigation.

Unfortunately, many rivers and streams have been seri-
ously impacted by human activities. The EPA considers
urban runoff and pollution from other diffuse sources the
greatest contaminant threat to the nation’s waters. More
than 235,000 river miles in the United States have been
channelized, 25,000 river miles have been dredged, and
another 600,000 river miles are impounded behind dams.
Nearly 40% of the rivers and streams in the United States
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are too polluted for fishing and swimming. Thirty percent
of the native freshwater fish species in North America
are threatened, endangered, or of special concern (www
.americanrivers.org/library/river-facts/river-facts.html).

Floodplains

Floodplains are areas along rivers, streams, or creeks that
may be inundated with water following storms. Floodplains
help reduce the number and severity of floods, filter storm-
water, and minimize nonpoint source pollution. Water
expands into the floodplain areas and infiltrates into the
ground, slowing water flow and allowing groundwater
recharge. Floodplains also provide habitat for both flora
and fauna. One significant problem, though, is that human
activities have had significant adverse impacts on the
effectiveness of a stream’s floodplain to convey and store
floodwater.

Riparian Corridors

Riparian corridors include grass, trees, shrubs, and a com-
bination of natural features along the banks of rivers and
streams. Protecting these corridors is critical for preserving
water quality. Riparian zones also harbor a disproportion-
ately high number of wildlife species and perform a dis-
parate number of ecological functions compared to most
plant habitats (Fischer and Fischenich, April 2000). Riparian
corridors often are considered to coincide with the 100-
year floodplain.

Impaired Rivers and Streams Database

Information on state-reported causes and sources of
impairment is available from the National Assessment
Database at www.epa.gov/waters/305b.

Environmental Protection Agency, Handbook for
Developing Watershed Plans to Restore and Protect
Our Waters.

1.2.2 Groundwater and
Aquifers

Groundwater is one of the world’s most critical natural
resources. It is vital to most nations, and worldwide more
than 2 billion people depend on groundwater for their
water needs. It provides half the drinking water in the
United States and is essential for maintaining the hydro-
logic balance of surface streams, springs, lakes, wetlands,
and marshes around the world.

Groundwater is the largest source of usable water storage
in the United States, containing more water than all of the
reservoirs and lakes combined, excluding the Great Lakes.
According to scientists, an estimated 1 million cubic miles
of groundwater is located within one-half mile of the land
surface. Only a very small percentage of groundwater is
accessible and can be used for human activities (http:/
pubs.usgs.gov/gip/gw/gw_a.html).

Groundwater is stored in an underground aquifer as a geo-
logic formation, group of formations, or part of a forma-
tion that contains sufficient saturated, permeable material
to yield significant quantities of water to wells and springs
(www.nationalatlas.gov/mld/aquifrp.html). The top of the
zone of saturation is known as the water table, and it var-
ies significantly in depth from one region to the next. The
water table can rise in wet years and fall in dry years. All
aquifers have an impermeable layer beneath that stops
groundwater from penetrating farther.

The area over which water infiltrates into an aquifer is
known as the recharge zone. Rainwater that falls in the
recharge zone typically makes its way into the aquifer
below. Rates of recharge for many aquifers can be very
slow because water has to infiltrate through layers of soil
and rocks. Preservation of the water resources requires
protection of groundwater quality and recharge capacity.
Recharge to shallow, unconfined aquifers can be preserved
by restricting the amount of impervious areas. Some aquifers
were formed a long time ago and are no longer actively
recharged. If water is pulled from these aquifers, eventually
they will become empty.

Most cities meet their water needs by withdrawing it from
the nearest river, lake, or reservoir, but many depend on

Overview of Water Resources



groundwater as well. Water is already in short supply in
many parts of the world, and the situation is only going to
get worse. According to USGS, groundwater is the source
of about 40% of the water used for public supply and
provides drinking water for more than 97% of the rural
population in the United States. Between 30% and 40%
of the water used for the agricultural industry comes from
groundwater. An understanding of groundwater is impor-
tant if we are going to continue to make good decisions
about sustainable resources.

In recent years we have learned that groundwater and
surface water are fundamentally interconnected and are
integral components of the hydrologic cycle. Interestingly
enough, most laws governing groundwater issues are
based on the notion that groundwater and surface water
have nothing to do with each other. In most parts of the
United States, surface water is governed by doctrines of
riparian law or prior appropriation. Groundwater tradition-
ally has been treated as a common resource, with virtually
no restrictions on accessing it. If you can afford to pay
someone to drill a well and you happen to hit water, you
can do whatever you want with it.

Today, the unregulated pumping of groundwater is no
longer a viable option. In many parts of the United States,
groundwater is being withdrawn at rates that are not sus-
tainable, and the result is a degradation of water quality and
quantity. The water level in aquifers is being lowered,
and because people keep digging deeper and deeper wells
in order to access the water, the water quantity is depleted
even more. In coastal areas, intensive pumping of fresh
groundwater has caused salt water to seep into fresh-water
aquifers. Groundwater is also critical for the environmental
health of rivers, wetlands, and estuaries. Groundwater
withdrawals can result in reduced flows to streams and
alter wetland hydrology. Changes in stream flow have
important implications for water and flood management,
irrigation, and planning.

Data about groundwater has been collected worldwide for
decades. The Worldwide Groundwater Organization was
formed in 1956, and it is just one organization involved
in collecting such data. Worldwide maps of groundwater
resources are available, and most countries produce their
own maps. In the United States, one responsibility of the
U.S. Geological Survey is to assess the quantity and quality

of the nation’s water supplies. On a national scale, quite
a bit is known about groundwater resources, but most
of that information is very general in nature. The USGS
National Water Information System (NWIS) contains water
data for the nation. USGS has offices around the country
that collect local data and conduct studies as part of NWIS.
The groundwater database contains records from about
850,000 wells, and data have been collected for more
than 100 years. Measurements are commonly recorded
at 5- to 60-minute intervals and transmitted to the NWIS
database every 1 to 4 hours. The Ground-Water Database
includes more than 850,000 records of wells, springs, test
holes, tunnels, drains, and excavations. Each well location
includes information such as latitude and longitude, well
depth, and aquifer. This information is available online
through USGS’s NWISWeb, the National Water Information
System Web Interface (http://waterdata.usgs.gov/nwis).
(See Figure 1.5.)

The Regional Aquifer-System Analysis Program was initi-
ated in 1977 as a response to droughts during that year.
Computer models were used to develop estimates of
current and future water availability for aquifers and to
provide a baseline for future studies. The National Water-
Quality Assessment Program was developed by the USGS
in 1991 to determine the condition of the nation’s streams,
rivers, and groundwater.

The location, hydrologic characteristics, and geologic char-
acteristics of the principal aquifers throughout the 50 states,
Puerto Rico, and the U.S. Virgin Islands are described in the
Ground Water Atlas of the United States (Miller, 2000;
http://capp.water.usgs.gov/gwa/). The atlas consists of an
introductory chapter and 13 descriptive chapters, each cov-
ering a multistate region of the country. The atlas provides
useful information in a regional and national context, but it
is not useful for design or planning projects. The informa-
tion summarized in the atlas has been collected over many
years by the USGS with state and local agencies as well as
other partner agencies (USGS; Reilly, Dennehy, Alley, and
Cunningham, 2008).

In the United States, groundwater management decisions
are made at a local level, not at the federal level. State
and local agencies manage water resources and collect and
analyze local data. Each state produces a report about
groundwater within its borders. For landscape architects,
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PRIMCIPAL ACQUIFERS

Figure 1.5 The U.S. Geological Survey produces geospatial data for water resources. This map shows the major aquifers in the United States.
Image courtesy USGS.

the best source of groundwater information is from state, 1. Water well and spring record search

counties, or regional water districts. 2. Water well and spring location map service

Many s'Fates are.using intergctive maps for sharing ground- 3. Groundwater-quality data search

water information (see Figure 1.6). For example, the _ _ _ _
Kentucky Geological Survey (KGS) Interactive Groundwater- 4. Graphical groundwater-quality comparison service
Quality Data Map displays groundwater-quality data for g5 Groundwater-quality data map service

Kentucky. Users can choose from a list of 32 layers to lind )

display including geology, watershed boundaries, roads, 6. Karst potential index map service
orthophotography, and sinkholes. There are seven types of 7. KGS water research home page (www.uky.edu/KGS/
information about groundwater, including: water/research)
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Figure 1.6 This map shows the major aquifers in the State of Texas.
Most states collect data on groundwater and utilize this information
to augment national water resource data. Image courtesy USGS.

Counties across the United States are also implementing
their own groundwater policies. For example, in 2001,
the King County (WA) Council created the Groundwater
Protection Program to provide management, policy, and
technical expertise to help protect the quality and quantity
of the groundwater resources in the county. One objec-
tive of the program is to help local communities identify
groundwater protection needs and to integrate groundwa-
ter issues with other local planning efforts, such as growth
management plans. King County uses an interactive map
that enables visitors to select and query groundwater
information through Web-based maps and geographically
based software.

USGS also has geospatial information on aquifers and
other water resources for use with Geographic Information
Systems (GIS) programs. GIS are used to capture, store,
retrieve, analyze, and display geospatial data. GIS and
data management technologies allow users to manage

the complexity of information needed on many design and
planning projects. The power of today's GIS programs
and the use of open GIS standards, combined with the vast
array of digital data available via the Web, makes it easier
than ever before to ask “what if” questions about a site,
regardless of how large or small it is. The GIS data include
information on:

¢ Aquifers

* Dams

¢ Groundwater climate response network
¢ Hydrologic units

e Surface-water sampling sites

e Stream-flow stations

® \Water use

¢ General hydrography data

Groundwater maps show several types of data, including:

e Expected yield of a particular drilled well
e Well depth

e Aquifer type

¢ Depth to bedrock

¢ Naturally occurring, inorganic chemicals
¢ Groundwater geology

Groundwater maps are defined primarily using geologic
contacts and hydrogeologic divides. These maps typically
use USGS topographic maps as a base and include sig-
nificant natural and man-made features, such as roads,
streams and rivers, lakes, and buildings. The maps are gen-
erated from well log and drilling reports, bedrock informa-
tion, and geologic and hydrogeologic data.

The volume of groundwater is decreasing in many areas
of the world because of large-scale development of
groundwater resources and a significant increase in with-
drawals. Many people are concerned that if this trend
continues, nations will not be able to meet domestic, agri-
cultural, industrial, and environmental needs (USGS; Reilly,
Dennehy, Alley, and Cunningham, 2008).

One positive sign is that groundwater withdrawals for
irrigation decreased in the western United States in recent
decades as a result of expanding urban areas, an increase in
dry-land farming, and increased efficiencies of application.
In contrast, groundwater withdrawals for irrigation in the
eastern half of the country increased steadily over the same
period, in part as a supplemental source of water to protect
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Aquifers

The Ogallala Aquifer is one of the largest under-
ground sources of water in the world. It covers around
174,000 square miles of the Great Plains and includes
parts of eight U.S. states. The amount of water in the
aquifer varies from region to region but is typically
between 100 to 300 feet below ground. Most of the
water in the aquifer comes from the last Ice Age. If
irrigation demands continue at their current rate, there
is a real chance that the Ogallala Aquifer will eventu-
ally run dry.

Despite its size, the Ogallala does not compare in size
to the Guarani Aquifer, which lies under Argentina,
Brazil, Paraguay, and Uruguay, and covers 1,200,000
square kilometers. In places this aquifer is more than
1,800 meters in depth. Like the Ogallala, there are
concerns that increased demand on the waters of the
Guarani will have a negative impact on water quality
and availability.

against dry periods (USGS, 1960-2000; Hutson, Barber,
Kenny, Linsey, Lumia, and Maupin, 2005).

1.2.3 Lakes and Reservoirs

Did you know that other than Earth, the only planetary
body that we know that has lakes is Titan, Saturn’s largest
moon? On our planet, most of the lakes are freshwater and
most are in the northern hemisphere. Canada has 60% of
the world’s lakes. Worldwide, estimates are that there are
more than 304 million standing water bodies, but the vast
majority are small ponds, not lakes.

There are more than 39.9 million acres of lakes and res-
ervoirs in the United States. Freshwater inland lakes and
reservoirs provide 70% of the nation’s drinking water (Www.
epa.gov/owow/lakes/lakessurvey). (See Figures 1.7 and 1.8.)

Freshwater lakes and rivers contain less than 0.01% of all
water on Earth (USGS. The Water Cycle: Freshwater Storage.
http://ga.water.usgs.gov/edu/watercyclefreshstorage.html),
but they are an important water resource in many parts of

the country. They are a major source of recreation, provide
drinking water to many cities and rural developments, and
are a major attraction for people seeking to build vacation
homes. Most man-made lakes are created by constructing
dams in river or stream valleys. These lakes and reservoirs
typically are constructed for purposes of power generation,
flood control, navigation, water supply, and recreation.

There are some major fundamental differences between
natural lakes and man-made lakes, or reservoirs. The drain-
age basins of natural lakes typically are much smaller than
are the basins of man-made lakes. In contrast, reservoir
basins tend to be narrow and elongated, with dendritic
branching, because they are most commonly formed in
river valleys. Reservoirs receive runoff from large streams
and rivers, and are not typically intercepted by wetlands or
shallow interface regions.

Natural lakes tend to be located at the headwaters of riv-
ers or streams, and the water levels are fairly consistent.
Man-made lakes tend to be closer to the mouth of a river
or stream.

Natural lakes tend to have lower nutrient and sediment
concentrations than those in man-made systems. Small
man-made lakes frequently have no outflow point, so they
accumulate sediments and nutrients much faster than do
natural lakes.

The water levels in natural lakes are fairly constant, while
those in reservoirs fluctuate because typically they are
managed for flood control, hydropower production, and/
or navigation. Water released from reservoirs frequently
comes from the bottom of the dam pool; as a result, it con-
tains little dissolved oxygen. This may impact water quality
downstream. Natural lakes, in contrast, typically release
water from the surface of the lake, and it is well aerated.

One of the biggest benefits of reservoirs is that they provide
a reliable source of water for human use. Water released
downstream from reservoirs is regulated according to
water use. Smaller man-made lakes may be constructed
for agricultural irrigation, recreation, or aesthetic purposes.
Deciding how much water to release and how much to
store depends on the time of year, flow predictions for
the next several months, and the needs for residential and
commercial uses.
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Figure 1.7 Lake Tahoe is a large freshwater lake in the Sierra Nevada mountains on the California/Nevada border. The lake is a major tourism
destination in all seasons. Image courtesy J. Sipes.

1.2.4 Wetlands

In the United States, wetlands are defined in federal
regulations as “those areas that are inundated or satu-
rated by surface or ground water at a frequency and
duration sufficient to support, and that under normal
circumstances do support, a prevalence of vegetation
typically adapted for life in saturated soil conditions.
Wetlands generally include swamps, marshes, bogs and

similar areas” (EPA, Manual Constructed Wetlands
Treatment of Municipal Wastewaters, September 1999).
(See Figure 1.9.)

The U.S. Army Corps of Engineers uses three characteristics
when making wetland determinations: vegetation, soil,
and hydrology. Unless an area has been altered or is a rare
natural situation, indicators of all three characteristics must
be present during some portion of the growing season for
an area to be a wetland.
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Figure 1.8 Lake Tahoe is the second deepest lake in the United States. The depth of the water helps create the deep, rich blue that is visually

so attractive. Image courtesy J. Sipes.

Wetland hydrology refers to the presence of water at or
above the soil surface for a sufficient period of the year. It
is not always possible to identify a wetland during a field
review because water is not always present. A more reliable
approach is to measure the amount of water with a gaug-
ing station, but that is not always a viable option.

Wetlands serve as filters that minimize the amount of nutri-
ents and sediments that drain into a lake. Bogs, marshes,
ponds, estuaries and wet meadows, bottomland forests,
mudflats, and wooded swamps are all different types

of wetlands. Wetlands can range from small marshes to
massive ecosystems such as the Everglades, which cover
thousands of square miles. The Everglades National Park
is 2,357 square miles in size, making it by far the largest
national park east of the Mississippi River.

Wetlands are among the most productive ecosystems in
the world; most environmental experts consider wetlands
to be second only to rain forests in terms of environmental
importance. But only in recent years have we begun to rec-
ognize the value of these resources. Historically, wetlands

Overview of Water Resources
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Figure 1.9 This open-water wetland is located in Newago County, Michigan. This type of wetland typically is located in shallow basins and
includes shallow ponds and reservoirs. Image courtesy NRCS.

were considered wastelands with little if any economic
value. “Progress” was when we filled wetlands to create
developable land. As a result, more than half of the wet-
lands in the United States have been destroyed by filling
and draining. (See Figure 1.10.)

Wetlands provide a number of benefits, including improv-
ing water quality, reducing pollution, providing sediment
filtration, reducing potential flood damage, producing
oxygen, providing temporary water storage, and impacting
nutrient recycling.

Worldwide, we have lost over half of our wetlands in the
last 100 years. In New Zealand, for example, only 8% of
the original wetlands remain. In Alberta, Canada, more
than 60% of the wetlands have been lost. Since the
1600s, the United States has lost more than half of its
native wetlands. Today, the United States has adopted a
national policy of “no net loss” of wetlands and a goal
of a net gain.

1.2.5 Coastal Zones

Population growth along the world’s shorelines continues
at a rapid pace, threatening coastal resources, global fisher-
ies, and biodiversity. Two categories of coastal resources are
identified in the U.S. National Assessment Database:

1. Coastal shorelines—the water immediately off shore,
reported in miles

2. Ocean/near-coastal waters—the area of water
extending into the ocean or gulf, range not speci-
fied, in square miles

A total of 27 states in the United States have coastal shore-
lines. Collectively there are a total of 58,618 miles of shore-
line. The National Assessment Database assessed 2,571
miles of coastal shorelines, or about 4% of the nation’s
total. More than 83% of these shorelines were considered
to be supportive of their anticipated use. The other 17%

Overview



Figure 1.10 The state of Louisiana has lost up to 40 square miles of marshes and wetlands a year for the last several decades. Extensive
renovation efforts are being undertaken to restore many of its wetlands and barrier islands. Image courtesy USGS.

of shoreline miles were negatively impacted by pollutants,
stormwater runoff, and industrial discharge.

There are also more than 54,120 square miles of oceans
and near-coastal waters in the United States, but of the
5,000 square miles that have been assessed, 87% were
identified as impaired. For example, it has been estimated
that virtually all of Texas's coastal waters are impaired due
to mercury contamination.

Data on Coastal Areas

In the last couple of decades, we have come to realize
how little we actually know about coastal areas, so there
has been a concentrated effort to collect more information
and expand our knowledge base. In the United States,

the Coastal Zone Act Reauthorization Amendments of
1990 (CZARA) mandated that the EPA develop the Coastal
Management Measures Guidance, which functions as a
blueprint for coastal states and territories in putting together
Nonpoint Source Pollution control programs. Under CZARA,
states are required to develop management measures to
address nonpoint source pollution, land use conflicts, and
other issues that may have an adverse impact on coastal
areas. The Coastal Management Measures Guidance
includes management measures for urban areas, agricul-
ture, silviculture, marinas, hydromodification, wetlands
and riparian areas protection, and constructed wetlands.
State Coastal Zone Management Programs address non-
point source pollution under Section 6217 CZARA. These
programs can provide the basis for developing or con-
solidating watershed plans in coastal areas. Coastal zone
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management measures guidance documents are available
at www.epa.gov/owow/nps/pubs.html.

In the United States, the National Coastal Assessment
addresses the condition of the nation’s coastal resources.
The results of these surveys are compiled periodically into
a National Coastal Condition Report. EPA, the National
Oceanic and Atmospheric Administration (NOAA), USGS,
the U.S. Fish and Wildlife Service, and the states with
coastal areas are all involved with developing the report.
The National Coastal Condition Report I, which was pub-
lished by NOAA in 2005, found that 35% of U.S. coastal
resources were in poor condition, 21% were in good con-
dition, and 44% were threatened. (See Figure 1.11.)

Under the Beaches Environmental Assessment and Coastal
Health (BEACH) Act of 2000, EPA is working on address-
ing contaminants and pollutants in recreational waters.
Detailed information on U.S. coastal condition trends are
also available in the series of National Coastal Condition
Reports, which includes information collected by the states,
EPA, and other federal agencies to characterize the condi-
tion of the nation’s coastal resources.

Figure 1.11 This satellite image shows the extent of siltation along
the Louisiana coast. Image courtesy USGS.

The National Estuary Program (NEP) was established in 1987
by amendments to the Clean Water Act. The intent of NEP is
to identify, restore, and protect nationally significant estuar-
ies in the United States. Under NEP, states work together to
evaluate water quality problems and their sources, collect
and compile water quality data, and integrate management
efforts to improve conditions in estuaries. There are cur-
rently 28 active NEPs along the nation’s coasts.

Coastal Issues

Coastal zones have their own unique issues. Alternative
water supply projects, such as desalination, aquifer stor-
age and recovery, and reclaimed water use, are all being
explored in coastal areas. Desalination is a process that
removes salt and other minerals from brackish water and
seawater to produce high-quality drinking water. There are
more than 12,500 desalination plants worldwide, and that
number is growing. Currently, about 60% of these plants are
located in the Middle East. Although there is some discus-
sion in the southern United States about utilizing seawater
treated through desalination, the process is very expensive
and currently is not affordable. It is much less expensive to
treat and transport river water or to build a new reservoir
than to treat seawater.

One concern along the Atlantic and the Gulf coasts is
that drawing too much water from freshwater aquifers
will result in “saltwater intrusion.” Saltwater intrusion is a
natural process that occurs in virtually all coastal areas and
involves the encroachment of saltwater from the sea flow-
ing inland into freshwater aquifers. In particular, the Floridan
aquifer, which lies beneath Florida, southern Georgia, and
parts of South Carolina and Alabama, is being threatened
by saltwater intrusion in places. Some public wells on the
northern end of Hilton Head Island, South Carolina, were
closed after saltwater started seeping into the source there
about 20 years ago.

In many coastal areas, aquifers are critical for supplying
a substantial portion of water. The easiest way to avoid
saltwater intrusion is to maintain an adequate level of
freshwater in the aquifers. That is easier said than done,
though. For example, currently more than 7 million people
live in South Florida, and the result is a huge demand on
the region’s water resources.
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There is also concern about the vulnerability of coastal
areas, especially after Hurricanes Rita, Katrina, and lke.
Along the East and Gulf coasts, more than $3 trillion in
infrastructure adjacent to shorelines is susceptible to ero-
sion from flooding and other natural hazards. In the next
few decades, these issues will have to be addressed. (See
Figure 1.12.)

1.2.6 Precipitation

The term precipitation includes rain and snow that falls to
the ground. In most of the United States, there is sufficient
rain to grow crops and maintain rivers and lakes. According

to USGS, the continental United States receives enough
precipitation in one year to cover the land to a depth of 30
inches (http://ga.water.usgs.gov/edu/earthrain.html). One
inch of rain falling on 1 acre of land is equal to about
27,154 gallons of water, so that is a lot of water, isn't it?

The amount of precipitation that falls varies considerably
worldwide. London, England, receives 29.6 inches of rain
per year and Rome, ltaly, receives 2 inches more. Sydney,
Australia, receives 48.1 inches and Tokyo, Japan, receives 60
inches per year. In Egypt, Cairo receives just 1 inch per year.

Across the United States, Savannah (GA) receives 129
inches of rain per year, while Los Angeles (CA) gets 12

Figure 1.12 When Hurricane Katrina hit the Gulf Coast in 2005, it devastated much of New Orleans. Stormwaters that breached a levee
flooded most of the Ninth Ward. Image courtesy FEMA.
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inches a year, and Las Vegas receives 4 inches of rain per
year. Houston (TX) receives 46 inches; Knoxville (TN), 47
inches; Philadelphia (PA) 41 inches. It may surprise many
who believe that it always rains in Seattle (WA), but the city
only receives an average of 38 inches of rain per year, and
Portland (OR) receives 36 inches. (See Figure 1.13.)

According to the National Weather Service, more than 50
trillion gallons of water fall over Georgia each year. If the
State of Georgia was able to manage a major portion of
this rainfall, it would have sufficient water to accommo-
date any future needs (Bazemore, 2007). Unfortunately,
approximately 70% of Georgia precipitation is lost as
evapotranspiration, while the other 30% runs into rivers,
streams, and lakes. The state experiences little monthly or
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seasonal variations in rainfall, so there is a relatively uniform
distribution of precipitation throughout the year.

In many southern states of the United States, tropical depres-
sions, tropical storms, and hurricanes can result in long-dura-
tion rainfall of moderate to high intensity over large areas,
and this can restore lake levels very quickly. Most of these
types of events occur between June and November.

Much of the precipitation from rainstorms is absorbed back
into the ground close to where it falls as long as there is
sufficient pervious surface to allow this to happen. In urban
areas, though, where the percentage of paved, impervious

surfaces is much greater, much of the precipitation that
falls runs off.
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Figure 1.13 The National Weather Service produces precipitation maps at both the national and local level. Image courtesy

National Weather Service.
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Rainfall per City
Amount of water received when an inch
of rain occurs
Area Amount of
(square water
City miles) (million gallons)
Atlanta, GA 131.7 2,289
Baltimore, MD 80.8 1,404
Chicago, IL 2271 3,947
Cincinnati, OH 78.0 1,356
Denver, CO 153.4 2,666
Detroit, Ml 138.8 2,412
Honolulu, HI 85.7 1,489
Houston, TX 579.4 10,069
Jacksonville, FL 757.7 13,168
Louisville, KY 62.1 1,079
Milwaukee, WI 96.1 1,670
New Orleans, LA 180.6 3,139
New York, NY 303.3 5,271
Philadelphia, PA 135.1 2,348
Salt Lake City, UT 109.1 1,906
Seattle, WA 83.9 1,458
Washington, DC 61.4 1,067
Note: 1 inch of rain falling on 1 acre is equal to about 27,154
gallons of water, and there are 640 acres in a square mile.
Source: http://ga.water.usgs.gov/edu/earthrain.html.

1.2.7 Sources of Information

Changes in precipitation patterns have significant
impacts on our water resources. Developing a better
understanding of precipitation and drought—regardless
of whether it is for a national, state, or local level—will
enable us to make better decisions about how to protect
water resources. This knowledge will also help govern-
ment agencies, private institutions, and stakeholders
make more informed decisions about risk-based policies
and actions to mitigate the dangers posed by floods and
droughts. We may not be able to prevent droughts, but
we can certainly help develop alternative water sources,

National Weather Service

Precipitation Analysis

Figure 1.14 The National Weather Service produces maps that show
precipitation patterns for a specific period of time. This map shows
the amount of precipitation in the United States for a 7-day period.
Image courtesy National Weather Service.

introduce water-efficient planning approaches, and help
establish effective and affordable redundancy in water
systems.

It is difficult to predict future changes in regional pre-
cipitation patterns and to identify areas where drought is
a priority, but there are digital tools that realistically gener-
ate forecasts across the United States with seasons and
geographic area. For example, continuous, national-scale
precipitation estimates are available through the Advanced
Hydrologic Prediction Service (AHPS), a Web-based suite of
forecast tools that are part of the National Weather Service's
Climate, Water, and Weather Services. AHPS products are
developed using sophisticated computer models and large
amounts of data from multiple sources, including automated
gauges, geostationary satellites, Doppler radars, weather
observation stations, and the Advanced Weather Interactive
Processing System. (See Figures 1.14, 1.15, and 1.16.)
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National Weather Service

Precipitation Analysis

Figure 1.15 This map shows the amount of precipitation in the
United States for a 60-day period. Image courtesy National Weather
Service.

AHPS allows users to view a national composite map or to
zoom into regions, states, and county-level areas over mul-
tiple time periods, including for the previous day and precip-
itation totals over the past 7, 14, 30, or 60 days. Archived
data are available back to 2005 with monthly estimates of
departure from normal and percent of normal precipitation.
There are also links to historic data going back decades.

U.S. Snowfall Maps are Web-based products available from
the National Climatic Data Center (NCDC). The data are
extracted from a meteorological database from the U.S.
Cooperative Observer Network (COOP). COOP consists of

National Weather Service
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Figure 1.16 This map shows the amount of precipitation in the
United States for a 180-day period. Image courtesy National Weather
Service.

about 8,000 stations operated by state universities, state
or federal agencies, and private organizations. The earliest
data are from 1886, and they are organized by month.
Data on snow are available from the National Operational
Hydrologic Remote Sensing Center, which provides infor-
mation on snow cover, snow depth, average snowfall,
snowfall total the past 24 hours, and more. Information
from radars, gauges, and satellites is combined to provide
fairly accurate estimates of precipitation. According to the
National Weather Service, the data set is one of the best
sources of timely, high-resolution precipitation information
available.
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2.0 ISSUES INVOLVING WATER
RESOURCES IN THE UNITED

STATES

2.1 GLOBAL WARMING
AND CLIMATE CHANGE

In the 2000 presidential debate, President George W. Bush
was asked about global warming. He commented, “I don't
think we know the solution to global warming yet and |
don't think we've got all the facts before we make deci-
sions.” He then added, “Some of the scientists, | believe,
haven't they been changing their opinion a little bit on
global warming? There'’s a lot of differing opinions and
before we react | think it's best to have the full accounting,
full understanding of what's taking place.”

These days, George W. may still not believe in global warm-
ing, but he is in a very small minority. There is universal
agreement among scientists that global warming is occur-
ring, except now we refer to it as “climate change.” It
is pretty hard to disagree with the concept that the climate
is changing, isn't it?

The Kyoto Accord is an international treaty that calls for
participating countries to reduce the amount of green-
house gases they emit. As of 2006, 164 countries had
agreed to participate. The United States and Australia both
refused to ratify the treaty. The accord set a goal of reduc-
ing greenhouse gases by an average of 5% against 1990
levels over the five-year period 2008 to 2012.

Some scientists believe that climate change is inevitable
to some degree, but others believe we can significantly
reduce the amount of change by reducing greenhouse gas
emissions. All agree that much of the warming in recent
decades is most likely the result of human activities.

According to National Oceanic and Atmospheric
Administration (NOAA) and National Aeronautics and Space
Administration (NASA) data, the eight warmest years on
record have all occurred since 1998, with the warmest year
being 2005. Scientists predict that the most likely scenario for
the continental United States is an increase in temperature
by 5 to 10 degrees Fahrenheit by the end of this century.

2.1.1 Impacts of Climate
Change

There is no question that climate change is having an impact
on the availability of water worldwide, and these changes
are expected to increase over time. Due to rising global
temperatures, rainfall is expected to drop by 20% across
much of the West and even more in the arid Southwest.

The Intergovernmental Panel on Climate Change projects
that sea level will rise by 7 to 23 inches by 2100, and other
studies predict that the increase will be far greater than that
(Www.ipcc.ch). Even at the more conservative estimates,
the impacts will be devastating. (See Figures 2.1 and 2.2.)
Communities along the coasts will be flooded, wetlands
will erode, barrier islands and other natural protection will
disappear, and the coasts will be more susceptible to hur-
ricanes and storm surges than ever before. Levees in New
Orleans, San Francisco Bay, and other parts of the country
will collapse, because they were not designed to handle the
added pressure.

The rising sea level will impact how rivers discharge their
water into the ocean, which could significantly increase




Figure 2.1 Areas such as the Florida Panhandle are susceptible to
changes associated with climate change, such as a rise in sea level.
Image courtesy NOAA.

the risk of flooding. The rising seawater will also push salt-
water farther inland, and the result could be contamination
of many existing water sources. Net losses of more than
402,000 acres of coastal wetlands are expected to occur
in the next 50 years just in Louisiana.

Scientists predict that warmer temperatures will lead to
more stormwater runoff, less snowpack, larger winter
stream flows, and hotter, drier summers. It is feasible that
much of the mountain snowpack in the continental United
States will be gone by the end of the century. In the West,
this would be disastrous because mountain snowpack is

Figure 2.2 If the sea level rises even a couple of feet, the impact on
the Florida Panhandle will be significant. Many of the coastal areas
will be inundated, and a new Florida coastline will be established.
Image courtesy NOAA.

a primary source of water. There is a greater likelihood of
earlier spring flows, higher peak flows, and longer, drier
summers.

Increased air temperature will resultin a loss of moisture from
lakes, rivers, and the oceans because of evaporation and
transpiration. Scientists predict increased precipitation
and evaporation and drier soil in the Midwest.

There will be a fundamental change in the nation’s rivers
and creeks, which will have a major impact on fish and
wildlife species. For example, scientists estimate that up to

20

Issues Involving Water Resources in the United States



38% of locations currently suitable for coldwater fish could
become too warm to provide habitat by 2090 (www.nrdc
.org/globalWarming/hotwater/hotwater.pdf).

2.1.2 Addressing Climate
Change

The future effects of climate change on water resources in
the United States will depend in large part on the policies
established to help protect these resources.

The U.S. government has established a comprehensive
policy to address climate change. This policy has three basic
components:

1. Slowing the growth of emissions
2. Strengthening science, technology, and institutions
3. Enhancing international cooperation

In the United States, energy-related activities account for
three-quarters of the human-generated greenhouse gas
emissions. The biggest culprit is carbon dioxide emissions
that result from burning fossil fuels. In February 2002,
the United States announced a comprehensive strategy to
reduce greenhouse gas by 18% over a 10-year period.

Traditional planning processes are inadequate for dealing
with the upcoming changes associated with global warming.
Many of the laws that control water use were created many
years ago and do not have the flexibility needed to address
recent trends. Innovative planning approaches that promote
sustainability and flexibility could significantly reduce the
severity of impacts associated with climate change.

Most water experts say that one of the most important
goals for water utilities and water resource managers is to
increase cooperation and collaboration and minimize the
competition for limited resources.

The Natural Resources Defense Council (NRDC), an inter-
national, nonprofit organization of scientists, lawyers, and
environmental specialists, created a blueprint for action to
address the impact of climate change on water resources.
This blueprint includes four action items:

Action 1. Evaluate the vulnerability of water systems to

global warming impacts. This involves con-

ducting agency assessments of climate change
impacts on water supply and working with
water managers to evaluate regional vulner-
ability.

Action 2. Develop response strategies to reduce future

impacts of global warming.

Action 3. Prevent future impacts by reducing green-
house gas emissions by supporting policies

such as mandatory caps on emissions.

Action 4. Increase awareness of global warming and
water impacts, including educating customers
and decision makers and raising public aware-

ness (NRDC, www.nrdc.org).

But even if regulations to reduce global climate change are
implemented, they will have no significant impact on short-
term changes to water resources. Dealing with climate
change will require a long-term commitment on the part of
governments, organizations and agencies, and individuals.
(See Figure 2.3.)

2.1.3 Sources of Information

The Climate Data Online site (www.ncdc.noaa.gov/oa/
climate/climatedata.html) provides access to an annual
summary of monthly temperature means, departures
from normal and extremes, heating and cooling degree
data, and precipitation totals, departures from normal and
extremes. A monthly tally of rain days, snow days, and days
within selected temperature thresholds is also included.

The National Climatic Data Center (NCDC, www.ncdc.com)
is the world’s largest active archive of climate and weather-
related dataandinformation. NCDC operates the World Data
Center for Meteorology in Asheville, North Carolina, and the
World Data Center for Paleoclimatology, located in Boulder,
Colorado. NCDC products are based in large part on land-
based observations that contain meteorological elements,
such as temperature, dew point, relative humidity, precipi-
tation, snowfall, snow depth, wind speed, wind direction,
cloudiness, visibility, atmospheric pressure, evaporation,
soil temperatures, and weather occurrences such as hail,
fog, and thunder. A number of products available from
NCDC may be of interest to landscape architects.

Global Warming and Climate Change
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Figure 2.3 This map shows areas along the Gulf Coast that are vulnerable to sea rise. If sea level rises up to 23 inches, as is predicted, the dark
areas along the coastline will be flooded. Image courtesy EDAW.

2 2 D RO U G H T A N D decade Australia has experienced a 15% to 20% decrease

in precipitation, and the drought that has hit the country is

often referred to as “the Big Dry.” Morocco has had a 50%
WATER WARS 9 Pry.

loss in rainfall over the same time period.

It is difficult to list all of the droughts that have occurred In virtually every decade during which records have been
worldwide over the years, much less in the United States—  kept, drought occurred in some part of the United States.
there just have been too many. On average, over the last (See Figure 2.4.)

22 Issues Involving Water Resources in the United States



When you ask most people about severe droughts, they
think of the Dust Bowl days of the 1930s Great Depression
era. The Dust Bowl gave us a glimpse of what can happen
during periods of extreme drought. The droughts of that
time had a devastating impact on the country. Agricultural
areas of Colorado, Kansas, Oklahoma, Texas, and New
Mexico were hit hard, and crops literally dried up from
the lack of water (Tavares, 2009). In July 1934, more than
63% of the United States was considered to be severely to
extremely dry, and the droughts led to a mass migration
from Midwestern states to California.

Other famous drought years in the United States hap-
pened through the 1950s. In the 1960s, a drought hit the
Northeast and Midwest that lasted for almost five years in
places. A number of significant droughts occurred in the
early 1980s in the Northeast and Midwest. The drought of
1988 and 1989 was devastating, killing as many as 17,000
people across the mid-Atlantic, Southeast, Midwest, north-
ern Great Plains, and western states. Crops withered and
died, and livestock and farm animals died in droves. The
total amount of damages was estimated to be as much

Figure 2.4 This image
of a dry creek bed

in Kentucky helps
illustrate how serious
recent droughts have
been in the South.
Image courtesy FEMA.

as $120 billion, making it the worst natural disaster ever
recorded in the United States. One long-term impact of
the 1988 drought is that many aquifers were overpumped
by farmers seeking to save their crops and their way of life
(Folger, Cody, and Carter, March 2009).

In 1993, much of the southeastern states experienced
extended periods of drought and very high temperatures.
The 2000 droughts impacted the entire Southeast, extend-
ing westward as far as Texas. The Midwest and Rockies
were hit hard by the droughts of 2002. Denver, Colorado,
imposed mandatory limits regarding water for the first time
in 21 years.

Missouri, Arkansas, portions of Louisiana, Tennessee,
southeast lowa, and northern lllinois were hit with severe
droughts and heat during 2005, causing more than $1 bil-
lion in damages.

What might surprise you, though, is that recent droughts
are similar to those in the 1930s. At the height of
the 2006 drought season, 49.95% of the contiguous
United States was experiencing drought conditions, and

Drought and Water Wars

23



61.5% was experiencing abnormally dry or drought con-
ditions (http://drought.unl.edu/droughtscape/2007Winter/
droughtscapewinter2007.htm). In 2007, the Southeast had
its driest spring since 1895, and California and Nevada
had their driest spring since 1924. According to the
California Department of Water Resources, the average
flow in the Colorado River is about half of what it was eight
years ago. During the drought of 2007, every river in the
southern Sierra Nevada received less than half its normal
runoff (Noble, 2007).

Towardtheend of 2007, the U.S. Government Accountability
Office (GAO) projected that at least 36 states will face
water shortages within five years because of a combination
of rising temperatures, drought, population growth, urban
sprawl, waste, and excess. The GAO went on to say that if
drought conditions continued, more than 46 states would
experience water shortages (http://watercrunch.blogspot.
com/2008/02/psst-south-carolina-has-secret.html).

The western and southwestern United States are the most
likely to have severe droughts, but the Southeast and upper
Midwestern states have had similar problems in recent
years.

2.2.1 Worldwide Water Wars

One concern that has been expressed by the U.S. Central
Intelligence Agency, Britain's Ministry of Defense, and others
is that we may be on the verge of water wars. Some predict
that future wars will not be about oil or political boundar-
ies but about water. Klaus Toepfer, director-general of the
United Nations Environment Program, says that a future war
over water is a distinct possibility (ScienceDaily 1999).

For example, in the Middle East, long a hotbed of conflict,
the region has a severe shortage water. To make things
worse, 90% of the usable water crosses international bor-
ders, so water is part of the political battles as well.

In the city of Bhopal, India, which has a population of 1.8
million, water was rationed to 30 minutes of water sup-
ply every other day during the droughts of 2009. More
than 100,000 people rely solely on water brought in by
trucks, and fights frequently take place as people try to
get enough drinking water for a given day. The violence is
expected to escalate as water shortages increase.

Some experts agree that we are currently having conflicts
over water worldwide but believe that we will stop short of
full out war. Fortunately, cooperation over water is far more
widespread than conflict, at least for now.

2.2.2 Southwest Water Wars

Mark Twain was quoted as saying “Whiskey is for drinking.
Water is for fighting.” The Los Angeles Aqueduct was com-
pleted in 1913, and it diverted water from the Owens River
more than 200 miles to Los Angeles and the San Fernando
Valley. In the 1920s, there was literally war over the water,
as city employees destroyed the dams and locks of Owens
Valley’s irrigation system, and, in retaliation, Owens Valley
residents sabotaged the aqueduct.

Fortunately, today’s water wars in the West typically are
settled with lawsuits, not firearms, and the lawyers are
staying busy. As of 2009, there were more than a dozen
bill draft requests in the Nevada Legislature alone propos-
ing changes to water law (Tavares, 2009). (See Figure 2.5.)

In Nevada, there have been numerous disputes over who
owns and who should own the water in more than 230
hydrologic basins. Negotiations on some water allotments
have been going on for decades, with no solution in sight.
Ranchers need water for their livestock, farmers need
water for their crops, environmentalists want water to
maintain flora and fauna and natural processes, businesses
want water to help manufacture and produce goods, and
urban areas want drinking water for their citizens.

Ranchers and environmentalists are fighting the Southern
Nevada Water Authority’s plan to pump hundreds of thou-
sands of acre-feet of water from rural eastern Nevada and
pipe it hundreds of miles to Las Vegas. Much of the West's
agriculture depends on irrigation. The federal government,
through agencies such as the Bureau of Reclamation, sub-
sidizes most agricultural production. The construction of
dams across the rivers of the West has produced tremen-
dous agricultural benefits, but the environmental impacts
also have been dramatic.

Southern Nevada depends on Lake Mead, which is cre-
ated by Hoover Dam, for 90% of its water needs. The
region already uses more than its allocated amount of
water, so obviously this approach cannot continue. The
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Figure 2.5 Hoover Dam is one of the Bureau of Reclamation’s major dams constructed on the Colorado River. Construction on the dam began
in 1930 and was completed in less than five years. Las Viegas receives most of its drinking water from Lake Mead through the Southern Nevada
Water Project. Lake Mead is located southeast of Las Vlegas and it is located in Nevada and Arizona. Image courtesy NRCS.

only reason that this much water has been allowed to be
pulled from Lake Mead is that wastewater is treated and
returned back to the lake in order to keep an acceptable
level of water.

Many experts believe that the drought and dry condi-
tions that have hit the western United States in recent
years are likely to persist and intensify. Scientists from the
Department of Energy predict that even in a best-case
scenario, the West could experience up to a 70% loss of
water as a result of climate change (www.jyi.org/features/
ft.php?id=284).

If this happens, it would jeopardize the region’s water supply
and water quality, compromise the health of rivers and lakes,
and increase the risk of flooding for western communities
(www.nrdc.org/globalWarming/hotwater/contents.asp).

The drought of 2002 was a real wake-up call for many
in the Southwest. The Colorado River basin is the major
source of water for people in the driest part of the United
States. More than 30 million people in seven states depend
on this river for water. The Colorado River drought began
in October 1999, and for the next five years, inflow into
Lake Powell, which is fed by the Colorado River, was
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about half of what is considered average. In 2002, inflow
was the lowest ever recorded, and the total water avail-
able was only 25% of normal. There were real concerns
that cities in southern California could lose more than half
the water they normally receive from the Colorado River. If
climate change results in less water in the Colorado River,
as expected, the entire western United States will have to
make some dramatic changes in how it manages water.

One of the biggest problems in the West is that water use
is based on a misguided premise about the amount of water
available. For example, as mentioned, much of the West
depends on water from the Colorado River. The problem is
that the 1922 Colorado Compact, which determines water
allocation to seven western states, was calculated at a time
when river flow was at its highest. The compact estimated
the river flow as 22 million acre-feet per year, when in real-
ity the average annual flow is closer to 14 million acre-feet.
That is problematic because in 2009 water users had legal
claims to more than 17.5 million acre-feet of river flow. In
other words, more water is allocated than actually exists.

For the past century or so, dams, diversions, and ground-
water pumping have been used to distribute water in the

Figure 2.6 Hartwell Lake, a man-made
lake bordering Georgia and South
Carolina, was completed by the U.S.
Army Corps of Engineers in 1963. The
primary purpose of the lake was to
provide flood control, hydropower,

and navigation. In 2007, the lake
dropped to historic levels because of
the drought that year. Image courtesy
Steve Kiemele.

West. But water experts warn that these approaches will
not work well in the future as demand for water increases,
water availability declines, and climate change results in a
warmer, drier climate.

Snowpacks in the Rocky, Cascade, and Sierra Nevada
mountains are an important part of the hydrologic cycle
in the West. The snowmelt in the spring provides much-
needed water to maintain the flow in rivers and creeks.
Snowpack supplies 70% to 90% of water resources in
many parts of the West, so if the snowpack is reduced, we
can expect some severe water shortages (NRDC, 2007).

2.2.3 Southeast Water Wars

Water wars in the United States are not limited to the
western states. In the last few years, people living in
the Southeast have started to appreciate that water is a
finite and increasingly threatened resource. Beginning in
1997, there were five consecutive years of drought in many
areas of the Southeast, and subsequent water shortages
have raised serious questions about who owns the water in
rivers, lakes, and aquifers. (See Figures 2.6 and 2.7.)
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These days, it seems every southern state is suing another.
Florida, Alabama, and Georgia have been battling over
water resources for decades, and discussions are becom-
ing even more heated. In the early 1990s, North Carolina
and Virginia battled over a proposed project by the city
of Virginia Beach to divert water from Lake Gaston, a
reservoir on the Roanoke River. The project was eventually
completed, but not without hard feelings between the two
states (http:/drought.unl.edu/mitigate/status.htm).

South Carolina is embroiled in lawsuits with the state of
North Carolina over water from the Catawba River. South
Carolina is trying to prevent the North Carolina cities of
Concord and Kannapolis from pumping millions of gallons a
day from the river. South Carolina’s argument was that
a river flowing through one state into another state does
not belong to the upstream state only (Associated Press,
February 27, 2008).

In 2008, Kentucky, Virginia, and West Virginia all were hit
hard by droughts. All three states had extreme drought
conditions, the second-worst type of drought, and there

were significant concerns about the risks of forest fires
from falling leaves and tinder-dry conditions (Associated
Press, February 27, 2008).

The state of Alabama also filed suit against Georgia, par-
ticularly Cobb County and the city of Marietta, arguing that
they were taking more water from Lake Allatoona than
allowed via a contract with the U.S. Army Corps of
Engineers (Markeshia, 2008).

2.2.4 Peachtree Water Wars

In the southeastern United States, the city of Atlanta seems
to be at the center of most recent water wars. Alabama,
Georgia, and Florida have disagreed for decades on how to
manage the water in the Apalachicola-Chattahoochee-Flint
basin, which flows from northwest Georgia south along the
border of Alabama and empties into Florida’s Apalachicola
Bay. One of the biggest issues is the amount of water
impounded by Bufford Dam to create Lake Sidney Lanier, a

Figure 2.7 Lake Oroville is located
along the foothills of the Sierra
Nevada’s in northern California. In
2009, the South Fork of the Feather
River was nearly dry because of
droughts in the area. Image courtesy
California Department of Water
Resources.
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Figure 2.8 Lake Lanier provides
water for the Atlanta metro area. In
2007, the lake was more than 19
feet below normal water levels, and
Atlanta was within days of running
out of water. Image courtesy J.
Sipes.

38,000-acre lake that is metropolitan Atlanta’s main source
of drinking water. Lake Lanier supplies water for more than
3 million residents in the Atlanta region. More than 1 billion
gallons of water are released from the lake every day. The
Corps of Engineers bases its water releases on two require-
ments: The minimum flow needed for a coal-fired power
plant in Florida and mandates to protect two mussel spe-
cies in a Florida river (Nelson, 2007). (See Figure 2.8.)

The majority of Atlanta’s water comes from surface water
sources, with the Chattahoochee River and Lake Lanier being
the biggest suppliers. Unlike other metropolitan areas, Atlanta
is not located on a major body of water, and it is located at
the headwaters of its rivers and streams, so flow is limited.
In addition, the city sits on bedrock, so groundwater sources
are limited. For these reasons, Atlanta is dependent on water
from its reservoirs much more than most major cities are.

Alabama and Florida have contested metro Atlanta’s right
to additional drinking water from Lake Lanier since 1990,
when the first of many lawsuits was filed. Georgia wants
to keep more water in the lake, which is located just

north of Atlanta, to meet the city's water needs. Alabama
wants enough water flowing down the Chattahoochee
River to float barges, provide coolant for Southern Nuclear
Plant Farley near Dothan, and provide water for its own
growing communities. Florida wants more water flow-
ing into the Apalachicola River to preserve two federally
protected species of mussels in the Apalachicola Bay and to
provide water for the Florida Panhandle. Prior rulings have
established that the Army Corps of Engineers send more
than 3 billion gallons of water a day to Florida during
the worst droughts (Shelton, 2008).

In 2007, much of the Southeast experienced the most
severe drought in more than 100 years. The drought
extended over most of Tennessee, Alabama, and the
northern half of Georgia as well as parts of North and
South Carolina, Kentucky, and Virginia (Bazemore, 2007).
In Atlanta, the drought hit especially hard.

By late October, Lake Lanier was more than 19 feet below
normal level, a record low for the lake, and had less than
80 days of stored water left. There was concern that if Lake
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Lanier was drained much lower it would be virtually impos-
sible to refill (Bazemore, 2007). The watershed for Lake
Lanier is only 1,040 square miles, which is extremely small
for such a large lake. As a result, when the lake drops very
low, it is very difficult to refill.

Weather forecasters warned that although the region
might get some rain, it would not reverse the severe
drought (Bluestein, 2007). Atlanta was on the verge of
completely shutting down because of lack of water. The
city was placed under statewide water restrictions in April
that limited outdoor watering to three days a week. By
May, Atlanta allowed watering only on weekends, and
in September, environmental officials banned virtually all
outdoor watering through the northern half of the state
(Nelson, 2007). Water fountains were shut off, restaurants
provided water only to customers who requested it, and
there were even discussions about closing swimming pools
and other water-oriented recreation areas.

Many Atlanta residents were amazed that the state had
no contingency plans for providing water. According to
Governor Sonny Perdue, the state’s contingency plan was
to “conserve and use our water wisely” (Nelson, 2007).

The state of Georgia sued the Corps, demanding that it
send less water downstream to Alabama and Florida.

Both Alabama and Florida argue that Congress did not
authorize Lake Lanier to serve as metro Atlanta’s water sup-
ply when it approved Buford Dam in the 1940s. The dam
was built in the 1950s, forming Lake Lanier. According to
Alabama and Florida, the dam was approved to control
floods, float barges downstream, and generate hydropower.
Water released from Lanier runs downstream from Atlanta
through a series of lakes and dams; it supplies hundreds of
towns, factories, farms, power plants, and recreational facil-
ities in all Georgia, Alabama, and Florida (Vetter, 2008).

If Georgia had spent the money to build the reservoir, it
would belong to Georgia, Alabama and Florida say, but
since it was funded by federal taxpayers, the reservoir is
not just for use in the Atlanta metro area. Former Georgia
governor Roy Barnes disagrees, saying his plan was to guar-
antee metro Atlanta’s water supply from Lanier for 20 years
while the state built a series of reservoirs to take pressure
off the lake (Shelton, 2008). Georgia wanted the Corps of
Engineers to hold enough water in Lake Lanier to guaran-
tee metro Atlanta enough water, even during droughts.

In late 2007, Atlanta Mayor Shirley Franklin proposed
exploring the option of piping in additional sources of
water from Tennessee rivers or even pumping in seawater
from the Atlantic coast.

The Georgia governor asked for President Bush’s help in
2007 in easing regulations that require the state to send
water downstream to Alabama and Florida, calling them
“silly rules.” Perdue asked the president to exempt Georgia
from complying with federal regulations that dictate the
amount of water released from Georgia’s reservoirs to
protect two mussel species downstream (Nelson, 2007).
Perdue called the federal regulations a “tangle of unneces-
sary bureaucracy” that got in the way of the state’s ability
to manage valuable water resources.

Alabama Governor Bob Riley was not pleased with
Governor Perdue’s comments. He replied: “The suggestion
by Gov. Perdue that the water supply problems of Atlanta
are more critical than the needs of the people of Alabama
and Florida is . . . disappointing. . . . Until Georgia accepts
that its needs are no more critical than those of its down-
stream neighbors, the prospects for a negotiated solution
are indeed dim” (Zeccola, 2008).

Drought

The definition of what drought is and what drought
is not has profound implications for the environment
and all segments of society, yet it may be different for
each. Many attempts have been made to develop a
comprehensive and meaningful definition. A generic
definition provides a starting point:

Drought is a persistent and abnormal moisture
deficiency having adverse impacts on vegeta-
tion, animals, or people.

Source: National Drought Policy Commission Report
(http://govinfo.library.unt.edu/drought/finalreport/fullreport/
ndpcfullreportcovers/ndpcreportcontents.htm).

When a U.S. circuit court ruled that Georgia does not have
authority to use Buford Dam for water storage and that the
water being sent downstream would continue, Perdue went
to a higher court: He asked hundreds of Georgians to pray
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to God for rain. Perdue later said, “We have come together,
very simply, for one reason and one reason only: To very rev-
erently and respectfully pray up a storm” (Jarvie, 2007) The
next day, up to an inch of rain fell in and around Atlanta, and
it rained for 9 of the last 12 days of the year (Vetter, 2008).

While waiting for their prayers to be answered, Georgia
legislators suggested changing the state’s northern border
so that the Tennessee River would become part of Georgia.
Not surprisingly, Tennesseans did not take kindly to that
idea. In early 2008, the city of Chattanooga, Tennessee,
had 2,000 bottles of water delivered to the Georgia State
Capitol with a note that basically said “This is all the
Tennessee water you are going to get” (Zeccola, 2008).

Drought Monitor

The U.S. Department of Commerce, U.S. Department
of Agriculture, and National Drought Mitigation Center
publish a weekly Drought Monitor on the Internet,
posted at http://drought.unl.edu/dm/index.html.

Unfortunately, the bottles of water from Chattanooga
were not enough to offset the ongoing drought. In late
September 2008, Lake Lanier’s water level was at or near
a new record low every week, and Lake Hartwell, a fed-
eral reservoir between Georgia and South Carolina on the
Savannah River, was 14 feet below full level.

By the spring of 2009, water levels in Lake Lanier were
much closer to normal, and 60 miles to the west, Lake
Allatoona was full or nearly full all year. Many of Georgia’s
other lakes, including Lakes Burton, Oconee, Rabun, and
Seed, were at or near full capacity (Shelton, 2008).

Five Basic Levels of Drought

DO Abnormally Dry

D1 Drought—First Stage
D2 Drought—Severe

D3 Drought—Extreme

D4 Drought—Exceptional

2.3 WATER DEMANDS

As of July 2009, there were some 6.78 billion people in the
world, a number that is increasing daily. China has the larg-
est population with 1.33 billion, or 19.65% of the people
on this planet. India is second with 1.17 billion, or 17.23%.
Third on the list of most populated countries is the United
States.

In 2009, the United States had a population of 307 million
people. The United States is the fastest-growing industrial-
ized country in the world, having added 100 million people
in the past 39 years. We are expected to add the next 100
million even faster. According to estimates by the U.S.
Census Bureau, sometime around 2040, the population in
the United States will pass the 400 million mark (El Nasser,
2006).

The one given is that all of these people will need water
to survive. One problem in the United States is that on a
person-by-person basis, we use more water than any other
country. In 2002, it was estimated that Americans were
using 60,000 cubic feet of water per person (Organization
for Economic Cooperation and Development). Each person
currently uses about 80 to 200 gallons of water per day,
and estimates of water use in the year 2000 indicated that
over 408 billion gallons per day were withdrawn to meet
water demands. (See Figures 2.9 and 2.10.)

2.3.1 Meeting Needs

As a general rule, there is plenty of water in the United
States on most days. According to the U.S. Army Corps
of Engineers, Americans typically use 380 billion gallons
of water on a daily basis in this country, and there is usu-
ally around 1,400 billion gallons of usable water available
every day (USGS. The Water Cycle: Freshwater Storage.
http://ga.water.usgs.gov/edu/watercyclefreshstorage.html).
(See Figure 2.11.)

Between 1950 and 1980, there was a steady increase in
water use in the United States. The expectation seemed
to be that even though population was increasing, there
would always be available water to meet our needs. We
have discovered, though, that the amount of usable water
is a finite resource, and we have to take better care of this
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Figure 2.9 Lake Powell

is the nation’s second
largest man-made lake,
second only to Lake Mead
in Nevada. Image courtesy
USGS.

Figure 2.10 In 2004,
Lake Powell was at its
lowest water level in
over 30 years due to the
ongoing drought in the
western United States.
Image courtesy USGS.
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Figure 2.11 Yard irrigation is one
of the major uses of water by most
households. Much of the water used
in the traditional spray irrigation
system in Clark County, Nevada,

will evaporate because of the hot
temperatures. Image courtesy NRCS.

resource in order to ensure that we have sufficient water
for the future.

Fortunately, reported water withdrawals declined in 1985
and have remained relatively stable since then in spite of
the continuing increase in the nation’s population. That is
certainly a step in the right direction. Among the reasons
for this reduction in withdrawals is improved water tech-
nology, greater public awareness of water resource issues,
economic issues, and the many state and federal laws and
regulations that “encourage” people to do the right thing.
Water conservation and technological fixes such as new
dams, cloud seeding, desalination plants, and underground
water storage have greatly improved the availability of
water in most parts of the country.

In general, the country is using water more efficiently today
than ever before, particularly in the agricultural industry. But
the population of many U.S. cities is growing so fast that
it is outstripping these efficiency gains, requiring communi-
ties to develop new water supply sources. According to the
National Research Council (2007) any gains in water supply
will be eventually absorbed by the growing population.

Water demands also vary considerably from one region to
the next. Historically, the southeastern United States has
had an abundance of water resources. In 2000, average
per-capita water use in the South was 1,553 gallons per
day, a 2.5% increase from 1990. In comparison, per-capita
water use in the rest of the United States was 1,168 gallons
per day, an 11.3% decrease.

As the population boom continues, western water wars
will become even more serious. Many water experts predict
that global warming and droughts will turn the region into
a dustbow! within the next 50 years.

2.3.2 Demands in Las Vegas

No place exemplifies the problems associated with increased
water demands than Las Vegas, Nevada. Las Vegas is the
fastest-growing city in the nation and is projected to have a
population of over 800,000 by 2020. The city is growing
at the rate of 5,000 new residents a month, and there is
an ever-increasing demand for more water. It takes a lot of
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Figure 2.12 Urban sprawl! in Las Vegas, Nevada, has led to increased
demand for water. Image courtesy NRCS.

water to quench the thirst of that many people. (See Figure
2.12.) The Colorado River is the major water supplier for
Las Vegas, providing more than 90% of the city’s water.
But in recent years, the river has had lower-than-normal
flows as a result of increased water demands as well as
climate change.

To meet future demands, the city of Las Vegas has proposed
a plan to build a $2 billion pipeline that would pump water
out of White Pine County, located northeast of the city,
and send it to southern Nevada. A concern by residents
of White Pine, though, is that there simply is not enough
water to send to Las Vegas without having a detrimental
impact on the area (Moran and Hinman, 2007).

2.3.3 Uses of Water

[t may come as a surprise to some, but the two largest
uses of water are thermoelectric power and irrigation.
Thermoelectric power accounts for about half of the total
water withdrawals in the United States. Irrigation accounts
for about a third of water use and is the largest use of fresh-
water in the nation.

Historically, more surface water than groundwater has
been used for irrigation, but that is starting to change. The
amount of groundwater being used for agricultural irriga-
tion has increased dramatically over the last few decades.
In 1950, for example, 23% of irrigation water was pulled
from underground aquifers; in 2000, that figure had
increased to 42%. That is a concern because since we can-
not see the impact we are having on this water source, we
do not seem to be as concerned about what happens.

Primary Water Uses

In the typical household, water is primarily used for:

Flushing the toilet 40%
Baths and showers 32%
Laundry 14%
Dishwashing 6%
Cooking and drinking 5%
Bathroom sink 3%

Source: U.S. Army Corps of Engineers, Water Supply to the
Nation, 2007.

2.3.4 Options for Meeting
Demands

There are a number of different ways to meet water
demands. Traditionally, we pulled water from rivers or
underground aquifers and built reservoirs to make water
available near our cities.

In recent years, water recycling projects have helped reduce
the demand for freshwater and will be a major part of
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the long-term water resource management for many
states. Water recycling is especially important in states such
as California, which have limited freshwater supplies and
are subject to periodic droughts.

Water reuse is becoming an intrical part of water man-
agement strategies to meet projected shortages. Water
recycling is a low-energy source of water supply and is
especially important in areas that have severe water short-
ages, such as southern California. Southern California
imports most of its water via the State Water Project,
Colorado River Agueduct, and Los Angeles Aqueduct, so
the energy cost to get usable water is very high. Reusing
wastewater also helps improve the overall security and reli-
ability of water supplies, especially in urban areas.

Another possible way to meet water demands is through
desalination. Desalination is the process of removing dis-
solved salts from water. If we can find a cost-effective way
to turn seawater into freshwater, and do so in an environ-
mentally friendly way, we can address many of our water
resource limitations, especially in coastal areas.

Some water experts believe that desalination plants along
the Pacific Ocean in California or Mexico ultimately could
provide water for coastal and interior cities, such as Denver,
Salt Lake City, and Las Vegas (Woodhouse, 2008).

Desalination water treatment is an option that many are
considering because:

e |t is reliable.

¢ There is plenty of saltwater and brackish water avail-
able for treatment.

e Costs are becoming more competitive.

Compared to other water treatment options, desalination
also can be implemented in a fairly short period of time.
The downside of desalination is that the process is more
expensive than other techniques, start-up costs are high,
and it requires relatively high energy use.

The cost of a desalination plant varies considerably depend-
ing on capacity and the type of water being treated since
the amount of pretreatment and posttreatment needed is
different. A brackish water desalination plant may cost $40
to $50 million to construct; a seawater desalination plant
can cost more than double that amount.

The two most common desalination technologies are
thermal and membrane technologies. The thermal process
heats saline water and produces a water vapor. This vapor
is then condensed and collected as freshwater. Membrane
processes rely on permeable membranes to separate salts
from water.

Researchers have been exploring all potential sources of
water to meet growing demands, and those with access
to the coasts have been looking seriously at desalination
water treatment. In 2006, there were about 12,500 desali-
nation facilities in 120 countries worldwide. Collectively,
these facilities have a total capacity of about 4 billion
gallons per day. Almost 60% of these plants are located
in the Middle East, where desalinated water accounts for
more than 70% of the region’s water supply. In the United
States, there are approximately 250 desalination plants in
this country. Florida (114), Texas (38), and California (33)
are making the most extensive use of this process, and
Texas and California have plans for several more facilities in
the near future (Texas Water Development Board, 2005).

In April 2002, Governor Rick Perry directed the Texas Water
Development Board to develop a recommendation for a
large-scale seawater desalination demonstration project
as part of an ongoing effort to address the state's water
concerns. Texas has 370 miles of coastline, so access to
seawater for desalination is very good. The state also has
more than 2.7 billion acre-feet of brackish groundwater
that needs to be treated before it can be used. According to
a study done by the state, desalinated brackish water can
cost about $1.50 per 1,000 gallons, while desalinated sea-
water may cost anywhere from $2.50 to $3.00 per 1,000
gallons or more (Texas Water Development Board, 2005).

2.3.5 Water Sources

There has also been a significant change in how people
access water. In 1950, only 62% of the U.S. population
obtained drinking water from public suppliers. Many got
their water from surface water, private wells, and other
sources. By 2000, more than 85% of the country obtained
water from public suppliers. Approximately 34 billion gal-
lons of water are produced by public water systems in the
nation on a daily basis. More than 80% of water used for
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residential activities is for sanitary service and landscape
irrigation. Public water distribution systems range in size
from small facilities that serve a couple of dozen people to
those that serve several million. The fundamental question
is how to ensure there is an adequate water supply system
to meet future needs. Will it be through public water sys-
tems, private systems, or a combination of both?

In 1978, federal funding covered 78% of the cost for new
water infrastructure. By 2007, it covered just 3%. Studies
from across the country reveal that private water sys-
tems charge more—often much more—than public systems
(Snitow and Kaufman, 2008).

Many people will argue that the privatization of water will
not affect U.S. consumers, but the facts say otherwise.
When the French privatized their water services, customer
rates went up 150% within a few years. In Britain, in an
eight-year period, from 1989 to 1997, four large corpora-
tions were prosecuted 128 times for various infractions
(Ortega, 2005).

One of the main problems with water privatization is that
the public no longer has the right to access information or
data about water quality and standards.

2.4 DEVELOPMENT
PRESSURES

Water resources have had a tremendous impact on how the
United States has developed over the centuries. During
the settlement of this country, most communities were
established around sources of water. Most major cities east
of the Mississippi River are river towns. Major settlement of
the western territories took place in the 1840s. Settlers
quickly found out the value of water.

Much of the sprawling development patterns across the
country have basically ignored the natural constraints of
water resources.

The National Resources Conservation Service estimates that
between 1992 and 1997, developed land in the contigu-
ous United States increased by more than 11 million acres
(NRCS, 2000), with much of this growth occurring around
cities. In 2004, NOAA conducted a study to quantify the

amount of impervious cover on a national basis. The study
estimated impervious surface area for the contiguous
United States to be 43,480 square miles, almost the size of
Ohio. It also predicts an average of 1 million new single-
family homes and over 10,000 miles of new roads per year
(Elvidge et al., 2004).

Further complicating the problem is the fact that some of
the greatest areas of growth over the past 10 years have
been in the driest parts of the western United States. These
include:

Nevada 66%
Arizona 40%
Colorado 31%
Utah 30%
Idaho 29%

An evaluation of development pressures can be an effective
way to determine potential impacts on water resources. Each
state establishes how distribution systems are designed,
constructed, operated, and maintained. Environmental
regulations and water quality regulations are also the
responsibility of the state. (See Figures 2.13 and 2.14.)

2.4.1 Traditional Approaches
to Meet Demands

In the past, the United States implemented major water
resource, agriculture, and power projects to meet growing
demands for water. In the early 1900s, there was a major
federal effort to develop water resource projects to encour-
age settlement of the arid West. Projects such as the Yuma
Project on the Colorado River (authorized in 1904) and the
Klamath Project on the California—Oregon border (1905)
focused on agriculture but eventually became primary pro-
viders of urban water and power services (Jones, 2008).

Other federal projects developed to meet demands for
water, food, and electricity include the Hoover Dam on the
Colorado River (1935), the Grand Coulee Dam on
the Columbia River (1942), and the Shasta Dam of California‘s
Central Valley Project (1945). The last of the traditional
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Figure 2.13 This 1984
satellite image shows
the development
pattern for Las Vegas,
Nevada. Image courtesy
NASA.

large-scale reclamation projects to receive congressional
authorization was the Central Arizona Project, which was
constructed in the mid-1970s. In California, some of the
nonfederal large-scale water projects constructed dur-
ing this time were the Los Angeles Aqueduct (1913), East
Bay Municipal Utility District's Mokelumne River Aqueduct
(1929), and San Francisco’s Hetch Hetchy Aqueduct (1934).

Most of the big water projects in the West were built
before passage of the National Environmental Policy Act
(1969), the Endangered Species Act (1973), and the Clean

Water Act (1972) (Woodhouse, 2008). It is not likely we
will ever see projects at that scale anytime soon because
it is too difficult for large water projects to meet all of
the existing environmental regulations.

2.4.2 Growth in the South

In the South, population growth has exploded in recent
decades. As the region continues to grow, so does the
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demand for freshwater. Much of the South’s growth in
recent years has occurred in the Piedmont Region in north-
ern Georgia which has relatively little available groundwa-
ter and where the streams hold relatively low volumes of
water (www.newscientist.com/article/dn15030).

During the drought of 2007, residential construction
slowed down dramatically in the South, and many munici-
palities even talked about setting restrictions on future
growth. Some discussed a moratorium on new residential

Figure 2.14 This
2009 satellite image
shows how Las
Vegas, Nevada, has
spread over the
years. The increase
in development has
resulted in a greater
demand for water
resources. Image
courtesy USGS.

construction until the water shortage is addressed. Atlanta,
Georgia, seriously considered a moratorium because it
would allow the city to improve its water infrastructure.

The South has more miles of rivers than any other region
of the nation. It has always been considered a water-rich
part of the country, but that perception is quickly changing
(www.newscientist.com/article/dn15030).

From 1990 to 2000, water use in the Southeast increased
21.5% (from 40,614 million gallons per day [mgd] to
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Figure 2.15 In areas such as Miami, where land is scarce, one approach has been to develop man-made islands that are used for housing.
Image courtesy EDAW.

49,342 mgd) while population grew 18.5% (from 26.8
million to 31.8 million). In comparison, water use in the
rest of the United States decreased by 0.4%, while popula-
tion increased by 12.3% (www.newscientist.com/article/
dn15030).

2.4.3 The Corps Meeting
Demands

The U.S. Army Corps of Engineers is also working to meet
development demands. The Corps is partnering with state
and federal water supply agencies and private companies

to upgrade the nation’s aging water infrastructure (includ-
ing reservoirs, diversion structures, pipelines, etc.). In many
sections of the United States, significant parts of the infra-
structure are 50 to 100 years old.

Updating these facilities is expensive and requires careful
study to minimize adverse environmental impacts. These
updates, though, will have a number of positive benefits
for both the environment and the economy including:

¢ Increasing the efficiency of water supply systems

e Enhancing the quality and quantity of available water
supplies

¢ Improving water conservation
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¢ Achieving economies of scale by combining small sys-
tems into regional ones

¢ Providing increased security against chemical and bio-
logical threats

Atlanta Regional Council’s 2003
Regional Development Plan

Atlanta Regional Council’s 2003 Regional Development
Plan (RDP) outlines 14 policies to guide regional growth
through land use and its relation to transportation,
environment, and the economy. These policies are
intended to sustain a high quality of life. They include:

1. Provide development strategies and infrastruc-
ture to accommodate forecast population and
employment growth more efficiently.

2. Guide new development to the Central Business
District, transportation corridors, and activity
centers.

3. Increase opportunities for mixed-use develop-
ment, infill, and redevelopment.

4. Increase transportation choices and transit-orien-
tated developments.

5. Provide variety of housing for individuals and
families of diverse income and age groups.

6. Preserve existing residential neighborhoods.

7. Advance sustainable development.

8. Protect environmentally sensitive areas.

9. Create a regional network of connected green space.
0. Preserve existing rural character.

11. Preserve historical resources.

12. Inform and involve the public at regional, local,
and community levels.

13. Coordinate local policies to support the RDP.
14. Support growth management at the state level.

Source: www.atlantaregional.com/qualitygrowth/qualitygrowth
.html.

2.5 ENVIRONMENTAL
CONCERNS

According to the U.S. Environmental Protection Agency
(EPA), one of the most important areas of environmental
concern is our water. Water quality is an issue of concern
for human health in both developing and developed coun-
tries worldwide. This concern includes both quality and
guantity. According to EPA, water is essential for life
and plays a vital role in the proper functioning of the Earth’s
ecosystems. The pollution of water has a serious impact
on all living creatures and can negatively affect the use of
water for drinking, household needs, recreation, fishing,
transportation and commerce (www.epa.gov/indicate/roe/
pdf/tdWater2-2.pdf). (See Figure 2.16.)

The public seems to recognize the environmental concerns
associated with water resources. In the 1980s, the oil spill
of the Exxon Valdez was a wake-up call for many, and it
showed the devastating impacts of water pollution.

In @ March 2008 survey conducted by Gallup, when
Americans were asked to rate their top environmental con-
cerns, their top four concerns were related to water quality.
The top concern was pollution of drinking water (53%),
followed by: contamination of soil and water by toxic
waste (50%); pollution of rivers, lakes, and reservoirs
(50%); and maintenance of freshwater for household
needs (48%). According the survey, water quality is a more
immediate concern, while global warming may seem like
a somewhat more remote issue. The survey also indicates
that Americans have shown greater concern about envi-
ronmental problems that touch on water than on any
other environmental issue (www.gallup.com/poll/104932/
Polluted-Drinking-Water-No-Concern-Before-Report.aspx).

The concern about water quality is well founded. Ecosystems
are being severely changed or destroyed by water pollu-
tion. As the world has become more industrialized and the
population has grown, problems associated with water pol-
lution have become more of a concern. Growth in urban
water use is lowering water tables, and this is having a
significant impact on the environment.

If water is polluted enough, it will kill both flora and fauna
in a water-based ecosystem. Pollution also disrupts the
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Figure 2.16 Water quality is a major
issue in regard to being able to
efficiently utilize our water resources.
Algae is overtaking this lake in lowa,
greatly reducing water quality and
impacting potential uses of the lake.
Image courtesy NRCS.

natural food chain. Discharging untreated wastewater into
an ecosystem can affect species downstream.

A fundamental problem with traditional approaches to
addressing stormwater is that it has been treated as waste,
and the idea was to collect the water and get rid of it as
quickly as possible. Yet the answer to stormwater man-
agement is not to construct bigger and more expensive
stormwater management systems. Cities have tried that for
years to no avail.

2.5.1 Wadeable Streams
Assessment

One study that seeks to gain a better understanding of our
streams is the Wadeable Streams Assessment (WSA). WSA
is the first statistically valid survey of the biological condi-
tion of wadeable streams in the United States. Wadeable
streams are those that are shallow enough to sample with-
out boats. This project is a collaborative effort involving

states, EPA and other federal agencies, tribes, universities,
and other organizations.

Beginning with pilot work in the West in 2000 and ending
nationwide in 2004, 1,392 random sites were sampled to
determine the condition of all streams in regions that share
similar ecological characteristics.

The WSA found that 28% of U.S. stream miles are in
good condition, 25% are in fair condition, and 42% are
in poor condition. Streams in the western states were in
the best condition, with 45% of wadeable streams and
rivers being in good condition. The most widespread stress-
ors observed in the streams were nitrogen, phosphorus,
streambed sediments, and riparian disturbance.

2.5.2 National Rivers and
Streams Assessment

The National Rivers and Streams Assessment (NRSA) is a
statistical survey of flowing waters of the United States. The
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NRSA is one of a series of water surveys being conducted
by the U.S. Environmental Protection Agency, states, tribes,
and other partners. (See Figure 2.17.) In addition to rivers and
streams, partners will also study coastal waters, wetlands,
and lakes in a revolving sequence. The purpose of these
surveys is to generate statistically valid and environmentally
relevant reports on the condition of the nation’s water
resources. The NRSA survey is designed to:

® Assess the condition of the nation’s rivers and streams

¢ Help build state and tribal capacity for monitoring and
assessment

* Promote collaboration across jurisdictional boundaries
e Establish a baseline to evaluate progress

¢ Evaluate changes in condition since the 2004
Wadeable Streams Assessment

Figure 2.17 Channel erosion occurs
when a riverbed is unstable or when
increased runoff upsets the delicate
balance that exists within a stream.
Image courtesy NRCS.

2.5.3 Large River
Bioassessment Protocols

To address the environmental concerns of nonwade-
able water, EPA developed the Large River Bioassessment
Protocols. The purpose of the protocols is to assist in the
bioassessment of large rivers by states and tribes. These
protocols include specific methods for field sampling; labo-
ratory sample processing; taxonomy; data entry, manage-
ment, and analysis; and final assessment and reporting.

The protocols also review and provide information on devel-
opment of monitoring designs to address certain types of
environmental questions and approaches for documenting
and reporting data quality and performance characteristics
for large-river biological monitoring.

Environmental Concerns

41



Our knowledge of river ecosystems has expanded greatly
over the last several decades. The flora and fauna of large
rivers varies considerably based on the physical, chemical,
and hydrologic conditions in a given watershed. Major riv-
ers can be hundreds of miles long, so the characteristics
along the river can change. The sheer size and complexity
of large rivers makes it difficult to assess their environmen-
tal quality. For an adequate assessment of large rivers, the
length of the channel that must be sampled to capture
the diversity of organisms and habitats is greater than that
for smaller, wadeable streams.

2.6 ECONOMIC
CONCERNS

Water and economic concerns are inextricably linked. How
we deal with water resources has a significant impact on our
economy. The Water Integrity Network writes that without
water, there can be no economic growth, no industry, no hydro-
power, no agriculture, and no cities (Water Integrity Network,
2009). The world’s gross domestic product (GDP)—the output
of goods and services produced by labor and property—was
estimated in 2008 to be a little over $60 trillion. The real
GDP of the United States was estimated to be $14,075.5
(U.S. Department of Commerce: Bureau of Economic Analysis,
2008) billion in the first quarter of 2009, and this economy is
dependent on clean, abundant water resources.

How much is water worth? Perhaps one simple perspective
is that in 2007, Americans spent an estimated $16 billion
on bottled water. Since 2002, the U.S. market has seen an
increase in bottled water production of more than 9% per
year, and that trend is expected to continue even with the
recent economic downturn. This is ironic, because bottled
water costs several thousand times as much as tap water,
and tests have indicated that in most cases bottled water is
not any better in terms of taste or water quality (National
Research Council, 2004).

2.6.1 Cost of Water

Water is generally considered to be a public trust resource,
not a commodity. It is ironic that water is so valuable and

important to life, yet it has no real market value. Conversely,
diamonds and other precious jewels have no practical use
yet have a very high price tag.

In the United States, water itself is free; it is the cost of pipes,
treatment plants, and infrastructure that is paid by taxpay-
ers. There are several reasons why water prices are kept
artificially low. One of the major arguments is that water
is a necessity for everyone, and it should not be denied to
anyone regardless of their economic status. It would be
a little like trying to charge for air. (No offense to Woody
Harrelson and his failed Oxygen Bar in Los Angeles.)

Water is heavily subsidized, and prices often do not reflect
the full cost of extraction, treatment, and distribution. For
example, in the western United States, water for farming
from the federal Bureau of Reclamation sells for $10 to
$15 per acre-foot, and the cheapest subsidized water sells
for as little as $3.50 per acre-foot, even though it may cost
$100 to pump the water to farmers. In contrast, residents
in urban areas may pay as much as $230 (Milgrom and
Roberts, 1992).

2.6.2 Infrastructure Cost

Conventional approaches that use curbs and gutters to
handle drainage are extremely expensive to construct and
maintain. Also, with traditional curbs and gutters, there is
no chance to mitigate the quality or quantity of the water.

One major economic concern is that much of our city's
stormwater infrastructure is seriously outdated and will
cost billions of dollars to replace or repair (see Figure 2.18).
Many municipalities have put off upgrading and replacing
their water infrastructure for so long that the situation has
reached a crisis point. The EPA estimates that the various
water systems in this country will need to invest $276.8 bil-
lion between 2003 and 2023 to upgrade or replace aging
infrastructure and equipment in order to ensure adequate
access to water resources (www.epa.gov/safewater/dwinfo).

The events of September 11, 2001 raised concerns about
the security of public water systems. EPA has developed the
Water Security Research and Technical Support Action
Plan in an effort to protect water systems from terrorist
attacks. This added protection will increase the cost of
water infrastructure.
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In many parts of the country, people have to pay a very
high price to get water when and where they need it. In
southern California, for example, water distribution sys-
tems cost billions of dollars because of the many miles of
pipes. EPA estimates that more than 1 million miles of pip-
ing are used in the United States to distribute water. Wells
must be dug deeper than ever before to tap into aquifers,
and that costs money. More extensive treatment plants are
needed to make polluted water usable.

Water allocation is the economic problem of deciding how
the total supply of water will be allocated among potential
users. Among the competing users of water are: residen-
tial, industrial, agricultural, forestry, fisheries, recreational,
hydroelectric, and transportation. The first four are mostly
consumptive users, meaning that they treat water as
a nonrenewable resource (http:/are.berkeley.edu/~zilber/
EEP101/spring02/detailed_text/16.pdf).

Figure 2.18 In Escondido, California,
bioswales are being used to capture
stormwater runoff. Bioswales keep the
stormwater from running into storm
pipes, and this helps reduce the demand
on stormwater infrastructure. Image
courtesy EDAW.

2.6.3 Costs of Polluted Water

No one should overlook the impact that poor water man-
agement has had on both people and the environment.
Polluted water has led to some serious health issues, and
in some places Americans are spending a great deal to
produce safe, drinkable water. The United States has spent
billions on striving to achieve the goals laid out in the
Clean Water Act (CWA) of 1972. For example, according to
EPA, the total actual cost of water protection in 1994 was
almost $45 billion. Recent costs are much higher.

The cost to clean up the environment is also substantial.
Every state in the United States has some kind of major
water restoration projection in process, and the nation is
not anywhere close to addressing all of the problems. For
example, the Comprehensive Everglades Restoration Plan,
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which is intended to help clean up environmental problems
in the Everglades in Florida, was originally estimated in
2002 to cost $7.8 billion, but the price tag has already been
increased to $10.5 billion. Experts say the project could
take more than 50 years to complete, so the total cost will
undoubtedly increase significantly. No major water project
in the country has ever come in under budget.

There are also costs associated with the lack of water. Because
of the drought, real estate agents were having a difficult time
selling homes on Lake Lanier and other lakes with low water
levels. A house that would have been priced at $1.2 million
in 2006 might be 25% to 30% less in 2008. In 2008, there
were more than 400 lakeside homes for sale along Lake
Lanier, a much higher number than normal (Duffy, 2008).
Part of this downturn is undoubtedly the poor economy, but
concerns about water level have certainly not helped.

2.6.4 Privatization

In recent years, there has been an increased interest in the
privatization of water utilities because of the tremendous
costs involved for municipalities. As a result many are
turning to private sources to cover the cost. Many of the
early water utilities in the United States were developed by
private companies, but that changed as cities developed
their own water systems to meet public demands. Today,
publicly owned systems account for more than 90% of all
U.S. water production (www.epa.gov/safewater/dwinfo).

Some municipalities have sold their water utilities outright
to private companies, while others maintain ownership
but hire private companies to operate and maintain water
treatment plants. One benefit of privately owned and oper-
ated water utilities is that they often are more efficient and
are not as influenced by local politics.

2.7 AGRICULTURAL
USES

Agricultural uses are one of the greatest demands for
water. About 70% of the water withdrawn from fresh-
water sources globally supports agriculture. Of the other

Figure 2.19 In Kansas, irrigation is required to produce many of the
state’s agricultural crops. Each dark circle on this satellite image is an
irrigated field. Image courtesy USGS.

30%, two-thirds supports industrial activities and the other
one-third is used for municipal supplies. Worldwide, about
93% of the water consumed by humans goes to irrigated
agriculture.

In the United States, we have made the decision that agri-
cultural uses are a priority use of available water resources.
Farmers rely on rivers to help irrigate their lands and maintain
America’s reputation as the “bread basket” of the world.

Agriculture accounts for about 85% of the consump-
tive water use in the United States (see Figure 2.19). The
amount of water used varies by region, with aagricultural
uses in the West being much more water intensive than
elsewhere in the nation. Agriculture uses account for more
than 90% of the water usage in California; it is becoming
more difficult to use this much water and still meet envi-
ronmental and development needs (www.jyi.org/features/
ft.php?id=284).

Why is agriculture such a priority when it comes to water
use? Well, for a starter, U.S. society is based on food that
is grown commercially. If we do not irrigate agricultural
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fields, then crops do not crow, there is no grain to eat, and
we cannot feed our livestock (see Figure 2.20). And let us
not lose sight of the fact that agriculture is a big business
in this country. For example, agriculture currently generates
an estimated $97 billion for Florida’s economy. In 2007,
Georgia officials were saying the drought caused more
than $787 million in lost agriculture production, and 60%
of Georgian farmers lost all of their crops (NOAA, 2008).
In Tennessee in 2008, Governor Phil Bredesen requested a
federal designation of agricultural disaster for 39 counties
because of crop and livestock losses that were primarily a
result of drought conditions (Bredesen, 2008).

2.7.1 Impacts

In many parts of the world, agricultural production is con-
strained by a lack of irrigation water or systems, and the
amount of land per capita that is under irrigation is falling
for the first time. Agriculture is the main source of sediment
erosion in many parts of the United States. (See Figure
2.21.) Thousands of acres of wetlands across the country

Figure 2.20 The United States
seems to have agreed that
agricultural uses are a priority for
water resources. Image courtesy
UDSA.

have been drained and put into agricultural production
over the years. Excessive runoff from agricultural areas also
may compound flooding problems.

Another big issue with agricultural uses of water is the
impact they have on water quality. Pastured livestock are a
source of phosphorous loading to surface waters through
defecation in the water or on banks of rivers and lakes.
Livestock often destabilize banks, causing significant ero-
sion problems. Surprisingly, in some states, no rules prohibit
cattle from watering or grazing in or along riparian areas.
More must be done to encourage livestock farmers to
establish stream buffers and other effective riparian protec-
tions. A minimum base buffer width of 50 to 100 feet is
recommended to provide adequate stream protection, with
buffers of 100 to 300 feet used for more sensitive wetlands
and water resources. At a bare minimum, fencing should
be used to keep livestock from contaminating water. (See
Figure 2.22.)

Excessive phosphorous contributes to declining water
quality because it leads to abundant algae growth and it
can upset a lake's ecosystem. According to the Virginia
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Figure 2.21 The 2008
Farm Bill made water
conservation funding
available nationally.

One of the objectives
of this funding was to
improve the efficiency
of agricultural irrigation
systems. Image courtesy
USDA.

Figure 2.22 Contour
stripcropping helps
reduce erosion and
surface runoff. It is one of
many measures that are
being used to reduce the
environmental impact of
agricultural uses. Image
courtesy NRCS.
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Department of Environmental Quality, pasturelands are by
far the predominant source of bacteria in several impaired
river and stream segments in Albemarle County. Most other
states around the country echo this sentiment (Virginia
Department of Conservation and Recreation, 2006).

Most of the phosphorus loads in our lakes and rivers
come from agricultural uses. One problem in the Lake
Okeechobee, Florida, watershed, for example, is that
although dairies and row crops occupy only about 4% of
the watershed, they are the cause of more than 50% of the
phosphorus that goes into the lake annually. Decades
of phosphorus loading have resulted in the accumulation of a
thick layer of organic muck over 300 square miles of
Lake Okeechobee’s bottom. It has been estimated that
there are more than 51,000 tons of phosphorus in the lake
(Environment News Service, 2008).

2.7.2 Reducing Impacts

There have been efforts to be more efficient in using water
for agricultural uses. (See Figure 2.23.) Agricultural permits

Figure 2.23 Allowing livestock

in a stream can have a negative
impact on water quality and riparian
habitation. The use of a concrete
water crossing allows livestock to
cross the creek with minimal impact.
Image courtesy NRCS.

limit when and how much water can be used for irrigation.
Water use allocations are determined by irrigation best
management practices for specific crop production.

The Conservation Reserve Program of the U.S. Department
of Agriculture Natural Resources Conservation Service
(NRCS) pays farmers to convert environmentally sensitive
land to vegetative cover, such as native grasses or riparian
buffers. County soil and water conservation districts often
have cost-share programs to help riparian landowners with
fencing projects to keep livestock away from lake edges.

Water use measures such as modest crop shifting, smart
irrigation scheduling, advanced irrigation management,
and efficient irrigation can dramatically improve water effi-
ciency. For example, switching from flood irrigation, which
is commonly used for a number of agricultural uses, to drip
irrigation can decrease water use by as much as 40%.

In 2004, the state of Georgia installed 177 meters on farm
irrigation systems in southwest Georgia in order to mea-
sure how much water is being used. The state has talked
about the need to install as many as 21,000 water meters
(Hollis, 2002). The idea behind water meter use is that a
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better understanding of how water is used for agricultural
purposes will lead to better policies and plans.

2.8 WATER QUALITY

For many, the impact that humans have had on water qual-
ity was epitomized when the Cuyahoga River in Cleveland,
Ohio, caught fire in June 1969. That is not a typo . . . the
river actually had so much oil and debris in it that it caught
fire. Randy Newman wrote about the event in his song “Burn
On,” and Cleveland was the laughingstock of the nation.

The quality of U.S. rivers, streams, lakes, bays, and ground-
water must be maintained in order to meet goals for
sustainability. Water quality standards are the foundation
of EPA's water quality protection efforts. States assess the
quality of their waters based on water quality standards
they develop in accordance with the Clean Water Act.

Water quality standards may differ from state to state but
must meet minimum requirements. EPA must approve
these standards before they become effective under the
Clean Water Act. (See Figure 2.24.)

After setting water quality standards, states assess their
waters to determine the degree to which the standards
are being met. State water quality assessments normally are
based on five broad types of monitoring data: biological
integrity, chemical, physical, habitat, and toxicity.

Monitoring enables water quality managers to identify
existing or emerging problems. It also facilitates responses
to emergencies, such as spills and floods, and helps water
quality managers target specific pollution prevention or
remediation programs to address these problems. State
pollution control agencies, Indian tribes, local govern-
ments, and federal agencies typically are responsible for
watershed assessment and monitoring activities (National
Management Measures to Control Nonpoint Source
Pollution from Urban Areas, 2005).

Figure 2.24 The water clarity of Lake Tahoe has declined from about 100 feet in the 1960s to about 70 feet today. Scientists believe lake
clarity can be restored in 20 years if one-third of the nitrogen, phosphorous, and fine sediment now entering the lake is eliminated. Image
courtesy J. Sipes.
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A body of water is considered impaired if it does not attain
the water quality criteria associated with its designated
use. Threatened waters are those that meet standards but
exhibit a declining trend in water quality such that they will
likely exceed standards in the near future (EPA, 2008).

2.8.1 Water Quality
Regulations

A number of acts, legislation, and studies in the United
States are intended to help protect the quality of the
nation’s water. Some of these are listed next.

Section 303(d) and TMDL

Under Section 303(d) of the Clean Water Act, states are
required to compile a list of impaired waters that fail to
meet any of their applicable water quality standards. This
list, called a 303(d) list, is submitted to Congress every two
years, and states are required to develop a total maximum
daily load (TMDL) for each pollutant causing impairment
for water bodies on the list.

Based on recent state 303(d) lists, more than 38,000 bod-
ies of water in the United States are impaired, and 63,000
have associated impairments. Pollutants are the most com-
mon problem (EPA, Handbook for Developing Watershed
Plans to Restore and Protect Our Waters, 2008).

A TMDL is the maximum amount of a pollutant that can
be released into a water body without causing the water
body to become unable to serve its beneficial use. Each
state is required to develop TMDLs for all water bodies on
its 303(d) list.

Section 303(d) and subsequent regulation prescribe a five-
step process for TMDL development:

1. Identify stream segments that are water quality lim-
ited (i.e., unable to support additional development).

Prioritize water quality.
Develop TMDL plans for these waters.

Implement water quality improvement actions.

vk W

Assess improvement actions.

The National TMDL Tracking System (NTTS) houses the
303(d) lists and tracks TMDL approvals. The NTTS includes
the information necessary to ensure that TMDLs are being
addressed appropriately.

Section 401, typically referred to as the Water Quality
Certification, is also a part of the Clean Water Act. Section
401 requires that any applicant for a federal license or
permit involving actions that may impact navigable waters
must obtain a certification from the state or tribe in which
the discharge originates.

Section 305(b)

As required by Section 305(b) of the Clean Water Act, EPA
transmits to Congress the National Water Quality Inventory
Report (305(b) Report). Based on water quality information
submitted by states, tribes, and territories, including infor-
mation on lakes, this document characterizes water quality,
identifies widespread water quality problems, and describes
various programs implemented to restore and protect
U.S. waters.

Forty-six states, Puerto Rico, and the District of Columbia
rated lake water quality in their 2000 Section 305(b) reports.
These states assessed 17.3 million acres of lakes, reser-
voirs, and ponds, which equals 43% of the 40.6 million
acres of lakes in the nation. The states based 68% of their
assessments on monitored data and evaluated 28% of
the assessed lake acres with qualitative information (EPA,
2007).

Good water quality was found in 55% of the assessed 17.3
million lake-acres. Fifty-four percent fully support their des-
ignated uses, and 44% are impaired for one or more uses.
Nutrients affect more lake-acres than any other pollutant
or stressor. States reported that excess nutrients pollute 3.8
million lake acres (EPA, 2007).

Healthy lake ecosystems contain nutrients in small quanti-
ties from natural sources. The addition of extra nutrients,
such as nitrogen and phosphorus, disrupt the balance
of lake ecosystems by stimulating population explosions of
undesirable algae and aquatic weeds. Bacteria flourishes
because of the added food source of the algae, and the
bacteria consume dissolved oxygen. Fish kills and foul odors
may result if dissolved oxygen is depleted (EPA, 2007).
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In 2001, the National Research Council recommended
EPA, states, and tribes promote a uniform, consistent
approach to monitoring and data collection. The aim is
to support core water quality programs to help address
the problem of inadequate data for national reporting on
freshwater, coastal, and ocean water quality indicators
(USEPA, 2006).

National Pollutant Discharge
Elimination System

The National Pollutant Discharge Elimination System
(NPDES) permit program, established by Section 402 of
the Clean Water Act, functions as the primary regulatory
tool for assuring that state water quality standards are
met. NPDES permits, issued by EPA or an authorized state
agency, contain discharge limits intended to meet water
quality standards and national technology-based effluent
regulations.

Phase | of NPDES was initiated in 1990, and it covers
municipalities with populations over 100,000, construction
sites over five acres in size, and several industrial activities.
Phase Il of the program, adopted in 1999, includes smaller
municipalities, urban areas adjacent to municipalities, and
construction sites between one and five acres in size.

To meet NPDES requirements, each local stormwater
program is responsible for establishing a Stormwater
Management Plan (SWMP). These SWMPs give specific
local requirements targeted to meet the environmental
needs of each watershed and reflect the political consensus
of each community.

Regulations under the NPDES stormwater program offer a
structure for considering the water quality benefits associ-
ated with smart growth techniques. NPDES permits regu-
late the discharge of pollutants from point sources, such
as pipes, outfalls, and conveyance channels. In general,
facilities that discharge wastewater into water bodies are
required to have a permit under the NPDES program.

The Water Quality Trading Toolkit for Permit Writers
(Toolkit) (EPA, 2007) provides NPDES permitting authorities
with the tools they need to facilitate trading and to autho-
rize and incorporate trading in NPDES permits.

EPA Lakes Survey

EPA's Survey of the Nation's Lakes is intended to provide
important information to states and the public about the
condition of the nation’s lake resources and key stressors
on a national and regional scale (USEPA, 2006). The lakes
survey has two main objectives:

1. Estimate the current status, trends, and changes in
selected trophic, ecological, and recreational indi-
cators of the condition of the nation’s lakes with
known statistical confidence.

2. Seek associations between selected indicators of
natural and anthropogenic stresses and indicators
of ecological condition.

The survey consists of 909 lakes, including natural and man-
made freshwater lakes, ponds, and reservoirs greater than
10 acres, at least 3 feet in depth, and located in the coter-
minous United States. For each lake, a folder was prepared
that contains applicable information, such as: road maps,
written access permissions, scientific collection permits,
lake site coordinates, information brochures, bathymetric
map, and local area emergency numbers (USEPA, 2006).

A water body stays on the 303(d) list until it meets water
quality standards. To develop the 303(d) list, most states
started with the information in their 305(b) report and then
augmented it with information from sources such as the
EPA report of waters affected by nonpoint sources.

The states included in the survey reported metals as the sec-
ond most common pollutant in assessed lake acres, impairing
3.2 million lake acres. This is mainly due to the widespread
detection of mercury in fish tissue samples. In addition to
nutrients and metals, the states report that siltation (sedi-
mentation) pollutes nearly 1.6 million lake acres; total dis-
solved solids affect nearly 1.5 million acres; and enrichment
by organic wastes that deplete dissolved oxygen in lake
waters affects over 1.1 million lake acres (EPA, 2007).

The most commonly reported sources of impairment in
lakes include agriculture, hydrologic modifications, and
urban runoff/storm sewers. Agriculture is the most wide-
spread source of impairment in the nation’s assessed lake
acres, generating pollutants that degrade aquatic life
or interfere with public use of over 3 million lake acres.
Riparian pasture grazing and irrigated and nonirrigated
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crop production were the most frequently cited types of
agriculture impairments. Hydrologic modifications, the
second most commonly reported source of impairment,
include flow regulation and modification, dredging, and
construction of dams (EPA, 2007).

Pollution from urban runoff and storm sewers degrades
nearly 1.4 million lake acres; generalized nonpoint sources
of pollution impair about 1 million lake acres; atmospheric
deposition of pollutants impairs 1 million lake acres; and
municipal sewage treatment plants pollute 943,715 lake
acres (EPA, 2007).

EPA's Field Operations Manual describes field protocols
and daily operations for crews to use in the Survey of the
Nation’s Lakes. The survey is a statistical assessment of
the condition of U.S. lakes, ponds, and reservoirs and is
designed to:

1. Assess the condition of the nation’s lakes

2. Establish a baseline to compare future surveys for
trends assessment and to evaluate trends

3. Help build state and tribal capacity for monitoring
and assessment and promote collaboration across
jurisdictional boundaries (USEPA, 2007)

Clean Lakes Program

EPA's Clean Lakes Program was established in 1972 as
Section 314 of the Federal Water Pollution Control Act. Its
objective was to provide financial and technical assistance
to states in restoring publicly owned lakes. The Section 314
Clean Lakes Program was reauthorized in September 2000
as part of the Estuaries and Clean Water Act of 2000. EPA
has not requested funds for the Clean Lakes Program in
recent years; rather, it has encouraged states to use funds
from the December 1999 Supplemental Guidance for the
Award of Section 319 Nonpoint Source Grants in FY 2000
(and previous guidance) for eligible activities that might
have been funded in previous years under Section 314.

Drinking Water

Safe drinking water is a top priority for water managers
around the country. Water quality regulations are intended

Figure 2.25 Over 1 billion people lack access to safe drinking water
worldwide. Image courtesy EDAW.

to ensure that drinking water is adequately treated and
monitored to protect public health. Under the 1996
amendments to the federal Safe Drinking Water Act, states
must conduct studies that provide basic information about
public drinking water. Each program is intended to be
developed for a state’s specific water resources and drink-
ing water priorities.

Drinking water contaminated with chemicals or bacteria
can make people sick, especially children and the elderly.
(See Figure 2.25.) Water can be contaminated with bacteria
when it comes into contact with untreated human waste.
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Polluted water can carry harmful microbial or chemical
contaminants. Waterborne diseases, such as dysentery,
typhoid, and cholera, have been eliminated, but other
bacteria, such as Legionella and Salmonella, are still a con-
cern. For example, Legionella, which causes Legionnaire’s
disease, causes 8,000 to 18,000 illnesses each year in the
United States (National Research Council, 2004).

Chlorine has been used to kill bacteria in public water
systems for more than 100 years. One concern is that
high levels of chlorine can cause health problems. Some
communities use ozone and ultraviolet radiation instead,
but even if they do, they typically add small amounts of
chlorine to provide protection throughout the distribution
system.

Herbicides, pesticides, pharmaceuticals, antibiotics, indus-
trial pollutants, and radioactive materials all present poten-
tial health threats in drinking water, but they usually are
present in such low levels that they do not cause serious
problems. One concern is that increased levels of chlorine
can cause a chemical reaction that produces lead in the
water. The EPA estimates that 10% to 20% of lead expo-
sure comes from contaminated drinking water.

Source Water Assessments

Source Water Assessment Programs (SWAPs) are intended
to analyze existing and potential threats to the quality
of the public drinking water. Every state was required to
implement assessments of its public water systems by
2003. The SWAPs vary from state to state, but all must
include four major elements:

1. Map of the source water assessment area
2. Inventory of potential sources of contamination

3. Determination of the susceptibility of the water sup-
ply to contamination sources

4. Availability of the results to the public

Pollutants

Water plays an essential role in sanitation and public
health. According to the second United Nations World

Water Development Report (UNESCO, 2006), more than
1 billion people—almost one-fifth of the world’s popula-
tion—Ilack access to safe drinking water, and 40% lack
access to basic sanitation. The global water crisis is the
leading cause of death and disease in the world, with more
than 14,000 people dying each day. The leading cause of
child death in the world is diarrhea. This often results from
a lack of clean drinking water. Each year, children under
age 5 suffer 1.5 billion episodes of diarrhea, and 4 million
of these cases are fatal.

Some materials typically removed during the water treat-
ment process include bacteria, algae, viruses, fungi, chemi-
cals, and minerals such as iron, manganese, and sulfur.
Water is a solvent, and the most common dissolved mineral
substances found in water are sodium, calcium, magne-
sium, potassium, chloride, bicarbonate, and sulfate. Water
is considered unsuitable for drinking if the quantity of dis-
solved minerals exceeds 1,000 milligrams per liter (http://
pubs.usgs.gov/gip/gw/gw_a.html).

Pollutants typically are classified as being point or nonpoint
pollution. Traditionally under the Clean Water Act, controls
were focused on reducing pollutant impacts on local water
quality from point sources, such as wastewater treat-
ment plants. The CWA Act requires that all point-source
dischargers obtain permits, which establish the levels of
contaminants allowed.

Practices for Controlling Chemicals
and Pollutants

e Equipment runoff control

¢ Fuel and maintenance staging areas

¢ Locate potential land-disturbing activities away
from critical areas

¢ Pesticide and fertilizer management
¢ Pollutant runoff control
e Spill prevention and control program

Source: EPA 841-B-07-002 4-1
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Nonpoint sources are all of the man-made sources of
water contamination that are not point sources. They
are often difficult to identify because they are so diverse.
Nonpoint source pollution comes from diffuse sources,
with surface water runoff being a major nonpoint source in
both urban and rural areas. Nonpoint source pollutants car-
ried by urban runoff include sediment, heavy metals, sew-
age discharges, detergents, solvents, oxygen-demanding
organic matter, bacteria, excess nutrients, pesticides, oils,
and lubricants.

Watershed plans typically focus on nonpoint pollution
sources. Watershed models can be used to forecast or
estimate future conditions that might occur under various
conditions. These models provide an opportunity to explore
a wide range of scenarios to determine which approach
would be best.

Controlling pollutants at the site (source control) is usu-
ally the simplest and most cost-effective way to reduce
stormwater pollution at many commercial sites. Source
control measures include proper handling and storage of
pollutants and site design practices. Handling and storage
practices focus on the storage of materials and vehicles
in outdoor areas, while site design practices include
designing better loading docks, covering materials stored
outdoors, and containing dumpsters and fueling areas.
Other source-control opportunities exist at fleet parking
areas, outdoor maintenance areas, landscaping areas,
and above-ground storage tanks (Rowe and Schueler,
2006).

Among the most common water quality problems are:

e Eutrophication

e Trash and debris

¢ Bacteria levels

e Aquatic life toxicity

¢ Sediment and fish tissue contamination

EPA has identified sediment as the most widespread pol-
lutant in the nation’s rivers and streams. Contamination
of surface waters by sediment is currently regulated pri-
marily by the Sedimentation Pollution Control Act. This
act requires approved erosion control plans for any land-
disturbing activities that will uncover more than one acre.
Agricultural production is exempt from this law.

Nine Critical Elements

EPA has identified nine elements that are critical for
achieving improvements in water quality. EPA requires
that these nine elements be addressed for Section
319-funded watershed.

a. Identification of causes of impairment and pollutant
sources or groups of similar sources that need to be
controlled to achieve needed load reductions, and
any other goals identified in the watershed plan.

b. An estimate of the load reductions expected from
management measures.

¢. A description of the nonpoint source manage-
ment measures that will need to be implemented
to achieve load reductions and a description of
the critical areas in which those measures will be
needed to implement this plan.

d. Estimate of the amounts of technical and financial
assistance needed, associated costs, and/or the
sources and authorities that will be relied on to
implement this plan.

e. An information and education component used to
enhance public understanding of the project and
encourage early and continued participation in
selecting, designing, and implementing the non-
point source management measures that will be
implemented.

f. Schedule for implementing the nonpoint source
management measures identified in this plan that
is reasonably expeditious.

g. A description of interim measurable milestones for
determining whether nonpoint source manage-
ment measures or other control actions are being
implemented.

h. A set of criteria that can be used to determine
whether loading reductions are being achieved
over time and substantial progress is being made
toward attaining water quality standards.

i. A monitoring component to evaluate the effec-
tiveness of the implementation efforts over time,
measured against the criteria established under
item h immediately above.

Source: www.epa.gov/owow/nps/cwact.html.
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2.9 LEGAL ISSUES

There have been legal battles over water in the United
States for centuries, and they are not likely to be cleared
up anytime soon. All surface and groundwaters are legally
considered “waters of the state” and cannot be privately
owned. The legal structure in the United States varies
depending on where you live.

2.9.1 Riparian Rights

Most states east of the Mississippi River are known as ripar-
ian rights states, meaning that if you own land along a
natural body of water, you have a legal right to access and
use the water that touches or runs through your property.
Riparian rights are tied to the land, so they cannot be sold
or transferred to other users.

In most riparian rights states, the courts have gener-
ally ruled that a riparian owner’s use of water has to be
“reasonable.” The problem, though, is that not everyone
agrees on what “reasonable” actually means. This “reason-
able use” standard gives courts a lot of flexibility to resolve
disputes, but it can be confusing for landowners because
there are no hard and fast rules. The definition of “benefi-
cial use of water” has expanded in recent years. One basic
idea is that reasonable use must be accomplished in a way
that does not impose undue restrictions on other users and
uses of the water resource. The reasonable use doctrine
also applies to groundwater, and landowners are allowed
to withdraw water for reasonable use on their property.
Agricultural and industrial uses are generally considered to
be “reasonable” as long as they do not cause unreasonable
adverse effects to adjacent landowners.

It is no coincidence that the riparian rights concept was
embraced in the states where water was considered to
be abundant. All eastern states, with the exception of
Mississippi, follow the riparian doctrine. These states
were the first settled by Europeans and therefore most
influenced by English law. With the perception of having
plenty of water, the focus was primarily on how to share
this resource.

One problem with riparian rights is that it is not a good sys-
tem for resolving disputes when water is scarce. If anything,

riparian rights for water allocation actually encourage the
use of water. In times of drought or water shortages, most
states use regulatory mechanisms for allocating water.

Many eastern states are transitioning to a system called a
regulated riparian system, which replaces traditional ripar-
ian rights with a water permit system. Georgia and North
Carolina have already established a permitting process for
tapping surface water supplies.

South Carolina is a riparian rights state, so if you live next
to a river, you have a right to use it. Surprisingly enough,
you do not need any permit to withdraw water from a
stream in South Carolina as long as no interbasin water
transfer is involved. If you withdraw water over a certain
threshold, you will only need to notify South Carolina
of the amount.

The state of Florida takes the position that natural flow
regimes must be maintained to protect environmental
resources.

Many of the states in the western United States are gov-
erned by the doctrine of prior appropriation, which is also
called “first in time,” or the “Colorado Doctrine” of water
law (Castle, 1999).

2.9.2 First in Time

Western states utilize a prior appropriation system for
water allocation. Basically, “prior appropriation” means
that no one actually owns the water in a stream, but all
persons, corporations, and municipalities have the right to
use the water for beneficial purposes. Water is allocated
based on the concept of “first in time, first in right,”
meaning that those who used the water first have a prior-
ity. Legal issues involving water resources have long been
a point of contention in the West, and this first-in-time
allocation is at the heart of many battles. Colorado water
law is generally considered to be the authority and is used
by other western states that follow the prior appropriation
doctrine (http://www.blm.gov/nstc/WaterLaws/appsystems
.html).

Some western states recognize both absolute and con-
ditional water rights. Absolute water rights assume that
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water is appropriated when it is permitted. With condi-
tional rights, the water is allocated before it is actually avail-
able. This approach is used for large water projects, which
can take a long time to complete.

Several western states allow for the use of replacement
plans that seek to balance new water uses with exist-
ing water rights. For example, a replacement plan would
allow water to be diverted from a stream if it can be
replaced from another source.

In Arizona, a dual system uses a prior appropriation for
surface water and a “beneficial and reasonable” use
approach for groundwater. Arizona also follows the legal
concept of adequacy, which is based on availability of
sufficient water to support a proposed use for 100 years.
Some argue that the 100-year time frame is inadequate
to ensure that the source of water is sustained for future
generations.

California’s water management practices are based on two
laws: (1) public trust doctrine, which says that resources
such as surface water are accessible by everyone, and (2)
landowners own all groundwater beneath their land. The
public trust doctrine is part of the constitutions of most
U.S. states. Some have argued that public trust applies only
to navigable waters and tidelands, and the scope of public
trust is restricted to surface water resources. This is an issue
that will surely be battled in the courts for years to come.
The Colorado River management between the states of
Arizona and California is a good example of the benefits
of federal arbitration.

In the West, because the water right system is founded on
beneficial use of the resource, a lack of use can result in an
“abandonment’ or “forfeiture” of the right. Most western
state laws determine you have forfeited your legal rights if
you have not diverted and used water for a specific period
of time. That period varies from state to state but can be
as few as five years. Some states do not just make such
an assumption and instead require submittal of an “intent
to abandon” the water right.

A century ago in western states, it was acceptable for an
approved user to remove all the water from a stream, but
today federal statutes typically require a minimum instream
flow to protect endangered species or to maintain down-
stream uses.

2.9.3 Groundwater, Soil
Moisture, and Precipitation

Surface water is not the only resource that has to be
addressed in order to ensure we have enough water for
future uses. Groundwater initially was considered part of
the land, and there were no separate water rights. Today, a
right to water from underground sources varies from state to
state. Some states treat tributary groundwater the same way
they do surface water. For example, New Mexico has man-
aged surface and groundwater together since the 1950s.

Soil moisture typically is considered to be part of the land,
so water rights are not applied.

In the states of Utah, Colorado, and Washington, rainfall
is considered essential for replenishing groundwater, so it
is illegal to collect rainfall. Although it is not likely you will
get arrested for installing a rain cistern, it is against the law.
Colorado law explicitly states that every drop of moisture
suspended in the atmosphere must be divied up according
to previous water claims (Simon, 2009). Taken literally, that
means that the state owns every drop of rain. In the state of
Washington, rainwater harvesting is allowed in only a few
areas, including Seattle and the San Juan Islands.

Despite these prohibitions, many cities, especially in the West,
are encouraging rain harvesting through tax credits, rain bar-
rel subsidies, and changes in building codes (Simon, 2009).

In the past, water rights did not apply until the water
reached the land surface. At that point, the water was
absorbed by the soil, run off into rivers and streams, or per-
colated through the soil into underground aquifers. The dif-
ficulty with this approach is that it is difficult to measure the
amount of rainfall that falls in a given area of a watershed.

Water rights applying to man-made bodies of waters are
different, because whoever constructs the water body
typically determines how rights are defined. In most states,
land under freshwater or saltwater, and land that is subject
to the ebb and flow of the tide are considered to be public
land. Smaller creeks, lakes, and ponds are not considered
to be public lands and can be privately owned. There is no
public right to travel over private property to obtain access
to streams, lakes, tidal areas, or other waters that the pub-
lic has a right to use.
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Colorado Rain Harvesting

In 2004, Governor Bill Ritter signed a bill allowing the
first use of rainwater harvesting in Colorado. Ten new
residential developments were selected for pilot proj-
ects involving the collection of up to 5,000 gallons of
rainwater per home, with this water being stored in
cisterns. This legislation was significant because prior
to this law, Colorado did not allow rainwater harvest-
ing. State water law required that all rainwater be
allowed to flow downstream to water rights holders.

Source: “Sustainability in an Era of Limits,” Southwest
Hydrology 4, No. 1 (January/February 2005).

Many property boundaries, including those of states, run to
the center of a river. That is problematic because rivers are
constantly shifting and cutting new channels.

2.9.4 Direct Flow and Storage

Water rights are of two general types: direct flow and stor-
age. A direct flow right generally is measured in terms of
a rate of flow and is used when discussing rivers, streams,
and other moving water. A storage water right is measured
in terms of volume. Storage rights are usually only for one
filling of the storage vessel per year.

2.9.5 Water Law

Water law is used to resolve conflicts over water resources
by determining the rights and obligations of the parties
involved in a dispute. U.S. water law is very complicated
because so many different uses compete for the water and
because of the mix of federal and state regulations that
seek to make sense of all the regulations. A major problem
is that uses are consumptive and alter the hydrologic cycle.
This may result in significant environmental impacts.

Water law is a system of enforceable rules that control the
use of water resources. In the United States, these rules
are created by statutes, court decisions, and administrative

regulations. Either state or federal laws can create public
and private water rights. If there is water conflict between
users in different states, the federal courts take over.

Water law in the western United States is defined by
state constitutions (i.e., Colorado, New Mexico) statutes,
and case law. Each state uses variations on the basic
principles of the prior appropriation doctrine. Texas and
the states directly north of it, the West Coast states,
and Mississippi have a mixture of systems (http://www.blm
.gov/nstc/WaterLaws/appsystems.html).

State Laws Regarding Water

Alabama: Title 33

Alaska: Title 46

Arizona: Title 45

Arkansas: Title 15

California: Title 23

Colorado: Title 37

Connecticut: Title 25

Florida: Title XVIII

Georgia: Title 52

Idaho: Title 70

lllinois: Chapter 615

Indiana: Title 14, Articles 25-33
lowa: Title XI, Subtitles 1-3
Kansas: Chapters 24, 42, 82a
Kentucky: Title IX, Chapters 74, 104
Louisiana: Title 19

Maine: Titles 12, 38

Maryland: Title 16

Massachusetts: Chapter 91
Michigan: Chapters 121, 323, 486

(continues)

56

Issues Involving Water Resources in the United States



(continued)

Minnesota: Chapters 103A-114B
Mississippi: Title 51

Missouri: Title 15

Montana: Title 85

Nebraska: Chapters 31, 46, 56
Nevada: Title 48

New Hampshire: Title 50

New Jersey: Title 58

New Mexico: Chapter 72

New York: Chapter 43B

North Carolina: Chapter 77
North Dakota: Title 61

Ohio: Title LXI

Oklahoma: Title 82

Oregon: Chapters 536-558
Pennsylvania: Title 32, Chapters 21-50
Rhode Island: Title 46

South Carolina: Title 49

South Dakota: Titles 46, 46A
Tennessee: Title 69

Texas Title 30

Utah: Title 73

Vermont: Title 25

Virginia: Titles 28.2, 62.1
Washington: Titles 90, 91
West Virginia: Chapters 20, 22
Wisconsin: Chapters 280, 281
Wyoming: Title 41

Source: www.megalaw.com/top/water.php.
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3.0 SUSTAINABLE PLANNING
APPROACHES FOR WATER

RESOURCES

3.1 AN INTERNATIONAL
AND U.S. NATIONAL
PERSPECTIVE ON
WATER RESOURCES
LAWS, POLICIES,
REGULATIONS, AND
PERMITS

International waters, or transboundary waters, are those
that transcend international boundaries. Rivers, groundwa-
ter, oceans, seas, and estuaries do not seem to care about
political boundaries. They follow a natural pattern regard-
less of where they go or what country they cross into.

A number of global and regional water resource agree-
ments have been implemented over the years. These
include the Helsinki Rules on the Uses of the Waters of
International Rivers (1966); the Seoul Rules on International
Groundwaters (1986), Transboundary Groundwaters: The
Bellagio Draft Treaty (1989); and the United Nations
Convention on the Law of the Non-navigational Uses of
International Watercourses (1994), just to name a few.

It is important to note, however, that most water policies
are made at a more local level. Most of the world’s trans-
boundary river basins, for example, lack adequate legal
protection. In the last decade or so, there has been a call
for global policies that help protect and manage water

resources, but establishing such policies is an arduous task
and is not likely to happen quickly. (See Figure 3.1.).

It may come as a surprise to some, but the United States
does not have a comprehensive national program for all
water resources. Instead, we have a fragmented approach

Figure 3.1 The Colorado River flows from northern Colorado
through Utah, the Grand Canyon, Arizona, and Mexico before
pouring out into the Gulf of California. This satellite image, which
was taken on September 8, 2000, shows the impact that irrigation
and urban sprawl! have had on the river. Image courtesy NASA/GSFC/
METI/ERSDAC/JAROS.
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to laws and regulations when it comes to water resources
and watershed issues. Federal laws and regulations about
water relate mainly to environmental protection, water pol-
lution, dam regulation for hydropower, endangered species,
and wetland conservation. Laws regulating water quantity,
resource management, and non point source pollution are
implemented at the state level. Land use management, how-
ever, is generally a question for local government.

3.1.1 Federal Reserved
Water Rights

The United States has a federal reserved water rights doc-
trine, which ensures that the government is able to reserve
sufficient water resources for public land uses, such as Indian
reservations, military reservations, and national parks. The
doctrine was established in 1908 by the U.S. Supreme Court
when it ruled in Winters v. United States that the federal
government could reserve water for future use in order to
meet the needs of federal properties. An amendment was
approved in 1952 that required federal agencies claiming
a federal reserved water right to go through a state’s legal
process. Today, federal reserved water rights can be asserted
on most lands managed by the federal government.

3.1.2 National Laws, Acts,
and Policies

In the United States, a handful of acts implemented at the
federal level have laid the foundation of how we deal with
water resources in this country.

Rivers and Harbors Act

The Rivers and Harbors Act (Refuse Act), which was
enacted in 1899, was the first statute to address water
quality in the United States. It prohibited the dumping
of solid waste into navigable waterways, prohibited the
obstruction of waterways, and specifically excluded wastes
“flowing from the streets and sewers.” The construction
of any bridge, dam, dike, or causeway over or in navigable

waterways of the United States was prohibited without
congressional approval.

Public Health Service Act
of 1912

This Public Health Service Act of 1912 expanded the mis-
sion of the United States Public Health Service to study
problems of sanitation, sewage, and pollution. At the
time there were major concerns about water supply, pollu-
tion, sanitation, and hygiene in cities because of the rapid
growth that was occurring. The act granted the Public
Health Service the authority to pursue studies of the “dis-
eases of man and conditions affecting the propagation and
spread thereof, including sanitation and sewage and the
pollution either directly or indirectly of navigable streams
and lakes” (http:/findarticles.com/p/articles/mi_ga3912/
is_200012/ai_n8921941/).

Federal Power Act of 1935

The Federal Power Act of 1935 authorized the Federal
Energy Regulatory Commission (FERC) to regulate nonfed-
eral hydroelectric projects. Included in FERC's regulatory
mandate are specific requirements for protecting nonpower
resources, including fish and wildlife habitat, irrigation, water
supply, recreation, flood control, and water quality. In addi-
tion, Section 4(e) of the Federal Power Act, as amended
by the Electric Consumers Protection Act of 1986, requires
that the commission, when issuing a license, give “equal
consideration to the purposes of energy conservation, the
protection, mitigation of, damage to, and enhancement of,
fish and wildlife (including related spawning grounds and
habitat), the protection of recreational opportunities, and the
preservation of other aspects of environmental quality.”

Federal Water Pollution Control
Act of 1948

The Federal Water Pollution Control Act of 1948 was the first
statute to deal directly with pollution from sewage outfalls.
It created a comprehensive set of water quality programs that
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also provided some financing for state and local governments.
It also broadened the federal government’s authority in water
pollution control and mandated the Public Health Service, in
cooperation with other federal, state, and local entities, to
prepare comprehensive programs for eliminating or reduc-
ing the pollution of interstate waters and tributaries and
improving the sanitary condition of surface and underground
waters. Water Pollution Control Act Amendments of 1956
strengthened enforcement provisions and addressed cost-
sharing programs with municipalities.

Water Resources Planning Act of 1965

In 1965, Congress passed the Water Resources Planning
Act, which created the Water Resources Council. The coun-
cil included representatives of each of the major federal
agencies involved with water policy. Funding was cut off
in the early 1980s because of the general feeling that the
council was not cost effective.

The Wild and Scenic Rivers Act of 1968

The Wild and Scenic Rivers Act of 1968 states:

[Clertain selected rivers of the nation which, with
their immediate environments, possess outstandingly
remarkable scenic, recreational, geologic, fish and
wildlife, historic, cultural, or similar values, shall be pre-
served in free-flowing condition, and that they and their
immediate environments shall be protected for the ben-
efit and enjoyment of present and future generations.

If a stream or river segment is designated as “wild and
scenic,” restrictions are placed on modifications that can be
made. One of those restrictions is that water flow must
be preserved and protected.

National Environmental Policy Act
of 1970

National Environmental Policy Act of 1970 (NEPA) is one
of the first environmental laws ever written. The act
establishes national environmental policy and goals for the
protection, maintenance, and enhancement of the envi-
ronment and provides a process for implementing these

goals within the federal agencies. Federal agencies have
to consider the environmental impacts of proposed federal
projects that could significantly affect the environment and
set up procedural requirements for preparing environmen-
tal assessments and environmental impact statements. The
NEPA review process often covers a wide range of natural
resource issues and socioeconomic impacts, including
water resources. The act also establishes the President’s
Council on Environmental Quality.

Clean Water Act of 1972

The Clean Water Act of 1972 is the most comprehensive
legislation relating to water quality in the United States.
It provided national programs to clean up the nation’s
waters, and gave the Environmental Protection Agency
(EPA) authority to establish objectives, goals, and policies to
enable this legislation. The principal body of law currently
in effect is based on the Federal Water Pollution Control
Amendments of 1972, which significantly expanded and
strengthened earlier legislation. In 1987, amendments to
the act established a national policy for nonpoint source
(NPS) pollution and reaffirmed the states in implementing
water quality goals, among other changes.

Endangered Species Act of 1973

The Endangered Species Act of 1973, as amended, states
in part: “All Federal departments and agencies shall seek
to conserve endangered and threatened species and shall
utilize their authorities in furtherance of the purposes of
this Act.” No permits will be issued that conflict with the
enhancement or preservation of the habitat of endangered
and/or threatened plant and animal species. Although
not specifically intended to address water resources, the
Endangered Species Act has had a tremendous impact on
water management issues.

Safe Drinking Water
Act of 1974

The Safe Drinking Water Act of 1974 requires that pub-
lic water systems monitor and comply with established
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contaminant limits. These limits, which are set by EPA, are
commonly referred to as maximum contaminant limits. A
1996 Amendment to the Safe Drinking Water Act required
stricter monitoring and also required states to develop pro-
grams to protect water supply areas.

Clean Water Act of 1977

The Clean Water Act of 1977 (CWA), an amendment to the
Federal Water Pollution Control Act of 1972, sets the basic
structure for regulating discharges of pollutants into waters
of the United States. The law gives EPA the authority to
set effluent standards and continues the requirements to
set water quality standards for all contaminants in surface
waters. In particular, the CWA focuses on point source pol-
lution and toxic pollutants. In 1987, the CWA was reautho-
rized and again focused on toxic substances.

Water Quality Act of 1987

Congress revised Section 101 of the 1987 Act, “Declaration
of Goals and Policy,” to add this fundamental principle: It
is the national policy that programs for the control of non-
point sources of pollution be developed and implemented
in an expeditious manner so as to enable the goals of this
act to be met through the control of both point and non-
point sources of pollution.

National Estuary Program

The National Estuary Program (NEP) was established in
1987 by amendments to the Clean Water Act. The purpose
of the program is to identify, restore, and protect nationally
significant estuaries of the United States. There are cur-
rently 28 active NEPs along the nation’s coasts.

National Drought Policy Act
of 1998

Congress passed the National Drought Policy Act, which
created the National Drought Policy Commission. The

commission makes recommendations concerning the
creation and development of an integrated, coordinated
federal drought policy. The policy is a marked shift from
emphasis on drought relief. The commission summarized
its findings by stating that:

* Preparedness is the key to successful drought
management.

¢ Information and research are needed to support and
achieve preparedness.

e Insurance against drought impacts needs to be reevalu-
ated and revamped.

¢ A safety net is needed for the period of transition
from relief-oriented drought programs to drought
preparedness.

Water for the Poor Act

In 2005, Congress passed the Water for the Poor Act,
which made the provision of safe water and sanitation a
cornerstone of U.S. foreign aid by integrating water sanita-
tion into all U.S. development programs.

3.1.3 Other Acts

Other acts also have had a significant impact on how water
resources are utilized in the United States. For example, the
Homestead Act of 1862 and the Desert Lands Act of 1877
encouraged settlement in the West. These acts supported
the spread of small farms in the sparsely inhabited states
and territories.

President Theodore Roosevelt signed the National
Reclamation Act in 1902, paving the way for water
reclamation projects to enhance settlement of western
states (Woodhouse, 2008). This act provided the funding
for the construction and maintenance of western irriga-
tion projects.

Congress enacted the National Historic Preservation Act of
1966, the Archaeological and Historic Preservation Act
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of 1974, and the Archaeological Resources Protection
Act of 1979, mandating that federal agencies protect cul-
tural, historical, and archaeological sites. These acts all have
an impact on water resource projects.

In 1998, EPA and the U.S. Department of Agriculture (USDA)
released the Clean Water Action Plan as a means to fulfill the
original goal of the Clean Water Act. A key component of the
plan was the development of watershed restoration action
strategies (WRASs). The WRASs addressed watershed res-
toration, including a balance between discharge control for
specific chemicals and prevention of broader water-related
problems, such as wetland loss and habitat degradation.

The Water Quality Financing Act of 2007, which was
passed by the House of Representatives, authorized $14
billion for fiscal years 2008 to 2011 for wastewater state
revolving loan fund programs.

3.1.4 Water for America
Initiative

In fiscal year 2009, the Bureau of Reclamation partnered with
the U.S. Geological Survey (USGS) to implement the Water
for America Initiative. This initiative is intended to secure
water resources for future generations and address decreas-
ing water supplies caused by potential climate change and
population growth. The initiative includes three strategies:

1. Plan for our nation’s water future.

2. Expand, protect, and conserve our nation’s water
resources.

3. Enhance our nation’s water knowledge (www.usbr
.gov/wfa/).

The plan incorporates elements of Water 2025 and the Water
Conservation Field Services Program. Through these two
programs, the Bureau of Reclamation seeks to increase water
conservation, improve efficiency, and help secure future water
supplies through competitive grants and technical assistance.

As part of the Water for America Initiative, USGS plans
to conduct seven regional studies and three focused area
studies every three years between fiscal years 2009 and

2019. The studies will develop water budgets and analyze
hydrologic trends in each of the 21 major river basins in the
nation over the next 10 years.

3.1.5 Federal Agencies
Involved with Water
Resources

A number of U.S. federal agencies are involved in water
resource management and watershed protection. Each
agency has a different focus, but all are involved to some
degree in activities such as data collection, regulation
development, technical oversight, environmental educa-
tion, and planning processes.

Most federal agencies have regional or state liaisons to help
administer their programs. For example, the Environmental
Protection Agency divides the country into 10 regions, with
each region being responsible for the programs within its
respective states.

Environmental Protection Agency

The EPA was established in July of 1970 by the White
House and Congress in response to the growing public
demand for cleaner water, air, and land. EPA is responsible
for environmental protection and pollution control in the
United States. It also is responsible for administering the
Clean Water Act and other acts that involve pollution con-
trol. The agency is involved with writing regulations, which
are mandatory requirements that can apply to individu-
als, businesses, state or local governments, or nonprofit
institutions. EPA's Office of Water is responsible for the
agency's water quality activities, including development of
national programs, technical policies, and regulations relat-
ing to drinking water, water quality, groundwater, pollution
source standards, and the protection of wetlands.

U.S. Army Corps of Engineers

The U.S. Army Corps of Engineers is the federal agency with
primary responsibility for regulating wetlands, although
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EPA, the Soil Conservation Service, and the U.S. Fish and
Wildlife Service all have various levels of responsibility. EPA,
for example, has veto power over the Corps’ decisions to
grant permits.

The Corps works with a wide variety of federal agencies,
including the Federal Emergency Management Agency
(FEMA), EPA, the USDA, and the U.S. Fish and Wildlife
(www.CorpsResults.us).

The Corps manages for long-term public access to, and
use of, the natural resources in cooperation with other
federal, state, and local agencies as well as the private sec-
tor. The two basic goals of Corps stewardship are to man-
age lands and waters to ensure their availability for future
generations, and to help maintain healthy ecosystems and
biodiversity. The Corps’ Natural Resources Management
mission is to manage and conserve those natural resources,
consistent with ecosystem management principles, while
providing quality public outdoor recreation experiences to
serve the needs of present and future generations.

The Corps is responsible for approximately 12 million acres
of lands and waters in 43 different states. These lands and
waters include streams, rivers, lakes, and their adjacent
lands. Most Corps land is east of the Mississippi, and 80%
is near a major city. The Corps manages hundreds of reser-
voirs filled with 330 million acre-feet of water and having
more than 56,000 miles of lake shore. It oversees 5,700
recreation areas at 419 lakes, and about 386 million people
visit Corps lakes each year, including: 130 million for sight-
seeing; 100 million for fishing; 84 million for boating; 49
million for swimming; 46 million for picnicking; 10 million
for hunting; and 5 million for camping. Visitors to Corps
lakes spend nearly $15 billion a year.

Of the Corps’ 600 reservoir projects, 117 are used for water
supply storage. Collectively they provide more than 3 trillion
gallons of water for use by local communities and busi-
nesses. That is enough water to supply the average house-
hold needs of about 85 million Americans for a year.

Environmental considerations are a top priority in all of the
Corps’ water supply projects. An example of the watershed
approach in action is the Corps’ Savannah (GA) River Basin
Comprehensive Study. The goal of this study is to develop,
with the help of key stakeholders, a comprehensive plan
for this watershed that will conserve, restore, and protect

this valuable ecosystem while allowing for the appropriate
balancing of multiple uses.

The Corps is also the largest operator of hydroelectric
power plants in the United States and one of the largest
in the world. Corps hydropower plants provide 100 billion
kilowatt-hours annually, enough power to serve more than
10 million households. Hydropower plants contribute to
cleaner air, because they do not burn fossil fuels, such as
coal and oil, and they are good for the economy because
they provide an inexpensive source of power, which helps
keep energy prices down.

Bureau of Reclamation

The Bureau of Reclamation (BOR) is a water management
agency within the Department of Interior. The BOR's mis-
sion is to manage, develop, and protect water and related
resources in an environmentally and economically sound
manner in the interest of the American public. The National
Reclamation Act was enacted in 1902, and its purpose was
to provide funding for the construction and maintenance
of western irrigation projects. The Bureau of Reclamation
was created to administer this program. Most large water
resource projects in the West have involved BOR.

Natural Resources Conservation
Service

USDA's Natural Resources Conservation Service (NRCS)
provides support for funding watershed-oriented proj-
ects, such as agricultural management practices, wetland
restoration, and land retirement. The NRCS administers
the USDA Watershed Program, which assists federal,
state, and local agencies; local government sponsors;
tribal governments; and other program participants in
protecting watersheds.

Federal Energy Regulatory
Commission

The Federal Energy Regulatory Commission is an inde-
pendent agency that regulates the interstate transmission
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of electricity, natural gas, and oil. Among other responsi-
bilities, the FERC oversees environmental matters related to
hydroelectricity projects. It also regulates the activities of
municipal power systems; federal power marketing agen-
cies, such as the Tennessee Valley Authority; and most rural
electric cooperatives. Most nonfederal hydroelectric proj-
ects in the United States operate under licenses issued by
the FERC. In order to continue operating and maintaining
an existing hydroelectric project, licenses must be renewed
periodically. The relicensing process addresses power gen-
eration, natural resources, recreation, and aesthetics at
hydroelectric projects. (See Figure 3.2.)

FERC is also mandated to protect fish and wildlife habitat,
irrigation, water supply, recreation, flood control, and
water quality. A licensee for a FERC project is responsible
for operating and maintaining these projects in accordance
with license requirements and project purposes.

U.S. Geological Survey

The U.S. Geological Survey is a science organization
that focuses on biology, geography, geology, geospatial

Integrated Licensing Process
{Section 241 of the Energy Policy Act of 2005)

"Section 241 of the Energy Policy Act of 2005 in pink,

Figure 3.2 The Federal Energy Regulatory Commission has developed a process that defines the steps for getting approval for hydroelectric

projects in the United States. Image courtesy FERC.
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FERC Applications

General information that should be included in FERC
applications for proposed nonproject uses or facilities
includes:

1. Description of proposed nonproject use or
facility.

2. Description of affected environment (the
immediate area surrounding the site of the
proposed facility or use).

3. Evaluation of how the proposed use is compatible
with existing uses.

4. Documentation of consultation (copies of
correspondence) with appropriate federal, state,
and local government agencies and interested
nongovernmental organizations (NGOs).

5. A description of the proposed use’s potential impact
on each resource area identified under item (2).

6. A description of any proposed construction,
design, and/ or operation practices or measures
to minimize or mitigate for any specific impacts
identified under item (5).

information, and water. USGS's stated mission is to provide
“reliable scientific information to describe and understand
the Earth; minimize loss of life and property from natural
disasters; manage water, biological, energy, and mineral
resources; and enhance and protect our quality of life” (www
.usgs.gov/aboutusgs). Founded in 1879, UGSG is one of
the nation’s oldest and most respected agencies because
of the data they have produced and made available to the
public for free, and is also the largest water, earth, and
biological science and civilian mapping agency.

3.1.6 Clean Water Act

The Clean Water Act has had a significant impact on how
water resources are managed in the United States. The
major sections of the act are discussed next.

Section 303(d) of the Clean
Water Act

Under Section 303(d), states are required to compile a
list of impaired waters that fail to meet any of their appli-
cable water quality standards or cannot support their
designated or existing uses. This list, called a 303(d) list, is
submitted to Congress every two years. States are required
to develop a total maximum daily load (TMDL) for each
pollutant causing impairment for water bodies on the
303(d) list.

Section 305(b) and the National
Water Quality Inventory: Report to
Congress

Every two years, states are required to submit a report
to Congress detailing the health of their waters. The
305(b) reports evaluate whether U.S. waters meet water
quality standards, what progress has been made in
maintaining and restoring water quality, and the extent
of remaining problems. EPA compiles the data from
the state reports, summarizes them, and transmits the
summaries to Congress. According to the EPA's National
Water Quality Inventory: 2000 Report to Congress
(required under Section 305(b)), approximately 39% of
surveyed rivers and streams were significantly impacted
by pollution.

Section 319 Grant Program

Under Section 319 of the Clean Water Act, EPA awards
funds to states and eligible tribes to implement nonpoint
source management programs. States may use funding
under Section 319 of the Clean Water Act to develop
and implement watershed plans. State and tribal NPS
include a variety of components, including technical
assistance, financial assistance, education, training, tech-
nology transfer, demonstration projects, and regulatory
programs. Each year, EPA awards Section 319(h) funds
to states in accordance with a state-by-state allocation
formula that EPA has developed in consultation with the
states.
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Nine Important Elements

EPA requires that nine elements be addressed in
watershed plans funded with incremental Clean
Water Act Section 319 funds. EPA also recommends
that they be included in all other watershed plans
intended to address water quality impairments.

1. Identification of causes of impairment and
pollutant sources or groups of similar sources that
need to be controlled to achieve needed load
reductions and any other goals identified in the
watershed plan.

2. An estimate of the load reductions expected from
management measures.

3. A description of the nonpoint source
management measures that will need to be
implemented to achieve load reductions and a
description of the critical areas in which those
measures will be needed to implement this plan.

4. Estimate of the amounts of technical and
financial assistance needed, associated costs, and/
or the sources and authorities that will be relied
on to implement this plan.

5. An information and education component used
to enhance public understanding of the project
and encourage early and continued participation
in selecting, designing, and implementing the
nonpoint source management measures that will
be implemented.

6. Schedule for implementing the nonpoint source
management measures identified in the plan that
is reasonably expeditious.

7. A description of interim measurable milestones
for determining whether nonpoint source
management measures or other control actions
are being implemented.

8. A set of criteria that can be used to determine
whether loading reductions are being achieved
over time and whether substantial progress is being
made toward attaining water quality standards.

9. A monitoring component to evaluate the
effectiveness of the implementation efforts over time.

Source: Handbook for Developing Watershed Plans to Restore
and Protect Our Waters, http://epa.gov/nps/watershed_
handbook/pdf/handbook.pdf.

Section 401 of the Clean Water Act

Section 401 requires federal agencies to obtain certifica-
tion from states, territories, or Indian tribes before issuing
permits that would result in increased pollutant loads to a
water body.

Section 404 Discharge of Dredged
and Fill Material

Any project involving discharge of dredged or fill material to
wetlands or other waters of the United States must obtain
authorization from the U.S. Army Corps of Engineers.
Implementation of Section 404 is shared between the Corps
and EPA, with the Corps being responsible for permitting. The
Section 404(b) guidelines are the environmental criteria that
the Corps applies when deciding whether to issue permits.

404 Permits for Wetlands

Activities in wetlands for which 404 permits may be
required include but are not limited to:

¢ Placement of fill material

¢ Ditching activities when the excavated material is
cast to the side instead of being removed

e Levee and dike construction

e Mechanized land clearing

e Land leveling

¢ Most road construction

e Dam construction

Source: U.S. Army Corps of Engineers (http://www.spl.usace
.army.mil/regulatory/)

An International and U.S. National Perspective on Water Resources Laws, Policies, Regulations, and Permits 67



Section 404 of the Clean Water Act requires approval prior
to discharging dredged or fill material into the waters of
the United States, including special aquatic sites, such as
wetlands. A Section 404 permit can be authorized by the
Corps. There are four different types of permits: a standard
individual permit, letter of permission, nationwide permit,
or regional permit. The Corps determines what type of
permit is needed.

A standard individual permit is used for most site-spe-
cific projects. A letter of permission is normally used for
activities in navigable waters where objections are unlikely.

Limitations of the Section 404 Program

¢ [t does not protect wetlands from indirect impacts
that occur within wetland-contributing drainage
areas.

¢ Some isolated wetlands may be outside the
geographic jurisdiction of the program.

e Some activities are not subject to regulation.

¢ Most activities that are subject to regulations are
authorized by general permits, which do not have
as extensive a review process and may not require
any mitigation.

¢ |t does not address cumulative impacts to
wetlands due to the permit-by-permit approach as
opposed to a watershed approach.

¢ |t does not successfully replace wetland types or
functions because mitigation wetlands often are
not of the same type as the wetland they are
replacing, and insufficient guidance exists on how
to mitigate for functions and measure success.

¢ It does not always replace lost wetland acreage
due to high failure rates of mitigation wetlands or
lack of implementation and enforcement.

Source: Tiffany Wright et al., Center for Watershed Protection,
“Direct and Indirect Impacts of Urbanization on Wetland
Quality Wetlands & Watersheds,” prepared for Office of
Wetlands, Oceans and Watersheds, U.S. Environmental
Protection Agency (December 2006).

A nationwide permit is a form of general permit that autho-
rizes a category of activities throughout the nation. Regional
permits are issued by the district engineer for a general
categoryofactivitieswhen:(1)theactivitiesaresimilarinnature
and cause minimal environmental impact (both individu-
ally and cumulatively); and (2) the regional permit reduces
duplication of regulatory control by state and federal
agencies (U.S. Army Corps of Engineers, www.spl.usace
.army.mil/regulatory).

Processing time for individual permits can range from 6
to 24 months. Nationwide permits usually are processed
within 3 to 6 months, although it can take up to 12
months. The time frame is dependent on the complexity
of the impacts on aquatic resources, endangered species,
archaeological or tribal concerns, and workload. A nation-
wide permit applicant will get a response within 45 days
from the Corps, although processing time may be extended
due to endangered species. If a project might affect threat-
ened or endangered species, a biological evaluation will
be required. Applicants requiring an environmental impact
statement average about three years to process.

Typical activities requiring Section 404 permits are:

¢ Depositing fill, dredged, or excavated material in
waters of the United States and/or adjacent wetlands.

¢ Grading or mechanized land clearing of wetlands.

¢ Placement of spoils from ditch excavation activities in
wetlands.

Processing Steps for Individual Permits
(U.S. Army Corps)

1. Preapplication consultation (optional).

2. Applicant submits Joint Aquatic Resource Permits
Application form.

3. Application received and assigned identification
number.

4. Public notice issued (within 15 days of receiving all
information).

5. Comment period of 15 to 30 days depending on
the nature of the activity.

(continues)
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(continued)

6. Proposal is reviewed by Corps and the public;
special interest groups; and local, state, and
federal agencies.

7. Corps considers all comments.
8. Other federal agencies are consulted, if appropriate.

9. District engineer may ask the applicant to provide
additional information.

10. Public hearing is held, if needed.
11. District engineer makes a decision.

12. Permit is issued, or permit is denied and
applicant is advised of the reason(s).

¢ Soil movement during vegetation clearing in wetlands.

¢ Site development fills for residential, commercial, or
recreational developments.

¢ Construction of revetments, groins, breakwaters, beach
enhancement, jetties, levees, dams, dikes, and weirs.

¢ Placement of riprap and road fills.

Nationwide, only 3% of all 404 requests for permits are
denied.

Security

September 11, 2001 raised concerns about the security
of the nation’s water supply. In the wake of those events,
the Corps heightened its levels of security to ensure the
safety of the water supply. Steps taken include:

¢ Providing specialized training for all personnel at
Corps water supply facilities

® Reevaluating security requirements at each site
and making any necessary changes

¢ Upgrading physical security precautions such as
fences, gates, and electronic monitoring systems

¢ Coordinating security plans with local and
national law enforcement agencies

3.1.7 Water for America
Initiative

In the fiscal year 2009 budget, President Bush provided
$21.3 million for the Water for America initiative. This
initiative contains three basic strategies: (1) plan for
our nation’s water future; (2), expand, protect, and
conserve our nation’s water resources; and (3) enhance
our nation’s water knowledge. The Department of
Reclamation would focus on the first two, and USGS will
handle the third. The goal is to stretch water supplies
while managing and protecting endangered species.
Reclamation will also address using climate change
information in operations and planning through project-
specific studies. USGS will conduct a national water
census and groundwater research project and enhance
stream-gauging networks. The national water census
will be the first in more than 30 years and is expected to
be completed in 2012.

In 2009, the Bureau of Reclamation started working with
state and local partners to implement several comprehen-
sive water supply and demand studies in the West. These
basin studies are critical to understanding how best to
deal with water resources there. The studies focused on
major river basins and subbasins in selected parts of the
17 western states.

3.1.8 Flood Management at
a National Level

Floods inflict more damage and economic losses on the
United States than any other natural disaster. Perhaps one
reason is that more than 30 million Americans live in areas
that have a high risk of flooding. In response to the rising
cost of taxpayer-funded disaster relief for flood victims
and the increasing amount of damage caused by floods,
Congress created the National Flood Insurance Program
(NFIP) in 1968. To date, NFIP has paid about $12 billion in
insurance claims, primarily from policyholder premiums,
that otherwise would have been paid, at least in part, from
taxpayer-funded disaster relief.
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During the 10 years from fiscal year 1992 through fiscal
year 2001 (October to October), according to the U.S.
Army Corps of Engineers (GAO, 2001), flooding caused
over 900 deaths and resulted in approximately $55 bil-
lion in damages. In recent years, the cost of flooding has
increased significantly. The greatest loss was in 2005, when
loss payments totaled $17.4 billion, in large part because
of flooding caused by hurricanes Katrina, Rita, and Wilma.
If recent years have shown us anything, it is that problems
with flooding and other natural disasters are escalating, as
are costs.

Why is flooding such a big problem? One reason is that
FEMA flood maps, which are intended to define areas
that are “safe” from flooding, are outdated and inaccurate.
Flood maps have been produced and used for 35 years,
and many have not been updated in years. According to
FEMA, nearly 70% of the nation’s approximately 92,222
flood maps are more than 10 years old, and many no lon-
ger accurately reflect current flood hazard risks. As a result,
development is occurring in areas that should be restricted
because of flooding hazards, and about 25% of all flood
insurance claims occur in areas mapped as being moderate
or minimal flood risk.

As part of the nation's effort to reduce the damages
and costs of flooding, Congress appropriated funding
to update flood maps across the entire country. FEMA's
Flood Map Modernization (Map Mod) program is a five-
year initiative to update the nation’s flood hazard maps,
expected to cost more than $1 billion. FEMA intends to
use advanced technologies to produce more accurate and
accessible digital flood maps available on the Internet.
The basic idea is to reduce the damages and costs of
flooding across the nation. FEMA Map Modernization is
part of a larger effort to develop a National Spatial Data
Infrastructure, which is a physical, organizational, and
virtual network that enables the development and shar-
ing of digital geographic information resources across
the country.

One objective of FEMA's Map Modernization program is
making digital floodplain data available in Geographic
Information Systems (GIS) formats. GIS experts are
expecting this attempt to be much more successful than
their first attempt in the 1990s, when FEMA made an
effort to transfer paper maps to digital format. This

process produced the Q3 Flood Data, which has been
the foundation for many design and planning decisions
over the years.

To be blunt, many problems are associated with Q3 Flood
Data. The horizontal control of Q3 flood data is consistent
with that used for 1:24000 scale maps, which is acceptable
for community- and regional-scale planning projects but is
not useful for site-scale projects.

The Q3 data displayed on FEMA's Web site (www.fema.
gov/hazard/flood/index.shtm) was developed by scan-
ning existing original paper maps, called Flood Insurance
Rate Maps (FIRMs). A major limitation is that during
the digitizing and postprocessing steps, edge-match-
ing errors, overlaps, deficiencies in coverage, and other
types of problems were not corrected. As a result, maps
developed with Q3 data are not nearly as accurate or
have the same level of detail as FIRM maps. Base flood
elevations, river cross sections, study data, river depths,
and other features were missing from Q3 data, and qual-
ity control was not very good.

FEMA's Q3 data are being replaced through Map Mod by
Digital Flood Insurance Rate Maps (DFIRMs). These new
maps greatly improve the quality and put information in
the hands of people who need it. The mapping technolo-
gies used in Mod Map have improved significantly in recent
years, and the newer DFIRM maps created through Map
Mod are much more detailed and accurate than Q3 or the
earlier paper maps. The DFIRM Database is derived from
FEMA's Flood Insurance Studies and previously published
Flood Insurance Rate Maps (FIRMs) as well as flood hazard
analyses and additional mapping data accumulated in
many locations. This approach helps increase the quality,
reliability, and availability of flood hazard maps and data.
(See Figure 3.3.)

To ensure that the new DFIRMs provide the required
level of accuracy, FEMA is incorporating data from a
variety of sources. These include: the National Digital
Orthophoto Program (NDOP); National Elevation Dataset
(NED) and Similar USGS Holdings; National Agriculture
Imagery Program (NAIP); NRCS/USDA Geospatial Data
Gateway; Seamless Data Distribution System, U.S. Census/
TIGER (Topologically Integrated Geographic Encoding and
Referencing system) Accuracy Improvement Project; National
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Figure 3.3 FEMA produces maps that identify flood zones. Each zone has a different potential of flooding. This information helps determine
where to build, where not to build, and where special consideration needs to be taken when considering potential building options. Image
courtesy FEMA.

Geospatial-Intelligence Agency; and the National Oceanic
and Atmospheric Administration Coastal Services Center.

The NDOP was introduced in 1993 by a consortium of federal
agencies to develop, distribute, and maintain orthoimages as
part of the public domain. In 2002, USDA started the NAIP
to support the continued development of its own GIS pro-
gram through the acquisition of digital orthophotography.

The USGS NED has been developed by merging the highest-
resolution, best quality elevation data available across the
United States into a seamless raster format.

Maps through the Map Mod program can be accessed from
a number of sources. Flood maps and data may be obtained
online via the FEMA Mapping Information Platform. Many
municipalities and organizations have incorporated FEMA's
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Map Modernization program into Web-based services that
make the data available to constituents. Flood maps for any
community participating in the NFIP are available through the
Community Map Repository, which typically is maintained by
a local floodplain administrator or a local planning and zon-
ing department. Landscape architects working on projects
for one of these communities may find this to be the easiest
way to get access to the most up-to-date flood maps.

The Geospatial Data Gateway provides access to DFIRM
maps as well as many other data layers. Some of these data
are updated weekly, while other data may be slightly older.
FEMA's Web Map Service (WMS) provides public access
to Nationwide DFIRM and Q3 Flood Maps. Maps gener-
ated by WMS can also be viewed in Google Earth. Many
landscape architects have already discovered that Google
Earth is a great tool for presenting information, and being
able to add flood hazard data just provides one more
layer of valuable geospatial information.

Information about the best resolution available and meth-
ods of production are available through the USGS GISDATA
(http://gisdata.usgs.net/website/USGS_GN_NED_DSI/viewer
.htm) Map Studio Interactive Viewer. This is one site that land-
scape architects need to save as a “Favorite” Internet site.

At the end of 2007, FEMA performed a midprogram evalu-
ation to determine whether the Map Mod program was
meeting expectations. FEMA is continuing to make changes
in how itisimplementing Map Mod in order to produce more
accurate flood maps. At the time of the evaluation, more than
50% of flood maps across the nation had been updated.
FEMA estimates that access to better flood data from the
Map Modernization program will save more than $160 bil-
lion over the next 40 years.

U.S. Army Corps Environmental
Operating Principles

e Strive to achieve environmental sustainability. An
environment maintained in a healthy, diverse, and
sustainable condition is necessary to support life.

® Recognize the interdependence of life and
the physical environment. Proactively consider
environmental consequences of Corps

programs and act accordingly in all appropriate
circumstances.

e Seek balance and synergy among human
development activities and natural systems by
designing economic and environmental solutions
that support and reinforce one another.

e Continue to accept corporate responsibility
and accountability under the law for activities and
decisions under our control that impact human
health and welfare and the continued viability of
natural systems.

e Seek ways and means to assess and mitigate
cumulative impacts to the environment; bring
systems approaches to the full life cycle of our
processes and work.

¢ Build and share an integrated scientific, economic,
and social knowledge base that supports a greater
understanding of the environment and impacts of
our work.

¢ Respect the views of individuals and groups
interested in Corps activities, listen to them
actively, and learn from their perspective in the
search to find innovative win-win solutions to the
nation’s problems that also protect and enhance
the environment.

Source: www.usace.army.mil/Environment/Pages/eop.aspx.

3.1.9 National Drought Policy

Efforts to deal with drought in the United States have been
somewhat haphazard. A couple of years ago, EPA deter-
mined that there were 47 federal programs with elements
of drought-related relief, focusing primarily on agricultural
droughts. UDSA had relief programs for drought assistance,
but the application process was too cumbersome; it took
too long to make decisions, and placing federal decision
making outside the local level often results in disconnection
among the applicants and the programs (National Drought
Policy Commission Report 2002, http://govinfo.library.unt
.edu/drought/finalreport/fullreport/ndpcfullreportcovers/
ndpcreportcontents.htm).
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Five Major Goals of the National
Drought Policy Commission Report

Goal 1. Incorporate planning, implementation of
plans and proactive mitigation measures,
risk management, resource stewardship,
environmental considerations, and public
education as the key elements of effective
national drought policy. In accordance
with the law that established the National
Drought Policy Commission, we strongly
endorse preparedness as a key element to
reduce the impacts of drought on individuals,
communities, and the environment. We
believe that sound drought preparedness
programs will lessen the need for future
emergency financial and other assistance.

Goal 2. Improve collaboration among scientists and
managers to enhance the effectiveness of
observation networks, monitoring, prediction,
information delivery, and applied research
and to foster public understanding of and
preparedness for drought. Our findings
and conclusions point out the value of
observation networks, monitoring, prediction,
information gateways and delivery, and
research to drought preparedness.

Goal 3. Develop and incorporate comprehensive
insurance and financial strategies into
drought preparedness plans. We firmly
believe that preparedness measures will
go far to reduce this country’s vulnerability
to drought. But we also recognize that
prolonged drought causes risks that the best
preparedness measures may not adequately
address. The most significant approach
to such risks in recent years is the federal
government'’s crop insurance program for
farmers. We had neither the expertise nor
the resources to investigate thoroughly
the various options to improve the crop
insurance program or the other proposals
that were presented during our deliberations

and that Congress has grappled with

for many years. (Our full report briefly
describes several alternative plans.) Still,
we are convinced that sound insurance
and financial strategies are essential if the
country is to move away from emergency
relief in response to widespread drought.

Goal 4. Maintain a safety net of emergency relief
that emphasizes sound stewardship of
natural resources and self-help. The
Commission recognizes that over time,
efforts at drought preparedness, including
risk management, can greatly reduce, but
not eliminate, drought-related emergencies.
Response measures for drought
emergencies can also be useful to respond
to water shortages not caused by drought.
In all cases where emergency response is
required, it should be effective and timely.

Goal 5. Coordinate drought programs and response
effectively, efficiently, and in a customer-
oriented manner. Federal drought programs
are a collection of initiatives run by different
departments and agencies. Every analysis
of past responses to major droughts notes
that these programs need to be better
coordinated and integrated. We strongly
agree. In accordance with our policy
statement, we emphasize that coordination
of federal drought programs should ensure
effective service delivery.

Source: http://govinfo.library.unt.edu/drought/finalreport/full
report/ndpcfullreportcovers/ndpcreportcontents.htm.

On July 16, 1998, Congress passed the National Drought
Policy Act of 1998, Public Law 105-199, which established
the National Drought Policy Commission. The commission
was charged by Congress to provide advice and recom-
mendations on the creation of an integrated, coordinated
federal policy that would provide a plan for preparing and
responding to serious drought emergencies. The National
Drought Policy Commission’s report to Congress and the
president, “Preparing for Drought in the 21st Century,”
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emphasizes the need for drought planning at the state,
local, federal, and tribal levels of government (http:/
drought.unl.edu/pubs/pfd2 Tmain.html).

Among other tasks, the commission was to help the federal
government coordinate its more than 80 drought-related
programs and to integrate them with ongoing nonfederal
drought programs.

The National Drought Policy Commission recommended
that Congress pass a National Drought Preparedness Act,
which would establish a nonfederal/federal partnership
through a National Drought Council. The primary function
of the council would be to ensure that the goals of national
drought policy are achieved. The commission’s drought pre-
paredness plans contain three critical components (http://
drought.unl.edu/mitigate/status.htm):

1. A comprehensive early-warning system
2. Risk and impact assessment procedures
3. Mitigation and response strategies

Consultative Group on International

The Consultative Group on International Agricultural
Research (CGIAR), a network of 60 governments,
private foundations, and international and regional
organizations, was established to apply science to the
challenge of feeding the world’s poor and enabling
them to escape poverty. CGIAR has identified three
strategic objectives that define the need for action:

1. Food for People. Create and accelerate
sustainable increases in productivity and
production of healthy food by and for the poor.

2. Environment for People. Conserve, enhance,
and sustainably use natural resources and
biodiversity to improve the livelihoods of the poor
in response to climate change and other factors.

3. Policies for People. Promote policy and
institutional change that will stimulate agricultural
growth and equity to benefit the poor, especially
rural women and other disadvantaged groups

Source: www.cgiar.org.

The National Drought Policy Commission (http://govinfo
Jibrary.unt.edu/drought/finalreport/fullreport/ndpcfull
reportcovers/ndpcreportcontents.htm) recommended three
guiding principles for a national drought policy. They are:

1. Favor preparedness over insurance, insurance over
relief, and incentives over regulation.

2. Set research priorities based on the potential of the
research results to reduce drought impacts.

3. Coordinate the delivery of federal services through
cooperation and collaboration with nonfederal
entities.

The emphasis of these principles is on preparedness and
shifting away from a policy that emphasized drought
relief. This forward-looking approach will greatly reduce
this nation’s vulnerability to the impacts of drought.
Preparedness includes drought planning, plan implemen-
tation, proactive mitigation, risk management, resource
stewardship, consideration of environmental concerns, and
public education.

National Drought Policy

Studies show that the federal government spent $3.3
billion responding to the drought of 1953 to 1956, at
least $6.5 billion during the 1976-1977 drought, and
about $6 billion during the 1988-1989 drought. The
National Drought Policy Commission contends that
the nation’s vulnerability to the impacts of drought
can be reduced by making preparedness the corner-
stone of national drought policy.

Source: National Drought Policy Commission Report
http://govinfo.library.unt.edu/drought/finalreport/fullreport/
ndpcfullreportcovers/ndpcreportcontents.htm.

3.2 PLANNING AT THE
STATE LEVEL

In addition to federal regulations, most states have enacted
laws to protect the natural resources within their jurisdiction.
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Water Planning Regions

Figure 3.4 The state of Georgia is broken down into 11 water
planning regions. Each region is able to establish its own goals and
objectives. Image courtesy Georgia Department of Water Resources.

As a general rule, water resource planning and policies are
implemented at the state level rather than at the federal
level. Each state in the United States has the right to establish
its own water resource approach. The federal acts have laid
the foundation of how water resources are dealt with in the
United States; it is up to the states to implement
the actions. State regulations can be more restrictive than
federal regulations.

States have the authority and responsibility to enforce
state water quality laws. They also are authorized by the
Environmental Protection Agency to enforce the Federal
Clean Water Act. States are encouraged to develop state-
wide watershed planning frameworks that integrate and
coordinate plans for large drainage areas. (See Figure 3.4.)

This watershed protection approach is used to develop
statewide instream flow policies to protect water quantity
and quality. Plans for larger basins should contain general
or summarized quantitative analyses of current water qual-
ity problems and the load reductions or other benefits
expected from the implementation of best management
practices (BMPs) (EPA, 2008).

Under the 1996 amendments to the federal Safe Drinking
Water Act, states must conduct source water assessments
and produce studies or reports that provide basic informa-
tion about public drinking water. States establish nonpoint
source programs that are intended to reduce (NPS) pol-
lution statewide. State NPS programs provide technical
assistance as well as funding sources for developing and
implementing specific plans.

10-Step Planning Process for
Developing a Drought Policy
1. Appoint a drought task force.

2. State the purpose and objectives of the drought
preparedness plan.

3. Seek stakeholder participation and resolve
conflict.

. Inventory resources and identify groups at risk.
. Prepare/write the drought preparedness plan.
. Identify research needs and fill institutional gaps.

. Integrate science and policy.

o N o v b

. Publicize the drought preparedness plan and
build public awareness.

9. Develop education programs.
10. Evaluate and revise drought preparedness plan.

Source: National Drought Mitigation Center, University of
Nebraska, Lincoln, Nebraska (http://drought.unl.edu).

Many states have statewide watershed management pro-
grams that provide an evaluation of cumulative effects on
water resources. Many utilize unified watershed assess-
ments, which were initiated in 1999 to assess the health of
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watersheds and identify watersheds in need of restoration
or repair. These assessments also identified watersheds that
need preventive action to sustain water quality using ongo-
ing state, tribal, and federal programs as well as pristine or
sensitive watersheds on federal lands that need an extra mea-
sure of protection. The results of these assessments can be
obtained from state environmental protection departments.
A detailed description of water quality models of all types
can be found in the Compendium of Tools for Watershed
Assessment and TMDL Development (EPA, 1997).

Evaluation Factors for USACE
Permitting

The decision whether to grant or deny a permit is
based on a public interest review of the probable
impact of the proposed activity and its intended use.
Benefits and detriments are balanced by considering
the effects on items such as:

e Conservation

e Economics

¢ Aesthetics

¢ General environmental concerns
¢ Wetlands

e Cultural values

¢ Flood hazards

¢ Floodplain values

¢ Food and fiber production

¢ Navigation

¢ Shore erosion and accretion

e Recreation

e Water supply and conservation

e Water quality

e Energy needs

e Safety

¢ Needs and welfare of the people
¢ Considerations of private ownership

Source: U.S. Army Corps of Engineers (http:/Avww.spl.usace
.army.mil/regulatory/).

Many states and counties have developed wetland protec-
tion programs, which vary considerably from state to state.
State water quality reports are produced to meet federal
requirements.

3.2.1 State Actions

Each state makes its own decision about how to address
water resource issues. Florida delegates drought plan-
ning to local authorities. South Carolina, North Carolina,
Virginia, West Virginia, and Kentucky all have drought
plans that emphasize response. Georgia’s drought plan
emphasizes mitigation. As of October 2006, Alabama,
Arkansas, Louisiana, Mississippi, and Tennessee were all
states without a comprehensive drought plan (http:/
drought.unl.edu/mitigate/status.htm).

Examples of what some states are doing to protect their
water resources are presented next.

Alabama

In the past, Alabama lacked any significant laws to man-
age water resources within the state. The Southern
Environmental Law Center and the Alabama Rivers Alliance
produced the first Alabama Water Agenda in January
2007. The agenda identified the six most urgent threats
to the state’s waters and outlined a series of actions. The
threats include a lack of coordination among the many
agencies responsible for water protection, a lack of fund-
ing for these agencies, and lax enforcement of rules and
regulations. Other threats identified in the report include
suburban sprawl, stormwater pollution, and growing water
consumption (Alabama Rivers Alliance, 2007).

The Alabama Water Agenda is designed to create perma-
nent change in water policy through proactive solutions.
Water threats were reduced to the 16 primary threats most
frequently submitted. A peer review group narrowed the
focus to the 6 priority threats that represent the great-
est detrimental impacts to the state’s waters and have
the most potential for success through policy change.
The priority threats identified are: agency coordination
and enhancement, enforcement, state agency funding,
instream flow, stormwater, and suburban sprawl (www
.AlabamaWaterAgenda.com).

Alabama has more than 77,000 miles of rivers and
streams, making in seventh in the nation in total miles of
perennial streams. The Alabama Department of Environ-
mental Management has only fully assessed about 7%
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of Alabama’s rivers. Forty percent of the assessed streams
are considered to have poor water quality. Groundwater
from underground aquifers also supplies many Alabamians
with drinking water and often provides a base flow to sur-
face waters. Alabama also ranks fifth in the nation in plant
and animal diversity and first in freshwater species diversity,
but it also ranks fourth in the number of species at risk for
extinction (Alabama Rivers Alliance, 2007).

The Alabama Office of Water Resources is responsible for
tracking water withdrawals, developing a drought man-
agement plan, and water negotiations with other states.
The Alabama Department of Environmental Management
ensures water quality standards are met and issues permits
to the facilities discharging pollutants into the state’s rivers.

In February 2008, when a federal appellate court panel
ruled the state of Georgia could not withdraw as much
water as it had planned from Lake Lanier, Governor
Bob Riley of Alabama hailed the decision as “one of the
most important in the history of the State of Alabama”
("Southeast Drought Update,” 2008).

Arkansas

Arkansas residents utilize groundwater to meet approxi-
mately 93% of their water needs. That is problematic
because there is no balance, and if the alluvial aquifers
are no longer recharged at the same rate as in the past,
the state could face some significant water shortages. It is
already being predicted that the eastern part of the state
will experience severe shortages in the next few years.
When it comes to surface water use, Arkansas relies on a
“reasonable use riparian doctrine.”

California

The state of California has some of the most stringent water
regulations in the nation. The Water Plan is a strategic plan-
ning document that describes the role of state government
and the growing role of California’s regions in managing the
state’s water resources. The 2009 update of the plan inte-
grates information and recommendations from companion
planning documents of other state agencies. The California
Department of Transportation has one of the most compre-
hensive stormwater drainage systems in the country. It has
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Figure 3.5 The California Department of Fish and Game provides
grants for improving fish habitat and access in the state. This map
shows the San Francisco Bay and Central Coast projects. Image
courtesy California Department of Fish and Game.

implemented a Storm Water Task Force to monitor, train, and
educate its employees and hired contractors about pollution
prevention measures. The California Watershed Assessment
Manual was developed to help watershed groups,
local agencies, and private landowners evaluate the condi-
tion of their watershed. (See Figure 3.5.)

The California Water Plan provides a framework to help
decision makers determine what is best for the state’s
water future. The goal of the plan is “to meet Water Code
requirements, receive broad support among those partici-
pating in California‘s water planning, and be a useful docu-
ment for the public, water planners throughout the state,
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legislators, and other decision makers” (www.waterplan
.water.ca.gov). The Water Plan is updated every five years,
but because water resources are such a major issue in
the state, Department of Water Resources (DWR) and the
California Water Plan publish a weekly electronic newslet-
ter with updated information about the plan.

Colorado

In April 2008, Governor Bill Ritter signed House Bill 1280,
which is referred to as the Healthy Rivers Act. This pro-
gram allows the Colorado Water Conservation Board to
acquire consumptive use water rights and to leave that
water in the rivers. This approach can help protect the
natural environment of streams and rivers in the state. In
the West, a use-it-or-lose-it constraint has been the norm,
but this approach made it risky for water rights owners to
lease water to the state because of their concern that they
would lose rights to the water. The Healthy Rivers Act gives
assurance to water rights owners that their rights will not
be diminished for the time it is leased to the instream flow
program (”Water Projects Writ Large,” 2008).

Florida

The challenge for Florida is how to ensure an adequate
water supply for its growing population while also pro-
tecting the state’s natural resources. The Florida Water
Resources Act of 1972 is considered to be one of the
most comprehensive and progressive water regulatory
systems in the nation. The Florida Legislature mandates
that water management districts must identify sustainable
water source options and evaluate alternative water supply
options that can be developed and used while still protect-
ing environmental resources.

In 1993, Florida and the U.S. government initiated a 20-
year project that would appropriate up to $7.8 billion for
the U.S. Army Corps of Engineers to review, revise, and
carry out changes to restore the Everglades (Totty, 2003).
This is just one of the major efforts within the state.

Preservation 2000 and Florida Forever are two programs
that are intended to acquire and preserve natural lands.
The state has led the country in establishing these types

of programs. The Century Commission for a Sustainable
Florida’s Critical Lands and Waters Identification Project is
intended to identify Florida’s critical natural resources and
make this information available for strategic conservation
planning at a statewide and regional scale (Totty, 2003).

The Century Commission for a Sustainable Florida is a
strategic planning commission appointed by the governor
to help outline Florida's future growth and development.
The commission identified 12 critical issues that will chal-
lenge Florida during the next two generations. These
essential state interests are organized under three general
categories: (1) Providing for Floridians’ Needs; (2) Preparing
Floridians for Careers; and (3) Protecting Florida’s Lands
and Waters. This last category recognizes that Florida is an
exceptional state, endowed with natural beauty, and that
the vitality of the state depends on preserving and conserv-
ing this natural landscape.

The Water Resources Management for 2050 Plan, devel-
oped by the Hesperides Group, LLC, (2007) recommends
a series of actions for water supply planning, integrated
water resource management, and land use development.
The idea is to create a long-range vision for water resources
in Florida.

Georgia

In Georgia, House Bill 237 was passed in 2004, enacting
the state’s “Comprehensive State-wide Water Management
Planning Act.” The plan was approved by the Water
Council on January 8, 2008.

The Georgia management plan is designed to help guide
the stewardship of the state’s precious water resources
to ensure that those resources continue to support
growth and prosperity statewide while maintaining healthy
natural systems. The plan is based on three fundamental
concepts:

1. Completion of a thorough evaluation of resources,
called Water Resource Assessments

2. Development of regional forecasts of water supply
and assimilative capacity demands

3. Development of regional water development and
conservation plans
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Georgia's current approach to water management has
evolved in a piecemeal fashion over several decades. Many
states have taken the same approach, and their policies
have mainly been reactionary, responding to federal leg-
islative mandates and immediate water issues, such as
droughts and water wars.

The purpose of the Georgia Comprehensive State-wide
Water Management Plan, as stated by the Official Code of
Georgia (0.C.G.A.) Section 12-5-522(a), is to guide Georgia
in managing water resources in a sustainable manner to
support the state’s economy, to protect public health and
natural systems, and to enhance the quality of life for all
citizens. The plan lays out statewide policies, management
practices, and guidance for regional planning. The provi-
sions of this plan are intended to guide river basin and aqui-
fer management plans and regional water planning efforts
statewide in a manner consistent with O.C.G.A. Sections
12-5-522 and 12-5-570 et seq. (Georgia Comprehensive
State-wide Water Management Plan, 2008).

Georgia’s water management plan depends on the devel-
opment of regional water plans. Regional forecasts of
future needs for water and wastewater will be completed,
then management practices will be identified to ensure
that these anticipated demands can be met. Once the
regional plans have been developed and approved, they
will be implemented primarily by various water users in the
region.

Some of these statewide policies and practices will require
rulemaking, and this will involve a public involvement
process before being brought to the Board of Natural
Resources for consideration.

In Georgia, Act 599 of the O.C.G.A. requires that governing
authorities of Georgia‘’s 159 counties and 537 incorporated
municipalities adopt comprehensive ordinances governing
land-disturbing activities within their boundaries (Georgia
Soil and Water Conservation Commission, 2000).

lowa

The state of lowa updated its State Water Plan in 2007.
Prior to this plan, the last comprehensive state water plan in
lowa was completed in 1978. A number of different reports
that included water resources had been developed over the
years, but they are not integrated, and the general con-

sensus was that lowa was not taking adequate care of its
water resources. The new State Water Plan states: “Further
deterioration of lowa’s water quality is no longer acceptable
to the citizens of lowa.” The stated goal of implementing
a state water plan is “to establish a framework in which to
restore, preserve, and enhance lowa’s ground and surface
water resources” (2007 lowa State Water Plan Proposal).

Kansas

The Kansas Water Plan is used to coordinate the man-
agement, conservation, and development of the water
resources of the state. The Kansas Water Office is respon-
sible for developing the water plan, which is produced in
three volumes, plus a state atlas. The most recent version
of the plan was approved on January 29, 2009.

Louisiana

The Louisiana Department of Environmental Quality is
responsible for administering the state's stormwater pro-
gram. Louisiana requires that stormwater be treated to
the maximum extent practicable. Many of the state’s large
municipalities have stormwater programs in place, and addi-
tional treatment requirements are possible at the local level.

Maryland

The state of Maryland is very environmentally conscious, in
large part because of its location around the Chesapeake
Bay. The state’s Bay Watershed Restoration Strategy is the
largest interstate effort in the nation to control nutrient
pollution to a major water body. The strategy includes new
water quality standards that require specific nutrient-load-
ing limits in all new or renewed permits for Maryland’s major
wastewater treatment plants in the Chesapeake Bay water-
shed. The Maryland Department of the Environment (MDE)
completed and released to the public the TMDL Guidance
for Local Government. The document is a planning aid to
counties and municipalities throughout the state.

Maryland’s Department of the Environment developed the
Environmental Benefits District (EBD) initiative to identify
locations where state government and stakeholders could
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focus their resources to benefit targeted communities. In
2004, MDE designated its first EBDs in portions of central
Prince George's County and eastern Baltimore City. Since
then MDE has infused a variety of program resources into
those districts, including grant funding of nearly $1 million
to improve conditions in those areas. These areas have
sensitive populations (e.g., children, elderly) and are at
increased health risk from high levels of toxic air pollution
as well as concerns about water resources.

In 2006, MDE established two additional EBDs: Easton
and 10 neighborhoods in the Monroe-Fulton corridor of
southwest Baltimore City, including Washington Village. To
date, MDE has contributed funding as part of a matching
grant for stormwater management projects in Watershed
263 and allocated additional funding to rehabilitate an
environmentally friendly community playground. Funds for
these projects came from the Maryland Used Tire Cleanup
and Recycling Fund, which collects 80 cents per tire at
purchase (MDE Accomplishments Report, 2002-2006).

Nevada

The Nevada State Water Plan is published in five volumes,
which include (1) a summary; (2) background and resource
assessment; (3) water use and forecasts; (4) water planning
and management issues; and (5) appendices that include
supporting materials. All data in the appendices are acces-
sible digitally by a Web-based state map, allowing direct
access to individual state and county water and socioeco-
nomic data and forecasts (http://water.nv.gov).

New Mexico

New Mexico's water law is based on the doctrine of prior
appropriation. All waters in the state are considered to be
public and therefore have to meet the “beneficial use”
requirement for appropriation. There are five basic com-
ponents of a water right in New Mexico: point of diver-
sion, place of use, purpose of use, owner, and quantity.
Although these factors are statutorily required, the state
engineer makes decisions about the appropriation and
distribution of the state’s surface and groundwater
resources. Since the state does not have an official list of
approved beneficial uses, the state engineer has broad
authority on making that determination.

The groundwater procedures closely parallel those for sur-
face water, with underground water basins being regulated
by the state. There are currently 33 declared underground
water basins throughout New Mexico. In the state, water
rights are considered real property and can be bought or sold
separately. New Mexico’s instream flow program is complex,
unclear, and continually evolving. The state does not have a
legislated instream flow program, and instream flow is not
a recognized beneficial use; however, in a 1998 court case,
the New Mexico Attorney General determined that the
transfer of a consumptive water right to an instream flow
right is allowable under state law (www.ose.state.nm.us/
water-info/NMWaterPlanning/2003StateWaterPlan.pdf).

Pennsylvania
Pennsylvania’s Act 167 requires that watershed assess-
ments consider these objectives:

¢ Implement nonpoint source pollutant removal
methodologies

¢ Maintain groundwater recharge
¢ Reduce channel erosion

¢ Manage overbank flood events
* Manage extreme flood events

The state established four subtasks to achieve these
objectives:

1. Determine the water quality design storm.

2. Determine the runoff capture for a selected design
storm (recharge/retention).

3. Establish streambank erosion requirements.

4. Establish overbank/extreme event requirements
(release rates).

(Pennsylvania DEP, 1999. www.depweb.state.pa.us/dep/
cwp/view.asp?a=3&q=503359.)

Texas

In the 1950s, the Texas Legislature created the Texas Water
Development Board (TWDB) to develop water supplies and
prepare plans to meet the state’s future water needs. The
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Average Annual Runoff,
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Figure 3.6 This map of Texas shows the average annual runoff

from a typical 2,000-square-foot roof. The eastern part of the state
receives considerably more rainfall, so the potential for rainwater
harvesting is greater in these areas. Image courtesy Texas Department
of Water Resources.

state’s water plan is coordinated by 16 Regional Water
Planning Groups that each is in charge of one of the
regional water planning areas. TWDB is required to review
and update the planning area boundaries at least once
every five years (www.twdb.state.tx.us). (See Figure 3.6.)

Virginia

In 2003, following a major drought, the state of Virginia
passed its Water Supply Planning Act. This act required devel-
opment of a comprehensive statewide water-supply planning
process to address potential issues associated with water
resources. The act was to ensure adequate and safe drink-
ing water, protect other beneficial uses of the state’s waters,
and promote alternative water sources. The state requires
communities to develop a water resource map, and these
plans will be assembled to develop a statewide plan outlining
needs and potential alternatives for the next 30 years.

One of the primary regulatory mechanisms in Virginia is
the Erosion and Sediment Control program, which requires
developers to submit and implement a plan that identi-
fies how they are reducing sedimentation. The program
includes 19 guidelines that function as the minimum stan-
dards for all submitted plans (http://dls.virginia.gov/pubs/
legisrec/2009/water1.htm).

Wyoming

In 1997, the Wyoming Legislature directed the state’s Water
Development Office to conduct a water planning feasibility
study with the assistance of the University of Wyoming.
Two years later, a planning framework was recommended
and authorized the Bear and Green Basin Plans, and five
other river basin plans were developed in subsequent years.
The water plan for the seven basins has two objectives: (1)
conduct an inventory and project future water needs, and
(2) provide future water resource planning direction to the
state of Wyoming (http://wwdc.state.wy.us).

Wetland Resource Vulnerability

The Association of State Wetland Managers recom-
mends that states take these actions to evaluate and
reduce the extent of potential vulnerability to their
wetland resources:

¢ Monitor Corps’ determinations to evaluate the
extent of reductions in Clean Water Act jurisdiction.

e Document any associated loss of wetland benefits
and services.

e Work with the Corps and EPA to determine
“significant nexus” guidance.

¢ Provide clarifying information to the public
regarding regulated waters.

¢ Expand state permitting programs or water quality
statutes to provide protection for vulnerable
streams and wetlands.

Source: Adapted from Christie and Kusler, 2006.
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3.3 REGIONAL
APPROACHES TO WATER
MANAGEMENT

Because water issues do not respect political boundaries,
water resources often have to be addressed at a regional
scale. Even when a river defines the boundary between
two states, for example, the states have to work together
to manage the water—or they spend a lot of time in court.
Taking legal actions certainly has been a common approach
in recent years.

There are a number of regional approaches to addressing
water resources. Some involve states working together,
some involve counties and cities within a state combining
forces, and some involve nonprofit organizations that take
a broad, watershed approach to water management.

3.3.1 Interstate Water
Commissions

There is often a need for different states to work together
to address water quality and water quantity issues. Interstate
water commissions seek to do just that. Some examples
of interstate commissions include: New England Interstate
Water Pollution Control; Interstate Commission on the
Potomac River Basin; Ohio River Valley Water Sanitation
Commission; Susquehanna River Basin Commission;
Delaware River Basin Commission; Great Lakes Commission;
and Interstate Environmental Commission. A good source
of information about these commissions is the Association of
State and Interstate Water Pollution Control Administrators,
which is a national organization representing the officials
responsible for implementing surface water protection pro-
grams throughout the United States (www.asiwpca.org).

New England Interstate Water
Pollution Control Commission

The New England Interstate Water Pollution Control
Commission (NEIWPCC) is a not-for-profit interstate agency
that serves the states of Connecticut, Maine, Massachusetts,

New Hampshire, New York, Rhode Island, and Vermont.
Founded in 1947, emphasis was originally on surface water
protection, but the commission’s programs have grown to
include watershed planning, wetlands, nonpoint source
pollution, drinking water, source water protection, waste-
water treatment plant security, underground storage tanks,
and policy development. The NEIWPCC has three main
divisions: Water Quality, Wastewater and Onsite Systems,
and Drinking Water.

Interstate Commission on the
Potomac River Basin

The Interstate Commission on the Potomac River Basin
(ICPRB) was established by Congress in 1940 to help the
Potomac basin states and the federal government enhance,
protect, and conserve the resources of the Potomac River
basin. The Potomac Basin stretches across parts of four
states (Maryland, Pennsylvania, Virginia, and West Virginia)
as well as the District of Columbia, includes 14,670 square
miles, and is home to more than 5 million people. The
ICPRB does not have the authority to establish water qual-
ity standards or regulations; instead it works within existing
state and federal laws and regulations.

Ohio River Valley Water Sanitation
Commission

The Ohio River Valley Water Sanitation Commission
(ORSANCO) is an interstate commission representing eight
states and the federal government. Its mandate is to con-
trol and abate pollution in the Ohio River Basin. ORSANCO
was established in 1948, and member states include
lllinois, Indiana, Kentucky, New York, Ohio, Pennsylvania,
Virginia, and West Virginia. Emphasis is on improving water
quality, and ORSANCO is involved with setting wastewater
discharge standards, performing biological assessments,
monitoring for the chemical and physical properties of the
waterways, and conducting special surveys and studies.

Susquehanna River Basin Commission

The Susquehanna River Basin Commission is an interstate
watershed agency that manages the 27,510-square-mile
Susquehanna River watershed. The commission was
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founded in 1970, and its members include New York,
Pennsylvania, Maryland, and the federal government. The
Susguehanna River is the nation’s sixteenth largest river and
is the largest U.S. river flowing into the Atlantic Ocean. The
commission has the authority to address water resource
problems anywhere in the drainage area, and it serves as
a forum to provide coordinated management, promote
communication among the members, and resolve water
resource issues. The master plan for the Susquehanna Basin
identifies six major areas of interest:

Flood plain management and protection
Water supply

Water quality

Watershed protection and management
Recreation, fish, and wildlife

Cultural, visual, and other amenities

ouhkWwN =

Delaware River Basin Commission

The Delaware River Basin Commission (DRBC) was created
in 1961 to help protect the resources in the Delaware River
watershed, which stretches 330 miles from the Delaware
River's headwaters near Hancock, New York, to the mouth
of the Delaware Bay. The commission includes representa-
tives from Delaware, New Jersey, Pennsylvania, and New
York as well as the federal government. One of the major
tasks of the DRBC is to help coordinate activities of the 43
state agencies, 14 interstate agencies, and 19 federal agen-
cies that are involved in the basin. Commission programs
include water quality protection, water supply allocation,
regulatory review, water conservation initiatives, watershed
planning, drought management, flood loss reduction, and
recreation. The DRBC is funded by the signatory parties,
project review fees, water use charges, and fines as well as
federal, state, and private grants.

Great Lakes Commission

The Great Lakes Commission is an interstate compact
agency established in 1955. Its mission is to promote the
orderly, integrated, and comprehensive development, use,
and conservation of the water resources of the Great Lakes
Basin and the St. Lawrence River. Its members include the
eight Great Lakes states with associate member status for
the Canadian provinces of Ontario and Québec, making

it the only state/provincial organization of its kind in the
world. The commission provides leadership in the areas
of communication and education, information integration
and reporting, facilitation and consensus building, and
policy coordination and advocacy.

Interstate Environmental
Commission

The Interstate Environmental Commission (IEC) is a joint
agency of the states of New York, New Jersey, and
Connecticut. The [EC was established as a partnership
between New York and New Jersey in 1936, with Connecticut
joining five years later. The IEC's area of jurisdiction runs
west from Port Jefferson and New Haven on the Long Island
Sound, from Bear Mountain on the Hudson River down to
Sandy Hook, New Jersey, the Atlantic Ocean out to Fire
Island Inlet on Long Island, and the waters abutting the five
boroughs of New York City. The primary focus of the IEC
is on water quality, but the commission also addresses air
pollution, resource recovery facilities, and toxins.

Chesapeake Bay Program

The Chesapeake Bay Program is a regional partnership
involved with the restoration of the Chesapeake Bay.
Partners of the program include the states of Maryland,

Chesapeake Bay Restoration Fund

The Chesapeake Bay Restoration Fund, which is admin-
istered by Maryland Department of the Environment,
is one of the most important pieces of environmental
legislation enacted in Maryland in the past quarter
century. A $2.50 monthly fee collected from homes
on public sewerage pays for upgrading the 66 larg-
est wastewater treatment plants to state-of-the-art
enhanced nutrient removal levels. A $30 annual fee
is collected from onsite septic system homes; 60% of
the funds are allocated for septic system upgrades and
40% for farmland cover crops to absorb nitrogen.

Source: MDE Accomplishments Report 2002-2006, www
.mde.state.md.us/assets/document/MDE_Accomplishments_
Report02_06.pdf.
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Pennsylvania, and Virginia; the District of Columbia; the
Chesapeake Bay Commission; and EPA.

3.3.2 Regional Approaches
within States

A number of regional water initiatives are conducted within
the boundaries of a particular state. These initiatives involve
multiple political entities, but instead of states they are
counties, cities, towns, and other local entities.

Central and South Florida Project
for Flood Control and Other
Purposes

The Central and South Florida Project for Flood Control and
Other Purposes, which began in 1947, has made significant
changes in South Florida. This project provided the U.S.
Army Corps of Engineers funding to build levees, pump
stations, and flood control structures. When combined
with the projects to channelize the Kissimmee River and
construct a dike around Lake Okeechobee, the engineering
efforts in South Florida were designed to disconnect the
natural flow patterns in an effort to enhance both flood
control and agricultural production (Steinman, Luttenton,
and Havens, 2004).

Comprehensive Everglades
Restoration Plan

Another water resource initiative in Florida is the
Comprehensive Everglades Restoration Plan (CERP). The
CERP is a large-scale, comprehensive restoration program
for the South Florida hydroscape, and its major goal is to
improve the timing and distribution of water throughout
the region. One reason for the estimated $8 billion proj-
ect is the need to store some of the more than 1.7 billion
gallons of water that is being discharged into the oceans
each day. CERP focuses on the use of aquifer storage and
recovery, which involves injecting up to 1.6 billion gallons
per day of treated surface water into the Upper Floridian

aquifer and storing the water for later use. The project calls
for up to 333 wells, approximately 200 of which will be
located around Lake Okeechobee. The wells will range in
depth from 600 to 1,000 feet (Steinman et al., 2004).

The CERP and the Lake Okeechobee Protection Plan are
designed to reduce phosphorus inflows to Lake Okeechobee
by about 400 tons per year. This plan is expected to cost
nearly $1 billion a year (ENS, www.ens-newswire.com/ens/
nov2007/2007-11-26-093.asp).

In the West

Watersheds throughout the West continue to be challenged
by chronic water supply shortages, dramatic population
growth, climate variability, and heightened competition for
finite water supplies by cities, farms, and the environment
(www.usbr.gov/wfa/).

The water transfer projects of the 20th century have had a
major impact at a regional level by expanding agriculture
use, growing industry, and allowing municipalities to grow.
Half of the nation’s produce is grown in California, a result
of water transfer projects. Laws and policies allowed water
in the West to be distributed for beneficial use, encour-
aged interstate compromise when it came to competition
for resources and development, and allowed the interbasin
transfer of water (Ellison, 2008).

In the next few years, there will have to be some major
decisions on how existing large water projects are man-
aged. These projects typically are not operating as they
were intended, largely because much of the water is being
used to meet the needs of urban areas instead of agricul-
tural uses as was originally planned.

In the late 1970s and early 1980s, then-Governor Jerry
Brown and Los Angeles Mayor Tom Bradley developed
a proposal to construct a canal to transport Sacramento
River water around the Sacramento-San Joaquin Delta to
the head of the California Aqueduct. The proposal received
a lot of opposition from both environmentalists and agri-
businesses in the San Joaquin Valley. After a heated battle,
the bill was finally moved through the legislature, but the
opposition coalition immediately challenged it via refer-
endum and in 1982 persuaded voters to reject the canal
(Walters, 2008).
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Thirty years later, Governor Arnold Schwarzenegger revis-
ited the idea of the canal because of increased battles over
water. The courts have ordered reductions in pumping
water out of the delta in order to protect endangered fish
species, and this has caused severe problems for other uses
that depend on the water. In the very near future, some-
thing will have to be done to address the battles over water
in the delta (Walters, 2008).

In California’s Sacramento-San Joaquin Bay Delta, a 2007
federal district court imposed limits on the amount of
water that can be pumped by the projects in order to pro-
tect endangered fish (Woodhouse, 2008).

The Bureau of Reclamation has initiated an 8,000-acre-foot
storage reservoir near Drop 2 on the All-American Canal in
southern California. The reservoir is intended to store water
from the Colorado River for use downstream. Currently
the water flows into Mexico. The reservoir is being
funded entirely by the Southern Nevada Water Authority,
Metropolitan Water District of Southern California, and the
Central Arizona Water Conservation District and is being
constructed by the Bureau of Reclamation (www.usbr.gov/
Ic/region/programs/drop2reservoir.html).

States are responding to increased demands for water by
taking a more comprehensive approach to water manage-
ment. Although some court decisions have resolved issues
between states, no interstate compacts have been created
in the eastern United States since the 1960s, prior to the
passage of much of the federal and state environmental
legislation (Kundell, 2008).

The West has become drier in recent years, and many
believe this is in part a result of climate change. Farmers
in California and other states are irrigating fewer acres or
abandoning fields altogether because of the lack of avail-
able water (Ellison, 2008).

More than 80% of the people living in the Colorado
River Basin are in urban areas. When the Colorado River
Compact and other water management policies were
put in place, the idea was to ensure that decisions about
water resources were made by experts, not politicians. But
as demands for water increase, the process has become
increasingly political. The Colorado River Compact allows
water that is allocated but unused in one state to be used
by another.

In the late 1990s, the Southern Nevada Water Authority
(SNWA) worked with the U.S. Bureau of Reclamation and
the Colorado River Basin states to develop agreements
that would ensure the Las Vegas Valley had sufficient
water. Facilities to transport the water include 327 miles of
underground pipeline, pumping stations, regulating tanks,
power facilities, and a water treatment facility, located
largely on federal land. The SNWA agreement is important
because Las Vegas, Reno, Carson City, Wendover, Tonopah,
and other municipalities all draw water from outside their
own valleys. The cost of the project is projected to be $3.5
billion in 2007 dollars (Johnson, 2008).

In Georgia

The characteristics of water resources and water users
vary significantly in different regions across Georgia.
Georgia has several regional programs that focus on water
resources. The state is one of the fastest growing in the
nation, and population growth and economic development
are dependent on the availability of water resources. The
state has 14 major river systems and multiple groundwater
aquifer systems.

Each of Georgia’s regional water planning councils identi-
fied in the Comprehensive Statewide Water Management
Plan consists of 25 members and three alternates. Each
council will be represented to include agriculture, forestry,
industry, commerce, local governments, water utilities,
regional development centers, tourism, recreation, and the
environment.

The Metropolitan North Georgia Water Planning District
was created by the Georgia General Assembly in 2001 to
establish policy, create plans, and promote intergovern-
mental coordination of all water issues in the district from
a regional perspective.

The Environmental Protection Division (EPD) is a section
of the Georgia Department of Natural Resources (DNR).
Regional water development and conservation plans will be
prepared by a water planning council or by EPD. Long-term
regional water development and conservation plans are
developed for each of the state’s major surface water and
groundwater resources. Water planning councils through-
out the state are responsible for overseeing the prepara-
tion of a recommended plan based on EPD guidelines.
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EPD has developed water quantity and water quality
assessments for each major water resource in the planning
region. According to data collected by EPD in the 55 north
Georgia counties where a level 4 drought response was
in effect, water use in June 2008 decreased by 20% com-
pared to water use in June 2007. That is a savings of nearly
180 million gallons of water per day (Georgia DNR, 2008).

The Atlanta Regional Commission (ARC) is the regional
planning and intergovernmental coordination agency for
the 10-county area including Cherokee, Clayton, Cobb,
DeKalb, Douglas, Fayette, Fulton, Gwinnett, Henry, and
Rockdale counties, as well as the city of Atlanta. ARC is
a comprehensive land use planning agency that advises
communities on decisions and actions that have impacts
beyond any one jurisdiction. ARC's Land Use Division
develops regional plans and policies that address key land
use issues and needs of the Atlanta region. ARC's Regional
Development Plan serves as the comprehensive plan for
the Atlanta region. In addition, each local government
in the region prepares a local comprehensive plan for its
respective county or city.

The Northwest Georgia Regional Water Resources
Partnership consists of a collaboration of water withdrawal
permit holders, local governments, and other advocacy
entities across a 15-county region in northwest Georgia.
Centralized water service there is provided by about 41
entities, with water being supplied from 35 surface water
sources and 21 wells. Some water is also purchased from
outside the region. About 200 million gallons per day are
permitted to be drawn from the existing water sources.

3.3.3 Power Companies

Duke Energy

Duke Energy is one of the largest electric power companies
in the United States, supplying energy to approximately 4
million customers. The company provides electricity in the
Midwest and the Carolinas and natural gas distribution
services in Ohio and Kentucky. Duke Energy creates lakes
primarily as a source of electric power production. Before
making changes to waterfront property on a Duke Energy

lake, landowners are required to contact the company’s
Lake Management Office, which is responsible for the per-
mitting process that is used to approve such changes.

Southern Company

Based in Atlanta, Southern Company is one of the larg-
est generators of electricity in the nation, serving both
regulated and competitive markets across the southeastern
United States. The company serves about 75 investor-
owned utilities, electric cooperatives, and municipalities
in Alabama, Florida, Georgia, Mississippi, North Carolina,
and South Carolina. Southern Company’s four electric utili-
ties are Alabama Power, Georgia Power, Gulf Power, and
Mississippi Power. Collectively they serve more than 4.3
million retail customers. Southern Power, a subsidiary of
Southern Company, is the largest wholesale energy pro-
vider in the Southeast. The company currently owns and
operates more than 6,700 megawatts of generation assets
in Alabama, Georgia, Florida, and North Carolina.

Tennessee Valley Authority

The Tennessee Valley Authority (TVA, www.tva.com) is the
nation’s largest public power provider, generating elec-
tricity that serves about 8.6 million people across seven
states through local distributors. TVA covers almost all
of Tennessee and parts of Alabama, Georgia, Kentucky,
Mississippi, North Carolina, and Virginia. (See Figure 3.7.)

In 1933, as part of his New Deal, President Franklin D.
Roosevelt asked Congress to create TVA as “a corporation
clothed with the power of government but possessed of the
flexibility and initiative of a private enterprise.” TVA's first
hydroelectric project was Norris Dam, located on the Clinch
River in eastern Tennessee. The dam was completed in
1936. In the following years, TVA built dams to harness the
power of the region’s rivers and provided electricity for
the region. In the 1950s, TVA became the nation’s larg-
est electricity supplier, but demand continued to increase.
Congress passed legislation in 1959 to make the TVA
power system self-financing, and this enabled it to issue
bonds and greatly expand capacity. In the 1960s, TVA
began building nuclear plants as a new source of economi-
cal power. But in the early 1980s, with energy demand
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dropping and construction costs rising, TVA canceled
several nuclear plants and focused more on improving effi-
ciency and productivity while cutting costs.

TVA is currently responsible for the management of more
than 293,000 acres of public land and 11,000 miles of pub-
lic shoreline in the Tennessee Valley. Originally it acquired
approximately 1.3 million acres of land in the Tennessee
Valley. The construction and operation of the reservoir
system inundates approximately 470,000 acres with water.
TVA operates its 34 flood control dams and generates elec-
tricity at 29 hydroelectric dams, 11 coal-fired plants, 6 com-
bustion turbine sites, 3 nuclear plants, a pumped-storage
hydropower plant, and 18 green power sites that employ
wind turbines, methane gas, and solar panels.

Georgia Power

Georgia Power (www.georgiapower.com) is the largest
nongovernment provider of recreation facilities in Georgia,
serving 2.25 million customers in 155 of Georgia's 159
counties. The company is responsible for 14 reservoirs
throughout the state, including some 60,000 acres of
lakes, 1,350 miles of shoreline, and dozens of parks devel-
oped for family enjoyment. Georgia Power also leases
about 30,000 acres of prime hunting land to the state of
Georgia for use as wildlife management areas.

FirstEnergy Corporation

FirstEnergy (www.firstenergycorp.com) serves more than
4.4 million customers over a 36,100-square-mile area of
Ohio, Pennsylvania, and New Jersey. It is the fifth-largest
investor-owned electric system in the nation. In 2004,
FirstEnergy organized three trade missions that took util-
ity customers to Mexico City, Monterrey, and Toronto. The
company has facilitated 304 separate corporate projects
during 2004.

Xcel Energy

Xcel Energy (www.xcelenergy.com) is a major U.S. electric
and natural gas utility, providing energy to more than

3.3 million electric customers and 1.8 million natural gas
customers in eight states (Colorado, Michigan, Minnesota,
New Mexico, North Dakota, South Dakota, Texas, and
Wisconsin). It also operates 27 hydroelectric power plants
in Wisconsin, Minnesota, and Colorado.

3.4 PLANNING AT THE
DISTRICT LEVEL

Water districts are local governmental agencies that are
responsible for building dams and canals to supply water
to agriculture and to supply hydropower to local munici-
palities. The goal of water districts is to supply water for
the public good. It is against federal and state law for a
water district to profit from the sale of water and electricity
(http://are.berkeley.edu/~zilber/EEP101/spring02/detailed_
text/16.pdf).

Water districts appear to be about the right size to man-
age many of the day-to-day decisions regarding water
resources. Virtually every state in this country utilizes some
type of water district structure. Many districts use some
type of local ordinances or regulations to address sediment
control, river corridors and wetland buffers, protection
measures, and other provisions to help manage water
resources. In many counties, the Planning and Zoning
Office and the Soil and Water Conservation District are the
major local government players. For example, Albemarle
County (VA) has established a comprehensive plan that sets
a goal of “minimizing the negative impacts of increased
stormwater discharges from new land development (www
.albemarle.org/upload/images/forms_center/departments/
county_attorney/forms/Albemarle).

Recommendations in Albemarle County focus primarily on
limiting runoff from new land development, but retrofitting
existing developments is considered to be a part of storm-
water management (SELC, 2008).

Conservation districts are local units of government respon-
sible for soil and water conservation work within their
boundaries. A district’s role is to increase voluntary con-
servation practices among farmers, ranchers, and other
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land users. Depending on the location of the districts, their
programs and available information vary.

Many water districts issue some type of permits to allo-
cate water that can be used to meet water demands of
residents and businesses. Permits set limits on how much
water can be withdrawn at each location in an effort to
help protect water resources. Most also use minimum flows
and levels (MFLs) that have been determined to be neces-
sary to prevent harm to the water resources or environmen-
tal resources. In setting MFLs, water management districts
collect water data and evaluate the results to consider the
possible impacts of water withdrawal on a water body.

Water management districts are required to update their
water plans on a regular basis and define areas that are
likely to experience significant water supply problems.
Some are using special area management plans (SAMPs),
which is a type of watershed planning approach promoted
by the U.S. Army Corps of Engineers. SAMPs are designed
to be conducted in geographic areas of special sensitivity
under intense development pressure. These efforts involve
the participation of multiple local, state, and federal agen-
cies and work with EPA. (See Figure 3.8.)

Figure 3.8 The South Florida Water

a master plan to guide future

courtesy EPA.

Management District has developed

decisions within the district. Image

Steps In Developing a Water
Management Plan for a Water District

Establish a basin forum.
Collect and review information.
Gather public input on water issues.

Analyze basin hydrology to determine historical
and future water supply.

Conduct water demand analyses and forecasts.
Develop a vision and goals.

Gather public input on vision and goals
(Newsletter and Response Form #2).

Develop actions for water management.
Develop alternatives for augmenting supply.

Conduct technical studies (on water conservation
and alternative opportunities for water storage, and
maintaining river flows).

(continues)
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(continued)

¢ |dentify trade-offs among supply alternatives.
e Develop a “preferred supply alternative.”

e Gather public input on preferred supply
alternative and actions for water management.

® Prepare a draft water management plan (WMP).

e Seek approval and adoption of the draft WMP by
the planning partners.

Source: EPA, Developing a Water Management Plan.

3.4.1 St. Johns River Water
Management District

The St. Johns River Water Management District is one of
five regional agencies in Florida that have authority to tax,

Figure 3.9 The St. Johns River
Water Management District is one
of five regional agencies in Florida.

It includes the area around Orlando.
Image courtesy St. Johns River Water
Management District.

issue water permits, and regulate wetlands. The district
includes the northeast part of the state. Its water supply
planning program addresses future water demands, tra-
ditional and alternative water sources, and water supply
infrastructure improvements required to meet future water
supply needs without causing harm to water resources or
water dependent natural systems. (See Figure 3.9.)

Legislation passed in 1997 requires the Florida's water
management districts to complete specific water supply
planning activities and initiate water resource develop-
ment projects. The districts’ first Water Supply Assessment
(WSA) was completed in 1998. The WSA 71998 was used to
develop the District Water Supply Plan, 2000 (DWSP 2000)
(www.sjrwmd.com/dwsp.html). Work is currently in prog-
ress on DWSP 2010, which will address a planning horizon
through 2030. The plans identify water resource devel-
opment projects, alternative water supply development
projects, and strategies that can be implemented to meet
the anticipated water supply needs through 2025 without
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resulting in unacceptable impacts to water resources
(http://sjr.state.fl.us/waterprotectsustain/index.html).

Cost-share funding is available for alternative water supply
projects identified in the St. Johns River Water Management
District. Emphasis in the district is on multijurisdictional,
regional projects (DWSP 2005). The district will match state
funds for construction costs: 20% for reclaimed water proj-
ects, 30% for surface water augmentation, and 40% for
new source public supply. The district approved 55 projects
for fiscal years 2006, 2007 and 2008.

The district issues water use permits for agricultural pur-
poses, and these often require the use of reclaimed water
or recycled water on-site to minimize withdrawals from
groundwater or surface water supplies. In addition, agri-
cultural water users must demonstrate water conservation
techniques by upgrading to more efficient irrigation sys-
tems and implementing improvements that result in water
savings.

In 2005, total freshwater use in the district averaged
approximately 1.19 billion gallons per day. Approximately
200 million gallons per day of alternative water supplies
are expected to be needed by 2025 to meet the growing
demand for water. In some areas, additional supplies will
be needed as early as 2013. Strategies to meet water sup-
ply needs include increased water conservation, improved
efficiency, increased water reclamation and reuse, and
development of alternative water sources.

In the most recent District Water Supply Plan (2005), the
district identifies options for alternative sources of water
supplies. Eighty-four project options are identified, includ-
ing reclaimed water (highly treated wastewater), brackish
(slightly salty) groundwater, brackish and fresh surface
water, and seawater.

The city of Cocoa, Florida, utilizes surface water from
Taylor Creek Reservoir, a tributary of the St. Johns River,
most of the time, but the city treats and stores additional
amounts underground for use when surface water is
not available. There are other efforts in central Florida to
provide an adequate amount of drinking water. Recently,
Central Florida utilities proposed to divert more than
200 million gallons per day from the St. Johns and
Ocklawaha rivers at an estimated cost of $800 million to
$1.2 billion.

3.4.2 Metropolitan North
Georgia Water Planning
District

The Metropolitan North Georgia Water Planning District
was created by an act of the Georgia General Assembly
in 2001. Funding for the district is generated from state
appropriations and per-capita local government dues.
The Atlanta Regional Commission Environmental Planning
Division provides staffing for the district, and it is governed
by an elected/appointed governing board.

The Metro Water District includes 16 counties and over
90 cities within the metro Atlanta region. The legislation
creating the district mandates the preparation of three
long-term plans:

1. District-Wide Watershed Management Plan (WMP)
2. Long-Term Wastewater Management Plan
3. Water Supply and Water Conservation Plan

The District-Wide WMP provides strategies and recom-
mendations for effective watershed management and the
control of stormwater runoff. Its overall goal is to meet
and maintain water quality standards and designated
uses of streams and other water bodies within the district
(District-Wide Watershed Management Plan, 2003) (www
.northgeorgiawater.com).

This plan builds on the existing watershed and stormwater
management planning efforts that have taken place in
the district. The WMP includes recommendations for six
distinct watershed management strategies (District-Wide
Watershed Management Plan, 2003):

1. Local stormwater management program
activities. These are the day-to-day program
activities that local governments implement to
address watershed protection and stormwater
management. They include maintaining water
quality as new development occurs, encouraging
stormwater pollution prevention, and improving
enforcement of existing ordinances and laws.

2. Total maximum daily load (TMDL) strategies.
These management measures address specific
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pollution problems in waterways that appear on the
Georgia Environmental Protection Division TMDL list.

Source water protection strategies. These
management measures focus on protecting drinking
water supply watersheds.

Watershed improvement strategies. These
strategies address watersheds that already have been
impacted substantially by development, identifying
needed retrofits and restoration.

Land use strategies. These strategies include land
use and zoning measures that local governments can
use to meet watershed management and protection
goals. Specific strategies include initiatives such as
greenspace preservation, alternative development
patterns, and other innovative land use practices.

Basic Concepts for Water Districts

Each water district should incorporate a few basic
concepts that focus on preserving and restoring the
hydrologic cycle. These include:

e Every site is in a watershed. Rain falls on every
site, and understanding that each site has a
position in the larger context is essential to
stormwater management.

e Start at the source. Water quality is most easily and
economically achieved if stormwater management
starts at the point where water hits the earth.

¢ Think small. Small-scale techniques, applied
consistently over an entire watershed, can have a
big impact in improving stormwater quality and
reducing overall runoff volume.

¢ Keep it simple. An array of simple techniques
throughout a site can improve stormwater
management in an economically viable way.

¢ Integrate the solutions. Integrate solutions
into an overall site plan and ensure stormwater
facilities provide recreational, aesthetic, habitat,
and water quality benefits.

Source: BASMAA. Start at the Source. 1999.

6. Basin-specific strategies. Specific management
issues are delineated for each major river basin in the
district.

The WMP identifies model ordinances that can be used in the
16 counties as a key component of the local stormwater man-
agement program activities for watershed management.

3.5 WATERSHED
PLANNING

A watershed plan is a strategy that provides assessment
and management information for a watershed, including
the analyses, actions, participants, and resources related
to developing and implementing the plan (EPA, 2008).
The basic goals of a watershed planning approach are to
protect, maintain, and restore water resources. At an inter-
national level, there is an increased effort to implement
comprehensive watershed planning.

Why Watershed Plans Fail

The Center for Watershed Protection conducted a
broad assessment of the value of planning documents
in protecting water resources and identified a number
of reasons why some plans had failed:

e Planning activities were conducted at too great a
scale.

¢ The plan was a one-time study rather than a long-
term management process.

¢ Stakeholder involvement and local ownership
were lacking.

e The plan skirted land use/management issues in
the watershed.

¢ The document was too long or complex.
¢ The recommendations were too general.
¢ The plan failed to identify and address conflicts.

Source: EPA, Handbook for Developing Watershed Plans to
Restore and Protect Our Waters March 2008, (www.epa.gov
.nps/watershed_handbook).
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Comprehensive water management planning usually is con-
ducted by entities that range from water districts and large
multicounty urban areas to state water resources agencies
and regional river basin compacts and commissions.

Many watershed management districts have begun to
implement a more holistic approach to managing aquatic
resources by focusing on watersheds. This approach recog-
nizes that rivers, lakes, wetlands, and coasts are complex
systems that interact with one another in numerous ways
(www.CorpsResults.us). EPA recommends the use of a
watershed approach as the key framework for dealing with
problems caused by runoff and other sources that impair
surface waters (EPA, Handbook for Developing Watershed
Plans to Restore and Protect Our Waters, March 2008). A
watershed protection approach is a comprehensive plan-
ning process that considers all natural resources in the
watershed as well as social, cultural, and economic factors.
Incentives, rather than regulations, and models that can
be adapted to local conditions, rather than one-size-fits-all
prescriptions, are used in watershed planning.

3.5.1 Conservation Approach

Conservation is an important part of any watershed plan-
ning effort. Water conservation is one of the highest pri-
orities in helping to ensure we are able to balance human
needs with environmental requirements. It is the founda-
tion of all sustainable water supply options for the future.
The basic idea is to have a water conservation approach
that is aggressive while also being reasonable. Although
water conservation efforts are important, conservation and
reuse alone will not yield enough water to meet future
demands in many areas. For example, in northeast Florida,
water supply utilities in the 18-county service area of the
St. Johns Water Management District are moving forward
with decisions to develop supplemental alternative water
sources because many utilities are unlikely to receive per-
mits to take additional water supplies from groundwater
(http://sjr.state.fl.us/waterprotectsustain/index.html).

Comprehensive water conservation planning has the
potential to improve water quality and instream flow lev-
els, decrease the need for new capital investments, reduce
vulnerability to drought, and protect valuable cultural and
natural resources. Water conservation will continue to play

a vitally important role in sustaining the water supply in
the Southeast, as it is one of the most efficient and least
expensive ways to protect water resources. Conservation
measures do have an impact. In Sarasota County, Florida,
for example, the per-capita water use has been reduced
from 158 gallons to about 96 gallons per day simply by
the community conservation efforts (Angelo, Hamann, and
Klein, 2008).

Integrating watershed planning with economic develop-
ment master planning builds efficiencies and effectiveness
in both processes and ensures compatibility among activi-
ties that might have competing objectives. The watershed
planning process is intended to be iterative, holistic, geo-
graphically defined, integrated, and collaborative (EPA,
2008). (See Figure 3.10.)

Watershed protection management practices fall under
four categories (EPA, 2008):

1. Focus on drainage protection. Includes descriptions
and applications of zoning techniques that can be
used to limit development density or redirect density
to less environmentally sensitive areas.

2. Establishment and protection of stream buffers.
Describes important steps for protecting or
establishing riparian buffer zones to enhance water
quality and pollutant removal.

3. Emphasis on NPS contributions. Involves identifying
potential upstream sources of nonpoint source
pollution as well as providing solutions to minimize
those impacts.

4. ldentify and preserve critical areas. Entails identifying
properties that if preserved or enhanced could
maintain or improve water quality and reduce
the impacts of urban runoff as well as preserving
environmentally significant areas (includes land
acquisition, easements, and development restrictions
of various types).

A watershed-based planning approach can help communi-
ties make better decisions on watershed restoration priorities
and make the most out of limited funding and staffing
resources. Many communities are proving they can extend
their existing water supplies simply by encouraging water
efficiency. Cary (NC) reduced its water consumption by
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Figure 3.10 A watershed planning process requires the combination
of different types of geospatial data that help define the
characteristics of the watershed. Image courtesy EDAW.

15% in 11 years, and Tampa Bay (FL), with a population of
over 2.5 million, reduced its consumption by 26% over 12
years (Wodder, 2008).

One major benefit of a watershed planning approach is
that it creates a unified framework to address many dif-
ferent programs, regulatory mandates, and permit require-
ments that confront municipalities. These regulatory drivers
are often complex, costly, and confusing to implement
(Rowe and Schueler, 2006).

The best method for integrating watershed planning
programs is the small watershed plan, which analyzes
the unigue characteristics of each subwatershed, evalu-
ates restoration potential, and ranks priority restoration
practices for long-term implementation. As a general rule,
watershed planning is most effective at a scale of 100

square miles or less. Watersheds larger than that are simply
too complicated and involve too many diverse stakehold-
ers to be able to develop a planning process that will meet
sustainability objectives.

The future effects of climate change on water resources in
the United States will depend in large part on the poli-
cies established and the watershed planning approaches
implemented to help protect these resources. Water
conservation is one of the highest priorities in helping
to ensure we are able to balance human needs with
environmental requirements, but conservation alone will
not solve the water supply challenges. Large reclamation
projects enhanced settlement of western states, but these
were developed prior to the implementation of environ-
mental regulations. It is much more difficult to develop
these types of large reclamation projects now than in the
past. Desalination is not a viable option in most places
because it costs 10 times more than traditional surface
water treatment. Regardless of what approach is taken
to ensure there is adequate water for future generations,
landscape architects will play a major part in the process.
The better we understand the problems and the opportu-
nities, the better the decisions we will make about water
resources.

Watershed Management Planning
Process
¢ Develop district policy goals.

¢ Characterize existing watershed conditions and
identify key issues.

¢ Develop water quality model to estimate existing
and future pollutant loads.

e Evaluate strategies: best management practices,
regulatory strategies.

¢ Develop watershed management alternatives.
¢ Prepare draft watershed management plans.

¢ Prepare a final water management plan.
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3.5.2 Watershed Assessment

Watershed assessment is a critical component of a water-
shed-based approach. Watershed planning should include
a baseline assessment of existing water resources. This
enables users to have a better understanding of the changes
that occur within a particular watershed. The better these
changes are understood, the better we understand which
decisions are effective and which ones are not.

A watershed assessment program characterizes watershed
conditions and establishes a set of watershed indicators.
Watershed assessment and monitoring are tools used
to characterize water quality and to identify trends in
water quality over time (EPA, Handbook for Developing
Watershed Plans to Restore and Protect Our Waters, March
2008). Watershed assessment is needed to develop both
protection and restoration strategies, identify priorities, and
adjust management prescriptions based on trend analyses.

Santa Fe County, City of Santa Fe
Reach Water Agreement

U.S. Water News Online reported in October 2009
that a “historic” agreement had been reached on
a water-sharing project between Santa Fe County
and the city of Santa Fe, New Mexico, where each
would share 50% in the ownership of a Rio Grande
water diversion project. Initial costs are $60 million
for design and construction, and the total cost of the
project will be twice that. The project involves divert-
ing water directly from the Rio Grande. For the city
of Santa Fe, this project was important because of
recent droughts and water shortages, and it allows
the county to more than triple the amount of water it
can access. The county will be allowed to take 1,700
acre-feet per year in addition to the 500 acre-feet per
year it buys from the city.

Source: www.uswaternews.com.

Regardless of whether it is for a national, state, or local
level, developing a better understanding of precipitation
and drought will enable landscape architects and planners

to make better decisions about how to protect water
resources. This knowledge will also help government
agencies, private institutions, and stakeholders make more
informed decisions about risk-based policies and actions to
mitigate the dangers posed by floods and droughts.

3.5.3 Tools for Water
Resource Analysis

It is difficult to predict future changes in regional precipita-
tion patterns and identify areas where drought is a priority,
but digital tools realistically generate forecasts across the
United States with seasons and geographic areas. Advanced
Hydrologic Prediction Service (AHPS) is a Web-based suite
of forecast tools that are part of the National Weather
Service's Climate, Water, and Weather Services. AHPS prod-
ucts are developed using sophisticated computer models
and large amounts of data from multiple sources, includ-
ing automated gauges, geostationary satellites, Doppler
radars, weather observation stations, and the Advanced
Weather Interactive Processing System. AHPS tools can be
used to model floods or droughts and make predictions
from hours to months in advance. The tools allow users to
view a national composite map or to zoom into regions,
states, and county-level areas over multiple time periods,
including for the previous day and precipitation totals over
the last 7, 14, 30, or 60 days. Archived data are available
back to 2005 with monthly estimates of departure from
normal and percent of normal precipitation.

The AHPS Web site (www.nws.noaa.gov/oh/ahps) includes
maps of individual river basins as well as points along the
rivers for which information is available. The maps provide
information on impacts of high water or flood, impacts
of low stage or level, agricultural impacts, short-term and
long-term hydrologic forecasts, water supply forecasts,
documented drought conditions, and potential drought
areas.

Data from AHPS can also be downloaded in a shapefile
format for use with Geographic Information Systems
programs or in a KMZ format for use with Google Earth,
a popular geospatial browser. Data are updated every 15
minutes.
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CALFED Legislation Passed

On October 25, 2005, President Bush signed legislation
authorizing funding for the Water Supply Reliability and
Environmental Improvement Act, popularly known as
CALFED. The legislation provides federal authorization
for a plan for environmental restoration and enhance-
ment of the San Francisco Bay/Sacramento-San Joaquin
Delta estuary and for needed improvements in California
water supplies, flood control, and water quality. CALFED
is the largest and most comprehensive water manage-
ment plan in the nation. It includes efforts to recover
federal endangered species; modernize the state’s water
management infrastructure; construct new water stor-
age reservoirs, groundwater storage programs, water
recycling, and conservation programs; and reduce use
of water from the Colorado River.

Source: “Sustainability in an Era of Limits,” Southwest
Hydrology 4 (No. 1) (January/February 2005).

Figure 3.11 The United States
is categorized as a series of

3.5.4 Watershed Boundaries

Defining the geographic boundaries of a watershed plan-
ning effort is one of the first steps in developing a water-
shed management plan. Watersheds have traditionally
been defined based on United States Geological Survey
Hydrologic Units. A hydrologic unit is part of a watershed
mapping classification system showing various areas of
land that can contribute surface water runoff to desig-
nated outlet points, such as lakes or stream segments. The
USGS system breaks down watershed into six different
levels: regions, subregions, basins, subbasins, watersheds,
and subwatersheds. Each hydrologic unit is identified by a
unique hydrologic unit code consisting of 2 to 12 digits.
(See Figure 3.11.)

USGS estimates that there are 2,150 subbasins in the
United States, with most of these being more than 700
square miles in size. USGS also estimates there are 22,000
watersheds and 160,000 subwatersheds in the country.
GIS coverage of the different watershed levels is available

o ! ('
i ;
Hydrologic Units that are i -'-'!.E'*;‘q-" "
defined by the USGS. Image .q‘ﬁ oyl
courtesy USGS. : w-
96 Sustainable Planning Approaches for Water Resources




Eight Tools Audit

The Eight Tools Audit is designed to identify regula-
tory and programmatic tools and gaps in watershed
protection arsenals. The self-assessment is organized
by the eight categories of protection tools available in
most communities.

1. Land use planning. Identify which regulatory
measures and/or planning techniques are in use
in your community to manage growth, redirect
development where appropriate, and protect
sensitive areas (i.e., zoning, overlay districts,
growth boundaries).

2. Land conservation. Outline programs or efforts
to conserve undeveloped, sensitive areas or
areas of particular historical or cultural value
(i.e., purchase of development rights, land trusts,
agricultural preservation, tax incentives).

3. Aquatic buffers. Evaluate criteria for the
protection, restoration, creation, or reforestation
of stream, wetland, and urban lake buffers (i.e.,
width, vegetative standards, and incentives).

4. Better site design. Assess flexibility of local
codes and ordinances to reduce impervious
cover, integrate stormwater management, and

conserve natural areas in the design of new and
redevelopment projects.

5. Erosion and sediment control. Examine criteria
for the use of erosion prevention, sediment control,
and dewatering practices at all new development
and redevelopment sites. (See Figure 3.12.)

6. Stormwater management. Assess criteria for
design of structural practices in new development,
redevelopment, or the existing landscape to help
mitigate the impacts of stormwater runoff on
receiving waters.

7. Non-stormwater discharges. Evaluate operations
and maintenance programs for locating,
quantifying, and controlling non-stormwater
pollutant sources in the watershed.

8. Watershed stewardship program. Identify
extent of existing stormwater and watershed
education or outreach programs; restoration
efforts, and monitoring activities.

Source: Karen Cappiella, Anne Kitchell, and Tom Schueler,
Center for Watershed Protection, “Using Local Watershed
Plans to Protect Wetlands,” Wetlands & Watersheds, Office
of Wetlands, Oceans and Watersheds, U.S. Environmental
Protection Agency, Washington, DC (June 2006).

Figure 3.12 In Shelby County, lowa, this
agricultural field is terraced to prevent
stormwater runoff, sedimentation, and
erosion. Image courtesy NRCS.
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by EPA region in EPA's BASINS modeling system (www.epa
.gov/ost/basins).

One goal of the USGS is to develop a comprehensive
watershed boundary data set for the United States. A goal
of this initiative is to provide a hydrologically correct, seam-
less, and consistent national GIS database of watersheds at
a scale of 1:24,000.

In addition to the USGS and NRCS classification, many
states have created their own watershed or planning unit
delineations that break the USGS cataloging units into
smaller watersheds.

Watershed Planning Process

EPA organizes the watershed planning process into six
major steps:

1. Build partnerships.

2. Characterize the watershed to identify problems.
3. Set goals and identify solutions.

4. Design an implementation program.

5. Implement the watershed plan.

6. Measure progress and make adjustments.

Source: EPA, Handbook for Developing Watershed Plans to
Restore and Protect Our Waters, EPA 841-B-08-002 (March
2008).

3.6 WATER MARKETS
AND WATER SUPPLY
SYSTEMS

Water quality trading is a market-based approach that
can achieve water quality standards more efficiently and
at lower cost than traditional approaches. It is based on
the fact that the cost to control sources of pollutants var-
ies within a watershed. In certain conditions, water qual-
ity trading can be an effective tool for meeting pollutant
reduction goals. The programs are tailored to meet the
needs of a specific watershed.

Trading programs allow facilities with higher pollution
control costs to meet their regulatory obligations by

purchasing pollution reductions from another source at
lower cost within the same watershed. The idea is similar
to a transfer of development rights or purchasing carbon
credits. With water quality trading, the concept is to
achieve the same water quality improvement but at a much
lower and more affordable overall cost.

Models for Watershed Assessments

EPA supports a number of models that can be used for
watershed assessments. These include:

e BASINS. A multipurpose environmental analysis
system that integrates GIS, national watershed
data, and environmental assessment and
modeling tools.

e AQUATOX: A Simulation Model for
Freshwater Ecosystems. It predicts the effects of
pollutants on the ecosystem.

e DFLOW: A Tool for Low Flow Analysis. This
tool calculates design flow statistics.

e QUAL2K Model. This tool is a river and stream
water gquality model.

Source: www.epa.gov/waterscience/wgm.

EPA's Trading Policy states that all water quality trading
should occur either within a watershed or within a defined
area for which a total maximum daily load has been
approved. Water quality trading is intended to provide
opportunities for efficiently achieving water quality stan-
dards within a specific watershed.

The goal of a water supply planning program is to identify
sustainable water supply options that are consistent with the
protection of minimum flows and levels. \WWhen issuing a con-
sumptive use permit, water districts limit the withdrawal of
water in order to meet of minimum flows and levels require-
ments. Permits for consumptive use are issued for a specific
duration. When they expire, the permit has to be renewed.

The EPA has promoted the concept of water quality trad-
ing to achieve water quality standards for the past decade.
EPA issued its Trading Policy to encourage state regulatory
agencies to include trading as an option for a point source
to meet water quality standards.

98

Sustainable Planning Approaches for Water Resources



Despite the promise of water quality trading and EPA's
efforts, water quality trading has met with only limited
success. As of a couple of years ago, more than 80% of
all water quality trades occurred in the Long Island Sound
(NY). Most of the trading programs have been imple-
mented at a relatively small scale and have not had a sig-
nificant impact on improving water quality or reducing the
costs of controlling pollution.

Even with the limited success of water quality trading pro-
grams to date, many believe that the programs will gain in
popularity in upcoming years. EPA is continuing to promote
the programs, and USDA's NRCS works directly to support
water quality trading among nonpoint sources through
tool development and outreach efforts. The North Carolina
Department of Environment and Natural Resources (DENR)
works with any watershed group interested in water quality
trading under a permit for an overlay district. Other states
are following DENR's lead.

EPA Reporting Categories

EPA recommends that states use five reporting cat-
egories to report on the water quality status of all
waters in their states. They are:

Category 1. All designated uses are supported, no
use is threatened.

Category 2. Available data and/or information
indicate that some but not all of the
designated uses are supported.

Category 3. There are insufficient available data and/
or information to make a designated use
support determination.

Category 4. Available data and/or information
indicate that at least one designated use
is not being supported or is threatened
but a TMDL is not needed.

Category 5. Available data and/or information
indicate that at least one designated use
is not being supported or is threatened,
and a TMDL is needed.

One major issue with water quality trading is determin-
ing which pollutants may be traded. Some pollutants are
considered to be too toxic to be included in the program.
EPA's Trading Policy does not support trading of persistent
bioaccumulative toxics (PBTs) because they are considered
to be too dangerous. EPA has a list of PBTs that are not
appropriate to be traded (www.epa.gov/pbt/index.htm).

Many water quality experts predict that water quality trad-
ing systems will soon be a common way to meet water
requirements.

3.7 WETLAND
PLANNING AND
WETLAND BANKING

Over the years, many of the wetlands in the United States
have been destroyed. In recent years, though, people have
discovered the value of wetlands and are doing a better
job of taking care of them. Wetland loss has slowed con-
siderably in the last two decades due to federal and state
wetland permitting and increased wetland restoration.
At the federal level, Executive Orders 11988, Floodplain
Management, and 11990, Protection of Wetlands, identify
the actions federal agencies must take to:

e |dentify and protect wetlands and floodplains.

* Minimize the risk of flood loss and destruction of
wetlands.

e Preserve and enhance the natural and beneficial values
of both floodplains and wetlands.

Over the past 30 years, the primary authority protecting
U.S. water bodies has been the federal Clean Water Act.
The CWA gives states the authority to establish their own
regulatory programs for wetlands. States can also adopt
more stringent criteria than those established under the
federal program, and a number have done so.

Many states, tribes, and local governments rely solely on
Section 401 of the CWA to protect their local wetland
resources. As of 2007, 21 states depended entirely upon
the CWA and had no other regulations in place. One major
concern is that in 2001, the U.S. Supreme Court ruled that
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Figure 3.13 Boardwalks can be
constructed as a way to provide
access to wetlands without having
a significant negative environmental
impact. Image courtesy NRCS.

1 "

isolated, nonnavigable, and intrastate waters wetlands are
not protected under the CWA Section 404 based solely on
the Migratory Bird Rule. This ruling, known as the SWANCC
ruling, means that more than 20 million acres of wetlands
are at risk (Cappiella et al., 2006). A few states, such as
Ohio, Wisconsin, Indiana, and North Carolina, have recently
adopted new regulations to fill the gaps in federal protection
(Cappiella and Fraley-McNeal, 2007). (See Figure 3.13.)

Vulnerable streams and wetlands are those that are no
longer protected under the CWA due to their periodic
dryness, isolation, or nonnavigability. Vulnerable streams
and wetlands include the smallest streams and wetlands.
Estimates made by EPA, the Natural Resources Defense
Council, and the National Wildlife Federation state that
approximately 20% to 30% of the wetland acreage in the
contiguous United States could be considered “isolated,”
and are therefore not protected by the Clean Water Act.

A 2005 study (Comeer et al.) found that the South Atlantic
and Gulf coastal plain had the greatest diversity of isolated
wetland types. The same study also reported that the
highest proportions of isolated wetlands when viewed as
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a percent of total wetlands were found in the upper Great
Lakes, north-central interior, and Great Plains regions.

There are other limitations to current wetland protection
strategies. Most states, tribes, and local governments cur-
rently do not have the regulatory tools in place to protect
wetlands and headwater streams. In addition, the indirect
impact of upland development on wetlands is not currently
regulated by state or federal agencies. (See Figure 3.14.)

3.7.1 Wetland
Recommendations

State wetland conservation plans are strategies developed
by states to achieve no net loss and other wetland manage-
ment goals by integrating both regulatory and nonregula-
tory approaches to protecting wetlands. In the past, states
frequently tried to manage wetlands on a site-by-site basis.
Although this is effective for individual wetlands, it does
not help achieve a “no net loss” of wetlands. The reason is
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that a site-by-site approach does not take into consideration
cumulative impacts to wetlands. Wetland information needs
to be compiled and managed at the watershed level.

Wetland recommendations focus on three types of
measures:

1. Wetland protection. Involves the application of
land development regulations and other measures to
prevent or reduce impacts to wetlands as a result of
land development and other activities.

2. Wetland conservation. Includes the use of land
acquisition, easements, and other conservation tools
to permanently protect high-quality wetlands from
future development.

3. Wetland restoration. Involves changing the
hydrology, elevation, soils, or plant community of
a currently degraded wetland or a former wetland.
(See Figure 3.15.)

Wetlands function as natural filters and help maintain
water quality in lakes, rivers, streams, and groundwater.
Wetlands can remove, retain, or transform a variety of
pollutants. Fringe wetlands protect streams and shorelines
from erosive winds, waves, and currents. Lakes with a high

Figure 3.14 Restoration efforts
were taken to repair a vital
section of the Lake Tahoe Basin
watershed after it was damaged
by development. The project was
funded by the California Tahoe
Conservancy. Image courtesy
AECOM.

percentage of wetlands in their watershed tend to have
higher-water quality than watersheds where most of the
wetlands have been drained or filled. Restoring drained
wetlands may be one way to improve water quality. States
such as Florida and Louisiana are restoring coastal wetlands
to serve as a buffer between development and hurricane
storm surges.

3.7.2 Wetlands Data

There has been a concentrated effort in recent years to
collect more information about wetlands. A wetland inven-
tory in a watershed consists of six steps (Cappiella et al.,
2006):

Update existing wetland maps.

Estimate historic wetland coverage.

Delineate wetland contributing drainage areas.
Estimate wetland functions.

Estimate wetland conditions.

Estimate effects of future land use changes on
wetlands.

(See Figure 3.16.)
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Figure 3.15 This restored wetland
in Calhoun County, lowa, is part of
the state’s Conservation Reserve
Enhancement Program, which is

a state, federal, local, and private
partnership. The goal of this program
is to establish wetlands for water
quality improvement and reduce
nitrogen loads from croplands to
streams and rivers. Image courtesy
NRCS.

Figure 3.16 We have a much better
understanding of existing wetlands because of
recent efforts to develop a nationwide wetland
inventory. Image courtesy NRCS.
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3.7.3 Wetlands of
International Importance

In 1971, the Convention of Wetlands of International
Importance, especially as Waterfow!| Habitat, was held in
Iran. The convention, often called the Ramsar Convention,
is an intergovernmental treaty that provides a framework
encouraging international cooperation to help conserve
wetlands and wetland habitat. More than 122 countries
are involved; the United States became a member of the
organization in 1986.

As a result of the convention, a list of wetlands of interna-
tional importance was developed. At last count, there were
1,031 designated sites covering more than 193 million
acres. This list has had a significant impact on efforts made
to conserve these wetlands.

3.7.4 National Wetlands
Inventory

The U.S. Fish and Wildlife Service (USFWS) is the principal
federal agency that provides information to the public
about wetlands. The agency has developed a series of topi-
cal maps to show wetlands and deepwater habitats. Two of
the primary goals of the National Wetlands Inventory (NWI)
mapping efforts are to increase map accuracy for wetlands,
and to reduce map production costs. The NWI has been
completed for approximately 42% of the continental U.S.
and about 13% of Alaska.

NWI digital data files are records of wetlands location and
classification as defined by the USFWS. In the NWI, there
are more than 6,000 possible combinations of coding
nationwide. These include different categories for marine,
estuarine, riverine, lacustrine, and palustrine areas.

NWI data are produced from an analysis of high-altitude
imagery, collateral data sources, and fieldwork, and maps
are produced at a nominal scale of 1:24,000. Delineated
wetland boundaries are manually transferred from inter-
preted photos to USGS 7.5-minute topographic quadrangle
maps and then labeled manually. These quad maps contain

ground planimetric coordinates of wetlands point, line, and
area features and wetlands attributes.

The Wetlands Geodatabase and the Wetlands Mapper
are two sources of information available on the I