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 Why Is This Important to Local Practitioners? 

 Water infrastructure is going through a major shift from traditional “gray” 
highly centralized structures and institutions to decentralized practices 

and designs that integrate water into the fabric of the city in eco-friendly 
ways. This new approach moves away from silo-based thinking to one where 
multiple scales permit site, neighborhood, city, and regional solutions that 
integrate water, energy, waste, transportation, and food production with the 
rest of the built environment. Many in the water industry are working towards 
the “City of the Future” where water infrastructure contributes to the resil-
ience of the city and where water engineers work side by side with planners 
and architects to develop new urban water solutions. 

 Part of this shift is in response to climate change, where water is a visible 
manifestation of the effects of global warming. Population growth and fl uc-
tuations in water supplies caused by climate change will strain the capacity of 
existing water sources, while new water sources will be increasingly diffi cult to 
access. The high cost of energy, the need to reduce carbon emissions, and 
the challenge posed by emerging contaminants such as pharmaceuticals and 
heavy metals in our water supply also require a new way of thinking about 
water infrastructure. The era of “water development” has been replaced by 
the era of “water management and reuse” where jurisdictions will struggle to 
stretch existing supplies in innovative and environmentally positive ways. 

 This chapter is limited to discussing water supply. It begins with a history 
of water provision and a discussion of these issues before turning to a descrip-
tion of how the systems of water supply, treatment, and distribution work. 
Water sources and accompanying issues are addressed before turning to 
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ENVIRONMENTAL SYSTEMS270

the institutional context of water, including users, providers, and 
regulators. The responsibilities of the water agency are discussed 
before turning to the role of the land use agency with respect to 
water. The chapter concludes with the elements of a conservation 
and demand management program.   

 History and Current Issues  

 Supply and Distribution of Water 

 The concept of collecting, storing, and distributing water for human 
use is as old as civilization. Perhaps the most famous water system of 
ancient times is that of the Romans. Beginning in 330  BC , the Romans 
built vast aqueducts for transporting water from the mountains to 
their population centers—the longest carries water for 59 miles. 
Experts have calculated that at the height of the Imperial period, 
when the population of Rome was about one million, the water distri-
bution system delivered over 250 gallons of water per person per 
day. 1  By comparison, in 1995, the per capita indoor residential water 
use in the United States was 70 gallons per day. 2  

 The modern municipal water system, as we know it in the United 
States, originated in the late 1800s. 3  At fi rst, waterworks were just as 
likely to be privately as publicly owned. However, as time went on, 
more and more systems came under public ownership. This was due 
to several factors, including the widespread failure of private systems 
to provide equitable and high-quality service, the increasing fi scal 
health of municipalities, and stronger regulations. Today, 82 percent 
of water systems in the USA are publicly owned. 4              

 Water Treatment 

 Modern formal water treatment was fi rst aimed at the aesthetic 
qualities of water, such as color and odor. In 1835, however, in London, 
Dr. John Snow determined that cholera was waterborne and in the 
late 1880s, Louis Pasteur developed the germ theory of disease, 
which explained how water transmitted diseases. Soon, water treat-
ment focused on these new public health aspects. Filtration to remove 
turbidity (cloudiness) and the widespread use of chemical disinfect-
ants, principally chlorine, signifi cantly reduced the outbreak of water-
borne diseases. 5  Today, 64 percent of U.S. community water systems 
disinfect with chlorine. However, chlorine is losing favor as concern 
grows over hazardous products formed during its use. Alternatives 
such as ozone and chloramine are taking chlorine’s place. 6    

Cop
yri

gh
t T

ay
lor

 &
 Fran

cis
 

Not 
for

 di
str

ibu
tio

n 

Vick
i E

lm
er 

Univ
ers

ity
 of

 O
reg

on



c h a p t e r  16 • Water Supply 271

 One Water Management 

 In the past decade water industry experts have advocated a new approach to 
water management with water services infrastructure integrated into the design 
of the city. The need to reduce GHG’s and to adapt water infrastructure to the 
new future created  by climate change has resulted in a more urgent driver for 
the changes that have been advocated by the New Urbanists for several dec-
ades. This vision includes a compact urban form that integrates nature with the 
city, and also integrates water, energy, and waste services. The result has been a 
transformation in approaches taken by leading-edge designers and the elites 
responsible for urban water infrastructure systems. 7  Water planning used to be 
the purview of engineers in the utility or water department but increasingly 
architects, urban designers, and planners are becoming involved at the building 
and site level. Leading-edge water practitioners  envision an infrastructure system 
with regional, local, and site-based delivery systems. 8  Some are also calling on 
the water industry to recreate itself as a water-based, clean power industry. 

 Some authors call this the Fifth Paradigm 9  looking at the evolution of 
water systems since the beginning of civilization. Others use a more detailed 
framework, to describe the evolution of water infrastructure and the city (see 
Figure 16.1). Although a new concept for many in the United States, the 
conviction that our water infrastructure must change dramatically has gained 
currency in Europe and Australia. Recently,    offi cials from the professional water 
associations in the United states have formed a water alliance to promote the 
concept of One Water Management.
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ENVIRONMENTAL SYSTEMS272

 Current Issues 

 The issues facing water suppliers depend upon not only local and regional 
hydrologic conditions but also are heavily impacted by climate change and con-
cerns about carbon emissions throughout the life-cycle of water provision.  

 Climate change.   During the past 100 years, increasing amounts of 
hydrocarbons have become part of the atmosphere due to burning fossil fuels 
and volcanic activity. Hydrocarbons do not “rain out,” but stay in the atmos-
phere indefi nitely. Hydrocarbons block heat from leaving the planet, resulting 
in higher temperatures. In North America, average temperatures have risen 
1 to 3 degrees in the past decades, and are projected to rise anywhere from 
6 to 8 degrees more during the twenty-fi rst century. 10  (See Figure  16.2  .) 

 The result is a critical problem for water systems that rely upon “storing” 
precipitation in the form of snow in high mountainous areas for use during the 
summer months. In addition, as is described further in Chapter 18 on storm-
water, weather patterns are becoming more extreme. Wet areas become 
wetter, and dry areas are prone to extended droughts. Traditionally wet areas 
may experience more rainfall, and yet have intense dry periods. Traditionally 
arid areas may also experience intense short-lived storms that stretch the 
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   Figure 16.2  
     Variations in the Earth’s 

temperatures from 1000 
to 2000  AD  and predic-

tions for 2100  
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c h a p t e r  16 • Water Supply 273

capacity of the infrastructure. For the water planner, uncer-
tainty abounds. 

 In those areas with growing demands, matching future sup-
plies to needs is becoming increasingly diffi cult. The “easy” water 
sources have either been appropriated or are presently in use. 
Environmental regulations make new surface water diversion, 
storage, and treatment projects more diffi cult, costly, and time-
consuming to bring online. Meeting increased demands without 
major new water projects or radically new ways of providing water 
has been a challenge for many communities, and changing pre-
cipitation patterns will only make this more diffi cult.       

 Energy (carbon emissions) and water.   The connection 
between water and energy is one that has only recently been 
on the radar for water planners. The water industry is both a 
consumer of energy while also being an energy producer with 
hydropower. Nationally, around 2–3 percent of power genera-
tion is used for water supply and treatment, and in drier parts 
of the country the percentage is much higher. For instance, in 
California, the water sector is the state’s largest energy user, 
accounting for about 19 percent of total electricity consump-
tion. 11  Drinking water and wastewater plants are typically the 
largest energy users in local governments, accounting for 
30–40 percent of total energy. Energy as a percentage of drink-
ing water system operating costs can be as high as 40 percent. 
This fi gure is expected to increase by 20 percent in the next 15 
years due to population growth and more stringent drinking 
water regulations. 12  At the same time, however, hydroelectric-
ity accounts for 6 percent of the nation’s power. 13  

 Surface water requires much more treatment than 
groundwater, and hence greater inputs of energy. Further-
more, surface water is often transported over longer distances 
and the pumping requires electricity. Water-consuming end 
uses, like water heating, dishwashers, and the like also require 
signifi cant amounts of electricity and energy. 

 The collection, distribution, and treatment of drinking 
water and wastewater in the U.S. release 116 billion pounds of 
carbon dioxide (CO 2 ) each year—as much global warming 
pollution as 10 million cars on the road. 

 Water is also used to produce energy. The average 
amount of water used per kilowatt-hour of electricity produc-
tion in the United States has decreased from 63 gallons in 

  Water and Growth Are Linked 
in the Arid West 

 In the arid west, the ability to develop 
reliable water sources was a major driver 

of settlement patterns and population 
growth. In California, the early missions 
were sited to take advantage of what little 
“native” water was available. The Gold 
Rush of the 1850s was fueled in part by the 
massive quantities of Sierra river water 
available for hydraulic mining operations 
and to transport slurries of minerals. The 
growth of the farming industry in California 
depended upon groundwater extraction 
technology and irrigation canals. The growth 
of both Los Angeles and San Francisco 
depended upon importation of surface 
waters from as far away as 300 miles. 1  

Note
1.  Norris Hundley,  The Great Thirst: California and 

Water  (Berkeley, CA: University of California 
Press, 2001).  
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ENVIRONMENTAL SYSTEMS274

  Groundwater 
Contaminants 

 In California, MTBE (methyl ter-
tiary butyl ether) has shown up 

in wells across the state. MTBE 
was required to be added to gaso-
line in the 1980s to improve air 
emissions; it turned out to be a 
potentially carcinogenic com-
pound, and has moved into many 
drinking water wells, rendering 
them unusable, and necessitating 
extensive remediation. Similarly, 
perchlorate, a byproduct of the 
jet and rocket fuel industry, has 
shown up in valuable drinking 
water aquifers. Near Sacramento, 
California, a perchlorate-contami-
nated system has taken out nearly 
half of the groundwater produc-
tion of a private drinking water 
company. The analysis, modeling 
and remediation costs exceed 
$50 million annually and the com-
plete aquifer clean-up will take 
over 240 years. 1  

Note
1.  Douglas H. Benevento, “Remarks,” 

in Second National Drinking Water 
Symposium (National Regulatory 
Research Institute, 2003).  

1950 to 25 gallons in 2009 and is projected to decline further by 2030 
to less than 12 gallons by 2030. However, the total amount of water 
used nationally for energy production has increased due to increased 
consumption. It is estimated that total U.S. primary energy consump-
tion will increase by 14 percent between 2008 and 2035, while 
demand for electricity will grow by 30 percent. 14    

 Institutional disconnects between water providers and 
land use planning.   Land use planning is the responsibility of the 
local general purpose government, which may have little or no con-
trol over the water agency. Local governments typically plan for future 
population growth for 20 years at the most. Water projects are usually 
planned 20–30 years in advance of need, and sometimes water plan-
ning has an even longer horizon—climate change is making some 
planners look to a 90–100-year time horizon. Water projects are a key 
determinant of growth. As a result, water providers often fi nd them-
selves debating issues of land use and growth, and not exclusively 
water. Integration of land use and water use planning is likely to be an 
increasingly important issue, particularly in water-short areas where 
drought cycles and imported water are of concern.   

 Environmental water need.   The need for new water sources 
often leads to confl icts between environmental protection, recrea-
tional uses, and the potential consumptive water use. This is espe-
cially acute in the arid west and southwest, where rivers and streams 
have highly variable fl ows, and where prolonged droughts are 
common. The battles over how much water can be taken out of the 
system for consumptive use and how much water needs to remain for 
aquatic health have raged for several decades in the western states.   

 Aging infrastructure and redevelopment/intensifi cation.  
 For older communities, a key issue is the age, condition, and capacity 
of the physical infrastructure supporting the water system. Facilities 
for water diversion, treatment, conveyance, storage, and distribution 
may have become obsolete, be in need of repair, or be incapable of 
current capacity requirements. The annual needed rate of replace-
ment will peak in 2035 at 2 percent, which is four times the current 
rate of replacement. Nationally, this amounts to $250 billion in 2000 
dollars over the next 30 years. For an individual utility, the fee increases 
needed to address replacement may be politically diffi cult. 15    

 Emerging contaminants.   An issue facing nearly every urban-
ized watershed (and many rural watersheds) in the USA is the discov-
ery of pollutants in drinking water. Hundreds of chemicals from 
industrial and commercial uses such as dry cleaners and gas stations, 
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c h a p t e r  16 • Water Supply 275

as well as from agricultural uses, are being detected in water 
supply wells. When a well becomes contaminated by such 
chemicals, it is typically taken out of production. The purveyor 
must fi nd an alternate water source, often at high cost in terms 
of infrastructure or environmental impact. In addition, trace 
amounts of pharmaceuticals and heavy metals are being 
found in surface water supplies.       

 Rural areas and small community systems.   In iso-
lated rural areas and small community systems where growth 
and change may not be at issue, questions of adequate water 
quality and the relation between water service and wastewa-
ter disposal may be of concern. Small systems do not have the 
economies of scale that larger utilities have for treatment, 
source development, and capital fi nancing. 16      

 The Elements of the Water System 

 A water supply system is composed of the water source, the 
treatment facility, storage facilities, and the conveyance and 
distribution system. The water source can be a river, a lake, 
wells, or some innovative sources that are starting to be used 
in drought areas (such as reclaimed water). Water storage is 
typically a surface reservoir, but increasingly water providers 
are taking advantage of nearby groundwater basins to store 
and retrieve water when needed. Water treatment is usually 
done at a centralized treatment facility although for some well 
systems, wellhead “in situ” treatment has become common. 
Distribution is accomplished with pipe networks, pumping 
stations, storage facilities, connections, and water meters.  

 Water Sources 

 Municipal water can come from a variety of sources. Reservoirs, 
natural lakes, rivers, deep wells, and shallow wells are common 
sources, and all have unique attributes and implications for raw 
water quality. If water comes from a lake or river, it is called 
surface water. If it comes from a well, it is called groundwater. 
Only 0.6 percent of the world’s water is fresh and available for 
human use. Of that amount, 97 percent is groundwater. In the 
United States, 79 percent of community water systems draw 
from groundwater sources and 21 percent from surface water. 
However, surface water serves 67 percent of the population. 17  
Both groundwater and surface water sources form a watershed. 

  Water Infrastructure Trends   
•   Large rate increases will be needed to 

replace and upgrade water pipes and 
facilities.  

•   Many water utilities will have funding 
diffi culties.  

•   Regulations and economics will result in 
the consolidation of the smaller water 
providers.  

•   Raw water sources will be impacted by 
environmental concerns.  

•   Small treatment units and point-of-
delivery devices will become important.  

•   Conservation and water recycling will 
increase.    

 Steve Albee, “Future Water Trends,” in  Water 
Conference  (Washington, DC: U.S. Environmental 
Protection Agency, Offi ce of Water, 2003).  

          Sobrante Ozonation Facility, 
El Sobrante, CA  

          Exchequer Dam in Merced, CA  
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ENVIRONMENTAL SYSTEMS276

In the past ten years, desalination has also become a water 
source but it is not viewed as a sustainable solution. See 
Table  16.1   for a comparison of freshwater sources to all other 
sources of water on Earth, including the oceans and the 
atmosphere. The amount available for human consumption is 
a small portion of the total.  

  The Water Cycle 

 The water cycle is the process where 
water evaporates into the air, becomes 

part of a cloud, falls to the earth as pre-
cipitation, and evaporates again. This 
repeats in a continuous cycle. Water is 
warmed by the sun and changes from a 
solid to a liquid to a gas. Precipitation (rain 
or snow) creates runoff that travels over 
the surface of the ground and fi lls lakes 
and rivers. It also percolates through the 
soil to refi ll underground aquifers. Some 
places receive more precipitation than 
others. These areas are usually close to 
oceans or large bodies of water that allow 
more water to evaporate and form clouds. 
In colder, mountainous areas, as the water 
vapor freezes, it condenses into snow that 
falls on the peaks and is stored there until 
all or part of it melts in the spring 
(Figure  16.3  ).     

 The American Waterworks Association, modifi ed by 
the authors.  
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Lakes
Surface
Runoff

Return
Flow

   Figure 16.3  
     The water cycle  

 Table 16.1   
 The world’s water 

Water sources Water volume (mi 3 ) Water volume (km 3 ) % of freshwater % of total water

Oceans, seas, & bays 321,000,000 1,338,000,000 — 96.54
Ice caps, glaciers, & 
permanent snow

5,773,000 24,060,000 68.6 1.74

Groundwater 5,614,000 23,400,000 — 1.69
 Fresh 2,526,000 10,530,000 30.1 0.76
 Saline 3,088,000 12,870,000 — 0.93
Soil moisture 3,959 16,500 0.05 0.001
Ground ice & permafrost 71,970 300,000 0.86 0.022
Lakes 42,320 176,400 — 0.013
 Fresh 21,830 91,000 0.26 0.007
 Saline 20,490 85,400 — 0.007
Atmosphere 3,095 12,900 0.04 0.001
Swamp water 2,752 11,470 0.03 0.0008
Rivers 509 2,120 0.006 0.0002

Biological water 269 1,120 0.003 0.0001

 Source: Igor Shiklomanov, "World Fresh Water Resources," in Peter H. Gleick (ed.),  Water in Crisis: A Guide to the World's Fresh Water Resources  
(New York: Oxford University Press, 1993). 
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c h a p t e r  16 • Water Supply 277

 Surface water.   A source of surface water can be a river, stream, or lake. 
It is diverted directly from a stream, river, or canal and stored in natural lakes, 
reservoirs, and sometimes in aquifers. Water is generated from snow or rainfall, 
and then diverted from these storage areas throughout the year as needed. 
There is usually an intake structure in the river, lake, or reservoir that connects 
to a nearby storage facility and/or to a water treatment plant. Sometimes water 
is collected from alluvial deposits next to streambeds. Water is fi ltered through 
the soil to an “infi ltration gallery” and thence to the treatment plant.   

 Groundwater.   Groundwater supplies the majority of drinking water in 
the United States, but only 21 percent of all uses. It is found in underground 
basins and aquifers that are replenished primarily by precipitation. Groundwater 
is found underneath 40 percent of the land surface and may be tapped into 
by many individual wells, as well as large district well fi elds. Aquifers often 
consist of many interconnected layers of materials with varying degrees of 
storage capacity, permeability, and connectivity. Permeable layers are often 
interspersed with impermeable clay layers. Groundwater can serve as a sup-
plement to surface water and if the groundwater basin is replenished in wet 
years, this system can work well. However, increased use may result in an 
“overdraft” condition for the groundwater, when more water is being taken 
out than is fl owing in. 

 Overdrafting has occurred in aquifers throughout the United States, in 
some places for over 100 years. 18  Water levels in aquifers have dropped 
between 300 and 900 feet during the past 50 years. Portions of the Mississippi 
River aquifer have dropped 100 feet in the past 100 years, while aquifers in 
the San Joaquin Valley in California, and in Baton Rouge, Louisiana, have 
dropped over 200 feet. Groundwater levels in Chicago and Milwaukee have 
declined by 900 feet 19  (Figure  16.4  ).   

   Figure 16.4  
     Water table drawdown 
from pumping and time 
to recovery  
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ENVIRONMENTAL SYSTEMS278

 Conjunctive use.   This is an increasingly important tool to 
accommodate more demand without increasing withdrawals from 
streams. The water purveyor withdraws water from the stream or river 
when it is plentiful and does not impact aquatic resources or affect 
recreational uses. During lower fl ows, the purveyor switches over to 
groundwater and “gets off the river.” This allows the water to remain 
in the river or stream to protect aquatic resources and fi sheries. This 
is also called in-lieu recharge—using groundwater instead of surface 
water and vice versa.   

 Desalination. 20    In 2000, 15 percent of all water withdrawn was 
saline compared to a relatively minor amount in 1950. Desalination is 
the process of removing salt, other minerals, or chemical compounds 
from impure water, such as brackish water or seawater, for the pur-
pose of creating potable water. Depending on the technology used, 
the fi nal water product is generally of high quality. 

 However, desalination is expensive because of the corrosion-
resistant capital facilities required, the large amounts of chemicals 
needed, and the high energy requirements. The costs substantially 
exceed those for traditional water sources in most areas. Desalination 
also results in the need to dispose of large volumes of brine (waste 
salts), typically by diluting them back into the ocean. 

 The energy required for seawater desalination is higher than the 
energy expected to be required for reusing treated wastewater effl u-
ent or interregional transfers. 21    

 Water reuse and rainwater harvesting.   These sources of water 
are discussed in Chapters 17 and 18 on wastewater and stormwater.    

 Water Transportation 

 From the source, water is transported to the municipal region. The 
transport mechanism can be a channel, a pipe, a fl ume, a tunnel, an 
aqueduct, or a combination. The choice of a particular method 
depends on topography, cost, and amount of water to be carried. 
Water usually arrives at the water treatment plant in channels open to 
the atmosphere, fl owing under the force of gravity only.      

 Many large metropolitan regions have to reach far into their 
hinterland for adequate water supplies. New York City gets its 
water from the Croton Reservoir, 38 miles away, as well as from the 
Catskill/Delaware Watershed, which is 125 miles away in upstate New 
York (Figure  16.5  ). San Francisco gets its water from the Sierra Nevada, 
150 miles to the east. Los Angeles gets part of its water from the         Water line under construction  
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Owens and Mono valleys through a 338-mile aqueduct, and part 
of its water from the Colorado River, also several hundred miles to 
the east. If pumping is required to transport the water, it will add 
both to the cost of the water and the carbon emissions for the 
water supply.   

 Water Treatment 

 Water is treated so that it is free of chemical and microorganisms 
that can harm humans. It can also be treated to provide adequate 

   Figure 16.5  
     New York City’s water supply sys-
tem showing the Catskill and Croton 
watersheds  

Cop
yri

gh
t T

ay
lor

 &
 Fran

cis
 

Not 
for

 di
str

ibu
tio

n 

Vick
i E

lm
er 

Univ
ers

ity
 of

 O
reg

on



ENVIRONMENTAL SYSTEMS280

quality for industrial uses. Surface water might have more bacteriological 
content than groundwater, but less mineral content. All surface water must be 
treated according to the Safe Drinking Water Act and any additional state or 
local health standards. In addition, certain industrial processes might demand 
a much higher degree of purity than human consumption requires. 22  

 Some groundwater-based systems also use treatment facilities. There 
are technologies that allow “in-situ”, wellhead treatment of groundwater 
for naturally occurring contaminants in the soil or aquifer, such as arsenic or 
selenium.   

 Water Distribution 

 From the treatment plant to the household, the water is distributed under 
pressure. The pressure is provided either by pumps, or more commonly, 
elevated storage tanks, such as the water tower on a ridge at the edge of 
town. One of the main needs for pressure is water for fi ghting fi res, which may 
result in substantial additional costs to store and distribute water. One 
advanced concept for water distribution systems is a dual system—one for 
drinking water and the other for fi re fi ghting. This might be less expensive 
since drinking water pipes are smaller and require less pressure than those for 
fi ghting fi res. The concept might also improve drinking water quality since 
it would reduce the amount of time it is “stored,” thereby reducing the 
opportunity for the growth of pathogens, as well as the need for excessive 
disinfectants. 23  

 Actual distribution is through a network of interconnected pipes and 
pump stations (Figure  16.6  ). The network can either be a grid system or a 
branching system determined by the topography, street layout, and type of 
development. Water lines vary in size, depending on the application, and can 
be anywhere from over 18 inches in diameter for the large mains to 5/8 of an 
inch for domestic service lines. 24     

WATER PRESSURE
AND STORAGE TANK

WATER
SOURCE

RIVER,
WELL,

RESERVOIR,
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ETC.

FILTRATION
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MAIN
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HOUSE BRANCHES

SUPPLY

MAIN

MAIN

   Figure 16.6  
     A typical urban water 

distribution system  
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 The Institutions of Water  

 Who Provides Water? 

 In contrast to many other countries, water provision in the United States is 
provided by a decentralized system of multiple agencies, both public and 
private. 25  Of the 170,000 public drinking water systems in the United States, 
only 54,000 serve more than 25 people a day all year round. EPA calls the 
latter “community” water systems. The rest are systems that serve camp-
grounds, schools, and other small users. 26  

 Small systems that serve less than 10,000 people form 93 percent of all 
community water systems, but the remaining 7 percent serve 81 percent of 
U.S. customers. In sheer numbers, most water supply systems are privately 
owned—53 percent of systems nationwide in 1994. Public ownership domi-
nates the total amount of water provided in the United States, although there 
is a continuing interest in privatization.  

 Organizational arrangements for publicly owned systems.   A water 
agency can be a retailer, a wholesaler, or a combination of the two. Many of 
the large western water districts are wholesalers, meaning they purchase 
water from the federal and state government and sell it to local entities such 
as cities, smaller water districts, or private water companies. Some large dis-
tricts are both wholesaler and retailer, selling some water to cities and districts 
along its pipelines and canals and some directly to customers. Some systems 
integrate state or federal government agencies, water districts, jurisdictions, 
and even private companies in the “supply chain.” 27  

 The local water agency may control all or some of the different links in 
the water supply chain, including: holding the actual water rights; owning and 
managing the dams, reservoirs, and aqueducts; owning and managing the 
treatment plants; and the distribution system. The water agency may also own 
the land that forms the watershed. Local or regional water districts might own 
and operate the conveyance systems such as canals, pumping stations, and 
pipelines. The local general purpose government might sell the water to the 
customer and own and operate the terminal storage reservoirs, treatment 
facilities, and distribution lines. 28    

 Staffi ng and governance.   Local water districts or agencies are usually 
governed by an appointed commission or an elected board unless they are 
part of a city or county agency. The commission or board sets general poli-
cies. The day-to-day operations are managed by a professional staff, usually 
dominated by managers, engineers, and technicians. However, planners are 
becoming more frequent in water agencies as policy issues regarding water 
become more urgent. 29    
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 Privatization and water.   Investor-owned water facilities account for 
about 14 percent of total water revenues and for about 11 percent of total water 
system assets in 1995. The National Association of Water Companies esti-
mates that the total amount of water provided by private water companies in 
the United States has been around 15 percent since World War II. Experts 
conclude that continued public ownership and operation is the most proba-
ble future for most water utilities. They note that attempts to privatize water 
utilities will likely spur the public systems to improve their performance. 30  
Small utilities perhaps have the greatest potential for consolidation, privatiza-
tion, or coordination with another provider, given that 86 percent of them are 
within fi ve miles of another system. 31     

 Who Uses Water? 

 Water use is typically broken down into eight categories: public supply, 
domestic, commercial, irrigation, livestock, industrial, mining, and thermo-
electric power cooling. Total water use in the United States in 2005 was about 
410,000 million gallons per day. The states of California, Texas, Idaho, and 
Florida accounted for more than one-fourth of all water withdrawn in the United 
States in 2005. Irrigation accounted for over half as 53 percent of the total 
withdrawals in California were for irrigation while 28 percent were for thermo-
electric power. Most of the withdrawals in Texas were for thermoelectric 
power—43 percent, and irrigation at 29 percent. Most of the water withdrawals 
in Idaho were for irrigation (85 percent) while thermoelectric power accounted 
for 66 percent of the water withdrawals in Florida. 32  See Figure  16.7   for a 
graphic representation of withdrawals in 2005 with and without thermoelectric 

Total water withdrawals, 2005 Total water withdrawals, 2005
(excluding thermoelectric)

Surface-water
withdrawals, 2005

Freshwater
270,000 Mgal/d

82%

Saline
4%

Freshwater
79,600 Mgal/d

96%

3,020
Mgal/d

Groundwater
withdrawals, 2005

Groundwater
82,600
Mgal/d 20%

Ground-
water

80,600
Mgal/d
38%

Surface
water

129,000
Mgal/d
62%

Surface water
328,000 Mgal/d

80%

Saline     
58,000

Mgal/d
18%

   Figure 16.7  
     U.S. water withdrawals 

in 2005  
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uses factored in. Both saline and freshwater withdrawals are shown and 
divided between ground and surface waters. 

 During the past 20 years, per capita daily use has declined after rising 
steadily from 1900 onward. Similarly, the gallons of water per dollar of GDP 
has also declined (Figure  16.8  ). Whether this is attributable to conservation 
measures or the outsourcing of many manufacturing processes and food 
production is a source of debate. 33  

 On average, in 2000, residential use accounted for about 11 percent 
of total water consumption. The two largest water use categories are for ther-
moelectric power (47 percent) and irrigation (33 percent), not counting the 
“environmental” use. 34  

 Direct per capita urban water use in the USA tends to be between 
150–500 gallons per capita per day. Residential consumption is divided 
between 42 percent for indoor purposes and the 58 percent used outdoors. 
Another important “use” is to maintain the existing ecological systems and 
environment. In California, typical calculations suggest that the environment 
“uses” about 40 percent of the available water. 35    

 Who Regulates Water? 

 The major legislative mandate for water are the Clean Water Act of 1972, and 
the Safe Drinking Water Act of 1974. The Environmental Protection Agency 
has the lead to develop regulations and provide resources to local water 
departments and agencies. Enforcement has been delegated to most states, 
and within the larger states again to counties. Water rights are regulated at 
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   Figure 16.8  
     U.S. GDP and water with-
drawal, 1900–2008  
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the state level. Local governments also play a role in regulating 
water use through their police powers and land use authority. 
(See p. 293 for a list of federal legislation pertaining to water.)    

 Water Planning 

 Water districts (or departments, boards, or agencies) were 
at one time focused only on providing high quality reliable 
infrastructure and service to whatever new demands were 
requested of them. However, in the early 1990s, the industry 
began promoting the concept of integrated resource 
planning (IRP). 36  

 Integrated resource planning calls for demand manage-
ment strategies to be considered along with other supply 
alternatives during the planning process. In its ideal form, the 
process includes a wide variety of stakeholders, such as the 
multiple institutions that are involved with local water and 
wastewater services. It is a process that would be quite familiar 
to the land use planner. 37  

 During the same time period the concept of total water 
management began to gain currency in the industry. Total 
water management looks at water as a limited rather than 
unlimited resource. More recently, the ideal water planning 
process has been expanded to include asset management 
concerns, and capital budgeting. 38   

 Key Element of the Water Planning Process: 
Projecting Demand 

 Water planning follows the same steps outlined in an earlier 
chapter for an infrastructure plan. A key aspect, however, that 
warrants further discussion is projecting demand. 39  

  Population projections  are the most commonly used 
because the data are easy to acquire and because of histori-
cal precedent. Total population estimates are multiplied 
by per capita water demands (which can be calculated based 
on existing usage) to arrive at future projections. The limita-
tion of population-based projections is that they are only 
estimated accurately every ten years by the U.S. Census. They 
are also averaged over all land uses, and are diffi cult to 
track for individual development projects. Separate studies 
are needed to project the impact of conservation or water 
recycling savings. 

  IRP as defi ned by the 
American Waterworks 

Association 

 Integrated resource planning (IRP) is a 
comprehensive form of planning that 

encompasses least-cost analyses of 
demand-side and supply-side manage-
ment options as well as an open and par-
ticipatory decision-making process, the 
development of water resource alterna-
tives that incorporate consideration of a 
community’s quality of life and environ-
mental issues that may be impacted by 
the ultimate decision, and recognition of 
the multiple institutions concerned with 
water resources and the competing policy 
goals among them. IRP attempts to 
consider all direct and indirect costs and 
benefi ts of demand management, supply 
management and supply augmentation 
by using alternative planning scenarios, 
analyses across disciplines, community 
involvement in the planning, decision-
making and implementation process, 
and consideration of other society and 
environmental benefi ts. 

 American Waterworks Association, “Total Water 
Management“, Mainstream (June 1994).  
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  Socio-economic models  use sophisticated computer 
simulations to project jobs and housing growth and changes 
in consumption patterns and trends. These models tend to be 
more precise than population-based projections, but are costly 
to develop and are not easy for the public to understand. Like 
population-based projections, it is often diffi cult to link the 
demand to a geographic area or development proposal. 

  Land use-based projections  are the most publicly 
accessible, most directly linked to the land use planning pro-
cess, and the most easily disaggregated for detailed analysis 
of water demands and conservation savings. The benefi ts of a 
land use approach is that it is accurate, allows for detailed 
water system planning, is easily updated (especially if GIS is 
used), and can enable planners and the public to see exactly 
which land use proposals are covered by water supplies in the 
planning documents. The disadvantages of this approach 
are that it is time-consuming upfront, and that community 
land use plans are often not a complete representation of a 
community’s growth.   

 Financing Water 

 The water supply industry is the most capital-intensive industry 
in the nation, even more so than the power and telecom 
industries. Water suppliers invest more than $3.50 for every 
dollar of annual revenues received from customers. 40  

 Historically, municipal water supply agencies have relied 
on user fees for operating revenue and bonded indebtedness 
for capital investments. Today, most local water agencies 
meter use and charge by volume.  

 Full cost pricing.   In the past, water has been under-
priced, that is, subsidized by other levels of government. 
In addition, water prices have not refl ected the full social and 
environmental cost of provision. Water, sewerage, and solid 
waste disposal together account for a relatively small share of 
the average household budget—less than 0.8 percent of total 
expenditures. By comparison, electricity accounts for 2.4 per-
cent and telecommunications for 2.1 percent. In fact, on aver-
age, a four-person household spends about the same amount 
each year on cable television and tobacco products as on 
water services. 41  Today, most economists advocate full cost 
pricing where all costs, including operations, maintenance, 

  Rate Shock in Colorado 

 Moving to a full cost of service rate 
structure may result in “rate shock.” 

For example, the city of Longmont, Colo-
rado, increased its fee structure by about 
40 percent in 1989, which according to 
one offi cial was “pretty painful and not 
particularly well received.” However, the 
rate was designed to accumulate funds for 
a modern water treatment plant without 
another increase until 2009. The city’s pro-
gram, also includes conservation measures 
and development fees for new growth.  1 

Note
1.  Ari M. Michelson, J. Thomas McGuckin, and 

Donna M. Stumpf,  Effectiveness of Residential 
Water Conservation Price and Nonprice Programs  
(Denver, CO: AWWA Research Foundation, 1998).  
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and capital costs are recovered with subsidies for low-income house-
holds where necessary.   

 Fee structures. 42    The uniform rate, declining block rates, and the 
fl at rate do not promote conservation. Uniform rate structures charge the 
same price per unit for all residential customers. The uniform rate and 
declining block rate structure usually has a base fi xed cost used for capi-
tal facilities, while the variable fee is used for operations and mainte-
nance. Another type is a fl at rate, which is usually used by smaller or rural 
agencies without water meters. In 1996, 39 percent of water agencies still 
used a uniform rate, and 33 percent had declining block rates, but the 
number using fl at rates to charge for water had declined to 4 percent. 

 There are four pricing strategies or fee structures that can be used 
to promote conservation: (1) increasing block rates; (2) time of day 
pricing; (3) water surcharges for use higher than average; and (4) sea-
sonal rates. 43  Over one-fi fth of the water agencies in the United States 
used increasing block rates while another 2 percent employed sea-
sonal price structures 44  (Figure  16.9  ). Rate structures differed by resi-
dential, commercial, and industrial use (Figure  16.10  ). 

 Using conservation rate structures can reduce water demand by 
7–20 percent. However, it may be diffi cult for a utility not facing an 
imminent crisis to switch from a uniform rate structure to an increasing 
block rate, or “inclining” rate structure. If the agency does not meter 
water use, this is a good fi rst step toward conserving water and reduc-
ing demand.     

 Considerations for Local Government Land 
Use Planners 

 There are several roles that land use planners can play with regard to 
water supply. The fi rst is to coordinate with the local provider to ensure 
that the water district’s plans refl ect the development and conservation 
vision of the local general purpose government, and that its water 
facilities are consistent with the local land use plan. The second is to be 
sure that the GPG’s long-range or comprehensive land use plan is 
linked to adequate water quantity and quality. The third is to ensure 
that when specifi c development proposals are made, there will be ade-
quate water supply and site-specifi c infrastructure at the time they are 
needed for future users.  

 Infl uencing the Planning Process of the Water Planners 

 In full-service cities (and some counties), the city is responsible for 
water supply and for land use and growth decisions. In these cases, the 
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33%
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Uniform Rate
39%

Increasing Block
22%

   Figure 16.9  
     Percentage of agencies us-
ing different fee structures 
in 1996  
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   Figure 16.10  
     Water rate structures by 
residential, commercial, and 
industrial use  
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planning department needs to coordinate with the public 
works or utilities department—sharing data, working cooper-
atively on project review, and keeping consistent land use 
plans and water supply plans. 

 Coordination is more diffi cult when the land use agency 
and the water district are separate. In either case, however, 
the city or county land use planners need to share data, plans, 
and information on comprehensive plans and development 
proposals. Information exchange can be challenging when 
very small water purveyors are involved who have not had the 
staff or budgets to conduct extensive planning studies. Private 
water companies also are not subject to the same public dis-
closure requirements and may not have completed the same 
level of long-range planning and reliability analyses as a public 
agency has.  

 Reviewing an application or proposal for a new 
water facility.   The local general purpose government has 
the responsibility for reviewing the application of the water 
department or agency as it builds individual water projects. If 
the project is a large-scale treatment plant or a new reservoir, 
it is likely the project will go through the use permit process. 
If the project is part of the collection or distribution system 
in the right-of-way, the review may be non-discretionary and 
performed by the engineering department. 

 Location of a water treatment facility is likely to be set 
largely by the location of the water source, cost, and engi-
neering feasibility issues. Satellite or cluster treatment plants 
that are managed by the central utility but located close to the 
user are becoming more common.     

 Long-Range Land Use Planning 

 The community’s general plan or comprehensive plan is the 
blueprint for future growth and development. For many com-
munities, especially in the arid west and southwest, water 
supply is a factor in how much the area can grow, where it 
might grow, and at what densities. Land use planners can also 
prepare a water element as part of the community’s compre-
hensive plan. A water “element” can be a single planning 
document or chapter in the general plan where all aspects 
of the local hydrologic cycle can be described and policies 
adopted for water supply, groundwater and source watershed 

  Key Elements of a Water 
Planning Process 

 Although the context and values of the 
policy-makers will determine the 

scope and issues dealt with in the plan-
ning process, today’s planning process for 
water infrastructure should address: 

•   growth needs;  
•   renewal and replacement needs;  
•   compliance with federal, state, and 

local regulations;  
•   sustainable supplies;  
•   stakeholder goals;  
•   energy use of alternatives;  
•   changing climate conditions;  
•   adaptation needs.     
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protection, wastewater, drainage and runoff controls, and 
water quality.  

 Review of Development Projects 

 The local general purpose government has the responsibility 
of ensuring that adequate water is available for new develop-
ments such a subdivision, or a large-scale change of use in a 
built-up jurisdiction. 

 When planners review area master plans, specifi c plans, 
and individual development proposals, they need to ensure 
there is a reliable, sustainable source of water, and that the 
infrastructure for treatment and delivery will be in place 
when development occurs. While it may seem obvious that 
development applications should not be approved without 
adequate supplies of water, in several states this did occur, 
prompting new regulations at the state and local levels.  

 What to look for in water supply analysis for new 
development.   The type of questions that should be asked 
during the permit review process by land use planners include: 45  

 •   Are all current sources fully “on line” and producing 
water?  

 •   Are there dry year limitations with any sources, water 
rights or environmental limitations, or anticipated dry 
year cutbacks or delivery issues?  

 •   Are there potential water quality risks (especially for 
groundwater) that might affect the use or availability of 
a source?  

 •   When planned water sources are included in a 
water supply assessment, are they fully funded and 
permitted?  

 •   If agricultural water transfers are part of the water 
supply reliability estimate, have all legal and permit 
hurdles been cleared?  

 •   What is the nature of the transfer and for how long is it 
available?  

 •   Has the water supplier conducted a risk assessment of 
the water supply portfolio?  

 •   What “margin of safety” has the water supplier 
considered in each type of hydrologic year?  

 •   Does the water supplier have a plan for a prolonged 
drought?  

  Legislation Requiring Linkage 
between Land Use and 

Water Supply 

 Five western states have passed legisla-
tion that requires demonstration of ade-

quate water supply when approving residential 
subdivisions.  Arizona’s  law, known as the 
“Assured Water Supply program,” was 
passed in 1995; it prohibits new subdivisions 
in the Phoenix, Tucson, and Prescott areas 
without use of “renewable” (i.e. surface) 
water.  Colorado  passed the Subdivision Act 
of 1972 (SB 35), requiring all counties to 
adopt subdivision regulations, including a 
requirement that “adequate evidence that a 
water supply that is suffi cient in terms of 
quality, quantity, and dependability will 
be available.”  Nevada  passed the 1973 Sub-
division Act (NRS 278.335), which requires 
state-level approval of all tentative subdivi-
sion maps for water supply.  New Mexico  
passed the 1995 Subdivision Act (HB 1006), 
requiring all counties to adopt subdivision 
rules with water supply requirements meet-
ing certain criteria. In 2001,  California  passed 
Senate Bills 221 and 610, designed to 
address water supply adequacy for large 
subdivisions (over 500 units) and other proj-
ects at earlier stages of planning. Each of 
these laws is designed to ensure that ade-
quate long-term water supplies exist prior to 
the approval of new housing projects. In all 
cases, except California, there is a state-level 
review of the water supply adequacy. In Cal-
ifornia, the fi ndings are left up to local juris-
dictions. In some cases, “long term” is 
defi ned: Colorado requires a 100–300-year 
supply of water, and in New Mexico a 
30–100-year supply must be assured. Some 
of the statutes affect all residential subdivi-
sion regardless of size: in Arizona 100 percent 
of all subdivisions in the affected water-short 
areas are reviewed by the state, while in Cal-
ifornia only subdivisions over 500 units are 
subject to the legislation.1 

 Note
1. Based on Ellen Hanak, Water for Growth: California’s 

New Frontier, Public Policy Institute of California, 
2005; and Ellen Hanak, “Show me the Water Plan”, 
Golden Gate University Environmental Law Review (4)1.   
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 •   What type of cutbacks or auxiliary 
sources (such as agreements with 
neighboring districts) are planned for?  

 •   Are all of the local facilities in place, or 
at least fi nanced, to treat, store, 
distribute, and deliver water?  

 •   What share is being fi nanced by the 
development community and what share 
is being fi nanced by future rate payers?    

 A current list of planning applications and 
development proposals showing the status of 
each major project, its size and proposed land 
use mix, location, required permits, and spe-
cifi c water needs can serve as a tracking system 
for land use planners, water planners, other 
infrastructure providers, and the public.     

 Demand Management and 
Conservation 

 Today, most forward-thinking water and land 
use planners advocate a comprehensive 
demand management program that includes a 
combination of regulations, incentive programs, 
technological advances, and public education. 
Some call it a “soft path” that complements the 
“hard path” of centralized capital investments in 
water infrastructure. The soft path looks for 
decentralized solutions in human behavior and 
new technologies—often “green”— that will 
improve the productivity of water use. This 
approach applies not only to residential custom-
ers but also to industrial and commercial uses. 46  

 Demand management and conservation 
strategies (often called water use effi ciency 
programs) are the fi rst step to take when more 
water is needed in the jurisdiction. For exam-
ple, the Southern California region has added 
over 3 million water customers in the past 
20 years, yet has not increased its total water 
supply. 47  Today, conservation and water effi -
ciency programs are mainstream ideas.  

  California’s Water Supply Availability 
Statutes: SB 610 and SB 221 

 Two California statutes require information about water 
supply availability prior to approving certain develop-

ment proposals. Senate Bill 610, passed in 2001, requires 
that the land use agency include a water supply assess-
ment for any development project of over 500 residential 
units, or the equivalent of commercial, industrial, or other 
development, as part of the environmental assessment 
process. Within 30 days of the request by the land use 
agency, the water agency must evaluate whether there is 
an adequate supply of water to serve the project, taking 
into account present and planned growth. If the water 
supply is insuffi cient, the water provider is required to 
document how it will develop new water sources or oth-
erwise meet the overall water demands. If there are doc-
umented water defi ciencies, the local land use agency 
can still approve the project, but it must ensure that water 
supply information is provided as part of the record. 
A similar statute (SB221) emphasizes the responsibility of 
the land use agency to fi nd water that is adequate for the 
development, including fi nding that the water provider 
has valid entitlements (water rights), has the funding, and 
has all permits and approvals for the source before 
approving the development project.  

  Water Conservation in Colorado 

 The State of Colorado’s Water Conservation Act of 
1991 requires that retail water agencies that supply 

2000 acre feet of water a year to commercial or residen-
tial customers adopt water conservation plans with the 
following as suggested activities: 

•   water-effi cient fi xtures and appliances;  
•   low water-use landscapes and effi cient irrigation;  
•   water-effi cient industrial and commercial water-using 

processes;  
•   water reuse systems for potable and non-potable water;  
•   distribution system leak repairs;  
•   public information programs about water use 

effi ciency;  
•   water rate structure to promote conservation;  
•   local land use and building regulations to promote 

water conservation;  
•   incentives, including rebates, to customers using 

conservation methods.     
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 Cost–Benefi t Analysis of Conservation Options 

 Many utilities use a demand analysis model to evaluate different mixtures of 
conservation activities. This is called an  end use analysis . One set of authors 
who have used this tool in a variety of settings both in the USA and in Australia 
reached the following conclusions about general results: 

 •   Proper plumbing fi xture requirements save large amounts of water/
wastewater.  

 •   The majority of program benefi ts come from deferring new supply/
treatment projects.  

 •   Measures that reduce peak demand can produce high benefi t–cost 
ratios.  

 •   Technology to reduce demands signifi cantly is readily available.  

 •   Demand reductions through conservation of 10–20 percent over 
20–30 years is possible. 48       

 Reduction of Water System Water Losses and Leaks 

 A good fi rst step in a conservation program is to address water loss, which can 
account for as much as 10–15 percent of water “use.” One Massachusetts 
water agency discovered that 30 percent of water use was due to leakage. 49  
Agency water loss can be caused by evaporation from a storage area, seep-
age from an unlined channel, or leaks in a distribution system. Agencies have 
adopted on-going leak detection and repair programs and have made efforts 
to reduce evaporation in storage facilities. Other programs can include 
“audits” for residential facilities to identify leaks in private lines. A San Francisco 
Bay Area water agency estimates its leakage rate was about 15–20 percent in 
2008, with a signifi cant portion caused by leaky toilets.   

 Public Education Programs 

 Public media messages, internet ads, printed, and other materials that 
increase public awareness and encourage conservation, and strong school 
education programs have all been used by local governments and water 
agencies. For example, the City of Albuquerque set up a massive public edu-
cation program when it learned that the local groundwater supply was going 
to run out much earlier than expected. The city’s goal, according to their 
mayor, is to become “the most water-conscious city in the West.”   

 Indoor Residential Water Conservation 

 As noted earlier, indoor residential water use accounts for 42 percent of total 
water residential water consumption. The plumbing fi xtures and appliances 
used inside the house therefore are a prime target for conservation. In the 
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City of Albuquerque, toilets use 26 percent of total water, 
while showers account for another 17 percent, faucets 16 per-
cent, and the clothes washer 22 percent. 

 Many localities have developed ordinances that prohibit 
wasteful urban water use practices and can be enforced by 
the water agency or the general purpose government. Local 
ordinances can also require the use of low fl ow plumbing fi x-
tures for all new construction and rehabilitation as part of the 
building code. 

 Water agencies often get grants or loans to offer low cost 
access to new technologies that are low water use, such as 
low fl ow toilets, low water use washing machines, and low 
fl ow spray and rinse systems for restaurants. Rebate and retro-
fi t programs can be sponsored by local governments for 
remodeling, using water-effi cient fi xtures. The City of San 
Diego requires homeowners to retrofi t or certify that a home 
has low-fl ow fi xtures when it is sold. 50    

 Outside Water Use Conservation 

 Many local governments have focused on the reduction of 
irrigation for conservation measures since, as noted previ-
ously, it accounts for 52 percent of residential water use. 
Although studies show that urban landscapes are under-
watered by some 58 percent, few would argue that when 
plant selection, irrigation use, and related landscape choices 
do not refl ect local conditions, water can be “wasted.” 

 Land use ordinances that promote smaller lot sizes are 
one way of addressing the problem. Other landscaping provi-
sions run the gamut. In the arid west and southwest, native, 
drought-tolerant, and water-conserving landscaping has taken 
on a high profi le as a means to conserve supplies. When the 
designer matches the landscape choices to the water availa-
ble (and seasonality of the water), per capita water demand is 
signifi cantly reduced. 

 Local governments can also require that all major land-
scapes for new and redeveloped construction must use water 
conserving landscape technologies. The State of California 
passed legislation in 1991 and again in 2009 that requires 
developers to submit plans that demonstrate the outdoor 
landscaping will use 70% or less water than a “typical“ lawn. 
This is to be accomplished by many of the technologies 

  Residential Irrigation Facts   
•   Homes with in-ground sprinkler systems 

use 35 percent more water outdoors 
than those who do not have an 
in-ground system.  

•   Households that employ an automatic 
timer to control their irrigation systems 
used 47 percent more water outdoors 
than those that do not.  

•   Households with drip irrigation systems 
use 16 percent more water outdoors 
than those without drip irrigation 
systems.  

•   Households who water with a handheld 
hose use 33 percent less water 
outdoors than other households.  

•   Households who maintain a garden use 
30 percent more water outdoors than 
those without a garden.  

•   Households with access to another, non-
utility, water source displayed 25 percent 
lower outdoor use than those who used 
only utility-supplied water.  

•   On average, homes with swimming 
pools are estimated to use more than 
twice as much water as homes without 
swimming pools, everything else held 
constant.    

 U.S. Geological Service, “Irrigation Water Use“, 
available at:  ga.water.usgs.gov/edu/wuir.html .  
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described in this chapter such as native planting, hydro-zoning, mulching, 
computer controlled irrigation recycled water use, rain water harvest, storm 
water capture and similar measures. All cities and counties in the state are 
required to have a local ordinance to enforce these requirements. 

 Computer-controlled irrigation scheduling, hydro-zoning, mulching, and 
other tools are also available. The irrigation industry, hard hit by the drought 
in many states, is developing new technologies such as SWAT (smart water 
application technology) that uses smart controllers, soil sensors, and evapora-
tion-transpiration sensors to target scarce water supplies. 

 Many water agencies perform home or business “audits” to help people 
modify their systems; many agencies supply water rebates for landscape 
modifi cation or provide technical assistance to improve landscape water per-
formance. Finally, some localities impose temporary ordinances to require 
consumers to reduce specifi c water use. Clauses can be included in the cov-
enants of a development to prohibit in-ground sprinkler systems, drip irriga-
tion systems, or automatic sprinkler timers—factors that have been shown to 
increase water consumption.     

 Conclusion 

 The water industry is currently at a crossroads. Rising energy costs, the impact 
of climate change on water supply, and concern about the carbon emissions 
of a water transport and distribution system that was developed in an era of 
abundant water and energy are causing the industry to radically rethink basic 
infrastructure decisions. Whereas water provision used to be considered 
merely a supply problem to be dealt with by the water agency, land use and 
climate change considerations have become increasingly important. In addi-
tion, demand management techniques and water effi ciency concerns have 
catapulted the water engineer into a new world of economists, planners, 
landscape architects, lawyers, and statisticians.   

 Additional Resources  

 Publications  
    Baker  ,       Lawrence  ,       ed.     The Water Environment of Cities   .   New York :  Springer ,  2009 .     A series of 
articles that cover emerging institutional practices for holistic water planning at the local and 
regional level.  

    Baumann  ,       Duane   D    ., John   J    . Boland  ,    and  W    . Michael Hannemann.     Urban Water Demand 
Management and Planning   .   New York :  McGraw-Hill ,  1997 .     Although this work is over ten 
years old, the basic message of demand management and how to pay for water is still current 
today. A classic.  

    Johnson  ,       Karen   E    . and Jeff Loux.     Water and Land Use: Planning Wisely for California’s Future  . 
 Point Arena, CA :  Solano Press ,  2004 .     This book provides sections on how to plan for water and 
land use both from the water agency’s point of view and that of local government.  
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    Vickers  ,       Amy.     Handbook of Water Use and Conservation: Homes, Landscapes, Businesses, 
Industries and Farms   .   Amherst, MA :  Waterplow Press .  2001 .     The best guide to water conser-
vation practices around. For the individual or business.   

 Websites 
 American Society of Civil Engineers ( Journal of Water Resources Planning and Management ): 
 www.ojps.aip.org/wro . 

 American Water Works Association:  www.awwa.org . 

 Association of Metropolitan Water Agencies:  www.amwa-water.org . 

 Bureau of Reclamation, U.S. Department of the Interior:  www.watershare.usbr.gov . 

 State Water Resources Control Board:  www.swrcb.ca.gov . 

 U.S. Environmental Protection Agency (Offi ce of Water):  www.epa.gov/watrhome . 

 U.S. Geological Service:  www.usgs.gov .    

 Key Federal Regulations 
 Early water regulations, passed in the late 1800s and early 1900s, focused on development of 
water resources. Later regulations, arising mostly in the late 1960s and early 1970s, focused on 
water quality and environmental protection.  

 Rivers and Harbors Act of 1899 
 This Act gives the U.S. Army Corps of Engineers authority over navigable waterways in the 
United States. Of particular importance is Section 13, which prohibits the discharge of refuse 
material into any navigable water without permission.   

 Reclamation Act of 1902 
 The Reclamation Act created the Bureau of Reclamation, which is responsible for constructing 
irrigation systems in the western states.   

 Federal Water Power Act of 1920 
 The Act created the Federal Power Commission, which had authority to permit hydroelectric 
facilities and to regulate interstate sales and transmissions of electricity. In 1986, the Act was 
amended so that the Commission, now named the Federal Energy Regulatory Commission, 
would consider environmental and recreational issues in water planning as well.   

 Federal Water Pollution Control Act of 1948 
 This was the fi rst environmental law passed by Congress. It required states to identify 
water bodies that were polluted beyond tolerable levels, and then to identify the polluters and 
suppress the polluting discharges. This law was diffi cult to enforce, however, and led to the 
Amendments of 1972.   

 Federal Water Pollution Control Act Amendments of 1972 
 This law changed the focus of water quality control from regulating the pollutant levels in the 
water body to regulating the levels in the effl uent at the source of the pollution.   

 Safe Drinking Water Act of 1974 
 Prior to enactment of the Safe Drinking Water Act (SDWA), only standards for communicable 
waterborne diseases were in force. The SDWA expanded these national health-based stan-
dards for drinking water to both naturally-occurring and man-made contaminants that may be 
found in drinking water.   
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 Clean Water Act of 1977 
 The Federal Water Pollution Control Act was amended again in 1977, and was renamed the 
Clean Water Act. The Clean Water Act authorized grants for planning, research, and wastewater 
treatment plant construction. It also enacted a system of water pollutant regulations.   

 Safe Drinking Water Amendments of 1986 
 These amendments established a wellhead protection program which also protects the 
recharge area of aquifers by setting contaminant limits in the recharge water and by regulating 
underground injection wells.   

 Water Resources Development Act of 1986 
 This law authorized several large-scale water projects, and also implemented many hazard 
mitigation programs, such as the Dam Safety Program. The Dam Safety Program allocated 
federal money to states to implement dam safety initiatives.   

 Water Quality Act of 1987 
 The Clean Water Act was reauthorized in 1987 as the Water Quality Act. This Act included 
provisions to address non-point sources of pollution.   

 Safe Drinking Water Amendments of 1996 
 The 1996 amendments expanded the SDWA to require that all community water systems 
prepare and distribute annual reports about the water they provide, including information 
on detected contaminants, possible health effects, and the water’s source. States must also 
provide information on their sources.        
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