Part 1

WATER REUSE: AN INTRODUCTION

The social, economic, and environmental impacts of past water resources development
and inevitable prospects of water scarcity are driving the shift to a new paradigm in water
resources management. New approaches now incorporate the principles of sustainability,
environmental ethics, and public participation in project development. With many com-
munities approaching the limits of their available water supplies, water reclamation and
reuse have become an attractive option for conserving and extending available water sup-
ply by potentially (1) substituting reclaimed water for applications that do not require
high-quality drinking water, (2) augmenting water sources and providing an alternative
source of supply to assist in meeting both present and future water needs, (3) protecting
aquatic ecosystems by decreasing the diversion of freshwater, reducing the quantity of
nutrients and other toxic contaminants entering waterways, (4) reducing the need for
water control structures such as dams and reservoirs, and (5) complying with environ-
mental regulations by better managing water consumption and wastewater discharges.

Water reuse is particularly attractive in the situation where available water supply is
already overcommitted and cannot meet expanding water demands in a growing com-
munity. Increasingly, society no longer has the luxury of using water only once. Part 1
serves as an introduction to the general subject of water reuse. Current and potential
water shortages, principles of sustainable water resources management, and the impor-
tant role of water reclamation and reuse are discussed in Chap. 1. An overview of exist-
ing water reclamation and reuse applications and issues is presented in Chap. 2, which
also serves as an introduction to the subsequent chapters.



= 7 ws
JKEIFH: #ha

i KR BRI R R 2. LRI ANIR RN LL B R Gt A T 3BE S O 1B 2 6 AT IEAE 3-SR BT R 7k
BHREHT A SAORIE BT B A 1Al B SRR PLAR I H A P A RS 5, P2
AT ASRAF RO (K BIE ST AR BB, PRI, R FRAE e I8l 28 A PR AP B A 7k BRI BUEL IR 5 | ) ) i
FETE.

(1) KA T A T R R RIS 6 5

(2) B2 B RTALRERAIKTRK, § RO IEIFR O AT RO B Bokok i

(3) PIIRHIIRR S, 988 T R DA e He i R A e A KSR B, PRIPURAEAE R ARG

(4) WX, Ak, K PERIFE K

(5) SEAFHbE BKIMRERN R HERL, P IRBEA

X AR T, SRRk & O 222 IREDE EAGER L B &3 a7k 7oKk,
KBRS FEBIAWS . AMIEAFGEEIREZ BHAK T . % 1ERS Ak B — B 5
1 FIHE B ATRIFNE ERRELER U, R SR rTHR S BT IR, DAR K R AN FIRE SR . 28
2 T Rk AL AN R 5 Th E R ERY R, ARSI RIe.



Water Issues: Current Status and the Role of
Water Reclamation and Reuse

JKiBlRR: KA F0E AKX 1 H

WORKING TERMINOLOGY 4
=1 DEFINITION OF TERMS 6

1-2 PRINCIPLES OF SUSTAINABLE WATER RESOURCES MANAGEMENT 6
The Principle of Sustainability 7
Working Definitions of Sustainability 7
Challenges for Sustainability 7
Criteria for Sustainable Water Resources Management 7
Environmental Ethics 13

1-3 CURRENT AND POTENTIAL FUTURE GLOBAL WATER SHORTAGES 15
Impact of Current and Projected World Population 15
Potential Global Water Shortages 19
Water Scarcity 19
Potential Regional Water Shortages in the Continental United States 20

1-4 THE IMPORTANT ROLE OF WATER RECLAMATION AND REUSE 23
Types of Water Reuse 24
Integrated Water Resources Planning 24
Personnel Needs/Sustainable Engineering 27
Treatment and Technology Needs 27
Infrastructure and Planning Issues 28

1-5 WATER RECLAMATION AND REUSE AND ITS FUTURE 30
Implementation Hurdles 31
Public Support 31
Acceptance Varies Depending on Opportunity and Necessity 31
Public Water Supply from Polluted Water Sources 31
Advances in Water Reclamation Technologies 31
Challenges for Water Reclamation and Reuse 32

PROBLEMS AND DISCUSSION TOPICS 32
REFERENCES 33



4 Chapter 1

Water Issues: Current Status and the Role of Water Reclamation and Reuse

WORKING TERMINOLOGY EHRAKIE

Term

Definition

Agricultural water use
Aquifer
Beneficial uses

Consumptive use

Direct potable reuse

Domestic water use

Ecoefficiency

Environmental ethics

Evapotranspiration

Global hydrologic cycle

Groundwater

Groundwater recharge

Indirect potable reuse
Industrial water use

Irrigation water use

Integrated water
resources planning

Landscape irrigation

Municipal water use

Nonpotable reuse
Per capita water use
Potable water

Water used for crop production and livestock uses.
Geological formations that contain and transmit groundwater.

The many ways water can be used, either directly by people, or for their overall benefit.
Examples include municipal water supply, agricultural and industrial applications, navi-
gation, fish and wildlife habitat enhancement, and water contact recreation.

The part of water withdrawn that is evaporated, transpired, incorporated into products
or crops, consumed by humans or livestock, or otherwise removed from the immediate
water environment.

See Potable reuse, direct.

Domestic water use includes water for normal household purposes, such as drinking,
food preparation, bathing, washing clothes and dishes, flushing toilets, and watering
lawns and gardens.

The efficiency with which environmental resources are used to produce a unit of economic
activity.

A discipline of ethics that explores moral responsibility in relation to the environment.

A collective term that includes loss of water from the soil by evaporation and by tran-
spiration from plants.

The annual accounting of the moisture fluxes over the entire globe in all of their various forms.

The subsurface water that occurs beneath the water table in soils and geologic forma-
tions that are fully saturated and supplies wells and springs.

The infiltration or injection of natural waters or reclaimed waters into an aquifer, provid-
ing replenishment of the groundwater resource or preventing seawater intrusion.

See Potable reuse, indirect.

Water used in industrial operations and processes. The principal industrial water users
are thermal and atomic power generation.

Artificial application of water on lands to assist in the growing of crops and pastures or
to maintain vegetative growth in recreational lands such as parks and golf courses.

A process that promotes the coordinated development and management of water, land,
and related resources to maximize the resultant economic and social welfare in an equi-
table and sustainable manner.

Irrigation systems for applications such as golf courses, public parks, playgrounds,
school yards, and athletic fields.

The water withdrawals made by the populations of cities, towns, and housing estates,
and domestic and public services and enterprises. Also includes water used to provide
directly for the needs of urban populations, which consume high-quality water from city
water supply systems.

All water reuse applications that do not involve either indirect or direct potable reuse.
The average amount of water used per person during a standard time period, usually per day.

Water suitable for human consumption without deleterious health risks. The term
drinking water is a preferable term better understood by the community at large.




Potable reuse, direct

Potable reuse, indirect

Public water supply

Reclaimed water

Renewable water
resources

Return flow
Runoff
Sustainability
Sustainable
development

Transpiration

Wastewater

Water reclamation
Water reuse

Watershed

Withdrawals
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The introduction of highly treated reclaimed water either directly into the potable water
supply distribution system downstream of water a treatment plant, or into the raw water
supply immediately upstream of a water treatment plant (see Chap. 24).

The planned incorporation of reclaimed water into a raw water supply such as in potable
water storage reservoirs or a groundwater aquifer, resulting in mixing and assimilation,
thus providing an environmental buffer (see Chaps. 22 and 23).

Water withdrawn by public and private water suppliers and delivered to multiple users
for domestic, commercial, industrial, and thermoelectric power uses.

Municipal wastewater that has gone through various treatment processes to meet specific
water quality criteria with the intent of being used in a beneficial manner (e.g., irrigation).
The term recycled water is used synonymously with reclaimed water, particularly in
California.

The water entering a country’s surface and groundwater systems. Not all of this water can
be used because some falls in a place or time that precludes tapping it even if all eco-
nomically and technically feasible storage and diversion structures were built.

The water that reaches a ground- or surface-water source after release from the point
of use and thus becomes available for further use.

Part of the precipitation that appears in surface streams. It is the same as streamflow unaf-
fected by artificial diversions, storage, or other works of man in or on the stream channels.
The principle of optimizing the benefits of a present system without diminishing the
capacity for similar benefits in the future.

Development that meets the needs of the present without compromising the ability of
future generations to meet their own needs.

Water removed from soil that undergoes a change-of-state from liquid water in the stom-
ata of the leaf to the water vapor of the atmosphere.

Used water discharged from homes, business, cities, industry, and agriculture. Various
synonymous uses such as municipal wastewater (sewage), industrial wastewater, and
stormwater.

Treatment or processing of wastewater to make it reusable with definable treatment reli-
ability and meeting appropriate water quality criteria.

The use of treated wastewater for a beneficial use, such as agricultural irrigation and
industrial cooling.

The natural unit of land upon which water from direct precipitation, snowmelt, and other
storage collects and flows downhill to a common outlet where the water enters another
water body such as a stream, river, wetland, lake, or the ocean.

The water removed from the ground or diverted from a stream or lake for use.

The feasibility and reliability of providing adequate quantities and quality of water to
meet societal needs is constrained by geographic, hydrologic, economic, and social fac-
tors. Projections of unprecedented global population growth, particularly in urban areas,
have fueled concerns about water availability in increasingly complex environmental,
economic, and social settings. Some of the important questions and concerns are:
(1) how long can existing water sources be sustained? (2) how can we ensure the reliability
of current and future water sources? (3) where will the next generation of water sources
be found to meet the needs of growing populations and uses and provide for agriculture
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and industrial water requirements? and (4) how will conflicts between watershed inter-
ests in environmental preservation and beneficial uses of water sources be resolved? To
address the social, economic, and environmental impacts of water resources develop-
ment and avert the ominous prospects of water scarcity, there is a critical need to reex-
amine the way water resources systems are planned, constructed, and managed.

The emerging paradigm of sustainable water resources management emphasizes whole-
system solutions to reliably and equitably meet the water needs of present and future gen-
erations. Understanding the concepts of sustainable water resources management as a
foundation of water reclamation and reuse is of fundamental importance. Thus, the pur-
pose of this introductory chapter is to provide a perspective on (1) a definition of terms
including working terminology used in this chapter, (2) principles of sustainable water
resources management, (3) current and potential future global water shortages, (4) the
important role played by water reclamation and reuse, and (5) the future of water recla-
mation and reuse. The discussion in this chapter is designed to stimulate readers to think
about future water resources development and management in more sustainable and com-
prehensive ways, incorporating water reclamation and reuse as one of the viable options.

1-1  DEFINITION OF TERMS RiE%E X

Several different terms are used to describe forms of water and wastewater and their sub-
sequent treatment and reuse. To facilitate communication among different disciplines
associated with water reclamation and reuse practices, it is important to establish a broad
understanding of the terminology used in the field of water reclamation and reuse.
Useful terminology related to water reclamation and reuse is presented as Working
Terminology at the beginning of this chapter and every chapter in this textbook.

For the purpose of gaining broader public acceptance of water reuse, in 1995 the State
of California amended the provisions of the existing Water Code substituting the term
recycled water for reclaimed water and the term recycling for reclamation (State of
California, 2003). Water recycling is defined to mean water, which as a result of treat-
ment of wastewater, is suitable for a direct beneficial use or a controlled use that would
not otherwise occur. However, because of the traditional usage of the word and the
practice in water reclamation and reuse, the terms reclaimed water and recycled water
are used synonymously in this textbook. It should be noted that the terminology given
above may be considered working definitions that have evolved from water and waste-
water treatment, several water reuse legislations and regulations, as well as in response
to questions raised by reclaimed water users and the public at large.

1-2 PRINCIPLES OF SUSTAINABLE WATER RESOURCES MANAGEMENT
a] 40K B iR EIERY R

Historically, water resources management has focused on supplying water for human
activities, with an intrinsic assumption that technological solutions would keep pace
with steadily increasing water demands and progressively more stringent water quality
requirements. Past water resources development was based on manipulating the natural



