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CHAPTER 1

Introduction

With many communities throughout the world
approaching or reaching the limits of their available water
supplies, water reclamation and reuse has become an
attractive option for conserving and extending available
water supplies. Water reuse may also present
communities an opportunity for pollution abatement when
it replaces effluent discharge to sensitive surface waters.

Water reclamation and nonpotable reuse only require
conventional water and wastewater ireatment technology
that is widely practiced and readily available in countries
throughout the world. Furthermore, because properly
implemented nonpotable reuse does not entail significant
healthrisks, it has generally been accepted and endorsed
by the public in the urban and agricultural areas where it
has been introduced.

1.1 Objectives of the Guidelines

Water reclamation for nonpotable reuse has been
adopted in the United States and elsewhere without the
benefit of national or international guidelines or
standards. However, in recent years, many states in the
U.S. have adopted standards or guidelines, and the World
Health Organization (WHO) has published guidelines for
reuse for agricultural irrigation. The primary purpose of
this document is to present guidelines, with supporting
information, for utilities and regulatory agencies in the
U.S. In states where standards do not exist or are being
revised or expanded, the Guidelines can assist in
developing reuse programs or appropriate regulations.
The Guidelineswill also be usefulto consulting engineers
and others involved in the evaluation, planning, design,
operation, or management of water reclamation and
reuse facilities. In addition, a section on reuse
internationally is offered to provide background and
discuss relevant issues for authorities in other countries
where reuse is being considered. The document does
not propose standards by either the U.S. Environmental
Protection Agency (EPA) or the U.S. Agency for
International Development (AID). In the U.S., water
reclamation and reuse standards are the responsibility of
state agencies.

These guidelines primarily address water reclamation for

nonpotable urban, industrial, and agricultural reuse,

about which little controversy exists. Also, attention is
given to augmentation of potable water supplies by
indirect reuse. Because direct potable reuse is not
currently practiced in the U.S., only a brief overview is
provided.

1.2 Water Demands

Demands onwater resources for household, commercial,
industrial, and agricultural purposes are increasing
greatly, and the situation is exacerbated by growing
urbanization. According to a United Nations report (United
Nations, 1989), while world population will have grown
150 percent over the second half of the 20th century, the
urban population will have grown 300 percent, with almost
half the total population living in cities by the year 2000
(Figure 1).
Figure 1. Actual and Projected World Population
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Also, the number of large cities is growing rapidly (Figure
2). While fewer than 80 cities exceeded 1 million in
population in 1950, by 1990 the number had grown to
almost 300 and was projected to exceed 400 by the end
of the century {United Nations, 1985).

Although rural populations can usually find the water they
need locally, urban populations need to draw water from
large drainage areas or extensive aquifers. Most cities
have already fully exploited the readily available water
resources and are now obliged to develop and treat
sources of lower quality or go long distances to develop
new supplies, both costly options.

Figure 2. Growth of Cities of >1 Million Population
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Furthermore, while people in rural communities can often
dispose of their wastewaters satisfactorily on site, cities
must generally discharge their wastewaters into nearby
water courses, which requires adequate wastewater
treatment prior to disposal to prevent water quality
degradation and protect public health.

1.3 Source Substitution

The use of reclaimed water for nonpotable purposes
offers the potential for exploiting a “new” resource that
can be substituted for existing sources. By “source
substitution” — replacing the potable water used for
nonpotable purposes — an increased population can be
served from an existing source.

Source substitution is not a new idea. In 1958, the United
Nations Economic and Social Council enunciated a policy
that “No higher quality water, unless there is a surplus of
it, should be used for a purpose that can tolerate a lower
grade” (United Nations, 1958). With the growth and

increased density of populations, few cities now enjoy a
surplus of high quality water; if they do, this surplus can
be expected soon to be exhausted.

Many urban residential, commercial, and industrial uses
can be satisfied with water of less than potable water
quality: irrigation of lawns, parks, roadway borders and
medians; air conditioning and industrial cooling towers;
stack gas scrubbing; industrial processing; toilet and
urinal flushing; construction; cleansing and maintenance,
including vehicle washing; scenic waters and fountains;
and environmental and recreational purposes.
Customarily, public water supplies are designed to
provide water of potable quality to serve all these

purposes.

EPA policy states that “Because of human frailties
associated with protection, priority should be given to
selection of the purest source” (EPA, 1976). When the
demand exceeds the capacity of the purest source, and
additional sources are unavailable or available only at a
highcost, alower quality water can be substitutedto serve
the nonpotable purposes. In some coastal cities, such as
Hong Kong, seawater has been substituted for high
quality fresh water for toilet flushing. In the British
midlands, highly polluted Trent River water has been
used for industrial purposes in place of high quality
sources. Inmany instances, however, treated wastewater
from the city to be served, or a nearby city, may provide
the most economical and/or available substitute source.

Understandably, the construction of reclaimed water
transmission and distribution lines to existing users in
large cities is likely to be expensive and disruptive. When
retrofitting an urban area for water reuse, supplying large
users can reduce system development costs. In
Baltimore, Maryland, for example, a water reuse system
was built in 1936 to serve a single large user, the
Sparrows Point steel plant of the Bethlehem Steel
Company. In 1942, 4.5 mi (7.3 km) of 96-inch (244 cm)
pipeline was built from the Baltimore Back River activated
sludge plant to the steel plant to provide 100 mgd (4,380
L/s) of water that would otherwise have come fromafresh
water supply source (Okun, 1990).

Once dstablished, reuse programs initially developed for
large users may be extended to serve a more diverse
customer base. Such was the case in St. Petersburg,
Florida, where the reclaimed water lines were initially
installed in 1977 to serve the irrigation needs of large
commercial customers. By 1990, however, the reclaimed
water system had grown to serve more than 6,000 single-
family residential customers. The conservation benefits
of source substitution are clearly underscored by the
St. Petersburg system; the city has experienced about



10 percent population growth since 1876 without
substantial increase in potable water demand (Eingold
and Johnson, 1984).

The economics of source substitution with reclaimed
water are site specific, depending on the marginal costs
of new sources of high quality water and the costs of
treatment and disposal of wastewaters. The reclamation
and reuse of wastewaters will likely be most attractive in
serving new residential, commercial, and industrial areas
of a city, where the installation of dual distribution mains
and dual building services would be far more economical
than in already developed areas.

Reuse of reclaimed water for agricultural purposes near
urban areas can also be economically attractive.
Agricultural users are usually willing to make long-term
commitments, oftenfor as many as 20 years, to use large
quantities of reclaimed water instead of fresh water
sources.

One potential scenario is to provide a new reclaimed
water system to serve agricultural needs outside the city
with the expectation that when urban development
replaces agricultural lands in time, reclaimed water use
can be shifted from agricultural to urban needs. For
example, in Orange County, California, the Irvine Ranch
Water District currently provides reclaimed water to
irrigate urban landscape and mixed agricultural lands. As
agricultural land use is displaced by residential
development in this growing urban area, the district has
the flexibility to convert its reclaimed water service from
agricultural to urban irrigation (Parsons, 1990).

Under the Safe Drinking Water Act, EPA has established
maximum contaminant limits (MCLs) to control organic,
inorganic, microbiological and radioactive contaminants
in public drinking water supplies and is obliged to add
about 25 more every three years. Also, most MCLs are
becoming even more stringent over time. The costs to
supply water for drinking and other potable uses will
increase in the future to the point that economic analyses
for specific locales may dictate changes in the way that
nonpotable uses are satisfied, (i.e., by reclaimed waterin
dual distribution systems).

14 Pollution Abatement

While the need for additional water supply has indeed
been the impetus for numerous water reclamation and
reuse programs in arid and semi-arid areas, many
programs inthe U.S. were initiated in response to rigorous
and costly requirements for effluent discharge to surface
waters, particularly the removal of nitrogen and

phosphorus. By eliminating effluent discharges for all or
even a portion of the year through water reuse, a
municipality may be able to avoid or reduce the need for
the costly advanced wastewater treatment processes.
For most nonpotable reuse applications, nutrient removal
is unnecessary and actually contraindicated for irrigation.

The purposes and practices may differ between water
reuse programs developed strictly for pollution abatement
andthose developed forwater resources or conservation
benefits. When systems are developed chiefly for the
purpose of land application for wastewater treatment and/
or disposal, the objective isto dispose of as much effluent
on as little land as possible; thus, application rates are
often greater thanirrigation demands. On the other hand,
when the reclaimed water is considered a valuable
resource, the objective is to apply the water according to
irrigation needs.

Differences are also apparent in the distribution of
reclaimed water for these different purposes. Where
disposal is the objective, meters are difficult to justify, and
reclaimed water is often distributed at a flat rate or at
minimal cost to the users. Where reclaimed water is
intended to be used as a water resource, however,
metering is appropriate to provide an equitable method
for distributing the resource, limiting its waste, and
recovering the costs. In St. Petersburg, Florida, where
disposal was the original objective, the reclaimed water
became an important resource and meters, which were
not provided initially, are now being instalied to prevent
waste of the reclaimed water.

Naturally, a water reuse program can easily serve both
water conservation and pollution abatement purposes.
However, the scope of the Guidelines has focused on
water reuse programs for resource management. Ample
other sources exist fordesigning land treatment systems;
most notably, EPA’s Process Design Manual on Land
Treatment of Municipal Wastewater (EPA, 1981 and
1984) provides a complete discussion of the design
requirements for such systems.

1.5 Treatment and Water
Considerations

Quality

The overriding consideration in developing a reuse
system is that the quality of the reclaimed water be
appropriate for its intended use. Higher leveluses, such
as irrigation of public-access lands or vegetables to be
consumed without processing require a higher leve! of
wastewater treatment prior to reuse than will lower level
uses, such as pasture irrigation.



In urban settings, where there is a high potential for
human exposure to reclaimed water used for landscape
irrigation, industrial purposes, toilet flushing, and many
other purposes, there must be minimum hazard.
According to Okun (1990), the most important water
quality objective for such uses is that the water be
adequately disinfected and that a chlorine residual be
maintained in the distribution system. The reclaimed
water must be clear, colorless, and odorless to ensure
that it is aesthetically acceptable to the users and the
public at large. Research by the Sanitation Districts of
Los Angeles County (1977) has demonstrated that a high-
quality secondary effluent, treated with small doses of
either coagulant, polymer, or both; direct conventional
sand filtration; and chiorine disinfection can easily and
continuously provide a satisfactory product.

Several states have published standards or guidelines
for one or more types of water reuse (See Section 4.1).
Some of these states require specific treatment
processes, others impose effluent quality criteria, and
some require both. All of the states that have water
reclamation criteria require disinfection for high-level uses
and limits for either total or fecal coliform organisms (See
Tables A-1to A-8 in Appendix A).

Many states also include requirements for treatment
reliability to prevent the distribution of any reclaimed water
that may not be adequately treated because of a process
upset, power outage, or equipment failure. Reliability
requirements typically include provisions for alarms,
standby power supplies, multiple or standby unit
treatment processes, emergency storage or disposal
provisions, and standby replacement equipment. A strict
industrial pretreatment program is also necessary to
ensure the reliability of the biological treatment processes
by excluding potentially toxic levels of pollutants from the
sewer system. Wastewater treatment facilities receiving
substantial amounts of high-strength industrial wastes
may be limited in the number and type of suitable reuse
applications.

Dual distribution systems (i.e., reclaimed water
distribution systems that parallel a potable water system)
must also incorporate safeguards to prevent cross
connections of reclaimed water and potable water lines
and misuse of reclaimed water. For example, piping,
valves, and hydrants are marked or color-coded to
differentiate reclaimed water from potable water,
backfiow preventiondevices are installed, and hose bibbs
on reclaimed water lines may be prohibited to preclude
the likelihood of incidental human contact.

1.6 Overview of the Guidelines

This document, the Guidelines for Water Reuse, is an
update of the Guidelines for Water Reuse developed for
EPA by Camp Dresser & McKee Inc. (CDM) in 1980.
Funded under the co-sponsorship of EPA and the U.S.
Agency tor International Development (AID) through its
global Water and Sanitation for Health (WASH) program,
the updated and expanded guidelines reflect the
significant technical and institutional developments in
water reuse over the last decade and include
consideration of the special needs for water reuse
applications in other countries.

The Guidelines provide information for evaluating the
requirements and potential benefits of water reuse
systems, covering the key issues needed to evaluate
water reclamation and reuse opportunities, assess the
costs and benefits for reuse alternatives, and plan and
implement a water reuse system. Major technical and
non-technical issues are identified and discussed,
drawing upon the experiences of those with water reuse
programs.

The document has been arranged by issues, devoting
separate chapters to each of the key technical, financial,
legal and institutional, and public involvement
considerations that a reuse planner might face. A
separate chapter has also been provided to discuss reuse
applications in other countries. These chapters are:

Q Chapter2, TechnicalIssues In Planning Water
Reuse Systems - An overview of the potential
uses of reclaimed water, the sources of reclaimed
water, treatment requirements, seasonal storage
requirements, and supplemental system
facilities, including conveyance and distribution,
operational storage, and alternative disposal
systems.

@ Chapter 3, Types of Reuse Applications -
Urban, industrial, agricultural, recreational and
habitat restoration/enhancement, groundwater
recharge and augmentation of potable supplies.
Direct potable reuse is also briefly discussed.

Q Chapter 4, Water Reuse Regulations and
Guidelines in the U.S. - Existing U.S.
regulations, state standards and guidelines, and
recommended guidelines.

Q Chapter 5, Legal and Institutional Issues -
Reuse ordinances, user agreements, water
rights, franchise law, and case law.



@Q Chapter 6, Funding Alternatives - Funding
and cost recovery options for reuse system
construction and operation. Management issues
for utilities.

Q Chapter 7, Public Information Programs -
Strategies for educating and involving the public
in water reuse system planning and reclaimed
water use.

O  Chapter 8, Water Reuse Outside the U.S. -
Water reuse systems in other countries, with an
assessment of the differences between practices
in the U.S. and elsewhere. Examples from a
wide variety of countries are presented.
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CHAPTER 2

Technical Issues In Planning Water Reuse Systems

The technical issues involved in planning a water reuse
system include:

Q The identification and characterization of
potential demands for reclaimed water;

(3 The identification and characterization of
existing sources of reclaimed water to determine
their potential for reuse;

L The treatment requirements for producing a safe
and reliable reclaimed water that is suitable for
its intended applications;

J The storage facilities required to balance
seasonal fluctuations in supply with fluctuations
in demand;

0 The supplemental facilities required to operate
a water reuse system, such as conveyance and
distribution networks, operational storage
facilities, and alternative disposal facilities; and

L The potential environmental impacts of
implementing water reclamation.

The technical issues in this section apply broadly to most
reuse applications. Technical issues of concern in
specific reuse applications are discussed in Chapter 3,
“Types of Reuse Applications.”

2.1 Planning Approach

One goal of the Guidelines for Water Reuse is to outline
a systematic approach to planning for reuse, so that
planners can make sound preliminary judgments about
the local feasibility of reuse-taking into account the full
range of important issues that have been addressed in
implementing earlier programs or that might be
encountered in future programs.

Figure 3 illustrates a three-phased -approach to reuse
planning that groups reuse planning activities into
successive stages of preliminary investigations,
screening of potential markets, and detailed evaluation
of selected markets. Through all of these stages, public
involvement efforts provide guidance to the planning
process, and from the very outset steps will be taken
that will support project implementation should reuse
prove to be feasible. Each stage of activity builds on
previous stages until enough information is available to
develop a conceptual reuse plan and to begin negotiating
the details of reuse with selected users.

2.1.1 Preliminary Inve