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Notice

This document was produced by CDM Smith Inc. (CDM Smith) under a Cooperative Research and Development
Agreement (CRADA) with the U.S. Environmental Protection Agency (EPA). It has been subjected to EPA’s peer
and administrative review and has been approved for publication. Mention of trade names or commercial products
does not constitute endorsement or recommendation for use.

The statutes and regulations described in this document may contain legally binding requirements. Neither the
summaries of those laws provided here nor the approaches suggested in this document substitute for those
statutes or regulations, nor are these guidelines themselves any kind of regulation. This document is intended to
be solely informational and does not impose legally binding requirements on EPA; U.S. Agency for International
Development (USAID); other U.S. federal agencies, states, local, or tribal governments; or members of the public.
Any EPA decisions regarding a particular water reuse project will be made based on the applicable statutes and
regulations. EPA will continue to review and update these guidelines as necessary and appropriate.
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Foreword

For decades, communities have been reusing valuable reclaimed water to recharge groundwater aquifers, irrigate
landscapes and agricultural fields, provide critical stream flows, and provide industries and facilities with an
alternative to potable water for a range of uses. While water reuse is not new, population increases and land use
changes, combined with changes in the intensity and dynamics of local climatic weather patterns, have
exacerbated water supply challenges in many areas of the world. Furthermore, treated wastewater is increasingly
being seen as a resource rather than simply ‘waste.’ In this context, water reclamation and reuse have taken on
increased importance in the water supply of communities in the United States and around the world in order to
achieve efficient resource use, ensure protection of environmental and human health, and improve water
management. Strict effluent discharge limits have spurred effective and reliable improvements in treatment
technologies. Along with a growing interest in more sustainable water supplies, these improvements have led an
increasing number of communities to use reclaimed water as an alternative source to conventional water supplies
for a range of applications. In some areas of the United States, water reuse and dual water systems for
distribution of reclaimed water for nonpotable uses have become fully integrated into local water supplies.
Alternative and efficient water supply options, including reclaimed water, are necessary components of holistic
and sustainable water management.

As a collaborative effort between EPA and USAID, this document’s primary purpose is to facilitate further
development of water reuse by serving as an authoritative reference on water reuse practices. In the United
States, water reuse regulation is primarily under the jurisdiction of states, tribal nations, and territories. This
document includes an updated overview of regulations or guidelines addressing water reuse that are promulgated
by these authorities. Regulations vary from state to state, and some states have yet to develop water reuse
guidelines or regulations. This document meets a critical need: it informs and supplements state regulations and
guidelines by providing technical information and outlining key implementation considerations. It also presents
frameworks should states, tribes, or other authorities decide to develop new regulations or guidelines.

This document updates and builds on the 2004 Guidelines for Water Reuse by incorporating information on water
reuse that has been developed since the 2004 document was issued. This document includes updated discussion
of regional variations of water reuse in the United States, advances in wastewater treatment technologies relevant
to reuse, best practices for involving communities in planning projects, international water reuse practices, and
factors that will allow expansion of safe and sustainable water reuse throughout the world. The 2012 guidelines
also provide more than 100 new case studies from around the world that highlight how reuse applications can and
do work in the real world.

Over 300 reuse experts, practitioners, and regulators contributed text, technical reviews, regulatory information,
and case studies. This breadth of experience provides a broad and blended perspective of the scientific,
technical, and programmatic principles for implementing decisions about water reuse in a safe and sustainable
manner.

Nancy Stoner Eric Postel

Acting Assistant Administrator Assistant Administrator

Office of Water Bureau for Economic Growth, Education & Environment
U.S. EPA USAID

Lek Kadeli

Acting Assistant Administrator
Office of Research & Development
U.S. EPA
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Updating the Guidelines

The Guidelines for Water Reuse debuted in 1980 and was updated in 1992 and 2004. EPA contracted with CDM
Smith through a CRADA to update the EPA guidelines for this 2012 release. Building on the work of previous
versions, the CDM Smith project management team has involved a wide range of stakeholders in the
development process. Beginning in 2009, EPA, USAID, and CDM Smith began facilitating workshops and
informational sessions at water events and conferences around the world to solicit feedback on what information
should be repeated, updated, added, or removed from the 2004 document. In addition, a committee of national
and international experts in the field of water reclamation and related subjects was established to approve the
document outline, develop new text and case studies, and review interim drafts of the document.

Ten stakeholder consultations were carried out in 2009 to 2011. (Unless otherwise noted, the consultations were
held in the United States.) The consultations included:

=  September and October 2009: Stakeholder workshops at the Annual WateReuse Symposium in Seattle,
Wash., and Water Environment Federation Technical Exhibition and Conference (WEFTEC) in Orlando,
Fla., were conducted to collect feedback on the format and scope of the update.

= November 2010: Brainstorming sessions at the American Water Works Association (AWWA) Water Quality
Technology conference in Savannah, Ga., were held to identify major focus areas in the 2004 document
and to identify potential authors and contributors.

=  March, July, and September 2011: The International Water Association (IWA) Efficient 2011 conference in
Jordan and the Singapore International Water Week (SIWW) in Singapore were used to collect input on
international water reuse practices that encompass a range of treatment technologies, market-based
mechanisms for implementation of reuse, and strategies for reducing water reuse-related health risks in
developing countries. A status report was presented at the IWA International Conference on Water
Reclamation and Reuse in Barcelona, Spain.

= January to October 2011: Status reports were presented at the New England Water Environment
Association conference in Boston, Mass.; the WateReuse California conference in Dana Point, Calif.; the
Annual WateReuse Symposium in Phoenix, Ariz.; and in a special session at the WEFTEC in Los Angeles,
Calif.

The workshops held in Jordan, Singapore, and Spain provided an opportunity for input from a diverse group of
international participants. Professionals from the private sector also attended these events, as did representatives
from government and state agencies, universities, and nonprofit water-advocacy organizations. Non-
governmental organizations, including the World Bank, World Health Organization (WHO), and International
Water Management Institute (IWMI), were also represented.

The stakeholder input process identified a number of themes to update or emphasize in the updated guidelines,
including:

= The role of reuse in integrated water resources management
= Energy use and sustainability associated with water reuse

= Agricultural reuse

=  Wetlands polishing and stream augmentation

= Expanding opportunities for industrial reuse
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=  Groundwater augmentation and managed aquifer recharge

= Individual on-site and graywater reuse systems

= New information on direct and indirect potable reuse practices
= International trends in water reuse

In addition to the stakeholder input, the final document was researched, written, and reviewed by more than 300
experts in the field, including authors who contributed to case studies or chapters and reviewers. The contributors
included participants from other consulting firms, state and federal agencies, local water and wastewater
authorities, and academic institutions. The project management team compiled and integrated the contributions.

The formal review process included a two-stage technical review. The first stage of review was conducted by
additional technical experts who were not involved in writing the document, who identified gaps or edits for further
development. The project management team edited the text based on these recommendations and wrote or
solicited additional text. The second stage of review was conducted by the peer review team; a group of reviewers
who are experts in various areas of water reuse. The peer review team provided a written technical review and in-
person comments during a meeting in June 2012. The project management team carefully evaluated and
documented all technical comments/recommendations and the decision-making regarding the incorporation of the
recommendations into the document.

The final draft and review record was presented to EPA and USAID for final approval in August 2012.
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CHAPTER 1
Introduction

Recognizing the need to provide national guidance on
water reuse regulations and program planning, the
U.S. Environmental Protection Agency (EPA) has
developed comprehensive, up-to-date water reuse
guidelines in support of regulations and guidelines
developed by states, tribes, and other authorities.
Water reclamation and reuse standards in the United
States are the responsibility of state and local
agencies—there are no federal regulations for reuse.
The first EPA Guidelines for Water Reuse was
developed in 1980 as a technical research report for
the EPA Office of Research and Development (EPA,
1980). It was updated in 1992 to support both project
planners and state regulatory officials seeking EPA
guidance on appropriate water quality, uses, and reg-
ulatory requirements for development of reclaimed
water systems in the various states (EPA, 1992). The
primary purpose of the update issued in 2004 was to
summarize water reuse guidelines, with supporting
research and information, for the benefit of utilities and
regulatory  agencies,
particularly in  the
United States (EPA,
2004). As of the
publication of the 2012
updated document, 30
states and one U.S.
territory have adopted
regulations and 15
states have guidelines
or design standards
that govern  water
reuse. The updated
guidelines serve as a
national overview of
the status of reuse
regulations and clarify
some of the variations
in the regulatory frameworks that support reuse in
different states and regions of the United States.

Figure 1-1
The 2004 EPA Guidelines for
Water Reuse has had global
influence.

Globally, the EPA Guidelines for Water Reuse has
also had far-reaching influence. In fact, some countries
either reference the document or adopt the guiding
principles outlined in the 2004 guidelines. Many
countries of the world also reference the World Health
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Organization (WHO) Guidelines for the Safe Use of
Wastewater, Excreta and Greywater.

Over the last decade there has been significant growth
in the application of reuse, important advances in
reuse technologies, and an increase in the number of
states that have implemented either rules or guidelines
for reuse. In addition, growing worldwide water supply
demands have forced planners to consider
nontraditional water sources while maintaining
environmental stewardship. In response to these
changes and advances in reuse, EPA has developed
the 2012 Guidelines for Water Reuse to incorporate
this information through a Cooperative Research and
Development Agreement (CRADA) with CDM Smith
and an Interagency Agreement with U.S. Agency for
International Development (USAID).

1.1 Objectives of the Guidelines

There were several key reasons to update the
guidelines in 2012. As the field of reuse has expanded
greatly over the past decade, there is a need to
address new applications and advances in
technologies, as well as update state regulatory
information. As technologies are now advanced
enough to treat wastewater to the water quality
required for the intended use, the concept of “fit for
purpose” is highlighted to emphasize the efficiencies
realized by designing reuse for specific end
applications. Second, EPA has committed to work with
communities to incorporate the approach of integrated
water management, where nonconventional water
sources are incorporated as part of holistic water
management planning, a theme that is emphasized in
this update (Rodrigo et al., 2012). Third, there was
interest in incorporating findings and recommendations
from the National Research Council's (NRC) Water
Science & Technology Board report, Water Reuse:
Potential for Expanding the Nation's Water Supply
Through Reuse of Municipal Wastewater (NRC, 2012).

Globally, the WHO has also updated its guidelines,
which were under revision at the time of publication of
the 2004 EPA guidelines document. In response to
these changes and other advances in reuse
technologies, EPA deemed it appropriate and
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necessary to revise its guidelines document to include
updated information. As a result, facilitated workshops
and informational sessions were initiated in 2009 at
water events around the world to generate feedback
about concepts that should be repeated, updated,
added, or removed from the document; the current
version of the Guidelines for Water Reuse
incorporates this information.

In states and nations where standards do not exist or
are being revised or expanded, the EPA guidelines
can assist in developing reuse programs and
appropriate regulations. The guidelines also will be
useful to engineers and others involved in the
evaluation, planning, design, operation, or
management of water reclamation and reuse facilities.
Because the number of reuse applications has
expanded so significantly since publication of the 2004
document, this revision has modified the format and
scope of case studies to provide readers with
examples of best practices and lessons learned.
Additionally, the chapter on international reuse has
been expanded to include a discussion of principles for
mitigating risks associated with wastewater use where
treatment does not exist and enabling factors for
expanding wastewater treatment to promote the
increase of water reuse. The chapter also provides
case studies of global experiences that can inform
approaches to reuse in the United States.

1.2 Overview of the Guidelines

Stakeholder input was gathered from a wide range of
contributors in order to identify key themes to
emphasize in this update. The stakeholder
involvement process is described in further detail in
Updating the Guidelines. This input has been
integrated throughout the document, which has been
arranged by topic and devotes separate chapters to
each of the key technical, financial, legal and
institutional, and public involvement issues. While the
document generally follows the outline of the 2004
guidelines, integration of some of the new materials
resulted in expanded chapters that required minor
reorganization. The document is organized into nine
chapters and six appendices, as outlined in Table 1-1.

1-2

Throughout the text, case studies are introduced and
referenced by a [code name] in brackets. In the
compiled pdf version of this document, hyperlinks will
direct the reader to the case studies in the appendices.
The U.S. case studies are listed and contained in
Appendix D. International case studies are listed and
contained in Appendix E.

1.3 Guidelines Terminology

The terminology associated with treating municipal
wastewater and reusing it varies both within the United
States and globally. For instance, although the terms
are synonymous, some states and countries use the
term reclaimed water while others use the term
recycled water. Similarly, the terms water recycling
and water reuse have the same meaning. In this
document, the terms reclaimed water and water reuse
are used. Definitions of terms used in this document,
with the exception of their use in case studies, which
may contain site-specific terminology, are provided
below.

De facto reuse: A situation where reuse of treated
wastewater is, in fact, practiced but is not officially
recognized (e.g., a drinking water supply intake
located downstream from a wastewater treatment
plant WWTP] discharge point).

Direct potable reuse (DPR): The introduction of
reclaimed water (with or without retention in an
engineered storage buffer) directly into a drinking
water treatment plant, either collocated or remote from
the advanced wastewater treatment system.

Indirect potable reuse (IPR): Augmentation of a
drinking water source (surface or groundwater) with
reclaimed water followed by an environmental buffer
that precedes drinking water treatment.

Nonpotable reuse: All water reuse applications that
do not involve potable reuse.

Potable reuse: Planned augmentation of a drinking
water supply with reclaimed water.

2012 Guidelines for Water Reuse
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Table 1-1 Organization of 2012 Guidelines for Water Reuse

Chapter

Chapter 2—-Planning and
Management
Considerations

| Overview of Contents |

EPA’s Total Water Management (TWM) approach to water resources planning is described as
a framework within which water reuse is integrated into a holistic water management approach.
The steps that should be considered in the planning stage as part of an integrated water
resources plan are then presented, followed by an overview of key considerations for managing
reclaimed water supplies. These discussions cover management of supplies as well as
managed aquifer recharge, which has progressed substantially since publication of the
previous guidelines.

Chapter 3-Types of
Reuse Applications

A discussion of reuse for agricultural, industrial, environmental, recreational, and potable
supplies is presented. An expanded discussion of indirect potable reuse (IPR) and direct
potable reuse (DPR) is also provided with references to new research and literature. Urban
reuse practices such as fire protection, landscape irrigation, and toilet flushing were described
in great detail in the 2004 guidelines and are not repeated here; however, general information
regarding planning and management of reclaimed water supplies and systems that include
urban reuse is provided in Chapter 2.

Chapter 4-State
Regulatory Programs for
Water Reuse

An overview of legal and institutional considerations for reuse is provided in this chapter. The
chapter also gives an updated summary of existing state standards and regulations. At the end
of this chapter are suggested minimum guidelines for water reuse in areas where such
guidance or rules have not yet been established.

Chapter 5-Regional
Variations in Water Reuse

This new chapter summarizes current water use in the United States and discusses expansion
of water reuse nationally to meet water needs. The chapter discusses variations in regional
drivers for water reuse, including population and land use, water usage by sector, water rates,
and the states’ regulatory contexts. Representative water reuse practices are described for
each region, and U.S. water reuse case studies are introduced.

Chapter 6-Treatment
Technologies for

Protecting Public and
Environmental Health

This chapter provides an overview of the treatment objectives for reclaimed water and
discusses the major treatment processes that are fundamental to production of reclaimed
water. And, while this chapter is not intended to be a design manual or provide comprehensive
information about wastewater treatment, which can be found in other industry references, an
overview of these processes and citations for updated industry standards is provided.

Chapter 7-Funding Water
Reuse Systems

Assuring adequate funding for water reuse systems is similar to funding other water services.
Because of increased interest in using reclaimed water as an alternate water source, this
chapter provides a discussion of how to develop and operate a sustainable water system using
sound financial decision-making processes that are tied to the system'’s strategic planning
process.

Chapter 8-Public
Outreach, Participation,
and Consultation

This chapter presents an outline of strategies for informing and involving the public in water
reuse system planning and reclaimed water use and reflects a significant shift in thinking
toward a higher level of public engagement since publication of the last guidelines. This chapter
also describes some of the new social networking tools that can be tapped to aid with this
process.

Chapter 9-Global
Experiences in Water
Reuse

With significant input from USAID and the International Water Management Institute (IWMI), the
chapter on international reuse has been expanded to include a description of the growth of
advanced reuse globally. In addition, this chapter provides information on principles for
mitigating risks associated with the use of untreated or partially treated wastewater, enabling
factors for expanding water reuse, and new case studies that can provide informed approaches
to reuse in the United States.

APPENDIX A Federal and nonfederal agencies that fund research in water reuse
APPENDIX B Inventory of water reuse research projects

APPENDIX C State regulatory websites

APPENDIX D Case studies on water reuse in the United States

APPENDIX E Case studies on water reuse outside the United States
APPENDIX F List of case studies that were included in the 2004 EPA guidelines
APPENDIX G Abbreviations for names of states and units of measure
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Chapter 1 | Introduction

Reclaimed water: Municipal wastewater that has
been treated to meet specific water quality criteria with
the intent of being used for a range of purposes. The
term recycled water is synonymous with reclaimed
water.

Water reclamation: The act of treating municipal
wastewater to make it acceptable for reuse.

Water reuse: The use of treated municipal wastewater
(reclaimed water). Other alternate sources of water,

Table 1-2 Categories of water reuse applications

including graywater and stormwater, are discussed in
Chapter 2.

Wastewater: Used water discharged from homes,
business, industry, and agricultural facilities.

In addition to the general terms defined above, the
following terminology is used in this document to
delineate between categories of water reuse
applications (Table 1-2).

e

The use of reclaimed water for nonpotable applications in municipal settings

Unrestricted where public access is not restricted
Urban Reuse The use of reclaimed water for nonpotable applications in municipal settings
Restricted where public access is controlled or restricted by physical or institutional barriers,
such as fencing, advisory signage, or temporal access restriction
The use of reclaimed water to irrigate food crops that are intended for human
Food Crops .
. consumption
Agricultural
Reuse CP::?)Czsasr?g Egg? The use of reclaimed water to irrigate crops that are either processed before
P human consumption or not consumed by humans
food Crops
. The use of reclaimed water in an impoundment in which no limitations are
Unrestricted . . L
imposed on body-contact water recreation activities
Impoundments
Restricted The use of reclaimed water in an impoundment where body contact is restricted

Environmental Reuse

The use of reclaimed water to create, enhance, sustain, or augment water bodies
including wetlands, aquatic habitats, or stream flow

Industrial Reuse

The use of reclaimed water in industrial applications and facilities, power
production, and extraction of fossil fuels

Groundwater Recharge —

Nonpotable Reuse water source

The use of reclaimed water to recharge aquifers that are not used as a potable

treatment

Augmentation of a drinking water source (surface or groundwater) with reclaimed
IPR water followed by an environmental buffer that precedes normal drinking water

Potable Reuse

The introduction of reclaimed water (with or without retention in an engineered
DPR storage buffer) directly into a water treatment plant, either collocated or remote
from the advanced wastewater treatment system

1-4
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1.4 Motivation for Reuse

The ability to reuse water, regardless of whether the
intent is to augment water supplies or manage
nutrients in treated effluent, has positive benefits that
are also the key motivators for implementing reuse
programs. These benefits include improved
agricultural production; reduced energy consumption
associated with production, treatment, and distribution
of water; and significant environmental benefits, such
as reduced nutrient loads to receiving waters due to
reuse of the treated wastewater. As such, in 2012, the
drivers for reuse are similar to those presented in the
2004 guidelines and center around three categories: 1)
addressing urbanization and water supply scarcity, 2)
achieving efficient resource use, and 3) environmental
and public health protection.

1.4.1 Urbanization and Water Scarcity

The present world population of 7 billion is expected to
reach 9.5 billion by 2050 (USCB, n.d.).

In addition to the increasing need to meet potable
water supply demands and other urban demands (e.g.,
landscape irrigation, commercial, and industrial
needs), increased agricultural demands due to greater
incorporation of animal and dairy products into the diet
also increase demands on water for food production
(Pimentel and Pimentel, 2003). These increases in
population and a dependency on high-water-demand
agriculture are coupled with increasing urbanization;
all of these factors and others are effecting land use
changes that exacerbate water supply challenges.
Likewise, sea level rise and increasing intensity and
variability of local climate patterns are predicted to
alter hydrologic and ecosystem dynamics and
composition (Bates et al., 2008). For example, the
western United States, including the Colorado River
Basin, which provides water to 35 million people, is
projected to experience seasonal and annual
temperature increases, resulting in increased
evaporation (Garfin et al., 2007; Cohen, 2011).

Reuse projects must factor in climate predictions, both
for demand projections and for ecological impacts.
Municipal wastewater generation in the United States
averages approximately 75 gpcd (284 Lpcd) and is
relatively constant throughout the year. Where
collection systems are in poor condition, the
wastewater generation rate may be considerably
higher or lower due to infiltration/inflow or exfiltration,
respectively. Thus, according to Schroeder et al.
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(2012), the potential municipal water supply offset by
reuse for a community of 1 million people will be
approximately 75 mgd (3,950 L/s) or 27,400 million
gallons (125 MCM) per year. Given losses at various
points in the overall system and potential downstream
water rights, the actual available water would most
likely be about 50 percent of the potential value, but
the resulting impact on the available water supply
would still be impressive.

As urban areas continue to grow, pressure on local
water supplies will continue to increase. Already,
groundwater aquifers used by over half of the world
population are being overdrafted (Brown, 2011). As a
result, it is no longer advisable to use water once and
dispose of it; it is important to identify ways to reuse
water. Reuse will continue to increase as the world’s
population becomes increasingly urbanized and
concentrated near coastlines, where local freshwater
supplies are limited or are available only with large
capital expenditure (Creel, 2003).

1.4.2 Water-Energy Nexus

Energy efficiency and sustainability are key drivers of
water reuse, which is why water reuse is so integral to
sustainable water management. The water-energy
nexus recognizes that water and energy are mutually
dependent—energy production requires large volumes
of water, and water infrastructure requires large
amounts of energy (NCSL, 2009). Water reuse is a
critical factor in slowing the compound loop of
increased water and energy use witnessed in the
water-energy nexus. A frequently-cited definition of
sustainability comes from a 1987 report by the
Bruntland Commission: “Sustainable development is
development that meets the needs of the present
without compromising the ability of future generations
to meet their own needs” (WCED, 1987). Therefore,
sustainable water management can be defined as
water resource management that meets the needs of
present and future generations.

Water reuse is integral to sustainable water
management because it allows water to remain in the
environment and be preserved for future uses while
meeting the water requirements of the present. Water
and energy are interconnected, and sustainable
management of either resource requires consideration
of the other. Water reuse reduces energy use by
eliminating additional potable water treatment and
associated water conveyance because reclaimed
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water typically offsets potable water use and is used
locally. For example, about 20 percent of California’s
electricity is consumed by water-related energy use,
including potable water conveyance, storage,
treatment, and distribution and wastewater collection,
treatment, and discharge (California  Energy
Commission, 2005). Although additional energy is
required to treat wastewater for reclamation, the
amount of energy required for treatment and transport
of potable water is generally much greater in southern
California. And the estimated net energy savings could
range from 0.7 to 1 TWh/yr, or 3,000 to 5,000
kWh/Mgal. At a power cost of $0.075/kWh, the savings
would be on the order of $50 to $87 million per year
(Schroeder et al., 2012).

AV

Figure 1-2
Purple pipe is widely used for reclaimed water
distribution systems (Photo credit: CDM Smith)

The energy required for capturing, treating, and
distributing water and the water required to produce
energy are inextricably linked. Water reuse can
achieve two benefits: offsetting water demands and
providing water for energy production. As described in
Chapters 3 and 5, thermoelectric energy generation
currently uses about half of the water resources
consumed in the United States and is a major potential
user of reclaimed water (Kenny et al., 2005). On-site
energy and resource efficiency is also driving the
installation of decentralized reuse applications in
industrial applications and establishments seeking
Leadership in Energy and Environmental Design
(LEED) certification.

EPA has developed principles for an Energy-Water
Future that incorporate familiar concepts of: efficiency,
a water-wise energy sector as well as an energy-wise
water sector, consideration of wastewater as a
resource, and integrated resource planning and
recognition of the societal benefits (EPA, 2012).

1-6

Understanding that reuse is one of the tools that urban
water/wastewater/stormwater managers have at their
disposal to improve their existing systems’ energy
efficiency, EPA is currently developing a handbook
titted Leveraging the Water-Energy Connection—An
Integrated Resource Management Handbook for
Community Planners and Decision-Makers, envisioned
to be an integrated water management-planning
support document. The manual will address water
conservation and efficiency (which is discussed in
these guidelines with respect to its role in TWM), as
well as alternative water sources (reclaimed water,
graywater, harvested stormwater, etc.) as part of
capacity development, building codes for improved
water and energy-use efficiency, and renewable
energy sources from/for both water and wastewater
systems.

1.4.3 Environmental Protection

Water scarcity and water supply demands in arid and
semi-arid regions drive reuse as an alternate water
supply; however, there are still many water reuse
programs in the United States that have been initiated
in response to rigorous and costly requirements to
remove nutrients (mainly nitrogen and phosphorus)
from effluent discharge to surface waters.
Environmental concerns over negative impacts from
increasing nutrient discharges to coastal waters are
resulting in mandatory reductions in the number of
ocean discharges in Florida and California. 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 costly nutrient
removal treatment processes or maintain wasteload
allocations while expanding capacity. Avoiding costly
advanced wastewater treatment facilities was the key
driver for St. Petersburg, Fla., to initiate reclaimed
water distribution to residential, municipal, commercial,
and industrial demands when the state legislature
enacted the Wilson-Grizzle Act in 1972, significantly
restricting nutrient discharge into Tampa Bay. Today,
St. Petersburg serves more than 10,250 residential
connections in addition to parks, schools, golf courses,
and commercial/industrial applications, including 13
cooling towers. Another current example is King
County, Wash., which is implementing reuse to reduce
the discharge of nutrients into Puget Sound to address
the health of this marine water [US-WA-King County].
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Under some National Pollutant Discharge Elimination
System (NPDES) programs, water reuse may have
evolved from initial land treatment system or zero
discharge system concepts. The reuse program in this
circumstance may serve dual objectives. First, the
system could treat as much effluent on as little land as
possible (thus, application rates are often greater than
irrigation demands), with subsequent “disposal” of the
remaining fraction. And second, the evolution of this
treatment process could provide an alternate water
supply when water reuse practices are implemented.

Many communities are also turning to water reuse to
achieve environmental goals of maintaining flows to
sensitive ecosystems, such as in Sierra Vista, Ariz.;
San Antonio, Texas; and Sydney, Australia
[US-AZ-Sierra Vista, US-TX-San Antonio, and
Australia-Replacement Flows].

1.5 "Fit for Purpose”

While the increased use of reclaimed water typically
poses greater financial, technical, and institutional
challenges than traditional sources, a range of
treatment options are available such that any level of
water quality can be achieved depending upon the use
of the reclaimed water. This is also reflective of the
evolution of reclaimed water from its origins as land
application and treatment for disposal of treated
wastewater effluent for groundwater recharge and crop
production to the advanced treatment processes that
are applied today to meet potable water quality for
indirect potable reuse. Indeed, the NRC's Water
Science & Technology Board recently acknowledged
this continuum of reuse practices in its 2012 report,
Water Reuse: Potential for Expanding the Nation's
Water Supply Through Reuse of Municipal Wastewater
(NRC, 2012), with the following statement:

“A portfolio of treatment options, including
engineered and managed natural treatment
processes, exists to mitigate microbial and
chemical contaminants in reclaimed water,
facilitating a multitude of process combinations
that can be tailored to meet specific water quality
objectives. Advanced treatment processes are
also capable of addressing contemporary water
quality issues related to potable reuse involving
emerging pathogens or trace organic chemicals.
Advances in membrane filtration have made
membrane-based processes particularly attractive
for water reuse applications. However, limited
cost-effective concentrate disposal alternatives
hinder the application of membrane technologies
for water reuse in inland communities” (NRC,
2012).

This concept is represented graphically in Figure 1-3,
which illustrates that water treatment technologies
(combined with disinfection) offer a ladder of
increasing water quality, and choosing the right level of
treatment should be dictated by the end application of
the reclaimed water for achieving economic efficiency
and environmental sustainability.

There are numerous case studies that demonstrate
the balance of treatment costs along with the intended
use of the reclaimed water. Many of these develop
reuse in the interest of replacing the use of drinking
water for nonpotable applications and meeting the
future water demands. As such, the treatment level
required for reclaimed water production depends on
the end use. A number of states, such as Washington,
California, Florida, Arizona, and others, prescribe the
level of treatment depending on the end use. This
recognition of “Fit for Purpose” provides a framework
for cost-effective treatment to be applied to a water
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Treatment technologies are available to achieve any desired level of water quality
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source sufficient to meet the quality appropriate for the
intended use. By selecting appropriate treatment for
specific applications, water supply costs can be
controlled and the costs for improved wastewater
treatment technologies delayed until they are balanced
by the benefits. Consideration must also be balanced
with the potential for future reuse of higher reclaimed
water quality such that these uses are not limited.

1.6 References

Bates, B. C., Z. W. Kundzewicz, S. Wu, and J. P. Palutikof.
2008. Climate Change and Water. Technical paper.
Intergovernmental Panel on Climate Change. Geneva.

Brown, L. R. 2011. “The New Geopolitics of Food,” Foreign
Policy, 4, 1 — 11. California Department of Water Resources
(2011). Notice to State Water Project Contractors. State
Water Project Analyst's Office. Retrieved August 2012 from
<http://www.water.ca.gov/swpao/notices.cfm>.

California Energy Commission. 2005. Final Staff Report,
California’s Water-Energy Relationship, CEC-700-2005-011-
SF. Retrieved August 2012 from
<http://www.energy.ca.qov/2005publications/CEC-700-2005-
011/CEC-700-2005-011-SF.PDF>.

Cohen, M. 2011. Municipal Deliveries of Colorado River
Basin Water. Pacific Institute. Oakland, CA.

Creel, L. 2003. "Ripple Effects: Population and Coastal
Regions,” Population Reference Bureau. Washington, D.C.

Garfin, G., M. A. Crimmins, and K. L. Jacobs. 2007.
“Drought, Climate Variability, and Implications for Water
Supply.” In Colby, B.G. and K.L. Jacobs, (eds.) Arizona
Water Policy: Management Innovations in an Urbanizing Arid
Region. Resources for the Future. Washington, D.C.

Kenny, J. F., N. L. Barber, S. S. Hutson, K. S. Linsey, J. K.
Lovelace, and M. A. Maupin. 2005. Estimated Use of Water
in the United States in 2005. United States Geological
Survey (USGS). Retrieved April 5, 2012, from
<http://pubs.usgs.gov/circ/1344/>.

National Conference of State Legislatures (NCSL). 2009.
Overview of the Water-Energy Nexus in the U.S. Retrieved
August 2012 from <http://www.ncsl.org/issues-research/env-
res/overviewofthewaterenergynexusintheus.aspx>.

National Research Council (NRC). 2012. Water Reuse:
Potential for Expanding the Nation's Water Supply Through
Reuse of Municipal Wastewater. The National Academies
Press: Washington, D.C.

Pimentel, D., and M. Pimentel. 2003. “Sustainability of Meat-
based and Plant-based Diets and the Environment.”
American Journal of Clinical Nutrition. 78(3):660S-663S.

Rodrigo, D., E. J. Lépez Calva, and A. Cannan. 2012. Total
Water Management. EPA 600/R-12/551. U.S. Environmental
Protection Agency. Washington, D.C.

Schroeder, E., G. Tchobanoglous, H. L. Leverenz, and T.
Asano. 2012. Direct Potable Reuse: Benefits for Public
Water Supplies, Agriculture, the Environment, and Energy
Conservation, National Water Research Institute (NWRI)
White Paper, Publication Number NWRI-2012-01. Fountain
Valley, CA.

United States Census Bureau (USCB). n.d. World
Population. Accessed on September 17, 2012 from
<http://www.census.gov/population/international/data/worldp
op/table population.php>.

U.S. Environmental Protection Agency (EPA). 1980. Protocol
Development: Criteria and Standards for Potable Reuse and
Feasible  Alternatives.  570/9-82-005.  Environmental
Protection Agency. Washington, D.C.

U.S. Environmental Protection Agency (EPA). 1992.
Guidelines for Water Reuse. 625/R92004. Environmental
Protection Agency. Washington, D.C.

U.S. Environmental Protection Agency (EPA). 2004.
Guidelines for Water Reuse. 625/R-04/108. Environmental
Protection Agency. Washington, D.C.

U.S. Environmental Protection Agency (EPA). 2012.
Energy/Water. Retrieved August 2012 from
<http://water.epa.gov/action/energywater.cfm>.

World Commission on Environment and Development
(WCED). 1987. Our Common Future: The Bruntland Report.
United Nations World Commission on Environment and
Development. Oxford University Press. New York, NY.

2012 Guidelines for Water Reuse



CHAPTER 2
Planning and Management Considerations

With increasing restrictions on conventional water
resource development and wastewater discharges,
reuse has become an essential tool in addressing both
water supply and wastewater disposal needs in many
areas. This growing dependence on reuse makes it
critical to integrate reuse programs into broader
planning initiatives. Since publication of the 2004
guidelines, some excellent materials on planning,
developing, and managing reuse systems have been
published and are referenced in this chapter. A
summary of overarching management themes and
discussion of some important management practices
and tools are provided in this chapter.

2.1 Integrated Water Management

Beyond the need to address water supply challenges,
many utility systems are under increasing pressures to
save costs and demonstrate  environmental
stewardship. Under this scenario, weaknesses in the
traditional practices of water management, which
typically focus on individual resources or utilities, have
become apparent. Recognizing these challenges,
application of adaptive management approaches, such
as integrated water management, is a means of
improving water resource management and reducing
waste streams (Rodrigo et al., 2012). This approach is
the result of a focus on broader water resources
management options that encompass all of the water
resource systems within a community, and reuse is a
key factor in this more holistic planning method.
Figure 2-1 illustrates the difference between
integrated and nonintegrated water resources
management approaches.

As described in the document Total Water
Management (Rodrigo et al., 2012), receiving waters
(Figure 2-1) represent surface and groundwater
resources that provide both water supply sources and
points of wastewater discharge. Dry weather
stormwater represents low flows that occur during non-
peak events that may end up in the wastewater
collection system, and wet weather stormwater
represents higher flow periods that generally end up
as discharge to receiving waters (Rodrigo et al., 2012).
In the non-integrated approach, urban watersheds use
more receiving waters for their water supplies and
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heavily discharge wastewater and stormwater into
receiving waters.

Traditional Water Management (Non-integrated Water Resources)

dry
th
Water Supply pummmd \Wastewater Nl Siormwater

l wet
weather
| Receiving \
Waters

Total Water Management (Integrated Water Resources)

Beneficial reuse of stormwater
(e.g., groundwater recharge)

Reduced flows

I
: i
Reclaimed water l from BMPs 1 wet
I
r I
Receiving H

weather
Waters

Figure 2-1
Traditional versus Integrated Water Management
(adapted from O’Connor et al., 2010)

This approach can result in detrimental environmental
impacts and lead to inefficiencies in the use of water.
Integrated water management significantly improves
the opportunities to obtain benefits from water,
regardless of the stage in the water cycle. Concepts
such as integrating water conservation practices to
reduce the demand for freshwater are part of this
comprehensive management approach. Also, rather
than viewing stormwater as a nuisance, it should be
considered an asset that is allowed to recharge
groundwater through best management practices
(BMPs), such as the use of swales, porous pavement,
or cisterns. Additionally, wastewater can be reused,
providing both environmental and water supply
benefits.

The end result of integrated water management is
reduced discharges to receiving waters and reduced
reliance on surface and groundwater supplies to meet
water demands. The following set of management
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strategies and alternative resources are typically
considered in an integrated water management plan:

= Water conservation

= Reuse of wastewater

= Reuse of graywater

= Stormwater BMPs

= Rainwater harvesting

= Enhanced groundwater recharge

= Increased surface water detention

= Dry weather urban runoff treatment

= Dual plumbing for potable and nonpotable uses
= Separate distribution systems for fire protection
= Multi-purpose infrastructure

= Use of the right water quality for intended use

= Green roofs

=  Low impact development (LID)

An example of this new approach to water resources
planning is the Integrated Resources Plan (IRP) of Los
Angeles, Calif. In 1999, Los Angeles embarked on an
entirely new approach for managing its water
resources. The IRP took a holistic, watershed
approach by developing a partnership among different
city departments that managed water supply,
wastewater, and stormwater (CDM, 2005; Lépez Calva
et al.,, 2001). The goal was to develop multi-purpose,
multi-benefit strategies to address chronic droughts,
achieve compliance with water quality laws (e.g., total
maximum daily loads [TMDLs]), provide additional
wastewater system capacity, increase open space,
reduce energy consumption, manage costs, and
improve quality of life for its citizens. Completed in
2006, the IRP won numerous awards and was well-
supported by the city’'s diverse stakeholders (CH:CDM,
2006a, 2006b, and 2006c). Projects identified in the
IRP will be implemented over the next 20 years. When
the strategies that were evaluated as part of the IRP
development were compared to traditional water
management practices, integrated water management
scenarios demonstrated greater benefits at lower total
present value costs than the baseline traditional
approach scenario.

While the results in the city of Los Angeles IRP were
largely driven by the higher cost for imported water,
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which is very susceptible to droughts, there are other
motives for integrated planning. The city of San Diego
[US-CA-San Diego] is conducting an 18-month
demonstration project in 2012 to demonstrate the
potential of IPR. Pending the results of the
demonstration project, the city would mine treated
wastewater effluent from the outfall serving the Point
Loma Primary Treatment Plant to provide water higher
in quality than drinking water standards and augment
the supply of the San Vicente Reservoir. Drivers for
this project include an expanded water supply,
reduction of coastal discharges, and lower energy
consumption compared to importation of new supplies
or ocean desalination. In other areas of the country,
this integrated management approach may also
produce greater benefits for water management, and
not necessarily for water supply alone. Even smaller
communities can benefit from examining water
resources in a more interconnected and integrated
manner. Franklin, Tenn. [US-TN-Franklin] has
proactively adopted this management approach
through the integrated water resources planning
process. The city has reached beyond the typical
application of this management tool to improve the
overall services of the drinking water, wastewater,
stormwater, and reclaimed water systems. The end
result is that the city of Franklin, through a stakeholder
participation process, has developed a long-term plan
that will ultimately protect the Harpeth River—a source
of water supply, a receiving body for treated effluent, a
recreational waterway, and one of the community’s
most prized recreational resources.

Under the umbrella of an integrated plan, the
development and management of facilities and policies
for water, wastewater, stormwater, reclaimed water,
and energy can be evaluated concurrently. Not only
does this process bring together resources that share
a common environment, it brings together the people
who manage or are affected by these resources and
their infrastructure, which is one of the reasons the
integrated planning process is gaining in appeal. In
this process, elected officials rely on the consensus
backing of stakeholders, and the IRP process
inherently strives to achieve goals that are common to
all participating stakeholders (discussed further in
Chapter 8). Specific guidance and examples of how
water planners and managers can use the IRP
process as an objective and balanced means of
exploring the relative merits of considering reuse
options alongside traditional water supply and demand
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management alternatives is provided in the research
report titled, Extending the Integrated Resource
Planning Process to Include Water Reuse and Other
Nontraditional Water Sources (WRRF, 2007a). The
report provides an extensive description of each of the
elements of the IRP process, the issues and
opportunities related to incorporating reuse into
integrated plans, and the tools and models that can be
used for facilitating appropriate reuse applications into
an integrated management plan. Additional information
is also provided in the document, Total Water
Management (Rodrigo et al., 2012).

Integral to the successful implementation of integrated
water management is a regulatory framework that
facilitates rather than obstructs this approach. The
various managed components of an integrated water
resources plan, which may include water, wastewater,
stormwater, reclaimed water, and energy, may be
regulated by different state agencies and, in some
cases, one component may be regulated by more than
one state agency. Some state agencies, particularly
those that have been delegated Clean Water Act
(CWA), NPDES, and Safe Drinking Water Act (SDWA)
federal programs, have deliberately elected to
establish clear boundaries to avoid any potential for
redundancy and confusion for the public. In the case of
an IPR proposal, however, aspects of the project might
require involvement and possibly permitting by multiple
agencies. The degree of coordination and cooperation
that can be achieved may vary from project to project
and from state to state. Therefore, states committed to
achieving integrated water resources planning goals
may choose to adopt laws that consolidate regulatory
programs to the extent possible or improve the
coordination and cooperation among programs of
different state agencies for the purpose of facilitating
this planning framework. Subsequently, regulatory
programs developed on the basis of these laws should
provide greater focus and details on implementation of
more integrated solutions.

2.2 Planning Municipal Reclaimed
Water Systems

Regardless of the size and type of a reclaimed water
system, there are planning steps that should be
considered (although an industrial process recycle
system may have different process control drivers).
Planning should be consistent with the overall water
resources management objectives, which should be
defined through an integrated planning process
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(Section 2.1). As part of an integrated water resources
plan, a reclaimed water master plan can identify
acceptable community uses for reclaimed water,
potential customers and their demands, and the quality
of water required. Planners must also determine the
volume of reclaimed water available for distribution,
paying attention to the diurnal discharge curve at the
community WWTP. This is an important consideration
that can drive many other planning decisions as water
conservation practices often require evening or early
morning irrigation when low flows to the WWTP occur.
If irrigation will occur during low influent wastewater
periods, the supply of reclaimed water may not be
adequate to meet the instantaneous demands, unless
the reclaimed water demand rate is low compared to
current treatment plant capacity. Storage is one option
to resolve this supply/demand imbalance.

As part of the initial viability assessment, it is critical to
examine federal and state laws, regulations, rules, and
policies. Frameworks of state regulations are
described in Chapter 4. In addition to the state
regulatory context, certain overarching federal and
state natural resource and environmental impact laws
apply at the planning stage. The National
Environmental Policy Act (NEPA) requires an
assessment of environmental impacts for all projects
receiving federal funds and subsequent mitigation of
all significant impacts. Many states also have
equivalent rules that mandate environmental impact
assessment and mitigation planning for all projects
prior to construction. These requirements often
stipulate terms of public review. Even in cases where it
is not legally required, stakeholder involvement in the
planning of a water-reuse system is important and can
help to achieve a successful outcome, as described in
Chapter 8.

Other laws protect biological, scenic, and cultural
resources. These laws can result in a de facto
moratorium on the construction of large-scale water
diversions (by dams) that flood the habitat of protected
species or inundate pristine canyons or areas of
historical significance. These laws are of particular
relevance where new water supply is under
consideration. In some cases these laws make reuse
more attractive than new source development, but
they may impact seasonal storage options for
reclaimed water.
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To further examine project viability, the following
project-planning steps taken from the WateReuse
Association Manual of Practice serve as a guide
(WRA, 2009):

A. Identify quantity of reclaimed water available

B. Screen all existing and potential future uses and
users

Identify potential users

Determine if users will accept reclaimed water
Compare supply to potential demand

Prepare distribution system layout

Finalize customer list

I &G T mD o

Determine economic feasibility

Compile final user list and distribution
Prepare point-of-sale facilities
Obtain regulatory approval

Perform on-site retrofits

= r X«

Perform cross-connection test

N. Begin delivering water

While the WateReuse Association Manual of Practice
provides details on each of these steps, a nhumber of
considerations are worth further exploration.

2.2.1 Identifying Users and Types of
Reuse Demands

Because permitted uses vary greatly between states, a
review of individual state regulations is important so
the utility has a thorough understanding of how
reclaimed water is regulated and what uses are
allowed. Once regulations and allowed uses are fully
understood, a utility may review water usage records
to identify and locate some of its largest users.
Focusing first on the largest water users helps the
utility get the best possible return on investment, as
well as maximize its benefits to the potable water
system. In addition to water records, aerial
photographs can be useful in identifying users who
could utilize reclaimed water for irrigation purposes
(such as golf courses and other recreational facilities).

Variables such as an area’s climate, state regulations,
and common industries will determine the best
potential reclaimed water customers. Irrigation of golf
courses and recreational facilities may be the most
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well-known application of reclaimed water, but there
are a number of less-traditional applications that can
provide a utility with significant potable water savings:

= Irrigation and toilet flushing in large government
facilities, such as capital complexes, schools,
hospitals, colleges, and prisons

= Irrigation and toilet flushing in sports franchises,
large arenas, and planned community centers

= Brownfield redevelopment

= Various uses in commercial and manufacturing
processes

= Industrial fire protection

= Stream restoration/augmentation (where
regulations allow)

The most reliable customers will be those who can
utilize nonpotable water daily and throughout the year,
such as in boilers and chillers or in a manufacturing
process. These potential customers with a consistent
usage rate will provide the utility with a baseline usage
and will not be affected by wet or dry weather. A utility
can count on these customers to provide turnover in
pipelines during cool and/or wet periods and to provide
a certain amount of consistent revenue. Additionally,
within an integrated management approach, a utility
may want to consider where the application of reuse
provides the most value to the overall water supply
system. Providing reclaimed water to commercial or
industrial customers using a potable system nearing its
capacity or to any users competing for the same
limited resources as the utility may be more
advantageous than supplying irrigation water to the
local golf course, even if the latter is provided at a
higher cost. Similarly, supplying reclaimed water to
hydrate an impacted wetland or to control saline water
movement within a critical aquifer system may allow
continued or expanded use of a limited conventional
water resource. Once initial potential users are
identified, information should be gathered about the
best way to get reclaimed water to them.

2.2.2 Land Use and Local Reuse Policy

Most communities in the United States engage in
some type of structured planning process whereby the
local jurisdiction regulates land use development
according to a general plan, sometimes reinforced with
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zoning regulations and similar restrictions. Developers
of approved areas for new development may be
required to prepare specific plans that demonstrate
sufficient water supply or wastewater treatment
capacity. In these contexts, dual-piped systems may
be developed at the outset of development. It is
important that any reuse project conforms to
requirements under the general plan to ensure the
project does not face legal challenges on a land use
basis. Local planning processes often include public
notice and hearings. As the public may have many
misconceptions about reclaimed water, it is important
for planners to address public concerns or opposition,
as described in depth in Chapter 8.

Chapter 5 of the 2004 guidelines identified land use
and environmental regulation controls used by local
government entities to implement and manage
reclaimed water systems; this chapter also identified
mandatory use requirements in California. Since
publication of the 2004 guidelines, many communities
and states have implemented more formal water
planning processes to meet public health needs for
adequate water, wastewater, and reclaimed water
services. There are several reasons a utility might
create a local policy to require connection to a
reclaimed water system, with parallel logic used in
many communities to require connection to municipal
utilities when reasonably available. The most common
reason to require connection is to assure use of the
new system, adequate to shift some of the water
demand and to pay for the new system or defer new
potable main construction. In an integrated water
management program, potable water supplies may be
limited and require construction of a reclaimed
water/dual water system to meet the total demand.
Even if reclaimed water is priced lower than the
potable supply, the public may not have been
adequately informed to understand the benefits of a
diversified water system and may resist conversion to
reclaimed water.

Mandatory connection to reclaimed water systems is
becoming more common. Planning for future use of
reclaimed water allows communities to require certain
uses to utilize reclaimed water if reasonably available.
Because construction cost for retrofit with a dual water
system is higher and disruption of other infrastructure
is unavoidable, dual water piping can be installed
initially with the nonpotable distribution system
dedicated to irrigation, cooling towers, or industrial
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processes. When reclaimed water is available to the
development area, a connection to the supply is the
only local construction required.

Utilities may also need to secure bonds used for
construction with an ordinance requiring connection to
a reclaimed water system, thus providing a guarantee
of future cash flow to meet bond payments. In addition
to state legislative action in California (identified in
Chapter 5 of the previous guidelines), many utilities
have included mandatory connection language. Water
Recycling Funding Program Guidelines initially issued
in 2004 and amended in July 2008 require loan/grant
applicants to include a draft mandatory use ordinance
in their application packet (SWRCB, 2009). Text in the
Marina Coast Water District Ordinance, Title 4,
4.28.030 Recycled water service availability, includes:

A. When recycled water is available to a particular
property, as described in Section 1.04.010, the
owner must connect to the recycled water
system. The owner must bear the cost of
completing this connection to the recycled water
system.

B. New water users who are not required to
connect to recycled water because the distance
to the nearest recycled water line is greater than
the distance provided in Section 1.04.010, shall
be required to construct isolated plumbing
infrastructure for landscape irrigation or other
anticipated nonpotable uses, with a temporary
connection to the potable water supply.

C. All new private or public irrigation water
systems, whether currently  anticipating
connection to the recycled system or that shall
be connected to the potable water system
temporarily while awaiting availability of
recycled water, shall be constructed of purple
polyvinyl chloride (PVC) pipe to the existing
district standard specification” (Marina Coast
Water District, 2002).

Examples of other California utilities with mandatory
connection requirements include Dublin San Ramon
Services District (DSRSD); Inland Empire Utility
Agency; San Luis Obispo Rowland Heights;
Cucamonga Valley Water District; and Elsinore Valley
Municipal Water District. Florida is another state with
mandatory connection requirements; 78 counties,
cities, and private utilities responded on their 2011
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annual reuse reports that they either require
construction of reclaimed water piping in new
residential or other developments or require

connection to reuse systems when they become
available. The Florida communities of Altamonte
Springs; Boca Raton; Brevard, Charlotte, Polk,
Colombia, Palm Beach, and Seminole Counties;
Marco Island; and Tampa are examples. There are no
communities in Texas with mandatory connections, but
requirements were also found in Yelm, Wash.; Cary,
N.C.; and Westminster, Md.

Along with the mandatory connection requirement,
there are also ordinances that promote use of
reclaimed water through incentives. The St. Johns
River Water Management District, Fla., provides a
model water conservation ordinance to cities within the
district to promote more water efficient landscape
irrigation. The model ordinance includes time-of-day/
day-of-week restrictions based on odd-even street
address as well as daily irrigation limits of 0.75 in/day
(1.9 cm/d). Exemptions may be granted to these
limitations. Possible exemptions include using a micro-
spray, micro-jet, drip, or bubbler irrigation system;
establishing new landscape; or watering in lawn
treatment chemicals. The use of water from a
reclaimed water system is allowed anytime.

The capacity of a reclaimed water system can be
strained if customers continue to use reclaimed water
beyond the utility capacity to supply it. In Cape Coral,
Fla., the city council is considering an ordinance to re-
establish an emergency water conservation plan due
to a persistent drought since 2007 (Ballaro, 2012). The
dry-season water demand—and the abuse of
reclaimed water—has increased. As much as 42
million gallons (160,000 m3) of reclaimed water are
being used each scheduled watering day, and 19
million gallons (72,000 m3) were being used on a day
when no watering is allowed. The council is taking a
proactive approach to protect the city's water
resources, including reclaimed water.

2.2.3 Distribution System Considerations

It is important to keep in mind that reclaimed water
distribution systems require many of the same
planning and design considerations as potable water
systems. And, because public water utilities are
ultimately responsible for protecting the integrity of
their water systems, safety programs addressing the
potential for cross-connections must involve the public

2-6

water authorities from inception. If a dual water system
is being considered, planning for a new potable water
system may be concurrent. Retrofits into existing
developed areas, however, may require more effort as
designers must identify all existing utilities to meet
separation distances and avoid impacts to other
utilities during construction. In any case, design of a
reclaimed water distribution system should follow
design standards required in the state where the
project is implemented.

Where reclaimed water criteria are not available,
designers should apply the general engineering design
standards applicable to potable water or irrigation
systems, as appropriate. General guidelines will be
provided in this section, and users of these guidelines
are referred to other current design documents that
can provide guidance for reclaimed water systems.
The WateReuse Association Manual of Practice
identifies the basic steps in developing a water reuse
program, including system engineering criteria (WRA,
2009). American Water Works Association (AWWA)
published the third edition of its Manual of Water
Supply Practices M-24, which discusses planning,
design, construction, operation, regulatory framework,
and management of community dual water systems
(AWWA, 2009). AWWA also is preparing a new
Reclaimed Water Management Standard that will be
the first in a planned series of management standards.
Additional information on cross-connection control is
also provided in the Cross-Connection Control Manual.

EPA 816-R-03-002 (EPA, 2003).

To develop a robust reclaimed water distribution
system, it is important to provide an initial “backbone,”
or primary transmission main, of sufficient size to allow
the system to carry reclaimed water away from the
source. The primary transmission main should be
constructed in a location that will allow for connections
to future lines as well as easy connection to previously
identified large potable water users. Several items
should be considered when evaluating potential routes
for the primary transmission main of a reclaimed water
distribution system, including:

= The location of previously identified potential
users

= The total amount of potable water to be saved
by connecting these potential users to the
reclaimed water distribution system
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= The amount of potable water to be saved that is
not dependent on weather or climate conditions

= Other potential future

alternate route

users along each

= Other utility or roadway projects that may be
taking place around the same time as
construction of the primary transmission main,
which may help reduce initial capital costs

Coordination with other potential projects can help
save a large amount of money in capital investment,
and acquiring additional users (or positioning the utility
to acquire additional users in the future) will help offset
the capital investment and provide future revenue.

With a new reclaimed water distribution system,
especially in a state or region where reclaimed water is
not yet common, customer and public education are
critical components for making the project successful.
Potential customers must be informed of the benefits
of using reclaimed water instead of potable water for
their nonpotable water needs. There may be a
financial incentive for the first customers in a new
system. In addition, any myths or misconceptions
about reclaimed water need to be dispelled
immediately and replaced with accurate information
about the safety and quality of reclaimed water.
Providing water quality data on reclaimed water may
help ease customer concerns. As the distribution
system grows, new users will be identified more easily.
During periods of dry weather or drought, potential
users will often identify themselves and help expand
the system.

Reuse systems often have different peak hours than
potable water systems. Peak usage of a reclaimed
water distribution system often occurs at night when
large users are irrigating. To help shave the peaks
from the system, a utility can set an irrigation schedule
for large irrigation users. This will prevent too many
large irrigation users from irrigating simultaneously and
taxing the system. Requiring large users to maintain
their own on-site storage can also control peak
delivery rates and equalize flow within the system.

2.2.3.1 Distribution System Pumping and
Piping

To meet initial and projected demands, a hydraulic
model using real data from potable water records can
provide a realistic view of how much reclaimed water
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could be used at both average and peak times. This
will help determine the size of the primary transmission
main, as well as initial or future storage. Hydraulic
modeling can also identify optimum pipe diameters
and routing for initial and expanded distribution
systems. Integral to the choice of pipe diameters
based on anticipated flow rates are decisions on utility
and customer storage, time-of-day watering
restrictions, and rate of delivery to the customer. Large
irrigation customers, especially golf courses, may
already have water features that are filled daily from
existing water sources and that serve as storage for
on-site irrigation systems. Automated irrigation
systems are quite common at golf courses and are
typically programmed to apply controlled amounts of
water to meet course demands based on weather
conditions and evapotranspiration data. A component
of the user agreement may include limits on rate of
delivery to fill an existing storage feature at a flat rate
during a 24-hour period to maximize delivery capacity
for the utility. The blend of large customers that have
available storage and small customers that simply are
willing to replace potable water at line pressure with
reclaimed water at line pressure will influence system
storage, pumping, and delivery main sizing.

Most states require reclaimed water distribution piping
to be purple, with the color integral to the pipe;
Pantone 512 or 522 is often specified for this purpose
(Figure 2-2). Reclaimed water piping should be identi-
fied in a manner consistent with state design criteria,
which may include labeling or tags as well as sighage
along the piping alignment. Pipe material is often PVC,
as color is readily incorporated into the pipe during
manufacturing. For
larger systems that
use concrete steel
cylinder pipe for
transmission mains,
purple dye can be
added to the mortar
during manufacture
of the pipe, as is
the practice for
most of the large
diameter pipes in
the transmission
lines in the San
Antonio Water
System (SAWS).

Figure 2-2

36-inch CSC 301 purple mortar
pipe, San Antonio Water System
(Photo credit: Don Vandertulin)
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Where utility preference or construction conditions
dictate the use of other pipe material, such as ductile
iron pipe, purple plastic sleeves can be used to
provide corrosion control and identify the water main
as a reclaimed water main. Likewise, steel pipe can be
painted and high density polyethylene (HDPE) pipe
can be ordered with purple stripes integral to the pipe.

Separation distances are required between reclaimed
water pipes and water and sewer pipes, typically
identified as 9 or 10 ft (3 m) pipe-to-pipe horizontal
separation between reclaimed water and potable water
piping. The same provision typically applies to
separation distance between a reclaimed water pipe
and a sanitary sewer main. Where a crossing occurs,
the pipe with the highest quality product should be
located above the other two, with 1 ft (0.3 m) vertical
separation between any two pipes. Specifically,
potable pipe should be above reclaimed water pipe,
and reclaimed water pipe should be above the sanitary
sewer main, as shown in Figure 2-3.

2.2.3.2 Reclaimed Water Appurtenances

Reclaimed water distribution systems will have all of
the appurtenances typical of a potable water system.
Most of the typical system components are now
available in purple to support increased installation of
purple color-coded reclaimed water systems. Valve
riser covers are often triangular or square to
distinguish them from potable water covers; reclaimed
water system valves can be ordered as plant valves
with opposite open and close positions from potable
valves. Backflow prevention devices, air relief valves,
meter boxes, and sprinkler heads are all available in
purple. All components and appurtenances of a
nonpotable system should be clearly and consistently
identified throughout the system. Identification should
be through color coding and marking so that the
nonpotable system (i.e., pipes, pumps, outlets, and
valve boxes) is distinctly set apart from the potable
system. The methods most commonly used are unique
colorings, labeling, and markings.

Location of Public Water System Mains in Accordance with F.A.C. Rule 62-555.314

Figure 2-3

Appropriate separation of potable, reclaimed water, and sanitary sewer pipes (FDEP, n.d.)
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A reclaimed water distribution system typically requires
signage at facilities (e.g., pump stations, storage, etc.),
and some states require marking of utility pipelines
along the alignment. For irrigation components that
incorporate hose bibs, most state regulations require a
locking hose vault or quick connection assembly to
preclude unauthorized connection and use of the
reclaimed water. Purple asset identification tags can
be attached to valve box lids, valve handles, backflow
preventers, and other appurtenances to readily identify
these system components. All major irrigation system
suppliers have snap-on components (rings) in purple
that can be added to existing sprinkler heads, as
shown in Figure 2-4. Purple Mylar pre-printed stickers
are also popular and can be wrapped around pop-up
sprinkler heads to identify the system as providing
reclaimed water.

2.2.3.3 On-site Construction Considerations

Many reclaimed water providers provide guidance and
instructions to property owners connecting to the
reclaimed water system. This can include user
manuals and training classes for on-site supervisors of
commercial properties. These manuals and
instructions typically cover state and local regulations
related to reclaimed water, proper use, Cross-
connection control, and on-site construction standards
and materials. Good examples of user manuals are
those provided by SAWS and DSRSD (SAWS, 2006
and DSRSD, 2005). Tucson has developed an
extensive cross-connection control program and a
manual for its cross-connection control specialist;
more information on the Tucson Site Inspection
Program is available in a case study [US-AZ-Tucson].

Typically, utility design criteria apply within the public
right-of-way, and locally-adopted plumbing code
controls, construction practices, permits, and
construction inspections apply for work on private
property. There are two plumbing codes in general use
within the United States: the Uniform Plumbing Code
produced by the International Association of Plumbing
and Mechanical Officials (IAPMO) and the
International Plumbing Code produced by the
International Code Council (ICC). Beginning in 2008,
several professional organizations (WateReuse
Association [WRA], Water Environment Federation
[WEF], AWWA) serving reclaimed water utilities began
a dialogue with IAPMO, and eventually also with ICC,
attempting to change plumbing code pipe color
requirements adopted in 2009. The proposal requires
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all pipe conveying alternate waters to be purple;
alternate waters includes reclaimed water provided by
the off-site municipal utility provider but also would
include any other nonpotable water generated on the
private property. The issue for many utilities is the
significant water quality difference between municipally
produced, tested, and distributed reclaimed water and
other on-site water, including graywater, which is by
definition “wastewater.” The second issue that
surfaced was the plumbing code’s use of green pipe to
designate potable water. In the municipal utility
business, blue is the color used to designate potable
water piping while green is used to designate
wastewater. This identified a potential cross-
connection problem that, to date, is unresolved.

Figure 2-4
Purple snap-on reclaimed water identification cap
(Photo credit: Rain Bird)

Color coding of utility piping systems has been
practiced for decades, and the roots of the current
American National Standard Institute (ANSI) Standard
Z-535 color standard in the United States can be
traced back to the July 16, 1945 American Standard
Association (ASA) approval of safety color standards
at the request of the War Department (ANSI, 2007).

The American Public Works Association (APWA)
Uniform Color Standard was initially adopted in 1980
(Precaution Blue for water systems and Safety Green
for sewer systems), and an updated policy that added
purple for reclaimed water pipes was adopted in 2003.
The use of purple pipe to designate reclaimed or
recycled water was first adopted by the AWWA
California-Nevada Section in 1997. The California
Department of Health Services and Nevada Division of
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Environmental Protection reviewed and accepted the
guidelines (AWWA, 1997). More recently, the
Common Ground Alliance (CGA) was formed by the
Department of Transportation in 1998, and in 2009 the
CGA adopted the APWA Uniform Color Standard. The
CGA Uniform Color Code and Marking Guideline,
Appendix B (CGA, 2011) is the basis of color-code
marking for the national One-Call System used to
locate and mark underground utilities prior to
construction (Vandertulip, 2011a).

Three states have addressed the issue of on-site
purple pipe application for conveyance of alternative
waters. California adopted final rules for graywater
systems that became effective January 27, 2010, as
Title 5, Part 24, Chapter 16A Nonpotable Water Reuse
Systems. Purple pipe requirements in California’s state
code for recycled water (Title 22) were maintained for
reclaimed water piping in a building, and Universal
Product Code (UPC) 1610.2 state adoption of the
plumbing code excludes reference to pipe color for
alternate waters. In similar fashion, Florida adopted
the International Plumbing Code (IPC) without
adopting the pipe color code sections, while
maintaining Section 602 requirements that reclaimed
water be distributed in purple pipe. Washington state
modified the base UPC in WAC 51-56-1600 Chapter
16—Gray water systems 1617.2.2 Other Nonpotable
Reused Water to maintain yellow pipe with black text
designating the type of nonpotable water while
1617.2.1 maintained purple pipe for reclaimed water
(Vandertulip, 2011b).

2.2.4 Institutional Considerations

The rules and regulations governing design,
construction, and implementation of reuse systems are
described in Section 2.2.3, and the practical
implications of these rules can be found in Chapter 4.
In addition to rules specifically aimed at water reuse
projects, regulations governing utility construction in

general also apply. The details of such rules are
beyond the scope of this document but can be
promulgated by state agencies (including health
departments) and local jurisdictions or can be
established by federal grant or loan programs.

Once facilities have been constructed, state and local
regulations often require monitoring and reporting of
performance, as described in Chapter 4. To provide
production, distribution, and delivery of reclaimed
water, as well as payment for it, a range of institutional
arrangements can be utilized, as listed in Table 2-1.

It is necessary to conduct an institutional inventory to
develop a thorough understanding of the institutions
with jurisdiction over various aspects of a proposed
reuse system. On occasion there is an overlap of
agency jurisdiction, which may cause conflict unless
steps are taken early in the planning stages to obtain
support and delineate roles. The following institutions
should be involved or, at a minimum, contacted:
federal and state regulatory agencies, administrative
and operating organizations, and general units of local
(city, town, and county) government.

In developing a viable arrangement, it is critical that
both public and private organizations be considered.
As access to public funds decrease, the potential for
private capital investment increases. It is vital that the
agency or entity responsible for financing the project
be able to assume bonded or collateralized
indebtedness, if such financing is likely, and have
accounting and fiscal management structures to
facilitate financing (see Chapter 7). Likewise, the
arrangement must designate an agency or entity with
contracting power so that agreements can be
authorized with other entities in the overall service
structure. Additional responsibilities may be assigned
to different groups depending on their historical roles
and technical and managerial expertise. Close internal
coordination between departments and branches of

Table 2-1 Common institutional arrangements for water reuse

Type of Institutional
Arrangement Production Wholesale Distribution Retail Distribution

Separate Authorities Wastewater Treatment Agency | Wholesale Water Agency Retail Water Entity
Wholesaler/Retailer System Wastewater Treatment Agency X\gaes;i;vater Treatment Retail Water Entity

Joint Powers Authority (for

Production and Distribution only) Joint Powers Authority

Joint Powers Authority Retail Water Entity

Integrated Production and
Distribution

Water/Wastewater Authority

Water/Wastewater
Authority

Water/Wastewater
Authority

2-10
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local government, along with a range of legal
agreements, will be required to ensure a successful
reuse program. Examples of institutional agreements
developed for water reuse projects are provided in the
2004 guidelines in Chapter 5 and in a case study [US-
CA-San Ramon].

Finally, the relationship between the water purveyor
and the water customer must be established, with
requirements on both sides to ensure reclaimed water
is used safely. Agreements on rates, terms of service,
financing for new or retrofitted systems, educational
requirements, system reliability or scheduling (for
demand management), and other conditions of supply
and use reflect the specific circumstances of the
individual projects and the customers served. (See
Chapter 7 for a discussion of the development of the
financial aspects of water reuse fees and rates.) In
addition, state laws, agency guidelines, and local
ordinances may require customers to meet certain
standards of performance, operation, and inspection
as a condition of receiving reclaimed water. However,
where a system supplies a limited number of users,
development of a reclaimed water ordinance may be
unnecessary; instead, a negotiated reclaimed water
user agreement would suffice. It is worth noting that in
some cases, where reclaimed water is still statutorily
considered effluent, the agency’s permit to discharge
wastewater—along with the concomitant
responsibilities—may be delegated by the agency to
customers whose reuse sites are legally considered to
be distributed outfalls of the reclaimed water.

2.3 Managing Reclaimed Water
Supplies

Managing and allocating reclaimed water supplies may
be significantly different from the management of
traditional water sources. Traditionally, a water utility
drawing from groundwater or surface impoundments
uses the resource as both a source and a storage
facility. If the entire yield of the source is not required,
the water is simply left for use at a later date. Yet in
the case of reuse, reclaimed water is continuously
generated, and what cannot be used immediately must
be stored or disposed of in some manner. As a
traditional reclaimed water system expands, an
increasing volume of water may need to be stored.
Depending on the volume and pattern of projected
reuse demands, in addition to operational storage
considerations, seasonal storage requirements may
become a significant design consideration and have a
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substantial impact on the capital cost of the system.
While some systems continue to rely on conventional
disposal alternatives, the increasing value of reclaimed
water is also resulting in more research into practices
that provide for increased storage volumes,
supplemental water supplies that allow an increased
customer base, and improved seasonal management,
which together reduce the need for discharges to
streams or ocean outfalls.

Where water reuse is being implemented to reduce or
eliminate wastewater discharges to surface waters,
state or local regulations usually require that adequate
seasonal storage be provided to retain excess
wastewater under a specific return period of low
demand. In some cold climate states, storage volumes
may be specified according to projected
nonapplication days due to freezing temperatures.
Failure to retain reclaimed water under the prescribed
weather conditions may constitute a violation of an
NPDES permit and result in penalties. A method for
preparing storage calculations under low-demand
conditions is provided in the EPA Process Design
Manual: Land Treatment of Municipal Wastewater
(EPA, 2006). In many cases, state regulations will also
include a discussion about the methods to be used for
calculating the storage required to retain water under a
given rainfall or low demand return interval. In almost
all cases, these methods will be aimed at
demonstrating sites with hydrogeologic storage
capacity to receive treated effluent for the purposes of
disposal. In this regard, significant attention is paid to
subsurface conditions as they apply to the percolation
of effluent into the groundwater with specific concerns
as to how the groundwater mound will respond to
effluent loading. Because seasonal storage is such an
important factor in maximizing use of reclaimed water,
this section provides a discussion of considerations for
seasonal storage systems, including surface water
storage as well as managed aquifer recharge
practices.

Another option to maximize the use of reclaimed water
is to supplement reclaimed water flows with another
water source, such as groundwater or surface water.
Supplemental sources, where permitted, can bridge
the gap during periods when reclaimed water flows are
not sufficient to meet the demands. This practice
allows connection of additional users and increases
reuse versus disposing of excess reclaimed water.
Additionally,  operational  strategies can be
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implemented to meet peak demands while maximizing
the use of reclaimed water during other times of the
year. One such strategy is the use of curtailable
customers. Brevard County, Fla., has a group of
reclaimed water users referred to as “curtailable
customers”—customers that maintain an alternative
water source (e.g., golf courses that still have irrigation
wells as back-up supplies) that can be used during
peak demand periods to release reclaimed water
demand to meet seasonal peak demands in other
areas of their reuse system.

2.3.1 Operational Storage

In many cases, a reclaimed water distribution system
will provide reclaimed water to a diverse customer
base. Urban reuse customers typically include golf
courses and parks and may also include commercial
and industrial customers. Such is the case in the city
of St. Petersburg, Fla., and Irvine Ranch Water
District, Calif. These reuse programs, which were
previously described in the 2004 guidelines, provide
water for cooling, wash-down, toilet flushing, and
irrigation (EPA, 2004). Each water use has a
distinctive demand pattern and, thereby, impacts the
need for storage. While there are systems that operate
without seasonal storage, thus limiting their ability to
maximize beneficial reuse of the available reclaimed
water, the increasing value of reclaimed water is
driving better use of operational storage facilities. As a
supplement to engineered storage systems, as
discussed in Section 2.3.2.4, aquifer storage and
recovery (ASR) has tremendous potential to better
align reclaimed water availability and with demand,
particularly for long periods of time. The potential
storage volumes for ASR and the land requirements
may be much greater than for conventional engineered
systems such as above-ground storage tanks and
surface reservoirs.

Planners are referred to text in the 2004 guidelines for
additional discussion on planning seasonal system
storage (EPA, 2004). When considering reclaimed
water distribution system storage, planners and
engineers should consider the types of users, potential
peak demands (daily and seasonal), potential for
concurrent peaks, time-of-day restrictions for irrigation,
and whether the reclaimed water system will be
designed to meet fire protection requirements.
Retrofitted dual water systems usually do not include
fire protection as the existing potable water system
has wusually been designed to meet domestic
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requirements, irrigation demands, and concurrent fire
flow requirements. By transferring the irrigation
demands from the potable water system to the
reclaimed water system, the capability of the existing
potable water system is extended, and system
components for the reclaimed water system can focus
on the irrigation and industrial demands. Because
there are different peaking factors and time-of-day
demands on industrial demands compared to irrigation
demands, extended-period simulation models can be
used to assist designers in selecting appropriate
storage volumes. As discussed in Section 2.2.3, large
system users may be required to provide their own on-
site storage, allowing multiple large users to be
supplied at a constant flow rate over the full 24-hour
day. This can decrease pumping and system storage
requirements. Some utilities, such as the Loxahatchee
River District in Florida, have the ability to curtail
deliveries of reclaimed water to large users through
telemetry-controlled valves once contractual volumes
are met or during periods of extremely high demand.

From an operational perspective, maintaining a
chlorine residual in the reclaimed water system is as
important as maintaining a residual in the potable
water system. Public health decisions should control
design decisions; maintaining good bacteriological
quality in a reclaimed water system where occasional
contact with the public is likely dictates monitoring and
control measures. This could include chlorine residual
analyzers at system storage and booster pump
stations to confirm adequate chlorine residuals and
systems to add incremental amounts of disinfectant to
maintain high water quality. Operational practices that
decrease water age by keeping the reclaimed water
moving through the system can also improve the
quality of the delivered water and decrease system
maintenance efforts. Maintaining positive water
movement during low-flow/low-demand periods of the
year can be accomplished by operating tanks at lower
elevations or by having a discharge point at the far
ends of the reclaimed water distribution system. In an
ideal design, a large customer with continuous
demands would be located at the end of the system,
ensuring continuous flow through the piping. If there is
an opportunity to include discharge to a creek or other
water feature near the end of the distribution system,
this environmental augmentation can provide a base
flow that will assist in maintaining reclaimed water
quality in the distribution system. Another alternative is
to install air-gap discharges to a sanitary sewer that
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will provide a continuous flow in the reclaimed water
transmission main even during periods of low demand.

Tank material selection should be based on the
material selection criteria applied to the local water
system. This guidance is based on the delivery of
reclaimed water that is stabilized and meeting state-
defined water quality goals. For advanced purification
systems that include reverse osmosis (RO), reclaimed
water product should be stabilized prior to pumping
into the distribution system and storage.

Reclaimed water storage tanks are likely to encounter
the same public scrutiny as potable storage tanks.
When retrofitting an existing system, consider the tank
locations already controlled by the utility, and
determine if these sites can accommodate a reclaimed
water tank. If the potable water tank is located on a
high tract of land to minimize tank elevation or
pumping head, that same advantage would apply to
the reclaimed water system. Tank color may be
another common issue to consider. Many states will
have labeling requirements, but color choices for the
tank structure may not be specified. Maintaining one
tank bowl color can provide for a consistent
appearance and reduce maintenance cost while
reducing customer questions. As with potable storage
systems, tank sites should be secure and often are
connected into the utility supervisory control and data
acquisition (SCADA) system, with water system
operators monitoring and controlling the two parallel
systems.

2.3.2 Surface Water Storage and
Augmentation

The reuse of water after discharge into surface water
often results in augmentation of potable water supplies
where surface water is used for potable water supply.
While there are other uses that benefit from surface
water storage and augmentation, this section focuses
on surface discharge as it relates to unplanned or
planned indirect potable reuse, which are also
discussed in greater detail in Section 3.7. Unplanned
or incidental indirect potable reuse has occurred for
decades as utilities pursued the most plentiful,
appropriate, and cost-effective options for water
supplies. The recent National Academy of Science
report, Water Reuse: Potential for Expanding the
Nation’s Water Supply through Reuse of Municipal
Wastewater described de facto reuse (discussed
further in Chapter 3), which is the unplanned reuse of
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treated wastewater that has been discharged to the
environment as source water (NRC, 2012). In most
cases, the decision to intentionally use or not use a
surface water source that included some water that
originated as treated wastewater was based on
availability and yield of the source water, cost, public
acceptance, and public confidence in water treatment
processes. The balance of these factors is different for
each utility and the communities it serves. In most
cases, discharges upstream of surface water sources
are designed to meet permit limits and corresponding
water quality standards that are protective of beneficial
uses downstream of the discharge, including
withdrawals for public water supply.

In some cases, the incremental addition of various
advanced treatment processes to a reclaimed water
treatment process will allow the reclaimed water to
meet surface water quality standards, thereby making
it a viable option to augment water supplies, e.g., the
SDWA. The incentive to provide this additional
treatment for surface water augmentation may be
driven by regulations intended to protect water
supplies, but in most cases it is linked to the benefits
derived by the discharger or a downstream community
seeking to increase the yield of water supplies on
which they depend either directly or indirectly.

While satisfying the decision factors noted above may
be necessary to pursue indirect potable reuse, there
are two additional factors that typically control viability
of implementation. First, although existing water
supplies may be of limited availability and yield, there
stil must be a means to reap the benefits of
withdrawing the additional yield of the augmented
water supply via water rights, permits, storage
contracts, etc. In other words, a utility can rarely be
expected to expend funds in excess of what is
required by regulation or law unless there is a
recognized benefit to its ratepayers. Second, the
public acceptance of indirect potable reuse is of
paramount importance but must be based on the
specifics of the project and the local community. The
following examples illustrate how these key
components can play out in project planning and
implementation.

An often-cited example of surface water augmentation
is the Upper Occoquan Service Authority’'s (UOSA)
discharge into the Occoquan Reservoir in northern
Virginia [US-VA-Occoquan]. In this particular case,
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serious water quality issues were caused by multiple
small effluent discharges into the reservoir. The
Fairfax County Water Authority withdraws water from
the Occoquan Reservoir to meet the water supply
needs of a large portion of northern Virginia. UOSA
was formed in 1971 to address the water quality
problem by the same local government entities that
relied on the reservoir for their water supply.
Therefore, these local governments, and by proxy their
residents, received the benefits of the investments in
additional wastewater treatment, satisfying the first key
component that their water supply was now both
protected and augmented. Regarding the second key
component, the improvements made a dramatic
improvement in the water quality of the reservoir that
was readily visible to the general public. Algae blooms,
foul odors, low dissolved oxygen (DO) for fish, and
other factors were addressed by the regionalization
and additional treatment processes, which provided
the public with a tangible example of a system that
resulted in improved water quality over past practices.

Another example is the Gwinnett County, Ga.,
discharge to Lake Lanier. Lake Lanier is formed by
Buford Dam, which is operated by the U.S. Army
Corps of Engineers (USACE) on the Chattahoochee
River north of Atlanta. Gwinnett County withdraws all
of its water from Lake Lanier, as do several other
communities around the lake. Given the linkage
between water withdrawal from the lake and the desire
to return reclaimed water to the lake, the first key
component was satisfied by the issuance of a revised
state withdrawal permit and amended USACE storage
contract that provided credit for the water returned. In
this case, the key issues were permitting the discharge
and the multiple administrative and legal challenges
raised by stakeholders with interests in the lake.
Because the focus of these stakeholders was primarily
lake quality, discharge limits were made significantly
more stringent using anti-degradation regulations as
the rationale. In a federal court decision in September
2011, it was determined that Georgia could not use the
lake for water supply. Georgia’s neighbors, Alabama
and Florida, have argued that Congress never gave
Georgia permission to use the federal reservoir as a
water source (Henry, 2011 and Section 5.2.3.5).

2.3.3 Managed Aquifer Recharge

As our population continues to grow and the
associated demand for water increases, alternative
water resources may play a greater role in meeting
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water demands. Reclaimed water is a safe and reliable
source of supply for replenishing groundwater basins,
creating salt water intrusion barriers, and mitigating the
negative impacts of subsidence caused by over
withdrawal of groundwater. Aquifer recharge has a
long history, and there are abundant examples of
successfully managed programs. Managed aquifer
recharge (MAR) has been successfully applied in
California for almost 50 years; the Montebello Forebay
Groundwater Recharge Project uses recycled water to
recharge the Central Groundwater Basin and provides
40 percent of the total water supply for the
metropolitan area of Los Angeles County, Calif. [US-
CA-Los Angeles County].

Other MAR projects have been implemented to aid in
maintaining a salt balance in water supply aquifers, as
demonstrated in a case study on the Santa Ana River
Basin [US-CA-Santa Ana River]. In Arizona, the
Groundwater Management Act allows users to store
recharged water and sell the associated water rights.
This led to the first-ever auction of reclaimed water
rights in Prescott Valley. The ability to bank recharged
reclaimed water provided the versatility necessary for
the auction [US-AZ-Prescott Valley]. In Mexico City,
reclaimed water is being used to recharge the local
aquifer, which is overdrawn by 120 percent, leading to
the subsidence of the soil in some places at a rate of
up to 16 in/yr (40 cmlyr) [Mexico-Mexico City].
(National Water Commission of Mexico, 2010).

MAR systems may be described in terms of their five
major components: a source of reclaimed water, a
method to recharge, sub-surface storage, recovery of
the water, and the final use of the water. One of the
key considerations in MAR is managing the travel time
of reclaimed water before it is recovered for use. As a
result, the identification, selection, and testing of
environmentally-acceptable tracers for measuring
travel times of reclaimed water and its constituents in
recharge systems has been the subject of recent
research. In the research report Selection and Testing
of Tracers for Measuring Travel Times in Natural
Systems Augmented with Treated Wastewater Effluent
(WRRF, 2009), a summary of literature related to
conservative and surrogate tracers for reclaimed water
constituent transport in the subsurface is provided
along with the materials and results from tracer
experiments on three common recharge systems
augmented with reclaimed water, information on the
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process for regulatory approval of the use of tracers
for reclaimed water recharge systems, and field
methods for conducting tracer tests. Reclaimed water
can be directly or indirectly used after sub-surface
storage. Some systems both directly and indirectly use
reclaimed water when demand for irrigation is high and
recharge water for future indirect use when demand
for irrigation is low.

The two primary types of groundwater recharge are
surface spreading and direct injection. Vadose zone
injection wells have been increasing in use as this
technology has become established in recent years.
Figure 2-5 illustrates these recharge methods. Direct
injection wells may also be used as dual-purpose ASR
wells for both recharging and recovering stored water.
The recharge method will depend on the aquifer type
and depth and on the aquifer characteristics, which
impact the ability to recharge water into the storage
zone and later recover that water. The use of recharge
basins and vadose zone injection wells is restricted to
unconfined aquifers, while direct injection systems
may be used in both unconfined and deeper confined
aquifer systems.

DIRECT
VADOSE ZONE INJECTION
RECHARGE BASIN INJECTION WELL

WELL

Vadose Zone

Unconfined Aquifer

A
\4

Aquitard

Confined Aquifer

A
\4

Figure 2-5
Commonly used methods in managed aquifer recharge

There are many site-specific variables that affect the
design and selection of the most appropriate MAR
system for a specific application. As shown in Figure
2-6, the first critical question is “what aquifer is being
considered for use in the MAR system?” If a confined
aquifer is being considered, then direct injection is the
only feasible alternative; direct injection may include
either single-use injection wells or the dual-purpose
wells used in ASR systems. If the goal of a
groundwater recharge project is to provide short-term
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storage and the water must be recovered quickly, then
ASR systems might be the only feasible alternative. If
an existing distribution and well system may be utilized
as part of an ASR system, then dual-purpose direct
injection wells might be the best choice. If an
unconfined aquifer is being considered, there are no
constraints on the choice of recharge method.

Is this aquifer
confined or unconfined?

If Confined
Directinjection
must be used.

If Unconfined
No constraint on
recharge method.

Whatis the depth
of the groundwater?

If less than 330-660 ft,
directinjection may be
cost competitive with
surface recharge.

If greater than 330-660 ft,
surface recharge should be
considered.

Is cost-effective
land available at an

appropriate location?

If no, vadose zone
injection wells may be
appropriate.

If yes, surface recharge
basins may be
appropriate.

Figure 2-6
Sample decision tree for selection of groundwater
recharge method

For unconfined aquifers, as the depth to groundwater
increases, the cost of direct injection wells increases;
therefore, the effect of depth should be evaluated for
each situation. Land price, location, and availability are
also key considerations. Potential negative impacts
from rising groundwater levels, including groundwater
mounding, must also be considered.

2.3.3.1 Water Quality Considerations

Depending on the method and purpose of groundwater
recharge, most states require either a minimum of
secondary treatment with or without additional filtration
for groundwater recharge. State Underground Injection
Control programs and Sole Source Aquifer Protection
are included under Sections 1422 of the SDWA, which
provides safeguards so that aquifer recharge and ASR
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wells do not endanger current and future underground
sources of drinking water. There is currently no
specific requirement for nutrient removal, but lower
effluent nutrient concentrations required for point-
source discharges could meet strict nutrient
groundwater recharge requirements, such as the 0.5
mg/L ammonia limit in Miami-Dade County for the
South District Water Reclamation Plant (SDWRP),
without additional treatment. Additionally, the
California  Draft Regulations for Groundwater
Replenishment with Recycled Water proposes a 10
mg/L total nitrogen limit for recycled water (California
Department of Public Health [CDPH], 2011). Nutrient
removal at the wastewater plant is also thought to
remove N-nitrosodimethylamine (NDMA) precursors,
reducing the potential formation of NDMA. Generally,
direct injection requires water of higher quality than is
required for surface spreading because of the absence
of a vadose zone and/or shallow soil matrix treatment
afforded by surface spreading, as discussed in
Chapter 6. In addition, higher-quality water is needed
to maintain the hydraulic capacity of the injection wells,
which can be affected by physical, biological, and
chemical clogging. Water quality parameters are
typically measured at the end of the treatment plant,
but some agencies, such as Florida’s Miami-Dade
Department of Environmental Resources Management
(DERM), allow projects to meet the requirements at
the nearest ecological receptor.

In many cases, wells used for injection and recovery of
reclaimed water are classified by EPA as Class V
injection wells, and some states, including California
and Florida, require that the injected water must meet
drinking water standards prior to injection, depending
on the native quality of water in the aquifer being
recharged. Typical water quality parameters used for
regulating recharge include total nitrogen, nitrate,
nitrite, total organic carbon (TOC), pH, iron, total
coliform bacteria, and others, depending on the use of
the aquifer. Other water quality parameters can be
used to estimate potential well corrosion or fouling,
including calculated values such as the Langelier
Saturation Index (LSI), the Silt Density Index (SDI),
and the Membrane Fouling Index (MFI). Information
and global case studies on specific treatment
technologies to address microbial and chemical
contaminants for MAR applications are available in
Water Reclamation Technologies for Safe Managed
Aquifer Recharge (Kazner et al., 2012).
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Other criteria specific to the quality of the reclaimed
water, groundwater, and aquifer matrix must also be
taken into consideration. These include possible
undesirable chemical reactions between the injected
reclaimed water and groundwater, iron precipitation,
arsenic  leaching, ionic reactions, biochemical
changes, temperature differences, and viscosity
changes. Most clogging problems are avoided by
proper pretreatment, well construction, and operation
(Stuyfzand, 1998). Hydrogeochemical modeling should
be performed to confirm compatibility of the recharge
water and the aquifer matrix. In some areas, such as
South Florida and Southern California, naturally-
occurring arsenic-containing minerals in the aquifer
matrix may leach into the groundwater due to changes
in oxidation-reduction potential (ORP) during injection,
storage, and recovery. Arsenic in recovered water has
been detected or is a significant concern based on
area ASR projects. Approaches to minimizing arsenic
levels and other trace inorganic leaching/transport can
include controlling the pH and matching the ORP of
the recharge water with the ORP of the ambient
groundwater. For direct injection to a highly permeable
aquifer, such as the Biscayne Aquifer in South Florida,
additional nutrient limits that are stricter than those
required for typical direct injection may be set. The
nutrient requirements address the potential impacts to
nearby surface waters, such as rivers, lakes, canals,
and wetlands that are hydrologically connected and
supported by the aquifer. For the SDWRP, DERM has
a very low ammonia requirement (0.5 mg/L) and
includes phosphorus removal in its antidegradation
water quality requirements.

2.3.3.2 Surface Spreading

Surface spreading is the most widely-used method of
groundwater recharge due to its high loading rates
with relatively low maintenance requirements. At the
spreading basin, the reclaimed water percolates into
the soil, consisting of layers of loam, sand, gravel, silt,
and clay. As the reclaimed water filters through the
soil, these layers allow it to undergo further physical,
biological, and chemical purification through a process
called Soil Aquifer Treatment (SAT); ultimately, this
water becomes part of the groundwater supply. SAT
systems require unconfined aquifers, vadose zones
free of restricting layers, and soils that are coarse
enough to allow for sufficient infiltration rates but fine
enough to provide adequate filtration. A summary and
discussion of the removal mechanisms for pathogens,
organic carbon, contaminants of concern, and nitrogen
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during SAT are provided in Chapter 6. These
mechanisms are important when spreading basins and
analogous systems, such as bank filtration, are used;
this treatment also occurs to a varying extent during
ASR, vadose zone injection, and direct injection.
Though management techniques are site-specific and
vary accordingly, some common principles are
practiced in most spreading systems. The three main
engineering factors that can affect the performance of
surface spreading systems are reclaimed water
pretreatment, site characteristics, and operating
conditions (Fox, 2002).

Water Pretreatment.
typically receives a minimum of
conventional secondary treatment, but may also
receive filtration followed by disinfection (e.g.,
chlorination) prior to groundwater recharge. Some
utilities are beginning to further treat the reclaimed
water with microfiltration, RO, and ultraviolet (UV)
disinfection prior to recharge into potable water
aquifers. For reclaimed water that is spread in
groundwater basins, the soil itself provides additional
treatment to purify the water through SAT. Reclaimed
water pretreatment directly impacts the performance of
a SAT system. While RO processes provide high
reclaimed water quality, the reject brine waste streams
from this process may be difficult to dispose.

Reclaimed
wastewater

Municipal

Site Characteristics. Local geology and hydrogeology
determine the site characteristics for a surface-
spreading operation. Site selection is dependent on a
number of factors, including suitability for percolation,
proximity to conveyance channels and/or water
reclamation facilities, and land availability. Design
options for spreading grounds are limited to the size
and depth of the basins and the location of production
wells. The subsurface flow travel time is affected by
the well locations.

System Operation. For surface spreading to be
effective, the wetted surfaces of the soil must remain
unclogged to maximize infiltration, and the quality of
the reclaimed water should not inhibit infiltration.
Spreading basins are typically operated under a
wetting/drying cycle designed to optimize inflow and
percolation and discourage the presence of vectors.
Spreading basins can be subdivided into an organized
system of smaller basins that can be filled or dried
alternately to allow maintenance in some basins while
others are being used.
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Spreading basins should be managed to avoid
nuisance conditions, such as algae growth and insect
breeding in the basins. This is typically accomplished
by rotating a number of basins through wetting,
draining, and drying cycles. Cycle length is dependent
on soil conditions, the development of a clogging layer,
and the distance to the groundwater table. Algae can
clog the bottom of basins and reduce infiltration rates.
Algal growth can be minimized by upstream nutrient
removal or by reducing the detention time of the
reclaimed water within the basins, particularly during
summer periods when algal growth rates increase due
to solar intensity and increased temperature.

Periodic maintenance, which involves cleaning the
basin bottom by scraping the top layer of soil, is used
to prevent clogging. Disking of the basin to break up
surface clogging is generally not used as it forces finer
clay particles deeper into the soil column. When a
clogging layer develops during a wetting cycle,
infiltration rates can decrease to unacceptable levels.
The drying cycle allows for the aeration and drying of
the clogging layer and the recovery of infiltration rates
during the next wetting cycle.

2.3.3.3 Injection Wells

Methods for recharging groundwater using injection
wells can include injection either into the vadose zone
or directly into the aquifer. Each injection method has
its own unique applicability and requirements, which
vary with location, quantity and quality of source water,
and hydrogeology of the vadose zone and target
aquifers. While direct injection wells are more
expensive than vadose zone wells, the control of
where the water is injected minimizes risks associated
with lost water. Direct injection wells can also be
cleaned and redeveloped, which reduces fouling and
lengthens the life of the wells. A summary of vadose
zone and direct-injection well construction and
operation is presented in Table 2-2, including the main
advantages and disadvantages for each of the
recharge methods. Vadose zone wells are the least
expensive injection method, but they have a limited life
and must be replaced periodically. Direct injection
wells are more costly, can be maintained for a longer
life, and allow water to be directly and quickly
recharged into the targeted aquifer.
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Table 2-2 Comparison of vadose zone and direct injection recharge wells

Recharge Method

Main Advantages

Main Disadvantages

surface spreading

Vadose Zone Wells
— Lower cost

wells

— Suitable for unconfined aquifers
— Bypass low permeability layers
— Decreased travel time to aquifers versus

— SAT benefits to water quality
- May allow smaller setback from extraction

— Inability to rehabilitate clogged wells

— Decreased certainty of migration
pathways

- Requires operation to avoid air
entrainment

- Deeper wells needed to penetrate deep
clay layers

— New wells required periodically

— Greater risk of water loss

- Can target specific aquifers and locations maintain
Groundwater Injection Wells | Benefits groundwater levels immediately - Perlod_lc pumping required to maintain
— Wells can be cleaned and redeveloped capacity
— Can be maintained for a longer life - Foot valves may be required to minimize

— Wells can be costly to install and

air entrainment

Vadose Zone Injection. Vadose zone injection wells
for groundwater recharge with reclaimed water were
developed in the 1900s and have been used primarily
where aquifers are very deep and construction of a
direct-injection well is difficult and expensive. A vadose
zone well is essentially a dry well, installed in the
unsaturated zone above the permanent water table.
These wells typically consist of a large-diameter
borehole, sometimes with a casing or screen
assembly, installed with a filter pack. The well is used
to transmit recharge water into the ground, allowing
water to enter the vadose zone through the well
screen and filter pack and percolate into the underlying
water table. Creating this conduit into the ground can
be advantageous where surficial soils or the shallow
subsurface contain clay layers or other low-
permeability soils that impede percolation deep into
the ground. Vadose zone wells allow recharge water to
bypass these layers, reaching the water table faster
and along more direct pathways. Typical vadose zone
injection wells vary in width from about 2 ft (0.5 m) up
to 6 ft (2 m) in diameter and are drilled 100 to 150 ft
(30 to 46 m) deep. A vadose zone injection well is
backfilled with porous media, and a riser pipe is used
to allow water to enter at the bottom of the wells to
prevent air entrainment. An advantage of vadose zone
injection wells is significant cost savings when
compared to direct-injection wells.

Although the infiltration rates of vadose zone wells are
often similar or slightly better as compared to direct-
injection wells, they cannot be backwashed, and a
severely clogged well may be permanently destroyed.
Therefore, reliable pretreatment is considered
essential to maintaining performance of a vadose zone
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injection well. Maintenance of a disinfection residual is
critical if the water has not been treated by RO.
Because of the considerable cost savings associated
with vadose wells as compared to direct injection
wells, the estimated 5-year life cycle for a vadose
injection well can still make it an economical choice.
And, because vadose zone injection wells allow for
percolation of water through the vadose zone and flow
into the saturated zone, it should be expected that
some water quality improvements similar to soil aquifer
treatment would be achieved (see Chapter 6 for further
discussion).

The number of vadose zone injection wells is
dependent on the recharge capacity of the soil matrix.
Recharge capacities can be estimated from test wells
and infiltration tests. The head required to drive the
water into the ground is influenced by the lithology and
hydraulic conductivity (permeability) of the soil in the
vadose zone. Because the movement of the water is
highly dependent on localized features, such as clay
layers or low-permeability lenses, movement is difficult
to predict. Capture of the recharge water within the
aquifer for extraction is also less certain than with
direct injection, and vadose zone projects are at
greater risk of water loss.

Vadose zone injection facilities were constructed as
part of the city of Scottsdale’s Water Campus project
northeast of downtown Phoenix, Ariz. The project has
35 active injection wells (with 27 back-up wells) with a
capacity of about 400 gpm each. The wells were
constructed to a depth of 180 to 200 ft with the aquifer
water level approximately 1,200 ft below ground
surface (bgs). Vadose zone injection wells of similar
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design are also used by the cities of Gilbert and
Chandler, Ariz. Reuse projects in other areas, such as
the Seaside Basin in the Monterrey Bay area of
California, have also considered the use of vadose
zone wells because of the depth to groundwater (300+
ft bgs). According to groundwater modeling estimates,
it would take almost 300 days for the water recharged
in the vadose zone to reach the top of the aquifer.
Because of clay layers and other low- permeability soil
lenses, there is minimal control of where the recharged
water enters the underlying aquifer and at what rate.

Rapid Infiltration Trenches. Rapid infiltration
trenches (RITs) are not vadose zone wells, but are
similar in that recharge water is discharged into a
media-filled “hole” or trench. Unlike the vertically-
constructed vadose zone well, however, RITs are long,
horizontal trenches excavated into the soil and filled
with media. A horizontal, perforated pipe conveys the
water into the RIT where it percolates into the
underlying soil. RITs can be excavated into the vadose
zone where the groundwater is deep, or into the
aquifer where groundwater levels are close to the
surface. Because RITs are not true wells, specialty
contractors are not required, and the costs can be less
than either vadose zone or direct-injection wells.

Direct Injection. Direct-injection systems involve
pumping recharge water directly into either a confined
or unconfined aquifer. Direct injection is used where
space or hydrogeological conditions are not conducive
to surface spreading; such conditions might include
unsuitable  surface/near-surface  soils of low
permeability, unfavorable topography for construction
of basins, the desire to recharge confined aquifers, or
scarcity of land. Direct injection is also an effective
method for creating barriers against saltwater intrusion
in coastal areas and for development of ASR systems
using dual-purpose wells. In designing a direct-
injection well system, it is critical to fully characterize
the target aquifer and surrounding confinement
hydraulics that will affect migration of the reclaimed
water. Additionally, water quality within the reuse
system and the target aquifer must be balanced along
with the needs of the end user in development of a
direct-injection system.

A direct-injection well is drilled into the targeted
aquifer, discharging recharge water at a specific depth
within the aquifer. Direct-injection wells are similar to
extraction wells in that they have a borehole and
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casing and may have screens, granular media around
the well, and a drop pipe into the well. The diameter of
the well depends on required flow and the ability of the
aquifer to move the water. Screened wells are required
in unconsolidated formations whereas open-hole
construction is typically used in rock formations. The
injection well can be designed to target specific
aquifers or specific portions of an aquifer that are most
suitable for injection. Typical direct-injection wells vary
in diameter from about 12 to 30 in (30 to 76 cm), and
depths vary from less than 100 ft to more than 1,500 ft
(30 to 470 m) in certain applications. Ideally, an
injection well will recharge water at the same rate as it
can pump yield water; however, conditions are rarely
ideal. Injection/withdrawal rates tend to decrease over
time, and although clogging can easily be remedied in
a surface spreading system by scraping, drying, and
other methods, remediation in a direct-injection system
can be costly and time consuming, depending on the
nature and severity of clogging. The most frequent
causes of clogging are accumulation of organic and
inorganic solids, biological and chemical precipitates,
and dissolved air and gases from turbulence. Low
concentrations of suspended solids (1 mg/L) can clog
an injection well. Even low concentrations of organic
contaminants can cause clogging due to
bacteriological growth near the point of injection.
Typical remediation of a clogged well is by mechanical
means or chemical injection of acids and/or
disinfectants.

Treatment of organics can occur in the groundwater
system with time, especially in aerobic or anoxic
conditions (Gordon et al., 2002; Toze and Hanna,
2002). Therefore, the location of the direct injection
wells in relation to the extraction well is critical to
determining the flow-path length and residence time in
the aquifer, as well as the mixing of recharge water
with native groundwater. When recharge water has
been treated by RO, improvements in water quality are
not expected. There have been several cases where
direct-injection systems with wells providing significant
travel time have allowed for the passage of NDMA and
1,4-dioxane into recovery wells, even though treatment
processes included RO. Additional treatment of
reclaimed water is now required to control these
contaminants. These trace organic compounds
(TrOCs) have not been observed in soil aquifer
treatment systems using spreading basins where
microbial activity in the subsurface is stimulated. It is
uncertain whether RO water discharged into a vadose
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zone well will support biological activity and additional
treatment; at the Scottsdale Water Campus,
attenuation of NDMA during sub-surface transport has
been limited with RO-treated water and vadose zone
injection wells.

Direct-injection wells have been used for Orange
County Water District's (OCWD) Talbert Gap Barrier
with  water supplied by the Groundwater
Replenishment System (GWRS), for the Dominguez
Gap Barrier with water supplied by the West Basin
Municipal Water District’s El Segundo facilities, and for
the Alamitos Barrier with water supplied in part by the
Water Replenishment District's Leo J. Vander Lans
Water Treatment Facility (LVLWTF) [US-CA-Vander
Lans]. Direct-injection wells were also proposed for
Miami-Dade Water and Sewer Department's SDWRP
[US-FL-Miami So District Plant].

2.3.3.4 Recovery of Reclaimed Water through
ASR

ASR allows direct recovery of reclaimed water that has
been injected into a subsurface formation for storage.
ASR can be an effective management tool to provide
reclaimed water storage, minimizing seasonal
fluctuations in supply and demand, by allowing storage
during the wet season when demand is low and
recovery of water during dry periods when demand is
high. Because the potential storage volume of an ASR
system is essentially unlimited, it is expected that
these systems will offer a solution to the shortcomings
of the traditional, engineered storage techniques. ASR
was considered as part of the Monterey County, Calif.,
reuse program to overcome seasonal storage issues
associated with an irrigation-based project. In the
United States, reclaimed water ASR projects are
currently operating in Arizona, Florida, and Texas
(Pyne, 2005; Shrier 2010). Internationally, the only
operating ASR systems identified in literature are
located in Australia.

While ASR is gaining interest, there are considerations
for operation of these systems. Federal Underground
Injection Control (UIC) rules do not allow the injection
of any fluid other than water meeting drinking water
standards into an underground source of drinking
water (USDW), which is defined as having a total
dissolved solids concentration of less than 10,000
mg/L (EPA, 2001). Section 1453 of the 1996
amendments to the SDWA outlines a Source Water
Quality Assessment to achieve maximum public health
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protection. This could require reclaimed water to be
treated with advanced treatment and disinfection
processes, such as RO and UV light with ozone or
peroxide, to not only meet drinking water standards
but also to address state-specific regulations for trace
organics and pathogens. Therefore, many existing
reclaimed water ASR projects inject into portions of
aquifers beneath the USDW (i.e., into brackish water
aquifers). However, there still must be good vertical
confinement between the injection zone and the base
of the USDW to prevent upward vertical migration of
the injected reclaimed water into the USDW. For
reclaimed water ASR projects injecting into nonpotable
aquifers (total dissolved solids [TDS] >10,000 mg/L),
the recovery efficiencies are usually less than for other
ASR projects injecting into the USDW.

In addition, potentially undesirable geochemical
reactions between the injected fluid and the aquifer
matrix must be considered. Unlike other MAR
systems, there is a buffer zone where reclaimed water
and native groundwater blend in a manner that is
distinctly different from other systems. Pathogens and
organic contaminants in reclaimed water complicate
the use of ASR for reclaimed water storage and
recovery, and high levels of treatment and disinfection
are needed to implement reclaimed water ASR.

ASR Water Quality Considerations. The primary
contaminants in reclaimed water that affect ASR
projects include nutrients and metals, pesticides,
endocrine disruptor compounds, pharmaceuticals and
personal care products, and microbes (WRRF, 2007b).
SDWA describes the essential steps for every
community to inventory known and potential sources
of contamination within their drinking water sources.
Nutrients and most bacteria are usually removed in
advanced biological wastewater treatment processes.
While most large pathogens are not a concern in most
MAR systems, the reversal of flow in ASR systems
can release materials that are normally removed.
These same treatment processes are also typically
used to remove the other recalcitrant groups of
contaminants listed above. If the TOC concentrations
are elevated and chlorine is used for disinfection,
disinfection by-products (DBPs) such as
trihalomethanes, haloacetic acids, and NDMA can be
of concern. A more in-depth discussion of these
source water quality concerns is presented in
Prospects for Managed Underground Storage of
Recoverable Water and Reclaimed Water Aquifer
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Storage and Recovery: Potential Changes in Water
Quality (NRC, 2008 and WRRF, 2007b).

According to the 2007 WateReuse Research
Foundation (WRRF) study referenced above, 13 U.S.-
based reclaimed water ASR projects and three
international reclaimed water ASR projects were
identified in various phases of development and
implementation (Table 2-3). Two additional projects in
Florida were being tested as of 2012; the Collier
County and Naples projects are also shown in
Table 2-3. The reclaimed water source for all 18 ASR
projects will meet advanced wastewater treatment
levels with disinfection. Additionally, two of the facilities
in the United States (Fountain Hills and Scottsdale,
Ariz.) and one project in Kuwait (Sulaibiya) are/will be
using advanced filtration technologies, such as
microfiltration (MF) or MF/RO, to improve water quality
prior to injection.

While there are specific water quality requirements for
ASR, regulatory agencies also may limit the quantity of
reclaimed water used for a groundwater recharge
project, also referred to as the reclaimed water
contribution (RWC). The RWC is calculated by dividing
the volume of reclaimed water recharge by the total
volume of water recharge. Other sources of water
recharge, which serve to dilute the reclaimed water,
must not be of wastewater origin and can include
imported water, local water supply, and, potentially,
subsurface flow. The inclusion of subsurface flow in
the basin recharged by the Inland Empire Utilities
Agency in Chino, Calif. has virtually eliminated the
need for other sources of water recharge. The RWC
may be set by the regulatory agency and can vary
depending on the level of effluent treatment, the type
of recharge, and project history.

Monitoring. Recharge projects are strictly regulated
and subject to complex water quality monitoring and
compliance programs that assess all the waters used
for recharge of the groundwater system to ensure the
protection of human health and the environment.
Additionally, water reclamation plant performance
reliability is ensured through various in-plant control
parameters, redundancy capabilities, and emergency
operation plans. This is discussed in greater detail in
Section 2.3.4.
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The use of recycled water to recharge groundwater via
surface spreading or direct injection has been
successfully applied in California for almost 50 years
[US-CA-Los Angeles County]. As the future supply of
surface water continues to diminish and our population
continues to grow, alternative water resources must
increase to meet water demands.

Subsurface Geochemical Processes. Adverse
geochemical reactions can occur in the storage zone
due to differences in water quality between the
injected fluid and native water quality (Mirecki, 2004;
NRC, 2008). Although relatively uncommon in ASR
projects, geochemical reactions can occur that result
in dissolution and clogging of the aquifer matrix in the
storage zone. The most notable reaction is the
oxidation of arsenopyrite, a naturally-occurring mineral
in aquifers. When this mineral is oxidized, arsenic is
released into the stored water (at concentration in
excess of the drinking water maximum contaminant
level (MCL) of 10 ug/L) due to differences in ORP
between the injected fluid and native groundwater.

Many source waters (potable, surface, and reclaimed
water) have an elevated ORP (+millivolts) and DO (>2
to 3 mg/L) concentrations relative to confined aquifers
and deep portions of unconfined aquifers (-millivolts
and <0.5 mg/L). The oxidized source waters can react
with the aquifer matrix, which is in equilibrium under
reduced conditions, changing the hydrogeochemistry
of the stored and recovered water. Different
technologies that can adjust the ORP and DO of the
recharge waters closer to that of the native water
before injection into confined aquifers have been
developed (Bell et al., 2009; Entrix, 2010). Recent
research by USACE suggests that treated surface
water initially causes arsenic in the aquifer matrix to
leach into the stored and recovered water, but it is
later readsorbed in the presence of naturally high iron
and TOC concentrations in the source water (Mirecki,
2010). The conclusions in this study suggest that
similar water quality conditions that can lead to the
precipitation of arsenic occur in reclaimed water.
Additional information on the state of the practice of
ASR using reclaimed water is provided in the WRRF
report, Reclaimed Water Aquifer Storage and
Recovery: Potential Changes in Water Quality (WRRF,
2007b).
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Table 2-3 Operational status and source water treatment for reclaimed water ASR projects

City or County

Operation Status

Reclaimed Water Treatment Level

State or Country |

Arizona Chandler Full Operation Advanced treatment with UV disinfection
Arizona Fountain Hils Ful operation | 1 unknown method of disinfection
Arizona Scottsdale Full Operation Adyancgd treatment/microfiltration/RO/Cl,
disinfection
Florida Cocoa Testing Advanced treatment with Cl, disinfection
Florida Englewood Full Operation Advanced treatment with Cl, disinfection
Florida Hillsborough County Terminated NA
Florida Clearwater Terminated NA
Florida Lehigh Acres Testing Advanced treatment with Cl, disinfection
Florida Manatee County Testing Advanced treatment with Cl, disinfection
Florida Collier County Testing Advanced treatment with Cl, disinfection
Florida Naples Testing Advanced treatment with Cl, disinfection
Florida Oldsmar Permitting Advanced treatment with Cl, disinfection
Florida Pinellas County Feasibility/Planning Advanced treatment with Cl, disinfection
Florida St. Petersburg Testing Advanced treatment with Cl, disinfection
Florida Tarpon Springs Feasibility/Planning Advanced treatment with Cl, disinfection
Florida Sarasota County Construction Advanced treatment with Cl, disinfection
Texas El Paso Full Operation Advanced treatment/ozone disinfection
Australia Adelaide (Bolivar) Full Operation Advanced treatment with Cl, disinfection
Australia Willunga Testing Advanced treatment with Cl, disinfection
Kuwait Sulaibiya Feasibility/Planning Qdyancgd treatment/RO/unknown method of
isinfection

(Source: Updated data from WRRF, 2007b)
Cl, means chlorine
NA means not applicable

2.3.3.5 Supplementing Reclaimed Water
Supplies

Another option to maximize the use of reclaimed water
for irrigation is to supplement reclaimed water flows
with other sources, such as groundwater or surface
water. Supplemental sources, where permitted, can
bridge the gap during periods when reclaimed water
flows are not sufficient to meet the demands,
Supplementing reclaimed water flows allows
connection of additional users and increases reuse
overall versus disposing of excess reclaimed water.
Incremental use of supplemental supplies can result in
a significant return in terms of reclaimed water usage
versus supplemental volumes.

An example of a utility that developed supplemental
supplies is the city of Cape Coral, Fla. There are
approximately 400 mi of canal systems within the city.
Of these, approximately 295 mi are considered
freshwater and about 105 mi are brackish water. In
addition, within these canals, approximately 27 water-
control structures (weirs) have been designed and
placed to control canal flows. Supplemental water from
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this canal system has been used since the early 1990s
to bridge the gap between reclaimed water supply and
demands. Today, Cape Coral's reclaimed water
program (“Water Independence for Cape Coral” or
WICC) provides supplemented reclaimed water to
almost 38,000 residences for irrigation. The city has
implemented a major initiative over the last decade to
install automated flow controls on all existing weirs,
allowing the city to control freshwater canal levels and
optimize the hydro period to mimic more natural flow
patterns. These upgrades allow the city to store
considerably more water in the existing canals. ASR is
also planned to store excess surface water. Upon
completion of the project, the city will be able to store
an additional 1 billion gallons (3.8 MCM) of freshwater
in the canals during dry periods and in ASR wells
during wet periods.

In addition to supplementing reclaimed water supplies,
alternative source waters can be used to replace the
demands for reclaimed water. Discussion of alternative
water sources as part of an integrated water
management approach is provided in Section 2.4
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2.3.4 Operating a Reclaimed Water System

In order to protect public health and enhance customer
satisfaction and confidence, water of a quality that is
safe and suitable for the intended end uses must be
reliably produced and distributed, regardless of the
source water. AWWA published the third edition of its
Manual of Water Supply Practices M-24, which
discusses planning, design, construction, operation,
regulatory framework, and management of community
dual-water systems (AWWA, 2009). In addition to the
materials discussion in that manual, a brief discussion
of the importance and considerations for well-designed
quality assurance/quality control (QA/QC) and
monitoring programs is provided here.

2.3.4.1 Quality Control in Production of
Reclaimed Water

A high standard of reliability, similar to water treatment
plants, is required at wastewater reclamation plants.
An array of design features and non-design provisions
can be employed to improve the reliability of the
separate elements of a water reclamation system and
the system as a whole. Backup systems are important
in maintaining reliability in the event of failure of vital
components, including the power supply, individual
treatment  units, mechanical equipment, the
maintenance program, and the operating personnel.
Federal guidelines identify the following factors that
are appropriate to consider for treatment operations
(EPA, 1974):

Design Factors:
= Duplicate dual feed sources of electric power

= Standby on-site power for essential

elements

plant

=  Multiple process units and equipment

= Holding tanks or basins to provide for
emergency storage of overflow and adequate
pump-back facilities

= Flexibility of piping and pumping facilities to
permit rerouting of flows under emergency
conditions

= Dual chlorination systems

= Automatic residual control
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= Instrumentation and control systems for online
monitoring of treatment process performance
and alarms for process malfunctions

= Supplemental storage and/or water supply to
ensure that the supply can match user demands

Other Factors:

= Preliminary project planning and engineering
report to indicate reliability compliance

= Effective monitoring program

= Effective maintenance and process control
program

= Operator certification to ensure that qualified
personnel operate the water reclamation and
reclaimed water distribution systems

= A comprehensive QA program to ensure
accurate sampling and laboratory analysis
protocol

= A comprehensive operating protocol that
defines the responsibilities and duties of the
operations staff to ensure reliable production
and delivery of reclaimed water

= A strict industrial pretreatment program and
strong enforcement of sewer-use ordinances to
prevent illicit dumping of hazardous materials—
or other materials that may interfere with the
intended use of the reclaimed water—into the
collection system

Additional discussion of many of these reliability
features is discussed in Section 3.4.3 of the 2004 EPA
Guidelines for Water Reuse. Many states have
incorporated procedures and practices into their reuse
rules and guidelines to enhance the reliability of
reclaimed water systems, including inline automatic
diversion valves when reclaimed water quality does
not meet monitoring requirements for chlorine residual
and turbidity.

2.3.4.2 Distribution System Safeguards for

Public Health Protection in Nonpotable Reuse
As described in Chapters 3 and 4, the level of
treatment required for reclaimed water depends on the
intended use. Where water reuse applications are
designed for indirect or direct potable reuse, treatment
is designed to achieve the level of purity required for
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potable reuse. Where reclaimed water is to be used in
nonpotable applications, water quality must be
protective of public health, but need not be treated to
the quality required for potable reuse. In addition to
appropriate  water quality requirements, other
safeguards must be employed to protect public health
in nonpotable reuse.

Where reclaimed water is intended for nonpotable
reuse, the major priority in design, construction, and
operation of a reclaimed water distribution system is
the prevention of cross-connections. A cross-
connection is a physical connection between a potable
water system used to supply water for drinking
purposes and any source containing nonpotable water
through which potable water could be contaminated.
Another major objective is to prevent improper or
inadvertent use of reclaimed water as potable water.
To protect public health from the outset, a reclaimed
water distribution system should be accompanied by
the following protection measures:

= Establish that public health is the overriding
concern

= Devise procedures and regulations to prevent
cross-connections and misuse, including design
and construction standards, inspections, and
operation and maintenance staffing

= Ensure the physical separation of the potable
water, reclaimed water, sewer lines, and
appurtenances in design and construction

= Develop a uniform system to mark all
nonpotable components of the system

= Devise procedures for
disconnection) of service

approval  (and

= Establish and train special staff members to be
responsible for operations, maintenance,
inspection, and approval of reuse connections

= Provide for routine monitoring and surveillance
of the nonpotable system

= Prevent improper or unintended use of
nonpotable water through a proactive public
information program

Some states specify the type of identification required.
For example, the Florida Department of Environmental
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Protection (FDEP) requires all components to be
tagged or labeled (bearing the words “Do not drink” in
English and “No beber” in Spanish, together with the
equivalent standard international symbol) to warn the
public and employees that the water is not intended for
drinking (FDEP, 2009). Figure 2-7 shows a typical
reclaimed water advisory sign and pipe coloring.

Figure 2-7
Typical sign complying with FDEP signage
requirements (Photo credit: Lisa Prieto)

The type of messaging on advisory signs must comply
with state guidelines and regulations and be chosen
carefully to support public awareness. Chapter 8
discusses some of the issues surrounding messaging
about water reuse. One specific issue for signage that
includes the message “do not drink” is the potential
long-term public perception that reclaimed water
cannot be safe for drinking. If a city may want to
introduce potable reuse in the future, the choice of
messaging for signage of nonpotable reuse
applications is all the more critical.

In addition to advisory signs and coloring, the valve
covers for nonpotable transmission lines should not be
interchangeable with potable water covers. For
example, the city of Altamonte Springs, Fla., uses
square valve covers for reclaimed water and round
valve covers for potable water. Blow-off valves should
be painted and carry markings similar to other system
piping. Irrigation and other control devices should be
marked both inside and outside. Any constraints or
special instructions should be clearly noted and placed
in a suitable cabinet. If fire hydrants are part of the
system, they should be painted or marked, and the
stem should require a special wrench for opening.
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All piping, pipelines, valves, and outlets must be color-
coded, or otherwise marked, to differentiate reclaimed
water from domestic or other water (FDEP, 2009).
FDEP requires color coding with Pantone Purple 522C
using different methods, depending on the size of the
pipe (FDEP, 2009). Pipe coloring can be integrated
into the material or added externally with a
polyethylene vinyl wrap, vinyl adhesive tape, plastic
marking tape (with or without metallic tracer), or
stenciling, as shown in Figure 2-8. The IAPMO
publishes the Uniform Plumbing Code, a document
that many state and local governments use as a model
when they approve their own plumbing codes. An
alternate code is the IPC distributed by the ICC.

Figure 2-8
Reclaimed water pumping station, San Antonio,
Texas (Photo credit: Don Vandertulip)

Permitting and Inspection. The process to permit
water reclamation and reuse projects differs from state
to state; however, the basic procedures generally
include plan and field reviews followed by periodic
inspections of facilities. This oversight includes
inspection of reclaimed water generators, distributors
and, in some cases, end users. Additional guidance on
permitting and inspection is provided in the Manual of
Water Supply Practices M-24 (AWWA, 2009). Piping
at the site of reclaimed water use may be controlled by
local plumbing code, and advance coordination
between utility and local plumbing departments is
advised.

2.3.4.3 Preventing Improper Use and Backflow
Several methods can be used to prevent inadvertent
or unauthorized connection to a reclaimed water
system. The Irvine Ranch Water District, Calif.,
mandates the use of special quick-coupling valves with
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an Acme thread key for on-site irrigation connections.
This type of valve is not used in potable water
systems, and the cover on the reclaimed water coupler
is different in color and material from that used on the
potable system. Hose bibs are generally not permitted
on nonpotable systems because of the potential for
incidental use and possible human contact with the
reclaimed water. Florida regulations (FDEP, 2009)
allow below-ground bibs that are either placed in a
locking box or require a special tool to operate.

Where the possibility of cross-connection between
potable and reclaimed water lines exists, backflow
prevention devices should be installed on-site when
both potable and reclaimed water services are
provided to a user. The backflow prevention device is
placed on the potable water service line to prevent
potential backflow from the reclaimed water system
into the potable water system if the two systems are
illegally interconnected. Accepted methods of backflow
prevention vary by state, but may include:

= Airgap

= Reduced-pressure principal backflow prevention
assembly

= Double-check valve assembly
= Pressure vacuum breaker
= Atmospheric vacuum breaker

In addition to discussion of backflow prevention in
Section 3.6.1 of the 2004 EPA Guidelines for Water
Reuse, additional guidance is provided in the 2003
EPA Cross-Connection Control Manual which has
been designed as a tool for health officials, waterworks
personnel, plumbers, and any others involved directly
or indirectly in water supply distribution systems, with
more recent information in the AWWA Manual of
Water Supply Practices M-24 (AWWA, 2009).

2.3.4.4 Maintenance

Maintenance requirements for nonpotable components
of the reclaimed water distribution system should be
the same as for potable systems. From the outset,
items such as isolation valves, which allow for repair to
parts of the system without affecting a large area,
should be designed into the system. Flushing the line
after construction should be mandatory to prevent
sediment from accumulating, hardening, and
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becoming a serious future maintenance problem. New
systems should confirm whether discharge of
reclaimed water from the initial construction activity is
allowed or considered an unauthorized discharge. The
flush water may need to be returned to a sanitary
sewer, or use of potable water may be considered for
initial flushing. A reclaimed water supplier should

reserve the right to withdraw service for any offending
condition, subject to correction of the problem. Such
rights are often established as part of a user
agreement or reuse ordinance.

2.3.4.5 Quality Assurance: Monitoring
Programs

The purpose of monitoring is to demonstrate that the
management system and treatment train are
functioning according to design and operating
expectations. Expectations should be specified in
management systems, such as a Hazard Analysis and
Critical Control Points (HACCP) or water safety plan
(WSP). While the monitoring program will be based on
the regulatory and permit requirements established for
the system, the program not only must address those
elements needed to verify the product water but also
must support overall production efficiency and
effectiveness. Having performance standards and
metrics along with policies describing organizational
goals and responsibilities for the execution of a water
guality management program will reinforce a strong
public perception of the overall water quality being
produced. See Chapter 8 for additional discussion of
public education and communication tools.

Monitoring programs must establish goals for
reclaimed water treatment performance and
distribution system water quality, provide monitoring to

Table 2-4 Quality monitoring requirements in Texas

verify conformance with the goals, and establish
appropriate actions if goals are not achieved. An
example of water quality monitoring requirements for
Texas is provided in Table 2-4.

The Texas Commission on Environmental Quality
(TCEQ) regulates wastewater reclamation and reuse
in Texas. Under Chapter 210 of Texas Administrative
Code, Volume 30, TCEQ prescribes the quality and
use requirements as well as the responsibilities of
producers and users. In addition to regulatory
requirements, specific uses of reclaimed water, such
as some industrial uses or even irrigation when it is for
particular golf courses, may require additional testing
and/or increased monitoring frequency. Monitoring
requirements for reclaimed water are based on the
intended use and not on the treatment process utilized
to produce reclaimed water (TCEQ, 1997). Two
reclaimed water use types are recognized by the
TCEQ: Type | use is where contact with humans is
likely, such as irrigation, recreational water
impoundments, firefighting, and toilet flush water, and
Type 1l use is where contact with humans is unlikely,
such as in restricted or remote areas [US-TX-San
Antonio].

Three to four parameters must be monitored in
accordance with the intended use of the reclaimed
water in Texas: E. coli or fecal coliform (cfu/100 mL),
5-day biochemical oxygen demand (BODs) or 5-day
carbonaceous biochemical oxygen demand (CBODs)
(mg/L), Turbidity (NTU) and Enterococci
(cfu/100mL) (Table 2-4).Use type also affects
monitoring frequency. Type | uses require a twice-
weekly monitoring protocol while Type Il uses require
weekly monitoring.

Is human . | Fecal Coliforms e
Texas contact Monitoring | Enterococci or E. coli Turbidity
Category likely? Examples frequency | (MPN/100mL) (MPN/100mL) (NTU)
Irrigation, recreational
impoundments, . 1 1
Type | Yes firefighting, toilet flush Twice weekly 9/4 75/20 5 3
water
Type Il No Restricted or remote Once weekly 35 800/200* 15 or 202 N/A
reuse

1

geometric mean (fecal coliform or E. coli).
2
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The first value represents a single sample maximum value and the next value refers to a 30-day average (BOD5 and Turbidity) or 30-day

In Type Il uses, the CBOD5 maximum 30-day average value is 15 mg/L while the BODS5 value is 20 mg/I for the same period.
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The first element of a system monitoring program is
choosing appropriate, quantifiable measurement
parameters that relate to operational and regulatory
decision-making. At a minimum, state-required
regulatory parameters should be included for analysis.
Parameters such as flow rates, distribution system
water quality (measured by chlorine residual and
bacteriological quality), and TDS are commonly
included, but the final choice will depend on the
individual system. Detailed monitoring lists may not be
necessary once relationships between types of
chemicals, treatment train performance, and surrogate
measures have been established with definitive data
generated from statistically robust experiments. For
example, the city of San Diego’s water purification
demonstration project monitors several water quality
parameters, including contaminants regulated by the
SDWA [US-CA-San Diego]. Online monitoring
methods are preferred because they provide real-time
data on system performance. Further, well-defined
criteria must be set for each measurement parameter
to support the facility’s water quality and productivity
goals. These may be established by regulatory drivers
or self-imposed as part of the overall quality or
operational goals.

As noted, in many instances the use of real-time
remote measuring devices is required to maintain
process and product quality control. Well-defined
procedures for the care, calibration, calibration
verification, and data collection for any remote or inline
measurement devices should be established.

For parameters that cannot be measured online, a
routine sampling plan must be developed to select
representative sampling sites that adequately cover all
key elements (Critical Control Points [CCP]) in the
process at a frequency sufficient to anticipate potential
problems and respond before problems become
critical. In addition to daily, weekly, or monthly
analyses, periodic (quarterly or annually) analyses that
are more comprehensive can further validate that the
routine process performance indicators are adequate
to detect potential problems. Locations where high
failures are occurring may require more frequent
sampling as part of the corrective action.

Sampling methods should focus on obtaining data
where the resulting accuracy is adequate for the
intended purpose. Samples that are not immediately
analyzed must be handled in a way that maintains

2012 Guidelines for Water Reuse

sample integrity. The validity of the sampling process
can significantly impact the validity and usability of the
data from those samples. Sampling procedures for
required regulatory reporting should following well-
accepted practices, such as Standard Methods for the
Examination of Water and Wastewater.

Because regulatory and public perception of the
monitoring program will rely heavily on the confidence
in the quality and validity of the data -collected,
certifications or accreditations for laboratories doing
analytical work supporting the water industries may be
required. These can include state programs, such as
Arizona Department of Health Services (ADHS), or
national accreditation programs, such as The National
Environmental Laboratory Accreditation Conference
(NELAC) Institute (TNI, n.d.), which is used by states
like Texas and Florida. The NELAC Institute (TNI) was
formed in 2006 by combining the boards of the NELAC
and the Institute for National Environmental Laboratory
Accreditation. Accreditation may be required for both
internal and commercial laboratories. These programs
require laboratories that produce data to support water
quality programs to have established basic quality
requirements incorporated into their data collection
processes. These requirements should include the
analytical procedures, instrument calibration
requirements, quality control  practices and
documentation, and reporting protocol sufficient to
document the traceability and quality of the result.

The city of Tucson, Ariz., has a well-established
Reclaimed Water Site Inspection Program that
accomplishes many of these goals [US-AZ-Tucson].
The program provides for periodic inspection of all

sites having reclaimed water service, along with
training and certification of reclaimed water site
testers.

2.3.4.6 Response to Failures

The final and probably most important element is a
well-defined and rigorously-enforced procedure for
responding to system failures within the defined
criteria. Obviously, this will include procedures for
returning to normal operation as quickly as reasonably
possible, but it should also include root-cause analysis
or other investigative techniques to determine if
systematic problems exist. In addition to water quality
monitoring, the system as a whole requires monitoring
and maintenance. A number of best practices to
monitor the system include:
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= Contractor training requirements on the
regulations  governing reclaimed  water
installations

= Requirements to submit all modifications to
approved facilities to the responsible agencies

= Detection and documentation of any breaks in
the transmission main

= Random inspections of user sites to detect any
faulty equipment or unauthorized use

= Installation of monitoring stations throughout the
system to test pressure, chlorine residual, and
other water quality parameters

= Accurate recording of system flow to confirm
total system use and spatial distribution of water
supplied

2.3.5 Lessons Learned from Large,
Medium, and Small Systems

Regardless of the size of a reclaimed water system,
there are lessons learned that can be applied to other
systems, and several case study examples are
highlighted below by system size. Large reclaimed
water systems (large systems) are defined as systems
with a capacity larger than 10 mgd (440 L/s). In
general, large systems have matured from smaller,
initial start-up or backbone facilities that were
implemented to meet smaller demands in prior years.
As illustrated by several current large systems in the
United States, however, this may not always be the
case. Medium reclaimed water systems (medium
systems) are defined as systems with a capacity
ranging from 1 to 10 mgd (44 to 440 L/s). And small
systems are defined as facilities treating flows ranging
between 1,500 and 100,000 gpd (5.6 to 380 m®/d),
while small community systems may treat flows of up
to 1 mgd (44 L/s) (Crites and Tchobanoglous, 1998).

Large Systems. The scale of the delivery system for
the case study examples varies from gravity plant
discharge to delivery through 130 mi (210 km) of
pipeline. Three of these systems started at near their
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current capacities by providing alternative water
sources to mature markets with significant drivers to
meet water supply needs under time constraints. The
UOSA, for example, developed from regional concerns
over water quality issues from small and individual
systems draining to the Occoquan Reservoir [US-VA-
Occoquan]. What emerged from regional planning are
key examples of planned IPR as a means of
augmenting the raw water reservoir with high-quality
source water, as depicted in Figure 2-9. Common
themes throughout all of these large system case
studies are the importance of public education and
public information programs to educate staff, elected
officials, the business community, and customers,
which is discussed further in Chapter 8.

These large projects include significant design
challenges that have led to state-of-the-science
technical applications to meet the project constraints.
However, the successful application of technology for
projects such as the Occoquan Reservoir has been
documented in research by Rose et al. (2001).
Application of the lessons learned from these large
reclaimed water projects provides valuable information
for all systems in technology application and proven
results for public acceptance.

Further, large reclaimed water system projects will
typically involve more than one agency. In the case of
OCWD and Orange County Sanitation District
(OCSD), two boards worked together over many years
to collectively solve problems and serve their individual
system needs [US-CA-Orange County]. In the case of
the Upper Occoquan project [US-VA-Occoquan], the
UOSA was created by the state of Virginia and took
over service obligations from numerous small
providers. Supply to the Palo Verde Nuclear
Generating Station (PVNGS) and USACE wetlands
project in Arizona required public involvement and
public hearings through state and two federal agencies
[US-AZ-Phoenix]. San Antonio’s project [US-TX-San
Antonio] was driven by endangered species lawsuits
limiting future water withdrawals, which required
multiple local, state, and federal agencies to work
together.
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Figure 2-9
Upper Occoquan schematic

Each of these projects is an example of leaders and
planners recognizing the importance of providing
timely and accurate information to decision-makers
and the public. These projects also provide valuable
resource recovery and reuse to support the local water
supply. In doing so, various permits required for the
projects were issued because of community support.

Medium Systems. Existing medium-sized facilities
can benefit from the experience of larger systems as
well as from the development of their existing systems.
Medium-sized systems have typically worked through
many of the same operational considerations and, in
most cases, the community is aware of the benefits of
reusing local resources. For medium systems in
particular, identifying potential reclaimed water
customers is one of the most important phases of
planning the reuse system and ensuring that the
system can be sustained. Unlike large systems with
capacities of greater than 10 mgd (438 L/s), which
generally have a set reclaimed water user baseline,
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and smaller systems, which generally rely on a pre-
identified (and consistent) source of reclaimed water,
medium systems are largely dependent on the needs
of their customer bases. This need can greatly vary
depending on the type of reclaimed water customer,
the end use for the reclaimed water, and the time of
year (i.e., decreased demands in wet weather
months). Identifying potential customers will help
evaluate the financial viability of a reuse system as
well as provide an estimate of how much potable water
can be saved by connecting customers to a new
reclaimed water system. A more accurate estimate
may be provided by contacting identified potential
customers to determine their willingness to participate
in converting a portion of their demands to reclaimed
water.

An excellent case study example of a medium system
expanding its customer base is the city of Pompano
Beach, Fla. [US-FL-Pompano Beach]. The city's
OASIS (Our Alternative Supply Irrigation System)
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program is taking a systematic approach to increase
existing and future reuse capacity to achieve the
region’s reuse requirements. Current plant capacity is
7.5 mgd (329 L/s), of which only 1.8 mgd (79 L/s) are
produced because of a lack of demand. The city's
greatest reuse challenge has been convincing single-
family residential customers to hook up to the system.
While connection is mandatory for commercial and
multi-family customers, the city did not mandate
connection for single-family residences. Even though
construction of the reuse mains required working in
existing neighborhoods and placing a reuse meter box
at each home, and even though each home pays a
monthly available charge, single-family residential
customers have been slow to connect to the system.
Reasons range from connection cost to permitting
issues. Residents also complained about the annual
backflow preventer assembly certifications and the
resulting payback time.

In 2010, the city manager and the city commissioner
approved a connection program to target single-family
residential customers. The new program allows the
city, working through a contractor, to perform the
necessary plumbing on the customer’'s property to
connect to the reuse system and eliminates the annual
certification requirement for the customer. Installation
cost is covered by the city’s utilities department, which
also retains ownership of the dual-check valve and
meter. These costs are recovered through reclaimed
water use rate ($0.85/1,000 gallons [$0.22/m?] for the
smallest meter size) that is slightly higher than existing
reclaimed water use rates ($0.61/1,000 gallons
[$0.16/m’]). The program includes a public outreach
campaign “I Can Water,” which launched in July 2011
with meetings, media outreach, mailers, cable TV, a
Web page, and a hotline. To reward the existing 73
customers, the city will replace and take over their
backflow devices and keep them at the current lower
rate. Customer response to this campaign has been
positive.

Small Systems and Small Community Systems.
Small systems and small community systems differ in
both size and scope. Small systems typically serve a
small development or project, while small community
systems serve an entire community. Small systems
can generally be classified according to the following
categories:

= Point-of-use systems for a specific user
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A satellite facility within a medium or large
system that is remote from the main WWTP or
reclaimed water source

= A decentralized system in an area without
community collection and treatment

= An internal industrial process reuse system

= A start-up system in initial phases of
development that is intended to progress to a
medium or large system

= A community reclaimed water system for a
community generating less than 1 mgd (44 L/s)
of plant flow

The scale of effort required in planning a small system
is proportional to the system size. For example, the
planning area for a small town may not be as large as
a system for a population of 4 million, but small
communities typically have fewer resources, so the
effort can still be significant. Most of the systems will
have similar regulatory hurdles, and all of the users in
the categories above will need to address potential
plant improvements to provide a water quality that will
be acceptable to potential customers (sometimes in
excess of the regulatory quality).

There is often an overlap in the above categories. For
example, in order to conserve water and money, a
small community with an existing WWTP decides to
start a reclaimed water system by providing reclaimed
water to its golf course. In this case, the planning
process may initially be truncated by having one
customer that can use a large volume of water. During
the summer in the arid south, an 18-hole golf course
can use 2 ac-ft (2,500 MCM) of reclaimed water per
night. For many small communities, this may exceed
their capacity, and as a result during peak summer use
the reclaimed water may only supplement the previous
source water. If a small community is a little larger,
success with the first customer may lead to another
planning process to identify other customers and
explore the possibility of extending the small reclaimed
water system.

An excellent case study example of this evolution is in
Yelm, Wash. [US-WA-Yelm], where the community
embraced reclaimed water as the best solution to
safeguard public health, protect the Nisqually River,
and provide an alternate water supply. While the city
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faced challenges, an intensive community outreach
program helped the city successfully expanded its
system into one of the first Class “A” Reclaimed Water
Facilities in the state of Washington. Yelm constructed
a wetlands park to have a highly visible and attractive
focal point promoting reclaimed water use, and a local
reclaimed water ordinance was adopted, establishing
the conditions of reclaimed water use. The ordinance
includes a “mandatory use” clause allowing Yelm to
require construction of reclaimed water distribution
facilities as a condition of development approval. Yelm
continues to plan expansion of storage, distribution,
and reuse facilities, and in 2002 the city received the
Washington  State  Department of Ecology’'s
Environmental Excellence Award for successfully
implementing Class “A” reclaimed water into its
community.

Additional information on low-cost treatment
technologies for small-scale water reuse projects is
provided in a recent WRRF report on Low-Cost
Treatment Technologies for Small-Scale Water
Reclamation Plants, which identifies and evaluates
established and innovative technologies that provide
treatment of flows of less than 1 mgd (44 L/s) (WRRF,
2012). A range of conventional treatment processes,
innovative treatment processes, and package systems
was evaluated with the primary value of this work
including an extensive cost database in which cost and
operation data from existing small-scale water
reclamation facilities have been gathered and
synthesized.

2.4 Water Supply Conservation and
Alternative Water Resources

Water scarcity is one of the key drivers for developing
reclaimed water supplies and systems. As part of the
overall management of water resources, it is critical to
evaluate alternative management strategies for
making the most of the existing supplies. Water
conservation is an important management
consideration for managing the water demand side.
On the supply side, the use of alternative water
resources, such as reuse of graywater, rainwater
harvesting (where applicable), produced water, and
other reuse practices, should also be considered as
part of an overall plan.

2.4.1 Water Conservation

Integrating water conservation goals and programs
into utility water planning is emerging as a priority for
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communities outside of the traditional water-short
regions of the United States. Catalysts for
implementing water conservation programs include
growing competition for limited supplies, increasing
costs and difficulties with developing new supplies,
increasing demands that stress existing infrastructure,
and growing public support for resource protection and
environmental stewardship. As a result of the growing
interest in water conservation, one of EPA's most
successful partnership programs is WaterSense®,
which supports water efficiency by developing
specifications for water-efficient products and services
(EPA, 2012). The program also provides resources for
utilities to help promote their water conservation
programs.

In addition to using conservation as a means to utilities
to help meet growing water demands, many utilities
are also beginning to understand the value of water
conservation as a way of saving on costs for both the
utility and its customers. Throughout the United States,
utilities have experienced quantifiable benefits
associated with long-term  water conservation
programs, including:

= Reduction in operation and maintenance costs
resulting from lower use of energy for pumping
and less chemical use in treatment and disposal

= Less expensive than developing new sources
= Reduced purchases from wholesalers

= Reduce, defer, or eliminate need for capacity
expansions and capital facilities projects

Selecting the appropriate conservation program
components includes understanding water use habits
of customers, service area demographics, and the
water efficiency goals of the utility; some of the most
effective practices that encourage conservation
include:

=  Customer education
= Metering

= Rate structures with a volumetric component
with rate increases with increased use (tiered
rate structure)

= |rrigation efficiency measures
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= Time-of-day and day-of-week water limitations
= Seasonal limitations and/or rate structures
= High-efficiency device distribution and rebates

Since 1991, for example, the Los Angeles Department
of Water and Power has installed more than one
million ultra-low-flush toilets and hundreds of
thousands of low-flow showerheads and has provided
rebates for high-efficiency washing machines and
smart irrigation devices. The city used less water in
2010 than it did in 1990, despite adding more than
700,000 new residents to its service area (Rodrigo et
al., 2012).

While it is clear that potable water resources should be
conserved for the reasons above, reclaimed water in
some regions of the country is not considered a
resource; rather, it is sometimes viewed as a waste
that must be disposed of. With this mindset, customers
are sometimes encouraged to use as much reclaimed
water as they want, whenever they want. In areas
where there are fresh water supply shortfalls or where
reclaimed water has become valued as a commodity,
however, conservation has also become an important
element of reclaimed water management. As a result,
reclaimed water is recognized by many states as a
resource too valuable to be wasted. The 1995
Substitute Senate Bill 5605 Reclaimed Water Act,
passed in the state of Washington, stated that
reclaimed water is no longer considered wastewater
(Van Riper et al., 1998). The California legislature has
declared, “Recycled water is a valuable resource and
significant component of California’s water supply”
(California State Water Resources Control Board,
2009). These recent declarations are part of broad
statewide objectives to achieve sustainable water
resource management. Chapter 8 describes how
water conservation and water reuse public outreach
can be synergistic.

Efficient and effective use can be critical to ensure that
the reclaimed water supply is available when there is a
demand for it. In addition, storage of reclaimed water
can focus on periods of low demand for later use
during high-demand periods, thereby stretching
available supplies of reclaimed water and maximizing
its use. While this practice is sometimes a challenge, it
is gaining interest because of recent advances in
management practices, such as ASR, which is
discussed in Section 2.3.
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Several conservation methods that are used in potable
water supply systems are applicable to reclaimed
water systems, including volume-based rate
structures, limiting irrigation to specific days and hours,
incorporation of soil moisture sensors or other
controllers that apply reclaimed water when conditions
dictate irrigation, and metering. Examples of reclaimed
water conservation are prevalent in Florida. Many
utilities’ reclaimed water availability is limited by
seasonal demands that can exceed supply, making
conservation and management strategies a necessity.
To promote conservation, several utilities have
implemented conservation rate structures to
encourage efficient use of reclaimed water. In addition,
utilities that provide reclaimed water for landscape
irrigation, including irrigation for residential lots,
medians, parks, and other green space, are promoting
efficient use of reclaimed water by limiting the days
and hours that users can irrigate. The Loxahatchee
River District in Palm Beach County, Fla., has
designated irrigation days for residential landscape
irrigation reuse customers and can shut off portions of
its system on designated non-irrigation days. Port
Orange, Fla., retrofitted its entire reuse system with
meters so that customers could be charged according
to a tiered volumetric rate rather than a flat rate that
encouraged excessive use. And the Southwest Florida
Water Management District has recognized the
importance of conserving reclaimed water to ensure
more customers can be served by providing grant
funding for reuse programs where efficient use is a
criterion for receiving funds.

2.4.2 Alternative Water Resources

While these guidelines are intended to highlight the
reuse of reclaimed water derived from treated
municipal effluent, there are a number of other
alternative water sources that are often considered
and managed in a manner similar to reclaimed water.
Some of the most important alternative water
resources include individual and on-site graywater and
stormwater.

2.4.2.1 Individual On-site Reuse Systems and
Graywater Reuse

Graywater is untreated wastewater, excluding toilet
and—in most cases—dishwasher and kitchen sink
wastewaters. Wastewater from the toilet and bidet is
"blackwater," and while the exclusion of toilet waste is
a key design factor in on-site and graywater systems,
this does not necessarily prevent fecal matter and
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other human waste from entering the graywater
system—albeit in small quantities. Examples of routes
for such contamination include shower water and
bathwater and washing machine discharge after
cleaning of soiled underwear and/or diapers (Sheikh,
2010). In fact, California's latest graywater standards
define graywater as untreated wastewater that has not
been contaminated by any toilet discharge; has not
been affected by infectious, contaminated, or
unhealthy bodily wastes; and does not present a threat
from contamination by unhealthful processing,
manufacturing, or operating wastes. Graywater does
include wastewater from bathtubs, showers, bathroom
washbasins, clothes washing machines, and laundry
tubs, but does not include wastewater from kitchen
sinks or dishwashers (California Building Standards
Commission, 2009). Thus, for a graywater system, it is
assumed that a building or homeowner would take
extraordinary care in source control of contaminants
and ensure pathogen-free graywater, an assumption
that could be questionable in a certain percentage of
cases.

For these reasons, use of graywater has been a
controversial practice. While viewed by some as the
panacea for water shortages, groundwater depletion,
surface water contamination, and climate change, use
of graywater can also be seen as a threat to the health
and safety of the users and their neighbors. While the
reality of graywater lies somewhere between these two
perceptions, the installation of a graywater system
may save a significant amount of potable water (and
its costs) for the homeowner or business, even though
the payback period for the more complex systems may
exceed the useful life of the system. Graywater use
does not always reduce total water use, as shown in a
study in Southern Nevada (Rimer, 2009). Because all
wastewater in the region is collected, treated, and
returned to Lake Mead, all water is already reused.
Using untreated or partially treated graywater had
higher public health risk than continued use of
reclaimed water, and graywater users felt less
constrained in using potable water, actually increasing
total metered water use. There are no documented
cases in the United States of any disease that has
been caused by exposure to graywater—although
systematic research on this public health issue is
virtually nonexistent. And, while the absence of
documentation does not prove that there has never
been such a case, graywater is, in fact, wastewater
with microbial concentrations far in excess of levels
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established in drinking, bathing, and irrigation water
standards for reclaimed water (Sheikh, 2010).

Graywater Policy and Permitting. Key to the viability
of small or on-site graywater systems is an effective
policy, permitting, and regulatory process to provide
adequate treatment of graywater for the intended end
use. In many states the regulatory system is still
designed for large-scale systems; the permitting
process for small systems is complex because small
systems cross into the purview of various regulatory
agencies, which can cause hurdles in the approval
process. There are a number of states and local
agencies that provide specific regulations or guidance
for graywater use, including Arizona, California,
Connecticut, Colorado, Georgia, Montana, Nevada,
New Mexico, New York, Massachusetts, Oregon,
Texas, Utah, Washington, and Wyoming. In addition to
the states that have specific policies on graywater use,
there are other institutional policies, such as the UPC
and the IPC, that are applicable to the implementation
of graywater systems. A comprehensive compilation of
graywater laws, suggested improvements to graywater
regulations, legality and graywater policy, sample
permits, public health considerations, studies, and
other considerations has been assembled by Oasis
Design, a firm with vested interest in promoting use of
graywater. Links to numerous resources targeted at
regulators, inspectors, elected officials, building
departments, health departments, builders, and
homeowners have been posted by Oasis Design
(Oasis Design, 2012).

Graywater Quality Criteria. For any size and type of
system, proper consideration for public health begins
with risk management, which puts in place
mechanisms to minimize or eliminate the risk of
contaminated water entering the water supply. Thus,
from a policy perspective, the first step in risk
management is establishing transparent criteria for
water quality; the NSF Standard 350 establishes water
quality criteria for on-site systems.

In 2011, NSF/ANSI Standard 350 Onsite Residential
and Commercial Water Reuse Treatment Systems and
NSF/ANSI Standard 350-1 Onsite Residential and
Commercial Graywater Treatment Systems for
Subsurface Discharge were adopted (NSF, 2011a and
2011b). The standards provide detailed methods of
evaluation; product specifications; and criteria related
to materials, design and construction, product
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literature, wastewater treatment performance, and
effluent quality for on-site treatment systems.
Graywater treatment to NSF 350 levels also requires
certified operators, reliability, and public water supply
protection. The NSF/ANSI Standard 350 is for
graywater treatment systems with flows up to 1,500
gpd (5.7 m%d) or larger. The standards apply to
graywater treatment systems having a rated treatment
capacity of up to 1,500 gpd (5.7 m3/d), residential
wastewater treatment systems with treatment
capacities up to 1,500 gpd (5.7 m*/d), and commercial
treatment systems with capacities exceeding 1,500
gpd (5.7 m3/d) for commercial wastewater and
commercial laundry facilities. End uses appropriate for
reclaimed water from these systems include indoor
restricted urban water use, such as toilet flushing, and
outdoor unrestricted urban use, such as surface
irrigation.

The Standard 350 effluent criteria (Table 2-5) are
applied consistently to all treatment systems
regardless of size, application, or influent quality.
Effluent criteria in Table 2-5 must be met for a system
to be classified as either a residential treatment
system for restricted indoor and unrestricted outdoor
use (Class R) or a multi-family and commercial facility
water treatment system for restricted indoor and
unrestricted outdoor use (Class C).

The NSF/ANSI Standard 350-1 is for graywater
treatment systems with flows up to 1,500 gpd
(5.7 m3/d). For systems above 1,500 gpd (5.7 m3/d), a
multiple-component system should be performance
tested for at least 6 months at the proposed site of use

following the field evaluation protocol in Annex A of
NSF-350. Annex A prescribes testing sequence,
frequency of sampling and testing, and test protocol
acceptance and review procedures. End uses
appropriate for these systems include only subsurface
discharges to the environment. The effluent
requirements of graywater systems seeking
certification through the ANSI/NSF Standard 350-1 for
subsurface discharge are provided in Table 2-6.

Table 2-6 Summary of ANSI/NSF Standard 350-1 for
subsurface discharges

Parameter ‘ Test Average ‘

CBODs (mg/L) 25 mg/L
TSS (mg/L) 30 mg/L

pH (SU) 6.0-9.0
Color MR*
Odor Non-offensive
Oily film and foam Non-detectable
Energy consumption MR

! MR: Measured reported only.

It is important to note that while the NSF/ANSI
Standards provide detailed information for graywater
use, individual state statutes and regulations and local
building codes, which generally take precedence, may
not allow graywater use in a given locale.

Implementation of Residential and Commercial On-
site and Graywater Treatment Systems. Treatment
technologies that can be used for meeting the
stringent standards of ANSI/NSF 350 and 350-1

Table 2-5 Summary of NSF Standard 350 Effluent Criteria for individual classifications
Class R

Parameter Test Average

Class C
Single Sample
Maximum

Single Sample

Maximum Test Average

CBODs (mg/L) 10 10

TSS (mg/L) 10 30 10 30
TurbidiEy (NTU) 5 10 2 5
E. coli

(MPN/100 mL) 14 240 2.2 200
pH (SU) 6.0-9.0 NA" 6.0-9.0 NA
Storagse vessel disinfection >05-<25 NA >05-<25 NA
(mg/L)

Color MR* NA MR NA
Odor Nonoffensive NA Nonoffensive NA
Qily film and foam Nondetectable Nondetectable Nondetectable Nondetectable
Energy consumption MR NA MR NA
' NA: not applicable

2 Calculated as geometric mean

j As total chlorine; other disinfectants can be used

MR: Measured reported only
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include suspended media treatment, fixed media
treatment systems, and constructed wetland systems.
All of these technologies must be followed by
advanced filtration and disinfection.  On-site
applications of membrane bioreactor (MBR)
technology have also been utilized effectively in
commercial and residential properties for outdoor
irrigation and indoor nonpotable uses. Design
standards for treatment systems are enforced through
local health and environmental agencies, and permits
to operate on-site treatment systems often include
requirements for increased levels of monitoring.

Because increased monitoring can be burdensome for
small systems, operational monitoring can be used to
determine if the system is performing as expected. By
using instrumentation and remote monitoring
technologies, small schemes can produce real-time
data to ensure the system is functioning according to
water quality objectives. This operational monitoring
strategy is a risk management methodology borrowed
from the food and beverage industry; the HACCP is a
preventive approach that identifies points of risk
throughout the treatment process and assigns
corrective actions should data reveal heightened risk
(Natural Resource Management Ministerial Council,
Environment Protection and Heritage Council and
Australian Health Ministers’ Conference, 2006). Water
quality parameters are set at different CCPs and
monitored in real-time online; if data reveal water
quality is outside the set parameters, a corrective
action will be triggered automatically in real time. With
an operational monitoring model in place, ongoing
sampling serves only as confirmation of the
operational data, and frequency of regulatory sampling
could be reduced. In the case where indoor uses are
allowed, turbidity meters are often employed as a
measure of system performance.

While the quantitative impact of increased graywater
use is expected to be modest, even under the most
aggressive growth assumptions, much of the growth in
graywater use is expected to take place in areas
where municipal water reuse will likely not be
practiced—unsewered urban areas and rural and
remote areas, as exemplified in several case studies
[Australia-Sydney].  Further, there are growing
possibilities for increased on-site treatment systems in
urban buildings that are LEED certified.
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2.4.2.2 LEED-Driven On-site Treatment

A recent development in on-site treatment systems in
urban development has been driven largely by the
private sector's desire to create more highly
sustainable developments through the LEED program.
This program area remains small compared to the
municipal reuse market. However, it has a growing
role for improving water efficiency in new buildings and
developments and also for major maodifications to
existing facilities. A primary driver that compels land
developers to consider the implementation of on-site
treatment systems is the sustainability accreditation
that is promoted and earned through the LEED
program. The LEED program was developed by the
U.S. Green Building Council (USGBC) in 2000 and
represents an internationally-recognized green
building certification system. At the time of preparation
of this document, the current version of the Rating
System Selection Guidance was LEED 2009, originally
released in January 2010 and updated in September
2011. The guidance is currently under revision with the
new LEED v4 focusing on increasing technical
stringency from past versions and developing new
requirements for project types such as data centers,
warehouses and distribution centers, hotels/motels,
existing schools, existing retail, and mid-rise
residential buildings. More information is available on
the USGBC website (USGBC, n.d.).

LEED provides building owners/operators with a
framework for the selection and implementation of
practical, measurable, and sustainable green building
design, construction, and operations and maintenance
solutions. LEED promotes sustainable building and
site  development practices through a tiered
certification rating system that recognizes projects that
implement green strategies for better overall
environmental and health performance. The LEED
system evaluates new developments, as well as
significant modifications to existing buildings, based on
a certification point system where applicants may earn
up to a maximum of 110 points. LEED promotes a
whole-building approach to energy and water
sustainability by observance of these seven key areas
of the LEED evaluation criteria: 1) sustainable sites, 2)
water efficiency, 3) energy and atmosphere, 4)
materials and resources, 5) indoor air quality, 6)
innovation and design process, and 7) regional-
specific priority credits. Developments may qualify for
LEED certification designation and points, according to
the following qualified certification categories:
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LEED Certified — 40 to 49 points

LEED Silver — 50 to 59 points

= LEED Gold - 60 to 79 points

LEED Platinum - 80+ points

On-site treatment systems can comprise a substantial
fraction of the certification points with these systems
qualifying for up to a maximum number of 11 points
through the water efficiency and innovation and design
processes in combination with water conservation
practices. On-site water treatment systems may qualify
for up to 10 points in the water efficiency category
through water efficient design, construction, and long-
term operation and maintenance features that promote
water conservation and efficiency as follows:

=  Water Efficient Landscaping, 2 to 4 points
= Innovative Wastewater Technologies, 2 points
=  Water Use Reduction, 2 to 4 points

The on-site treatment system must provide water use
reductions in conjunction with an associated water
conservation program to secure a maximum number of
LEED water efficiency points. An on-site treatment
system may also help qualify for an Innovation in
Design Process maximum credit of one point.

A major sub-category under the Water Efficiency
section of the LEED criteria is water use reduction.
The water use reduction subcategory determines how
much water use can be reduced in and around a
LEED-certified development. One item that can
receive a score under water reuse is a rainwater
(rooftop) harvesting system. The harvested rainwater
resource may then be combined with an on-site
graywater treatment system, a high-quality wastewater
treatment system, or with the use of a municipal
reclaimed water system source. The combination of
the rainwater harvesting system with either a
graywater treatment system, an on-site wastewater
treatment system, or a municipal reuse system can
together account for a total of up to seven LEED
points. While this practice is contrary to the
conventional practice of avoiding dilution of biologically
degradable material in the sewage that is used by
municipal wastewater treatment processes, the on-site
treatment system allows multiple objectives of
reducing effluent discharges and reducing stormwater
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runoff while providing water that can be used for
nonpotable purposes. The Fay School, located in
Southborough, Mass., achieved LEED Gold
Certification from the USGBC. The Fay School
students now monitor building energy and building
water consumption from a digital readout in each new
dormitory building. The entire project was developed
from the Fay School's interest in sustainable design
principles and educates the students on the
importance of water efficiency [US-MA-Southborough].

Battery Park City in lower Manhattan, New York City,
is a collection of eight high-rise structures with
10 million ft* of floor area that serves 10,000 residents
plus 35,000 daily transient workers. Water for toilet
flushing, cooling, laundry, and irrigation comes from
six on-site treatment systems. On-site systems use
MBR technology for biological treatment and UV and
ozone for disinfection. Potable water is supplied by
New York City and the on-site treatment systems
overflow to a combined wastewater/stormwater outfall.
All buildings in Battery Park City are LEED certified
Gold or Platinum (WERF, n.d.).

In an industrial setting, the Frito-Lay manufacturing
facility in Casa Grande, Ariz., received a LEED Gold
EB (Existing Building) certification with modification to
the manufacturing process to incorporate an on-site
process water treatment system and addition of 5 MW
of on-site photovoltaic power generation [US-AZ-Frito
Lay].

Reclaimed water, along with other major alternative
water sources, such as harvested rainwater and
collected stormwater runoff, offer the opportunity to
maximize landscape irrigation and reduce potable
water use at many industrial and commercial
institutions and at multi-family residential
developments. In the south and southwest United
States, air conditioning condensate collection and
reuse may represent another significant alternate
water resource. On-site treatment systems can be
designed to treat municipal wastewater, graywater,
harvested rainwater, and stormwater. Regardless of
water source selected for use, care must be taken to
differentiate pipes on the private side of the municipal
utility boxes, appropriately color code on-site pipes,
and adopt a cross-connection control program for the
different water sources.
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2.4.2.3 Stormwater Harvesting and Use

Comprehensive and sustainable integrated water
management programs should also consider multiple
goals, including those that are related to stormwater,
such as cost-effectively controlling flooding and
erosion; improving water quality; conserving,
sustaining, and recharging water supply; and
preserving and restoring the health of wetlands and
aquatic ecosystems. Because rainfall is generally the
most significant factor in managing stormwater,
capture and harvesting of rainfall and associated
runoff present opportunities for stormwater use
benefits. These include direct use of runoff for urban
and agricultural irrigation, alternative water supply,
aquifer recharge and saltwater intrusion barriers,
wetlands enhancement, low (minimum) flow
augmentation, feed lot cleaning, heating ventilation
and air conditioning (HVAC) and power plant cooling,
firefighting, and toilet flushing. However, stormwater
harvesting requires an effective means of stormwater
capture and retention that also supports the concurrent
need for flood control. A good example of this practice
is Cape Coral, Fla., which has maintained a very
effective stormwater harvesting program since the
1980s primarily because of its extensive network of
canals throughout the city. Within Cape Coral's
integrated water management system, stormwater
makes up as much as 75 percent of the irrigation
water demand in the city, which allows for 100 percent
reuse of the city's wastewater flows. Another case
study that highlights these benefits is from the Water
Purification Eco-Center (WPEC) at the Rodale Institute
in Kutztown, Pa. [US-PA-Kutztown]; the WPEC project
captures rainwater for public septic use and treats the
septic water to be returned to the surrounding
environment.

While the benefits of stormwater harvesting are clear,
there are currently no federal regulations governing
rainwater harvesting for nonpotable use, and the
policies and regulations enacted at the state and local
levels vary widely from one location to another.
Regulations are particularly fragmented with regard to
water conservation, as the permissible uses for
harvested water tend to vary depending on the climate
and reliability of the water supply. There are local
plumbing codes, and some states, including Georgia,
have published Rainwater Harvesting Guidelines, but
not all states have formally defined rainwater
harvesting as a practice distinct from water recycling
(Georgia Department of Community Affairs, 2009). In
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recent years, cities and counties looking to promote
water conservation have begun issuing policies that
better define harvested water and its acceptable uses.
The city of Portland, Ore., for example, provides
explicit guidance on the accepted uses of harvested
water both indoors and outdoors. In January 2010, Los
Angeles County issued a policy providing a clear,
regulatory definition of “rainfall/nonpotable cistern
water” and drawing a specific distinction between
harvested water and graywater or recycled water.

In 2010, IAPMO published the Green Plumbing and
Mechanical Code Supplement (GPMCS). The
supplement is a separate document from the Uniform
Plumbing and Mechanical Codes and establishes
requirements for green building and water efficiency
applicable to plumbing and mechanical systems. The
purpose of the GPMCS is to “provide a set of
technically sound provisions that encourage
sustainable practices and works towards enhancing
the design and construction of plumbing and
mechanical systems that result in a positive long-term
environmental impact” (IAPMO, 2010). In addressing
“Non-potable Rainwater Catchment Systems,” the
GPMCS specifically identifies provisions for collection
surfaces, storage structures, drainage, pipe labeling,
use of potable water as a back-up supply (provided by
air-gap only), and a wide array of other design and
construction criteria. It also refers to and incorporates
information from the ARCSA/ASPE Rainwater
Catchment Design and Installation Standard (2008), a
joint effort by the American Rainwater Catchment
Systems Association (ARCSA) and the American
Association of  Plumbing  Engineers  (ASPE)
(ARCSA/ASPE, 2008).

2.5 Environmental Considerations

Increasing water withdrawals, coupled with effluent
discharges from WWTPs and agricultural runoff, can
dramatically alter the hydrological cycles and nutrient
cycling capacity of aquatic ecosystems. Water reuse
can have both positive and adverse impacts on
surrounding and downstream ecosystems. Elimination
or reduction of a surface water discharge by
reclamation and reuse generally reduces adverse
water quality impacts to the receiving water. However,
development of water reuse systems may have
unintended environmental impacts related to land use,
stream flow, and groundwater quality.
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An environmental assessment may be required to
meet state regulations or local ordinances and is
required whenever federal funds are used. Formal
guidelines for the development of an environmental
impact statement (EIS) have been established by
EPA. Such studies are generally associated with
projects receiving federal funding or new NPDES
permits and are not specifically associated with reuse
programs. Where an investigation of environmental
impacts is required, it may be subject to state policies.
The following conditions could induce an EIS in a
federally-funded project:

=  The project may significantly alter land use.

= The project is in conflict with land use plans or
policies.

= Wetlands will be adversely impacted.

= Endangered species or their habitat will be
affected.

= The project is expected to displace populations
or alter existing residential areas.

= The project may adversely affect a floodplain or
important farmlands.

= The project may adversely affect parklands,
preserves, or other public lands designated to
be of scenic, recreational, archaeological, or
historical value.

= The project may have a significant adverse
impact upon ambient air quality, noise levels, or
surface or groundwater quality or quantity.

= The project may have adverse impacts on water
supply, fish, shellfish, wildlife, and their actual
habitats.

These types of activities associated with federal EIS
requirements are described below. Many of the same
requirements are incorporated into environmental
assessments required under state laws.

2.5.1 Land Use Impacts

Water reuse can induce significant land use changes,
either directly or indirectly. Direct changes include
shifts in vegetation or ecosystem characteristics
induced by alterations in water balance in an area,
such as wetland restoration or creation. Indirect
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changes include land use alterations associated with
industrial, residential, or other development made
possible by the added supply of water from reuse.
Other examples of changes in land use as a result of
available reclaimed water include the potential for
urban or industrial development in areas where natural
water availability limits the potential for growth. For
example, if the supply of potable water can be
increased through recharge using reclaimed water,
then restrictions to development might be reduced or
eliminated. Even nonpotable supplies, made available
for uses such as residential irrigation, can affect the
character and desirability of developed land in an area.
Similar effects can also happen on a larger scale, as
municipalities in areas where development options are
constrained by water supply might find that nonpotable
reuse enables the development of parks or other
amenities that were previously considered to be too
costly or difficult to implement. Commercial users,
such as golf courses, garden parks, or plant nurseries,
have similar potential for development given the
presence of reclaimed water supplies.

2.5.2 Water Quantity Impacts

Instream flows and levels in lakes and reservoirs can
either increase or decrease as a consequence of
reuse projects. In each situation where reuse is
considered, there is the potential to shift water
balances and effectively alter the prevailing hydrologic
regime in an area, with the potential to damage or
improve impacted ecosystems. Where wastewater
discharges have occurred over an extended period of
time, the flora and fauna can adapt and even become
dependent on that water. A new or altered ecosystem
can arise, and a reuse program implemented without
consideration of this fact could have an adverse
impact on such a community. Examples of how flows
can increase as a result of a reuse project include:

= In streams where dry weather base flows are
groundwater dependent, land application of
reclaimed water for irrigation or other purposes
can cause an increase in base flows, if the
prevailing groundwater elevation is raised.

= Increases in stream flows during wet periods
can result from pervasive use of recharge on
the land surface during dry periods. In such a
case, antecedent conditions are wetter, and less
water moves into the ground, thereby increasing
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runoff during a rainstorm. The instream system
bears the consequences of this change.

= Instream flow reduction is also possible and can
impact actual or perceived water rights. For
example, the Trinity River in Texas, near the
Dallas-Fort Worth Metroplex, maintains a
continuous flow of several hundred cubic feet
per second during dry periods due to return
flows (discharges) from multiple WWTPs. If
extensive reuse programs were to be
implemented at the upstream facilities, dry
weather flows in the Trinity River would be
reduced, and plans for urban development
downstream could potentially be impacted due
to water restriction. Houston-area interest near
the downstream end of the Trinity River stalled
TCEQ issuance of Metroplex discharge and bed
and banks transfer permits for several years
until agreements were reached with individual
large discharges in the Metroplex to maintain
minimum flow to Lake Livingston, a primary
source of drinking water for Houston.

In southern Arizona, the San Pedro River is distinct as
the last free-flowing undammed river in Arizona, which
supports a unique desert riparian ecosystem.
Population growth around Sierra Vista has caused a
significant drop in the groundwater table, which in turn
reduces the stream flow in the river. Ecological
considerations, including the protection of endangered
species, prompted the decision to recharge the
underlying aquifer with reclaimed water. Environmental
Operations Park (EOP) in Sierra Vista includes a
reclamation facility that polishes reclaimed water in
constructed wetlands. The reclaimed water is then
used to recharge the local aquifer in order to mitigate
the adverse impacts of continued groundwater
pumping in the San Pedro River system. The Sierra
Vista EOP was established as a multi-use center,
combining recharge basins, constructed wetlands,
native grasslands, and a wildlife viewing facility [US-
AZ-Sierra Vista).

An example from Sydney, Australia provides a rather
unusual case where water reclamation was designed
explicitly for environmental flows. Drinking water
supplies in Sydney's main storage reservoir
(Warragamba Dam) were rapidly declining between
2000 and 2006 due to severe drought. By law,
Warragamba Dam was also required to continue to
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provide satisfactory environmental flows (4.8 billion
gallons [18 MCM] released annually) in the
downstream Hawkesbury Nepean River system. A
massive water reclamation project was implemented
[Australia-Replacement  Flows] to replace the
Warragamba Dam’s discharge with an alternative
high-quality water source that met the required
downstream environmental flows.

The SAWS in Texas defined the historic spring flow at
the San Antonio River headwaters during development
of its reclaimed water system. In cooperation with
downstream users and the San Antonio River
Authority, SAWS agreed to maintain release of 55,000
ac-ftlyr (68 MCM/yr) from its water reclamation
facilities. This policy protects and enhances
downstream water quality and provides 35,000 ac-ft/yr
(43 MCM/yr) of reclaimed water for local use [US-TX-
San Antonio].The implication of these examples is that
a careful analysis of the entire hydrologic system is an
appropriate  consideration in a reuse project,
particularly where reuse flows are large, relative to the
hydrologic system that will be directly impacted.
Likewise, analysis of the effects from the chemical,
physical, and biological constituents in discharges of
reclaimed water must be considered where the end
use is environmental flows; this is the same or similar
to what is required for discharges of wastewater
effluent.

2.5.3 Water Quality Impacts

There are potential water quality impacts from
introducing reclaimed water back into the environment.
The ecological risks associated with environmental
reuse applications can be assessed relative to existing
wastewater discharge practices (NRC, 2012);
additional discussion on this topic is provided in
Chapter 3. The report concludes that the ecological
risks in reuse projects for ecological enhancement are
not expected to exceed those encountered with the
normal surface water discharge of treated municipal
wastewater. Indeed, risks from reuse could be lower if
additional levels of treatment are applied. The report
cautions that current limited knowledge about the
ecological effects of trace chemical constituents
requires research to link population-level effects in
natural aquatic systems to initial concerning laboratory
observations. In reuse applications targeted for
ecological enhancement of sensitive aquatic systems,
careful assessment of risks from these constituents is
warranted because aquatic organisms can be more
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sensitive to certain constituents than humans (NRC,
2012).

In addition to potential impacts on surface water
quality, groundwater quality can be significantly
impacted by recharge with reclaimed water.
Recharging groundwater with reclaimed water may
change the water quality in the receiving aquifer.
Conditions must be evaluated on a case-by-case
basis, depending on potential constituents present in
reclaimed water and the underlying site hydrogeology;
additional discussion is provided in Section 2.3.3.
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CHAPTER 3
Types of Reuse Applications

The United States has achieved numerous
accomplishments toward expanding the use of
reclaimed water and extending water resources for
many communities. Yet, there is room for improvement
in terms of the total amount of water reused,
distribution of reclaimed water use throughout the
country, and the adoption of new, higher quality uses.
A report by the NRC Water Science & Technology
Board titled Water Reuse: Potential for Expanding the
Nation’s Water Supply Through Reuse of Municipal
Wastewater estimates that as much as 12 bgd (45
MCM/d) of the 32 bgd (121 MCM/d) produced in the
United States can be beneficially reclaimed and
reused (NRC, 2012). Recent estimates indicate that
approximately 7 to 8 percent of wastewater is reused
in the United States (Miller, 2006 and GWI, 2009)
(Figure 3-1). Therefore, there is tremendous potential
for expanding the use of reclaimed water in the future.

Approximately 7-8%
reclaimed

The United States produces approximately 32
billion gallons of municipal effluent per day.

Figure 3-1
Reclaimed water use in the United States

Outside of the United States, there are examples of
countries with different water resource demands that
greatly exceed this percentage. Several countries,
including Australia and Singapore, have established
goals for reuse, expressed in terms of the percentage
of municipal wastewater effluent that is treated to a
higher quality and beneficially reused. Australia
currently reuses approximately 8 percent of its treated
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wastewater with a goal of reusing 30 percent by 2015.
Saudi Arabia currently reuses 16 percent with a goal to
increase reuse to 65 percent by 2016. Singapore
reuses 30 percent and has long-term planning in place
to diversify its raw water supplies and reduce
dependence on supplies from outside sources (i.e.,
Malaysia). Israel has attained the highest national
percentage by beneficially reusing 70 percent of the
generated domestic wastewater.

The last comprehensive survey of water reuse in the
United States was conducted in 1995 by the U.S.
Geological Survey (USGS); more recently, the USGS
compiled water use data from 2005 (Solley et al.,
1998). Estimates of wastewater reuse were compiled
by some states for the industrial, thermoelectric, and
irrigation categories but were not reported because of
the small volumes of water compared to the totals
(Kenny et al.,, 2009). The study revealed that 95
percent of water reuse occurred in just four states:
Arizona, California, Florida, and Texas. This is now
estimated to be less than 90 percent due to increased
water reuse in several other states, especially Nevada,
Colorado, New Mexico, Virginia, Washington, and
Oregon. In addition, reuse is how practiced in the Mid-
Atlantic and Northeast regions of the United States,
with a number of water reuse facilities in New Jersey,
Pennsylvania, New York, and Massachusetts.
Production and distribution of reclaimed water varies
regionally by categories of use and depends on
historical and emerging drivers, as described in
Chapter 5.

Table 3-1 shows the distribution of reclaimed water
use for California and Florida—the two largest users of
reclaimed water in the United States. Although
California reused 669,000 ac-ft (825 MCM) of water in
2009, coastal communities were an untapped source
of reclaimed water by discharging 3.5 million ac-ft
(4,300 MCM) of highly-treated wastewater to the
Pacific Ocean. The challenge for coastal communities
then shifts from adequate supply to an ability to
distribute the new source water from the coast through
a highly-developed urbanized area to points of use.
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Table 3-1 Distribution of reclaimed water in California (Baydal, 2009) and Florida (FDEP, 2011)

California Florida

Reuse Category (% Use in 2009) (% Use in 2010)

— Agricultural 29 11
Irrigation

Urban reuse (landscape irrigation, golf courses) 19 55

Groundwater Recharge 14
Seawater Intrusion Barrier -
Industrial Reuse 13
Natural Systems and Other Uses 23 9
Recreational Impoundments -
Geothermal Energy -

The distribution of reclaimed water use in the United
States is a reflection of regional characteristics, and
these differences are explored in greater detail in
Chapter 5. Understanding the planning considerations
and requirements for reuse types is critical to
developing a successful program. Thus, this chapter
highlights major types of reuse, including agricultural,
industrial, environmental, recreational, and potable
reuse; examples of these applications across the
United States and internationally are provided for
these applications.

3.1 Urban Reuse

While there are several major categories of reuse, in
the United States urban reuse is one of the highest
volume uses. Applications such as recreational field
and golf course irrigation, landscape irrigation, and
other applications, including fire protection and toilet
flushing, are important components of the reclaimed
water portfolio of many urban reuse programs. Urban
reuse is often divided into applications that are either
accessible to the public or have restricted access, in
settings where public access is controlled or restricted
by physical or institutional barriers, such as fences or
temporal access restriction. Additional information on
the treatment and monitoring requirements for both
types of urban reuse is provided in Chapter 6.
Additionally, because urban reuse comprises such a
large fraction of the total reclaimed water use, detailed
information regarding planning and management of
reclaimed water supplies and systems that include
urban reuse is provided in Chapter 2.

3.1.1 Golf Courses and Recreational Field
Irrigation

In order to maximize the use of potable water in
resource-limited systems, communities are working to
identify alternatives for minimizing nonpotable
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consumption by supplying reclaimed water for reuse.
When used to irrigate residential areas, golf courses,
public school yards, and parks, reclaimed water
receives treatment and high-level disinfection and is
not considered a threat to public health. However, the
water quality of reclaimed water differs from that of
drinking quality water or rainfall and should be
considered when used for irrigation and other
industrial reuse applications. Of particular importance
are the salts and nutrients in reclaimed water, and
special management practices for both end uses may
be required depending on the concentrations in the
reclaimed water. For example, in some areas where
landscaping is irrigated, the salt sensitivity of the
irrigated plants should be considered.

The 2004 Guidelines for Water Reuse (EPA, 2004)
identified irrigation of golf courses as one of several
typical urban water reuse practices. While this was
and still is an attractive use for reclaimed water as
large quantities can be beneficially used by one user,
there are operational practices and cautions that
planners should consider. Between September 2000
and December 2004, AWWA conducted a survey of
reclaimed water use practices on golf courses
(Grinnell and Janga, 2004). Results of this survey
were compiled from 180 responses from seven states,
Canada, and Mexico. Two-thirds of the responses
were from Florida, California, and Arizona. Combined
with data from the Golf Course Superintendents
Association of America (GCSAA), AWWA estimated in
2004 that 2,900 of the 18,100 golf courses surveyed
were using reclaimed water, a 600 percent increase
from 1994 data. Although most comments were
positive, some respondents expressed concern
regarding algal problems in ponds, changes in course
treatment, and increased turf management.
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A more recent survey in 2006 by the GCSAA and the
Environmental Institute for Golf (EIFG) requested input
from superintendents at 16,797 courses and received
response from 2,548 (GCSSA and EIFG, 2009).
Based on this survey, an estimated 12 percent of golf
courses in the United States use reclaimed water, with
more courses in the southwest (37 percent) and
southeast (24 percent) practicing reuse. In fact, the
most recent state survey for Florida in 2010 (FDEP,
2011) listed 525 golf courses using nearly 118 mgd
(5170 L/s) of reclaimed water, representing about 17.9
percent of the daily reuse within the state. This
continued application of reuse to golf courses is
exemplified in the following case studies:

= US-FL-Pompano Beach
= US-FL-Marco Island
= US-TX-Landscape Study

=  Australia-Victoria

The most common reason identified by golf courses
for not using reclaimed water for irrigation was the lack
of a source for reclaimed water (53 percent of
respondents) (FDEP, 2011). It was also not a surprise
that the poorest water quality identified by respondents
was in the southwest where there was typically higher
TDS and salinity concerns. With lower water quality,
systems in the southwest and southeast were most
likely to use wetting agents and fertigation systems. To
address some of the water quality concerns, turfgrass
research has been conducted to determine the most
salt-tolerant species for a geographic area and soil

type.

In San Antonio, SAWS and Texas A&M University
conducted a 2-year test (2003 to 2004) that compared
the application rates of potable (control) water
and reclaimed water on 18 plots of Tifway
Bermuda grass and Jamur zoysia grass
(Thomas et al., 2006). The study evaluated
leachate quality, soil ion retention, and grass

Parameter

ions concentrations increased, indicating a need for
long-term monitoring, scheduled leaching, and/or
supplemental treatment to maintain good soil
conditions. During the dormant season for the two
grasses, the study recommended applications of
reclaimed water at no more than the
evapotranspiration rate to preclude nitrate transport
below the root zone.

Golf course turf studies have been conducted for over
30 years and there are several publications that have
been developed for the USGA and GCSAA related to
use of reclaimed water for golf course irrigation.
Reclaimed water for this purpose has been referred to
as “purple gold,” especially in the southwestern United
States where golf course turf depends on irrigation
(Harivandi, 2011). Recommendations for use of
reclaimed water for turfgrass irrigation focus on quality
limits of reclaimed water and monitoring. For reclaimed
water that exceeds the recommended criteria
presented in Table 3-2, slight to moderate use
restrictions would apply (Harivandi, 2011).

Even though the poorest quality reclaimed water with
respect to TDS is produced in the southwest, it is there
where the greatest golf course reuse occurs. In
addition to selecting salt-tolerant grasses such as
Alkali, Bermuda, Fineleaf, St. Augustine, Zoysia,
Saltgrass, Seashore, or Paspalum, many facilities
have implemented solutions to mitigate adverse
impacts of challenging water quality. Some of these
practices include:

=  Applying extra water to leach excess salts
below the turfgrass root zone

= Providing adequate drainage

Table 3-2 Interpretation of reclaimed water quality

Degree of Restriction on Use

Slight to
Moderate

Units None Severe

quality. Of particular concern was the potential Ei\l/ivmty ST <07 0730 30
trar_1$port through _the root zone. of nitrate, TDS malL <450 | 450 -2.000 > 2000
which could potentially percolate in the local lon Toxicity SAR <3 3.9 >9
karst geology to the sole source Edwards Sodium (Na) meg/L <3 >3
Aquifer. Results indicated both grasses were Root Absorption mg/L <70 >70
well adapted to using the SAWS reclaimed Foliar Absorption | meg/L <2 2-10 > 10
water; the grasses maintained high quality but | Chloride (CI) mg/L | <70 70 - 355 > 355
did not uptake all of the nitrogen applied during |90t Absorption meglt | <3 >3
the December to February dormant period. Soil Foliar Absorption mg/L < 100 > 100

: Boron mg/L <1.0 1.0-2.0 >2.0

pH 6.5-8.4
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=  Modifying turf management practices
= Modifying the root zone mixture

= Blending irrigation waters

= Using amendments

A study by Virginia Polytechnic Institute and State
University investigated nutrient management practices
and application rates of nitrogen to turf and crops in
Virginia (Hall et al., 2009). This study found that 50
percent of responding golf course superintendents
were applying nitrogen to greens at rates in excess of
turfgrass needs (> 5.1 Ibs of water soluble nitrogen per
1,000 ftz). With only 16 percent of respondents
providing supplemental irrigation, no significant
problems were detected, but the study did suggest
education programs to reduce nitrogen application
rates in several turf management areas to minimize
potential for transport of nutrients off-site.

In addition to managing water quality, many facilities
are required to implement special management
practices where reuse is implemented to minimize the
potential of cross-connection of water sources. For
example, golf courses in San Antonio are required to
include a double-check valve on the reclaimed water
supply to the property to prevent backflow of reclaimed
water into the SAWS potable water distribution
system. Golf courses are also required to include a
reduced pressure principal backflow preventer on the
potable water supply to the property.

Irrigation of public parks and recreation centers,
athletic fields, school yards and playing fields, and
landscaped areas surrounding public buildings and
facilities plays an important role in reuse. The
considerations for irrigating these areas are much like
those for golf courses. However, as discussed in
Chapter 4, many states have regulations that
specifically address urban use of reclaimed water.

3.2 Agricultural Reuse

Water availability is central to the success of
agricultural enterprises domestically and globally and
cuts across multiple disciplines related to human
health, food safety, economics, sociology, behavioral
studies, and environmental sciences (O’Neill and
Dobrowolski, 2011). As such, almost 60 percent of all
the world’'s freshwater withdrawals go towards
irrigation uses. Farming could not provide food for the
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world’s current populations without adequate irrigation
(Kenny et al., 2009). By 2050, rising population and
incomes are expected to demand 70 percent more
production, compared to 2009 levels. Increased
production is projected to come primarily from
intensification on existing cultivated land, with irrigation
playing an important role (FAO, 2011).

In the United States, agricultural irrigation totals about
128,000 mgd (5.6 M L/s) (Kenny et al., 2009), which
represents approximately 37 percent of all freshwater
withdrawals. Confounding the agricultural water supply
issue are the recent increases in midwestern and
southeastern inter-annual climate variability that has
led to more severe droughts, making issues of
agricultural water reliability a greater national
challenge. In many regions of the United States,
expanding urban populations and rising demands for
water from municipal and industrial sectors now
compete for water supplies traditionally reserved for
irrigated agriculture. In other areas, irrigation water
supplies are being depleted by agricultural use. These
shifts in the availability and quality of traditional water
resources could have dramatic impacts on the long-
term supply of food and fiber in the United States
(Dobrowolski et al., 2004, 2008).

Agricultural use of reclaimed water has a long history
and currently represents a significant percentage of
the reclaimed water used in the United States.
Therefore, the U.S. Department of Agriculture/National
Institute of Food and Agriculture (USDA/NIFA) has
made funding for water reuse one of its key priorities;
additional discussion of the USDA/NIFA research is
provided in Appendix A. Reclaimed water from
municipal and agricultural sources provides many
advantages, including:

= The supply of reclaimed water is highly reliable
and typically increases with population growth.

= The cost of treating wastewater to secondary
(and sometimes even higher) standards is
generally lower than the cost of potable water
from unconventional water sources (e.g.,
desalination).

= The option of allocating reclaimed water to
irrigation is often the preferred and least
expensive  management  alternative  for
municipalities.
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= Reclaimed water is an alternative to supplement
and extend freshwater sources for irrigation.

= In many locales, reclaimed water might be the
highest quality water available to farmers, and
could represent an inexpensive source of
fertilizer. However, this advantage is conditional
on proper quantities and timing of water and
nutrients. Depending on the stage of growth,
excess nutrients can negatively affect yields
(Dobrowolski et al., 2008).

Use of reclaimed water for agriculture has been widely
supported by regulatory and institutional policies. In
2009, for example, California adopted both the
Recycled Water Policy and “Water Recycling Criteria.”
Both policies promote the use of recycled water in
agriculture (SWRCB, 2009 and CDPH, 2009). In
response to an unprecedented water crisis brought
about by the collapse of the Bay-Delta ecosystem,
climate change, continuing population growth, and a
severe drought on the Colorado River, the California
State Water Resources Control Board (SWRCB) was
prompted to “exercise the authority granted to them by
the Legislature to the fullest extent possible to
encourage the use of recycled water, consistent with
state and federal water quality laws.” As a result,
future recycled water use in California is estimated to
reach 2 million ac-ft/yr (2,500 MCM/yr) by 2020, and
3 million ac-ft/yr (3,700 MCM/yr) by 2030 (SWRCB,
2009). As a result, California presently recycles about
650,000 ac-ft/yr (800 MCM/yr), an amount that has
doubled in the last 20 years (SWRCB, 2010) with
agriculture as the top recycled water user. Other

4% 2%

5%

7%

Figure 3-2

reclaimed water uses are shown in Figure 3-2.

In Florida, promotion of reclaimed water began in
1966; currently, 63 of 67 counties have utilities with
reclaimed water systems. One of the largest and most
visible reclaimed water projects is known as WATER
CONSERYV Il in Orange County, Fla., where farmers
have used reclaimed water for citrus irrigation since
1986. Another long-serving example of reclaimed
water use in the United States is the city of Lubbock,
Texas, where reclaimed water has been used to
irrigate cotton, grain sorghum, and wheat since 1938.
In addition, reclaimed water is a significant part of the
agricultural water sustainability portfolio in Arizona,
Colorado, and Nevada (Table 3-3).

Table 3-3. Nationwide reuse summaries of reclaimed
water use in agricultural irrigation (adapted from Bryk
etal., 2011)

Annual Agricultural Reuse

Volume
1000 ac-ft/yr

Arizona 23 26
California 270 303
Colorado 2.97 3
Florida 256 287
Idaho 0.27 0.3
North Carolina 1.0 1
Nevada 13.4 15
Texas 194 22
Utah 0.81 1
Washington 0.02 0.03
Wyoming 0.89 1

B Agriculture Irrigation: 29%
E Other: 20%
u Landscape Irrigation/Golf Course Irrigation: 18%
B Seawater Barrier: 8%
B Commercial & Industrial: 7%
u Recreational Impoundment: 7%
Groundwater Recharge: 5%
Natural System Restoration, Wetlands, Wildlife Habitat: 4%
Geothermal/Energy Production: 2%
Indirect Potable Reuse: 0% (not visible)
Surface Water Augmentation: 0% (not visible)

Nationwide reuse summaries of reclaimed water use in agricultural irrigation (adapted from Bryk, et al., 2011)
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3.2.1 Agricultural Reuse Standards

Different regions and governmental agencies, both in
the United States and globally, have adopted a variety
of standards for use of reclaimed water for irrigation of
crops. These rules and regulations have been
developed primarily to protect public health and water
resources; specific crop water quality requirements
must be developed with the end users. The standards
that have been adopted in the United States have
proven protective of public health in spite of the vast
differences in their stringency.

The WHO guidelines (WHO, 2006) for irrigation with
reclaimed water, widely adopted in Europe and other
regions, is a science-based standard that has been
successfully applied to irrigation reuse applications
throughout the world. And, the California Water
Recycling Criteria (Title 22 of the state Code of
Regulations) require the most stringent water quality
standards with respect to microbial inactivation (total
coliform < 2.2 cfu/100 mL). California Water Recycling
Criteria requires a specific treatment process train for
production of recycled water for unrestricted food crop
irrigation that includes, at a minimum, filtration and
disinfection that meets the state process requirements.

Irrigation of crops (both food and non-food) with
untreated wastewater is widely practiced in many parts
of the developing world with accompanying adverse
public health outcomes. Nonetheless, this practice
represents an economic necessity for many farming
communities and for the rapidly expanding population
at large, much of which is dependent on locally grown
crops. Various international aid organizations have
mobilized to improve upon these irrigation practices
and provide barriers against transmission of disease-
carrying agents (Scott et al., 2004). Regulated and
well-managed irrigation under WHO guidelines (or
similar standards) can be protective of public health
and the health of farm workers. More restrictive
regulations, such as those in California and Italy, while
amply protective, are potentially prohibitively
expensive in some economic contexts without
necessarily improving the public health outcome.
Additional discussion of the implications of stringent
regulations in economically challenged contexts is
provided in Chapter 9. The regulations, guidelines, and
standards that are relevant to agricultural reuse
applications in the United States, as well as a
summary of standards by reuse type, are provided in
Chapter 4.
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3.2.2 Agricultural Reuse Water Quality

Because agricultural reuse is one of the most
significant uses of reclaimed water globally, it is critical
to understand the factors that determine success or
failure of a farming operation dependent upon
reclaimed water for irrigation. The same concerns for
chemical constituents are applicable to all sources of
irrigation water, and reclaimed water is no exception.
Several factors, including soil-plant-water interactions
(irrigation water quality, plant sensitivity and tolerance,
soil characteristics, irrigation management practices,
and drainage) are important in crop production. For
example, under poor drainage conditions, even the
most generally suitable water quality used for irrigation
may lead to crop failure. On the other hand, well-
drained soils, combined with a proper leaching fraction
in the irrigation regime, can tolerate relatively high
salinity in the irrigation water, whether it is reclaimed
water or brackish groundwater.

Thus, when considering the use of reclaimed water in
agriculture, it is important to identify the key
constituents of concern for agricultural irrigation. Plant
sensitivity is generally a function of a plant’s tolerance
to constituents encountered in the root zone or
deposited on the foliage, and reclaimed water tends to
have higher concentrations of some of these
constituents than the groundwater or surface water
sources from which the water supply is drawn. The
types and concentrations of constituents in reclaimed
water depend on the municipal water supply, the
influent waste streams (i.e., domestic and industrial
contributions), the amount and composition of
infiltration in the wastewater collection system, the
treatment processes, and the type of storage facilities.
Determining the suitability of a given reclaimed water
supply for use as a supply of agricultural irrigation is, in
part, site-specific, and agronomic investigations are
recommended before implementing an agricultural
reuse program.

To assess quality of reclaimed water with respect to
salinity, the Food and Agriculture Organization (FAO)
(1985) has published recommendations for agricultural
irrigation with degraded water; this information
provides a guide to making an initial assessment for
application of reclaimed water in an agricultural
setting. A summary of these recommendations is
provided in Table 3-4. There are a number of
assumptions in these guidelines, which are intended to
cover the wide range of conditions that may be
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encountered in irrigated agriculture practices; where
sufficient experience, field trials, research, or
observations are available, the guidelines may be
modified to address local conditions more closely.

= Yield Potential: Full production capability of all
crops, without the use of special practices, is
assumed when the guidelines indicate no
restrictions on use. A “restriction on use”
indicates that choice of crop may be limited or
that special management may be needed to
maintain full production capability; it does not
indicate that the water is unsuitable for use.

= Site Conditions: Soil texture ranges from

requirement. Drainage is assumed to be good,
with no uncontrolled shallow water table present
within 6 ft (2 m) of the surface.

Method of Irrigation: Normal surface or
sprinkler irrigation methods are used; water is
applied infrequently, as needed; and the crop
utilizes a considerable portion of the available
stored soil-water (50 percent or more) before
the next irrigation. At least 15 percent of the
applied water percolates below the root zone.
The guidelines are too restrictive for specialized
irrigation methods, such as localized drip
irrigation, which results in near daily or frequent
irrigations, but are applicable for subsurface

sandy-loam to clay-loam with good internal irrigation if surface-applied leaching satisfies the
drainage; the climate is semi-arid to arid, and leaching requirements.

rainfall is low. Rainfall does not play a significant
role in meeting crop water demand or leaching

Table 3-4 Guidelines for interpretation of water quality for irrigationl

Degree of Restriction on Irrigation
Potential Irrigation Problem None Slight to Moderate Severe

Salinity (affects crop water availability)2
ECw dS/m <0.7 0.7-3.0 > 3.0
TDS mg/L <450 450 — 2000 > 2000
Infiltration (affects infiltration rate of water into the soil; evaluate using EC,, and SAR together)3
0-3 >0.7 0.7-0.2 <0.2
3-6 >1.2 1.2-0.3 <0.3
SAR 6-12 and ECy = >1.9 1.9-05 <0.5
12-20 >2.9 29-13 <13
20-40 >5.0 5.0-2.9 <29

Specific lon Toxicity (affects sensitive crops)
Sodium (Na)*

surface irrigation SAR <3 3-9 >9

sprinkler irrigation meq/l <3 >3

Chloride (CI)*

surface irrigation meq/l <4 4-10 >10

sprinkler irrigation meq/l <3 >3

Boron (B) mg/L <0.7 0.7-3.0 >3.0
Miscellaneous Effects (affects susceptible crops)

Nitrate (NOs-N) mg/L <5 5-30 > 30

Bicarbonate (HCO3) meq/L <15 1.5-85 >8.5

pH Normal Range 6.5 - 8.4

! Adapted from FAO (1985)

2 ECy means electrical conductivity, a measure of the water salinity, reported in deciSiemens per meter at 25°C (dS/m) or in
millimhos per centimeter (mmho/cm); both are equivalent.

3 SAR is the sodium adsorption ratio; at a given SAR, infiltration rate increases as water salinity increases.

* For surface irrigation, most tree crops and woody plants are sensitive to sodium and chloride; most annual crops are not
sensitive. With overhead sprinkler irrigation and low humidity (< 30 percent), sodium and chloride may be absorbed through the
leaves of sensitive crops.
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= Restriction on Use: The “Restriction on Use”
shown in Table 3-4 is divided into three degrees
of severity: none, slight to moderate, and
severe. The divisions are somewhat arbitrary
because changes occur gradually, and there is
no clear-cut breaking point. A change of 10 to
20 percent above or below a guideline value
has little significance if considered in proper
perspective with other factors affecting yield.
Field studies, research trials, and observations
have led to these divisions, but management
skill of the water user can alter the way in which
the divisions are interpreted for a particular
application. Values shown are applicable under
normal field conditions prevailing in most
irrigated areas in the arid and semi-arid regions
of the world.

3.2.2.1 Salinity and Chlorine Residual

As noted in Table 3-4, salinity is a key parameter in
determining the suitability of the water to be used for
irrigation, and the wide variability of salinity tolerance
in plants can confound the issue of establishing salinity
criteria. All waters used for irrigation contain salt to
some degree; therefore, salts (both cations and
anions) will build up without proper drainage.
Agricultural Salinity Assessment and Management,
which is the second edition of ASCE MOP 71
(American Society of Civil Engineers [ASCE], 2012)
provides additional information on worldwide salinity
and trace element management in irrigated agriculture
and water supplies. This updated edition provides a
reference to help sustain irrigated agriculture and
integrates contemporary concepts and management
practices. It covers technical and scientific aspects of
agricultural  salinity management as well as
environmental, economic, and legal concerns.
However, because salinity management is such an
important consideration in agricultural reuse, a brief
discussion of the topic is provided here.

Salinity is determined by measuring the electrical
conductivity (EC) and/or the TDS in the water;
however, for most agricultural measurements, TDS is
reported as EC. The use of high TDS water for
irrigation will tend to increase the salinity of the
groundwater if not properly managed. The extent of
salt accumulation in the soil depends on the
concentration of salts in the irrigation water and the
rate at which salts are removed by leaching. Using
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TDS as a measure of salinity, no detrimental effects
are usually noticed below 500 mg/L. Between 500 and
1,000 mg/L, TDS in irrigation water can affect sensitive
plants; at concentrations above 1,000 to 2,000 mgl/L,
TDS levels can affect many crops, so careful
management practices should be followed. Several
case study examples demonstrate the importance and
implementation of TDS management for use of
reclaimed water for irrigation [US-TX-Landscape
Study; US-CO-Denver Soil; US-CA-Monterey; and
Israel/Jordan-AWT  Crop  lrrigation]. At  TDS
concentrations greater than 2,000 mg/L, water can be
used regularly only for salt-tolerant plants on highly
permeable soils. A study was conducted in Israel to
address the impact of reclaimed water containing high
levels of salts, including ions specifically toxic to
plants, such as sodium (Na) and boron (B); results are
provided in a case study summary from Israel and
Jordan [Israel and Jordan - Brackish Irrigation].

With respect to chlorine residuals, which may be
present as a disinfection residual, free chlorine at
concentrations less than 1 mg/L usually poses no
problem to plants; chlorine at concentrations greater
than 5 mg/L can cause severe damage to most plants.
However, some sensitive crops may be damaged at
levels as low as 0.05 mg/L. For example, some woody
crops may accumulate chlorine in the tissue up to toxic
levels; further, excessive chlorine residuals can have a
similar leaf-burning effect that is caused by sodium
and chloride when reclaimed water is sprayed directly
onto foliage. Low-angle spray heads or surface
irrigation options can reduce the leaf-burning impact.

3.2.2.2 Trace Elements and Nutrients

Thirteen mineral nutrients are required for plant
growth, and fertilizers are added to soils with
inadequate concentrations of these nutrients. Mineral
nutrients are divided into two groups: macronutrients
(primary and secondary) and micronutrients. Primary
macronutrients, which include nitrogen, phosphorus,
and potassium, are often lacking from the soil because
plants use large amounts for growth and survival. The
secondary macronutrients include calcium,
magnesium, and sulfur.  Micronutrients—boron,
copper, iron, chloride, manganese, molybdenum, and
zinc—are elements essential for plant growth in small
quantities and are often referred to as trace elements.
While these trace elements are necessary for plant
growth, excessive concentrations can be toxic.
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The recommended maximum concentrations of
constituents in reclaimed water for “long-term
continuous use on all soils” are set conservatively
based on application to sandy soils that have
adsorption capacity. These values have been
established below the concentrations that produce
toxicity when the most sensitive plants are grown in
nutrient solutions or sand cultures to which the
constituent has been added. Thus, if the suggested
limit is exceeded, phytotoxicity will not necessarily
occur; however, most of the elements are readily fixed
or tied up in soil and accumulate with time such that
repeated application in excess of suggested levels is
likely to induce phytotoxicity. The trace element and
nutrients criteria  recommended for fine-textured
neutral and alkaline soils with high capacities to
remove the different pollutant elements are provided in

Table 3-5. These criteria, were previously presented in
2004, however, based on maintaining sustainable
application of reclaimed water for irrigation,
recommendations have included removal of increased
concentrations for short-term use, which is also
consistent with recommendations of the FAO in Water
Quality for Agriculture (FAO, 1985). There are also
related effects of pH on plant growth, which are
primarily related to its influence on metal toxicity, as
shown in Table 3-5; as a result, a pH range of 6-8 is
recommended for reclaimed water used for irrigation.

Of the macronutrients, nitrogen is the most widely
applied as a fertilizer. Nitrogen is important in helping
plants with rapid growth, increasing seed and fruit
production, and improving the quality of leaf and
forage crops. Like nitrogen, phosphorus effects rapid

Table 3-5 Recommended water quality criteria for irrigation

Maximum
Concentrations
for Irrigation

Constituent (mg/L) REINEES
AlUmi Can cause nonproductiveness in acid soils, but soils at pH 5.5 to 8.0 will precipitate
uminum . - e
the ion and eliminate toxicity
Arsenic 0.10 Toxicity to plar_1ts varies widely, ranging from 12 mg/L for Sudan grass to less than
0.05 mg/L for rice
Beryllium 0.10 'tlj'gglr(]:;ty to plants varies widely, ranging from 5 mg/L for kale to 0.5 mg/L for bush
Essential to plant growth; sufficient quantities in reclaimed water to correct soil
Boron 0.75 deficiencies. Optimum vyields obtained at few-tenths mg/L; toxic to sensitive plants
(e.g., citrus) at 1 mg/L. Most grasses are tolerant at 2.0 - 10 mg/L
. Toxic to beans, beets, and turnips at concentrations as low as 0.1 mg/L; conservative
Cadmium 0.01 L
limits are recommended
. Not generally recognized as an essential element; due to lack of toxicity data,
Chromium 0.1 A
conservative limits are recommended
Cobalt 0.05 Toxic to tomatoes at 0.1 mg/L; tends to be inactivated by neutral and alkaline soils
Copper 0.2 Toxic to a number of plants at 0.1 to 1.0 mg/L
Fluoride 1.0 Inactivated by neutral and alkaline soils
Not toxic in aerated soils, but can contribute to soil acidification and loss of
Iron 5.0
phosphorus and molybdenum
Lead 5.0 Can inhibit plant cell growth at very high concentrations
. Tolerated by most crops up to 5 mg/L; mobile in soil. Toxic to citrus at low doses—
Lithium 2.5 o
recommended limit is 0.075 mg/L
Manganese 0.2 Toxic to a number of crops at few-tenths to few mg/L in acidic soils
Molybdenum 0.01 Nontoxic to plants; can be toxic to livestock if forage is grown in soils with high
molybdenum
. Toxic to a number of plants at 0.5 to 1.0 mg/L; reduced toxicity at neutral or alkaline
Nickel 0.2 bH
. Toxic to plants at low concentrations and to livestock if forage is grown in soils with
Selenium 0.02 .
low levels of selenium
Tin, T.ung.sten, - Excluded by plants; specific tolerance levels unknown
and Titanium
Vanadium 0.1 Toxic to many plants at relatively low concentrations
. Toxic to many plants at widely varying concentrations; reduced toxicity at increased
Zinc 2.0 e . .
pH (6 or above) and in fine-textured or organic soils
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growth of plants and is important for blooming and root
growth. Potassium is absorbed by plants in larger
amounts than any other mineral element except
nitrogen and, in some cases, calcium; the role of this
nutrient is key in fruit quality and reduction of diseases.
All of these nutrients can be obtained from application
of reclaimed water, so there is added value in using
reclaimed water. However, in light of ever-increasing
regulatory requirements for nutrient removal to
address loads to receiving streams, nitrogen and/or
phosphorus are often removed in municipal WWTPs.

As a result of nutrient removal, even if reclaimed water
is applied in adequate quantities to provide trace
nutrients, fertilizer application may still be required.
Where appropriate for crop use, increased supply of
reclaimed water for irrigation could provide needed
nutrients for crops while concurrently reducing nutrient
load to the receiving stream.

Nutrients, such as nitrogen and phosphorus, may
contain beneficial qualities for irrigation. In a Canadian
case study, the authors provided insight into cost-
effective advantages of diverting these nutrients from
Lake Simcoe [Canada-Nutrient Transfer].

3.2.2.3 Operational Considerations for
Agricultural Reuse

A municipal wastewater treatment facility and an
agricultural operation have little in common, except
that one entity supplies the water and the other uses it.
Understanding how these two enterprises function is
critical to developing a successful agricultural reuse
system. First, operators of the municipal facility must
understand that the demand for irrigation water will
vary throughout the year as a function of rainfall and
normal seasonal agricultural operations. Experience
has shown that attempts to deliver a fixed volume of
water for agricultural applications, independent of the
actual need for irrigation water, rarely survive the first
rainy season. Experience also suggests that asking
the municipal or agricultural entity to take on the duties
of the other party can cause problems. For example,
farmers are typically not well suited to navigate the
regulatory requirements to obtain a permit for use of
reclaimed water. Likewise, a municipality is not set up
to respond to changes in the agricultural market.

There are many differences between municipal and
agricultural operations that may not be apparent until
the water reclamation system goes into operation.
Consideration of these differences is needed at the
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preliminary design stage of a project to ensure the
proposed water reclamation system is feasible. A
recommended list of considerations for agricultural
reuse projects is provided below:

= Compatibility of agricultural operations with
reclaimed water may warrant site-specific
investigations to reveal compatibility issues that
may arise when switching from traditional water
supplies to reclaimed water. For example,
reclaimed water treated to secondary standards
may not be suitable for use in drip irrigation
systems as the suspended solids in the
reclaimed water can increase clogging.

= There are differences in agricultural and
municipal system reliability requirements. For
example, distribution pipe pressure ratings for
agriculture are close to that of the expected
working pressure. Additionally, pump capacity
redundancy in municipal systems is installed in
the event of a failure; however, this is not
common practice in agricultural operations.

= Because reclaimed water quality is directly
linked to crops that may be produced with that
water, there may be additional regulatory
controls that dictate when irrigation is applied
and who is allowed on the property being
irrigated. Examples of regulatory controls
include modifications to irrigation systems to
prevent contact with edible crops as required in
Florida, Texas, and other states.

= |t also may be undesirable to use secondary
quality reclaimed water where irrigation
equipment results in aerosols, particularly where
the area under irrigation is adjacent to the
property boundary.

= Regular communication between the end user
and reclaimed water supplier is critical to a
successful program, as it allows issues to be
addressed as they arise.

3.2.3 Irrigation of Food Crops

Irrigation of food crops with reclaimed water is
common both in the United States and globally.
However, there are “resource constrained” regions
where untreated wastewater and inadequately-treated
reclaimed water, sometimes mixed with river water, is
used for irrigation of food crops—with devastating
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gastrointestinal disease consequences for consumers
of the crops. As a result, the WHO guidelines provide
specific procedures for minimizing these risks in most
regions of the world (WHO, 2006). These regulations
for food crop irrigation with reclaimed water are
intended to minimize risks of microbial contamination
of the crops, especially those grown for raw
consumption, such as lettuce, cucumbers, and various
fruits. The regulations specify treatment processes,
water quality standards, and monitoring regimes that
minimize risks for use of reclaimed water for irrigation
of crops that are ingested by humans. Further
discussion on global water reuse is provided in
Chapter 9. Additional discussion of state regulatory
guidelines and requirements for irrigation of food crops
with reclaimed water is also provided in Section
4.5.2.3.

An example of large-scale recycled water irrigation for
raw-eaten food crops is in Monterey County, Calif.
[US-CA-Monterey]. More than 5,000 ha of lettuce,
broccoli, cauliflower, fennel, celery, strawberries, and
artichokes have been irrigated with recycled water for
more than a decade (Figure 3-3). This large-scale use
of recycled water was preceded by an intensive, 11-
year pilot study to determine whether or not the use of
disinfected filtered recycled water for irrigation of raw-
eaten food crops would be safe for the consumer, the
farmer, and the environment (Sheikh et al., 1990).
Results of this project have shown that food crops are
protected against pathogenic organisms, such as
Giardia and Cryptosporidium (Sheikh et al., 1999).

Marketing of produce from farms in northern Monterey
County has been successful and profitable, although
the local farmers initially feared customer backlash
and rejection of produce irrigated with “sewer water.”
As a result, farmers insisted that the produce not be
labeled as having been irrigated with recycled water.
The Monterey Regional Water Pollution Control
Agency—producer/supplier of the recycled water—
works closely with the farming community and has a
contingency plan in place to address claims arising
from an epidemic that might be traced to or associated
with the fields using recycled water. Over the 13 years
of irrigation (as of December 2011), there have been
no such associations.

The success of this exemplary and pioneering project
in Monterey County—from both technical and public
acceptance points of view—has encouraged similar
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projects in other parts of the United States. and
throughout the world [US-CA-Temecula, US-WA-King
County, Argentina-Mendoza, Israel/Palestinian
Territories/Jordan-Olive  Irrigation,  Senegal-Dakar,
Vietham-Hanoi]. In eastern Sicily (Italy), Cirelli et al.
(2012) showed that reclaimed water treated at
constructed wetlands could be used for edible food
crops in Mediterranean countries and other arid and
semi-arid regions that are confronting increasing water
shortages. In addition to demonstrating that food crops
were safe for human consumption, some crops
showed higher vyields (by approximately 20 percent)
using reclaimed water when compared with controls
supplied with freshwater.

3.2.4 Irrigation of Processed Food Crops
and Non-Food Crops

Irrigation of non-food crops (seed crops, industrial
crops, processed food crops, fodder crops, orchard
crops, etc.) with reclaimed water is far less
complicated and more readily accepted by the
agricultural community. Many countries use the WHO
guidelines, which are risk-based and designed to
provide a reasonable level of safety, assuming
conservative levels of exposure by the public, the
consumer, and farm workers. An example of reclaimed
water use for non-food production is in Jordan, where
reclaimed water is used on alfalfa plants, as shown in
Figure 3-4 [Jordan-Irrigation].

In the United States, various states have adopted
regulations for use of reclaimed water for non-food
crop irrigation that are generally more relaxed than for
food crops, allowing disinfected secondary effluent to
be used in many cases. In any case, these are
generally far more restrictive than the WHO guidelines.
For example, California Water Recycling Criteria (Title
22) requires total coliform bacteria to be less than 23
MPN/100 mL for irrigation of non-food crops. This
standard can be related to the concern for exposure of
farm workers to the recycled water, although this level
of water quality can be reliably achieved with well-
operated secondary treatment processes with
disinfection.
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Figure 3-3
Monterey County vegetable fields irrigated with disinfected tertiary recycled water

Figure 3-4
Alfalfa irrigated with secondary effluent, Wadi Mousa (near Petra), Jordan
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Between the standards of California and WHO, there
is a wide range of treatment standards throughout the
world, as shown in Table 3-6. Additional discussion of
state regulatory guidelines and requirements for
irrigation of food crops with reclaimed water in the
United States is also provided in Section 4.5.2.3.

Table 3-6 Examples of global water quality standards
for non-food crop irrigation
Fecal
Coliform
Total (o]

Microbial Standards or

(fishing and boating) and full body contact (swimming
and wading). With respect to water quality for
recreational reuse that involves body contact, EPA has
had recreational water quality criteria since 1986 for
surface water that receives treated effluent regulated
through the NPDES program. The criteria were
developed to protect swimmers from illnesses from
exposure to pathogens in recreational waters, as
described in Section 6.3.1. EPA has also recently
proposed new draft recreational water quality criteria in
response to research findings in the fields of molecular

Guidelines by Coliform E. coli per biology, virology, and analytical chemistry (EPA,

State, Country, Region per 100 mL 100 mL 2011).

Puglia (S. ltalia) <10

Califorpia, Italy 23 Table 3-7 Guidelines for concentrations of substances

Australia in livestock drinking water*

Germany <100 ] Concentration

Washington State <240 Constituent (Symbol) | (mg/L)

Florida, Utah, Texas, EPA Aluminium (Al) 5.0

(Guidelines) <200 Arsenic (As) 0.2

Arizona, New Mexico, Beryllium (Be)” 0.1

Australia, Victoria, Mexico <1,000 Boron (B) 5.0

Austria <2,000 Cadmium (Cd) 0.05

Sicily < 3,000 < 1,000 Chromium (Cr) 1.0

Cyprus < 3,000 Cobalt (Co) 1.0

WHO, Greece, Spain < 10,000 Copper (Cu) 0.5
Fluoride (F) 2.0

3.2.5 Reclaimed Water for Livestock :_m”d(isz))d not ’(‘)efde"

H eal .
Watermg . . . Manganese (Mn)” 0.05
Generally in the United States, reclaimed water is not Mercury (Hg) 0.01
utilized for direct consumption by livestock; however, Molybdenum (Mo) 0.3
de facto reuse often occurs. In this case, Table 3-7 is Nitrate + Nitrite (NOz-N + NO,-N) 100
provided as a guide to acceptable water quality for Nitrite (NO2-N) 10.0
livestock consumption. It should be noted that the Selenium (Se) 0.05
information in Table 3-7 was developed from FAO 29 |-eoaum (Na) 1000
in ormatlon_ln Table 3-7 was developed from Sulfate (as SOg) 1000°
Water Quality in Agriculture, with more recent updates Vanadium (V) 0.10
from Raisbeck et al. (2011) for molybdenum, sodium, Zinc (Zn) 24.0

and sulfate (FAO, 1985). These values are based on
amounts of constituents normally found in surface and
groundwater and are not necessarily the limits of
animal tolerance. Additional sources of these
substances may need to be considered along with
drinking water, such as additional animal intake of
these substances through feedstuffs. If concerns
persist about safety for livestock, the local land-grant
university should be consulted for additional
information.

3.3 Impoundments

Uses of reclaimed water for maintenance of
impoundments range from water hazards on golf
courses to full-scale development of water-based
recreational impoundments involving incidental contact
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! Adapted from FAO (1985) with updates for Mo, Na,
and SO4 from Raisbeck et al. (2011).

Insufficient data for livestock; value for marine aquatic
life is used.

Lead is accumulative, and problems may begin at a
threshold value of 0.05 mg/L.

Insufficient data for livestock; value for human drinking
water used.

Short-term exposure (days/weeks) can be up to 4000
mg/L, assuming normal feedstuff Na concentrations.
Short-term exposure (days/weeks) can be up to 1.8
mg/L, assuming normal feedstuff SO4 concentrations.
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3.3.1 Recreational and Landscape
Impoundments

One example of reclaimed water use for recreational
impoundments is the Santee Lakes Recreation
Preserve (Park), which is a recreational facility owned
and operated by Padre Dam Municipal Water District.
It is located strategically within San Diego County,
Calif. Its seven lakes, which contain approximately 82
ac (33 ha) of water, were formed by sand and gravel
mining in the dry stream bed of Sycamore Canyon as
part of the district's original water reclamation
program. In the early 1960s, the district converted the
lakes to recreational use to demonstrate the concept
of water reuse. Its purpose was also to gain public
acceptance of reclaimed water for recreational,
agricultural, irrigation, and industrial applications.

As with any form of reuse, the development of water
reuse projects that include impoundments will be a
function of water demand coupled with a cost-effective
source of suitable quality reclaimed water. Regulation
of impoundments that are maintained using reclaimed
water typically is according to the potential for contact
for that use. For example, in Arizona, reclaimed water
that is used for recreational impoundments where
boating or fishing is an intended use of the
impoundment must meet Class A requirements, which
includes secondary treatment, filtration, and
disinfection so that no detectable fecal coliform
organisms are present in four of the last seven daily
reclaimed water samples taken, and no single sample
maximum concentration of fecal coliform organisms
exceeds 23/100 mL. Even though NPDES permits
may allow discharge of treated effluent into a water
body with higher bacterial concentrations, swimming
and other full-body recreation activities are prohibited
where reclaimed water is used to maintain the
“recreational” impoundment. This is consistent with
goals to protect public health, particularly in light of
evidence provided by Wade et al. (2010) who have
shown a relationship between gastrointestinal illness
and estimates of fecal indicator organisms and that
children less than 11 years old are at greater risk from
exposure (Wade et al., 2008).

In impoundments where body contact is prohibited,
such as a manmade facility that is created for storage,
landscaping, or for aesthetic purposes only, less
stringent requirements may apply.

3-14

3.3.2 Snowmaking

The benefits of installing a reclaimed water distribution
system to help meet peak irrigation demands during
growing season has to be weighed carefully with the
costs associated with managing the reclaimed water in
the winter months when temperature and climate
conditions render the system useless for irrigation.
When water demands from customers that require
consistent flow (such as industrial or cooling system
customers) cannot be secured as part of a reclaimed
water customer base in winter months, one option to
manage reclaimed water in the winter months may be
to make snow. While snowmaking is sometimes
regulated as an urban reuse, some states consider
snowmaking for recreational purposes to have body
contact that requires water quality similar to that used
in recreational impoundments, which is why this reuse
application is discussed in this section.

Making snow from reclaimed water for the purpose of
prolonging and avoiding interruption of the recreation
season of sledding and skiing areas is becoming more
popular, particularly in water-scarce areas. However,
given the difficulty of otherwise making use of
reclaimed water during the winter months, it is hard to
ignore the resource as a water supply for snowmaking.
This is particularly the case in areas where the
temperatures are low enough to maintain water in the
form of snow but natural precipitation will not otherwise
support a longer recreation season. In most states,
use of reclaimed water for snowmaking is either
regulated or managed as a winter-time disposal option
or as a reuse option, but seldom both.

Snowmaking with reclaimed water is being done in the
United States, Canada, and Australia (e.g., Victoria's
Mount Buller Alpine Resort installed in 2008 and
Mount Hotham Resort installed in 2009). Snowmaking
using reclaimed water in the United States is occurring
in Maine, Pennsylvania, and California. The details of
these facilities are shown in a case study [US-ME-
Snow]. Some states have rules or regulations
pertaining to snowmaking with reclaimed water. There
do not appear to be any human health effects studies
associated with exposure to snow made with
reclaimed water. The highlights of the regulations from
a few select states are provided to exemplify how
different states implement snowmaking with reclaimed
water.
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Storing or stockpiling reclaimed water in the form of
show avoids the cost of building large surface water
reservoirs or additional lagoon treatment modules.
Depending on the quality of the originating reclaimed
water, precautions may need to be taken regarding the
fate of snowmelt. It may be necessary to prevent
snowmelt from frozen reclaimed water with a relatively
high content of phosphorus from entering a sensitive
water body. Conversely, if reclaimed water can be
sprayed onto a seasonally dormant agricultural field,
the phosphorus may be a benefit to the farmer who will
plant the field in the spring.

Care must also be taken to quantify the volume of
snowmelt runoff that will occur according to a range of
spring thaw scenarios to manage the runoff. Planners
should consider downstream and groundwater rights
to the water diverted for snowmaking and to the
snowmelt. An ac-ft (1,200 m3) of medium-density snow
(1 ac with 1 ft of snow on it) has an equivalent water
volume of approximately 146,000 gallons (550 m?). It
is necessary to consider the density of the
accumulated snow and its depth to avoid overfilling the
reservoir with snowmelt. Note also that snow will
sublimate (convert from the solid phase of water to the
gaseous phase without going through the liquid phase)
during storage.

Captured snowmelt from snow made from reclaimed
water of a particular quality may not reflect the original
water quality. Snowmelt may pick up contaminants
from the soil, including microbiological and chemical
constituents; further, sublimation has the effect of
concentrating whatever constituents are present into
higher concentrations. In addition, some constituents
that were present in the original reclaimed water may
degrade over time, or be “lost” (as in the case of
nutrients) to the soil when the snow melts. Therefore, if
snowmelt is to be introduced into the reclaimed water
distribution system, it may be necessary to treat it to
achieve the same level of quality as the reclaimed
water produced by the reclamation facility.

Arizona

The Arizona Department of Environmental Quality
(ADEQ) regulates reclaimed water quality for
prescribed uses allowing for snowmaking with Class A
reclaimed water, which is wastewater that has
undergone secondary treatment, filtration, and
disinfection to achieve a 24-hour average turbidity of 2
NTU or less (instantaneous turbidity of 5 NTU or less)
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and no detectable fecal coliform organism in four of
the last seven daily reclaimed water samples (single
sample maximum of 23 fecal coliform organism per
100 mL). As of 2012, there were no ADEQ-permitted
uses of reclaimed water for snowmaking in Arizona.
However, the Sunrise Park Resort, owned and
operated by the White Mountain Apache Tribe
(WMAT), makes use of WWTP effluent blended with
another source of water for snowmaking. ADEQ does
not regulate the WMAT, as they are a sovereign
nation; thus, it is not known what water quality is used,
to what extent, or with what frequency.

A service agreement between the city of Flagstaff and
owners of the Snowbowl Ski Resort allowed Flagstaff
to sell reclaimed water for snowmaking. Planning
started in 2000, and approval from the U.S. Forest
Service was granted in 2004 (Snowbowl operates on
federal land). In 2004, opponents to snowmaking with
reclaimed water, led by the Navajo Nation, filed suit
against Snowbowl and the city of Flagstaff. Following
several court cases, in 2009 the full U.S. 9th Circuit
Court refused to reject lower court decisions
supporting the Snowbowl/Flagstaff agreement, and the
U.S. Supreme Court refused to hear the case. In
September 2009 a new suit was filed by Save the
Peaks Coalition, and on February 9, 2012, a three-
judge panel of the 9th U.S. Circuit Court of Appeals
rejected the current suit as it was “virtually identical” to
the previous suit (Associated Press, 2012).

California

CDPH regulates recycled water use and allows for
snowmaking with disinfected filtered reclaimed water
meeting specific turbidity criteria. However, it is noted
that in some cases (such as for the Donner Summit
Public Utilities District), snowmaking may also be
permitted under an NPDES permit.

Colorado

The Colorado Department of Public Health and
Environment’s Regulation No. 84—Reclaimed Water
Control Regulation does not mention snowmaking.
Regulators in Colorado view snowmaking with
reclaimed water as inevitable discharge to surface
waters during snowmelt and runoff. Therefore, use of
reclaimed water to make snow would be permitted
under the NPDES discharge framework rather than
under Regulation No. 84. Further, because water
rights regulations in Colorado limit the amount of water
that can be reused to the volume imported from west
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of the Continental Divide, reclaimed water is first
applied to highest use at lowest cost.

Maine

The Maine Department of Environmental Protection
(MDEP) does not have reclaimed water quality or
water reuse rules, let alone regulations for
snowmaking. However, the MDEP issues wastewater
discharge permits for making snow with reclaimed
water under the Maine Pollution Discharge Elimination
System program. Snowmaking is used to reduce the
volume of water in lagoons or to otherwise manage
treatment plant effluent. There are currently systems in
operation in three Maine communities (town of
Rangeley; Carrabassett Valley Sanitary District, which
serves Sugarloaf Mountain Ski Resort; and Mapleton
Sewer District).

New Hampshire

New Hampshire’s rules regarding snowmaking provide
more discussion about snowmaking than any other
state. Snow can be made using disinfected, filtered
secondary effluent, depending on the end use of the
manufactured snow. It can be used to recharge
aquifers or for recreation purposes, such as skiing.
Snow made from reclaimed water is referenced as “E-
Snow” (for Effluent Snow) in New Hampshire's Land
Treatment and Disposal of Reclaimed Wastewater:
Guidance for Groundwater Discharge Permitting
revised July 30, 2010.

Before reclaimed water is considered for recreational
snowmaking, it must first be filtered with site-specific
nutrient removal depending on snowmelt and runoff to
surface streams. Treatment beyond secondary quality
is commonly achieved using a variety of biological
nutrient removal technologies, and the processed
wastewater is filtered using advanced (ultra) filtration
to achieve 4-log reduction of viral pathogens;
disinfection is also included as the final treatment
process. It is noteworthy that higher quality reclaimed
water is required for golf course irrigation than for
snowmaking.

Pennsylvania

Although  the  Pennsylvania  Department  of
Environmental Protection does not have water reuse
regulations, it does have guidelines that allow water
reuse through the issuance of a Water Quality
Management permit from the agency. The guidelines,
titted Reuse of Treated Wastewater Guidance Manual
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362-0300-009 sets forth minimum treatment goals for
snowmaking. Snowmaking is allowed with Class B
water, which is water that has undergone secondary
treatment, filtration, and disinfection. Where chlorine is
utilized for disinfection, a total chlorine residual of at
least 1.0 mg/L should be maintained for a minimum
contact time of 30 minutes at design average flow, and
there should be a detectable chlorine residual (>0.02
mg/L) at the point of reuse application.

Where UV light is used for disinfection, a design dose
of 100 mJ/cm? under maximum daily flow should be
used. The design dose may be reduced to 80 mJ/cm?®
for porous membrane filtration and 50 mJ/cm® for
semi-permeable membrane filtration. This dose should
also be based on continuous monitoring of lamp
intensity, UV transmittance, and flow rate. Reclaimed
water is being used for snowmaking at Seven Springs
Mountain Resort, and planning for use at Bear Creek
Mountain Resort is underway.

3.4 Environmental Reuse

Environmental reuse primarily includes the use of
reclaimed water to support wetlands and to
supplemental stream and river flows. Aquifer recharge
also may be considered environmental reuse, but
because this practice is integral to management of
many reuse systems, an expanded discussion of this
topic is provided in Section 2.3. A more detailed
discussion of using wetlands and other natural
systems for treatment to enhance water quality is
provided in Chapter 6 with regulatory requirements for
this reuse type described in Section 4.5.2.7.

3.4.1 Wetlands

Over the past 200 years, substantial acreage of
wetlands in the continental United States have been
destroyed for such diverse uses as agriculture, mining,
forestry, and urbanization. Wetlands provide many
important functions, including flood attenuation, wildlife
and waterfowl habitat, food chain support, aquifer
recharge, and water quality enhancement. In addition,
maintenance of wetlands in the landscape mosaic is
important for regional hydrologic balance. Wetlands
naturally provide water conservation by regulating the
rate of evapotranspiration and, in some cases, by
providing aquifer recharge. Wetlands are also natural
systems that can be used to treat a wide range of
pollution sources, and they are particularly attractive
for rural areas in developed countries and for general
use in developing countries.
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Development has altered the landscape, including
changing the timing and quantities of stormwater and
surface water flows and lowering of the groundwater
tables, which affect environmental systems that have
adapted and depend on these for their existence.
Reclaimed water could be used to mitigate some of
these impacts. Application of reclaimed water serves
to restore and enhance wetlands that have been
hydrologically altered. New wetlands can be created
through application of reclaimed water, resulting in a
net gain in wetland acreage and function. In addition,
constructed and restored wetlands can be designed
and managed to maximize habitat diversity within the
landscape.

While the focus of this section is to highlight
applications of wetlands, it is worth noting that some
states, including Florida, South Dakota, and
Washington, do provide regulations to specifically
address use of reclaimed water in wetlands systems.
In addition to state requirements, natural wetlands,
which are considered waters of the United States, are
protected under EPA’s NPDES Permit and Water
Quality Standards programs. The quality of reclaimed
water entering natural wetlands is regulated by federal,
state, and local agencies and must be treated to
secondary treatment levels or greater. On the other
hand, constructed wetlands, which are built and
operated for the purpose of treatment, are not
considered waters of the United States. Several case
studies focused on wetlands are highlighted in this
document and briefly summarized below:

= US-AZ-Phoenix: The 91st Avenue WWTP
reuses approximately 60 percent of the current
plant production (by a nuclear generating station
for cooling tower makeup water, new
constructed wetlands, and an irrigation
company for agricultural reuse), with the
remaining effluent discharged to the dry Salt
River riverbed that bisects the nearby
communities.

= US-GA-Clayton County: The Clayton County
Water Authority (CCWA) began water reuse in
the 1970s when a land application system (LAS)
was selected as a way to increase water
supplies for its growing population while
minimizing the stream impact of wastewater
discharges. Over the past decade, the LAS was
converted into a series of treatment wetlands,
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and the existing treatment plant was upgraded
to an advanced biological treatment plant. This
system, along with additional constructed
wetlands, provides some aquifer infiltration, but
the vast majority flows into two of CCWA's
water supply reservoirs—Shoal Creek and
Blalock reservoirs. Water typically takes 2 years
under normal conditions to filter through
wetlands and reservoirs before being reused
and takes less than a year under drought
conditions. The Panhandle Road Constructed
Wetlands and the E.L. Huie Constructed
Wetlands have treatment capacities of 4.4 mgd
(193 L/s) and 17.4 mgd (762 L/s), respectively.
The transition from LAS to wetlands has saved
energy costs through reduced pumping. The
wetlands system is less expensive to maintain
and operate and has allowed CCWA to reduce
maintenance staff, equipment, and materials.
The wetlands treatment system and indirect
reuse program have lowered CCWA's need for
additional reservoir storage and water
withdrawals.

US-FL-Orlando Wetlands: The Orlando
Easterly Wetlands enhances the environment
with highly-treated reclaimed water. The project
began in the mid-1980s when the city, faced
with the need to expand its permitted treatment
capacity, was unable to increase the amount of
nutrients being discharged into sensitive area
waterways. The constituents of concern in the
effluent consist primarily of nitrogen and
phosphorus, which can promote algae blooms
that deplete oxygen in a water body and result
in fish kills and other undesirable conditions.
Florida water bodies are particularly susceptible
to these problems due to periods of very low
flows that occur in the summer. This project has
seen great success throughout its two decades
of performance. The Orlando Wetlands Park
consists of 1,650 ac (670 ha) of hardwood
hammocks, marshes, and lakes, and is a great
location for bird-watching, nature photography,
jogging, and bicycling.

Israel-Vertical Wetlands: Compact vertical-
flow constructed wetlands are being used in
Israel for decentralized treatment of domestic
wastewater. When treated with the UV
disinfection unit, the effluent of the recirculating
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vertical flow constructed wetland (RVFCW)
consistently met the stringent Israeli E. coli
standards for reclaimed water irrigation of less
than 10 cfu/100 mL (Inbar, 2007). The treated
wastewater will be wused for unrestricted
landscape and, possibly, fodder irrigation.

3.4.1.1 Wildlife Habitat and Fisheries

Diverse species of mammals, plants, insects,
amphibians, reptiles, birds, and fish rely on wetlands
for food, habitat, and/or shelter. Wetlands are some of
the most biologically productive natural ecosystems in
the world, comparable to tropical rain forests or coral
reefs in the number and variety of species they
support. Migrating waterfowl rely on wetlands for
resting, eating, and breeding, leading to increased
populations. Wetlands are also vital to fish health and,
thus, to the multibillion dollar fishing industry in the
United States. Wetlands also provide an essential link
in the life cycle of 75 percent of the commercially-
harvested fish and shellfish in the United States, and
up to 90 percent of the recreational fish catch.
Wetlands provide a consistent food supply, shelter,
and nursery grounds for both marine and freshwater
species. The city of Sequim, Wash., constructed its
water reclamation facility and upland reuse system to
protect shellfish beds and conserve freshwater
supplies. Due to the location of Sequim, it was vital for
the community to make conservation and marine
protection a priority [US-WA-Sequim].

Another case study, the Sierra Vista EOP, Ariz. [US-
AZ-Sierra Vista] spans 640 ac (260 ha) and includes
30 open basins that recharge nearly 2,000 ac-ft/yr (2.5
MCM/yr) of reclaimed water to the aquifer, 50 ac (20
ha) of constructed wetlands, nearly 200 ac of native
grasslands, and 1,800 i (170 mz) of wildlife viewing
facility. The constructed wetlands provide numerous
beneficial services, including filtering and improving
water quality as plants take up available nutrients. In
the EOP wetlands, secondary treated effluent is
filtered naturally. The primary purpose of EOP is to
offset the effects of continued groundwater pumping
that negatively impacts the river and to protect the
habitat for native and endangered species.

3.4.1.2 Flood Attenuation and Hydrologic
Balance

Flood damages in the United States average $2 billion
each year, causing significant loss of life and property
(EPA, 2006a). One of the most valuable benefits of
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wetlands is their ability to store flood waters;
maintaining only 15 percent of the land area of a
watershed in wetlands can reduce flooding peaks by
as much as 60 percent. In addition to reducing the
frequency and intensity of floods by acting as natural
buffers that soak up and store a significant amount of
flood water, coastal wetlands serve as storm-surge
protectors when hurricanes or tropical storms come
ashore. And, according to Hey et al. (2004), the
damage sustained by the Gulf Coast during Hurricane
Katrina could have been less severe if more wetlands
had been in place along the coast and Mississippi
delta. As a result, with the encouragement of the
Louisiana Department of Environmental Quality and a
$400,000 grant from the Delta Regional Authority, the
Sewerage and Water Board of New Orleans identified
a plan to use highly-treated reclaimed water from the
WWTP to restore the damaged marsh lands. The
multi-disciplinary project also includes proof of a new
technology, ferrate (discussed further in Chapter 6),
that is intended to scrub treated effluent of emerging
pollutants of concern and set new standards for use of
biosolids in wetlands assimilation (AWWA, 2010).

3.4.1.3 Recreation and Educational Benefits

Wetlands such as the Orlando Wetlands Park [US-FL-
Orlando Wetlands] are also inviting places for popular
recreational activities, including hiking, fishing, bird-
watching, photography, and hunting. In addition to the
many ways wetlands provide recreational benefits,
they also offer numerous less-tangible benefits. These
include providing aesthetic value to residential
communities, reducing streambank erosion, and
providing educational opportunities as an ideal
“outdoor classroom,” as demonstrated at the Sidwell
Friends School case study [US-DC-Sidwell Friends].
The school, in Washington, D.C., incorporated a
constructed wetland into its middle school building
renovation. This water reuse system was part of an
overall transformation of a 50-year-old facility into an
exterior and interior teaching landscape that seeks to
foster an ethic of social and environmental
responsibility in each student. With a focus on smart
water management, a central courtyard was
developed with a rain garden, pond, and constructed
wetland that uses stormwater and wastewater for both
ecological and educational purposes. More than 50
plant species, all native to the Chesapeake Bay
region, were included in the landscape.
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3.4.2 River or Stream Flow Augmentation

Among the numerous water industry challenges are
high demand and inadequate supplies. Water
conservation and reuse can reduce the demand on
aquifers, as can river or stream flow augmentation.
River and stream augmentation differs from a surface
water discharge in several ways. Augmentation seeks
to accomplish a benefit, such as aesthetic purposes or
enhancement of aquatic or riparian habitat, whereas
discharge is primarily for disposal. River or stream flow
augmentation may provide an economical method of
ensuring water quality, as well as having other
benefits. It can minimize the challenge of locating a
reservoir site, the additional water can improve the
overall water quality of the receiving water body, and it
can ameliorate the effect of low flow drought
conditions, providing high quality water at the time of
test need. River and stream augmentation may also
reduce or eliminate water quality impairment and may
be desirable to maintain stream flows and to enhance
the aquatic and wildlife habitat, as well as to maintain
the aesthetic value of the water courses. This may be
necessary in locations where a significant volume of
water is drawn for potable or other uses, largely
reducing the downstream volume of water in the river
or stream.

As with impoundments, water quality requirements for
river or stream augmentation will be based on the
designated use of the water course and the aim to
enhance an acceptable appearance. In addition, there
should be an emphasis on creating a product that can
promote native aquatic life. The quality of the
reclaimed water discharged to the receiving water
body is critical to evaluating its benefits to the stream.
Currently, there are limited data available to assess
such water augmentation schemes a priori, and
detailed, site-specific evaluations are needed (WRRF,
2011a). Water reclamation for stream augmentation
applications requires consideration of a complex set of
benefits and risks. For example, wastewater is known
to contain microbiological contaminants as well as
other trace levels of organic contaminants, some of
which may be carcinogens, toxins, or endocrine
disruptors (Lazorchak and Smith, 2004). These
contaminants may be present in the reclaimed water at
varying concentrations, depending upon the treatment
process used (Barber et al., 2012), and the presence
of these types of compounds in a receiving water body
may have ecotoxicological consequences.
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While some states have guidelines or regulations that
provide requirements for reclaimed water quality and
monitoring to protect wetlands (Section 4.5.2.7), which
may even be considered part of the treatment system,
requirements for reclaimed water quality for
augmenting rivers or streams are often covered under
a discharge permit. And, while the whole effluent
toxicity (WET) testing and biomonitoring required in
some NPDES permits may provide an indication of the
overall ecological effect of the reclaimed water, this
approach still presents a regulatory challenge because
the current science on compounds of emerging
concern is not fully defined (Section 6.2.2.3). Thus,
evaluation and design for river or stream flow
augmentation must address the site-specific water
quality and habitat needs of the water course and any
downstream use of the reclaimed water. And, in an
appropriately designed river or stream augmentation
project where treatment is provided to be protective of
the end use of the receiving water, there are
opportunities for public education regarding the value
of reclaimed water as a resource and its potential to
provide environmental benefits.

One case study example illustrates the potential for
positive impacts of water reuse on downstream
ecosystems. In the city of Sequim, Wash., in addition
to municipal uses, reaerated reclaimed water is
discharged into Bell Creek to improve stream flows for
fisheries and habitat restoration, keeping the benthic
layer wet for small species that live in the streambed
[US-WA-Sequim].

3.4.3 Ecological Impacts of Environmental
Reuse

The NRC report describes how ecological risks in
environmental reuse applications should be assessed
relative to existing wastewater discharge practices
(NRC, 2012). The report concludes that the ecological
risks in reuse projects for ecological enhancement are
not expected to exceed those encountered with the
normal surface water discharge of reclaimed water,
although risks from reuse could be lower if additional
levels of treatment are applied. The report cautions
that current limited knowledge about the ecological
effects of trace chemical constituents requires
research to link population level effects in natural
aquatic systems to initial concerning laboratory
observations. In reuse applications targeted for
ecological enhancement of sensitive aquatic systems,
careful assessment of risks from these constituents is
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warranted, because aquatic organisms can be more
sensitive to certain constituents than humans (NRC,
2012).

Lake Elsinore, southern California’s largest natural
lake, is fed only by rain and natural runoff, with an
annual evaporation rate of 4.5 ft. Because of these
characteristics, the lake has been plagued for decades
by low water levels and high concentrations of
nutrients. The Elsinore Valley Municipal Water District
(EVMWD) implemented a project to transfer 5 million
gallons of reclaimed water per day to the lake to help
with the low water levels [US-CA-Elsinore Valley].

3.5 Industrial Reuse

Traditionally, pulp and paper facilities, textile facilities,
and other facilities using reclaimed water for cooling
tower purposes, have been the primary industrial
users of reclaimed water. Since the publication of the
2004 Guidelines for Water Reuse, the industrial use of
reclaimed water has grown in a variety of industries
ranging from electronics to food processing, as well as
a broader adoption by the power-generation industry.
Over the past few years, these industries have
embraced the use of reclaimed water for purposes
ranging from process water, boiler feed water, and
cooling tower use to flushing toilets and site irrigation.
Additionally, industries and commercial establishments
seeking LEED certification are driven to reclaimed
water to enhance their green profile. In addition, these
facilities recognize that reclaimed water is a resource
that can replace more expensive potable water with no
degradation in performance for the intended uses.

When reclaimed water was first used for industrial
purposes (dating back to the first pulp and paper
industries), it was generally treated and reused on-site.
As water resources in the arid states have become
increasingly stressed (Arizona, California, and Texas)
and availability of groundwater sources are becoming
extremely limited (Florida), municipal facilities have
started to produce reclaimed water for irrigation,
industrial, and power company users. This section
examines water reuse in traditional industrial settings
(cooling towers and boiler water feed) and discusses
emerging industries, such as electronics and produced
waters from natural gas operations. Additional
discussion on state guidelines and regulations for
industrial reuse is provided in Section 4.5.2.8.
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Case study examples of industrial water reuse to
address energy and sustainability goals include reuse
projects by companies such as Coca-Cola, Frito-Lay,
and Intel [US-AZ-Frito Lay]. Coca-Cola has installed
recycle-and-reclaim loops in 12 of its water treatment
systems in North America and Europe, with goals of
equipping up to 30 facilities with these systems by the
end of 2012. These loops allow facilities to reuse
processed water in cooling towers, boilers, or cleaning,
saving an average of 57 million gallons (220 million
liters) of water per system annually.

3.5.1 Cooling Towers

Cooling towers are recirculating evaporative cooling
systems that use the reclaimed water to absorb
process heat and then transfer the heat by
evaporation. As the cooling water is recirculated,
makeup water (reclaimed water) is required to replace
water lost though evaporation. Water must also be
periodically removed from the cooling water system to
prevent a buildup of dissolved solids in the cooling
water. There are two common types of evaporative
cooling water systems—cooling towers and spray
ponds. Spray ponds are not widely used and generally
do not utilize reclaimed water. Cooling towers have
become very efficient, with only 1.5 to 1.75 percent of
the recirculated water being evaporated for every 10°F
(6°C) drop in process water temperature, reducing the
need to supplement the system flow with makeup
water. Because water is evaporated, dissolved solids
and minerals remain in the recirculated water, and
these solids must be removed or treated to prevent
accumulation on equipment. Removal of these solids
is accomplished by discharging a portion of the cooling
water, referred to as blow-down water, which is usually
treated by a chemical process and/or a filtration/
softening/clarification process before disposal to a
local WWTP. Cooling tower designs vary widely. Large
hyperbolic concrete structures can range from 250 to
400 ft (76 to 122 m) tall and 150 to 200 ft (46 to 61 m)
in diameter and are common at utility power plants, as
shown in Figure 3-5.

These cooling towers can recirculate (cool)
approximately 200,000 to 500,000 gpm (12,600 to
31,500 L/s) and evaporate approximately 6,000 to
15,000 gpm (380 to 950 L/s) of water. Smaller cooling
towers, which may be used at a variety of industries,
can be rectangular boxes constructed of wood,
concrete, plastic, and/or fiberglass-reinforced plastic
with circular fan housings for each cell. Each cell can
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Figure 3-5
Large hyperbolic cooling towers (Photo Courtesy of International Cooling Towers)

recirculate (cool) approximately 3,000 to 5,000 gpm
(190 to 315 L/s). Commercial air conditioning cooling
tower systems can recirculate as little as 100 gpm
(6 L/s) to as much as 40,000 gpm (2,500 L/s).

Any contamination of the cooling water through
process in-leakage, atmospheric deposition, or
treatment chemicals will also impact the water quality.
While reclaimed water generally has very low
concentrations of microorganisms due to the high level
of treatment, one of the major issues with reclaimed
water use in cooling towers relates to occurrence of
biological growth when nutrients are present.
Biological growth can produce undesirable biofilm
deposits, which can interfere with heat transfer and
cause microbiologically-induced corrosion from acid or
corrosive by-products and may shield metal surfaces
from water treatment corrosion inhibitors and establish
under-deposit corrosion. Biological films can grow
rapidly and plug heat exchangers, create film on the
cooling tower media, or plug cooling tower water
distribution nozzles/sprays.

Scaling can also be a problem in cooling towers. The
primary constituents resulting in scale potential from
reclaimed water are calcium, magnesium, sulfate,
alkalinity, phosphate, silica, and fluoride. Minerals that
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form scale in concentrated cooling water generally
include calcium phosphate (most common), silica
(fairly common), and calcium sulfate (fairly common);
other minerals that are less commonly found include
calcium carbonate, calcium fluoride, and magnesium
silicate. Constituents with the potential to form scale
must be evaluated and controlled by chemical
treatment and/or by adjusting the cycles of
concentration. Therefore, reclaimed water quality must
be evaluated, along with the scaling potential to
establish the use of specific scale inhibitors, as
demonstrated by the Southwest Florida Water
Management District through its Regional Reclaimed
Water  Partnership Initiative  [US-FL-SWFWMD
Partnership] illustrating the use of reclaimed water for
cooling water at a major utility in Florida. Another
power plant, located in Colorado, [US-CO-Denver
Energy] utilizes reclaimed water for cooling towers.
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3.5.2 Boiler Water Makeup

The use of reclaimed water for boiler make-up water
differs little from the use of conventional potable
water—both require extensive pretreatment. Water
quality requirements for boiler make-up water depend
on the pressure at which the boiler is operated; in
general, higher pressures require higher-quality water.
The primary concern is scale buildup and corrosion of
equipment. Control or removal of hardness from either
potable water or reclaimed water is required for use as
boiler make-up; additionally, control of insoluble scales
of calcium and magnesium, and control of silica and
alumina, are also required. Alkalinity of the reclaimed
water, as determined by its bicarbonate, carbonate,
and hydroxyl content, is also of concern because
excessive alkalinity concentrations in boiler feed water
may contribute to foaming and other forms of
carryover, resulting in deposits in superheater,
reheater, and turbine units. Bicarbonate alkalinity in
feed water breaks down under the influence of boiler
heat to release carbon dioxide, a major source of

Table 3-8 Recommended boiler water limits

localized corrosion in steam-using equipment and
condensate-return systems. Organics in reclaimed
water can also cause foaming in boilers, which can be
controlled by carbon adsorption or ion exchange. The
American Boiler Manufacturers Association (ABMA)
maximum recommended concentration limits for water
quality parameters for boiler operations is presented in
Table 3-8. For steam generation, TDS levels are
recommended to be less than 0.2 part per million
(ppm) and less than 0.05 ppm for once through steam
generation (OTSG).

Since 2000, several refineries in southern Los
Angeles, Calif., have turned to using recycled water as
their primary source of boiler make-up water. Using
clarification, filtration, and RO, high-quality boiler
make-up water is produced that provides water supply,
chemical, and energy savings. The West Basin
Municipal Water District (WBMWD) supplies recycled
water for both low-pressure and high- pressure boiler
feed water; because high-quality water is required for
high-pressure boiler feed, some of the water (after the

Drum Operating 901- 1001- 1501-

Pressure (psig) 0-300 301-450 | 451-600 | 601-750 | 751-900 1000 1500 y{0[0]0) OTSG
Steam

'(I;)I%?nTax 0.2-1.0 0.2-1.0 0.2-1.0 0.1-0.5 0.1-0.5 0.1-0.5 0.1 0.1 0.05
Boiler Water

TDS max 600- 500- 200-

(ppm) 700-3500 3000 2500 1000 150-750 | 125-625 100 50 0.05
Alkalinity max (ppm) 350 300 250 200 150 100 n/a n/a n/a
TSS Max (ppm) 15 10 8 3 2 1 1 n/a n/a
Conductivity max 1100- 900- 800- 300- 200- 200- 150 80 0.15-
(umho/cm) 5400 4600 3800 1500 1200 1000 0.25
Silica max (ppm SiO2) 150 90 40 30 20 8 2 1 0.02
Feed Water (Condensate and Makeup, After Deaerator)

Dissolved Oxygen 0007 | 0007 | 0007 | 0007 | 0007 | 0007 | 0007 | 0.007 nia
(ppm O2)

TotalIron 0.1 0.05 003 | 0025 | 002 0.02 0.01 0.01 0.01
(ppm Fe)

Total Copper (ppm Cu) 0.05 0.025 0.02 0.02 0.015 0.01 0.01 0.01 0.002
Total Hardness

(ppm CaCo3) 0.3 0.3 0.2 0.2 0.1 0.05 ND ND ND
pH @ 25°C 8.3-10.0 | 8.3-10.0 | 8.3-10.0 | 8.3-10.0 | 8.3-10.0 | 8.8-9.6 | 8.8-9.6 | 8.8-9.6 n/a
Nonvolatile TOC 1 1 05 05 05 0.2 0.2 0.2 ND
(ppm C)

Oily Matter 1 1 05 05 05 0.2 0.2 0.2 ND
(ppm)

Source: Boiler Water Quality Requirements and Associated Steam Quality for Industrial/Commercial and Institutional Boilers

(American Boiler Manufacturers Association, 2005)
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first-pass RO treatment and disinfection) passes
through RO a second time (second pass) to remove
additional dissolved solids from the water. For water
fed to the Chevron refinery in El Segundo, Calif., about
5.8 mgd (254.1 L/s) receives single-pass RO treatment
low-pressure boiler feed, while an additional 2.4 mgd
(105 L/s) receives second-pass RO treatment for high-
pressure boiler feed. The product water is pumped to a
storage tank at the nearby Chevron refinery. Boiler
water is also produced at the WBMWD’s satellite
MF/RO plant in Torrance, Calif.; the 2,200 gpm (3,500
ac-ft/yr or 4.3 MCM/yr) satellite treatment plant located
on-site at the Exxon Mobil refinery produces water for
their boiler feed operations. Another WBMWD facility
in Carson also provides recycled water to the BP
refinery.

3.5.3 Produced Water from Oil and Natural
Gas Production

While not specifically reuse of treated municipal
effluent, the reuse of produced water that is generated
as a by-product resulting from the extraction of crude
oil or natural gas from the subsurface warrants
discussion. Produced water, for the purposes of this
discussion, is defined as any water present in a
reservoir with a hydrocarbon resource that is produced
to the surface with the crude oil or natural gas. There
are three types of water associated with subsurface
hydrocarbon reservoirs and production operations:

= Formation water is water that flows from the
hydrocarbon zone or from production activities
when injected fluids and additives
are introduced to the formation.

= Produced water is generated when
the hydrocarbon reservoir is
produced and formation water is
brought to the surface.

= Flowback is water that returns to
the surface within a few days or
weeks following hydraulic
fracturing performed on a natural
hydrocarbon reservoir; this practice
involves injection of large volumes
of fracturing fluid into the
hydrocarbon reservoir.

Louisiana 5% .

Kansas 6%

Oklahoma 11%

Recent advances in drilling techniques have led to an
increase in production water from unconventional gas
formations, including coal seams, tight sand, and shale
deposits. These new techniques result in
approximately eight barrels of water brought to the
surface for every barrel of oil. This produced water is
often highly saline and contaminated by hydrocarbons;
it is a waste that requires treatment, disposal, and,
potentially, recycling. Handling this produced water is
an integral part of the oil and gas industry, and
according to estimates by Clark and Veil (2009), the
United States generates around 20.7 bbl/yr out of a
worldwide total 69.8 bbl/yr (or 2.4 mgd of 8 mgd total;
9 ML/d of 30 ML/d total). The breakdown by state of
produced water is shown in Figure 3-6. As might be
expected, the quality of produced waters varies widely,
ranging from water that meets state and federal
drinking water standards to water having very high
TDS concentrations. The properties can vary
considerably depending on geographic location, the
source geological formation, and the type of
hydrocarbon being extracted. When produced water
contains certain constituents at high concentrations, it
can threaten aquatic life if discharged to streams or
other water bodies or used as irrigation water without
treatment. As a result, produced water management is
subject to applicable federal and state regulatory
requirements, which are further described by the U.S.
Department of Energy in an online resource, The
Produced Water Management System (DOE, n.d.).

69.8 billion bbl/yr
Worldwide produced
water volume

Other States
20%

o Texas 35%
20.7 billion

bbl/yr
U.S.produced
watervolume
(2007)

California 12%

Wyoming 11%
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Figure 3-6
Estimates of produced water by state (GWI, 2011)

3-23



Chapter 3 | Types of Reuse Applications

It is of interest to note that under current regulations,
produced water can only be utilized west of the 99
meridian and the practice is most contentious. Where
produced water can be used, as with reclaimed water
produced from treated municipal effluent, there are a
variety of uses depending on the produced water
quality and the level of treatment provided. Low TDS
water sources, such as those common with coalbed
methane production, may be reused with very little
treatment (NRC, 2010). Higher TDS sources usually
require a much higher level of treatment and may be
limited in their end uses. End uses of treated,
produced water include surface water flow
augmentation, aquifer recharge, storage and recovery,
crop irrigation, and livestock watering. Produced water
may also be used for a variety of industrial purposes,
especially in areas where freshwater resources are
scarce. It is important to note that produced waters
associated with hydraulic fracturing operations cannot
be used as reclaimed water for alternative uses
without extensive and expensive treatment operations,
and reuse is limited to development of additional wells,
with appropriate treatment.

Treatment of produced water is often required before
the water can be put to beneficial reuse. The degree of
treatment and the type of treatment technology used is
based on a number of factors, including the produced
water quality, volume, treated water quality objectives,
options available for disposal of residual waste (such
as concentrated brine), and cost. In oil and gas
operations, it is sometimes necessary to use modular
technologies that can be mobilized for localized
treatment in the field versus building a fixed-based
treatment facility in a central location. The overall
objective is to develop a simple, cost-effective
treatment solution capable of consistently meeting
effluent treatment objectives. Because of the wide
variation in produced water quality and treatment
objectives in oil and gas fields across the United
States, development of the best solution is challenging
and often requires a combination of treatment
technologies to meet the individual needs of each
operator. Treatment technologies commonly used for
produced water prior to reuse include oil-water
separators, dissolved gas flotation or coalescing media
separators, adsorption, and filtration targeted for
removal of specific constituents from the produced
water. As a result, the best approach must balance
produced water quality, simplicity of operations,
treatment objectives, and cost.
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3.5.4 High-Technology Water Reuse

The use of reclaimed water in high-technology
manufacturing, such as the semiconductor industry, is
a relatively new practice. Within the semiconductor
industry, there are two major processes that use
water: microchip manufacturing, which has rarely
utilized reclaimed water, and the manufacture of circuit
boards. In circuit board manufacturing, water is used
primarily for rinse operations; similar to production of
boiler feed water, reclaimed water for circuit board
manufacturing requires extensive treatment. While
only circuit board manufacturing uses reclaimed water
in the actual production process, both semiconductor
and circuit board manufacturing facilities do use
reclaimed water for cooling water and site irrigation.

Examples of reuse in high-technology industries
include projects by companies such as Intel, that
improved the efficiency of the process used to create
the ultra-pure water (UPW) required to clean silicon
wafers during fabrication. Previously, almost 2 gallons
of water were needed to make 1 gallon of UPW.
Today, Intel generates 1 gallon of UPW from between
1.25 and 1.5 gallons. After using UPW to clean wafers,
the water is suitable for industrial purposes, irrigation,
and many other needs. Intel's factories are equipped
with complex rinse-water collection systems with
separate drains for collecting lightly contaminated
wastewater for reuse. This reuse strategy enables Intel
to harvest as much water from its manufacturing
processes as possible and then direct it to equipment
such as cooling towers and scrubbers. In addition,
several of Intel's locations take back graywater from
local municipal water treatment operations for
municipal use. In 2010, Intel internally recycled
approximately 2 billion gallons (7.6 MCM) of water,
equivalent to 25 percent of its total water withdrawals
for the year.

3.5.5 Prepared Food Manufacturing

The food and beverage manufacturing industry was
initially reluctant to use—and publicize the use of—
reclaimed water because of public perception
concerns. As knowledge of water reuse principles has
increased, so has the reuse of highly-treated process
waters that meet water quality criteria and address
public health concerns. In many cases, not only is
reuse of water at a manufacturing site “green,” but it
also can reduce operating costs and an industry’s
water footprint and, in some cases, provide better
water quality than the public water supply.
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Because of the interest in reuse for the food and
beverage industry, the International Life Sciences
Institute Research Foundation (ILSIRF) was requested
to develop guidelines for water recovery for multiple
uses in beverage production facilities. Many beverage
producers and food processors are experiencing
multiple pressures to find ways to minimize the total
volume of water they use in the production of product.
Producers need to secure adequate, predictable, and
sustainable supplies of water for all uses at reasonable
costs, and with efficient usage to maximize product
output. Reducing the “water footprint” of a facility that
is feeling these pressures allows for greater production
of product and less waste, as well as realizing possible
economic advantages, and possibly better relations
with local citizens and governments. Companies such
as Coca-Cola and PepsiCo are implementing practices
to improve their water use in their operations as further
described in case study examples of water recovery
practices at beverage processing facilities [US-GA-
Coca-Cola and US-NY-PepsiCo].

In response to this request, ILSIRF convened an
international expert committee to carry out the
guideline development process that has been
underway since the summer of 2011; the expected
completion and release date is the end of 2012.
Beverage production processes covered by these
guidelines include sodas, beer, juices, milk, and still or
carbonated waters. The technologies being considered
are typically used in current bottling or public drinking
water and applicable water reclamation (ILSIRF,
2012).

An award-winning example of integrated water reuse
and sustainable practices is represented in the 2011
WateReuse Association Project of the Year award to
PepsiCo/Frito-Lay Corporation Casa Grande, Ariz.,
facility [US-AZ-Frito Lay]. A new process water
recovery treatment plant eliminated the previous land
application system and currently recycles 75 percent
of plant process water, saving 100 million gallons of
water per year. Elimination of the land application site
allowed for the installation of 5 MW of solar
photovoltaic and Sterling dish technology, reducing
impact on the local power grid.

There are numerous water-demanding processes in
the food and beverage industry, in addition to the
potable water that may be incorporated into the
product. These include cleaning and sanitation, steam
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and hot water generation for processing, transport and
cleaning of food products, equipment cleaning,
container (bottles, cans, cartons, etc.) cleaning, can
and bottle conveyor belt lubrication, can and bottle
warming, and cooling. Water use for cleaning varies by
industry segment from 22 percent of water use in jam
production to 70 percent in the bakery segment (East
Bay Municipal Utility Division, 2008).

The transport of some food products, such as potatoes
and other canned goods, through the processing
facility may be accomplished via water flumes. While
conveyor systems with water sprays or counter-flow
wash systems are gaining in use as a water
conservation measure, flume water and spray water
from these processes are often collected and reused
following filtration and disinfection, if appropriate.
Conserving water through the use of dry cleaning
methods is often integrated with other water reuse
practices such as using internally recycled water from
equipment cleaning for other uses or for irrigation.
These practices can reduce operating costs and flows
to the wastewater treatment process.

Container cleaning (bottles, cans, kettles, other
containers) is performed both before and after the
filling process, as some overfill or spillage typically
occurs. Wash water can be filtered through
nanofiltration to recover both the sugars and product
for use as animal feed or for growing yeast, while the
cleaned water is available for additional reuse, such as
crate or pallet cleaning or conveyor lubrication. Water,
including reclaimed water, can be used for both
heating and cooling, with water as the heat transfer
medium. In canning, heating of cold ingredients after
can filling prevents formation of condensation on the
can and allows shorter drying cycles.

The Coca-Cola Company has developed and is
implementing its Rainmaker® beverage process water
recovery system for clean-in-place and bottle washing.
Following conventional treatment, the recovered water
is further treated using MBR ultrafiltration, RO,
ozonation, and UV disinfection. This process was
bench tested then implemented in facilities in
Ahmedabad, India, and Hermosillo, Mexico, with
reduction in water use up to 35 percent. Based on the
full-scale application, the Hermosillo facility has
approval to continue use of the Rainmaker® system,
and approval is anticipated in 2012 for Ahmedabad
(Gadson et al., 2012).
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Reuse and waste load reduction combined in a new
facility in Spartanburg, S.C., with expansion of New
United Resource Recovery Corporation, LLC.
(NURRC), a joint venture formed in 2007 between
Coca-Cola Company and United Resource Recovery
Corporation (URRC). NURRC recycles discarded
plastic beverage bottles and other food product
containers into NSF-certified reclaimed plastic for the
bottling and beverage industry. When proposing a ten-
fold expansion of its facility, NURRC realized that this
would also increase the wastewater load to the
Spartanburg Sanitary Sewer District (SSSD), with a
population equivalent load of 30,000 people and
concurrent increase in water use. A high-strength
treatment process relying on ultrafiltration and RO was
installed to produce reclaimed water with BOD less
than 1 mg/L and TDS less than 100 mg/L; the
reclaimed water is now used in multiple nonpotable
processes throughout the facility. On-site pre-
treatment of waste streams from the UF/RO process
has resulted in a reduction of the waste load to SSSD
to only 20 percent of the pre-expansion loads (Cooper
et al., 2011).

3.6 Groundwater Recharge —
Nonpotable Reuse

Groundwater recharge to aquifers not used for potable
water has been practiced for many years, but has
often been viewed as a disposal method for treated
wastewater effluent. In addition to providing a method
of treated effluent disposal, groundwater recharge of
reclaimed water can provide a number of other
benefits including

= Recovery of treated water for subsequent reuse
or discharge

= Recharge of adjacent surface streams

= Seasonal storage of treated water beneath the
site with seasonal recovery for agriculture

In many cases, groundwater can be recharged in a
manner that also utilizes the soil or aquifer system
where reclaimed water is applied as an additional
treatment step to improve the reclaimed water quality.
SAT, further discussed in Chapter 2, is particularly
attractive in dry areas in arid regions and studies in
Arizona, California, and Israel (Idelovich, 1981) have
demonstrated that the recovery of the treated water
may be suitable for unrestricted irrigation on many
types of crops. Additional discussion on groundwater
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recharge using land treatment and SAT are provided
in the 2006 Process Design Manual - Land Treatment
of Municipal Wastewater Effluents (EPA, 2006b) and
Chapter 2 of this document.

The Talking Water Gardens project in Oregon is a
case study example of a public-private partnership that
has helped Albany and Millersburg meet the newly
established temperature total maximum daily limits
(TMDL) for the Willamette River along with providing
ecological services including groundwater recharge.
The objective of the TMDL is to enhance the fish
passage through that area, protecting a threatened
salmonid species. The Talking Water Gardens serve
as the final treatment step for wastewater effluent
through natural hydrological processes in the
wetlands. The project includes 37 ac (15 ha) of
constructed wetlands that serve as an environmentally
beneficial alternative to more traditional wastewater
treatment methods. Project developers estimate that
the wetlands treatment alternative will provide
approximately 2.5 times more value in ecological
services than a conventional treatment alternative
when project attributes such as habitat disturbance,
groundwater recharge, and habitat diversity are
considered (EPA, n.d.).

3.7 Potable Reuse

In 1980, EPA sponsored a workshop on “Protocol
Development: Criteria and Standards for Potable
Reuse and Feasible Alternatives” (EPA, 1982). In the
Executive Summary of that document, the chairman of
the planning committee noted that “A repeated thesis
for the last 10 to 20 years has been that advanced
wastewater treatment provides a water of such high
quality that it should not be discharged but put to
further use. This thesis when joined to increasing
problems of water shortage, provides a realistic
atmosphere for considering the reuse of wastewater.
However, at this time, there is no way to determine the
acceptability of renovated wastewater for potable
purposes.” This demonstrates that more than 30 years
ago there was recognition of the importance of reuse
for potable purposes as well as acknowledgement that
what was known about the quality of the treated
wastewater was a limitation to this practice.

Since that time, a great deal has changed with respect
to our understanding of this concept. The 2012 NRC
report presents a brief summary of the nation’s recent
history in water use and shows that although reuse is

2012 Guidelines for Water Reuse



Chapter 3 | Types of Reuse Applications

not a panacea, the amount of wastewater discharged
to the environment is of such quantity that it could play
a significant role in the overall water resource picture
and complement other strategies, such as water
conservation (NRC, 2012). One of the most important
themes throughout the report is water reuse for
potable reuse applications, including a discussion of
both DPR and IPR and unplanned or de facto reuse.

Water reclamation for nonpotable applications is well
established, as discussed in the previous sections of
this chapter, with system designs and treatment
technologies that are generally well accepted by
communities, practitioners, and regulatory authorities.
The use of reclaimed water to augment potable water
supplies has significant potential for helping to meet
future needs, but planned potable water reuse only
accounts for a small fraction of the volume of water
currently being reused. However, if de facto (or
unplanned) water reuse is considered, potable reuse is
certainly significant to the nation’s current water supply
portfolio. The unplanned reuse of wastewater effluent
as a water supply is common, with some drinking
water treatment plants using waters from which a large
fraction originated as wastewater effluent from
upstream communities, especially under low-flow
conditions. Thus, the term de facto reuse will be used
to describe unplanned IPR, which has been identified
in the NRC report (2012), and is becoming recognized
by professionals and the general public. Examples of
de facto potable reuse abound, including such large
cities as Philadelphia, Nashville, Cincinnati, and New
Orleans, which draw their drinking water from the
Delaware, Cumberland, Ohio, and Mississippi Rivers,
respectively. These communities, and most others
using unplanned IPR sources, do provide their
customers with potable water from these rivers that
meet current drinking water regulations by virtue of the
drinking water treatment technologies used.

This practice of discharging treated wastewater
effluent to a natural environmental buffer, such as a
stream or aquifer, has historically been deemed as an
appropriate practice for IPR. However, research during
the past decade on the performance of several full-
scale advanced water treatment operations indicates
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that some engineered systems can perform equally
well or better than some existing environmental buffers
in attenuating contaminants, and the proper use of
indicators and surrogates in the design of reuse
systems offers the potential to address many concerns
regarding quality assurance. A number of these
planned IPR projects have been in use for many
years, demonstrating successful operation and
treatment.

Several examples of IPR and DPR projects are
summarized in Table 3-9 to illustrate that this practice
occurs worldwide at both very small and very large
scales. And there are countless other planned IPR
applications, where treated wastewater is deliberately
recharged to a groundwater aquifer using rapid
infiltration basins or injection wells, or to a drinking
water reservoir. Additional information for the
examples described in Table 3-9 are provided in case
studies; in addition to the case studies provided in the
table, more information on specific IPR projects in the
United States is available in case studies for
successful IPR projects [US-CA-Los Angeles County,
US-CA-San Diego, US-AZ-Prescott Valley, US-CA-
Vander Lans].

Implementation of technologies for increasingly higher
levels of treatment for many of these IPR projects has
led to questions about why reclaimed water would be
treated to produce water with higher quality than
drinking water standards, and then discharged to an
aquifer or lake. This realization has led to new interest
in DPR, utilizing the various multiple-barrier treatment
technologies. However, even with the numerous
successful IPR projects, such as cited in Table 3-9,
and technology advances, Windhoek, Namibia, was
the first city to implement long-term DPR without use
of an environmental buffer. This is an example of the
distinction between IPR and DPR: a reuse practice in
which purified municipal wastewater is introduced into
a water treatment plant intake (after treatment to at
least near drinking water quality) for the purposes of
this document, or directly into the water distribution
system after meeting drinking water standards which
has been proposed by others (Tchobanoglous et al.,
2011).
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Table 3-9 Overview of selected planned indirect and direct potable reuse installations worldwide (not intended to be a
complete survey)

Project
Capacity Description of Advanced System for
Country (mgd) Potable Reuse Case Study
. Reclaimed water is returned to the aquifer .
Belgium Wulpen 1.9 before being reused as a potable water source [Belgium-Recharge]
Banaalore Reclaimed water will be blended in the
India 9 36 reservoir, which is a major drinking water [India-Bangalore]
(planned)
source
Reclaimed water is blended with
Namibia Windhoek 5.5 conventionally-treated surface water for (NAS, 2012)
potable reuse
United States Big Spring, 3 Reclaimed water is blended with raw surface [US-TX-Big Spring]
Texas water for potable reuse
Upper . . . )
United States | Occoquan, 54 Re.c'a'F“Ed wgter IS blgnded in the reservoir, [US-VA-Occoquan]
Virgini which is a major drinking water source
irginia
United States Ora.nge.County, 20 Reclalmeq water is returned to the aquifer [US-CA-Orange County]
California before being reused as a potable water source
United Lanaford 10.5 Reclaimed water is returned upstream to a [United Kingdom-
Kingdom 9 ' river, which is the potable water source Langford]
. . Reclaimed water is blended in the reservaoir, .
Singapore Singapore 122 which is a major drinking water source [Singapore-NEWater]
South Africa Malahleni 42 Rgclglmed water from a mine is supplied as [S.outh Africa-eMalahleni
drinking water to the municipality Mine]

Source: Adapted from Von Sperling and Chernicharo (2002)

The rationale for DPR is based on the technical ability
to reliably produce purified water that meets all
drinking water standards and the need to secure
dependable water supplies in areas that have, or are
expected to have, limited and/or highly variable
sources. A unique DPR project has been successful
aboard the International Space Station [US-TX-NASA].
However, although reclaimed water can be treated to
meet all applicable standards, DPR still raises a
number of issues and requires a careful examination
of regulatory requirements, health concerns, project
management and operation, and public perception.
Many of these issues have been discussed in greater
detail with respect to how regulatory agencies and
utilities in California would pursue DPR as a viable
option in the future (Crook, 2010).

3.7.1 Planned Indirect Potable Reuse (IPR)

Planned IPR involves a proactive decision by a utility
to discharge or encourage discharge of reclaimed
water into surface water or groundwater supplies for
the specific purpose of augmenting the yield of the
supply. For the purposes of the discussion related to
planned IPR, it is useful to examine Figure 3-7, which
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provides a graphical representation of IPR with
specific examples. There are specific regulatory
programs that may be referenced for this practice, and
additional discussion on regulatory approaches to
planned IPR is provided in Section 4.5.2.10.

In either case, the decision to pursue planned IPR
typically involves the following factors.

= Limited availabilty and vyield of alternate
sources

= High cost of developing alternate water sources
= Conscious or unconscious public acceptance

= Confidence in, and some level of control over,
both advanced reclaimed water treatment
processes and water treatment processes

In some cases, the level of reclaimed water treatment
required to meet water quality standards is
considerable. The incentive to provide additional
treatment may be driven by regulations intent on
protecting water supplies but in most cases is also
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Figure 3-7
Planned IPR scenarios and examples

linked to benefits to the discharger or community in
increasing the yield of water supplies that they depend
on either directly or indirectly. While satisfying these
four factors may be necessary to pursue IPR, they are
not sufficient. Two specific components of these
factors typically control the viability of implementation.
First, even though existing water supplies may be of
limited availability and yield, the means via water
rights, permits, and storage contracts must exist to
reap the benefits of withdrawing the additional yield of
the augmented water supply. Second, public
acceptance of IPR is of paramount importance but
sometimes takes counterintuitive turns based on the
specifics of the project and the local community. The
following examples illustrate how these key
components can play out in project planning and
implementation.

An often-cited example of IPR is the UOSA discharge
into Occoquan Reservoir in Northern Virginia. In this
particular case, serious water quality issues were
caused by multiple small effluent discharges into the
reservoir. The Fairfax County Water Authority
withdraws water from the reservoir to meet the water
supply needs of a large portion of Northern Virginia. In
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Water Bodies

1971, the UOSA was formed to address the water
quality problem by the same local government entities
that relied on the reservoir for their water supply.
Therefore, these local governments, and by proxy their
residents, received the benefits of the investments of
additional wastewater treatment, satisfying the first key
component that their water supply was now both
protected and augmented. Regarding the second key
component, the improvements made a dramatic
improvement in the water quality of the reservoir that
was readily visible to the general public. Algae blooms,
foul odors, low DO for fish, etc., were addressed by
the regionalization and advanced treatment and
provided the public with a tangible example showing
improved water quality over past practices. See [US-
VA-Occoquan] for further information.

Another example is the Gwinnett County, Ga., where
treated effluent is discharged to Lake Lanier. Operated
by the USACE, Lake Lanier is formed by Buford Dam
on the Chattahoochee River north of Atlanta. Gwinnett
County, along with several other communities around
the lake, withdraws all of its water for potable supply
from Lake Lanier. Given the linkage between the water
withdrawal from the lake and the desire to return
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reclaimed water to the lake, the first key component
was satisfied by the issuance of a revised state
withdrawal permit and amended USACE storage
contract that provided credit for the water returned. In
this case, the key issue focused on permitting the
discharge and on the multiple administrative and legal
challenges identified by stakeholders with interest in
the lake. Because the focus of the stakeholders was
primarily lake quality, discharge limits were
significantly reduced from already-low proposed levels.
For example, the proposed 0.13 mg/L total
phosphorus limit based on detailed lake modeling was
eventually reduced through the legal and permitting
process to 0.08 mg/L using anti-degradation
regulations as the rationale. Interestingly, plaintiffs also
successfully pushed for the outfall to be closer to the
county’s raw water intake to ensure that the reclaimed
water discharge would be as reliable as possible.

In other example IPR projects, including San Diego
and Tampa, the issue of supply and demand was not a
significant concern, as the ability of the dischargers to
utilize the reclaimed water to augment their yields was
confirmed early in the planning process. However,
unlike Gwinnett County, the primary opposition to IPR
was related to the perceived health risks to the public
from drinking the treated drinking water from the
blended source. Public opposition of this type has
significantly delayed or tabled many IPR plans. In
many cases the opposition appears to be rooted, in
part, to the public’'s perception of the quality of the
existing water source and that it will be degraded by
the addition of reclaimed water. San Diego was able to
provide new educational communication materials to
the public and interest groups and is operating an IPR
demonstration facility to provide specific data for
permitting to augment the San Vicente Reservoir with
recycled water [US-CA-San Diego]. Additional
information on public information campaigns is
provided in Chapter 8.

3.7.2 Direct Potable Reuse (DPR)

To date, no regulations or criteria have been
developed or proposed specifically for DPR in the
United States. Past regulatory evaluations of this
practice generally have been deemed unacceptable
due to a lack of definitive information related to public
health protection. Still, the de facto reuse of treated
wastewater effluent as a water supply is common in
many of the nation's water systems, with some
drinking water treatment plants using water with a
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large fraction originating as wastewater effluent from
upstream communities, especially under low-flow
conditions (NRC, 2012). Considering that unplanned
reuse is already widely practiced, DPR may be a
reasonable option based on significant advances in
treatment technology and monitoring methodology in
the last decade and health effects data from IPR
projects and DPR demonstration facilities. For
example, the water quality and treatment performance
data generated at operational IPR projects such as
Montebello Forebay [US-CA-Los Angeles County]
(WRRF, 2011b), Water Factory 21/Orange County
Groundwater Replenishment Project [US-CA-Orange
County], Occoquan Reservoir [US-VA-Occoquan],
Scottsdale Water Campus, and El Paso Water Utility
Hueco Bolson augmentation indicate that the
advanced wastewater treatment processes in place in
these projects can meet the required purification level.
In addition to addressing the technical challenges of
potable reuse, these projects, as well as San Diego,
Calif., CA IPR Demonstration Project [US-CA-San
Diego] and Big Spring, Texas, direct blending project
[US-TX-Big Spring], demonstrate recent public
acceptance of these kinds of water supply projects.

3.7.2.1 Planning for DPR

A number of recent publications have focused on
identifying the role that DPR will have in the
management of water resources in the future
(Tchobanoglous et al., 2011; NRC, 2012; Crook, 2010;
Leverenz et al., 2011; Schroeder et al., 2012). For the
purposes of the discussion related to planned DPR in
this section, it is useful to examine Figure 3-8, which
provides a graphical representation of DPR, according
to the definitions provided in this document, with
specific examples.

As defined herein, DPR refers to the introduction of
purified water, derived from municipal wastewater after
extensive treatment and monitoring to assure that
strict water quality requirements are met at all times,
directly into a municipal water supply system. The
resultant purified water could be blended with source
water for further water treatment or could be used in
direct pipe-to-pipe blending, providing a significant
advantage of utilizing existing water distribution
infrastructure. Tchobanoglous et al. (2011) proposed a
general process flow for alternative potable reuse
strategies, which is the basis for Figure 3-8 and in
which two DPR options are available.
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Figure 3-8
Planned DPR and specific examples of implementation

In the first option, purified water is first placed in an
engineered storage buffer; from there, purified water is
blended with the water supply prior to water treatment.
In the second option, purified water, without the use of
an engineered storage buffer, can be blended back
into the distribution system for delivery to water users.
An in-depth discussion of implementation of these
options is provided by Tchobanoglous et al. (2011)
and Levernez et al. (2011), along with the concept and
role of the engineered storage buffer, which is a
mechanism for detention to provide response time for
any off-specification product water.

Multiple additional process configurations may be
available, such as the configuration in Big Spring,
Texas, where direct blending of highly-treated
reclaimed water with quality higher than drinking water
standards is provided in a raw, surface water
transmission main supplying six different community
surface water treatment plants. In this particular
project, the low TDS DPR water blends in the
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transmission main with significantly higher TDS lake
water, improving the blended source water quality [US-
TX-Big Spring].

In many parts of the world, DPR may be the most
economical and reliable method of meeting future
water supply needs. While DPR is still an emerging
practice, it should be evaluated in water management
planning, particularly for alternative solutions to meet
urban water supply requirements that are energy
intensive and ecologically unfavorable. This s
consistent with the established engineering practice of
selecting the highest quality source water available for
drinking water production. Specific examples of
energy-intensive or ecologically-challenging projects
include interbasin water transfer systems, which can
limit availability of local water sources for food
production, and source area ecosystems, which are
often impacted by reduced stream flow and
downstream water rights holders who could exercise
legal recourse to regain lost water. In some

3-31



Chapter 3 | Types of Reuse Applications

circumstances, in addition to the high energy cost
related to long-distance transmission of water, long
transmission systems could be subject to damage
from earthquakes, floods, and other natural and
human-made disasters. Desalination is another
practice for which DPR could serve as an alternative,
because energy requirements are comparatively large,
and brine disposal is a serious environmental issue.
By comparison, DPR using similar technology will
have relatively modest energy requirements and
provide a stable local source of water. It is important to
note, however, that DPR will not be a stand-alone
water supply. Therefore, in managing water supplies,
other local sources will need to be combined with DPR
to create reliable, robust, sustainable water supplies.

While the technical issues of DPR can be easily
addressed through advanced treatment, there lies the
significant task of developing public education and
outreach programs to achieve public acceptance of
this practice. The San Diego Phase Il demonstration
project is a key example of the level of effort that is
required to achieve support for DPR, with nearly half of
the project funding being dedicated to the purpose of
education and outreach [US-CA-San Diego].
Successful operation of the Orange County
Groundwater Replenishment Project for more than 3
years has accommodated innumerable tours and
hosted many national reporters with positive education
and feedback from most participants [US-CA-Orange
County].

3.7.2.2 Future Research Needs

There are several existing potable reuse projects in
the United States and abroad. Past research and
operational data from existing IPR facilities indicate
that available technology can reduce chemical and
microbial contaminants to levels comparable to or
lower than those present in many current drinking
water supplies. Notwithstanding the demonstrated
safety of using highly-treated reclaimed water for IPR,
there are areas of research that could further advance
the safety, reliability, and cost-effectiveness of IPR and
more clearly determine the acceptability of DPR as it
relates to public health protection. Other future
research needs may be related to new or alternative
treatment unit processes or treatment trains that are
proposed, regulatory requirements (e.g., constituent
limits, monitoring, and analytical techniques), public
acceptance, and other factors.
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The NRC report identified several key research needs
related to both nonpotable and potable reuse, which
are summarized below (NRC, 2012):

= Quantify the extent of de facto (unplanned)
potable reuse in the United States

= Address critical gaps in the understanding of
health impacts of human exposure to
constituents in reclaimed water

= Enhance methods for assessing the human
health effects of chemical mixtures and
unknowns

= Strengthen waterborne disease surveillance,
investigation methods, governmental response
infrastructure, and epidemiological research
tools and capacity

= Quantify the nonmonetized costs and benefits of
potable and nonpotable water reuse compared
with other water supply sources to enhance
water management decision-making

= Examine the public acceptability of engineered
multiple barriers compared with environmental
buffers for potable reuse

= Develop a better understanding of contaminant
attenuation in environmental buffers and
wetlands

= Develop a better understanding of the formation
of hazardous transformation products during
water treatment for reuse and ways to minimize
or remove them

= Develop a better understanding of pathogen
removal efficiencies and the variability of
performance in various unit processes and
multi-barrier treatment, and develop ways to
optimize these processes

= Quantify the relationship between polymerase
chain reaction detections and infectious
organisms in samples at intermediate and final
stages

= Develop improved techniques and data to
consider hazardous events or system failure in
risk assessment of water reuse
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= Identify better indicators and surrogates that can
be used to monitor process performance in
reuse scenarios and develop online real-time or
near real-time monitoring techniques for their
measurement

= Analyze the need for new reuse approaches
and technology in future water management
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CHAPTER 4
State Regulatory Programs for Water Reuse

This chapter presents an overview of the overarching
approach to developing a reuse program at the state
level, a regulatory framework outlining fundamental
components for states considering developing or
revising regulations, and a summary of which states
have regulations and guidelines governing reuse. This
chapter also provides a listing of the existing state
water reuse regulations or guidelines in 10 sample
states (Arizona, California, Florida, Hawaii, Nevada,
New Jersey, North Carolina, Texas, Virginia, and
Washington) for a comparison of approaches
governing different types of reuse applications. Finally,
the chapter provides suggested regulatory guidelines
for water reuse.

4.1 Reuse Program Framework

Since publication of the 2004 guidelines, several
states have developed state water reuse programs,
building on the examples of other states with well-
established water reuse programs, such as Florida,
California, Texas, and Arizona. Establishing an
effective state water reuse program involves a number
of complex factors beyond establishing guidelines or
regulations. There are 15 key elements to an effective
state water reuse program, as presented in Table 4-1.

4.2 Regulatory Framework

Reuse programs operate within a framework of
regulations that must be addressed in the earliest
stages of planning. A thorough understanding of all
applicable regulations is required to plan the most
effective design and operation of a water reuse
program and to streamline implementation. Currently,
there are no federal regulations directly governing
water reuse practices in the United States. In the
absence of federal standards and regulations, each
state may choose to adopt rules and develop
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programs for water reuse to meet its specific resource
needs, and to ensure that water reuse projects are
designed, constructed, and operated in a manner
protective of the environment, other beneficial uses,
and human health. Water reuse regulations and
guidelines have been developed by many states, as
described in Section 4.5. Regulations refer to actual
rules that have been enacted and are enforceable by
governmental agencies. Guidelines, on the other hand,
are generally not enforceable, but can be used in the
development of a reuse program. In some states,
however, guidelines are, by reference, included in the
regulations, and thus are enforceable. In addition to
providing treatment and water quality requirements,
comprehensive rules or guidelines also promote reuse
by providing the playing field for which projects must
comply. They provide the certainty that if a project
meets the requirements, it will be permitted.

Table 4-2 provides fundamental components of a
regulatory framework that states may want to consider
when developing or amending rules or regulations for
water reuse.

4.3 Relationship of State Regulatory
Programs for Water Reuse to Other
Regulatory Programs

States’ regulatory programs for water reuse must be
consistent with and, in some cases, function within the
limitations imposed by other federal and state laws,
regulations, rules, and policies. The following
subsections describe some of the more common laws
and regulations that can affect states’ regulatory
programs for water reuse. Laws, policies, rules, and
regulations that affect state water reuse regulatory
programs include water rights laws, water use, and
wastewater discharge regulations, as well as laws that
restrict land use and protect the environment.
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Table 4-1 Key elements of a water reuse program (Adapted from WateReuse Association, 2009)

| Factor | Description

1 Establish the objectives Objectives that encourage and promote reuse should be clear and concise.

2 Commit to the long run A water reuse program should be considered a permanent, high-priority program within the state.

3 Identify the lead agency or The lead agencies should be able to issue permits for the production, distribution, and use of the reclaimed water.

agencies These permits are issued under state authority and are separate from the federal requirements for wastewater
discharges to surface waters under the NPDES permit program. Preference to the lead agency determination should
be given to the public health agency since the intent of the use of reclaimed water is for public contact and/or
consumption following adequate and reliable treatment.

4 Identify water reuse leader | A knowledgeable and dedicated leader of the water reuse program who develops and maintains relationships with all
water programs and other agencies should be designated.

5 Enact needed legislation Initial legislation generally should be limited to a clear statement of the state objectives, a clear statement of
authorization for the program, and other authorizations needed for implementation of specific program components.
States also will want to review and evaluate existing state water law to determine what constraints, if any, it will
impose on water reuse and what statutory refinements may be needed.

6 Adopt and implement rules | With stakeholder involvement, a comprehensive and detailed set of reuse regulations or guidelines that are fully

or guidelines governing protective of environmental quality and public health should be developed and adopted in one location of the
water reuse regulations. Formal regulations are not a necessity—they may be difficult and costly to develop and change and
therefore overly rigid. Frameworks that have an ability to adapt to industry changes are most effective.

7 Be proactive The water reuse program leader should be visible within the state and water reuse community while permitting staff of
the lead agency must have a positive attitude in reviewing and permitting quality water reuse projects.

8 Develop and cultivate Partnerships between the agency responsible for permitting the reclaimed water facilities (usually the lead agency)

needed partnerships and the agency(ies) responsible for permitting water resources as well as the agency responsible for protection of
public health are critical. Other agency partnerships, such as with potential major users of reclaimed water such as
the department of transportation, are also helpful in fostering state-wide coordination and promotion of water
reclamation.

9 Ensure the safety of water Ensuring the protection of public health and safety can be accomplished by placing reliance on production of high-

reuse quality reclaimed water with minimal end use controls, or allowing lower levels of treatment with additional controls on
the use of reclaimed water (setback distances, time of day restrictions, limits on types of use, etc.), or by a
combination of both types of regulations. A formal reliability assessment to assure a minimum level or redundancy
and reliability to review and detail operating standards, maintainability, critical operating conditions, spare parts
requirements and availability, and other issues that affect the ability of the plant to continuously produce reclaimed
water. A critical component to ensuring the safety of reclaimed water for public access and contact-type reuse is
defining requirements for achieving a high level of disinfection and the monitoring program necessary to ensure
compliance (this is described further in Chapter 6).
10 | Develop specific program Program components are going to differ from state to state and maturity of the reuse program.
components
11 | Focus on quality, integrity, Not only should the reclaimed water utilities implement high-quality reuse systems that are operated effectively, but
and service the lead agency should also model this commitment to quality and prompt service to the regulated and general public
regarding reuse inquiries and permitting issues. In effect, the lead agency should focus on building same level of trust
public potable water systems develop and re-establish daily.

12 | Be consistent A comprehensive and detailed set of state regulations, as well as having a lead reuse role, help keep the permitting of
reuse systems consistent. If there are multiple branches around the state involved in permitting, training and other
measures of retaining consistency must be taken.

13 | Promote a water reuse The lead agency should be proactive in developing and maintaining the state’s water reuse community—reuse

community utilities, consulting engineers, state agencies, water managers, health departments, universities, researchers, users of
reclaimed water, and others—in an effort to disseminate information and obtain feedback related to possible
impediments, issues, and future needs. Active participation in the national and local reuse organizations is valuable.

14 | Maintain a reuse inventory Maintenance of a periodical (e.g., annual) reuse inventory is essential in tracking success of a state’s water reuse
program. Facilities in Florida that provide reclaimed water are required by their permits to submit an annual reuse
report form every year. That data not only is used in the states annual reuse inventory report and reuse statistics but
is also shared with the WateReuse Association’s National Reuse Database.

15 | Address cross-connection Coordination and joint activity between agencies and within agencies (drinking water program, wastewater program,

control issues

water reuse program, etc.) must be taken to address cross-connection control issues (this is described further in
Chapter 2).

4-2
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Table 4-2 Fundamental components of a water reuse regulatory framework for states

Category

Purpose and/or goal

Comment

= Frame the state's purpose for developing the rule or regulation (e.g., to satisfy a need or fulfill a statutory requirement), and
describe the ultimate vision for the water reuse program. The process to authorize, develop, and implement rules or

statement changes to rules is time consuming and costly. After adoption, rules are difficult to change, which limits the ability to
accommodate new technologies and information.
Definitions = Define type of use and other water reuse-related terms used within the body of the rule or regulation.

Scope and applicability

= Define the scope and applicability of the rules or regulations that delineates what facilities, systems, and activities are

subject to the requirements of the rules or regulations.

= Include grandfathering or transitioning provisions for existing facilities, systems, or activities not regulated prior to the

adoption of the rules or regulations.

Exclusions and

= Describe facilities, systems and activities that are 1) not subject to the requirements of the rules or regulations, and 2)

prohibitions specifically prohibited by the rules or regulations.
= Describe procedures for variances to design, construction, operation, and/or maintenance requirements of the regulation for
hardships that outweigh the benefit of a project, and the variance, if granted, would not adversely impact human health,
other beneficial uses, or the environment. These variance procedures give regulators flexibility to consider projects that may
Variances deviate only minimally from the requirements with no significant adverse impact or opportunities that are not anticipated

during initial development of a regulation. Since variances need to be based on sound, justifiable reasons for change,
regulatory programs should develop guidance on how to develop adequate justification that can be relied upon as
precedence setting for future regulatory decisions and actions.

Permitting requirements

= Describe the permitting framework for water reuse. Indicate whether the water reuse rule or regulation will serve as the

permitting mechanism for water reuse projects or identify other regulations through which the water reuse rule or regulation
will be implemented and projects permitted.

= Describe if or how end users of reclaimed water will be permitted, and rights of end user to refuse reclaimed water if not

demanded.

= Describe permit application requirements and procedures. Specify all information that the applicant must provide in order to

appropriately evaluate and permit the water reuse projects.

Define or refine control
and access to reclaimed
water

= Determine the rights to and limits of access and control over reclaimed water for subsequent use and the relationship

between the underlying water right, wastewater collection system ownership, reclamation plant ownership, and downstream
water users who have demonstrated good-faith reliance on the return of the wastewater effluent into a receiving stream
within the limits and requirements of the state’s water rights statutory and regulatory requirements.

Relationship to other
rules

= Describe relationship between water reuse rule or regulation and, for example, water and wastewater regulations,

environmental flow requirements, solid waste or hazardous waste rules, groundwater protection, required water
management plans, and relevant health and safety codes for housing, plumbing, and building.

Relationship to = |dentify regulatory or non-regulatory stakeholders from various sectors (e.g., water, wastewater, housing, planning,
stakeholders irrigation, parks, ecology, public health, etc.) that have a role or duty in the statewide reuse program.
Relationship to

regulations or guidelines
for uses of other non-
conventional water
sources

= Describe other rules or regulations that exist for graywater recycle and stormwater or rainwater harvesting and use.
= Some states may choose to develop a more comprehensive approach that encompasses rules or regulations for all non-

conventional water sources, including water reuse, within one set of rules or regulations.

= See Tables 4-6 to 4-15 for standards that are either defined by end use or by degree of human contact.
= Include a provision to evaluate and allow standards to be developed on a case-by-case basis for less common uses of

Reclaimed water reclaimed water that are not listed.
standards = Require points of compliance to be established to verify compliance with standards.
= Describe response and corrective action for occurrence of substandard reclaimed water (a component of the Contingency
Plan, below).
:ggatgﬁqrgnt; chnology = In addition to reclaimed water standards, some states specify treatment technologies for specific reuse applications.

Monitoring requirements

= Describe methods and frequency for monitoring all standards listed in the rules or regulations.

Criteria or standards for
design, siting, and
construction

= Describe criteria or standards of engineering design, siting, and construction for water reuse facilities and systems that

typically include, but are not limited to, facilities or systems to treat/reclaim, distribute, and store water for reuse.

= Develop requirements for dual plumbed distributions systems (separate distribution of potable and nonpotable water) that

are co-located.

= Describe requirements for the transfer of reclaimed water and its alternative disposal if unsuitable or not required by target

user (e.g., during wet seasons).
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Table 4-2 Fundamental components of a water reuse regulatory framework for states (cont.)

Category ‘ Comment

Construction requirements = Describe requirements for engineering reports, pilot studies, and certificates required to construct and to operate.
Operations and maintenance = Describe minimum requirements for the submission and content of O&M manual. The scope and content of an
(0&M) 0&M manual will be determined by the type and complexity of the system(s) described by the manual.

= Where facilities or systems with inputs from significant industrial users are proposing to generate reclaimed water
suitable for human contact or potable reuse, describe programs that must be implemented to manage pollutant of
concern from significant industrial users.

Management of pollutants from = Pretreatment programs of combined publicly owned treatment works and reclamation systems may satisfy program

significant industrial users as requirements.

source water protection = Develop program requirements for satellite reclamation systems also affected by inputs from significant industrial
users.

= Such pretreatment programs should develop discharge limits that are intended to protect source water, rather than
wastewater treatment and sewer system integrity.

= Describe requirements to control access to sites where reclaimed water will be generated, or in some cases, stored

or utilized.
Access control and use area = Describe requirements for advisory sign placement, message, and size.
requirements = Describe requirements for proper use of reclaimed water by end users to ensure protection of the environment and

etc.).

human health (.e.g., setbacks, physical barriers or practices to prevent reclaimed water from leaving the site of use,

Education and notification

= Include requirements for generators or providers of reclaimed water to educate end users of appropriate handling
and use of the water, and to provide notification to end users regarding the discharges of substandard water to
reuse and loss of service for planned or unplanned cause.

Operational flow requirements capacity as needed.

= Requirements for maintaining flow within design capacity of treatment system or planning for additional treatment

= Include a requirement for a contingency plan that describes how system failures, unauthorized discharges, or

Contingency plan upsets will be remedied or addressed.
. = Describe what operating records must be maintained, the location where they are retained, and the minimum
Recordkeeping - .
period of retention.
Reporting = Describe what items must be reported, the frequency of reporting, and to whom they are reported.
I = Requirements on public notice, involvement, and decision-making. This will apply where the water reuse rule or
Stakeholder participation S . ) .
regulation is used as the vehicle to permit water reuse projects.
Financial assistance = Describe state, local, or federal funding or financing sources.

4.3.1 Water Rights

Water reuse regulatory programs must work within the
prevailing water rights laws of the state. Each state in
the United States was granted ownership and control
over all waters within their boundaries at statehood.
“Water rights” provide the legal right for an entity to
divert, capture, and use water within the boundaries of
each individual state. In the United States, there are
two main approaches to water rights law—
appropriative doctrines (common in historically water-
scarce areas) and riparian doctrines (common in
historically water-abundant areas). Appropriative water
rights are assigned or delegated to consumers,
generally based on seniority of which users laid first
claim to that water and not from the property's
proximity to the water source. In contrast, riparian
water rights are based on the proximity to water and
are acquired by the purchase of the land. In the West,
reuse can be the target of legal challenges, depending

on how the local system of water rights regards the
use and return of reclaimed water.

Access to or control over reclaimed water, like formal
water rights, is unigue to each individual state. Some
states manage access to and use of reclaimed water
under their water rights permitting program; others, like
the state of Washington, incorporate this management
directly with the reclaimed water permit. In this
instance, the use of reclaimed water is not granted a
separate and new water rights certificate or license,
although the use of the reclaimed water cannot harm
or impair existing rights that can demonstrate
dependence on the return flows.

While most owners of water reclamation facilities
generally have first rights to the use of the reclaimed
water, there are scenarios where the facility is
obligated to discharge effluents to receiving water
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bodies rather than using the reclaimed water for other
beneficial uses. These scenarios include: 1) where
reduction in effluent discharge flows could be
challenged by downstream users, 2) where laws
require that place-of-use be located within the
watershed from which the water was originally drawn
(in the case that reclaimed water might be distributed
outside the watershed), 3) where “beneficial uses” of
higher priority can make a claim for the reclaimed
water (over, for example, industrial reuse), or 4) where
reductions in water withdrawals from water supply
because of reclamation might change customer rights
or allocations in future periods of shortage (where
rights or allocations are based on historic usage).

The most significant constraint affecting use of
reclaimed water is the need to assure minimum
instream flows sufficient to protect aquatic habitat. This
is especially necessary in locations where instream
flows are necessary to protect the habitat of
threatened and endangered fisheries. There are also
cases where federal water laws may affect or
supersede state regulatory programs for water reuse,
particularly where water reuse would impact
international boundaries (e.g., the Great Lakes, the
Tijuana River, the Colorado River), Native American
water rights, multiple states with a claim on limited
water supplies, water rights on federal property (or on
non-reserved lands), instream flow requirements to
support threatened and endangered fisheries under
the Endangered Species Act (ESA), and other federal
reserved water rights. Additional information is
available in the 2004 EPA Guidelines for Water Reuse
Chapter 5 and Potential for Expanding the Nation’s
Water Supply Through Reuse of Municipal
Wastewater Chapter 10 (EPA, 2004 and NRC, 2012).

4.3.2 Water Supply and Use Regulations

Federal, state, and local entities may set standards for
how water may be used as a condition for supply, and
these standards can include water use restrictions,
water efficiency goals, or water supply reductions.
Some of these include criteria for substitution and
offset credits associated with use of reclaimed water,
and the resulting benefit to the utility provider.

Water use restrictions may serve to promote reuse
when water users are required to use potable or
reclaimed water for only certain uses under specific
conditions. Penalties or consequences for non-
compliance may include disconnection of service,
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fees, fines, or jail time for major infractions. However,
other regulations designed to protect water customers
from service termination may mitigate or neutralize
such penalties. There are generally provisions to allow
prohibited or “unreasonable” uses of potable water
when reclaimed water is unavailable, unsuitable for a
specific use, uneconomical, or would cause negative
environmental impacts. An example of California’s
statutory mandate to utilize reclaimed water is
provided in Chapter 5 of the 2004 guidelines.

Mandatory or voluntary water efficiency goals may be
promulgated as part of a holistic water management
program, often stimulated by public outreach
campaigns and incentives. Mandatory goals may carry
penalties as described above for water use
restrictions. State-wide efficiency requirements may
include incentives for localities to meet targets as a
prerequisite for grants, loans, allocations, or other
benefits. Water reuse may qualify or be required as
water efficiency measures such as allowed under
Washington State Department of Health’'s Water Use
Efficiency program. Water efficiency is discussed
further in Chapter 2.

Water supply reductions are most often imposed
during periods of drought and can trigger the
invocation of seniority-based water allocations that can
result in reduced allocations for those with more junior
rights. Water agencies may adopt tiered pricing and
allocation strategies. Water shortages often provide an
opportunity to increase public awareness of the costs
associated with water supply and may provide a
powerful basis to develop a state regulatory program
for water reuse, particularly where other methods to
augment supply are more costly or have been
exhausted.

4.3.3 Wastewater Regulations and Related
Environmental Regulations

Both the federal government and state agencies
exercise jurisdiction over the quality and quantity of
wastewater discharge into public waterways of the
United States. The primary authority for the regulation
of wastewater is the Federal Water Pollution Control
Act, commonly referred to as the Clean Water Act
(Public Law 92-500). The 1972 CWA assigned the
federal government and states specific responsibilities
for water quality management designed to make all
surface waters “fishable and swimmable.” The CWA
requires states to set water quality standards, thus
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establishing the right to control pollution from WWTPs,
as long as such regulations are at least as stringent as
federal rules. Major objectives of the CWA are to
eliminate all pollutant discharges into navigable
waters, stop discharges of toxic pollutants in toxic
amounts, develop waste treatment management plans
to control sources of pollutants, and to encourage (but
not require) water reclamation and reuse through
delegation agreements. Primary jurisdiction under the
CWA is with EPA, but in most states many provisions
of the CWA are administered and enforced by the
state water pollution control agencies.

Wastewater discharge regulations mostly address
treated effluent quality, but can indirectly restrict the
quantity of effluent discharged to a receiving body by
limiting the pollutant loads resulting from the
discharge. Treated wastewater discharge permits are
issued pursuant to the NPDES program under the
CWA. In addition to limits on the concentration of
specific contaminants, discharge permits may also
include limits on the total mass of a pollutant
discharged to the receiving stream—known as TMDL
limits—and on the quality of the water in the receiving
stream itself (e.g., minimum DO limits). For reuses that
involve a discharge to surface waters, such as IPR or
stream augmentation, states may choose to regulate
them through the NPDES permit program. In this case,
the discharge for the reuse would need to comply, at a
minimum, with state surface water quality standards
and any TMDLs that would apply to the particular
receiving water. Though not specifically addressed,
water reuse is encouraged by the CWA.

Discharged water quantity may also be regulated
locally by terms of the ESA or specific water rights law
as described in Section 4.3.1. The ESA has been
applied to require water users to maintain minimum
flows in western rivers to protect the habitat of various
species of fish whose survival is threatened by
increases in water demand. Such regulations may be
continuous or seasonal, and may or may not
correspond to periods associated with reclaimed water
demand as required by the NPDES permit. To ensure
compliance with the ESA, state regulatory programs
for water reuse should establish a process by which
projects that will divert all or a portion of a wastewater
treatment facility's effluent from a surface water
discharge to consumptive reuse will be coordinated
with appropriate federal (i.e., U.S. Fish & Wildlife
Service) and state agencies. Consumptive reuse
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refers to reuse that does not return wastewater back to
the wastewater treatment facility or reclamation
system from which it received reclaimed water.

4.3.4 Drinking Water Source Protection

Where reclaimed water may impact drinking water
sources, the SDWA comes into play. The SDWA is the
main federal law that ensures the quality of Americans'
drinking water. Under SDWA, EPA sets national
health-based standards, or MCLs, for drinking water
quality and oversees the states, localities, and water
suppliers that implement those standards. SDWA was
originally passed by Congress in 1974 and amended
in 1986 and 1996. While the original law focused
primarily on treatment standards, the 1996
amendments greatly enhanced the existing law by
setting requirements for source water protection. The
SDWA'’s Source Water Assessment program requires
each state to conduct an assessment of its sources of
drinking water (rivers, lakes, reservoirs, springs, and
groundwater wells) to identify significant potential
sources of water quality contamination. State
regulatory programs for water reuse must be
compatible and consistent with federal and state
SDWA regulatory programs to ensure the protection of
drinking water sources (surface and ground).

4.3.5 Land Use

Several western states have adopted laws that require
new developments to adopt sustainable water
management plans, which may encourage water reuse
[US-AZ-Sierra Vista]. In chronically water-short or
environmentally-sensitive areas, use of reclaimed
water may even be a prerequisite for new
developments.

4.4 Suggested Regulatory Guidelines
for Water Reuse Categories

As defined in Chapter 1, water reuse for the purposes
of these guidelines refers to the use of treated
municipal wastewater (reclaimed water). Many states
have rules, regulations or guidelines for a wide range
of reclaimed water end uses (or reuses), and prescribe
different requirements for different reuses. This
subsection examines categories of water reuses and
suggested regulatory guideline for the water reuses in
these categories.
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4.4.1 Water Reuse Categories

For the purposes of this chapter, the most common
water reuses regulated by states have been
inventoried and divided into water reuse categories as
described in Table 4-3. Minimum suggested regulatory
guidelines are presented in Table 4-4. Although reuse
categories and their descriptions included in an
individual state, territory, or tribe’s rules, regulations or
guidelines may differ from the reuse categories and
descriptions presented in Table 4-3, the purpose of
the information provided therein is to facilitate the
comparison of existing rules, regulations and
guidelines adopted by states, territories, and tribes and
suggest minimum regulatory guidelines using common
categories.

4.4.2 Suggested Regulatory Guidelines

Table 4-4 presents suggested treatment processes,
reclaimed water quality, monitoring frequency, and
setback distances for water reuses in various
categories. These guidelines apply to domestic
wastewater from municipal or other wastewater
treatment facilities having a limited input of industrial
waste. The suggested regulatory guidelines are
predicated principally on water reclamation and reuse
information from the United States and are intended to
apply to reclamation and reuse facilities in the United
States. These guidelines may also be used by tribal
nations in establishing water reuse programs. Local
social, economic, regulatory, technological, and other
conditions may limit the applicability of these
guidelines in some countries (see Chapter 9).

2012 Guidelines for Water Reuse

4.4.3 Rationale for Suggested Regulatory
Guidelines

The rationale for the suggested treatment processes,
reclaimed water quality, monitoring frequency, and
setback distances in porous media is based on:

= Water reuse experience in the United States
and elsewhere

= Research and pilot plant or demonstration study
data

=  Technical material from the literature

= Various states’ reuse rules, regulations, policies,
or guidelines

= Attainability
= Sound engineering practice
= Use with a multiple barrier approach

These guidelines are not intended to be used as
definitive water reclamation and reuse criteria. They
are intended to provide reasonable guidance for water
reuse opportunities, particularly in states that have not
developed their own criteria or guidelines.

Adverse health consequences associated with the use
of raw or improperly treated wastewater are well
documented. As a consequence, water reuse
regulations and guidelines are principally directed at
public health protection and generally are based on
the control of pathogenic microorganisms for
nonpotable reuse applications and control of both
health-significant  microorganisms and chemical
contaminants for IPR applications.
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Table 4-3 Water reuse categories and number of states with rules, regulations or guidelines addressing these reuse
categories

Number of States
or Territories with
Rules,

Regulations, or
Guidelines

Addressing
Category of reuse Description Reuse Category

The use of reclaimed water for nonpotable applications
Unrestricted in municipal settings where public access is not 32
restricted

Urban Reuse . o
The use of reclaimed water for nonpotable applications

in municipal settings where public access is controlled or

Restricted restricted by physical or institutional barriers, such as 40
fencing, advisory signage, or temporal access restriction
Food Crops _The use of reclaimed water to irrigate food crops that are 27
intended for human consumption
Agricultural
Reuse Processed Food The use of reclaimed water to irrigate crops that are
Crops and Non-food | either processed before human consumption or not 43
Crops consumed by humans
The use of reclaimed water in an impoundment in which
Unrestricted no I|m|t_at|ons are imposed on body-conta_ct water _ 13
recreation activities (some states categorize snowmaking
in this catego
Impoundments gory)

The use of reclaimed water in an impoundment where
Restricted body contact is restricted (some states include fishing 17
and boating in this category)

The use of reclaimed water to create, enhance, sustain,
Environmental Reuse or augment water bodies, including wetlands, aquatic 17
habitats, or stream flow

The use of reclaimed water in industrial applications and

Industrial Reuse facilities, power production, and extraction of fossil fuels 31
Groundwater Recharge — Nonpotable The use of reclaimed water to recharge aquifers that are 16
Reuse not used as a potable water source
Augmentation of a drinking water source (surface or
Indirect Potable groundwater) with reclaimed water followed by an 9
Reuse (IPR) environmental buffer that precedes normal drinking water
treatment
Potable Reuse
The introduction of reclaimed water (with or without
Direct Potable retention in an engineered storage buffer) directly into a 0
Reuse (DPR) water treatment plant, either collocated or remote from
the advanced wastewater treatment system

! Individual state reuse programs often incorporate different terminology so the reader should exercise caution in comparing
the categories in these tables directly to state regulatory definitions
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Table 4-4 Suggested guidelines for water reuse
Reuse Category and

Description Treatment Reclaimed Water Quality 2 Reclaimed Water Monitoring Setback Distances * Comments

Urban Reuse

At controlled-access irrigation sites where design and operational measures significantly reduce the potential of
public contact with reclaimed water, a lower level of treatment, e.g., secondary treatment and disinfection to achieve
< 14 fecal coli/100 ml may be appropriate.

Chemical (coagulant and/or polymer) addition prior to filtration may be necessary to meet water quality

Unrestricted " PH=60-90 * pH - weekly recommendations
; ; . (4) s < (@) . - . . . : .
The use of reclaimed waterin Secondary < 10 mgl BOD BOD - weekly 50 ft (15 m) to potable water supply wells; = The reclaimed water should not contain measurable levels of pathogens. (2
nonpotable applications in municipal = Filtration® = <2NTU® = Turbidity - continuous increased to 100 ft (30 m) when located in = Reclaimed water should be clear and odorless
settings where public access is not = Disinfection® = No detectable fecal coliform /100 ml (.10 = Fecal coliform - daily porous media (19) « Higher chlori idual andior a | - b hat vi d .
restricted = 1 mgl CI2 residual (min.) (9 « CI2 residual - confinuous Higher chlorine residual and/or a longer contact time may be necessary to assure that viruses and parasites are
' ' inactivated or destroyed.
= Chlorine residual > 0.5 mg/l in the distribution system is recommended to reduce odors, slime, and bacterial
regrowth.
= See Section 3.4.3 in the 2004 guidelines for recommended treatment reliability requirements.
Restricted
The use of reclaimed waterin = pH=6.0-9.0 = pH - weekly = If spray irrigation, TSS less than 30 mg/l may be necessary to avoid clogging of sprinkler heads.
”OEPOtaM‘; appllcglt_lons in municipal - Secondary @ = <30mg/lBOD ™ = BOD - weekly = 300 ft (90 m) to potable water supply wells = See Section 3.4.3 in the 2004 guidelines for recommended treatment reliability requirements.
ignlt?(?lfe\(,jv o?rr?sgtliictlg dagces; Issical o | ?90? ary o = <30 mg/l TSS = TSS - daily = 100 ft (30 m) to areas accessible to the = For use in construction activities including soil compaction, dust control, washing aggregate, making concrete,
institutional barriers suc)rlm gsyfencin Disinfection = <200 fecal coliform /100 ml (.13.14) = Fecal coliform - daily public (if spray irrigation) worker contact with reclaimed water should be minimized and a higher level of disinfection (e.g. < 14 fecal coli/200
advisory signage 0; temporal accesg.ls’ = 1 mg/l CI2 residual (min.) D = CI2 residual — continuous ml) should be provided when frequent worker contact with reclaimed water is likely.
restriction
Agricultural Reuse
= See Table 3-5 for other recommended chemical constituent limits for irrigation.
= Chemical (coagulant and/or polymer) addition prior to filtration may be necessary to meet water quali
Food Crops %5 - pH=60-00 - pH - weekly e (i ST R e A e A
Th? -2 ) ey vyaterff?r d . S_ecopdar()s/)(4> i i L0 mg/l(Bl)BOD 0 * BOD - weekly = 50t (15 m) to potable water supply wells; = The reclaimed water should not contain measurable levels of pathogens. (12)
surface or spray irrigation of foo . F|_|tfat|on_ = <2NTU _ . Turbldlty_- continuous increased to 188 ft (30 m) when located in = Higher chlorine residual and/or a longer contact time may be necessary to assure that viruses and parasites are
crops which are intended for human | = Disinfection ©) = No detectable fecal coliform/100 ml ©.10 = Fecal coliform - daily porous media inactivated or destroyed.
consumption, consumed raw. * 1 mg/l Cl; residual (min.) * Clz residual -~ continuous = High nutrient levels may adversely affect some crops during certain growth stages.
= See Section 3.4.3 in the 2004 guidelines for recommended treatment reliability requirements.
Processed Food Crops 15
The use of reclaimed water for
surface irrigation of food crops which
are mtenqled for human consumption, _ = See Table 3-5 for other recommended chemical constituent limits for irrigation.
commercially processed. = pH=6.0-9.0 = pH - weekly i L . . .
. 7 . = |f spray irrigation, TSS less than 30 mg/l may be necessary to avoid clogging of sprinkler heads.
@ <30 mg/l BOD ( = BOD - weekly 300 ft (90 m) to potable water supply wells . . . .
= Secondary X . = High nutrient levels may adversely affect some crops during certain growth stages.
Non-Eood Crops . iy = <30 mg/l TSS = TSS - daily = 100 ft (30 m) to areas accessible to the . . A N .
D = Disinfection © « <200 fecal coli/100 ml 64314  Fecal coli dai public (if spray irrigation) = See Section 3.4.3 in the 2004 guidelines for recommended treatment reliability requirements.
The use of rec|a|med. water for . Im 11 CI2 residual (min.) @0 eca 90 trorm - a,' y = Milking animals should be prohibited from grazing for 15 days after irrigation ceases. A higher level of disinfection,
irrigation of crops which are not 9 : * Clz residual - continuous e.g., to achieve < 14 fecal coli/100 ml, should be provided if this waiting period is not adhered to.

consumed by humans, including
fodder, fiber, and seed crops, or to
irrigate pasture land, commercial
nurseries, and sod farms.
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Table 4-4 Suggested guidelines for water reuse
Reuse Category and

Description Treatment Reclaimed Water Quality 2 Reclaimed Water Monitoring Setback Distances * Comments
Impoundments
= Dechlorination may be necessary to protect aquatic species of flora and fauna.
= Reclaimed water should be non-irritating to skin and eyes.
= Reclaimed water should be clear and odorless.
. = pH=6.0-9.0 " pH - . i i ini )
Unrestricted = Secondary ® E o pH — weekly Nutne_nt removal may be necessary to avc_n_d algge growth m impoundments .
s . ot (5) = <10 mg/l BOD = BOD - weekly « 500 ft (150 m) o potable wat v well = Chemical (coagulant and/or polymer) addition prior to filtration may be necessary to meet water quality
The use of reclaimed water in an = Filtration . <INTU® (150 m) to potable water supply wells recommendations.

impoundment in which no limitations
are imposed on body-contact.

= Disinfection ©)

No detectable fecal coliform/100 mi ©.10
1 mg/l CI2 residual (min.) @

= Turbidity — continuous
= Fecal coliform - daily
= Cl2 residual - continuous

(min.) if bottom not sealed

= Reclaimed water should not contain measurable levels of pathogens. (2

= Higher chlorine residual and/or a longer contact time may be necessary to assure that viruses and parasites are
inactivated or destroyed.

= Fish caught in impoundments can be consumed.

= See Section 3.4.3 in the 2004 guidelines for recommended treatment reliability requirements.

Restricted

The use of reclaimed water in an
impoundment where body-contact is
restricted.

= Secondary ¢
= Disinfection ©

<30mg/lBOD ™

<30 mg/l TSS

< 200 fecal coliform/100 m| (613, 14)
1 mg/l Clz residual (min.) %)

= pH - weekly

= TSS - daily

= Fecal coliform - daily

= Clz residual - continuous

= 500 ft (150 m) to potable water supply wells
(min.) if bottom not sealed

= Nutrient removal may be necessary to avoid algae growth in impoundments.
= Dechlorination may be necessary to protect aquatic species of flora and fauna.
= See Section 3.4.3 in the 2004 guidelines for recommended treatment reliability requirements.

Environmental Reuse

Environmental Reuse

The use of reclaimed water to create
wetlands, enhance natural wetlands,
or sustain stream flows.

= Variable

= Secondary “ and
disinfection © (min.)

Variable, but not to exceed:

= <30 mg/l BOD ()

= <30 mg/l TSS

= <200 fecal coliform/100 ml (913.14)
= 1 mg/l Cl residual (min.) @

= BOD - weekly

= SS - daily

= Fecal coliform - daily

= Cl2 residual — continuous

= Dechlorination may be necessary to protect aquatic species of flora and fauna.

= Possible effects on groundwater should be evaluated.

= Receiving water quality requirements may necessitate additional treatment.

= Temperature of the reclaimed water should not adversely affect ecosystem.

= See Section 3.4.3 in the 2004 guidelines for recommended treatment reliability requirements.

Industrial Reuse

Once-through Cooling

= Secondary ¢

= pH=6.0-9.0

<30mg/lBOD ™

<30 mg/I TSS

< 200 fecal coliform/100 ml ©:13.14)
1 mg/l Cl2 residual (min.)

Recirculating Cooling Towers

= Secondary ¢

= Disinfection ©
(chemical coagulation
and filtration ®) may be
needed)

Variable, depends on recirculation ratio:
= pH=6.0-9.0

<30mg/lBOD ™

= <30 mg/l TSS

= <200 fecal coliform/100 ml (©13.14)

1 mg/l Clz residual (min.)

= pH - weekly

= BOD - weekly

= TSS - weekly

= Fecal coliform - daily

= Clz residual — continuous

= 300 ft (90 m) to areas accessible to the
public

= Windblown spray should not reach areas accessible to workers or the public.

= 300 ft (90 m) to areas accessible to the
public. May be reduced if high level of
disinfection is provided.

= Windblown spray should not reach areas accessible to workers or the public.

= Additional treatment by user is usually provided to prevent scaling, corrosion, biological growths, fouling and
foaming.

= See Section 3.4.3 in the 2004 guidelines for recommended treatment reliability requirements.

Other Industrial uses - e.g. boiler feed, equipment washdown, processing, power generation, and in the oil and natural gas production market (including hydraulic fracturing) have requirements that depends on site specific end use (See Chapter 3)

Groundwater Recharge — Nonpotable Reuse

The use of reclaimed water to
recharge aquifers which are not used
as a potable drinking water source.

= Site specific and use
dependent

= Primary (min.) for
spreading

= Secondary @ (min.) for
injection

= Site specific and use dependent

= Depends on treatment and use

= Site specific

= Facility should be designed to ensure that no reclaimed water reaches potable water supply aquifers.
= See Chapter 3 of this document and Section 2.5 of the 2004 guidelines for more information.

= For injection projects, filtration and disinfection may be needed to prevent clogging.

= For spreading projects, secondary treatment may be needed to prevent clogging.

= See Section 3.4.3 in the 2004 guidelines for recommended treatment reliability requirements.
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Table 4-4 Suggested guidelines for water reuse

Reuse Category and
Description

Treatment

Reclaimed Water Quality

Reclaimed Water Monitoring

Setback Distances °

Comments

Indirect Potable Reuse

Groundwater Recharge by
Spreading into Potable

Aquifers

= Secondary ¢

* Filtration ©

= Disinfection ©

= Soil aquifer treatment

Includes, but not limited to, the following:
= No detectable total coliform/100 ml ¢©.10)
* 1 mg/l Cl2 residual (min.) @)
"pH=65-85

= <2NTU®

= <2 mg/l TOC of wastewater origin

= Meet drinking water standards after
percolation through vadose zone

Includes, but not limited to, the following:

= pH - daily

= Total coliform — daily

= Cl2 residual — continuous

= Drinking water standards — quarterly
= Other ) - depends on constituent

= TOC - weekly

= Turhidity - continuous

= Monitoring is not required for viruses

and parasites: their removal rates are
prescribed by treatment requirements

= Distance to nearest potable water extraction
well that provides a minimum of 2 months
retention time in the underground.

= Depth to groundwater (i.e., thickness to the vadose zone) should be at least 6 feet (2m) at the maximum groundwater
mounding point.

= The reclaimed water should be retained underground for at least 2 months prior to withdrawal.

= Recommended treatment is site-specific and depends on factors such as type of soil, percolation rate, thickness of
vadose zone, native groundwater quality, and dilution.

= Monitoring wells are necessary to detect the influence of the recharge operation on the groundwater.

= Reclaimed water should not contain measurable levels of pathogens after percolation through the vadose zone. 2

= See Section 3.4.3 in the 2004 Guidelines for recommended treatment reliability requirements.

= Recommended log-reductions of viruses, Giardia, and Cryptosporidium can be based on challenge tests or the sum
of log-removal credits allowed for individual treatment processes. Monitoring for these pathogens is not required.

= Dilution of reclaimed water with waters of non-wastewater origin can be used to help meet the suggested TOC limit.

Groundwater Recharge by
Injection into Potable Aquifers

= Secondary ¢

= Filtration ®

= Disinfection ©)

= Advanced wastewater
treatment (16)

Includes, but not limited to, the following:
= No detectable total coliform/100 ml .10
= 1 mg/l Clz residual (min.) 1)
"pH=65-85

= <2NTU®

= <2 mg/l TOC of wastewater origin

= Meet drinking water standards

Augmentation of Surface Water
Supply Reservoirs

= Secondary ¢

= Filtration ©)

= Disinfection ©)

= Advanced wastewater
treatment (16)

Includes, but not limited to, the following:
= No detectable total coliform/100 ml ¢ 10)
= 1 mg/l Clz residual (min.)
"pH=65-85

= <2NTU®

= <2 mg/l TOC of wastewater origin

= Meet drinking water standards

Includes, but not limited to, the following:

= pH - daily

= Turhidity - continuous

= Total coliform — daily

= Clz residual — continuous

= TOC - weekly

= Drinking water standards — quarterly
= Other 7 — depends on constituent
= Monitoring is not required for viruses

and parasites: their removal rates are
prescribed by treatment requirements

= Distance to nearest potable water extraction
well that provides a minimum of 2 months
retention time in the underground.

= The reclaimed water should be retained underground for at least 2 months prior to withdrawal.

= Monitoring wells are necessary to detect the influence of the recharge operation on the groundwater.

= Recommended quality limits should be met at the point of injection.

= The reclaimed water should not contain measurable levels of pathogens at the point of injection.

= Higher chlorine residual and/or a longer contact time may be necessary to assure virus inactivation.

= See Section 3.4.3 in the 2004 Guidelines for recommended treatment reliability requirements.

= Recommended log-reductions of viruses, Giardia, and Cryptosporidium can be based on challenge tests or the sum
of log-removal credits allowed for individual treatment processes. Monitoring for these pathogens is not required.

= Dilution of reclaimed water with waters of non-wastewater origin can be used to help meet the suggested TOC limit.

= Site specific — based on providing 2 months
retention time between introduction of
reclaimed water into a raw water supply
reservoir and the intake to a potable water
treatment plant.

= The reclaimed water should not contain measurable levels of pathogens. (12)

= Recommended level of treatment is site-specific and depends on factor such as receiving water quality, time and
distance to point of withdrawal, dilution and subsequent treatment prior to distribution for potable uses.

= Higher chlorine residual and/or a longer contact time may be necessary to assure virus and protozoa inactivation.

= See Section 3.4.3 in the 2004 Guidelines for recommended treatment reliability requirements.

= Recommended log-reductions of viruses, Giardia, and Cryptosporidium can be based on challenge tests or the sum
of log-removal credits allowed for individual treatment processes. Monitoring for these pathogens is not required.

= Dilution of reclaimed water with water of non-wastewater origin can be used to help meet the suggested TOC limit.

Footnotes

@ These guidelines are based on water reclamation and reuse practices in the U.S., and are specifically directed at states that have not developed their own regulations or guidelines. While the guidelines should be useful in may areas outside the U.S., local conditions may limit the applicability of the guidelines in some countries
(see Chapter 9). It is explicitly stated that the direct application of these suggested guidelines will not be used by USAID as strict criteria for funding.
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exceed 0.2 NTU and the average SS should not exceed 0.5 mg/l.
©  Unless otherwise noted, recommended coliform limits are median values determined from the bacteriological results of the last 7 days for which analyses have been completed. Either the membrane filter or fermentation tube technique may be used.
(19 The number of total or fecal coliform organisms (whichever one is recommended for monitoring in the table) should not exceed 14/100 ml in any sample.
(1) This recommendation applies only when chlorine is used as the primary disinfectant. The total chlorine residual should be met after a minimum actual modal contact time of at least 90 minutes unless a lesser contact time has been demonstrated to provide indicator organism and pathogen reduction equivalent to those suggested

in these guidelines. In no case should the actual contact time be less than 30 minutes.
12 |tis advisable to fully characterize the microbiological quality of the reclaimed water prior to implementation of a reuse program.
13 The number of fecal coliform organisms should not exceed 800/100 ml in any sample.

16 Advanced wastewater treatment processes include chemical clarification, carbon adsorption, reverse osmosis and other membrane processes, advanced oxidation, air stripping, ultrafiltration, and ion exchange.

4 Some stabilization pond systems may be able to meet this coliform limit without disinfection.

Unless otherwise noted, recommended quality limits apply to the reclaimed water at the point of discharge from the treatment facility.
Sethack distances are recommended to protect potable water supply sources from contamination and to protect humans from unreasonable health risks due to exposure to reclaimed water.
Secondary treatment process include activated sludge processes, trickling filters, rotating biological contractors, and may stabilization pond systems. Secondary treatment should produce effluent in which both the BOD and SS do not exceed 30 mgl/l.
Filtration means; the passing of wastewater through natural undisturbed soils or filter media such as sand and/or anthracite; or the passing of wastewater through microfilters or other membrane processes.
Disinfection means the destruction, inactivation, or removal of pathogenic microorganisms by chemical, physical, or biological means. Disinfection may be accomplished by chlorination, ozonation, other chemical disinfectants, UV, membrane processes, or other processes.
As determined from the 5-day BOD test.
The recommended turbidity should be met prior to disinfection. The average turbidity should be based on a 24-hour time period. The turbidity should not exceed 5 NTU at any time. If SS is used in lieu of turbidity, the average SS should not exceed 5 mg/l. If membranes are used as the filtration process, the turbidity should not

17 Monitoring should include inorganic and organic compounds, or classes of compounds, that are known or suspected to be toxic, carcinogenic, teratogenic, or mutagenic and are not included in the drinking water standards.
18)  See Section 4.4.3.7 for additional precautions that can be taken when a setback distance of 100 ft (30 m) to potable water supply wells in porous media is not feasible.
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(
(
(
5 Commercially processed food crops are those that, prior to sale to the public or others, have undergone chemical or physical processing sufficient to destroy pathogens.
(
(
(
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The suggested regulatory guidelines presented in
Table 4-4 are essentially those contained in the 2004
guidelines (EPA, 2004), with some minor modifications
that include the following:

1. Two categories of agricultural reuse (non-food
crops and commercially processed food crops)
have been combined because the reuse water
quality and monitoring recommendations include
identical criteria.

2. Information included for IPR guidelines have
changed and include changes to TOC and TOX
monitoring requirements.

The minimum recommended guideline for TOC
monitoring has been reduced from 3 mg/L to 2
mg/L. Measurement of TOC in reclaimed water is
a gross measure of the organic constituents of
wastewater origin; due to increasing interest in
addressing trace organic compounds in reclaimed
water for potable reuses, the minimum
recommended TOC has been modified. This is
consistent with the move toward using reduced
TOC concentrations for monitoring in the new
California  draft groundwater replenishment
regulations (CDPH, 2011), which would require
TOC concentrations less than 0.5 mg/L. However,
due to the limit of quantitation for analytical
instrumentation commonly used for TOC
measurements, these guidelines provide a
recommendation of 2.0 mg/L, which is more
conservative than the 2004 guidelines.

Because the guidelines already provide
recommendations that reclaimed water for IPR
uses meet drinking water standards, TOX has
been removed. TOX is a gross measurement of
halogenated compounds, intended to be an
indicator disinfection by-products formed during
chlorine disinfection. Primary drinking water
standards already include a comprehensive list of
halogenated organic compounds. While the list is
certainly not comprehensive, it provides a good
indication of the presence of disinfection by-
products. TOX measurements can have a high
level of variabilty and without additional
information on specific compounds does not
provide additional information over that provided
by TOC and total residual chlorine data.
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3. There have been minor changes to the names of
the reuse categories as follows:

a. “Urban reuse” is now “Urban Reuse -

Unrestricted”

b. “’Restricted access irrigation” is now “Urban
Reuse — Restricted”

c. ‘“Recreational impoundments” is  now
“Impoundments — Unrestricted”

d. “Landscape impoundments” is now
“Impoundments — Restricted”

4.4.3.1 Combining Treatment Process
Requirements with Water Quality Limits
The combination of both treatment
requirements and water quality
recommended for the following reasons:

process
limits are

= Water quality criteria that include the use of
surrogate parameters may not adequately
characterize reclaimed water quality.

= A combination of treatment and quality
requirements known to produce reclaimed water
of acceptable quality obviates the need to
routinely monitor the finished water for certain
constituents, e.g., some health-significant
chemical constituents or pathogenic
microorganisms.

= Monitoring of real-time surrogates of key
treatment processes for their performance now
allows assurances of removal of pathogens.
(While new methods are emerging for
monitoring of pathogenic microorganisms and
chemical constituents that can produce
information that may be valuable to the public,
routine monitoring is not recommended at this
time.)

=  Treatment reliability is enhanced.

4.4.3.2 Water Quality Requirements for
Disinfection

The guidelines suggest that, regardless of the type of
reclaimed water use, some level of disinfection should
be provided to avoid adverse health consequences
from inadvertent contact or accidental or intentional
misuse of a water reuse system. For nonpotable uses
of reclaimed water, two disinfection threshold levels
are recommended, depending on the probability of
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human contact. Reclaimed water used for applications
where no direct public or worker contact with the water
is expected should be disinfected to achieve an
average fecal coliform concentration not exceeding
200/100 mL because, at this indicator bacteria
concentration:

= Most pathogens will be reduced to low levels

= Disinfection of secondary effluent to this
coliform level is readily achievable at minimal
cost

= Disinfection to lower levels may not further
decrease human health risk, because there is
no direct contact with the reclaimed water

For uses where direct or indirect contact with
reclaimed water is likely or expected, and for dual
water systems where there is a potential for cross-
connections with potable water lines, disinfection to
produce reclaimed water with no detectable fecal
coliform organisms per 100 mL is recommended as a
minimum treatment goal. In order to meet this
disinfection objective, filtration is generally required.
Treatment performance has been shown to produce
reclaimed water that is essentially free of measurable
levels of bacterial and viral pathogens in volumes of
about 10 to 100 L using current culture methods.

For indirect potable uses of reclaimed water, where
reclaimed water is intentionally introduced into the raw
water supply for the purposes of increasing the total
volume of water available for potable use, disinfection
to produce reclaimed water having no detectable total
coliform organisms per 100 mL is recommended. Total
coliform is recommended, in lieu of fecal coliform, to
be consistent with the SDWA National Primary
Drinking Water Regulations (NPDWR) that regulate
drinking water standards for producing potable
drinking water.

4.4.3.3 Indicators of Disinfection

It would be impractical to routinely monitor reclaimed
water for all of the chemical constituents and
pathogenic organisms of concern, and surrogate
parameters are universally accepted. In the United
States, total and fecal coliforms are the most
commonly used indicator organisms in reclaimed
water as a measure of disinfection efficiency. While
coliforms are used as indicator organisms for many
bacterial pathogens, they are, by themselves, poor
indicators of parasites and viruses. The total coliform
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analysis includes enumeration of organisms of both
fecal and nonfecal origin, while the fecal coliform
analysis is specific for coliform organisms of fecal
origin. Therefore, fecal coliforms are better indicators
of fecal contamination than total coliforms, and these
suggested guidelines use fecal coliform as the
indicator organism.  Either the  multiple-tube
fermentation technique or the membrane filter
technique may be used to quantify the coliform levels
in the reclaimed water. Due to the limitations of the
total and fecal bacteria indicators, significant research
has gone into determining better indicator species.
Alternative indicator organisms that may be adopted in
the future for water quality monitoring include
Enterococci (a genus of bacteria capable of forming
spores); Bacteroides (fecal bacteria that have a high
degree of host specificity and low potential to
proliferate in the environment, allowing for source
tracking of fecal contamination); and new choices of
bacteriophages (viruses that infect bacteria).

These guidelines do not include suggested specific
parasite or virus limits. There has been considerable
interest in recent years regarding the occurrence and
significance of Giardia and Cryptosporidium in
reclaimed water (Huffman et al.,, 2006). However,
parasite levels, where they have been monitored for at
water reuse operations in the United States, and at the
treatment and quality limits recommended in these
guidelines have been deemed acceptable (e.g.,
Florida).

Viruses are of concern in reclaimed water, but virus
limits are not recommended in these guidelines for the
following reasons:

= A significant body of information exists
indicating that the enteroviruses are reduced or
inactivated to low or non-culturable levels in
about 10 to 100 L via appropriate wastewater

treatment with disinfection. Adenoviruses,
however, are beginning to receive some
attention, as they are resistant to UV
disinfection.

= The identification and enumeration of viruses in
wastewater are hampered by relatively low virus
recovery rates, the complexity and high cost of
current cell culture laboratory procedures, and
the limited number of facilities having the
personnel and equipment necessary to perform
the analyses.
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= The laboratory culturing procedures to
determine the presence or absence of
pathogenic viruses in a water sample takes
about 14 days, and an additional 14 days are
required to indentify the viruses. In addition,
some enteric viruses do not have permissive
cell cultures and therefore cannot be monitored
using cell culture techniques.

= Molecular and genomic technology is providing
new tools to rapidly detect and quantify viruses
in water (e.g., nucleic acid probes and
polymerase chain  reaction technology),
including viruses that are non-culturable.
However, molecular and genomic methods
currently in use are not able to differentiate
between infective and non-infective virus
particles. Therefore, these methods are useful
in examining physical removal (by filtration,
including membranes) but currently cannot fully
determine degree of inactivation through
disinfection steps. Methods that combine cell
culture with molecular and genomic techniques
may be able to improve quantification, while
also giving an indication of infectivity.

= The value of bacteriophages as indicators for
pathogenic viruses is currently an area of
debate and ongoing research.

= There have been no documented cases based
on limited epidemiological studies of viral
disease resulting from water reuse operations in
the United States.

4.4.3.4 Water Quality Requirements for
Suspended and Particulate Matter

The removal of suspended matter is related to virus
removal. Many pathogens are particulate-associated,
and that particulate matter can shield both bacteria
and viruses from disinfectants such as chlorine and
UV. Also, organic matter consumes chlorine, thus
making less of the disinfectant available for
disinfection. There is general agreement that
particulate matter should be reduced to low levels,
e.g., 2 NTU or 5 mg/L total suspended solids (TSS),
prior to disinfection to ensure reliable destruction of
pathogenic microorganisms during the disinfection
process. TSS limits are suggested as a measure of
organic and inorganic particulate matter in reclaimed
water that has received secondary treatment.
Suspended solids measurements are typically
performed daily on a composite sample and only
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reflect an average value. Continuously monitored
turbidity is superior to daily suspended solids
measurements as it provides immediate results that
can be used to adjust treatment operations.

4.4.3.5 Water Quality Requirements for
Organic Matter

The need to remove suspended organic matter is
related to the type of reuse. Some of the adverse
effects associated with organic substances are that
they are aesthetically displeasing (may be malodorous
and impart color), provide food for microorganisms,
adversely affect disinfection processes, and consume
oxygen. The recommended BOD limit is intended to
indicate that the organic matter has been stabilized, is
non-putrescible, and has been lowered to levels
commensurate with anticipated types of reuse. The
recommended BOD and TSS limits are readily
achievable at well-operated water reclamation plants.

4.4.3.6 Setback Distances

Many states have established setback distances or
buffer zones between wastewater outfalls, reuse
irrigation sites, and various facilities such as potable
water supply wells, drinking fountains, property lines,
residential areas, and roadways. Requirements for
setback distances vary depending on the quality of
reclaimed water introduced to the environment, and
the method of application. Although the suggested
setback distances are somewhat subjective, they are
intended to protect drinking water supplies from
contamination and, where appropriate, to protect
humans from exposure to the reclaimed water. In
irrigation, the general practice is to limit, through
design or operational controls, exposure to aerosols
and windblown spray produced from reclaimed water
that is not, or only minimally, disinfected.

Setback distances from potable wells are intended to
maintain a zone immediately around a well that is not
subject to irrigation. Overall the imperative is to control
sources of reuse water and its possible contaminant
content, and minimize infiltration (movement of water
from the surface into the soil), and any vertical or
horizontal component of transport of potential
contaminants through the subsurface soils. Once the
water has infiltrated into the soil formation, the zone of
saturation may also encounter zones of preferential
flow that can lead to more rapid transport of any
contaminant or solute. In media that has highly-
variable porosity or transmissivity (e.g., sensitive
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hydrogeological areas such as karst or fractured
bedrock), the ground water residence time is often too
uncertain to be useful; or protective. Overall a larger
setback distance should be considered in porous soils
compared to lower permeability soils. This is because
most soils are not well-classified or mapped. In the
absence of such information (usually gleaned from
geotechnical evaluations), a more conservative
setback distance is recommended. These setback
distances are often applied also to physical separation
between the well and any other nonpotable source in
another buried conveyance, such as sewer pipes. In
addition, most states also have parallel drinking water
regulations for well-head protection that identify
separation distances from various operations that may
introduce water into or onto sensitive areas. Where

these separation distances are not achievable,
designers/regulators  should consider additional
precautions (e.g., use area controls or design

components) to maintain an adequate margin of public
health protection through the potable water system.

The recommended setback distances outlined in Table
4-4 are greater for the Restricted Urban category than
the Unrestricted Urban category and greater for the
Agricultural Reuse for Processed Food Crops and
Non-Food Crops category than for the Agricultural
Reuse for Food Crop category. These increased
recommended setback distances are to maintain
protection of public health, given that the suggested
level of treatment and resulting water quality are less
stringent than for Unrestricted Urban reuse or
Agricultural Reuse for Food Crops.

4.4.3.7 Specific Considerations for IPR

Only a limited number of states have IPR reuse
regulations, some of which are implemented through
groundwater recharge rules. In states where IPR
regulations or guidelines exist, these include
requirements for treatment processes and reclaimed
water quality and monitoring. States may specify the
requirement of a pretreatment program, pilot plant
studies, and public hearings. Water quality
requirements for IPR typically include limits for TSS,
nitrogen, TOC, turbidity, and total coliform. California
draft IPR regulations also require limits for specific
organics and design requirements for pathogen
removal. Most states also specify a minimum time the
reclaimed water must be retained in an environmental
buffer (e.g., bioretention cells, properly-designed rain
gardens, etc.) prior to being withdrawn as a source of
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drinking water, or the separation distance between a
point of recharge and a point of withdrawal. As noted
in Table 4-4, it is appropriate to consider increasing
the separation distance when the project is located in
porous soils. In this context, the definition of porous
media includes soils that are sandy (sand, sandy loam,
sandy clay loam, loam), gravels, or interbedding
thereof; soil formations wherein clay lenses are not
predominant. Other sources of high-transmissivity may
be found in rural or urban areas, and call for special
consideration of well fields that border construction
landfills (where buried construction debris can exhibit
high transmissivity), and vacant lots. In addition to IPR
regulations, drinking water standards also apply to
public water supplies, since the reclaimed water will be
processed through a drinking water treatment plant
prior to potable reuse.

As needs for alternative water supplies grow,
reclaimed water is anticipated to be intentionally used
more in potable supply applications, and while no
illnesses have been directly connected to the use of
properly treated and managed reclaimed water, it is
well recognized that the understanding of the risks
from constituents of emerging concern is a rapidly
evolving field, and that regulatory requirements need
to be based on best available science. By example, in
California, the SWRCB included a provision in their
Recycled Water Policy to establish a Science Advisory
Panel to provide guidance for developing monitoring
programs that assess potential threats from chemicals
of emerging concern (CECs) and pathogens in
landscape irrigation and IPR applications.

The Science Advisory Panel's study made the
following conclusion about pathogen monitoring in
irrigation and IPR:

“Given the multiple barrier concept and water
treatment process redundancy requirements in
place, the Panel believes that the potential
public health risk associated with exposure to
pathogens in recycled water used for landscape
irrigation or groundwater recharge is very small.
However, the Panel acknowledges that some
uncertainties exist regarding the occurrence of
emerging waterborne microbial pathogens and
encourages additional research into their fate in
water reuse systems.” (Anderson et al., 2010)
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Regarding CECs, the panel provided a conceptual
framework for determining which CECs should be
monitored out of thousands of potential targets and
applied the framework to identify a list of chemicals
that should be monitored presently, as described in
Chapter 6 (Anderson et al., 2010). The Panel also
urged California to reapply this prioritization process
on at least a triennial basis and establish a state
independent review panel that can provide a periodic
review to the CEC monitoring efforts. The most recent
draft regulations for Groundwater Replenishment
Reuse in California would require annual monitoring of
an indicator compound with the ability to characterize
the presence of pharmaceuticals, endocrine disrupting
chemicals, personal care products, and other
indicators of the presence of municipal wastewater
(CDPH, 2011). In general, as states adopt or update
guidelines and regulations for water reuse, an
adaptive, risk-based approach to addressing reclaimed
water quality monitoring is appropriate (NRC, 2012).

When considering projects that may impact potable
aquifers, use of multiple barriers is prudent and
designers and regulators may consider the
incorporation of additional precautions for public health
protection, including:

= Multiple, independent barriers for removing and
or transforming microbiological and chemical
contaminants. Some emphasis should be
placed on gaining a better understanding of
soils via focused geotechnical site investigation
or review of geotechnical reports for the area of
interest.

= Advanced technologies that address a broader
variety of contaminants with greater reliability;

= An operational plan with documented retention
time and its effectiveness in attenuation of
contaminants for a given barrier measure; and a
monitoring program tailored to specific barriers
and local conditions with appropriate systems to
respond to potential system malfunctions.

4.4.4 Additional Requirements

In addition to reclaimed water quality and treatment
requirements, states also adopt requirements
governing monitoring, reliability, storage, and irrigation
application rates. Appendix A of the 2004 guidelines
illustrates the difference in state requirements for
many of these requirements (EPA, 2004). However, as
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these requirements are often updated, refer to the
state regulatory websites contained in Appendix C for
the most current state rules, regulations or guidelines
related to water reuse.

4.4.4.1 Reclaimed Water Monitoring
Requirements

Water quality monitoring is an important component of
reclaimed water projects to ensure that public health
and the environment are protected. Monitoring
requirements vary greatly from state to state and again
depend on the type of reuse. Typical monitoring
programs focus on parameters with numeric water
reuse criteria, including many of those included in
Table 4-4, such as BOD, TSS, turbidity, and
pathogens or pathogen indicators. Depending on the
project and state permitting procedures, monitoring
can also include parameters such as salts, minerals,
and constituents with MCLs, to determine if the
designated uses of receiving waters, both groundwater
and surface water, are being protected. Real-time
online process monitoring of surrogate parameters is
sometimes specified.

Typically, reclaimed water monitoring requirements
specify that monitoring be conducted at the water
reclamation plant before reclaimed water is distributed
for use. However, several states specifically require
monitoring of groundwater where reclaimed water is
used for irrigation. For groundwater recharge projects,
including those to provide saltwater intrusion barriers,
monitoring may be required using lysimeters,
monitoring wells, or groundwater production wells. For
reservoir augmentation projects, monitoring may be
required for surface water and treated drinking water.
For IPR projects, additional monitoring locations may
be required (Crook, 2010).

4.4.4.2 Treatment Facility Reliability

Some states have adopted facility reliability regulations
or guidelines in place of, or in addition to, water quality
requirements. Generally, these requirements consist of
alarms warning of power failure or failure of essential
unit processes, automatic standby power sources,
emergency storage, and the provision that each
treatment process be equipped with multiple units or a
back-up unit. These processes are described in
Section 2.3.4. Section 4 of the 2004 guidelines
describes some of the regulatory approaches with
respect to reliability, which generally include
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specifications for engineered redundancy,
capacity, and backup systems (EPA, 2004).

system

4.4.4.3 Reclaimed Water Storage

Storage is discussed in Chapter 2. Current regulations
and guidelines regarding storage requirements are
primarily based upon the need to limit or prevent
surface water discharge and are not related to storage
required to meet diurnal or seasonal variations in
supply and demand for water reuse. Reclaimed water
storage requirements vary from state to state and are
generally dependent on geographic location, site
conditions, and the existence of alternative disposal
options. A comparison of regulatory approaches to
storage is included in Section 4 of the 2004 guidelines
(EPA, 2004).

4.5 Inventory of State Regulations and
Guidelines

A survey was conducted to inventory the reuse
regulations and guidelines promulgated by U.S. states,
tribal communities, and territories for this document.
Regulatory agencies in all 50 states and the District of
Columbia were contacted to obtain information
concerning their current regulations or guidelines
governing water reuse. EPA’s liaison offices for tribal
communities, Guam, Puerto Rico, the U.S. Virgin
Islands, American Samoa, and Commonwealth of the
Northern Mariana Islands were likewise contacted.

4.5.1 Overall Summary of States’
Regulations

Table 4-5 provides a summary of the current
regulations and guidelines governing water reuse by
state and by reuse category. The table identifies those
states that have regulations, those with guidelines and
those states that currently do not have either. The
table also distinguishes between states where the
intent of the regulations or guidelines is oversight of
water reuse from states where the intent of the
regulations or guidelines is to facilitate disposal and
water reuse is considered incidental. This distinction of
intent among states’ regulations and guidelines can be
quite subjective and open to interpretation, but is
provided here to capture some of the nuance in
interpreting a state’s regulatory context.

As of August 2012, 22 states have adopted regulations
and 11 states have guidelines or design standards
with water reuse as the primary intent. Additionally,
eight states and CNMI, a U.S. Pacific Insular Area
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Territory, have regulations and four have guidelines
that implicate water reuse primarily from a disposal
perspective. Lastly, 27 states have undergone or just
completed revisions to their current reuse regulations
or guidelines as shown in Table 4-5.

To date, no states have developed or proposed
regulations or guidelines specifically governing DPR.
However, some states may issue project-specific
permits for this reuse with detailed treatment,
reclaimed water quality and monitoring requirements.
DPR is discussed further in Chapter 3.

A table with links to state regulatory websites is
provided in Appendix C. The WateReuse Association
will maintain links of the state regulatory sites
containing water reuse regulations as links and current
regulations are subject to change by the states.
Readers may access the state regulations link at
<https://www.watereuse.org/government-
affairs/usepa-guidelines>.

4.5.1.1. Case-By-Case Considerations

In states with no specific regulations or guidelines for
water reclamation and reuse, projects may still be
permitted on a case-by-case basis, such as in
Connecticut and Wisconsin. Likewise, some states
that do have rules enable consideration of reuse
options that are not specifically addressed within their
existing rules or regulations. For example, Florida’s
rules and Virginia’s regulations governing water reuse
enable these states to permit other uses if the
applicant demonstrates that public health will be
protected. Several other activities (including use in
laundries, vehicle washing, mixing of concrete, and
making ice for ice rinks) are specifically identified as
being allowable within Florida’s reuse rules.
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Table 4-5 Summary of State and U.S. Territory water reuse regulations and guidelines*

® The intent of the state’s regulations or guidelines is oversight of water reuse

O The intent of the state’s regulations or guidelines is oversight of disposal and water reuse is considered incidental
-- The state does not have water reuse regulations or guidelines but may permit reuse on a case-by-case basis.
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Table 4-5 Summary of State and U.S. Territory reuse regulations and guidelines*

® The state’s regulations or guidelines intent is for the oversight of water reuse

O The state’s regulations or guidelines intent is for the oversight of disposal and water reuse is incidental

-- The state does not have water reuse regulations or guidelines but may permit reuse on a case-by-case basis.

c
9 i
= (2]
S 2 ., © = ?
" R 2 s |3
5 3 8 |98 o S 8l @
S S So ol | 14 o |0 5| o
2~ « | @ |2egle |2 | sl 23 2
od s © o x | O sle_|E S| 32 l=x 8
% = w%| 0 s olgL o|eZ|o c | £ |8 ol 8
c 0 20 o 538 55 |8 CSor|le8eo 2| = |5 ©
° 0 S e & Dol g |Sol>0flcolcal E| & (|28 o
=] £ = rc|loe+ |BEs|l2wncleacie= €| 8 o
] = o= ) s 3] O n o€ 5|€ © s |[S 13)
o o ol o colcc |23 oz|20|3S 2| % [58 @
= el X o S SO SF 232958283 S| 3|28 =
@ 5 o3 c 2l Lo cnoan-gEcEmc T |25 T
14 O z0 (@) ODDO| D |[KU[<a g|ED|Ex| w | £ |OZ £
Maine --
Maryland L] Update ° ° ° o | o | o
Massachusetts ® New (2) o ° ° ° o | o | o | o | 0| e
Michigan O a a
Minnesota L] (5) ° ° . ° m] °
Mississippi O a a a
Missouri L] o o o [ ) |
Montana ® Update (6) ° ° ° ° o (o o | o
Nebraska O Update a O m] O o | o O| e
Nevada L] Update ° ] ° oo | o
New Hampshire --
New Jersey L L New (7) o ° ° ° °
New Mexico ° Update (8) o ° ° ° o | o | o
New York -- 9)
North Carolina L Update ° o ° ° o | o
North Dakota L] Update ° ° ° ° o | o | o
Ohio o [ ° °
Oklahoma L] Update ° ° o °
Oregon ° Update (10) | o ° ° ° o | o o | o
Pennsylvania ° ° ° ° ° o | o | o | @ °
Rhode Island o New (11) ° ° ° °
South Carolina L o ° °
South Dakota a Update a a a O ]

2012 Guidelines for Water Reuse 4-19



Chapter 4 | State Regulatory Programs for Water Reuse

Table 4-5 Summary of State and U.S. Territory reuse regulations and guidelines*

® The state’s regulations or guidelines intent is for the oversight of water reuse

O The state’s regulations or guidelines intent is for the oversight of disposal and water reuse is incidental

-- The state does not have water reuse regulations or guidelines but may permit reuse on a case-by-case basis.
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(1) Specific regulations or guidelines on reuse not adopted; however, reuse may be approved on a case-by-case basis

(2) The state had guidelines prior, and now has adopted regulations.

(3) CNMI regulations were not listed in the 2004 guidelines.

(4) Guam has regulations pertaining to Urban Restricted Reuse and Indirect Potable Reuse but they are not regulated by reuse or
disposal regulations.

(5) Minnesota has been using the California rules as their Municipal Wastewater Reuse guidance since the mid 90’s. This was not
reflected in the 2004 guidelines, which indicated that Minnesota had no guidance.

(6) Montana is in the midst of promulgating new reuse regulations, which are anticipated to be finalized by the time of this publication.

(7) The state had guidelines prior, and now has adopted reuse regulations as well as guidelines.

(8) Reclaimed water projects in New Mexico are permitted under either a Ground Water Discharge Permit (which also controls use
above ground) or a Construction Industries Permit if use in a building is included.

(9) Current interpretation is that New York has no regulations or guidelines.

(10) Groundwater recharge was added to Oregon’s reuse regulations in 2008.

(11) The state previously had no guidelines or regulations and has adopted guidelines.

(12) Tennessee was listed as having regulations in the 2004 Guidelines; however, these were later deemed to be guidelines not
regulations.

(13) The state previously had no guidelines or regulations and has adopted regulations.

(14) The Washington State currently has no regulations governing the use of reclaimed water. Draft regulations have been developed by
the Department of Ecology in coordination with Department of Health and formal rules advisory committee. The draft rules are
incomplete. Adoption of the rules has been delayed until after June 30, 2013. The reclaimed water use statute and formal standards,
guidance and procedures adopted in 1997 remain in effect.

(15) Inthe 2004 guidelines West Virginia was listed as having regulations; however, these appear to be wastewater treatment
regulations and do not specifically govern reuse.

* No information is available at this time on regulations or guidelines on water reuse promulgated by federally recognized tribal nations,

Puerto Rico, the U.S. Virgin Islands, and American Samoa.
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Four case studies specifically focus on policy and
regulatory processes in states around the U.S.

Arizona [US-AZ-Blue Ribbon Panel]

This case study describes the special Blue Ribbon
Panel on Water Sustainability (BRP) formed by the
Governor of Arizona in 2009. The BRP’s charge
was to focus on water conservation and recycling
as strategies to improve water sustainability in
Arizona. The BRP was jointly chaired by officials
from the ADEQ, Arizona Department of Water
Resources (ADWR) and Arizona Corporation
Commission (ACC), Arizona'’s constitutionally
established regulatory body for privately owned
utilities. The case study describes the participatory
process the BRP went through and some of the key
recommendations.

California [US-CA-Regulations]

This case study chronicles the evolution of water
reuse laws in California, from the first water quality
guidance for the use of raw or settled sewage for
agricultural irrigation as far back as 1906 through
the 2011 draft regulations for IPR.

Virginia [US-VA-Regulations]

Virginia recently completed the process of creating
a water reuse regulation and adopted the Virginia
Water Reclamation and Reuse Regulation in 2008.
This case study describes the multiple state
agencies that play a role in regulating water reuse
in Virginia and the unique aspects of water reuse in
the state.

Washington [US-WA-Regulations]

Washington State has a reclaimed water program
governed by comprehensive guidelines that define
water quality standards and a variety of allowed
beneficial uses. This case study describes how the
State Departments of Ecology and Health jointly
administer the reclaimed water program and the
process since 2006 to develop regulations.
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4.5.1.2 Reuse or Treatment and Disposal
Perspective

The underlying objectives of regulations and
guidelines vary considerably from state to state. States
such as Arizona, California, Colorado, Florida,
Georgia, Hawaii, Massachusetts, Nevada, New
Jersey, New Mexico, North Carolina, Ohio, Oregon,
Pennsylvania, Rhode Island, Texas, Utah, Virginia,
Washington, and Wyoming have developed
regulations or guidelines and standards that strongly
encourage water reuse as a water resources
conservation strategy. These states have developed
comprehensive regulations or guidelines specifying
water quality requirements, treatment processes, or
both, for the full spectrum of reuse applications. The
objective in these states is to derive the maximum
resource benefits of the reclaimed water while
protecting the environment and public health.

Other states have regulations or guidelines that focus
on land treatment of wastewater-derived effluent,
emphasizing additional treatment or effluent disposal
rather than reuse, even though the effluent may be
used for irrigation of agricultural sites, golf courses, or
public access lands. When regulations specify
application or hydraulic loading rates, the regulations
generally pertain to land application systems that are
used primarily for additional wastewater treatment for
disposal rather than reuse. When systems are
developed chiefly for the purpose of land treatment or
disposal, the objective is often to dispose of as much
effluent on as little land as possible; thus, application
rates are often far greater than irrigation demands and
limits are set for the maximum hydraulic loading. On
the other hand, when the reclaimed water is managed
as a valuable resource, the objective is to apply the
water according to irrigation needs rather than
maximum hydraulic loading, and application limits are
rarely specified. Optimal irrigation application rates are
based on site conditions (FAO, 1985).

There are many differences in the definition and
approach to water reuse between states. Due to these
differences, the same practice that may be considered
reuse in one state may be considered primarily a
means of disposal or additional “land treatment” in
another. The primary reuse of reclaimed wastewater in
South Dakota is by land application to non-food crops.
Although South Dakota has some guidelines on land
application to food crops, no one is currently doing
this. South Dakota also has a few facilities that are
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using infiltration or evaporation/ percolation basins as
a component of their wastewater treatment facility,
rather than a disposal activity. Nevada reports similar
use of percolation basins as a disposal activity.
Florida, however, would consider this activity reuse by
surficial groundwater recharge if the percolation basins
were allowed to be loaded and rested alternately.

In most states, the release of reclaimed water to a
stream or other water body is still considered and
permitted as a point source discharge despite the fact
that it may create, enhance or sustain the water bodies
receiving that water. In Texas, reuse for stream
environmental enhancement or recreational reuse
requires a discharge permit if the supplemental
discharge point for these reuses will be at a location
different from that of the primary discharge location of
the treatment facility. For example, SAWS has a
discharge permit for the Dos Rios Water Reclamation
Facility (into the confluence of the San Antonio and
Medina Rivers), one permitted discharge upstream in
Salado Creek to maintain creek water quality, and
three permitted discharge points into the San Antonio
River to maintain flow and water quality in the San
Antonio River through the River Walk entertainment
area.

4.5.2 Summary of Ten States’ Reclaimed
Water Quality and Treatment
Requirements

Reclaimed water quality and treatment requirements
are a significant part of each state’s regulations and
guidelines for water reuse and may vary among the
different reuse categories listed in Table 4-5 above.
Generally, where water reuse involves unrestricted
public exposure, reclaimed water must be more highly
treated for the protection of public health. Where public
exposure is not likely, however, a lower level of
treatment is usually acceptable.

Many states include design requirements based on a
certain removal of bacterial, viral, or protozoa
pathogens for public health protection. Total and fecal
coliform counts are generally used as indicator
organisms for many bacterial pathogens and provide a
measure of disinfection process efficacy. Monitoring of
viral indicators is generally not required, though virus
removal rates are often prescribed by treatment
requirements for system design. A limit on turbidity is
usually specified as a real-time monitoring tool to verify
the performance of filtration in advanced treatment
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facilities. The performance of disinfection processes is
monitored in real time using chlorine residual or UV
intensity, depending on the disinfection method.
Disinfection is also verified using bacteria cell culture
methods. In addition, water quality limits are generally
imposed for BOD and TSS. Water quality parameters
are discussed in greater detail in Chapter 6 and
monitoring protocols are discussed in Chapter 2.

A summary of the reclaimed water quality and
treatment requirements follows of the following 10
states: Arizona, California, Florida, Hawaii, Nevada,
New Jersey, North Carolina, Texas, Virginia, and
Washington. These states’ regulations and guidelines
were chosen because these states provide a collective
wisdom of successful reuse programs and, in most
cases, long-term experience. In addition to water
quality and treatment requirements, states provide
requirements or guidance on a wide range of other
aspects of reuse, such as but not limited to,
monitoring, reliability, storage, loading rates, and
setback distances. For additional details of state
regulations, readers are referred to the state regulatory
websites contained in Appendix C of this document.

The following sections generally describe reuse
categories that were presented in Table 4-3. It is of
note that the 10 states, discussed herein, have all
established types or levels of reclaimed water based
on water quality. States including North Carolina,
Virginia, and Texas have established only two types of
reclaimed water, while others like Arizona and
Washington have a greater number of categories. In
any case, the regulatory framework has been
established to ensure that the water quality is
appropriate for the end use. Information for these 10
representative states is presented in Tables 4-7
through 4-16. The reclaimed water quality type or level
that applies to the specific reuse category is noted,
where applicable, in the header of the table. Additional
details on each of the states' reclaimed water types
and quality can be found in the links provided in
Appendix C.

As a matter of brevity for tabular presentation of
information, several abbreviations have been used
throughout the tables as noted in Table 4-6.
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Table 4-6 Abbreviations of terms for state reuse rules
descriptions

Term | Abbreviation ‘
Annual ann
Average avg
Corrective action threshold CAT
Day d
Geometric mean geom
Hour hr
Maximum max
Median med
Minimum min
Month mon
UV dose requirements including:

100 mJ/cm? for media filtration

o 80 mJ/cm? for membrane filtration

o 50 mJ/cm? for RO treatment NWRI UV

Guidelines*

There are additional requirements for
bioassay validation and UV system
design considerations
Product of the total residual chlorine and C,/T**
contact time
Total residual chlorine TRC
Week wk
Year yr

* Most states reference either the 2000, 2003, or 2012 NWRI
Ultraviolet Disinfection Guidelines for Drinking Water and Water
Reuse (NWRI, 2000; NWRI, 2003; NWRI, 2012). A description of
the updates to the 2012 NWRI guidelines is provided in Section
6.4.3.2.

** Also abbreviated as CT.

In addition, where TRC is listed in the tables, it is
measured after the indicated contact time.

4.5.2.1 Urban Reuse — Unrestricted

Unrestricted urban reuse involves the use of reclaimed
water where public exposure is likely in the reuse
application, thereby requiring a high degree of
treatment. In general, all states that specify a
treatment process require a minimum of secondary
treatment and disinfection prior to unrestricted urban
reuse. However, the majority of states require
additional levels of treatment that may include
oxidation, coagulation, and filtration. Texas does not
specify the type of treatment processes required but
sets limits on the reclaimed water quality. At this time,
no states have set limits on specific pathogenic
organisms for unrestricted urban reuse. However,
Florida does require monitoring of Giardia and
Cryptosporidium with sampling frequency based on
treatment plant capacity. Table 4-7 shows the
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reclaimed water quality and treatment requirements for
unrestricted urban reuse for the selected states.

4.5.2.2 Urban Reuse — Restricted

Restricted urban reuse involves the use of reclaimed
water where public exposure to the reclaimed water is
controlled; therefore, treatment requirements may not
be as strict as those for unrestricted urban reuse.
Florida imposes the same requirements on both
unrestricted and restricted urban access reuse. In
general, the states require a minimum of secondary or
biological treatment followed by disinfection prior to
restricted urban reuse. Florida requires additional
levels of treatment with filtration and possibly
coagulation prior to restricted urban reuse. As in
unrestricted urban reuse, Texas does not specify the
type of treatment processes required but sets limits on
the reclaimed water quality. At this time, no states
have set limits on specific pathogenic organisms for
restricted urban reuse. Florida does not require
monitoring of Giardia and Cryptosporidium for
Restricted Urban Reuse. Table 4-8 shows the
reclaimed water quality and treatment requirements for
restricted urban reuse.

4.5.2.3 Agricultural Reuse — Food Crops

The use of reclaimed water for irrigation of food crops
is prohibited in some states, while others allow
irrigation of food crops with reclaimed water only if the
crop is to be processed and not eaten raw. For
example, some of the states that allow for irrigation of
food crops, such as Florida, Nevada, and Virginia,
require that the reclaimed water does not come in
contact with the crop to be eaten or that the crop is
peeled or thermally process prior to being eaten, with
a few exceptions. Nevada allows only surface irrigation
of fruit or nut bearing trees. In Florida, direct contact
(spray) irrigation of edible crops that will not be peeled,
skinned, cooked, or thermally-processed before
consumption is not allowed except for tobacco and
citrus. Indirect contact methods (ridge and furrow, drip,
subsurface application system) can be used on any
type of edible crop. However, other states, such as
California, do not have this stipulation but have more
stringent quality standards at or near potable quality.
Depending on the type of crop or type of irrigation,
states’ treatment requirements range from secondary
treatment and disinfection, to oxidation, coagulation,
filtration, and high-level disinfection. North Carolina
has specific limits for Clostridium and coliphage for
indirect contact irrigation for crops that will not be
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peeled, skinned, or thermally processed. Florida
requires monitoring of Giardia and Cryptosporidium
with sampling frequency, reclaimed water quality and
treatment requirements as shown in Table 4-9 for
irrigation of food crops.

4.5.2.4 Agricultural Reuse — Processed Food
Crops and Non-food Crops

The use of reclaimed water for agricultural irrigation of
non-food crops or for food crops intended for human
consumption that will be commercially processed
presents a reduced opportunity of human exposure to
the water, resulting in less stringent treatment and
water quality requirements than other forms of reuse.
However, in cases where milking animals would graze
on fodder crops irrigated with reclaimed water, there
are additional requirements for waiting periods for
grazing and a higher level of disinfection is
recommended, if a waiting period is not adhered to. In
the majority of the states, secondary treatment
followed by disinfection is required. There are several
states that do not require disinfection if certain buffer
requirements are met. At this time, no states have set
limits on specific pathogenic organisms for agricultural
reuse on non-food crops. Table 4-10 shows the
reclaimed water quality and treatment requirements for
irrigation of non-food crops.

4.5.2.5 Impoundments — Unrestricted

As with unrestricted urban reuse, unrestricted reuse
for impoundments involves the use of reclaimed water
where public exposure is likely, thereby requiring a
high degree of treatment. Only half of the 10 states
(Arizona, California, Nevada, Texas, and Washington)
have regulations or guidelines pertaining specifically to
unrestricted impoundments. Of these states, only
Texas does not specify treatment requirements. It is
also of note that neither Arizona nor Nevada allow full-
body contact (e.g.,, wading) in unrestricted
impoundments. Table 4-11 shows reclaimed water
quality and treatment requirements for unrestricted
impoundments.

4.5.2.6 Impoundments — Restricted

State regulations and guidelines regarding treatment
and water quality requirements for restricted reuse for
impoundments are generally less stringent than for
unrestricted reuse for impoundments because the
public exposure to the reclaimed water is less likely.
Six of the 10 states (Arizona, California, Hawaii,
Nevada, Texas, and Washington) have regulations
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specifically pertaining to this category of reuse. Texas
does not specify treatment process requirements. The
remaining states require secondary treatment with
disinfection, with some of the states requiring oxidation
and filtration. At this time, no states have set limits on
specific  pathogenic  organisms for restricted
impoundments reuse. Table 4-12 shows the reclaimed
water quality and treatment requirements for restricted
recreational reuse.

4.5.2.7 Environmental Reuse

Florida, Nevada, North Carolina, and Washington have
regulations pertaining to the use of reclaimed water to
create, enhance, sustain, or augment wetlands, other
aquatic habitats, or streamflows. Florida has
comprehensive and complex rules governing the
discharge of reclaimed water to wetlands. Treatment
and disinfection levels are established for different
types of wetlands, different types of uses, and the
degree of public access. Most wetland systems in
Florida are used for tertiary wastewater treatment, and
wetland creation, restoration, and enhancement
projects can be considered reuse. Washington also
specifies different treatment requirements for different
types of wetlands and based on the degree of public
access. Table 4-13 shows the reclaimed water quality
and treatment requirements for environmental reuse.

4.5.2.8 Industrial Reuse

Eight of the 10 states (California, Florida, Hawaii,
Nevada, North Carolina, Texas, Virginia, and
Washington) have regulations or guidelines pertaining
to industrial reuse of reclaimed water. Arizona and
New Jersey review industrial reuse on a case-by-case
basis and determine regulations accordingly.
Reclaimed water quality and treatment requirements
vary based on the final use of the reclaimed water and
exposure potential. For example, California has
different requirements for the use of reclaimed water
as cooling water, based on whether or not a mist is
created. In North Carolina, reclaimed water produced
by industrial facilities is not required to meet the reuse
criteria if the reclaimed water is used in a process that
has no public access. Use in toilets and urinals or fire
suppression systems will be approved on a case-by-
case basis if no risk to public health is demonstrated.
Table 4-14 shows the reclaimed water quality and
treatment requirements for industrial reuse.
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4.5.2.9 Groundwater Recharge — Nonpotable
Reuse

Spreading basins, percolation ponds, and infiltration
basins have a long history of providing both effluent
disposal and groundwater recharge. Most state
regulations allow for the use of relatively low quality
water (i.e., secondary treatment with basic
disinfection) based on the fact that these systems
have a proven ability to provide additional treatment.
Traditionally, potable water supplies have been
protected by requiring a minimum separation between
the point of application and any potable supply wells.
These groundwater systems are also typically located
so that their impacts to potable water withdrawal points
are minimized. While such groundwater recharge
systems may ultimately augment potable aquifers, that
is not their primary intent and experience suggests
current practices are protective of raw water supplies.

California, Florida, Hawaii, and Washington have
regulations or guidelines for reuse with the specific
intent of groundwater recharge of nonpotable aquifers.
Hawaii does not specify required treatment processes,
determining requirements on a case-by-case basis.
The Hawaii Department of Health Services bases the
evaluation on all relevant aspects of each project,
including treatment provided, effluent quality and
quantity, effluent or application spreading area
operation, soil characteristics, hydrogeology,
residence time, and distance to withdrawal. Hawaii
requires a groundwater monitoring program. Arizona
regulates groundwater recharge through their Aquifer
Protection Permit process. Washington has extensive
guidelines for the use of reclaimed water for direct
groundwater recharge of nonpotable aquifers although
all aquifers in the state are considered to be potable.
Recharge of nonpotable aquifers in Washington first
requires the redesignation of the aquifer to nonpotable.
Table 4-15 shows reclaimed water quality and
treatment requirements for groundwater recharge via
rapid-rate (surface spreading) application systems.

4.5.2.10 Indirect Potable Reuse (IPR)

IPR involves use of reclaimed water to augment
surface or groundwater sources that are used or will
be used for public water supplies or to recharge
groundwater used as a source of public water supply.
Unplanned (de facto) IPR is occurring in many river
systems today. Additionally, many types of reuse
projects inadvertently contribute to groundwater as an
unintended result of the primary activity. For example,
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irrigation can replenish groundwater sources that will
eventually be withdrawn for use as a potable water
supply. IPR systems, as defined here, are
distinguished from typical groundwater recharge
systems and surface water discharges by both intent
and proximity to subsequent withdrawal points for
potable water use. IPR involves intentional introduction
of reclaimed water into the raw water supply for the
purposes of increasing the volume of water available
for potable use. In order to accomplish this objective,
the point at which reclaimed water is introduced into
the environment must be selected to ensure it will flow
to the point of withdrawal. Typically the design of these
systems assumes there will be little additional
treatment in the environment after discharge, and all
applicable water quality requirements are met at the
point of release of the reclaimed water.

Four of the 10 states (California, Florida, Hawaii, and
Washington) have regulations or guidelines specifically
pertaining to IPR. For groundwater recharge of potable
aquifers, most of the states require a pretreatment
program, public hearing requirements prior to project
approval, and a groundwater monitoring program.
Florida and Washington require pilot plant studies to
be performed. In general, all the states that specify
treatment processes require secondary treatment with
filtration and disinfection. Washington has different
requirements for surface percolation, direct
groundwater recharge, and streamflow augmentation.
Hawaii does not specify the type of treatment
processes required, determining requirements on a
case-by-case basis. Texas and Virginia do not have
specific IPR regulations but review specific projects on
a case-by-case basis.

Most states specify a minimum time the reclaimed
water must be retained underground prior to being
withdrawn as a source of drinking water. Several
states also specify minimum separation distances
between a point of recharge and the point of
withdrawal as a source of drinking water. Table 4-16
shows the reclaimed water quality and treatment
requirements for IPR.
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Table 4-7 Urban reuse — unrestricted

Arizona

Treatment (System Design)
Requirements

Monitored Reclaimed Water Quality Requirements

California Hawaii Nevada New Jersey North Carolina Virginia Washington
Class A Disinfected Tertiary Florida R1 Water Category A Type | RWBR Type 1 Level 1 Class A
. Secondary treatment, Oxidized, coagulated, Sgcondary tlreatment, Oxidized, filtered, Secondary treatment, Filtration, high-level Filtration Sgcon'dary t'reatment, Oxidized, coagulated,
Unit processes o L ; : - filtration, high-level - A 1Y . NS filtration, high-level 4 e
filtration, disinfection filtered, disinfected . . disinfected disinfection disinfection (or equivalent) . . filtered, disinfected
disinfection disinfection
UV dose, - NWRI UV Guidelines - 100 mJ/cm? -
if UV disinfection used NS NWRI UV Guidelines enforced, variance allowed NWRI UV Guidelines NS at max day flow NS NS NS NWRI UV Guidelines
CiT > 450 mg-min/L; ) . . ) TRC CAT < 1 mg/L; 30 Chlorine residual > 1
Chlorine disinfection 90 n;inutes mogal contact TRC>1mg/L, Min residual > 5 mg/L; 90 Min residual > 1 mgL., minutes contac? time mg/L; 30 minutes contact
X : NS . 15 minutes contact time . " NS 15 minutes contact time NS NS . -
requirements, if used time at peak dry weather minutes modal contact time at avg flow or 20 minutes time (C/T > 30 may be
at peak hr flow? at peak hr flow ;
flow at peak flow required
CBOD:s:
BODs NS NS om g//LL ((;r;r:] ?Cg)) 30 mg/L. or 60 mg/L 30 mg/L (30-d avg) NS -10 mg/L (mon avg) 5 mgiL ot imas 30 mglL
(or CBOD:s) 45 mgg IL (wk avg% depending on design flow g g -15 mg/L (daily max) g or CBODs: g
60 mgiL. (max) 8 mg/L (mon avg)
30 mg/L or 60 mg/L ) -5 mg/l (mon avg) 30 mg/L; this limit is
TSS NS NS 5 g/l (max) depending on design flow 30 mgL. (30-d avg) 5mg/ -10 mg/l (daily max) NS NS superseded by turbidity
-2 NTU (avg) for media
flters Case-by-case
-10 NTU (max) for media (generally 2 ¥0 25NTU)
- -2 NTU (24-hr avg) filters - ; - -2 NTU (95-percentile) -2 NTU (daily avg), -2NTU (avg)
Turbidity ) | Florida requires continuous ) NS 2 NTU (max) for UV 10 NTU (max) 3NTU ]
5NTU (max) %gnl:lergn(:\f/”gtggr on-line monitoring of turbidity 0.5 NTU (max) CAT>5NTU 5NTU (max)
0.5 NTU (max) for as indicator for TSS

membrane filters

Fecal coliform:

. N -14/100mL (mon geom),
Fecal coliform or E. coli: CAT > 49/100mL
Total coliform: Fecal coliform: -20/100mL (30-d geom)
Fecal coliform: -2.2/100mL (7-day med) Fecal coliform: -2.2/100mL (7-day med) I I . . -75/100mL (max) - .
. Total coliform: Fecal coliform: Fecal coliform or E. coli: E. coli: Total coliform
- - -759 -
o none detectable in | -23/100mL (not more than | -75% of samples below | - -28/100mL (notmore than |, 5y g0 (30.4 geom) | -2.2/100mL (wkmed) | -14/100mL (mon mean) ) -11/100mL (mon geom), | -2.2/100mL (7-d med)
Bacterial indicators last 4 of 7 samples one sample exceeds this detection one sample exceeds this -23/100mL (max) -14/100mL (max) -25/100mL (max) Enterococci: CAT > 35/100mL -23/100mL (max)
-23/100mL (max) value in 30 d) -25/100mL (max) value in 30 d) -4/100mL (30-d geom)
-240/100mL (max) -200/100mL ( max) -9/100mL (max) Enterococci
-11/100mL (mon geom),
CAT > 24/100mL
Giardia and Cryptosporidium
sampling once each 2-yr
Pathogens NS NS period for plants =1 mgd; TR TR NS NS NS NS NS
once each 5-yr period for
plants < 1 mgd
If nitrogen > 10 mg/L, e
special requirements (NHe-N + NOs-N) Ammonia as NHa-N: e diﬁ?jgzgﬁgggwéymcgnts

Other may be mandated to -

protect groundwater

<10 mg/L (max)

-4 mg/L (mon avg)
-6 mg/L (daily max)

based on formal reliability
assessment

NS = not specified by the state’s reuse regulation; TR = monitoring is not required but virus removal rates are prescribed by treatment requirements

1

concentration of fecal coliform prior to disinfection: is < 1,000 cfu per 100 mL, the CrT shall be 25 mg-min/L; is 1,000 to 10,000 cfu per 100 mL the CrT shall be 40 mg-min/L; and is = 10,000 cfu per 100 mL the CrT shall be 120 mg-min/L.

2012 Guidelines for Water Reuse

In Florida when chlorine disinfection is used, the product of the total chlorine residual and contact time (CrT) at peak hour flow is specified for three levels of fecal coliform as measured prior to disinfection. (See Section 6.4.3.1 for further discussion of CrT.) If the
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Table 4-8 Urban reuse — restricted

California
Arizona Disinfected Hawaii Nevada New Jersey North Carolina® Virginia Washington
Class B Secondary-23 Florida® R2 Water Category B Type Il RWBR Type 1 Level 2 Class C
0 I
=R=8 Unit processes Secondary treatment, | 0 gisinfected NS Oxidized, disinfected Secondary treafment, Case-by-case Filtration NS Secondary treatment, Oxidized, disinfected
5 o disinfection disinfection (or equivalent) disinfection
5 €
>0
A=l UV dose 75 mJ/cm2 .
~ D ’
=g if UV disinfection used NS NS NS NS NS at max day flow NS NS NS NWRI UV Guidelines
g x
s . i . . TRC CAT <1 mg/L 30
] U . : . .
ol Chlorine disinfection Chlorine residual > 5 Chl9r|ne r_e5|dual >1 minutes contact time atavg | Chlorine residual > 1 mg/L;
=N . . NS NS NS mg/L, actual modal NS mg/L; 15 minute contact NS NS . . .
LBl requirements, if used X . 4 flow or 20 minutes at peak 30 minutes contact time
a contact time of 10 minutes time at peak hr flow flow
. ) -30 mg/L (mon avg)
Wlthouggﬂglfystem. -45 mg/L (max wk)
BODs 30 mg/L or 60 mg/L i -10 mg/L(mon avg)
(CBOD for Florida) NS NS NS depending on design flow 30 g/l (30-d avg) NS -15 mg/L (daily max) (or CBOD 15 mglL) or CBODs 30 mglL
0 , . -25 mg/L (mon avg)
% With pond: 30 mg/L 40 mg/L (max wk)
5
= 30 mg/L or 60 mg/L i -5 mg/L (mon avg) -30 mg/L (mon avg)
g TSS NS NS NS depending on design flow 30 g/l (30-d avg) 30 /L -10 mg/L (daily max) NS -45 mg/L (max wk) 30 /L
(&)
x
2
©
8 Turbidity NS NS NS NS NS NS 10 NTU (max) NS NS NS
2
<
'cgs Fecal coliform:
g Fecal coliform or E. coli: '20(():/19[021 léo(g;fgoﬁf m).
= Total coliform: Fecal coliform: -200/100mL (30-d geom)
B Fecal coliform: ~23/100mL (7-d med) -23/100mL (7-day med) Fecal coliform: Fecal coliform: Fecal coliform or E. coli: -800/100mL (max) E. coli: Total coliform:
w | ~ ~ . . . . . . .
A Ecterial indicators less than 200/100mL | -240/100 (not more than NS 200/200mL (notmore |, o3 o0 “30. geom) | -200/200mL (mon geom) | -14/100mL (mon mean) ) -126/100mL (mon geom), -23/100mL (7-d med)
° inlast 4 of 7 samples | one sample exceeds than one sample exceeds -23/100mL (max) -400/100mL (wk geom) | -25/100mL (daily max) Enterococci CAT > 235/100mL -240/100mL (max)
o -800/100mL (max) this value in 30 d) this value in 30 d) -35/100mL (30-day geom)
i) -89/100mL (max) )
c Enterococci:
) -35/100mL (mon geom),
= CAT >104/100mL
If nitrogen > 10 mg/L, . .
Other special requirements (NHs-N + NOs-N): Ameo?l'_a(;Sor’]\]:j’;]'
may be mandated to <10 mg/L (max) g onavg
-6 mg/L (daily max)
protect groundwater
NS = not specified by the state reuse regulation
Florida does not specifically include urban reuses in its regulations for restricted public access under F.A.C. 62-610-400; requirements for restricted public access reuse are provided in Agricultural Reuse — Non-food Crops, Table 4-9.
There is no expressed designation between unrestricted and restricted urban reuse in North Carolina regulations.
2012 Guidelines for Water Reuse 4-27
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Table 4-9 Agricultural reuse - food crops

Treatment (System
Design) Requirements

Monitored Reclaimed Water Quality Requirements

Arizona

California

Hawaii

New Jersey

North Carolina

Processed

NOT processed

Texas’
Type | Reclaimed

Virginia®

Washington

Class A Disinfected Tertiary Florida® R1 Water Nevada Type Il RWBR Type 1 Type 2 Water Level 1 Class A
Secondary . Secondary treatment, . ) I ) I Filtration, dual Secondary treatment, - )
. 0 Oxidized, coagulated, - . Oxidized, filtered, Filtration, high-level Filtration - - ) Oxidized, coagulated, filtered,
Unit processes treatment, fll_tratlon, fitered, disinfected flltrat[op, h|g_h-|eve| disinfected NP disinfection (or equivalent) UV/chIqunanon NS flltrat!on, h|g‘h-level disinfected
disinfection disinfection (or equivalent) disinfection
NWRI UV Guidelines ) o
Uvdose, NS NWRI UV Guidelines enforced, variance NWRI UV Guidelines NP 100 mJjcm NS dual UV/chlorination NS NS NWRI UV Guidelines
if UV disinfection used allowed at max day flow (or equivalent)
C:T > 450 mg-min/L; . . N ) TRC CAT > 1mglL; 30
Chlorine disinfection 90 minutes modal TRC >1mglL; ) Min residual > 5 mg/_L ' Min r(_95|dual > 1 mglL; dual UV/chlorination minutes contact time at avg Chlorine residual > 1;
; . NS ) 15 minutes contact time actual modal contact time NP 15 minutes contact at NS . NS . : .
requirements, if used contact time at peak dry at peak hr flow? of 90 minutes eak hr flow (or equivalent) flow or 20 minutes at peak 30 minutes contact time
weather flow P P flow
BOD 20 mg’BL(zaDr?’:‘ avg) 30 mgiL or 60 mg/ 0mglL ( ) 1L ) 10molfmon a0
5 R mg/L or 60 mg/L -10 mg/L (mon avg -5 mg/L (mon avg
(or CBODs) NS NS ?EST%II‘L(?‘L??E{%S) depending on design flow NP NS -15 mg/L (daily max) -10 mg/L (daily max) Smgl or CBOD5 30 mglL
-60 mglL (ma) 8 mg/L (mon avg)
30 mg/L or 60 mg/L -5 mg/L (mon avg) -5 mg/L (mon avg)
TS5 NS NS 5 mg/l. (max) depending on design flow NP 5mglL -10 mg/L (daily max) -10 mg/L (daily max) NS NS S0 mglL
-2 NTU (avg) for media
filters Case-by-case
-10 NTU (max) for media (generally 2 to 2.5 NTU)
- -2 NTU (24-hr avg) filters Florida requires -2 NTU (95-percentile) 2NTU (daily avg) -2 NTU (avg)
Turbicity -5 NTU (max) -0.2 NTU (avg) for continuous on-line -0.5NTU (max) NP ZNTU (max) for UV 10NTU (max) SNTU (max) SNTU CAT>5NTU -5 NTU (max)
membrane filters monitoring of turbidity as
-0.5 NTU (max) for indicator for TSS
membrane filters
Fecal coliform:
Fecal coliform or E. coli: 44/&2.?.”;"4(971(’(;10%? m),
Total coliform: Fecal coliform: -20/100mL (30-d geom)
Fecal coliform: ) -2.2/100mL (7-day med) Fecal coliform: 2.2/100mL (7-day med) Fecal coliform: Fecal coliform or E. coli: | Fecal coliform or E. coli: 75/100mL (max) E. coli: Total coliform:
I -none detectable in -23/100mL (not more than -75% of samples -23/100mL (not more than
Bacterial indicators ; : X NP -2.2/100mL (wk med) -14/100mL (mon mean) -3/100mL (mon mean) N -11/100mL (mon geom), CAT -2.2/100mL ( 7-d med)
last 4 of 7 samples one sample exceeds this below detection one sample exceeds this -14/100mL (max) -25/100mL (daily max) -25/100mL (mon mean) Enterococci: > 35/100mL -23/100mL (max)
-23/100mL (max) value in 30 d) -25/100mL (max) value in 30 d) y -4/100mL (30-d geom)
-240/200mL (max) -200/200mL (max) -9/100mL (max) E -
nterococci:
-11/100mL (mon geom),
CAT > 24/100mL
Coliphage:
Viral indicators NS NS NS TR NP NS NS - 5/100mL (mon mean) NS NS NS
- 25/100mL (daily max)
Giardia, Cryptosporidium
sampling once per 2-yr Clostridium:
Pathogens NS NS period for plants = 1 NP NS NS - 5/200mL (mon mean) NS NS NS
mgd; once per 5-yr - 25/100mL (daily max)
period for plants < 1 mgd
. (NHz-N + NOs-N): P
gn:éicﬁfg Zi%gnq]egztl-s’ Oxidized, filtered <10mg/L. (max) Ammonia s NHs-N: Ammonia as NHz-N: reiﬁﬁggﬁcreifbﬂilzrigits
Other P a - ! ' - -4 mg/L (mon avg) -1 mg/L (mon avg) yreq

may be mandated to
protect groundwater

disinfected

Special information, crop
tests may be required

-6 mg/L (daily max)

-2 mg/L (daily max)

based
on formal assessment

NS = not specified by the state’s reuse regulation; TR = monitoring is not required but virus removal rates are prescribed by treatment requirement; NP = not permitted by the state

1

In Texas and Florida, spray irrigation (i.e., direct contact) is not permitted on foods that may be consumed raw (except Florida makes an exception for citrus and tobacco), and only irrigation types that avoid reclaimed water contact with edible portions of food crops
(such as drip irrigation) are acceptable.
In Florida when chlorine disinfection is used, the product of the total chlorine residual and contact time (CrT) at peak hour flow is specified for three levels of fecal coliform as measured prior to disinfection. (See Section 6.4.3.1 for further discussion of CrT.) If the
concentration of fecal coliform prior to disinfection: is < 1,000 cfu per 100 mL, the CrT shall be 25 mg-min/L; is 1,000 to 10,000 cfu per 100 mL the CrT shall be 40 mg-min/L; and is = 10,000 cfu per 100 mL the CrT shall be 120 mg-min/L.

The requirements presented for Virginia are for food crops eaten raw. There are different requirements for food crops that are processed, which are presented in Table 4-10.

4-28

2012 Guidelines for Water Reuse




Chapter 4 | State Regulatory Programs for Water Reuse

Table 4-10 Agricultural reuse — non-food crops and processed food crops (where permitted)

Treatment (System
Design) Requirements

Monitored Reclaimed Water Quality Requirements

Arizona California
Undisinfected Hawaii Nevada?® New Jersey North Carolina Virginia Washington
Class B Class C Secondary Florida R2 Water Category E Type Il RWBR Type 1 Level 2 Class C
Secondary Secondary Secondary . I
Unit processes treatment, treatment, with or Oxidized treatment, basic .Slecondf_ir_y-23. Secondary treatment ! Case-hy-case F""?‘“O” NS Secon_dgry treatment, Oxidized, disinfected
AT . S . e oxidized, disinfected (or equivalent) disinfection
disinfection without disinfection disinfection
2
Udose, NS NS NS NS NS NS 75 mJfem NS NS NS NWRI UV Guidelines
if UV disinfection used at max day flow
Chiorine disinfection TRC > 0.5 mglL; 15 Chlorine residual > 5 Chlorine residual > 1 ;ﬁigﬁ;ﬁég%fi Chlorine residual
' . NS NS NS minutes contact time mg/L; 10 minutes actual NS mg/L; 15 minute contact NS NS ! >1mglL; 30 minutes
requirements, if used . . avg flow or 20 minutes at .
at peak hr flow? modal contact time time at peak hr flow contact time
peak flow
. -30 mg/L (mon avg)
20 mg/llg_?aDr:n avg) Without pond: 20 mg/L -45 mg/L (max wk)
BODs NS NS NS 30 mgiL (monavg) | , S0 ML or60mglL 30 mg/L (30-d avg) NS -10 mg/L (mon avg) (or CBODS 15 mg/L) 30 mglL
(or CBODs) depending on design flow -15 mg/L (daily max) or CBOD5
-45 mg/L (wk avg) With pond: n 25 mall
60 mg/L (ma) ith pond: 30 mg -25 mg/L (mon avg)
-40 mg/L (max wk)
-20 mg/L (ann avg)
-30 mg/L (mon avg) 30 mg/L or 60 mg/L ! -5 mg/L (mon avg) -30 mg/L (mon avg)
TSS NS NS NS -45 mg/L (wk avg) depending on design flow 30 mglL. (30-d avg) 30 g/l -10 mg/L (daily max) NS -45 mg/L (max wk) 30 g/l
-60 mg/L (max)
Turbidity NS NS NS NS NS NS NS 10 NTU (max) NS NS NS
Fecal coliform:
) . .| -200/100mL (mon geom),
:Fecal coliform or E. coli:
Fecal coliform: 2200/100mL (30-d geom) |  CAT >800/100mL
_Zoz'lafg(l);ol_“fi?]rg :st 4 _10':0603%8?2{0m;8t Fecal coliform: —-223(;(1)?100n(;lr_n(L7£r?§tynToerg) Fecal coliform: Fecal coliform or E. coli: -800/200mL. (max) E. coli: Total coliform:
Bacterial indicators of 7 samples 4 0f 7 samples NS -200/100mL (avg) than one sample exceeds NS -200/100mL (mon geom) | -14/100mL (mon mean) Enterococci: -126/100mL (mon geom), | -23/100mL (7-d med)
-800/100mL (max) -4000/100mL (max) -800/100mL (max) this value in 30 d) -400/100mL (wk geom) -25/100mL (daily max) 35/100mL (30-d geom) CAT > 235/100mL -240/100mL (max)
-89/100mL (max) £ -
nterococci:
-35/100mL (mon geom),
CAT > 104/100mL
If nitrogen > 10 mg/L, | If nitrogen > 10 mgl/L,

Other

special requirements
may be mandated to
protect groundwater

special requirements
may be mandated to
protect groundwater

(NH3-N + NOs-N):
<10 mg/L (max)

Ammonia as NHs-N:
-4 mg/L (mon avg)
-6 mg/L (daily max)

NS = not specified by the state’s reuse regulation

1

concentration of fecal coliform prior to disinfection: is < 1,000 cfu per 100 mL, the CrT shall be 25 mg-min/L; is 1,000 to 10,000 cfu per 100 mL the CrT shall be 40 mg-min/L; and is = 10,000 cfu per 100 mL the CrT shall be 120 mg-min/L.

2012 Guidelines for Water Reuse

Nevada prohibits public access and requires a minimum buffer zone of 800 feet for spray irrigation of non-food crops. (Category E, NAC 445A.2771).

In Florida when chlorine disinfection is used, the product of the total chlorine residual and contact time (CrT) at peak hour flow is specified for three levels of fecal coliform as measured prior to disinfection. (See Section 6.4.3.1 for further discussion of CrT.) If the
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Table 4-11 Impoundments — unrestricted

Arizona® California Virginia Washington
Class A Disinfected Tertiary Florida New Jersey North Carolina Level 1 Class A
L Secondary treatment, -
= Unit processes Secon'dgry trgatment, O?<|d|zed, gqagulate;j, NR NR NP NR NS NS filtration, high-level QX|d|zed, coggulated,
o) disinfection filtered, disinfected disinfecti filtered and disinfected
i isinfection
o)
0 n
)
£ & UV dose
) ) _— I
§ g if UV disinfection used NS NWRI UV Guidelines NR NR NP NR NS NS NS NWRI UV Guidelines
D=
— O
% & . TRC CAT < 1 mg/L after
§ Chlorine disinfection Cég Tn?r?:t:;gmnc::erIL minimum contact time of Chlorine residual >
8 . . NS ! NR NR NP NR NS NS 30 mins 1 mg/L; 30 minutes
o requirements, if used contact time at peak . )
— at avg flow or 20 mins at contact time
dry weather flow
peak flow
10 mg/L (mon avg)
BODs NS NS NR NR NP NR NS 5 mg/L or CBODs: 30 mg/L
8 mg/L (mon avg)
@
=
g TSS NS NS NR NR NP NR NS NS NS 30 mg/L
o
= -2NTU (avg) for media
& filters
- -10 NTU (max) for media
= - filters 2 NTU (daily avg), -2 NTU (avg)
il Turbidity NS 0.2 NTU (avg) for NR NR NP NR NS SNTU CAT>5NTU 5NTU (max)
o membrane filters
o -0.5 NTU (max) for
T membrane filters
= Fecal coliform:
8 -14/100mL (mon geom),
£ Total coliform: CAT > 49/100mL
© i . - |
g -non'(:eedcjtlecc(t)gz)cl);niqﬁ last -Z%yi/(%gr?]r&n(gt g?grénﬁ]?n Fecal coliform or E.coli: E. coli: Total coliform:
Y Bacterial indicators X NR NR NP NR NS -20/100mL (avg) -11/100mL (mon geom), | -2.2/100mL (7-day med)
S 4 of 7 samples one sample exceeds this 75/100mL (max) CAT > 35/100mL 23/100mL (max)
@ -23/100mL (max) value in 30 d)
[e) -240/100mL (max) - -
= Enterococci: Enterococci:
5 -4/100mL (avg) -11/100mL (mon geom),
= -9/100mL (max) CAT > 24/100mL
If nitrogen > 10 mg/L, Specific reliability
special requirements Supplemental pathogen and redundancy
Other L - NP NR X
may be mandated to monitoring requirements based on
protect groundwater formal assessment

NS = not specified by the state’s reuse regulation; NR = not regulated by the state under the reuse program; NP = not permitted by the state

Arizona does not allow reuse for swimming or “other full-immersion water activity with a potential of ingestion” [AAC R18-9-704(G)(1)(b)]. Arizona also allows “Class A” and “A+” waters to be used for snowmaking, which is included in this definition.
Disinfected tertiary recycled water that has not received conventional treatment shall be sampled/analyzed monthly for Giardia, enteric viruses, and Cryptosporidium during first 12 months of operation and use. Following the first 12 months, samples will be collected

quarterly and ongoing monitoring may be discontinued after the first two years, with approval.

2
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Table 4-12 Impoundments — restricted

Treatment (System Design)
Requirements

Monitored Reclaimed Water Quality Requirements

California
Arizona Disinfected Hawaii Nevada Virginia Washington
Class B Secondary-2.2 Florida R-2 Water Category A New Jersey North Carolina Level 2 Class B
. Secondary treatment, - - L - Secondary treatment, Secondary treatment, - -
Unit processes disinfection Oxidized, disinfected NR Oxidized, disinfected disinfection NR NS NS disinfection Oxidized, disinfected
Udose, NS NS NR NS NS NR NS NS NS NWRI UV Guidelines
if UV disinfection used
TRC CAT <1 mg/L
Chlorine disinfection Chlorine residual > 5 mg/L; after minimum contact Chlorine residual >
. . NS NS NR actual modal contact time of NS NR NS NS time of 30 mins at avg 1 mg/L; 30 minutes
requirements, if used ; X .
10 minutes flow or 20 mins at contact time
peak flow
30 mg/L (mon avg)
Without pond: 20 mg/L 45 mg/L (max wk)
30 mg/L or 60 mg/L ! (or CBODS 15 mgl/L)
BODs NS NS NR depending on design flow 30 mg/L (30-d avg) NR NS or CBODs: 30 mg/L
With pond: 30 mg/L 25 mg/L (mon avg)
40 mg/L (max wk)
30 mg/L or 60 mg/L ! 30 mg/L (mon avg)
TSS NS NS NR depending on design flow 30 mg/L (30-d avg) NR NS NS 45 mglL (max wk) 30 mg/L
Turbidity NS NS NR NS NS NR NS NS NS NS
Fecal coliform:
-200/100mL (mon
geom)!
Fecal coliform or E. coli: CAT > 800/100mL
Total coliform: Fecal coliform: -200/100mL (30-d geom)
Fecal coliform: -2.2/100mL (7-d med) -23/100mL (7-day med) o -800/100mL (max) E. coli: T
. Total coliform: Total coliform:
Bacterial indicators -200/100mL in last 4 of | -23/100 (not more than NR -200/100mL (not more th_an -2.21100mL (30-d geom) NR NS ) -126/100mL (mon -2.21100mL (7-d med)
7 samples one sample exceeds one sample exceeds this -23/100mL (max) Enterococci: geom), -23/100mL (max)
-800/100mL (max) this value in 30 d) value in 30 d) -35/100mL (30-d geom) CAT > 235/100mL
-89/100mL (max)
Enterococci:
-35/100mL (mon
geom), CAT >
104/100mL
If nitrogen > 10 mg/L, Specific reliability
special requirements i i i i and redundancy
Other may be mandated to NR requirements based on
protect groundwater formal assessment

NS = not specified by the state’s reuse regulation; NR = not regulated by the state under the reuse program; TR = monitoring is not required but virus removal rates are prescribed by treatment requirements

2012 Guidelines for Water Reuse
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Table 4-13 Environmental reuse

NS = not specified by the state’s reuse regulation; NR = not regulated by the state under the reuse program

1

IS

Treatment (System Design)
Requirements

Monitored Reclaimed Water Quality Requirements

‘ Arizona’ ‘ California

Florida®

Hawaii

Nevada
Category C

New Jersey

North Carolina
Type 1

Virginia®*

Washington
Class A

Secondary treatment, I .
Unit processes NR NR nitrification, basic NR Secon_dz_ary treatment, NR F|Itr§1t|on NR NS O).('d'ZEd' c_oagulated,
disi . disinfection (or equivalent) filtered, disinfected
isinfection
UV dose, NR NR NS NR NS NR NS NR NS NWRI UV Guidelines
if UV disinfection used
Chlorine disinfection TRC > 0.5 mg/L; 15 Chlorine residual >
. . NR NR minutes contact time at NR NS NR NS NR NS 1 mg/L; 30 minutes
requirements, if used .
peak hr flow? contact time
CBOD:s:
-5 mg/L (ann avg) .
BODs NR NR 6.25 mg/L (mon avg) NR 30 mg/L (30-d avg) NR 10 mg/L (mon avg) NR NS 20 mglL
(or CBOD:s) -15 mg/L (daily max)
-7.5 mg/L (wk avg)
-10 mg/L (max)
-5 mg/L (ann avg)
-6.25 mg/L (mon avg) i -5 mg/L (mon avg)
TSS NR NR 7.5 mglL (wk avg) NR 30 mg/L (30-d avg) NR -10 /L (daily max) NR NS 20 mg/L
-10 mg/L (max)
Fecal coliform: Fecal coliform: Fecal coliform or E. coli: Total coliform:
Bacterial indicators NR NR -200/100mL (avg) NR -23/100mL (30-d geom) NR -14/100mL (mon mean) NR NS -2.2/100mL (7-d med)
-800/100mL (max) -240/100mL (max) -25/100mL (daily max) -23/100mL (max)
22 rrr?g//t ((;2?1 :\\//%)) Ammonia as NHs-N: Not to exceed chronic
Total Ammonia NR NR NR NS NR -4 mg/L (mon avg) NR NS
-3 mg/L (wk avg) . standards for freshwater
-6 mg/L (daily max)
-4 mg/L (max)
Phosphorus:
-1 mg/L (ann avg)
-1.25 mg/L (mon avg)
-1.5 mg/L (wk avg) Phosphorus:
-2 mg/L (max) 1 mg/L (max)® .
Nutrients NR NR NR NS NR NR NS . mPr}Es(;;:ch]r:\s/. .
Nitrogen: Nitrogen: g 9
-3 mg/L (ann avg) 4 mg/L (max)>
-3.75 mg/L (mon avg)
-4.5 mg/L (wk avg)
-6 mg/L (max)

Though Arizona reuse regulations do not specifically cover environmental reuse, treated wastewater effluent meeting Arizona’s reclaimed water classes is discharged to waters of the U.S. and creates incidental environmental benefits. Arizona’s NPDES Surface Water
Quality Standards includes a designation for this type of water, "Effluent Dependent Waters."
Florida requirements are for a natural receiving wetland regulated under Florida Administrative Code Chapter 62-611 for Wetlands Application.
In Florida when chlorine disinfection is used, the product of the total chlorine residual and contact time (CrT) at peak hour flow is specified for three levels of fecal coliform as measured prior to disinfection. (See Section 6.4.3.1 for further discussion of CrT.) If the
concentration of fecal coliform prior to disinfection: is < 1,000 cfu per 100 mL, the CrT shall be 25 mg-min/L; is 1,000 to 10,000 cfu per 100 mL the CrT shall be 40 mg-min/L; and is = 10,000 cfu per 100 mL the CrT shall be 120 mg-min/L.
Wetlands in Virginia, whether natural or created as mitigation for impacts to existing wetlands, are considered state surface waters; release of reclaimed water into a wetland is regulated as a point source discharge and subject to applicable surface water quality
standards of the state.
These limits are not to be exceeded unless net environmental benefits are provided by exceeding these limits.

The phosphorous limit is as an annual average for wetland augmentation/restoration while for stream flow augmentation is the same as that required to NPDES discharge limits, or in other words variable.
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Table 4-14 Industrial reuse®

Treatment (System Design)
Requirements

Monitored Reclaimed Water Quality Requirements

California®

Hawaii'

Nevada

New Jersey

North Carolina

Virginia®

Washington®

Arizona® Disinfected Tertiary Florida® R-2 Water Category E Type IV RWBR Type 1 Level 2 Class A
o . Filtration (or equivalent),
Individual Reclaimed . Secondary treatment ) .
. . Oxidized, coagulated, S ' - - Secondary treatment, unless there is no Secondary treatment, Oxidized, coagulated,
Unit processes Water Permit, filtered, disinfected filtration, high-level Oxidized, disinfected disinfection Case-by-case public access or employee NS disinfection filtered and disinfected
case-specific2 disinfection
exposure
UV dose, o NWRI UV Guidelines .
if UV disinfection used NS NWRI UV Guidelines enforced variance allowed NS NS NS NS NS NS NWRI UV Guidelines
C:T > 450 mg-min/L; . . . TRC CAT <1 mglL; : h
Chlorine disinfection 90 minutes modal .TRC >1mg/ L’. Chlorine residual > 5'mg/L, 30 minutes contact time at Chlonnle resmjual >
. ts. if used NS contact time at peak dry 15 minutes contact time at | actual modal contact time of NS NS NS NS avg flow or 20 minutes at 1 mglL; 30 minutes
requirements, weather flow peak hr flow4 10 minutes peak flow contact time
CBOD:: Without pond: 20 mg/L L e
20 mglL (ann avg) / / / ithout pond: n}g (or -45 mg/L (max wk)
BODs NS NS 30 mglL (mon avg) 30 mg/L or 60 mg/L 30 mglL (30-d avg) NS -10 mg/L. (mon avg) CBODS 15 mglL) 30 mglL
(or CBODs) 45 /L (wk avg) depending on design flow -15 mg/L (daily max) or CBODs
60 r?] n (max)g With pond: 30 mg/L -25 mg/L (mon avg)
g -40 mg/L (max wk)
30 mg/L or 60 mg/L i s -5 mg/ (mon avg) -30 mg/L (mon avg)
TSS NS NS 5 mg/L (max) depending on design flow 30 mg/L (30-d avg) Case-by-case -10 mglL (daily max) NS 45 /L (max wk) 30 mg/L
-2 NTU (avg) for media
filters Case-hy-case
-10 NTU (max) for media (generally 2 to 2.5 NTU)
- filters Florida requires -2 NTU (avg)
Turbidity NS -0.2 NTU (avg) for continuous on-line NS NS NS 10NTU (max) NS NS -5 NTU (max)
membrane filters monitoring of turbidity as
-0.5NTU (max) for indicator for TSS
membrane filters
Fecal coliform:
Fecal coliform or E. coli: '20%}\(.)'.02‘ Iéég;fgoﬁf m).
Total coliform: Fecal coliform: -200/100mL (30-d geom)
-2.2/100mL (7-day med) Fecal coliform: -23/100mL (7-day med) T . - -800/100mL (max) - T
S -23/100mL (not more than -75% of samples -200/100mL (not more than Fecal coliform: Fecal coliform or E. coli: E. coli: Total coliform:
Bacterial indicators NS ; X ; -2.2/100mL (30-d geom) NS -14/100mL (mon mean) N 126/100mL (mon geom), -2.2/100mL (7-d med)
one sample exceeds this below detection one sample exceeds this -23/100mL (max) 25/100mL (daily ma) Enterococci: CAT > 235/100mL -231100mL (max)
value in 30 d) -25/100mL (max) value in 30 d) y -35/100mL (30-d geom)
-240/100mL (max) -89/100mL (max) £ ..
nterococci:
-35/100mL (mon geom)
-CAT > 104/100mL
Giardia, Cryptosporidium
Pathogens NS NS sampling once each 2-yr NS TR NS NS NS NS NS

period if high-level
disinfection is required

NS = not specified by the state’s reuse regulation; NR = not regulated by the state under the reuse program; TR = monitoring is not required but virus removal rates are prescribed by treatment requirements
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All state requirements are for cooling water that creates a mist or with exposure to workers, except for Texas and Hawaii. Texas requirements are for cooling tower makeup water and Hawaii includes industrial processes that do not generate mist, do not involve facial
contact with recycled water, and do not involve incorporation into food or drink for humans or contact with anything that will contact food or drink for humans. Additional regulations for other industrial systems are in Appendix A of the 2004 Guidelines.

Arizona regulates industrial reuse through issuance of an Individual Reclaimed Water Permit (Arizona Administrative Code [A.A.C.] R18-9-705 and 706), which provides case-specific reporting, monitoring, record keeping, and water quality requirements.

For industrial uses in Florida, such as once-through cooling, open cooling towers with minimal aerosol drift and at least a 300 ft sethack to the property line, wash water at wastewater treatment plants, or process water at industrial facilities that does not involve
incorporation of reclaimed water into food or drink for humans or contact with anything that will contact food or drink for humans, that do not create a mist or have potential for worker exposure, less stringent requirements, such as basic disinfection (e.g., TRC > 0.5
mg/L, no continuous on-line monitoring of turbidity, fecal coliform < 200/100 mL, etc.), secondary treatment standards (e.g., TSS < 20 mg/L annual average, etc.), no sampling for pathogens (except in the case of open cooling towers regardless of setbacks), may apply.
In Florida when chlorine disinfection is used, the product of the total chlorine residual and contact time (CrT) at peak hour flow is specified for three levels of fecal coliform as measured prior to disinfection. (See Section 6.4.3.1 for further discussion of CrT.) If the
concentration of fecal coliform prior to disinfection: is < 1,000 cfu per 100 mL, the CrT shall be 25 mg-min/L; is 1,000 to 10,000 cfu per 100 mL the CrT shall be 40 mg-min/L; and is = 10,000 cfu per 100 mL the CrT shall be 120 mg-min/L.
For industrial uses, that do not create a mist or have potential for worker exposure, less stringent requirements may apply.
In Virginia, these are the minimum reclaimed water standards for most industrial reuses of reclaimed water; more stringent standards may apply as specified in the regulation. For industrial reuses not listed in the regulation, reclaimed water standards may be developed
on a case-by-case basis relative to the proposed industrial reuse.
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Table 4-15 Groundwater recharge - nonpotable reuse’

Washington
Arizona® California Florida® New Jersey® North Carolina Virginia® Class A
%)
£c . Aquifer Storage and Oxidized, coagulated,
9 g Unit processes RS?;E;E&%Q%T Case-by-case Se;ggg%%ﬂg{; (;nt, Case-by-case ND NR Recovery in accordance NR NS filtered, nitrogen
Qo with G.S. 143-214.2. reduced, disinfected
n =
= g UV dose
c o , o
g "2l if UV disinfection used NS NS NS NS ND NR NR NR NS NWRI UV Guidelines
ec
S o o TRC > 0.5 mgiL; Chlorine residual > 1
O .= )
= & &hlﬁirrlgﬁlgrllstlsnfﬁﬁlszg NS NS 15 minutes contact time NS ND NR NR NR NS mg/L 30 minutes contact
o a ' at peak hr flow* time at peak hr flow
CBODs:
%) -20 mg/L (ann avg)
=g 0D NS NS -30 mg/L (mon avg) NS ND NR NR NR NS 5 mg/L
) (or CBODs) 45
= -45 mg/L (wk avg)
o -60 mg/L (max)
g -20 mg/L (ann avg)
Q -30 mg/L (mon avg)
04 TSS NS NS NS ND NR NR NR NS 5 mg/L
- -45 mg/L (wk avg)
= -60 mg/L (max)
©
>
o idi NS -2 NTU (avg)
- Turbidity NS NS NS ND NR NR NR NS 5 NTU (max)
£
= Fecal coliform: Total coliform:
3 Bacterial indicators NS NS -200/100mL (avg) NS ND NR NR NR NS -2.2/100mL (7-d med)
c -800/200mL (max) -23/100mL (max day)
&
é Total Nitrogen NS NS NS (nitrate < 12 mg/L) NS ND NR NR NR NS Case-by-case
3
= TOC NS NS NS NS ND NR NR NR NS Case-by-case
)
c
§ Primary and Secondary NS
Drinking Water Standards NS NS NS ND NR NR NR NS Case-by-case

NR = not regulated by the state under the reuse program; ND = regulations have not been developed for this type of reuse; NS = not specified by the state’s reuse regulation

All state requirements are for groundwater recharge of a nonpotable aquifer.

Groundwater recharge using reclaimed water is pervasive in Arizona but is not considered part of the reclaimed water program; Arizona Department of Environmental Quality (ADEQ) regulates quality under the Department's Aquifer Protection Permit Program (which
governs all discharges that might impact groundwater). The Arizona Department of Water Resources (ADWR) oversees a program to limit withdrawals of groundwater to prevent groundwater depletion; municipalities and other entities can offset these pumping
limitations by recharging reclaimed water through detailed permits under its Recharge Program.

Higher treatment standards may be require, such as filtration, high level disinfection, total nitrogen below 10 mg/L, and meeting primary and secondary drinking water standards, if there may be a connection to a potable aquifer or other conditions such as groundwater
recharge overlying the Biscayne Aquifer in Southeast Florida.

In Florida when chlorine disinfection is used, the product of the total chlorine residual and contact time (CrT) at peak hour flow is specified for three levels of fecal coliform as measured prior to disinfection. (See Section 6.4.3.1 for further discussion of CrT.) If the
concentration of fecal coliform prior to disinfection: is < 1,000 cfu per 100 mL, the CrT shall be 25 mg-min/L; is 1,000 to 10,000 cfu per 100 mL the CrT shall be 40 mg-min/L; and is = 10,000 cfu per 100 mL the CrT shall be 120 mg-min/L.

All discharges to groundwater for nonpotable reuse are regulated via a New Jersey Pollutant Discharge Elimination System Permit in accordance with N.J.A.C. 7:14A-1 et seq. and must comply with applicable Groundwater Quality Standards (N.J.A.C. 7:9C).

In Virginia, groundwater recharge of a nonpotable aquifer may be regulated in accordance with regulations unrelated to the Water Reclamation and Reuse Regulation (9VAC25-740).

IS
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Table 4-16 Indirect potable reuse (IPR)

New

North

Surface Percolation

Washington

Direct Groundwater Recharge®

Streamflow Augmentation

Treatment (System
Design) Requirements

Monitored Reclaimed Water Quality Requirements

Arizona®

California®
Oxidized, coagulated,
filtered, disinfected, multiple

Florida®*
Secondary treatment, filtration,
high-level disinfection, multiple

Hawaii

Nevada

Jersey’

Carolina

Virginia

Class A

Oxidized with nitrogen

Class A

Oxidized, coagulated, filtered,

Case-hy-case

Oxidized, clarified,

Unit processes NR barriers for pathogen and barriers for pathogen and Case-by-case ND NR NR Case-by-case | Case-by-case redlé?;'i?]?ééltlézred‘ RO-treated, disinfected disinfected
organics removal organics removal
Wdose, NR NWRI Guidelines? NWRI UV Guidelines enforced, NS ND NR NR NS NS NWRI Guidelines NWRI Guidelines NWRI Guidelines
if UV disinfection used variance allowed
CT > 450 mg-min/L; Chlorine residual Chlorine residual
Chlorine disinfection NR 90 minutes modal TRC > 1 mg/L; 15 minutes NS ND NR NR NS NS > 1 mg/L; 30 minutes > 1 mg/L; 30 minutes contact Chlorine residual to comply
requirements, if used contact time at peak dry contact time at peak hr flow® contact time at time at with NPDES permit
weather flow? peak hr flow peak hr flow
CBOD:s:
BOD -20 mg/L (ann avg)
> NR NS -30 mg/L (mon avg) NS ND NR NR 5 mg/L NS 30 mg/L 5mg/L 30 mg/L
(or CBOD:s)
-45 mg/L (wk avg)
-60 mg/L (max)
TSS NR NS 5 mg/L (max) NS ND NR NR NS NS 30 mg/L 5mg/L 30 mg/L
-2 NTU (avg) for
media filters Case-by-case
-10 NTU (max) for .
N lly 2 to 2.5 NTU) Florida
. media fiters (generally 210 2 | 2NTU (avg) 0.1NTU (avg)
Turbidity NR 0.2 NTU (avg) for requires continuous (_)n-llne NS ND NR NR 3NTU NS 5NTU (max) 0.5 NTU (max) NS
; monitoring of turbidity as
membrane filters indicator for TSS
-0.5 NTU (max) for
membrane filters
Fecal coliform
or E. coli
-20/100mL
Total coliform: (30-d geom)
-75/100mL
-2.2/100mL (7-day med) [ coliform: | coliform: | coliform:
L -23/100mL (not more than Total coliform: (max) Total coliform: Total coliform: Fecal coliform:
Bacterial indicators NR one sample exceeds 41100mL (ma>;) NS ND NR NR NS -2.2/100 (7-d med) -1/100mL (avg) -200/100mL (avg)
- Sample. Enterococci -23/100 (max) -5/100mL (max) -400/100mL (max wk)
this value in 30 d) -4100mL (30-
-240/100mL (max) q
geom)
-9/100mL
(max)
Total Nitrogen NR 10 mg/l (avg of 4 10 mg/L (ann avg) NS ND NR NR NS NS NA 10 mglL NPDES requirements to
consecutive samples) receiving stream
-3 mg/L (mon avg)
-5 mg/L (max);
TOC
NR 0.5 mg/L TOXE: NS ND NR NR NS NS NA 1 mg/L NS
< 0.2 (mon avg) or 0.3 mg/L
(max); alternate limits allowed
Primary and Secondary NR Compliance with most Compliance with most primary NS ND NR NR NS NS Compliance with Compliance with most primary NPDES requirements to
Drinking Water Standards primary and secondary and secondary SDWA MCLs and secondary receiving stream
Pathogens NR TR Giardia, Cryptosporidium NS ND NR NR NS NS NS NS NS

sampling quarterly

NS = not specified by the state’s reuse regulation; NR = not regulated by the state under the reuse program; ND = regulations have not been developed for this type of reuse; TR = monitoring is not required but virus removal rates are prescribed by treatment requirements
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1

Arizona currently does not have IPR regulations; however, ADEQ regulates recharge facilities where mixed groundwater-reclaimed water may be recovered by a drinking water well through its Aquifer Protection Permit program (see Groundwater Recharge). The
Governor's Blue Ribbon Panel on Water Sustainability issued a Report including a recommendation to develop a more robust regulatory/policy program to address IPR [US-AZ-Blue Ribbon Panel].

These requirements are DRAFT and were taken from CDPH Draft Regulations for Groundwater Replenishment with Recycled Water (CDPH, 2011).

Additional pathogen removal is required for groundwater recharge through other treatment processes in order to achieve 12 log enteric virus reduction, 10 log Giardia cyst reduction, and 10 log Cryptosporidium oocysts reduction.

Florida requirements are for the planned use of reclaimed water to augment Class F-1, G-I or G-Il groundwaters (US drinking water sources) with a background TDS of 3,000 mg/L or less. For G-Il groundwaters greater than 3,000 mg/L TDS, the TOC and TOX limits do
not apply. Florida also includes discharges to Class | surface waters (public water supplies) or discharges less than 24 hours travel time upstream from Class | surface waters as IPR. For discharge to Class | surface waters or water contiguous to or tributary to Class |
waters (defined as a discharge located less than or equal to 4 hours travel time from the point of discharge to arrival at the boundary of the Class | water), secondary treatment with filtration, high-level disinfection, and any additional treatment required to meet TOC and
applicable surface water quality limits is required. The reclaimed water must meet primary and secondary drinking water standards, except for asbestos, prior to discharge. The TOX limit does not apply and a total nitrogen limit is based on the surface water quality.
Outfalls for surface water discharges are not to be located within 500 feet (150 m) of existing or approved potable water intakes within Class | surface waters. Pathogen monitoring for Class | surface water augmentation is the same, except that if discharge is 24 to 48
hr travel time from domestic water supply, Giardia, Cryptosporidium sampling is once every 2 years.

In Florida when chlorine disinfection is used, the product of the total chlorine residual and contact time (CrT) at peak hour flow is specified for three levels of fecal coliform as measured prior to disinfection. (See Section 6.4.3.1 for further discussion of CrT.) If the
concentration of fecal coliform prior to disinfection: is < 1,000 cfu per 100 mL, the CrT shall be 25 mg-min/L; is 1,000 to 10,000 cfu per 100 mL the CrT shall be 40 mg-min/L; and is = 10,000 cfu per 100 mL the CrT shall be 120 mg-min/L.

Total organic halides (TOX) are regulated in Florida.

For groundwater recharge reuse is on a case-by-case basis, State Groundwater Quality Standards must be met.

Washington requires the minimum horizontal separation distance between the point of direct recharge and point of withdrawal as a source of drinking water supply to be 2,000 feet (610 meters) and must be retained underground for a minimum of 12 months prior to
being withdrawn as a drinking water supply.
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CHAPTER 5
Regional Variations in Water Reuse

This chapter summarizes current water use in the
United States, discusses expansion of water reuse
nationally to meet water needs, provides an overview
of numerous water reuse case studies within the
United States compiled for this document, and
discusses variations pertaining to water reuse among
different regions across the country. Representative
water reuse practices are also described for each
region.

5.1 Overview of Water Use and
Regional Reuse Considerations

This section describes the sources, volumes, and uses
of freshwater in the United States.

5.1.1 National Water Use

According to the USGS, total U.S. water use in 2005
was 410,000 mgd (1.55 billion m*/d), up from 402,000
mgd (1.52 billion m3/d) in 1995 (Kenny et al., 2009).
Freshwater withdrawals made up 85 percent of the
total, with the remaining 15 percent saline water
withdrawals, mostly where seawater and brackish
coastal water is used to cool thermoelectric power
plants. About 80 percent of the total withdrawals were
from surface water sources, with the remaining 20
percent of withdrawals sourcing groundwater (mostly
freshwater as opposed to saline groundwater).

As illustrated in Figure 5-1, the largest freshwater
demands were associated with thermoelectric power
and agriculture (irrigation, aquaculture, and livestock).
Thermoelectric power plant cooling uses freshwater
(34 percent of total withdrawals) and nearly all of the
saline water withdrawals (15 percent of total
withdrawals), totaling 49 percent of the demand.
Agriculture requires freshwater for irrigation (31
percent of total withdrawals), aquaculture (2 percent),
and livestock (1 percent), for a total of 34 percent of
total withdrawals in the United States. Public supply
and domestic self-supply water uses constitute 12
percent of the total demand. The remaining categories
of industrial and mining water uses together were less
than 5 percent of total water withdrawals estimated in
this report (Kenny et al., 2009). Even though reclaimed
water can be a significant source of cooling water for
power plants (particularly in Arizona, California,

2012 Guidelines for Water Reuse

Florida, and Texas), the 2005 USGS report did not
include specific volumes of reclaimed water in the
reference tables and figures (Kenny et al., 2009). The
report tabulated water withdrawals from fresh surface
water and groundwater and saline groundwater. The
freshwater volumes did not recognize contributions
from reclaimed water augmentation or wastewater
plant discharges that contributed to the source water.

Public

supply
11%

Domestic self-
supply

Thermoelectric

Irrigation
49% 31%
Mining | ) \Aquaculture
19%  Industrial 204
4%
Figure 5-1

Freshwater use by category in the United States
(Source: Kenny et al., 2009)

Treated municipal wastewater represents a significant
potential source of reclaimed water. As a result of the
Federal Water Pollution Control Act Amendments of
1972, the CWA of 1977 and its subsequent
amendments, centralized wastewater treatment has
become commonplace in urban areas of the United
States. Within the United States, the population
generates an estimated 32 bgd (121 million m3/d) of
municipal wastewater. The NRC Water Science &
Technology Board estimates that a third of this could
be reused (GWI, 2010; Miller, 2011; and NRC, 2012).
Currently only about 7 to 8 percent of this water is
reused, leaving a large area for potential expansion of
the use of reclaimed water in the future (GWI, 2010
and Miller, 2012). As the world population continues to
shift from rural to urban, the number of centralized
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wastewater collection and treatment systems will also
increase, creating significant  opportunities  to
implement reclaimed water systems to augment water
supplies and, in many cases, improve the quality of
surface waters.

A key issue nationally in water reuse is the existing
potable water rates. Low potable water rates typically
make water reuse less favorable. A comparison of
potable and reclaimed water rates is provided in Table
7-1.

5.1.2 Examples of Reuse in the United
States

High water demand areas might benefit by augmenting
existing water supplies with reclaimed water. Arid
regions of the United States (such as the Southwest)
are natural candidates for water reclamation, and
significant  reclamation projects are underway
throughout this region. Yet, arid regions are not the
only viable candidates for water reuse. As shown in
Figure 5-2, water reuse is practiced widely throughout
much of the United States, according to a survey
conducted for this document. While the survey of
reuse locations is not exhaustive, the information
collected is meant to illustrate how widespread water
reuse is in the United States. Data sources consulted
for this survey included:

= WRA database of water reuse installations

= California SWRCB inventory of reuse projects in
California, available online (SWRCB, 2011)

= FDEP inventory of reuse projects in Florida,
available online (FDEP, 2012a)

= Tennessee water reuse survey provided online
by Tennessee Tech University (TTU) for years
2006 to 2011 (TTU, 2012)

= TCEQ list of reuse installations

= North Carolina Department of Environment and
Natural Resources Division of Water Quality
inventory of reuse installations

5-2

= Georgia Environmental Protection Division

inventory of reuse installations

= Case studies discussed in the 2004 EPA

Guidelines for Water Reuse

= Locations mentioned by other state regulators
and experts in the review of this chapter

Figure 5-2 also shows the location of United States
case studies on reclaimed water projects that were
collected for this document to show the wide variety of
types of applications. The case studies can be found in
Appendix D. The map legend indicates the full title and
authors of the case study, and provides a link to the
location of the case study in the Appendix.

5.2 Regional Considerations

This section provides an overview of the context for
water reuse in the United States. For the purposes of
this document, states have been combined into eight
regions corresponding with EPA’s regional division of
the nation. The regions and states within each region
are as follows:

Northeast: (EPA Regions 1 and 2) Connecticut,
Maine, Massachusetts, New Hampshire, New Jersey,
New York, Rhode Island, Vermont, Puerto Rico, the
U.S. Virgin Islands (USVI), and eight federally
recognized tribal nations.

Mid-Atlantic: (EPA Region 3) Delaware, District of
Columbia, Maryland, Pennsylvania, Virginia, and West
Virginia.

Southeast: (EPA Region 4) Alabama, Florida,

Georgia, Kentucky, Mississippi, North Carolina, South
Carolina, and Tennessee.

Midwest and Great Lakes: (EPA Regions 5 and 7)
lllinois, Indiana, lowa, Kansas, Michigan, Minnesota,
Missouri, Nebraska, Ohio, and Wisconsin.

South Central: (EPA Region 6) Arkansas, Louisiana,
New Mexico, Oklahoma, and Texas.
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Figure 5-2 Legend

Map Code | Text code | Case Study Name

AZ-1 US-AZ-Gilbert ;cgv(;/lr;ic;:e(zil\t/)\;a;elir?;ri&ces Growing Pains in Expanding the

AZ-2 US-AZ-Tucson ;lrjc():;);mWater: Developing a Reclaimed Water Site Inspection

AZ-3 US-AZ-Sierra Vista Environmental Operations Park

AZ-4 US-AZ-Phoenix 91st Avenue Unified Wastewater Treatment Plant Targets 100
Percent Reuse

AZ-5 US-AZ-Blue Ribbon Panel Arizona Blue Ribbon Panel on Water Sustainability

AZ-6 US-AZ-Prescott Valley Effluent Auction in Prescott Valley, Arizona

AZ-7 US-AZ-Frito Lay Frito-Lay Process Water Recovery Treatment Plant, Casa Grande,
Arizona

CA-1 US-CA-Psychology The Psychology of Water Reclamation and Reuse: Survey Findings
and Research Roadmap

CA-2 US-CA-San Ramon Xllirr\‘i?:tl;g galjle;gfrll%?]v\\//;tlg;wstem through a Joint Powers

CA-3 US-CA-San Diego City of San Diego — Water Purification Demonstration Project

CA-4 US-CA-Orange County Groundwater Replenishment System, Orange County, California

CA-5 US-CA-North City EDR at North City Water Reclamation Plant

CA-6 US-CA-Santa Cruz \C/:V;r:]egul'\;euse Study at the University of California Santa Cruz

CA-7 US-CA-Monterey t:\r/‘gl_steiLli(E)ﬁfgrt'ZyOI: t(:rltjanltJyse of Recycled Water on Soil Salinity

CA-8 US-CA-Southern California MWD I\Pﬂlfec)tgr](:gror]litan Water District of Southern California’s Local Resource

cas | usCatosamgescamy | Ho e O e "

CA-10 US-CA-Elsinore Valley Recycled Water Supplements Lake Elsinore

CA-11 US-CA-Temecula Egﬁgﬂﬂ?;ﬁible Water with Recycled Water for Sustainable

CA-12 US-CA-Santa Ana River Water Reuse in the Santa Ana River Watershed

CA-13 US-CA-VanderLans Leo J. Vander Lans Water Treatment Facility

CA-14 US-CA-Pasteurization gzﬁf(()):nlii’:steurization for Pathogen Inactivation for Ventura Water,

CA-15 US-CA-Regulations California State Regulations

CA-16 US-CA-West Basin West Basin Municipal Water District: Five Designer Waters

CO-1 US-CO-Denver Zoo Denver Zoo

CO-2 US-CO-Denver Denver Water

CO-3 US-CO-Denver Energy Xcel Energy’s Cherokee Station

CO-14 US-CO-Denver Soil Effects of Recycled Water on Soil Chemistry

CO-5 US-CO-Sand Creek Sand Creek Reuse Facility Reuse Master Plan

CO-6 US-CO-Water Rights Water Reuse Barriers in Colorado

DC-1 US-DC-Sidwell Friends Smart Water Management at Sidwell Friends School

FL-1 US-FL-Miami So District Plant South District Water Reclamation Plant

FL-2 US-FL-Pompano Beach City of Pompano Beach OASIS

FL-3 US-FL-Orlando E. Regional Eastern Regional Reclaimed Water Distribution System

FL-4 US-FL-Economic Feasibility Economic Feasibility of Reclaimed Water to Users

FL-5 US-FL-Reedy Creek Reuse at Reedy Creek Improvement District

FL-6 US-FL-Marco Island Marco Island, Florida, Wastewater Treatment Plant

FL-7 US-FL-Everglade City Everglade City, Florida

FL-8 US-FL-Orlando Wetlands City of Orlando Manmade Wetlands System
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Figure 5-2 Legend

Map Code | Text code | Case Study Name

FL-9 US-FL-SWFWMD Partnership Reg_lonal Reclaimed Water Pe_lrtn_ershlp Initiative of the Southwest
Florida Water Management District

FL-10 US-FL-Altamonte Springs y;iscelty of Altamonte Springs: Quantifying the Benefits of Water

FL-11 US-EL-Clearwater Evolution of the City of Clearwater’s Integrated Water Management
Strategy

FL-12 US-FL-Turkey Point Assessmg Contaminants of Emerging Concern (CECs) in Cooling
Tower Drift
Sustainable Water Reclamation Using Constructed Wetlands: The

GA-L US-GA-Clayton County Clayton County Water Authority Success Story
On the Front Lines of a Water War, Reclaimed Water Plays a Big

GA-2 US-GA-Forsyth County Role in Forsyth County, Georgia

GA-3 US-GA-Coca Cola Recovery and Reuse of Beverage Process Water

HI-1 US-HI-Reuse Reclaimed Water Use in Hawaii

MA-1 US-MA-Southborough Susta_lnablllty and LEED Certification as Drivers for Reuse: Toilet
Flushing at The Fay School

. Decentralized Wastewater Treatment and Reclamation for an
MA-2 US-MA-Hopkinton Industrial Facility, EMC Corporation Inc., Hopkinton, Massachusetts
. . Sustainability and Potable Water Savings as Drivers for Reuse:

MA-3 US-MA-Gillette Stadium Toilet Flushing at Gillette Stadium

ME-1 US-ME-Snow Snowmaking with Reclaimed Water

MN-1 US-MN-Mankato Reclaimed Water for Peaking Power Plant: Mankato, Minnesota

NC-1 US-NC-Cary Town of Cary, North Carolina, Reclaimed Water System

NY-1 US-NY-PepsiCo Identifying Water Streams for Reuse in Beverage Facilities: PepsiCo
ReCon Tool

PA-1 US-PA-Kutztown The Water Purification Eco-Center

PA-2 US-PA-Mill Run Zero-Dlscha_\rge, Reuse, and Irrigation at Fallingwater, Western
Pennsylvania Conservancy

TN-1 US-TN-Franklin Franklin, Tennessee Integrated Water Resources Plan

TX-1 US-TX-San Antonio San Antonio Water System Water Recycling Program

TX-2 US-TX-Big Spring Raw Water Production Facility: Big Spring Plant

X3 US-TX-Landscape Study Site Suitability for Landscape Use of Reclaimed Water in the
Southwest

TX-4 US-TX-NASA U.S. Water Recovery System on the International Space Station

X5 US-TX-Wetlands East Fork Raw Water Supply Project: A Natural Treatment System
Success Story

VA-1 US-VA-Occoquan Potable Water Reuse in the Occoquan Watershed

VA-2 US-VA-Regulation Water Reuse Policy and Regulation in Virginia

WA-1 US-WA-Sequim City of Sequim’s Expanded Water Reclamation Facility and Upland
Reuse System

WA-2 US-WA-Regulations Washington State Regulations

WA-3 US-WA-King County Demonstrating the Safety of Reclaimed Water for Garden
Vegetables

WA-4 US-WA-Yelm City of Yelm, Washington
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Mountains and Plains: (EPA Region 8) Colorado,
Montana, South Dakota, North Dakota, Utah, and
Wyoming.

Pacific Southwest: (EPA Region 9) Arizona,
California, Hawaii, Nevada, U.S. Pacific Insular Area
Territories (Territory of Guam, Territory of American
Samoa, and the Commonwealth of the Northern
Mariana Islands (CNMI), and 147 federally recognized
tribal nations.

Pacific Northwest: (EPA Region
Washington, Idaho, and Alaska.

10) Oregon,

In this section, five areas of variation are discussed for
each region related to water reuse. These include:

=  Population and land use

=  Precipitation and climate

= Water use by sector

=  States’ regulatory context

= Context and drivers of water reuse

The following are the sources of data cited for these
discussions:

= Population: U.S. Census Bureau (USCB) -
percent change in 2000 and 2010 resident
population data in each region (USCB, n.d.)

= Land Use: National Resources Inventory —
percent change from 1997 to 2007 in
developed, non-federal land in each region, as a
percentage of total region land area (USDA,
2009)

= Precipitation: National Oceanic and
Atmospheric Administration (NOAA) 30-year
annual rainfall data for each state (1971 to
2000). City precipitation figures were averaged
for each state, except where noted for New
Hampshire (NOAA, n.d.)

= Water use: Estimated Use of Water in the
United States in 2005, USGS. Water use by
sector was first calculated for each state, after
which a regional average was calculated (Kenny
et al, 2009)
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States and territories were surveyed to obtain
information on regulations and guidelines governing
water reuse. An overall summary of the states and
territories that have water reuse regulations and
guidelines is provided in Table 4-5. Links to regulatory
websites are provided in Appendix C.

As population growth is a key driver for infrastructure
development, including water reuse facilities, the
changes in population and developed land are
presented for each region in the sections that follow.
As an overview, the population change since 1990 is
also provided in Table 5-1 for all of the regions.

5.2.1 Northeast: Connecticut, Maine,
Massachusetts, New Hampshire, New
Jersey, New York, Rhode Island, Vermont,
Puerto Rico, the U.S. Virgin Islands, and
Eight Federally Recognized Tribal Nations

While EPA Regions 1 and 2 comprise Connecticut,
Maine, Massachusetts, New Hampshire, New Jersey,
New York, Rhode Island, Vermont, Puerto Rico, the
U.S. Virgin Islands, and eight federally recognized
tribal nations, this section focuses only on the
regulatory context and drivers for water reuse in the
seven states in the Northeast region of the United
States and the USVI, a U.S. territory. Information is not
available at this time for Puerto Rico and the eight
federally recognized tribal nations in Region 2.

There are both challenges and opportunities to
wastewater reclamation and reuse in the Northeast.
The major drivers include state regulatory changes,
urban hydrology, precipitation, seasonal use, water
rates, and water use by sector. Generally speaking,
wastewater reclamation is growing at a very slow rate,
with an estimated reuse of approximately 8 to 10 mgd
(350 to 438 L/s) of reclaimed water. Reuse in the
Northeast is still a novel concept. Where reuse has
been implemented, it has been used by municipalities
to augment and buffer stressed potable water
supplies, landscape irrigation, or on-site installations
(e.g., LEED certified facilities). Often, private
developers, industry, and in some cases public-private
partnerships collaborate to go beyond the standards of
basic environmental compliance and create a vision
for integrated and sustainable water resources. Water
reuse then becomes a key element in their water

supply plans.
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Table 5-1 Percent change in resident population in each region during the periods 1990-2000, 2000-2010,
and 1990-2010 (USCB, n.d.)

% change % change % change
State or Region 1990-2000 2000-2010 1990-2010
United States 13.2 9.7 241
NORTHEAST REGION 6.1 3.2 9.5
Connecticut 3.6 4.9 8.7
Maine 3.8 4.2 8.2
Massachusetts 5.5 3.1 8.8
New Hampshire 114 6.5 18.7
Rhode Island 45 0.4 4.9
Vermont 8.2 2.8 11.2
New Jersey 8.9 4.5 13.7
New York 5.5 21 7.7
MID-ATLANTIC REGION 7.3 7.2 15.1
Delaware 17.6 14.6 34.8
District of Columbia -5.7 5.2 -0.9
Maryland 10.8 9.0 20.7
Pennsylvania 3.4 34 6.9
Virginia 14.4 13.0 29.3
West Virginia 0.8 2.5 3.3
SOUTHEAST REGION 19.1 14.7 36.6
Alabama 10.1 7.5 18.3
Florida 235 17.6 45.3
Georgia 26.4 18.3 49.5
Kentucky 9.7 7.4 17.7
Mississippi 10.5 4.3 15.3
North Carolina 214 18.5 43.9
South Carolina 15.1 15.3 32.7
Tennessee 16.7 11.5 30.1
MIDWEST AND GREAT LAKES REGION 8.0 3.9 12.2
lllinois 8.6 33 12.2
Indiana 9.7 6.6 16.9
Michigan 6.9 -0.6 6.3
Minnesota 12.4 7.8 21.2
Ohio 4.7 1.6 6.4
Wisconsin 9.6 6.0 16.3
lowa 54 4.1 9.7
Kansas 8.5 6.1 15.2
Missouri 9.3 7.0 17.0
Nebraska 8.4 6.7 15.7
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Table 5-1 Percent change in resident population in each region during the periods 1990-2000, 2000-2010,

and 1990-2010 (USCB, n.d.)

State or Region
SOUTH CENTRAL REGION
Arkansas

Louisiana
New Mexico
Oklahoma

Texas

MOUNTAINS AND PLAINS REGION

Colorado

Montana

North Dakota

South Dakota

Utah

Wyoming

PACIFIC SOUTHWEST REGION
Arizona

California

Hawaii

Nevada

PACIFIC NORTHWEST REGION
Alaska

Idaho

Oregon

Washington

% change
1990-2000

17.9
13.7
59
20.1
9.7
22.8
22.7
30.6
12.9
0.5
8.5
29.6
8.9
18.1
40.0
13.8
9.3
66.3
213
14.0
28.5
20.4
21.1

% change
2000-2010

15.5
9.1
1.4

13.2
8.7

20.6

16.1

16.9
9.7
4.7
7.9

23.8

141

13.0

24.6

10.0

12.3

35.1

14.2

13.3

211

12.0

141

% change
1990-2010

36.1
24.0
7.4
35.9
19.3
48.0
42.4
52.7
23.8
53
17.0
60.4
243
33.5
74.4
25.2
22.7
124.7
38.5
29.1
55.7
34.8
38.2
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5.2.1.1 Population and Land Use

Another factor in the development of reuse programs
in the Northeast is the significant change in
urbanization of major population centers and in the
land use surrounding those centers. As population
increases, water resources are stressed and water
reuse can become an attractive option. Figure 5-3
compares the percent change in the overall population
of the Northeast region to the population change of the
entire United States over the past decade, along with
the change in the percentage of developed land.

16.0

14.0 13.4

12.0

9.7
10.0

8.0 NortheastRegion
6.1
6.0 5.7 mUS

Percent Change

40 +—

20 +——

0.0

Population Land Use

Figure 5-3

Percent change in population (2000-2010) and
developed land (1997-2007) in the Northeast Region,
compared to the United States

While the percent population change in the Northeast
has lagged behind other regions, the developed land
percent change in the Northeast has outpaced the
United States average.

5.2.1.2 Precipitation and Climate

The most significant impediment to reuse is the prolific
amount of annual precipitation in the Northeast. The
annual average precipitation is approximately 42 in
(106.5 cm), with monthly precipitation between 3 in
(7.5 cm) and 4 in (10 cm). The annual average
temperature in the region is approximately 53 degrees
F (11.6 degrees C). The region’s high precipitation and
low annual temperature, combined with a lower than
average water evaporation rate, results in an
abundance of water for recharge of water resources
on a regional basis. Figure 5-4 depicts typical monthly
precipitation by state.
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Average monthly precipitation (1971-2000) for states in
the Northeast region

5.2.1.3 Water Use by Sector

Figure 5-5 shows freshwater use by sector in the
Northeast.

Domestic self-
supply

Irrigation

Public supply
16%

Aquaculture
2%

Thermoelectric Industrial
2% \ 6%
Mining
1%

Figure 5-5
Freshwater use by sector for the Northeast region

The opportunities for water reuse are similar among
the Northeast states. The greatest benefit resides in
the energy sector, followed by irrigation and the
industrial sector. These sectors define the future for
reclamation in the Northeast and highlight the
importance of the energy-water nexus. Sustainable
water management requires balancing these potable
demands through source substitution with reclaimed
water, which can reduce stress on potable water
supplies.

The energy sector in Connecticut is second only to
Massachusetts energy water demands. Recently, the
University of Connecticut developed a plan for using
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reclaimed water at its power plant on campus. Another
industrial facility in Connecticut uses reclaimed water
where it's feasible to meet a zero-discharge
wastewater permit. Maine has significant potable water
resources and, as illustrated in Figure 5-5, has the
greatest opportunity for water reclamation within the
energy and industrial sector. Because the
manufacturing of paper and wood products demands
large amounts of water, it is likely that water reuse
projects will develop in these sectors as potable water
resources are seasonally and locally stressed.

The energy sector in Massachusetts has already
provided water reclamation opportunities at power
plants like Dominion Power’'s Brayton Point Power
Plant in Somerset, Mass. Industrial wastewater
reclamation is also a growing market sector. An
excellent example of industrial wastewater reclamation
is the EMC Headquarters in Hopkinton [US-MA-
Hopkinton]. Additionally, the wuse of reclaimed
wastewater for golf course irrigation is also a market
sector that has growth potential.

Similar to the opportunities described above, New
Hampshire has looked at development of water reuse
at industrial parks. Rhode Island reuse projects include
the irrigation of the Jamestown Golf Course, as well as
a private golf course in Portsmouth, both of which are
island communities in Narragansett Bay. Also in
Rhode lIsland, there is a planned reuse project in a
mixed-use community in Kingston. A power plant
based at the Central Landfill in Johnston, R.Il., is the
largest reclaimed water project in the Northeast. In
Vermont, the energy sector provides the greatest
opportunity for water reuse, followed by industrial
reuse. There is limited water reuse in New York with
one case study in Chapter 5.7.7 of the 2004 guidelines
discussing the Oneida Indian Nation (EPA, 2004). In
this document, Section 2.4.2 Alternative Water
Resources includes a discussion of on-site reuse in
Battery Park, New York City, N.Y.

An additional potential driver for reuse in the Northeast
is increasingly strict nutrient removal requirements in
NPDES permits. In locations with new nutrient limits,
water reuse may be a favorable alternative to
enhanced treatment purely for discharge, as has been
demonstrated in other parts of the United States,
including Florida, Oregon, and Washington.
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5.2.1.4 States’ and Territories’ Regulatory
Context

Based on the limited number of water reuse projects
undertaken in the Northeast, regulatory requirements
or guidelines for reuse projects have not been
implemented in most states. Massachusetts, New
Jersey, and Vermont are the only states in the
Northeast with water reuse regulations.

There are no comprehensive inventories of reuse
projects by state, nor is there a data warehouse on the
guidelines or permitted water quality criteria applied to
each project.

Massachusetts

The Commonwealth of Massachusetts promulgated
water reuse regulations in March 2009. The
regulations were developed within 314 Code of
Massachusetts Regulations (CMR) 20.00 entitled
“Reclaimed Water Permit Program and Standards”
and 314 CMR 5.00 regulations entitled “Groundwater
Discharge.” The key elements of the regulations were
to protect public groundwater supplies by requiring a
TOC limit when there is a discharge to the
groundwater as a surrogate for endocrine disrupting
compounds and contaminants within a specified travel
time in the aquifer.

New Hampshire

New Hampshire does not have regulations governing
water reuse but encourages it and has developed a
position statement recognizing that water reuse can
both reduce stress on groundwater resources as well
as decrease surface water quality degradation. The
New Hampshire Department of Environmental
Services developed a guidance document identifying
design criteria for reuse of reclaimed wastewater.
Water reclamation projects are approved on a case-
by-case basis.

Rhode Island

Rhode Island developed water reuse guidelines in
2007 for four allowable water reuse categories,
including restricted irrigation, unrestricted irrigation,
non-contact cooling water, and agricultural reuse for
non-food crops. The Department of Environmental
Management's Office of Water Resources has
established water quality criteria, signage, and set-
back distances for these four categories of reuse.
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Vermont

Vermont has adopted rules for indirect discharge that
require that land-based discharge (including forested
spray fields) be considered prior to approval of surface
water discharge.

New York

There are no formal guidelines or regulations in New
York, and initial work on guidelines was suspended
due to budget constraints. In highly developed areas
such as Manhattan, the cost to extend dual piping
systems from central wastewater reclamation facilities
is cost prohibitive. There are isolated uses of
reclaimed water in the state for cooling purposes with
supply and quality parameters agreed to in site
specific contracts. The 2004 guidelines (Chapter 5.7.7)
recounts development of an intergovernmental
agreement between the Oneida Indian Nation and the
city of Oneida. The city’s reclaimed water was supplied
to the Indian Nation to enable development of a casino
and golf complex by allowing the irrigation demands of
the complex to be met without stressing water
resources.

New Jersey

In January 2005, the New Jersey Department of
Environmental Protection issued a draft “Technical
Manual for Reclaimed Water for Beneficial Reuse,”
and proposed regulation in 2008. These regulations
were codified on January 5, 2009 as New Jersey
Administrative Code 7:14A-2.15. Section 2.15
establishes application requirements for Reclaimed
Water for Beneficial Reuse (RWBR) and states that
any feasibility studies conducted shall be performed in
accordance with the Technical Manual. The
regulations define two main categories of RWBR—
public access and restricted access. The Technical
Manual provides detailed information to applicants on
the procedure for developing and implementing an
RWBR program.

Connecticut and Maine

There are no formal regulations regarding water reuse
in Connecticut or Maine. Installations are approved on
a case-by-case basis.

usvi

Currently, there are no water reuse regulations
promulgated by the USVI. Water reuse for irrigation is
limited to small, on-site installations and no large scale
or public projects have been undertaken. Discharges
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to above ground irrigation systems are regulated under
the USVI Territorial Pollutant Discharge Elimination
System Permitting and Compliance permit program,
while below ground dispersal systems are reviewed on
a case-by-case basis. At the time of publication, USVI
is reviewing draft regulations for small scale water
reuse systems for groundwater recharge and irrigation.
Water reuse for IPR, industrial, or recreational
applications have not been proposed in the USVI, but
if proposed, they would be approved on a case-by-
case basis.

5.2.1.5 Context and Drivers of Water Reuse

Potable water rates vary fairly dramatically by state
and regionally within each state in the Northeast,
depending on whether the source is a surface water or
groundwater resource. Several aquifers are stressed
on a seasonal basis; there are even instances of
surface waters being depleted within coastal river
basins in recent years, driving up potable water rates.
Obviously, the high cost of the potable water supply
provides an incentive for wastewater reclamation. For
example, in Massachusetts the Ipswich River Basin
ran dry during the peak summer demands of 2006 and
2007. Currently, potable water rates in the Northeast
range from a low of less than $1.00/1,000 gallons
($0.26/1000 L) to a high of over $9.00/1,000 gallons
($2.38/1000 L) regionally.

Since adequate potable water supply is not always
available for large industrial projects regardless of the
water rate, industrial facilities such as power plants
have developed the largest water reclamation projects
in the region. Rhode Island has the distinction of
having the largest reclaimed water project in the
Northeast at a power plant at the Central Landfill in
Johnston, R.l. that pumps 5 mgd (219 L/s) of
reclaimed water 12 mi (19.3 km) from the Cranston,
R.l., WWTP for use in the on-site cooling towers. In
Connecticut there are two active reuse projects (for
golf course irrigation and an industrial manufacturing
facility) and one facility near start-up at the University
of Connecticut.

Reclaimed water is used for snowmaking in several
states in New England as a means to allow for
continued discharge of treated effluent from zero
discharge lagoon and LAS during the winter. Several
ski resorts in Maine utilize reclaimed water for
snowmaking, as described in a case study (US-ME-
Snow). In Vermont, one ski area, one highway rest
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area, and one building at the University of Vermont are
currently using reclaimed water for toilet and urinal
flushing. In addition, forested spray fields are used for
disposal of treated wastewater in areas of Vermont.

Several water reclamation systems from
Massachusetts are highlighted in the case studies. In
Southborough, a private school has installed a small
wastewater treatment system to reclaim water for toilet
flushing as part of a campus expansion that included
LEED certification of buildings [US-MA-Southborough].
In Hopkinton, a manufacturer of electronic data
storage systems has installed a wastewater treatment
and reclamation plant to reuse water for toilet flushing
and irrigation, which recharges groundwater. As
Hopkinton has faced water shortages during summer
peak seasonal demand, the project has reduced the
potable water demand on a seasonally limited aquifer
and has provided needed groundwater recharge [US-
MA-Hopkinton]. In the town of Foxborough, when the
new Gillette Stadium was being built, the New England
Patriots management worked with the town and the
Massachusetts  Department  of  Environmental
Protection to construct a new wastewater reclamation
system for toilet flushing and groundwater recharge.
The increase in wastewater generated during home
games would have otherwise overwhelmed the town’s
wastewater treatment system, as well as severely
stressed the town’s groundwater supplies [US-MA-
Gillette Stadium]. The Metropolitan Area Planning
Council (MAPC) published a guide for expanding
water reuse in Massachusetts that includes several
other case studies on water reuse in the state (MAPC,
2005).

The objective of the RWBR program in the state of
New Jersey is to incorporate RWBR language into all
sanitary sewerage treatment plant permits. As of 2011,
118 facilities have been permitted to utilize RWBR. Of
these facilities, 27 are utilizing RWBR for a variety of
uses ranging from cooling water, WWTP wash down,
and golf course irrigation to cage/pen washing at a
county zoo.

usvi

Public potable water supply serves approximately 30
percent of the USVI, while the remaining 70 percent
collect rainwater or use wells to draw groundwater for
drinking. Of that 70 percent, approximately 15 percent
use wells, with the remaining population relying on
rainwater cisterns. While the annual rainfall is
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significant, there is a dry season, and the eastern end
of the island of St. Croix is particularly dry year round,
providing a drive to conserve water. There also have
been recent shortages of public water supply on the
island of St. Thomas. Overall, however, provided
conservation practices are used, water demands are
generally met by supply. Thus, scarcity is not a driver
for large-scale water reuse. Nonetheless, small-scale
water reuse for irrigation of small plots, primarily for
landscaping, does occur in the USVI, particularly in the
drier areas (e.g., the eastern end of St. Croix).
Commercial agriculture, primarily located on St. Croix,
currently does not employ water reuse.

5.2.2 Mid-Atlantic: Delaware, District of
Columbia, Maryland, Pennsylvania,
Virginia, and West Virginia

This section focuses on the regulatory context and
drivers for water reuse in five states and the District of
Columbia in the Mid-Atlantic region.

5.2.2.1 Population and Land Use

According to the 2010 U.S. Census, the population in
the Mid-Atlantic states totals around 30 million with the
largest population density being the Washington, D.C.-
Baltimore-Northern Virginia metropolitan area. The
coastal areas of the upper Mid-Atlantic region have
been thoroughly urbanized, with little to no areas of
rural farmland. However, West Virginia and parts of
Virginia remain largely rural with pockets of
urbanization. Figure 5-6 compares the percent change
population in the Mid-Atlantic to the entire United
States from 2000-2010 and percent change in
developed land coverage from 1997-2007.
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Figure 5-6

Change in population (2000-2010) and developed
land (1997-2007) in the Mid-Atlantic region,
compared to the United States
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5.2.2.2 Precipitation and Climate

The climate in the Mid-Atlantic region is largely
classified as humid subtropical. Spring and fall are
warm, while winter is cool with annual snowfall
averaging 14.6 in (37 cm). Winter temperatures
average around 38 degrees F (3.3 degrees C) from
mid-December to mid-February. Summers are hot and
humid with a July daily average of 79.2 degrees F
(26.2 degrees C). The combination of heat and
humidity in the summer brings very frequent
thunderstorms and, therefore, abundant precipitation
during the warmest months. Figure 5-7 depicts
average monthly precipitation in the Mid-Atlantic
region by state.
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Figure 5-7

Average monthly precipitation in the Mid-Atlantic
region

5.2.2.3 Water Use by Sector

Figure 5-8 shows freshwater use by sector in the Mid-
Atlantic Region.
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Figure 5-8
Freshwater use by sector for the Mid-Atlantic region
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As for the Northeast region, the greatest possible
opportunity for water reuse in the Mid-Atlantic region is
in the energy sector.

5.2.2.4. States’ Regulatory Context

Delaware

The Delaware Division of Water administers the state’s
reclaimed water permits, which are primarily for
agricultural irrigation, a reuse that has been practiced
since the 1970s. There are 23 permitted agricultural
operations covering more than 2,200 acres, plus two
golf courses and several wooded tracks. State
regulations  require  advanced treatment for
unrestricted access use; specify water quality
limitations, including bacteriological standards; and
require set back distances. Agricultural application
rates are limited both hydraulically and by nutrient
loading limits. Reclaimed water irrigation of crops
intended for human consumption without processing is
not allowed.

District of Columbia

The District of Columbia currently does not have any
regulations or guidelines addressing water reuse but
considers projects on a case-by-case basis. The city is
currently developing rules and water quality
requirements for stormwater use.

Pennsylvania and Maryland

Pennsylvania and Maryland have guidelines for water
reuse. The Maryland Department of Environment has
Guidelines for Land Application/Reuse of Treated
Municipal Wastewaters, last revised in 2010. There
are two quality levels (Class | and Il). The guidelines
provide buffer zone requirements and requirements for
zero nitrogen addition to groundwaters in new permits.
The 2010 amendments added a Class Il water for
non-restricted urban irrigation use and regulations
proposed for reuse with a Class IV water allowing use
in commercial settings (laundries, car wash,
snowmaking, air conditioning, closed loop cooling,
window washing, and pressure cleaning), irrigation for
food crops (with no contact with the edible portion of
the crop), and industrial facilities (washing aggregate,
cooling waters, concrete manufacture, parts washing,
and equipment operations).

Virginia

Virginia adopted new regulations for water reuse in
2008 under the Department of Environmental Quality
(DEQ). In addition to the DEQ regulations, which
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govern the centralized reclamation of domestic,
municipal, or industrial wastewater and subsequent
reuse, other Virginia state agencies have regulations
or guidelines that affect water reuse, determined in
most cases by the type of wastewater to be reclaimed.
The Virginia Department of Health has regulations that
allow the on-site treatment and reuse of reclaimed
water in conjunction with a permitted on-site system
for toilet flushing, and provides guidelines for the use
of harvested rainwater and graywater. The Virginia
Department of Housing and Community Development
has regulations for the indoor treatment and plumbing
of graywater and harvested rainwater, and for the
indoor plumbing of reclaimed water meeting
appropriate regulatory standards administered by the
DEQ for indoor uses. The Virginia Department of
Conservation and Recreation has limited regulations
for the use of stormwater and evaluates such
proposals on a case-by-case basis. A discussion of
the development of the Virginia water reuse
regulations is provided in a case study [US-VA-
Regulations].

Water rights in Virginia adhere to the Riparian
Doctrine, which protects the beneficial water uses of
downstream riparian owners. A more detailed
discussion of water rights and how they may affect the
reclamation and reuse of wastewater is provided in
Chapter 4. As a result of the Riparian Doctrine and
Virginia’s  water  withdrawal permit  program,
communities that do not have downstream riparian
owners or permitted withdrawals to contend with may
have a greater range of water reclamation and reuse
options, including IPR and nonpotable uses. In
contrast, communities with downstream riparian
owners may implement IPR in lieu of nonpotable reuse
of reclaimed water in order to avoid water rights
conflicts. Where IPR is proposed, generators and
distributors of reclaimed water will need to work more
closely with downstream users within a larger
regulatory context to protect water supply quantity and
quality.

West Virginia
No information was available from West Virginia at the
time of publication.

5.2.2.5 Context and Drivers of Water Reuse
Virginia

One of the longest operating and successful
reclamation projects in the country was initiated in
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1978 by the UOSA. UOSA was created to provide

regional collection and advanced treatment of
wastewater  generated  from multiple  small
communities, many with inadequate wastewater
treatment faciliies and failing individual septic

systems. Project details are described in a case study
[US-VA-Occoquan]. The UOSA discharge provides
significant contributions to the Occoquan Reservoir,
which is the raw water supply for Fairfax Water, a
utility that provides potable water to northern Virginia.
The UOSA system is also the longest operating
planned surface water IPR project in the United
States.

Subsequent to the effective date of Virginia’'s Water
Reclamation and Reuse Regulation in October 2008,
several new water reclamation and reuse projects
were authorized. These included, among others, the
following projects:

= The Broad Run WRF in Loudoun County is
permitted to produce 11 mgd (482 L/s) of Level
1 reclaimed water (secondary treatment,
filtration, and higher level disinfection) for a
variety of uses including turf and landscape
irrigation; toilet flushing; fire fighting and
protection; and evaporative cooling, primarily at
data centers.

= The Noman Cole, Jr. Pollution Control Plant in
Fairfax County is permitted to produce 6.6 mgd
(289 L/s) of Level 1 reclaimed water. A portion
of this water is delivered to an energy resource
recovery facility for cooling, boiler blowdown
and washdown and to the Fairfax County Park
Authority for irrigation of a golf course,
recreation area, and park.

= The Parham Landing WWTP in New Kent
County is permitted to produce 2.0 mgd (88 L/s)
of Level 1 reclaimed water. A portion of this
water is delivered to two golf courses for
irrigation and to a horse racing track for
irrigation and dust suppression.

= The Bedford City WWTP in Bedford County is
permitted to produce 2.0 mgd (88 L/s) of Level 2
reclaimed water (secondary treatment and
standard disinfection). A portion of this water is
delivered to a food packaging facility for cooling.

2012 Guidelines for Water Reuse



Chapter 5 | Regional Variations in Water Reuse

= The Maple Avenue WWTP in Halifax County is
permitted to produce 1.0 mgd (43 L/s) of Level 2
reclaimed water. Most of this water will be
delivered to a wood-burning power producer for
cooling and boiler feed.

Other projects that have been grandfathered until they
expand their reclaimed water production or distribution
capacity include the Proctors Creek Wastewater
Treatment Facility (WWTF) and the Remington WWTF
in Chesterfield and Fauquier Counties, respectively.
Both facilities provide treated effluent of quality better
than or equal to Level 2 reclaimed water to coal-
burning power generation facilities for cooling or stack
scrubbing (Bennett, 2010).

Delaware

Delaware has a long history of promoting reuse of
reclaimed water. Some fields in Delaware have been
receiving reclaimed water since the 1970s with no
adverse effects to the fields, crop yields, or the water
table beneath the field. As previously mentioned, there
are 23 facilities permitted in Delaware that use
reclaimed water largely for agricultural irrigation as
well as to irrigate two golf courses and several tracks
of wooded land.

District of Columbia

While many facilities in the District of Columbia are
practicing graywater use, only one water reuse project
has been implemented to date. The Sidwell Friends
Middle School campus was recently renovated for
LEED Platinum certification, including on-site water
reuse, as described in the associated case study [US-
DC-Sidwell Friends]. The University of the District of
Columbia is similarly considering on-site water reuse
for its campus and is working with District of Columbia
Water and Sewer Authority (D.C. Water), the District
Department of the Environment, and the Department
of Health to develop the potential project.

Pennsylvania

In Pennsylvania, an advanced treatment facility
provides reclaimed water for Pennsylvania State
University and the surrounding area from the Spring
Creek Pollution Control Facility. Treatment includes
activated sludge with biological nutrient removal (BNR)
followed by diversion to the reclamation facilities
consisting of MF/RO and UV disinfection with sodium
hypochlorite added to a 1.5 million gallon storage tank
serving the distribution system (Smith and Wert,
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2007). Other projects include dust control and toilet/
urinal flushing (Grantville and Pittsburg Convention
Center) and the Falling Water garden in Mill Run, Pa.
(Vandertulip and Pype, 2009 and [US-PA-Mill Run]. In
Kutztown, the Rodale Institute has installed a water
reclamation system as part of its Water Purification
Eco-Center. The project highlights water reuse as an
alternative to traditional sewage management for a
broad audience, including elementary school children,
municipal officials, land developers, watershed
management groups, planning commissioners, policy
makers, and environmental enforcement officers [US-
PA-Kutztown]. Although interior residential reuse
would not be permitted under current guidelines,
Hundredfold Farm in Adams County was the first rural
cohousing community in Pennsylvania and uses their
treated wastewater for toilet flushing as well as
irrigation. There are also 11 industrial establishments
and 14 municipal treatment plants that use their
treated wastewater for irrigation purposes.

Maryland

Maryland has 35 spray irrigation systems using
reclaimed water, with the largest being 0.75 mgd (32
L/s). The majority of the systems are for agricultural
irrigation. Nine of the spray irrigation systems are for
golf course irrigation. Other reuse systems included
four rapid infiltration systems, two overland flow, and
three drip irrigation systems (Tien, 2010).

5.2.3 Southeast: Alabama, Florida,
Georgia, Kentucky, Mississippi, North
Carolina, South Carolina, and Tennessee
This section focuses on the regulatory context and
drivers for water reuse in eight states in the Southeast.

5.2.3.1 Population and Land Use

The Southeast is one of the most populous and fastest
growing regions in the United States. With nearly 19
million people, Florida is the most populous of the
southeastern states. It is followed by Georgia and
North Carolina, each with approximately 10 million
residents, and then Tennessee with over 6 million
people. Historically, the Southeast states have relied
heavily on agriculture. However, in the last few
decades, the region has become more urban and
industrialized. Despite this development, some
southeastern states still have not implemented
sophisticated reuse programs. Florida, however, has
one of the largest reuse programs in the country. A
factor that has contributed greatly to the significant
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development of reuse in Florida and the Southeast is
the significant increase in urbanization of the states’
major population centers and in the land use
surrounding those centers. As population increases,
particularly in coastal areas, water resources are
stressed, and water reuse becomes an integral part of
meeting the projected future water demand.
Figure 5-9 compares the percent change in population
in the Southeast region to the entire United States
from 2000 to 2010 and percent change in developed
land coverage from 1997 to 2007.
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Figure 5-9

Change in population (2000-2010) and developed land
(1997-2007) in the Southeast region, compared to the
United States

Florida experienced huge growth in population from
1980 to 2010 (93 percent increase), and with that
came a dramatic increase in developed land at nearly
100 percent over what it was in 1982. Georgia, North
Carolina, South Carolina, and Tennessee likewise saw
population growth exceeding the national average. In
these states, population growth likewise corresponded
to an increase in developed land exceeding the
national rate. Because of this stress from growth and
development, Florida and some of the other
southeastern states, particularly in the large urban
centers, present huge opportunities for reuse.

5.2.3.2 Precipitation and Climate

The predominate climate in the Southeast is humid
subtropical with a small area of wet/dry-season tropical
zone in South Florida. Compared to the rest of the
country, states in the Southeast get the most average
rainfall, with close to or above 50 in (127 cm) per year.
Yet, it may be surprising that Florida has probably the
most reuse flow going to landscape irrigation at 360
million gallons per day (403,200 ac-ft/yr) (15.8 m3/s)
than any other state. Part of the explanation lies in an
initial regulatory driver to reuse instead of increasing
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deep well disposal. Figure 5-10 depicts typical
monthly precipitation in the Southeast by state.
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Average monthly precipitation in the Southeast region

It is clear that the springtime rainy season in the
Southeast occurs in March, which is the wettest time
for most of the southeast states. However, Florida’'s
wettest season is during the summer months. For
irrigation uses, this rainy cycle during the best growing
months creates a disconnect between the supply and
demand rates of reclaimed water for urban and
agriculture reuse programs. This must be solved
through the use of seasonal storage (tanks, lakes,
aquifer storage, and recovery wells), diversification of
the reuse program (bulk interruptible users, large
industrial users, aquifer recharge, etc.), development
of supplemental water sources, by permitting a limited
wet-weather discharge, or by having a permitted back-
up disposal option such as deep well injection or
surface water discharge.

5.2.3.3 Water Use by Sector

The opportunities for water reuse differ somewhat
among the Southeast states. All of the states have
large opportunities for water reuse in the energy
sector. In Florida and Mississippi, irrigation demand
also provides a large opportunity for reuse.
Figure 5-11 shows freshwater use by sector in the
Southeast.
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Figure 5-11
Freshwater use by sector for the Southeast region

While irrigation does not seem to present a huge
opportunity for reuse in Alabama, South Carolina, and
Tennessee, the use of reclaimed water for irrigation in
certain circumstances (e.g., where irrigated hayfields
or golf courses are located next to a domestic WWTF)
in these states should not be overlooked. Likewise, in
Florida and Mississippi, where the use of freshwater in
the energy sector is largely overshadowed by reuse for
irrigation, the use of reclaimed water in cooling towers
and other uses at thermoelectric power plants can be
a huge local opportunity for reuse in areas where
those plants are located. In Florida, power plants can
be a reuse utility’s largest bulk customer.

In many parts of Florida, reclaimed water is an integral
part of the water supply portfolio, and this trend is
expected to continue. With limited freshwater in many
areas, reclaimed water has allowed communities to
grow and has reduced the need for development of
other alternatives. Irrigation demands in Florida are
second only to Arkansas. This may partly explain why
Florida’s most popular use of reclaimed water (68
percent of the total reuse flow) is irrigation (public
access areas, 58 percent, and agricultural irrigation 10
percent) (FDEP, 2012a). Farming is the largest
industry in Florida, and the use of surface water and
groundwater sources for irrigation remain significant
withdrawals of the freshwater supply in the state.
There are two main impeding factors to expanding the
use of reclaimed water for agricultural activities:
negative perception of reclaimed water by farmers and
their customers, and the rural nature of farmland,
which means that there are high financial and energy
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costs to supply reclaimed water to these areas. The
public use of water is also huge and indicates a big
opportunity for aquifer recharge and potable reuse;
however, this represents the most stringent level of
treatment and most potential for public resistance.

Florida is not a center of heavy industry, and as a
result, industry is the smallest of the water uses in
Florida. Leading industries include food processing,
electric and electronic equipment, transportation
equipment, and chemicals. While the industrial and
energy sectors are not huge parts of the total water
use in Florida, the opportunities presented by these
industries, particularly in the towns where large
industrial facilities and power plants are located, are
desirable to reclaimed water providers. Alabama,
Georgia, Mississippi, South Carolina, and Tennessee
all have higher industrial water use demands that are
in the range of 5 t010 percent.

Potable Water Availability and Rates

With the exception of Florida, Arkansas, and
Mississippi, the majority of freshwater withdrawn in the
Southeast comes from surface water sources. In
Florida, nearly 90 percent of the potable water is
supplied by groundwater. Potable water rates are still
relatively cheap due to the low cost of production (very
little treatment required). However, in some parts of
the state, particularly in the Tampa Bay area and
Southeast parts of the state and along the coastline in
the Northeast and parts of the Panhandle, the aquifers
are stressed. In these stressed areas, called Water
Resource Caution Areas by state statutes, potable
water rates may be higher and may be a better
reflection of the real cost of providing water. Within
these Water Resource Caution areas, investigating the
feasibility of reuse programs is mandated, and utilities
(water supply and wastewater management) as well
as water users must implement reuse to the extent
that is determined to be feasible.

Potable water rates in several municipalities surveyed
in Florida in 2003 ranged from a low of $0.50/1,000
gallons ($0.13/1000 L) to a high of more than
$10.00/1,000 gallons ($2.64/1000 L), depending on
the gallon usage (tiered rate); however, for most
residential uses the average potable water rate was
around $1.50/1,000 gallons ($0.40/1,000 L)
(Whitcomb, 2005). (See also Table 7-1 for sample
rates.) Note that as utilties in Florida adopt
conservation rate structures, potable water rates have
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increased above these 2003 values. Reclaimed water
rates in the same vyear in Florida were very
competitive, ranging from $0.19 to $5.42/1,000 gallons
($0.05 to $1.43/1,000 L) for residential customers and
from $0.05 to $18.30/1,000 gallons ($0.01 to
$4.83/1,000 L) for non-residential customers (FDEP,
2012a). Except for a few isolated instances, water in
the southeastern states is generally undervalued,
therefore inhibiting the perceived need for water reuse.

5.2.3.4. States’ Regulatory Context

Alabama, Georgia, Kentucky, Mississippi, South
Carolina, and Tennessee

Alabama and Georgia each have guidelines governing
various aspects of reuse. Kentucky does not have
regulations or guidelines governing reuse. Mississippi
has regulations that cover the potential for reclaimed
water to be reused for restricted urban reuse,
agricultural reuse for non-food crops, and industrial
reuse. South Carolina has regulations governing reuse
that stipulate that wastewater facilities that apply to
discharge to surface waters must conduct an
alternatives analysis to demonstrate that water reuse
is not economically or technologically reasonable.
Tennessee allows reclaimed water to be distributed for
land application reuse by industrial customers,
commercial developments, golf courses, recreational
areas, residential developments, and other nonpotable
uses. Implementation of reuse programs are through
the NPDES or state operating permit programs with
additional requirements for reuse that are specified in
the permits. Tennessee guidelines for reuse include
the Design Guidelines for Wastewater Treatment
Systems Using Spray Irrigation.

Florida

Florida has one of the more mature water reuse
programs that continues to evolve with new
environmental and regulatory drivers. Florida leads the
United States with 49 percent of treated wastewater
reclaimed and reused (FDEP, 2012a). The reuse
capacity in the state is higher—up to 64 percent of the
state’s permitted domestic wastewater capacity is
dedicated to reuse. In 2006, FDEP’'s Water Reuse
Program was the first recipient of the EPA Water
Efficiency Leader Award. However, Florida realizes
only a fraction of reuse opportunities. In 2011, a total
of 57 large domestic wastewater treatment facilities did
not provide reuse of any kind. This unused capacity
presents a potential to expand the availability of
reclaimed water in the state. The 2008 Legislature
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enacted laws that prohibit ocean discharge of treated
wastewater by 2025 except as a backup to a reuse
system. Sixty percent of the water currently discharged
in ocean outfalls will have to be reused for a beneficial
purpose, increasing reclaimed water use by at least
180 mgd (7.9 m¥s) by 2025.

The 2007 to 2008 droughts highlighted the need to use
all sources of water efficiently. In lieu of new legislation
considered in 2008, FDEP initiated three workshops to
gather input on water reuse issues and goals for
Florida. Meeting attendees included representatives
from the FDEP, the five water management districts,
local government, utilities, and other parties with an
interest in reuse. Issues discussed included regulatory

authority, offsets, irrigation, supplementation
(augmentation), funding, optimization of reclaimed
water  resources; mandatory reuse  zones,

communication and coordination, and reuse feasibility
study preparation. The regulatory authority may be the
result of increased value seen in reclaimed water with
utilities believing that they should control the resource
that they spend money to create, cities wanting some
control, and water management districts believing
reclaimed water falls under the legislative grant of
jurisdiction to regulate the consumptive use of water.

Another interesting issue is the discussion on
supplementation, which is also referred to as
augmentation. In most instances, augmentation is the
addition of highly treated reclaimed water to a surface
water body or aquifer for IPR. In Florida, for some
utilities, the opportunity to supplement reclaimed water
with other water sources helps promote a higher
percentage use of reclaimed water because it makes
availability to a larger number of users more reliable.
However, some environmental organizations and other
local governments have expressed concern over this
practice. For more information, consult the FDEP
Connecting Reuse and Water Use: A Report of the
Reuse Stakeholders Meetings (FDEP, 2009). An
outcome of these workshops was the establishment of
a reclaimed water workgroup consisting of
representatives from the same stakeholders. After the
first three workshops, the workgroup continued to
meet almost monthly for three years, coming to some
kind of consensus on these issues. The workgroup’s
efforts resulted in statutory changes, rule changes,
and increased coordination among stakeholders. The
workgroup’s final report was published in May 2012.
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North Carolina

Reclaimed water systems are classified in North
Carolina as either conjunctive or non-conjunctive
systems. A conjunctive reclaimed water system refers
to a system where beneficial use of reclaimed water is
an option and reuse is not necessary to meet the
wastewater disposal needs of the facility. In this case,
other wastewater utilization or disposal methods (i.e.,
NPDES permit) are available to the facility at all times.
A non-conjunctive reclaimed water system typically
has evolved from land disposal system permits and
refers to a system where the reclaimed water
utilization option is required (or dedicated) to meet the
wastewater disposal needs of the facility and no other
disposal or utilization options are available. Of the 128
active reclaimed water permits in North Carolina,
approximately 48 percent are for conjunctive use
systems and approximately 64 percent of those are
from municipalities. Changes in the North Carolina
regulations now allow more flexibility for utilities to
expand use beyond dedicated land disposal in the
remaining non-conjunctive permits. The projected
increase in reclaimed water demand due to the rule
changes were estimated based on newly approved
uses of food crop irrigation, wetlands augmentation,
residential conjunctive drip irrigation systems, and the
estimated increase in residential irrigation demand
(NCAC, 2011).

5.2.3.5 Context and Drivers of Water Reuse
Alabama

In Foley, Ala., model studies and a constructed
wetland/percolation pond were studied at 20,000 gpd
(0.9 L/ s) flow rate using secondary treatment effluent
as feed to confirm application for groundwater
recharge in the future.

Georgia

Water reuse in Georgia varies from constructed
wetlands to augment shallow aquifers and spring flow
to creeks, to landscape irrigation, and even flushing
urinals and toilets in permitted buildings. Two case
studies [US-GA-Clayton County] and [US-GA-Forsyth
County] highlight the state’s success in augmenting
surface water supplies and offsetting potable water
demands within the state.

Historically, water reuse has been limited in Georgia
due to perceived adequate rainfall and water
resources. This perception began to change during an
intense drought period in 2007 and 2008, after which
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many communities re-evaluated how they would meet
future water supply needs if a lack of rainfall persisted.

In Coastal Georgia specifically, the 2007 and 2008
drought period only compounded the already occurring
issue of overproduction of drinking wells in the area,
which was resulting in saltwater intrusion of coastal
aquifers. In fact, the Georgia Environmental Protection
Division (GEPD) had already developed a Coastal
Georgia Water and Wastewater Permitting Plan for
Managing Salt Water Intrusion (2006 Coastal Plan)
that required a non-agricultural groundwater permittee
to develop a Water Reuse Feasibility Plan. The
primary focus of the plan is halting the intrusion of salt
water into the Upper Floridan aquifer (GEPD, 2007).

The recommended uses for reuse water in Georgia
were further expanded when on January 1, 2011; the
Georgia Plumbing Code was amended to allow
reclaimed water to be used for toilet and urinal flushing
and for other approved uses in buildings where
occupants do not have access to plumbing. This
amendment to the plumbing code helped provide the
framework to facilitate the use of reclaimed water in
buildings in LEED-certification endeavors.

Another driver for increasing water reuse in Georgia
was a federal court decision affecting the use of Lake
Lanier, a reservoir in the northern portion of the state
that supplies water to many metro-Atlanta
communities and other nearby communities. Lake
Lanier is the uppermost of four major water bodies
along the Chattahoochee River system that runs from
the North Georgia Mountains, through Atlanta, Ga.,
Columbus, Ga., and the Florida Panhandle, and
eventually discharges to the Gulf of Mexico. Lake
Lanier has been the subject of water rights disputes
among Georgia, Alabama, and Florida for more than
two decades. A federal court decision on July 17,
2009, ruled that Lake Lanier was not authorized as a
water supply reservoir, which meant that metro Atlanta
would have to find another source of drinking water
unless a political solution could be achieved. In
response, the governor created a Water Contingency
Planning Task Force that included elected officials,
consultants, and representatives from several
communities to conduct feasibility planning to
determine the impact of the ruling and discuss
methods of managing water resources in North
Georgia if the ruling stood (Georgia Governor’s Office,
2009).
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As part of the response, the Metropolitan North
Georgia Water Planning District developed a water
management plan identifying options and concluded
that alternative sources could not be developed by the
2012 deadline in the ruling. The plan acknowledged
that unplanned indirect potable reuse was already
occurring by augmenting the supply of Lake Lanier
and Lake Allatoona with high quality reclaimed water
and capture of upstream discharges comingled in the
river. The Clayton County Water Authority [US-GA-
Clayton County] project was identified as a planned
indirect potable reuse project. Several established
nonpotable reuse projects were also acknowledged.

On June 28, 2011, the 11th Circuit Court of Appeals
overturned the July 2009 court decision, finding that
Lake Lanier was created as a water supply reservoir
and directed the USACE to prepare a water allocation
plan for Lake Lanier, after which both Alabama and
Florida appealed. On June 25, 2012 the U.S. Supreme
Court denied a request by Alabama and Florida for a
review of the water case. While there will likely be
more to this issue, it is serving as a driver for
Georgia’'s communities to integrate water reuse
options into their regional water planning.

Florida

According to Florida’s 2011 Annual Reuse Inventory,
the state has a total of 487 domestic wastewater
treatment facilities with permitted capacities of 0.1 mgd
(4.4 L/ s) or above that make reclaimed water
available for reuse. These treatment facilities serve
434 reuse systems, where 722 mgd (31.6 m% s) of
reclaimed water from these facilities is reused for
beneficial purposes. The total reuse capacity
associated with these systems is 2,336 mgd (102.3
m® s), which is 64 percent of the total capacity of
domestic wastewater treatment facilities in the state
and more than three times larger than the state’s
reuse capacity in 1986 (FDEP, 2012a). Figure 5-12
shows the type of reuse that is occurring in Florida. To
date, percentage of reuse by category of application is
only available for Florida and California, states that
compile the information.
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Figure 5-12
Water reuse in Florida by type (FDEP, 2012)

Figure 5-13 depicts the large population centers in
Florida where reuse has the largest opportunity for
growth. The statewide per capita usage based on
2011 population estimates and total reclaimed water
utilization in 2011 was 38 gpd (143.8 L/day) of reuse
per person in Florida. The Orlando-Tampa
metropolitan area averages well over 50 gpd (189
L/day) per person, while Miami-Dade and Jacksonville
Metropolitan areas average 7 and 10 gpd (26.5 and
37.9 L/day) per person, respectively (FDEP, 2011).

A future water quality issue that numerous stakeholder
groups, including water resources utilities, have been
watching in the state of Florida is the development of
Numeric Nutrient Criteria (NNC). The national NNC
dialogue began in 1998 with EPA’s National Nutrient
Strategy that detailed the approach EPA envisioned “in
developing nutrient information and working with
states and tribes to adopt nutrient criteria as part of
their ~water quality standards.” (EPA, 2007)
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Note: Calculations of reuse flow per capita includes population
that is served by onsite sewage treatment and disposal
systems (e.g., septic systems).

Figure 5-13
Map of per capita reuse flow by county in Florida
(FDEP, 2012)

Working in partnership with EPA, FDEP established a
Technical Advisory Committee in January 2003 and
began development of state criteria. In 2008, a federal
legal and rulemaking process ensued, which led to
EPA developing their own freshwater NNC in 2010
and working towards proposing rules for primarily
marine waters in 2012. Additionally in 2012, the FDEP
NNC passed through the state rulemaking and legal
process, and that rule has been submitted to EPA for
review. It is still uncertain whether the federal or state
led NNC rulemaking process will eventually evolve into
the NNC rule that will be implemented in the state of
Florida. Interested parties should stay tuned to both
the federal and state processes to track important
milestones over the coming year (EPA, n.d.; FDEP,
2012b; FR 77, 2012:13496-13499).

Unrelated to NNC, the 2008 legislature enacted laws
that prohibit ocean discharge of treated wastewater by
2025 except as a backup to a reuse system. Sixty
percent of the water currently discharged in ocean
outfalls will have to be reused for a beneficial purpose,
increasing reclaimed water use by at least 180 mgd
(7.9 m®s) by 2025. These requirements are based in
part on reducing nutrient load to the coastal waters
(Goldenberg et al., 2009).
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North Carolina

North Carolina is the sixth fastest growing state in the
United States, especially in the Research Triangle
area, because of the benefits and popularity of the
area. This growth increases the need for planning and
timely response to meet growing resource demands.
Recognition of this growth allows planners to consider
an integrated water management approach to their
water, wastewater, and reclaimed water utilities.

Climate change, recurring drought cycles, and
increasing local temperatures result in an increase in
irrigation demand to meet crop evaporation rates. At
the same time, changes in precipitation patterns are
causing planners to reassess previous plans. Even if
the annual rainfall remains relatively constant, higher
intensity rainfall can result in more runoff that is not as
beneficial as multiple, less intense events. Shifts in
time of year for rainfall events can significantly impact
soil moisture during critical planting and harvesting
periods. This can lead to an increase in supplemental
irrigation for predictable crop yields. Recent changes
in the North Carolina Reclaimed Water Regulations
treat reclaimed water as a resource, allow many uses
of reclaimed water by regulation, and increase the
potential to use reclaimed water in agricultural
applications, especially with Type 2 reclaimed water,
the higher of two defined reuse qualities (NCAC,
2011). This higher quality reclaimed water has few
agricultural restrictions (one being a 24-hour waiting
period following application of reclaimed water prior to
harvest). These new rules allow utilities to now
consider wholesale supply of reclaimed water to
agricultural interest, assuming both parties can come
to agreement regarding the value of this water.

Although there may not yet be large power generating
needs for reclaimed water in North Carolina, cooling
water and industrial process water are attractive to
industries and can be supportive of economic
development for a community. New residential
developments in communities facing water shortages
are often able to develop and provide a benefit to
residents if reclaimed water is included in a dual water
system, allowing homeowners to establish landscape
without water restrictions increasing their water bills or
use restrictions negating their landscape investments.

In North Carolina today, nutrient reduction
requirements and TMDLs resulting in new or re-issued
discharge permits that will require installation of

5-21



Chapter 5 | Regional Variations in Water Reuse

advanced wastewater treatment to meet limit of
technology nutrient removal are much like events in
1972 that led to the creation of the dual-piped
reclaimed water system for St. Petersburg, Fla. The
Wilson-Grizzle Act was passed by the Florida
legislature in 1972. It required all utilities to cease
discharge into Tampa Bay unless they installed
advanced wastewater treatment equipment to meet
nutrient reduction requirements. Today, St. Petersburg
is known as the largest residential reclaimed water
service provider in the United States (Crook, 2005).
This same opportunity to develop dual piped water
systems for new developments could increase use of
reclaimed water for residential irrigation over time,
minimize increased demands on the potable water
system, and delay or eliminate costly nutrient removal
improvements at WWTPs.

Going green (or, in some cases, gray) is sometimes
driven by new development decisions to create a
LEED-certified development or building. In the
certification process, up to 10 points can be obtained
through use of reclaimed water or on-site use of
alternate waters. Currently in North Carolina, the use
of graywater without treatment is not allowed (15A
NCAC 18A); however, 2011 Session law has called for
the development of graywater reuse rules to facilitate
its safe and beneficial use. Currently, state/local
plumbing authorities allow for the use of graywater for
toilet flushing. Both national plumbing codes (Uniform
Plumbing Code and International Plumbing Code)
require use of purple pipe for all alternate water on-
site. Alternate water is defined as reclaimed water,
harvested rainwater, graywater, stormwater, and air
conditioning condensate. This can create some
confusion if a utility provides reclaimed water to a new
development that also has alternate waters with some
or no treatment.

The town of Cary has one of the more established
reclaimed water systems in North Carolina, starting in
2001 with 9 mi of distribution pipeline from the North
Cary WRF serving 350 customers (Miles, et al., 2003;
The Town of Cary, n.d.; and [US-NC-Cary]). The town
also provided a central bulk fill station at the North
Cary WRF as shown in Figure 5-14. Since system
inception, town staff members have trained over 800
bulk water users, mainly landscape and irrigation
contractors, in the proper use of reclaimed water. This
training is required in order to obtain and apply bulk
reclaimed water from the WRF. A recent industry

5-22

article identified the Cary reclaimed water as
“Purple...the new Gold” by serving as a resource
during the drought to maintain landscape (Westmiller,
2010).

Figure 5-14

Cary, N.C., bulk fill station allows approved
contractors, landscapers, and town staff to use
reclaimed water

Durham County, N.C., expanded its reclaimed water
program with storage, plant improvements, and a new
distribution and metering system to supply
supplemental reclaimed water to the town of Cary to
begin service to the Cary West Reclaimed Water
Service Area. Improvements at the County’s Triangle
WWTP included a 400,000-gallon ground storage
tank, a new high-service reclaimed water distribution
pump station, a bulk liquid chlorine feed system, a
24/20/16-in distribution system to serve the town of
Cary and other county demands, and a town of Cary
metering station.

The city of Raleigh Public Utilities Department
currently manages two reclaimed water distribution
systems (City of Raleigh, 2012). One is located in the
Zebulon service area and currently serves seven
customers, totaling approximately 36 million gallons
(1.6 m*s) annually. The larger Southeast Raleigh
reclaimed water distribution system from the Neuse
River WWTP is being extended to serve the Walnut
Creek Environmental Education Center and the North
Carolina State NCSU Centennial Campus and Poole
Golf Course.

Raleigh has four bulk reclaimed water stations located
throughout the service area at the Neuse River WWTP
(southeast Raleigh), E. M. Johnson Water Treatment
Plant (North Raleigh), Little Creek WWTP (Zebulon),
and Smith Creek WWTP (Wake Forest). Bulk
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reclaimed water is free of charge after a user
completes certification training by the Public Utilities
Department. Uses for bulk reclaimed water include
irrigation, hydro-seeding, pesticide and herbicide
application, concrete production, power/pressure
washing, and dust control.

There is also a small on-site reclaimed water system in
Wilkerson Park in the city of Raleigh. Wastewater is
collected, treated, and reused on-site under a permit
issued by the local health department.

The University of North Carolina (UNC) at Chapel Hill
began addressing high water use a decade ago with
traditional water conservation efforts (low flow
showerheads, faucet aerators, and dual flush toilets)
and by creating closed loop water service to research
laboratories resulting in a 27 percent reduction in
water use per square foot. More stringent stormwater
regulations in the town of Chapel Hill and Jordan Lake
nutrient reductions imposed by the state led to
rainwater harvesting on the UNC campus. Harvested
rainwater and stormwater is stored in cisterns
(constructed under playing fields) and used for
irrigating the soccer/intramural fields and baseball
stadium, landscaping, and toilet flushing. Two 100-
year drought events within 7 years led to the addition
of reclaimed water to support campus activities in
2009. Five interconnected chilled water plants (50,000
ton capacity) on campus use 0.5 mgd (21.9 L/s). The
UNC Hospital chiller plant uses an additional 0.2 mgd
(8.8 L/s). The football and baseball fields are supplied
with 0.03 mgd (1.3 L/s) of reclaimed water. Utilization
of reclaimed water for uses previously provided
potable water reduced potable water use by 37
percent. Finally, to increase system reliability and
diversify supply, the rainwater/stormwater cistern
system was provided with supply connections from the
reclaimed water system (Elfland, 2010).

South Carolina

Water reuse is governed under the state land
application rules and is most common along the coast
via golf course irrigation. Where controlled access is
part of the program, secondary treatment is
acceptable. If a more publicly-accessible site is to be
used, higher levels of treatment would be required.
Some small towns use land application in lieu of
surface water discharge in areas where land is
inexpensive to purchase. A primary focus of land
application permitting is groundwater protection.
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Therefore, the higher the level of treatment and the
greater the depth to groundwater, the more flexible a
permit can be written.

Tennessee

Water reuse occurs throughout the state of
Tennessee, including in Cumberland, Fayette,
Franklin, Lawrence, Maury, Moore, Rutherford,

Washington, Williamson, and White counties. Most
reuse is for irrigation of golf courses, followed by
irrigation for pasture land, residential areas, and parks.
Reuse systems in Tennessee operate under a State
Operation Permit issued by the Tennessee
Department of Environment and Conservation’s
Division of Water Pollution Control. None of the
existing facilities, however, use the reclaimed water for
edible crop irrigation, groundwater recharge, or IPR
applications. One case study in Tennessee highlights
the importance of reuse in integrated planning as a
means to address nutrient loading limits to a receiving
stream as a result of urban growth [US-TN-Franklin].

5.2.4 Midwest and Great Lakes: lllinois,
Indiana, lowa, Kansas, Michigan,
Minnesota, Missouri, Nebraska, Ohio, and
Wisconsin

This section focuses on the regulatory context and
drivers for water reuse in 10 states in the Midwest and
Great Lakes region.

5.2.4.1 Population and Land Use

According to the 2010 United States Census, the
population in the Midwest and Great Lakes Regions is
around 65 million. The geographic center of the
contiguous United States is found in Kansas. Chicago,
lll. and its suburbs form the largest metropolitan area
in the Midwest, followed by Detroit, Mich.; the Twin
Cities (Minneapolis and St. Paul, Minn.); Cleveland,
Ohio; St. Louis, Mo. and the Kansas City, Mo. area.
Figure 5-15 shows change in population in the
Midwest in the past decade, relative to the United
States. The figure also shows the percent change in
developed land coverage from 1997-2007.
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Figure 5-15

Change in population (2000-2010) and developed land
(1997-2007) in the Midwest and Great Lakes region,
compared to the United States

5.2.4.2 Precipitation and Climate

The Midwest states have varying hydrologic and
climatic conditions that impact water use. The
differences in population and land use in each state
also affect consideration of reclaimed water over
traditional water supplies. Common to most of the
Midwest is a larger proportion of agricultural land and
related agricultural processing industries. There are
also heavy industrial areas that include mining, auto
manufacturing, refining, and metal finishing.

The vast central area of the United States, located
between the Central Atlantic coastal states and the
Interior Plains states just east of the Rockies, is a
landscape of low, flat to rolling terrain typified by vast
acres of farmland largely affected by the Mississippi
River Drainage System, as well as by the Missouri and
Ohio Rivers and the Great Lakes. Rainfall decreases
from east to west across the region. Much of the
Midwest experiences a humid continental climate,
which is typified by large seasonal temperature
differences—warm to hot (and often humid) summers
and cold (sometimes severely cold) winters. This
region of the country is known for extreme weather
events: floods in the winter and spring and droughts in
the summer months. Figure 5-16 depicts average
monthly precipitation in the Midwest region by state.
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Average monthly precipitation in the Midwest

5.2.4.3 Water Use by Sector

Figure 5-17 shows freshwater use by sector in the
Midwest and Great Lakes Region.
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Figure 5-17
Freshwater use by sector for the Midwest and Great
Lakes region

Given the different climatic regions and types of
industry in the Midwest, water use varies among
states. One common use for states with larger river
sources such as the Mississippi, Missouri, and Ohio
Rivers is the non-consumptive use for once-through
cooling water at power generation facilities. This water
use is not the optimum candidate for reclaimed water
since it does not replace a consumed supply of
groundwater or surface water, as would be the case
for power plants with recirculated cooling systems.
Lower effluent limit requirements being set for some
municipal dischargers is expected to result in more

2012 Guidelines for Water Reuse



Chapter 5 | Regional Variations in Water Reuse

municipal wastewater facilities considering water reuse
for future improvements projects.

An analysis of one state, Minnesota, is provided as a
perspective on water use in other Midwest states.

More than 60 percent of the water used in Minnesota
is for power generation facilities, mainly for once-
through cooling, as depicted in Figure 5-18. Power
generation facilities are supplied mostly by surface
waters.

Public Potable

—_Irrigation
10%

Power Generation
61%

Figure 5-18
Water use in Minnesota, 2007 (Source: MDNR 2008)

The next largest use of water, around 16 percent of
the total, is for potable water supply (water utilities),
distributed by municipalities for domestic, commercial
and industrial uses. Nearly two-thirds of the potable
water in Minnesota is supplied by groundwater, as
shown in Figure 5-19.
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Water use in Minnesota by source*, 2007 (Source:
MDNR 2008)

Water withdrawn by industries (those not served by
water utilities) for various processing needs accounts
for about 12 percent of the total water used in
Minnesota. The majority of this is surface water used
by the pulp and paper and mining industries.
Agricultural processing accounts for the largest use of
groundwater by industry. Irrigation accounts for about
9 percent of the total water used, and all other water
uses comprise about 4 percent of the total water use.

Like many Midwest states, the larger users of
groundwater in Minnesota are not always in proximity
to populated areas with a sufficient reclaimed water
supply, notably for agricultural irrigation and
processing facilities. In 2005, the total industrial water
use in Minnesota, excluding surface water supplies for
power facilities, was estimated to be 445 mgd (19.5
m%s), of which 75 mgd (3.3 m%s) was used by
industries in the Twin Cities area. The total WWTF
discharge for the state is 425 mgd (18.6 m3/s), and
255 mgd (11.2 m3/s) is from WWTFs in the Twin Cities
(Metropolitan Council Environmental Services, 2007).

5.2.4.4. States’ Regulatory Context

The Midwest states are beginning to develop
regulations and guidelines for water reuse, prompted
by recent water reuse installations motivated by
shrinking water supplies and other factors. lllinois,
Indiana, lowa, Michigan, Missouri, and Nebraska have
water reuse regulations whereas Kansas, Minnesota,
and Ohio have guidelines. Wisconsin currently does
not have regulations or guidelines governing reuse.
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5.2.4.5 Context and Drivers of Water Reuse

This section identifies drivers and characteristics that
broadly apply to Midwest states with examples of
current reuse practices and develops a range of
considerations using Minnesota as an example. There
are a variety of opportunities for broader
implementation of water reuse practices in the
Midwest. There are also a host of factors that affect
the feasibility of reuse implementation. Water reuse
practices in the Midwest are site-specific and based on
a variety of drivers. The drivers can be grouped into
four categories: water quality, water quantity,
sustainable economic growth, and environmental
stewardship (MCES, 2007).

Water Quality

A safe, cost-effective, and adequate water supply
generally has been readily attained for most Midwest
communities and industries. Historic water reuse
applications have been water quality driven.
Agricultural irrigation using treated wastewater effluent
has been practiced in the Midwest’s rural areas in lieu
of summer pond discharges for facilities a significant
distance from an acceptable receiving stream. More
recent water reuse applications driven by discharge
limitations include golf course irrigation in urban and
resort areas and toilet flush water for buildings.

Water quality issues will drive future water reuse in the
Midwest. As growing communities generate additional
wastewater, there will be a need to provide higher
levels of wastewater treatment to maintain or decrease
discharge loads to the region’'s waterways. The
development of TMDLs in the Mississippi River basin’s
sub watersheds will result in reduced effluent limits for
phosphorus, solids, and total nitrogen for many
municipal dischargers. Water reuse may become a
cost-effective  practice for communities where
advanced treatment processes are required to meet
new receiving stream discharge limits. If these
communities are experiencing or forecasting water
supply limitations, the benefits of a water reuse option
could be even more pronounced. A new advanced
WWTF in East Bethel, Minn. in the Twin Cities metro
area will discharge high quality reclaimed water to
rapid infiltration basins rather than discharging to the
river.

Water Quantity

While water quality discharge limitations will
increasingly be a factor in the Midwest, it is anticipated
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that water supply limitations will be a driver in the near
future. There are regions and areas specific to each
state with an insufficient quantity of ground or surface
water and/or impaired quality from various pollution
sources.

In terms of water demand for crop irrigation, the
northern plains states use 64 percent of total water
withdrawals for agricultural irrigation, versus 14
percent for states to the east (Wu et al., 2009). This
significant difference in water use is related to less
precipitation in the northern plains states as well as a
proportionately smaller population with a demand for
municipal and power supply uses.

The mid-2000s surge in the biofuel industry prompted
investigations for water supply options other than local
groundwater in the Midwest's water supply limited
regions. Ethanol facilities in North Dakota and lowa
are currently using reclaimed water.

Limited groundwater supply was also the driver for
using reclaimed water for a sand washing operation in
Marshfield, Wis., and several power generation
facilities, such as those supplied by the Heart of the
Valley Metropolitan Sewerage District, Wis.; Clear
Lake Sanitary District, lowa; and Mankato, Minn.

Sustainable Economic Growth

Water has historically been undervalued in the
Midwest. With the exception of local or sub-regional
areas with limited supplies of adequate quality,
residents of the Midwest typically pay less for their
water supply than areas of the United States with
higher levels of water reuse.

While the past decades have focused on protecting
the aquatic habitat of the Great Lakes resource and
regional watersheds of the Mississippi River basin,
future decades will increase efforts to protect ground
and surface waters used for potable water supply. As
observed with the surge of the biofuel industry, water
demand for irrigation and industrial use already has
exceeded or may at some point exceed the available
groundwater supply in some areas. Communities that
want to share in the economic gains of the industry
need to be able to provide a sustainable water supply,
and there may be more incentive to consider
reclaimed water.
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Environmental Stewardship

Conservation has been a part of many states’ water
protection programs, along with more stringent
regulations for surface water dischargers. This
stewardship ethic can drive reuse projects even when
other drivers are not present and when economics
would not point to reuse.

For example, the Shakopee Mdewakanton Sioux
(Dakota) Community’'s (SMSC) 0.96 mgd (42 L/s)
WREF, constructed in 2006, was initiated as part of
SMSC'’s ongoing activities toward self-sufficiency and
natural resources protection. The community’s
commitment to environmental stewardship is explained
as follows: “The Dakota way is to plan for the Seventh
Generation, to make sure that resources will be
available in the future to sustain life for seven
generations to come” (SMSC, n.d.). The facility,

located in Prior Lake, Minn., is permitted to discharge
to one of two wetlands, shown in Figure 5-20, with
downstream ponded areas that provide water for
SMSC’'s golf course irrigation system. State and
federal agencies are working with the SMSC to
explore aquifer recharge to be used primarily in the
winter when irrigation is not needed.

Figure 5-20
The SMSC WRF and wetlands

Reclaimed water from Columbia, Mo., is directed to a
series of managed wetlands operated by the Missouri
Department of Conservation. The wastewater is fed
through a series of channels and gates, largely by
gravity, offsetting water that would have to be pumped
from the ground or the nearby Missouri River for the
wetlands. This saves on electrical costs, allowing the
scarce public money to be spent instead on habitat
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work, while preserving freshwater for additional uses.
These 1,100 ac of wetlands provide habitat for
migratory waterfowl and other wildlife. They are a very
popular destination for bird watching and, in the fall, for
duck hunting.

Emerging Water Reuse Practices

In some areas of the Midwest, additional emerging
drivers may include augmenting or preserving both
surface water supplies and groundwater supplies,
power generation, and recreational/aesthetic reuse.

In the Chicago metro area, significant flows from
regional wastewater treatment pass through the
Lockport Powerhouse. Built in 1907, the powerhouse
is used by the Metropolitan Water Reclamation District
of Greater Chicago to control the flow of the Sanitary
and Ship Canal and limit the diversion of water from
the Lake Michigan Watershed. The district received
approximately $3 million of credit from Commonwealth
Edison for transferring approximately 60 million kWhs
of power safely generated through hydropower.

On Chicago’s west side, a water reuse feasibility study
was conducted for service in the vicinity of the Kirie
WWTP. Three business/industrial parks in three
separate villages are located near the plant, and
O’Hare International Airport is to the southeast.
Potential uses for reclaimed water to replace potable
water use range from 1.3 to 1.9 mgd (57 to 83 L/s)
based on the time of year. Potential uses include
irrigation, cooling towers, industrial process water,
stormwater basin cleaning, municipal solid waste truck
washout, and wetland augmentation.

In some Midwest communities, recreational or
aesthetic reuse occurs in the form of using reclaimed
water to augment golf course ponds, both landscape
ponds and water hazard features. This may be
indirectly augmenting golf course irrigation needs.

The Village of Richmond, Ill., a small rural community
west of Chicago, recently developed an ordinance to
promote the preservation of rapidly shrinking
groundwater supplies when other sources of water
exist for specific uses. The ordinance describes
specific instances where municipal water supply users
would be required to use reclaimed water. The
ordinance encourages water reuse in general. For
example, industries are encouraged to use reclaimed
water for nonpotable industrial processes. There are
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both mandated and recommended applications. The
following applications are mandated uses:

*= Landscape watering except in playgrounds

= Landscape water features except in
playgrounds frequented by children 10 years of
age or under

= Industrial cooling water

= Toilet flushing at commercial, industrial, and
public facilities

= Commercial car wash facilities

= Commercial, industrial, and public boiler feed
water

The ordinance encourages other industrial users to
consider reclaimed water for appropriate nonpotable
industrial processes, specifically mentioning water for

construction practices, commercial uses,
enhancement of wildlife habitat, and recreation
impoundments.

Recently, the state of Missouri was approached about
the reuse of treated wastewater in intensive
agriculture. The proposals would use wastewater to
grow cellulosic biofuel crops in fields specifically
constructed with wastewater reuse in mind to
maximize production. In instances where all of the
wastewater generated by a small town can be used
during the summer recreation season, rather than
discharged to a water body, it may enable that town to
avoid costly upgrades due to new water quality
regulations.

Water Reuse Practices in Minnesota

Current Minnesota reuse projects include five for golf
course irrigation, one for building toilet flush water, one
for wetland enhancement, one for energy plant cooling
water, and 32 for agricultural irrigation (non-food
crops; main discharge for seasonal stabilization
ponds).

Limited water supply was the key driver for the largest
water reuse application in Minnesota. The city of
Mankato expanded its WWTF in 2006, shown in
Figure 5-21, to provide the Mankato Energy Center, a
365-MW facility (ultimate capacity of 630 MW), with
cooling water. The city provides up to 6.2 mgd (272
L/s) of reclaimed water to the Mankato Energy Center,
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which returns its cooling water discharge to the WWTF
(approximately 25 percent of the volume supplied) as
a permitted industrial discharger. The cooling water is
commingled with the WWTF process stream prior to
dechlorination. Refer to [US-MN-Mankato] for more
details.

Figure 5-21
Mankato Water Reclamation Facility

Water supply scarcity in Minnesota’s southwest region
affected the siting of ethanol facilities during the biofuel
industry expansion of the mid-2000s. In conjunction
with other planning activities, state agencies increased
inventory research on groundwater resources and
streamlined permitting practices. In addition, the state
legislature became involved by supporting initiatives
for water reuse, emphasizing the economic
sustainability goals tied to water (MPCA, 2010a).

Legislation under H.F. 1231 introduced in 2009
provided in-kind matching grants for capital projects
incorporating water reuse, including specific funds
targeting ethanol facilities. Water conservation
legislation passed in 2008, based on environmental
stewardship and conservation drivers, could affect how
municipalities plan for their water supplies. Public
water suppliers serving more than 1,000 people (85
percent of Twin Cities metro suppliers) must
implement a water conservation rate structure. The
rate structure was required by Twin Cities metro area
suppliers by 2010, and all remaining water suppliers
are to implement the conservation rate structure by
2013 (MPCA 2010b).

Long-term planning for water reuse in Minnesota and
other Midwest communities will be influenced by the
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development of TMDL programs. For example, the
Lake Pepin TMDL is projected to require a reduction of
one-half the phosphorus and solids loads to Lake
Pepin (Mississippi River segment), which will affect
nearly two-thirds of Minnesota.

Implementation Considerations in Minnesota

Minnesota is one of several states that have not
developed state water reuse criteria. Currently,
Minnesota uses California’s Water Recycling Criteria
to evaluate water reuse projects on a case-by-case
basis. In Minnesota, water reuse requirements are
included in NPDES permits administered by the
Minnesota Pollution Control Agency. This model has
served well for the permits issued to date, but there is
limited information available for those seeking to
explore water reuse, and questions have surfaced
regarding the applicability of the California criteria for
cold-winter climates and specific issues for the
Midwest region.

The modifications for reclaimed water production must
continue to meet existing NPDES and other permit
requirements and consider future permit conditions.
Some treatment technologies result in concentrated
waste streams, and there is concern that pollutant
concentration discharge limits (i.e., TDS, chloride,
sulfate, boron, and specific conductance) may exceed
the water quality standards for some receiving
streams. There are existing industries that cannot
expand operations because they cannot cost
effectively reduce salt concentrations in the discharge
and meet their NPDES permit. Recent requirements
for monitoring salty discharges at municipal WWTFs in
Minnesota indicate that permit limits may be
forthcoming for parameters that some WWTFs cannot
currently achieve. The incorporation of reclaimed
water practices may increase salt concentrations in the
WWTF effluent and become a deterrent to water reuse
at some facilities (MPCA 2011).

Most reclaimed water uses will require higher quality
water than is currently produced by a WWTP, as with
cooling water. Many Midwest communities have hard
and high salt waters, which lead to more concentrated
salts in the wastewater, particularly for areas relying
on home softening systems. Removal of hardness and
high salt levels significantly adds to the cost.

Reclaimed water is an emerging water supply for
Minnesota communities and industries. Economic
development, water supply limitations, and
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environmental regulations and stewardship  will
increasingly drive the need to find alternative water
supplies. Looking to balance income from water supply
and the need to build more infrastructure, communities
can partner with local industries and businesses to
provide conditions where water reuse can provide
environmental benefits and economic advantages for
all partners.

5.2.5 South Central: Arkansas, Louisiana,
New Mexico, Oklahoma, and Texas

This section focuses on the regulatory context and
drivers for water reuse in five states in the South
Central region.

5.2.5.1 Population and Land Use

Figure 5-22 compares the change in population in the
South Central region to the United States over the past
decade. The figure also compares the percent change
in developed land between the region and the United
States.
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Figure 5-22

Change in population (2000-2010) and developed
land (1997-2007) in the South Central region,
compared to the United States

Compared to other regions, the South Central region is
second only to the Mountain and Plains region in
percent population growth. In the Southwest, the
greatest population growth over the past decade has
occurred in Texas (20.9 percent) and New Mexico
(13.2 percent).

5.2.5.2 Precipitation and Climate

Figure 5-23 depicts average monthly precipitation in
the South Central region by state.
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Figure 5-23

Average monthly precipitation in the South Central
region

The graphs above present long-term average
precipitation. Drought conditions for the last three
years in the region have depleted surface water
reservoirs and reduced recharge to groundwater
aquifers. According to the U.S. Drought Monitor, as of
May 1, 2012, over 83 percent of Texas was still in
severe (D-3) to exceptional (D-5) drought conditions
(Rosencrans, 2012). Southeastern New Mexico shares
the fate of West Texas with severe to exceptional
drought over most of the state, with relieve to
abnormally dry (D-0) conditions in the northwest
corner of New Mexico.

With reservoir and aquifer levels dropping, many
communities are increasing their conversion to or use
of reclaimed water. In West Texas, the Colorado River
Municipal Water District is constructing a 2.3 mgd (101
L/s) IPR project that will convert Big Spring wastewater
into higher than potable quality and blend the product
water with raw water from one of three reservoirs that
still has some water. The blended water is then treated
at surface water treatment plants in six different
communities [US-TX-Big Spring]. The community of
Brownwood is in design/construction of a direct
potable augmentation plant to supplement supply from
a reservoir that may be depleted by the end of 2012
without significant rainfall.

5.2.5.3 Water Use by Sector
Figure 5-24 shows freshwater use by sector in the
South Central region.
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Figure 5-24
Freshwater use by sector for the South Central region

Irrigation is the largest water user in the region, and
reclaimed water is commonly used for irrigation.
However, the cost of incremental treatment and
distribution for irrigation is a barrier to significant
expansion in this sector. Thermoelectric power
generation is another large potential use sector for
expanding reuse.

5.2.5.4. States’ Regulatory Context

Arkansas and Louisiana

At this time, Louisiana does not have regulations or
guidelines specifically addressing water reuse.
Arkansas had guidelines prior and now has adopted
land disposal regulations with a provision for irrigation
of forage and non-contact crops.

New Mexico

In 2007, New Mexico Environment Department
(NMED) created an updated reclaimed water guidance
document “NMED Ground Water Quality Bureau
Guidance: Above Ground Use of Reclaimed Domestic
Wastewater” that supersedes 1985 and 2003 policy
statements. Current guidance identifies four different
qualities of reclaimed water, with Class 1A being the
highest quality for unrestricted urban uses. Class 1A is
based on treatment processes that remove colloidal
material and color that can interfere with disinfection.
Classes 1B, 2, and 3 are based on secondary
treatment processes. Spray irrigation of food crops is
not allowed, although surface irrigation with Class 1B
or 1A is allowed without contact with edible portions of
crops.
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Oklahoma

Oklahoma has proposed and adopted new water
reuse regulations in Chapter 627 Water Reuse and
Chapter 656 Water Pollution Control Facility
Construction Standards, which became effective July
1, 2012. The new rules create four categories of
reclaimed water (Categories 2 through 5). Each
category has a different level of treatment and
permitted uses. Regulations for Category 2 for
unrestricted access irrigation exclude application on
food crops that could be eaten unprocessed and on
processed food crops within 30 days of harvest. For
Category 3 reclaimed water, the regulations also
exclude use on athletic fields with potential for skin to
ground contact.

Current reuse applications in Oklahoma have been
primarily small community irrigation systems. Uses
have expanded into higher intensity agricultural
irrigation, unrestricted golf course irrigation, livestock
watering, dust control and soil compaction, concrete
mixing, cooling towers and chilled water cooling,
industrial process water, boiler feed, and land vehicle
and equipment washing, excluding self-service car
washes.

Texas

Reclaimed water use in Texas is regulated by TCEQ
based on Chapter 210 Regulations in the state code.
Chapter 210 was first created in 1997 with additions in
2002 to add sub-chapter E specifically addressing
industrial process water reuse; in 2005 with sections
added at 210, 281, and 285 to describe conditions for
graywater use; and in 2009 to amend section 210.33
related to bacterial limitation revisions. Monitoring for
Enterococci with a limit of 4 CFU/100 mL as a monthly
geometric mean and no single sample greater than 9
CFU/100 mL was added for Type | Reclaimed Water
(unrestricted use) with a limit of 35 CFU/100 mL added
for Type Il Reclaimed Water (restricted use). Many
stakeholders participated in a three-year review of the
210 rules with changes proposed to TCEQ in 2003
(Vandertulip, et al., 2004). Some of the proposed
revisions were incorporated into a revised WWTP
design rule when Chapter 317 was revised to Chapter
217 by TCEQ), effective August 28, 2008.

Reclaimed water use in Texas is by authorization from
the TCEQ Executive Director upon application by a
reclaimed water producer. The producer must have a
permitted WWTP and provide reclaimed water of the
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quality (Type | or 1) required for the intended use and
meet all Chapter 210 requirements. In 2007, the city of
Midland petitioned TCEQ for new rulemaking relative
to siting, permitting, and construction of satellite
reclamation facilities. Chapter 321 P was created and
effective November 28, 2008. Chapter 321 extends the
executive director authorization process by allowing
construction and operation of a satelite WRF
upstream of an existing permitted WWTP. If special
siting requirements are met, the facility can be
constructed by authorization without additional
hearings or permits. The buffer zone requirement
doubles to 300 ft (91 m) from any treatment unit unless
the reclamation facility is in a building with odor
control, then the buffer zone drops to 50 ft (15 m). All
screenings and waste biosolids must be returned to
the wastewater collection system, and no increase in
permitted treatment capacity is included (Vandertulip
and Pype, 2009).

For larger systems serving a population of more than 1
million, the state legislature passed House Bill 1922 in
2009, allowing larger systems to commingle reclaimed
water supplies in a common distribution system and to
discharge from the reclaimed water system at any
permitted discharge point. This legislation was
proposed based on supply reliability and balancing
system capacity, specifically to address the
transmission loop for SAWS. With three water
reclamation facilities feeding into the reclaimed water
distribution system and seven discharge points,
portions of the system were isolated by valves as
TCEQ determined that discharge from one plant could
not supply a system with a discharge point permitted
to another WRF. HB 1922 clarified that a looped
system operated by one entity could operate with
multiple feeds and multiple discharge points. If a
permit violation were to exist and the offending WRC
could not be identified, any permit violations would
apply to the largest WRF in service (Schenk and
Vandertulip, 2009).

5.2.5.5 Context and Drivers of Water Reuse

In arid regions from Texas west through Arizona
(including Oklahoma and New Mexico), reuse is
becoming a vital component of water management.
These communities have embraced the use of
alternative sources of water to meet the growing need
for the vital element. Drought conditions in the
Southwest and many parts of Texas have driven
municipalities to exploit the use of reclaimed water for
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nonpotable uses as well as for stream and aquifer
augmentation.

Texas

El Paso Water Utility (EPWU) began pilot testing for
IPR to augment the Hueco Bolson aquifer in 1978 with
operation of an 8 mgd (351 L/s) facility beginning in
1985. They have expanded their portfolio of water
reuse by conventional distribution of reclaimed water
for irrigation, doubling the aquifer augmentation
system and implementation of the largest inland
brackish desalination project in the United States with
27.5 mgd (1.2 m3/s) of supply added to the municipal
water system. This integrated resource approach is
being followed by the Colorado River Municipal Utility
District (CRMUD) direct blending project in Big Spring,
Texas [US-TX-Big Spring], where CRMUD is
constructing a 2.3 mgd (101 L/s) water purification
plant to treat Big Spring secondary filtered wastewater
effluent through an MF/RO/advanced oxidation
process (AOP) treatment process resulting in a
product water with quality superior to potable quality.
This product water will be blended in a raw water
transmission main with water from Lake Spence and
delivered as raw water to six existing surface water
treatment plants operated by CRMUD member
communities.

Reclaimed water is marketed as having significant
advantages, both for the consumer as well as for the
supplier. The ability to have a reliable source of water
during drought and at a lower rate than potable water
provides the greatest advantages to the consumer.
However, in the supplier's standpoint, meeting
contractual agreements whether based on quantity,
redundancy, or even quality may become costly in the
short or long term.

Water Quality and Soil Conditions

In some areas of the West, as is the case of El Paso,
the source water has higher levels of salts than many
water sources in other water rich communities. This
creates a domino effect as it impacts the quality of
reclaimed water, which has about twice the levels of
salts than its source water. The reuse projects extend
to areas within proximity of the treatment facilities. The
soils in these areas are clay, caliche, or a combination
of the two. Clay and caliche soils prevent the
percolation or leaching of salts, creating a surface
accumulation of salts, which hinders the proper
development of plants. The areas where optimal soil
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conditions are found are limited and might be far from
the treatment facility. Thus, application of reclaimed
water must be carefully managed to prevent
detrimental effects on soil quality and performance of
the vegetative landscape due to unfavorable soil
characteristics (Miyamoto, 2000, 2001, and 2003) [US-
TX-Landscape Study].

To offset impact of saline water supplies, EPWU has
incorporated into its project planning a protocol to
perform a soil suitability assessment to determine the
preliminary condition of the soil that will be subjected
to reclaimed water application and the vegetative
landscape to set a benchmark condition of the plants
and assess any potential to damages after exposure to
reclaimed water (Miyamoto, 2004). This tool has been
significantly important, as it ranks the suitability of all
potential customer sites in order of suitable, suitable
with some maodification requirements, or non-suitable,
prior to finalizing the project and selecting those
customers that will be allowed to connect. Customers
that are categorized as non-suitable or suitable with
some modification are offered the opportunity to
explore the level of retrofitting required for reuse.
Customers who do not wish to invest in any
amendment, are withdrawn from the project, thus
minimizing, in most cases, the need to extend
pipelines to areas where there are not a high number
of customers and where it may not be financially
feasible to recuperate the investment.

In the El Paso scenario, mitigation of seasonal spikes
in salinity of reclaimed water has been addressed in a
more rudimentary fashion. Although concentration of
salts in reclaimed water above the maximum limits
required by a specific customer may not happen every
year, the utility has learned that these fluctuations in
TDS can be mitigated by the ability to blend with
potable water at a localized point, thus preventing
claims for plant damage. To dilute reclaimed water
with elevated salinity, reservoirs are fitted with piping
that can be manually operated to add potable water to
the reservoir to blend with the reclaimed water. The
cost to the customer is not modified when potable
water is added to the system; it does, however,
increase the operational costs to the utility.

In addition to the ability to blend with potable water,
the reservoirs have been equipped with recirculating
and chlorine injection systems that allow for chemical
addition and water mixing, thereby preventing
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pathogen regrowth by maintaining a minimum chlorine
residual level.

Careful consideration of soil composition and existing
plant material in selection of potential irrigation
customers and impacts of aggressive conservation
programs are all aspects of balancing water that have
reshaped the planning and phasing of reuse programs
in the United States.

In-depth evaluation of soils subjected to irrigation with
reclaimed water has been one of the most important
considerations in planning a reuse program in El Paso.
These studies have been instrumental in the effective
use of reclaimed water and prevention of further soil
degradation. Costs for biennial soil monitoring have
also been budgeted by the utility, with no cost
assessed to the customer. Customers do absorb the
cost for any plant loss and soil amendments
necessary.

Conservation Impact on RW Quality

Other conservation measures, such as use of low and
ultra-low flow showerheads, toilets, sinks, washers,
etc., continue to increase throughout the United
States, so wastewater flows to the treatment facilities
may be decreasing. Added to this is the increased use
of in-situ graywater systems and increased tendencies
for achieving sustainability for “green buildings” energy
and conservation credits, where applicable. All
combined, these factors may, in some instances,
impact not only the quantity but also the quality of
wastewater available for reclamation.

A study performed by EPWU in 2007 reflected the fact
that increased conservation measures contributed to a
decline of flows into WWTPs (Figures 5-25 and 5-26).
In a period from 1994 to 2006, the strength of the
wastewater inflow increased in terms of BODs (Figure
5-27) and ammonia nitrogen (NHs-N) (Figure 5-28) at
three of the WWTPs studied. Total suspended solids
(TSS) concentration also increased at one of the
WWTPs (Figure 5-29) (Ornelas and Rojas, 2007).

Impacts from water conservation must also be
considered during a reuse project planning phase,
including reductions in flow where no population
increases are expected to overcome decreases in
flow. Similar impacts to reduced wastewater influent
flows and higher strength wastewater influents have
been found in San Antonio and San Diego.

2012 Guidelines for Water Reuse

Oklahoma

Reclaimed water has been used in some portions of
Oklahoma (Oklahoma University golf course, Norman,
Okla.) since 1996. More recently, the city of Norman
conducted public forums on Sustainable Water
Resources in 2010 and included water reuse as one of
the available options to conserve and extend the
regional water resources (Clinton, 2010).

On May 9, 2011, the Bureau of Reclamation (USBR)
announced the selection of nine feasibility studies for
funding under WaterSMART’s Title XVI Water
Reclamation and Reuse Program in California,
Oklahoma, and Texas. The Central Oklahoma Water
Conservancy District will conduct a feasibility study in
collaboration with surrounding entities to assess
alternatives to augment the supply of Lake
Thunderbird in Central Oklahoma through the
treatment of effluent or surface water. The study will
assess alternatives to help postpone or eliminate
withdrawals from the local aquifer and alleviate
pressure to secure inter-basin water transfers (WRA
News, 2011).

Title XVI of P.L. 102-575 provides authority for the
USBR water reuse program. WaterSMART is a
program of the U.S. Department of the Interior that
focuses on improving water conservation and
sustainability (USBR, 2012).

New Mexico

New Mexico also is beginning to use more reclaimed
water to augment limited natural resources. Projects
are in place in many communities (Las Cruces,
Alamogordo, Hobbs, Gallup, Santa Fe, and Clovis),
and larger projects are expanding in Albuquerque and
the surrounding area. The Albuquerque Bernalillo
County Water Utility Authority operates the Southeast
Water Reclamation plant, which provides reclaimed
water to several golf courses, city parks, and a power
plant under a simplified regulatory framework.
Irrigation of park green space replaces 12 percent of
the city's water demand (Stomp, 2004). Including
reclaimed water to reduce aquifer withdrawals is
critical to slowing aquifer decline and subsidence in
Albuquerque.
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The state’s fastest-growing community, Rio Rancho
(located to the northwest of Albuquerque) could not
obtain adequate potable water without meeting some
of its needs with reclaimed water. One design-build
project constructed two 0.6 mgd (26.3 L/s) MBR
reclamation plants (Mariposa WRF and Cabezon
WREF) that provide high quality reclaimed water for
landscape and golf course irrigation. The Cabezon
WREF design provides for future addition of increased
treatment for indirect potable applications under a
direct injection aquifer recharge project (Ryan, 2006).

North of Albuquerque at the Tamaya Resort, Santa
Ana Pueblo built a WRF in conjunction with a Native
American Casino/Resort and began using reclaimed
water to irrigate the Pueblo’s golf course in the late
1990s. The facility was further upgraded in 2007
(WaterWorld, n.d.).

5.2.6 Mountain and Plains: Colorado,
Montana, South Dakota, North Dakota,
Utah, and Wyoming

This section focuses on the regulatory context and
drivers for water reuse in six states in the Mountain
and Plains region.

5.2.6.1 Population and Land Use

Figure 5-30 compares the percent change in
population and in developed land coverage in the
Mountain and Plains Regions to the entire United
States over the past decade.
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Figure 5-30

Change in population (2000-2010) and developed land
(1997-2007) in the Mountain and Plains region,
compared to the United States
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While Montana, North Dakota, and South Dakota have
seen less than 10 percent population growth over the
past decade, other states in the region have had more
rapid growth. Population growth in Wyoming (14.1
percent), Utah (23.8 percent), and Colorado (16.9
percent) bring the regional population growth above
the national average. In fact, on a percentage basis,
this region has seen the largest population growth in
the nation over this period.

5.2.6.2 Precipitation

Figure 5-31 depicts average monthly precipitation in
the Mountain and Plains region by state.
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Figure 5-31

Average monthly precipitation in the Mountain and
Plains region

Rainfall in this region typically peaks during the
summer growing months. Combined with low density
development (on average), this weakens some
demand for reclaimed water use. As noted previously
for Colorado, due to water rights conflicts, rainfall
capture is not allowed to supplement local water
demands.

5.2.6.3 Water Use by Sector

Figure 5-32 shows freshwater use by sector in the
Mountain and Plains region.
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Figure 5-32
Freshwater use by sector for the Mountain and Plains
region

Although irrigation is the largest water user in the
region and reclaimed water is commonly used for
irrigation, cost of incremental treatment and
distribution to is an impediment to expansion of
reclaimed water integration.

5.2.6.4. States’ Regulatory Context

Colorado

The Colorado Water Quality Control commission
administers four reclaimed water regulations in the
Code of Colorado Regulations 1002-84 Reclaimed
Water Control Regulations. The regulation identifies
three qualities of reclaimed water: Classes 1, 2, and 3,
with Class 3 being the highest quality. Class 3 requires
secondary treatment filtration and disinfection for use
in unrestricted urban applications. Colorado water
rights limit the amount of reclaimed water that can be
used, with quantities limited to water quantities
imported from western Colorado to the east side of the
Rocky Mountains [US-CO-Water Rights].

Montana

Montana established graywater rules in 2007 and
updated those rules in 2009 as one step in providing
higher quality on-site treatment and reducing water
demands. Over the last three years, Montana DEQ
staffs have been developing new wastewater design
and treatment regulations, including a guidance
document on reclaimed water. As of the time of
publication, the new rules and standards are currently
under review and public hearings.
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South Dakota

South Dakota has guidelines on the reuse of reclaimed
water for irrigation of food and non-food crops
(including restricted urban reuse). Environmental
reuse (in this case, releasing treated wastewater back
to a water body) and groundwater recharge are
covered by rules governing surface water quality
standards and wastewater discharge permits.

North Dakota

North Dakota has guidance on water reuse for a
number of categories (urban, agriculture, industrial,
environmental, and groundwater recharge). While
other categories of reuse are not explicitly covered at
this time, guidance would allow it on a case-by-case
basis.

Utah

Utah Division of Water Quality rules appear in Chapter
R317-1, Utah Administrative Code. The rules provide
for on-site use of reclaimed water inside a treatment
plant boundary for landscape irrigation, washdown,
and chlorination system feed water. Chapter R317-3-
11 provides for alternate disposal methods of land
application and reuse of either Type | (potential human
contact) or Type Il (human contact unlikely). Type |
reuse is allowed for residential irrigation, urban uses,
food crop irrigation, pastures, and recreational
impoundments where human contact is likely. As of
2005, 10 projects were reusing over 8,500 ac-ft (7.6
mgd or 333 L/s) of reclaimed water, primarily for
agricultural, golf course, and landscape irrigation (The
Utah Division of Water Resources, 2005).

Wyoming

Wyoming does not have specific regulations or
guidelines for water reuse; however, surface water
discharge (environmental reuse) and groundwater
recharge are covered through the discharge permitting
rules. Any other uses, such as restricted and
unrestricted urban reuse, agriculture irrigation, and
both food and non-food crops are addressed on a
case-by-case basis using the construction permitting
regulations.

5.2.6.5 Context and Drivers of Water Reuse
Colorado

Prior to the inception of the Code of Colorado
Regulations 1002-84 Reclaimed Water Control
Regulations, several communities had been using
reclaimed water for irrigation for many years.
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Currently, 28 facilities in Colorado treat and distribute
reclaimed water for beneficial uses, including irrigation,
animal exhibit cleaning at the Denver Zoo, and cooling
water for the Xcel Energy Plant [US-CO-Denver, US-
CO-Denver Zoo, US-CO-Denver Energy, and US-CO-
Sand Creek]. Several communities depend on
reclaimed water in order to meet their irrigation needs.
There are now more than 400 approved sites for the
use of reclaimed water in Colorado. With current
demands for water and expanding drought conditions,
the use of reclaimed water in Colorado is moving not
only to include new facilities, but possibly new uses, as
well.

Montana

One of the earliest water reuse projects in Montana
was at Colstrip, Mont. (Vandertulip and Prieto, 2008),
which was originally a company mining town providing
coal for locomotives. The mine and town were later
sold to a power company, and reclaimed water was
used for cooling and other industrial applications.
Industrial applications, being less seasonal, are still
considered a viable opportunity for reclaimed water.

South Dakota

The primary reuse of reclaimed water in South Dakota
is irrigation of non-food crops.

North Dakota

Tharaldson Ethanol recognized the opportunity to
provide reclaimed water for a 120 million gallon
ethanol facility in Casselton, N.D. A 1.4 mgd (61 L/s)
advanced membrane facility was constructed to treat
city of Fargo WWTF effluent and transport it 26 miles
to the ethanol facility by Cass Rural Water District.
Waste streams from the ethanol facility are conveyed
back to the Fargo WWTF and treated as part of the
discharge to the Red River. In addition, reclaimed
water is used in Jamestown, Fargo, and Dickinson for
hydraulic fracturing.

Utah

Agricultural reuse, primarily for disposal purposes, has
been the primary use of reclaimed water in Utah. To
date, there has not been significant demand for
alternative water sources, such as reclaimed water, for
other uses. One agricultural project for the Heber
Valley Special Service District uses 1.4 mgd (61 L/s) in
agricultural applications to comply with a zero
discharge requirement to the Provo River. There are
several golf course irrigation projects and planning for
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future uses in areas where population growth will likely
exceed zero discharge capacity (Utah Division of
Water Resources, 2005).

Wyoming

Until recently, water reuse projects in Wyoming were
few and relatively small. Cheyenne launched the first
major water recycling program in Wyoming, winning
the WRA Education Program of the Year Award in
2008. Water reuse is regulated through issuance of
construction permits, and up to nine facilities have
been identified as using nearly 1,000 ac-ft (0.9 mgd or
39 L/s) of reclaimed water per year (0.3 billion gallons
per year), primarily for irrigation. Recently, the Red
Desert treatment facility opened in Rawlins, Wyo.,
treating up to 0.9 mgd (39 L/s) of water from hydraulic
fracturing operations for reuse in subsequent hydraulic
fracturing operations. Marathon Oil's Adams Ranch
treatment facility in Sheridan, Wyo., is treating up to
1.5 mgd (66 L/s) of “produced water” through an
innovative green sand, ion exchange softening, and
RO process. This project, which returns water to the
ranch for irrigation and stream flow augmentation, was
recognized by the American Academy of
Environmental Engineers with its 2012 Honor Award
for Industrial Waste Practice.

5.2.7 Pacific Southwest: Arizona,
California, Hawaii, Nevada, U.S. Pacific
Insular Area Territories (Territory of
Guam, Territory of American Samoa, and
the Commonwealth of the Northern
Mariana Islands), and 147 Federally
Recognized Tribal Nations

This section focuses on the regulatory context and
drivers for water reuse in the Pacific Southwest region
of the United States, which includes Arizona,
California, Hawaii, Nevada, the U.S. Pacific Insular
Area Territories, and 147 federally recognized tribal
nations.

5.2.7.1 Population and Land Use

Figure 5-33 compares the percent change in
population for the Pacific Southwest states of Arizona,
California, Hawaii, and Nevada to the entire United
States over the past decade. The figure also compares
the percent change in coverage of developed land in
the region and the United States over the past decade.
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Figure 5-33

Change in population (2000-2010) and developed land
(1997-2007) in the Pacific Southwest region, compared
to the United States

The Pacific Southwest states have seen significant
population growth over the past decade, particularly in
Arizona (24.6 percent) and Nevada (35 percent).
Looking back at two decades, Arizona and Nevada
have experienced truly staggering growth, with 74.4
percent and 124.7 percent growth, respectively, since
1990. These two states experienced the greatest
growth rates in the nation since 1990. California’s
growth rate over the past decade was similar to the
national average, at 10.0 percent, but has grown by
25.2 percent since 1990. With California being the
most populous state in the nation, home to 37.3 million
residents, the growth rate is nonetheless quite
significant from a standpoint of natural resources,
since the state added 3.4 million residents in 10 years.
In terms of absolute numbers, this represents the
largest population increase in the country during this
period.

Hawaii has exceeded the national average, with a
growth rate of 12.3 percent. Hawaii has a resident
population of 1.36 million people and annual visitor
arrivals of 9.13 million. It is the only state not located
on the North American continent and the only state
located within the tropics. Lying 2,100 mi west and
south of California, Hawaii shares the same general
north latitude as Mexico City, Calcutta, Hong Kong,
Mecca, and the Sahara Desert. Six major islands
(Hawaii, Maui, Oahu, Kauai, Molokai and Lanai) and
two smaller islands (Niihau and Kahoolawe) totaling
6,463 mi° comprise an island chain stretching
northwest to southeast over a zone 430 mi long.
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5.2.7.2 Precipitation and Climate

Figure 5-34 depicts average monthly precipitation in
the states of the Pacific Southwest—Arizona,
California, Hawaii, and Nevada.
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Figure 5-34
Average monthly precipitation in the Pacific Southwest
region

There is obvious variance in annual rainfall between
Hawaii and the three contiguous states. Within
California, the average condition shown in the graph is
potentially misleading, with an annual average low
rainfall of 1.6 in (4 cm) at Cow Creek in Death Valley
and 104.18 in (264.6 cm) at Honeydew in northern
California. With a statewide average of 22.2 in (56.3
cm), California ranks 40 in the list of wettest states
(Coolweather, n.d.). Arizona averages 13.61 in (34.6
cm) per year with an annual range from 3.01 in (7.6
cm) in Yuma to 22.91 in (58.2 cm) in Flagstaff. Arizona
is ranked the 47th wettest state (Coolweather, n.d.).
Nevada is the driest state in the United States. Annual
rainfall varies from 4.49 in (11.4 cm) per year in Las
Vegas to 9.97 in (25.4 cm) in Ely (NOAA, n.d.). With
the largest population and driest climate in the state,
Las Vegas faces a significant challenge in meeting its
water resource needs.

Hawaii's extreme geographical variations are manifest
in extreme geographical rainfall variations. Although
almost half the state is within 5 mi (8 km) of the
seashore, 50 percent of the state is above 2,000 ft
(609.6 m) in elevation and 10 percent is above 7,000 ft
(2,133.6 m). Three mountain masses rise over 10,000
ft (3,048) above mean sea level, with Mauna Loa and
Mauna Kea rising over 13,000 ft (3,962.4 m).

It is not unusual for snow to cap the summits of Mauna
Loa, Mauna Kea, and Haleakala when winter storm

2012 Guidelines for Water Reuse



Chapter 5 | Regional Variations in Water Reuse

events are combined with  below

temperatures.

freezing

Dominant trade winds blowing in a general east to
west direction and the influence of the islands’ terrain
provide special climatic character to the islands.

Constant flow of fresh ocean air across the islands and
small variation in solar energy are principal reasons for
the slight seasonal temperature variations through
much of Hawaii. Lowland daytime temperatures are
commonly 70 to 80 degrees F (21.1 to 26.6 degrees
C), and nighttime temperatures commonly range from
60 to 70 degrees F (15.5 to 21.1 degrees C).

Hawaii's steep rainfall gradients are reflected in the
significant variations in precipitation throughout the
islands and across individual islands. The lowest
annual average precipitation is 5.7 in (14.5 cm) at
Puako, Hawaii Island, and the highest average annual
precipitation of 460.00 in (11.7 m) is at Mount
Waialeale, Kauai. Overall, however, Hawaii's actual
average annual rainfall is about 70 in (178 cm).
Figure 5-34 depicts average monthly precipitation in
Hawaii.

5.2.7.3 Water Use by Sector

Figure 5-35 shows freshwater use by sector in the
Pacific Southwest region states of Arizona, California,
Hawaii, and Nevada.

The Pacific Southwest includes several of the driest
states in the continental United States and Hawalii,
with equally dry areas contrasted by areas with high
rainfall. California has a long history of water reuse,

while  Hawaii's experience is more recent.
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Figure 5-35
Freshwater use by sector for the Pacific Southwest
region
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Irrigation use is common among the four states with
California’'s use for agricultural and landscape
irrigation accounting for 54 percent of the reuse.
Arizona has significant water reuse in the power
industry with over 80 mgd (3.5 m®/s) devoted to
supporting power generation at Palo Verde Nuclear
Generation Station. One trend in each of the states is
increased interest in IPR to support sustainable
potable water supplies to meet growing populations.

5.2.7.4. States’ Regulatory Context
Arizona

Reclaimed water regulations in Arizona have evolved
since initial adoption in January 1972. The current
regulations, adopted in January 2001, address
reclaimed water permitting, requirements for reclaimed
water conveyances, reclaimed water quality standards,
and allowable end uses. These rules are codified in
Arizona Administrative Code Title 18, Chapter 9,
Articles 6 and 7 (Reclaimed Water Quality
Conveyances and Direct Reuse of Reclaimed Water,
respectively), and Title 18, Chapter 11, Article 3
(Reclaimed Water Quality Standards). Under the
Chapter 11 provisions regarding reclaimed water
quality standards, Arizona established five qualities of
reclaimed water from A+ to C, with A+ being the
highest quality. Class A+ reclaimed water in Arizona
receives secondary treatment followed by filtration,
disinfection, and nitrogen reduction to less than 10
mg/L total nitrogen. Table A in the regulation identifies
the appropriate minimum quality for 27 categories of
approved uses. Quality required for industrial reuse is
industry specific and will be determined on a case-by-
case basis by the ADEQ.

In August 2009, the Governor formed a Blue Ribbon
Panel on Water Sustainability consisting of 40
panelists representing a cross-section of state interest
[US-AZ-Blue Ribbon Panel]. The purpose of the panel
was “To advance statewide sustainability of water by
increasing the reuse, recycling and conservation of
water to support continued economic development in
the state of Arizona while protecting Arizona’s water
supplies and natural environment.” To accomplish this,
the panel developed five goals and five working
groups to address: 1) Increasing the volume of
reclaimed water used for beneficial purposes in place
of raw or potable water; 2) Advancing water
conservation; 3) Reducing the amount of energy
needed to produce, deliver, treat, reclaim, and reuse
water; 4) Reducing the amount of water required to
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produce and provide energy by Arizona power
generators; and 5) Increasing public awareness and
acceptance of reclaimed water uses. The Panel’'s 18
recommendations were released in a final report on
November 30, 2010. The panel concluded that no new
regulatory programs or major reconstruction of existing
programs were needed and that current programs
“constitute an exceptional framework within which
water sustainability can be pursued.” The panel's
recommendations focused on improving existing
capabilities in water management, education, and
research.

Significant research is being conducted in Arizona in
support of the Blue Ribbon Panel recommendations,
including chemical water quality; microbial water
quality; optimization and life cycle analysis; and
societal, legal, and institutional Issues.

California

Current regulations in California related to water reuse
are complex and have been in a state of continual flux
as water districts and utilities look to expand their use
of reclaimed water. California statutes governing water
use and the protection of water quality are contained in
the California Water Code, which includes varying
degrees of permitting authority by nine Regional Water
Quality Control Boards (RWQCB), the SWRCB, and
the CDPH. Each RWQCB is given authority to regulate
specific reclaimed water discharges through the
establishment of Water Quality Control Plans (Basin
Plans), which include water quality objectives to
protect beneficial uses of surface waters and
groundwaters within the region. The SWRCB is
authorized to adopt statewide policies for water quality
control, which are then implemented by each RWQCB.
The RWQCB issues the permits based on CDPH Title
22 requirements and comments on the specific project.
Finally, CDPH is required to establish uniform
statewide water reuse criteria for each type of
reclaimed water, wherever the uses are related to
public health.

In 2009, the SWRCB adopted a Recycled Water Policy
to provide uniformity in the interpretation and
implementation of a 1968 anti-degradation policy by
each RWQCB for water reuse projects. The policy
includes specific requirements for salt/nutrient
management plans, special provisions for groundwater
recharge projects, anti-degradation, and monitoring for
constituents of emerging concern.
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Salt/nutrient management plans are a critical
component of the new Recycled Water Policy, as the
accumulation of salts within soils and groundwater
basins has been a long-term challenge in a state with
little rainfall, high evaporation rates, and large
agricultural and irrigation demands. The salt/nutrient
management plans are being adopted by individual
RWQCBs as amendments to their current basin plans
and will include sources and loadings of salts,
nutrients, and other pollutants of concern for each
basin; implementation measures to manage pollutant
loadings on a sustainable basis; and anti-degradation
analysis demonstrating that all reclaimed water
projects identified in the plan will collectively satisfy the
state’s anti-degradation policy and applicable water-
quality objectives in the basin plans.

The special provisions for groundwater recharge
projects in the Recycled Water Policy require site-
specific, project-by-project review and establish criteria
for RWQCB approval, including a one year, expedited
permit process for projects that use RO treatment for
surface spreading.

CDPH regulations are codified within the California
Code of Regulations, with specific provisions related to
reclaimed water within California Code of Regulations
Title 22 and 17. Regulations governing nonpotable
reuse include specific water quality, treatment, and
monitoring requirements identified in California Code
of Regulations Title 22 and enforced by the various
RWQCBs. These regulations have remained relatively
static over the last 10 years, with recent changes
related primarily to laboratory and operator certification
requirements.

In addition, CDPH has developed a series of draft
groundwater recharge regulations that are used as a
basis for the case-by-case approval of individual
groundwater replenishment projects. Current codified
regulations in California Code of Regulations Title 22
include only narrative requirements for IPR, without
specific provisions for treatment or water quality.
Amendments to the California Water Code (CWC)
made in 2010 require CDPH to adopt formal
groundwater recharge regulations by December 31,
2013, while developing surface water augmentation
regulations and a policy on direct potable reuse by
December 31, 2016 (CWC 13350, 13521, and 13560
to 13569).
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The current draft of the groundwater recharge
regulations was published in November 2011 and
defines separate requirements for direct injection,
surface spreading, and surface spreading without
advanced treatment. Full advanced treatment, defined
as RO followed by advanced oxidation, is required for
direct injection or for surface spreading projects where
strict TOC limits cannot be met and reclaimed water
contribution to the groundwater exceeds 20 percent.
The draft regulations include specific limits for TOC,
total nitrogen, and other regulated and previously
unregulated water quality parameters, as well as
pathogen reduction requirements that include a 12-log
reduction for enteric virus, 10-log for Giardia cyst, and
10-log for Cryptosporidium oocyst. Recharged water
must be retained underground for a minimum of two
months. The regulations also allow for alternative
treatment approaches evaluated on a case-by-case
basis and give credit for soil aquifer treatment when
surface spreading is employed.

Hawaii

All water reuse projects in the state of Hawaii are
subject to the review and approval by the Hawaii State
Department of Health Wastewater Branch. The Hawaii
State Department of Health issued the “Guidelines for
the Treatment and Use of Reclaimed Water” in
November 1993. The guidelines were adopted into
Hawaii Administrative Rules Title 11, Chapter 62,
Wastewater Systems updated in May 2002 and re-
titted, “Guidelines for the Treatment and Use of
Recycled Water.”

The guidelines define three classes of reclaimed water
as R-1, R-2, and R-3 water:

1. R-1 Water is the highest quality reclaimed water. It
is treated effluent that has undergone filtration and
disinfection and can be utilized for spray irrigation
without restrictions on use.

2. R-2 Water is disinfected secondary (biologically)
treated effluent. Its uses are subjected to specific
restrictions and controls.

3. R-3 Water is the lowest quality reclaimed water. It
is undisinfected, secondary treated effluent whose
uses are severely limited.

Nevada

In addition to regulations, Nevada has guidelines for
reuse in the form of Water Technical Sheets: WTS-1A
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(General Design Criteria for Reclaimed Water
Irrigation Use) and WTS-1B (General Criteria for
Preparing an Effluent Management Plan). These
documents describe criteria to be included in the
required engineering plan for irrigation reuse projects
and information to be evaluated in preparing a
management plan for reclaimed water use.

U.S. Pacific Insular Area Territories (Territory of
Guam, Territory of American Samoa, and CNMI),
and 147 federally recognized tribal nations

CNMI has regulations that allow the reuse of
wastewater. The regulations include defined treatment
standards for land application, including limited types
of irrigation. Use of reclaimed water for food crops,
parks, playgrounds, schoolyards, residential/
commercial garden landscaping, or fountains is
specifically prohibited. The CNMI regulations require
other safety measures for reuse, including contingency
planning, reporting requirements, design requirements,
and signage requirements in the Chamorro,
Carolinian, and English languages. No information was
located on regulations or guidelines promulgated by
the territories of Guam and American Samoa or by
federally recognized tribal nations.

5.2.7.5 Context and Drivers of Water Reuse
Arizona

Water reuse has become critical to many communities
in Arizona as a means of ensuring a stable alternative
water supply. In Gilbert, reclaimed water is an
important element of the town’s ability to demonstrate
a 100-year assured water supply (a requirement of the
Arizona Groundwater Management Act's stringent
water conservation requirements). Without water
reuse, the town would be subject to a state imposed
growth moratorium [US-AZ-Gilbert]. Further north in
the town of Prescott Valley, a national precedent was
set in 2006 when the town held an auction for its
effluent, creating marketable rights for effluent as a
commodity for the first time in Arizona and in the
United States as a whole [US-AZ-Prescott Valley].

Significant reclaimed water is used in Arizona for
energy production and building cooling needs. The
Palo Verde Nuclear Generating Station operated by
Arizona Public Service has been receiving reclaimed
water from the 91st Avenue Water Reclamation Plant
in Phoenix for 25 years. Recent use has been 67,000
ac-ft/yr (6.0 mgd or 263 L/s), and a new contract was
signed in 2010 allocating 80,000 ac-ft (7.2 mgd or 314
L/s) of reclaimed water per year for cooling water
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demand [US-AZ-Phoenix]. Other significant programs
in Arizona include the city of Tucson water reuse
program; the Scottsdale Water Campus; the city of
Peoria Butler Drive WRF; the Cave Creek Water
Reclamation Plant; and the City of Surprise, with a 6.6
mgd (289 L/s) distribution of Class A+ reclaimed water
for direct reuse (35 percent) and aquifer recharge.

The city of Tucson’s reclaimed water use in 2010 is
shown in Figure 5-36. The city’'s program includes an
established delivery system and model cross-
connection control and site inspection program [US-
AZ-Tucson].

52 Schools
8%

Other
39 Parks 6%
17%

Other Providers
13%

18 Golf Courses
56%

CY 2010 deliveries— 16,125 ac-ft

Figure 5-36
2010 Reclaimed water use in Tucson, Ariz.

A prominent addition to industrial water reclamation is
represented by the expansion of the Frito-Lay
production facility in Casa Grande with a 0.65 mgd (29
L/s) industrial Process Water Recovery Treatment
Plant (PWRTP) that saves 100 million gallons of water
per year. This facilty and other environmental
achievements are described in a case study [US-AZ-
Frito-Lay].

The EOP is operated by the city of Sierra Vista,
Arizona, in Cochise County in the southeastern corner
of the state to polish 2.5 mgd (110 L/s) of current flow
through constructed wetlands and to recharge the
local aquifer in order to mitigate the adverse impacts of
continued groundwater pumping in the San Pedro
River system. This project is detailed in a case study
[US-AZ-Sierra Vista].

Overall, the ADEQ estimates that 65 percent of the
WWTPs in Arizona now distribute treated wastewater
for reuse, including 10 of the 12 largest plants.
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California

Due to low seasonal rainfall, large population centers,
and strong agricultural demands, reclaimed water has
been utilized within the state of California for almost a
century to meet irrigation and other nonpotable water
needs. Initiated in 1960 with spreading basin recharge
at the Montebello Forebay, IPR has been employed to
supplement over-stressed potable water supplies, both
through surface water spreading and through direct
injection into potable water aquifers [US-CA-Los
Angeles County]. A 2009 Municipal Wastewater
Recycling Survey released by the SWRCB identified
669,000 ac-ft/yr (600 mgd) of reclaimed water being
used in California, with 37 percent of this used for
agricultural irrigation, 24 percent for landscape and
golf course irrigation, and 19 percent for groundwater
recharge and injection into seawater intrusion barriers
(SWRCB, 2011). Figure 5-37 identifies the uses of
reclaimed water from the 2009 survey.

Groundwater Recharge

2009

Other 15,800 /12%
669,000 acre-feet

2%

Natural System
Restoration, Wetlands,
Wildlife Habitat 29,600

% \

Recreational
Impoundment 25,800 _7
4%

Agricultural Irrigation
Seawater Intrusion_/ 37%
Barrier 47,100
7%

Geothermal Energy

Commeré:lal 6,400 Production 14,900
1% Landscape 2%

Industrial 47,100 Irrigation 112,600
% 17% -
Golf Course Irrigation

7%

Figure 5-37
Uses of recycled water in Calif. (SWRCB 2011)

Agricultural reuse is the largest user of reclaimed
water in California. In Monterey, reclaimed water has
been used since 1998 on prime farmland to grow cool
season vegetables as part of an effort to reduce
groundwater extraction [US-CA-Monterey]. Long-term
(10-year) studies of soil salinity have been
implemented to understand how different soil types in
the region respond to the salt content of reclaimed
water. In San Diego, the North City Reclamation Plant
uses an electrodialysis reversal (EDR) system to
desalinate advanced treated reclaimed water to
provide a new source of high quality irrigation water,
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thereby reducing demand on the freshwater supply
[US-CA-North City]. The desalinated reclaimed water
is used to irrigate golf courses, plant nurseries, parks,
highway green belts, and residential areas. In the city
of Temecula, north of San Diego, local avocado, citrus,
and grape farmers currently use fully treated drinking
water for irrigation. Faced with rising potable water
costs, farmers may go out of business. Recognizing
the un-sustainability of the current system, the Rancho
California Water District recently conducted a
feasibility study to replace part of the irrigation water
with reclaimed water [US-CA-Temecula].

An example of reuse for ecological purposes comes
from Lake Elsinore, a recreational lake [US-CA-
Elsinore Valley]. Lake Elsinore was plagued for
decades by low water levels and high concentrations
of nutrients, causing algal blooms. To improve lake
levels while addressing nutrient concentrations, 5 mgd
(219 L/s) of reclaimed water is now sent to the lake.

An example of two utility districts teaming together as
a cost-effective solution to distribute reclaimed water
comes from the San Ramon Valley Reclaimed Water
Program [US-CA-San Ramon]. DSRSD and the East
Bay Municipal Utility District (EBMUD) formed a joint
powers authority to develop and manage the San
Ramon Valley Reclaimed Water Program. Despite
differences in size, structure, and culture, the two
agencies have successfully joined to plan a system
that serves both newly built and retrofitted
neighborhoods with reclaimed water for landscape
irrigation.

While the majority of water reuse in the state remains
nonpotable, indirect potable uses have been growing
rapidly, forcing adaptation and development of
recycled water regulations to address the changing
demands. In the 1970s, RO began being utilized in
Orange County to treat wastewater before injecting it
into barrier wells, preventing seawater intrusion into
the potable water supply aquifer [US-CA-Orange
County]. San Diego has identified IPR through
reservoir augmentation as the preferred strategy to
reduce reliance on imported water [US-CA-San
Diego]. The Water Purification Demonstration Project
currently underway is evaluating the feasibility of using
advanced treatment technology to produce water that
can be sent to the city’s San Vicente Reservoir, to be
later treated for distribution as potable water.
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Today there are four large-scale facilities in southern
California utilizing membrane filtration, RO, and
varying levels of UV disinfection and advanced
oxidation to produce high quality purified water for
direct injection into potable water aquifers. The four
facilities are the Orange County Groundwater
Replenishment System [US-CA-Orange County], West
Basin Municipal Water District Edward C. Little Water
Recycling Facility [US-CA-West Basin], Los Angeles
Bureau of Sanitation Terminal Island Water
Reclamation Plant, and the Water Replenishment
District of Southern California Leo J. Vander Lans
Water Treatment Facility [US-CA-Vander Lans].

Other facilities are also utilizing infiltration basins for
surface spreading to recharge previously over-drafted
aquifers with advanced treated wastewater, including
the Montebello Forebay [US-CA-Los Angeles County]
and the Inland Empire Utility Agency [US-CA-Santa
Ana River]. The Water Replenishment District of
Southern California operates a program to artificially
replenish groundwater basins by spreading and
injecting replenishment water, which includes imported
water and reclaimed water [US-CA-Vander Lans].

Some regional entities in water scarce parts of
California are providing support and incentives for new
water reuse projects. The Santa Ana River watershed
encompasses parts of four large counties in Southern
California. The Santa Ana Watershed Project Authority
has a comprehensive, integrated planning process
called “One Water One Watershed,” to increase reuse
from 10 to 17 percent by 2030. Reclaimed water uses
include  municipal use, agricultural irrigation,
groundwater recharge, habitat and environmental
protection, industrial use, and lake stabilization. A
40-year salinity management program is a key aspect
of the integrated planning.

The Metropolitan Water District of Southern California
is a regional water wholesaler serving approximately
19 million people across six counties [US-CA-Southern
California MWD]. To meet long-term water demands,
Metropolitan provides a regional financial incentive
program to encourage development of reclaimed water
and groundwater recovery projects that reduce
demand on imported water supplies. To date,
Metropolitan has provided incentives to 64 water reuse
projects throughout Metropolitan’s service area, which
are expected to produce an ultimate yield of about
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323,000 ac-ft (105 hillion gallons) per year when fully
implemented.

Hawaii

Each Hawaiian island has wet areas and dry areas
with great surpluses in some areas and great
deficiencies in others. Historically, there has been an
overall abundance of water, but the challenge has
been one of distribution rather than a general water
shortage. The majority of Hawaii's potable water
sources are groundwater. A growing population is
increasing stress on the sustainability of these limited
groundwater resources.

Almost 70 percent of Hawaii's potable water is used to
irrigate agricultural crops, golf courses, and residential
and commercial landscaping. The state of Hawaii, the
city and county of Honolulu (Oahu), the county of Maui
(Maui, Lanai, and Molokai), the county of Kauai, and
the county of Hawaii are increasing water conservation
and water reuse efforts to manage and preserve
potable water resources.

The Hawaii State Department of Land and Natural
Resources Commission on Water Resource
Management in partnership with USACE have
determined that a water conservation plan for the state
of Hawaii should be established. Water reuse is
anticipated to be a significant component of the plan’s
policy and program development.

Although all six major Hawaiian Islands have
reclaimed water projects, the existence or
nonexistence of reclaimed water programs varies by
county.

The county of Maui and city and county of Honolulu
have committed significant resources to promote and
develop their respective reclaimed water programs.
The county of Kauai does not have a stated reclaimed
water program. The county of Hawaii does not have a
reclaimed water program. Please see the case study
[US-HI-Reuse] for more detail on reuse applications in
Hawaii and a timeline of implementation.

Nevada

As the driest state whose largest population base is
located in Las Vegas, Nevada is faced with a
significant potable water supply challenge. Lake Mead
serves as the primary water supply for the city, along
with some groundwater resources. Within the Las
Vegas area drainage, all reclaimed water and
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stormwater return to Lake Mead, which results in a
continuous water reuse cycle, fed by new river inflows.
With this knowledge, high levels of treatment are
provided and high technology water quality monitoring
is applied to meet potable water quality for utility
customers. Individual on-site graywater reuse is not
allowed in Nevada, as little treatment is provided in the
graywater systems compared to the municipal
treatment systems, and water rights accounting does
not recognize graywater, even if used in place of
potable water.

CNMI

One of the golf courses on Saipan—the main inhabited
island of the CNMI—uses land application of reclaimed
water on non-accessible areas of the grounds (not on
the playing greens).

Federally Recognized Tribal Nations

In Region 9, several tribal nations practice water
reuse, particularly at facilities with transient
populations in arid areas. For example, in rural Capay
Valley, Calif., the Yoche Dehe Wintun Nation's Cache
Creek Casino Resort has on-site water reclamation
and reuse for golf course irrigation, toilet flushing, and
decorative water features (S. Roberts Co., 2009). To
manage salinity for irrigation, the system includes
desalination. In Alpine, Calif. the Viejas Band of
Kumeyaay Indians have incorporated water reuse for
landscape irrigation on their reservation, which has
400 non-transient residents and an average of 5,000
transient residents who are visitors to the Viejas
Casino, an Outlet Mall and Recreational Vehicle Park
(Bassyouni et al., 2006).

5.2.8 Pacific Northwest: Alaska, Idaho,
Oregon, and Washington

This section focuses on the regulatory context and
drivers for water reuse in four states in the Pacific
Northwest region.
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5.2.8.1 Population and Land Use

Figure 5-38 compares the percent change in
population and developed land coverage in the Pacific
Northwest compared to the entire United States over
the past decade.
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Figure 5-38

Change in population (2000-2010) and developed land
(1997-2007) in the Pacific Northwest region, compared
to the United States

The Pacific Northwest region’s population grew at 14.2
percent over the past decade, with significant
population increases in Alaska (13.3 percent), Idaho
(21.1 percent), Oregon (12.0 percent), and
Washington (14.1 percent).

Alaska has a population of 0.7 million residents,
adding about 80,000 residents over the past decade.
Idaho is the 39th most populous state with 1.6 million
residents and the 14th largest state by land area.

Oregon has 3.8 million residents. Washington State is
the 13th most populous state with 6.7 million residents.
The Cascade Range runs north-south, bisecting the
state.

5.2.8.2 Precipitation and Climate

Figure 5-39 depicts average monthly precipitation in
the Pacific Northwest region by state.

Western Washington, from the Cascades westward,
has a mostly marine west coast climate with mild
temperatures and wet winters, autumns, and springs,
and relatively dry summers. Eastern Washington, east
of the Cascades, has a relatively dry climate.
Summers are warmer, winters are colder and
precipitation is less than half of western Washington.
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Eastern Washington has roughly twice the land area
and one-third the population of western Washington.

7.0
§ 6.0 ]h)(
2 50 2N
= 40 == Alaska
S 40 +— S
€ \ o —#ldaho
T , | >~
¢ 30 : Oregon
(]
2 2.0 A f———————— ===Washington
g
Z 10 - ﬂ
0.0 T T —T T —T— T — T
c Qo S 5 > £ 035 D 8 B > 9
T 222£2353§56238
Month
Figure 5-39

Average monthly precipitation in the Pacific Northwest
region

The climate in Oregon varies greatly between the
western and eastern regions of the state. The
Columbia and Snake rivers delineate much of
Oregon’s  northern and eastern  boundaries,
respectively. The landscape in Oregon is diverse and
varies from rain forest in the Coast Range in the
western region to barren desert in the southeast. An
oceanic climate predominates in Western Oregon, and
a much drier semi-arid climate prevails east of the
Cascade Range in Eastern Oregon. Population
centers lie mostly in the western part of the state,
which is generally moist and mild, while the lightly
populated high deserts of Central and Eastern Oregon
are much drier.

The four seasons are distinct in all parts of Idaho, but
different parts of the state experience them differently.
Spring comes earlier and winter later to Boise and
Lewiston, which are protected from severe weather by
nearby mountains and call themselves “banana belts.”
Eastern Idaho has a more continental climate, with
more extreme temperatures; climatic conditions there
and elsewhere vary with the elevation. Humidity is low
throughout the state. Precipitation in southern ldaho
averages 13 in (33 cm) per year; in the north,
precipitation averages over 30 in (76 cm) per year.
Average annual precipitation (1971 to 2000) at Boise
was 12.2 in (31 cm), with more than 21 in (53 cm) of
snow. Much greater accumulations of snow are
experienced in the mountains.

Though possibly perceived as a state with high
precipitation, Alaska actually ranks as the 39th wettest
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state (22.70 in or 57.7 cm annually) with an annual
rainfall range from 4.16 in (10.6 cm) in Barrow on the
north coast to 75.35 in (191 cm) in Kodiak in the south.
Due to a colder climate, snowfall ranges from 30.3 in
(77 cm) per year in Barrow to 322.9 in (8.2 m) in
Valdez. The colder weather conditions limit agricultural
applications, one of the historically high uses for
reclaimed water.

5.2.8.3 Water Use by Sector

Figure 5-40 shows freshwater use by sector in the
Pacific Northwest.
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Freshwater use by sector for the Pacific Northwest

region

Idaho, Oregon, and Washington have well developed
regulations and standards. ldaho’s continuing efforts to
support reuse, considering the different types of land
application and treatment systems and end uses, have
led to updates in state regulations and guidance over
the years. With emphasis on in-stream water quality,
focused on nutrients and sediment, all of the sectors in
Idaho, Oregon, and Washington could anticipate
increased interest in water reuse.

5.2.8.4. States’ Regulatory Context
Alaska

Alaska does not have regulations that specifically
address water reuse.

Idaho

Idaho has both reuse regulations and guidelines
whose scope includes treatment and beneficial reuse
of municipal and industrial wastewater. Water reuse by
different types of land application facilities is allowed
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by state regulations. In 1988, Idaho’s Wastewater
Land Application permitting rules were promulgated
and guidance was developed. ldaho has a public
advisory working group that meets periodically to
advise guidance development and review existing and
future reuse guidance. In 2011 reuse regulations were
updated, and the name of the rules changed to
Recycled Water Rules (IDAPA 58.01.17). ldaho DEQ
is the state agency tasked with issuing both industrial
and municipal reuse permits. In Idaho, the NPDES
permit program, which includes discharge of reclaimed
water to surface waters, is administered by EPA,
which means EPA is responsible for issuing and
enforcing all NPDES permits in Idaho.

Oregon

The Oregon Administrative Rules, Chapter 340,
Division 55 (OAR 340-055), “Recycled Water Use,”
prescribe the requirements for the use of reclaimed
water for beneficial purposes while protecting public
health and the environment. The Oregon DEQ is
responsible for implementing these rules. The
department coordinates closely with other state
agencies to ensure consistency; in particular, the
Oregon Department of Human Services and the
Oregon Water Resources Department also play key
roles in implementing these rules. Facilities are
required to manage and operate reclaimed water
projects under a water reuse management plan. These
plans are specific to each facility and are considered
part of a facility's NPDES or water pollution control
facility (WPCF) water quality permit. Site-specific
conditions, such as application rates and setbacks,
may be established to ensure the protection of public
health and the environment.

Washington

In 1992 the Washington State Legislature passed the
Reclaimed Water Act, Chapter 90.46 RCW. The
Reclaimed Water Act and Chapters 90.48 and 90.82
RCW encourage the development and use of
reclaimed water, require consideration of reclaimed
water in wastewater and water supply planning, and
recognize the importance of reclaimed water as a
strategy within water resource management statewide.
Reclaimed water is recognized as a resource that can
be integrated into state, regional, and local strategies
to respond to population growth and climate change.
The state also recognizes reclaimed water as an
important mechanism for reducing discharge of treated
wastewater into Puget Sound and other sensitive
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areas for improving water quality in the Sound. For
more history on the regulatory context in Washington
state, refer to the case study [US-WA-Regulations].

5.2.8.5 Context and Drivers of Water Reuse
Alaska
Water reuse in Alaska is not regularly implemented.

Idaho

Idaho has been supporting reuse since 1988, and
2011 Idaho DEQ data indicate that 8.5 billion gallons
of wastewater were reused by municipal and industrial
sites. The drivers for the use of reclaimed water
include more stringent discharge regulations, water
supply demands, the need to offset potable water use,
and a need to reduce pollutant loads and discharge
volumes in receiving waters. There are 136 reuse
permits in the state, and the number of permits is
expected to grow due to strict TMDL limits for
pollutants such as phosphorus. The first municipal
land application/reuse permit was issued to the city of
Rupert in 1989, and the first industrial reuse permit
was issued in 1990 to Lamb Weston, a potato
processor.

Although municipal reuse has been permitted for many
years, the city of Meridian is the first municipal system
in the state with a city-wide Class A permit. Several
years ago the city had a desire to explore the use of
reclaimed water at the city park, located one and a-half
miles north of the WWTP. The city was able to convert
a seldom used outfall line to transport reclaimed water
from the plant to the park for irrigation. Additionally,
this outfall line provided the chlorine contact time
required to meet the city’s site-specific permit. The
elevated chlorine levels at the park and nutrients in the
reclaimed water presented challenges with the clarity
of the holding pond that the city discharged into prior
to irrigation. This and other factors led to the city
moving to a pressurized reclaimed water system that
is currently going through startup testing. This system,
coupled with a citywide reuse permit, will allow the city
to use reclaimed water at a new interchange, the city
park, the WWTP, and a car wash.

Since 2004 the Idaho DEQ has hosted an annual
water reuse conference designed to enable water and
wastewater professionals to continue their education,
network, and discuss key issues related to water reuse
in Idaho and the West.
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Oregon

Water reuse has been practiced in Oregon for several
decades. There are more than two dozen facilities that
implement water reuse programs throughout the state.
Many people may think of water reuse in terms of crop
or pasture irrigation. While this is a valuable use, there
are many other uses practiced in Oregon, including
irrigation of golf courses, playing fields, poplar tree
plantations, and commercial landscapes; cooling in the
production of electricity; and for wetland habitats. The
drivers for water reuse in Oregon include limitations
imposed by new surface water discharge regulations,
impaired water bodies with TMDLs, opportunities due
to upgrades with advanced treatment technologies,
and water supply needs.

The following are a few examples of how reclaimed
water is used in Oregon:

= City of Prineville—golf course and pasture.
Several years ago, the city of Prineville needed
to look at non-discharge alternatives to the
Crooked River during the summer months. An
EPA construction grant assisted the city in
developing a golf course irrigation system in
which reclaimed water is used. The city owns
and operates the golf course, thus generating
revenue through playing fees. The city recently
expanded the use of reclaimed water to irrigate
nearby pasture land.

= Clean Water Services (Washington County)—
golf courses, playing fields, plant nursery. This
public utility serving nearly 500,000 customers
operates four major WWTFs and works with 12
member cities to provide reclaimed water for a
variety of uses. Reclaimed water is used for
irrigation of three golf courses, two school
playing fields, and a plant nursery.

= Metropolitan Wastewater Management
Commission—poplar tree plantation. Serving
the cities of Eugene and Springfield, this
regional WWTF provides reclaimed water to its
Biocycle Farm for a 596-ac poplar tree
plantation. The irrigation system is designed to
minimize overspray, wind drift, surface runoff,
and ponding. Fences, buffers, and signage
restrict unauthorized access to the site.

= Albany Talking Water Gardens Projects—
wetlands. A 37-ac integrated wetland treatment
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system enhances wildlife habitat while reducing
the temperature, TDS, and nutrients in
reclaimed water (CH2MHill, 2011). In addition,
13 ac of perimeter landscaping provides the
opportunity to reuse effluent for irrigation to
support more diverse habitat. The system is first
in the nation designed to treat a unique
combination of municipal and industrial WWTP
effluents.

= City of Silverton Oregon Garden Project—
wetlands. Similar to the system in Albany, the
city of Silverton’s reclaimed water is used to
create a thriving habitat through 17 acres of
terraced ponds with cascading water, pools, and
wetlands plants to a holding tank where it then
flows into an irrigation system used to irrigate a
garden (Oregon Garden, n.d.). The system
lowers the temperature and removes nitrate and
phosphorous prior to discharge in Brush Creek.
The wetlands also play an active role in the
education programs at The Garden.

Washington

There are more than 25 reclaimed water facilities
operating in Washington State—about one-third are
located in eastern Washington and two-thirds are
located in western Washington. The design capacity
for these facilities range from less than 1 mgd (43.8
L/s) to 21 mgd (920 L/s). Approximately 35 reclaimed
water facilities are in the planning or design phase.

The drivers for reclaimed water facilities in Washington
vary by facility and include discharge regulations,
impaired water bodies with TMDLs, efforts to restore
Puget Sound, opportunities due to upgrades or new
facilities with advanced treatment technologies, and
water supply needs.

Water reuse in Washington includes golf course
irrigation; urban uses, such as street sweeping;
agricultural irrigation; forest irrigation; groundwater
recharge; ASR; wetlands enhancement; stream-flow
augmentation; and commercial and industrial
processes. King County and the University of
Washington collaborated in a study to demonstrate the
safety of using Class A reclaimed water in a vegetable
garden, as detailed in a case study [US-WA-King
County]. In Sequim, a reclaimed water distribution
system uses reclaimed water for toilet flushing,
irrigation, stream augmentation, vehicle washing,
street cleaning, fire truck water, and dust control [US-
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WA-Sequim], relying on a marine outfall to discharge
wastewater when the reclamation process fails and
seasonally when reclaimed water demand drops. In
Yelm, reclaimed water is used in a wetlands park to
have a highly visible and attractive focal point
promoting reclaimed water use [US-WA-Yelm]. In
addition, as part of planning for expansion of the
reclaimed water system, a local ordinance was
adopted establishing the conditions of reclaimed water
use, which includes a “mandatory use” clause
requiring construction of reclaimed water distribution
facilities as a condition of development approval.
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CHAPTER 6
Treatment Technologies for
Protecting Public and Environmental Health

When discussing treatment for reuse, the key objective
is to achieve a quality of reclaimed water that is
appropriate for the intended use and is protective of
human health and the environment. Secondary
objectives for reclaimed water treatment are directly
tied to the end application, and can include aesthetic
goals (e.g., additional treatment for color or odor
reduction) or specific user requirements (e.g., salt
reduction for irrigation or industrial reuse). As
described in Section 1.5 “Fit for Purpose,” treatment
for reclaimed water is and should be tailored to a
specific purpose so that treatment objectives can be
appropriately set for public health and environmental
protection, while being cost effective. Additionally, the
appropriate treatment for reuse will vary depending
upon state-specific requirements. Some states require
specific treatment processes, others impose reclaimed
water quality criteria, and some require both. Many
states also include requirements for treatment
reliability and resilience to process upsets, power
outages, or equipment failure (see Chapter 4 for
additional regulatory discussion).

There have been hundreds of reuse projects
implemented in the United States for various end uses
and these projects, cumulatively, have demonstrated
that use of properly treated reclaimed water meeting
cross connection controls and use area requirements
is protective of human health and the environment.
While specifically proving the negative is difficult, i.e.,

CaliforniaModel IPR WWTP MF RO
Surface Water (nutrients) =S MF RO
-~ Media
Namibia Model (No RO) WWTP DAF Filtration
Gwinnett County IPR WWTP MF GAC
Cloudcraft Model (MBR) MBR RO UV-A

Figure 6-1
Potable reuse treatment scenarios (Chalmers et al., 2011)
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that there have not been human health or
environmental impacts associated with use of
reclaimed water, at least one report notes that, “There
have not been any confirmed cases of infectious
disease that have been documented in the U.S. as
having been caused by contact, ingestion, or
inhalation of pathogenic microorganisms at any
landscape irrigation site subject to reclaimed water
criteria” (WRRF, 2005). Further, with respect to
chemical hazards and risks, the NRC reports that, “To
date, epidemiological analyses of adverse health
effects likely to be associated with use of reclaimed
water have not identified any patterns from water
reuse projects in the United States” (NRC, 2012).

There is a continuum of possible scenarios for
nonpotable and potable reuse, ranging from distributed
nonpotable reclaimed water, to long-term storage in an
environmental buffer prior to reuse, to direct
replenishment of potable water sources (prior to
additional drinking water treatment). As an example,
Figure 6-1 depicts a variety of treatment scenarios
that have been developed for indirect or direct potable
end use applications. There are other treatment
technologies, not reflected in Figure 6-1, such as
conventional secondary followed by natural treatment
systems (wetlands or soil aquifer treatment prior to
augmentation of drinking water supplies, which is
described further in Section 6.4.5).

U-A g Buffer g WIP
IX UV-A pufier B wrp
Ozone gBAC/GAC @ UF pufer B yy1p
Orone B Bigng g WIP
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The important lesson is that now, regardless of the
end use and desired reclaimed water quality there are
technologies available to treat water to whatever level
is required for the targeted end use. In addition to
successful implementation of current advanced
treatment technologies for producing reclaimed water,
there is ongoing research into optimizing these
processes and investigating emerging technologies to
meet treatment objectives for both pathogens and
chemical constituents (WRRF, 2007a; 2012a).

6.1 Public Health Considerations

The most critical objective in any reuse program is to
protect public health and a portfolio of treatment
options exists to mitigate microbial and chemical
contaminants in reclaimed water and meet specific
water quality goals (NRC, 2012). Other objectives,
such as preventing environmental degradation,
avoiding public nuisance, and meeting user
requirements, must also be satisfied, but the starting
point remains the safe delivery and use of properly
treated reclaimed water. In order to put concerns
about protecting public health and the environment
into perspective with respect to water reclamation, it is
important to consider several key questions.

6.1.1 What is the Intended Use of the
Reclaimed Water?

Protection of public health is achieved by 1) reducing
or eliminating concentrations of pathogenic bacteria,
parasites, and enteric viruses in reclaimed water; 2)
controlling chemical constituents in reclaimed water;
and 3) limiting public exposure (contact, inhalation, or
ingestion) to reclaimed water. Reclaimed water
projects may vary significantly in the level of human
exposure incurred, with a corresponding variation in
the potential for health risks. Where human exposure
is likely, reclaimed water should be treated to a high
degree prior to its use (Table 6-1). Reclaimed water
used for irrigation of non-food crops on a restricted
agricultural site may be of lesser quality than water for
landscape irrigation at a public park or school, which
may be of a lesser quality than reclaimed water
intended to augment potable supplies. To make reuse
cost-effective, the level of treatment must be “fit for
purpose.” Secondary effluent can become reclaimed
water nonpotable reuse by addition of filtration and
enhanced disinfection. Higher level uses (e.g., potable
reuse) may include additional processes, such as

membranes, advanced oxidation, or soil aquifer
treatment to remove chemical and biological
constituents.

Table 6-1 Types of reuse appropriate for increasing levels of treatment

Increasing Levels of Treatment ‘

Treatment

Primary Secondary

Filtration and Advanced

Level Disinfection
Chemical coagulation, Activated carbon, reverse
. . Biological oxidation and biological or chemical osmosis, advanced
Processes Sedimentation e - X S o .
disinfection nutrient removal, filtration, | oxidation processes, soil
and disinfection aquifer treatment, etc.
Surface irrigation of Landscape and golf
orchards and vineyards course irrigation
Non-food crop irrigation Toilet flushing
- Indirect potable reuse
_Restrlcted landscape Vehicle washing including groundwater
impoundments .
End Use No Uses recharge of potable aquer
Recommended Groundwater recharge of Food crop irrigation and surface water reservoir
nonpotable aquifer pimg augmentation and potable
o . - - reuse
Wetlands, wildlife habitat, | Unrestricted recreational
stream augmentation impoundment
Industrial cooling Industrial systems
processes
Human Increasing Acceptable Levels of Human Exposure ‘
Exposure
Cost Increasing Levels of Cost ‘

6-2
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Regardless of the reclaimed water use, whether
irrigation, IPR, potable reuse, or car washing, the most
critical treatment objective is pathogen inactivation.
The reclaimed water must not pose an unreasonable
risk due to infectious agents if there is human contact,
which could occur by whole body contact or ingestion.
EPA has established risk assessment methods and
criteria that have been used in developing standards
and criteria for microbial risks for both drinking water
and whole body contact.

These risk assessment methods and acceptable levels
of risks are described in the Use of Microbial Risk
Assessment in Setting U.S. Drinking Water Standards
and the draft Recreational Water Quality Criteria (EPA,
1992; 2011). While the potential human health impacts
of reclaimed water is the subject of ongoing research,
(e.g., WRRF project 10-07, Bio-analytical Techniques
to Assess the Potential Human Health Impacts of
Reclaimed Water, currently in preparation), additional
discussion specific to risk assessment methods and
tools specific to water reuse and exposure to
reclaimed water are provided in other recent research
reports (WRRF, 2007b; 2010a).

6.1.2 What Constituents are Present in a
Wastewater Source, and What Level of
Treatment is Applicable for Reducing
Constituents to Levels That Achieve the
Desired Reclaimed Water Quality?

Constituents that may be present in wastewater are
described in Section 6.2. Numerous studies and full-
scale projects have demonstrated that combining
several treatment processes in sequence provides
multiple barriers to remove almost all constituents to
currently-accepted analytical detection levels and does
not allow microbial and chemical contaminants to
reach finished water at levels of potential concern. In
addition, the effective use of pretreatment
requirements can prevent introduction of refractory or
difficult to treat contaminants to the incoming
wastewater in the first place. Section 6.4 discusses the
state of treatment technologies to provide extensive
control of microbial and chemical contaminants for
reuse projects. It is important to note that the NRC'’s
recent survey of epidemiological studies of reuse
concluded that “adverse health effects likely to be
associated with use of reclaimed water have not
identified any patterns from water reuse projects in the
United States” (NRC, 2012).
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The successful record of water reuse installations in
the United States and around the world is the result of
highly-engineered redundant treatment processes,
which assure the safety of human health and the
environment based on current standards. However,
based on the last two decades of intensive experience
in reuse, numerous studies, technology advances, and
monitoring of successful projects, it may not always be
necessary to provide such high levels of redundancy in
the treatment train given the effectiveness and
reliability of available technologies. For example, AOP
may not be generally necessary when additional
treatment will be applied at a drinking water plant, and
UV alone can provide removal of the disinfection by-
product NDMA, if needed; UV/AOP prior to discharge
to a surface water storage reservoir may also be
unnecessary. Excellent reduction of nitrogen and
phosphorus nutrients may be essential for reclaimed
water discharge to a storage reservoir, whereas these
nutrients represent an advantage for certain irrigation
applications and might not need to be removed.

The allowable concentrations of microbial and
chemical constituents in reclaimed water are a function
of the specific reuse application or category of reuse.
And while these requirements may vary slightly from
state to state, they have been designed to be
protective of human health given some of the current
thinking. Reclaimed water quality standards and
practices have evolved, based on both scientific
studies and practical experience. In particular,
reclamation for potable reuse will meet drinking water
standards; thus, it is not necessary to create a national
list of concentration limits for specific chemical
constituents for indirect or direct potable reuse projects
(similar to drinking water MCLS), regardless of whether
reclaimed water is part of the supply. Treatment
guidelines and drinking water health advisory-type
benchmarks for emerging chemicals of potential
interest (pharmaceuticals, pesticides, and other
“chemicals of emerging concern”) are useful for
assisting engineers in design of the multiple barriers
that continue to protect the public from health risks.

6.1.3 Which Sampling/Monitoring
Protocols are Required to Ensure that
Water Quality Objectives are Being Met?
The successful record of water reuse installations is
also the result of programs that ensure treatment
reliability, establish cross-connection controls, manage
conveyance and distribution system controls, display
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user area controls (such as signage, color-coded pipes
and appurtenances, and setback distances), and
monitor water quality to ensure safety, as described in
Chapter 4. It is also essential to have an appropriate
HACCP-type management system; to employ
appropriate, reliable, and multi-barrier redundant
treatments; and to utilize as much as possible real-
time monitoring of surrogates to assure continuous
performance. While a number of online methods for
performance monitoring are currently being used (e.g.,
turbidity and chlorine residual), the WRRF has funded
additional research on monitoring for reliability and
process control for potable reuse projects under
project number WRF-11-01, which is anticipated for
publication in 2015.

6.2 Wastewater Constituents and
Assessing Their Risks

Before a particular treatment process train design can
be selected for implementation in a reuse project, it is
important to understand which constituents are of
concern and in what concentrations. Untreated
municipal wastewater contains a range of constituents,
from dissolved metals and trace organic compounds to
large solids such as rags, sticks, floating objects, grit,
and grease. All reuse systems require a minimum of
secondary treatment, which addresses large objects
and particles, most dissolved organic matter, some
nutrients, and other inorganics. However, there are
some particles, including microorganisms and
dissolved organic and inorganic constituents that
remain in the secondary-treated wastewater, and
further treatment is most often required before it can
be reused. This section provides an overview of the
key wastewater constituents that are addressed in
reclaimed water treatment systems.

6.2.1 Microorganisms in Wastewater

Microorganisms are ubiquitous in nature, and most are
not pathogenic to humans. Microorganisms, also
called microbes, are diverse and are critical to nutrient
recycling in ecosystems. In wastewater treatment
systems, which are effectively engineered
ecosystems, they act as beneficial decomposers of
nutrients and organic matter. Concentrations of
microorganisms are typically reported on a logarithmic
scale (e.g., 1 million = 10° microorganisms) because
they can be present in very high concentrations.
Likewise, they can be removed to significant extents,
and logarithmic scales help capture these huge ranges
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in concentrations. Removal of microorganisms is
typically reported logarithmically, where 1-log indicates
90 percent removal, 2-log is 99 percent removal, 3-log
is 99.9 percent removal, 4-log is 99.99 percent
removal, and so forth.

In addition to beneficial microorganisms, raw domestic
wastewater can contain a large variety of pathogenic
microorganisms that are derived principally from the
feces of infected humans and primarily transmitted by
the “fecal-oral” route. A pathogen is a microorganism
that causes disease in its host. Most pathogens found
in untreated wastewater are known as ‘enteric’
microorganisms; they inhabit the intestinal tract where
they can cause disease, such as diarrhea. The source
of human pathogens in wastewater is the feces of
infected individuals who exhibit disease symptoms, as
well as carriers with inapparent infections. Pathogens
may also be present in urine, including pathoge