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FOREWORD

The Water Research Foundation is a nonproditporation that isdedicated to the
implementation of a research effort to heiplities respond to regatory requirements and
traditional high-priority concerns of the drinking water community.

The Arsenic Water Technolodgyartnership (AWTP) prograns a partnership between
Water Research Foundation, SanNational Laboratories (SNLand WERC, a Consortium for
Environmental Education and Technology DevelopnaiNew Mexico Stat&niversity that is
funded by DOE and the Water Research Foundatibhe goal of the program is to provide
drinking water utilities, particularly those serving small and rural communities, with cost-
effective solutions for complying with the néMd ppb arsenic MCL. Thigoal is being met by
accomplishing three tasks: 1) bench-scaleaed to minimize operating, energy and waste
disposal costs; 2) demonstration of techn@egin a range of water chemistries, geographic
locales, and system sizes; and 3) cost effentgs evaluations of these technologies and
education, training, and technology transfer.

The AWTP program is designed to bring namd innovative technologies developed at
the laboratory and bench-scale to full-scatglementation and to provide performance and
economic information under actual operating condgi Technology transfer of research and
demonstration results will provide stakeholdesgh the information necessary to make sound
decisions on cost-effective arsenic treatment.

The Foundation participates in the overall ngarmaent of the program, helps to facilitate
the program’s oversight committees, and adnenighe laboratory/bench-scale studies. SNL
conducts the pilot-scale demonstrations ®8IERC oversees the education, training, economic
analysis, and outreach activitiesasiated with this program.

Roy L. Wolfe, Ph.D. Robert C. Renner, P.E.

Chair,Boardof Trustees Executiv@irector

WaterResearclroundation WaterResearchoundation
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EXECUTIVE SUMMARY

OBJECTIVES

To help overcome obstacles associated w#balination (desal) implementation in the
United States (US), this project is aimed abvuting utilities with practical and informative
guidelines and related demsi support tools to facilitatebetter desal planning and
implementation. The research products aréended to help water managers gain an
understanding of the options and strategies avait@baddress these chaliges. The intent is to
help utilities identify pomising strategies and avoid potehtiaissteps. The hopes that this
report and associated materialél Wwelp utilities consider a widerange of desal-related options
and strategies, and result in moapid, less costly, and lessidtrating implementation of desal
projects.

BACKGROUND

With increasing water demands and moreitleh traditional water supply options in
many locations, desal provides an importantiop for meeting near-term and future water
supply needs. In many areas, desal is gickd candidate becauge is based on proven
technologies, is used exté&vely around the world, and has st that are declining and
becoming increasingly competitive with other new water supply alternatives.

Desal also can offer several important benefits over more traditional source water
alternatives. For example, desal offers commesignhanced reliability as a drought resistant
supply. These reliability benefits do not acctoemost other water supply options, such as
drawing from surface water sources. Despitepitgential advantages, desal remains largely
untapped in the US (especially in coastal setjingsd is being implemented more slowly than
elsewhere in the world. A primary reason ftnis is that the pmcess of planning and
implementing desal as a part of a communityaer supply portfolio is a highly complex (and
often controversiq undertaking.

A suite of issues—both technical and tingional—create uncertainties, delays, cost
escalations, and other complexities that hiawebited desal implementation in the US. These
barriers include complex and unsettled regulatord permitting requirements (e.g., for coastal
feedwater intakes, and for inland and coastalbmanagement); relagly high energy use (and
a potentially large carbon footprint); high cotslative to historic wier supplies); and other
issues that have made desal implementadiorery complex, uncertain, time consuming, and
often frustrating endeavor for US utilities.

APPROACH

To meet the objectives of this projectyaduis Consulting has developed “guidelines”
intended to facilitate better desal planning angdlementation. The term guidelines is open to a
wide range of possible interpretations—franformal guidance and suggestions—to highly

prescriptive or numeric design specifications. this report, we lean toward the former
interpretation, and offer a mge of decision support tooland a compilation of practical
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experiences and resources to émaliility practitioners and other interested parties to readily
locate and glean relevant information.

Our efforts span both technical desal sysi&sues (e.g., intricacies of various membrane,
hybrid, and non-membrane process options) as agethe broad suite of “institutional” issues
that create many of ¢hcritical implementation barrierge.g., permitting requirements). Our
emphasis is directed slightly more towardtitutional matters (e.g., regulations and permitting,
energy and environmental impacts, economics, and public acceptance) as compared to the
technical side, because it is the institutional detthat pose the most significant barriers to
broader and more streamlined imyplentation of desal in the US.

A key component of the guidelines is a qarter-based tool cat the Desalination
Planning Issues Matrix (PIM). The PIM is aeudriendly Excel-basedpplication, with many
hyperlinks to Word and other files, and struetito enable easy navigation across a range of
core issues and desal processstépsecond resource developedoast of this rgearch is the
Desal Decision Framework, designed to provide igditvith a logical, phased approach to desal
planning and implementation. To provide real wakamples of desal allenges and successes,
we have also compiled a series of case studidgsdl facilities both in the US and abroad. The
case studies are categorized to highlight variealrtical and institutionatsues associated with
desal planning and implementation. Finally, in addition to the research and background presented
in the report, we have developed a semésappendices on currerand emerging issues
associated with desal in the US.

The guidelines and resources developed asopdinis research are based on primary and
secondary research, developedaordination with leading delsaxperts and practitioners. Our
materials include insights gainéfatough targeted workshops, a ®ynof water utilities, and key
person interviews.

CONCLUSIONS

Despite growing interest in desal, and tecbgadal improvements that have dramatically
increased the performance of desal processere tire a number of key challenges and issues
associated with desal implementation in the US.

Key Issues Associated With Desal Implementation in the US

Although desal has the potential to provide multiple benefits, a number of key challenges
and issues associated with dasgllementation remain. These include:

e Environmental impacts associated wigurface water intake and concentrate
management

e Technical and engineering challengessaiated with reverse osmosis (RO)
membrane processes

e Development and implementation of effective pilot testing

e Desal’s high energy use, and asated greenhouse gas emissions

e Environmental and technical issues associafiéitl co-location of desal facilities with
coastal power plants

e The high costs of desal

e Working with regulators, many of whom are unfamiliar with desal
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e Incorporating desal into utilitplanning, management, and culture

e The use of various project delivery methads|uding issues associated with the role
of private entities irdeveloping and operating desal facilities

e Public acceptance of desal fges and desalinated water

Trends in Key Factors for Desal Implementation

Technological improvements have dramaticahcreased the p#srmance of desal
processes, helping to reduce total water sc@std improve performance. Key factors that
continue to influence the fahdity and cost of successfully implementing desal facilities
include:

e Technological improvements have dramaticahcreased the performance of RO
membranes, and the increased growth of iRQhe desal market is expected to
continue.

e Larger desal plants are bgi constructed to take advage of economies of scale,
helping to further reduce the tigibst of desalinated water.

e For co-located coastal faciks, there has been a growing trend to use separate intake
and/or disposal structures to avoid or reduce environmental impacts, permitting
challenges, operational challenges, and p@tenncertainties and risks associated
with using power plant coalg water as desal feedwater.

e Significant energy efficiency in membrameocesses have been achieved through
optimizing operational parameters, usinghefficient pumps and energy recovery
devices, and improvements in system desidore desal plantare using renewable
energy or developing environmental mstion strategies to reduce the carbon
footprint of desal.

e Technological advances are expected tluce the cost of desalinated water by 20%
in the next five years (Voutchkov 2007a). However, desal costs may increase due to
the potential for cost increas in electricity, construan and materialglanning and
permitting, and potential costs for carbonigsions and environmental restoration.

e Sub-seabed intakes have been increagieghployed at seawater desal facilities
(where feasible) to provide good feedwajaality and reducer&ironmental impacts
relative to open water intakes. The higher quality feedwater has allowed for an
increased use of microfiltration or ultrafiltration membranes for desal feedwater
pretreatment, which provides reliable waguantity and quality while reducing
pretreatment costs.

e There is a significant need for deweilog environmentally responsible and
sustainable methods for concentrate managerae disposal, especially in inland
settings. Approaches that may help mitigate disposal challenges include the beneficial
use of concentrate, and regional and waegsmanagement for concentrate disposal.

e The performance of desal processenay be further improved by hybrid
configurations and alternative desal teclgas, such as flexibility in operation,
higher recoveries, reducing fouling anchléng, and decreasing energy consumption
and capital and operating costs.
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Agenda for Future Research

There are numerous areas in which future research will benefit the implementation of
desal projects. Many identified researokeds revolve around hoped for technology and
operational improvements, such as might redtass, net energy use, environmental impacts
(notably for impingement and entrainment at talafeedwater intakes)nd residuals (i.e., brine
concentrate). However, there are also several research needsviiat wround facilitating
desal planning and implementation processes, such as by streamlining the permitting and
associated regulatory processékese latter researagteeds include ideasich as convening a
national workshop for regulators and other key stakeholders to profedena for dialogue, and
creating some general uniformity across states. The objective of such permitting-oriented
research needs are to help develop a wellrmméal and reasonable set of expectations about
which approaches and technologies might denerally viewed as acceptable for desal
implementation.

APPLICATIONS

As stated throughout the report, the desgblementation guidelies are intended to
provide utilities and other water resource managers a suite of tools and resources that can be used
differently, based on individual Vels of knowledge and experienogth desal. The resources
included in this report arergeted toward practitionersithr knowledge and experience ranging
from a “getting started” level, to a more in-depttperience and familiarity with desal. They are
not intended to serve as technical or designdstads. In addition to those interested in desal
implementation at the utility levethe guidelines will also senes a useful tool for regulators
and for interested members of the public.

XXiV

©2010 by Water Research Foundation and Arsenic Water Technology Partnership. ALL RIGHTS RESERVED.



CHAPTER 1
INTRODUCTION

BACKGROUND AND OBJECTIVES

In many water-short areas in the United &afUS), and in many other parts of the
world, water utilities are searicly for new water supplies. Fonany, desalination (desal) is a
technically viable option to consider. Desahisogical candidate becsei it is based on proven
technologies, is used exté&vely around the world, and has st that are declining and
becoming increasingly competitive with other nexater supply alternatives (especially given
the scarcity of new supply optioms many areas). It can beagsto develop potable supplies
from coastal waters, and from brackish grouathss and surface waters in inland settings.

Desal also can offer several important benefits over more traditional source water
alternatives. For example, desal offers commesignhanced reliability as a drought resistant
supply because its yields are nohgelly impacted by droughts other climatic eents. It also
may be locally controlled, which can be a sig@iht advantage compared to supply options that
rely on importing waters from other basins gudsdictions. Desal also can offset freshwater
extractions that may impose environrtaror other adverse consequences.

Despite these potential advantages, destianJS remains largely untapped (especially
in coastal areas) and is being implemented relogly than elsewhere in the world. The primary
reason is that the prag® of planning and implementing deaala part of a community’s water
supply portfolio is a highly complex undertaking.

A suite of issues—both technical and tingional—create uncertainties, delays, cost
escalations, and other complexities that hiawebited desal implementation in the US. These
barriers include complex and unsettled regulatord permitting requirements (e.g., for coastal
feedwater intakes, and for inland brine magement); relatively high energy use (and a
potentially large carbon footprint) associateih membrane and other desalting technologies;
high costs; and other issues that have madal daplementation a very complex, uncertain, time
consuming, and often frustratiegdeavor for US utilities.

In order to help overcome these obstacles,glogect is aimed giroviding utilities with
practical and informative guideks and related decision suppals to facilitde better desal
planning and implementation. The research prodaretsntended to help wex managers gain an
understanding of the options and strategies availkabaddress these chaliges. The intent is to
help utilities identify pomising strategies and avoid potehtmissteps. The hopes that this
report and associated materials will help faaiét a better utility dekalanning process by
helping utilities consider a wideange of desal-related optionsdastrategies, and result in more
rapid, less costly, and less frustrgtimplementation of desal projects.

THE NATURE OF THESE DESAL IM PLEMENTATION “GUIDELINES”
The objective of this research project is toyide “guidelines” to hip water utilities and
other water professionals tber navigate their way tbugh the desal planning and

implementation process. The guidelines cover Wide range of implementation challenges,
from feedwater acquisition to concentrate disposal, with a focus on thelisfgdsnTable 1.1.
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Table 1.1 Key topics addressed by this research

1. Emerging technical and institutional factorthat may limit the potential to realize some of the
advantages afo-locatingdesal facilities with coastal power plants [especially in California, where
once-through cooling (OTC) is likely to be phased out by regulators].

2. Alternative feedwater intake design and operating optidoisstandalone coastal desal facilities,
such as intake screening options and velocity parameters and their impact on impingement apd
entrainment (I&E), and the viability and performatfaeross different settings) of beach wells and
other subsurface alternatives to open water intakes.

3. Selecting pretreatment processesnsidering source water quality and variability, meshing with|the
desalting process options, and accounting for finished water quality objectives.

4. Product water post-treatmenblending, and distribution, and associated disinfection byproduct
(DBP), microbial, and other public healthdacompliance issues, aesthetics, and corrosion.

5. Energy-related concerndncluding cost impacts, energy efficiency, grid reliability, peak load
management, alternative energy, pollution, greenhouse gas (GHG) emissions, and global
warming.

Concentrate management and dispogaspecially, but not exclusively, for inland desalting).

An assortment gbublic perception and stakeholder issyéscluding the role of the private sector
in water supply provision, community growth and land use issues, environmental justice concgrns,
and water supply planning gaps.

8. Alternative project delivery optionand the potential faregional collaborationsin project
development.

The term “guidelines” is usdd the title and thwughout the text of this report. This term
is open to a wide range of pdssi interpretations—from inforai guidance and suggestions at
one end of the spectrum—to highly prescriptivenomeric design specification at the other. In
this report, we lean towardehormer interpretation, and offarrange of decision support tools
and a compilation of practical experiences andugses to enable utility practitioners and other
interested parties to readilyclate and glean relevant infortitan. One key component of these
guidelines is a computer-basédol called the “Planning Issues Matrix” (PIM), which is
described in chapter 7, and provided on a compact disc (CD) that accompanies this report. The
PIM is a user-friendly Excel-basexpplication, with many hypenks to Word and other files,
and structured to enable easy navigation acroassge of core issuesi@d desal process steps.
Throughout this report, our efforts spaboth technical desal system issues
(e.g., intricacies of various membrane, hybridj annmembrane process options) as well as the
broad suite of “institudnal” issues that create many ottlritical implementation barriers
(e.g., permitting requirements). Our emphasis i®atéd slightly more toward institutional
matters (e.g., regulations and permitting, energy and environmental impacts, economics, and
public acceptance) as compared to the techsidal, because much is already well understood
about desal engineering and teth processes. The technologgues can be complex and there
is clearly room for improvingechnology performance and imfoation dissemination; however,
it is the institutional factors that pose the maggnificant barriers to broader and more
streamlined implementation of desal in the US.
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WATER UTILITY COMMUNITY,
SYSTEM SOCIOECONOMIC, AND
POLITICAL SYSTEMS

Costs and rate implications

Supply reliability
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Compliance (e.g., DBPs,
Maximum contaminant
levels)
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Desalting process imembrane or other) Permitting
Power source (grid or green)
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Power reliability SYSTEMS AND REGULATORY
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Figure 1.1 A systems perspective on the desal process

One of the key principles behind the dieygnent of these desal guidelines is the
adoption of a broad systems planning approachadaiete to help utilitiesntegrate desal systems
into existing technical and institutional systems.shown inFigure 1.1 desal processes do not
operate in isolation from thegtof the utility or the broadeommunity. Desal operations must
be integrated—physically and institutionally—entthe rest of the utility’s systems, the
community’s social-political systems, regioratergy systems, and applicable environmental
and related regulatory systems.

As depicted in center dfigure 1.1 desaltng processes are themselves an integrated
system. This system consists not only af ttesalting technology [e.g., reverse osmosis (RO)
membranes], but also includes smuwater intake and pretreatmgethat both occur before the
desalting technology itself isngaged. After the desalting step, the product water must be
chemically treated or blended with other watasspart of the post-treatment process. Finally,
concentrated brines removed by the deasgltiprocess need to be disposed of in an
environmentally suitable manner.

A host of complicating factors arise wheonsidering how the desal system integrates
into the broader suite of systems in whichmtst be placed. For example, the process of
obtaining feedwater for a coastal desal facility seedconsider the environmental, regulatory,
and other implications of constructing and @perg a coastal intake pipe or beach well.
Likewise, the power needs of the desalting tetdgyoneeds to be considered within the context
of the region’s energy systems (e.g., is themeugh power available #te right times, at a
reasonable cost, with needed reliability, antheit undue environmental or financial impact?).
There are also community financial, social, and political systems issues, such as whether the cost
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of desal will unduly raise watezosts and rates, and how twadll impact the utility and its
customers. By viewing desal from a systemsspective, we can begin to see where and why
some of the challenging implementation and planning issues are likely to arise. The following
sections provide a summary of the key topics pladning issues addressasl part of the desal
implementation guidelines.

KEY TOPICS FOR DESAL IMP LEMENTATION AND PLANNING

As noted above, the following sections hightigome of the key issues and challenges
associated with desal in the US.

Environmental Impacts: Surface Water Intake and Concentrate Management

Among several environmental concerns relate desal, two in particular garner
significant attention. The first pains to I&E of aquatic spees due the use of open water
intakes to draw feedwatdmpingemenbccurs when larger organisms, mostly fish and shellfish,
are trapped against intake screens by the force of the water being drawn into the intake.
Entrainmenttakes place when small egg and larval stajesganisms are drawn into the intake
structure along with the plant feedwater. 1&Egenerally not an issue for sub-seabed intakes
(e.g., beach wells) or facilities docated with power plants.

In many cases, the adverse effects oEl&an be avoided or minimized through
appropriate location selectiomperational flexibility, and imm@ved technologies (Xu et al.
2009). Key questions include how well alternatigpen water feedwatentake design and
operating options (e.g., intakersening design and velocity parameters) minimize I&E. There
are also key questions about the viability #&may-term performance of beach wells and other
subsurface alternatives to surfagater intakes (i.e., beach wellsamot technically feasible in
some coastal settings).

The second major environmental concerssogiated with desal pertains to the
management (reuse or disposal) of desal concenBasstal desal plants are often able to safely
dispose of desal concentrate (via blending andfectidischarge into the ocean or estuaries) at
relatively modest costs. However, concemtramanagement is currently one of the most
challenging issues associated with desal imkmd setting. Although seral disposal methods
are available, each method has its own set wif@mmental challenges, regulatory requirements,
and site-specific costs.

Traditional options for brine concentrate disgcet inland facilities include surface water
discharge (to freshwater or v@abrine line to the ocean), discba to an existing sewer system,
deep well injection, land application, and peeation ponds. More recently, higher recovery
processing, including zero liquidsdiharge, has received considégatittention in an effort to
provide an alternative means obncentrate management. All tifese inland options are of
limited applicability, depending ononcentrate quality and quigty, physical location, hydro-
geologic conditions, energy rdgements, and numerous regoligt constraints related to
potential impacts on the recaig water or soil. As a resulit is becoming more and more
challenging to find a technicallgnvironmentally, and financiallyiable method of dealing with
the concentrate from inland facilities.
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Membrane Processes

In the US, Australia, and Europe, almosall desal applications utilize RO or
nanofiltration (NF) membrane technology. Both R@d NF utilize the principle of RO to
accomplish desal. They are essentially the sanwepsowith different degreef salt rejection.

RO is the most versatilethnology, and has been demonstrated as the most economically
viable option for a wide range applications and feed water djsa However, there are several
technical and engineering chaltges related to the implementation of RO processes. Key
challenges include:

Membrane fouling

Corrosivity of the product water

Incomplete rejection of trace organic pollutants

Relatively low recovery rate resulting in high volumes of desal concentrate
High energy requirements

High costs

Alternative and emerging technologies asng developed, aimed at improving certain
aspects of the performances of existing desal proe€ssg, higher recovers, reducing fouling,
decreasing energy consumption and capitalagetating costs). A discussion on emerging desal
technologies is included in appendix A, and acdssion of the chalges associated with
integrating membrane processes into wagatiment plants is provided in appendix B.

Pilot Testing

Development of desal facilities requirescaate and appropriate design and cost
information. Every desal facility is designeshd constructed based on the consideration of
numerous site-specific factors. This requiredtiple design decisions relative to the type and
configuration of a treatment siem. Pilot studies provide thepportunity to evaluate the
performance of proposed treatment systems usitiispecific conditions. The base objectives
are to confirm the ability of the desal systennieet finished water quality goals, operate for
sustained periods of time and, in the case dhea water desal, witlemtd seasonal changes in
raw water quality.

Data gathered from pilot studies are featl into the planning and design process and
adjustments made accordingly. The result is a more complete design, more refined cost estimate,
and a more accurate understanding of the viabilitg proposed project. Pilot studies provide
utilities with an excellent opportunity to gaime public’'s acceptance tie potential design and
implementation of a desal facility in their comnity. The selected treatment systems must be
robust enough to ensure sustained operatioder all possible conditions that might be
encountered. This assessment is most effegtasetomplished through field testing as part of a
pilot study.

The investment in a pilot study typically repeats less than 1% of the total costs of a
desal facility. In return, risk is mitigated bathterms of ensuring a sustainable and appropriate
design as well as a more true and accurateegirajost estimate. Appendix C of this report
describes the importance of pilot testing fdevelopment of both seawater and brackish
groundwater desal systems.
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Energy and Greenhouse Gas Emissions

Current desal technologies arery energy intensive and raggimuch more energy than
most traditional sources of water supply. This dbotes to the high costf desal compared to
most other water supply options.

Energy intensity raises more than just castcerns. In many regions, there are concerns
that the energy demands associated with desahffatt the reliability and sustainability of the
overall power grid system (especially as water demands tend to peak at the same times as energy
demands, for example, on hot summer days). Thiparticularly true in areas where grid
capacity is already strained by cutrdemands (Stratus Consulting 2006).

There is also concern among some at@kders regardingsHG emissions—and air
pollution emissions in general—assated with the need to expand fossil fuel use to power desal
facilities. GHG emissions are linked with globdimate change, and other air pollutants pose
risks to human health, vegetation, and otlhesources, and/or impaivisibility (Stratus
Consulting 2006).

Approaches for decreasing the energy demarRidprocesses are critical for sustainable
development of desal technologies. Significaenergy savings can be achieved through
optimizing operational parameters, using hifficeent pumps and energy recovery devices
(ERDs), and improvements in system desificreasing membrane efficiency by reducing
membrane fouling can also control the incessenergy demand during long-term operation.

The use of alternative (renewable) energy optionslesal facilities is also key to future
desal implementation. Renewable energy has beesued to power the faaity of the large-
scale desal plants iustralia and at least one in thimited Kingdom (UK). Although generally
valued by the public, the costs associated wéhewable energy to support desal can be
significant (and can actuallyarease overall desal costs).

Co-location With Coastal Power Plants

Until recently, co-locating seawater desal facilities with OTC power plants appeared to
be a natural and advantageous linkage. The egigibwer plant intake and discharge structures
provide pre-existing infrastructure, therebylueing construction permitting costs and delays.
Power plant intake water volumes are muchdarthan needed for ¢hdesal facility, so no
additional water withdrawals are necessary. Assuming the desal facility operates only when the
power plant operates, the environmental and eatddgnpacts of the facility are minimal since
the desal facility uses cooling water alreadyha power plant and tHarge discharge volumes
provide dilution and mixing for the brine. As asudt of these factors, power plant co-location
can yield significant permitting and construction cost savings (NRC 2008).

These benefits, however, presume the caetinoperation of poweplants with OTC
systems. One of the major concerns assediatith co-location sims from opposition to OTC
power plants due to environmental impacts. Sbelgve siting desal facilities with OTC power
plants might serve to perpetuate these fagditivhen they might otherwise be phased out. In
addition, if the power plant ultimately is changed to a different cooling system, the investment in
the desal facility could either be lost or subjecsignificant cost incress. Likewise, if the OTC
system is eliminated, the intake volume and bdiseharge of a (now) stdalone desal facility
could result in significanénvironmental impacts.
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The feasibility and desirability of co-locatiam the US has not been fully evaluated. To
date, Tampa Bay is the only large-scale, co-kxtadesal project thatas been successfully
implemented in the US. The Tampa experiehes revealed some ap#onal challenges
associated with a co-located facility, cinding periodically over-elevated feedwater
temperatures, and occasional mitngpated power pint shutdowns. Muclof the published
information on co-location has been based wpedence in other countries and/or expected
results in the US. There are currently severalddSocated projects slated for implementation
(most of which are in Californiahat have initiated or compétl required planning processes.
Based on lessons learned from these processesamigegin to gauge how the stated advantages
of co-location have played outtihe US with coastal power plants.

Costs and Economics

In the US, desal has traditionally been coshpitive and in most locations, desal is still
very expensive relative to the cost of traditiosapplies. This raises several issues regarding
potential impacts on local water rates and tleda@ated impacts on households and commercial
customers in the served communities.

However, recent technological advances have allowed desal to become more efficient and
less energy demanding, resulting in lower costghAtsame time, the cost of traditional supply
alternatives has become more expensivethese trends continue, desal may become more
economically favorable in some areas.

The costs associated with brackish watet aeawater desal are a function of numerous
variables and are highly site-specific. Indivitlpaoject costs can vargignificantly depending
on a number factors, including source water gualilant size, the cost and availability of
power, project financing terms, permitting reégments, and others. Energy and annualized
capital costs account for the largest portion afsser reverse osmosis (SWRO) costs (36% and
37%, respectively) (NRC 2008). Fdrackish water reverse rassis (BWRO), the capital
investment required to build the plant typicaligcounts for more than half of total costs.
Compared to SWRO, the energy consumpti@soaiated with BWRO is relatively low,
accounting for only about 11% of total costs.

While desal may appear to be costly relativahe costs associated with securing past
water supplies, it is important to recognize ttiet meaningful comparison is to consider desal
relative to the full cost of other feasible optidos adding more water to the community’s future
supply portfolio. Further, in addition to finaat costs, the externatosts and benefits
(e.g., environmental impacts and increased rdiligbshould be included in project planning and
analysis of alternativeupply options. Finally, it is importamd note that reliance on alternative
energy sources will plag large role in the fute of desal costs. Without alternative energy
sources, the cost of desal will remain tied to@ases in the cost of traditional energy supplies.

Working With Regulators

Regulators are often placed in a difficult pimsi with respect to desal. Their mission is
to ensure that the regulatory and permittingcpsses suitably protect the environment, public
health, and similar broad societal interests. H@xedesal is a new endeavor for many of them,
and a “standards of practican which regulators can supporteth decisions is lacking.
Regulators in the US are thus cautious to siffron desal permits because any conditions that
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are approved may be seen as setting a precelshenaddition, because of its limited use for
municipal applications in the US, desal may be viewed as a novel or unreliable technology by
some regulators. Further, the lack of practdedal experience and its uniqueness often manifest
as “desal being a square peg jammed int@alatory system set up thiround holes” (Raucher,
Strange, and Hallett 2006).

There are (at least) two approaches thatbmansed as a way of working constructively
with regulators in the “round pegguare hole” context of desalcilities and operations (Stratus
Consulting 2006):

e First, there needs to be an open, advanalglie with regulators (perhaps aimed at
the higher management levels of key agescso that coopera¢ signals flow down
to field staff) that explains the desal issuand needs, and 8i& set up a reasonable
set of protocols for permit approval.

e Second, research that generates kegdiffigs, or establishes desal-suitable
testing/monitoring protocols, will help \g@ comfort and reassurance to regulators
who find themselves facing permitting issues in desal’s unfamiliar territory.

It is interesting to note how fiierent states appear to be addressing the desal issue. An
example of different regulatory approaches ir¢hkey desal states (i.e., California, Florida, and
Texas) is provided in appendix E of this report.

Utility Planning and Management

The evaluation, design, and implementationaotlesal project involves a number of
opportunities and challenges that must be adee within the context of existing utility,
community, and institutional systems. While ttevelopment of a desal project requires a long
and involved process, proper planning can facilitatee rapid, less cogtland less frustrating
implementation.

To facilitate desal planning and implemeridn, the project team developed the desal
decision framework (framework). The framewadlikides the desal plamg and implementation
process into six stages, as follows:

Getting Started: Visioning and Goal Setting
Implementation Planning

Pre-Design

Design

Facility Construction

Implementation

For each stage of the planning and imm@atation process identified above, the
framework identifies key questiots be answered, actions to be taken, and decisions to be made
(before moving forward to the nestage). It is important to recognize that the stages build on
each other, with each stage layithe foundation for the next. Costs are additive, and increase
with each stage. It is therefovaluable to revisit the questions‘tesal a viable option?” at the
end of each stage.

©2010 by Water Research Foundation and Arsenic Water Technology Partnership. ALL RIGHTS RESERVED.



Further, given their complex e and the range of possible options, it is not uncommon
for desal projects (especially seaaratlesal facilities) to be ated during the course of design,
planning, public involvement, and permitting. Wheach modifications are made, different
stages of the process may need to be revisited.

In addition to the distinct phases of desal planning implementation, there are a number of
processes that need to be conducted througheyirtiject period (i.e., dung each stage of the
planning and implementation process). Thesegsses include vision and planning; leadership,
clearly defined roles, andedisionmaking; stakeholder inw@ment; managing organizational
change; and knowledge and risk management.

Chapter 11 of this report provides dtuhial detail on the desal planning and
implementation framework, including a descriptiof each phase of the process outlined above.

Project Delivery Method

The process of planning, dgeing, financing, constructingnd operating a desal facility
can be accomplished through a number of diffeegmroaches (i.e., project delivery methods)
involving the water supplier and multigbeivate service providers (NRC 2008).

Public water providers haveaditionally preferred a me utility-driven method of
project delivery, referred to a®esign-bid-build (DBB) (Xu et aR009). This method allows for a
high degree of involvement arntrol by the public water prader, because the public water
provider oversees design and construction ef diesal facility throgh separate contractual
relationships. The public water provider isspensible for obtaining all permits, arranging
funding, and will own and operate the plantemhconstruction is complete. The primary
disadvantage of this approach is that the pullter provider bears nesnsibility for most of
the cost, performance, and risk associated with the project (NRC 2008).

For many public water providers, the finan@apacity and ability to perform desal under
a DBB model is becoming quite limited. Water providers have therefore shifted toward
alternative methods of pject delivery that provide a highkvel of private entity involvement
and control. Alternative delivery methods cafeofadvantages over thieditional DBB model,
including reduced total pject costs, shorter time to pesf completion, and reduced risk for
public water suppliers (Voutchkov 2007a, NRC 2008).

Despite these advantages, some membetkeopublic and some plib officials have
expressed concerns over havingvate sector entities involved in desal projects. This stems
from a deeper philosophical issue about what (iblany) the private sector should play in the
provision of water as an essehtiaod and public service (e.g., créldo life, health, safety, and
welfare) (Stratus Consulting 2006).

In addition, many public agencies argue tthegt private model lsafew advantages over
traditional approaches because the public sé@sraccess to the same expertise and technology
as the private sector. Many public agencies cldiat the risks of water shortages are the same
under private and public models, and tthere is no real mitigation of risk.

locally-elected officials are attraed to the perceived benefits of “privatizing” all or some of
their water service responsibilities (CCC 2Q0Qoncurrently, a number of domestic and
multinational business entities have identifipdoviding water or “water services” as an
attractive profitable investmempportunity. In California, aong the approximately two dozen
desal projects currently proposetbng the coast, at least sate proposed as private-held
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facilities or public/private pamerships, including two (in Huntington Beach and Carlsbad) that
would be the largest coastal desal facilities in the US.

Public Acceptance

Affected persons and stakehaislare often able to sloar block implementation of a
desal facility if public perception is negative, whether or not a concern is justified in the
particular project (NRC 2008). Public concert®at desal vary and include worries related to
cleanliness of the source andoguct water, technical feasilyli environmental effects of
process operations and concentrate managenmivatization issues, growth-inducement,
energy use and carbon footpriand future affordability of the resource, among others.

Failure to gain public acceptance can deralriost essential and feasible desal project.
Local citizens and nongovernmental organizations may influence a regulatory body or local
government officials, and these regulators @iicials can in turn place impediments in the
permitting process. Broad-based public particgratin the process—that is, greater than that
necessitated by permitting requirements—may help minimize adverse relationships and help the
project progress more readily toward sucagdssiplementation (NRC 2008 as cited in
Burroughs 1999, Roberts 2004, Robinson 2007).

OUTLINE OF THE REPORT A ND ASSOCIATED MATERIALS
The report is structured as follows:

e Chapter 2 provides background information om s$tatus of desal, including the steps
in the typical process—feedwater supply, pretreatment, desalting processes (with a
focus on membranes), blending/distributiord aise, and concentrate management. It
also discusses the general background orectiand planned future use of desal.

e Chapter 3 reviews several relevant trends in desal, to help readers place current desal
practices and options in ppexctive with respect to whernt has been and where it
may be heading. Trends are presented tdpjcaith a focus on the issues that are
most critical to successfully implementing desal projects. An appendix is also
provided at the end of this rep@n emerging desal technologies.

e Chapter 4 describes why desal is an ingar part of the future water supply
portfolio for many communities, due ¢gwowing water demands (e.g., population and
economic growth) and increasingly constrained supplies (e.g., over-tapped traditional
sources, and environmental concerns of extracts in the California Bay-Delta), as
magnified by recent severe droughts and anticipated climate change.

e Chapter 5 explores key differences betwdesal and other supply options (as well as
similarities worth acknowledging). We @h describe the implications and the
practical challenges facedrfplanning and implementing coastal and inland desal.

e Chapter 6 provides a “systems perspectime’desal implementation, to help utilities
see how many pieces there are to the puane,how they need to fit together. This
describes the desal process steps (fekmwiatake, pretreatment, desalting, post
treatment and blending, and concentrateagament) as the core system, and how
the desal process system needs to be ineyrato the other relevant systems within
which the utility operates .@., integration inteenergy, environmental, utility, and

10

©2010 by Water Research Foundation and Arsenic Water Technology Partnership. ALL RIGHTS RESERVED.



socio-political systems). Thiserves to lay the foundatidor the organizing structure

of the PIM decision support tool (provided on an accompanying CD).

Chapter 7 offers a “User’s Guide” to tRéM, with an introdution on the intended
uses and value of the PIM, and a seteagy-to-follow instrugons to help users
navigate and get value from the tool. Mwafithe technical contérdeveloped in this
research effort are embodied in the Ptiather than in this written report.

Chapter 8 discusses a widenge of key topics in @al implementation, providing
information to supplement the content contained within the PIM. Since the PIM is
structured in a compartmentalized mannedpis not always prade the best vehicle
for providing users with broader perspectives and comparisons. This chapter provides
such overviews, comparisons, and perspectiesit the top issues desal planning
and implementation. Each topic is coveredfbyrim this chapter, with more extensive
materials being either in the PIM, orsobsequent report chapters or appendices. Key
topics addressed include:

— Coastal intakes

— Concentrate management (focusing on inland desalting)

— Membrane processes

— Pilot testing

— Energy issues and options

— Co-location

— Costs and economics

— Permitting and working with regulators

— Utility planning and management

— Project delivery

Chapter 9 provides brief case studiegjamized by key topi@reas (e.g., coastal
intake, concentrate management, altereagwergy, regional apmohes), to reveal
important lessons from desal implementagaperiences in the US and elsewhere.
Chapter 10 addresses the permitting and regulatory challenges associated with most
desal projects, describing the number #ypks of permits required, challenges in
acquiring permits, and strategieshelp minimize delays and obstacles.

Chapter 11 provides guidance to udg for planning and managing the desal
implementation process. Topics include tieed to exert leadership on a broader
level (e.g., regional, waterstle addressing key implemition challenges, and the
imperative to better articulate the need for saldies of desal as a reliable part of the
community/regional water supply portfolio.

Chapter 12 offers conclusions and recommendations for future research.

Following the main text, references are pded, followed by a series of appendices:

Appendix A: Emerging and ybrid Desal Technologies

Appendix B: Challenges in Integrating Membrane Processes

Appendix C: Pilot Testing Guidance

Appendix D: Tools to Enhance Sttlolder Understanding of Desal

Appendix E: Permitting and Regulatory Ragmnents, A Three-State Comparison
Appendix F: Improving the Process for plamenting Seawater Desal: Value and
Public Perception Issues

11
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e Appendix G: Desal Costs
e Appendix H: Regional Approaches and Adtages for Implementing Desal Projects

ADDITIONAL RESOURCES

Beyond this research report, thare several other recently published works that provide
useful information related to desal andimgplementation. Readers interested in obtaining
additional perspectives and insightay wish to review the following:

Cotruvo, J.A., N. Voutchkov, J. Fawell, P. Pamty D. Cunliffe, S. Lattemann (eds.). 2010.
Desalination Technology: H&h and Environmental Impact<CRC Press, Taylor and
Francis, K11421, ISBN 9781439828908, ISBN 10: 1439828903, June 2010.

Lattemann, S. 2008esalination Resource and Guidank&anual for Environmental Impact
Assessmentd)nited Nations Environment Prognane, Regional Office for West Asia.
World Health Organization, Regional Qfé for the Eastern Migerranean. Cairo.
Available: <www.un.unep.org.bh/Blications/Type 7.asp>.

NRC (National Research Council). 200Besalination: A National PerspectivfOnline].
Washington, D.C. National Academy Press. Available:
<http://www.nap.edu/catalog/12184.html>. [cited August 12, 2008].

WHO (World Health Organization). 2007. Desalination for Safe Water Supply: Guidance for the
Health and Environmental Aspects. Publicalle and the Environant. Applicable to
Desalination [Online]. Available:
<www.who.int/water_sanitation_h#&h/gdwqrevision/desalination.pdf>. [cited April 13,
2009]. Note that this is essentially the saasgéhe Cotruvo et al. (2010) reference above.

Xu, P., T. Cath, G. Wang, J.BDrewes, and S. Dolnicar. 200€ritical Assessment of
Implementing Desalination Technolod@enver, Colo.: Water Research Foundation.

12

©2010 by Water Research Foundation and Arsenic Water Technology Partnership. ALL RIGHTS RESERVED.



CHAPTER 2
BACKGROUND AND STATUS OF DESAL

BACKGROUND TO DESAL

Due to continued population growth, ecamo development, frequently occurring
droughts, and other factors, the demand for fmasér has increased significantly. However,
freshwater resources are very limited, and ehlawited sources are fimer declining due to
salinity buildup, contamination, and overdraft. damunicipalities and water utilities have
turned to development of alternative water sosisuech as seawater, brackish inland waters, and
highly treated wastewater efflueribesal has been considered mifethe viable solutions to
augment fresh water sources and expamtidiversify watesupply portfolios.

Desal is a process that removes dissolvaterais and soluble organics from water. Two
main types of technologies are currently lgeemployed for water desal: thermal-based and
membrane-based processes. Thermal technola@geeghe traditional processes used in early
desalting applications in the Middle Eamtd Caribbean, including multi-stage flash (MSF)
evaporation, multiple effect distillation (MBPand vapor compression (VC). They employ a
distillation process in which feedhter is heated and then evagted to separate out dissolved
minerals (CCC 1993). Thermal technologies are faistd for desal of seawater because energy
requirements are high and almost indemehdof source water salinity. Thermal desal
technologies are mostly used in the Middle Eastaecot widely used in the rest of the world,
in large part due to their ¢in energy requirement and lack céntralized water and power
planning (Xu et al. 2009).

Membrane-based technologies, includingF, RO, electrodigsis (ED), and
electrodialysis reversal (EDRYepresent the overwhelming majp of plants outside the
Arabian Gulf region. Recently constructed desallities (seawater and brackish water) outside
the region rely almost exclively on membrane technologies.

In RO and NF, feedwater is pumped high pressure through semi-permeable
membranes, separating salts from the water (Z@¥3). The feedwater is gireated to remove
particles that would clog the membranes. Tuality of the water produced depends on the
pressure, the concentration of salts in the ieger, and the salt pesation constant of the
membranes. Product water quality can b@rowed by adding a second pass of membranes,
whereby product water from the figgass is fed to the second pass.

In ED and EDR, dissolved ions are segad through ion permeable membranes under
the influence of an electrical potel gradient. An ED/EDR stackonsists of a series of anion-
exchange membranes and cation-exchange membranes arranged in an alternating mode between
anode and cathode. This result@malternated increasing ioanzentration in one compartment
(concentrate) and decreasing concentration irother (diluate). The EDR process is similar to
the ED process, except that it also uses periggliersal of polarity to effectively reduce and
minimize scaling and fouling, thuallowing the system to operate at comparatively higher
recoveries (Sethet al. 2009).

13
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Figure 2.1 Layout of five key elements of a dal system for either brackish water or

seawater desal

1. Feedwater intake is the structahat withdraws source water anohweys it to the process system.
Feedwater intake can be classified into open intake and subsurface intake.

2. Pretreatment is the process that removes suspended solids, controls biological growth, and prevents
scaling during desal.

3. Desal is the process that removes dissolved solids, organic contaminants, and microorganisms from water.

4. Post-treatment involves the addition of chemicals to the product water to prevent corrosion of the
distribution system, ensure the compatibility with other water sources, and protect public health
(e.g., disinfection, and addition of micro-nutrient minerals).

5. Concentrate management involves treatment, handling, and disposal or reuse of waste residuals from the
desal system.

Membrane systems typically have advantages over thermal processes, such as lower
energy consumption, lower capitasts, and a smaller physicabfprint. Membrane treatment,
however, often requires extensive feedwater pagtient, and is not applicable to very high
salinity water [e.g., above seawater le4@J000 mg/L total dissolved solids (TDS)].

Desal processes produce high-quality water by removing most contaminants and
impurities from the feedwater. Desalinated water, from either thermal or membrane processes, is
highly corrosive due to low concentrations of calcium and carbonate alkalinity. The acidic water
has to be properly treated to prevent adveffeets to public heath anthe distribution system,
and prior to blending witlether source water.

During desal processes, a cortcated salt solution is gerated that may also contain
some pretreatment and process residuals, amehichl cleaning solutions. The concentrate and
residuals require appropriate management mteet regulatory requirements and reduce
environmental impact. Concentrate managenrerdlves options inclugig waste minimization,
treatment, beneficial reuse, and disposal (Mickley 2006, NRC 2008). The five key elements of a
desal system are illustratedfigure 2.1

STATUS OF DESAL

Desal capacity has risen remarkably ovee thst few years, indicating that desal
technologies have been used to help produediable water supply taddress the global water
crisis. According to new statistics releasedtioy International Desalination Association (IDA),
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the amount of global contracted (plannedpacity grew by 43.3% in 2007, increasing from
1.25 bgd (4.75 million fitd) in total contracted capity in 2006 to 1.8 bgd (6.81°%d) in 2007

(IDA 2008a). IDA reported that th growth trend continued i2008. During the first six months

of 2008, newly contracted capacity increasedahyadditional 39%. As of June 30, 2008, the
cumulative contracted capacity of desal plants around the world reached 16.6 bgd (62.75 million
m/d). Sixty-two percent of the newly contracted capacity is seawater desal, with brackish
groundwater and river water desal repréisgn 19% and 8%, respectivelyFigure 2.3.
Wastewater applications of s technologies for water reuse growing quickly, currently
representing 5% of tal capacity (IDA 2008a).

The traditional dominating desal technology, thdrM&F, is continuing to lose its share
(27%) to RO (59%) and MED (9%), due tcetimprovement of menmane technologies and
RO’s inherent cost advantagEiqure 2.3. The contracted MED capdyg has increased 90%
since 2004; nearly 0.7 bgd (2.7 millior’/) of MED capacity was contracted between the end
of 2004 and mid-2008 (IDA 2008a). ED still také% of the contractedlesal capacity in
comparison with year 2006.

The number of contracted desal plamtsridwide increased from 13,080 in 2007 to
13,869 as of June 30, 2008 (IDA 2008a). The topdgal countries are listed fiigure 2.3 The
Middle East still takes a largeate of the desal market; Saudi Arabia and United Arab Emirates
are the leading countries in s#, constituting 17% and 13%f the global desal capacities,
respectively. In Europe, the major desal plartsin Spain, which hasearly 8% of the global
desal capacity. Desal in the UKakso progressing with the firstrige-scale brackish water desal
plant, the Beckton Desalination Plant, undenstruction and scheduled to open in 2010. The
plant is expected to provide 37 mgd (140,060dinof drinking water to London.

ED Other Wastewater Pure water

4% 1% 5% 5%

River water
8%

MED
9%

Source:Adapted fromDA 2008a.

Figure 2.2 Global contracted desal plant®y technology and feedwater quality
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Figure 2.3 Top 10 desal countries

Desal is proving to be one of the keysAtiostralian water managemieand the country’s
total contracted desal capacity has recentlyemsed to 2% of the global total. In Western
Australia, the 34 mgd (130,000°f) seawater desal plant in Perth, which is Australia’s first
large-scale desal plant, suppli&7% of the city’s daily dema. Construction of a second plant
for this area has started. At the completiorihaf second project inte 2011, on average, more
than 30% of Western Australiagater supply will come from seater desal. Along Australia’s
eastern shore, the 33 mgd (125,0080dinGold Coast Desalination Plant has already supplied
more than 7 million rhof water into the South East Queknd region since production began in
February 2009. In New SdutWales, the 66 mgd (250,0007d) desal plant in Sydney is now
producing 15% of Sydney’s potable water suppliong Australia’s southern coast, plants for
the Victoria and Adelaide regiomse still in relative} early stages ofanstruction, including the
108 mgd seawater desal plant in Melbouare] the 72 mgd desal plant in Adelaide.

Desal in the US accounts for 138bthe world’s total desalapacity Figure 2.3. Nearly
96% of US online desal capacity uses RQ@ ather membrane systems, and 100% of the
municipal desal capacity uses membrane teciyies (Mickley 2006). Eand EDR have been
used for wastewater and industrial water treatrbaetnot for drinking water treatment in the US
because of no removal of pathogens. More than 2,100 BWRO desal plants operate in the US, and
most municipal desal plants aredbed in Florida, California, anexas. In Florida, the nation’s
first large seawater desal fati| the Tampa Bay Seawater Disation Plant, has been fully
operational since December 2007, providing the Tampa Bay region with up to 25 mgd
(95,000 n¥/d) of drinking water and alleviatingoressure on the over-drafted regional
groundwater supply.

California has seen a rapid rise in installe$alting capacity the last decadatlfle 2.).
This is primarily due to dramatic improvememsnembrane technology and the increasing cost
(and decreased availability and reliability)aminventional water supply delivery (CDWR 2009).
Currently there are 25 desaltingapts operating in California that provide the total capacity of
74 mgd (281,000 fd) for urban use. Currently there are seven new groundwater desalting
plants and nine plant expansions in the glesand construction phas® the planned and
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Table 2.1
Desalting in California for new water supply

Plants in operation Plants in design and construgtion  Plants planned or projected
No. Capacity No. Capacity No. Capacity
Feedwater of of of

source plant AFY mgd m’d |plant AFY mgd m’d |plant AFY mgd m¥d
Groundwater 19 81,400 73 275,000 4 22,300 20 75,800 3 57,300 51 193,600

Seawater 6 1700 2 5,700 3 50,800 45 171700 283,600 235 890,700
Total 25 83,100 74 281,000 7 73,100 65 247,000| 17 320,900 286 1,084,300
Cumulative 32 156,200 139 527,80 49 477,100 426 1,612,100

Source CDWR 2009.
Note: mgd = daily average of annual desal capacity (AFY) in terms of million gallons per day.
m/d = daily average of annual desal capacity (AFY) in terms of cubic meters per day.

projected phase, for a totafl about 80,000 AFY in new capac(CDWR 2009). There are three
seawater desalting plants (Sand City, Oc&aew Plaza, and Carlsbad) with a combined
capacity of about 51,000 AFY in the designdaconstruction phase as of early 2010. An
additional 14 plants with a combined capaaify264,000 AFY of capacity arin various stages
of planning. Several seawatgesalting pilot plants have beguoperation or are being designed
as part of desalting feasibilitstudies (CDWR 2009). These degsilities would supply up to
477,000 AFY of potable water by 2025. Voutchkov (20084t)mated that, ill of the proposed
California desal projects are kuat their maximum planned cagity, they would supply 1.1% of
the total current state water demand of 40,0@@ mnd approximately 5.6% of its urban water
demand of 8,000 mgd (30.3 milliorfd).

SUMMARY

The global desal capacity has increased reaidykover the past decade, and desal has
provided a reliable water supptp the regions that lack agieate fresh water supplies. The
improvement of membrane technologies andréiative cost advantage have made RO a major
desal process for new desal facilities and in teasoutside of the Middle East. It is forecast
that desal will play an increasing role ixpanding regional water supply portfolios around the
world.
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CHAPTER 3
TRENDS IN KEY FACTORS FOR DESAL IMPLEMENTATION

The world’s desal capacity has incsed significantly due to technological
improvements, reduced treatrierosts, and limited convential water suppl@ The most
significant trend in desal is the increased growth of the RO market compared to thermal
technologies. Technological improvements have dtarally increased the performance of desal
processes, helping to reduce total water costs.

This chapter discusses relevant trends ferkby factors that continue to influence the
feasibility and cost o$uccessfully implementing desal facilities, including co-location, the scale
of operation, energy use and sources, costs, irstalketures, pretreatmeatlvances, concentrate
management, hybrid configuratigramd emerging desal technologies.

CO-LOCATION WITH POWER PLANTS

Due to the constraints and pressures for lamed esastal desal plants are often located in
areas designated for large-scale infrastructure, asi@xisting electricglower plants. Seawater
desal plants that “co-locate” with coastal povpdaints may take advantage of existing power
plant intake structures, or ditgcconnect the desal plant intake and/or discharge facilities to the
discharge outfall of a power plant (CDWR 2003h-location has been considered, planned for,
or implemented at several large-scale municipalieations in the US. Examples of existing and
planned co-located facilities include thBampa Bay Seawater Desalination Project (in
operation), the Carlsbad Seawaissalination Project, andeéHuntington Beach Desalination
Project.

However, environmental concerns with O power plant systems may make it difficult
to obtain permits for some proposed co-ledafacilities (Pankratz Undated, Luster 2009).
Experience with co-located facilities has alsvealed several opdi@nal challenges arising
from complexities associated with matchingsaleactivities with the operation of the power
plant, and challenges posed by the power plant cooling water quality and/or temperature to the
pretreatment and desal system. Thus, large dematispinay determine it is preferable to not use
power plant cooling water as feedwater andeiadtdevelop dedicated si¢ feedwater intake
facilities. For example, the Perth Seawabssalination Plant (Australia) and the Ashkelon
SWRO Desalination Plant (Israedye co-located with power plen but have separated intake
structures (Xu et al. 2009). The Tampa Bay disality was designed tase cooling water from
a co-located OTC power plant, but has found tiéihecessary to draw feedwater from its own
dedicated feedwater intake due to temperature or other operational issues with the cooling waters
from the power plant (Christine Owen, Tampay Water, personatommunication, June 20,
2009).

SCALE OF OPERATION
According to the 2008-2009 Desalination Yearboddsal plants are being built on a
new massive scale (IDA 2008b). For example, the Fujairah Plant in the United Arab Emirates,

the largest seawater désgbrid plant in the world, produces 120 mgd (454,08@)rof water,
of which 62.5% is from five MSF units colaal with the power plant and 37.5% (45 mgd or
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170,500 n¥d) from SWRO (Sanza, Bonnélyea, ana@erb 2007). There are five other plants
with capacities in excess of 132 mgd (500,00%ymow under construct in the Middle East
region. The largedif these is the 232 mgd (880,008/a) Shoaiba 3 unit in Saudi Arabia, using
MSF technology (IDA 2008b). In April 2009, the 211 mgd (800,08@)mlubail 1l desal plant
started providing desalinated water to the eastern cities of the region (D&WR 2009). This plant
employs MED technology on a largerale than ever used previbyst has 27 uits (each with

a capacity of 7.8 mgd, or 29,630 m3¥/d), and wsaste heat from the power station.

While not approaching the same magnitudeh@smal technologies in the Middle East,
large-scale SWRO desal facilities are also belagned or have been constructed. For example,
the 87.2 mgd (330,000 ¥d) Ashkelon SWRO Desalination it has been in operation since
November 2005. The recently approved Carlsbadw@ater Desalination &ject in California
will be the largest desal plant in the Western Hemisphere, providing 50 mgd (138a%)nof
high-quality drinking water to San Diego region.eTbapacities of desal facilities in Australia
vary from 34 mgd (130,000 id) at the Perth Seawatddesalination Plant to 66 mgd
(250,000 n¥d) at the SWRO plant being completed in Sydney.

The benefit of larger capacity desal plantshat the design complexity and operation is
not significantly different than that of a sihea plant (Pankratz Undade NWC 2008). There is
no theoretical or design size limit for RO systdrasause of its inherentodularity. In addition,
economies-of-scale contribute to a consideradtiiction in the cost of water production. The
number of components per unit of water produgedarger scale plda can be significantly
reduced. Larger systems are able to obtain higieéds and lower energ@yperating costs of the
systems by using larger capacity compueemore efficient pumps, and ERDs.

ENERGY USE AND SOURCES
Energy Demand

The need to reduce energy consumptiamd (address GHG emissions associated with
climate change), is putting pressure on the dasdaistry, in particular savater desal. Currently,
the energy consumption of SWRO aloneries between 8 and 13 kWh/kgal (2.1 and
3.5 kWh/n?) (Veerapaneni et al. 2007, NWC 2008, Xu et al. 2009). Additional energy [typically
greater than 13 kWh/kgal (3.5 kWh)his required for other desal process components,
including intake, pretreatmendjstribution, and overall plardgperations (Xu et al. 2009). The
energy use of current generation SWRO systenabat 20% of the energy used in the first
generation RO desal plants. Tiesmainly due to improvements in membrane efficiency, system
design, and highly efficient ERDs. However, thetual energy consumption of RO is still
significantly higher than thehermodynamic minimum energyequired to overcome the
membrane’s osmotic pressure. For seawatatagung 35 g/L TDS, the osmotic pressure is
calculated as 2.85 kWh/kgal (0.75 kWHJrat 25°C (NWC 2008).

Significant energy efficiency can be achidvéhrough a number of options such as
optimizing operational parameters, using higéfficient pump and ERDs, and improvement in
system design. For example, the centraliaed membrane cascades@m has significantly
reduced the energy demand of the Ashkelon SWRO plant. This membrane system design uses a
multistage process, with inter-stage boostanps and ERDs. It achieves high product water
guality while minimizing membrane fouling poteadti which in turn, is significant to energy
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saving by maintaining operating pressure anduceng cleaning frequegic(Gorenflo et al.
2007).

Options for reducing the energy requiremantsy also include the development of new
generation membrane materials for RO systemd,adternative desal processes such as forward
osmosis (FO) and membrane distillation M Appendix A describes the emerging desal
technologies.

Energy Sources and Reducing the Carbon Footprint of Desal

In addition to developing high energy-eféat membranes and ERDs, using alternative
energy sources (e.g., wind, solar, biofuel, hydel® has been an important step towards
reducing the carbon footprint of desal. For examgie Beckton desal plant in London will use
biodiesel to meet desal energy demand and eageonmental concerns about the plant’'s high-
energy consumption (BBC News 2007). In Austratenewable energy hadbeen developed to
power the majority of the proposé&tge-scale desal plants, siahthe Kwinana SWRO plant in
Perth and the Kurnell SWRO desal plant in S3ydrboth using wind energy to power the plants
(Xu et al. 2009). In California, Poseidon Resms Corporation committed the Carlsbad desal
facility to be the first major California infrasicture project to go carbon neutral (Poseidon
2007). The carbon neutral plan is proposedetduce net GHG emissions through a series of
offset projects as well as renewable energgit{ REC) purchases (and also by reflecting energy
savings by offsetting energy-intéws imported water supplies).

Typically, renewable energy is relatively expensive and nddyt@athe already expensive
desal technology. This dilemma miaged to be solved with a @} providing incentives to use
renewable energy souscat desal plants.

ECONOMICS OF DESAL
Cost of Desal

Desal technologies are becoming maicient, less energy demanding, and less
expensive. This has helped tauee the cost of desalinated watetevels that are comparable,
and in some instances competitive, with other alternatives for acquiring and delivering new
potable water supplies (CDWR 2009). In @idth to improvements in technology, several
factors-including construction of large capacity plants and enhanced competition due to
alternative project delivery methods—have distped to reduce costs in recent years.

Figure 3.lillustrates the overattend of water costs reduati from large SWRO plants
over the past two decades. These costs includedapital costs and operation and maintenance
(O&M) costs. However, they have not been adjusted to account for inflation and many of the
assumptions involved in estimag these costs (e.g., plant sizegerast rate) are not reported.
Therefore, the costs reported figure 3.1are intended to show a geral trend. The actual
decline in costs may not be as largetasas) here. See appendix G for more detail.

Table 3.1lists the range in total unit water ctisat can be expected from plants desalting
brackish groundwater, wastewatand seawater (CDWR 2009). hauld be noted that there is
no detailed cost breakdown to indicate what kests are included or omitted in the reported
estimates imable 3.1
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Figure 3.1 Historic trend of water coss from large seawater RO plants

Table 3.1
Total unit water costs of desal
Water costs

Type of desalting plant US$ per AF US$/kgal US$/m
Brackish groundwater 500-900 1.53-2.76 0.41-0.73
Wastewater 500-2,000 1.53-6.14 0.41-1.62
Seawater 900-2,500 2.76-7.67 0.73-2.03

Source:CDWR 2009.
Note: These costs (in US dollars, US$) are based on freeted lifetime of the plarf20-30 years). The year
dollars in which the costs are portrayed is not reported.

When planning desal projectsjstimportant that cost estinest take into account the full
costs of implementation including costs asseclatvith intake, pretreatment, the desalting
system, post-treatment, concentrate and wasteagement, and desal product water blending
and delivery systems. Cost estimates should include initial tapdsts (equipment,
construction, financing costgnd other one-time costs needid build the complete desal
treatment facilities), as well as annual O&Mst (including energy, labor, chemicals, etc., for
all the process steps). Projempital cost estimates shouldclimde costs for environmental
studies and mitigation, public meetings, legabport, and other acthes necessary to get
through the planning and permitting process.

The unit cost of desal are very site specifid aan be affected bysral factors such as
cost of electricity, typef intake (e.g., co-lmating and using existingtake and cooling water),
type of outfall (e.g., using existing outfalls), andisafor annualizing costs (i.e., facility life or
amortization period, and interestte). Appendix G provides modetail on desal project costs
and key cost factors.
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Several future improvements to membrane technology are forecast, such as development
of membranes with high salt and pathogen rejacand productivity; reduced fouling potential;
improved membrane resistance to oxidants; elevated temperature and compaction; improved
chemical cleaning; integration of membrapestreatment; advanceenergy recovery; high-
efficiency pumps; and development of cofeetive methods for concentrate management
(including beneficial use and disposal). These technology advaneesxpected to reduce the
cost of desalinated water by 20% in the néxé years and by up to 50% by year 2020
(Voutchkov 2007a).

However, several factors may serve to increhsecosts of desal in the future, including
potential increases in: the casft electricity, construgon, and materials; @bs associated with
planning and permitting desal projects; costs of concentrate management and intake systems;
process costs; and potential costs for car@®RG) emissions. In ddition, environmental
mitigation costs are likely to increase, especiallgensitive coastal settings like California and
where I&E might be an issue, and special screemstake facilities and/or extensive monitoring
may be required. For many desal plants currantlthe planning phases, costs associated with
environmental mitigation activities apeoving to be quite substantial.

Impact of Electricity Cost

The energy cost in the form of electrical powepresents in large part the operating cost
of an RO desal facility. The energy consumptimay contribute up t@1% of the total water
cost of a BWRO facility (Miller 2003), and 38% a SWRO facility (CDWR 2009). The O&M
costs for RO processes are very sensitive tweases in the price ddlectricity. This is
particularly true for SWRO dektacilities (Figure 3.3. For exarple, for a typical brackish water
and seawater desal facility, a tripling ofetltost of electricityfrom $0.05/kWh (US$) to
$0.15/kWh (US$) could result in increases in tihial water cost of 22%nd 76%, respectively
(as seen irFigure 3.2. For a BWRO facility with a total water production cost of $1.53/kgal,
this would result in an inease of $0.34/kgal to $1.87/kgal. Foreample SWRO facility with
a total water production cost of $2.76/kgal, sosbuld increase to $6/kgal Table 3.1and
Figure 3.2. Thus, it is very important that watetilities investing indesal develop effective
strategies to manage the impaxftincreased electricity caston the cost of producing and
supplying water by desal.

Impact of Offsetting Carbon Emissions

It is possible that offsetting the carbon ssnons associated with desal will become an
important part of managing potential increasethecost of water as a result of the introduction
of a price on carbon emissions. The amount dbaa emitted by a desal facility will depend on
the source of energy used to generate electrittigy amount of chemicalssed in the process,
and the economic life of consumable items sucth@snembranes. The largest component of the
carbon emission for desal is power. Consetjye water utilities in Perth, Sydney, and
Melbourne have committed to buying RECs tfset the GHG emissions. According to a report
published by Australian Government National Water Commission (NXMB), a desal facility
with a power consumption of 17.4 kWh/kgal (4.6 kWfy/hat sources electricity produced by
black coal will emit between 17.8 and 2XJ of carbon dioxide equivalents (g©q) per kgal
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Figure 3.2 Sensitivity of desalinated water cis to increase in cost of electricitylt is
assumed that the energy consumption may darigiup to 11% of the total water cost of a
BWRO facility (Miller 2003), and 38% of a SWRG@dility (CWDR 2009). The total water
costs are assumed $1.53/kgal and $2.76/kg&8\WRO and SWRO falities, respectively,
at an electricity pde of $0.05/kwWh (CWDR 2009).

(4.7 to 6.0 kg C@m®), depending on the location of the plafhe introduction of an emissions
trading scheme where carbon is priceda® (in Australian $, AU$) per ton of Gvill add
approximately 16% to the O&M cosf the facility (NWC 2008).

According to the California Department Wfater Resources (CDR/2009), the average
energy consumption of RO desal treatmentcisrently estimatedat about 5.5 kWh/kgal
(1.5 kWh/n?) for brackish water and about 12.3 kWh/kgal (3.2 kWH/for seawater desal.
Using a conservative estimate of GHG emissions of 0.4 kgk@ (assuming electricity is
generated from natural gas, this number climbs up to 0.9 k¢k@@ for electricity generated
from coal), the GHG emissions associated wopierating a RO desal plaare estimated to be
2.2 kg CQlkgal (0.6 kwWh/m) of desalinated brackish water and 4.9 kgR@al (1.3 kWh/r)
of desalinated seawater.

A sensitivity analysis of the price of carboffsets on the increase desalinated water
cost is illustrated ifrigure 3.3 Assuming a carbon offset cost of US$10 metric ton of carbon
emitted from desal, water production cost viiitrease by $0.02/kgal for brackish water, and
$0.05/kgal for seawater desal. Investmentanbon offsets over the 3@ar life of a 10 mgd
desal plant would thus be estimated tatcapproximately $2.5 million and $5.4 million for
brackish water and seawatigsal, respectively.

Besides the purchase of RECs, other measures to help reduce the carbon footprint of
desal plants include gainingengy efficiencies through ERDBjgh efficiency pumps, variable
frequency drives, low-energy with improved sadjection membranes, and the onsite use of
renewable energy sources.
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Figure 3.3 Sensitivity of desalinated wadr costs to cost of carbon offset

COASTAL INTAKE STRUCTURES AND ENVIRONMENTAL CONSIDERATIONS

Feedwater intake is a key textal component in a desal ptaespecially for seawater
desalting. It plays a major role @aontrolling the quantity and treiality of the wéer transferred
to the pretreatment and desal process. Intaketates can cause advemsnvironmental effects
on aquatic organisms through I&E and on bentbiganisms by digging intake tunnels. A
significant trend in coastal intake systems isghesuit of measures that minimize environmental
impacts through using subsurface (i.e., below s@ahtake structures,ra proper design, siting,
and operation (e.g., intake velocity) of an intake facility.

Since the early 1970s, seawater intakes useckelectric power plant cooling water
intakes have been required to employ the heatlable technology (BAT) to minimize adverse
environmental impact under section 316(b) tbé US Environmental Protection Agency’s
(USEPA'’s) Clean Water Act (CWA). The 316(byterements for new sources were amended in
December 2001 and new rules for existing power plant intakes were proposed in February 2002.
California State regulatory agencies have indt#tat the siting of a new or existing open water
seawater intake for a desal fagilwill require a current assessmefti&E impacts as part of the
environmental review and permitting process. Das@ke structures may be required to be
designed to meet the BAT to minimize impacts on marine life.

Environmental impacts associated with wpatake systems can be reduced through
appropriate siting of the intakenstallation of variable s®d drives, employing advanced
screening technologies and behawarriers, and using low intakeslocities. Co-location with
an existing power plant and use of cooling wai® feedwater can avoid additive environmental
impacts as long as the power plant is opegatiOff-site mitigation and restoration may be
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required to offset unavoidabkdverse impacts from the k& operation, and might include
supporting a fish hatchery, haltitastoration, and land acquisititmcreate conservation areas.

In recent years, subsurface intakes hagenbincreasingly employed or pilot tested.
Subsurface intakes use sand as a natural sltew fo minimize ecological impacts associated
with I&E, and yield a highly filtered, better quality feed water compared to open water intakes.
Subsurface intakes are also protected fromshmading in the open ocean from red tides, oil
spills, and algae growths. Subsurface intakdifes can thus reduce pretreatment requirements.
The level of reduced pretreatment depends erd#sign of the subsade intake system.

The largest seawater desal plant with a seaitalle system currently in operation is the
13.2 mgd (50,000 #d) Fukuoka District RO facility idapan (Matsumoto et al. 2001). Recently
the Municipal Water Management Distriof Orange County (MWDOC) completed a two-
phased study on a slant well tectowy for the proposed 15 mgd (56,77%d) Dana Point desall
plant (MWDOC 2007). The Long Beach Water Didt (LBWD) is experimenting with the
Under Ocean Floor Seawater Intake and Basge Demonstration System designed by LBWD
and the US Bureau of Reclamation (USBR) (LBWD 2009c).

PRETREATMENT ADVANCES

Desal membranes are highly susceptiblepéoticulate fouling by suspended solids,
adsorption of organic substances, inorganidirsgaof sparingly soluble salts, and biofouling.
Efficient pretreatment is vital and the mosticel aspect in the sucee of desal process.

In recent years, the use of membrane pretra#tinacrofiltration, MF, or ultrafiltration,
UF) has emerged as an alternative to congeati pretreatment to seawater desal, including
coagulation, media filtration, and cartriddgdtration. Membrane petreatment provides a
consistent quality of permeate and a smallerpioot. As a result, there is currently a trend
toward low pressure membranes for sea watetreatment (Pankratz Undated, Stedman 2009),
in particular where subsurface intakes are employed. For example, the Fukuoka District RO
facility in Japan uses UF prior to RO memiwa to treat seawater withdrawn from a seabed
infiltration gallery. In North America, the primavyater quality issues for open intakes that have
been encountered are algal blooms and biogrowhich challenge thdesign and operation of
both conventional and membrane pretreatm&rrent research and development (R&D)
emphasis is being placed on pretreatment systdattion and optimization, and novel physical,
chemical, or biological process® improve pretreatment.

CONCENTRATE MANAGEMENT

Concentrate management may present a nugfbenvironmental concerns that require
careful consideration. The concentrate from aldeseess typically is tev to five times higher
in salinity than the surrounmalj water (assuming 50-80% recoveryhis waste stream may
contain antiscalants, cleaning chemicals, coagulants, and pretreatment filter backwash. It may
also contain concentrated amounts of otb@mpounds removed from source waters by the
membrane process, including ar®eand other contaminants pogitoxicity concerns for the
environment and human health. The concentratg algo have relatively high temperatures if
cooling water is used as source water. Theegfooncentrate from mebrane desalting systems
can cause significant impactttee receiving environment if it is not handled correctly.
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Concentrate management and the associam@dronmental corerns represent the
greatest challenge to successful and widesprepl@mentation of inland desal. Disposal options
at many inland locations are very limited andynhb@ environmentally and/or cost prohibitive.
The low product water recoveryalgs to not only substantial losévaluable water resource but
also affects permitting of brackish water desallitées because raw water withdrawal volumes
and concentrate disposal are the key parameters assessed during permitting.

Substantial research efforts have beekenato increase desal water recovery and
minimize concentrate volume, although the downsidé mcreased recovery efficiency is that
salts and other membrane-removed contamin@s, arsenic) become more concentrated and
thus more difficult to manage safely. Approachest may help mitigate the disposal challenges
include beneficial use of concentrate, and regional and watershed management approaches that
may facilitate economies of scale or athdvantages for concentrate disposal.

Direct beneficial use of conceate is an attractive option for the sites where concentrate
can find an environmental friendly applicatjosuch as wetland restoration and irrigation.
Regional concentrate managementludes regional collection,gatment, centralized disposal
(e.g., co-discharge desal concentrate with wastewater effluent), or benedes of concentrate
from a number of desal plants. A regional ajwh may take advade of site-specific
beneficial conditions for disposal and ofetleconomies of scale of constructing larger
concentrate disposal facilities. Another achege of regional management is the use of
concentrate from brackish water desal plantoasce water to seawater desal plants, such as the
case in Eilat, Israel (Ravizkgnd Nadav 2007). The use of bratkisater concentrate in this
manner will reduce the feedwater plant salinighen blended with ocean water for the feed
source. This will decrease the seawater desal plant’s energy and treatment costs and potentially
increase recovery, while also avoiding trackish desal concentrate disposal issues.

An emerging desal trend is to further treaincentrate in order to increase recovery,
thereby minimizing concentrate volume. Howeudis can complicate the disposal challenge.
Concentrate volume reduction eliminates the aBemost conventionatlisposal options, as
follows:

e |t effectively eliminates discharge to satcé waters, to the sewer, and to land as it
makes the concentrate more incompatible (salinity-wise and individual constituent-
wise) with the receiving watésurface water or groundwater).

e Higher salinity brine has a reduced evaporation rate and results in evaporation ponds
filling up with solids more rapidly. The net effect may be that the total evaporation
pond area is reduced relative to lower spliconcentrate disposal by evaporation
ponds.

e Deep well injection of high recovery brines where one or more salts are close to
saturation has its own challenges and unkmowBecause of this and because of
higher levels of total suspended solids (TSS), some form of treatment (filtering in
many cases) may be required prior to injection.

e Processing all the way to mixed solids (zkgoid discharge, oZLD) is efficient in
terms of maximizing the use of the watesoerce, but does notquide a concentrate
management solution. The high level of solids produced (including additional solids
produced by processes such as lime softethat allow high recovery processing)
results in high landfill costs with the amount of solids, in many cases, requires
dedicated monofills to be constructed.
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HYBRID THERMAL/MEMBRANE CONFIGURATIONS

Innovations of hybrid systems, where thekrand membrane processes are combined
with a power generation plant, are a significaleveloping trend in the desal market, in
particular in the Middle East. Bdesign of hybrid desaystem integrates the use of thermal and
membrane processes to maximize flexibility byngstwo different forms of energy for desal.
The design also takes advage of waste heat for the thermal process and higher feed
temperatures for the membrane process. Theichgystem is mainly focused on reducing the
costs, increasing the efficiency, and improvingxibility in operation. For example, the first
hybrid plant, the Fujairah plant in the ittt Arab Emirates, produces 120 mgd (454,08@)mn
of water, 62.5% from five MSF units coupled with the power plant and 37.5% from SWRO. The
hybrid system helps to sustain the electridgmand when there is a mismatch between the
water and electricity demand (Sanza, Bonnélyeal Cremerb 2007). Othtarge hybrid plants
are found in Saudi Arabia (Hamed 2005). Redean the hybrid aredas largely involved
modeling studies to identify optimal arrangense(Helal et al. 2004; Cardona, Piacentino, and
Marchese 2007).

Another hybrid system inveés the pre-treatment of 3 and SWRO feed by NF to
remove hardness ions €aMg®*, SQ*, HCO;), which causes scale formation on membrane
and heat transfer surfaces (Al-Sofi &t 1998, Hassan et al. 1998, Hamed 2005). The NF
pretreatment brings significant benefit to MSFjtaalows higher top brine temperatures in the
MSF, reduces the need for antiscalants and acids, and increases product recovery from 35% to
over 70%. The SWRO permeate produced fromNIF-SWRO arrangement has very low TDS,
making the requirement for a second-passtiR@ment unnecessary (Hassan et al. 1998).

ALTERNATIVE DESAL TECHNOLOGIES

Alternative and emerging technologiese abeing developed to improve certain
performance aspects of existing desal processesb, as higher recoveries, reduced fouling, and
decreased energy consumption and capital anchtipg costs. These new technologies can be
classified into three categories: thermal (i.e., DewvaporatioklD), physical (i.e., FO), and
electrical-chemical (i.e., capaciéwdeionization, CDI). The poteatifor these new technologies
to supplement or replace existing technologgsesents the new frontier of desal technology.

New hybrid configurations are also beingéstigated to improve water recovery and
control membrane foulgiscaling. These include:

e Physical-chemical or biological treatmeanft primary RO concentrates, followed by
secondary RO or EDR

Seeded slurry processes to remove scaling compounds in a controlled fashion
Electromagnetic field (EMF) forcaling control of RO membranes

Membrane filtration enhanced by viboag shear enhanced process (VSEP)

RO/ED or RO/EDR

More details regarding the alternative and emerging deshhoblogies are provided in
appendix A.
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SUMMARY

The advances in desal technologies hagmiitantly increased system performance,
decreased energy demand, and reduced water pi@dumsts. The major trends of desal
technologies are summarized below.

1.

2.

Technological improvements have dramaticahcreased the performance of RO
membranes, and the increased growth ofiR@esal market is expected to continue.
Larger desal plants are bgi constructed to take adwage of economies-of-scale,
which reduces the unit cost desalinated water.

There has been a growing trend that co-ledatesal plants may use separate intake
and/or disposal structures to avoidveonmental impacts, permitting challenges,
operational challenges, and potential uneetiess and risks associated with using
power plant cooling water as desal feedwater.

Significant energy efficiency in membrampeocesses have been achieved through
optimizing operational parameters, ngi high-efficient pumps and ERDs, and
improvements in system dgsi. More desal plants angsing renewable energy or
developing environmental restoration strategies to reducecah®on footprint of
desal.

The technological advances are expectetktiuce the cost of desalinated water by
20% in the next five years. However, desasts may increase due to the potential for
cost increases in electricity, constroctiand materials, planning and permitting, and
potential costs for carbon emissiarsd environmental restoration.

Subsurface intakes have been increasingly employed to provide a good feedwater
guality and reduce environmental impactsisTalso results in the trend of using
membrane pretreatment.

There is a significant need for dewelog environmentally responsible and
sustainable methods for concentrate mameye or disposal. The approaches that
may help mitigate the disposal challenges include beneficial use of concentrate, and
regional and watershed management for concentrate disposal.

The performance of desal processenay be further improved by hybrid
configurations and alternative desal teclogats, such as flexibility in operation,
higher recoveries, reducing fouling anthléng, and decreasing energy consumption
and capital and operating costs.
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CHAPTER 4
DESAL'S ROLE AS A VALUABLE PART
OF FUTURE WATER SUPPLY PORTFOLIOS

As the previous chapters indicate, thermcseasing interest in, and widening application
of desal approaches rf@roviding potable watesupplies to communities in North America,
Australia, and the European Union (EU). Thare numerous logical reasons for the growing
interest in desal, and yet many utilities direding it difficult to move forward with desal
implementation (or are only able to successfuatigve forward when a water shortage reaches
crisis proportions, as in many paofsAustralia over the past decade).

This chapter summarizes the key rationdtesmaking desal a watesupply option that
many communities may wish to consider as patheir water supply ptfolio. The objective is
to help utilities better understamehd articulate why they may wish to consider desal. Chapter 5
will cover several related issues that have tamlthl practical implications for proceeding with
desal implementation.

GROWING WATER SUPPLY SCARCITY

Due to a variety of importantactors and realities, mg parts of North America,
Australia, the EU, and other parts of the glalre facing increasing water supply shortfalls
relative to demands. The factors that are mektvant are often lotian-specific, but many
water-short areas face a similar mix of challengehese challenges are emerging not only in
traditionally arid regions, but also in areas that until recently were considered relatively water
rich (such as the southeastern US). Thes#ertuyges typically include some combination of the
following emerging realities:

Current sources of supplgannot be readily expandedn many areas, currently relied
upon surface and groundwater supplies have been tapped to their maximum, or perhaps even
tapped at levels now recognized as unsuabde. Accordingly, many communities find
themselves facing limits on theability to extract dditional waters from the array of supply
options that have been avéila to them in the past.

Current sources of supply no longer reliablprovide the same yields as in the past.
Many water sources are no longeoyding water yieldsat levels relied on in the past. This
reduction in reliable yields maye due to a number of factoms¢luding increased extraction by
other water users, climate variability, and &be change. For example, prolonged and severe
droughts through much of Austrabad the western US have significantly reduced the amount of
water available from existing sulgpoptions, and may be part aflong-term trend (i.e., being
representative of likely future climate realitie@s perhaps evidence ekisting climate change
impacts). Increased evaporation and other fa@sssciated with climatehange are also likely
to reduce the volume of water that can be storedservoirs. There algs increased recognition
that some water supply sources face potemiskds from natural events that would impose
significant supply disruptions (e.dhe potential for seismic evertsat would severely limit or
cut off use and/or delivery of water from California’s Bay-Delta system to its many existing
users throughout the state).

In addition to reduced quantity associateithvexisting supplies, the quality of existing
supplies continues to be assue in many areas. In the future, extreme water quality problems
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may necessitate the useRO to “purify” some traditionatlrinking water supplies. This would
substantially increase the costs assted with accessing these sources.

Institutionally-imposed limits on extractionand use of existing or potential new
supplies. Environmental and other consideratios®e playing an increasing role in limiting
current and future extractions from several a&cefand groundwater sources that have been (or
that in the future might have been) tappedoatable supplies. Court rulings, driven in large
measure by ecosystem impacts, have significantly reduced allowable extractions from many
important water supply sourcescinding the Bay-Deltan California, andhe Edwards Aquifer
in Texas.

Barriers to expanded water reuseAdvanced treatmentethniques, coupled with
growing practical experiencby utilities and the communitiethey serve, are making the
reclamation and reuse of highly treated wastewater effluent a viable option for supplementing
traditional potable water supplies. Water reuse aagment potable supplies by either serving
water demands otherwise met through the petabpply (e.g., nonpotable reuse for landscape
irrigation), and/or by being integrated into the potable supply (e.g., indirect potable reuse, such
as through reservoir augmentation or aquifer reggjatHowever, there remain many barriers to
expanded water reuse in some communitieduding occasional public reluctance, regulatory
constraints and requirements, costrgy use, and water rights issues.

INCREASING WATER DEMANDS

A discussion of water supply scarcity needsconsider demand-side issues alongside
factors that limit the quantity of water availability. Some relevant demand-side factors that often
lead to consideration of desal follow.

Population and economic growthVhile there are stakeholders in many areas that have a
strong preference to limit future growth in theommunities, global andkational populations are
expected to increase. Therefore, population gra@mains likely in most regions and needs to
be accommodated. Water utilities do not generally have input into regional growth plans, and
instead are expected to do thieést to meet the anticipatedaciges in futurgpopulation levels
and economic activity. More peopéend more economic activity tend to imply more total water
demand, assuming that good conservation practinake existing and future water uses
reasonably efficient.

Limited opportunities foradditional water conservationReducing water losses and
promoting efficient use of water in businesaesl homes are hallmarks of well managed water
utilities. In many communities-especially in areas that have already encountered water
shortages—considerable efforts have alrebdgn implemented to reduce per capita water
consumption, industrial water use, and watessés. Additional opportunities often exist to
squeeze out additional water savings, howevey trenerally entail high costs and/or impose
considerable restrictions on traditional communiglues and lifestylehoices. For example,
restrictions on residential outdoevater use (e.g., bans on caashing or lawn and garden
watering) are relied upon by utilities in challemgidrought periods, but these restrictions are not
generally considered necessary or ataidp during normal water supply years.

In addition, significant reductions in indoor t®a consumption can create considerable
problems for wastewater collection and treatmsystems. Wastewater systems have been
designed based on specific levels of flows amatidns, and significant dctions in wastewater
discharges from homes and businesses can lead to collector system failures and challenges to
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treatment process performance. Reduced emager flows also diminish water reuse
opportunities. These are additional reasons whyemwaonservation is rarely viable as the
primary solution to matching future water supplies with future demands.

Climate change-related increases in water deman@imate change has a likely
potential for increasing water demands for noipal water as well as competing water use
sectors (e.g., agriculturenergy production). Hotter temperadsy especially in summer, coupled
with projected changes in seasonal predipite patterns (with drier summers and possibly
increased winter precipitatioprojected in many regions), earexpected to increase water
demands related to outdoor use (agricultuwredan, and residential irrigation). Power demands
are also likely to increase, especially in hosiegmmer periods, which will increase demand from
the water-intensive energy sector. Higher rived lake water temperatures (and lower dissolved
oxygen levels) will also require more ingtne flows to support key fisheries and other
ecosystem functions.

In sum, fewer water supply options are likelyb® available, and yields from traditional
sources are likely to be less reliable thantha past. Concurrently, we anticipate increased
demand for water across sectors and water usasl 3ea logical and often necessary option to
consider in such a water supplanning context, in most areas.

BENEFICIAL VALUES THAT DESAL CAN PROVIDE TO COMMUNITIES

With increasing water demands and more limited traditional water supply options, it is
clear that desal provides an important option meeting near-term and future water supply
needs. Indeed, all future water supply optioeechto be given seriow®nsideration in many
communities.

Desal, however, has several drawbacksh hpwrceived and real. These drawbacks are
described elsewhere in this poet (e.g., high cost, high ergy use, potential adverse
environmental impacts associated with feewantakes and concentrate management), and
water supply planners need to recognize andesddihese issues. At the same time, desal offers
several important beneficial values that are not always applicable with other water supply
alternatives. It is important that utilitiespcathe communities they serve, recognize these often
unique and important benefits #ey weigh the pros and coon$ adding desal to their water
supply portfolio.

Desal offers reliability of water supply yiel®ne of the potentially important benefits of
desal projects is that the yields from sueltilities are independ¢ of drought and other
weather-related factorthat can significantly impact the geto-year (or sason-to-season)
availability of water from traditional water supmpurces. This means that there are potentially
large beneficial values associated with the deielliability of desal Wth respect to cyclical
drought periods and potential climate change.

These reliability benefits daot accrue to most other s supply options, such as
drawing from surface water sources. When ehesdiability benefits go unrecognized by the
water agency, policymaker, or average citizeantbesal options may remain undervalued and,
perhaps, underutilized. Howevéhese desal-specific benefitsmbviding reliable yields during
drought periods are hard to quantify and netize because they extend beyond readily
observable financial costsd utility revenues.

The term “reliability” as used here refets the ability of awater supply option to
produce a given yield (e.g., in mgd or AFY) oneasonably stable, continuous basis, whenever
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the utility wishes to tap and operate that gigearce. In other words, reliable water supply
option is one that produces a predicable amasonably stable targgield, without much
variability or uncertainty about how much watdll be produced over a given timeframe.

Portfolio theory, as originally developedrfapplication in financial markets, provides
some useful insights into how water supply plers might develop and mage the portfolio of
water sources available to them. Portfolio theory is based on the concept that people want to
manage their mix of financial haihgs in a way that minimizeseh overall risk—they want to
maximize their anticipated returns subject tefprences about how much risk they bear.

In the 1950s, Harry Markowitz developed modern portfoliotheory, showing how
diversified asset alloti@ans—involving an optimal mix of hdings in stocks, bonds, and other
financial instruments—could reduce the overall figkne by a portfolio. In essence, portfolio
theory is a statistics-based formalized embodinad the old maxim about not placing all of
one’s eggs in one basket. The central premleng recognized and applied by financial
managers, is to jointly maximize expected resujwater yields) while ab reducing the overall
variance in portfolio yield. Thisan be accomplished by minimizing the covariance in yield risks
across the assets heldaimportfolio (Markowitz 1952).

This basic premise of portfolio theory akspplies to water resoee planning. Each water
supply option can be viewed asasset that is ject to some sources addgree of risk (where
risk refers to variability or uncertainty abdbe water yield, cost, or both). There may well be a
premium value that a risk-averse community wdagdwilling to pay to better manage its water
risks, either by providing some insurance andly providing some v&ance-balancing water
portfolio diversification. The portiio approach, as applied to t@a supply planning, introduces
the unique risk/benefit pfiles of different water supplies tthe analysis, thus allowing an
assessment of increased (or at least equal-to-eRigtirpply reliability atthe least cost, rather
than merely least-cost total supply irrespecof reliability and community values.

A more in-depth discussion of portfolio thgas provided in Wolff (2007) and Kasower
et al. (2008), which also offers some simplapirical illustrations ohow much added value
may be derived from having a water supply waityield variability thatis uncorrelated (or
negatively correlated) with that variability other source water options in the community’s
water supply portfolio. This added value can aeoused to develop a “constant reliability-
adjusted cost” per unit of water delivered, whican then be used to develop a reliability-
adjusted cost-effectivenessngparison of water supply options including desal (Wolff 2007,
Kasower et al. 2008).

There also is a body of reseh—now being updated with funding from the WateReuse
Foundation—which aims to more directly valgdiability by suveying households about their
willingness to pay (WTP) to deice the likelihood (or frequen@nd severity) of local water
shortages and related water use restrictions. Results from the earlier studies suggest reliability
values for households may range up to $4,0008geor higher (e.g., Carson and Mitchell 1987;
CUWA 1994; Howe and Smith 1994; Griffin amdielde 2000; Raucher et al. 2005; Raucher,
Henderson, and Rice 2006).

Desal typically provides a locally controlled source of wateocal control can be a
valuable attribute, especiallyn regions that rely exclusiwelor predominantly on imported
supplies. In such a context,s# is likely to provide waterupply reliability benefits for both
periodic risks such as droughts,vesll as infrequent but catastroplevents such as earthquakes.
Drought protection may arise because the authli local supplies diversify the water supply
portfolio and adds a drought-resist supply to the mix, plus the added local source provides
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additional total capacity. Catagphic risks are likely to be reduced because when the imported
supply is cut off or severely curtailed becao$e seismic or other event (e.g., impacting the
amount of water reaching thegien, or cutting off a majoreied line from the source or
wholesale agency to its wholesale and retailausts), then the local source remains available
(and may be the only water available for local basic needs).

Additional values may come from the levelagerational control a community exercises
over the desal water supply and the degreeatie that the commity places on their own
“local control.” Some imported surface water sm# (e.g., waters transported long distances,
such as through California’s State Water Pro{&WP) or the Federal Central Valley Project)
have complex contractual, regulatory, and op@nal characteristics associated with them. On
the other hand, water supplies derived from lakzdalinated sources, using locally controlled
treatment facilities, may exhibit little or no irtational, contractual, or operational complexities
outside the community that tipeoject serves. Thegmtentially valuable beefits may induce a
community to choose a water supphat has a higher itncost than alterative supplies, but
exhibits increased community values associatid better water portia risk management.

Desal may be cost competitivelative to the true marginal cost of alternative new
supply options.While desal may appear to be costblative to the out-of-pocket expense
utilities and their customers have incurred éowse their past wateugplies (e.g., desal costs
approaching $1,000 per AF, and perhaps much highsome instances; see chapter 8 and
appendix G), it is important tcecognize that the meaningful comparison is to consider desal
relative to the full cost of other feasible options for adding more water to the community’s
portfolio. Because new water supply options aiften very limited in many locations (per the
discussion above), it may often thee case that there are few if aad{ernatives to desal, and the
viable alternatives are themselves likely to be expensive if all the applicable costs are fully taken
into account. In addition, it is likely that ew traditional water swces will require more
advanced treatment (such as RO) in the futtmeaddress growing concerns over endocrine
disrupting compounds (EDCs) andhet contaminants being detect&dlower concentrations in
source waters.

Desal can be implemented in an enviroemally sensitive manner, and can even
generate important ecosystem benefidepending on the setting which a utility operates,
there may be actual or perceived environmentglaith issues that coulderail or delay desal
implementation (especially as related to concentrate management at inland locations, and coastal
zone impacts from intakes and discharges freawster facilities). It i generally be prudent
for water utilities to consider environmentallyeferred, green approaches from the outset, rather
than face potential issues with stakeholders lipuifficials, and/or rgulators. For example,
considering alternatives to open water intakeso@stal zones may cost more to implement, but
they are likely to increase thédilihood of a desal falily receivingregulator and public support
(and may ultimately save the utility monagsociated with permitting and delays).

Also, where actual or perceived environmental impacts cannot be fully mitigated through
facility design or operating regimes, utilities slitboonsider near-site haat restoration options
that offset potential adverse impacts (e.g., p@ygdod fish nursery habitat for species that may
be impinged or entrained). Habitat creation, enhancementesboration can provide many
ecologic and recreational benefits to the comedrparties, and thereby relieve some of the
pressure from desal opponents.

Finally, where the use of desal enables extagbressures to be eased from traditional
surface or groundwater sources, there are opportunities for desal to offer net environmental
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improvements. Water rights realities may limié thpportunities to ensutbat desal production
will continue to offset extractions from ecologlly-sensitive water sources (e.g., if a utility
foregoes its right to extract water from a rivempther party may make claim to those waters and
extract them). However, freshwater offsets thatitein ecologic gains is a potential value that is
worth taking into consideratiahthe desal offset can be assd over a reasonable timeframe.

Desal can be implemented in a reasonably energy-efficient manner (relative to viable
alternatives for new supply sources), and chave a modest carbon footprint by promoting
renewable energyWhile desal is becoming more eggtefficient through energy recovery
systems, improved membrane design, and rotuvances, desal rema energy intensive
relative to most current alternatives. However, othew water supply alternatives are
themselves often quite energy intensive, suchviasn the alternatives includes long-distance
imports (due to pumping and related infrastructecpirements), or when the viable alternative
draws on a low-quality source thegquires the use of membraaad other energy-intensive
processes to comply with applicable drinkingtevastandards. Therefore, it is important to
ensure that energy use scenarios for desal apegy cast in a comparative context wherein the
energy demands of the viable altaties are fully accounted for.

Desal also has become a vehicle to premobre extensive and rapid deployment of
solar, wind, and other forms of alternative egefthis is evident in Australia, where wind and
solar power are being developtdprovide enough green energypower (or offset fossil fuel
power use) at the Perth angldBey desal facilities. While opponeninay point out that absent
desal the renewable energy could be used foergburposes, it is uredr that the renewable
energy projects would have been pursued at tine saale and pace if the desal facilities had not
provided the impetus. And, in general, it agfeeto be good practice to “separate tomorrow’s
water from yesterday’s energy.”

Desal often can be highly beneficial as pasf a comprehensiveintegrated regional
water resource management stratedyince desal is often cast as an option for providing a
potable supply to a communityr region, it is natural to euwste it in that context alone.
However, our case study research indicates ttmvtrue value of desal may often be more
important when viewed from the perspectiebroader regional water resource management
challenges (see chapter 9 and appendix H). Thysbmaspecially true for inland desalting such
as tapping brackish groundwater.

Many regions face a multitude of wateroesce management problems, in addition to
the need to provide a safe amtiable potable suppl For example, salinity-related groundwater
quality problems often are evident in many areabgeidue to past lanalse practices (e.g., the
Chino Basin in California), or due to freshwagstractions increasing the rate at which adjacent
brackish waters encroach upon existing freshwetglifields (e.g., El Pso, Texas). In these
instances, brackish water desal not only providesgidheir respectiveegions’ potable supply,
but it also helps manage the groundwater quality challenges. In the Chino Basin, the hydraulic
control and groundwater quality improvementsi@ed by the brackish water desal program
were essential for gaining regulatory acceptance of a highly valuable water reuse program
(including aquifer recharge) and aguifer water storage prograirhus, desal is not a substitute
for reuse; instead, desal enabled the watereransl groundwater storageograms to proceed,
such that those benefits can be attribuhgplart to the regios desal investment.

Likewise, desal-generated watsrtypically of such high quay that it provides benefits
for other water supply options. Fexample, desal water can be blended with lower quality
sources to yield a suitable quality for potabkes (thereby saving some of the drinking water
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treatment costs and energy use that would have been associated with making the low-quality
source potable). Likewise, desal water can eoba water reuse program by providing low TDS
waters to a source that typicaffyces its own salinity issues.

CONCLUSIONS

There are many factors that are causing dedaé seriously considered as a water supply
option in many communities. These factors reflbet increasing scarcity of traditional water
supply options in many locations, coupled withvitable increases in water demands.

Despite the frequent lack of many alternatives, desal is challenging to implement for a
variety of reasons, as described elsewhere ine¢pisrt. Given these chatiges, it is important to
also recognize some of the highly valuableilaites that desal can offer a utility and the
community it serves. In this chapter, we haveed to provide a description of the beneficial
values that desal can furnish, as well as implementation-facilitating approaches to consider.

Ultimately, a key aspect of bringing desal irmtavater supply portfolio is to ensure that
the discussion is framed by the relevant baseliiis means that the need for additional water
needs to be cast with a look toward the fuiue2, articulating what the community would face
in terms of water shortages and implication20rto 30 years, if no new water supply is added),
rather than in the context of what residemtd Ausinesses face today. Then, as a critical second
step, desal needs to be compared to its valbdenatives for adding new water to the community
in the future (rather than compared to historic options and costs that are not relevant for future
water supply enhancement).
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CHAPTER 5
DESAL PERCEPTIONS AND REALITIES:
IMPLICATIONS FOR IMPLEMENTATION

Desal is often viewed by many key stakelewst—including regulators, customers, and
public officials—as being fundaentally different from othewater supply options. In many
ways, these differences are real, and in othays the differences are more a matter of
perception than reality. Regardless, both redl gerceived differences between desal and other
water supply options (as well as overlooked sirtits) often have significant implications for
whether a utility can successfully navigate way through the chaliging desal planning and
implementation process. Accongjly, this chapter describes some of the real and perceived
differences and similarities, and discusteeir implications for implementation.

DESAL MAY BE PERCEIVED AS A NEW AND UNPROVEN TECHNOLOGY
Discussion

As described in chapters 2 and 3, deésat been successfully implemented in many
locations world-wide for several decades. Both thermal and membrane desalting processes are
well established and well undewsti by many water professionaldence, desal is neither new
nor unproven.

Nonetheless, in North America and many otparts of the world, desal has yet to be
implemented on a large scale, which makes it appear to be novel and possibly unproven. For
example, it has only been in recent years thafitsiemajor utility desalhg facilities have been
made fully operational in the US. These indutie 25 mgd seawater desal facility supplying
Tampa Bay Water (TBW, Florida), and the 27.§dwgroundwater desaltirfgcility operated by
El Paso Water Utilities (EPWW,exas). Thus, large-scale, wateility desal is relatively novel
in the US (although many smaller scale desahbawve been operational for many years).

Complicating the US situation is the facathhe TBW seawater desalting facility had a
troubled history, having faced madglays and technical problems in its development and initial
operating history. These problems—which ara®mostly due to a series of unusual and
unfortunate circumstances associated with hgrtkres and technicalrrers by the series of
private sector entities initiallgontracted to design, build, and oge the facility—have helped
create a public misperception trsgawater desal is inherenfhaught with technical problems.

The problems at TBW's facility were significant and unfortunate, and several may have been
avoided with alternative conttiing and project delivery strajies (see the case study summary

in chapter 9). Although the problems were ndterent to the seawatelesalting process and
have been largely rectified, teemay remain a perception in many public circles that large-scale
utility desal is not redy for prime time, and will inevitably bieaught with technical challenges,
extensive delays (due to either technicgb@mitting problems, or both), and cost overruns.

Suggested Implementation Strategy
It may be beneficial for utilities withdesal aspirations t@nticipate some public
skepticism and wariness (or even opposition) an llasis of perceptions that desal will be
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troublesome to plan and implement, and difficand unreliable to opate. One strategy to
address this is to prepare materials that helpmunicate the successful track record for desal,
perhaps focusing on the growing adoption ofdéasgale membrane systems throughout Australia
and the EU, as well as elsewhere in North AgzerThese materials should be aimed at utility
customers, local public officials, regulatoradaother stakeholders, anthy include approaches
such as public education displays, Web siaterials, and so forth. See appendix D for
additional guidelines and examples for public outreach and communication.

In addition, careful pilot testing is esdial, and can provide one mechanism—if
communicated effectively—to adebs potential public skepticisamd concern (and may also be
critical in gaining regulatory acceptancekuidelines for pilot testing are provided in
appendix C.

MEMBRANE PROCESSES AND INTEGRITY MAY BE PERCEIVED AS NOVEL AND
UNRELIABLE

Discussion

In addition to some potential misperceptionswtihe novelty and reliability of desal in
general, the use of membrane processes isvased in many areas as new, challenging, and
potentially unreliable. Even though membranegehaeen deployed successfully for many years
in some locations (such as California and id®y, the use of membrane technologies remains
relatively novel in many other states and oegi (e.g., the eastern anddwestern US). For
example, interviews conducted Iblye research team with ava dozen state drinking water
regulators revealed a considerable unfamiliavifgh membranes in many areas and, hence,
significant concern about how theguld ensure that utilities iteir states would make suitable
membrane selection choices, integrate the memalsrauitable within their treatment trains, and
properly operate membrane systems. In addisome regulators may fear that granting permits
or approvals for desal facilities may set a precedent for desal permitting elsewhere.

State regulator concern over membramesended beyond the RO and NF systems
typically used for desalting, and include the more porous MF and UF membranes that water
utilities are starting to considdor other purposes, includingpmpliance with federal surface
water treatment requirements for microbial conftbe “Long Term 2” rule). Chief concerns
articulated by regulators include quality assurance related to membrane integrity and
performance, operational considerations, whetbeal utility personnke(and their consulting
engineers) have the know-how pooperly select, install, integte, operate, and trouble-shoot
membrane systems, and the lack of expertighenstate regulatory progm to help recognize
and resolve problems.

For the Sand City desal plant in California, regulator unfamiliarity with desal led to a
more lengthy permitting process than is typical for a standard treatment plant. Specifically,
before the California Department of Public HegCDPH) felt comfortable granting a drinking
water permit that would allow the Californlamerican Water Company (Cal AM) to begin
operating the plant, they required several conditions, additional protections, and assurances.
Cal AM and project partners worked with CDRMer the course of seven months to develop a
detailed O&M manual and to meet requiremgetg., through biweekly phormlls, site visits,
and meetings). CDPH granted the permitviarch 2010. Once operatinthe Sand City plant

40

©2010 by Water Research Foundation and Arsenic Water Technology Partnership. ALL RIGHTS RESERVED.



will serve as a case study for other facilitiesQalifornia. Monitoring reults at the site will
hopefully help to expedite the permitting process for future plants.

Suggested Implementation Strategy

Regulator concerns with membrane @®ses are not unfourdlen regions where
experience with and expertisenmembrane applications are limited. As detailed in appendix B, it
is not a simple matter to integrate membrgmecesses into existing water utility systems
(i.e., adding membranes is not a simple “plug plag” procedure). Guidance on these issues, as
included in appendix B, as well as federaldgumce on membrane processes, will hopefully
resolve some of these issues.

A utility in a state with limited membranexperience should anticipate some hesitancy
and concern from applicable regulators, and we recommend that they take pre-emptive efforts to
communicate with regulators tolpadentify and address their concerns (e.g., by revealing how
membrane implementation, integrity, and operaaoa addressed in states and utilities where
these processes are more familiar).

In addition, carefully designed and executed pilot testing is essential. Pilot testing
guidance is provided in appendix €ilot testing is essential fahe utility’s ability to gain
experience and knowledge about membrane optg&isction, and operation. dtso is essential
for gaining regulatory acceptance.

DESAL’'S UNIQUE FEATURES MAY NO T BE PERCEIVED OR ACCOMMODATED
BY SOME REGULATORS

Discussion

Even in states where membrane processes are familiar, there are other aspects of desal
facilities that are significantly different fronthe activities and teclologies that relevant
regulators normally address. For example, concentrate discharge entails gaining permits from
regulators who typically focus on industrial andmitipal effluent rather than desalting brines.
These regulators are accustomed to issuing and enforcing the National Pollutant Discharge
Elimination System (NPDES) permits for rlace water discharges under the CWA, or
Underground Injection Control (Q) permits for deepwell injection under the Safe Drinking
Water Act (SDWA). The waste streams they typjcaégulate are freshaters that have been
contaminated by conventional and toxic pollusatihat arise in munipal wastewater and
industrial effluent. Their procedures and expeces are not aligned with the realities of
managing waste streams that are highly salinegratian fresh) and thgenerally contain little,
if any, of the traditional wastewat constituents of concern.

In this context, desal can lbesquare peg in a regulatonheme that is set up with round
holes. This can create severalguiial problems, such as wheesal concentrate needs to be
managed in coastal environmeatdl it is not a dischaggthat relevant regators have typically
confronted.

For example, one California utility seekingdet up a small desal pilot facility struggled
to obtain a permit to discharge the small volumeilait plant brine cocentrates, even though it
would be heavily diluted with high volume fresater effluent from the municipal wastewater
facility that was discharging to a large brackigdier bay. In this case, the wastewater discharge
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regulator had procedures for testithe toxicity of industrial and amicipal effluent that relied on
using freshwater species, because the typiculated facilities discharge fresh water. This
effluent toxicity testing regimavas perfectly suitable for thegical dischargerbut not at all
relevant to a desalter discharging brinesl{BCastle, Marin County Wex District, personal
communication, 2006).

Ultimately, the issue was resolved and thiit plant was allowed to operate and
discharge. However, it is indittée of how regulatory schemes tlaae designed to manage other
types of activities may be ill-suited for permitting desal facilities. The novelty of desal in the US
thus creates challenges for regulators and permit seekers, because procedures and protocols
appropriate for desal have not always beereliped, and existing regulatory approaches may
be irrelevant for desal considerations.

Suggested Implementation Strategy

Utilities should start by recognizing all ghregulators from whom they will require
permits, and then identifying which ones maytbrust into unfamiliar regulatory terrain by
desal. A dialogue with those regulators, earlytha process, should be pursued to help both
parties recognize the issues and concerns tbeabttier is facing. Providg the regulators with
relevant and reliable information is likely to helpth the process, such as drawing from the
materials in appendix E, which offers a sumynand comparison of permitting requirements in
three states where inland and/or coastal desaltess have been addressed (Florida, Texas, and
California).

DESAL MAY BE PERCEIVED AS AN UNNECESSARY, UNLIMITED, GROWTH-
PROMOTING SUPPLY

Discussion

As discussed in chapter 4, for many utilitiesploring desal as a future water supply
option, the main driver is increasing water scaréiy utilities plan ahead to consider anticipated
growth, or respond to ongoing water supply Erajes relative to existing demands, many
recognize that there may be few gny) alternatives to desalrfoneeting the near-term and/or
longer-term water supply needstb&ir communities. Desal is also relatively attractive to many
utilities because it is drought resistant (i.e.priovides relatively reliableield, regardless of
climate) and typically would be locally contredl (i.e., not subject to institutional or physical
disruptions of supplies impoddrom outside the area).

Potential opposition to desal from customepsplic officials, regulators, and other
stakeholders often stems from perceptionsuabwater scarcity, angerceptions about the
alternatives to desal that some might beliave available to their communities. For example,
regulators and stakeholders tetadbe more receptive to desal when they are convinced that
(1) there truly is a need for more water in doenmunity, and (2) all other practical alternatives
to desal—including aggressive conservation messand water reuse—have been implemented
(or at least considered and fd on a suitable basis).

Within this context, desal also can gtip opposition from no-growth advocates. This
opposition may have less to do with desal per sa thith an interesin curtailing future
population growth in the community. Slowogvth and no-growth advocates may see any
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opportunities to limit future water availability agesirable, because they believe this will
effectively limit future increass in regional population. Thugesal would be opposed alongside
any other alternative to expand the future watgply. However, desal carries an added burden
because it may be seen as a relatively unlinfitéare supply (especiallgeawater desal, since
the oceans are so vast) compared to other possible alternatives.

Suggested Implementation Strategy

As described in chapter 11, appéx F, and elsewhere in thigport, it is imperative that
utilities develop a sound and compelling cdse (1) why more water is needed for the
community (including factors suchs current water supply limttans and reliability issues,
climate change that make future wateampgly and demands more problematic, and the
inevitability and scale of projectegtowth); (2) why desal is onaf the top options to consider
(stressing the reliability feates and other beneficial valugbat desal can provide the
community); and (3) why most (if not all) other attatives are either infeasible or less desirable
(e.g., conservation is already aggressively implated, as evident by key metrics such as water
use per capita compared to state or redidmanchmarks). Having a clear and compelling
rationale for why more water is needed, avidy desal is a good option, is often a necessary
ingredient for gaining traction i regulators, custoens, public officials,and other relevant
stakeholders.

DESAL MAY BE PERCEIVED AS ENERGY -INTENSIVE AND IM POSING A LARGE
CARBON FOOTPRINT

Discussion

As detailed throughout this report, desalaigelatively energy-tensive water supply
option. This raisefegitimate concerns imany circles, including theswho worry about current
and future energy availability, the reliabilibf the power generation and transmission system,
and national security issues linked to energy eonion and imported fuels. It also raises
concerns because of the GHG emissions (i.ebpeaiootprint) associated with energy use.

Suggested Implementation Strategy

Utilities considering desal should directly address (1) how they intend to efficiently
manage the energy demands of their deaalliies (e.g., through energy recovery, high
efficiency systems, peak load management),(@htiow they intend to deice their use of fossil
fuels and their carbon footptiby implementing eergy conservation tbughout the utility,
and/or by using (or helping to delop) alternative energy supmi€e.g., the use of wind or solar
power). These materials should beedible, accessible, andfextively communcative to the
general public, regulators, publifioials, and other stakeholders.

In addition, it is important to compare eggruse for desal with energy requirements for
any other alternative to des@.g., importation, advanced treammhef alternative low-quality
sources). In many areas, any reasonably feadliglative to desal has the potential to have a
large energy demand and lsan footprint of its own.
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DESAL MAY BE PERCEIVED AS EN VIRONMENTALLY UNFRIENDLY
Discussion

As discussed in chapter 4 (aeldewhere in this report), désan have several actual or
perceived adverse environmental consequenceaddition to the energy-related concerns over
the carbon footprint, there are potential environmentally sensitive issues related to concentrate
management for any mid- or large-scale desgloperations in inlandgettings, and in many
coastal discharge settings as well (although opportunities often exist to significantly dilute the
salt concentration of brines at coastal outfallth freshwater discharges from wastewater or
other facilities). Another primargnvironmental concern pertains to feedwater intake in coastal
areas, and the associated I&E of marine gsecOther potential coastal zone impacts and
ecosystem disruptions may also be of concern, asalihere new intakes or outfalls need to be
constructed, or where desal facilities may dbaote to reduced beadnd coastal zone access
and impaired visual aesthetics.

Suggested Implementation Strategy

It is important for utilitieso recognize and acknowledpetential adverse environmental
consequences from their planned desal activitisncurrently, utilities typically will have
greater success with stakeholders and regulattingyfstart, from theutset, by exploring those
design and operational options that can mininezeironmental impacts (e.g., investigating the
feasibility and performance of beach wells ieuliof open water coastaltakes). Chapter 8, and
key portions of the PIM, provide additional details.

It also will be useful to make useful comparisons of desal to other water supply
alternatives. For example, fresaigr extraction from rivers, siams, and reservoirs also use
open intakes and, thus, adversely impact aquagicisg. In this regard, surface water desal is not
much different from tapping fresh surface watipplies (other than which ecosystem is
impacted, coastal marine waters versus inlfredhwaters). Freshwater extractions can also
impose ecologic harms by reducing instream $owikewise, other (non-desal) treatment
regimes typically generate residuals thatjuiee prudent management to avoid adverse
environmental consequences. Thus, utilities need to place desal into a proper comparative
context relative to the othesptions available for waterupply acquisition, treatment, and
distribution.

Finally, utilities may often gain greater desal acceptance if they consider offering
environmental offsets for any inevitable ogsgstems risks that desal might impose.
Environmental offsets and enhancement opportuntti&g consist of actities such as providing
local habitat restoratioof the type and scale that wouldsgt potential adverse impacts by the
facility. Another option entails bugg and setting aside consereatieasements for areas that are
environmentally valuable and/or provide ecosysteEmsed recreational and aesthetic benefits to
the community (e.g., coastal marshes or othath preserves where nature viewing, hiking,
boating, or other suchctivities can be enjogeand where important habitat and ecosystems
functions can be provided).
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DESAL MAY BE PERCEIVED AS VERY EXPENSIVE
Discussion

Desal is typically quite expensive, compared to historic costs incurred by utilities and
their customers for past and existing water suppiyons. This reality iglescribed in previous
chapters as well as inapter 8 and appendix G.

Suggested Implementation Strategy

There are several aspects tlwigessing the concern over costawill be important to be
realistic about what the actual costs of desal will be for the community, but it is equally
important to place those cost levelghin the proper comparative context.

First, describe what will happen if desal nst pursued. This is the critical step of
defining the proper baseline against which to eveldasal. What are the other feasible options
available to the community or region? Be stoecompare desal to the costs of the otimwm
water supply sources that are J&fi.e., the marginal cost afdlding water to the community via
other options), rather than comparing the expenskesél to the cost of past or current supplies
that can no longer be expandedtapped. And, if an option (or, motypically, the baseline) is
to not add any new water (videsal or any other option), themhat are the costs to the
community in terms of the likelihood and impactpotential water shoufls in the future?

Second, consider how desal might be develope a broad regional basis, rather than
within the context of a singleommunity or utility within the region. Regional collaborations
offer many potential advantag for desal implementation, as documented in case studies
described in chapter 9 and appendix H.

Third, consider the role that desal may play—and thus the added benefits it might
generate—if it is considerecha deployed within the context @ broad, integrated regional
water resource management perspective. Caskestin chapter 9 and appendix H reveal how
desal deployed and evaluatedsith a context may gerate considerableenefits beyond water
supply enhancement (such as by providingundwater remedi@n and protection).

CONCLUSIONS

Implementing desal is no small matter. InrtloAmerica, a relativéack of experience
with large-scale utility desal projects can hamgesal implementation efforts at several levels,
including wariness on the part of the public angutators. It also placedesal into regulatory
systems that were often designed for very diffetgmes of activities and impacts. Desal also has
some drawbacks that raise legitimate concemsome circles, such as its cost, potential
environmental impact, and energy use.

Nonetheless, desal may often be a verydpnt option for many water utilities and the
communities they serve. It is important thatitigs place desal within the proper comparative
context, so that decisionmakers within theitytiand the community can evaluate their options
on the relevant basis (e.g., desal compareddather options for prading new water to the
community). It also may be valuable to considesal within a larger context than a water supply
option. Desal can provide additional benefits to the community, especially if considered in a
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regional context where it may b#eployed in a manner thatlpe address a suite of water
resource management challenges.
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CHAPTER 6
INTEGRATED SYSTEMS PL ANNING PERSPECTIVE
ON DESAL IMPLEMENTATION

As noted throughout this reporthe primary objective of thisesearch project is to
develop a series of decision support tools (aeuseful and accessible compilation of practical
experiences, resources, and guidelines) to helprwaliées and other water professionals better
navigate their way through the desal planning and implementation process.

One of the key principles guiding this waskthe adoption of a broad systems planning
approach intended to help utilities integrate tsgstems into existing technical and institutional
systems. As shown iRigure 6.1 desal processes ot operate in isolatioffom the rest of the
utility or the broader community. Desal op@vas must be integrated—physically and
institutionally—into the rest othe utility’s systems, the commiyis social-political systems,
regional energy systems, and applicable envirental and related regulatory systems.

Accordingly, the guidelines and resources dgwetbas part of this research span both the
technical issues associated witbsal system (e.g., intricaciekvarious membrane, hybrid, and
nonmembrane process options) adlwe the broad suite of “ingtitional” issues that create
many of the critical implementation barriers.ighesearch emphasizes the institutional matters
(e.g., regulations and permitting, energy and enviemtal impacts) rather than the technical
aspects, because much is already well understbodt desal engineering. Further, institutional
factors pose the greatest challenge to broag@émaore streamlined implementation of desal in
the US.

The following sections provide an overvieaf the desal systems planning perspective
upon which this research is based, and a sumwfatlye key issues and challenges associated
with desal implementation in the US. The technical and institutional issues identified below are
explored in more detail throughout this repand the accompanying Desal PIM. At the end of
this chapter, we provide an iattuction to the structure of the Pl order to direct readers to
relevant issues associated with eatthe desal process components.

INTEGRATED SYSTEMS PLANNING PERSPECTIVE

First, as depicted in the center Bigure 6.1 desalting processes are themselves an
integrated system. This system consists only of the desthg technology (e.g., RO
membranes), but also includes source water iraakiepretreatment (to lpeprotect and improve
the operating efficiency of thmembranes), that both occur beftine desalting technology itself
is engaged. After the desaltimgep, the product water must bkeemically treated or blended
with other waters as part of the “post-treatthigmocess (to avoid exssive corrosivity, and to
yield aesthetically acceptable and safegutatory compliant drking water). Finally,
concentrated brines removed by the desgltiprocess need to be properly managed
(e.g., disposed of in an environmentally doiéamanner). There are complex institutional,
environmental, and energy-related issues assoaiteeach of these critical components of the
desalting process, even if viewedsolation from the other systems.
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WATER UTILITY COMMUNITY,
SYSTEM SOCIOECONOMIC, AND
POLITICAL SYSTEMS

Costs and rate implications

Supply reliability
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Figure 6.1 A systems perspecteson the desal process

Second, a host of complicating factors angeen considering how the desal system
integrates into the broader suite of systems iichvit must be placed. For example, the process
of obtaining feedwater for a coastal desal ligcineeds to consider the environmental,
regulatory, and other implicatiored constructing and operatingcaastal intake pipe or beach
well. Likewise, the power needs tife desalting technady needs to be considered within the
context of the region’s energy sgsis (e.g., is there enough power ke at the right times, at
a reasonable cost, with needed reliability, and without undue environmental or financial
impact?). There are also community financial, social, and political systems issues, such as
whether the cost of desal will unduly raise watests and rates, and how will this impact the
utility and its customers from an economic amironmental justice pgspective. By viewing
desal from a systems perspective, we can begin to see where and why some of the challenging
implementation and planning issuare likely to arise.

KEY ISSUES FOR DESAL IMPLEMENTATION AND PLANNING

The following sections highlighdome of the key issuesdachallenges associated with
desal in the US. The information reported bels largely based on current research, but
includes insights gained throughtargeted workshop and survey water utilities that are
interested in or have begunitoplement desal as part of thevater supply portfolio. As noted
above, most of the issues and challenges idedtibelow are more “institutional” in nature,

rather than related to techrlidasues associated with theffdrent components of the desal
process.
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Energy and GHG Emissions

Current desal technologies arery energy intensive and raggimuch more energy than
most traditional sources of water supply (#ey exception is in Southern California, where
imported water pumped from the northern parttleé state requires more energy than local
seawater desal). This contributes to the high obsliesal compared to most other water supply
options.

Energy intensity raises more than just castcerns. In many regions, there are concerns
that the energy demands associated with desahffatt the reliability and sustainability of the
overall power grid system (especially as water demands tend to peak at the same times as energy
demands, for example, on hot summer days). Thiparticularly true in areas where grid
capacity is already strained byrent demands (as in Californidhus, the concern is that the
broader application of desal cdubush the electrical transmigsigrid, and the region’s power
generating capacity, into heigimed vulnerability to blackositand other failkes (Stratus
Consulting 2006).

There is also concern among some al@lkders regardingsHG emissions—and air
pollution emissions in general—assated with the need to expand fossil fuel use to power desal
facilities. GHG emissions are linked with globdimate change, and other air pollutants pose
risks to human health, vegetati@md other resources, and/or intpasibility. The link between
the energy needs for desal and increased diutaot emissions andlobal warming creates
another basis for concern about (and for sp@eple, opposition to) desal (Stratus Consulting
2006).

One avenue to address this concern iexqglore alternative (remeable) energy options
for desal facilities (and/or for water agencieg@neral). Renewable energy has been pursued to
power the majority of the large-scale desal tdaim Australia and at least one in the UK.
Although generally valued by theulplic, the costs associated wittnewable energy to support
desal can be significant (and cactually increase overall desakts). Exploitatio of renewable
energy and development of desal plants typigaitire intensive capital investments. There are
also limitations related to the temporal andtsd dependency of renetla resources (including
associated high land requirements) (Mattéakis, Belessiotis, and Delyannis 2007).

Environment

Among several environmental concerns relate desal (inclugig the energy-related
environmental concerns noted above), two inigaldr garner significant attention. The first
pertains to I&E of aquatic sgies due the use of open water intakes to draw feedwater.
Impingemenbccurs when larger organisms, mostshfand shellfish, are trapped against intake
screens by the force of the wateeing drawn into the intak&ntrainmenttakes place when
small egg and larval stages of organisms aesvdrinto the intake structure, along with the
cooling water, and into the plasttooling system. In generalgtmagnitude of I&E increases as
the volume of intake flow and the intake velocity increase. I&E is generally not an issue for
subsurface intakes (e.g., beach wells)ailities co-locateavith power plants.

In many cases, the adverse effects oEl&an be avoided or minimized through
appropriate location selectiomperational flexibility, and imm@ved technologies (Xu et al.
2009). Key questions include Wwowell alternative feedwateintake design and operating
options, such as intake screening options atatitg parameters, minimize I&E. There are also
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key questions about the viabilignd long-term performance (assodifferent settings) of beach
wells and other subsurface altatives to open water intakes.

The second major environmental concerssaziated with desal pertains to the
management (reuse or disposal) of desal cdraten the byproduct of the membrane process.
Coastal desal plants are often able to safedpatie of desal concengafvia direct discharge
into the ocean or estuaries) at relatively moaestts. Where coastal facilities can blend their
concentrate with high volume freshwater d@ges from wastewater treatment plants
(WWTPs), or with the discharge of cawjj water from OTC power plants, the saline
concentrations are likely to be reasonably ctoshe ambient levels in receiving seawaters.

However, concentrate management is culyenne of the most challenging issues
associated with desal in anland setting. Typically few dispat methods are available at a
given location as each method hissown set of site-specific linations and costs, regulatory
requirements, and environmental challenges.

Current options for concentrate disposl inland facilities include surface water
discharge (whether to an inland water or via brine lines that carry the concentrate to a coastal
location), discharge to an existing sewer systdeep well injection (pumping the wastes into
deep, unusable, and hydrologicaibplated aquifer systems),nid application (irrigation) and
evaporation ponds (which are often not viable do the land area required and the concerns
associated with wind-blown dispersal of halmars salt compounds or patial leaching leading
to groundwater contamination).

All of these inland options are of limitexpplicability, dependingn concentrate quality
and quantity, physical location (e.glpse enough to the coast foibrine line), hydro-geologic
conditions (e.g., proximity to a suitable deep well injection site), and numerous regulatory
constraints related to potential impacts on the ra@ogiwater or soil. As a result, it is becoming
more and more challenging to find a technicadlgvironmentally, and financially viable method
of dealing with the concentrate from inland facilities.

Recent interest in high recovery presmg, including ZLD, has shown that these
approaches used in other industries arehipitively expensive for municipal settings.
Innovations to reduce costs associated Widfin recovery processj are being sought.

Public Health

In general, there are no direct public healtimcerns associated with desalinated water.
RO membranes are highly effective at removamgptaminants, should any be present in the
source waters. However, there can be publidtihead associated regulatory compliance issues
that arise when the desalted water is blended @thier utility waters in the post-treatment and
distributional phases of the desalting system&gs®s. These concerns include the potential for
desal to alter the level and/or mix of DBPsquoed when potable waters are disinfected with
chlorine or other disinfectants. Several DB#Ps regulated in drinkingater by the USEPA and
related state agencies. The presence of laweldeof bromide in desalted seawater may, for
example, lead to the formation of more broateéd DBPs, and theseutd imply higher health
risks in tap water than@mmunity faces currently.
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Working With Regulators

The types and complexity of permits reqai for a desal plant vary depending on the
project location and other sitpecific factors, such as thgpe of desal technology and the
method of concentrate management employed.ifipeementation of a dal project typically
requires multiple permits from numerous federsthte, and local agencies. In general, the
regulatory programs and associated permitting processes revolve, and can be broadly classified,
around the three streams involved ia grocess (Stratus Consulting 2006):

e Source water (or feedwater stream) permits address the location and means of
obtaining the source water used by the desal facility

e Potable water (or finished water stream) permits address the use of the finished
water produced by the desal facility

e Waste (concentrate and other associated wastam) permits address the treatment
or discharge of the waste streams, inglgdconcentrate, chemical wastes from
cleaning processes, and ang@twaste associated witretbperation of the facility

The number of permits and approvals that erquired for desal (and the associated
number of government entities to be engageay seem daunting. However, it is not the number
of permits required that pose®tgreatest potential obstacle tqiementing a desal project. The
greatest challenge may arise from the mannetich the permit applicains are evaluated.

Regulators are often placed in a difficult pimgi with respect to desal. Their mission is
to ensure that the regulatory and permittingcpsses suitably protect the environment, public
health, and similar broad societal interests. Hmxedesal is a new endeavor for many of them,
and a “standards of practice” on which regalatcan support theiredisions is lacking.

Interviews with regulators and the utilitygbessionals who interact with them indicate
that this lack of practical dal experience and its uniqguenestemfmanifest as “desal being a
square peg jammed into a regulatory syssanup with round holes” (Raucher, Strange, and
Hallett 2006). A past example was the mandate tofnesbwaterspecies for effluent toxicity
testing in a coastal pilot plant’'s concentrate ditfeecause use of these species was the standard
practice for issuing NPDES permits to the manyeotclasses of dischamg that the agency
regulated in itgurisdiction.

In the survey sent to utility representatives as part of this project, respondents indicated
that working with state and federal permit writpssed one of the greatest challenges for desal
implementation (more so than local permit wrijeia addition, representatives of both inland
and coastal desal facilities ranked “revised feldmnd state permits” as a top strategy for moving
desal implementation forward.

There are (at least) two approaches thatlmmsed concurrently as a way of working
constructively with regulatoren the “round peg-square hole” mext of desal facilities and
operations (Stratus Consulting 2006):

e First, there needs to be an open, advanaglie with regulators (perhaps aimed at
the higher management levels of key agesicso that coopere¢ signals flow down

to field staff) that explains the desal issuand needs, and it set up a reasonable
set of protocols for permit approval
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e Second, research that generates kegdiffigs, or establishes desal-suitable
testing/monitoring protocols, will help giveomfort and reassurance to regulators that
find themselves facing permitting issues in desal’s unfamiliar territory

Findings from the workshop held in SeptemB608 as part of thisesearch confirmed
the importance of this issue/challenge. During the workshop, water utility representatives
articulated the need to work more closely wigigulators and public offials in order to help
streamline the permitting process. A key recomdagion of the group was to work with key
policymakers (in top state and federal exeautand legislative positions) to explain the

challenges associated with getting desal facilities permitted and operating. This would motivate

them to participate in looking for ways tmarmonize and streaméinthe permitting process
across agencies and levels of government.
Finally, it is interesting tanote how different stat appear to be addressing the desal

issue. In Texas, the state’s Commission on Environmental Quality and the Texas Water

Development Board have taken a fairly operd asupportive view of desal, and the latter

agency’s Web site offers useful guidance for water agencies considering desal options. In

contrast, State of California age®es have a varied and geneyathore skeptical view of desal

(Stratus Consulting 2006). An example of different regulatory approaches in three key desal

states is provided in appendix E of this report.
Costs and Benefits

Desal water is expensive relative to the @dghost existing supplies. This raises several
issues regarding potential impacts on local wattss and the associated impacts on households
and commercial customers in the served comtiesn However, recent technological advances
have allowed desal to become more efficiéegs energy demanding, and less expensive. Cost
efficiency may be further improdeas desal is combined with nonglole reuse. As the cost of
desal continues to decrease, the cost of traditional supply altesdias become more
expensive. As these trends continue, deihbecome more favorable in some areas.

In addition to the financial costs associateth desal, economic costs must also be
considered. Economic costs include the externatdbsat are borne by the digbat large. In the
case of desal facilities, the masgnificant category of external costs are environmental costs,
which can take several forms and can be difficulput into monetary terms. For example, the
environmental costs of surface water concentraehdirges are virtually never monetized and in
many instances are not even well understood frdsolagical perspectiveExamples of other
external costs that might be associated witkatiéacilities include the loss of environmental
amenity values along the coast hesmthe facilities may be unsightly or interfere with lines of
sight. The cost of air pollution stemming franergy generation necessary for desal would be
yet another example. Although such costs arelyanonetized, there amumerous techniques
that allow them to be estimated, either direotlyndirectly, with onsiderable accuracy.

In addition to financial and economic codsise unique benefits of desal must also be
taken into account. One of the potentially importaenefits of desal projects is that the yields
from such facilities are indepdent of drought and other what-related factors that can
significantly impact the year-to-year (or seasois¢ason) availability of water from traditional
water supply sources. This means that therepatentially large benefial values associated
with the yield-reliallity of desal with respdcto cyclical drought peods and potential climate
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change. Desal can also bring some unrecogniegibnal benefits such as maintaining or
restoring stream flows, ordeing up other existing regional resources for other users.

The reliability and environmental benefits désal do not accrue to most other water
supply options, such as drawing from surface watewces. When these reliability benefits go
unrecognized by the water agency, policymakerawgrage citizen, then desal options may
remain undervalued and, perhapmderutilized. These desal-specific benefits of providing
reliable yields during drought periods can l&d to quantify bease they extend beyond
readily observable finandiaosts and utility revenues. However, similar to external costs, there
are numerous techniques available that can hetfiréztly or indirectly estimate the value of
these benefits. A full accounting of the benefitglesal should be included in project planning
and analysis of alteative supply options.

The costs of desal production (thus notluding concentrate management) have
decreased considerably in recemtars to a combination of faxs, including more efficient
membrane and membrane systems, use of ERDs, longer membrane life, and increased
competition between original equipment manufacturers (OEMs). The costs of concentrate
management, however, have not decreased arifkelyeto increase as concentrate management
options are limited, are more heavily regulateldnt size (and thus concentrate volumes) are
increasing, and the conventional options areanaénable to signiéant cost reduction.

Co-location With Coastal Power Plants

From the perspective of some, locating seawdgsal facilities wittOTC power plants is
a natural linkage. The existing power plant intakel discharge structures provide pre-existing
infrastructure. Power plant intake water volumes are much larger than needed for the desal
facility, so no additional watewrithdrawals are necessary. Assamithe desal facility operates
only when the power plant operates, the environmental and ecological impact of the facility is
minimal since the desal facility uses cooling water already in the power plant and the large
discharge volumes provide dilution and mixing foe tirine. As a result of these factors, power
plant co-location can yield significant pattimg and construction cost savings (NRC 2008).

These benefits, however, presume the caetinoperation of poweplants with OTC
systems. One of the major concerns assediatith co-location sims from opposition to OTC
power plants due to environmental impacts. Sbelgve siting desal facilities with OTC power
plants might serve to perpetuate these fagditivhen they might otherwise be phased out. In
addition, if the power plant ultimately is changed to a different cooling system, the investment in
the desal facility could either Hest or subject to significanihcreases. Likewise, if the OTC
system is eliminated, the intake volume and bdiseharge of a (now) stdalone desal facility
could result in significangénvironmental impacts.

The feasibility of co-locatiom the US has not been fully evaluated. To date Tampa Bay
is the only co-located desal project that bagn successfully implemented in the US. Thus,
much of the published information on co-ldoa has been based axperience in other
countries and/or expected results. There areentlyr several US co-locadl projects slated for
implementation (most of which are in California) that have initiated or completed required
planning processes. Based on desslearned from these processes,can begin to gauge how
the stated advantages of co-ltbea have played out in the US.
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Ownership

Desal projects in the US are often promoted by private sector entities that have access to
capital and a willingness to invest in a potenyiaiky, but potentially rewarding, venture. This
sometimes raises philosophical issuabout what role (if any)ehprivate sectoshould play in
the provision of water as an essal good and public service (e.g.itiwal to life, health, safety,
and welfare).

The idea of privatization certainly raises issuhat can be contigous. For example, who
owns the water delivered by a private compangeoit is delivered to the customer, recovered,
and treated by the wastewater system? Waggtsidisputes over recycled water are already
occurring, even without therivate-ownership factor.

However, as public entities face growibhgdgetary constraints, many locally-elected
officials are attracted to the pereed benefits of “privatizing” all or some of their water service
responsibilities (CCC 2004). Concurrently, a nembbf domestic and multinational business
entities have identified providingater or “water services” as attractive profitable investment
opportunity. In California, among the approximgtelo dozen desal pregts currently proposed
along the coast, at leasik are proposed as private-held facilities or public/private partnerships,
including two (in Huntington Beach and Carlspatat would be the largest coastal desal
facilities in the US. As a private commodity sdémay be developed, managed, and marketed as
a for-profit product subject to market forcesdaoractices. Thus, one concern is that the full
range of public interest values might not fudly considered dung planning, design, and
operation (CCC 2004).

Further, many public agencies argue ttieg private model has few advantages over
traditional approaches because the public sézsraccess to the same expertise and technology
as the private sector. Public agencies cana@$ain lower cost finaneg and may have greater
access to development subsidies, both of whitp keep water rates low. Finally, many public
agencies claim that the risks of water stgetaare the same under private and public models,
and thus there is no real maigpn of risk (Xu et al. 2009).

Similar to the opposition in s@e circles to private sectaftesal provision, there is a
related concern over foreign ownership of ddaallities. This too sms from philosophical
beliefs about control over watas an essential good. \hcontracts can be drawn that assure
protections for both parties to an agreement—naigas of owner type or point of origin—the
aversion to foreign ownership may impede saiesal projects where the merchant vendor, or
the investor-owned utility, has foreign ties.

Public Acceptance

Affected persons and stakehalsl@re often able to sloar block implementation of a
desal facility if public perception is negative, whether or not a concern is justified in the
particular project (NRC 2008). Public concert®at desal vary and include worries related to
cleanliness of the source andoguct water, technical feasilyli environmental effects of
process operations and concentrate managermpewatization issues, growth-inducement, and
future affordability of the resource, among others.

Failure to gain public acceptance can deralriost essential and feasible desal project.
Local citizens and nongovernmental organizations may influence a regulatory body or local
government officials, and these regulators fiicials can in turn place impediments in the
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permitting process. Broad-based public particgratin the process—that is, greater than that
necessitated by permitting requirements—may help minimize adverse relationships and help the
project progress more readily toward sucadssiplementation (NRC 2008 as cited in
Burroughs 1999, Roberts 2004, Robinson 2007).

In the informal survey sent bas part of this project iearly 2008, representatives from
coastal desal fédies identified advocacy groups (incling environmental groups, anti-growth,
or other nongovernmental organizais) as their biggest challengsated to decisionmakers and
stakeholders. During the workshop held in Sejmen?008, participants agtilated the need to
reach out and work [individually, and through argations like the Water Research Foundation,
American Water Works Associah (AWWA), and Association diletropolitan Water Agencies
(AMWA)] with elected officials atthe state, local, and fedetalels (e.g., governors, State and
Federal legislators, mayors and city coumagmbers), as well as with advocacy groups and
customers. Their specific recommendations reftad theme, indicating a need by the water
supply community to better articulate and justifg theed for (and value Johdding desal to the
water supply portfolio for a ggific utility, and/or for aspecific region or state.

In addition, workshop participanttressed the need to avatle desal in a comparative
context in order to garnepublic support. A comparative alation helps the public to
understand how desal stacks up to alternativeewsupply options across a broad array of
relevant impacts, including costs (when &dctors are duly consided for desal and its
alternatives), reliability, and gallatory/permitting requirements.

More information on public perceptions ofs#@¢ associated with environmental issues,
growth inducement, necessity of supply, andiecd has been integrated into the PIM.
Additionally, strategies for working with stakelders are discussed appendix D: Tools to
Enhance Stakeholder Understanding of Desal.

Brief Introduction to the Desal PIM

Many of the topics identifie@bove are appropriately chamgted as “cross-cutting”
issues, meaning they have implications for oVgmaject implementation rather than a specific
component of the desal process. Howevernaiged above, the desal process is in itself an
integrated system made up of several diffeoicess components (e.g., intake, pretreatment,
membrane processes, post-treatment, and ctvatemanagement). For each component of the
desal process, there are a number of unique planning considerations that must be taken into
account (e.g., environmentéchnical, financial, andnergy-related issues).

Given the complex nature of desal systeths, project team developed the Desal PIM.
The PIM is intended to complement this rdp@nd accompanying resources, by providing a
more compartmentalized view of desal plannsgues. In short, the PIM provides an integrated
systems planning perspective associated gaith component of the desal process.

The PIM is an Excel-based, interactive guide grasents issues in a structured and easy-
to-follow format. The guide presents keysugs broken down by xsitopics, based on the
sequence of processes associated with a desal facility:

e Feedwater intake
e Pre-treatment

e Desalting process
e Post-treatment and distribution
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e \Water use
¢ Concentrate management

For each aspect of the degabcess identified above, theMPbrovides a matrix of key
points for both inland and coastal desal facilities (12 matrices in total). The rows of the matrix
are defined by processes associated with theaelalesal process component. For example, the
matrix related to feedwater intake for coastal facilities includes a row for each type of intake
option: standalone intakes, intakes co-locatéd a power plant, and subsurface intakes.

The columns of each matrix are defined by foey issues relevant to each desal process
component: environment and public health, techinfe.g., engineering), financial and economic,
and energy and GHG-related issues. The inteseofi the rows and columns contain key points
related to the relevant topicear. Users can click on each keymidor further information. For
example, for the coastal feedwater intake mathie,intersection of the row related to standalone
intakes at coastal facilities and the columtaterl to environmental issues would provide
information on issues relatéd I&E of aquatic species.

In addition to the 12 matrices, the PIM alsmtains a planning and analysis section that
is presented in a nonmatrix format. This sectbthe PIM provides link$o planning resources,
including a desal decisiomaking process tool and case studiéslesal facilities in the US and
abroad.

Chapter 7 of this report provides a mordailed explanation of the PIM, including
specific instructions for accessing and using the PIM.
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CHAPTER 7
GUIDE TO NAVIGATING THE
DESAL PLANNING ISSUES MATRIX

OVERVIEW

The Desalination PIM is an Excel-based, interactive guide to the broad range of issues
and complexities associated with planning aafléacility. The contenof the PIM draws upon
the depth and expertise ofethproject team and professionals from various backgrounds
(e.g., engineers, environmental scientists, acadgneconomists, and regional planners) that
have specific experience with plangiand/or evaluatindesal facilities.

The PIM is more than just a list of potentiatuss related to desal. It is an organized
guide that presents issues in a structuned @asy-to-follow formatThe guide presents key
issues broken down by six logical and reldvéopics, based on the sequence of processes
associated with a desal facility:

Feedwater source
Pre-treatment

Desalting process
Post-treatment and distribution
Water use

Concentrate management

For each aspect of the desal process, tihv ftesents information at a getting-started
level, as well as at a level of more detail ffoactitioners and water managers more familiar with
the desal process. The guidgHilights key points for each dfie six topic areas and provides
resources (e.g., hyperlinks to Imet resources whenever possible and appropriate) for further
reading.

Figure 7.1shows the Overview page of the PIM. By clicking on one of the key topic
areas (grey buttons), the user is directed teendetailed information, including a matrix of key
points associated with the relewaopic. As shown irFigure 7.1, in addition to the six topic
areas identified above, the PIM also contains arptey and analysis section that is presented in
a nonmatrix format. This section of the PIM piss links to planningesources, including a
desal decisionmaking process taold case studies of desal facilities in the US and abroad.

It is important to note that becauseetf®IM is organized based on the different
components of the desal process, the matfmesost components do not provide an overview
of many of the broader, crosstting issues assoced with desal planning (e.g., public-private
partnerships and public involvement). Manytbése issues are addressed in the Planning &
Analysis section of the PIM. However, as noted¢hapter 6, the PIM is intended to complement
this report, and accompanying resources, Wwhiccus more on these crosscutting issues.
Together, these two resources are intended to serve as a comprehensive resource for these
different aspects of desallanning and implementation.
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What type of desal facility are you evalualing? |© Coastal |# Inland

Te access inlormalion conlained in the I"IM for lo the lype of facilily you indicaled akove, click on any o the
desal process componenis you are inleresied in learning more aboul. This will lead you o a detailed matrix
that highlights key poinis related to each of the foar tople areas described on the previous page. From these
key poinis, the malriz prevides links fo detailed discussion documents en individual fopics.

Planning &
Analysis

The evahiahion,
design, ard

implemestation of 4

dueal priject sk

&b of ey g - Diesalting pracess:

planning iseaes, - Membrane modules
oppertardtes, and
chalierges
To Jearn mnors the
desal plansing
process, o b aceras
aim euding of desal
faciag, chek an the

Flanning & Analys
lirik: ahowe

Figure 7.1 The Overview page gives the user tlopportunity to evaluate either a coastal
or inland facility and provides a brief summary of each of the six topics for which the
PIM contains a detailed matrix

HOW TO “USE” THE PIM

As noted above, the PIM contains a matribkey points for each of the six desal process
components, for both inland andastal facilities (i.e., there a2 matrices total). Given the
crosscutting issues and complexities assocmidddesal planning and analysis, key points and
information for this topic area are organizedinonmatrix format, proging resources and links
to further information.

When first opening the PIM, userre directed to an introdtory page, which provides
background and general instructidios navigating the PIM. Frorthe introductory page, users
are led to the “Overview” pagas shown irFigure 7.1 On theOverview page, users will first
need to indicate whether they anéerested in inland or coastal desal. The users can then select
which topic (or desal process component) theyld like to read morabout by clicking on the
corresponding gray button. When theer clicks on a specific toparea, they are directed to the
matrix for that topic ared:igure 7.2illustrates the completed matrix for the topic “Concentrate
Discharge and Management” thaspgecific to inland facilities.
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onlocal geology

Evaporation Ponds
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In'igatiou-'l and Applicatiion

Potential adwerse effects
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Pei Xu, Colovado School of
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WWTT fees can make this
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Costs are typically

excessive for all but the
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has been limited by
substantial energy
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ZLD is usually cost
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desal plants

Figure 7.2 The user can click on any cell withithe matrix—the hyperlink will lead the
user to a Word document with additional information
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As shown inFigure 7.2 each matrix presents key points for a particular topic, organized
into four main categories (theaee the columns of the matrix):

Environmental & Public Health Risks/Regulations
Engineering

Energy & Greenhouse Gas Issues

Economics, Finance, & Social Issues

Each component of the desal process h#ferdnt elements that are important. For
example, for the topic “Inland Concentrate dgement,” the important elements are the
different technologies currently being implemensed researched. Theretierefore a separate
row for seven different types of concentrate management stratégobsiing freshwater
discharge, ocean discharge via a brine linejesaedischarge, evaporation ponds, irrigation/land
application, and zeriquid discharge.

The intersection of the PIM rows and colwsnrontain the key points. For example, in
Figure 7.2 the key point associated theategory “Environmenta & Public Health
Risks/Regulations” and the element “Surfadéater Discharge—Freshwater discharge,” is
“Potential adverse impacts to receaig water quality and aquatic organism$ach key point is
a hyperlink. Clicking on a key pai will lead the user to portable document format (PDF)
document that contains more detailed infaiora(e.g., summary of key issues, strategies, key
uncertainties, costs and benefits, and suggested reference materials). There are buttons that make
it easy to navigate back and forth between topics.

It is important to note that the discussionuloents linked to the key points in the matrix
not only discuss issues associated with theiqudar key point, butcover additional topics
related to the intersection of the relevant row and column. For example, the document related to
the key point “Environmental & Public Health Risks/Regulations” and “Surface Water
Discharge—Freshwater dischargedt only covers issues and ségies associated with the
“potential adverse impacts to receiving water quality and aquatic organismsglso discusses
other potential environmental or public healthpacts (e.g., environmental impact of pipeline
construction on land).
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CHAPTER 8
KEY TOPICS IN DESAL IMPLEMENTATION

As described in chapter 7, the environmentthnical, financial, social, and energy-
related issues associated with different components of théptesass (e.g., feedwater intake,
pretreatment, concentrate management) are coveggdat detail in the PIM. However, because
the PIM is structured in this compartmentalizednner, it does not provide some of the broader
perspectives and comparisons associated witloterall desal process. iskchapter is intended
to provide such perspectives, in relation te #ey issues associatedth desal planning and
implementation:

Coastal feedwater intakes

Inland concentrate management
Membrane processes

Pilot testing

Energy use

Co-location

Costs and economics

Permitting and working with regulators
Utility planning and management
Project delivery method

Each issue is covered briefly here, with mex¢ensive information available in the PIM,
or in subsequent repathapters and appendices.

COASTAL FEEDWATER INTAKES

Source water intake design can affect feat#r quality and can have significant
environmental implications (e.g., in terms ofH&at a given site. The following provides an
overview of source water intakiechnologies, highlighting thessues associated with each
approach.

Inland Source Water Intake

Brackish water desal facilitiesan utilize feedwater from surface water sources or wells.
Inland desal plants use intake technology thato different from traditional water treatment
plants dependent on surface water or groundwatet this technology is well developed. There

are important issues, however, associated sutttainable brackish grdwater withdrawals for
inland systems. These issues are addressed inlémd source water intake section of the PIM.
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[ Coastal intake }

Subsurface
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Vertical wells

—[ Horizontal wells }
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Figure 8.1 Type of feedwater intake used at coastal facilities

Coastal Source Water Intake

Seawater intakes can be hibacategorized as either)(bpen surface water intakes,
where water is withdrawn from above the sealiezl, through a standalone facility or co-
location with a power plant intake), or (2)bsurface intakes, where water is collected via
onshore or offshore wells and infiltration gaikss. Figure 8.1shows the different types of
feedwater intakes used@iastal facilities.

Standalone Surface Water Intake

Currently large seawater desal plants alneosiusively use open (surface water) intake
structures. Conventional surfacetemintakes withdraw water diody from the surface of the
ocean or sea through offshore intakes, pumps, ssraed pipelines; or from below the surface,
through submerged intakes. Surface water intakes provide reliable water quantity, but often yield
inferior water quality compared to subsurfacgakes, and more complex pretreatment is
typically required.

I&E of aquatic organisms is a major permigfimssue for standalonmtake facilities.
Impingemenbccurs when larger organisms, mostshfand shellfish, are trapped against intake
screens by the force of the watseing drawn into the intak€&ntrainmenttakes place when
small egg and larval stages of organisms aesvdrinto the intake structure, along with the
cooling water, and into the plasttooling system. In generalgtmagnitude of I&E increases as
the volume of intake flow and the intake veloditgrease. In many cases, the adverse effects of
I&E can be minimized through appropriate looatiselection, operationdlexibility, improved
screening technologiesh@ habitat restoration.

The cost of a new surface water intake typically accounts5fdo 20% of total
expenditures for plant ostruction. Costs wilvary, depending on the type technology used,
the distance of the intake frorhare, and the intake flow rat€he costs of intakes can increase
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significantly if advanced screeny technologies are employed dontrol I&E. Costs associated
with environmental permitting can also be significant.

Surface Water Intake Co-loated With a Power Plant

Seawater desal plants often co-locate vpttwer plants to take advantage of existing
power plant intake structures aadto use the plant cooling water as feedwater. This approach
can yield significant benefits, compar@dstandalone facilities, including:

e Substantial construction cost savings dughi use of existingpower plant intake
structures

e Minimal or no impact on I&E due to the usepower plant cooling water as the desal
feed water

e Energy savings because less pressureqisined to move the feed water through the
RO membranes due to theyher feedwater temperature

e Environmental benefits associated with thikeition of desal corentrate before it is
discharged to the ocean, due to blegdvith the power plant cooling water

Although there are several statedivantages to co-locati, the feasibility of this
approach has not been fully evaluated in the US. To date, Tampa Bay is the only co-located
facility that has been implemented in the U®Bere are currently several co-located projects
slated for implementation (most of which are in California), that have initiated or completed
required planning processes. Basm lessons learned from thgz®cesses, we can begin to
gauge how the stated advantagd#sco-location have playedut in the US. For example,
potential disadvantages andcertainties associated with this approach include:

e Difficulties matching the operation of desahpt with that of power plant due to
different O&M schemes.

e Desal facilities may encounter seriou®fbuling, corrosion, ad other unforeseen
problems caused by using OTC water as source water. A thorough understanding of
source water quality variability, long-termpilot testing, adguate and robust
pretreatment, flexible process design, arffigent pretreatment capacity, are critical
to ensure adequate design and mairgastainable operation afdesal facility.

e By operating on property that is owned and managed by a power company, the desal
facility may face complications (e.g., space and access restrictions) and added
expense in design and/or operation.

e Many of the coastal power plants that rely on OTC were sited decades ago, before the
adverse environmental impacts of their intakeictures were understood, and before
current environmental legislation and redulas were in place. As a result, some
existing OTC power plants are locatad areas where theiintakes create
considerable environmental damage. Thhs, potential source water impacts of co-
located facilities still need to be considered.

e Specific consideration should be given togmital changes in power plant operations,
such as the phasing out of OTC systems. For example, the California Coastal
Commission (CCC) has signaled that 2820, OTC will no longer be permitted at
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power plants along the Califnia coast. Existing poweplants in California are
therefore beginning to modify theaperations to discontinue OTC.

e The association with cod power plants, which are unpopular in many locations
(e.g., because they are unsightly and impaiach access), can draw criticism and
added permitting delays.

Subsurface (Sub-seabed) Intakes

Subsurface intake facilities extract seawater from the sand below the beach, or below the
seabed near the shore. Coastal subsurface intakes include:

. Onshore subsurface intakes, including icattwells, horizontal wells, and beach
infiltration gallery
. Offshore subsurface intakes, including honital directionally drilled (also called

slant-drilled) wells, and seal infiltration galleries

By taking advantage of the natural filtration provided by sediments, subsurface intakes
can yield better quality feed water than opeaveater intakes, incluty reduced suspended
solids, turbidity, natural organic matter, lpagens. Subsurface intakes commonly achieve lower
silt density index (SDI) in the feedwater. The ndttitaation also serves to minimize ecological
impacts associated with 1&E.

Because of the higher quality feed watempsurface seawater intakes can reduce the
pretreatment required for membrane-based dysadéms, thereby lowerirggsociated operations
and maintenance costs. Subsurface intake sgdt@we been proven economically justifiable for
SWRO desal plants with a gty of up to 13 mgd (49,000%d) (CDWR 2003).

The construction of subsurface intakes, imtipalar beach wells, requires appropriate
geological conditions including permeable sandmfation with adequate transmissivity and
depth (Voutchkov 2005). Shalloweaches that contain a subst@namount of mud/alluvial
deposits do not provide favorable cdrmahs for beach well operations.

In addition, a significant area is required togeate water from subsurface intakes. It is
estimated that for a 10 mgd plant, 4.2 acrebezich shore may be needed for horizontal beach
wells, infiltration galleries or seabed infiltrati galleries, as opposed to 2 acres for open surface
water intakes (Voutchkov 2005).

The construction costs of subsurface intaies very site-specific and this method is
typically only feasible for smaller desal planihe costs associateditiv different types of
intakes are detailed in ppndix F of this report.

Although subsurface intakes generally yieldtérewater quality compared to surface
water intakes, the water quality from a subscef intake system can be affected by adjacent
groundwater aquifers, such agegence of higher concentratioofsiron and manganese, which
can complicate pretreatment. It is not always evident whether arfadesintake will perform
reliably (e.g., produce sufficient yields withocibgging) over the expead life of the desal
facility. A thorough assessment should be cohrellicespecially in warm tropical or semi-
tropical waters, to address the issue of poteaticbonate scaling of the formation above/around
the intake. Further, the knowledgad experience in designing sutface intake facilities is far
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less than for surface water supply systems. i@y result in poorly designed (and even failure
of) some intake systems.

Currently there are several seder desal projects testing subsurface intake structures
such as the slant well techngly at the MWDOC, and the Und&cean Floor Seawater Intake
and Discharge Demonstration System at the LBWD. These projects will provide valuable
experiences in designing and implemegtocean subsurface intakes in the US.

Regulations and Permitting

A standalone desal plant in coastal waterlt meéed to develop a surface water intake
structure, beach wells, or use horizontal dice@l drilling (HDD) to develop under-sea well
intakes some distance from the shore. Thiskisly to entail sevelapermits and approvals,
including:

e A CWA section 404 permit for the intake pipe (one is also needed for any new
discharge pipe). This is administerdny the US Army Corps of Engineers
(USACOE), but typically requés buy-in and approval fromther agencies, such as
the US National Oceanic and Atmosphekidministration (NOAA) and/or relevant
state or regional bodies that have jucsdn over fisheries and other coastal
resources and impacts.

e The Rivers and Harbors Act permit for the intake pipe (again, a separate permit also
will be required for a discharge pipe).i$too is administered by the USACOE, and
again they will typically noissue such a pait unless other amcies (e.g., NOAA)
are consulted and sign off.

e In some states, a permit will be requifedm the state coadtauthority (e.g., the
CCQ).

With co-located facilities, there is no need #onew water intake pipe or any increase in
the volume of coastal waters taken in. This eliminates the need for permittieg mttakes, and
avoids any associated coastal ecosystem disrufitbm placing such new intake pipes into the
coastal environment. As noted above, there miegaly no added I&E of aquatic species, beyond
what is already occurring. This also serves to minimize permitting requirentémigever,
because of the potential phasing out the OT&esy in California, the permitting of new co-
located facilities may require studies to evaluhteimpacts of the co-located plant if it were to
operate as a standalone facility.

Open ocean intakes usually experience naliffecult regulatory reviews because of the
primary concerns on I&E, and resulting in lengoermitting time as compared to subsurface
intakes.Table 8.1compares the regulatory caherations and time required for permitting two
different types of desal intakes in Californfauster 2009). These exates illustrate the
importance of coordinating with regulatory ages and addressing environmental concerns.
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Table 8.1
Regulator perspective on two contrasting desal intake permit reviews

City of Sand City Poseidon Huntington Beach
Uses beach wells Uses open water intake
Standalone facility Co-located with power plant
Limited water production to approved Sand City limits  Unknown basis for water production
Addressed Coastal Act issues promptly Not responsive to key information requests
Public agency transparency Private company w/less transparency
Result: 3 months from application to approval; facility upResult: over 3 years; application still incomplete

and running
Source:Adapted from Luster 2009.

INLAND CONCENTRATE MANAGEMENT

Concentrate management is currently onéhefmost challenging issues associated with
desal implementation, especially for inland facilities. Due to a number of factors, it is becoming
more and more challenging to find a technicadlgvironmentally, and financially viable method
of dealing with desal concentrgfdickley 2006). These factors include:

e Growing size of plants, wth limits disposal options

e Increased number of plants in a region stiekt the cumulative effect on receiving
waters is becoming a limiting factor

e Increased regulation of disaiges, which makes disposabre difficult and slows the
permitting process

e Increased public concern with environrtanissues, which plays a role in the
permitting process

e Increased siting of desal plants in semd regions where anventional disposal
options are limited

Traditional options for inlandoncentrate management include surface water discharge,
disposal to sewer, deep waljection, evaporation ponds, andéhapplication.Together these
five options account for over 98% of the concatardisposal situation®r municipal desal
plants in the US (Mickley 2006). Rarely are mtian one or two options available at a given
site as each method has its own set of s#guirements, site-specific costs, regulatory
requirements, and environmental challenges.fél@wving sections provid an overview of each
traditional disposal method, outlining the chafies associated with each approach. More
recently, higher recovery processing including ZLlHas received considerable attention in an
effort to provide an alternative means aincentrate management. This approach and the
development of other alternative optionsdoncentrate management are also discussed.

Ocean Surface Water Discharge
Surface water discharge to the ocean can be a low-technology, and in some cases, an

inexpensive disposal option farland facilities. If designedppropriately, discharge of inland
concentrate to the ocean can have very lawrenmental impacts compared to other disposal
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options. The feasibility of this method depemafsthe distance of the desal plant to the ocean
outfall, the conveyance cost tfansporting concentrate, andeticost of building new ocean
outfalls.

California has several brine lines that coneeyncentrate from multiple desal plants (and
in some cases other wastewatealisgctly to the ocean. Gravitydiv for long or all stretches of
the brine line decreases capital and operating costs.

The primary environmental concern witheam discharge from inland facilities is
compatibility of the concentrate with the regaty water. Concentrate from brackish water desal
plants may have salinities that are similantdower than seawatédepending on source water
salinity and recovery efficiency). However, concentrate from bracgisundwater desal may
also contain trace elements, such as arsenidamism, in elevated concentrations compared to
seawater. Like seawater desal concentratanghconcentrate can alsoclude desal process
chemicals used for pretreatment, cleaning, asson prevention, and membrane anti-fouling.
Concentrate streams containing trace elementertain process chemicals can cause significant
impact to the receiving environntefnot handled correctly (NRC 2008).

Additionally, when concentrates originagi from groundwater are discharged to
seawater, major ion toxicity [as determined ihole effluent toxicity (VEET) tests] can result
(NRC 2008 as cited in Mickley 2001). This toxicdagcurs when certain ions are present in very
different concentrations (higher or lower) relatieethe seawater adjusted to the same salinity.
Toxicity due to this “imbalance” of ions relatite seawater has been seen in mysid shrimp with
respect to high calcium or flude or low potassium (NRC 2008)lajor ion toxicity has also
occurred with other WET test organisms. ijlaconcentrates originating from groundwater
would have major ion toxicity adetermined from whole effluendxicity tests if mysid shrimp
were used as a test organism. However, masest(other than Florg] either do not require
WET tests or do not use the very sensitivesiaghghrimp in WET tests (Mickley 2001).

In most cases, dilution by only a factor df to 6 is sufficient to eliminate the
concentrate’s impact on the environment (MigkR001). Disposal canebome an issue if the
concentrate contains elements that have tekects on aquatic orgasms or on wildlife that
feed on aquatic organisms (NRC 2004).

Concentrate from brackish groundwaterncalso be very corrosive. To avoid
environmental degradation of receiving waterthatoutfall of a brine line, pipelines transporting
brackish water concentrate must be fitted with special protective liners. This requirement
substantially increases capitaists of this method and depemglion the length of the pipeline,
may render the use of this methoteasible in some locations.

Freshwater Discharge

Desal concentrate is sometimes dischargedt/éns and other inland surface water bodies
in accordance with local, state, and natlomaater quality regulations (Mickley 2006).
Depending on the source water composition, the potential for trace elements and major ion

toxicity, as discussed above,eaa concern when concentrédtem brackish groundwater is
discharged into freshwater ecosystems (NRC 2008).
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Impacts of discharge of brackisvater to surface water can be greater in freshwater than
in estuaries or the marine environment, wheghéi levels of salt areratural component of the
ecosystem. Some freshwater organisms are onlytaltgerate low levels of dissolved solids.

As salinity levels increase in rivers, streams, and lakes, a shift to more salinity-tolerant species
can be expected. High levels of salinity may affect the growth of certain types of aquatic
vegetation (NRC 2008).

In addition, since saltwater is denser tHeeshwater, relatively saline concentrate can
sink and form a layer at the bottom of receivingers and streams. The resulting layer can have
negative implications for benthic communities. Water containing high salt concentrations may
also create brackish layers in receiving &kehich can lead to decreased dissolved oxygen
levels and associated impacts (Mickley 2006).

An increasing challenge for surface water dsg at inland facilities involves limiting
the continued degradation of waterways cduby discharge of higher salinity effluents
(Mickley 2004). A new dischargmay impact permit limits for existing dischargers, and over
time, new discharges may become sdydmaited, if not prohibited (CWQCC 2006).

Sewer Discharge

Discharge of concentrate to an existing sesgstem is one of the most widely used
concentrate disposal practicEs brackish water desal plangslickley 2006). This method is
easy to implement (where available) and ipkyed by approximately 31% of municipal desal
facilities in the USMickley 2006).

The feasibility of this diposal method is limited bthe hydraulic capacity of the
wastewater collection system and by theatment capacity of the WWTP receiving the
discharge (NRC 2008). Large-volume dischamestypically not praecal or suitable.

Sewer discharge is relatively low in c@std energy use but has the potential for adverse
environmental impacts due to elevated concéotra of salt or trace elements in the treated
effluent. In addition, the potential for major iawxicity for aquatic organisms can be a concern.
However, this is usually minor due to the loviateve volume of concentrate to the total WWTP
effluent volume (NRC 2008).

Changes in the concentration or compositionoofs can cause chronic stress affecting
important functions of an organism suchgewth and reproductiorBudden changes in ion
concentration or composition can result in death (SETAC 2004). However, in general, the
mixing of concentrate and sewer water tends $sde the occurrence ofajor ion toxicity and
decrease the concentration of baetén the effluent (i.e., it dilutes the “bad” characteristics of
both the concentrate and the sewer water). Aldasgity is not requied to obtain an NPDES
permit to discharge desal concentrate to a WWH®vever, disposal to sewer requires a permit
(or permission) from the local sanitation agencyensure that potential adverse impacts on
wastewater treatment processes, if any,vathin acceptable limits. The permit may impose
discharge limits in order to protect sewer lirsegl treatment plant infrastructure, wastewater
treatment processes (mainlylagical), and final effluet and biosolid quality.

In addition, the WWTP may charge the ddsaility a connectiorfee. Sewer connection
fees usually are related to theailable capacity of the seweacilities and the effect of the
concentrate discharge on the opieraal costs of the WWTP. The$ees vary significantly form
one location to another, and can béelarge and prohikive (Mickley 2004).
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Deep Well Injection

Deep-well injection is a mature technologwtthnvolves the injection of liquid wastes
into porous subsurface rock formations. Deep-wgdiction is used asbout 12% of municipal
desal facilities in the US (Mickley 2006). It ispigally employed at larger desal plants because
the costs for developing deep well injection walle not largely reduced for smaller flows. The
high initial costs lead to an economy ok when spread out over larger flows.

The primary environmental concern associated with deep-well injection is potential
concentrate leakage from thgeation well and/or the undergroumgjuifer. If the injection well
is not properly constructed, and/fthe aquifer is not adequatedgparated from nearby aquifers
(including water supply aquifersjhe nearby aquifers may be contaminated by the injected
concentrate (Xu et al. 2009).

Desal concentrate is considered an “industrial wasteer the CWA. As a result, it must
be injected via a Class | well per UIC redidas. This regulatory &éimework restricts the
number of compliant well sites and require®re conservative well construction, which
increases the cost assateid with this method of concentrate management.

Site selection for deemell injection is dependent upon geologic and hydrogeologic
conditions, and only certain areas are suitdble construction of Class | wells. Suitable
underground strata capable of receiving the ev&sbnsidering capacity as well as permeability
characteristics) must be present and seépadritom any underground sources of drinking water
(USDWs) by impermeable strata. Further, it ssential that the well not be located in areas
subject to earthquakes or in regs containing recoverable minkrasources such as ores, oill,
coal, or gas. Most favorable locations are generally in the midcontinental, Gulf Coast, and Great
Lakes regions of the country.

Deep well injection is not permitted in every state, but those that do allow it, including
California, Florida, Texas,nal New Mexico, require permits,anitoring wells, and completions
in deep contained aquifer®eep well injection has been widely used for disposal of desal
concentrate in Florida, and more recently in Haso, Texas, which have some of the best
geologic formations to support deep well gtjen (Mickley 2006, Hutchison W. 2007). Deep-
well injection is less common elsewhere in the US due to combined regulatory and practical
(i.e., cost) considerations.

Texas has been active in exploring dispos@lconcentrate to other class wells and
presently municipal desal concengraih Texas may be disposed ofCtass Il (oil and gas) wells
to maintain pressure and to Class V wells as langhe TDS is less than that of the receiving
water and concentrate meets primary standardese possibilities, along with further efforts
underway to redefine injection requirements, meadlto cost reductiorfer deep well injection
of concentrate.

Land Application

Approximately 2% of municipal desal plantstire US use land application in the form of
percolation ponds, spray irrigation, or leacklds (Mickley 2006). The feasibility of land
application depends on the availability and codand, irrigation needs, water quality, tolerance

of target vegetation to salinitpercolation rates, and the atyilito meet ground water quality
standards.
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This method of concentrate disposal is paactical for the large volume and highly
saline concentrate from seawathrsal facilities and is thereitypically only considered for
brackish water applications. Even for theseligppons, a TDS greater than 5,000 mg/L in the
concentrate can typically precludpray irrigation, or require aduatin of dilution water (Mickley
2006, NRC 2008).

Key environmental concerns associated wéthd application oirrigation include the
influence of concentrate on soil and vegetatipotential contamination of groundwater, and
runoff to surface water (NRC 2008). Currently, indaand semi-arid environments (generally
west of the 100 Meridian in thgS), land application is not sustainable method for disposal
because it is likely to exacerbate an alreathrge worldwide problem of soil salinization (NRC
1993).

An NPDES permit may be required for spraygation if the potential exists for runoff to
reach a receiving water. To adaihis requirement, the facility must prove beyond reasonable
doubt that no runoff can possiblyatel to a receiving water it must provide secondary
containment. However, proving that runoff willveg reach a receiving water is generally more
costly and time consumg than obtaining a permit.

Spray irrigation can provide a beneficial reud water when membrane concentrates are
applied to vegetation, such as irrigation of lawns, parks, or golf courses. However, the use of
spray irrigation is possible onif the concentrate meets grouraher compatibility limits and a
level acceptable for crops/vegetation irrigati Feasibility depends on the type of the
crops/vegetation and on the soil uptake rates. Bagding with a fresh water source to reduce
its salinity may increase cost. Further, beeausgation demands are seasonal, a second or
backup disposal or storage method is necegesagear-round operation (Malmrose et al. 2004).

Evaporation Ponds

Evaporation ponds are a low-technology but high-cost apprdactconcentrate
management, where the concentrate is pumpéd a shallow lined pond and allowed to
evaporate naturally using solar energy. Approxitga286 of municipal deal plants (including
both inland and coastdcilities) in the USuse evaporation ponds for concentrate disposal
(Mickley 2006).

Although evaporation ponds areasghtforward and require fie maintenance, there are
a number of disadvantages thatieaf preclude their use as a&ams of concentrate management
(Mickley 2006):

e Regulations typically require that expensnetural (e.g., clay) or synthetic liners be
used to prevent the saline concentrate from percolating into the water table. This
requirement substantially increases tiosts of this disposal option.

e Seepage from poorly constructed evapion ponds can contaminate underlying
potable water aquifers.

e There is a potential for wind to dislodge andesl the dried mater&l particularly if
the concentrate contained hazardous materials.

e There is very little economy of scalegonjunction with evapa@tion ponds, virtually
eliminating any possible unit cost savingssociated with using this strategy for
concentrate management atgker facilities. With little economy of scale (due to
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substantial land requirements), evapamatponds are generally only feasible for
small volume concentrates. The largest roipail plant dischaigg to evaporation
ponds has a capacity of 1.5 mgd. All the eghieave capacitiesf less than 0.4 mgd
(Mickley 2004).

e The most significant issue associated vatlaporation ponds ithe substantial land
requirement.

Various groups have been investigating apphes to enhance net evaporation through
methods such as spraying of water into theamd evaporating water from porous vertical
surfaces. Some of the methods are commercial and in general hold promise to significantly
reduce evaporation pond area requirements aneicce capital cost. Vila operating costs are
increased due to the various enhance evaporatieans, the net result is a decrease in
annualized costs.

Evaporation ponds hold the potential of providing wildlife habitat; however, elevated
levels of salinity and trace elements in the discharge water may have negative impacts on
breeding and migrating birds, as was seen witheffiects of selenium at the Kesterson National
Wildlife Reserve (Hoffman, Ohlendorf, andldrich 1988; NRC 1989Hannam, Oring, and
Herzog 2003). Furthermore, while maintenance seah be relatively minor, the need for active
erosion control and wildlife managemehbsld be considered in all cases (NRC 2008).

Evaporation ponds can be a viable optiorréfatively warm, dry climates with high
evaporation rates, level terrain, and low lacabts (Mickley 2006). Under suitable climatic
conditions, evaporation ponds etebperation of desal plants under ZLD conditions, where no
liquid waste leaves tha@ant boundary (NRC 2008).

ZLD and High Recovery Processing

ZLD is subcategory of high recovery pessing where no liquid by-product leaves the
plant boundary. Due to its only recent considerath municipal desal, ZLD and more generally
high recovery processing isomsidered a concentrate managat option rather than a
processing option. From its earliest use at poplant sites, ZLD processing included either
evaporation ponds as a final pessing step or processing oéthrine to produce mixed solids
suitable for landfill.

While original ZLD systems included ontyrermal evaporative equipment for volume
reduction, later systems included a membrane volume reducing step prior to the thermal step, and
in some cases the system did not include any thermal step.

High recovery systems can be ZLD systemigen no liquid crossethe plant boundary.
As with ZLD, high recovery systems can be corsgui of either membrane or thermal steps or a
combination of the two. Final brine can be pssmd all the way to mixed solids, discharged to
evaporation ponds, or deep well injected. The higiadinity brines are typically incompatible
with receiving waters-whether surface water, sewer water, or groundwater.

High recovery processing, including ZLD, usually the least cost effective method of
concentrate disposal, due itghicapital, energy, and chemicalsts. Although this method has
found practical application in indtrial facilities, it has not yet been used for disposal of
concentrate from a municipdesal plant (Mickley 2006).
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In addition to the high energy requirementsociated with high recovery processing,
particularly when thermal prosses are used, disposal of thaafiproduct is of environmental
concern. If the salts are disposafdin a landfill, there may be future environmental impacts to
groundwater near the disposal site.

Costs aside, there are some advasgadg ZLD, including (Mickley 2006):

e It may avoid a lengthy and tedious permitting process

e It may gain quick community acceptance

e |t can be located virtually anywhere

e |t represents a positive extreme igyeling, by efficiently using the water

Before widespread implementation ofghirecovery processing, including ZLD, can
occur, improvements are needed that reducé@atagpsts and/or energy usage. ZLD is being
considered for some water supply applications in inland regions where the concentrate flows are
small and other methods of concentrate managearenhot feasible (e.ghe desal facility at
the Deuel Vocational Institution in Tracy, Calif., incorporates a brine concentrator).

Alternative Disposal Options

A recent Water Research Foundation-sponsoepdrt (Xu et al. 2009) identified several
areas of research to help address theeaming challenges ofoncentrate management,
including:

e Beneficial use of concentrate
e Regional concentrate management
e Watershed concentrate management

As detailed by Xu et al. (2009)he following sections desbe the identified research
areas.

Direct beneficial use ofconcentrate is an attractive option for sites where an
environmental friendly application can be foufidhe use of concentrate as a means to restore
wetlands is one such example. Wetland restoras site-specific i@ad suitable for conditions
where the concentrate quality is compatible vilie native flora and fauna of the saltwater
marsh or wetland.

Salt recovery may also have the potentialldeneficial use. Desal concentrate is often
viewed as an undesirable residual that requiisposal. If the chemical components in the
concentrate can be solidified and used as a futseurce, the overalecovery of the system
will be greatly enhanced and the concentrate stream minimized.

A positive attribute of salt solidification is the recovery of salts and potential for revenue
generation through resale. The safeproducts from té facilities might provide revenues that
could offset costs involved in installing andhning the full-scale facilities. The economics and
marketing of products, however, need furtimestigation (Jordal2006, Mickley 2008, 2009).

Regional concentrate management includsgional collection, #atment, centralized
disposal, or beneficial uses obncentrate from a number of desal plants. Regional management
may take advantage of site-sgecbeneficial conditions for dmosal and of the economies of
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scale of constructing larger concentrate diapdscilities. Anotheradvantage of regional
management is the use of concentrate froachish water desal plants as source water to
seawater desal plants, whichasrrently being employkin Eilat, Israel (Ravizky and Nadav

2007). The use of concentrate fréime brackish water plants camduee the salinity of the source

water, even when blended with ocean water for the feed source. This can decrease the seawater
desal plant’'s energy and treatment costs aridnpially increase recowg while avoiding the

brackish desal concenteatlisposal issues.

Watershed management may provide an aptm manage concentrate disposal at a
desired watershed scale. Watershed managememtbe used to ensure that concentrate
discharges are protective of beneficial usesegkiving waters for agriculture, environmental
uses, and drinking water. Watershed managemaunt be structured in a manner that would
support a system for pollutant trading. Receiwager quality requirements could be imposed at
the point of use rather than for the entire wditeds The effective protecin level could be based
upon preserving existing ambient water qualitypi@tect aquatic life s, agricultural, or
drinking water supply uses. It might also be gible to specify effluent limitations, waste load
allocations, and/or treatment requirements in a control regulation focused on a specific water
body (CWQCC 2006).

MEMBRANE PROCESSES

In practice, there are sevedifferent desal processes, which there are two distinct
categories: thermal processes and membranegseseThermal processes use heat and pressure
to separate pure water vapor from dissolved and suspended solids. Thermal processes consume a
large amount of energy, and are seldom usquublic water supply applications in the US, as
they are generally not cost-effective.

In the US, Australia, and Europe, almadt desal applications utilize RO or NF
membrane technology. Both RO and NF utilize phieciple of RO to accomplish desal. They
are essentially the same process with diffedagrees of salt rejection. In RO and NF, water
passes through the membrane while its constituemetsejected. Thus, dlg are both considered
“barrier technologies” for the purposereimoving pathogenic microorganisms.

RO is used to reject most of the contaamits in water, including TDS, organics, and
pathogens. NF membranes are designed to selectively provide a high degree of rejection for
compounds such as multivalent ions or organmntaminants, while rejecting monovalent ions
less efficiently. Because this chateristic property reduces oa#lirejection, NF membranes can
be operated at lower feed pressures, thius have lower energy requirements.

RO is the most versatile¢hnology, and has been demonstrated as the most economically
viable option for a wide range applications and feed water djtya NF is commonly used for
specialty applications in which the more robsest rejection propertiesf RO are unnecessary.

Although membrane technologies have beemonstrated as the most economically
viable option in the US. Thereeaseveral technical and enginagrchallenges related to the
implementation of these prasses. Key challenges include:

e Membrane fouling
e Corrosivity of the product water
e Incomplete rejection of trace organic pollutants
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e Relatively low recovery rate resulting in high volumes of desal concentrate
e High energy requirements
e High costs

Membrane fouling is considered a majbstacle for efficient membrane operation.
Fouling can result in reduced permeate flincreased energy consumption, reduced permeate
quality, shortened membrane life, and increa®&/ costs. The most direct and effective way
to protect against fouling is with effective pesitment to remove suspended/colloidal matter and
dissolved organic matter. Strategito prevent and control merahe fouling are discussed in
PIM cell discussion: Pretreatment/Enggning, Minimizing Membrane Fouling.

Because the RO process is very efficiantrejecting dissolved solids, the resulting
permeate has very low levels afkalinity and calcium, two pamseters that are critical to
maintaining chemical stability (i.e., preventinggiine corrosion) in thdistribution system. The
addition of acid in the pretreatmieprocess also contributes tlee dissolution of the existing
protective scale on the piping. Therefore, dffec post-treatment of nmebrane permeate is
required to reduce the corrosielearacter of the product water.

RO and NF membranes have observed indetaprejection of certain trace organic
pollutants with molecule size smaller than themheane molecular weight cutoff, such as DBPs,
during full- and pilot-scale high-pressure mi@ane applications. The removal of these
compounds is of great importance whetegh product water quality is desired.

Another limitation of RO is the relatively W recovery rate for savater (up to about
60%) and brackish water (typically between 5@8%686) desal, which results large volumes of
concentrate. Maximum recovery is limited by medgbalnpressure limitations of the materials in
the membrane element for seawater desal, membrane fouling and scaling potential for
brackish water desal.

As detailed below, the energy requiremerssogiated with membrane processes account
for a substantial portion of the total cost to proel desalinated water. Thus, small changes in the
cost of energy and/or power consumption haveptitential to significantly influence the cost of
desal. Reduction in energy demand and use &is5R now a key componeof membrane desal
processes.

As detailed elsewhere in this report, desal wetexpensive relative to the cost of most
existing supplies. This raises several issues regarding potential impacts on local water rates and
the associated impacts on households and cocmtheustomers in the served communities.

Alternative and emerging technologies arsmfealeveloped; aimingt improving certain
aspects of the performances of existing desal prog€ssg, higher recovers, reducing fouling,
decreasing energy consumption and capitalag®tating costs). A discussion on emerging desal
technologies is included in appendix A.

PILOT TESTING
The design of desal facilities tigpically more involved thathe design of standard water
treatment facilities du¢o the complexity of the systenisvolved. Membrane facility design

hinges heavily on the site-specific charactersstof the source water used. As such, these
installations are not “plug-and-play” designand require experienced and knowledgeable
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engineering to ensure proper design and costrirdtion. Pilot studies prode the opportunity to
evaluate the performance mfoposed treatment systems under site-specific conditions.

The base objective of pilot tésg is to confirm the ability of the desal system to meet
finished water quality goals, operate for sustdi periods of time andh the case of surface
water desal, withstand seasonahmpes in raw water quality. Data gathered from pilot studies
are fed back into the plannirand design process and adpenhts are made accordingly. The
result is a more complete dgsj more refined cost estimates, and a more accurate understanding
of the viability and potential challenges of theposed full-scale project. In some states, a pilot
study is required in order tbtain a construction permitrfan RO desal facility.

This section briefly summarizes the impoxtarof pilot testing for development of both
seawater and brackish groundwadesal systems including key Istjics and considerations for
pilot study implementation. Detailed dissions are provided in appendix C.

Key Factors to Consider for Project Managers

Prior to investing in a pilot study, desal égi project managers should consider key
aspects of the study that could have an impadherviability of the project results and costs,
including finished water quality goals, piloset-up, pilot test dation, and regulatory
requirements.

e Finished water quality goals.Establishing finished watejuality goals is one of the
first steps of developing a desal project. Water quality goals are based on regulated
primary drinking water standards as waB on specific conditions of the water
system. For a specific source, established water quality goals will be the basis for
selecting the configuration of a desal system.

e Pilot set-up. Depending on the source water quality and the size of the full-scale
plant, a utility may consider pilot testimgultiple treatment trains. Utilities may also
choose to test different RO membrane elemeénis important to note that the choice
of how many pilot trains to use in algt study, the RO elements sizes, and the
number of RO membranes tedtcan significantly impact the cost of the pilot study.
However, the more extensive a pilot study the better the risk mitigation it can
provide. Decisionmakers must balance the cossiderations associated with a pilot
study with the risk mitigation.

e Pilot test size. To provide representative anstcalable data, pilot equipment
configuration should represeproduction sized unit prosses. For example, the use
of a single element pilot unit would not prdei representative data for the full scale
process.

e Pilot test duration. For a seawater desal facilityilgi testing over the course of a
12-month period is typically performed tmapture seasonal effects on the source
water. For a brackish groundwater desal facility, water tyualatively constant, and
thus pilot testing can be conducted for thi@six months. Pilot testing may also be
performed multiple times through the course of a project.

e Regulatory requirements.Some State regulatory agencieay requirea pilot study
to demonstrate the feasibilitygf seawater and brackishater treatment. In such
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States, it is the responsilyliof the utility conducting the pilot stly to comply with
all regulatory requirements which may apply.

What a Pilot Study Provides

There are several factors a utility must coesiith planning a desailot study to ensure
its success in providing meaningful results for the full-scale facility design. A pilot study
provides information to support the pfang efforts in the following areas:

e Intake/well siting. The choice of what method odw water supply will be used
depends on several factors such as mwatelity, co-location with a power plant,
permit implications, environmental considgons, and costs. The pilot study is one
of the tools that willvalidate the decisionmaking.

e Pretreatment design. Pretreatment system designs can vary considerably and
directly affect plant production sustainability. Inadequate pretreatment will result in
poor performance of the pretreatment systitself and the RO membrane system,
therefore leading to an increase in O&M cogtgilot study can be used as a tool to
help utilities select the proper pretreatmsystem, pretreatment design criteria, and
refine the capital and opdi@nal costs of the fullsde plant. Pretreatment
requirements for groundwater are minirnampared to those for surface water.

e Desal design.Draft design criteria a typically “proof-testd” at pilot scale to
validate the design concept. There are numeressurces available to utilities to aid
in the desal design process.

e Post-treatment design. Finished water quality grlations are becoming more
stringent. Pilot studies are useful in determining potential water quality issues
(e.g., due to blending of finishedaters from different sources).

e Permitting. A pilot study provides the opportunity tiefine the fate and transport of
chemical constituents through the treatmewtcpss train. Pilot studies are useful in
determining compliance of the desalstgm with permitting requirements and
regulations.

e Public outreach. An effective way to provide formation regarding the proposed
desal project is to allow the public to tour the pilot system.

e Costs/funding. The ability to more accurately asséstal project costs is one of the
most important benefits salting from a pilot study.

Key Pilot Logistics and Operational Considerations

Development of a design concept shouldblased on historical water data collection,
source water sampling and the defined water quality goals for the desal facility. Based on the
design concept, logistics and ogonal considerations assoedtwith implementation of the
pilot study must be taken insccount. These include:

e What, when, and how testing should be penied to meet the pregt goals as well as

to comply with regulatory requirements
e What water quality parameters to test for
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e What operational parametamsmonitor and how often
e Operational procedures such as tlataip/shutdown and cleaning procedures

Pilot Study Costs

Pilot study costs can vary widely depergliupon the degree to which other upfront
planning activities have been completed. Heeve for surface water desal, based on the
assumption that intake selection and develogméithe design concept are complete, the cost
for a one-year study typically ranges from $60Q0, to $1.5 million. For groundwater desal, the
cost for three to six month stutiypically ranges from $100,000 to $250,000.

Expenditures associated with a pilot study ¢gfly represent less than 1% of the total
project costs.

Conclusions

A pilot study is a representatiaf the project vision and servas a key planing tool to
fill in details related to finace, design, permitting, and pubbtatreach. With a well thought out
scope, the specific information obtained throyglot testing can bdeveraged to answer
guestions in almost all areas of project planramgl can move a projetd the next level of
completion. Only data obtained from a pilot stusldirectly scalable tthe full size facility

Regardless of the point in the planning qass, a pilot study should be performed per
state requirements. The timing of implementatiine scope of the study, and the value obtained
from the pilot study can varfyom project to project.

Public involvement and outreach is an impott@ement of any pilot study, as it provides
an opportunity for the utility to educate the public and address any existing concerns.

ENERGY USE

Desal is an energy intensiveopess. Energy issues are critical to desal implementation in
several ways, including costsjiability, environmental impactsr{cluding climate change), and
stakeholder acceptance. Because the energy decfatelsal treatment processes is mainly a
function of the feed water saligjt energy is more of a concern for seawater desal than for
brackish water desal. Approaches for decreaiaggenergy demand of RO processes and the use
of renewable energy are critical for aaigable development of desal technologies.

The RO process typically uses 80% of thmltpower demand of a seawater desal plant
(MWDOC 2007). Energy requirements of membragmecesses are dependent on a number of
plant and site-specific factors including feed wafeality (salinity and temperature), membrane
permeability and resistance, recovery, and otiperating parameters (Veerapaneni et al. 2007).
Significant energy savings can be achievewufh optimizing operational parameters, using
high efficient pumps and ERDs, and improverseimt system design. Increasing membrane
efficiency by reducing membrane fouling can atemtrol the increase in energy demand during
long-term operation.

The development of highly efficient ERDs hgreatly improved the energy efficiency of
SWRO systems. In general, ERDs can recoveto @B% of the input energy in the concentrate
stream of a SWRO plant (Stavend Cameron 2007). A numberBiRDs have been developed.
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These ERD systems can be divided into tgeneral categories: ceifugal and pressure
exchange devices. The pros and cons of difftetgpes of ERDs are discussed in the PIM
document related to Energy IssdesCoastal Membrane Processes.

Options for reducing the energy requirementsy also include the development of new
generation membrane materials for RO systemd,adternative desal processes such as FO and
MD. Appendix A describes themerging desal technologies.

Concentrate disposal at inland facilities is facincreasingly difficult challenges due to
limited concentrate disposal options, and more stringent discharge regulations and permitting
processes. Energy demands will potentially increase due to further need for treatment of
concentrate and reduction of concentrate mau The typical energy demand of surface
discharge, sewer discharge, evaporation pond, and land application is lower than deep well
injection. As discussed earlier ghi recovery processy, including ZLD, is energy intensive due
to the use of secondary membrane processelor evaporating angdossibly crystallizing
processes.

Given the high energy demand and use afkilofuels for power generation, the high
carbon footprint of desal as compared towamntional water treatment may render desal
unfavorable due to concernslated to GHG emissions and chie change. However, it is
important to emphasize that conventional treatmegthods are unable to create a usable water
supply without a fresh water source. In addition, it is necedsargnsider the energy demand
associated with the transportation of water frioesh water sources. Asich, in some regions,
energy consumption for seawater desal magdmeparable to that for water importation.

Regardless, incorporation of renewablergy sources, such as wind and solar energy,
may allow desal plants to operate in a carlmeutral mode and be more environmentally
friendly. Currently wind energy thds the most potential as anewable energy source for desal
and has been used for large plants in AustriMiare recently, the Beotth desal plant in London
claimed the use of biodiesel to meet demadrgy demand and ease environmental concerns
related to the high energy camsption of the desal plant.

Grid reliability and risks are an importargctor to be included in project planning and
design. For desal plants powered by conventigemeration and transmission systems, one
concern is the reliability of the grid to provigewer on a continuous basiCo-location with a
power plant may introduce additional susceptibility to power failure or spikes due to lack of
buffer from transmission grid systems. Poweria@s or voltage fluctdiens can pose challenges
to membrane and other desal processes, inmgattie ability generate product water in needed
guantities or qualities. This risk may be espiciacute as peak water demands often coincide
with periods of peak energy demand. Differeptions of power supply should be evaluated
including onsite generation, connection to electrgradls, back-up service, and other potential
energy sources. Water agencies need to mathagepower costs and integrate desal into the
community’s power systems byrising to use less power dag peak electricity demand
periods.

CO-LOCATION
Co-location refers to a desal facility simgr some infrastructure and/or siting with

another entity The most common form of co-locati considered or deployed for desal
facilities—especially in coastal locations—has been with coastal power plants. Below, a
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discussion is provided of the mapotential advantages, and digantages, of co-location with
power plants. First, however, a brief discussgoprovided of other forms of co-location.

Co-location With Wastewater Discharge Facilities

Beyond power plants, there are other typegdedal facility co-location that may be
feasible and beneficial. For example, for ndautilities, the use of a regional brine line for
concentrate disposal can be aicait aspect of what makes thesd#ing operation viable from an
economic and regulatory perspective. Brine linesaiten shared acrossri@is entities, rather
than owed and operated exclidivby the desalting utility.

For example, the Chino Basin desalters operated by the Inland Empire Utilities Agency
(IEUA) and its partners (desbed in a case study in chapt®, and appendix H) discharge
concentrate to the Santa Ana Regional Intercg@8RI), which is available for use to several
entities in the region to carry saline and other wastewaters to the coast for final handling
(blending/dilution with freshwatr effluent from coastal womicipal wastewater treatment
facilities, and discharge through an ocean outfall).

SARI is a brine-carrying peline owned and managed by the Santa Ana Watershed
Project Authority (SAWPA), designed to cogvap to 30 mgd of treated but nonreclaimable
wastewater from the upper Santa Ana basinh® Pacific Ocean. Use of the brine line is
allocated across the four SARI member apen (IEUA, and the San Bernardino Valley,
Eastern, and Western Municipal Walistricts), and the line carries wastewater effluent as well
as desalting concentrates. IEUA has ancalion of 7.8 mgd of SARI pipeline capacity,
including discharge from its wastewater and water reuse operations as well as brines from the
Chino Basin Desalter Authority (CDA) desalters.

The availability of the SARI brine line gvides significant advantage for the Chino
Basin inland desalting operations. First, absent the brine line, it is not clear if or how the
concentrates from the desalters could benagad in a manner that satisfied regulatory
authorities. Thus, inland desalting may not h&een institutionally feasible absent the co-
location with SARI.

Second, the brine line offem relatively low cost concénrate management option to
IEUA and its Chino Basin partners. In return @ise of the brine line, IEUA has paid an up-front
share of its capital costs. The combined @dsSARI capacity acquisition for the desalters was
$14.25 million for the Chino 1 and 2 desaltedavgroduction of 15,400 AF/yr (Parker 2007).
Thus, the capital expense afcessing the SARI line is about $925 per AF per year, over the
lifetime of the line. Annualizing # capital outlay (assuming a 5%mioal rate of interest and a
30-year repayment period), the SARI-relateddgoncentrate management capital costs amount
to the equivalent of about $928,000 per yearalmout $60 per AF of desalted potable water
produced.

An additional $974,000 per year is necessanyS5ARI-related admisitrative, volumetric
and other operating fees (CO206). Allocated over the total skd production of 24,600 AFY,
this amounts to about $40 per AF. Thus, the doetbcost of SARI line capacity capital charges
and related annual operating expenses amourdabdat $100 per AF ($60 + $40). This is a
relatively low cost brine management expefmean inland desalting program, compared to
what the expense would be abisa brine line disposal option.
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In coastal settings, similar co-location oppaities with coastalvastewater treatment
and discharge facilities can be higlhileneficial for desalters. The availability of existing coastal
outfalls removes the expense—and permitting delays and uncertainties—associated with
developing a standalone outfall fmoncentrate discharge. In atiloin, blending desal brines with
municipal WWTP effluent creatansiderable in-line dilution before ocean discharge, thereby
reducing the potential adverse impact on mamoesystems from the discharge of either
freshwater effluent dbrine concentrates.

Co-location With Power Generation Facilities

There are several important potential advaggagith power plant co-location for a desal
facility. However, there are also considerabkadivantages that are bagog more apparent as
more desalters gain experience with the proddssy of the advantages and disadvantages are
covered elsewhere in this reposuch as in the feedwater ikéadiscussion provided earlier in
this chapter, and in case studies providechiapter 9. Below, a brief overview is offered.

In typical power plant co-located approache desal plant takesportion of the power
plant's OTC water, which creates several tecal and regulatory advantages, including:

e There is no need for a new water intaksetegn or any appreciable increase in the
volume of coastal waters taken in. This eliminates the need for permitting of new
intakes, and avoids any associated céastasystem disruption from placing such
new intake systems into the coastal environment.

e This approach also implies that there is no added I&E of aquatic species, beyond
what is already occurring due to the gpasting power plant operations. This means
that the desal facility’s use of coastahters is unlikely to cause any ecosystem
impacts beyond the baseline of what iseatly associated with the power plant
(except in occasional instances when the desalting operation needs to take in
feedwater while the power plant is noperating, such as during maintenance
periods).

e The higher temperature attained by the OTC water makes the desal membrane
process more efficient, saving eneayyd perhaps other costly inputs.

In addition, in coastal settings with desap-located with power plants, the brine
concentrates would typically be discharged with cooling water returflows from the power
plant. This provides considerable benefit as well:

e Use of the existing power plant ocean outfall eliminates the need to develop a costly
and difficult-to-permit standahe coastal discharge outfallhis saves considerable
expense and eliminates the uncertainty poi@ntially lengthy delays associated with
the permitting process in the coastal zone.

e Dilution of the brine wastes in the dischartine (i.e., before the point of discharge
into coastal waters), and may even serve to slightly cool the thermal power plant
discharge. Presumably, thescharge to a dynamimarine setting (i.e., subject to
currents, waves, and tidal influencespuld be promptly and highly dispersed and
diluted in the ocean setting.
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While co-location of desal with coastal powsants offers several advantages, there are
also some problems that may arise because tqasteer plants are often the target of strong
opposition by many parties. Concerns with cdagtaver plants tend to focus on ecosystem
impacts (e.g., I&E from the use of OTC preses), potential thermal impacts, aesthetic
concerns, barriers to beach access, and other igaumsme locations (espially in California),
there is strong sentiment in some circles toaistal power plants should be phased out.

Co-locating desal facilities with power ptanthus creates guilt by association. Power
plant opponents worry that co-locating desal plavite power plants along the coast will make
it harder to phase the power pismout of existence. In facthe California Lands Commission,
which has jurisdiction over the state’s inter-tidgnds, made a policy statement in February
2006 that it would prohibit the mewal of any permits for OTC wexr systems at power plants
after 2020.

In addition to the stigma associated wittmsocoastal power plants in some areas, there
are other limitations and drawbacks to desalomaions with power pints. For example, co-
location does not eliminate allgelatory concerns and permit issuassociated with feedwater
intake or concentrate discharge. Even thoughocation will typically povide considerable in-
pipe dilution of brines, regulats still express concern over ttischarge because it may contain
anti-scaling or other cleaniraggents and other compounds usethe desal process.

State primacy or federal regulators will generally impose federal CWA NPDES permits
on desal facility discharges (even when thastewater is released through a power plant
discharge line, with its own permit). Key issuel tend to be levels of local mixing, dispersion,
and dilution, and the potential presence of apgcial status species. Presumably, reasonable
pilot testing and periodic monitoring shoulderdify if any impacts ofconcern may arise.
However, a potential hurdle for desal facilitiemy arise where concentration-based limits (or
bio-monitoring) are set and measured at lehging compliance locations that do not reflect
coastal conditions (e.g., ink& the discharge pipe).

Finally, growing experience gained by water utilities and desal project developers have
revealed several issues that can arise whenibgiihd/or operating a dddacility that is co-
located with a power plant. In geral, the issues that arise stéwm the fact that the power
plant will tend to operate as it sees fit, and this can create significant challenges to the co-located
desal facility.

For example, the Carlsbad facility that ineg completion in sobiern California is co-
located with the Encina powetant that recently decided to abandon its OTC system and, thus,
will no longer provide feedwatdo the desal operation. In atidn, the change in cooling and
other power plant processes means that the poarapany is now planning to use more of the
limited on-site space for its modified facilitielgaving less space (and perhaps altering the
location) for the desal plant facilities.

Likewise, at the co-located TBW desaltiragility, the power plant managers have not
always communicated effectively or performacdcording to plan in terms of shutdowns and
other operational changes that can directlyaotpghe desalting operation. Among the challenges
that have confronted TBW at the co-locatdekal facility are spacand site access issues,
inadequate notice of production cutbacks tlat-off feedwater, and elevated feedwater
temperatures that can damage membranes émsequence, TBW has had to develop its own
independent feedwater intake system, which @sushen the power plant is not operating or
when OTC feedwater water is tootHior the membrane processes.
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COSTS AND ECONOMICS

In the US, desal has traditionally been coshpiitive and in most locations, desal is still
very expensive relative to the cost of iteshal supplies. However, recent technological
advances have allowed desal to become raffieient and less energy demanding, resulting in
lower costs. At the same time, the cost @iditional supply alterrives has become more
expensive. As these trends continue, desgl become more favorable in some areas.

The costs associated with brackish wated aeawater desal are a function of numerous
variables and are highly site-specific. Indivilpaoject costs can varsgignificantly depending
on a number factors, including source water quality, plant size, the cost and availability of
power, project financing terms, pdtting requirements, and others.

Given the site-specific nature of desal projeesign, the costs of different projects can
be difficult to compare. In addition, reviewsmiblished data on costs can be confusing because
costs are rarely reported consistently and soos¢ parameters are afit@ot reported at alFor
example, some authors report the cost of dedalinaater delivered to customers, while others
present the cost of producedhter prior to distribution Gooley, Gleick, and Wolf2006)In
many cases, distribution lines can be a significant percentage of total costs. For example, the
desal plant in Sydney, Australia, has a totataf $1.9 billion. This includes $0.7 billion for the
distribution line between the astal plant and a suitable connectionnpdio the Sydney
distribution system.

To further complicate matterdya underlying assumptions asigted with different cost
estimates often remaimstated (Miller 2003)Few authors clearly stateey variables including
the year and type of estimate (actual operatiggreence, bid, or engineer’s estimate), the size
of the plant, interestate, amortization period, energy cosijrsty of the source water, and the
presence or absence of subsid@eme international plant cost estimates may have currency
exchange rate hedging elements that influence costs a®\Well these factors can significantly
affect overall project costs.

Despite these limitations, there is a wealtiinédrmation available on the nature of desal
costs and on the ways in which these costs are determined. This section provides an overview of
published cost estimates and summarizes the fletors influencingdesal project costs.
Additional information on the costs of desal¢lirding specific project costs and cost factors
associated with each component of theadlprocess, are included in appendix G.

SWRO Desal

The costs associated with SWRO have gdlydbaen reported with a range of $1.90 to
$3.50 per kgal ($0.50 to $0.70%of water produced (Miller 200%ore 2005). Miller (2003)
reports that it has generally become acceptedSW&RO can be carried out in the US for less
than $2.00/kgal ($0.50/tn Cooley, Gleick, and Wolff2006), however, report that in California,
the cost of desalinated water protian ranges from $3.00 to $3.50/kgabyghly $0.79 to
$0.92/m) for large, efficient plants, and can be as high as $8.35/kgal ($2)2fbmsmaller
capacity plants. This wide range of estimates exemplifies the site-specific nature of desal
projects, and likely, a variation neporting assumptions and methods.

Based on an evaluation of reported costs dristing plants, the National Research
Council (NRC) Committee on Advancing Desalion Technology provides a breakdown of
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annual costs for SWRO desal plants (NRC8&06igure 8.2shows the typical breakdown of
annual costs for a 50 mgd SWRO plant that wsesentional pretreatment. For this scenario,
energy costs are assumed cons&i$0.07/kWh. Membrane life isasmed to be five years, the
nominal interest rate is 5%nd the depreciation period is §Bars. Annualized capital costs
include both principahnd interest payments.

The distribution of costs shown kigure 8.2 does not include concentrate management
costs, which can range dély, based on the alterhads available, the volume and salinity of the
concentrate, and other site-sgiecifactors. For most seawat&O applications, concentrate
management does not account for a significantigporof total costs. However, concentrate
management costs can significantly increase thédosss of desal at land facilities (e.g., from
50 to 200% above the desal processc@S$RC 2008 as cited in Mickley 2007).

BWRO Desal

Due to lower levels of salinity compared to seawater, brackish water requires
substantially less energy to desalinate. The unit costs of brackish water desal are therefore
generally much lower than the costs associatigl SWRO. In addition, compared to seawater
sources, brackish water aquifeage often located relatively cleso consumers; dramatically
reducing treated water distriboti costs. Many brackish groundwatsources also have a low
level of suspended solids amdquire far less pretreatmentath seawater sources (Pankratz
Undated).

CDWR (2003) reports that the costs of brackish water desal range between $0.40 and
$3.80/kgal ($0.10 and $1.007m Others report a tighter mge, with costs between $0.76 and
$1.33/kgal ($0.20 and $0.35/)(Miller 2003, Dore 2005, AMTA 2007).

6%

O Total maintenance

[ Total labor

E Energy (0.07/kWh)

Bl Membranes (5 year life)
36% M Filters

l Chemicals

O Annualized capital costs

37%

19 4%

Source:NRC 2008.

Figure 8.2 Annual cost breakdown in a 50 milbn gpd SWRO plant with conventional
pretreatment
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Source:Adapted from Miller 2003.

Figure 8.3 Annual cost breakdown of a tpical BWRO plant with conventional
pretreatment

Figure 8.3shows the contribution of various facs to the overall costf BWRO desal as
reported by Miller (2003)The capital investment required lhaild the plant typically accounts
for more than half of total &ts. The remaining portion islgpamong various operating costs.
Compared to SWRO, the energy consumpti@soaiated with BWRO is relatively low,
accounting for only about 11% of total costseTdonsumables category, which includes various
chemicals that are used to pre- and post-tieatvater, accounts for 10% overall. Maintaining
the plant, including replacing é¢hmembranes approximately every three years, makes up about
16% of total costs.

One conclusion that can be drawn frdfigure 8.3is that apart from fixed costs,
improvements in any one aspect of plageration will only result in an incremental
improvement in the overall sbof BWRO (Miller 2003).

Key Variables Influencing Overall Desal Project Costs
A number of key variables can sige#intly influence desal costs, including:

e Source water quality. The annual costs of membranesaleplants are very sensitive
to the salinity and temperature of the source water. In general, desal costs increase as
the salinity (TDS concentration) of the source water increases, and as the temperature
of the source water decreases. Site-speuwifiter quality factors such as turbidity,
temperature, boat traffic, oil contamiiwat, nearby outfalls, tides, and the influence
of runoff, can also increase desal costs ttuadditional pretreatment and/or post-
treatment requirements.

e Plant size.Desal facilities demonstrate sigifint economies of scale. NRC (2008)
reports that theast per unit of water pduced in small plantsan be 50% to 100%
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higher than in largelants Savings associated with plant size are large as one moves
from small (< 5.0 mgd) to medium-sizetDE20 mgd) plants, baire not as important
as one moves from medium to large (> 25 mgd) plants (Voutchkov 2007a).

e Pretreatment. The magnitude of pretreatmentst® depends mostly on source water
quality (turbidity/TSS and membranéouling compounds) and the type of
pretreatment technology used. The CDWR ntit@s in many instances, pretreatment
is the biggest performance and operating wasiable for desal and that the capital
and operating costs of pretreatment can adcmummore than 50% of the overall cost
of the RO system (CDWR 2003).

e Cost and availability of power. Power requirements (and associated costs) are
directly related to source watsalinity and the associated osmotic pressehas to
be overcome to produce freshwater. Brackish water desal faditigesfore typically
have much lower energy requirements camg to seawateatilities. For SWRO,
efforts to reduce energy costs (as well as reductions in the total capital costs of the
system) offer the greatest potential for significant reduction in the total costs of desal
(NRC 2008).

e Membrane life. One of the major operating issuésx SWRO facilities is the
shortened membrane life that can result from membrane fouling and the need for
accelerated cleaning cycles. A decrease imbrane life from five to three years can
increase annual costs by over 3%. Catahiigy irreversible membrane fouling
leading to a membrane life of less thame year can increasmnual costs by over
25% (NRC 2008). In addition, fouling requirggreases in operating pressures if the
membrane is to remain effectivendaincreases of 25% are not uncommon (NRC
2008). An increase in operating pressuréhes magnitude can anease annual costs
by over 8% per kgal (NRC 2008).

e Cost of money.With any capital investment, interesbsts are invariably one of the
larger components of total project cost. Thhe ability to secure relatively favorable
rates of interest has a strong bearing oh bioe financial and the economic feasibility
of any project.

e Project delivery and financing method.The project delivery method (i.e., level of
private involvement) can have a signifitaffect on desal costs. Voutchkov (2007a)
reports that although desal projs have been delivered under a number of different
methods and financial arrangements, musdt reduction breakthroughs have been
achieved under a “design-build-own-opertransfer” (DBOOT) or “build-own-
operate-transfer” (BOOT) method of projeftdlivery. A more detailed discussion of
different types of project delkery methods is included below.

e Permitting and related implementation costs. Because SWRO projects are
relatively new to many permitting agencies, the time and effort required for
permitting are typically more extensive than those for conventional water and
WWTPs. In the US, the permitting of lar@@VRO desal projects typically requires
long and costly environmental and engineg studies and can be influenced by
environmental opposition. Permitting is often considered one of the primary (and
most expensive) risks associated wdbsal project implementation (Voutchkov
2007a).
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e Target product water quality. Product water quality has a measureable effect on
plant configuration, design and costs. Togbly, the higher theequired product water
quality (e.g., potable vs. non-potable) thghar the desalinated water costs due to
additional pretreatment and post treatmequirements (Voutchkov 2007a). Costs
associated with meeting different water kifyastandards vary based on the costs of
various consumables (e.g., chemicals, pdwsed for product water quality polishing
as well as the technology or combinatimintechnologies used to meet the product
water quality target.

e Concentrate disposal.As noted elsewhere in threport, concentrate management
can account for a very large ion of desal at inland fadies. In general, surface
water discharge and disposal to sewethen feasible) are typically the least
expensive disposal options. Depending ongitecific conditions and the size of the
plant, deep well injetion, evaporation ponds and spiiaygation can also be viable
options. Due to high capital costs and energy use, high recovery processing, including
ZLD, has historically been prohibitivelyxpensive for municipal desal plants in the
US (Mickley 2005).

PERMITTING AND WORKIN G WITH REGULATORS

This section provides a brief overview ofjugatory and permitting issues, and offers a
general common sense strategy for working éffely with regulators and permitting agencies
to increase the odds of a sassful permitting process and redube likelihood of delays and
roadblocks. The discussion provided here alsonediat helping utilities work more effectively
with stakeholders and public officials who often use the regulatory and permitting process as the
mechanism for expressing their concemd gaising impediments to implementation.

Other portions of this report, and the aopanying PIM, provide considerably more
detail on the issues touched on here. In pagicuhapters 5 and 10 (as well as chapters 4, 11,
and others) and appendices B thioégcontain information that practitioners may find useful as
they identify and address their regulatory gedmitting challenges. Accordingly, this section is
relatively brief and provides a broad perspext(gince more detailed discussion is provided
elsewhere in this report).

This information is based on discussions vg#veral key state galators, and leading
utility and private vendor préitioners who have been wanrg their way through the desal
permitting process. These guidelines also appljow a utility shouldcommunicate with its
customers, local public officialand other key stakeholders, as thogincerns typidey spill over
into the permitting process, and vice-versa.

Demonstrate Your Clear Need for an Additional Water Supply

Provide a clear demand forecast aligned veistiablished local and regional plans and
expectations for population growth, changegunisdictional boundaries, and so forth. A desal
project that is clearly linked to meeting existmgpds or documented anpated future needs, as
consistent with municipal or other officigbhlanning documents (and within the current
jurisdictional and swice area boundaries), is more likely be seen as truly necessary by
regulators and stakeholders. Imtrast, a proposed project thaipaars to be meeting ill-defined
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future needs (e.g., undocumented population growtbeorice area expansion) may be seen as
speculative and potentially unnecessary.

Cite how climate change and climate variability may impact your future water supply and
demand situation, as relevant. Also raise othsuas that will (or are likely to) constrain your
current water supply sources (or your otheturfe supply options), such as increasingly
restrictive limits on the amount efater that can be imported ingour service area due to court
rulings, environmental constraints, or othheasons (including dwindling import supplies and
storage).

Demonstrate That Desal is YoumMost Suitable Water Supply Option

Once the need for a supplemental future water supply is well demonstrated, expect to
justify why other water supply tipns are less well suited thalesal to meet those needs.
Explain why other options will naddress the problem adequatelyparticular, be prepared to
convince regulators and stttolders that more aggressive demand side optiespecially
conservation and unaccounted for water kmsat (e.g., leak detection and contreland
alternative supply side options (including wateuse) are already being (or are planned to be)
tapped to their reasonable maximum. Show tlesal is being pursuectause all other viable
alternatives cannot meet the documdnteeds of the community or region.

Also, emphasize why you think desal is a damhoice. Stress the thefits that desal
provides (and which the other alternativesgimi not), such as drought-insensitive yield
reliability, local control, and so forth.

Where relevant, show how your proposed dpsaject is integrateds a key component
of a broad, regional water resource managensérategy. In many instances, desal not only
provides a potable water supplyut also addresses other wwal water resource challenges
(e.g., local groundwater contamiita, seawater intrusion). In these instances, desal may
provide a broad array of valualbdmvironmental and social berisf as well as a water source,
and these are likely to be appreciated by regulators and stakeholders. Case studies of such
broader, regional values areopided in the case studiesahapter 9 and appendix H.

Demonstrate That Your Desal Project is ag&nvironmentally Sound and Carbon Friendly
as Feasible for Your Circumstances

Considerable reluctance (autright opposition) to dekgorojects often stem from
environmental and energy concerns. Therefexglore environmentally suitable feedwater
intake and concentrate managemamproaches from the outsetther than waiting until public
and regulatory pressure forcgsur agency to exploreome of the more benign alternatives. Be
proactive rather than reactive.

For example, a coastal facility should begared to either adogt feedwater intake
approach that will minimize 1&E (e.g., beach wedisother alternatives to open water intakes),
or demonstrate that these altdivies are not technically viable their specific coastal setting. If
surface water intakes are the onable feedwater option, thehe utility should propose to
deploy an open intake design amgkrating protocol (e.g., intak®lumes, velocity, and timing)
that will minimize 1&E. Pilot teting is likely to be an integral part of this process (see
appendix C).
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In addition, consider how your agency caovie offsetting environmental restoration
projects to enhance to ecologiecreation, and/or other valuéisat the desal operation may
impact at your facility location. For examplegmmitting to help restore or enhance a coastal
marsh in the area will help compensate foy aotential impacts the feedwater intake and/or
concentrate discharge may hawrelocal marine ecosystems.

On the energy use and GHG emissions sideptathe same proactive strategy. Plan to
deploy energy efficient and energy recoverythnds to the highest dese practical for your
situation. Consider and tap alternative enengypdy options (e.g., solar or wind) to power your
facility or to offset your usef traditional grid-supplied poweBe prepared to offer convincing
evidence to regulators and stakeholders tloatr yroject will end up as energy efficient and
carbon neutral as reasonably feasible.

Demonstrate Your Willingness and Abilityto Address Regulator and Stakeholder
Concerns

Respond directly to questignglata requests, and sortfo from regulators and
stakeholders. The more evasive and slower ydility is to respond to questions and data
requests, the longer the delaysi are creating for yourself.

Prompt and responsive actions create a positive impression on regulators and
stakeholders, and tend to promote a more trgsfrank, and accepting attitude in the dialogue.
Pilot testing and other well documented dieg¢vidence (from your utility, or from well
documented experience gained biyess) will likely be a criticatomponent of the process.

Demonstrate That Your Desal System Design Will Reliably Perform as Advertised

Depending on your state andauimstances, regulators asthkeholders may have a
variety of concerns (some wetidnded, and others perhaps notlareling all or some aspects of
the desalting process. Be prepared to dematesthat your proposed approach relies on proven
technologies for all critical aspects of theoqess, from feedwater intake to concentrate
management, and including the membrane or other processes deplogeztreatment and the
desalting itself. Providing evidence from wellsigned and documented pilot tests, and/or from
experiences gained at othailities, will likely be critical components.

Demonstrate That You Will Monitor Your Performance and Address Any Issues
That Arise

Acknowledge and commit to conducting suigaldngoing monitoring of how all key
aspects of your desalting process are guering, once your receive approvals and start
operating. Let regulators and the public know thatou receive permits and proceed to build
and operate a desal facility, that you will maatl perhaps exceed requirements for monitoring
and mitigating any observed adverse consequences.

For example, offer that once your coastallfgcis permitted and operational, you will
conduct reasonably extensive marego®system studies over aitiald period (perhaps above and
beyond what the permit conditions might requseyl make the results public. Commit to take
suitable mitigating or offsetting measuresadverse impacts beyond what was anticipated are
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found. This approach provides comfort to somgulators and stakeholdevgho may feel that
once they give your agency the green light, that they will have very limited leverage or
opportunity to address issues that they are@wretl may arise once the plant is operational.

UTILITY PLANNING AND MANAGEMENT

The evaluation, design, and implementation of a desal project involves a number of
opportunities and challenges that must be adde within the context of existing utility,
community, and institutional systems. While ttevelopment of a desal project requires a long
and involved process, proper planning can facilitatee rapid, less cogtland less frustrating
implementation.

This following provides an overview of ash planning and implementation framework
(framework), developed as part this project to facilitate desal project development. As shown
in Figure 8.4 on the following page, the framework dides the desal planning and
implementation process into six stages, as follows:

Getting Started: Visioning and Goal Setting
Implementation Planning

Pre-Design

Design

Facility Construction

Implementation

As depicted inFigure 8.4 for each stage ahe planning and implementation process
identified above, the framework identifies key quaissi to be answered, act®to be taken, and
decisions to be made (before muyiforward to the next stage). It is important to recognize that
the stages build on each other, with eachestaging the foundation for the next. Costs are
additive, and increase with each stage. It is theeefaluable to revisit the question, “Is desal a
viable option?,” at ta end of each stage.

Further, given their complex nature, amlie range of possible options, it is not
uncommon for desal projects (espéigiaeawater desahtilities) to be altered during the course
of design, planning, public involvement andrmpéting. When such modifications are made,
different stages of the pra&emay need to be revisited.

In addition to the distinct phases of desal planning implementation, there are a number of
processes that need to be conducted througheyirtiject period (i.e., dung each stage of the
planning and implementation prosgsThese processes include:

e Vision and planning. The vision and plan for im@mentation should be revisited
during each stage of the pess. As more information is gathered or conditions
change, the vision, and the steps necedsaaghieve the vision, may need revision.

e Leadership. Effective leadership is essential to moving implantation forward and
keeping it on track. For effective implemtation, champions and leaders are needed
both from managers and lstitors (top down), as wells from those that will
actually implement the process (i.e., emgrs, operators). Having champions and
project supporters from diffent stakeholder groups cafso pay large dividends.
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Do | need additional watar?
What options do | have for
additional water?

Is this a local or regional issue?

I

H n I sucr.esll\r
implement desal?

What are the opportunities and
challenges?

Who else should ba involved?

| ere is the best location for
the facility?
What processes are
appropriate for this site?

How will they periorm?

What will be the challengas
and how do | salve them

.

What criteria and processes
need to be in place to get the
plant funded, approved and
ready for construction?

What additional staff training
or operational support are
needed?

What processes need to be
in place and managed during
construction?

What questions should be
asked during start-up?

How dao | effectively transition
to desal?
How do | optimize people and

processes to achieve oplimum
efficiency?

Aml maﬁ%allm goals and
permit conditions?

Did | make the right decision?

Develop water resource strategy:
= Analysis of alternatives
* Goals for water supply options

Is
desal & viable
aption?

. Develop strategies for:

Technical Can |
Financiel . 5 r.ca:siulhr
Stakeholder/communication ? molamant
Leadership and project managemeant : peal?
Regulatary and other approvals '

‘Partners

Pilot Tast Evaluate _

* Technical = Procurement options |
feasibility and = Siting Issues |
Process * Parmit and
selection requiatory issues
Cost = Sources of funding
Operability naeded
Acceptability Partners

Develop processes and criteria for:
Facility design

Delivery method

Permits and construction approvals

Securing funding

Transition planning

Bidding process

Project management

Mecessary training/staffing

Are all
Processes and
approvalsin
b, placa? &

Manage:
* Bidding and award

+ Construction management
= Start-up
« Close out

Implemant and avaluate;
* Change management
« Customer communication
* Training/staffing

* 0&M procedures

* Dperational monitoring

= Water quality

Figure 8.4 Overview of desal planningand implementation framework
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e Clearly defined roles and decision processedmplementing a major new process
will require a wide range of staff, and many cases, outside consultants. Defining
roles is essential in ensuring that eactktes effectively completed and to avoid
duplication of effort. Undestanding who makes the asion and/or process for
decisionmaking should be defined.

e Stakeholder involvement,communication, and support Also important to the
planning process is engag key stakeholders (e.g., @ds, elected officials,
regulators, environmental groups, and ottinerd parties) and # broader public in
the early stages of project development. Actively involved stakeholders are more
likely to support and champion a projectfe€tive public involvenent rests not only
on early involvement but also in creating an open and transparent process that allows
meaningful public input on issues @hvironmental, economic and community.
Throughout the planning process, wateovlers should lookor opportunities to
involve stakeholders, and should be awénat stakeholdergespecially elected
officials) may change duriniipe course of a project.

e Managing organizational change Implementing a major new process can have a
substantial impact on a water provider’'s worke. Introduction of new technologies
creates a level of uncertainty among empks/with questions iaing regarding how
it will impact their job. This uncertainty can erode support for the project. Being
aware and addressing changessential for an efficieérand functioning workforce.

e Knowledge managementDesal implementation requires the involvement of many
people, numerous reports and documents,aawitie range of decisions. The project
planning process typically kas several years prior to implementation. Personnel may
change and/or key documents may be tostorgotten. Knowledge management is
needed to ensure that information is irezd, updated, and available when decisions
need to be made.

e Risk management. The planning and implementation framework essentially
provides the water supplier with a process for risk redactRisks are greatly
reduced through identifying and addressikey challenges. More information
generally reduces risk, whillack of information increses risk. Key project risks
include those associated with permitting, entitlement (ownership of land and
infrastructure on site of proposed facilit@iailability and cost of power, changes in
source water quality, changes in applicable regulations, uncertainties associated with
unproven and new technologiasd risks associated withe demand for desalinated
water. Project risks should be evaluated at each stage of the implementation process.

Chapter 11 of this report provides atutial detail on the desal planning and
implementation framework, including a descriptiof each phase of the process outlined above.

PROJECT DELIVERY METHOD

The process of planning, dgsing, financing, constructingnd operating a desal facility
can be accomplished through a number of diffeegmroaches (i.e., project delivery methods)
involving the water supplier (typically a publigater provider) and multiple private service
providers (NRC 2008). Project detiy methods vary based on the level of private involvement
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and the contractual relationship established betwthe public entity and the private service
provider(s).

When planning and implementing new projepishlic water providers have traditionally
preferred a more utilitghiven method of project delivery,fegred to as DBEXu et al. 2009).
This method allows for a high degree of invehent and control by thpublic water provider,
because the public water providerersees design and constraotof the desal facility through
separate contractual relationships. Under a Di3Rlel, the public water provider is responsible
for obtaining all permits, arranging funding, and will own and operate the plant when
construction is complete. The primary disadvantage of this approach is that the public water
provider bears responsibility for mibof the cost, performance, and risk associated with the
project (NRC 2008).

For many public water providers, the finan@apacity and ability to perform desal under
a DBB model is becoming quite limited. Watproviders have therefore shifted towards
alternative methods of pject delivery that provide a highkvel of private entity involvement
and control. Alternative delivery methods cafeofadvantages over thiaditional DBB model,
including reduced total project costs and sotime to project completion (NRC 2008). These
different methods can also reduce the amaintisk taken on by pule water suppliers
(Voutchkov 2007a, NRC 2008).

Three of the most common alternativejpct delivery methods include (NRC 2008):

e Design-build (DB)
e Design-build-operate (DBO)
e DBOOT

The following sections descrilike alternative methods of € project delivery outlined
above.Table 8.2provides a summary of the advages and disadvantages associated with each
approach.

Design Build

A DB delivery approach is characterized bgiagle contractual refenship between the
public water provider and a sole contractevho designs the project and oversees its
construction. This arrangement reduces the potential for conflicts or disputes, thus reducing the
potential for delays, while offering single-ppiaccountability. A DB approach provides the
public water provider with a guaranteed cosheslule, and performance for the project while
transferring the resultamisk to the DB contractor. Witthe DB approach, the public agency
may benefit from newer, innovative technologgcause the contractor is more focused on
facility performance rather than on equipmentonstruction specifications. However, a public
water provider must concede sonmmtrol over design details (NRC 2008).
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Table 8.2
Advantages and disadvantages of common project delivery methods

Advantages Disadvantages Works best when . . .
DBB Well understood by all parties e Segments design, construction, ande  Operation of facility is minimal or
Potential for high degree of control operation and reduces collaboration  well understood by owner
and involvement by owner e Linear process increases schedule e Requires high degree of public
Independent oversight of construction duration oversight
contractor e Prone to disputes and potential riske  Owner wants to be heavily
avoidance by designer and involved in design
construction contractor e Schedule is not a priority
e Low-bid contactor selection reduces
creativity and increases risks
o Risks mostly borne by owner
e For new technologies, operability
may not be primary design concern
DB Collaboration between designer and@ Owner may not be as familiar with e  Time is critical but existing

contractor

Parallel processes reduce duration e
Reduces design costs .
Reduces potential for disputes
between designer and construction
contractor o
Single point of accountability

Can promote design innovation .

Provides more certainty about costs at

an earlier stage .
Allows owner to assign certain risks
to DB team

DB process or contract terms
Reduces owner control and oversight.
Owner’s rejection of the design cane
entail large change orders and delay
claims o
Design and “as-built” drawings not
as detailed o
Eliminates “independent oversight”
role of designer o
Does not inherently include
incentives for operability and
construction quality

Higher cost to compete

conditions and desired outcomes
are well defined

Project uses conventional, well-
understood technology

Owner willing to relinquish

control over design details
Operational or aesthetic issues are
easily defined

Early contractor input will likely
save time or money

(continued)
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Table 8.2 (continued)

Advantages

Disadvantages

Works best when . . .

DBO .

Allows designer, construction .
contractor, and operator to work e
together collaboratively

Parallel processes reduce duration e
Operator input on new technologiese
and design saves money .
DBO contractor has incentive to
assure quality since they will be the
long-term operator

Single point of accountability

Allows owner to assign certain riskse
to DBO contractor

Economies of scale )
Collaboration, long-term contract,
and appropriate risk allocation can cut
costs

Defines long-termygenses for rate
setting

Reduces owner involvement

Owner may not be familiar with DBO

contracting
High cost to compete may limit
competition
May give operator incentives to

overcharge for ongoing renewals and

replacements or to neglect

maintenance near end of the contract

term

Operations contract may limit long
term flexibility

Requires multiphase contract

Owner's staff does not have
experience operating the type of
facility

Input conditions to facility can be
well defined and the number of
external influences affecting plant
operations are limited

Owner is comfortable with less
direct control

DBOOT

Same as DBO and: o
Can be used where project
expenditures would exceed public
borrowing capacity

Can preserve public credit for other
projects is important

Can isolate owner from project risk

Same as DBO

Public financing cannot be
obtained

Transfer of technology risk is
important

Source:Adapted from NRC 2008.
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Design-Build-Operate

A DBO project involves a Bpgle contractor for design,onstruction, and operation.
Similar to the DBB method, the DBO approackoalnvolves asset avership by the public
entity (Voutchkov 2007a). The DBO model streamdirthe project schedubnd reduces costs
by eliminating separate selection processeseiugineering, construction, procurement, and
operating services. The contracfmovides the public water praler with cost, schedule, and
performance guarantees assuring that the projgievform as required, and that the equipment
will be maintained, repaired, and replaced agitgy to reasonable and measurable standards.
Thus, like the DB model, the DBO model appro&@msfers certain risks from the public water
provider to the privateontractors (NRC 2008).

DBO is an option utilities often considerttiey lack in-house technical expertise with
desal or similar projects or gresses. This method is partexly popular for fast-track or
complex projects that include relatively newehirology or specialized O&M expertise. With a
vested interest in controlling operating expeng#BO contractors have a greater tendency to
accept the risk of employing new and innovativieisons to lower production costs and improve
operability (NRC 2008).

Design-Build-Own-Operate-Transfer

DBOOT projects are an expansion of the @Boncept in which the contractor also
finances the project and initially owns thacility. The public water provider commits to
purchase some quantity of water from the deszlify at an agreed-upon price over some period
of time. This water purchase agreement serveobeteral for the conéictor to secure private
financing for the project. DBOD contracts contain pwisions to transfeownership of the
facility to the public water provider at a toally agreeable date (NRC 2008). Most large
seawater desal projects Europe, IsraeljaAghe Caribbean, and the US are typically
implemented using the BOOT methodpobject delivery (Voutchkov 2007a).

The primary benefit of the DBODmMethod of project delivery ihat a private enterprise
assumes most of the risk associated witd gnoject, including the risk of development,
permitting, and financing. The public water providend their ratepayers are relieved of the
financial burden of the projecthey pay only for water they hawsntracted to purchase (at a
pre-determined rate). The public water proviced be financially protected by performance
bonds, professional liability insurances, and liquidated damages provided by the contractor. In
addition, the rate payers will benefit from the dtastion of rates (i.e., noate increases) over
the contract period. Although these measures praodee level of financial protection, certain
consequences of plant failure will remain witle public water provider, which is obligated to
meet customer demand.

Similar to DBO, under DBOOT contractotsave a vested interest in controlling
operating expenses. Thus, the contractors haveatdegrtendency to accepe risk of employing
new and innovative solutions fower production costs and prove operability. Voutchkov
(2007a) reports that most technological adesnin desal technologies have occurred under
DBOOT contracts.

Traditionally, a drawback of the DBOOT appobh has been that lower-interest-rate and
tax-exempt public financing is not typically available to private-sector developers. This may
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prevent private developers from offering a cetitpve financing advantage, unless the promise

of future public ownership tbugh a DBOOT model can be udedbtain government financing
rates. However, more recently, financing rates for private entities to implement desal have
become competitive with those offered to publierages. Regardless, private financing of is on
the rise.

Private-Public Partnerships in Practice

Some members of the public, and some pubticials, have expressed concerns over
having private sector entities involved in dgsaljects. This stems from deeper philosophical
issue about what role (if any) the private sechould play in the provision of water as an
essential good and public servi¢e.g., critical to life, healthsafety, and welfare) (Stratus
Consulting 2006).

In addition, many public agencies argue tteg private model Isafew advantages over
traditional approaches because the public séesraccess to the same expertise and technology
as the private sector. In some instances, pubBo@gs can also obtainver cost financing and
may have greater access to development subskbés,of which help keep water rates low (Xu
et al. 2009). Many public agenciei&im that the risks of water shortages are the same under
private and public models, and thusrh is no real mitigation of risk.

Despite these concerns, as public entifease growing budgetary constraints, many
locally-elected officials are attrierl to the perceived benefits of “privatizing” all or some of
their water service responsibilities (CCC 2Q0&oncurrently, a number of domestic and
multinational business entities have identifipcoviding water or “water services” as an
attractive profitable investmeimipportunity. In California, aong the approximately two dozen
desal projects currently proposedtbng the coast, at least sate proposed as private-held
facilities or public/private panerships, including two (in Huntington Beach and Carlsbad) that
would be the largest coastal desal facilitiegsha US. As a private commodity, desal may be
developed, managed, and marketed as a for-gmaftuct subject to markébrces and practices.
The full range of public interest values might betfully considered during planning, design and
operation (CCC 2004).

Ashkelon Seawater Desalination Plant in ééravas the first large desal facility to
successfully utilize the BOOT method of projedtlivery. The state government of Israel
awarded a 24-year, 11-month contract to \DiBsalination Company Ltd. The VID Desalination
Company is a special purpose company, or @ansn, established by Vivendi Water, IDE
Technologies Ltd., and Dankner Elldnfrastructures Ltd. to desigand operate the desal plant.
The agreement stipulated that the state coeddest VID Desalination Company to double plant
production capacity during the term of the caotr Ultimately, this cagity extension enabled
the VID Desalination Companjo lower the desalinated water price below 1.89 US$/kgal
(0.50 US$/m), a first in the desal history; the doutgiof the capacity also made the Ashkelon
project the largest SWRO desal glanthe world (Xu et al. 2009).

The experience of TBW demonstrates soméhefpotential disadvantages (e.g., loss of
control) associated with publicigate partnerships. In their @gsit resulted in an inoperable
facility and the need to thenrhi another private entity to fix their problems at considerably
greater total cost than origimahanticipated. In 1999, TBW select@bseidon Resources, after an
open competition, as the private partner for thieinned desal project. AsDBOOT project, the
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agreement presumed that Poseidon would assigknéor the plant’s development. The DBOOT
agreement was intended to reduce costs whakpikng tight government control, flushing out
flaws in proposals and typically achieving lawsrices through competition (Xu et al. 2009 as
cited in Rand 2003). The DBOOT approach woukballow TBW to leverage the efficiencies
of the private sector and still take advantagtheftax-free financingvailable to governments.

The DBOOT process demonstrated value when the plant constructors Stone and Webster
and Covanta each had financial problems (e.g.,caded with a collapse in the market post-
September 11, 2001) (Xu et al. 2009 as citeRamd 2003). In July 1999, Poseidon Resources
originally selected $ihe & Webster to design, engineerdasuild the plantput the company
went bankrupt. Poseidon then brought in Covanta Energy in December 2000 to take over
responsibility for plant @nstruction. In 2002, due to techniaddallenges related to intake and
pretreatment and contractor financing problem®\W decided to acquire the desal plant, which
was approximately 50% constructed. Since that time, plant costs increased from the originally
estimated $110 million to over $150 million (canstion oversight: $4 million, remediation and
improvements: $36 million, attorney fees for lants: $6.8 million). The promised water price
increased from $1.71/kgal ($0.45)nn 1999 to $3.19/kgal ($0.84Mnin 2007 (Xu et al. 2009 as
cited in Barnett 2007).

A key component of selecting DBOOT contractor is to ooluct a solid review of the
company’s financial strength. However, as madelent by the Tampa Bay experience, factors
beyond the company’s control (or the public ageneyiity to anticipate) can greatly influence
the DBOOT process. This represents a ristheoprime DBOOT contractor (e.g., in the case of
Poseidon having to bring ind®anta Energy after Stone & Websdeclared bankruptcy), and
can delay the process.

In Texas, the use of several alternativejget delivery methods was only recently made
legal. Before 1995, with few exceptions, condiiarc work in Texas was delivered by the DBB
method, using competitive bidding with an addao the low, responsible bidder. In 2001,
authority to use the DB method pfoject delivery was given toertain public entities, however,
it was limited to vertical consiction (construction of buildings)n 2007, with the passage of
House Bill (HB) 1886, the authority was extendedhorizontal construction (e.g., civil works
types projects such as roads, streets, bridg#éisies, water supply projects, water plants, desal
projects) provided certagpecifications are met.
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CHAPTER 9
CASE STUDIES OF DESAL PLANNING AND IMPLEMENTATION

This chapter provides a seriessbiort case studies to offerefisl insights across a range
of desal implementation challenges. The caséias are organized according to the specific
topic areas they address (e.geawater intakes, concentratesposal, regional approaches).
Table 9.1 provides an overview of these casadsts to help guide readers to the specific
examples and topics most relevant to them.liBtieg of the case studies shown in the table also
corresponds to the order in whittte write ups are presented imstbhapter. Additional detail on
several of these case studies can be found in appendix H.

LONG BEACH WATER DEPARTMENT: UNDER-OCEAN FLOOR SEAWATER
INTAKE AND DISCHARGE

Background

LBWD is pursuing seawater deése a new source of potalater for its service area. A
8.9 mgd (33,700 ftd) seawater desal plant is expectegtovide 10% of the city’s municipal
water supply (LBWD 2009a). Iraddition to testing the operatial feasibility of various
desalting membrane technologies, includihg patented two-pass nanofiltration @\Nprocess
and traditional seawater RO, LBWD is alsafpeming research to demonstrate that viable,
environmentally responsive intake and disckasgstems can be developed along the coast of
California.

Traditionally, open ocean intake structuresehédeen used to convey the seawater into
the plant, drawing seawater dlugh a meshed intake screen. However, the use of open ocean
intakes can cause negative pacts on the environmentparticularly when marine
microorganisms become impinged on the s&een pass through the screens and become
entrained within the plant process. Increasingtyict federal regulations require that I&E
mitigation measures be employed for seawatéakes. Moreover, while the intake screens
prevent debris and most aquatic life from entgrglevated levels of suspended solids and other
constituents still have to hemoved through pretreatment.

On the discharge side, opestean outfalls have often been used to convey the
concentrate stream back into the ocean. Becidues®O concentrate contains salinity and other
constituents in concentrations substantialthler than the receiving bpdthere may be negative
environmental impacts associated if matign measures are not employed (LBWD 2009b).

Currently, LBWD is experimenting with abinder-Ocean Floor S&ater Intake and
Discharge Demonstration System desigmgd LBWD and the USBR (LBWD 2009c). The
filtration system is based on using perforatadris placed under the ocefiwor to collect or
expel the water through either natural meftiand on the ocean bed, or alternatively, filter
media placed into an excavated area on the dt@an(ocean floor system). The intake system
is based on the concept of slow sand filtration (< 1 gPmiithich should mitigate negative
impacts by virtually eliminating both I&E. Additionally, the seabed will act as filter media and
should offer some pretreatment benefits, includimgduction of organiand suspended solids.
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Table 9.1
Overview of desal planning and implementation case studies

Case study Description Key issues addressed Additional resources

Feedwater intakes
Long Beach Water Department: LBWD designed, constructed, and is 1. Subsurface seawater  http://Ibwd-desal.org/Seawaterintake.htmi
Under-Ocean Floor Seawater  currently operating a demonstration-scaftake and concentrate

Intake and Discharge subsurface seawater intake and dischadigcharge
facility. 2. Pilot and demonstration
testing
Municipal Water District of At a coastal state park at Dana Point, Testing protocols and initiahttp://www.mwdoc.com/documents/FinalD
Orange County: Feasibility StudieBIWDOC completed a demonstration results for a slant well raftReport4-6-07.pdf
of Slant Well Ocean Intake project in May 2006 and a slant well —approach to ocean water
feasibility study in March 2007. intake http://www.mwdoc.com/documents/DanaP
Currently the Phase 3 pilot-plant testing ointOceanlS-MND8May2008wofigs.pdf

and water quality testing is in progress.

Case Studies on Evides and TBWWater quality and other operational  Elevated feedwater
Challenges of Using Cooling Watehallenges are described for two facilitiesmperatures and factors
Discharge from a Co-Located  using OTC water from co-located powecreate biofouling, corrosion,
Power Plant as Desal Source Wapg#ants as SWRO feed water: Tampa Band other desal challenges
Fla., and Evides Integrated Membrane
System in Terneuzen, Netherlands.

Concentrate management

EPWU: Inland Concentrate Concentrate dispost a challenge to 1. Regulations and http://www.ibwc.state.gov/Files/ibwc0809
Disposal through Deep well inland desal facilities. The case study permitting of deep well 07.pdf
Injection discusses the selection of deep well  injection
injection as comparei other options, 2. Operating issues http://www.gwpc.org/meetings/uic/2009/pr
and technical, operational, and permittiBg Costs (capital and O&M)oceedings/Hutchison,%20Bill.pdf
issues.
Perth Seawater Desalination Planthe case study discusses the 1. Environmental impact of Underwater footage from the Perth Desal

Ocean Concentrate Disposal environmental impact and design of a concentrate ocean disposalPlant can be viewed at:
standalone concentrate discharge oceah Dedicated outfall despitehttp://www.watercorporation.com.au/_files

outfall, and monitoring results. co-location with power planfmmedia/Under_the Surface small.wmv
3. Outfall design and
monitoring
(continued)
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Table 9.1 (continued)
Case study Description Key issues addressed Additional resources

Desal projects—pilot and demonstration testing
West Basin Municipal Water Pilot and demonstration testing of oceaBxperiences of pilot-testinghttp://www.westbasiwrg/water-reliability-
District: Pilot and Demonstration feedwater intake options and membranand demonstration project 2020/ocean-water-desalination/overview
Testing for Seawater Desal processes. will lay foundation for

permitting, and design and

operation of full-scale plant

Phoenix Water Services Pilot and demonstration testing of 1. Feasibility and economics
Department: Feasibility Study anddesalting approaches, and concentrateof concentrate disposal
Pilot-Testing for Inland Desalting management options. options

2. Membrane performance
treating surface and
groundwater, high water

TOT

recovery
Energy saving and GHG emissions
Ashkelon, Israel: Managing Enerdphis case study illustragethe strategies té. “Center” design Complete description available in Water
Demand for Large-scale Seawatemeet energy demand and improve ene@yERDs Research Foundation report for project
Desalination efficiency at large seawater desal plant8. On-site power generatio®006
Thames, Perth, and Sydney: UseRenewable energy sources used in 1. Reduce GHG emissions
of Alternative Energy for Thames, Perth, and &yey desal plants. by renewable energy
Desalination 2. Public/political perception

for use of renewable energy
for large desal projects

Carlsbad Seawater Desalination Climate Action Plan. 1. GHG emission from thehttp://www.carlsbad-

Plant: Climate Action Plan desal plant desal.com/environmental_stewardship.asp
2. Carbon offset projects and
RECs

(continued)
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Table 9.1 (continued)

Case study Description Key issues addressed Additional resources
Desal project development and regional collaboration
Santa Cruz: Regional CoordinatioNeighboring utilities determine that a Forging cooperative Extended case study, by Brent Haddad,
and Partnering Between Water joint coastal desal project provides a arrangements to pursue  provided in appendix H
Agencies to Facilitate Desal viable and advantageous approach to mutually beneficial
Implementation their water supply problems. partnering

Monterey County: Collaborative A regional approach provides a more Challenges in utility-specifiExtended case study, by Steve Kasower,
Desal Implementation to Solve publicly viable and economically and options mitigated with a  provided in appendix H

Regional Water Resource environmentally advantageous approadtroader, regional approach

Management Issues compared to go-it-alone desal projects.

Chino Basin: Groundwater Desal Triple Bottom Line (TBL) analysis of Reveals how the benefits oExtended case study, by Robert Raucher,
as an Integral Part of the benefits and costs of brackish desal may be magnified provided in appendix H.

Comprehensive Regional Water groundwater desal. when desal is used as part of

Resource Management an integrated regional

strategy to manage water
resource challenges

Tampa Bay Seawater Desal: Issulsstory of desal project, technical and Details experience using a

in Project Delivery engineering challenges, financial and public private partnership
contractor challenges, permitting, and (DBOOT) to implement
lessons learned. seawater desal
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For the discharge system, the concentrailé diffuse through the seabed mitigating
potential negative impacts assateid with point discharges.

Another advantage of this “sandbox” approacthat flow rates and system operation are
not affected by waves anides. In fact, the actioof waves and tides isxpected to function as a
natural cleaning agent for the beach sand. The system is exfrebe@ssentially maintenance-
free, requiring no backwashing, cleaning, treatmesttharging, and/or rehabilitation, so there
are no O&M costs.

This project is divided into two test pless pilot and demonstration (LBWD 2009c). The
pilot-scale testing will be condtexd using 8-inch diameter columns to simulate the seabed, and
the demonstration-scale testing/lwe conducted at a near-shoeifity, with two 5-foot deep
pits. The intake pit area measures 56 ft by 68rtl the discharge area measures 47 ft by 57 ft.

Pilot-scale Test Facility
The goals of the piloscale testing include:

e Evaluate the impacts of variofiter media (two types) othe quantity ad quality of
seawater delivered to the desal process

e Evaluate the impacts of various intafileration rates .05, 0.1, 0.25, and 1 gpnijft
on the quantity and quality of seaeatlelivered to the desal process

e Evaluate the impacts of media and filtratiates on stability of operations (i.e., head
loss, permeate production, water quality) for the intake system

e Derive suitable operational parameters for demonstration-scale testing based on the
test results

The source of the raw water is the Haynes generation station intake, which is more stable
in turbidity than that at the ocean floor sst Although the source water is not the same, an
attempt is made to simulatadpredict performance rbugh pilot-scale tégg. The pilot-scale
test facility is located at the LBWD Prototygeawater DesalinatioRacility. Six filtration
columns are proposed to test three filtrationgated two types of engineered sand; one is the
actual sand used for the demoastm-scale ocean floor system.

The pilot-scale testing started in May 20@8d will operate until 2011. The pilot test
facility will be operating at infiltration rates silar to the demonstration project. The pilot will
allow the collection of additional data (i.e., pese loss through the filtethat are not available
at the demonstration site due to facility lintibms. In addition to opetiag the columns at the
same initial slow rate of the demonstration oceaarfsystem, the pilot will test rates an order of
magnitude greater than the typisddw sand filtration rate (1.0 gpnfjt If the higher rates are
proven successful, then the intake footprint dquotentially be reduced by as great as one order
of magnitude, which will significantly reductotprint and environmental concerns during
construction. Moreover, the higher rate tesid provide preemptive assessment of potential
operational problems that may arise when operatirtge higher ratesnd provide foresight on
how to properly proceed to thextesteps at the demonstration gcdlastly, the pilot testing will
assess alternative media, which will provide ghsiinto potential cossavings if the results
prove that more commonly available media ¢@nused for the ocean floor system (LBWD
2009c).
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Demonstration-scale Test Facility
The goals of the demonstit-scale testing include:

e Determine the maximum intake filtration rateat can be sustained over a long-term
period (up to six months).

e Evaluate the seasonal water quality impacts on the quantity and quality of water
produced from the intake system.

e Evaluate the impacts of varioussdharge rates (0.D,25, 1, and 2 gpmfft on the
water quality of the receiving body from discharged concentrate.

e Evaluate the visual impacts of discharge such as ponding, artesian phenomenon, and
media losses.

e Evaluate the seasonal impacts on the concentrate discharge system, and discharge
flows through various tidal conditions.

e Based on the results of the tests, derive suitable parameters for design for the full-
scale intake and discharge system.

e A tracer study, permit pending, will look #te effective system-wide diffusion of
concentrate for full-scale design parametass,the demonstration site will not be
discharging concentrate.

The demonstration-scale intake and discaatgucture is shown iRigure 9.1 The water
will be collected through a series of six-indlameter “V-Wire” screens with slot openings of
0.05 inches along the bottom of the ptigure 9.3. The influent water is then pumped to the
discharge gallery, using the same screen and sand configuration as the infiltration gallery. The
collector and discharge screen is placed in“ArSymmetrical pattern” to allow variable
infiltration and discharge rates.

Multiple agencies are involved in permitting the ocean intake, including:

e USACOE under section 10 tife Rivers and Harbors Act

e Regional Water Quality Contr@oard (RWQCB) under section 401
— Waste Discharge Requirement (WDR) Permit
— Stormwater Pollution Prevention Plan (SWPPP)

e CCC for Coastal Development Permit (CDP)

e City of Long Beach

e State Lands Commission
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Source LBWD.

Figure 9.1 Under-ocean floor seawater intakand discharge demonstration system

Source LBWD.

Figure 9.2 Collector piping

105

©2010 by Water Research Foundation and Arsenic Water Technology Partnership. ALL RIGHTS RESERVED.



The demonstration-scale testing startedune 2008, and was originally anticipated to
consist of 12 months of testing, as linitey LBWD’s CCC land use permit (LBWD 2009c).
LBWD recently obtained a two-ge extension from the CCC tmntinue operatio and testing
until 2012 (Eakins 2009, Wang et al. 2009).lirtmary testing results show that:

¢ Infiltration rate and production of the ik are not impacted significantly by tidal
fluctuations

e Filtered water quality of the infiltration bed alone is not consistent compared to
MF/UF pretreatment

e Both intake and discharge beds have slobwn any signs of clogging at design
conditions

LBWD will soon begin testg filter loading rates above design conditions
(> 0.15 gpm/fl). Future work will also include assessment of the biofouling potential of the
filtered seawater (Wang et al. 2009).

MUNICIPAL WATER DISTRICT OF ORANGE COUNTY: FEASIBILITY STUDIES
OF SLANT WELL OCEAN INTAKE

South Orange County, California, is heavilgpendent on imported water. Ninety-five
percent of its drinking water is imported fradorthern California and the Colorado River. The
MWDOC is proposing a 15 mgd (56,800/d) ocean desal plant in Dana Point, which would
increase its local water resgerby 13% and improve systenliability for the area (MWDOC
2005).

MWDOC is particularly interested in te@sgy the feasibility of a slant beach well
technology for production of ocean water fronrmds and gravels thainderlie the ocean. The
first two phases of a three gl hydrogeologic investigatiomas conducted, and a fully buried
12-inch diameter, 350-foot long test slawell was constructed on Doheny State Beach
(MWDOC 2007). A short-term aquifer and watgquality pumping test was conducted to
determine well performance, aquifer propertiestewguality, and other parameters pertinent to
RO operation. The slant well intakeas found to have the least environmental impact on the
ocean compared to other feedwater technotogi@luated, while providing very good yield and
excellent feed water quality. The resultghod preliminary testing are summarized below:

e Water produced from the test slant whhs very low turbidity and SDI levels,
indicating the effectiveness of the very slow natural sand filtration provided by the
alluvial aquifer. The water may not recuipretreatment prior to RO desal, which
would substantially lower capital costs.

e The well will be influenced from fresh groundwater, and the feed water may be
initially high in dissolved iron and mangese until equilibrium with the ocean is
established (after pumping for approximgitehe to two months). Modeling predicts
the slant wellfield would produce 95% oceaater, which has little iron. Oxidized,
filterable iron and manganese solids mawlfor degrade the RO membranes if not
kept in an anoxicdissolved form or removed. This may require modification in the
design and startup operation of the RO desal facility.
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Although preliminary pilot well tests have begmmising, long-term testing is needed to
more thoroughly establish water ¢jiaparameters and to establish full-scale desalting process
design. Currently, Phase 3 pilot plant testing amder quality testing ideing undertaken to
measure changes in salinity and other wagemlity parameters affecting RO process
performance (MWDOC 2009) (s&égure 9.3. This wil require operating theest slant well for
18 months. In addition to measuring water gyalRhase 3 testing wiprovide hydrologic and
radium isotope data, which will then be udedvalidate and refine the existing groundwater
model. Finally, Phase 3 testing will evaluateetifer pretreatment for low levels of iron and
manganese are required, post-treatment regemes for RO product and RO concentrate,
materials corrosion, and microbial growth when operating the test slant well with a nitrogen
environment to maintain anoxic conditions irder to determine the oxidation state of water
being pulled into the well. This informationillvalso be useful in assessing corrosion and
biofouling control approaches.

The test slant well wellhead is currently buried 3 ft vertically below the ground surface so
as not to create any nuisance on the beadWP@C 2009). The well casing and screen extend
perpendicular from the beach face offshore for [8%€hl ft at a 23° angle from horizontal. Dual
rotary water well drilling telenology was utilized in constrtiog the test slant well.

Tiesinto
SOGRE Gri_tdl

Discharge Ll{le
oo - To Sewer

Parking Lot P Ele;tr:cal
Stafing Area e g Connection
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STATE.
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. Mew Lease Area
loutfall Diffuser
{not to scale) Pacific 0e i

State Lands Commission
Exisiting 50 ft Lease Area

Source:Bell 2008.

Figure 9.3 Phase 3 extended pumping and pilpiant testing facilities, Doheny State
Beach, feasibility investigation, Dana Point Ocean Desalination Project
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The slant well intake approach has been well received by the CCC and the environmental
community.

Since the fall of 2004, MWDOC'’s Phase 1 anfi&sibility investigations received State
Parks’ approval and support, a State Landsi@dssion Lease, a Regional Board NPDES Permit
and 401 Certification, a USACOHRationwide Permit and Jurisdiction Determination, and CCC
CDPs (Bell 2008).

The Phase 3 Extended Pumping and Pilot tPTasting is fullyfunded and permitted.

The Phase 3 test facilities are now under construand are expected to be ready for operation
in May 2010. MWDOC has recently retained a fgpecializing in pilot plant operations and RO
testing to provide professional engering services for the Phase 3 work.

CASE STUDIES ON EVIDES AND TAMPA BAY WATER CHALLENGES OF USING
COOLING WATER DISCHARGE FROM A CO-LOCATED POWER PLANT AS
DESAL SOURCE WATER

Introduction

A desal facility co-located with a poweraplt can use the power plant’'s cooling water
discharge as desal feedwater, saving the construction of a separate intake structure, intake
pipeline, and screening faciliti€¢se., bar-racks and traveling wea screens). The cooling water
discharged from the power plant's condensersftien warmer than the ambient source ocean
water. This typically is a significant benebecause the RO process requires approximately
5-8% lower feed pressure when the ugfht seawater is an average o€ §10°F) warmer (NRC
2008). However, increased temperatures in thenfatst can result in an adverse increase in salt
passage and potentially accelethbiofouling of the membran&here are also other unforeseen
O&M problems by using the elevatedperature water as source water.

This section contains two @astudies (one from the Nettands, and the other from
Tampa Bay, Florida) to revealgmtical experiences to illustratiee challenges of using cooling
water discharge as source water for seawatet. ddsakey findings are #t desal facilities may
encounter serious biofouling, corrosion, and ptn&oreseen problems by using OTC water as
source water. A thorough understanding of varigbiif source water qlity, long-term pilot
testing, adequate and robust pretreatment, fliexpbocess design, andfcient pretreatment
capacity are critical to ensure explate design and maintainstinable operation of a desal
facility.

Evides Integrated Membrane Systenin Terneuzen, the Netherlands

The DECO water treatmenadility (operated by Evidesdlustriewater B.V.) produces
demineralized water, coolingwer supply water, andltrapure water for the Dow Benelux B.V.
(“Dow”) production facilities inTerneuzen, the Netherlands. Tlhissal plant began as a two—
pass seawater RO treating OTC water dischaimgped a co-located power plant in 2000, and has
been converted to operate on secondaryeiti from a municipal WWTP since 2006 (WDR
2009).

Van Agtmaal et al. (2007) discussed four geair practical experience with an integrated
membrane system (IMS) treating the OTC smaw The construction of the various water
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treatment installations starténl 1998, and the 4.8 mgd (18,000/d) plant was operational in
2000. The temperature of the feed water isgased, on average, by approximately 10°C in the
cooling system.

Contrary to the initially expected advantagégenhanced flux, reduced RO feed pressure,
and decreased energy consumption due to eleVegehlvater temperature, the use of preheated
seawater from the tidal estuary as feedwatethe IMS has re#@d in many unexpected
problems in O&M of the IMS. Problems thatinded corrosion and biofiling were thought to
be intensified by the higher temperature of the seawater. Anatblelem was the high turbidity
loads in the water caused by the ships and baigé® open intake. Additionally, the design of
the IMS was based on overly aptstic performance parameters, which had not been properly
evaluated by means aflong-term pilot study.

Engineering failures and operational malfuncticusfaced directly &kr startup of the
IMS plant. Other disadvantages became evident in time, including insufficient membrane
cleaning processes, corrosiofimited process automation, and poor performance data
processing. As a result, the design capacityghef IMS has never been achieved. Substantial
modifications to the IMS were made in 2004.

In spite of the improvements and retrofits vl as the optimization of the process, the
cost of maintenance and the applied chemiaadisemergy of the IMS isomsiderably higher than
expected. In 2006, the plant wasemgineered to treat municipafaste water originating from
the City of Terneuzen. The plant continues employ the existing MF system for RO
pretreatment. The SWRO system was replaced with a two—pass BWRO system employing new
fouling resistant Dow Filmtec membranes, iwhthe existing second pass BWRO system
remained unchanged. High-pressure feed pumps veplaced with lower pressure pumps and
the process automation system was also replaced.

With the new feed water source and the implementation of low pressure feed pumps and
process automation adjustments, water recoliasyincreased by 20% and operational expenses
are half of a sea water tream system. In addition, thetys waste water is no longer
discharged to the sea. Biofouling will contintee be a challenge with a waste water as feed
source for the IMS system. The existing MF system will be replaced by an Norit X-Flow air-lift
MBR system at the city wasteveattreatment plant, where it wiolish the effluent prior to
feeding the RO (WDR 2009).

Tampa Bay Seawater Dsalination Facility

The Tampa Bay Desalination Plant uses cooling water discharged from Tampa Electric’s
adjacent Big Bend Power Station as feedwatenduwome times of the year. Gross pretreatment
inadequacies were also encouatent the Tampa Bay Seawalsalination Facility that uses
the cooling water discharge from the co-lechffampa Electric Big Bend Power Station. The
plant experienced serious startup problemstedlaio particulate fouling and inadequate
pretreatment of the raw water. As a result, pltent had to be shut down for repair due to the
deficiencies in the design and construction ef pnetreatment and intakmits (Cooley, Gleick,
and Wolff 2006; Xuet al. 2009).

The 25 mgd (94,600 ) seawater RO desal plant built in Tampa Bay, Florida, started
construction in January 2001, and begamdpcing water in March 2003. It operated
intermittently through May 2005, supplying approximately 5 billion gallons of drinking water to
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the region over the time period. However, thanpldid not meet contractual performance
standards, and was taken offline for remediation in June 2005. Remediation of the plant was
completed in March 2007. A redgsi of the pretreatment systewas a critical part in the
remediation project. The new pretreatment consists of two identical parallel trains, each
including raw water screening, dual flocculatiamd sedimentation basins with a capacity for
approximately 50 mgd. The new pretreatmgnbject includes the following processes
(Rodriguez 2008):

e Modifications were made to the existiogntinuous backwash upflows and filter to
convert the system from a 16 dual-stage ddtedt system to a 32 single-stage filter
system, and improve overall and individuadmtoring capabilities, independent filter
control, and operating efficiency.

e A new diatomaceous earth (DE) precoat filtration system was also added between
sand filtration and cartridge filters to prevent particulate fouling of the cartridge filters
and RO membranes.

Operating experience revealed that membrane fouling is still a problem in the retrofitted
plant. Periodically, the desal plant withdrawmokwater from a point jpor to the power plant
condensers. This type of raw water withdahvactivity is severelyconstrained by permit
conditions and can only be done when the power plant cooling water is too hot and would cause
membrane performance problems. The operationefldsal facility is intrinsically tied to the
operation of the power facility and essentiallymat operate if the powgiant is down for any
significant amount of time because the raw wattaki® and concentratesgiosal is intimately
tied to the power plant water flows.

Summary

By using cooling water discharge as sourceéew#or a desal facility, the process design
and operation of membrane deflilities may be challenged yofouling, corrosion, and other
problems. A thorough understandiogvariation of feediater quality is crual, and should be
accompanied by long-term pilot testing, adequatetreatment, effective biofouling control
measures, and corrosion control strategies surenan efficient operation of a seawater desal
plant. The benefits associatedttwusing cooling water as desalusce water might be offset or
even overwhelmed if significant extra costs i@guired for controlling biofouling and corrosion,
or for remediation of previously unforeseen problems.

The water quality problems can be reducewuph careful initial petreatment design
and thorough pilot &ing. The operation of a co-located dgdant, however, is affected by the
availability and water quality veation of the cooling water. Fonstance, the power plant water
may be too hot and causes membrane performabéems, or the power plant sometimes shuts
operations at times when the desal plant néeedwater. Desal plants may need a dedicated
intake to provide feedwater when the power plaooling water is too hot, or when the power
plant water is not available.
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EL PASO WATER UTILITIES: INLA ND CONCENTRATE DISPOSAL THROUGH
DEEP WELL INJECTION

El Paso’s available freshwater aquifers have been rapidly shrinking. The Hueco Bolson
Aquifer, which provided 40% of El Paso’s municipal water supply,dedined and brackish
groundwater has intruded into areas that hisatly yielded fresh groundwater. EPWU began
reducing its Hueco pumping in 1989 as a resulta ofariety of water management initiatives
(Hutchison 2009a). A 27.5 mgd dégdant has been in operati@mnce 2007 that will result in
reductions in brackish groundwatéstrusion, and allow EPWUo better utilize its fresh
groundwater wells during droughts.

In total, 30.5 mgd of bracKkisgroundwater from the Hueco Bolson Aquifer are pumped
to supply the desalting operatiodf that total, 18.5 mgd of thibrackish water is processed
through the RO plant, which yields 15.5 mgd of permeate and 3 mgd of concentrate. The
remaining 12 mgd of brackish groundwater isridled with the 15.5 mgd of permeate to yield
27.5 mgd of finished water with a TDS of besn 600 and 700 mg/L. The concentrate is piped
22 miles to the injeadn wells for disposal.

A critical issue in the development of inland brackish water desal is the disposal of the
concentrate that is produced by the desal poc&everal alternatives were explored for
concentrate disposal in El Paso, including dtin wells, enhanced evaporations, and simple
evaporation ponds. Passive evaporation for 3 mgawocentrate would have required a 700-acre
double-lined pond. Enhanced evaporation wouldeh@quired a smaller pond and mechanical
sprayers to enhance the evagimn rate. An economic analys the three alternatives
completed in 2002 showed that deep well in@ttivould be significantlyess expensive than
either of the evaporation alternativesa ifuitable site was locate@aple 9.3.

Because of the attractive costs, a detaiteastigation of the deep well disposal option
was completed from 2002 to 2004, and condisbé geologic investigtions, test drilling,
geophysical studies, preliminary modeling, and duéted in the construction and testing of a
pilot well in 2004. The results of the studies @he testing of the pilot well were used in 2004
and 2005 to prepare an application to the $eammission on Environmental Quality (TCEQ)
for a Class V Authorization to inject conceat® into the SiluriarFusselman Formation, a
fractured dolomite, and the underlyingphtoya Formation, a fractured limestone.

Authorization from TCEQ was obtained dualy 13, 2005, and included a provision that
the injectate had to meet primary drinking watandards (Hutchison 2009a). This was because
the receiving formation has a TDS beld®,000 mg/L, making it a pential USDW under the
SDWA definition.

Table 9.2
Cost comparison of concentrate disposalptions (millions US$, updated to 2009 levels)
Total annualized cost

Disposal method Capital Annual O&M (20 years, 6%)
Passive evaporation $48.9 $1.2 $5.6
Enhanced evaporation $27.4 $3.5 $5.9
Deep well injection $8.4 $1.0 $1.7

Source Adapted from B. Hutchison 2007, updated via Consumer Price Index (CPI).

111

©2010 by Water Research Foundation and Arsenic Water Technology Partnership. ALL RIGHTS RESERVED.



The three injection wells are between 3,700 and 4,000 ft deep, and were completed to
Class | UIC standards underettSDWA. The wells are compérl with open holes in the
injection zone (below 2,900 ftThe injection wells do not neguimps and the wells are capable
of accepting water by gravity at rates that apph 2,000 gpm. The Surface Injection Facilities
consist of yard piping, a 300,000Hgpa storage tank at each site solar power system (with
generator backup), and various instrumentation and controlsrtagadhe injection and collect
performance data.

The key considerations in operating the injection wells are:

e Avoid potential mineral precifation (e.g., calcite, barite, drsilica) in the wells and
formation. To mitigate the mineral precipitatiadhe concentrate can be treated with
hydrochloric acid to adjust ¢hpH prior to disposal.

e Maintain the capacities of the injectiorseevoir. All three whis exhibit no upward
trend in minimum depth to ver during the initial 16-mdh operational period. It
suggests well performance is consideredeptable and the imgéon rate does not
exceed the limitations of ¢hinjection reservoir.

e Comply with the requirement that the injectate meets primary drinking water
standards.

Currently, dilution water from Ft. Bliss wellsas been added to the concentrate in an
attempt to meet primary drinking water qualitgrefards. Several of the monthly samples of the
concentrate, however, slightly exceed the prynstandard for arsenic and selenium despite
using different combinations of wells for dilon. TDS of the inject& during this initial
operating period ranges from 2,500 mg/L to adg@00 mg/L, which is considerably below the
receiving formation TDS of about 8,800 mg/L.

In response to the difficulties in meeting @rémary standard requirement, especially for
the ambient arsenic that is contrated in the RO reject, EPWbitiated discussions with TCEQ
and USEPA in December 2007 to obtain an aquifer exemption status under 40 Code of Federal
Regulation (CFR Parts 14446) and 30 Texas Administrati&de (TAC, chapter 331) for the
injection zone. An Aquifer Exemption Appétion was submitted to TCEQ. If approved by
TCEQ, it will then be submitted to ERA for concurrence and final action.

Total capital cost of the project was about $91 million, and the annual and amortized
costs are summarized Trable 9.3(Hutchison 2009b):

e Production wells and collector lines: $32 million

e Plant and near-plant pipelines: $40 million
e Concentrate disposal: $19 million
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Table 9.3
Annual and amortized costs of tie El Paso Desalination Plant
(presumably 2007 US$ values)

Annual operating costs Amortized capital and O&M
Category (assuming $0.07/kWh and 80% operatior(}/AF, assuming 5% discount rate)

Wells, collectors $700,000 $189

Ft. Bliss (water and land) $1,300,000 $42

Desal plant $2,600,000 $232

Disposal $200,000 $49

Finished water pipeline $26,000 $22

Total $4,826,000 $534

Source:Adapted from Hutchison 2009b

PERTH SEAWATER DESALINATION PLANT: OCEAN CONCENTRATE DISPOSAL

In western Australia, the Wat€orporation (the state’s wex provider) has developed a
38 mgd (144,000 fd, peak capacity) seawater desal facility at Kwinana, which supplies 17% of
Perth’'s water demand (Crisp amthodes 2007). Besides GHG emission, thest serious
concerns with the plant are the immaonh the marine ecological environmehte plant draws
feedwater from an open intake in nearbycklmurn Sound. RO concentrate, including the
concentrate used to backwash the dual meattexsf is pumped to an outfall located at the
bottom of the Cockburn Sound (Stover and Crisp 2008).

The Western Australia Environmental Pratec Authority (WA EFA) has set strict
criteria for salinity to which the plant must adhere, requiring that salinity within 50 m of the
discharge point to be withid.2% of background levels, andathby the time the seawater
concentrate is 1 km from the discharge poiningg must be within 0.8% of background levels
(Strategen 2004, Crisp and Rhodes 2007).

To meet the required criteria and ensurergéhis no adverse ecological impact on the
marine environment, the plagbnstructed outfalls with diffusers beyond the tidal zone. The
outfalls can prevent the heawaline plumes from accumulating at the ocean bottom in the
immediate vicinity of the dischge. Despite the desal plant#ting adjacent to the Newgen
Power Station, the two plants are discretely dpéravith no shared facilities. The key reasons
for this included the timing of the developnmesf the two plants, guarantee of supply, and
complexity of both operations. Mas also considered thatebting of discharges was not
necessarily ideal because it was important &vemt the warmer cooling water (combined with
the desal concentrate) from becoming too dexl sinking to the seadb (Khan et al. 2006).

The Perth Desalination Plant outlet is 3.94(%ft2 m) in diameter and has a 175-yd
(160-m) long, 40-port diffuser. These ports are spatet6.4 ft (5 m) intervals with a 0.72 ft
(0.22 m) nominal port diameter, located 0.3 #ii@ m) offshore, at a depth of 32.8 ft (10 m),
adjacent to the plant in Cockburn Sound (Casp Rhodes 2007). The diffuser is a bifurcated
double-T-arrangement and incorptes a discharge angle of°6The velocity othe discharge is
4 m/s through nozzles spaced at 5-m intervalsrnsure total mixing of seawater concentrate
within 50 m of each side of the pipeline. Thissign was adopted withelexpectation that the
plume would rise to a height &7.9 ft (8.5 m) before begimg to sink due to its elevated
density (Rhodes 2006, Crisp and Rhodes 2007, Stover and Crisp 2008). To reduce the aesthetic

113

©2010 by Water Research Foundation and Arsenic Water Technology Partnership. ALL RIGHTS RESERVED.



impact caused by the disposal of ferric sulphslte&lge to the ocean, a thickener is used to
dewater the sludge. The dewatered sludge istt@sported to a landfill for disposal.

Various models were applied to demongridae natural flushingh Cockburn Sound and
show that the salinity would increase by lésan 1% and that there would be no adverse
ecological effect.Extensive real-time monitoring is kently being undertaken in Cockburn
Sound to ensure that the modeggiictions are correct and thaetmarine habitat and fauna are
protected (Rhodes 2006). This includes monitoahdissolved oxygen levels via sensors on the
bed of the sound. Visual confirmation of tpkime dispersion was achieved by the use of
Rhodamine dye added to the plant discharge.ekperiment showed that the discharge rapidly
mixed with the surrounding waters (Crisp and Rhodes 2007).

Recently, an independent report on thevimmmental impact of the Perth plant
concluded that oxygen levels in Cockburn Souneehaot been affected by the discharge from
the plant (WC 2007). A documentary film on the adljog ecosystem near the feed water intake
and outfall diffuser has shed further light on thsncern. The video shows prolific habitat
growth in the area, suggesyi a healthy ecosystem. The undatev footage from the Perth
Seawater Desalination Plant can beviewed through the Web site at:
http://www.watercorporation.com.au/_flenmedia/Under_the Surface small.wmv

WEST BASIN MUNICIPAL WATER DI STRICT: PILOT AND DEMONSTRATION
TESTING FOR SEAWATER DESAL

About 65% of raw water supply tapped bye tiVest Basin Munipal Water District
(WBMWD), in the greater Los Angeles area oflifdania, is imported from Northern California
or the Colorado River. This water is becoming increasingly less reliable due to droughts,
environmental restrictions, population growth, anteotfactors. In light ofncreased challenges
to the imported water, WBMWD is planning to produce approximately 20 mgd of desalinated
ocean-water as drinking water by 2020, constitut®% of its total supply needs, adding to
increased conservation (12%recycled water(15%), and groundater production by
WBMWD'’s retail agencies (21% and reducing the percegta of imported water (WBMWD
2010).

Pilot Testing

Since 2002, WBMWD has operategitot facility at the EISegundo Generating Station,
for research and water quality testing purpoSd® facility produces 40 gpm of desalinated
ocean water using MF and RO technologies. fdseilts of more than 500 water quality tests
performed monthly indicate that the quality o€ fhroduct water meets current state and federal
drinking water standardset by CDPH and USEPA.

Demonstration Project
After five years of research and mdren 35,000 water quality tests, WBMWD has
identified the optimal operating parameters for desal and will continue with research at the Pilot

Project, focusing primarily on water qualigtYBMWD has now embarked on a temporary ocean
water desal demonstration facility.
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With demonstrated pilot-testing experiencasd interactions with regulatory agencies
and the public, WBMWD has received all the permits for the temporary demonstration project.
The CCC approved the CDP application inrihR@009. The Los Angele RWQCB ha recently
approved the NPDES permit, which is the finalnpié needed for the construction of the plant.
Construction could begin in 2010 on the sitel@d Los Angeles Conservation Corps’ SEA Lab
aquarium and educational centerthe City of Redondo Beaclhe Demonstration Project will
operate for two years.

This next step builds upon the research conducted in the pilot phase, but enables a variety
of tests not possible #te pilot level by using full-scale equipment. The overall project goal is to
provide insight regarding the appropriate desijra potential desalinated ocean water supply
project in a manner that maximizes efficienfoy construction and operation and minimizes
environmental impacts.

Using full-scale equipment, the demonstmatjgroject can refin@perating parameters,
perform additional water quality testing, evaie source intake methodologies, and assess
energy efficiency. The project will produce 250,0fllons of water per day and include the
following major testing components:

e Ocean-water intake: to minimize environrt@nimpacts, the project will utilize
existing underground tunnels for intake ahsicharge. Based on the most up-to-date
research available, the intake tunnel will thedified with a “pipe-in-pipe” concept
and fitted with passive wedgewire screening technology to minimize impact to
marine life.

e Alternative intake methodologies: the prdjeill also include pilot testing of a
Seabed filtration subsurface ocean-avantake, which will occur onshore.

e Data collection and analysis: The gonary demonstration project will test:

— Prescreening and pretreatment

- RO

— Energy efficiency

— Product water quality and residuals
— Management processes

— Alternative intake methodologies

In summary, WBMWD is taking a pruderdnd steady step-by-step approach to
implementing the ocean desal project. The six ssfakyears of study and tens of thousands of
water-quality tests conducted at the pilot ficihelped convince the regulatory agencies and
public regarding the feasibility afcean desal in the area. It is expected that the Demonstration
Facility will further lay the foundation and delop data for the permitting, design, construction,
and operation of WBMWD's proposddll-scale desal facility.

PHOENIX WATER SERVICES DEPARTMENT : FEASIBILITY STUDY AND PILOT-
TESTING FOR INLAND DESALTING

Central Arizona is one of the fastest grogviregions in the US. This region is also
suffering from serious salt imbalaméssues. The City of PhoeniXater Services Department is
considering brackish water desal to meet its pregeetater needs, and improve the reliability of
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the city’s water supply duringimes of drought. The city hasupported several studies to
investigate different desal tegologies and conceate management optignand it has been
pilot-testing a combined groundveatand surface water desalifdg in the area. The knowledge
gained from the research will help the citwe®p a cost-effective desal approach and water
management strategy.

In 2000, two membrane concentrate disposéibop were evaluated for future advanced
wastewater treatment plants (USBR 2000). Thesoofsévaporation ponds (10 square miles) and
discharge to the Gulf of California via a Central Arizona Salinity Interceptor (CASI) regional
pipeline (about 320 miles, based on cost skanvere assessed. This study concludes that the
cost of concentrate disposal using the CASiepne is about two-thirds of the cost using
evaporation ponds because of its huge requiradesgConveying salty concentrate waters across
the border for discharge into Mexico, howeveraigreat challenge, and requires approval by
Mexico. Because of the difficidts in these disposal methodbge city is evaluating other
disposal options including condeste volume minimization and ZLD.

In 2005, the city, in cooperati with the USBR, conducted a study of a novel desal
technology—Dewvaporation at the City of Phoe23rd Avenue Wasteater Treatment Plant
(Beckman 2008). A 10,000 gpd (37.85/d) dewvaporation pilot-plant was used to further
reduce the volume of reclaimed water RO coneg¢airBecause no low-grade heat is readily
available in the area, the dewvaporation systems will consume substantial electricity for desal
and concentrate volume minimization, which is ntgasible technique to be implemented in the
city.

Recently the City of Phoenix selected Cardliogineers to test and evaluate desal and
concentrate management technologies forfutsire Western Canal Water Treatment Plant
(WCWTP). The primary goalsf the two-year study are to (Carollo Engineers 2009):

e Demonstrate that intermediate concatdr chemical stabilization (ICCS) using
conventional softening technologies caffeetively remove inorganic membrane
scale-forming constituents and enhance the RO system recovery from 85% to about
94-95%.

e Demonstrate that primary RO followed the ICCS and secondary RO systems can
successfully treat either brask groundwater or surface water a blend of the two.

e Evaluate the fouling potential and the sas of fouling for the primary RO and
especially secondary RO membranesating both groundwater and surface water
sources.

e Establish the design itgria and operational parametdhat can be applied at full
scale for the primary RO, secomdd&O, and ICCS processes.

A two-stage primary brackish RO systemswased to treat both brackish groundwater
and surface water sources to achieve a sustainabbvery of 85%. The recommended flux rates
from the pilot-testing were 15 gfd for thealokish groundwater and 1gfd for the brackish
surface water. The primary RO concentratelfoth groundwater and surface water source was
further treated by conventional lime softening amdnular media filtration that is capable of
removing most of sparingly adble salts. A single-age secondary RO process used a high
reject, high productivity seawater membranentcrease water recovery from 85% to 94-95%.
For a full-scale design, the system could be dp@chwith a 2-stage design to improve hydraulic
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conditions and reduce colloidal fouling. The neenended flux rate for the secondary RO was
around 8 to 10 gfd (Calto Engineers 2009).

Besides testing the concentrate volume reduction technology, RO membrane performance
for a selected membrane was evaluated by f@kiing both local groundwater and surface water
(He et al. 2009). The study aldilled in data gaps inairce water quality by conducting
sampling for the tail end othe Western Canal and seledt Salt River Project (SRP)
groundwater wells. It is importatd note that key water quality parameters such as TDS, silica,
alkalinity, hardness, etc., impaittte full-scale design dramatically for parameters including the
blending ratio, the recovery, @rthe ICCS chemical dosage. The information obtained from
water quality sampling and testing will help iy estimate the impacts of groundwater quality
on the capital and O&M costs associated with Ydestern Canal well field groundwater desal
facility.

In summary, long-term water quality monittg and pilot testig answer critical
unknowns that may otherwise impact the implemteorieof the future desaroject in the area.
With limited inland concentrate disposal optipsglecting the rightancentrate management
strategy is critical to implement desal in Arizona.

ASHKELON, ISRAEL: MANAGING EN ERGY DEMAND FOR LARGE-SCALE
SEAWATER DESAL

The 87.2 mgd (100 million ffyear) Ashkelon Seawater Reverse Osmosis Plant has been
operating since 2005. The plant treats a feedwater with a salinity of approximately 41 g/L TDS
and meets stringent product water quality stargjardparticular, chloride < 20 ppm and boron
< 0.4 ppm. The plant includes seawater pumgingh open intake, conventional pretreatment,
membrane desal, permeate water remineralizateaiment, and brine disposal to the sea.

The Ashkelon plant is comprised of twoerdical plant facilities—north and south—
which started operation in the middle andtla end of 2005, respectively. For large-scale
seawater desal, it is more economical to useggnier a centralized formEach facility of the
plant employed a unique “Three-Center Desigopraach to reduce energy demand and increase
efficiency and flexibility in operation. The cospt of a Three-Center Design includes a pumping
center, a membrane center, and an enexggvery center (Liberman, Figon, and Hefer 2005). A
pumping center comprised of 3+1 large highsptee pumps, 5.5 MW each, supplies seawater to
all 16 RO banks, 105 pressure vessels in each, via a common feed ring. The membrane center
consists of a four-pass system in a Cascadgyaego meet final pereate water quality. An
energy recovery center, madp of 40 Double Work Exchanger Energy Recovery (DWEER)
devices, collects pressurized brine from all 16 BADks, transfers the energy to the seawater,
and pumps it to the same common feed ring.

The system is flexible in accommodating water demands which fluctuate seasonally and
daily. When demand decreases and there israsmonding decrease in t@aproduction, one or
two high-pressure pumps are stopped with all RO trains kept in operation. The energy recovery
system continues to operatefall flow and thus allows fotower recovery, lower feed-brine
osmotic pressure, and lower specific powensumption. Requests for reduction in product
capacity are immediately translated to rdouc in specific power consumption. Increased
production demand can be made raplahstarting up standby pumps and ERDs.
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The plant has 33% standby pumping capacisgilakile on line. Stoppage of any one of
the RO trains does not affect the water préidacof the entire plant. Each RO train, high-
pressure pump, or energy recovery subsystenbeaaken off-line for scheduled or emergency
maintenance without the need to stop the plant. The same is true when returning that system back
online.

The plant is connected to the electricatigbut a dedicated combined cycle gas turbines
(cogeneration) power station has also beeraliest. Fifty-six MW of the 80 MW produced by
the power station is used by thesdeprocess. This appach contributes to éhhigh reliability of
the project and increases its energy availabilisom an operational point of view, the desal
system works most of the time on a continudbase load,” thus widing frequent (daily)
changes in the operation mode (Kronenberg 2004).

The use of proven RO technology and an adedrrecovery system to reduce operating
costs has achieved a very competitive price, $2/kgal ($0°53lata from Sauvet-Goichon
2007). About 42% of this price covers energgtsep variable O&M costs, and membrane and
chemical costs. Fifty-eight percent covers tapéxpenditure and other fixed costs, including
fixed O&M costs (Sauvet-Goichon 2007). Theesgy consumption of the SWRO plant is
approximately 13.213.7 kWh/kgal (3.53.62 kWh/ni), including all uses for pretreatment,
desal, conditioning, transfer from intake wient reservoir, building lighting and air
conditioning, and othezlectricity losses.

THAMES, PERTH, AND SYDNEY: USE OF ALTERNATIVE ENERGY FOR DESAL

GHG emissions associated with desal have received increasing concerns. SWRO energy
demand in California is estimated to be 13.2 kWh/kgal (3.4 kWjhtmter produced, translating
to 3.64 kg C@kgal of water produced (0.94 kg @®°), considering the current energy regime
from the grid (Cooley, Gleick, anWolff 2006). The 38 mgd (144,000°%u) Kwinana desal
plant in Perth, Australia, was estimated to emit 180,000 tons efp€Oyear if RECs were not
applied toward the plant (EPAWA 2002).

Use of alternative energy sources (e.g., wintgrsdiofuel, hydroelectric) has been an
important step to promote desal as a viall@ sustainable water resource option. In Australia,
renewable energy has been selected to powemthjority of the proposed large-scale desal
plants. The Kwinana SWRO Plant in Perth is the first large desal facility in the world to be
powered by RECs (WC 2007). Electricity foretldesal plant, which has an overall 24 MW
requirement and a production demand16f5 to 23.3 kWh/kgal (4.0 to 6.0 kWhi)mcomes
from the 80-MW Emu Downs WinBarm (operated since 2006).

Similarly, the Kurnell SWRO Desalination Plant in Sydney entered a renewable energy
supply agreement in which the plant woulddmevered by wind energy from the new 132-MW
Capitol Wind Farm (MSJ 2008). In London, the Thames Gateway Water Treatment Plant
(TGWTP) also declared the use of biodiesel meet desal energy demand and ease the
environmental concerns about the high eneansamption of the desal plant (BBC News 2007).
The energy plan of the TGWTP desal plant as a case study is discussed below.

The energy consumption of TGWTP idiemted to be 7.44 kWh/kgal (1.92 kWH)m
and a predicted carbon put of 20,650 tons of C{per year by using eleatity from grid and
at full operation (Lyon 2007)This is significantly higher thatmaditional treatment works in the
surrounding area. Hornsey Watere@itment Works, a 13.2 mgd (50,000/dy slow sand
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filtration water treement plant, for example, uses 0.23 kWh/kgal (0.06 kV¥h(@LA 2005).
Without the benefit of economy of scale, Radnage Water Treatment Works, a 0.5 mgd
(2,000 ni/d) groundwater treatment operation, uses 3.88 kWh/kgal (1.0 k/t@hA 2005).

Desal requires twice as much as the estimatedygmertput of an indireateuse plant previously
considered (Lyon 2007).

Thames Water maintains thalthough the desal plant will require more energy, it has
implemented Best Management PracticesVilB) to reduce energy consumption. These
practices include abstraction snthree-hour window coke to low tide (ensimg lower salinity
water is treated by the plant)se of variable speed drive pusp@and energy recovery turbines
(S. Baldwin, Principal Project Manager, ThesnGateway Water Treatment Plant, personal
communication, October 5, 2007). In addition, theW @ is not a base load plant and will be
used only in times of supply shortages and fpta@ng regular supplies in emergencies, which
will equate to an estimated average of 40% plant operational capacity (S. Baldwin, Principal
Project Manager, Thames Gateway Water TreatrRlant, personal oamunication, October 5,
2007).

To further mitigate the COemissions issues, TGWTP p#ato use renewable energy to
coincide with the London Plan. The London Plaquiges large development projects, such as
the desal plant, to generate a minimuni@¥% renewable energy onsite (GLA 2005). A number
of on- and off-site renewable energy options waresidered for the desal plant, including solar
photovoltaic cells, tidal and hydro-eggrgeneration, an on-site bionsgglant, as well as onsite
wind energy. All were discourde due to excessive cosind physical or environmental
constraints (GLA 2005). However, Thames Watestill planning touse a 100% renewable
energy source for the desal plant. Its current plansenewable energy i® establish an onsite
biodiesel combined heat and paw(CHP) plant using biogas (methane) from sludge digestion,
which may be obtained from the adjacent BeokBewage Treatment Plant to power the CHP
engines (Thames 2007). In addition, Thames Watsitill exploring options in wind energy and
also potential reprocessing of locally discarded cooking fat and oil for energy generation
(Thames 2007). Because of this commitment, TGS expected to be one of the first major
construction projects that will be covered 100% by renewable energy in the UK (S. Baldwin,
Principal Project Manager, Thames Gateway Water Treatment Plant, personal communication,
October 5, 2007). Although actual carbon offset from biodiesel has not yet been established, its
use of renewable energy retainsogial licensavith the public.

CARLSBAD SEAWATER DESALINATION PLANT: CLIMATE ACTION PLAN

Concerns regarding GHG emissions have compelled water producers to implement
environmental management programs to achieasbon neutral statufor the desal plants.
Introduction of a carbon neutral soche may hold significant social ke in applications of desal
and is becoming an important component of diesal investment. Inosithern California, the
Carlsbad Desalination Plant has committedcatoarbon neutral plan for the proposed 50 mgd
(189,000 n¥d) plant (Poseidon 2008).

The proposed GHG emissions from the 50 mgddBad desal plant isstimated to be
97,165 metric tons of C{per year based on the plant’s arlrelactricity consumption and the
power agency’s emissions factor. Theojpct offsets 190,641 MWW of electricity
consumption by water imports, rtesponding to 67,506 metric tons &Y. The net emission
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resulted from the displacement of importedter from the SWP is 29,659 metric tons {0
The carbon neutral plan is proposed to oedthe net GHG emission of 29,659 metric tons
COylyr (Poseidon 2008).

The net GHG emissions will be offset thgbua series of projéx as well as REC
purchases. Contracts for offsebjarcts provide more price stabjyliand are typically established
for longer terms (1620 years) than RECs {2 years). At approximately -2 years before
operations begin, Poseidon will develop and @ssurequest for proposals for carbon offset
projects and RECs.

Onsite carbon footprint reduction measurestfe Carlsbad Desalination Plant will be
achieved by applying high-efficiency ERDs, greenstruction of the desal plant, use of on-site
solar power generation, G@equestration for post-treatmexgplications, energy reductions in
supplemental water reclamation treatment, arglisstration of coastal wetlands. Overall, the
associated annual emissions savings from omsitigation efforts is approximately 13,190 to
13,431 metric tons of C{per year (Poseidon 2008).

Based on Poseidon’s Desalination Demongtnailant’s pilot teststhe power savings
associated with the use of pressure exchar{gets) will allow recoveryand reuse of 33.9% of
the energy associated with the RO proc&ks. ERD will reduce the baseline from 31.3 aMW to
28.1 aMW, reducing the energy consumptio.®aMW, correspondgito 28,244 MWh/yr and
10,001 metric tons C{per year (Poseidon 2008).

SANTA CRUZ: REGIONAL COORDI NATION AND PARTNERING BETWEEN
WATER AGENCIES TO FACILI TATE DESAL IMPLEMENTATION

Background

There are many well understood impedimetiotlose coordinabtn and consolidation
between water utilitiesvithin a region. Water agency boundaries and legal status result from
regional history, not necessarily ideal engineering wdrdiogical design. The historical
trajectory of water agencies produces uniqaafigurations of engineering, governance, and
communications. Agencies differ in other wayszastment priorities ahfinancial obligations,
systems at different levels of ume and efficiency, and differefdvels of trust and styles of
dialogue among staff, directorsgrdators, and customers. They have different commitments to
environmental sustainability, system reliabilipgst allocation over time, and public oversight.

So while shared aspects of neighboring water @gersuggests that they could increase their
efficiency and quality of service simply by merging into one larger agency, many barriers exist
that could negate or at least fpme the benefits of a mergetowever, there are many forms of
water utility coordination and cooperation tliai short of a mergerand which may often be
advantageous to both utilities and may be nageropriate than outrighmerger (e.g., Raucher

et al. 2006Db).

Among the biggest drivers of regional cooration will be replacememnd expansion of
water infrastructure and water supply developm8ath of these issues typically arise in the
context of implementing coastal or inland desal projects, indicating that desal implementation
will often proceed with greater likelihood of cess if local water utilities find ways to
coordinate and cooperate in thesal planning and project déwmement process. For example,
regions are likely to sesignificant financial berfés from sharing the cost of desal-related
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infrastructure and permitting activities. The locations of water supplies and outfalls may require
agency coordination when the best sites are not all in the same service territory. Complete
mergers of agencies should be considered whenfuture paths of neighboring agencies are
clearly united through shared infrastructure nesas other similarities. But formal agreements

that fall short of a merger may often be the better approach.

The Utilities’ Need and Objectives for Desal

Two neighboring water agencies along theti@@nCalifornia coast, the Soquel Creek
Water District and the City of Santa Cruz t&faDepartment (a brah of the municipal
government), each determined tlaatlesal facility would serviheir long-term potable supply
interests (see www.scwd2desaljorg

e Soquel Creek sought an additional yeaund water supply of roughly 1.2 mgd to
sustainably manage its aquifer system, ile source of water. FEhdistrict serves a
population of about 49,000 through roughly 15,000 service connections.

e Santa Cruz sought additional drought dellisy for their surface water system,
roughly 2.5 mgd during April-November of drought years. The Water Department
serves a population of about 90,000 through 24,000 service connections, and relies on
surface water from rainfall captured incé reservoirs and streams (95%) and
groundwater (5%).

For Santa Cruz, desal emerged as one of fhads of its long-term water supply strategy
(Gary Fiske and Associates 2003). Drougpy reliability keyed to 1976-1977 conditions
(the worst recent drought) was modeled. Tiheee-part strategy atude drought-period
curtailment (i.e., drought-triggered water use riesons) limited to nogreater than 25% of
normal-year demand, water conservation, and staleoply augmentation. The expected supply
augmentation, 2.5 mgd during dry-season momthsevere drought years, emerged from a
combination of expected demand over time, aursupplies, expected results of additional
conservation investment, and tpelitical choice not to reduce wea consumption by more than
25% in worst-case scenarios. Without supplgraentation, models indicad a 45% curtailment
would be necessary severe drought years.

Numerous supply augmentation optionsere considered, including expanding
groundwater use, water reclamation and reasd,expanding surface impoundments. Numerous
factors were evaluated, inclugj cost, environmental impacts, ease of implementation, energy
utilization, vulnerabilityto outside impacts, and impacts on &eps. These led the city to select
desal as the preferredaibe for supply augmentation. The city expects to utilize the desal plant
only during peak season drought y&about once every six years.

Studies by Soquel Creek Water Distrishowed that the region’s water use was
exceeding the sustainable yield of its groun@waesources by roughly 600 AFY, with long-
term projections of an annuaderdraft of 1,280 AFY (ESA 2006} he district studied numerous
supply options, including surface impoundments, regional purchases and imports, water
reclamation and reuse, desal, and conservatioa.District's customer base was too small to
cover the entire cost of a desal plant. Howeaggint desal plant was seen as within the means
of the ratepayers. Like Santau2r Soquel Creek is a coastalteraagency. However, a careful
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study of its coastline did not identify suitable locations for a desal intake and outfall. This
physical reality increased the likelihood that ai®sal plant built to serve Soquel Creek would
likely be a regional facility.

Benefits From the Partnering Agreement

In terms of partnering on a desal projeaumerous advantages emerged. A key
advantage was that the two agexs had different purposes for the desal water produced. The
city needed a dry-season droughpply, which, due to limited storage capacity, would need to
be available during the droughthe district's demand, while gferable during dry periods,
could be accommodated withegr-round deliveries since aquifeecovery from subsurface
inflows from the coastal mountains takes plgear-round. While the city wanted to scale the
facility to meetits modeled drought requirements, 2.5 mge, district’s idealffacility size was
even smaller, roughly half that size.

A formal agreement was clearly needed gittes anticipated joint investment in desal
and piping infrastructure and the major contribatthe facility would make to long-term system
reliability for both utilities. Use rights to producedter also needed to be spelled out. While the
city had the financial means to construct a faciityits own, it is not clear that the district could
have. Both sides saw the cldamancial advantage of jointly pursuing the project since the
additional costs of doing so (primarily building a distribution-system delivery point, and in
Soquel Creek’s case, scaling up from its ideathediplant) would codfar less than expected
through cost sharing. The first agreement, signed in August 2007, established a Task Force
comprised of two elected leaders from each ageand jointly staffed. It also established a
50-50 cost share for engineering and permitting costs, all of which would be overseen by the
Task Force. Another Task Force goal was tonegate the eventual opgional and cost-share
agreement.

By late 2009, the Task Force had a drafterim agreemengxpressing ongoing
commitment to the project and laying out openadil and cost issues an appendix. The Task
Force was pursuing the project’'s environmenéxiew. Following environmental review, the
inter-agency agreement will be finalized and &tigal choice made by each agency whether to
implement the project. A final decision on ctrostion is expected in late 2010 following
environmental review.

By pursuing a joint desal facility, the agées will reduce their capital and operating
costs while achieving separate water reliability go&hey will also utilize the region’s preferred
intake and outfall locations (in Santa Cruz). Byilding water-delivery infrastructure that links
the two agencies, they will cieaa potential for regional supply assistance in the event of a
water emergency (e.g., earthquake). And the t@gency staffs have also built a strong
understanding of each agency’s infrastructure aadsplwhich will enable them to more easily
negotiate future agreements on such topics asm#magement of their shared aquifer. In terms of
challenges, the agencies will be blending desadasurface, and groundwater (at least in the
“downstream” Soquel Creek distt), which will require additiodaattention to water quality
impacts. Ongoing coordination on a joint facility will be required. And each agency will expect
and rely on the other toeamst its financial obligations. Thus famogress has beenade with the
understanding that the agencies@ntracting together as partneise expectation is that future
issues will be handled in a similar manner.
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MONTEREY COUNTY: COLLABORATIVE DESAL IMPLEMENTATION TO SOLVE
REGIONAL WATER RESOURCE MANAGEMENT ISSUES

Background

The Monterey region along the centr@alifornia coast faced water shortage,
groundwater degradation, interagency disagre¢mend public divisiveness. Solutions were
proposed including a dam on the Carmel River asdaavater desal plant-bocated at a nearby
power plant. The dam was rejected by voters and the proposed desal plant faced public acrimony
and litigation. With tis as a background, the Californialffic Utilities Commission (CPUC)
engaged the Center for Integrated Water Rese@8WR) at the University of California to
facilitate a less costly, more lgecally acceptable, and environmentally friendly regional water
solution. CIWR established a citizen-agency vetting process to find common agreement on
regional solutions. The regional dialogue group islenap of local, regional, state, and federal
representatives; water and stewater agency managers; nongovernment organizations; and
citizens.

The “Regional Project” plan that emergedrir this dialogue is based on components that
have been examined in the past by the watenaglewater agencies in the region but is now
combined in synergistic combinations that taklwantage of economies sxtale both financially
as well as spatially. The potential positive impadotsatepayers are expected to be appreciable.
Besides economies of scale ob&inby including more beneficias to the project than just
those in one service area, the public ownership nature of the Regional Project will allow
favorable bond financing and asseto state or federal fundgenerally availble to public
agencies.

Water Supply Challenges and Limited Options

The region has no imported water and hate libpportunity to acquire it due to its
geographic isolation. Water supplies from théréa River are alreadypped and allocated for
agricultural uses in the Salinas Valley. Due twaalition of agricultural investments in Salinas
River water, there is an overriding concern ambrgsicultural water leaders to protect “their”
water from urban incursions. This traditiolesults in strong polital resistance to any
opportunity to use excess Salinasdiwater for urban uses on tReninsula. Thus, solutions to
the Monterey water supply shages were extremely limited.

Facing water rights enforcement for divertingrmavater than they had a legal right to
take on the Carmel River and severe overdraft adjudication in their other water supply, the
Seaside Groundwater Basin, Peninsula comnasitiere suffering. Watesupply choices were
narrowing after the puldion the Monterey Peninsula voted against a new dam on the Carmel
River. Nearly all of the recycléd wastewater is allocated toramltural uses in the Salinas
Valley during the irrigabn season and thus, nottiegly available to povide fresh new water
supplies (MRWPCA 2009). Peninsula water usersevedready conserving aggressively due to
their diminishing existing supplies so furtheonservation was nanough. Residents of the
Monterey Peninsula use 70 gallarfsvater per person per daypgaoximately half of the water
consumed by the average Californ{@alifornia American Water 2010).
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Thus, besides squeezing more water fronmdiing supplies, the Monterey region was
forced to examine seawater desal as a sooffceew supply. The leading approach (Plan B)
became a seawater desal plant located at the Moss Landing Power Plant site, to be developed and
owned by Cal AM, which is an investor-owned ittiproviding water to the Monterey Peninsula
communities. The plant was called the “Cahdtvater Project” (CWP) and relied on OTC
technology to obtain its feedwateCommensurately, a public agency in the far north of
Monterey County was also proposiageawater desal plant to lbeated across the street from
the CWP site at a former refractory site thatl abandoned ocean intakes. This proposal from
the Pajaro-Sunny Mesa Water Distrattracted a few groups ingort. The main attraction was
from groups who opposed a privately owned er{tigl AM, an investor-owned utility) owning
a desal plant. Interestingly, the Pajaro Sunny Mesa proposal had some private components as
well. The refractory site was privey held and was not proposedd® sold to th@ublic agency.

Not surprisingly, the Monterey communitlid not coalesce behind any of the desal
alternatives. Increasing acrimony svavidenced by the failure ohy consensus to materialize.
Commensurate to the public acrimony and distwany, political leaders begdo avoid the water
supply issue and its attendant acrimonious byprodligsno surprise thagolutions were slow
to emerge from this milieu. Once proposed, anjution became the target for attack by one
group or another within the community.

A Regional Solution With Many Benefits

CIWR Senior Economist Steven Kasowetammended a regionallston to the water
supply issues in Monterey. The initial focustbé regional process walse establishment of a
diverse group of participants who would be willing to debate, discuss, and ultimately help
identify a regional water supply alternative.

The Regional Project was created by re-examgi a number of local projects and water
management programs that have, at one time or another, been considered by local water and
wastewater agencies, municipalities, or ciireghe Monterey region. The water projects and
programs were then screened in various coailnins of project coponents that ultimately
revealed opportunities for regional economiesazale and new agriculturand urban symbiosis
that could lead to more stable and benefigtglional cooperation in the future. While some of
the extensive “regional” benefits will not Enjoyed until and unless the complete Regional
Project vision has been implemented, many ecoe®raf scale, cost-saving partnerships, and
environmental and social benefits were evidewen in the first phases of the project and
garnered considerable adiverse support for just thiesal component in Phase 1.

The complete Regional Project includes bemafireuse of all wastewater discharges,
river and groundwater diversionand intruded seawater desaladd reliability to the overall
program. These project componenisrk together to create economic synergies. The brackish
groundwater desal project has numerous benefaspects compared toethutility go-it-alone
alternatives:

1. In the Phase 1 project, the approackpuoping from the brackish groundwater will
contribute to the remediation of the liBas Valley groundwatr degradation by

blocking and even helping t@verse the seawater intrasi problem. It also avoids
issues associated with using coasfan water intakes for feedwater.
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2. Locally developed green power will provide the energy to the project components.
This power comes from electricity geated from the methane produced at the
Monterey Regional Waste Management BestMRWMD). This green power would
not be available at the inddual utility sites proposed for their coastal desal facilities.

3. The use of near-shore brackish groundwatedjeu of seawater, develops a desal
water supply that requires less energy pet water to treat, and also creates a brine
waste that has a salinity much closer to tifaambient ocean water into which it will
be discharged.

4. The regional project will prodie desalted water at a considerably lower cost than the
go-it-alone utility alternatives, $2,290 p@&FY produced contrasted to between
$3,490 and $4,180 per AFY (see detaiiggstussion in appendix H).

5. Affordable water components and the roleaatter in facilitating the development of
affordable housing for working families and those on fixed incomes is also integrated
into the project plan (CIWR and MCWD 2008).

In order to comply with local regulatorggreements over groundwater use, only the
proportion of seawater extracted from the welil be allocated to the Peninsula. The remaining
brackish groundwater will only be used withir tarina Coast Water District (MCWD) service
area where use of this groundemtis already pdiically acceptable and defined from a
regulatory perspective. The propion of product water that repessis what was from seawater
can be allocated out of the basin to the Peén® solve the Carm@&iver endangered species
and water rights infractions, arid recharge the Seaside Basin to remediate the overdraft as
dictated by the court in adjudication pemdings (Seaside Groundwater Basin Watermaster
2008).

Conclusions

In sum, consideration of a broader collalieeand regional appaech, wherein desal is
well integrated with other key components af comprehensive regional water resource
management plan (e.g., water reuse), has emag@much more viableption, with several
critical advantages ovgo-it-alone alternatives:

1. Political viability, stakehaler buy-in, and public suppofas contrasted to deep
divisions and strong opposition)

2. Economically advantageous (i.e., it is lespensive than utility-specific options by a
considerable degree)

3. Environmentally beneficial, including th@voidance of an ocean intake, providing
seawater intrusion control, minimizing beitmanagement impacts, and tapping into
green carbon negative energy

4. Socially acceptability, by pviding a more equitable shagiof water, offering public
sector ownership, and facililag a joint resolution of both agricultural and urban
water issues
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As a consequence, a more regional and calidlve approach has led to a path that will
greatly facilitate desal implementation. The oegil approach will promote desal in a manner
that will be more cost-effectivesplve more problems, addressrm@ssues, and has a far greater
likelihood of implementation thaa more traditional, utility{secific go-it-alone approach.

CHINO BASIN: GROUNDWATER DESA L AS AN INTEGRAL PART OF
COMPREHENSIVE REGIONAL WATER RESOURCE MANAGEMENT

A TBL Perspective

This case study applies a TBL perspective tecdbe the benefits and costs of the of
brackish groundwater desal, as implementedljoin the Chino Basir{southern California) by
IEUA, CDA, and the Chino Basin Watermaster.tthe Chino Basin context, the application of
desal can be viewed broadly to reflect its roleaasntegral componermf the region’s overall
water resource management program. In thégamce, groundwater desalting not only provides
potable water to supplement the area’s ovesafiply portfolio, but it also is a foundational
element of a groundwater remediation effort thiatvides several additial important benefits
within and beyond the Chino Basin.

Within the TBL context, this case study debes the estimated magnitude of several of
the key benefits generated, and provides a congpadé the benefits ofiesal to its costs. The
benefits include the overall basin-wide savimgghe cost of providing water over a 30-year
period, and also indicates tiheagnitude and value of energywses and the reduced carbon
footprint associated with the desalabled groundwater management program.

Background

The “Inland Empire” is located about 4Gles east of Los Angeles. Beginning in the
19th century, the region grew tedbme a major agricultural center, including dairy farms, citrus
orchards, and other acti\a8. Beginning in the last quarter of the 20th century, the area has seen
rapid conversion to residentiand commercial uses, becomionge of southern California’s
fastest growing regions (Miller, Burton, and Mamgi2007). The region’s past as an agricultural
center, and its current expanding water demandsragidly growing resliential and commercial
area, have created significant water resourceag@ment challenges in the Chino Basin. These
water resource management challenges incluttevkater quality and water quantity issues, and
reflect the critical interretéonship between the two.

The primary water quality challenge relatess#dt levels in Chino Basin groundwaters.
Salt issues are reflected by elevated TDS levelsyedsas elevated levels of nitrates. Some
contamination by volatile organic chemicals (VO@shlso present. Collectively, these impair
local groundwaters and make them expensivensuitable for supporting potable municipal and
industrial (M&I) and other uses.

The primary water quantity issue is meeting rapidly growing demands—as associated
with rapid residential growth and commerciaktitutional, and industl (CIl) development—in
a basin that has a history ofteacting groundwater d¢vels above sustaibke yields. The water
guantity challenge is magnified Iblye cost and uncertain availbilyi of imported surface waters,
the need to honor water rightsddwnstream and down-gradient ¢ies, and the iact that the
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water quality issues have on the usability (andt) of local water supply resources (including
impacts on the storage capacity of the aquifer system).

Desal’s Central Role in the Basin-Wide Management Program

In 1988, judicial and other pressures mewdnton the Chino Basin Watermaster to
undertake and implement an Optimum BasinnBtgement Program (OBMP). The OBMP is
implemented by the Chino Basin Watermasteith the objective of managing the Basin’s
groundwater through monitoring and recharge. Keyneints of the OBMP reflect the need to
keep groundwater pumping levels up (notably insinethern, lower end of the Basin) in order to
(1) enable better and increased use of the CRasin’s groundwater resirces (and thus avoid
over reliance on imported water), and (2) preserager quality in the SaatAna River. In June
2000, the Chino Basin OBMP “Peace 1 AgreemaldVeloped an institutional structure and
funding plan for the expansion of the Chindessalter, and for addirtge Chino 2 desalter.

The original Chino Basin 1 Desalter (Chino 1) was completed by 2000 and produced
9,200 AF of product water annuallThe Chino 1 expansion wasmpleted in 2005, and annual
production is now 14,200 AF (Miller, Burtonna@ Manning 2007). The Chino 2 desalter was
completed and placed into operation in the spring of 2006, and produces 10,400 AF per year
(Miller, Burton, and Manning 2007). Like Chinb, the Chino 2 desalter splits its feedwater
(drawn from eight wells) between ion exchaiigg and RO treatment pcesses. These desalted
waters are low enough in TDS and nitrate conediotns that they can then be blended with
source waters that bypass the desalting units, to yield prodhters that are forwarded to
CDA’s wholesale customers for subsequent @ejivas potable supply (Miller, Burton, and
Manning 2007). Combined, the Chino 1 and Chino 2 desalters now provide nearly 25,000 AF per
year to the potable supply of the Chino Basin.

Future expansion of the desalting operati®rin the planning stages, and may entail
either a third desalter and/ttre expansion of the existing fhités. Total desalter production by
2015 is projected to be 40,000 AF per year.

Groundwater Desal Costs

Annual O&M costs for the current desadlii production of 24,600 AF amount to about
$12.3 million annually (based on anticipated expenses as detailed in the proposed budget for
fiscal year 2007/2008) (CDA 2007). iBHO&M cost averages to $500rp&F of delivered water.

The total cost per AF of desal water produceatiuding capital csts) is a bit more
complicated to estimate, due to grants, rebatea the Metropolitan Watdbistrict of Southern
California (MWD) under the Local Resource Pragr (LRP), and other factors. Ignoring the
grants and subsidies, the annualized debtvice would amount tabout $10 million. This
implies a cost of roughly $400 per AF fitve annualized full capital expense.

Combining the above estimated total O&M casth the total anndazed capital expense
(ignoring grants and subsidies), implies thatdbsalted water produced by Chino 1 and Chino 2
desalters has a full cost of approximately $900 per AF delivered.

The actual price paid by CDA customers issléghan $900 per AF, due to grants that
reduced the amount of capital outlay and ofibexd costs borne by CDA. The estimated total
incurred cost borne by CDA and its customers amounts to $727 per AF (CDA 2007). This
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implies that the grants supporting constructidrthe Chino desalters provides a $173 per AF
subsidy to local users (~$900 minus $727).

In addition, MWD’s LRP offers a $250 per AFbiae to its customer agencies for the
development of approved local watpplies. This rebate is proed as an incentive to assist
MWD'’s customer agencies in reducing their demands on increasingly scarce and expensive
import water. After accounting for the MWD LRPoege, CDA can deliver its desalted water for
$477 per AF ($727 minus $250).

Desal Benefits From a Basinwide Management Perspective

One of the insights to beagdned from this case study is how desal can be a critical
component of a broad and highihytegrated approach to regidnaater resource management,
addressing both water quantity and water quality concerns. In the Chino Basin, desal is not
simply one water supply option to be evaluated @rdrasted to alternagvsupply options (such
as reuse, importation, stormwater harvesting,@mservation). Rather, desal is but one element
of a complex, multi-faceted approach that noyairbws upon a wide array of alternative supply
options, but also requires thae#ie various supply components beetisly integrated in order to
increase the value (enable the usef) of the other supplies.

For example, the desal program enables imba®ductive use athe locally-generated
reclaimed water for recharge. Prior to the dgsafjram and the associated hydraulic control it
provides of the groundwater contaminationglaened water produced by IEUA was mostly
discharged to the Santa Ana River and aagtudownstream by Orange County Sanitation
District (OCSD) (it could not beised for local recharge inghChino Basin, since absent the
desal-enabled controls, this would have flusimeore contaminated water into the Santa Ana
River). The hydrologically-based placements the recharge and desalting activities are
strategically aligned tdake advantage of the groundwateadjent, and thus are integral to
managing groundwater quality in the Basin. Tdesalter extractions ahe low end of the
groundwater gradient are used dontrol, capture, and treat the poorest quality waters. This
accelerates groundwater remediation, while coeedly protecting the Santa Ana River from
saline discharges. The desalting also pravidepotable supply, and the groundwater quality
improvement and management enables higheryselfts to be extractable from the Basin.

In addition, the cleansing and hydrologiontrol of the groundwat basin that is
achieved through the integrated deploymentewtharge and desalting program elements are
necessary for enabling implementation of the MWD conjunctive use and related Dry Year Yield
(DYY) programs. The DYY program entails the conjunctive use of imported SWP surface
waters within the available stge capacity of the Chino Basin. In wet years, when SWP waters
are relatively plentiful and relatively low imDS, MWD covers the costs of storing up to
100,000 AF of its excess SWP supplies in the CBiasin. In dry years, when SWP supplies are
limited and in high demand, the Basin’s usersngforted MWD waters agree to extract stored
SWP waters from the Basin in lieu of takingithallotments from MWD. This frees up scarce
SWP waters in dry years, so that MWD can theese limited SWP waters to satisfy the demands
of its other agency customers. This incredabesreliability of the SWP supplies for the entire
MWD service area (a significant bdndor all of Southern California). This also insulates the
Basin’s users of SWP waters from dry year tlhations in their imported supply (an important
“drought-proofing” benefit within the Basin oonunities). This valuable DYY program would
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Social ($7? M)
Supply reliability (+)
Local control (+)
Water availability forother MWD users (+)
Energy savings (5.8B kWh)

Carbon footprint ($22 M)

* Air quality ($84 M) Financial ($1.9B)
* Groundwater quality (+) * Cost savings to supply
* Surface water quality (+ water in Chino Basin

Figure 9.4 TBL results for Chino Basin desalting and OBMP

not be feasible if the desalting and relatedvécts were not in place to assure groundwater
guality control.

Triple Bottom Line Results

Within the TBL context, several types anthgnitudes of environmental, social, and
financial values are enabled blye application of dmal, reuse, and retd “nontraditional”
sources of water supply. The TBL-associatezhefits arising from desal reuse and other
components of the integrated resource plan eigfivthe costs by a factor of over 50% (i.e., a
rate of return greater than 508 investments made in reuse).

The largest financial benefits include theemll Basin-wide sawgs in the cost of
providing water over a 30-yearned (which amount to nearly $2 billion, US, in present value
terms). Also included are the magnitude antli&af energy savings and the reduced carbon
footprint associated with the reuse-enablesugdwater management program. The results are
detailed in appendix H, and summarizedrigure 9.4

TAMPA BAY SEAWATER DESALINATION : ISSUES IN PROJECT DELIVERY

The Tampa Bay Seawater Desalination &bjbegan as a pately owned DBOOT
procured project. TBW chose this method of pcbjdelivery because they believed that the
regulatory and technological riskssociated with the project would be best managed by the

private sector (NRC 2008). The DBOOT approach was envisianetabling TBW to maintain
tight government control and achieve lower pricesugh competition. Furthewith this type of
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agreement, TBW would be able to leverage ttieiencies of the private sector and still take
advantage of the tax-free financiagailable to governments (Rand 2003).

In 1999, TBW selected Poseidon ResourcesStaimford, Connecticut, after an open
competition for a private partner in the prdjetn accordance with the DBOOT contract,
Poseidon’s job was to permit the plant, opeeaglot plant to ground-truth proposed systems,
and put the plant online in accordance wéhwater purchase agreement. From TBW'’s
perspective, this placed the financial and regmatisks onto the private vendor, while the water
purchase agreement was seen as guaranteeing the agency a targeted water yield at a favorable
fixed price.

The DBOOT process demonstrated valueewtstone & Webster?oseidon’s chosen
engineering, procurement, and constructio®lE contractor, had financial problems (Rand
2003). In July 1999, Poseidon Resources had sel&tteed & Webster to design, engineer and
build the plant, but the company went bankrdpbseidon then brougim Covanta Energy of
Fairfield, New Jersey, in December 2000 to takeer responsibility for plant construction.
Poseidon was able to keep thejpct on schedule through most of 2001.

In December 2001, a contraction in the spr@dustry precluded the developer team
from closing on permanent project financibgcause Covanta could not post the required
performance and payment bond. In January 2002, further problems affecting Covanta’s liquidity
arose, which rendered Covaniaable to obtain the necessary performance or payment bond
(Callahan and Polmann 2009).

After a three-month effort to reconfiguthe financing, Covanta filed for bankruptcy,
further complicating the ability of the project team to secure permanent financing and raising the
potential cost of private financing. Covantd dommence with water @duction in March 2003;
however, due to problems associated with intakd pretreatment (a problem that may have
been identified and averted had proper pilothgstieen undertaken), they were unable to satisfy
14-day acceptance test criter@onsequently, TBW decided tok&a ownership of the facility
earlier than expected, with thegpect near 50% completion (NRC 2008).

Through the buyout provision tfie DBOOT contract, TBV&ssumed the original DBO
contracts and contractors for construction cotqbeand plant O&M. This process transitioned
the DBOOT arrangement into a DBO arrangein which shifted project ownership and
performance risk from the original developer to TBW.

In late 2003, TBW began to look for aptacement contractor to complete plant
construction. In November 2004, TBW’s Board Directors approved a DBO contract with
American Water-Pridesa, LLC (AWP) to remediatel operate the desal plant. The contract for
remediation was at a fixed construction prafe$29.1 million, including guarantees to protect
the public’s investment, plus&2.5 million owner’s allowance.

Xu et al. (2009) report that due to thechnical challenges related to intake and
pretreatment, as well as financing and contmattproblems, plant costs increased from the
originally estimated $110 million to an addiia excess of $40 million (construction oversight:
$4 million, remediation and improvements: $36 roillj attorney fees for lawsuits: $6.8 million)
since TBW bought the facilityn 2002. The promised water price increased from $1.71/kgal
($0.45/nf) in 1999 to $3.19/kgal ($0.84Mnn 2007 (Barnett 2007).
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As reported by NRC (2008), lessolearned from this experce include the following:

e Contract documents should be created at the beginning of the procurement process so
the developer teams and contractors are submitting proposals for similar contract
requirements. Any suggested contracarges should be required to be submitted
with the proposals.

e If a DBOOT method is selected, anticipate ownership transfanwtstage of the
project.

e Careful consideration should be taken pteomaking a decision to transition project
ownership in a DBOOT. The assuming owrshould understandhat they are
stepping into the role of éhoriginal developer and, tledore, assuming liability for
the original developer’s decisions.

e A structured and transparent pilot tegtiprogram of proposed technologies that
supports the design should be condugbeidr to selecting a proposal. The pilot
program should include pretreant (including securityilfers) and RO processes.

e Specific desal project experice should be a qualifitah requirement before a
proposal is accepted.

The TBW experience reveals that it is not simpdasfer desal projecisks to the private
sector in a DBOOT context. The utility needsctmsider a broad array pbtential events, and

arrange contractual agreements such that fligy uhaintains a reasonable degree of oversight
and control throughout the process.
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CHAPTER 10
PERMITTING AND REGULATORY CHALLENGES

INTRODUCTION

With the need for desal as a water sydpcoming more pronounced in many regions,
and given that desal also is becoming rel&tiveore attractive on an engineering and economic
basis, the largest obstacles to more widespread desal application are often “institutional” issues.
These institutional issues typically are dominated by regulatory and related permitting
requirements, and also may esft concerns from some stakdéders and lodacitizens over
growth inducement and other “non-technicatiatters. These issues may impede desal
implementation because they increase uncertaidty/casts, create delays, or in other ways pose
“barriers.” These barriers, inrty, may adversely affect the atyl of a water utility to obtain
needed permits, gain support from citizens and iguwe officials, get a facility built, and/or
successfully operate desal facility.

This chapter provides an overview of desal regulatory and permitting issues, and offers a
general common sense strategy for working éffely with regulators and permitting agencies
to increase the odds of success and redueelikielihood of delays and roadblocks. The
discussion provided heralso is aimed at helping utilities work more effectively with
stakeholders and public officials who, if oppdsto desal, often use the regulatory and
permitting process as the mechanism for expmgsgieir concerns and raising impediments to
implementation.

The issues and approachesa#ed here also are raistdoughout various portions of
this report and the associated PIM tool, deerthis chapter provides a relatively concise
description of key issues andiding principles. Relevant supplemental materials are provided in
chapters 5 and 8; appendices C, D, and E; and pthiBons of this report. Much of this material
also has been developed for a prior report dpesldoy some members of the research team for
the Joint Water Reuse & Desalination Taskdéoprconsisting of the Water Research Foundation,
the WateReuse Foundation, Sandia National Labgraand the USBR (Raucher, Strange, and
Hallett 2006).

OVERVIEW OF PERMITTING ISSUES
The implementation of a desal project typigakquires multiple permits from federal,
state, and local agencies. In general, apple regulatory programs and permitting processes

revolve around three componsmf the desal process:

e Where and how the source water is obtained
e How the desal-generated water will be used
e How the brine concentrates and other wastestreams will be managed

Other required permits (e.g., building, site warkadway crossings) are similar to those

required for construction of othdypes of water treatment ilites. These other types of
common permits are not addressed here.
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In general, water agencies and other practérs have indicated that desal permitting can
be a lengthy, uncertain, costhnd arduous process. It is not the fact that numerous permits are
often required that poses theegtest obstacle to implementing a desal project. Rather, the
greatest challenge may arise from the mannewhith the permit applicains are evaluated.
Desal is a relatively new and uncharted territimnymany regulators. Hee desal facilities (and
their potential impacts and wastestreams) are eyif the type of opations that regulators
normally monitor and permit. In other words,sdemay be a round peg in regulatory settings
that are set up with square holes to addresssque operations (Raucher, Strange, and Hallett
2006). In addition, because desateatively novel, regulators i@ expressed some reluctance
to issue permits, fearing that they will inadeatly establish precedent with possibly unforeseen
or unintended consequences for future facility permitting.

In some states (e.g., California), as mangeagen state and/or fedé permits are needed
before one can receive final permission t@ibethe planning/design/construction of a desal
facility. Several of these permits may, in tuemtail consultations and approvals from various
other state, local, or federal entities beforei$isaing agency signs off. Where federal funding is
involved, planned facilities are also subjectréwiew under the National Environmental Policy
Act (NEPA). Overall, the permitting process—pesially for a large castal facility in a
contentious location (such as Catifia)—can take between three and eight years, and cost as
much as $3 to $12 million (Voutchkov 2009a).

Some state and local authorities may requirenfis in addition to those discussed below.
For a detailed discussion of state and local requents in key desal states (California, Florida,
Texas), see appendix E. The following sectipmsvide an overview of key federal permit
requirements (and some typicstte requirements), and discisgtegies for facilitating the
overall permitting process.

SOURCE WATER (FEEDWATER) PERMITS

The source water feeding the desal procemsd-the manner in which these waters are
obtained—are major determinants of the typad numbers of state and federal permits and
approvals required. In cdas waters, institutional issues depend on whether the desal plant is co-
located with a power plandy is a standalone facility.

Coastal Desal Facilities Cdocated With Power Plants

With co-located facilities, there typically i® need for a new water intake pipe or any
notable increase in the volume of coastal watdmsntan (other than whetihe power plant is not
operating). This eliminates the need for permittiegvintakes, and avoids ecosystem disruption
that would arise from placing new intake pigeso the coastal environment. There is also
generally no added I&E of aquatic species, beywhdt is already occurring due to the existing
power plant operations. This also sE\t0 minimize permitting requirements

While co-location of desal with coastal powsants offers several advantages, there are
also some problems that may arise because tqasteer plants are often the target of strong
opposition by many parties. There also are sewratational challenges that may arise when a
desal facility is co-located with and dependent upon the operation and management of the co-
located power facility. These and other isswgssing from co-location are discussed in
chapters 8 and 9.
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Whether co-located with a power plant or rotcoastal desal facility is also likely to
require a coastal use permit,rmaanaged by applicable state agjes such as the CCC. Coastal
use permits raise a series of issues associated with the mandate of the relevant permitting
agencies to protect cdakresources, includingublic access for a variety of popular and highly
valued uses, coastal zone ecologies, highlybMsscenic aestheticend security concerns
(Luster 2009, Voutchkov 2009a).

Coastal Standalone Desal Facilities

A standalone desal plant in coastal waters will need to develop and permit an intake
structure, develop beach wells, or use HDDdéwelop under-sea well intakes some distance
from the shore. This is likely to entakveral permits and approvals, including:

e A CWA Section 404 permit for the intake pipe (one is also needed for any new
discharge pipe), since placing a pipe in the water is considered “fill.” This is
administered by the USACOE, but typicatgquires buy-in and approval from other
agencies, such as the NOAA and/or retgvatate or regional bodies that have
jurisdiction over fisleries and other coastal resoes and impacts (sé&able 10.).

e The Rivers and Harbors Act permit for the intake pipe (again, a separate permit also
will be required for a discharge pipe). This is also administered by the USACOE, and
again they will typically will not issue such a permit unless other agencies
(e.g., NOAA) are condted and sign off.

e In some states, a permit will be requifedm the state coadtauthority (e.g., the
CCQ).

A prime concern with permitting and developing an independent desal intake is the
potential for I&E of aquatic species and agated impacts on the coastal ecosystem. I&E
impacts from desal plant intakes are typicabkyected to be minor compared to power plants
using OTC. This is because desal facilitiege fisedwater intake pipes that are considerably
smaller in diameter, apply much lower intake el (allowing more fishto swim away rather
than get impinged in the screen), and the total volume of water taken in is much smaller.
Nonetheless, citizens and regulators are likelgave concerns about I&E impacts.

There is some concern that standalone susedter facilities will be regulated as cooling
water intake structures by USERInder Section 316(b) of the CAV Section 316(b) states that
any standard established pursuant to Sectdnd@ 306 of the CWA and applicable to a point
source

shall require that the location, desigonstruction, and capacity of cooling water
intake structures reflect the besichnology available (BTA) for minimizing
adverse environmental impac33 United States Code 1326(b)]

Currently, USEPA’s 316(b) grlations do not consider s facilities. However,
through their participation andompliance with the federal Coastal Zone Management Act,

coastal states may review permits granted lolerf@ agencies, and may deny a permit if it is
considered to be inconsistent wilte state’s coastal management plan.
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Table 10.1
Potential environmental and permitting issues for seawater desal plants
Specific feature

Intake Concentratelisposédl
Surface Sub- | Open Other surface Sub-surface
water surface| oceaR water (beach) Overall
Environmental issues
“New” impingement SA
“New” entrainment SA
Seafloor alteration SA
Additional marine habitat alteration SA SA
due to increased salinity and CL CL
contaminant concentration
Continued/expanded use of OTC CL
Permits/requirements
CWA
Section316(b) CL CL CL
Section 404 CL CL CL
(Dredge and fill) SA SA SA
NPDES CL CL CL
SA SA SA
Section 401 CL CL
(Water quality) SA SA
Rivers and Harbors Act SA SA SA
Sectionl0 CL CL CL
SDWA: UIC permit (if concentrate
injectionused)
ESA Section 7 consultation CL
SA
State authority responsible for
Drinking water quality CL
SA
State lands CL
SA

Source:Adapted from Raucher, Strange, and Hallett 2006.

SA = standalone facility, CL = co-located facility.

a. Additional disposal methods may be available (e.g., evaporation ponds, zero discharge, and others).
b. Includes discharge by mixing with power plant’'s cooling water.

c. E.g., California Departmenf Health Services (CDHS).

Subsurface (below the seabed) intakesemwlieasible, can greatly reduce potential
impacts of I&E and associated permitting requirements. Where subsurface intakes are likely to
be feasible and reliable, their adioptis likely to facilitate the pross of securing several of the
necessary permits. Chapter 8 of this report pewian overview of som& the advantages and
disadvantages associated wstibsurface intake facilities.
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Inland Groundwater and Surface Water Desal Facilities

Inland groundwater is easily accessed throwghs and may not require any significant
regulatory review and approvalr{less water rights and/or pumpipermits are an issue). Desal
source water intake wells will typically require the same permits as any other water supply well.

In addition, desalting groundwater may often be pursued in concert with an
environmental restoration effort (e.g., where T ather contaminant levels in the aquifer are
elevated due to irrigation, agricultural run-off,aiher activities). In thescontexts, desal can be
viewed as part of an enemmental improvement regime (i.e., making contaminated waters
usable, and/or creating a barrier to limit theusion of lower quality water into other water
resources).

Therefore, accessing feedwater for desglinland groundwaters cde relatively easy
to arrange with regulators, is less likely tagender public concerns, and in fact may often be
portrayed and seen as an environmentas.pPermitting and public perception, however, may
present challenges for the management of coratentrom inland desal facilities, as discussed
below.

Also, there are some settings where ndladesalting may rely on high TDS surface
waters as its feedwater source. The regulaémy permitting issues associated with feedwater
intake from saline rivers or lakes probably ulMb not entail any signidant differences from
other intakes in freshwat rivers and lakes.

POTABLE WATER PERMITS

Most desal-generated waters are expectgur@uide water to enhance potable supplies,
and as such will require permitting as a drinking water treatment plant (i.e., require a potable
water permit from the SDWA primacy agent, tgdly the state publicdalth or environmental
protection agency). This shoutt pose any unusual challenges for water suppliers. This permit
is not required if the desalted water igdisor nonpotable (e.g., irrigation) purposes.

The potable water permit requires perioditnpliance monitoring. One unique aspect of
this permit for desal is the need to identifye monitoring points in the treatment process for
filtration efficiency and turbidity compliance. A potential regulatory challenge facing coastal
desalters is that there may be complicatiomsmeeting applicable Maximum Contaminant
Levels (MCLs) related to DBPs, due to tipetential formation ofvarious DBP species
(e.g., brominated species) when desaltettigaare blendeditth other supplies.

A potential permitting challenge may arise where regulators are unfamiliar with
membrane systems. Interviews with SDWA primaggnts from several states indicated that in
many regions, membrane processes are ret) (yidely applied or well understood by the
regulators or the local utilities and their regibrconsulting engineers. There are suspicions
among some of these state regulators thamingne processes may prove unreliable, not
perform up to manufacturer or vendor claims, arad thilities and their consultants will not have
the expertise to ensure proper membigaiection, installation, and/operation.
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PERMITS FOR THE DISCHARGE OF BRINE CONCENTRATES AND ASSOCIATED
WASTES

Currently there are multiple levels assoethtwith the regulation of concentrate
management, including federal, state, and oliteal agencies with specific requirements. The
federal laws associated with the managemeiconcentrate and associated wastes from
desalting plants are describm the following sections.

At present, desal concentrate is regulatedutinca default classification as an industrial
waste under the CWA because it does not spatlf address byproducts from drinking water
treatment plants. However, in the State of i@r concentrate has been given some regulatory
distinction, as it isnow called a “potable wer byproduct” if produced by plants of size
189 ni/day (50,000 gpd) or smaller. Penglistate legislation may extettus to plants of larger
size (Mickley 2006). This regulation is intendedréaluce restrictions that apply more to actual
industrial waste rather than desamncentrate. Nationally, sepégaclassification of drinking
water treatment plant bypaducts would require an amendment of the CWA.

Coastal Co-located Desal Facilities

With co-located coastal desal facilitiespncentrate is typically discharged with the
cooling water return flows from éhpower plant. This prvides considerabldilution of the brine
wastes in the discharge line (i.before the point odlischarge into coastal waters), and may even
serve to slightly cool the thermal power plardgatiarge. The blending afesalter concentrates
with power plant OTC water may thus facilitate ttispersal of thermahd brine discharges so
that they have less impact on tleeeiving marine environment.

Nonetheless, there are environmental concerns (and permitting requirements) associated
with the discharge of brine concentratesniraco-located facilities. Although the brine
concentrates are essentially the same compdondsl in the coastal waters drawn as the desal
source, they will have been concentrated to levels that could pose environmental risk to aquatic
organisms, if they are not adequately diluted/andispersed. Concernsal arises because the
discharge may contain anti-scaling or othexacing agents and otheompounds used in the
desal process.

State primacy or federal regulators will impose federal CWA NPDES permits on desal
facility discharges (even whehe wastewater is releaseddhgh a power plant discharge line,
with its own permit). Key issuasclude levels of local mixig, dispersion, and dilution, and the
potential presence of any special status speresumably, reasonabldqtitesting and periodic
monitoring should identify if any impacts of a®rn may arise. However, a potential hurdle for
desal facilities may arise where concentration-based limits (or bio-monitoring) are set and
measured at challenging compliance locationsdbatot reflect coastal conditions (e.g., toxicity
testing inside the discharge pipe rathantin the receiving marine environment).

Coastal Standalone Desal Facilities
Coastal desal plants that are not co-locateth power plantsor other wastewater

discharging facilities will face pmit requirements for their discharge pipes that are similar to
those for their intake, as follows:
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A CWA Section 404 permit for the outfalkince placing a pipe in the water is
considered “fill.” This is administered by the USACOE, but typically requires buy-in
and approval from other agencies, s NOAA, which have jurisdiction over
fisheries and other coastal resource impacts.

e State primacy or federal regulators will impose federal CWA NPDES permits on
desal facility discharges.

e Rivers and Harbors Act (Section 10) pdrrfor the outfall pipe. This is also
administered by the USACOE, but the Conill typically not issue such a permit
unless other agencies (e.g., NOAaE consulted and sign off.

e In some states, a permit will be requifedm the state coadtauthority (e.g., the

CCQ).

Inland Groundwater and Surface Water Desal Facilities

Absent available brine lines or othemeans of conveying and discharging brine
concentrates to coastal outfalls or large inlamdrs (those without sality issues), most inland
desal facilities will probably need to rely on deepwell injection of concentrates. High cost and
energy-intensive brine minimization, ZLD, andam zero-liquid dischaeg(n-ZLD) approaches
may also be viable options, although to d&ield methods have been prohibitively expensive
for municipal desal applications.

Deepwell injection is viabléf geologic conditions are sudiat regulators will permit
such an approach under the federal SDWA'E gtogram. Regulators will seek hydro-geologic
evidence that indicates the jented wastes will remain phgslly isolated from other
groundwater systems. Issues may also arise atdwether the concentrate a hazardous waste,
and/or whether MCLs apply to the waste to ibgected (as in the El Paso case study in
chapter 9). Water supply agenciveil want some assurance ththe concentrate will not clog the
pores of the target underground system, and thus limit the volume of concentrate that can be
injected over time.

Inland desalting operations may also sedikcharge permits to surface waters
(i.e., NPDES permits), though this may progkallenging depending on the nature of the
concentrate and the targeted receiving watersome locations, however, agencies may have
circumstances that allow for or necessitateovative approaches that eliminate the need for a
discharge permit. For example, in Coachella \yalke desalter is planned to feed a constructed
salt marsh, and then the outflow from the rhansll flow to the Salton Sea—thus providing
environmental benefits (and, possibly, elimingtithe need or basis for an NPDES permit)
(Raucher, Strange, and Hallett 2006).

Finally, evaporation ponds may be antiop for managing concentrate disposal.
However, the area of land required (600 acrestivagstimated land areaeted for the El Paso
desalting plant), and the likely requirement lioing (and probably double-lining) such large-
scale facilities, make such antimgm impractical and extremely expsve at this time. There also
are concerns over potential impacts to wildlife due to hazardous chemicals or trace elements
found in the desal concentrate as well as wWithwindblown transport gbotentially hazardous
concentrated materials in the dried out brines.
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Other concentrate management and disposairapare being considered and researched,
including ZLD, n-ZLD, and othre processes that effectiveleduce the volume or potential
toxicity of the wastestream, or perhaps revaaleconomic beneficial use of the concentrate
byproduct. These potential approaches, based rgelyaon hoped-for technological advances
that will reduce the costs and energy requiresehiconcentrate minirpation, are discussed in
other portions of this repoaind the accompanying PIM (séer, example, chapter 8).

As a final note, although concentrate mirgation technologies (e.g., ZLD) have merit in
that they improve the efficiency of the depabcess, they exhibit environmental and permitting
challenges similar to present technologies imgeof concentrate disposal. Concentrate volume
reduction eliminates the use of most conventional disposal options because due to the higher
concentration of salinity and other water quatipnstituents, the concentrate becomes even less
compatible with the receiving wexr or environment. Furthethe high level of solids produced
(including additional solids proded by processes such as limeftening that allow high
recovery processing) rdssiin high landfill costs. Managemeof these solids, in many cases,
requires dedicated monofills to be constructed.

Other Potential Regulatory Issues forConcentrates and Other Desal Wastes

In addition to the key permitting requiremeristed above, NRC (2008) notes that the
following federal laws thashould also be considered:

e Resource Conservation and Recovery RCRA). The byproducts of desal plants
are typically not considerdCRA wastes; however, it isdhutility’s responsibility to
confirm if the concentrate produced metis definition of a hazardous waste under
RCRA.

e Solid Waste Disposal Act. This law ap@ito nhonhazardous solid waste disposal and
would apply to desal plants agj a solid waste disposal method.

e Comprehensive Environmental Respons€pmpensation, and Liability Act
(CERCLA). This law is apptiable only if the deal plant has stored, treated, or
disposed of a hazardous waste as ddfime RCRA. This law might apply to desal
concentrate from groundwater that contaiigh levels of toxic elements exceeding
drinking water standards.

e Hazardous Materials Transportation Act. Tlaw applies if any hazardous residuals
(e.g., cleaning waste) are transported offsite.

e Toxic Substances Control Act (TSCA). THawv, which controls the sale of toxic
chemical substances, applies if coricate is defined by the TSCA chemical
inventory as toxic and sofdr reuse (e.g., blended witretited wastewater for reuse).

e |If the waste contains thnologically enhanced, natlisa occurring radioactive
materials (TENORMS) exceeding certain lisyedisposal or storage may require
additional permits. Numerous state and federal regulations golerdisposal of
waste that contains radionuclides, althougtrehare currently no federal regulations
that specifically addss TENORMSs (USEPA 2005).
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SUMMARY OF PERMITTING REQUIREMENTS

The number and types of permits needed t@dland operate a desal facility will depend
on the source water, end use, and disposaheegursued by a water agency. For example, for a
coastal standalone facility in California, there létely to be seven major federal or state permits
required. Several of these permits may, in turtaieseveral consultations and approvals from
numerous other state, local, f@deral entities before the issuing agency signs off. Numerous
local agency permits also are typically regd (although some are construction and land use
permits that would typically be required foryaproject, not just desallables 10.1and 10.2
provide a summary of the key permitting requirements and environmental issues discussed above
for seawater desal facilities.

For example, as of 2006, the California-Ancan utility at Monterey had worked with
25 different permitting agencies (including seven fatland 11 state) in search of the 41 permits
it needs to pursue a desal fagilplanned for co-location witthe power plant at Moss Landing
(Raucher, Strange, and Hallett 2006). In catfréhrough some creativity and favorable local
circumstances, the Coachella Valley Wal@istrict was pursuinga groundwater desalting
program that they believed (as of 2006) wob&d/e two (at most) major permits, and if they
proceed according to their plan, the programay not require any major permit (Raucher,
Strange, and Hallett 2006).

STRATEGIES FOR WORKING WITH REGU LATORS TO ADDRESS KEY ISSUES
Round Pegs in a World of Square Holes

The number of permits and approvals, andas®ociated number of government entities
to be engaged, may seem daunting for a desal préjewever, it is not the fact that numerous
permits are often required that poses the gsegtetential obstacles to implementing a desal
project. Rather, the greatest challenge naaige from the manner in which the permits
applications are evaluated. This is becaugpiladory permitting is often implemented in a
manner that does not reflect or accommodatesfigeific circumstances that pertain to a desal
facility in terms of itdocation and/or its planed mode of operating.

The research team conducted interview#h water agency leaders and other
practitioners to identify key barriers to desaplementation. A centraheme to emerge from
these conversations pertains to the inter-rdladsues of (1) how regulators view and address
desal, and (2) how water agenoiesrk with the regulators.

Desal is a relatively new and uncharted teryitmor regulators, and desal facilities (and
their potential impacts and wastestreams) are eypif the type of opations that regulators
normally monitor and permit. For example,ns® traditional regulatory approaches and
protocols—such as issuing NPDES permits fosteaater discharges—mapt be relevant for
key aspects of desal operations. In other watdsal may be a round peg in regulatory settings
that are set up with square holesaddress square peg operations.
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Table 10.2

Seawater desal projects—issues, regulatoggencies, and required permits/approvals

Seawater desal plant

Power -
plant Co-location New
Currently
existing Use existing Need new
_ Consulting/ permit/ permit/ permit/
Issue/intent Permit/approval Leadgency commenting agency approval approval approval
Feedwater intake
CWA 316 (a) and (b) applection 10: Rivers and Harbors USACOE US Coast Guard Acts as consulting X Investigate Requirements
only to intake and out-takeéAct: Applies to the construction of agency only if construction of intake possibility of under
structures of thermal any structure in or over any structure. Reviews permits and approves using evaluation.
power plants. A co-locatedhavigable water of the United States operations for traffic safety and existing
desalination intake and if the structure or work affects the navigation NOAA National Marine permit for
out-take may be subject t@ourse, location, or condition of the Fisheries Service (NMFS)Acts as power plant.
316 (a) and 316 (b), water body. The law applies to any commenting agency under USACOE.
however that may be on adredging or disposal of dredged US Fish and Wildlife Service (USFWS)
case-by-case basigh) materials, excavation, filling, Acts as commenting agency for the
rechannelization, or any other USACOE.California Department of
modification of a neigable water of Fish and Game (CDFG) Acts as
the US, and applies to all structures, consultant for impacts on biological
from the smallest floating dock to resources. Conformity to NEPA and
the largest commercial undertaking. Public Interest Review if applicabléC)
(B)
Section 404 Permit: CWA: USACOE US Coast Guard Acts as consulting X Investigate Requirements
Required for activities that would agency only if construction of intake possibility of under
result in discharges of dredged or structure. Reviews permits and approves using evaluation.
fill material in navigable waters, operations for traffic safety and existing
their tributaries, and adjacent navigation NOAA NMFS: Acts as permit for
wetlands Applies to seawater commenting agency under USACOE. power plant.

intake; offshore pipeline to shore;
and outfall line innavigable waters.

USFWS: Acts as commenting agency for
the USACOECDFG: Acts as consultant
for impacts on biological resources.
Conformity to NEPA and Public Interest
Review if applicable(C)

(continued)
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Table 10.2 (continued)

Seawater desal plant

Power -
plant Co-location New
Currently
existing Use existing Need new
Consulting/ permit/ permit/ permit/
Issue/intent Permit/approval Leadency commenting agency approval approval approval
Coastal Development Permit— CCC and/or City of = CDFG: Acts as consultant for impacts on May require Energy
Coastal Consistency Project Location biological resources and California updated Commission:
Determination. (1) Federal Agency Environmental Quality Act (CEQA) entrainment/ If Energy
review.NMFS: Acts as commenting impingement Commission
agency for impacts on marine life for the study(A) involvement,
CCC.(C) may require
entrainment
studies, rather
than 316 (b)
studies(A)
Operating permit: Offshore intake CDHS Office of X Wholesale
structure. Operation of plantas  Drinking Water and Domestic
potable water supply. Meet state Toxic Substances Water System
requirements(2) Source Water  Control Division Permit.
Assessment and Protection Plan:
Assess quality of delivered water,
proposed treatmeffacilities, and
offshore intake structuré4) (D)
Outfall/brine
CWA 316 (a) and (b) appl{NPDES Permit: CWA sets RWQCB CDFG: Acts as consultant for impacts on X Investigate Requirements
only to intake and out-takeequirements for discharge water biological resources. Review of Draft possibility of under
structures of thermal quality. RWQCB: Ocean Plan, NPDES Permit. Will review using evaluation.
power plants. A co-locatedBasin Plan, Thermal Plan, Environmental Impact Report (EIR)/ existing
desalination intake and  California Toxics Rule, and Anti- Environmental Impact Statement (EIS) power plant
out-take may be subject talegradation Policiedl01—Water under CEQAUSFWS and NMFS: permit.

316 (a) and 316 (b), Quality Certification: Certify that

however that may be on adischarge into Corps jurisdiction

case-by-case basifh) will not have adverse water quality
impacts.(2)

Consulting agency for NPDES permit.

(continued)
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Table 10.2 (continued)

Seawater desal plant

Power -
plant Co-location New
Currently
existing Use existing Need new
Consulting/ permit/ permit/ permit/
Issue/intent Permit/approval Leadency commenting agency approval approval approval
Section 10: Rivers and Harbors USACOE US Coast Guard:Acts as consultant if X Investigate Requirements
Act: Applies to the construction of construction modificatioflNOAA NMFS: using under
any structure in or over any Acts as commenting agency for USACOE. existing evaluation.
navigable water of the US if the USFWS: Acts as commenting agency permit for
structure or work affects the course, under the USACOHC) CDFG: Acts as power plant.

location, or condition of the water
body. The law applies to any
dredging or disposal of dredged
materials, excavation, filling,
rechannelization, or any other
modification of a naigable water of
the US, and applies to all structures,
from the smallest floating dock to
the largest commercial undertaking.

(B)

consultant for impacts on biological
resources.

Section 404 Permit: CWA:
Required for activities that would
result in discharges of dredged or
fill material in navigable waters,
their tributaries, and adjacent
wetlands Applies to seawater
intake; offshore pipeline to shore;
outfall line in navigable waters.

USACOE

CDFG: Acts as consultant for impactson X
biological resourcesJS Coast Guard:

Acts as consultant if construction
modification.NOAA: Acts as

commenting agency for USACOE.

USFWS: Acts as commenting agency

under the USACOENMEFS: Acts as
commenting agency for impacts on marine
life. (C)

Investigate Requirements

using under
existing evaluation.
permit for

power plant.

(continued)
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Table 10.2 (continued)

Seawater desal plant

Power -
plant Co-location New
Currently
existing Use existing Need new
Consulting/ permit/ permit/ permit/
Issue/intent Permit/approval Leadency commenting agency approval approval approval
General: any project component that involves state/federal agencies
Trenching/Excavating Encroachment Permit California
within State Highway Department of
Transportation
(Caltrans)
Onshore/Offshore CoastalCoastal Development Permit: CCC and/or City of NOAA NMFS: Acts as commenting X Investigate Requirements
Development (Siting) Local Coastal Plan—Consistency Project Location agency for impacts on marine life for the using under
Determination Federal Agency. Federal Agency CCC.(C) existing evaluation.
Q) permit for
power plant.
May require
updated
entrainment/i
mpingement
study(A)
Pipeline Installation in CityMinisterial Encroachment Permit City of Project Additional
Streets Location permit
required from
city.
Operation of Project as  Construction Permit, Title V Local Air Quality X If project
Stationary Source Permit: Construction and operatioNanagement District includes a
(Decarbonator) of the project as a Stationary decarbonator,
Source CEQA Review. (3) (5) additional
permit
required.

Federal Funding Involved NEPA
agency if USBR
funding involved.
Issues approval.

USBR:Acts as lead RWQCB, NMFS, USEPA, USFWS,

USACOE

(continued)
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Table 10.2 (continued)

Seawater desal plant

Power -
plant Co-location New
Currently
existing Use existing Need new
Consulting/ permit/ permit/ permit/
Issue/intent Permit/approval Leadency commenting agency approval approval approval
CEQA Requirements CEQA Review: Must be CCC and/or City of  CCC. City of Project Location. NMFS: X May require
completed before any permit Project Location Acts as commenting agency for impacts updated
approval/decisins are madg3) on marine life for the CCQC) entrainment/
impingement
study(A)
Development in TidelandsState Lands Commission State Lands
Permit/Approval: Any structures Commission
or change in use on state tidelandd SACOE
requires approval (Public
Resources Code Sections 6801 and
6223).(A) 404, 10 (B)
Modification of Power CEQA Review: California Energy California Energy X May require Requirements
Plant Over 50 MW Commission may act as lead Commission updated under
agency for CEQA review. Only if entrainment/ evaluation.
modification of power plant over impingement
50 MW. Projects of less than study(A)

50 MW go through standard review
subject to applicable permits

(e.g., local permits, air quality
permits, coastal development
permit from Coastal Commission).

©ORGY
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Table 10.2 (continued)

SourcesCDHS 2002; MWDOC 2002; City of Huntington Beach 2003.

Notes:

(1) Some locations will require a Coastal Development Permit from both the local jurisdiction and directly from the CoasisdiQunhowever, both of these permits are not
processed jointly. In an area with a certified Local Coastal Plan, the local jurisdiction completes its permit reviewrespanagereview by the Coastal Commission, although
the two processes can be coordinated and can require sirfolanation. Generally, though,eHocal jurisdiction does notview offshore issues, su@s marine biology and
water quality, unless its Local Coastal Pilaciudes provisions that address thasries. If the facility is a federal project, a Coastal Consistency Determination Permit replaces
the Coastal Development Permit.

(2) In compliance with CDHS requirements, facilities will neeleégermitted as a Wholesale Domestic Water System. Thewtiditess receiving the water will need to

obtain an amended domestic watepply permit pursuant to the Regtibns Relating to Domestic Wt Systems. This includes the submission of (1) information necessary to
comply with the Technical, Managerial, and Financial (TMF) Cap&equirements; (2) a watgquality Emergeng Notification Pan (ENP); (3) an Engineering Report
describing how the proposed new facilitieil somply with the treatment, design, pearitance, and reliabilitprovisions of he Surface Water Treatment Rule (SWTR);

(4) CEQA clearance information; and gplant operations plan (CDHS 2002).

(3) The CEQA Process (Public Resources Caeletion 21000 et seq.) includes the following basic steps (please note: thasifonediry of the CEQA process is not exhaustive,
but serves to show an outline of the process): The lead agralyzes the proposed project érthe lead agency determingsat the project may have significant effects on the
environment, then the lead agency for the project preparedt&tR. Following completion of the draft EIR, the responsitgjency (lead agency for review) reviews the draft
EIR and a public review period takes placemsure compliance with CEQA requiremeitased on the comments and review ofdregt EIR, revisions may be made and a
final EIR is completed and submitted for approval. A final decisiotthe project is made and the state and local ageneiesNibtice of Determination with the Office of
Planning & Research and the County Clé¥ktailed Information on the CEQA process can be found online at the following \Webtfgt//ceres.ca.gov/ceqa/

(4) If beach wells are to be used for seawater extraction, then the County/Lo¢hlbgartments are usually involved foe tissuance of a drilling permit.

(5) Permit provisions for similar projects include but arelingited to: (1) submittal of plans and specifications for CDigBraval prior to construction; (2) compliance with

the SWTR, including the treated water turbidity, disinfection residuals and contact time (CT) levels; (3) all water matstbertcebypassing; (4) complete water quality
analyses conducted by an approved laboratory; (5) adequedsicn control; (6) adequate cross-connection control progrgmp@lated watershed samitasurvey every five
years; (8) mandatory use of American National Standardsultes{ANSI)/National Sciece Foundation (NSF) approved chemicé¥;raw water bacteriogical monitoring;

(10) certified treatment and distributioperators; and (11) submission of monthperation reports and a report after thstfyear of operation detailing the effectiveness of the
plant’s performance, a list of any violations, and adisiny needed additions or operational changes (CDHS 2002).

Comments from the following sources were inserted into the above information:

(A) Tom Luster, CCC.

(B) Corice Farrar, USACOE.

(C) Bob Hoffman, NOAA.

(D) Heather Collins, CDHS, Division of Drking Water and Envinmental Management.
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There are two approaches (at least) thathmmsed concurrently as a way of working
constructively with regulatorsn the “round peg-square hole” mext of desal facilities and
operations (Raucher, Strange, and Hallett 2006):

e First, there needs to be an open, advanalglie with regulators (perhaps aimed at
the higher management levels of key agescso that coopera¢ signals flow down
to field staff) that explains the desal isstand needs, and si& set up a reasonable
set of protocols for permit approval

e Second, research that generates key findinggstablishes desaliitable testing/
monitoring protocols, will help give comfioand reassurance to regulators that find
themselves facing permitting issues in desal’s unfamiliar territory

One example is the discharge of concentratethe estuary from which the water was
originally extracted. NPDES permits, driven tye total maximum daily load (TMDL) process,
tend to setoncentration-basedischarge limits. This may malsense for industrial facilities
that are using or formulating various chemioalother materials, andischarging wastewaters
that introduce these cgraunds into the effluent-receiving wedeHowever, for a desal facility,
concentrate disposal is (in most cases) simplymeng the same elements already present in the
source water to the environment; it is returngtightly less mass of these compounds, but at
higher concentrations d@n in the source water. While thenount of dilution and dispersion of
concentrated brines in the vidiynof the outfdl is a matter of environmental concern and should
be considered, does it make sense iel@ncentration-based rather thraass-basedimits at
the point of discharge for a desal fagireturning matter to its source?

Finally, it is interesting tanote how different stat appear to be addressing the desal
issue. In Texas, the state’s Commission on Environmental Quality and the Texas Water
Development Board have taken a fairly operd asupportive view of desal, and the latter
agency’s Web site offers useful guidance for water agencies considering desal options. In
contrast, State of California agencies have a varied and generally more skeptical view of desal.
Appendix E provides further information comipay the state regulatory requirements in
California, Texas, and Florida.

Tips for Facilitating the Permitting Process

The California Desalination Handbook (CDWHO08) provides a number of facility
design options and/or characteristics that can help facilitate the permitting process. These
suggestions are based on the idea that designing a proposed project using the applicable
regulatory requirements as dgsiconstraints can help comfdehe project successfully.

CDWR recognizes that the following sugtiess are not feasible for every facility,
however, under conditions where they are applie, the following may facilitate the permitting
process:

e Inland facilities or facilities away from thehoreline are typicall easier to permit

than coastal facilities
e Subsurface seawater intakae likely easier to permit than open-water intakes
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e Publicly-owned facilities are likelgasier to permit than privately-owned

e Facilities with known servicareas are likely easier to rpgt than facilities with
unknown or extensive service areas

e Facilities that are part of a coordinatietal or regional water portfolio are likely
easier to permit than facilities proposed by a single, independent entity

e Proposed desal projects that have umdtert a thorough, transparent planning
process will more likely be easierpermit than those which have not

e Early and ongoing coordination with permitting agencies and the public is likely to
make the process easier thaithvlittle or no coordination

These points are consistent with the recandations made earlier, in the portion of
chapter 8 that addresses permitting issues. Blsy are consistent with the CCC perspective
(Luster 2009). Luster (2009) provides examplebaf adhering to theggiidelines can limit the
time required to secure a CCC permit to as laggwo to six months, and how other outstanding
permits from the CCC have taken over threarg (and counting) becauseme of these tips
have not been followed.

OTHER INSTITUTIONAL ISSUES

Numerous other institutional issues canéian impact on desal implementation. Several
of these issues also are mentioned in the California Coastal Act (CCA), as summarized in
Table 10.3 While these issues are not diredilyjked to regulatory and permitting authorities,
their applicability to a specific planned desabjpct may directly or indirectly influence how
regulators and permit-granting authorities consider the applications. Issues in addition to those
detailed inTable 10.3are detailed below.

Ocean Versus Estuarine Waters

There are often important diffarees between a dedactility that islocated along, takes
in water from, and discharges to the oceammsosed to desal facilities that rely on estuarine
water bodies. Both types of faddis may be considered “coastal,” but they may face various
different physical and institutional issues, and in some instances will need to work with different
permitting agencies.

There are several technical advantages togusstuarine waters ireu of ocean waters.
These include lower salt concentrations and higlaer temperatures (mialy it easier and less
expensive to desalinate potable quality).
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Table 10.3
Institutional issues in seawagr desal in California (with specific regard to the 1976 CAA)

Issue Impact/issue Potential mitigation Related policy
Energy use Significant energy requirement for opé&on. Cogeneration, energy recovery, Section 30253(4) Coastal Act:
renewable resourcée.g., solar). new development required to

minimize energy consumption.

Environment
Air quality Increased energy usage will increase air emissions. Reduce energy use and select edextign 30253(3) Coastal Act:
sources to minimize emissions. new development required to
comply with standards set by
State Air Resources Control
Board.

Marine environment The feedwater intake method, waste discharge method
employed, and composition cbncentrate affect the
local marine environment.

Intake Direct intake from suate waters generally leads to Reduce entrainment/impingement: sit8ection 30230 Coastal Act:
impingement (marine organisms are injured/killed structures to avoid sensitive habitat, requires maintenance and
due to impact with screens) and entrainment (smalteduce intake velocities (< 0.5 ft per enhancement (even restoration
marine organisms are pulled through the screens, second), improve intake design (use athere possible) of marine
killed during plant processes). Currents around  velocity caps, traveling screens, and resources.
intake structure may be altered, affecting natural fish return systems). Avoid I&E: use

marine environment. subsurface intake methods (beach wells,
infiltration galleries, or HDD).
Composition of Depends on the quality of the feedwater, Natural filtration by beach wells may
waste discharge  pretreatment, and membrane cleaning/storage. Theeduce pretreatment needs. Mixing and
discharge may be characterized by higher diluting brine with power plant cooling

temperatures, salinity, and turbidity levels than thewater to reduce salinity of final
receiving waters. Cheweél composition will vary,  discharge.
but may include biocides, sulfur dioxide, coagulants,
metals, and anti-scalants. To varying degrees, wastes
may have an adverse impact on marine organisms
near the outfall, benthic communities, migrating fish,
and the overall marine habitat.
(continued)
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Table 10.3 (continued)

Issue

Impact/issue Potential mitigation Related policy

Waste discharge
method

The construction of new direct ocean outfall pipes Utilizing the power plant’s outfall pipe Section 30231 Coastal Act:

may cause alterations to the seafloor and other  could eliminate new construction in theequires minimizing the adverse
adverse impacts to the marine habitat. Mixing marine environment. Using beach wellmpacts of entrainment and waste
discharge with power plant cooling water may not lier disposal will eliminate association discharges.

well received by the public or regulators due to  with OTC.

negative association with OTC.

Growth

Desal may be perceived as a means to an “infinite’Coordination with growth managemersection 30254 Coastal Act:

water supply source, essentially removing a plans and appropriate plant sizing (witlequires that public works
substantial constraint to coastal development. Therespect to desired level of developmefdcilities be “designed and limited
impacts of growth may be realized in the communif@sthe region). Edcate public about to accommodate needs generated
hosting the desal facilities as well as those receiviritype” of water (particularly if it is by development or uses permitted

the water. considered to be replacement or consistent with the provisions of
supplemental water, rather than a newhis division.”
source).

SourcesAdapted from CCC 2004 and Raucher, Strange, and Hallett 2006.
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However, there are also some institutional disadvantages:

e A richer and more sensitive aquatic ecosystem being impacted, because estuaries
provide critical habitat for many marine sp; especially for reproductive cycles
and sensitive early life stages. This implies that I&E impacts may be of greater
ecologic significance (and perhaps also adversely impact commercial and recreational
fisheries). Discharges to these waters rap be of greater concern than in ocean
waters (perhaps less rapid mixing and disioer, and perhaps the presence of greater
numbers of sensitive aquatic recept@ompared to ocean outfalls).

e Potential consumer concerns about makirigking water from bay waters known to
receive discharges from various point arwhpoint sources (as contrasted to what is
often viewed as the vast, and thus more pristine ocean).

Regarding environmental concenfst are heightened fortaarine waters, the Surfrider
Foundation, an advocacy stakeholder group focused on coastal environmental quality issues, has
noted (Surfrider 2006):

There has been a dramatic loss of estuarine habitat in California—
especially in the southern region of tsimate. Most of our coastal wetlands and
estuaries have been filled and devetbpe are highly degraded from pollution
and unnatural sediment loading. Consedyer@stuarine habitat is a precious
commodity and this creates heightenedadtgdo aquatic and terrestrial life that
depend on estuaries for some stagethdir life history (e.g., birds, fish,
invertebrates).

Therefore, desalinatiomacilities that rely on estuarine “source” water
should be viewed with heightenedriginy. Many of the entrainment and
impingement issues that impact mariife and healthy marine ecosystems are
arguably made worse when they impact estuarine species and the intricate
ecological balance of estuarine ecosystems.

Private Sector Involvement

Some members of the public and some pubfitcials have exprssed concerns over
having private sector entities involved in dgsadjects. This stems from a deeper philosophical
issue about what role (if any) the private sechould play in the provision of water as an
essential good and publicrsie (e.g., critical tdife, health, safety, ahwelfare). There is a
tension that may arise betweeweatigent perspectives about vieg water in general (desalted
or otherwise) as a commodity as opposed to a basic human entitlement. This sentiment is
expressed in the following example (Water for All 2006):

Privatization of water delivery servidge fundamentally abdds with the
belief that fair access to water for all people is a fundamental human right. The
need to regulate and protect the pubfiterest is best demonstrated through
retaining public ownerspi and oversight of any wex project. Private water
utilities can also claim proprietary imfoation related to their technology and
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refuse to publicly disclose informatiaital to public overght & environmental
review.

Beyond the philosophical debate, which at sdewel may not evebe resolved to the
satisfaction of either side, there may netd be important distinctions drawn between
“merchant” desal facilities(plants developed by ipate entities, with théntent of selling their
product to water utilities) anéhvestor-owned water utilitiegprivate sector entities that are
publicly regulated utilities which have a contrattolaligation to serve the public). In the case of
merchant plants, the owner is providing watea@®mmodity. In the case of an investor-owned
utility, water (and water distriiion and delivery services) ag@ovided with public sector
oversight and pricing control.

For those opposed to private provision of wate a commodity, it is not clear whether
they recognize the distinction tieeen merchant plants and priefgtheld utilities. If this
distinction is (or becomes more widely) appreciated, it is not clear whether this might alter the
views of opponents of private sectinvolvement in desal (i.e perhaps there is broader
acceptance of private utilities addidgsal to their water supply portfolio than there is of private
companies making desal water for wholesale marketing).

Finally, in some locations (e.g., Monterey Uy, California), theaversion to private
sector water production has led dolocal ordinance that prohibiprivate sector involvement
with desal projects. Whether this local act is constitutional is not yet tested, but the sentiment
expressed has been a factor in how water gumsues, and desal, have been pursued in
Monterey County (see the case studghapter 9, and appendix H).

The CCC report on desal (CCZD04) raises a number obrcerns regarding private
ownership of desal facilities. The Surfrid@006) Web site points o@ibased on the report):

Historically, the ocean Ilsabeen regarded as ublic resource to be
utilized and enjoyed by all people andiraals in a sustainable, non-extractive
manner. Using the ocean as a source iokarg water (clearly an extractive use)
changes all that. While one desal facility may not have a significant effect on the
ocean, many such facilities (see cumuktimpacts discussion below) may have
detrimental effects.

Typically, most of the water supply i@tructure in the United States is
owned and operated by public or semi-public agencies. Quality of the water,
reliability of the water supply system, atite price of the delivered water are all
subject to the scrutiny of various regulatory agencies, local governmental bodies,
and the general public. A water supplystgm operated by a private company
(perhaps a multinational company) may bet subject to the same restrictions.
Their profit goals may encourage ratecrgases, reductions in quality, and
promotion of more water use, as oppotedalls for more water conservation and
recycling.
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Foreign Ownership

Similar to the opposition in see circles to private sectaftesal provision, there is a
related concern over foreign ownership of ddaallities. This too sms from philosophical
beliefs about control over watas an essential good. \Whcontracts can be drawn that assure
protections for both parties to an agreement—ndigas of owner type or point of origin—the
aversion to foreign ownership may impede saiesal projects where the merchant vendor, or
the investor-owned utility, has foreign ties.

There have even been some concerns aigatding international &ding and investment
agreements such as the North Ameridaree Trade Agreement (NAFTA) and General
Agreement on Tariffs and Trade (GATT). The CCG haised “. . . concerns about potential
conflicts between trade rulesnd state regulatorauthority” (CCC 2004). The subject of
ownership by a multinational private companysea additional concerns regarding potential
challenges to US laws that a multinational pgpation might regard as restrictions on “free
trade” or an “undue limitation on theiritity to make a profit” (Surfrider 2006).

Asserted Jurisdictional Control

In some instances, utility professionals have stated to the research team a belief that some
state or local agencies established conditions (i.e., set requirements or restrictions) on desal
activities that were not within their legal juristion or authority. In these cases, the utility was
forced to either test the legality of the assérauthority by filing a legal challenge (implying
long delays and high costs), adhere to the asserted (pnbbably unauthorized) demands. The
typical choice is to bow to th@emands, and consider the imposedditions to be part of the
cost of getting needed approvals (evethd situation seems like a form of blackmail).

Making concessions to appease an ovaciigng regulatory body may simply be a
practical reality in some instances, butdther circumstances the impediments created may
warrant a challenge to the legality or constitugiliiy of such actions. Asserted (versus actual or
tested) permitting jurisdiction may be used itempts to limit the types of entities can be
involved in a desal project .(e, precluding private entities asrganizations with foreign
ownership), or may impose other conditionsaofocal water supply agency (e.g., demanding
more public access, changes in design or processes).

Challenges also tend to arise when a ldgsaject entails crossing jurisdictional
boundaries, including cases where a transmisimencrosses a local municipal border. This
introduces new additional players to the permitfingcess, with the parties often seeking some
quid quo pro (in water or other servicasexchange for their cooperation.

Finally, some utility professionals noted tliats not always clear when a state agency
staff person comment reflects an official polipgsition of the agency they represent, or is
simply a personal observation. Casual or unoffistatements, especially when captured by the
news media, can morph (intentionally or not) iafparent policy positions that may be difficult
to reverse.
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Growth and the “Sociology of Water”

In many communities, there is considerabbecern about the potential magnitude and
pace of population growth and its associated ingpaat the local “qualityof life.” This is a
legitimate concern in many areas, and water supgpdvision serves as one convenient point of
leverage with which parties can limit growth. Thlesot necessarily assue about desal; rather,
it is about expanding the local tea supply in general regdeds of the source or method.
However, because desal is the promising radiernative that is emerging as the potential
solution to growing water scarcity, desal haxcdme a primary target of no- or slow-growth
advocates.

Ideally, local citizens and public official®rcerned about how to manage growth would
rely on policy tools directly aimed at the prebl, such as local zoning requirements. However,
there is a long tratlon through much of North America 6Zoning by infrastruture.” This term
implies that by directing the location and paweexpanded local water and/or wastewater
infrastructure, interested parties (developersuinhetl) have been able ifmpact property values,
traffic patterns, and the general level anchteon of population groth in localities.

There may not be any practical way in whicke&rch can help avoid the issues that come
from growth-related concerns about desal. Désa logical place fio growth opponents to
impose a bottleneck into community expansion, just as growth is a logical target for
encouragement by developers and other pro-growth advocates.

Water Rights for the Ocean

Currently, the ocean’s water is a commowogarty resource, and no water rights are
required to divert such waterBhere has been discussion in sariteles about the possible need
or merit of considering near-shore waters as giathe public trust and, therefore, making them
subject to some regulatory contfot desal extractions or other sugbes. It is not evident that
this issue of establishing ocean water rights (or some similar mechanism through which a
government establishes authoritgd management over the quangitaf ocean withdrawals) is
likely to have much impact or traction in the near term.

ADDITIONAL REGULATORY ISSUES

This section addresses some additional regulation-related topics that are relevant to the
discussion of desal planning and implementation.

Defining Best Technologes Available for Desal

Among the key challenges in desal permittinthesfact that many regulators are not sure
what is reasonable took for in terms of technology and eqational choicesral their associated
performance. Likewise, utilities may be fruse@tby the degree of uncertainty created by the
current lack of regulatory unifoity across states and otherigdictions, and by the delays
caused by regulator uncertainty and lack oécpdent. As a consequence, there have been
suggestions that Best Techogies Available (BTAs or BATS) be established for the key
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components of desal projects (e.g., for cdaftadwater intakes, pretreatment, membrane
selection, concentrate management).

The rationale for thisuggestion is that i§pecific technologieand associated design
standards and operational guideBncan be established, thensthill provide a degree of
certainty and uniformity for both ¢hregulators and the utilities. @megulators can more quickly
approve projects that adhere to BTAs, and igditvould also face simpler planning processes as
well as expedited and less uncertain permitting.

The difficulty with this suggested apgp@ah, however, is thathe feasibility and
desirability of desal-relatec@¢hnologies and operational guideknare highly site specific. For
example sub-seabed feedwater intakes (e.g., bealiy) are not technically feasible in some
hydrogeologic settings. In otherttiegs, they may be feasiblbut their long-tem performance
may be highly suspect (e.g., in terms of cloggand providing adequate feedwater inflows).
Thus, while the simplicity and uniformity assatgd with a BTA-oriated approach sounds
appealing, it is not a suitablelston to the highly site-specdinature of desal facilities.

The Potential Role of USEPA

In a similar vein, there have been some proptmef the notion that a larger federal role
is needed to promote uniformifcross states about how desglaesmitted and opated. This is
difficult given the many issues touched on by tlgsajects, and the assated crossing of
jurisdictional boundariebetween federal agenciesge USACOE, NOAA, USFWS, USBR,
USEPA, and others).

One suggestion is for USEPA to issue “glirtkes” for desal projes, along the lines as
the Agency’s guidelines for water reuse. If the USEPA were to issue federal guidelines or
regulations pertaining to desahtder its SDWA mandate, on wisdtould those federal guidelines
focus?In general, such guidelinesgirably should focus on membranes, and associated issues
such as membrane performance andityy@and monitoring requirements.

Desalinated Waters

Desalinated (and some membrane filtered) waters differ from many natural waters
because of their initial low TDS and (in coastatisgs) their seawater origins. However, from a
health risk perspective, it should be understitad many surface water supplies historically and
currently utilize source waters that are impacby upstream treated wastewater discharges, but
the “conventional treatment” th#ttey receive is sidficantly less effectie and comprehensive
than the advanced highly effective treatmentdiagpn desal and planneddirect potable reuse.

Public water supplies are sebj to drinking water regulatns under the SDWA that is
partly reflective of source. For exampkyrface water supplies and groundwaters under the
influence of surface water are subject to the Long Term 2 (LT2) requirements of the enhanced
SWTR, designed to protect agaii@typtosporidiumcontamination in the source water. This is
because those “worst case” microorganismsuaiquitous, unaffected by fdrine disinfection,
and difficult to filter. The LT2 rule requires an assessment of the range of concentrations of
Cryptosporidiumin the source water and specifies tfegel of treatment technologies with
projected log removal capacitiespia$) with turbidity values thathould be applied to assure
negligible transport ahe microorganisms to tHmished drinking water.
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Saline source waters are less likely tontain high levels of microorganisms like
Cryptosporidium,unless the intakes are proximal to wastewater discharges. Even in instances
where these saline source watepsitain significant microorgasin contamination, the desalting
processes applied to those waters (be theyni@brane or thermal desalting processes) are
highly effective in removing th@smicroorganisms. Pretreatmegrthat are commonly employed
may also well have an effect on reducing manghefmicroorganisms. Whether saline waters (or
source waters with arssociated wastewater history) shouldsbiject to special regulations or
guidelines is an appropt&issue to consider.

Regardless of the source, any finished wateuld always be required to meet the
prevailing national drinking wateegulations, whether MCLs dreatment requirements. Desal
in the US is likely to be heavily domindteby membrane processes, due to the energy
requirements of thermal processes. Commomnbmanes are polymeric materials such as
originally cellulose triacetate or more lilkepolyamides and polysulfones. Membranes are
typically layered or thin film cmposites. The surface contact lag@jection layer) is adhered to
a porous support, which can be produced fromm ghme material ahe surface. Membrane
thickness is on the order of 0.08m. Selection factors for memanes include pH stability,
working life, mechanical strength, pressuriaaticapacity, and selectivity and efficiency for
removal of solutes.

Membranes are located in a module and theylea configured as hollow fibre, spiral,
plate, and tubular. Each has its own characterigties affect selectionn particular cases.
Hollow fibre and spiral configureins generally have more favailnle operating characteristics
of performance relative to cost and they arsthoommonly used. Operating pressures are in the
range of 250-1,000 psi (17 to 68 bar, 1,724 kPa to 6896 kPa). Membranes used for ED are 0.13
to 1.0 mm and typically 0.5 mm polymeric materiatsembled in plate and frame type stacks.
These membranes operate at feed pressize tof 100 psig and are ioation resistant.

There are numerous compositions of nmbeanes within each categoryable 10.4
provides some generalized performance expieat for four major categories of membrane
systems. The larger pore membranes like MF@Rdre often used as pretreatments to remove
larger particulate contaminants and to redtiee loadings on the more restrictive membranes
like RO, and extend their performance and run times (WHO 2007).

Cryptosporidiumfall in the size range of 4 to@n so even MF will effectively remove
them. Viruses are removable by UF, and eskdnMF can also significantly reduce microbe
loadings. Hence, intact RO membranes hawelgent capability to remove any microorganisms
of concern. Therefore the regulatory or glirte issue would revolve upon the quality of the
membrane, and assurance of its functlaring the life of the unit process.

Table 10.4
Comparison of membrane process performance characteristics
Nominal pore size

Membrane type  (in pm) (approximate) Constituents removed
Microfiltration 01to1l Particulates, bacteria, protozoa
Ultrafiltration 0.001t0 0.1 Viruses, large and high MW organics
Nanofiltration +/- 0.001 Multivalent metal ions, some organics
Reverse osmosis 0.0001 to 0.001 Seawater, brackish water desal, organics >100 daltons

Source:Adapted from Applied Membranes 2009.
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Membrane Quality

Reliable membrane quality and performancekaseelements to assure that purchasers of
membranes can be confident that they wiihdtion effectively and agxpected. This was
probably a greater problem in the past becams®rmity and performance has been improving.
Warranties (first party assurajcand pretesting (pilot testingyrior to acceptance may be
sufficient to address this issue.

On the other hand, it is worttonsidering whether there waolube value added if initial
membrane quality and reliabilityould be handled by third-pargonsensus standards, much as
already exist for all other drinking water caat chemicals and surfaces. Thus, the regulatory
requirement could be that membranes certifiedrtcappropriate third-py standard would be
used. Such standards are not known to exist abyethey could be developed if/as the market
demands it.

Assuring the integrity and performance oé tnembrane system (seals and membranes)
in use is a different issue. @ant regulations reqre suitable technologio be employed and
their performance is determined by frequentitith measurements on individual filters and on
the aggregated drinking water. There is aotomplete consensus on the most appropriate
techniques for determining the effectivenessr@mbranes. Turbidity would have a role and
other parameters such as conductivity, Totaja@ic Carbon (TOC), ahpressure changes are
being seriously examined. The performance expgeatabeing considered are significantly more
stringent than are currently @ed to conventional coagulation sedimentation and granular
filters, which actually are less effective. Ultimately, it is possible that performance requirements
will become regulated, although guidance may be eéfactive and sufficiegnuntil such time as
a technical consensus is reached.

Finished Water Quality

The finished drinking waters must meet ptbmulgated drinking water regulations. It
may be desirable to supplement regulationgntdude Health AdvisoryGuidance values and
include constituents specific to a particular source or system.

In addition, guidance on thstabilization of the water prior to distribution will be
important to assure that the water will not be aggressive to the distribution system. Guidance
may also be valuable with respect to consaqges of interactions be&een membrane treated
water and conventional waters which may be blended (e.g., with respect to bromide and
chloramine residuals).

It also would be appropriate to consider wiegtthe lack of minetaation and particular
ions like calcium and magnesiumght render desalted water léban optimal with respect to
beneficial aspects that are rethte minerals intake (e.g., candascular disease or osteoporosis
risks). This issue was exptd by WHO (2009), and studiessaunderway to examine whether
water composition is important as a supplement to dietary intakes of several ions. The same issue
exists for softened water andturally very soft waters.
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Implications for Monitoring Requirements

Assuming that RO and NF membranes perf as expected, there are many potential
drinking water contaminants that would not bgexcted to be found in the permeate used for
drinking water. Therafre, it would not make sense to require extensive monitoring for these
effectively removed constituents. Instead, any potential future regulatory requirements related to
monitoring membrane-treate¢i.e., RO or NF) desaltedvaters should focus on those
contaminants that desalting memiga may not remove effectively.

CONCLUSIONS

As described above, there are myriad regulatory, permitting, and related institutional
issues that may impact desal projects. Marigeaput of legitimate technical concerns for
protecting natural resources and the environnaatd,some arise out of philosophical differences
and opinions. Research and ghogvfield experience from pitoand demonstration testing and
from full-scale desal implemeritan probably can help resolve maof the technical questions
about environmental impacts (i.e., Will negatisgacts occur? Will the adverse impacts occur
at levels of concern? And if so, can these negatiyacts be mitigated or offset in a practical
and satisfactory manner?). Research and incrdadddexperience may also help address some
of the issues arising out of political or philosagath differences (although the prospects for doing
S0 may be less tangible).

Regulatory Framework and Permitting

A significant issue is how regulators and athgencies involved in the permit review
and approval process view desal, and whethey are willing and able to account for the
important ways in which desal may differ fronetbther entities they retsle. There are various
ways in which research, and other efforts, majp establish a regulatory framework that is
more suitable for desal (i.e., creatingpband hole pegboard for the round pegs).

One approach may be to develop a workshop (or series ofskapk) that brings
regulators from different statesica agencies together, along withrious technical experts, to
review desal concerns and permitting procedures. The sessions would provide a forum for the
exchange of ideas on regulatory approaches (i.e., the approach in Texas as contrasted to
California), and the sharing ofechnical information. Thissharing of information and
perspectives, including input frooredible and objective technloaxperts, may alleviate some
regulator concerns. This type of exercise migglp reveal a uniform sef regulatory tools and
standardized approaches (e.g.,foonitoring discharge or intakenpacts) that are suitable to
desal and provide regulatossth sufficient comfort.

Ultimately, it seems like a useful objective to try to define some standardized approaches
to desal permitting and other regulatory issuesgusredible and appropriate approaches to
address legitimate concerns (and avoiding unnegessarelevant stepand procedures).
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Citizen and Public Official Outreach Needs

Much of the discussion with concernedzztns and public officials focuses on addressing
their concerns about desal. Research, pilot testing, and field experience can help address many of
the technical issues that may concern somthe$e stakeholders. There may also be various
approaches that utilitiesan deploy to help steer the dialognea more constructive direction,
such as by helping water agency managersa@xphe rationale forral advantages of desal
(e.g., see appendix D).

It may also be useful to explore wagé communicating abouthe problem(s) to be
solved by adding desal to the portfolio lafcal supply options. For example, desal has
progressed with relativellittle public oppositbn in Tampa and in Texas locations. There are
some indications that this may be because enr¢fevant locations it is broadly recognized that
there is a serious water shortggeblem, and that desal is atting edge way of helping address
the needs of the community.

To help reveal where there is a need, antdip reveal the extent of that need, utility
efforts may be directed in the following areas:

e |dentifying the baseline for community ¥hen looking forward 10 to 30 years in the
future, if desal is not added to theuater supply portfolio. Will there be water
shortages? What will the impacts be? The problem of projecting reasonable future
scenarios to reflect realistic baseline (iwithout desal) conditions is not a simple
exercise. Developing and portraying a “no dieBgure may be helpful as a way of
helping communities focus on their alternative futures.

e While “growth” can be a lightening rodssue, it may be worth some effort to
investigate what growth scenarios drkely under existingstate and regional
planning procedures and documents. Defhgcthe growth projections away from the
desal project, and pointing instead to thfficial growth progctions laid out by
relevant state and regiorgdverning bodies, may help.

e Articulating the benefits aflesal. Not all water supply aphs pose the same types or
levels of reliability risk, and desal offers some important advantages to traditional
surface water sources thaedinked to drought cycles.
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CHAPTER 11
GUIDANCE FOR UTILITIE S ON DESAL PLANNING
AND IMPLEMENTATION

As detailed in previous chapse a primary objective of thiseesearch project is to help
water utilities and other water professionalsdratiavigate their way through the desal planning
and implementation process. One of the key principles guiding this work is the adoption of a
broad systems planning approacteinded to help utilities integrate desal systems into existing
technical and institutional systems.

Accordingly, the project team has developettesal decision framewk” to help guide
utilities through the technicalnd institutional challenges associated with the development of
desal facilities. The following seons provide an overview of ihframework, highlighting each
stage of the desal planning and implementation process.

OVERVIEW OF DESAL DECISION FRAMEWORK

As shown inFigure 11.1on the following page, the frameworkvides the dsal planning
and implementation process into six stages, as follows:

Visioning and Goal Setting

Desal Feasibility Analysis and Implementation Planning
Pre-Design

Design

Facility Construction

Implementation

O0hsWNE

As depicted inFigure 11.1 for each stage of the planning and implementation process
identified above, the framework identifies key quassi to be answered, act®to be taken, and
decisions to be made (before muyiforward to the next stage).

It is important to recognize that the stages build on each other, with each stage laying the
foundation for the next. Costs are additive, and increase with each stage. At the end of each
stage, it is therefore valuable revisit the question, “Is desalviable option?’Further, given
their complex nature, and thenge of possible options, it isot uncommon for desal projects
(especially seawater desal fadg) to be altered during the course of design, planning, public
involvement, and permitting. When such modificatiams made, different stages of the process
may need to be revisited.
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Do | need additional water?
What optians do | have for
additional water?

Is this a local or regional issue?

Huw dol su E sullv
implement desal?
challenges?

Who else should be involved?

the facility?

What processes are
appropriate for this site?

How will they perform?

What will be the challenges
|and how do | solve them

£i-d

| What criteria and processes
need to be in place to get the
plant funded, appraved and
ready for construction?

What additional staff training
or operational suppaort are
needed?

— =

NEEDED THROUGH ALL STAGES -

What processes need to he
in place and managed during
construction?

What guestions should be
asked during start-up?

How do | effectively transition .

to desal?

How do | optimize people and
processes to achieve optimum
afficiency?

Am | meeting all my goals and
parmit conditions?

Did | make the right decision?

What are the opportunities and [

Develop water resource strategy:
* Analysis of alternatives

Is b
desal a viable >
+ Goals for water supply oplions 4

option?

[ Develop strategies for:

+ Technical

= Financial

+ Stakeholderfcommunication

= Leadership and project management
* Regulatory and other approvals

|+ Panners

Pilot Test Evaluate

= Technical = Procurement options
feasibility and = Siting Issues
process + Permit and
selaction requlatory issues
Cost + Sources of funding
Operability needed
Acceptability * Partners

| Develop processes and criteria for;

Emi:'i ity design i il

elivery metho

Fanniir:and construction approvals rur:i:s:;l 2
Securing funding » F'B rovalsin o
Transition planning m;IncaT Vi
Bidding process ™ o
Project management

Necessary training/staffing

Manage;

* Bidding and award

+ Construction management
+ Start-up

= Close out

Implement and evaluate:
= Change managament
* Customer communication
+ Training/staffing

+ 0&M procedures

= Operational monitoring
= Water guality

Figure 11.1 Overview of desal decision framework
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In addition to the distinct stages of depklnning and implementation identified above,
there are a number of procesghat need to be conductedaighout the desal project period
(i.e., during each stage of the planning and em@ntation process). These processes include:

e Vision and planning. The vision and plan for im@mentation should be revisited
during each stage of the pess. As more information is gathered or conditions
change, the vision, and the steps necestaigchieve the vision, may need to be
revised.

e Leadership. Effective leadership is essential to moving implantation forward and
keeping it on track. For effective implemtation, champions and leaders are needed
both from managers and lstitors (top down), as wells from those that will
actually implement the process (e.g., eegrs, operators). Having champions and
project supporters from diffent stakeholder groups catso pay large dividends.

e Clearly defined roles and decision processefmplementing a major new process
will require a wide range of staff, and many cases, outside consultants. Defining
roles is essential in ensuring that eactktes effectively completed and to avoid
duplication of effort. Undestanding who makes the asion and/or process for
decisionmaking should be defined.

e Stakeholder involvement,communication, and support Also important to the
planning process is engagi key stakeholders (e.g., dds, elected officials,
regulators, environmental groups, and ottinerd parties) and # broader public in
the early stages of project development. Actively involved stakeholders are more
likely to support and champion a projectfe€tive public involvenent rests not only
on early involvement but also in creating an open and transparent process that allows
meaningful public input on environmiah economic, and community issues.
Throughout the planning process, wateoviders should lookor opportunities to
involve stakeholders, and should be awérat stakeholdergespecially elected
officials) may change durinpe course of a project.

e Managing organizational change Implementing a major new process can have a
substantial impact on a water provider’s worke. Introduction of new technologies
creates a level of uncertainty among empks/with questions iaing regarding how
it will impact their jobs. This uncertainty can erode support for the project. Being
aware and addressing changessential for an efficiemnd functioning workforce.

e Knowledge managementDesal implementation requires the involvement of many
people, numerous reports and documents,aawitie range of decisions. The project
planning process typically kas several years prior to implementation. Personnel may
change and/or key documents may be tostorgotten. Knowledge management is
needed to ensure that information is iretd, updated, and available when decisions
need to be made.

e Risk management. The planning and implementation framework essentially
provides the water supplier with a process for risk redactRisks are greatly
reduced through identifying and addressikey challenges. More information
generally reduces risk, whilack of information increses risk. Key project risks
include those associated with permitting, entittement (ownership of land and
infrastructure on site of theroposed facility), aalability and cost of power, changes
in source water quality, changes in applicable regulations, uncertainties associated
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with unproven and new technologies, amsks associated with the demand for
desalinated water. Project risks shoute evaluated at each stage of the
implementation process.

STAGES OF PLANNING AND IMPLEMENTATION

The following sections provide further detaih the different stages of the decision
framework described above. For each stage of theeps, additional information is available in
other areas this report and in the accompanpimject resources. Acaodingly, the following
sections present the general principles. When apptepreferences to different sections of this
report and other projecesources are provided.

Stage 1: Getting Startel: Vision and Goal Key Questions

Setting Do | need additional water?
What options do | have for
additional water?

Desal projects often emerge as ¢ Is this a local or regional issue?

component of a broadautility planning effort
designed to address the following question
(Figure 11.%: ¥
Action
e Do | have enough water to meet future | Develop water resource strategy:

demand projections’? * Analysis of alternatives _

. . * Goals for water supply options

e What options do | have for meeting

this demand? l

e |s desal an option for meeting this
demand?

e Are there opportunities for local
coordination?

Is desal a
viable
option?

Follow alternative
planning processes

These questions are typically evaluate
through the developmemdf a water resources
strategy that begins with an understanding ¢
available water supply options and predicte
future demand. Alternatives for meeting future Proceed to Step 2: Desal
demand are evaluated, adelsal may emerge as a Implementation Planning
potential option. Desal should be considered i
conjunction with water conservation, reuse, Figure 11.2 Stage 1. Getting started:
additional storage, impting water, etc., t0 \ssion and goal setting
address future needs. In addition, opportunities for
a regional desal strateghould be evaluated.

The water resources strategy should determine when additional water resources will be
needed and how to integrate different water Bupptions into a broader strategy for meeting
stated goals (often called a water portfolio). afhdentifying preferre@ptions, characteristics
of different supply options that might impacatpply (e.g., reliability, quality) should be taken
into account. For example, desal has the advarahgeing able to be troduced directly into
the potable supply. Recycledater does not currently have thlisect potable feature, which can
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cause a more lengthy process of identifying custsmand installing dualelivery infrastructure,

or for setting up indirect potablreuse approaches. Differewater supplies have different
benefits and therefore should be valued d#fdly. Information on tde-offs, options, and
alternatives should be very colage even if this informatioextends beyond what the utility is
used to researching. In additidhg social and environmental costs and benefits associated with
each option should be evaluatedtitdately, during this stage, aasion is made in regards to
whether or not desal is an appriate option for meeting some, all, of the future projected
demand. Stage 1 serves as a first tier “fatal Baalysis” in terms of assessing the feasibility of
desal.

Having a water resources strategy is essential in working with decisionmakers and
stakeholders. Having stakeholder and pubsapport for desal can greatly facilitate
implementation. It is also important to docurhalecisions up front, adecisionmakers and
stakeholders may change during the coursa pfoject. A water resources strategy should be
updated periodically as conditions such as ipted demand and available supply change over
time.

Key Questions
Stage 2: Fea}5|b|“ty Aqaly5|s and How do | successfully implement desal?
Implementation Planning What are the opportunities and

challenges?
If it is determined that desal is a potentia | Who else should be involved?
option, the water supplier or project proponen

continues with Stage 2: Desal Feasibility v
Analysis and Implementation Planning. Key Action
questions addressed dwi this stage include |Develop strategies for:
(Figure 11.3: :;fn“ahn"‘:f:l'

« Stakeholder/communication
e What needs to be done to |*Leadershipand project management

successfully implement desal? :'::ft';':::”f and other approvals
e What opportunities or barriers need tc
be considered?
e Who else should bawvolved in this
decision process?

Can |
successfully
implement
desal?

This stage is characterized by assessir
the feasibility of desal and planning for
implementation by identfing challenges and
opportunities, understanding how they migh
impact implementation, and evaluating what ca
be done to address them. In addition to technic
issues (e.g., cost, perfoance, site conditions,
energy usage), it is important to include
institutional ~ issues  (e.g.,  permitting, Figure 11.3 Stage 2. Feasibility analysis
environmental issues, stakeholder acceptancgnd implementation planning
funding) in this stage othe planning process.

Failure to address institutional issues early on

Rewvisit Step 1

Proceed to Step 3:
Pre-design
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can lead to substantial delays and increased.ctisis important to recognize that with time,
additional opportunities and challesggymay arise that will requireishprocess to be revisited.

Table 11.1
Example list of implementation barriers

Barriers related to water

utility culture Technical barriers Regulatory barriers Stakeholder barriers
Risk adverse, concerns Site constraints at Multi-agency involvement Balancing the needs of
of a new technology proposed location in permitting multiple stakeholders
Resistance to change  Performance uncertaintied.imited regulatory Short-term vs. long term
Lack of a clear strategic (longevity, life cycle, experience to review and mindsets
direction integrity) approve Environmental
Water quality concerns  Contradictory and/or degradation concerns

Need for a champion
Lack of expertise
Financing and difficulty

(red tides, boron, blendingvolving regulations No-growth advocates

Environmental justice
concerns

Environmental degradatiohong approval time
issues (residuals, energy

in raising rates use, 1&E)
Public health concerns
Lac_k of standards for related to quality of the
design and regulatory source water
approval

) _ Siting concerns
Feasible solution for

concentrate disposal

Table 11.1provides a list of potential issuesssociated with desal implementation
typically addressed durinifpis stage of the planning process. This list of potential issues relates
to challenges associated with the existing wat#ity culture, technichissues, regulations, and
stakeholder perceptions and concerns.

With an understanding of the potentialriiers to implementation, strategies for
addressing these barriers can be developed. Ultimately, given the challenges identified, an
implementation plan should be developlest includes strategs for addressing:

e Technical issues (e.g., identifig and addressing constrair@ssociated with possible
locations for the desal facility, intakecoutfall, including aailability of power)

e Regional approaches (e.g., identificat@nopportunities forregional collaboration,
including potential partmreutilities, municipalitiesand project sponsors)

e Financial issues (e.g., idefitation of major projectcosts, development of a
preliminary “financing plan“for capitalizing the project, as well as sustaining the
ongoing operation)

e Stakeholder communication (e.g., assessmémqublic perceptions and awareness;
identification of major stakediders; development of arategy to address concerns
and perceptions, including why desallksing pursued, its potential impacts and
benefits, and its relationship to the overall watguply portfolio)

e Regulatory and other approval needs (e.gniification of key permitting agencies,
establishment of permit review committee)

e Leadership and change management
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During and after these planseatieveloped, it is important task the question, “Can |
successfully implement desal?"tHe answer is yes, themove onto Stage 3: Pre-design.

Stage 3: Pre-design

In the pre-design stage, data and informatio Key Questions
needed to deSign and implement a desal project & Where is the best location for the facility?
collected. Building upon th strategies developed |what processes are appropriate for this site?
during the implementation planning stage, Prejxow will they perform?
design should include a medetailed evaluation of |what will be the challenges and how do | solve
both technical and institutional issues. On thqthem?
technical side, key questionglude Eigure 11.4:

k J

e What is the best location for the

Action
proposed desal facility (including intake | piiot Test Evaluate
and Outfa”)? * Technical feasibility = Procurement options
e What processes are appropriate for thi{ " Process * Siting lssues
. selection + Permit and
site? * Cost regulatory issues
e How will they perform? * Operability = Sources of funding
* Acceptability needed
* Partners

Pilot testing is often done during this stage tc
evaluate the cost and pemance of different desal
systems. If a pilot project is utilized, the water
provider will need to work with relevant regulatory
agencies to obtain needed permits and develop
schedule for proceeding with the project (including

construction, monitoring, evaluation, etc.). It is Have tachnical, funding
. and regulatory issues been
generally recommended that public outreach also k resolved?

conducted to ensure publienderstanding of the
pilot project, and to minimize the opportunity for
misconceptions about thegpect and its relationship
to a potential full-scale project. Guidance for pilot
testing is provided in chapter 8 and appendix C ¢
this report. Proceed to Step 4:
The selection of a specific location and Design
specific desal technologg allows for a more
detailed examination and resolution of financialfFigure 11.4 Stage 3. Pre-design
social, environmental, and institutional issues. At
this stage, examples of key questions include:

e What will be needed to obtain thecessary permits and/or approvals?

e What are the feasible procurement op$, partners, and sources of funding?

e What are the primary environmental comeerat the site (e.g., I&E, concentrate
management, carbon footprint)?
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e What are the social and political issuesaciated with the project (e.g., concerns
associated with the specific site, growth issues)?

The decision at the end of this stag€'lidave technical, funding, and regulatory, issues
been resolved?” At this stage, appropriate texirand institutional process(es) will need to be
to selected in order to moverward to Stage 4: Design.

During Stage 3, a comprehensive assessment of the environmental and social impacts of
proposed project alternativeschuas is conducted through an Environmental Impact Assessment
(EIA), should be initiated. An EIA identifiegjescribes, evaluates, and develops means of
mitigating potential impacts of proposed activities on the environment. In an EIA, information
on the environmental consequenoés project is provided to ¢hpublic and to decisionmakers.

A detailed EIA is often required for large infrastructure

projects, such as a desal facility. Depending on t
prOpOS.e.d pr(')Je(.:t,' it s |rlcumbent on nationa What criteria and processes need to be in place
authorities to individually define the need, scope, an, getthe plant funded, approved and ready for
complexity requirements for each EIA (Lattemant construction?

2008; Cotruvo et al. 2010). Although the EIA shouldWhat additional staff training or operational
be initiated in Stage 3, it will carry over into Stage 4| support are needed?

Design (for further information on EIAs, see
Lattemann 2008).

Key Questions

k 4

Action
Develop processes and criteria for:
_ _ ) * Facility design
During the design stage, the water providel « Delivery method
focuses on clearly defining each technical proceq * Permits and construction approvals
component and developing exifications, criteria, or | . yecurne funding
p ping ! ! * Transition planning
other plans that can then be used to construct | . gidding process
implement these processes. Design criteria inclug * Project management
specifications for equipment, materials, systems, ar ° Necessary training/staffing
quality and performance goals. Key questions at th
stage includeRigure 11.%:

Stage 4: Design

e What are the design criteria and
specifications for the facility?

e What is needed to be in place to get thi
plant funded, approved, and ready foi
construction and implementation?

e What training or operational support is
needed to support the implementation?

Are all
processes and
approvals in place?

A component of this stagis to develop bid and Proceed to Step 5:
construction documents that define the exac Facility Construction
specifications of the facilityA final financial analysis _
should also be completed and the financial viabilitf'gure 11.5 Stage 4. Design
and security aspects of the project should be
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documented (e.g., the cost of money, cost of enangpilability of subsites, and other income

streams to support the project).

Beyond technical and financial criteria, key institutional issues to be addressed at this

stage include:

e Defining the contract delivery method (DB® DBOOT) and develop the appropriate

bidding process
e Obtaining permits
e Obtaining funding and project partners

Supporting functions should albe considered, including:

e Development of a transition plan whichfides considerations for implementing the
new process with existing processes. Hhisuld include staffingnd training needs.

e Development of a project managemant contractor $ection process.

At the end of this stage, clearly defined criteria
necessary for bidding and constion, as well as items
needed to support implementation are developed.

Stage 5: Facility Construction
During the construction age, work is conducted

to build what was developed during the design stage. Key
guestions during thisage includeKigure 11.6)

Key Questions

What processes need to be in
place and managed during
construction?

What questions should be asked
during start-up?

!

Action

Manage:

* Bidding and award

« Construction management
= Start-up

* Close out

e What processes need to be in place and
managed during construction?

e What questions shoulde asked during start-
up?

e What constitutes an acceptable project?

A typical construction mject has stages of
bidding, award, management, start-up, and close-out.
During these stages the oprct manger will need to
manage the contractor, swntractors, team members,
project reporting and payments, quality assurance/quality
control  (QA/QC) and ispections, scheduling,
recordkeeping, and other peci controls. The project
manager also needs to communicate with stakeholders
and manage any internaidganizational issues.

Having criteria for projeicclose-out and approval
is particularly challenging and processes should be
established during the desigtage of the project. Along
with performance-based crite, considerations for
recordkeeping and documetta should be included in

Has
construction been
completed and
plant-startup
demonstrated?

Proceed to Step 6:
Implementation

Figure 11.6 Stage 5. Facility
construction
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the final decision. At a minimum these shobuiclude as-built plans and O&M manuals.

At the end of this process, construction siddud completed and plant start-up should be
successfully demonstrated. When this has wedy the water provider can move into full
implementation of the desal facility.

. Key Questions

Stage 6: Implementation _ v -

How do | effectively transition to desal?

Fo||owing Construction, the project How do | optimize people and processes to

transitions to full implementation. Key issues to b *c"eve optimum efficiency?

addressed during this semclude Eigure 11.7: Am | meeting all my goals and permit

conditions?

e How do | effectively transition to desal? |Pid | make the right decision?

e How do | optimize people and processe:
to achieve optimum efficiency? v

o Is additiona_l training needed? _ Action

e Am | meeting all my goals and permit
conditions?

e Did | make the right decision?

Implement and evaluate:

+ Change management

+ Customer communication
+ Training/staffing

Implementing a new technology, such ag « g&m procedures
desal, requires transition of processes and peop| s Operational monitaring
For desal, examples of new processes include issy » Water quality
such as maintaining water quality when adding
desalinated water into ¢hdistribution system, and Figure 11.7 Stage 6. Implementation
conducting any additional monitoring that may be
required. For people, change management becomes
important as staff are being required to addrthe challenges of a new process. A change
management strategy should includenirag and developing meO&M procedures.

Finally, throughout project implementation itimportant to check back with the vision
and goals of the project to euate whether implementation continues to meet the original goals
of the project. If not, determine what additibsteps may need to takeStakeholder feedback
and communication are also needed.

SUMMARY

The evaluation, design, and implementation of a desal project involve a number of
opportunities and challenges that must be adda within the context of existing utility,
community, and institutional systems. While ttevelopment of a desal project requires a long
and involved process, proper planning can facilitate a more rapsdcdetly, and less frustrating
implementation process.

The framework provided above is intendedstrve as a guide tine different issues
associated with desal planning and implemtgona Ultimately, each prejct will need to be
evaluated within the context of sigpecific issues and challenges.
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CHAPTER 12
FUTURE RESEARCH NEEDS

This chapter provides several suggested aveioudsture research #t would assist with
the planning and implementationaddsal, especially in the US. The specific topics are organized
according to the major types of challengest ticurrently inhibit and complicate desal
implementation. There are a vast number of pa#ntbeneficial research topics related to
desal, and in this chapter we focus on genemh#s for future research rather than the many
highly specific research topicsathcould be usefully pursued. Viso focus on those topics that
are most likely to assist with near-termtingional hurdles, rather than longer-term technology
development.

OVERVIEW OF EXISTING DESAL RESEARCH THRUSTS

There are numerous research efforts currently directed toward desal, including projects
conducted or funded by the USBR, or funded ananaged by the Water Research Foundation,
the WateReuse Foundation, and others. As nbyedoutchkov (2009b), many of these efforts
have recently focused on technology enhancemeisiding an emphasion topics including:

e Developing a better fundamental understagdf the relationship between source
water quality, membrane foulingnd pretreatment mechanisms

e Enhancing the performance of existingmimane pretreatment and RO processes

e Improving existing technologies to attaimgher productivity, lower energy use,
and/or better product water quality

e Developing non-membrane, hybrid, asther new forms of salt separation
technologies

e Minimizing concentrate and addesg brine disposal challenges

e Linking desal facilities talternative energy sources

These are all important issues for long-term investigation and research. However, below
we focus on topics that may be raovaluable in terms of addi®ng near-term, practical desal
implementation barriers.

RESEARCH NEEDS ORIENTED TOWARD NEAR-TERM DESAL CHALLENGES
As noted throughout this report, the maibstacles to wider implementation and

acceptance of desal in the US today are the aften-related topics oénvironmental impacts
from seawater feedwater intake and concentrate disposal:

e High costs and energy use
e Complex, convoluted, and time-consuming project permitting processes

e Limited public understanding of the roleneed, importance, benefits, and
environmental challenges of desal
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There are a large number of pdialty valuable research pjects that can help address
these needs. Many are discussed in the wiagger developed by Voutchkov (2009b) for the
WateReuse Foundation’s 2009 research needkswop. In addition, there were 28 desal-
oriented research projects developed by the WateReuse Foundation’s Research Advisory
Committee (RAC) in February 2010. Below, wieo some generalized research needs, which
overlap with some of the more specific topstggested elsewhere (some of the following were
drawn from the WateReuse Foundation’s projestdptions and compiled and ranked highly by
the RAC).

GAINING A BETTER UNDERSTANDING OF THE I&E IMPACTS OF OPEN WATER
DESAL INTAKES

Much of the current scientific knowledgadaenvironmental concerover open seawater
intakes stems from I&E experiences with ¢ah©TC power plants. Power plants using OTC
typically need to take in signdant volumes of wategnften an order of magnitude more in daily
volumes per day than a large-scalesal plant. In addition, thelgeity of the waer intake is
typically very high for power plants. The volumedavelocity requirements of the power plants
using OTC are the major determinants oflé rates observed in these facilities.

In contrast, desal facilities can take in mudetver volumes of water, and can do so at
much lower velocities (especially if configuredth some feedwater storage capacity). As a
consequence, standalone deaallities with open water coastal intakes may impose far less I&E
than an OTC power plant, yet little scientifidd@®nce seems to have been compiled in this area.
Sound biological assessmentsl®E at desal-scaled open wat@take volumes and velocities
would seem to be a highly valualdadeavor. In concewtith that effort, the impact of desal I&E
with a mix of alternative mitigadn measures (e.g., a range of intake cap and screening designs,
biological avoidance measures, and so fortoul help identify which suite of design and
operational approaches perfobmst for I&E minimization.

DOCUMENTING CONDITIONS THAT SUPPO RT (AND THOSE THAT DO NOT)
SUBSURFACE (SUB-SEABED) INTAKE APPROACHES

There is considerable interest, especiallyhe regulatory community, of promoting the
use of beach wells and other forms of coastadlfeater systems that rely on sub-seabed rather
than open water intakes. However, sub-seabedmesire not feasible in some locations due to
various physical characteristics. In other locations, theoaghes may appear viable, but the
ability to perform adequately over the expected desal facility lifetime is unclear (i.e., there may
be clogging and other problems tlmahder the intakes unusableimadequate after a relatively
short period).

Research is needed that helps identifi alearly articulate conditions under which
various sub-seabed intake sysseane technically feasible anddil to perform adequately over
a suitably long duration. This would help regulators and utilities joirgtognize where it is
suitable to push for such systems, and whei® suitable to instead be more focused on open
water intake approaches.
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PERFORMANCE AND COST REVIEW OF EXISTING DESAL PLANTS THAT USE
CONVENTIONAL AND MEMBRANE PRETREA TMENT PROCESSES PRIOR TO RO

Very little published, unbiased research mfation is available to water treatment
industry professionals to qualiteely and comparatively assetise performance and costs of
existing desal plants using conventional and nramd pretreatment. This project would help
address this need. The objective of the work iagsist in the planniaghase and in assessing
treatment process treatment fbdsy issues amongst existingnedia filtration and membrane
filtration pretreatment systems on surfagaer treatment plants utilizing RO.

The research approach couldébdesktop-based project cornisig of a review of existing
published information, facility audits, and a cttba and assessment of results. The audit could
be performed by sending custom-developed dates for facilities to complete and then
followed up by telephone. The review coulctds on documentation of feedwater conditions
(and associated variations ieefd water quality including but néimited to temperature, TSS,
turbidity); identification of equipment operational conditions and constraints, chemical
consumption, power consumption, generationwaistes, online time, filtered water quality,
O&M costs, capital costs, and if available, @i®n during periods of eVated biomass events
(e.g., as measured by cell coumtisytoplankton, or Chlorophyll-a).

INVESTIGATING BEST-IN-CLA SS CONCENTRATE MANAGEMENT
TECHNOLOGIES FOR INLAND DESALTERS

This project could be used to identifyesific parameters that determine the use of
various concentrate management options a&uatiniologies and how it ledes to the specific
location. This might include mapping the locatiand related regional characteristics and
parameters of relevance (e.g., desal treatrtemnfitnology, source watguality, finished water
guality, concentrate management technologie$ious, relative cost per finished water gallon,
and kWh per finished water gallon).

This information could help identify potentiakes of those techlogies and locations
where they could most likely be applied. Muchtlef information exists in past surveys; this
project will consolidate that farmation and extend it by addirgpsts, and reviewing regional
application feasibility and implementation issuswould help determine the applicability of
concentrate management technologies to fytuogects, avoid reinventing the wheel every time
a new inland desal project isai@ded, and develop site-specifioncentrate management costs,
which go beyond what has previously been done.

ONSITE USE OF DESAL CONCENTRATE FOR IMPROVED IN-PLANT WATER AND
ENERGY EFFICIENCY

This project could investigatissues such as beneficial in-plant use of concentrate for
pretreatment filter backwash, generation of sodihypochlorite, addition of minerals to RO
permeate, generation of electricityaypressure RO, and sequestration o5.C®e project could
consist of the following:

e Identify all potential beneficial erite use opportunitiger concentrate
e Identify constraints for using concentrate for each of the on-site uses
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e Research means and methods and assatcosts for removing constraints

e Develop preliminary design criteria anprocess diagrams for making use of
concentrate for each potential on-site beneficial use

e I|dentify any incidental negative conseques of using the concentrate for the
intended use

e Develop cost estimates for each application of concentrate

e Identify the cost or savings that woud@ achieved over what the alternative would
have been

e |dentify the cost of thel&rnative disposal methods

e Demonstrate the cost and benefiimaplementing berfecial uses

REGULATORY WORKSHOP ON CRITICAL ISSUES OF DESAL PERMITTING

Currently the desal industtyas a limited understanding of the key problems and issues
regulators have with permitting of desal proje@sch understanding could only be built in an
environment of a non-project spic interaction of the desaindustry with the regulatory
community (i.e., with key state agencies imrkla, California, Texs, and Arizona) in a non-
adversarial (i.e., workshop) setting.

A beneficial step in this direction wallbe a WateReuse-facilitated and sponsored
regulatory workshop or series of wohkgs, which aim to gain common ground and
understanding of what background information dath/studies on variowspects of desal the
regulatory community needs to bble to expedite project permitting (e.g., investigation of desal
technologies and equipment, th@athogen removal performancand reliabiliy; source and
product water quality; contaminants in the destharge and their impact on the environment).
The main outcome of such workshops would leedévelopment of a regulator “wish list” which
could be used to formulate a set of researgit$ofor various research institutions, and which
specifically target issues the regulatory commity perceives as bottlenecks in the permitting
process.

THE VALUE OF WATER REUSE AN D DESAL TO CUSTOMERS AND
COMMUNITIES: DEVELOPING TBL VALUES AND EXAMPLES

The objectives of this projeavould be to help promote suitable desal applications by
objectively demonstrating how large the environmieriitgancial, and social (TBL) benefits are
when desal options are included in the commuwiyer supply (using gegional water resource
management perspective). dould provide examples and dgance for how to objectively
evaluate desal optiorsalongside other communitggional alternativesin a full TBL context
(e.g., including GHG and other such impacts).

The research approach could identify anitalate the importantypes of TBL benefits
that accrue to reuse and desal projects, and how they compare to these and other benefits
associated with other water optg The project might conduct casteidies to illustrate how to
estimate and communicate the key TBL values #dicatue to customers and communities from
desal. Case studies should draw on a ranghaoth American and ber projects (e.g., EU,
Australia). The TBL values could include religty values, local control benefits, community
economic vitality, and ecosystem impacts. Thejgot also could be used to indicate how
regional and multi-utility approaches to desalynieelp magnify the benefits and contain the
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costs of desal, especially where desal is censd within a broaderontext of regional water
resource management challenges, rather thaty sdea way to augment or offset local potable
water supplies.

UNIFORM COSTING GUIDELINES FOR T BL-BASED EVALUATIONS OF DESAL
PROJECTS

The objectives of this pregt include establishing a clear, standardized basis (as
guidelines and/or templates) fbow to fully and fairly estimate and portray the costs of desal
projects, and other watsupply programs to wth they may be comped. This would aim to
ensure that the full capital, O&M, and GHG-rethtmsts of water supply @ects (reuse, desal,
conservation, imports, and other options under idenation) are reflected in a consistent and
appropriate manner, so that the costs of relewptibns can be fairly compared on an apples-to-
apples basis. It also should include GHG (amy use of green erggr or energy-efficient
options) and other important socald environmental costs, satlthe cost comparisons can be
used within a TBL context.

The research approach could include a review of past cost estimation guidelines and
examples from utility project evaluations, to hapntify good practices artgpical shortfalls. It
should include international experience (e.g., EU, Australia), and include Life Cycle Analysis
(LCA), energy supply options, andrban footprint accounting methods.

The project should provide specific guidanand examples diow to identify and
interpret sensitivity analyses that focus on kest€items which can impact cost levels and how
options rank in an evaluation (e.g., energy cost&mical costs, permitting). It also should
account for variations in how fihavater quality and potential wer uses across various options
impact the overall water portfolio and wastewat@magement costs. The benefits of the project
are that it would promote fair and unbiasedparison of the true TBL and LCA costs for desal
options, as well as for other altetiva supply optionsinder consideration.
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APPENDIX A
EMERGING AND HYBRID DESAL TECHNOLOGIES

Emerging and hybrid technologies are being ez to improve certain aspects of the
performance limits of existing desal processeshsas higher recoves, reducing fouling, and
decreasing energy consumption and costs. Thesetechnologies include dewvaporation, MD,
FO, membrane process enhanced by VSEP, &md,development of memembranes. Hybrid
configurations and processes are developaedd®ase water recovery and reduce concentrate
volume, such as physical-chemical or biologicehtment of primary RO concentrates followed
by secondary RO, seeded slurry processesmove scaling compounds acontrolled fashion,
EMF for scaling control, RO/ED, and RO/EDR.

DEWVAPORATION

Dewvaporation is a process of humiditiom-dehumidificationdesal (Figure A.1).
Brackish water is evaporated by heated\ahich deposits fresh water as dew on the opposite
side of a heat transfer W@#Hamieh, Beckman, and Ybar2001; Hamieh and Beckman 2006a,
2006b; Beckman 2008). The energy needed foraradipn is supplied byhe energy released
from dew formation. Heat sources can be combustitdk solar, or waste heat. The tower unit is
built of thin plastic films to avoid corrosion and nanimize the cost of equipment. Towers are
relatively inexpensive because thagyerate at atmospheric pressure.

The technology of dewvaporati has been pilot tested kngating reclaimed water RO
(Beckman 2008), and produced water gendrétem oil and gas production (Godshall 2006).
The positive attributes of dewvaporation are wling is not a potential problem because the
evaporation occurs at the ligair interface and not at thieeat transfer wall. The major
challenges facing dewvaporation are that enatggnand is high if low grade heat is not
available. Volatile organic compounds yrmzause contamination in product water.

Feed water

Hot Saturated
air

Dewformation
Evaporation

>

PAIr
Distillate Concentrate

Figure A.1 Schematic of dewvaporation
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MEMBRANE DISTILLATION

MD is a novel, thermally driven membraseparation process that may utilize a low-
grade heat source to facilitate mass gpamt through a hydrophobic, microporous membrane.
The driving force for mass transfer is a vapassure gradient betwearfeed solution and the
distillate, and is the only membrane process tlaat maintain procegserformance (i.e., water
flux and solute rejection) almost independendfyfeed solution TDS concentration, even for
TDS exceeding 35 g/L. MD is most likely capabfeproducing ultra-pure water at a lower cost
compared to conventional distillation processklembrane materials commonly employed for
MD include polytetrafluorethylene (PTFEpolypropylene (PP), and palinylidenedifluoride
(PVDF).

MD may be operated in four basic configuwas: direct contactmembrane distillation
(DCMD), vacuum membrane distillation (VMDair gap membrane distillation (AGMD), and
sweeping gas membrane dlation (SGMD) (Lawson and Lloyd 1997). During DCMD a warm
feed stream flows on one side of the membyrartele a cooler aqueous solution flows counter-
currently on the opposite side of the membraMelecules of water evaporate and diffuse
through the pores of the membrane. Upon cont#bttive cold distillatesolution on the product
side of the membrane, the vapor condenses amskimilated into thdistillate solution. AGMD
works on a similar principle as DCMD; howevénstead of a cooler slhillate stream, the
permeate side of the membrane contains agagrand a cold plate. As water vapor diffuses
through the membrane, it enterg tuiescent air gap and condenseshe cold plate. A general
illustration of the principles of DCMD and AGMD is shown in Figure A.2.

Theoretical rejection for all non-volatile stds [including sodium (Na), silicon dioxide
(SiOy), boron (B), and heavy metals] is 100%; heere compounds with higher volatility than
water will diffuse preferentiallyaster through the membrane. Astandalone process MD may
be capable of achieving similar water reaie® as BWRO. Recovery may be improved to
greater than 80% when coupledth crystallizer tehnologies to reduce scaling (Martinetti
2007).

One benefit of MD is that the membranes anore chemically iert and resistant to
oxidation than traditional RO andF membranes, which allowsrfonore efficient, chemically
aggressive cleaning.

FORWARD OSMOSIS

FO is an osmotically driven membrane mss. During FO, water diffuses spontaneously
from a stream of low osmotic pressure (thed solution) to a hypertan{draw) solution having
a very high osmotic pressure. Unlike RO axil, FO systems operate without the need for
applying hydraulic pressure @tire A.3). The membranes used fois process are dense, non-
porous barriers similar to RO membranbut are composed of a hydrophilellulose acetate
active layer cast onto eithamwoven polyester mesh omacro-porous support structure.
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Cold
water

Warmer
water

Figure A.2 Generalized illustration of the principles of MD.A warm feed stream
containing various non-volatile lstes and water is depicted on the left side of the image.
Water vapor diffuses through the membrane anersithe distillatesolution or condenses

onto a cold plate.

AP (Pressure)

*AT

FO RO/NF

Figure A.3 Direction of water diffusion in FO and pressure driven membrane processes RO
and NF. For FO,AP is approximately zero and water diffege the more saline side of the
membrane. For RO and NF, water diffuses ®léss saline side due to hydraulic pressure

(AP >Am).
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Typically, the FO draw solution is composefdsodium chloride (NaCl), but other draw
solutions composed ammonium bicarbonate (NHCQO;), sucrose, and magnesium chloride
(MgCl,) have been proposed (Cath, Childress,Endelech 2006). During FO the feed solution
is concentrated while the draw solution becemaore dilute. Figure A.4 illustrates a generic
industrial scale application dfO, which requires the continuovsconcentration of the draw
solution for sustainable system operation. Or@mnent method for reconcentrating the draw
solution is to utilize an RO subsystem.

FO membranes are capablerefecting all particulate matter and almost all dissolved
constituents (greater than 95%eiion of TDS). These attributedso allow FO to achieve very
high theoretical recoveries while minimizingnergy and chemical demands. An additional
benefit of FO is that the press occurs spontaneously, withdle need for applied hydraulic
pressure. The hydraulic pressagplied in pressure-driven menabe processes is responsible
for compacting foulants onto the membrane, which substantially intensifies irreversible flux
decline. Fouling layers that accumulate on FOnim@&anes may be readily removed with cleaning
(e.g., increasing cross-flow velocity, osmotic backlag) or with chengals, and irreversible
flux decline is minimized (Martinetti 2007, Mi and Elimelech 2008). FO processes are capable of
operating with feed TDS ranging from 500 mg/L to more than 35,000 mg/L, and may achieve
recoveries in excess of 96% when treatbrgckish water (Martinetti 2007). The FO draw
solution may require infrequent disposal anditaid of a new draw solution as sparingly soluble
solutes and other membrane foulants slowlguawlate in the draw solution reconcentration
loop (Hancock and Cath 2009).

Saline feed Concentrated draw
water solution recycle

!

Potable
membrane solute
unit separation
) ) Diluted draw
Brine )
solution

Figure A.4 Schematic of a geeric FO system for desal

180

©2010 by Water Research Foundation and Arsenic Water Technology Partnership. ALL RIGHTS RESERVED.



Positive electrode

S it AARRAAERRRES
DC
&

Treated —— — Brackish | ©
water water P
e supply

Negative electrode

Neutral electrode
[ ]
2222222222722

Regeneration :?, Concentrate
water IR RN R RN

[ ]
Neutral electrode

Figure A.5 Schematic of capacitive deionization

CAPACITIVE DEIONIZATION

CDI is an electrosorption process to rem®adts from aqueous solution using porous
electrodes by adsorbing ions under an appliedtetal field (FigureA.5). Liquid is flowing
between the high-surfaceeetrode pairs having a moitial difference of 1:01.6 volt direct
current (DC). The negative eleotles attract positively charged ions such as calcium,
magnesium, and sodium, and the positive elecsrattract negatively charged ions such as
chloride, nitrate, and sulfate. The majorechanisms related to the removal of charged
constituents during water treatment are phystsmmp chemisorption, electrodeposition, and/or
electrophoresis. Unlike IX, no additional cheais are required for regeneration of the
electrosorbent in this procegsdsorbed ions are desorbed from the surface of the electrodes by
eliminating the electric field, resulting in tliegeneration of the electrodes. The efficiency of
CDI strongly depends on the surface propertyeldctrodes such akeir surface area and
adsorption properties. When the electrodes aionlarge interfacial areas, they can store a
substantial amount of salts in the electridauble layer region orthe electrode-solution
interface. This renders CDI artractive alternative technolodgr desal and salt recovery.

The early work of CDI wasitiated in 1960s by Arnoldnd Murphy (1961) and Caudle
et al. (1966). They used flow-through capasitawith porous activated carbon electrodes for
desal of seawater. Later, Johnson andviNan (1971) continued the study on CDI and
developed a porous electrode model to simutate adsorption on porous carbon material. The
intensive studies undertaken Bghnson and Newman were evetiy discontinued, mainly
because of the instability of the electrodes, particularhatioele (Oren 2008). Since the 1980s, a
substantial amount of research has focusediraterstanding the fundamental mechanisms of
CDI, and developing novel electrodeaterials to improve the effency of CDI. The Lawrence
Livermore National Laboratory (INL) developed and optimized carbon aerogel materials,
which are ideal electrode mats because of their high elecal conductivity, high specific
surface area, and controllable pore size distabu(Farmer et al. 1996). Shiue et al. (2005)
improved the CDI efficiency by using a spiabund electrodes (actived carbon coated on
titanium foil) cartridge. Besidesarbon aerogel, other material® also being investigated as
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electrodes for CDI, such as nanoporous aatatarbon cloth (Oh et al. 2006), titania
incorporated activated carbon cloth (Ryoo &eb 2003), carbon aerogdiea gel composite
electrodes (Yang et al. 200%)d carbon nanotubes (CNTs)dananofibers (Li et al. 2008).

Recently, Atlas and Wendell developed the &Etruc Water Purifier (EWP), which is a
hybrid CDI and electrodeionizati CDI-EDI) technologyusing activated carbon electrodes that
has a coating and a conductive material (Alad Wendell 2008). ENPARechnologies Inc.,
located in Ontario, Canada, developed allsstale DesEL unit—a CDI-based technology—for
pilot-testing reclaimed water.

Despite the intensive worldwide activities deato CDI, CDI has not emerged from the
laboratory or the small pilot-ae and demonstration units g commercial technology. The
main challenges that hinder the commercializatbi€DI into an industrial-size technique for
water treatment and wastewateuse include (Xu, Drezg, and Sethi 2008; Oren 2008):

1. Lack of ideal porous electrode materialgittlare highly stablevith a long lifetime,
inexpensive, easy to manufacture for largalescapplication, and fast regarding salt
diffusing, chargingand discharging

2. Limited understanding of electrochemical r@@ts on electrode surfaces, degradation of
electrodes, and propensity eliectrode fouling and scaling due to presence of sparingly
soluble salts and ganic substances

3. Lack of optimization in unitonfiguration and design.

VIBRATORY SHEAR ENHANCED MEMBRANE FILTRATION

The patented VSEP technique was developed bylew Logic International in
California. The VSEP membrane @éit pack consists of leaf elemts arrayed as parallel discs
and separated by gaskets. The shear wavesqaddiy the membrane vitron cause solids and
foulants to be lifted off the membrane surfamed remixed with the bulk material flowing
through the membrane stack. This high sheaicgssing exposes the membrane pores for
maximum throughput that is typically betwe8rand 10 times the throughput of conventional
cross-flow systems (New Logkesearch 2004). Compared tmegentional RO systems, VSEP
is not limited by the solubility of minerals or thpeesence of suspended solids. It can be used in
the same applications as crystallizers or brimeentrators and is capable of high recoveries (up
to 90%) (Lozier et al. 2007). The VSEP systean be configured employing either RO or
NF membranes in a single-stage or multiplgstarrangement. The configuration depends upon
feed water quality, water quality goals for the VSEP permeate, and targeted water recovery.

The manufacturer claims thdahe VSEP process has several advantages over the
conventional membrane process (New Logic Research 2009), including minimal pretreatment,
low fouling and scaling potéial, high permeate flux,and low energy consumption
(0.27 kWh/kgal filtrate).

The VSEP technology has been used in induisipalications treatig waters with high
dissolved and patrticulate solidsnoentrations, such as dairy (Akaet al. 2004, Frappart et al.
2006), livestock (Lee et al. 2004, Yoon et 2004), pulping (Huuhilo et al. 2001), landfill
leachate (Zouboulis and Petala 2008), and maeldiwastewaters (Nelwogic Research 2008).

The combined advantages have also madeP/&n attractive techragy for treatment of
desal concentrate (Madole andd?son 2005, Lozier edl. 2007). Pilot test sailts showed that
both the VSEP RO and NF membranes canaedhe conventional RO system concentrate
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volume by up to 85%, if a two-stage VSEP usitimplemented (Lozier et al. 2007). VSEP
recoveries exceeding 85% resulted in less tpimal operation of the unit (e.g., decreased flux
and high feed pressure), with increased lifecgdsts. Acid and caustdeanings of the VSEP
membrane module are requirednaintain flux. Cleaning frequenady estimated tde twice per
week, a high frequency relatite conventional RO. The VSHRO membrane exhibited better
performance than the NF membrane at similar flux range; permeate quality for the
RO membrane was excellent.

The application of VSEP to treat potableterasources or othdrigh-quality water has
been investigated much less extensively (Sdi Banjamin 2008). It is reported that except in
unusual situations, use of VSHEBchnology for large-scale prodiom of drinking water is
probably impractical because of issues relatedst@ost and mechanicabmplexity (Shi and
Benjamin 2008).

DEVELOPMENT OF NEW DESAL MEMBRANES

Thin-film composite (TFC) membranes asgiral-wound configuréans have become
industrial standards for pressure-driven meank technologies. Ithough RO/NF technology
appears to be maturing, substantial R&D bagn conducted to further improve membrane
performances that include development of membranes of higher salt rejection and permeability,
reduced membrane fouling, higher resistanaexidants and chemicaland high temperature.

Modification of Commercial Membranes to Reduce Membrane Fouling

Membrane properties such as roughnégsrophobicity, and surface charge affect the
rate and extent of membrareuling. Modification of commeieally available membranes to
modify surface characteristid® reduce fouling, while maiaining or improving flux and
selectivity, is an important area that shows promising results for RO and NF membranes (Belfer
et al. 2001, 2004; Abitoye, Mukhjee, and Jones 2005; YangnlLiand Huang 2009). Many of
these developments have resulfien the addition of polymer temooth the surface, increase
membrane hydrophilicity, or surfaceodifications such as the addition of different functional
groups to change the surface charge. Nanoparticlps gdver) can also be coated on membrane
surface, or added during membrane manufactoreeduce biofouling (Yang, Lin, and Huang
2009). While these improvements are promising, fhuling-resistant mennanes are yet to be
commercialized.

Development of Nanocomposite Membranes

The polymer nanocomposite membrane igmportant recent development to improve
membrane selectivity and permeability. line structurally engineered nanocomposite
membranes, the nanoparticles &ot create preferential pegation pathways for selective
permeation, while posing a barrier for undesipmtmeation in order to improve separation
performance (Jadav and Singh 2009).

Jeong et al. (2007) prepared mixed maR®@ membranes by interfacial polymerization
of nanocomposite thirfilms in situ on porous polyswhe supports. Nanocomposite films
comprise NaA zeolite nanoparticles dispersdithiv 50—200 nanometer thick polyamide films.
Nanocomposite membranes displayed smawgdrophilic, and negatively charged surfaces. A
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major attribute of this approadk that it can easily be inqmurated into existing membrane
production facilities. Howevethe performance of reported nhanocomposite membranes did not
exceed that of commercial RO mbranes (Jeong et al. 2007).

Jadav and Singh (2009) used interfac@olymerization to produce polyamide
nanocomposite membranes using two typessiita nanoparticles. The nanocomposite
membranes exhibit superior thermal stabilitgrtithe pure polyamide mmbranes; and in both
the nanocomposite types, the besmbrane performance in tesrof separation efficiency and
productivity flux was observed in the membramigh a certainamount of silica loading. The
nanocomposite membranes show a pramisidevelopment in enhancing membrane
performance. Further research, however,raguired on refining # synthesis method of
nanocomposite membranes.

Carbon Nanotube Membranes

CNT membranes have received considerabterest for water treatment and desal.
Previous experimental measurements and thiearestudies have indicated that water can
permeate through CNTs with uneqgiedly high massdnsport (Hinds eal. 2004, Holt et al.
2006, Noy et al. 2007). Theoreai studies and molecular dynaisimulations suggest that
hydrophobic channels, like CNTs, can have considerahter occupancyna that the flow of
water in CNTSs is frictionless, except for the eyebarriers at the entrance and exit of the tubes
(Corry 2007). The absorbed water molecules eagist inside the CNBegments and tend to
organize themselves into a long-lastingdrogen-bonded network beden adsorbed water
molecules. The smooth and frictionless CNTfates resulted in weatarbon-water attractive
interaction and hencedilitated the extremelpigh-flow velocity. Using molecular dynamics
simulations, Corry (2007) calculated that membranes comprising CNT with sub-nanometer
diameters can provide an efécit means of water desal when used in RO. The narrow pores
reject ions and water permeability may be many times higher than existing membranes (Corry
2007).

Current research efforts and the developnuéntanotechnologies kia the potential to
advance CNT membranes for water and waatewtreatment as well as desal (NRC 2008).
While the experimental observat® and theoretical simulatiorere promising, studies are
required to demonstrate the rejentperformance and fouling poteaitof CNT membranes. It is
worth noting that the primary causes of salt rap@cand water transport in the previous studies
is the narrow, smooth, nonpolar nature of the CNTs. The adsorption ofosgdutes, proteins,
algaes, and other contaminants in water cayse CNT fouling and gvent water conduction.
Other efforts are required for mafacturing engineered CNTsjodification of membrane and
CNT nanostructures, and demonstratioermérgy-efficiency andosts of production.

HYBRID DESAL SYSTEMS TO IMPROV E WATER RECOVERY AND MINIMIZE
CONCENTRATE VOLUME

Numerous methods have been proposedb@ece recovery and minimize concentrated
brine volume generation resulting from memmwadesal processes. Many of these methods
couple multiple stages of membrane-based rreat processes with intermittent chemical
precipitation or caustic additiomhese processes include: dual R@h chemical precipitation,
dual RO with softening pretreatment witigh pH operation (High Efficiency RO, HERY),
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and dual RO with slurry precipitation and recycling reverse osmosis (SPARRO). Other
membrane hybrid processes include novel comlunatof RO with otheestablished or novel
membrane technologies, such as coupling F@ RO, and coupling RO with ED or EDR.

Dual RO With Chemical Precipitation

Dual RO with chemical precipitation ia physical-chemical method for enhancing
recovery of conventional RO gresses through treatment and mization of concentrate. The
process employs established technologies sisclime soda softening and a second stage RO
(Williams and Cohen 2002, Gabelich et al. 20Bahardianto et al. 2007). As illustrated in
Figure A.6, this approach is $&d on treatment of the concentrate from a primary RO system
using a physical-chemical procegslJowed by subsequent treatmenta secondary RO system.
The chemical treatment step utilizes préaiion to remove calcium, magnesium, and other
sparingly soluble salts, and is followed by filtcati(e.g., media filtration or membrane filtration)
for removing solids carryover fromhe precipitation process. Thecendary RO system is then
operated at a higher TDS, andjueges higher pressures comgarto the primary RO system.
The combined recovery of the process is repaxieoe 95% or greatéor brackish water.

The positive attributes of this technology include the application of established unit
processes and relatively lowdditional energy requirementfNegative attributes include
additional chemicals, production siudge from the chemical predation processand footprint
and costs of chemical fe@ahd storage facilities.

Dual RO With Softening Pretreatment and High pH Operation (HERO™ High
Efficiency RO)

This patented technology (Mukhopadhyay 1988isists of a hardness and alkalinity
removal step, a degasification step to remove, @@d intermediate caustic addition to increase
the pH of the RO feedater. This technology was develdp® produce water of exceptionally
high purity for the micraeelectronics industry.
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Feed
—
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Lime or
Caustic

Y

Secondary
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Figure A.6 Dual RO with intermediate chemical precipitation
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Figure A.7 Schematic of a dualRO system that incorporatesa softening pretreatment
and intermediate high pH operation (HERO™)

For municipal brackish wateithe process combines a ayphase RO process with
chemical pretreatment of primjaRO, intermediate 1X treatment primary RO concentrate, and
high pH operation of secondary RQun et al. 2004). The approashillustrated in Figure A.7.
The secondary RO step operatesdhigh-efficiency” system dut IX pretreatment and high
pH operation.

The concentrate of the primary RO is treaite weakly acidic canic (WAC) exchange
resins. The C@from the concentrate is stripped and pieis increased with caustic addition to
above 10. This allows for the secondary R©operate at high reweries. Operating the
negatively charged membranesaatigh pH is reported to allotetter removal of both weakly
ionized anions as well as the strongly ionized species. The solubility of silica is increased at high
pH, which allows for greater recovery rates wireating water that contas high concentrations
of silica. The combined recoveof the process is estimatedlie greater than 90% for brackish
water, with typical target rewvery rates of approximately 95%.

The HERGM system has been utilized to enbamecovery of suaice water (Colorado
River water) during desal (Rahardiaret al. 2007). Results demonstrated that recoveries of 95%
to 98% were achievable with the HERDsystem. A demonstratioscale facility at the
Arlington Valley Power Station irizona was constructed (Ageeh International 2009). The
facility is designed to treat 2.4 mgd of cagjitower blow down that contains 10,000 mg/L of
TDS and is saturated with SiO

Dual RO With SPARRO: Slurry Precipitation and Recycling RO

This approach uses the concept of addsmgcific crystals to precipitate scaling
compounds in a membrane application. The iegpbn of adding crysls to tubular RO
membranes for preferential precgtibn, and the concept of recyr the seeded slurry was first

patented in 1980 (Herrigel 1980). dlapproach involves introducirsgged crystals in a tubular
RO membrane such that the scaling compoundprapitated (on seed crystals rather than on
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the membrane) and removed in a controlled tashi’he concept involves circulating slurry of
seed crystals within the RO system. The semdtals serve as preferential growth sites for
calcium sulfate and other calciumtsaand silicates, which begin poecipitate as their solubility
products are exceeded during the concentrapmotess within the membrane tubes. The
preferred growth of scale on the seed crygiedyents scale formatian the membrane surface.
Because the seed slurry is recirculated withenrttembranes, the process is confined to the use
of a membrane configuration that will not pJuguch as tubular membrane systems. Gypsum
crystals are used to precipitate calcium sulfate.

Another patent was later awarded that focused on the methodology of determining
adequate seed crystal concentration in tledepential precipitation systems (Herrigel 1986). A
series of pilot tests were also performedttny Resources Consenati Company based on the
original patented témology (Herrigel 1980, 1986). Subsequenthere have been other tests of
the technology based on the concept of mgldseed crystals to a tubular membrane
configuration. Two variations of the further tieg are discussed below. The first approach is
illustrated in Figure A.8 (Juby and Schutte 2000).

The water to be desalted is mixed with a stream of recycled concentrate containing the
seed crystals and fed to the R@cess. The concentrate withedecrystals is processed in a
cyclone separator to separate the crystals, amdehired seed concentration is maintained in a
reactor tank by controlling theteaof wasting the upflow and/amderflow streams from the
separator. The combined recovery of thecpss is estimated to be greater than 90%.

A pilot testing of this approach for concettr treatment was tested at the Eastern Water
Municipal District in Californa (Juby et al. 2008). Another vation of the seded slurry
approach involves a two-pass peses, with the first pass emplagi a tubular NF system with
seeded slurry recycle and the second pagioying a spiral wound RO system (Enzweiler
2005). The process was déyeed for an agricultal drainage water reaination application and
tested at bench scale. The process, knowdoable pass, preferentiglecipitation, reverse-
osmosis process, or BRO™  is proprietary and thpatent is pending.
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Figure A.8 Schematic of seeded slurry precipitation and recycle RO

187

©2010 by Water Research Foundation and Arsenic Water Technology Partnership. ALL RIGHTS RESERVED.



FO/RO Hybrid System

During FO the feed solutiors concentrated while thdraw solution becomes more
dilute. For the process to be sustainable oninalustrial scale, the draw solution requires
continuous reconcentration. One prominent metiloodeconcentrating the draw solution is to
utilize an RO subsystem. Reconcentration VRt is a viable optiondrause the draw solution
does not contain high levels of sparingly solublessa foulants. Recent studies have shown that
synergistically coupling=O with RO creates aexceptionally robust, multi-barrier system for
treatment of highly impaired streams (Cath et28l05; Cartinella et aR006; Holloway et al.
2007; Lundin 2008; Martinetti, Cath, and Chilsse2009). A system diagram is shown in
Figure A.9.

Hybrid FO/RO systems have undergondotgscale testing atthe Denver Water
Recycling Facility with a feedource consisting of secondaand tertiary effluents (Lundin
2008). Full-scale testing of a hybrieD/RO system was completatl a landfill in the Pacific-
Northwest of the US (York, Thiel, and Beaydr999). During full-scale &ing the system was
employed to treat landfill leachate.

The physical limit on the applicable TDS rarfge this process ishe requirement that
the draw solution have a highemastic pressure than the impaired feed water stream, and that
the osmotic pressure of the draw solution is not prohibitive for reconcentration by RO. These
limitations indicate that FO/RO systems are neggplicable for feed water TDS ranging from
500 mg/L to 35,000 mg/L. An FO/RO system progide/o significant barriers, in the form of
two dense, non-porous membranekjch allows for the system tiveat highly impaired water
with high rejection of dotes. The FO membrane will act tga&t most contaminates in the feed
water, including scale-forming minerals, shoorganic compounds, and microorganisms.
Employing a SWRO membrane for the RO stage will ensure high NaCl rejection (exceeding
99.7%) (Lundin 2008; Martinetti, @ and Childress 2009). The estimated water recovery for a
FO/RO system is in excess of 96%dnetti, Cath, and Childress 2009).

| Feed Soluton [#»—~ FO < —~. RO

Draw Solution
Reconcentration
Loop

Concentrated I 7
Feed Solution > @%%

Figure A.9 Schematic of a hybrid FO/RO systemmpaired feed water contacts one side of
the FO. Water is driven by a chea potential gradient to diffuse from the feed solution into
the draw solution. A RO stage is then emptbyereconcentrate ttdraw solution and produce
pure water permeate.
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Hybrid RO/ED and RO/EDR

Hybrid RO/ED systems haveebn studied to remove salfrom RO concentrate and
increase the overall water recovery. This approzam either operate in s@s or in parallel.
Pellegrino, Gorman, and Richar{007) tested a pdll RO/ED system in which hollow fiber
RO membranes were placed as spacers betwedX thembranes of a pressurized ED cell. The
ED unit continuouslyemoves ions from the RO feed. The @lerecovery can be increased as a
result of decreased osmotic prassaf the feed and the reduasmhcentration polarization effect
on the RO membrane surface. There the recovery of permeate through the RO hollow fibers,
the greater the energy savings. Many conditizeagee been identified for which energy savings
from 10 to 20+% can be realized. The overakbilgsis indicated thathe conductivity of the
IX membranes became the limiting factor on the possible energy savings (Pellegrino, Gorman,
and Richards 2007).

High Efficiency Electro-Presure Membrane (HEEPMgdhnology, developed by EET
Corporation, integrates ED witNF and/or a RO membrane @nsingle synergistic unit (EET
2008). The ED serves to maintain or lower the fieeithe NF/RO membrane elements so that the
NF/RO permeate quality remains high even at highalveecoveries. In addition, the recycled
NF/RO concentrate serves to maintain the EBdfat levels that provide the most efficient
current utilization and separation. ComparedN&/RO systems alone,dghrecovery of HEEPM
can reach 99%.

Serial RO/ED system has been investigatedtover salts fromeawater by integrating
the production of fresh water and salts (Tanetkal. 2003, Davis 2006). 11986, lonics used a
large EDR system for RO condeate reclamation in a major aerospace facility (Reahl 1992).
The EDR water recovery was about-88%, resulting in an overall RO/EDR water recovery of
about 97%. Xu, Drewes, and Sethi (2008) used Eftett primary RO carentrates of different
brackish water types. Depending on the dieai composition of tb brackish water,
intermediate precipitation may hequired, and ED treatmenbuwd recover at least 80% of
RO concentrate. In comparison to usingsecond RO as post-treatment for the primary
RO concentrate, the ED or EDR system is less sensitive to pre-treatment. The ED/EDR system is
able to operate with water caimg a SDI average of 12, as coaned to 3 for RO systems. The
ED/EDR system can also be opgedawith a continuous free chlog residual of up to 1 mg/L,
and unlimited silica concentration to sattion level (PilaR001, Reahl 2006).

EMF for Scale Control

Recently an EMF-based device, and origindiyeloped in SoutAfrica and now owned
by GrahamTek Singapore, was tested in atpilant treating ironich, saline groundwater
(Pelekani et al. 2005). The EMF device was proveeteffective in comolling scaling caused
by silica mixed with calcium/magnesium carbondiarium sulphate, intium sulphate, and
iron. The Grahamteck EMF technology has dis®en used on a large-scale treating tailing
wastewater (Palmer et al. 2005he wastewater has a sdly in the range of 5,506,500 mg/L
TDS and contains significant awnts of ammonia, sulphate, gmesium, and silica. It also
contains the sparingly solubsalts barium and strontiurithe EMF antiscaling technology has
been effective in preventing magnesium silicadale formation, while permeating the two-stage
RO process, and operates abaerall water recovery > 85%.
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Although EMF has been reported as being ¢ffean scale controin numerous studies
(Gabrielli et al. 2001, Vedgasan 2001, Palmer et al. 200Belekani et al. 2005), the
mechanisms of scaling control liye EMF still remains unclear. Its effect might be either to
reduce deposition, remove existing scale, or pcedh softer and less tenacious scale (Baker and
Judd 1996). A study funded by the USB®wever, reported an imgiificant effect of EMF on
increasing membrane permeability and scaigrob(Carnahan, Barger, and Ghiu 2005).

The controversial reported results are likely related to the feedwater chemistry and the
magnetic treatment devices employed. Moreotree are sustainablienits beyond which the
EMF could not adequately caot scaling (Palmer et al. 200Pelekani et al. 2005). More
research work is required to understand EM#cihanisms and demonstrate the effectiveness of
EMF in scale control with different water matrices.
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APPENDIX B
CHALLENGES IN INTEGRAT ING MEMBRANE PROCESSES

ABSTRACT

Design and implementation of a seawater or brackish water desal facility requires
complete understanding of the depeocess. Desal facility degi is site-specific and requires
careful consideration of a number of physicaktitional, and cost factors, beyond those of
conventional water treatment fity design. The implementationf a desal facility is not a
simple “plug and play” operation. A complete undansling of the localrad federal regulations
and permitting requirements is essential to theadeesign process. For these reasons, it is
important for utilities to emploproperly trained and experiencpdrsonnel in all phases of the
project including initial planning, peritting, design, implementation, and operation.

The purpose of this document is to provideoaerview of the technical and managerial
considerations for designing, implementing, and operating a full-scale desal facility. This
appendix will also highlight themportance of hiringa qualified engineering firm for facility
design as well as the importance of properly training desal facility staff.

INTRODUCTION

Growing concern over water sugpavailability has encouraged many utilities to turn
away from conventional water sources and e explore the possibility of alternative
supplies. Of particular interest in recent years been the area of desal. Desal has become an
increasingly viable option for utilities witithe increasing need to find alternative or
supplemental water supply sources in Hioreto conserve thir existing resources.

The practice of desal removes excess salts founce waters tproduce drinking water.

In practice, there are several different desal mse® of which there ate@o distinct categories:
thermal processes and membrane processes. Ti@ooasses use heat and pressure to separate
pure water vapor from dissolved and suspedndelids. Thermal processes consume a large
amount of energy, and are seldom used in publtemsupply applications in the US, as they are
generally not cost-effective.

The alternative and most widely used digsacess in the US continues to be RO,
otherwise known as a high pressumembrane process. In atiloh to being more economically
feasible for water purificatiompnembrane processes are adaptabldifferent kinds of source
waters.

The design of membrane facilities is typigamore involved than standard treatment
facilities due to the conbgxity of the systems involved. Memdne facility design hinges heavily
on the site-specific characteristics of the soweg¢er used. As such, these installations are not
“plug-and-play” designs, and require expeded and knowledgeablengineering to ensure
proper design.

While it is not the intent of this appendixdescribe the intricacieas® membrane facility
design in detail, there are generhhracteristics of thiprocess that warrant mention. This paper
will outline the basic principles of membrane desal facility design as related to the treatment
process.
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For the purposes of this appendix, source waters will be categorized in two ways: surface
water (including brackish surface water arehwater) and groundwater (including brackish
groundwater and seawater strength groundwater).

Introduction to Desal
Salinity

The salinity (expressed in pagser thousand) of a source waigmln indirect measure of
the concentration of the TDS present (expresseag/L). Desal facilities can be generalized
into two categories, brackish and seawater stheriiased on the salinity or TDS concentration
of the source water. Brackish water is defires water with a TDS concentration from 500 to
30,006-32,000 mg/L, whereas seawater is definedwaser with a TDS concentration over
30,006-32,000 mg/L and up to 45,000 mg/L in somgioes of the world. In the US, USEPA
regulates the TDS concentration of potabldewao 500 mg/L under ¢hsecondary drinking
water standards.

Desal Basics

In the US, water supply desal is accompdd primarily by the use of membrane
filtration, specifically through RO (Watson, Mo, and Henthorne 2002) Membrane filtration
processes use applied pressure to force water molecules through a semi-permeable membrane
which will only allow a small fraction of the skolved constituents to pass through. The water
passing through the membrane is known as peanedtereas the stream containing rejected
dissolved solids is called concentrate. Fggu8.1 shows a basic schatic of a membrane
process.

The design of a full-scale desal facilitgquires a comprehensive analysis of many
factors, including source water characteristicgtrpatment process availability and selection,
ease of operation, available site size and locabperating costs, capital costs, governmental
regulation, permitting restrictions, concentrate digpoptions, and finished water quality goals.

Desal plants consist of multiple unit process®nnected together to form a treatment
process train. These unit processes typicallyuohelone or more pretreatment processes, the
primary desal process, and post-treatment processes.

Feed Permeate

Concentrate
Figure B.1 Membrane process schematic
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DESAL FACILITY DESIGN
Source Water

The first step in the design process is identification of the source water which will be
treated to produce potable watBesal sources include brackigtoundwater, seawater-strength
groundwater, brackish surface watand seawater; and désacility design will differ for each
type of source. Water supply selection can bmplex and several factors must be considered,
including water quality and subguent treatment, proximity to water demand, available water
guantity, reliability, regulatory requirements anedtrictions, costs,a public perception.

The main factor influencing desal facility dgsiis the source water quality as it directly
affects the selection of the treatment procegballer 2007). Comprehaws characterization of
source water options is recommended in order to establish a reliable baseline (especially for
groundwater), evaluate quality variations (forfaoe water), and assess potential water quality
issues. This characterization is accomplisheddypling and laboratory analysis of all source
water options, and potential site locations wittia source. Analysis of samples taken from the
same source in two different locations mawgldidrastically different results depending on
differing environmental factors.

Surface sources typically have higher com@ions of suspended solids and organic
matter, as these sources are open to the@maent. Groundwater sa@s are replenished by
water which percolates through the soil, and thusatsirally filtered to remove most particles,
leaving only dissolved solids in the water.

While salinity is the most important charagséc in membrane process design, there are
many other factors which may influence overaltifity design, particadrly in surface water
sources. Since surface waters are exposed tertfieonment, the water quality tends to vary
unlike groundwater supplies. iBh fluctuation in water qudéy may require additional
pretreatment or post-treatment processds included in the facility design.

Site Location

The location of a membrane facility depends on three geographical factors: source
location, demand location, and concentratspdsal location. Additionally, there are other
considerations such as environmental orneaac implications which may influence site
selection. Environmentally sensitive areas may notiddele site options for intake structures or
concentrate disposal locationsie to environmental permittingsues. While aspects of site
location such as this are important, this section will focus on the geographic aspects of site
selection. The goal of proper siselection is to minimize thamount of transmission or well
piping necessary to cartpe feed water, finished watemd concentrate to their respective
destinations in order to dace capital and operahal costs. Local geography and hydrology,
coupled with the dynamics of the source create unique scenarios for each facility, and as such
sites must be selected on a case by case Irasiddition the type ofource (i.e., groundwater
versus surface water) can determinesweha facility will be constructed.

Intake piping distances andste can be minimized by the use of existing intakes such as
those at power plants. Howevether factors must be consideredselecting the appropriate
desal facility site. For example, while utilizing aristing intake (such a& a power plant) will
save on capital costs, elevated source waterdmtyres associated with the power plant cooling
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water could lead to increased biological fogliand salt passage through an RO system (Reiss
et al. 2008).

Source Water Withdrawal Configuration

The choice of which method ohw water withdrawal to seledepends on several factors
such as water quality, proximity to an existipgwer plant, permit implications, environmental
considerations, and costs.

In surface water desal projects, source waldl configuration iscritical since it
directly determines the quality of raw watemd more importantly diates the subsequent
treatment requirements. For example, an offsimieke will provide a more consistent salinity
and less influence from surface water runoff and tidal changes than an on-shore intake.
Figure B.2 illustrates the diffenee between and offshore intated an onshore intake. Direct
surface water filtration malge feasible in the case of thd-sehore configuration, but would not
likely be feasible in the case of an on-shore igométion (due to the potential of high suspended
solid content). A decision would have to be madéween direct withdrawal of seawater via
intake (either on-shore or off-st®&r indirect withdrawal via beachells, or the use of cooling
water from a co-located power plant.

Figure B.3 shows typicalosirce-demand-disposal sceioarfor both groundwater and
surface water desal facilities.

Pilot Study

A pilot study is a small-scale preliminasgudy using equipment representative of the
full-scale plant to determine the feasibility thle desal process prior to full-scale design. The
data gathered from pilot studies are thereforeabbalto the full-sized process. These studies are
configured to simulate the complete treatmpmcess train, and provide utilities with the
opportunity to evaluate the performance of preposystems under site-specific conditions. Data
gathered from pilot studies is fed back itte planning and design pess and adjustments are
made accordingly. The result is a more complete design, more refined cost estimates, and a more
accurate understanding of the viability and gobial challenges of the proposed full-scale
project.

Figure B.2 Surface water intake types
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Figure B.3 Examples of site selection scenasp(a) surface water source and concentrate
disposal, (b) surface water source and deegpell concentrate disposal, (c) groundwater
source and deep well concentrate dispos#t) groundwater source and surface water
concentrate disposal, and (e) economically infeasible site selection

As with the design of desal facilities, piloudtes are site-specific. In addition, general
pilot testing requirements, such as test damatind costs, for groundwater versus surface water
desal facilities may differ. For this reason, it imperative that utilities hire experienced

engineers to properigesign pilot studies.

Pretreatment

The primary goal of pretreatment is tan@ve any substances from the source water
which may be damaging or detemtal to the desal process.

195

©2010 by Water Research Foundation and Arsenic Water Technology Partnership. ALL RIGHTS RESERVED.



Pretreatment system designs can vary cenalily and directhaffect plant production
sustainability. Inadequate preatment will result in poor pemfmance of the pretreatment
system itself and the RO membrane systemetbes leading to an increase in O&M costs.

For surface water desal, pretreant represents the most significant design consideration
due to the higher suspended solids and orgdeissds associated witBurface water (Faller
2007). The designers should consider differentafithn technologies such as one- or two-stage
media filtration, or membrane filtration suchM& and UF. In situations where suspended solid
concentrations are low (use of off-shore water or beach well groundwditecy, filtration may
be a feasible pretreatment apti Key design criteria for ptreatment systems include the
loading rate for a media filtration system, or flux for a membrane system. The loading rate and
flux have a direct impact othe backwash frequency and cleanifrequency, which in turn
impacts the operation of the facility. Pretraaht design should alsaddress any potential
biological growth issues. Differemiptions to control or minimizbiological growth and fouling
include ultraviolet (UV) light, injection of a bcide, and intermittent chlorine cleaning. The
inclusion of a pretreatnmé process in the pilot study allowsgineers to confin and validate the
effectiveness of the select pretreatment design.

Unlike surface water desal,etlpretreatment requiremerfte groundwater sources are
minimal. Pretreatment could consist of filtratiand/or the addition of a scale inhibitor and an
acid to control salt precipiian on the RO membranes.

Reverse Osmosis Treatment Design
Overview

The design of the RO system is mainlyuadtion of the source water quality (especially
the TDS), and the water quality goals; however, other considerations can be integrated in the
design of the RO skid (such as space conssraintenergy recovery methods). Based on the
source water quality and water quality goals, a nramitype can be selected and system design
criteria such as recovery and flux can be defined.

RO system recovery (the ratio of permeatavfto feed water flow) is limited by the salt
solubility of the source water. If too much ais removed from the feed stream (high water
recovery), the dissolved salts may precipitaté of the solution, and scale the membrane
elements. Additionally, the higherecovery requires higher applied pressure, resulting in
elevated energy costs. The applied pressuse membrane system must be at leastlB0 psi
(depending on the membrane) heghthan the intrinsic osmotic pressure in order to produce
clean water through the membrafde typical recovery foremwater strength systems ranges
from 40% to 60%, and brackish water systems rdraye 55% to 85%. Gemally, source waters
with lower TDS concentrations will yield a highescovery than thoseitl high concentrations
of TDS (Mallevialle, Odendaal, and Weisner 1996).

The flux is defined as the flower unit area of the membraria terms of recovery, the
flux will be a function of the source water gityal The more brackish the source water is, the
lower the flux will be, in order to mimize polarization effect on the membranes.
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System Configuration

Once a preliminary recovery and flux have been designed, the system can be sized. The
flux will dictate the number of membranes and pressure vessels necessary to produce the desired
flow. The recovery will dictate if either a one-ggaor a multiple-stage system is required. The
concept of a multiple-stage system is that thecentrate of one stage is further treated in the
next stage. In most cases, a recovery of wgpfwoximately 60% can be achieved in a one-stage
system (Watson, Morin, and Henthorne 2002). tfhler recoveries are desil, a two-stage or
even three-stage system may be designed. Given these recoveries, brackish systems are typically
multiple stages, while seawater strength systems consist of only one-stage, and are commonly
called one-pass systems. Figure B.4 showsahéguration of a two-stage RO system.

In the sizing phase of the design, only the sewvater quality is considered to configure
the RO system. Based on this preliminary configuration, the finished water quality can be
estimated. Projection software from differentmfiane manufacturers is available, which can
estimate the water quality of the finished wdiased on the manufacturekaracteristics of the
membrane elements. The estimated finisleater quality goals may further define the
configuration of the RO systenespecially for a seawater ssgm. A one-pass system will
generally meet the primary asécondary standardsi¢iuding TDS and chlodie standards). In
situations where the predicted finished wagerlity does not meet the water quality goals,
further treatment of the permeate is requirAdsystem in which the permeate is treated by
another RO system is known as a two-passerysFor example, a two-pass system is usually
required when the chloride awod/boron goals are stringent. I6hde concentration in the
permeate will generally meet the USEPA secondtayndard of 250 mg/L, but may not meet a
more stringent goal, set by the utility for exampbf 100 mg/L or lessBoron (not typically
regulated in the US, except in California) réj@e by a typical seawater desal facility is poor
and would not meet the World Healthganization (WHO) goal of 0.5 mg/L.
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Figure B.4 Two-stage RO system
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Figure B.5 Two-pass RO system

Different configurations of a two-pass syist are available. Depending on the water
guality of the first-pass permeate and the wataality goals, only a ption of the first-pass
permeate flow or the entire flow could bedted through the second pass. The second-pass
configuration is typically a twoer three-stage system wherglhirecovery (up to 90%) can be
achieved. This is generally feasible, since the first-pass permeate is considered fresh water.
When only a portion of the first-pa permeate has to be treatbe, common practice is to treat
the permeate of the back-end of the first pass.fifstepass could also bsonfigured such that
permeate from the front-end and permeate fithm back-end of the essure vessels are
separately collected. The freehd permeate quality is higher than the back-end permeate
quality, and is likely to meet the stringeydals. Figure B.5 shows a two-pass RO system.

In summary, the design of a RO system ntakeé into account a variety of factors. The
water quality goals and source watharacteristics impact th@mfiguration of the system and
consequently the costs of the facility.

Other Design Considerations

There are other design aspects of desal timild be considered dug design of an RO
system. A significant physical considerationcemntered in many membra facilities is the
sizing and layout of the RO skids. Pressuresets that contain the membrane elements are
grouped by manufacturers on preiabted skids basedn the individualrequirements of the
facility. These skids are typicallgrger than most other equipnt, requiring that the layout and
installation to be planned out prito equipment delivery. Similar] the size and configuration of
the high-pressure pumps that feed the men#arocess should cespond with the process
requirements, and streamlined facility design.

Finally, the design and integration of an yerecovery device must be considered in
order to ensure a facility is cost-effective afticient. Energy recovergevices such as turbo-
boost, Pelton wheels, the DWEER system, andg Rk used to recycle the high pressures
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associated with membrane concentrate streamediace the electrical drawef the facility and,
subsequently, reduce operating costs.

Considerations such as these are more celateivil or mechanial design than process
design, however, they must be considere@mwhlanning, designing, and implementing a full-
scale membrane facility.

Post-Treatment Design

Post-treatment of membrane permeate is goitant aspect of the facility design. Water
processed via membrane treatment containsleergoncentrations of TDS and alkalinity and is
therefore corrosive. Regardless of the type of source water used, all membrane permeate must be
stabilized prior to distribution (Watson, Maori and Henthorne 2002)his stabilization is
achieved during post-treatment, and involves thditeon of chemicals to adjust the pH and the
alkalinity and to remineralize the water. Dpsiof post-stabilizatiomlepends on the corrosion
control goals and intended usetbé finished water. In additioto stabilization, desal facility
effluent will require disinfection prior to disibution. For surface water facilities, disinfection
must be designed such ththe concentration x time requments for pathogen removal and
inactivation are met, and thesdifection residual does not exceed its respective standard in the
distribution system. For water from groundwassurces not under the influence of surface
waters, the concentration x #mequirements do not apply.

Facilities treating groundwater sources ymeequire additional treatment such as
dissolved gas stripping prior thstribution. These sources are eaposed to air, and thus may
contain entrained gases such as hydrogen suidieh must be stripped ior to distribution to
prevent taste and odor issues and to presdfitle precipiation during chlorination.

The Role of Concentrate Management in Desal Facility Design

The goal of desal is to produce clean, potatd¢er by concentrating contaminants in a
segregated waste stream. The wagteam will contain high levetsf contaminants which, with
the exception of ZLD facilitiesnust be properly disposed. Thature and concentration of the
contaminants again depend largely on theauttaristics of the facility feed water.

While concentrate management should be idemsd as part of the overall facility
design, it does not directly impact the desmgnthe desal process. The chosen concentrate
management method could include constructioa discharge pipeline ateep injection well,
but these activities will not inflence process design. However the event that a facility is
designed with concentrate flow restrictions (fed@r local regulations}the facility design may
need to be modified to produce a concestratream which is within the approved flow
requirements.

ADDITIONAL CONSIDERATIONS
Importance of Experienced Engineering
From a general standpoint, there are a nurobénings a utility needs to know prior to

selecting a design firm in order to make aniinfed decision, and avoid costly setbacks during
the design and implementation of the facility.
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Utility staff should be familiawith all local, state, and federal regulations and permitting
requirements governing the desigperation, and concentrate maragat of a desal facility in
their area. Local environmental agencies, as agefprofessional organizations such as the Water
Research Foundation, AWWA, American Memae Technology Association, and IDA can
provide utilities with relevantegulatory references and documénta Research in this area
allows management staff to have informed adglcated discussions wighotential design firms,
and better gauge their qualificationgdaknowledge of the desal design process.

Utilities should research a design firm’s background and past experience in the desal
field. As stressed throughout tliecument, the design of a desal fiacdiffers greatly from that
of a conventional water treatment plant, andaa®sult, the engineer selected for the design
contract needs prior experience in desal facility design.

In short, utilities should be familiar witktheir respective regulations and permitting
requirements as they apply to desal. Irdigoh, utilities shoull know each prospective
engineer’s background and expedenn desal, including prior dal design projects. These two
components will allow the utilityo make an informed decision and hire a properly qualified and
experienced design engineer.

Importance of Proper Operations Training

Once the facility has been constructed ar@lght on-line, it musbe properly operated
and maintained. Desal facility processes (idclg pretreatment, treatment, and post-treatment)
can potentially be much different than thoseaafonventional water treaent plant, requiring
specific knowledge for proper opéicm. Utilities must ensure &t operations staff are properly
trained and certified on all presses within the facility.

Failure to properly train persorineould result in inefficienor costly operation of the
plant, degradation of the finished water quality, increased operational upsets, regulatory
violations, or even totaplant failure. While it is the engeer’s responsibilitto ensure the
proper design of the facility, it igp to the owner, operations fffand maintenance personnel to
completely understand the promgreration of tk facility.

There are numerous organizations and ressum@vailable to utilities and operations
directors for the proper training of personnglcluding the Water Research Foundation,
AWWA, American Membrane Technology Assoaietj and IDA, as well as numerous regional
associations. A list of designseurces can be found under the Resle Center section of the
Water Research Foundation’s Web site.

CONCLUSIONS

The process of designing and implementing ediiicient, cost-effective desal facility
requires extensive research and planning priataaing technical design tasks. As such, it is
important that utilities acknowledge the complie and intricacies of the process prior to
preliminary design. There are many factors eosider in designing animplementing a desal
facility, including:

e Source water selection

e Site location
e Withdrawal configuration
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Pilot testing

Pretreatment requirements

Finished water quality goals

Treatment requirements and configuration
Post-treatment requirements

Residual management and disposal

It is also equally important that a qualifieekperienced engineering firm is used for the
technical design, as they will better understamdatocess, and properlysign the facility based
on accepted practices.

While the proper design of a desatility is important, it issqually as critical that O&M
staff be properly trained andcquainted with the equipmentedsin the design. It is the
responsibility of the owner to supply their personnel with proper training and certification prior
to final acceptancef the facility.
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APPENDIX C
PILOT TESTING GUIDANCE

ABSTRACT

Development of desal facilities requiresca@te and appropriate design and cost
information. Every desal facility is constted from a custom design that takes into
consideration numerous site-specific factors. This requires multiple design decisions relative to
the type and configuration ad treatment system. Pilot studipsovide the opportunity to
evaluate the performance of proposed treatrsgstems under site-specific conditions. The base
objectives are to confirm the ability of the desgstem to meet finished water quality goals,
operate for sustained periods of time and, endase of surface water desal, withstand seasonal
changes in raw water quality.

Data gathered from pilot studies are fexth into the planning and design process and
adjustments made accordingly. The result is a more complete design, more refined cost estimate,
and a more accurate understanding of the viaholite proposed project. Pilot studies provide
utilities with an excellent opportunity to gdime public’'s acceptance tie potential design and
implementation of a desal facility in their comnity. The selected treatment systems must be
robust enough to ensure sustained operatioder all possible conditions that might be
encountered. This assessment is most effegtaetomplished through field testing as part of a
pilot study.

This paper describes the importance of piletitg for development of both seawater and
brackish groundwater desal systems including keystics and considerations for pilot study
implementation. The investment @ pilot study typically represenless than 1%f the total
costs of a desal facility. In return, risk istigated both in terms of ensuring a sustainable and
appropriate design as well as a tamel accurate project cost estimate.

INTRODUCTION

Planning and implementing a desal facilityaisignificant effort tat requires action in
the areas of funding, environmental considere, public involvement, design, and permitting.
Pilot studies are a fundamentaldavital element in desal facilitgesign, and the data obtained
are used to support the principles of desigmpilat study is a field demonstration test, using
commercial-sized equipment under site-speatnditions, of the proposed desal technology.

Desal plants consist of multiple unit process®nnected together to form a treatment
process train. These unit processes typicallyuohelone or more pretatment processes, the
primary desal process, and post treatment proceBsesstudies are configured to simulate the
complete treatment process traand provide utilities with # opportunity to evaluate the
performance of proposed systems under site-spamfiditions. Data gathered from pilot studies
is fed back into the planning and design pssand adjustments are made accordingly. The
result is a more complete dgsj more refined cost estimates, and a more accurate understanding
of the viability and potentlachallenges of the proposed full-scale project.

The purpose of this document is to provate understanding of key factors associated
with implementation of a pilot gty and the potential benefits titan be realizedl'his analysis
includes the following areas consideration:
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Key factors for a municipananager to consider

What a pilot study provides—a more detailed analysis of a pilot study
Pilot logistics and opet@nal considerations

Pilot study cost considerations

KEY FACTORS TO CONSIDER FOR PROJECT MANAGERS

Prior to investing in a pilot study, desal égi project managers should consider key
aspects of the study that could have an impadherviability of the project results and costs,
including finished water quayi goals, pilot set-up, pilot $& duration and regulatory
requirements.

Finished Water Quality Goals

Establishing finished water glity goals is one of the fitsteps of developing a desal
project. Water quality goals are based, aniaimum, on regulated primary and secondary
drinking water standards. Additional goals carebtablished by the utility in order to take into
account specific conditions of the water syst&mr. a specific source, the water quality goals
established will be the basis for selagtthe configuration of a desal system.

Pilot Set-Up

Depending on the source water quality anddize of the full-scale plant, a utility may
consider pilot testing multiple treatmeritains. For brackish groundwater desal, the
implementation of one pilot train is typicallyasidard. However, because surface brackish waters
contain significant amounts of spended solids advanced pratmeent is required. In this
situation, pilot testing of multlp pretreatment processes is usually recommended because there
are several potentially feasible pretreatmenioog. The seasonal variation in surface brackish
water quality may also be considered in selgcpretreatment processes. For seawater treatment
requiring advanced pretreatment, the implemesrtiatf two or more pretreatment pilots is
usually used in conjunction with the use of amwetwo RO pilots. By tsting different trains
simultaneously, engineers are able to gatheugimalata to make the best decision on the most
efficient pre-treatment units. In the multiplaitr pilot studies, the same RO element would
typically be used in all the trains, but theefpeated waters would differ. This is done to
determine which pretreatment option is morgadle for optimal RO production sustainability.
Testing multiple treatment trains also minimizes the risk of testing only one treatment
technology that might not be salitle for seawater treatment.

Utilities may also choose to test different R@mbrane elements in order to determine
the different pressure requirements for eachmbrane while still meeting the water quality
goals. In addition, for cases widvoron removal is a key aspectioé seawater project, specific
boron removal membrane could be tested against a more traditional membrane.

It is important to note that the choice ofwhaany pilot trains to use in a pilot study, the
RO elements sizes, and the number of RO membrtaséed can significantly impact the cost of
the pilot study. However, the moextensive a pilot study is, thetter the risk mitigation it can
provide. Decisionmakers must balance the cost considerations assaditacilot study with
the risk mitigation.
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Pilot Study Size

In order to provide representative and sdalalata, pilot equipment configuration should
represent production-sized unit processes. FoRtBeprocess, the pilot unit would consist of
pressure vessel(s) containing 6—8mbeane elements of either 4 or 8 inches in diameter. Eight-
inch elements are commonly used in largeescabnicipal drinking watefacilities throughout
the US. The 4-inch diameter elements are lhyswsed for pilot study, even though there is
currently a tendency of iy 8-inch diameter elements. Thectsion to make between the 4-inch
and 8-inch is most of the time driven by the alddasource water flowral/or pretreatment pilot
unit capacities. The 8-inch diameter element can be used for demonstration projects. The use of a
single-element pilot unit or pilot unit using a 2.5-inch dianeat element would not provide
representative data for a futae facility and shoul@dnly be used, if demed necessary, as a
membrane screening phasepto the pilot study.

Pilot Test Duration

For a seawater desal facilities and surface lishokater facilities, pilot testing over the
course of a 12-month period is typically penimd to capture seasonal effects on the source
water. For example, dry season testing typicadlyuires the highest o@ding pressures due to
higher salinity. Conversely, wet season testind mquire lower operating pressure, but is
typically more challenging for pretreatment pesses due to higher suspended solids and organic
levels associated with surface water runoff. ®@ons in source water quality and temperature
may significantly impact the design of the seawater and surface brackish water treatment units
and therefore impact the cosifsthe full-scale facility.

For a brackish groundwater desal facility, wageality is relatively constant, and thus
pilot testing can be conducted for a shorterique of time. The pilot test duration for a
groundwater desal facility is tygally about three to six monthwith three months being the
minimum time required to evaluate the fouling rate of a RO membrane.

For both seawater and bradkisvater studies, typicalilpt operation is continuous
(24 hours per day, seven days per week) throligltompletion of the study. However, in some
cases pilot operation may reflect the anticipatedaijmn of the future full-scale plant, such as
intermittent operation. In all casgslot operation should be representative of the full-scale plant
operations.

Pilot testing may be performed multiple tintésough the course of a project. Testing is
usually performed as part of planning effortsdifine items such as anticipated costs, design
alternatives, and environmental factors. Follogvissuance of a bid request, competing bidders
may conduct a second pilot study to finalize thescastsociated with their bid. This second pilot
study may not occur in all cases or may be oftehaluration than the oiiigal test. Lastly, pilot
testing may be performed through the courseowistruction for the purposes of public outreach
and further proof testing of the treatment concept.

Regulatory Requirements
Some State regulatory agencies may requp#oa study to demonstrate the feasibility of

seawater treatment. In such States, it ig¢isponsibility of the utity conducting the pilot study
to comply with all regulatory requirements which may apply.
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WHAT A PILOT STUDY PROVIDES—A D ETAILED ANALYSIS OF A PILOT STUDY

There are several factors a utility must coesiih planning a desaililot study to ensure
its success in providing meaningful results forftilescale facility design. The nature of a desal
project is site specific and the planning effiortolves addressing key areas of importance that
affect the overall viability of groject as well as specifics asgied with how it is developed
and configured. A pilot study provides infaatron to support the planning efforts in the
following areas:

Intake/Well Siting
Pretreatment Design
Desalination Design
Post-treatment Design
Environmental Impact
Concentrate Management
Permitting

Public Outreach
Costs/Funding (Reiss 2004)

A more detailed description of these key arsagresented in thfollowing subsections
for brackish groundwater and seawater desal.

Intake/Well Siting

The choice of what method of raw water syppill be used depends on several factors
such as water quality, co-location with awaw plant, permit implications, environmental
considerations, and costs. The pilot study ose of the tools that will validate the
decisionmaking.

Seawater Desal

In seawater desal projects, sedsv withdrawal conduration is critical since it directly
determines the quality of raw water, and momportantly dictates the subsequent treatment
requirements. For example, an offshore intakié provide a more consistent salinity and less
influence from surface water runoff and tidal chantfen an on-shore intake. In the case of the
off-shore configuration, direcseawater filtration might be fabe but would likely not be
feasible in the case of an on-shore configuratifyor to implementing a pilot study, a decision
would have to be made between a direct withdian? seawater via ink& (either on-shore or
off-shore), an indirect withdrawal via beach walls the use of cooling water from a co-located
power plant. Once the choice is made the @tady would have to reflect that decision and
demonstrate its feasibility. During the pilot stuagjustments can be made, however, changing
of type of withdrawal would ligly require changes in the tre&m process train resulting in
delaying the pilot study andareasing the pilot study cost.

An acceptable level of pretreatment requifedone intake location versus another may
be difficult to determine at the desktop-sc#&ldot-scale testing over an extended period allows
direct and scalable assessmenthef suitability of an intake tation and its associated raw water
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quality. For example, data gathered from btgscale study may be used to determine the
impacts of shipping channelaffic on raw water quality. Spping channel traffic stirs up
sediments and has been known to impact raw watditygirmsome pilot studies, such as at the
25 mgd Tampa Bay Desalination | project in Kar and the 29 mgd seawater facility in
Trinidad (Reiss 2004).

Groundwater Desal

Unlike seawater, the options to withdrawackish groundwater are limited and are
centered around the use of multiple wells. Seleatiaine well site will be based on preliminary
water quality investigation, gld of the well, and costsssociated with the wells and
transmission pipes. A pilot study will validatee water quality of thbrackish groundwater.

Pretreatment Design

Pretreatment system designs can vary cenalily and directlyaffect plant production
sustainability. Inadequate pretreatment will result poor performance of the pretreatment
system itself and the RO membrane system, therdeading to an increase in operation and
maintenance costs. A pilot studyan be used as a tool to halgilities select the proper
pretreatment system, pretreatment design crjtand refine the capital and operational costs of
the full-scale plant.

Seawater Desal

Pretreatment represents the most signifiad@sign consideration in a seawater desal
facility due to the higher suspended solids androcglevels associated with seawater. The pilot
study could help the utility in first defining which pretreatment technology to utilize (either one-
or two-stage media filtration omembrane filtration such as MF and UF for example) for
seawater treatment. A pilot studyncbe used to provide key designiteria of the pretreatment
system such as loading rate for a media filtration system or flux for a membrane system,
backwash frequency and cleaning frequency. Biladies also present the opportunity to address
any issues with biological gwth. Based on pilot study resultdecisions can be made on
pretreatment system desigmdethe costs can be refined.

Groundwater Desal

Unlike seawater and surface brackish watesal, the pretreatment requirements for
groundwater sources are minimal. Pretreatmentdcoamsist of filtratioror only the addition of
a scale inhibitor and an acid to control sakqgipitation on the RO membranes. A pilot study
provides the opportunity to optimize the additiortladse chemicals or even to demonstrate that
the acid addition may not be required. Based enpilot study results, pretreatment design and
cost can be refined.
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Desal Design

Surface water and groundwater desal systesigds involve decisionaking relative to a
number of design criteria such as flux, recgyend water quality. The selection of a design
approach involves balancing competing interestdeteelop an optimal desal facility that meets
other project objectives such as those teglato costs, permitting, and environmental
considerations. For example, ajlher water recovery on a ROssgm reduces the size and cost
of the upstream pretreatment aredliuces the flow of the condesite to be managed. However,
higher recovery requires a higher pressure assbciated power costs. Design criteria are
typically “proof-tested” during t& pilot sturdy to validate the sign concept. In addition, design
criteria can be adjusted at giHscale in order to optimize the operation of the seawater facility.
This can result in project cost savings, impbymtential to meet permitting requirements, or
other project benefits.

There are numerous national and internatiamganizations and seurces available to
utilities to aid in tle desal design process includithg Water Research Foundation, AWWA,
American Membrane Technology Association, 10, well as nhumerous regional associations.
A more detailed description of the desal designsiderations can be found in other portions of
this report.

Post-Treatment Design

Post-treatment is the final step prior to delivering finished water to the customers. In
addition to meeting water quality goals andnlimg water standards, blending considerations
must be taken into account for the post-treatimdesign. In some cases, use of desalinated
finished water will likely mean blending of thHmished water with an existing drinking water
source. Blending of two different treated waters can lead to increased pipe corrosion rates and
distribution system water qualifgsues, due to re-equilibration edts, including red color, and
taste and odor issues. A piloudy can be used to perform disttion system blending studies
to minimize re-equilibration effestonce the desalinated water is introduced in the distribution
system. Blending studies support post-stabilizatiemiiihg approaches to be utilized as part of
the integration of this new source of supplfoian existing public water system. Communities
that have proactively utilizedlpt studies and/or blending studias part of development of RO
water treatment plants include the GifyClearwater, Fla.; TBW; and others.

Environmental Impact

The environmental impact of a desal facility is an important issue to permitting agencies
and to the general public. A major environmentaisideration is the potential adverse impact of
concentrate disposal into water bodies on mdiieeand other wildlife. Incorrect or inadequate
concentrate management methods may lead to permitting agency and/or general public
opposition, unless it is demonstrated that regulatuirements are met, and that any necessary
mitigation measures are implemented. A pilot stuily determine the environmental impact of
building and operating the proposed desal facility.
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Concentrate Management

Disposal of concentrate frodesal facilities is fast benung a more challenging issue as
the number of desal facilities increases gedmitting requirements become more stringent.
Concentrate management is ampessally important issue for liand desal facilities. Inland
concentrate disposal alternativieslude surface water dischargdeep well injection, sanitary
sewers, evaporation pond, land application angatiering (ZLD). The most common methods
for inland concentrate management in the USsaréace water disposal, sanitary sewer disposal
and deep well injection. Each of these con@atmanagement methods has stringent permitting
requirements and varies in cost. A pilot study isdut characterize thewrcentrate in order to
evaluate several alternatives and ultimatellectethe best concentrate management method
based on technical, regulagand economic feasibility.

Permitting

Production of drinking water from seawater brackish sourcesvill result in the
generation of by-products. Utilities must obtain tezessary federal, state and local permits in
order to manage these by-products in compéasith permitting agencies. The main by-product
generated in a desal facility is the high salinity concentrate, and its disposal feasibility is a key
factor in the implementation of a full-scale seawater facility. Data gathered from a pilot study
can be utilized to determine the concentrate maglity and thereforghe disposal feasibility.
Facilities discharging conceate to surface waters (e.g., ocean outfalls) will require an NPDES
permit in addition to the other permits requifed construction. The concentrate water quality
data from a pilot study are representative offthlescale process and can be used by the utility
to apply for the NPDES or underground injeatipermits. In addition, the permitting agencies
may require more quality data from a piloudy to provide reasonablesurance that the
proposed method of concentratisposal is feasible.

Other waste streams generated by desal tiasilinclude spent chemical solutions, and
sludge (in the case of seawatesal® Disposal of these streamiso requires a permit, typically
issued by a local government entity. Charactéonaof chemical and sludge waste streams can
be performed during the pilot study, and the ltssused to support the permit applications

Performing water quality characterizatiodsiring the pilot study and assessing the
disposal possibilities of the waste streams ke step in determining whether or not the full
scale facility will be feasible.

Public Outreach

Public involvement and outreach is an important element of any desal project,
particularly in communities with little to naxperience with desal. A functional and operational
pilot system can be toured by the public, the mgeeliected officials, ahpolicymakers, allowing
them to gain knowledge on the operation and berffiise desal process. This can be one of the
most effective methods to fully and effectively provide information regarding the proposed desal
project. Information regarding drinking water quality, project beneafdacentrate management,
and environmental impacts can be shared. la itot study, concentrate generated from the
process was discharged into a salt watgquaaum to demonstrate the environmental
compatibility of the concentrate generated. Innovative demonstrations such as this serve to
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educate the public as to the matwf the desal process, and gain public support of the design
(Reiss 2004).

Costs and Funding

One of the key issues when developing awsder desal project is the difficulty in
establishing reasonably accurate, site-spedgfiject cost estimates. Typically, well-defined
costs are needed to support fundafigrts at a time in the develogmt of the project that design
specifics are only being generdtéon paper. As a project progresses, a pilot study can be
utilized to optimize and clarifprocess design alternatives asatéed above. The data obtained
from a pilot study can be fed back into the desaifurther refine the project costing analysis.
As a result of these efforts, capital and operatiogt estimates become better defined and more
precise. The ability to more accurately assesd fotgect costs is one of the most important
benefits resulting from a pilot study.

KEY PILOT LOGISTICS AND OP ERATIONAL CONSIDERATIONS

Key pilot logistics and operational consideraanust be taken into account during the
implementation of a pilot study. Based on the preliminary design concept of the desal facility a
pilot study protocol must be developed. In additiorihe logistic description, the pilot protocol
describes what, when and how tegté#hould be performed to meeéthroject goals as well as to
comply with regulatory requirements. In additiohe protocol will describe what water quality
parameters to test for, and what operationahmpaters to monitor and how often. The protocol
should also describe the op#waal procedures such athe start-up/shut-down/cleaning
procedures. The pilot protocol is important, ahduld be approved by tleatire project team.

Even though pre-treatment and RO pilot umits generally automated, the presence of
on-site personnel 8 hours a dayusually required. This is espally important when there are
more than two pilot units on-site. Tasks sebtlecking the correct operation of the units, taking
samples, performing water qualignalysis, and repairing ameplacing parts can be time
consuming, and usually requiad least one full time operator on-site to ensure the proper
operation of the pilot.

Data monitoring and interpretation are also key aspects of any pilot studies. Data
reporting will include a combination of manualtalaecording on templates as well as on-line
sensors with data log capatyl Data should be compiled from the pilot systems continuously
and interpreted by engineering tearembers on at least a weekly basis (daily basis is preferred).
Instructions to field staff shodlbe provided daily relative toperational changes or other
adjustments necessary to comply with the quol, project objectives, and information learned
through the course of testing. Timely engineeringrjpretation of pilot redts can be one of the
most difficult objectives to meet given the large volume of data generated by a pilot study.
However, the absence of such timely inman result in generation of unexplainable or
undesirable performance from the pilot system taainot be rectified after the fact. Therefore
adequate and expert enginegriresources should be apdliégo oversee theilot study and
analysis of the results.
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Pilot Study Costs

Pilot study costs can vary widely depergliupon the degree to which other upfront
planning activities have been completed. Heeve for surface water desal, based on the
assumption that intake selection and develogméhe design concept are complete, the cost
for a one-year study typically rangesorft $600,000 to $1.5 mitin (Reiss 2004). For
groundwater desal, the cost fa three- to six-month studypically ranges from $100,000 to
$250,000.

The range in costs reflects the range inKimd” services that may be provided for a
particular project. Items that may or may notdrevided as “in-kind"include pilot operations
labor, laboratory analyses, use of heavy equipn®nldings/shelter, electrical setup, raw water
and drain piping installation, treatment equipmeant] chemicals. Entities that may provide “in-
kind” services or equipment typically incluaddemical suppliers, equipment suppliers, or the
municipality.

In addition, the scope of alpi study can vary significantlyA pilot study designed for
public tours may have more aesthetically plegsfacilities construed, and thus higher
associated costs. Pilot testing of two altéxu@atreatment process trains will double sampling
requirements and significantly irease field and engineering lab@quirements. Use of pilot
study results for permit applitans will increase sampling requirements. Therefore it is
important to understand the costs associatéith wWe specific project of interest versus
comparison to other pilot study projegtgh dissimilar scopes of work.

Despite the wide range of costs identified completion of a pilot study, expenditure
associated with a pilot study regents less than 1% of the tgiéant design project costs. The
value of the data obtained frame use of a pilot study far eautighs the associated costs.

CONCLUSIONS

e Development of a desal facility require<laar project vision as well as successful
execution of many associated details

e While desktop assessments and bench-statbes can provide some vital planning,
design and implementation process of a démality, the resuk are not directly
scalable to the full-size facility

e Only data obtained from a pilot study is directly scalable to the full size facility

e A pilot study is a representation of the @jvision and serves as a key planning tool
to fill in details related to financelesign, permitting, and public outreach

e With a well thought out scope, the specifibormation obtained through pilot testing
can be leveraged to answarestions in almost all area$ project planning and can
move a project to the relevel of completion

e The timing of implementation, the scopetio¢ study, and the value obtained from the
pilot study can vary fronproject to project

e Public involvement and outreach is an important element of any pilot study, as it
provides an opportunity for ¢hutility to educate the publand address any existing
concerns
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APPENDIX D
TOOLS TO ENHANCE STAKEHOLDE R UNDERSTANDING OF DESAL

INTRODUCTION

In evaluating stakeholder and public petaapissues surrounding desal acceptance, the
research team examined institutional challengs well as the challenges represented by
individual stakeholder groups.Was noted that there are an assent of public perception and
stakeholder issues such astevasupply planning gaps, and cenns about growth, land use,
environmental impacts, and environmental justice.

Evaluations from a survey of utilities coraded early in the mject were divided by
coastal and inland facilities, which offered insighbithe different issuesdhdesal represents in
these areas. For instance, ¢abfacilities icentified advocacy group@ncluding environmental
groups, anti-growth, or other nongorenental organizations) aseih biggest challenge related
to decisionmaking. Both coastahd inland utilities idntified State and Federal regulators and
permit writers as a relatively large challenge hmplementing desal. Overall, it seems that
stakeholder issues are less @rablem for inland facilities.

Coastal facilities identified strategies farorking with stakeholders and a decision
support strategy or framework asrgea potentially useful tool. Wity participants in a project
workshop conducted early in the project noteat impediments to desal permitting included a
need by the water supply community to bettercakite and justify the need for (and value of)
adding desal to the water supmgrtfolio for a specific utility, and/or for a specific region or
State. It was noted that thislidielp convince stakeholders thidie need for desal (or for any
expanded water supply options) igitenate and to evaluate desala comparative context, to
reveal how it stacks up to alternative watepy options across a broad array of relevant
impacts, including costs and environmental impdetgting desal into a holistic context may be
able to help with ampen dialogue with stakelders which would assist problems related to
perception versus science.

Though it is not perceived th&tchnicians need new tools tietermine if desal is a
necessary water supply option, new tools wereised as a means to help utilities with
stakeholder and interest groualissions. Also if # public is better informed, governors and
legislatures will also be better informed, whics presumed to have a positive impact on
regulatory requirements so thaiconsistencies between freshwater and saline water project
permitting can be alleviated where suitable.

A classic guidance document for stakeholderolvement needs to enable utilities to
better inform the public and media on desaloratso that there can be a better marriage of
science, technology, and public understanding of water desalgiikignce should also broadly
address water supplies in genemald provide context to estalblislesal as a viable option to
address the problem. Underpinniaigy desal stakeholder guidancehe need to forge effective
partnerships between citizensdadecisionmakers, which requires a program that can foster open
communication to create and enhance project understanding.

Addressing these challenges demands a cdmapseve understanding of water and water
scarcity as well as how demand management/conservation fits within the water supply scenario.
To be successful, desal must be seem part of wise water stewardship.
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Stakeholder guidance must enhance understgrafiwater supply issues in general, and
of desal technology in specific.

Consideration of institutionaksues and decision processsould include an outreach
program that provides substantive informatmior to a consultation program. Developing an
outreach program grounded in providing infotima could mitigate against the negative, time
consuming challenges, and regulator reluctaneg ity lead opinion leaders to reject desal.
Making public education and aeach a key component ofethdecisionmaking process can
productively channel stakeholder input wheeoonsultation progm is initiated.

SUGGESTED STAKEHOLDER OUTREACH TOOLS

Turning seawater or brackish water irmovalued and valuable resource requires a
carefully crafted public education and outreasthategy. Desalting brackish water likewise
involves the need for public undéanding though this approackould appear to be less
controversial.

We recommend a stakeholder approach etlbping a quality decision process coupled
with an outreach program. Wiut careful thought to the plib outreach and decisionmaking
process, a desal project cduteceive negative, time-consing challenges, fail to gain
commitment from key opinion leaders, or fail be carried out at all. Public education and
outreach is a critical component of the projeatisienmaking process, and is needed to mitigate
issues related to risk perception and envirortaignstice. Once people are upset it is hard to
calm them down. Such an approach does not gteeahat desal wilbe approved but it does
mitigate against concerns born from misinformation.

During our workshop and survey it has been ndbed there are some issues that are not
desal related—such as growitontrol. Without a carefulstrategy of public outreach,
understanding, and involvement, these issuks taenter stage andhderstanding desal can
become confused. We recognize that concatmsut desal may surfadssues about growth
inducement and land use that will need to bewnbked into approach processes so that they can
be addressed properly.

Stakeholders need access to information aijoality and long-term health effects from
those they trust. They need to have questioawared and need to have a sense of confidence in
the consultation program that will be usexd make the ultimate decision. Answers to key
guestions such as those related to disposalrafertrate (brine), as Wes the economic impact
on users including possible rate impacts and thenpiad for economic growth, will need to be
answered as a part oftstakeholder engagement.

Also since many stakeholders and stakehadeups tend to distrust messages that come
directly from a consultant or even a utility, assdo independent sources to answer questions is
important. If utilities do not provide this access, concerned stakeholders often do their own
research on the Web. Information on a utility Wsite or links to such a site from an
independent science and technology panel magdhgful—especially if there is a means for
stakeholders to ask the group questions.

Research study after research study (i.e., those sgahggrthe Water Environment
Research Foundation and the WateReuse Associd@sngoncluded thatetpublic’s evaluation
of projects often differs markedly from that thle consensus of experts in the engineering and
science fields. Processes that are found to be successful in addressing public perceptions and
evaluations are those that make an effort to:
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Put issues in context

Acknowledge all arguments

Share control

Are transparent, open, and accountable
Engender trust betweenethitility and the public

The following components to a desal edugatamd outreach program are suggested as
techniques that fulfill these objectives.

Water Supply Information Kiosks, Videos, and Cable Programs

Developing a public kiosk can be a powerfabl to convey information about project
need, eliminate fear of the unknowand create broader and morelusive outreach at the same
time. It can also establish a feedback mechamtdshat the utilityknow the reactions of citizens
to varying pieces of information. Seeing is belgy and if this kiosk can include video or
animation of desal projects and processesantconvey information in a meaningful way. Short
video documentaries about desalination in otheasican be helpful. Videos can be helpful in
providing information about the future of tea supply and putting desal in context.

Videos can visually depict treatment heologies in an understandable manner that
removes mystery and the retsud) fear of the unknown. The rd8nog product could also be
cablecast or duplicated and prded free to libraries or evdocal video rental stores.

The technique is especially powerful becaitisell reach the public in their own space and
can be seen at their own pace. Such techniques are much less alarming than calls to attend a
public meeting; recent research tell us that fesared fewer stakeholders attend meetings to get
information. This technique alssmmmunicates an honest appitwadt does not hide, but rather
conveys factual information ian open, inclusive, and trgparent fashion. By emphasizing
public health and the environment and othmasitive aspects of the facility, support is
incrementally developed.

Tours/Tastings

Arranging tours and tastings ay proposed pilot or demondtom site is another way to
secure public support anddan element of fun.

Educational Displays, PowerPoint lPesentations, and Speakers Bureaus

Information to provide information and smer questions can be provided through a
number of venues includinggfilays and presentations. Vadelips can also be used.
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Media Outreach

Outreach through the media will be a critical factor in gaining support for the desal pilot
project, and will involve several strategies:

e Creation of a standard press Kkitcluding fact sheets and other background
information about the projeeind desalination trends

e Hold up to two to three editorial boantheetings between the utility or desal
spokespeople and newspapers to help edéod reporters develop a base knowledge
about desal, and puts the degepject in the context obverall water supply needs
and planning

e Web programs and interactive content

Survey and workshop participants alike memed the need for new tools to enable
stakeholders to understand desal. Couplingldesderstanding with the emerging reliance on
Web-based tools could expdistakeholder understanding.

For instance, an interactive water supply plagrgame, similar in format to a computer
game, could be prepared to eleabtakeholders to learn firgthd about a utijts current and
projected water supply status, attoptions are available (impodtevater, water reuse, etc.) to
resolve their water supply shortages, and the pros and cons of each option. With this tool
customers try their hand at developing futuréenvaesources from various available options. It
can show the dollar costs and environmental pros and cons of each approach so that the customer
is informed of the consequences of each ahoirhis program will be customized by using a
utility’s own water supply relatedariables and data as the inpus&tting the construct for the
need for water supply solutioms ensure a sustainable sourcesopply allows stakeholders to
creatively engage in the decision process and mitigates the impact of special interests who may
demand a disproportionate amount of attention.

Another interactive computer-/Web-based tool coudldvs the entire water supply and
treatment process beginning witie water entering a desal pldor pretreatment, going though
the various treatment process such as RO @iilldiion), and continuing to post-treatment. It
could be customized to provide information processes by including animations. Detailed
information about the facts of desal colld placed on the Web through engaging graphics.
Specific issues related to a particidaea’s environmerdould be included.

Finally it may be possible to put togeth@rWeb-based prograwn desal around the
world. A tour of the globe which shows the pulihe desalination facilitieghat have been built
and are being built around the wibrhay assist them with undensting that desal is a proven,
safe technology.

Web information can help stakeholders feel thay are part of the planning process that
protects the environment, finds stablater sources, and is cost-effective.

Table D.1lists Web sites with information available to the public.
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Table D.1
Survey of Web sites with information available to the public
Southern Desalination Plant http://www.watercorporation.com.auiles/PublicationsRegister/15/PER/P
(SSDP), Water Corporation ofublic_Environmental Review.pdf
Western Australia, Perth,
Australia
Kwinana Desalination Plant, http://www.watercorporation.com.A)desalination _environment.cfm
Perth |, Water Corporation of
Western Australia, Perth,
Australia
Victoria Desalination Plant http://ourwater.vic.gov.au/programs/desalination/EES
Adelaide Desalination Plant __ tht//www.sawater.com.au/SAWaterA&tsNew/MajorProjects/EIS.htm
Sydney Desalination Plant, http://www.sydneywater.com.au/Emringthe Futug/Desalination/
Sydney, Australia Environmental Assessment
http://www.sydneywater.com.au/Ensugil heFuture/Dediaation/pdf/Envi
ronmentalAssessment.pdf#Page = 1
Preferred Project Report
http://www.sydneywater.com.au/Puldions/ downloagfm?DownloadFi
le = ./EnsuringTheFuture/Desalination/pdf/PreferredProjectReport.pdf
Marin Municipal Water EIS http://www.marinwater.org/comtier?action = menuclick&id = 428
District (MMWD), California Engineering Report http://www.marinwater.org/controller?action =
menuclick&id = 413

Coastal Water Project, http://www.cwp-eir.con/downloadPEA_v1.pdf

California

Huntington Beach, California  Owdew http://www.hbfreshwater.com/

Gold Coast Desalination, Overview http://www.desalinfo.com.au/Home.asp

Australia Marine Studies http://www.delafo.com.au/Environment.asp
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APPENDIX E
PERMITTING AND REGULA TORY REQUIREMENTS,
A THREE-STATE COMPARISON

ABSTRACT

In the US, there are a host of institutionsdues that utilities must address in planning
and implementing desal projects. Utilities plamito implement desal facilities must comply
with a number of regulatory and permitting requaients from federal, ae and local agencies.
Several statewide agencies have yet to cagtlagons regarding the application of this
technology on a local scale. As a result, manytiesl with an interest in implementing desal
projects have no guidelines by ih to begin the process.

One way to address this issue is to provide utilities with practical and informative
guidelines that will serve as decision making tools in obtaining permits from regulators and
contracting qualified engineegn consultants to perform déssater services. There are
approximately 250 desal facilities with a des@apacity greater than 0.025 mgd in the US. Of
these facilities, nearly 50% of them are in Florida and about 15% of them in California and
Texas. Therefore, these three etatan be considered key stateshe desal movement in the
US. The purpose of this paper is to provigeth utilities and governing agencies with an
overview of regulations adopted ang the three key states in tthesal movement as an example
by which project planning can begin locally.

INTRODUCTION

Regulatory and permitting requirements ahe® main institutional consideration in
developing a desal project. Thgpes and number of permitequired to implement a desal
project are site specific and could vary fromatstto state and evesn a local level. Desal
facilities typically require permitting from federatate and local agencies. For example, Tampa
had to obtain 18 different permits from the stand local governments order to build and
operate the TBW Desalination Fhtyi and associated pipelines.

Florida has the largest full-scale seawater Idi@gdity in the US.In addition, in Florida
there are multiple desal facilities treating brabkgroundwater. California is the leading state in
the process of implementing seawater desalitfas. There are sevdrdrackish groundwater
desal facilities in Texas, and the State is involved in the implementation of a regional seawater
desal facility. This paper provides an ovewief the regulations and permitting requirements
that apply to these three key states sinceifaiiementations of seawater facilities are more
likely to occur in these three states, due tortpebximity to seawatesources. The paper also
provides a comparison of some of the state and local regulatory and permitting requirements in
each of the three key states. The objective is éongkfy the institutional variability of the desal
planning process within the US and to encouraditied to research their respective regulatory
and permitting requirements.
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Information related to regulatory and permjueements in the three key states and their
comparison was divided inthree main categories:

1. Desal Facility
2. Source water
3. Residuals Management

For the purposes of this paper, source watelisbe categorized in two ways; surface
water (including brackish surface water andveater) and, ground watgincluding brackish
groundwater, and seawater strength groundwater).

REGULATORY AND PERMIT REQUIREMENTS: DESAL FACILITY
Regulatory requirements for the desal faciligelf differ for the three key states.
Pilot Study Regulatory Requirements

In the three key states a gilstudy is necessary to obtanconstruction permit from the
state for a RO seawater facility. However, latpstudy is not required fa RO treating brackish
groundwater in Florida and California, whereag @xas, a pilot study is required. Following the
pilot study, results and demongioa that the seawater desal is feasible using RO membranes are
submitted to the State for approval. It is only after approval from the state, that a construction
permit can be applied. In Texas, the regulatrequirements for any membrane pilot study
(seawater and brackish groundwater) include wagetity monitoring of streams such as source
water, permeate and by-product streams, and process performance in terms of production
sustainability. In Florida and California, theeawater pilot study must demonstrate the
effectiveness of the membraneopess in terms of pathogen remiovashould be noted that a
pilot study may be required by the local government (City/County) even though the requirement
is not part of specific regulations.

Pathogen Removal/lnactivation Credit Regulatory Requirements

The log credits for pathogen inactivation bymimane are differerin the three states.
Log credits affect how the seawater desatility will meet the pathogen inactivation
requirements. These requirements are 4 log for viruses, 3 ldggidadia, and from 2 to 5 for
Cryptosporidium(depending on thé€ryptosporidiumconcentration in the source water). In
Florida, 2.5 log credits faGiardia, 2 log for viruses, and 2 log f@ryptosporidiumare given to
RO membrane process based on a pilot studyodstration per 62-550 &ilida Administrative
Code (FAC). In Texas, log edits for viruses for RO membranes vary from 0 to 2 logs
depending on the RO pre-treatment.

In addition, log credits foGiardia and Cryptosporidiumwill be based on a challenge
study performed at the pilot scale for seawateritess!| In California it mst be demonstrated to
the CDPH that the alternative technologrpvides at a minimum 2 log removal f@iardia,

1 log for viruses, and 2 log f@ryptosporidiumper 22 CCR 64653. The demonstration shall be
based on the results from a prior equivalem®monstration or a testing of a full scale
installation that is treating waterith similar charactert&cs and is exposed to similar hazards as
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the water proposed for treatment. A pilot plant teshefwater to be treated may also be used for
this demonstration if conducted with the apptafahe Department. Theemonstration shall be
presented in an engineering reganepared by a qualified engineer.

Construction Permit Requirements

In all three states a construasti permit is required from the state [Florida Department of
Environmental Protection (FDER)r Florida, TCEQ in Texas, and CDPH in California]. The
construction permit is typicallymore process orierde A utility must demonstrate that the
treatment will meet drinking water standards #mat the design is sound and follows adopted
design practices. The process to obtain the peromt the three states different. In Florida, a
permit application is submitted teDEP with either an enggering report with 60% design
drawings or 100% design drawings and specificetti In California in adtion to an engineering
report, the Notice of Documentation must bémiited with the permit application to comply
with the CEQA. CDPH will issue a water supggrmit once the application complies with the
CEQA regulatory requirements.

A building permit for a seawatdacility is required by ta local government (City or
County) to ensure compliance with local builglicodes and rules. Sorteeal governments may
have special permitting requirements such ask&l and replacement of trees, and right-of-way
permits.

SOURCE WATER
Regulatory Requirements

In order to supply war to the desal facility, permitmwust be obtained for water
withdrawal and for withdrawal infrastructur€he type of permits and the permitting agencies
may vary depending of the nature of the source water.

Withdrawal Permit

A permit is required in order to withdrasource water from a surface water body or an
aquifer. The permit requirements for withdedwirom both surface water and groundwater
sources are outlined below.

Surface Water Withdrawal

In Florida, a withdrawal penit (Consumptive Use Permit or Water Use Permit) must be
obtained from the State; more specifically, frame of the five Water Management Districts
(WMDs). The permit will quantif the volume that can beithdrawn on annual average flow
basis and a maximum mongtflow for example.

In Texas, water rights for surface waterthwirawal must be obhined from the State
(TCEQ).

In California, water rights for surface watgithdrawal must be obtained from the State
Water Resource Control Board—Division of WaRights. The permitting process must comply
with the CEQA and the Statements of Watevddsion and Use as appmriate. In addition,
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approval from the CCC and the CDWR mustdi#ained. The CCCpproval is required for
seawater withdrawal in order tmmply with the CCA, which gulates protection of the coast
whereas. CDWR is the organization responsfblethe development and protection of water
resources. CDWR approval may be required to ensure that a proposed seawater project fits
within the State projects implemented by CDWR.

Groundwater Withdrawal

The groundwater withdrawal peitrmequirements for groundwet are the same as those
for surface waters. In addition, order to apjdy this permit, there are several regulation
requirements to comply with, such as demotistneof “no impact” on the environment (such as
wetlands) while withdrawing groundwater.

In Texas, water rights for groundwater tdrawal must be obtained from local
Groundwater Conservation fricts for groundwater.

In California, water rights for water withaval must be obtained from the State Water
Resource Control Board—Division of Water RighThe permitting process must comply with
the CEQA and the Statements of Wddéversion and Use as appropriate.

Infrastructure Permit

An intake permit for seawater withdrawal well permit for brackish groundwater must
be obtained at the fedérand/or the state level. Typicallyf the seawater intake is within
navigable water, then permits from both federal atate agencies will be required. In Florida,
permits from the USACOE (under Section 1&¥dé®s and Harbors Ad®ermit and Section 404
Permit for Excavation and Fill), USFWS (und8ection 7 Endangered Species Act), and
possibly US Coast Guard would be required feeawater intake. An FDEP construction permit
would be required at the State level forbeackish groundwater well (FDEP in Florida).
Additional State level permits may be requitsdthe Bureau of State Lands (Submerged Lands
Authorization) and the Floridaish and Wildlife Commission.

In California, in addition tahe above mentioned federajencies, the Monterey Bay
National Marine Sanctuary (undthe National Marine Sanctues Act) and the NOAA (under
the Marine Mammal Protection Act and Smallk&aAuthorization for Incidental Harassment)
may also be involved in the seawater intake permitting process. State agencies involved in the
permitting process include the CCC (under@@A) and the State Lands Commission (Younos
2005).

In Texas withdrawal infrastructure perméese managed by the TCEQ for surface water
intake infrastructure anddal Groundwater Districts fagroundwater infrastructure.

RESIDUALS MANAGEMENT
Concentrate

The concentrate, produced from the desat@se contains high levels of TDS and must
be managed of in a manner that minimaliypacts the environment. The nature and

concentration of the TDS depends largely ondharacteristics of the source water and facility
treatment. In the United States, there are twmmeethods of concentrate disposal employed by
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existing desal facilities. The most widely eas methods are surface water discharge and
underground injection via deep Wélhe two main influentialdctors that determine the method
of concentrate disposal or evéme viability of the project ar the cost of disposal and the
environmental implications of disposal.

Regulatory Requirements

An NPDES is required to dispose of centrate into surface water. Typically, the
NPDES permit is issued by the State. Howeveg, Skate is likely to seek approval of several
federal agencies including USEPA. Evdmough the State may have primacy, USEPA could
supersede State’s decision (ap@l or denial) on the permit. A permit under the UIC program
must be obtained to disposeanincentrate into a deep well.

In Florida, a permit from FDEP is required to discharge into surface water or into a deep
well.

In California the Monterey Bay Natioh#arine SanctuaryNMFS, NOAA, and the
USFWS may all be involved in the residaahanagement permittingrocess on the Federal
level. On a State level, CCC, the Californigp@gment of Boating and Waterways, the CDFG,
and the State Water Resources Control Baaal/ also have permitting requirements for
residuals management.

In Texas, residuals management permitsrageired from the TCEQ to discharge into
surface water or into a deep well. Other locahpting agencies under the jurisdiction of TCEQ
may also be involved in the permitting process.

Infrastructure Permit

A concentrate outfall permit must be obtainedhat federal and/or the state level for the
infrastructure. Regulation and permit requireméatsconcentrate outfall are similar to those for
intake infrastructure permits.

A construction permit for a deep well shoulddi®ained from the State. Once the well is
constructed, an operation permit must be obthafeer demonstrating ¢hproper operation of the
well.

Other Permits

Regulatory requirements tosgiose of wastewater, inclugj spent cleaning solutions
used to restore membrane system performance, in a sewer are typically determined by the local
government (City/County) that operates and maistéhe collection system and the wastewater
treatment facility. The same is true for sluddjsposal which typically occurs in a landfill.
Permits or approvals to dispose of wastewatat sludge would have to be obtained from the
local government.
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CASE STUDIES
Tampa Bay Water—FL

The Tampa Bay Seawater Desalination Plesnthe nation’s largest seawater desal
facility. The plant provides the Tampa Baggion with up to 25 mgd of drinking water.
Construction and operations of the Tampa Begvater Desalination Plant and pipeline required
18 separate permits. The permitting process was lengthy and extensive, particularly the FDEP
permitting process. Over an 18-month period, the Department of Environmental Protection
(DEP) reviewed scientific research and puldmmments before permitting the facility. The
plant's permit applications were reviewed by several agencies, organizations and citizens
concerned with protecting Tampa Bay, udihg the Agency on Bay Management, the
Hillsborough County Water Team, the Auduboncigty, the Tampa Baywatch, and Tampa
Estuary Program (TBW 2008).

Carlsbad—CA

The Carlsbhad Seawater Desalination Plavttich is currently in the implementation
phase, will be a 50 mgd seawater desal planlu@nng associated water delivery pipelines). The
project is located at the Encina Power Staiiorthe City of Carlsbad, and will provide San
Diego County with a locally controlled supplywéter. The Carlsbad Desalination Project began
construction in 2009 after a five-year permittinggass that involved several Federal, State, and
local agencies. Some of the State agenciedvadadn the permitting process included the CCC,
the State Lands Commission, and the RWQCB.

Brownsville—TX

The Brownsville Seawater DesalinationloP Plant Study, which was completed in
December 2008, was developed to support implementation of a seawater desal facility that is
expected to have a capaciy 25 mgd. The Brownsville pregt is based on RO membrane
technology therefore is required to meet TCEQ membmaiteria, particularlgince this facility
is slated to treat coastal saté water with the potential forgp@agen contamination from surface
water runoff. In addition, discharge of desal concentrate to coastal waters, as is planned for the
Brownsville facility, will require a NPDES permit

Melbourne—FL

The Melbourne 5 mgd RO Platreats brackish groundwateoin the Floridian Aquifer
and supplies Melbournand its surrounding aredhe concentrate from the RO Plant is
discharged into the Eau Gallie River. In addition to infrastructure permits, the city was required
to obtain a source water withdralpermit and an NPDES permit for concentrate discharge from
the FDEP. Due to stringent surface water ltisge regulations, the NPDES permitting process
involved several studies atabk nearly five years.
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Although all three seawater desal plantsiardifferent phases (from the planning phase
to being fully operational) it is possible to make a comparison of the permitting requirements for
each of the plants based on the proposed and existing designs, as shiafateiic.1 The
purpose of the brackish groundwater desal plant sasdy is to illustratehe similarities and
differences in the permitting requirements &surface water source and a groundwater source.
The purpose of this comparison is to illustrate thfference and, in some cases, similarities in
the permitting requirements among the three key states.

Table E.1
Case study permitting
Permits for Carlsbad Permits required for future Permits required for

Permits for TBW Seawater Desalination  Brownsville Full-scale Melbourne Brackish
Desalination Facility Facility Seawater Facility Groundwater Facility
DEP Industrial San Diego Regional WatddSACE Dredge and Fill DEP Industrial
Wastewater (NPDES)  Quality Control Board Permit Wastewater (NPDES)
Permit NPDES Permit Permit
DEP Public Drinking CDHS Drinking Water  USACE Intake Permit DEP Public Drinking
Water Facility Permit Water Facility
Construction Permit Construction Permit
DEP Standard General CCC CDP TCEQ Water Right Permit DEP Standard General
Environmental Resource ERP—Storm water
Permit (ERP)—Storm
water
EPA NPDES Storm WateBtate Lands Commission TCEQ Public Water EPA NPDES Storm Water
Discharge during Approval System Plan Review Discharge during
Construction Activities Construction Activities
Hillsborough County Encina Wastewater TCEQ Air Permit Brevard County
Planning and Growth Authority Industrial Waste Construction Plan
Management DepartmentPermit Approval
Review Construction Plan
Approval
State Department of Floodplain Special Use TCEQ Petroleum StorageSt. Johns River Water
Health On-Site Sewage Permit Tank Registration Management District
Disposal System Consumptive Use Permit
Construction Permit for Groundwater
Withdrawal
DEP Air Pollution Source®evelopment Agreement TCEQ NPDES Permit—
Permit—Non-Title V Concentrate

Hillsborough County City of Carlsbad, Vista TCEQ NPDES Permit—
Natural Resources Permitand Oceanside Right-of- Storm water

Way permits
DEP Public Drinking City of Carlsbad, Vista TCEQ Registration for DEP Public Drinking
Water Construction Permand Oceanside solid residual disposal ~ Water Construction Permit

Encroachment Permits
Individual ERP Permits City of Carlsbad, Vista City/County Permit for

for Wetland Crossings and Oceanside wastewater disposal

Easements/Acquisition of

Right-of-Way
Corp of Engineers DredgeCity of Carlsbad, Vista  City/County Building
and Fill Permits for and Oceanside Grading Permit
Wetland Crossings Permits

(continued)
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Table E.1 (Continued)
Permits for Carlsbad Permits required for future Permits required for
Permits for TBW Seawater Desalination  Brownsville Full-scale Melbourne Brackish
Desalination Facility Facility Seawater Facility Groundwater Facility
Hillsborough County City of Carlsbad, Vista City/County Tree
Environmental Protectionand Oceanside Haul Routemoval Permit
Commission Wetland permit
Impact Approval for
Wetland Crossings
DEP Standard General City of Carlsbad Water City/County Erosion

ERP—Storm Water Purchase Agreement Permit for construction
EPA NPDES Storm WateWater Purchase Texas General Land
Discharge during Agreement Office Easement permit
Construction Activities

Hillsborough County Habitual Management = Texas Department of
PGMD Review Plan Permit Transportation Utility
Construction Plan Permit

Approval

Tampa Port Authority ~ Redevelopment Permit City/County Permits
Permit

Florida Department of  City of Vista and —
Transportation Utility Oceanside Land Use and
Permit Development Permits
Hillsborough County Permits to connectto  —
Right-of-Way Use Permit facilities of various local
water districts
SourcesR.W. Beck 2004, NRS Consulting Engineers 2008, Owen 2008, Poseidon 2009.

CONCLUSIONS

The institutional considerations as they gpil the developmerand implementation of
a desal project are an important factor in deit@img the viability of the project and avoiding
costly non compliance issues. Permits or regulatory approvabmagquired for the different
aspects or phases of a degabject including pilot studiessource withdrawal, facility
construction and operation and residual managerbetefore, it is important that every utility
with the intention of designing and implementinglesal facility be aware of its federal, state
and local regulatory and permitting requirememts ases them as decision making tools. These
institutional requirements are sgpecific and vary by state.

A comparison of the regulatory and permitting requirements and the permitting agencies
in three key states, Florida, California and Texas, demonstrates the institutional differences and,
in some cases, similarities on a state level.

The information presented in this paper is intended to illustrate the institutional
challenges and considerationstdity may face in planning andhplementing a desal facility. In
general, these challenges and considerationsbeiih the categories out desal facility design,
source water and residuals management.
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APPENDIX F
IMPROVING THE PROCESS FOR IMPLEMENTING SEAWATER
DESAL: VALUE AND PUBLI C PERCEPTION ISSUES

This appendix provides an outline of key issues and information associated with the
process of implementing ocean water desallsih includes the followg tools and resources:

e CheckKlist for Proposing Desal
e Key Challenges Related toetfPublic Dialogue about Desal
e West Basin Water Reliability 2020 Case Study

The information discussed below is basedbar-on-one interviews with water industry
executives, collaborative groupsdussions with water professidsman Southern California on
desal messages, and the branding wotdobh Ruetten, Resource Trends, Inc.

KEY DESAL PLANNING ISSUES AND CONSIDERATIONS
Perceived Need Drives Implementation

When looking at how to improve and/or spekd process of implementing ocean desal,
it is useful to remember that the drivingdes behind any proposiaave a profound impact on
people’s behavior and the pace of implemeatatlf people’s lawns are dying because of water
cutbacks, then implementation désal will certainly move fast if there are no other obvious
solutions to the problem. This illustrates the dariput powerful idea that the perceived need is
the impetus that drives progress. In a cripispple act quickly and baers often fall like
dominoes. It is not a big stretch to see thainaportant perceived need accelerates the process
much more than efforts to address specific permitting issues or other specific barriers.

The Need for Early Implementation

Clearly, waiting for a crisis is not an acceptabianagement practice. This is especially
true with ocean desal or othmajor water investments which take many years to implement.
Failure to implement early may result in multi-yeaater shortages and restrictions on water use.
The negative impacts on the economy and overality of life far outveigh the cost of early
implementation. Also, implementing ancrisis could result in a gect that does not have all the
environmental issues addredsencluding coastal land usemarine impacts, and energy
use/carbon footprint. Early implementationittwa well-thought-out process for developing
support from community leaders and policymakean include environmental mitigation and
benefits.

Planning and Leadership
Prior to a crisis, the perceived need fosaleand the urgency to implement it will be

determined by thdeadership qualities of the sponswyiutility. This includes its planning
expertise, and its ability tead a dialogue with the communthat yields good policy decisions.
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In order to lead this dialogueutilities must grapple with seral key issuesncluding the
following:

How their planning function considers water resources risks
The need to invest in new water supplies

The value of desal compared to alternatives

How best to present envirommtal features and benefits

All of these issues relate teading a meaningful and productive debate about the merits
of investing in desal. Howevethere are many challenges in leadthis debate. A full list of
these challenges is includedappendix B of this report.

Some of these challenges include being &bleonsider the value of new water supplies
to the entire watershed for example, estimating/tilee of being able tase desal to save water
for inland aquatic environments. This abilitg typically beyond the traditional roles or
competencies of many utilities. With respectdesal the need for genal and/or watershed
cooperation and leadership is an importaningonent of proposing the most effective and
efficient investments.

PLANNING AND INVESTING IN WATER RELIABILITY

New Planning Challenges.Serious consideration of desal will likely occur when
business as usual with respect to water supfdynning will not do. Thids because utilities
considering desal will likely be dealing wisleveral major issues, including the following:

e Stretched water supplies due to growth

¢ Uncertainty about the future of water slipp due to environmental needs for water

e Increasing water rights dismg as more communitieeedmore water, whether it be
virgin flows or rightsto recycled water

e Increased risk to natural wataupplies due to climate change

These conditions increase wateliability risks and requireew ways of thinking about
water resource planning and the features of availsigbplies. In fact, thesues noted above can
emerge fairly quickly and outpace the utilitiedility to change its pinning function or think
differently about water reliability.

Strong Leadership Related to Investment in Reliabiligxpanding on thélea that this
is not “business as usual,” a passive or hucesic approach to planning and investing in
reliability (and possibly implementing desal) can Hesu investment that is too late to avoid
water shortages and the related negative impdict®sting too late is a disservice to the
community. A more aggressive stance on watkalyity investment and a willingness to take
into account increasing water-supply risks is dleaecessary in order to maintain quality of
life. Whether this happens oot will depend on the following:

e The utility’s commitment to water reliabilitgnd clarity on water reliability standards

e The culture of problem solvingnd leadership in the utility
e How water reliability or watesupply risks are analyzed
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e The strength of the utility’s message tethto water reliability risks and potential
solutions

e How the utility presents the beneficial emonmental features of desal in order to
expedite community support and the permitting process

e How the utility goes about helping policymeak feel comfortable with voting for a
significant investment in desal

The environmental issues and the challemgfeensuring good policy decisions will be
addressed in later sections tifis report. This section deals primarily with planning and
investment related to water reliability.

Commitment and Clarityon Water Reliability.It is hard to believe that a utility would
not be clear on its commitment to water reliabilliowever, the level of clarity inside a utility
regarding reliability roles will depend on how significant water reliability has been in the past.
For example, West Basin Municipal Water Disis aggressive stance on investment in water
supplies stems from a history of addressing wagiability. This history goes back to the 1940s
when West Basin was formed to bring innew water supply for the coastal areas of Los
Angeles. Today, West Basin’s “brand” and missisrwater reliability. West Basin takes this
mission seriously and views water shortages oricéshs as failure. This level of commitment
to water reliability may not be present in arganization where watesupply issues have not
been a concern, or where water reliability has been assured due to infrastructure decisions made
decades ago by previous administias or other organizations.

Discussing water restrictionsdhilights another important pairWhat is the appropriate
standard for water reliability in a community region? Are water restrictions a failure? Surely
one could argue that a constamitstof restriction isiot acceptable. How aboréstrictions every
3, 5, or 10 years? Even sayingthnvestment in new water supplies “will ensure that water
shortages or restrictions will be rare” is a stadd&Vithout some form of reliability standard, it
is difficult to determine water supply needspoopose appropriate investment in new supply.

Assessing Water Supply and Water Reliability Riskghen planning for new water
supplies, the issue often boils doww assessing risks. If a comnity is growing rapidly, it can
be fairly obvious that new water supplies are needed. However, what if water reliability is
threatened more by growing unt@nties due to water rightdisputes, increasing awareness
about environmental needs for water, or climgtange? In these cases determining the actual
risk and appropriate response nmot be as straightforward. Thiefining issue may be how the
utility or water agency addresses problems sid Does the organization constantly challenge
its current activities and appach in order to continuously improve? How well does the
organization analyze the woridlound it and assess new risks?

Risk assessment is difficult because it i$ ao exact science. Bgite this, significant
investments to reduce risks may be necessaryeXample, communities in Southern California
get water from both the Colorado River and Namh@alifornia. However, the infrastructure on
the Colorado River provides 10 times more water storage than the Northern California water
system. This difference in storage impacts howagerone can be about receiving a consistent
volume of water from each system in a given yétw do utilities assess this risk of relying
more heavily on the Northern Califoa water supply given thatlias less storage, and what is
the appropriate response? How much “analysisédiired to make a decision? The answers to
these questions determine theelikood of making a proactive insenent in new water supplies
and potentially desal.
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No One Wants to Hear About ProblemAnother challenge ith communicating risks
relates to how elected officials and policymakeespond to utility sthmembers bringing up
risks. Often, staff members balie that policymakers want tcest clear of anything that looks
like a problem. These feelings are understanddiiies is unfortunatdecause accepting that a
problem exists can be the b&gsly to get people to make amwestment. Certaly when water
restrictions are in place, or infrastructurefasling, the money flows. As mentioned at the
beginning of this report, the objective is to sedarestment before failures occur. Given this,
bringing up problems as future risks is necessawy is consistent with the need for long-term
thinking. The idea of long-term planning so waitevestments can be made well ahead of the
need should be an important message in anynaanity dialogue. This changes the tone of the
message from a negative to the pesi(proactive long-term planning).

Investment Options andL.evels of InvestmentAnalysis and planning are performed to
make good investment decisions. If, as is the case in Southern California, the decision was that
water reliability was significantly reduced due to a heavier reliance on a system with less storage,
then the next question is how to respond. If @l alternative greatly reduces risk and only
costs water customers $15 per month more thagy are currently paying, then the prudent
course would be to make the investment. Ifabsts were $50 per month, more analysis may be
required to reassess the risks or find a lower-saolsttion. Calculating the cost per month to rate
payers for a specific investment is an importatgp. It is the onlyneaningful way for the
average person to appreciate cost informati@hagccurately assess his/her WTP. Percentage rate
increases are less meaningful because maople@elo not even know the amount of their
average water bill. A 30% increase may sound lila antil a person realizebat this is $12 per
month. Also, rate increase/benefit assessmenss beuvery specific. Pple want to know what
they are paying and exactly what they are getting in return.

COMPARING WATER SUPPLIES—WHY DESAL?

All Water Supplies are Equal® is easy to view conservation, recycled water, and desal
as somewhat equivalent solutions from a water-gupeispective. This iglustrated by the fact
that many utilities compare the costs of these suglpdynatives as if thewere equal in value.
They are surely perceived differently from anvironmental perspective, but they also have
different water resource benefits. This meansr thaiue is not equal,ra this value will vary
depending on the specific needs of the community.

New Water into the Watershed.he most evident differencerfaesal is that it brings
new water into the watershed, which is esgiciaaluable if the phnning process predicts
reduced flows from rain or snowpack. Consdion and recycled water have limitations if
natural flows have dropped significantly. Alsmcean water desal procks water that can be
added directly to the potable water system whiatoisyet the case with recycled water. This is a
very important distinction. Some agencies hsatated that they could forgo implementing desal
for the foreseeable future if direct potable reugere feasible from both a regulatory and public
perception standpoint.

The Brand of Desal.Desal is often branded axpensive, energy intensive, and
damaging to the marine environment. There mesdruth in these perceptions when viewed as
isolated qualities. However, é¢be judgments are misleadingdésal’s unique value and the
specific needs of the communityeanot fully considered. So, it mde an error to assume that
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conservation and recycled water should alwaysecbefore ocean desal because of lower costs,
energy usage, or environmental impacts.

It is useful to look specifidly at the brand of desal wittespect to cost. Often the term
“least-cost principles” is broughip in debates over choosing thest water investments. This
terminology suggests that the optithat costs the least shoub@ implemented before other
options, as if all the optionseequal from a reliability, quayif and overall value standpoint. It
is clear this is not the case.rthermore, few people would say thesnt to live in “least-cost”
communities. Least-cost thinking can lead to sieais like co-location of desal plants with
power plants, which in the long run may not be kest solution or thieest implementation of
desal. People will pay more than least cost if they understand the value they are getting,
including environmental benefi@nd reserving water for inlanehvironments. However, they
cannot choose this valukethey are never givethe choice, which can ppen if the utility is
driven by least-cost thinking.

ENVIRONMENTAL ISSUES

A significant barrier to implementation of ocedesal is the negative impact on marine
life and the amount of energy it us€ne of the most contentious thiese issues appears to be
I&E of aquatic species. Environmental issues cartainly slow down # permitting process.
Environmental groups tend to beryesupportive of recycled watéut less supportive of desal,
preferring to consider it as an emergency sypfpk mentioned above, limitation of recycled
water compared to desal is thatannot be introducedirectly into thepotable water system.
Given the benefits of desal as a direct potabijgply, the obvious questi is why utilities do not
just propose environmentally-friendly desal plants. The reason for this appears to stem from the
following issues:

e Water utilities have a tendenty propose least-cost solutions

e Water engineers can get hung up on the teehmnerits of environmental features
and often believe they are n@orth the additional expense

e Utilities (both staff and policymakers) often conclude that environmental features are
“cost prohibitive” prior to this being dissged with community leaders and the public

e Uncertainty about the production readinessuf-ocean floor water intakes or other
methods for protecting marine life

The first three of these issues relate tet@@ntered thinking instead of value-centered
thinking and a bias that technical argumeats primary. There is strong precedent for non-
technical issues driving projecdtures, especially in recent @cis where the public is more
actively engaged. For example, many water ezgyisiwould argue that using RO membranes for
treating recycled water used to replenishugewater supplies is not necessary. Still, RO is
becoming the standard (at least in coastal communities) primarily due to public perception
issues. The fourth issue noted above is a sigmtieechnical risk (subeean floor intakes) that
requires more attention and research. This resegittbe slow unless utilities make it part of
their feasibility studies and offer it as option in the community dialogue.

Assessing WTP for Environmental Featureblltimately, investment in the desal plant
and its features will be determined on the water reliability and environmental benefits that
policymakers are willing to invest in. In many eaghis is based on their instincts and possibly
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some data on public sentiments and what people are willing to pay for. It is not unusual for a
utility to assume that something is cost prohileitbefore the issue hasdn put before the public

in a meaningful way. For example, the incremerdte increase (in $ panonth) of building a
carbon neutral plant with sub-ocean floor watéakes could be presented to community leaders

to assess WTP.

Utilities often have general information on people’s WTP to improve water quality or
water reliability, but the type of specific information sharinoted above is seldom done.
Making environmental features part of the initial specification of the plant not only helps in
assessing people’s WTP, but forces the utilityat@alyze the feasibility of these features. Not
including environmental features in an initiabposal likely dooms theirto being left out unless
environmentalists force them to be included. This scenario slows the permitting and approval
process. Not only can the pace of permittingslmeved due to environmental issues, but the
probability of post-permit legal challenges increases. Utilities are recognizing these issues and to
varying degrees acting accordingly.

The Environmental Brand of the Water IndustryThe discussion above brings to light
an important overarching issue related to #mironmental debate over ocean desal. The
environmental reputation of the water indusémnyd the utility affect how environmentalists
perceive and trust utilities. Utilities havehsstory of focusing on how to provide water for
people at the least cost. This gtiteir environmental ethics in question, especially when you ask
members of environmental groups. The brand efitldlustry and the braraf the utility have a
significant impact on trust andedlproductiveness of the enviroantal debate. Water utilities
need to be aware of this when planning thetreach activities andsaessing the behavior of
environmental groups. Proposing plant with strongenvironmental features (including
communicating the incremental costs of theseufea) gives environmental mitigation a fighting
chance and improves the brand of the utility, eféme features are jected by the community.

Realizing the Environmental Benefits of More Wate@bviously, the great benefit of
ocean desal is that it providestemathat is independent of clate or the water rights of other
communities or regions. It would seem that a l&leldenefit of desal would be to ensure that
more water is left for inland aquatic environrteernfortunately, the mechanism for earmarking
water produced by a desal plant pwotecting inland environmenits not well developed. This is
where regional cooperation would help. Desdhints creating clear benefits for inland
environments could help to balance out lo@iznvironmental impacts of desal and improve
the environmental brand of desal. This is where implementation of what is often referred to as a
TBL approach might help provide balance and make the dialogue about desal more productive.

ENSURING GOOD POLICY DECISIONS

Water investment decisions are typically made by policymakers. By policymakers we
mean an elected or appointed water board for apservice districts oa city council or water
commission for municipalities. However, poglinakers do not operate in a vacuum. They are
concerned about the opinions @aimmunity leaders and they watiat protect their reputations
and careers. So what can utility staff members do to make certain that good policy decisions are
made related to water reliabilitpyd desal? Here are some key steps:
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e Develop a “strategic direction” that makeslear and compelling case for investment
in water reliability well aheadf the need for more water

e Focus communication activiseon helping policymakers feel safe to support an
investment in reliability and desal

The Strategic Direction.The strategic direction providdke reason for talking to the
community about investment in vea reliability. It may be baskon a long-range strategic plan
that looks out 30 years or more, but it specifjcaddresses the investment needed to resolve
issues that range from 5 to 15 years out. A giratdirection that proposedesal as part of the
solution should articulate future water reliability risks, communicate alternatives for addressing
these risks, and propose a coursaction. The information shadilalso include the incremental
costs of mitigating environmental impacts, which can be used to gauge WTP. The strategic
direction provides a reason to talk with communésders about needed investments. It gives
the community a reason to pay attention, which is important because people are busy and
distracted by a myriad of other important issues.

The Problem With “Public Education.”The strategic direction provides the message,
but the message still needs to be delivered.tigslitypically invest in a variety of outreach
activities that are designed to educate the publowever, there are several problems with the
idea of “publiceducation.”

e A single utility does not alwaylkave the resources to reach and make an impression
on or educate the general public
People often do not have the timedesire to be educated
The term “educate” is often vied as condescending by adults

¢ When the objective is to educate, theraasclear standard faesults and generally
the relationship between coramication activities and policdecisions is not well-
defined

These issues lead to conditions where tHiermation supplied by utilities is often not
very meaningful, often not rdaand not always well received.

Building Community RelationshipsThe best use of the information in the strategic
direction is not to educate but to build relatioips with community leaders, the media, and the
interested public. This relationship-building procalisws staff to stimula a dialogue, listen to
concerns, garner support for investment frompgkeople who matter the most to policymakers. It
also allows for an ongoing dialogue withlipgmakers about community support and what
people would like to see in a project or senéprojects. These activities provide policymakers
with information that helps therfeel “safe” in voting for the gpopriate investment in water
reliability and desal, instead of whatthspeculate is politically palatable.

WHY DESAL IS SPECIAL

A Simple Solution to Our Water Problem#. seems, more than any other type of water
project, desal has captured the attention ef general public. Why is this so? On closer
examination the reasons turn out to be straightforward. First, desal taps into a limitless supply.

People want water problems to go away and desal seems like a promising alternative. In fact,
desal is pretty simple when viewed frontezhnology and construction perspective: “just go
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build the plant and solve the water shortageblam.” These sentiments stem from people’s
tendency to think in simple terms aneéitndesire to make problems disappear.

Alternatives Can Be More Complicatett. turns out that the public’s instincts related to
the simplicity of desal are correct. This is because when the debate turns to alternatives, the
discussion can get more complicated. The typatedrnatives are increased conservation and
increased use of recycled water. Howevenniginy cases, these solutions are not as simple as
desal. In many communities the low-hangiognservation fruit has already been plucked
(e.g., through low-flow shower heads and highegfncy toilets and washing machines).

What remains is landscape irrigation cemvation which, in some locations, has the
potential to save a lot of wat@lthough in other locations, it has been very aggressively pursued
already and additional wex savings may be hard and empge to come by). Unfortunately,
these potential water savings involve asking emtidestries to change thdieliefs and behavior
with respect to soil health management, itiga methods and practices, plant selection, and
maintenance practices. It is much easier tddbsomething new than to change entrenched
practices. You also need to have an organizatiahishcapable of leading this level of change,
which most water utilitiesre hard-pressed to do.

On the recycled water side, potable use efwlater is limited by regulatory constraints.
Non-potable use requires construction of sepagaping systems which are fine for new
communities but can be disruptive and time comgg to install in built-out communities.
Signing up customers for non-potablecycled water is a diffitiutask. Being ale to easily
implement indirect or direct pable reuse would solve this preb, but this has its own set of
significant challenges.

GUIDELINES AND CHECKLIST FOR UTILITIES

Based on the information and consideratialetailed above, the following provides
guidance for utilities to referencerttughout the desal planning process.

1. Examine thinking and canmitment to reliability. Make sure that utility managers
are thinking clearly with pect to water reliability. Ti& includes undstanding any
planning or procedural changes thatghti be necessary given new water supply
needs and changes in water supply righisl thinking and m&éods may not work
given the new challenges. Does the utility take water reliability seriously and view
water shortages or restrictions as anplag and investment failure? One way to
assess current thinking is to make sure lgauve articulated a clear water reliability
standard. For example, how many years a0 should the community experience
water shortages orstictions, if ever?

2. Asses risks and propose high reliability Regularly inquire into changes in water
supply and water supply risks. Collectragch planning data as possible, but do not
assume that the risks need to be highlgwable in order tgpropose a significant
investment. Also, do not soft sell thesks so everyone feels good. The community
wants a conservative approach to water reliability, and will pay for an adequate
supply of water. The wedge that will drivetiaa is a perceived need to invest in new
supplies and to invest early. Passivity witit do, and the community will surely react
very negatively if problems occur ah could have beeravoided by timely
investments.
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3. Emphasize the need for long-term thinking. Communicate issues as future
problems or risks that can be avoidedreduced if we invest early. Long-term
planning and investing are the keys to fatueliability, which is a very positive
message.

4. Plan with the watershed in mind. Communities and regions are now more
connected than ever due to the increasimgdrnfor water and changes in the climate.
Wherever possible, water supply planning needs to consider the impacts on the
watershed and the region. Desal providesofty@rtunity to secure investment from a
variety of sources given the increasing environmental needs for water and the need
for communities to retain water they havistorically exportedincluding discharged
wastewater.

5. Develop a compelling strategic direction.Develop a strategic direction that
articulates your commitment to water adlility, outlines future water supply and
reliability risks, lists the alternativeer resolving the problem, and recommends a
course of action. This strategic direction provides the framework for reaching out to
the community and is the caxt for investing in desal.

6. Make sure risks to the ecaomy are well-represented.Connect water availability
with economic health, using case studiepagsible. This will hip garner support
from businesses and unions for investingvater reliability and desal, and potentially
offset negative branding of déshie to environmental issues.

7. Be clear on the value of different water supplies and option&void making costs
the only standard of comparison, as if alpgly alternatives are equal. Water from
ocean desal has the advantage of beingtalde introduced directly into the potable
supply. Recycled water does rtrrently have this feature, which can cause a more
lengthy process of identifyingustomers and installing dudelivery infrastructure.
Different water supplies have different nadits and therefore should be valued
differently. Information on trade-offs, tpns, and alternatives should be very
complete even if this information extends beyond what the utility is used to
researching. Those involved in the debat#l expect an exhastive look at the
options and the logic behind recommendations.

8. Make sure the current state ofinvestment is communicatedlIf a state of under-
investment in water resources infrastructure exists, then the incremental cost of
new supplies may seem very high. It is importar water rates (aat least the future
rates that will be compared to rates assed with desal) to reflect “full-cost
pricing.” This allowscommunity members to make adrassessment of the price and
value of desal.

9. Understand and manage the “brand” of desalDesal has been branded in both
positive and negative ways. It is a limitless, local, and drought-proof water supply,
but it is also viewed as expensive, energy intensive, and harmful to the coastal
environment. These branding issues canatldressed by comparing future costs,
energy use, and environmental impacts with other water supplies. The brand of desal
may also be improved by employing a TBlpproach that results in water being
reserved for inland aquatic environments.

10.Make costs meaningful.Share the cost of all investmerand alternatives in terms of
the impact on rates or fees in dollars penth. This is the onlyepresentation of cost
that is meaningful to rate payers atiterefore policymakers. Sticking with rate
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impacts leads to better decisions andeased investment. Water rate increases in
dollars per month are usually fairly smalhepared to other expenditures. This means
if people understand the valueven if portrayed as a reduction in water reliability
risk, they will supparthe increase.

11.Don’t assume an investment is cost-prohibitiveDo not assume desal or features of
a desal plant are cost-prohibitive beforeu have meaningful dialogue with the
community. This dialogue begins by asing specific information on features,
benefits, and rate impacts. The more speeihd meaningful & value is, the more
people are likely to agree to pay.

12. Avoid “least-cost” thinking. People will pay for value they understand. Remind
people that they do not live in nor shotihey desire “least-cost” communities. Desal
is a drought-proof and locally-controlled watipply of extremelhigh quality that
does not in itself stress inland aquatic egsteams. A high-value dal plant could be
a desal plant with several environmentatéges related to mae life and energy
use.

13.Give people the environmental choicePropose an environmentally-friendly plant
and communicate the incremental costs of these environmental features (in dollars per
month as noted above). Listen to whatmoounity leaders have to say about these
features and their WTP for them. Removesth benefits only if there is a strong
sentiment that they are too expensive gitleeir value. This gives the community a
voice in the environmental decision andimt@ns or enhances the environmental
reputation of utility.

14.Build your environmental brand. Giving members of the community the
environmental choice is an important wal building trust and an environmental
brand. Strong recycled water and conseoveprograms also build the environmental
brand. Building trust related to the environment will improve the dialogue about the
environmental impacts of desal. Traditionally, water utilities have been unclear about
their role in preserving water for the emonment and in many cases have a negative
environmental reputation duettee impacts of their operations.

15.Use the strategic directio to build relationships. Develop relationships with
community leaders using the strategic dimtias defined in Item 5. Remember, the
objective is not to educate the public, latbuild relationships with people that
policymakers are interested in and cemed about. These people are sometimes
referred to as the “authonmg public.” Listen to their concerns, identify opposing
points of view, and build a list of suppade Secure written support if possible by
having people sign a support card.

16.Lead a meaningful dialogue with policymakers.Use the information from the
relationship development efforts to infio policymakers about support, opposition,
and WTP for proposed environmental benef@s/e them the information to replace
intuition and help them feaonfident enough to vote for the best implementation of
desal for their community.
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CHALLENGES RELATED TO TH E PUBLIC DEBATE OVER DESAL

Utilities need to show stronigadership in planning and communication to help desal get
fair consideration in a commiin or region. However, desal maprompt a difficult debate
(barring a serious water as$ for the following reasons.

Convergence of Several Important Factors

The dialogue over desal is occurring at a tineere several factors are coming together,
making the debate more complex and cimglieg. These factors include the following:

e Stretched water supplies, more demand-#@ed systems, and increased uncertainty
in water supplies due to climate change

e Growing awareness of the environmental needs for water

e Growing desire from the public for environntehissues to be factored into decisions

e Need for better risk assessment and sensible risk reduction strategies related to water
resource availabilityrad water resource planning

e The increased connection between communiig growth makes watersheds look a
lot smaller, including entire regms such as the southwest US

The Trade-Off, Options Debate

e The fact that desal offers a “limitless” supply gets some people very excited while
others get concerned due to the siskf over-exuberamc and/or careless
implementation.

e The trade-offs in implementing degaften extend beyond the normal boundaries of
utility responsibilities. For example, it cdoe difficult for utilities to address energy
usage issues and allocating water for tma@renment outside of their jurisdictions.

e The debate over trade-offs can get faotymplicated. For example, how would you
compare the negative impacts of marine difdrainment in theaean with the ability
to keep more water in a smaller inland water environment? Which has the bigger
benefit if the marine life or aquatic enenment is preserved? What stakeholders
value one outcome over the other?

e In general, the debate over desal ocaim®ng principals and special interest groups
and not the general public. This means thath of the information being shared in
the debate can be biaseddrganizational points of view.

e Environmentalists may see things such sastainability (especially eco-system
sustainability) as being foremost in thaublic interest” wheeas the general public
likely views having a reliable supply of wai@s a pretty importdrpart of the public
interest.

e Principles and special intestegroups often see the debatea technical argument and
not an argument about investing in (ddeessing conflicting sets of) value.

e It is not clear whether environmental wsttion or green engy options that may
offset desal-related impacts will be accépgato regulators, public officials, or
stakeholders.
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e Conservation, recycled water, and desalddten talked about in ways that suggest
that they are equivalent altatives. Each of these haffelient features, benefits, and
implementation challenges.

e Anti-growth activists often use the debateer water as a way to oppose growth. This
is not a desal-specific issue and does axdress the root of the problem: poorly
managed growth.

Cost Effectiveness and Value

e A Kkey issue is that while desal is often ddesed “expensive,” thguestion of its true
cost is often not properly cast relative tther of the following relevant benchmarks:

— The “values” that desal may offer teetbommunity (e.g., ineased reliability).

— The full cost of providingadditional water to the community from alternative
supply options (i.e., the true marginal cokthe next best gply alternatives).

e The debate over desal does not alwaygjaately address “value.” The terms “cost
effectiveness” and “least-cost principles” are used quite a bit in these debates but
often fail to consider that the majority of people will pay more when the added
expense secures them the added value that they desire.

— Arguably, people want tolive in communities thatare not *“least-cost”
communities. Despite this, many still stéyat they want water managers to
practice “least-cost planningThis least-cost thinking failso appreciate that we
enjoy a quality of life that is to some degree based on investing in abundance and
paying more for value.

e Some of the value desal can provide is that of a mdiable (i.e., drought
insensitive) and locally/regionally controlledipply of extremely high quality water,
without stressing inland agua ecosystems. Desal costs should be compared to the
future, full-cost price of other alternativeSor example, the cost of importing water
in Southern California will rise significantly over the next 10 years. It is confusing
and not productive to compare the cost of desal to costs borne for water supplies
developed or acquired in thegbaas these tend to not et their full cost, nor are
they typically available as an option to provatiditionalnew supply.

e Desal is often branded as expensivewkleer, even if all 20 proposals for large
coastal desal plants in California weregpiemented over the next 25 years this would
still represent only 6% of the overall water supply in California. This means that the
average impact of desal on actual watersrateuld be small. This impact would be
greater in some communities, but in thesenmunities the benefits would likely be
high in the form of increased water reliayiland quality of life. Also, increases in
water and sewer rates could be much mowgacted by deferred maintenance and the
need to upgrade infrastructure.

e Water rate increases over the next 2@arg will range in the $30 (rough estimate)
dollars per month range evenwe fund an abundance of wat&his is still relatively
small compared to other more discretion@xpenditures on the part of consumers.

e Water utilities have long had the sificant challenge of getting approval for
investment in water resources and infragtitee These decisions to invest need to
early in order to avoid water shortages agdtem failures. Thismeans that utilities
are often shy when it comes to proposimyienmental features, or anything, that
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increases cost (even though the assocididdys and challenges associated with
proposing least-cost versioasdesal may well cost theilityy more in the long run).

e Desal is put under the microscope relatedfuture costs including energy costs.
Alternatives and current supplies need to get the same scrutiny.

e Proposed co-location of desal plants stefrom “least-cost thinking” that has
complicated the debate over desal. In fact, all of the issues and complications related
to the co-location model have not surfadétter utilities may increasingly recognize
the difficulties in managing this partnbig and the problems with not having the
autonomy to implement the “best desal plant.”

Issues That Challenge Utility Roles and Competencies

e Implementation of desal (or not) can haveraching effects. For example, lack of
confidence in implementing dal in Southern Californinas caused some in Arizona
to look at a bi-national agreement to build a plant in Mexico.

e There is a lack of appreciation by many partse how long it take to complete water
projects. Utilities are sensitive to thésue because they have to get it done.

e There is a lack of appreciation for ddtilties with respect to conservation and
recycled water that challenge utility competencies. This includes signing up
customers for recycled water and influgrgc customer behaviorelated to water
conservation. This is why utilities are intsted in projects that replenish the potable
supply using recycled water.

e Full consideration of alternatives challenges the competencies of utilities on several
fronts: planning, supply rislkkssessment, customer beloasiand customer service,
environmental impacts, overall oudieh, and community dialogue skills.

e Growth has effectively shrunk the watershedsde state bound&s and across state
boundaries which makes everyone and evemngtimuch more connected. Crossing of
jurisdictions is difficult. Managing this ssie is not an easy task for an individual
utility.

CASE STUDY—WEST BASIN’S WATER RELIABILITY 2020 PROGRAM

WBMWD in Los Angeles, California, prodes a good example of employing a diverse
portfolio of water supplies and using a conlipgl strategic direction to make a case for
implementing ocean desal.

Conservation

During the period of 1990-2005, West Basiservice area added 100,000 people but
water demand remained constant due to conservation efforts.

Recycled Water

West Basin has a history of aggressive enmntation of recycled water. West Basin
produces five grades of recyclagter ranging from “ultra pure” for high-pressure boiler water
applications to water for irrigatn. These five grades include watieat is used for replenishing
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the potable water aquifer. As of 2009, WBsisin produces 30,000 acre-feet of recycled water
every year. This experience with using advarteetinologies such as MF and RO has prepared
West Basin for successfulisnplementing ocean desal.

The Strategic Direction—Water Reliability 2020

Based on a series of changing conditions ianceased risks to imported water supplies,
West Basin has embarked on a program to maintain high water reliability for the communities it
serves. The program, named Water Reliabild2@ has a stated goal of reducing its dependence
on less reliable, imported water supplies from @6#ay to 33% by theear 2020. Stated in the
positive, this will mean that West Basin will have 66% local control of its water supply by the
year 2020. This goal will be achieved by incregsconservation, increasing the amount of
recycled water, implementing ocean desal, @modeasing people’s knowdge of water issues.
West Basin has developed information anadagoing relationship-buildig process designed to
solicit feedback and build suppdor Water Reliability 2020.

The Background Information

West Basin’s message begins with importafidrmation about water, water issues in
Southern California, and the ovétrglobal need for fresh water. Related to the water situation in
Southern California, West Basin employs a vietgresting and graphimetaphor. It equates the
region to a theme park, because the wateufest vegetation, and surroundings are basically
manufactured due to the wateaths brought in from the outsidbe area. Without this water,
the region reverts to a desert. West Basin goesstep further by stating that the two man-made
features that astronauts can see from spacthar&reat Wall of Chinand the water canals of
California. These metaphors and information tstar give people a sse of the planning,
investment, and infrastructure necessary to renswater reliability and high quality of life in
Southern California. The ideas of planning appbropriate investment are extremely important
messages. They provide the context for the imvest necessary to achieve the goals outlined in
the Water Reliability 2020 program.

The Problem Statement

The problem statement for Water Relldabi 2020 is the region’'s dependence on
increasingly variable and risky imported watapplies. West Basin pulls no punches in its
statement of the problem. It addresses the following water supply risks:

e Population growth

e Sacramento Bay Delta supplies that arereasingly unreliable du aging levies
and environmental restrictions on water use

e Loss of Sierra Nevada mountain rargnowpack due to climate change

e Reduced water from the Colorado River system due to drought and increasing
demand from other regiongtiv priority water rights
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The overall conclusion based on these issues is that imported supplies will not be as
reliable as in the past. West Basin tramsathese conditions into risks that people can
understand:

Higher rates for everyone and sigo#ntly higher rates for water wasters
Mandatory water restrictions

Loss of jobs, especially in agulture and riated businesses

Lack of water for the environment and landscapes

Less water for future generations

Water reliability is offered as a bettedea, designed to avoid mandatory water
restrictions and the negative impaecfsvater uncertainty and scarcity.

Water Reliability 2020—Taking Control of Our Water Future

The key message associated with WateraRdity 2020 is “taking control of our water
future” by doing the following:

e Implementing more water recycling
— Going from 30,000 AFY to 70,000
e Increasing water conservation
e Expanding water education
— Through outreach on the Wateeliability 2020 Program
— Award-winning school programs
— Partnering with environmental a@ups including Surfriders, Roundhouse
Aquarium, SEAlab, and others
— Public tours of recycling plants
e Implementing responsible ocean desal

An important issue related to Water Reliail2020 is the cost to rate payers. Due to
rising prices of imported watend the ability to secure oudsi funding for innovative projects,
the cost of Water Reliability 2020 will be no mdhan the cost of continuing to import water at
similar levels. This means that the cost afystg heavily dependent amported supplies is no
more than the cost of g} much more independent. This is a compelling argument.

The Water Reliability 2020 message is deted using a comprehensive outreach
program designed to reach comnmmity leaders in the region.

Implementing Responsible Desal

West Basin’s message related to implemendiegal is to do it in a responsible manner.
West Basin defines respobke implementation as:

e Maintaining a diversified water portfolio where desal is less than 10% of the overall
water supply.
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e Implementing a temporary demonstration pobjto test wedge wire screens for open
water intakes and sub-ocefioor water withdrawal.

e Diluting concentrate discharge pootect ocean life. This wilbe tested in an actual
aquarium.

e Increased energy use over imported water (hdte than imported) will be offset by
buying renewable “green” energy.

Clearly, the debate surrounding the implemeomaof ocean desal centers on costs and
environmental issues. West Basin has obsenatdetfivironmentalists istngly support recycled
water while support for desal is much less androbpposed. However, West Basin has received
its permit for the desal pilot plant. The distriappears to have some credibility with
environmentalists because of its track recamdl future plans on coawation and recycled
water. This is good news because it suggestsetidtonmentalists are willing to look at desal
projects on a case-by-case basis and not jusgcacally oppose them. This may be surprising
to some because environmentalists are knéawnand to some degree get their funding by)
opposing any environmental impacts. West Basicredibility demonsates the positive
branding that comes with having strorapservation and recycled water programs.

The Water Reliability 2020 Outreach Effort

West Basin’s outreach effort is both simpand effective. It focuses on building
relationships with important community leasl@nd expanding people’s knowledge about water
and water conservation. It is important to rember the reason for people to be interested in
conservation, increased water reuand ocean desal. The reason is increased water reliability,
which is the mission of the Water Reliabil@p20 investment programis of May 2009, West
Basin has received support letters from tf@lowing individuals representing larger
constituencies and over 700 support letters findividuals. This support helps policymakers
feel more confident in supporting Water Reliability 2020 and ocean desal.

Cities

City of CarsonMayor Jim Dear

City of Culver City,Mayor Andrew Weissman

City of El SegundoDana Greenwood, public works director

City of Inglewood Mayor Roosevelt F. Dorn

City of Lomita (CityCouncil passed a support regmn December 1, 2008)

Civic/Social Organizations

Palos Verdes Peninsula Lions Cli@anni Selway, president
Redondo Beach Rotary Club

Rotary Club of Inglewood]aimee Sul, president

Rotary Club of Palos Verdes Peninsula

West Torrance Lions Clulavid Haden, treasurer
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Elected Officials

e Assembly member Curren Pric@alifornia State Assemp51st District
e Senator Rod WrighCalifornia State Senate, 25th District

Environmental Groups

e Volunteers and Organizations Impnog the Community Environmengina Conner,
communications director

Businesses

Body Glove and Dive ‘N SurBob Meistrell, founder

Veolia Water North AmericaCraig Walkins, senior vice president

South Bay Association of Realto&heri Fejeran, president of the board

Carson Chamber of Commerdehn Wogan, president

El Segundo Chamber of Commerdam Hart, president

Gardena Valley Chamber of Commerééanda Love, president

Harbor City/Harbor Gatewa Chamber of CommerceJoeann Valle, executive
director

Inglewood/Airport Area Chamber of Commerdirm Cravens, president

LAX Coastal Area Chamber of Commerden Ferro, chairman of the board
Lomita Chamber of Commerc&george Kivett, president

Regional Hispanic Chamber of Commer8andy Cajas, president and CEO

South Bay Association &€hambers of CommercBlarcella Low, chair

PV Peninsula Chamber of Commerce and Visitor’'s BurRandy Bowers, chairman

Associations and Unions

e Local Union South BayGaylord R. Roten, business representative
e South Bay Association of Realto&heri Fejeran, president of the board
e Southwest Membrane Operators Associatirytt McClelland, president

Academic
e Dr. Burton H. Jonesprofessor, Marine Biologyand Biological Oceanography,
University of Southern California
e Dr. Dave Caron,professor, Department of Biological Sciences, University of
Southern California
e Dr. Dave MayerPhD in Fisheries and Quantitative iBaces from the University of
Washington
Water Organizations

e Water Replenishment District of Southern Califoritap Katherman, president
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Miscellaneous
e USACOE,Brig. General John McMahon, Comnager, South Pacific Division

e Dr. James Croolenvironmental engineering consultant
e Geoff Malemanpast president, Westchester Rotary
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APPENDIX G
DESAL COSTS

The costs associated with brackish wated aeawater desal are a function of numerous
variables and are highly site-specific. Individpaoject costs can varsignificantly depending
on a number factors, including source water quality, plant size, the cost and availability of
power, project financing terms, pdtting requirements, and others.

Given the site-specific nature of desal projgesign, the costs of different projects can
be difficult to compare. In addition, reviews miblished data on costs can be confusing because
costs are rarely reported consistently and soost parameters are aft@ot reported at alF-or
example, some authors report the cost of dedatinaater delivered to customers, while others
present the cost of produced water priodigiribution (Cooley, Glek, and Wolff 2006).

To further complicate matterdya underlying assumptions asgted with different cost
estimates often remain unstated (Miller 2003)w authors clearly state key variables included
including the year and type of estimate (actua&rapng experience, bid, or engineer’s estimate),
interest rate, amortization period, energy cost, balof the source water, and the presence or
absence of subsidies. In additiome international plant cost estimates may have currency
exchange rate hedging elemewts.of these factors can significip affect overall project costs.

Despite these limitations, there is a wealtlnédrmation available on the nature of desal
costs and on the ways in which these costslatermined. This appendix provides a review of
published cost estimates and summarizes thedagrs influencing desal gect costs. The first
section provides an overview of reported desmts and compares cost estimates for specific
projects. The second section identifies key variathlas significantly affect overall costs, while
the third section discusses specific costs aasstiwith different components of the desal
process. Finally, recent and expecteddsein desal costs are also identified.

REPORTED DESAL COSTS

The following sections provide an overviewd#sal cost componenand reported costs
for both seawater and BWRO facilities. As noédubve, due to the variati in circumstances of
individual projects, as well aa the basis upon which reportedst® have been calculated, the
costs reported below should be evaluated witthie context of site and project-specific
conditions.

In addition, when reviewing cost information should be noted that unit water cost is a
strong function of plant utilizath. Some facilities will be usadtermittently, which will result
in higher life cycle costs parnit of water produced. For ample, the TGWTP in London is
planned to provide supplementary water undercarnyditions. It will be used as a backup supply
for meeting future peak demands. The cost salat TGWTP at 40% capacity is estimated to
be approximately $1.18/kgal ($0.3F)nas opposed to $0.51/kgal ($0.13/rat 100% capacity
(Lyon 2006). In addition, some costs may alsoeafthe “over-sizing” okome components in
order to accommodate potentiature plant expansions.
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SWRO Facilities

The costs associated with SWRO desal hgemerally been repodewithin a range of
$1.90 to $3.50 per kgal ($0.50 to $0.7&mf water produced (Miller 2003, Dore 2005). Miller
(2003) reports that it has generally become acdepi SWRO can be carried out in the US for
less than $2.00/kgal ($0.50fm The Pacific Institute (Cooje Gleick, and Wolff 2006),
however, reports that i@alifornia, the cost of desalireat water production ranges from $3.00 to
$3.50/kgal foughly $0.79 to $0.92/H for large, efficient plants, and can be as high as
$8.35/kgal ($2.21/M) for plants of smaller capacitgooley, Gleick, and Wolf2006). This wide
range of estimates exemplifies the site-specificneadfi desal projectsnd likely, a variation in
reporting assumptions and methods.

Cost information reported by CDWR (2003)cempasses most of the estimates reported
above, ranging from $1.52/kgal to more then $5.70/kgal ($0.4 to $}, Blepending on the size
of the desal facilityTable G.1shows the unit costs of seawater debg plant size, as reported
by CDWR (2003).

The Pacific Institute (Cooley, Gleick, and W®&006) attempted tstandardize reported
costs of produced water from SWRO seawdtsal plants around the worlBable G.2shows
the results of this analysis in US dollarg kgal. The costs shown logv exclude distribution
costs and are not adjusted for inflation from year of the reported cost since inflation varies
from country to country. Even thout this adjustmentf is apparent thatosts vary widely
(Cooley, Gleick, and Wolff 2006).

SWRO Cost Components

Based on an evaluation of reported cdstsexisting plants, the NRC Committee on
Advancing Desalination Techragly, provides a breakdown ohrual costs for SWRO desal
plants (NRC 2008)Figure G.1lshows the typicabreakdown of annual costs for a 50 mgd
SWRO plant that uses convenrtial pretreatment. For this seeio, energy costs are assumed
constant at $0.07/kWh. Membrane life is assumebletdive years; the nominal interest rate is
5%; and the depreciation peried25 years. Annualized capitabsts include both principal and
interest payments.

Miller (2003) shows a slightly different stribution of SWRO costs, with energy and
capital (or fixed costs) amounting to 44% and 3@Pdotal annual costs, respectively. This is
likely due to differences in underlying assumptioegarding plant size, the price of energy and
materials, interest radeand other factors.

Table G.1
Unit costs of desal as reported by CDWR (2003)
Plant size $/kgal
Large plants (>10 mgd) $1.52-3.80
Medium plants (1-10 mgd) $3.80-5.70
Small plants (<1 mgd) Over $5.70

Costs assumed to be reported in 2003 US$ 2003 (year of report
conducted by CDWR), however US$ was not specifically reported.
Costs have therefore not been adjusted for inflation.
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Table G.2
Summary of reported first-year costof produced water for RO plants

US$/kgal USS$/nt
Facility/location (first year) (first year)  Operational? Year Sources
Ashkelon, Israel 2.03 0.54 Yes 2002 EDS (2004), Segal (2004),
Zhou and Tol (2005)
Ashkelon, Israel 2.00 0.53 Yes 2003 NRC (2004)
Ashkelon, Israel 2.10 0.55 Yes 2004  Wilf and Bartels (2005)
Ashkelon, Israel 2.34 0.62 Yes 2005 Red Herring (2005), Semiat
(2000)
Bahamas 5.60 1.48 Yes 2003 NRC (2004)
Carlsbad, CA 2.90 0.77 No 2005 San Diego Daily Transcript
(Poseidon) (2005)
Dhekelia, Cyprus 4.14 1.09 Yes 1996 Segal (2004)
Dhekelia, Cyprus 5.40 1.43 Yes 2003 NRC (2004)
Eilat, Israel 2.80 0.74 Yes 1997 (est) Wilf and Bartels (2005)
Hamma, Algiers 3.19 0.84 No 2003 EDS (2004), Segal (2004)
Larnaca, Cyprus 2.84 0.75 Yes 2000 Segal (2004)
Larnaca, Cyprus 3.20 0.85 Yes 2003 NRC (2004)
Larnaca, Cyprus 3.23 0.85 Yes 2001 (est) Wilf and Bartels (2005)
Moss Landing, CA 4.7 1.2¢8 No 2005 MPWMD (2005)
Moss Landing, CA 3.63 0.96 No 2005 MPWMD (2005)
(Poseidon)
Perth, Australia 3.49 0.92 No 2005 Water Technology (2006)
Singapore 1.75 0.46 Yes 2002 Segal (2004)
Singapore 1.70 0.45 Yes 2003 NRC (2004)
Sydney, Australia 4.21 1.1P No Not reported
Tampa Bay, FL Four bids from 0.46-0.58 No 1999 Semiat(2000)
1.75t02.18
Tampa Bay, FL 2.10 0.55 No 2003 Segal (2004)
Tampa Bay, FL 2.18 0.58 No 2003 (est) Wilf and Bartels (2005)
Tampa Bay, FL 2.49 0.66 No Unknown Arroyo (2004)
Trinidad 2.77 0.73 Yes Unknown Segal (2004)
Trinidad 2.80 0.74 Yes 2003 NRC (2004)

Source:Adapted from Cooley, @Ick, and Wolff (2006).
a. May include conveyance costs from the desal facility to the existing distribution mains.
b. May include some or all distribution costs.

The distribution of costs shown Figure G1 does not include concentrate management
costs, which can range dély, based on the alterhads available, the volume and salinity of the
concentrate, and other site-specific factoRor most SWRO applications, concentrate
management does not account for a significant pouiototal costs. Howeer, as described in
subsequent sections, concentrate managemsty can significantly increase the total costs of
desal at inland facilities (e.g.o0fm 50 to 200% above the desal process costs (NRC 2008 as cited
in Mickley 2007).

As presented ifable G.3 NRC (2008) alsoeports the breakdown of annual costs at the
Tampa Bay SWRO desal facilityfhese are somewhat consistent with breakdown of costs
reported by NRC (2008) and Mill§2003), with capital and fixed costs accounting for about
44% of total costs.
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Source Adapted from NRC 2008.

Figure G.1 Annual cost breakdown in &0 mgd SWRO plant with conventional
pretreatment

Table G.3
Desal cost components at Tampa Bay SWRO facility

Feedwater TDS (ppm) 26,000
Average output (kgal/day) 25,100
Operations and maintenance ($/kgal) 1.71
Admin and general ($/kgal) 0.08
Capital consumption ($/kgal) 0.84
Fixed costs ($/kgal) 0.57

Total ($/kgal) 3.15'

Source:NRC 2008 from J. Maxwell, Tampa Bay Water, personal communication, 2007.

a. Xu et al. (2009) report a cost of $3.19/Kgalthe first year after raediation. The cost to
TBW will reduce to net $2.85/kgal upoaceipt of $85 million in co-funding from

Southwest Florida Water Management District. In addition, information provided by TBW
on operating costs from late 2007 through 2008 indicates that O&M costs have dropped to
$1.54/kgal.

The total unit cost shown ihable G.3is higher than the estimates reported for Tampa
Bay in Table G.2 However,Table G.3likely reflects a number of unexpected costs that were
incurred in the later phases of the project. Xalef2009) report that due contractor problems
and technical challenges relatedintake and pretreatment,ste at Tampa Bay increased by
more than $40 million from the origing110 million estimate (construction oversight:
$4 million, remediation and improvements: $36 milli attorney fees for lawsuits: $6.8 million).
The promised water price increased from $1.71/kgal ($05in1999 to $3.19/kgal ($0.84%n
(or $3.15/kgal as reported by NRC 2008) in 200d €Xal. 2009 as citein Barnett 2007).
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BWRO

Due to lower levels of salinity comparetb seawater, brackish water requires
substantially less energy to desalinate. The unit costs of brackish water desal are therefore
generally much lower than the costs reportedva. In addition, compared to seawater sources,
brackish water aquifers are often located reddyivclose to consumers; dramatically reducing
treated water distributio costs. Many brackish groundwateusces also have a low level of
suspended solids and require far less pretradtthan seawater sags (Pankratz Undated).

CDWR (2003) reports that the costs of brackish water desal range between $0.40 and
$3.80/kgal ($0.10-$1.00An Others report a tighter range, with costs between $0.76 and
$1.33/kgal ($0.20 to $0.35An(Miller 2003, Dore 2005, AMTA 2007).

Figure G.2shows the contribuin of various factors to theverall cost oBWRO desal
as reported by Mille(2003). The capital investment recdr to build theplant typically
accounts for more than half of total costse Temaining portion is §pamong various operating
costs. Compared to SWRO, the energy consummssociated with BWRO is relatively low,
accounting for only about 11% of total costseTdonsumables category, which includes various
chemicals that are used to pre- and post-tieatvater, accounts for 10% overall. Maintaining
the plant, including replacing é¢hmembranes approximately every three years, makes up about
16% of total costs.

One conclusion that can be drawn frafigure G.2is that apart from fixed costs,
improvements in any one aspect of plageration will only result in an incremental
improvement in the overall sbof BWRO (Miller 2003).

10%

W Fixed costs

W Electric power
% W Labor

54% 0 Membrane replacement

9% O Maintenance and parts

m Consumables (chemicals)

11%

Source:Adapted fromMiller 2003.

Figure G.2 Annual cost breakdown of a tpical BWRO plant with conventional
pretreatment
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Table G.4shows a breakdown of the costs llwackish water desal at the facilities built
and operated by the Inland Empire Water Ageimmcgouthern California (as reported by NRC
2008). The costs presentedTinable G.4are generally in line ith the information reported by
Miller (2003) (sedrigure G.2) with 46% of total costs being attuted to capital or fixed costs.
However, the unit cost of $2.39/kgal ($0.63/nfalls within the higher range of estimates
reported in the literature.

EPWU reports much lower costs for bratkisater desal at the Kay Bailey Hutchison
Desalination Plant. A joint pregt of EPWU and Ft. Bliss, BPaso’s desal plant produces
27.5 million gallons of fresh water daily, and i® tlargest brackish watelesal facility in the
world. Table G.5presents the amortized capitaldaO&M costs for this mject, as reported by
EPWU.

The estimates presentedTiables G.4andG.5 are difficult to compare due to different
underlying assumptions and reporting methods (eagital and O&M costs are reported as an
amortized total for EI Paso while these costs for Inland Empire are reported separately).
However, it is interesting to note the lower sostported for El Paso relative to Inland Empire.
At the El Paso facility, concentrate is dispdsof via deep well jection, while the Inland
Empire facility has access to the SARI, which seras a direct “brine line” to the ocean.

Table G.4
Desal cost components at thinland Empire BWRO facility
Feedwater TDS (ppm) 800-1,000
Average output (kgal/day) 7,150
Operations and maintenance ($/kgal) 1.18
Admin and general ($/kgal) 0.11
Capital consumption ($/kgal) 0.72
Fixed costs ($/kgal) 0.38
Total ($/kgal) 2.39

Source NRC 2008 from R. Atwater, Inland Empivéater Agency, personal communication.
a. The offsets that Inland Empire recei{®8.76/kgal 0$250/AF from the MWD) are not

factored into the costs reported above.

Table G.5
Amortized capital and O&M costs ($/kgal) atKay Bailey Hutchison Desalination Plant
Feedwater TDS (ppm) 1,200-15,000
Average output (kgal/day) 26,420
Wells, collectors $0.58
Ft. Bliss (water and land) $0.13
Desal plant $0.71
Disposal $0.15
Finished water pipeline $0.07
Total $1.64

Source Project Webcast presentation by John Balliew, Vice President, EPWU.
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As discussed in subsequent sections, deefll injection is typically much more
expensive than direct surface water disposal. hdée facility at El Pso entailed significant
costs for concentrate management. Concentligfgosal wells and lines accounted for 26% of
the reported $87 million facility capital costhe estimated annual operating and maintenance
costs for the concentrate management were lower, representing 0.04% of the estimated
$4.8 million costs (Xu et al. 2009 based onAfchuleta, EPWU, personal communication,
2006).

One advantage the El Paso facility may have over the desal plant at Inland Empire is the
benefit of economies of scale. &ddition, it is important to note that the costs reported for
El Paso reflect cost per unit pfoduction capacity. Because theHzso facility does not operate
to full capacity, costs per unit of water produasdild be much higher than those reported in
Table G.5 A much more detailed examination odsts, or a more uniform reporting method
(with a clear reporting of underlying assumptiorvgpuld be necessary to determine the factors
accounting for the large differences in rapdrcosts betweendke two facilities.

KEY VARIABLES INFLUENCING OV ERALL DESAL PROJECT COSTS

The following sections provide an overview thie key variables that can significantly
influence desal costs. Subsequent sectionssemt specific cost estimates for different
components of the desal process.

Source Water Quality

The annual costs of membrane desal plares very sensitivdo the salinity and
temperature of the source water. In geherdesal costs increase as the salinity
(TDS concentration) of theoarce water increases, and as tf@perature of the source water
decreases. Site-specific water lifyafactors such as turbiditytemperature, boat traffic, oil
contamination, nearby outfalls, tides, and the infag=of runoff, can also increase desal costs
due to additional pretreatment amidpost-treatment requirements.

NRC (2008) reports that as a geadeule, it will cost abou50% more (per unit of water)
to produce freshwater from seawater thammfrbrackish water (assuming a brackish water
salinity of approximately 2,000 ppm). However, source water from rivers and lakes can have
much higher levels of turbidity, organics, nutt&erand other man-magmllutants compared to
seawater. Costs associated with removal ofetlcesitaminants by pretreatment or post-treatment
may cost more than the savings associaweth the water's lower TDS concentration
(Voutchkov 2007a).

Plant source water temperature has a orehte effect on SWRO feed pressure
requirements and membrane performance (assbaated energy-related costs). Voutchkov
(2007a) reports that for source wateith temperatures between 12 and®@Qevery 10C
increase can reduce RO feedgsge by 5 to 8%. For source watath temperatures between 4
and 12C, the temperature effect is even more dramatic: for ev&yt@mperature increase,
SWRO feed pressure requirements can deereas to 10%. At temperatures belo¥C4 source
water begins to freeze and desal can become infeasible.

Source water temperatures above®°GlOcan have negative effects on membrane
performance that may negathe positive effect on membra pressure. First, higher
temperatures can result in a change in membmaaterial behavior, which can reduce the useful
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life of the membrane. Second, higher temperataaesaccelerate membrane biofouling, due to

the effect of temperature on bacterial grawillith increased temperatures, membrane salt
rejection can also be reduced. Operatiohiglh source water temperatures (typicallyG@&nd

higher) may compromise product water qualityenms of TDS, chlodes, boron, sodium, and

other requirements. Thus, additional stepstiglaor full second pass RO) may be required to
meet water quality goals (Vouitkov 2007a). Many co-tmted facilities (Wwich utilize power

plant cooling water as feedwater) have experienced problems related to high temperature
feedwater (Xu et al. 2009).

Plant Size

Desal facilities demonstrate significant ecomesof scale. NRC (2008) reports that the
cost per unit of water produced in small plants barb0% to 100% higher than in large plants.
Savings associated with plant size are lamgeone moves from small (e.g., < 5.0 mgd) to
medium-sized (e.g., 10-20 mgd) plants, but areasdmportant as one moves from medium to
large (e.g., > 25 mgd) plants. A doubling of diem 2.5 to 5.0 mgd, for example, might reduce
cost by 30%, while a doubling from 25 to 8®d might reduce cost by only 10% (NRC 2008).
Economy of scale benefits are minimal for plalatger than about 50 mgd, mainly due to the
added complexity of flow distribution,gatment and operatiogoutchkov 2007a).

Cost and Availability of Power

The costs associated with desal energpirements (power) are dependent on two key
components: the power tariff and associated ursit abpower, and the amount of power used to
produce desalinated water (Voutchkov 2007a).

The power tariff (or cost of power as expresge $/kWh) typicallyconsists of a power
generation charge and a power grid distriouttharge. These charges depend on whether energy
is purchased from an independent power geioeraupplier or is obtaed/generated on sight
(e.g., such as through direct connection to a power plant’s generation anits-kicated facility
or through generation of edtricity on sight). For morenformation on reducing energy
requirements and/or lowering power costs, seéicge®.5 of this report as well as Xu et al.
(2009).

Power requirements (and associated costs) ezetlyi related to source water salinity and
the associated osmotic pressure that has tovbecome to produce freshwater. Brackish water
desal facilities therefore typilbg have much lower energy requirements compared to seawater
facilities.

Unless there is a way to greatly reduce #ctual amount of energy used in desal
processes, the share of desal costs attributabémergy will rise as energy prices rise. NRC
(2008) estimates that ancrease in energy costs fro®.04 to $0.10/kWh can result in an
increase in total costs of over 35% 8WVRO desal (assuming production of 50 mgd).

For SWRO, efforts to reduce energy costswab as reductions in the total capital costs
of the system) offer the greatest potential for significant reduction in the total costs of desal
(NRC 2008). Reductions in energy use for brackish water desal will not result in substantial cost
savings overall (energy accounts émly about 11% of total costs).
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Membrane Life

The cost of membranes has fallen in recgsdrs, and this is widely cited as one
explanation for the increasing attractivenessle$al. Membrane costs are now quite modest,
ranging from only 3 to 5% of annual costs. However, one of the major operating issues for
SWRO facilities is the shortened membrane tiifat can result from membrane fouling and the
need for accelerated cleaning cycles. A decreaseembrane life from five to three years can
increase annual costs by over 3@atastrophic, irreversible mirane fouling leading to a
membrane life of less than 1 year @acrease annual costs by over 25% (NRC 2008).

In addition, fouling requires areases in operating pressurethé@ membrane is to remain
effective, and increases of 25% are mocommon (NRC 2008). An increase in operating
pressure of this magnitude can increase dnoosts by over 8% per kgal. At higher energy
costs, the impact of fouling amnualized operating costs is even more severe (NRC 2008). On
the other hand, for conventional systems, totajgut costs can be reced by 3% if membrane
life can be extended to 10 years over the &-y@aseline period &t is common today.

Subsidies

When comparing project costs, it isportant to note the effect of subsidigsg., long-
term energy contracts, reduced latwbts, or low-interest loandyor example, five projects in
Southern California have qufidid for a $0.77/kgal ($0.20/n subsidy from the MWD. The
proposed Poseidon project in Carlsbadeisorted to cost about $2.90/kgal ($0.7%/mithout
this subsidy and about $2.15/kgal ($0.5%/mvith the subsidy. Sie water customers in
Southern California ultimately pay for the suhsithe subsidized cost potentially misleading
(Cooley, Gleick, and Wolff 2006).

Sometimes subsidies are difficult to quantiys reported inTable G.2 all four of the
original bids for the Tampa Bay SWRO projeetre within the range of $1.75 to $2.18/kgal
($0.46 to $0.58/M (Semiat 2000). These were among the lowest costs ever proposed for a
significant desal project, in part because a Florida regulatory entity provided low-cost capital.
Similarly, the Ashkelon, Israel, dal plant that opened in Augu&@05 involved initial payments
of about $2.00/kgal ($0.53/An The land on which the plari$ constructed, however, was
provided at no cost by the &&li government (Cooley, Gldéicand Wolff 2006 from Professor
Raphael Semiat, personal communication, 2006). resualt, it is misleadingp compare the cost
of Ashkelon with that of a new facility on the I@arnia coast, where land is expensive (Cooley,
Gleick, and Wolff 2006).

Cost of Money

With any capital investment, interest costs tfte cost of moneyare invariably one of
the larger components of totalopect cost. For example, the tbtapayment of a $1 million loan
over 30 years at an interest rate of 5%$2s5 million. More importantly, interest costs rise
significantly as interest rates rise (NRC 2008)tHa example above, an increase in the interest
rate from 5 to 7% would lead to a 24% inceeas annual costs. Thus, the ability to secure
relatively favorable rates of imest has a strong bearing on both the financial and the economic
feasibility of any project.
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Financial institutions establish the interederaf the funds thelend to a project based
on an evaluation of the projedsk profile (Voutchkov 2007a). lorder to provide low-interest
financing for a given project, lending institutiodesmand strong assurances that the project will
be permitted and built in a timely and cost-effeetmanner, the power supply contract and tariff
for the project will be reasonable; the O&M of the plant will be professionally handled by an
operations staff that has successful prior experience, and that the regulatory and permitting risks
of the project are mimal (Voutchkov 2007a).

As a general rule, project fund lenders areyomilling and able totake risks that are
guantifiable. Typically,lenders are not involveth the constructionpperation or insurance
activities related to project implementation. Theref they will not take risks associated with
these activities and especially risks they arefawiliar with or that can be more appropriately
borne by other parties involved in the projectolder to mitigate risks aarly stages, lenders
may want to be involved in key aspects objpct development and implementation, including
the negotiation of project contractreview of key project desigand construction activities, as
well as review and approval ¢éication of project completin, and project acceptance testing
(Voutchkov 2007a).

Project Delivery and Financing Method

The project delivery method césave a significant effect ahe cost of desal. Voutchkov
(2007a) reports that although desal projects Haeen delivered under a number of different
methods and financial arrangements, most cedtction breakthroughksave been achieved
under a DBOOT or BOOT method of project delivery.

A DBOOT project involves a sgle contractor for designpastruction, and operation of
the desal facility. This method @iroject delivery streamlinesdhproject schedule and reduces
costs by eliminating separate selection processes for engineering, construction, procurement, and
operating services. The public water provider commits to purchase some quantity of water from
the desal facility at an agreed-upon prioeer some period of time. This water purchase
agreement serves as collateral for the contratttosecure private financing for the project.
DBOOT contracts contaiprovisions to transfer ownership of the facility to the public water
provider at a mutually agreeable date.

The primary benefit of a DBOOT project is tlaaprivate enterprise assumes the technical
and commercial risk associated with the prpjewluding the risk of development, permitting,
and financing. With a vested imésst in controllingoperating expenses, DBOOT contractors have
a greater tendency to accept the risk of employing new and innovative solutions to lower
production costs and improve opleitily. These projects often erdriven by the magnitude of
total project costs because a single entitgegponsible for design, construction, and O&M. A
more detailed discussion of different type$ project delivery methods is included in
section 8.10 of this report.

Permitting and Related Environmental Mitigation Costs
In many locations (e.g., coastal Califa)i there may be considerable expenses
associated with the desal fiatgi permitting processes and redd public outreach and legal

efforts. Because SWRO projects are reldyiveew to many permitting agencies, the time and
effort required for permitting thisype of project a typically more extensive than those for
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conventional water and wastewater treatmeanfsl In the US, the permitting of large SWRO
desal projects typically requires long and costly environmental and engineering studies and can
be influenced by environmental opposition.

Permitting is often considered one of the primary (and most expensive) risks associated
with desal project implementation. Difficulties aaruntered with permitting of the Tampa Bay
SWRO project was one of the kesasons why the public utility thatitiated the project decided
to proceed with project implementation under@@@T method of delivery, which allows the risk
and associated permitting costs to be transferrégetprivate sector (i.e., the BOOT contractor)
(Voutchkov 2007a).

In addition, permitting requirements for environmental mitigation or protection
requirements can substantially increase costpeatsly in sensitive coastal settings like
California and where I&E might ban issue, and special screens or intake facilities and/or
extensive monitoring may be required. For mangati@lants currently in the planning phases,
costs associated with environmental mitigatiotivétes are proving to be quite substantial.

Target Product Water Quality

Product water quality has a measureable effacplant configuratin, design and costs.
Typically, the higher the required product water quality (e.g., potable vs. non-potable) the higher
the desalinated water costs dtee additional pretreatmerdnd post-treatment requirements
(Voutchkov 2007a).

Voutchkov (2007a) demonstrates the relationship between target product water quality
and costs for overall water production. He us$kee costs to produce water with a TDS of
500 mg/L, chloride level of 250 mg/L, boron of Ir@/L, and bromides of 0.8 mg/L as a basis
for comparison to costs to achieve more stringent water quality goals. Results of this analysis
show an increase in the overall cost of watkup to 50% (for achieving the most stringent
regulations of TDS = 30 mg/L, chloride = if@@/L, boron = 0.3 mg/L, and bromide = 0.1 mg/L).

His analysis reflects thfact that costs vary based not onlghaproduct water quality targets, but
also with source water quality.

Costs associated with meeting different wajeality standards will vary based on the
costs of various consumables (e.g., chemicalsepoused for product water quality polishing as
well as the technology or comlaition of technologies used toeet the product water quality
target. In the US, water produced by desal is often blended with water from other freshwater
sources before distribution. Whelesalinated product water isehbed with freshwater, water
quality related specifications for the desabgess may be relaxed because the product water
from the desal process will be diluted with water from other sources. Therefore, a less perfect
separation may be acceptable, which can help reduce costs.

Contractor Experience

Contractor experience with designing, doasting and permittingdesal facilities can
also affect final costs, althoughere is no clear trend. In soroases, experience may lower cost
or may increase the likelihood of winning a cootraA team that had previous experience in
Eilat, Israel, and Larnaca, Cyprus dieped the Ashkelon fakdy in Israel Cooley, Gleick, and
Wolff 2006 fromProfessor Raphael Semipersonal communication, 2006), which is among the
plants with the lowest produced water coBhe Algiers facility is only somewhat more
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expensive than the plant in Trinidad, despibe upward trend in energy and capital costs
described above. lonics/GE isetldeveloper of thestcilities, and sucasful experience in
Trinidad may have helped to win the contriacAlgiers and temper the price increase.

By contrast, a lack of experience maysalresult in unrealistic, and ultimately
unobtainable, cost estimates. The development tedrampa Bay, Florida, for example, did not
have much previous experience. Problems with design, catstruand management led to
delays of nearly six years, amduch higher than estimated cos@o¢ley, Gleick, and Wolff
2006).

Other Cost Factors

Additional factors such asegulatory design standards¢chedules mandated by third
parties; comprehensiveness of construction,mqgant and consumable supplier markets; local
labor and material costs and dlagies; and construction timertstraints driven by local noise
and traffic related ordinancesdahmitation of hours of operatioaf equipment can also affect
overall project costs.

DESAL COMPONENT COSTS

The cost of desal includes both capital scabd O&M costs. Capital costs include all
expenditures associated with the implementatid a project from the time of its inception
through commissioning and acceptance testing for normal operation. O&M costs include costs
associated with plant operations (e.g., power, ateds) labor); maintenance of plant equipment,
building and utilities; andcompliance with operationalnd environmental permits, and
regulatory requirements.

The total cost of water includes allopect capital and annual O&M expenditures
associated with water production, and is typicallgsented as a monetary unit per unit volume
of water produced (e.g., $/kgal or $jmThe cost of water is caltated by dividing the sum of
annualized capital costs andraal O&M costs by the averagermal desal plant fresh water
production volume (e.qg., kgallyear>fyear).

The following sections provide a more detdillook into the capital and O&M cost
components of desal. Due to the nature of abkaleesearch, the information presented below is
written primarily within the context of SWRG@acilities. Where relevant, we discuss costs
associated with brackish water facilities.

Capital Costs

Expenditures for project construction malge the largest component of desal capital
costs. Construction costs are refdrte as direct capital costs besauwf their direct association
with the construction of physical facilitie€onstruction costs typically account for 50—-85% of
the total project capitacosts (Voutchkov 2007a). The remiaigp 15-50% of desal capital costs
are referred to as indirect costs. Indirecstsoinclude costs asso@dt with engineering,
administrative, and financing efforts. Thiscimdes the costs of securing permits, funds and
contractors needed to buiehd operate the plant.

256

©2010 by Water Research Foundation and Arsenic Water Technology Partnership. ALL RIGHTS RESERVED.



Table G.6shows the breakdown of project ¢apcosts for typical low-complexity and
high-complexity SWRO desal projects withencapacity range of 1.3 to 52.8 mgd (based on
Voutchkov 2007a). Subsequent sections discuss eftie major capital cost components in
turn.

Table G.6
SWRO project capital cost components
Percentage of total capital cost

Low-complexity High-complexity
project project
Direct capital (construction) costs
1. Site preparation 1.5-2.0 0.5-1.0
2. Intake 45-6.0 3.0-5.0
3. Pretreatment 8.5-9.5 6.0-8.0
4. RO system equipment 38.0-44.0 30.5-36.0
5. Post-treatment 1.5-25 1.0-2.0
6. Concentrate disposal 3.0-4.0 1.5-3.0
7. Waste and solids handling 2.0-2.5 1.0-15
8. Electrical and instrumentation systems 2.5-35 1.5-25
9. Auxiliary and service equipment and utilities 2.5-3.0 1.0-2.0
10. Buildings 45-55 3.0-5.0
11. Start up, commissioning, and acceptance testing 1.5-25 1.0-2.0
Subtotal direct (construction) costs (% of total capital costs) 70.0-85.0 50.0-68.0
Indirect capital costs
Project engineering services
1. Preliminary engineering 0.5-1.0 0.5-1.5
2. Pilot testing 0-0.5 1.0-15
3. Detailed design 3.5-4.5 5.0-6.0
4. Construction management and oversight 1.0-2.0 2.5-35
Subtotal engineering services 5.0-8.0 9.0-12.5
Project development
1. Administration and contracting 1.0-15 2.0-3.0
2. Environmental permitting 0.5-3.5 45-5.0
3. Legal services 0.5-1.0 1.5-2.0
Subtotal project development 2.0-6.0 8.0-10.0
Project financing costs
1. Interest during construction 0.5-2.5 1.0-4.5
2. Debt service reserve 2.0-55 45-85
3. Other financing costs 0.5-1.0 3.5-4.5
Subtotal project financing 3.0-9.0 9.0-17.5
Contingency 5.0-7.0 6.0-10.0
Subtotal indirect capital costs (% of total capital costs) 15.0-30.0 32.0-50.0

Source Adapted from Voutchkov 2007a.
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Site-Related Costs

Costs related to project site developméamtlude the costs of land acquisition and
preparation for construction (e.g., plant site Gten grading and fencing), as well as costs
associated with the construction of access roadsetglant and to all buildings, facilities, and
equipment within the plant. These costs can vary significantly fronfogagon to another.

Voutchkov (2007a) reports that general; land requirements for a conventional seawater
desal plant range from 0.2 to 0.4 acres for anig8 plant to 9 to 12 aes for a 52.8 mgd plant
(200,000 riVday). Typically, costs associated with acing and developing th land range from
$0.04 to $0.20/gpd ($10 to $50%d) of plant production capacity.

Site development and site-related costs camfbeenced by geotechnical suitability and
architectural constraigtat a particular site (AWWA 2004AWWA provides an example of a
seawater desal plant proposed for implementatiothe San Francisco Bay area that ran into
problems with geotechnical suitability. In thisaexple, project plannersould have liked to
locate the desalter in an industrial area adjatte®an Francisco Bay. The property was owned
by the project proponent, was undeveloped, and was large enough to accommodate the planned
facility. However, a pile foundation would havedn required. The estimated cost of the pile
foundation would have amounted to about 1@Phe project’'sonstruction cost.

Architectural constraints can also impose dosteases. Seawatersa facilities by their
very nature are located at very near the seashore. The nieedlesalted seawater indicates that
the surrounding area is likely hightieveloped. Locating an industrigpe building in this area
may be unacceptable. Enhanced architecturajdesay be required at some additional cost to
get the project permitted. The same issue ntayiowith inland brackish groundwater facilities.

Source Water Intake

Capital costs associated with source wameake include expenditures for the intake
structure and pipeline, the ik@& pump station and the intaksereening facilities. Intake
construction costs vary depending on the type takim used, the distance from the intake to the
plant itself, and other site-specific conditiofermitting, modeling and monitoring associated
with mitigating and/or avoiding I&E can alsagsificantly affect overall costs for source water
intake facilities.

Voutchkov (2007a) reporthat intake construction costsptgally fall within a range of
between $0.19 and $0.38/gpd ($50 and $1&@)mFor low-complexity SWRO projects, intakes
typically amount to 4.5-6.0% of total direct capitabts. For higher complexity projects, intakes
can account for 3.0-5.0% of total elit capital costs (Voutchkov 2007a).

WHO notes that intake desigase highly site specific, posdy more so than any other
aspect of a desal facility. WH@ports that the cost and tinier construction of a new open
ocean intake can reach 10 to 20% of totahplconstruction costs (WHO 2007). It is unclear
whether this estimate includes costs assediatith permitting, modeling and monitoring of
environmental effects (i.e., I&E).

Typically, co-located intakesnfiakes designed to use powsant cooling water as the
feedwater for the desal process) have a musalerdaost than subsurface or standalone surface
water intakes. Co-location avoids constructiometiv intake structures, pipelines and screens,
which can reduce total intake constian costs by 60 to 80% (Voutchkov 2007a).
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Open surface water intakes are suitable forsizes of seawatedesal plants, but are
typically more economical for plants ofguiuction capacity higher than 5 mgd (20,008).m
Currently, most large SWRO desal facilitiesiméil open surface water intakes or are co-located
with a power plan{Xu et al. 2009).

Subsurface intakes are becoming more -costpetitive for small to mid-size SWRO
facilities. Subsurface intakes include differeypds of beach wells (e.g., vertical beach wells,
slant wells and horizontal Ranney wells) andltirdtion galleries. By taking advantage of the
natural filtration provided by sandnd substrate, subsurfacdaikes can reduce the need for
pretreatment prior to desal. Thdan substantially lower associated O&M costs. With subsurface
intakes, costs associated with I&E of aquatiecsps are also minimized relative to open intake
facilities. Subsurface intake systems have h@ernen economically justifiable for SWRO desal
plants with a capacity of up to 13 mgd (49,000dn(CDWR 2003).

Wright and Missimer (1997) compared thelative costs of various intake and
pretreatment systems serving SWRO desal plaisir analysis showed that, when feasible, for
plants with a capacity of under 8 mgd, beaetll systems are the least expensive among the
alternatives, and seabed infiltiati galleries are the most expensive. The results of this analysis,
adapted from Xu et al. (2009re presented ihable G.7

In 2007, facility planners for the Carlsbaddaknation Plant preparembst estimates for
several different types of subsurface intakeéth & capacity of 304 mgd. This analysis showed
costs associated with subsurfdegilities to be much greatehan those for a surface water
intake. This is likely due to the plant’'s largeze. The use of a subsurface intake system was
being considered as a strategy to minimize 1&E.shown inTable G.8 estimated costs ranged
from about $418 million for slant wells to almost $650 million for vertical beach wells. In
comparison, the estimated cost for a 304 mgd dgpsarface water intake at the plant amounted
to $150 million.

Table G.7
Relative cost comparisons of intakéypes serving SWRO desal plants
Water supply system capacity

m°/d 2,000 4,000 7,500 15,000 30,000
mgd 0.5 1 2 4 8
Beach wells:
Capital cost unit 1.00 1.00 1.00 1.00 1.00
O&M cost unit 1.00 1.00 1.00 1.00 1.00
Infiltration gallery:
Capital cost unit 1.14 1.16 1.18 1.18 1.19
O&M cost unit 1.00 1.00 1.00 1.00 1.00
Seabed filtration:
Capital cost unit 2.30 1.99 1.74 1.34 1.17
O&M cost unit 2.13 1.33 1.19 1.31 1.28
Surface watef:
Capital cost unit 1.99 1.92 1.81 1.67 1.68
O&M cost unit 2.00 1.29 1.14 1.27 1.21

Source:Wright and Missimer (1997) as cited in Xu et al. (2009).
a. Including pretreatment 1Q@n self-cleaning filter, and mixed-rdi, high ratepressure filter.
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Table G.8
Comparison of cost estimates for subsurface
intake systems at the planned Carlsbad Desalination Plant

Vertical Horizontal Subsurface
beach Slant Ranney infiltration
wells wells wells gallery
Individual intake well capacity (mgd) 15 5 5 101.3
Number of intake wells needed 203 61 61 3
Additional standby intakes needed 51 15 15 0
Total intake wells 253 76 76 3
Minimum distance between wells (ft) 150 300 400
Length of beach occupied by wells (miles) 7.2 4.3 5.7 3
Land needed to install wells and support
facilities (acres) 8.6 17.4 17.4 17.9
Direct (construction) costs
Individual well (gallery) installation $1,200,000 $2,400,000 $2,500,000 $120,000,000
Total cost of well installation $304,000,000 $182,400,000 $190,000,000 $360,000,000
Seawater conveyance pipelines @ US$500/ft  $18,925,000 $11,250,000 $15,000,000 $7,922,606
Intake booster pump stations $30,400,000 $30,400,000 $30,400,000 $12,160,000
Electrical power supply for well pumps $50,160,000 $31,920,000 $33,060,000  $18,608,000
Total construction (direct) costs $403,485,000 $255,970,000 $268,460,000 $398,690,606
Indirect costs
Land acquisition $4,304,408  $8,723,600 $8,723,600 $8,956,114
Engineering design and procurement @ 25%  $100,871,250 $63,992,500 $67,115,000 $99,672,652
Environmental mitigation @ 15% $60,522,750 $38,395,500 $40,269,000 $59,803,591
Contingency @ 20% $80,697,000 $51,194,000 $53,692,000 $79,738,121
Total indirect costs $246,395,408 $162,305,600 $169,799,600 $248,170,478
Total costs $649,880,408 $418,275,600 $438,259,600 $646,861,084

Source:SWRCB 2009.

Pretreatment

Pretreatment capital costs include expenditteiged to the removal of contaminants in
the source water that may impact normal openaof the membrane separation process. The
magnitude of these costs depends mostly onceowater quality (turbidity/TSS and membrane
fouling compounds) and the type metreatment technology used.

Typically, pretreatment costs fall thin a range 0$0.38-$1.14/gpd ($100 to $30G/a).

For low-complexity projects, this amounts tooat 8.5-9.5% of total dio¢ capital costs. For
higher complexity projects, pretreatment caggsically account for 6.0do 8.0% total capital
costs (Voutchkov 2007a). However, CDWR notes ihamany instances, pretreatment is the
biggest performance and operatingtceariable for desal and that the capital and operating costs
of pretreatment can be greater than 50% of the overall cost of the RO system (CDWR 2003).

It is important to note that inadequate pretreatment can be extremely detrimental to the
overall efficiency of a desal plant, possiblysu#ing in costly repairs and significant facility
down time. More expensive, tber performing pretreatment quesses that extend membrane
life, can result in substantial avoidedstoover the life of a desal facility.

The degree to which the source water contpatential membrane foulants such as scale
formers, particulates, and biolagi components, can have a majopact on pretreatment costs.
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Site-specific water quality factersuch as turbidity, temperatubmat traffic, oil contamination,
nearby outfalls, wind conditions, tides, and theuefice of runoff also affect the extent of
pretreatment (and associated costs) necedSag/to permitting regulations, available land and
other environmental/econoc considerations, however, degabnts cannot always be sited
where they will have the best source wateligugand the lowest pretreatment costs).

The capital costs of desal vary with the diéiet pretreatment opdrans included in the
total treatment system. In redeyears, the use of membrapeetreatment (MF or UF) has
emerged as an alternative wneentional pretreatment. With Lihd MF pretreatment systems,
there is typically a marginal anease in capital costs compared to a conventional pretreatment
process. However, a significant benefit of UFH¥dased pretreatmentrisalized through reduced
operating costs. The annual operating costaf&@WRO system with UF/MF pretreatment are
projected to be approximately S%wer than one with a conviéonal pretreatment system (NRC
2008). Care should be taken to account for thede gbtrade-offs betweetrapital and operating
costs.

Wastes generated from pretmaant processes require propksposal to avoid potential
environmental pollution (typidly as part of the desal coentrate). Depending on available
disposal options, this can add significantlyaeerall desal costs, and similar to concentrate
disposal, this can be a dlemge at inland facilities.

RO System Equipment Costs

For both seawater and brackish water desalR® system is the most complex part of
the desal process. For seawatesal, RO systems typically accodmt 40 to 60% of total capital
costs (Voutchkov 2007a). The design and constmiccosts of RO systems are primarily
determined by the salinity and temperature ofsingrce water, and by the target water quality of
the product water (i.e., suitable footable use vs. irrigation).

Typically, construction costs for SWR@embrane systems vary between $1.14 and
$3.8/gpd ($300 and $1,000f) (Voutchkov 2007a). This includexpenditures associated with
procurement, purchase, installation and construction of the different elements of the RO train.
Construction costs of key membrane sysielements are shownTable G.9

Table G.9
Construction costs of key membrane system components
Constructiorcost(US$)
8-inch SWRO membrane element 400-500/element
16-inch SWRO membrane element 2,800-3,200/element
8-inch BWRO membrane elements 250-350/element
SWRO pressure vessels for 8 inch elements 1,200-1,600/vessel
SWRO pressure vessels for 16 inch elements 4,000-5,000/vessel
BWRO pressure vessels for 8-inch elements 1,000-1,200/vessel
RO skid piping 200,000-600,000 per RO train
RO train support frame 100,000-300,000 per RO train
RO train instrumentation and controls 20,000-80,000 per RO train
High pressure pumps 100,000-800,000 per RO train

Source Adapted from Voutchkov 2007a.
Typically, one RO module contains 50 to 200 membrane vessels and has a capacity of between 26 kgal/day and
5,280 kgal/day.
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The cost of membrane RO modules (traisgroportional to the dggn capacity and flux
of the RO system. While there limited economy of scale of ¢hcosts of the RO modules, the
costs of the other RO system campnts (high pressure pumpsergy recovery devices, piping
and valves and membrane cleaning systems) cariit®igeificantly from the use of larger size
units. Therefore, as the RO membrane module sicreases, the relative cost of SWRO system
per unit volume of product water decreases.

There are two limitations to the benefitsuding the largest possible size module for a
given application. The primarymiting factor is the loss oproduction capacity when the RO
module is shut down for membrane cleaning,ae@inent or equipment repairs. The larger the
individual module, the lower the availabilitpdtor of the SWRO planSince the availability
factor directly related to the cost of water, a B®@/system with lower avability factor yields
higher cost of water. Another litmg factor is the need to useistom-made rather than off the
shelf equipment (Voutchkov 2007a).

Post-Treatment
Post-treatment costs incorpadhe costs for construction of:

e Chemical conditioning system for permeate stabilization
e Disinfection system
e Facilities for product wizr quality polishing

Post-treatment costs are mainly driven bg thrget product water quality and the final
use of desalinated water. Typically, costs fmnstruction of post-treatment facilities for
permeate stabilization and disinfecti@nge between $0.08 and $0.2/gpd ($20 and $%day)
(Voutchkov 2007a). However, if the permeate has to be polished to achieve removal of specific
constituents, these costs may increase.

Concentrate Disposal

Coastal desal plants are often able to satkbpose of desal concentrate (via direct
discharge into the ocean or estuaries) datively modest costsHowever, concentrate
management can account for a very large portiodestl at inland facilities. This cost greatly
reduces the economic feasibility of desalimtand settings (Micldy 2006). The following
discussion provides an overview ofallenges and key variables that influence the costs of
various (primarily inland) diposal options, including:

Surface water discharge

Disposal to sewer

Deep well injection

Evaporation ponds

Spray irrigation; and

High recovery procesing, including ZLD

262

©2010 by Water Research Foundation and Arsenic Water Technology Partnership. ALL RIGHTS RESERVED.



Surface Water Discharge

When feasible, direct surface water discleacgn be the simplest and most economical
option for concentrate disposal. Costs for tiisthod are typically lowrovided that pipeline
conveyance distances are not excessively land the concentrate is compatible with the
environment of the receiving water.

Due to the large variability in desigromditions and cost factors for surface water
disposal, it is difficult to report generalizembsts for this method. Costs of surface water
discharge are mainly determined by (Mickley 2006):

e Concentrate conveyance costs from the desal membrane plant to the surface water
discharge outfall

e Costs for outfall construction amgberation (including diffusers)

e Costs associated with monitoring environtaéreffects of concentrate discharge to
surface waters

Costs associated with conveyance of theceatrate to the dispab site (including
pipeline, construction and pumpingre related to concentratelume and the distance between
the desal plant and the dischamsdfall. Conveyance of the coentrate is an element common
to all disposal options. It may be consideratlgre complex for surface water disposal however,
if a portion of the conveyance pipe is underwatémderwater dredging and trenching can be
considerably more expensive (i.e., by a factbperhaps three or fouthan trenching on land
(Mickley 2006).

The design of the outfall system is influendsdmore variables and larger variability in
conditions than the design of any of the ott@ncentrate disposal methods. Costs depend on the
outfall size, diffuser system configuration, outfiglhgth and material, and concentrate treatment
prior to discharge (Mickley 2006).

The costs associated with environmental monitoring of surface water discharge may be
substantial, especially the discharge is within the vicinityf an impaired water body, in an
environmentally sensitive area, orareas with limited natural flushing.

Disposal to Sewer

When available, discharge of concentrédean existing wastewater treatment plant
(sewer disposal) can be an economical disposal option. Disposal to sewer does not require a
permit but does require permission from the WWTPy Kest elements for this disposal method
include the cost of conveyance (pump station @ipéline); fees for connecting to the sanitary
sewer; and fees for treatment/disposal of thecentrate at the wastewatreatment plant.

While the volume of the concentrate nigirdrives the conveyance costs, sewer
connection and treatment fees can vary subathn These fees are typically related to the
available capacity of the sewdéacilities and the effect ofhe concentrate discharge on the
operational costs of the wastewatieratment plant (which wouldrovide ultimate treatment and
disposal of the concentrate). Sewer conoectand treatment fees can be quite large and
prohibitive (Mickley 2006).
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Deep Well Injection

Deep-well injection is typicallyemployed for larger desalaits (> 1 mgd) because the
costs for developing deep-injection wells artatreely high and are not largely reduced for
smaller flows. For example, the typical capitast of a 3,000-m-deep well for a concentrate
flow of 1,000 kgal/day, is reportedly $8.1 milliofhis decreases to only about $5.1 million for a
concentrate flow of either 100 or 10 kgal/d@almrose et al. 2004, NRC 2008). These costs
exclude any pretreatment standby disposal system.

The costs of deep well injection strongly depend on concentrate flow rate (which
determines the diameter of the well tubing), tepit the well, and the number of casing rings.
Other factors that influence deeplingjection costs are (Mickley 2006):

e The need for concentrate pretreatment prior to disposal

e Pump size and pressure, which vary depanain the geologicanditions and depth
of the injection zone

e Site tests, including loggg, surveying, and testing

e Environmental monitoring

e Site preparation, mobilization, and demobilization

While capital costs for well injection ard@ut average of typitanland concentrate
management methods, the annual operating costsetatively low as a percentage of total
facility operating cost (Mickley 2006).

Deep well injection operating costs includests of pumping power, chemicals, and
operating labor. Of these, the pumping powerthe most significant. For example, for a
150-gpm pump at 3,150 psig, a 350-horse power m@t@quired, which can result in a cost of
more than $50,000 per year (Mickley 2006). Chemicaits are normally much lower than this.
For example, treating a waste flow of 150ngpwith a corrosion rihibitor would cost
approximately $7,000 per year. Thus, unless elabqedtreatment is gelired, chemical costs
are not excessive. As discussed elsewhere in this report, permitting requirements and processes
for deep well injection can be lengthnd can substantially increase costs.

Evaporation Ponds

Evaporation ponds are a low technology, high-epgiroach to concentrate management.
With little economy of scale (due to substahfand requirements), evaporation ponds are
generally only feasible for small volume concatgs. The largest municipal plant discharging to
evaporation ponds has a capacity of 1.5 mgd ahthalothers have capacities of less than
0.4 mgd (Mickley 2004).

Evaporation ponds are seldom used for conaetnanagement in the US. However, this
strategy can be cost-effective under certain conditions. For example, if a small-capacity desal
plant is located in a hot, arid area with a heyfaporation rate and an abundance of low-cost,
available land, the use of evaporation pondsapokentially be the most feasible option. These
criteria apply predominantly in ¢hsouthwestern portion of the US.

The costs of evaporation pond systems are Ignairiven by evaporation rate (climate),
concentrate volume and salinitytbfe concentrate, which deterragithe useful life of the ponds.
The major factors contributing to the costaof evaporation pondgtude (Mickley 2006):
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Land costs
Earthwork

Lining
Miscellaneous costs
O&M

The cost of land can vary greatly from ditesite. Land costs can easily vary by a factor
of 10 or more, depending on the exiaction near the city. In genéraowever, the cost of land
at locations appropriate fevaporation ponds is a small percentage of total cost.

Like the cost of land itself, the cost of #avork is very sitespecific, depending on
whether the terrain is flat or hyll rocky or sandy, forested or cleatg. If the desal plant location
is fixed by the proximity of the water sourcetbe locus of the demand for the desalted water,
the evaporation pond must loeated reasonably close by.

Because the potential for ground water comtation exists with any evaporation pond,
most States require imperviolisers of clay or synthetic nnébranes. Liners substantially
increase the cost of evapoaatiponds. Where the waste dischargethe pond aabe verified
as nonhazardous and the ground watdhe area is of poor quality substantially distant from
the pond, or both, a single liner may be acceptable. However, if the water has the potential to
contain even trace amounts of hazardous substances, or high-quality ground water exists in
shallow aquifers, double-lined ponds with leak date systems are freqoily required. Liners
are often the largest individueost component of this noentrate management method.

Miscellaneous costs may constitute a significant percentage of the total cost of
evaporation pond installation. These costs \mrgite, depending upon the needs of the specific
installation. Some of these pddsi costs include fencing, mainence and roadways, disposal,
seepage monitoring, and contaminated ground clean up.

Once it has been constructed, the pond opergsentially maintence free. Periodic
maintenance is required only for the repair of dilee or liner, pipe, ft\w control devices, etc.
Operating costs also include security and dgmespection. The annual operating costs are
estimated to amount to about 0.5% a thtal installatiorcosts (Mickley 2006).

Spray Irrigation
Spray irrigation involves using concentrate for irrigation dif teéerant grasses and other

vegetation. Brackish desabmcentrate can be used to irrigddsvns, parks, golf courses, or
cropland. Key cost components associated gptiay irrigation include (Mickley 2006):

Irrigation land purchase and preparation
Transport pipeline

Distribution piping and sprinklers
Pumping pressure

Facilities for wet weather storage
Subsurface underdrain system

Concentrate flow is the key variable tltatves these cost factors (Mickley 2006). For
example, concentrate flow (i.e., loading Jatelirectly determines acreage requirements
associated with this method.
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The spray irrigation of concémate is more land intensiiban other disposal methods,
including evaporation ponds. Land costs fluctuatgeteon site location and characteristics. If
necessary, the preparation afigation land, such as clearing grubbing, will add to overall
disposal site costs. Costs will vary based antilpe of terrain (e.g., bushes, sparsely wooded
areas, heavily wooded areas).

Temporary storage facilities are typicallgaessary to retain coentrate during periods
of heavy rainfall or under otheircumstances when irrigation m®t necessary. Storage tanks or
lined ponds can be utilized for this purposeatidition, irrigation sygims may be required to
include underdrainage to protect ground watarrses. The cost of an underdrain system will
add significantly to the overall cost of the gmtand can amount to 80% of the total piping cost
(Mickley 2006).

The O&M of a concentrate sprarrigation system is moré&bor intensive than most
other disposal methods. Labor requirementsunhel sprinkler system pair and vegetative
surface maintenance. The energy costs for pump operation also add to the system'’s total
operational costs.

High Recovery Processing (including ZLD)

ZLD technologies involve brineoncentrators (thermal evaptors) and crystallizers or
spray dryers that convert concentrate to highlyified water and solid dry product suitable for
landfill disposal or recovery of useful ®{WHO 2007). ZLD is very energy intensive.

The capital and energy costs associatéith WLD are significant and can sometimes
exceed the cost of the desalting facility (NRC 206®) this method of disposal, there are also
potentially high costs related to final brine salt disposal. Due to these high costs, ZLD
concentrate management appraechre typically not considerédr municipal drinking water
applications and have not been implemented enUWl$ at this level. For ZLD applications to
become more viable, improvements are needatdréidluce capital costsd/or energy usage.

Cost Comparisons for Alternative Disposal Options

As detailed above, the costs aincentrate disposal varibased on a nuneb of site-
specific factors and design conditioraad it is difficult to deviep general cost estimates for
alternative methods. However,riace water discharge and dispotsakewer (when feasible) are
typically the least expensive disposal options. Depending on site-specific conditions and the size
of the plant, deep well inggion, evaporation ponds and spragigation can also be viable
options. Due to high capital costs and energy; igyh recovery prossing (including ZLD) has
historically been prohibitively expensive fonunicipal desal plants in the U%igure G.3
illustrates the relative capital costs of the differeoncentrate management options and reflects
economy of scale factors as well as gen@edhtive) level of cost (Mickley 2005).
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Figure G.3 Relative capital cosof different disposal options

Additional Direct (construction) Cost Components

There are a number of additional costs assegiaith the construction of desal facilities
that do not necessarily fall undespecific component of the desabcess. Together, these costs
account for about 11 to 14.5% and 6.5 to 11.5%ot#l capital costs for low-complexity and
high-complexity projects, respeatly. They include (Voutchkov 2007a):

e Waste and solids handling costs, including expenditures for construction of facilities
for collection, conveyance ardisposal of solid waste fent membranes, cartridge
filters and waste solids) from the plant site as well as for solids handling systems for
treatment and disposal of waste meame cleaning chemicals and residuals
generated during the pretreatment precéscreening, residualsettled in the
sedimentation tanks; solids from the filter backwash water).

e Costs of electrical and instrumentation syss, including expenditures for the plant’s
electrical supply system; equipment tramafers and motor control centers; and all
electrical conduitsand equipment connecting theapt to electrically-driven
equipment. These costs typically range between $0.11 and $0.34/gpd ($30 to
$90/n¥/day).
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e Cost of auxiliary and service equipment and utilities, including plant chemical storage
and feed systems; process air and watgply facilities; fire protection system;
wastewater collection system; storm water management system; and all utilities
needed for the normal plant operation. These costs are typically between $0.08 and
$0.23/gpd ($20 to $60/i).

e Building costs, including ais for buildings that hoesplant administration and
management, and all other facilities (e.g., laboratory, opetatter and shower
facilities). Depending on the complexity and size of the plant, and its location,
appearance and ambient environment, can8tm costs for plarttuildings can range
between $0.19 and $0.57/gpd ($50 to 150

e Start up commissioning, and acceptanceirtgscosts, including expenditures for
labor, consumables, and equipment used during the plant start up and acceptance
process. These costs also typically include costs for construction related permitting
and insurance; outside lab analysiseparation of plant O&M manuals; initial
training of permanent staff, and equiprhand other items required for normal plant
operation. Depending on the complexity oé tproject, these costs can range from
$0.10 to $0.29/gpd ($25 to $75af)

Indirect Capital Costs

Indirect capital costs include expenditurelatexd to project engeaering services, project
development, and project financing, as wellcastingency costs. Dether, these costs can
account for 15 to 30% of total dggd cost for low complexity projects, and 32 to 50% for higher
complexity projects (Voutchkov 2007a). As aseams of comparison, inéict costs typically
account for 15-25% of total capital costs donventional water treatment plants.

Voutchkov (2009a) indicates that the large &&oin in indirect cajpal cost consumption
for desal projects is directlyelated to project risks (e.gsource water quality, permitting,
technology, among others). The large degree sK associated with desal project helps to
explain why the majority of SWRO projecisoridwide have been ogpleted under a BOOT
method of project delery (Voutchkov 2009a).

Engineering Services

Expenditures related to project enginegriservices include costs for preliminary
engineering, detailed design, construction management and oversight, and pilot testing.
Together, these costs typically account for about 5 to 13% of total capital costs, and amount to
$0.42 to $1.17/gpd of the project’s production céga®reliminary engineering and detailed
design costs include expenditures for projectibeley assessment, definition of project scope
and size, studies related to @i location and configuration &éy process components, and the
development of as-built drawingsd specifications. Engineeringgees related to construction
management and oversight include engineering iieivassociated witproject construction as
well as management of the construction cactors and suppliersnvolved in project
implementation (Voutchkov 2007a).

Costs for pilot testing can range frdb®.08 to $0.11/gpd of production capacity. Pilot
testing is usually are a good investment towdhds successful implementation of large desal
projects and can prevent considerable expergssociated with potential problems at full
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implementation. In addition to the costs of constructing a pilot plant, operational and
maintenance costs associated with pilot testing can amount to $10,000 to $20,000 per month
(pilot testing typically last§ to 12 months) (Voutchkov 2007a).

Project Development

Project development costs inde expenditures associatedhathe implementation of a
desal project from its inception, planning, admsirative review and budgeg, to environmental
permitting, retaining contractors for project cwastion and implementation, obtaining funds for
project construction, and staffirg desal plant operations. Together, these costs can account for
2 to 10% of total capital costs (Voutchkov 2007a).

Expenditures related to projeatministration, contractin and management, typically
involve expenditures for plant staff and overheadvell as expenditures for contracting outside
engineering and other specialized support services. Expendiagesiaied with these efforts
depend on the plant’s in-house capabilitiesl @&xperience with impmentation of SWRO
projects. These costs typically fall withérrange of $0.11 t90.38/gpd (Voutchkov 2007a).

Project development costs also includgenditures for environmental permitting and
legal services. Environmental permitting costs include expenditures for preparation of
environmental studies and engineering analysesied to obtain permits, as well as the fees
associated with permit filing and processingviEsnmental permitting costs depend on the size
and complexity of the desal project and otkee-specific conditions. As noted above, these
costs also depend on the experience of regulaipencies with permitting similar desal projects.
Costs can vary from $0.19 §1.9/gpd (Voutchkov 2007a).

Legal services include expenditures assediatith legal review and processing of
environmental permits and with the preparateom negotiation of contracts for water supply,
engineering, operation and constiion services. These expenditures can also include costs for
review and processing of contractual agreements for land acquisititaining easements for
source water and product watepglines to and from the sitgr negotiation of power supply
contracts, and for any preptoam of contracts for servicegguipment and goods needed for
construction and operation of the desal plant. Thests are directly related to the complexity of
the project and typically vary betwe&®.08 to $0.30/gpd of production capacity (Voutchkov
2007a).

Project Financing

Project financing costs include expenditunelated to obtaining funds and insurance
needed for project implementation, from its conception and development through construction
startup and commissioning. Keyopect financing cost componeninclude interest during
construction, debt serviceserve, other financing costd contingency costs.

Interest paid during construction depends a@ntyipe of financing used for funding of the
desal project but typically amounts to betweenah8 4.5% of total capital costs. Debt service
reserve payments and other financing costg,(expenditures for funding other reserve funds;
administrative and legal costs associated wasuing project bonds arranging project loans
and administering payments; purchasing inscea and obtaining performance and payment
bonds to protect the owner and contractors agamsstruction failureand problems), account
for 2 to 8.5% and 0.5 to 4.5% of total @apcosts, respectively (Voutchkov 2007a).
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Contingency provisions in the project cost mstie reflect that fact even when a detailed
cost estimate is completed, there are a numbankrfiown factors that mapfluence the actual
expenditures associated withopact implementation. Detailed sbestimates usually carry a
contingency factor of 5 to 10%, dependingtib@ complexity and size of the project.

O&M COSTS

O&M costs incorporate all expenditures asatal with plant operations over the useful
life of the desal plant. Key O&M cost componenmclude energypower), chemicals, labor,
membrane replacement, and maintenance. Togettese costs typically account for more than
80% of annual O&M expenditures (Voutchkov 2007a).

O&M costs include fixed and variable codtxed costs are incurred independent of the
actual amount of fresh water prada by the desal plant (e.g., lalmmsts, costs for equipment
and maintenance, environmental and perfoceamonitoring). Variable costs are typically
proportional to the volume of water produced the plant such as expenditures for power,
chemicals, replacement of RO membranes antlidge filters; and waste disposal. Typically,
variable costs accountrfé0-85% of the total annual O&M cessiwhile fixed costs make up the
remainder.Table G.10provides a breakdown ofahfixed and variable O&M costs for typical
SWRO desal facilities, as well as thega of cost estimates for each component.

Trends in Desal Costs

In recent decades, there have been significaductions in the costs associated with
desal of brackish water and seder. At the same time, the ste of more traditional water
supply alternatives have contirtuto rise, making desal costs matéractive in aelative sense.

A continuation of these trends will likely make desal costs more attractive (and less of a
constraint) in the future.

Table G.10
SWRO O&M cost components
% of O&M costs

Fixed O&M cost item

Labor 4.0-11.0%
Maintenance 3.0-13.0%
Environmental and performance monitoring 1.0-5.0%
Indirect O&M costs 7.0-20.5%
Total 15.0-49.5%
Variable O&M cost item

Power 35.0-58.0%
Chemicals 5.5-9.0%
Membranes and cartridges 6.5-11.0%
Waste stream disposal 3.5-7.0%
Total 50.5-85%

Source:Adapted from Voutchkov 2007a.
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Desal apital and operating costs have decreased primarily due to technological
improvements (membrane technologies, pretre@traed energy recovery), economies of scale
associated with larger plantnd improved project managemeamd experience. Improvements
in RO technology have yielded the greatest prsgyne cost reduction. Sakjection, the measure
of the ability to remove salt from feed wategn be as high as 99.7% today, up from 98.5% a
decade ago (Cooley, Gleick, and Wolff 2006) atidition, the output of product from a unit of
membranes has risen from 16 to 22 kgal per day (60 to*8#) fCooley, Gleick, and Wolff
2006 as cited in Glueckstern 1999).

Other factors that have contributed to dessst reductions include increased plant life
due to improved building materials and the o$enore mature technogies, lower financing
costs due to reducedqgpect risk factors, lower labor geirements due to increased process
automation, lower membrane replacement costs, and less chemicals needed as a result of
alternative and effective preatment of the feed water. As described belodditenal
improvements may allow costs to fall somewhat further.

The Pacific Institute Gooley, Gleick, and Wolf2006) maintains that despite hopeful
projections from desal proponents, the Idagn objectives of reducing costs 50% by 2020
(e.g., USBR and SNL 2003) are daunting amd@y not be achievable via incremental
improvements Cooley, Gleick, and Wolf2006). Radical new technoleg or breakthroughs in
both materials and energy costs may be necessary to achieve this goal. The Pacific Institute
reports that while these are possible, they ar@ioéy not easy and are unlikely to occur in the
short term.

Indeed, a counter-trend ireported costs is emerging, and some experts think that
membrane costs are unlikely to fall much further in the near t€ooléy, Gleick, and Wolff
2006 as cited in AWWA 2006). All of the newerstestimates are notably higher than similar
plants bid just a few years ago. The directanggal of the majorityowner of the consortium
operating the Ashkelon plant statklst year that more recent tenders for plants in Israel and
elsewhere were in the rangé $3.10 to $3.90/kgal ($0.82 to $1.03Jndue to increases in the
cost of raw materials (e.g., steahd energy and risingterest ratesooley, Gleick, and Wolff
2006 as cited iderusalem Pos2005). Cost estimates at BwLanding, California and Sydney,
Australia are even higher, exceeding $4.00/kgal ($13}6imtwo of three reported estimates.
Higher capital and energy costs appear to hagated an upward trend overall desal cost in
recent yearsGooley, Gleick, and Wolf2006 as cited in WDR 2006a and WDR 2006Db).

A number of researchers and organizagiohave identified research needs and
improvements necessary to achieve target cdsict®ns. Relative to future costs, NRC (2008)
reports the following:

e Substantial reductions in the financial costletal will require @bstantial reductions
in either energy costs or capital @&ind associated interest costs).

e There are small but significant efficienci#sat can be made in current membrane
technologies that will reduce the energy rexetb desalinate water, thereby lowering
overall project costs. Development of meares that operate effectively at lower
pressures could lead to 5 to 10% reductionannual costs of desalinating seawater
(associated with a 15%drease in energy use).

e The ability to extend membrane life pdstyears to 10 years will have a minimal
impact on total costs given the small cdmition of membrane replacement costs to
total costs over a five-year lifetime.
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e The prevention of catastrophigreversible membrane failure is important because
membrane failure within the first year gperation can cause an annual cost increase
of over 25%. Future research effortsosld be focused on mistake-proof, robust
prefiltration to ensure against premna failure of the RO membranes.

e The capital and operating cost of a membrarsreatment system can be 50% of the
overall cost of membrane desal or muglant. The pretreatment system also
represents a plants biggest perforoearand operating cost variable. Improved
pretreatment alternatives now available have had (and will continue to have) a
significant effect on the increasethre number of RO-equipped systems.

Voutchkov (2009a) also identified \s=al areas that will helfpad to future desal cost
savings. Areas expected to yield cost savinghénnext 5 years (helping to lead to 20% cost
reduction target) include:

e Improvement in membrane element productivity, including the use of polymetric
membranes and larger membrane RO elements

e Increased membrane useful life and reduced fouling

e Wider use of pressure exchangygpe energy recovery systems

e Co-location with power plants

e Regional desal and concentrate disposal

e Larger RO trains and equipment

e Full automation of treatment processes

In addition, Voutchkov (2007a) émtified the following as reessary to help meet a long-
term 80% reduction goal:

e Improved membrane useful life and productivity

e Development of corrosion resistant non-riietamaterials to replace high-quality
high cost stainlessteel RO piping

e Reduced pretreatment costs

e Development of new generati energy recovery systems

e Introduction low cost technologies for béio&l concentrateise and disposal

e Exploration of new technologies for seaaratiesal different &m RO and thermal
evaporation

Pankratz (Undated) reports on the expecteddrof increased brackish water facilities
relative to SWRO. It has alreadyeen noted that the cost of desal is directly proportional to
feedwater salt concentratiohus BWRO is inherently lessxpensive than SWRO. Brackish
water aquifers are often located closer to the consumers than a seawater source, dramatically
reducing treated water distribution costs. In addition, many brackish graterdsources have a
low level of suspended solids and require fas lpretreatment than seawater sources.

Although brackish water desal installationsideto be smaller than seawater desal
facilities, the number of BWRO installations isgling at a faster rat&RO concentrate disposal
remains the biggest obstacle in the developroénmtore BWRO installions. Disposal options
at many inland locations are limited and mayedmironmentally and/or cost prohibitive. As
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technology further addresses thisus, the number of BWRO ind&tions will increase at an
even faster rate.
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APPENDIX H
REGIONAL APPROACHES AND ADVANTAGES FOR
IMPLEMENTING DESAL PROJECTS

This appendix contains extended versionghoée case studies presented in chapter 9:
Santa Cruz, Monterey, and the GhiBasin. All three reveal the advantages that can arise when
desal projects are considerddm a regional perspective (i.e@ncluding more than a single
utility), and when desal is deployed as an irdégart of broader prognas that are intended to
address an array of regional watesource management challenges.

DESAL PLANNING IN SANTA CRUZ COUNT Y, CALIFORNIA: A CASE STUDY OF
REGIONAL COORDINATION AND PART NERING BETWEEN WATER AGENCIES
TO FACILITATE DESAL IMPLEMENTATION !

In the urbanizing western US, independémtal water agencies often share both
infrastructure and governance systems. Withpeet to infrastructureagencies may share
distribution and treatment systems, water sajre@d outfalls. In terms of governance, water
utilities share county boards sfipervisors, state laws, poolsskilled labor, and capital markets
for project financing. Agencies also share ithpacts of media reports and public understanding
of water-related incidents givahe regional nature of news repng. All of these similarities
suggest that benefits can be achieved frolwse coordination aomg neighboring water
agencies.

There are impediments to close coordimatiWater agency boundaries and legal status
result from regional historynot necessarily ideal engingey or hydrological design. The
historical trajectory of water agenciesoguces unique configurans of engineering,
governance, and communications. Agencies diiferother ways: investment priorities and
financial obligations, systems affférent levels of upkeep and efiiency, and different levels of
trust and styles of dialogue among staff, directagulators, and customers. They have different
commitments to environmental sustainability, systreliability, cost allocation over time, and
public oversight. So while shared aspects ofjimeoring water agencies suggests that they could
increase their efficiency and dig of service simply by merging into one larger agency, many
barriers exist that could negateairleast postpone the benefifsa merger. However, there are
many forms of water utility coordination and cooperation that fall short of a merger, and which
may often be advantageous to both utilities enay be more appropriatban outright merger
(e.g., Raucher et al. 2006a).

Merging two or more water agencies is drrabpproach to wategovernance. There is a
gradation from complete sepamtito a single entityHigure H.). For neighboring agencies, the
left-hand side ofigure H.], fully separate agencies aogerations, is not found since too many
issues arise that result in communicatiord awoordination, such as responding to proposed
regional or state legislation gegulations, dealing with a genal water crisis, or attending
professional meetings.

1. Prepared by Brent M. Haddad, MBA,[BHJniversity of California, Santa Cruz.
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Figure H.1 Gradation of coordination among separate water agencies

It is more common for agencids find different aspects dheir operations carried out
with ongoing informal communication between opers, regular coordination, or in some cases,
through detailed formal operating and govemwmnagreements. The right-hand-side of
Figure H.1 signifying a merger opreviously independent agencies may occur when smaller
agencies are purchased or merged is a largghbor, but is not a typal or necessarily the
optimal choice.

Regional Needs Will Influence the Formand Extent of Utility Coordination

Among the biggest drivers of regional cooration will be replacemémnd expansion of
water infrastructure and water supply developm@woth of these issues typically arise in the
context of implementing coastal or inland desal projects, indicating that desal implementation
will often proceed with greater likelihood of siess if local water utilities find ways to
coordinate and cooperate in thesal planning and project déwmement process. For example,
regions are likely to sesignificant financial berfés from sharing the cost of desal-related
infrastructure and permitting activities. The locations of water supplies and outfalls may require
agency coordination when the best sites are lhot the same service territory. Full-on mergers
of agencies should be considered when tharéupaths of neighbarg agencies are clearly
united through shared infrastructureeds and other similarities. But formal agreements that fall
short of a merger may ofide the better approach.

Contracting as a Form of Interagency Coordination

Formal contractual agreements betweertewagencies are very common. They are
called for when:

e The pursuit of shared interests or theotation of a dispute is complex enough to
warrant a clearly written document

e Multiple parties are involved

e Financial and/or system reliability isssi are important enough to warrant formal
commitments
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e The proposed activity carries substantial risks

e The history of relations between the agencies calls for clearly-expressed and
enforceable commitments

e The course of action shoulge clearly documented s political decision can be
made on whether to adopt it

e There is a regulatory or financial requirement for a formally-executed document

Agency staffs play a central role in creatoantracts, with input &m political leadership
and the public, and polishing by legal teams.agneement facilitator may be hired to help the
parties reach a decision.

Desal Needs and Options for Santa Cruz County
Two neighboring water agencie€dpquel Creek Water Districhd the City of Santa Cruz

Water Department, a branch of the municipal gonent, determined that a desal facility would
serve their long-term potable supjphterests (see www.scwd2desal)org

e Soquel Creek sought an additional yeaund water supply of roughly 1.2 mgd to
sustainably manage its aquifer system, ite source of water. Ehdistrict serves a
population of about 49,000 through roughly 15,000 service connections.

e Santa Cruz sought additional drought dellisy for their surface water system,
roughly 2.5 mgd during April-November of drought years. The Water Department
serves a population of about 90,000 through 24,000 service connections, and relies on
surface water from rainfall captured incé reservoirs and streams (95%) and
groundwater (5%).

For Santa Cruz, desal emerged as one of fhads of its long-term water supply strategy
(Gary Fiske and Associates 2003).

Drought supply reliability keyed to 1976—19@nditions (the worst recent drought) was
modeled. The three-part strategy include droughisgd curtailment limited to no greater than
25% of normal-year demand, water constova and modest supply augmentation. The
expected supply augmentation, 2.5 mgd duringsétason months dafevere drought years,
emerged from a combination of expected demand over time, current supplies, expected results of
additional conservation investmerid the political choice ndd reduce water consumption by
more than 25% in worst-case scenariogthédt supply augmentation, models indicated a
45% curtailment would be necessary in severe drought years.

Numerous supply augmentation optionsere considered, including expanding
groundwater use, water reclamation and reaséd,expanding surface impoundments. Numerous
factors were evaluated, incluidj cost, environmental impacts, ease of implementation, energy
utilization, vulnerabilityto outside impacts, and impacts on &ens. These led the city to select
desal as the preferredaibe for supply augmentation. The city expects to utilize the desal plant
only during peak season drought yeabout once every six years.

Studies by Soquel Creek Water Distrishowed that the region’s water use was
exceeding the sustainable yield of its groun@éwaksources by roughly 600 AFY, with long-
term projections of an annual overdraft of 1,280y (ESA 2006). The distct studies numerous
supply options, including surface impoundments, regional purchases and imports, water
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reclamation and reuse, desal, and conservatioa.district’'s customer base was too small to
cover the entire cost of a desal plant. Howeaggint desal plant was seen as within the means
of the ratepayers. Like Santau2r Soquel Creek is a coastalteraagency. However, a careful
study of its coastline did not identify suitable locations for a desal intake and outfall. This
physical reality increased the likelihood that al®gal plant built to serve Soquel Creek would
likely be a regional facility.

In terms of partnering on a desal projeaumerous advantages emerged. A key
advantage was that the two ages had different purposes for the desal water produced. The
city needed a dry-season droughpply, which, due to limited storage capacity, would need to
be available during the droughthe district’'s demand, while gferable during dry periods,
could be accommodated withegr-round deliveries since aquifeecovery from subsurface
inflows from the coastal mountains takes plgear-round. While the city wanted to scale the
facility to meetits modeled drought requirements, 2.5 mge, district’s ideaffacility size was
even smaller, roughly half that size.

Choosing Between Informal Agreements, Contracts, and Mergers

A formal agreement was clearly needed gittes anticipated joint investment in desal
and piping infrastructure and the major contribatthe facility would make to long-term system
reliability for both utilities. Use rights to producegter also needed to be spelled out. While the
city had the financial means to construct a facoityits own, it is not clear that the district could
have. Both sides saw the cldamancial advantage of jointly pursuing the project since the
additional costs of doing so (primarily building a distribution-system delivery point, and in
Soquel Creek’s case, scaling up from its idealhediplant) would codar less than expected
savings through cost sharing.

The first agreement, signed in August 2007alesshed a Task Force comprised of two
elected leaders from each agency, and joint staftealso established a 50-50 cost share for
engineering and permitting costs, all of whiwbuld be overseen by the Task Force. Another
Task Force goal was to generate the eventualatpnal and cost-share agreement. A chicken-
and-egg issue arose: whether to completgirenmental review prior to developing an
operational agreement or develop the agreementdar to inform the environmental review.

The Task Force decided to pursue both simultaneously, but not to formally agree to operational
and cost terms until environmental review was complete.

An agreement facilitator waselected, who worked with &t and the Task Force to
develop and refine necessary categories ofemgeat, agreement principles, and details. The
facilitation team was led by an economist (Bréfgddad from the University of California,
Santa Cruz), and included an attorney specializing in municipal agency law and an engineer
specializing in desal. Agency attorneys also were consulted, as well as an outside legal expert
who addressed whether to edistied a Joint Powers Authority.

The categories of agreement included:

1. Plant location

2. Whether pure desal water would be delek to both partiespr water could be
blended with existing suppBeto minimize piping costs

3. Water-delivery scheduling usiragseasonal priority system

4. Capital cost categories and allocation
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Operating cost cag@ries and allocation
Emergency use provisions

Arbitration procedures

Ownership and governance

©NOo O

The process of negotiation involved the facilitator working with both agencies’ staff to
generate principles and concepts, which weee tieported to the Task Force. Improvements and
refinements were made at monthly Task Faresetings. Substantive, focused proposals then
emerged that were consistent with the agngeoh principles. The staff appreciated working
based on shared principles rather than agerniéynserest, and the Taskorce appreciated the
ability to communicate to the publichy choices were made as they were.

Ownership and Governance

For example, #8 above, ownership and governdaceched with effds to arrive at a
set of shared principles from which defensibbatract provisions would emerge. The following
principles emerged from Ta$lorce and staff meetings and were adopted by the Task Force:

e Partnership: no party has an economic, political, or positional advantage that would
enable it to impose undesirallutcomes on the other party

e Cost minimization: parties seek to minimize the overall cost of the project as well as
the portion of cost that will be incurred by their own ratepayers

e Fair allocation of cost both parties seek an equitadigision of costs between them

e Transparency: the costs, performance, and outcoroéshe projectare clear to the
public and to decisionmakers

e Independent control of agency’s future:each agency would like to determine,
maintain, and implement their own long-term water supply priorities

e Efficiency: the governance system itself should smoothly and result in timely and
good decisionmaking

e Accountability: those who make decisions aimdplement decisions should keep
records and make them available to theigardo that performance and costs can be
evaluated

Three implementation options then emerged:

e Sole ownership of the desal facility by one agency and a water purchase contract for
the other

e Joint Powers Authority, which is a separégal entity whose bod of directors is
controlled by the existing agencies

e A detailed contractual agreement

The first implementation option was rejectaased on the Partnership and Transparency
principles, and as of earB010, no decision had been madénaen the other two options. A
fourth option—merging the twagencies—had not been brougit since both agencies have
different overall priorities movinfprward and the Soquel Creek WaEgistrict is not within the
city’s boundaries. Although owrghip and governance seem like they might be the most
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contentious, if saved for last, a logical result is likely to emerge that helps to implement all the
other agreed-upon issues.

By late 2009, the Task Force had a drafterim agreemenexpressing ongoing
commitment to the project and laying out openadil and cost issues an appendix. The Task
Force was pursuing the project's environmemnéxiew. Following environmental review, the
inter-agency agreement will be finalized and &tigal choice made by each agency whether to
implement the project.

With respect tarigure H.1 the two agencieare not merging, but if the desal project
advances to completion, it will create a @tfor much closer coordination based on formal
contractual agreements. Future coordination neéateslich issues as climate-change-based sea
level rise or management of their shared coasfaifer could push the two agencies closer to a
state of merger, but this activity—building jaint desal facility—can be accomplished by
contract alone.

A final decision on constructias expected in k& 2010 following avironmental review.

By pursuing a joint desal facility, the agencra$ reduce their capitahnd operating costs while
achieving separate water reliability goals. Thel also utilize the region’s preferred intake and
outfall locations (in Santa Cruz). By building t®edelivery infrastructure that links the two
agencies, they will create a potential for regional supply assistance in the event of a water
emergency (e.g., earthquake). And the two ageraffsdtave also built a strong understanding

of each agency’s infrastructure and plans, whidhemable them to more easily negotiate future
agreements on such topics as the managemengiostiared aquifer. Iterms of challenges, the
agencies will be blending desalinated, surface, and groundwater (at least in the “downstream”
Soquel Creek district), which will require additibdtention to water quality impacts. Ongoing
coordination on a joint facility will be required\nd each agency will expect and rely on the
other to meet its financial oblgjons. Thus far, progress hasebh made with the understanding

that the agencies are contracting together as paytine expectation is that future issues will be
handled in like manner.

A REGIONAL COLLABORATIVE APPRO ACH TO IMPLEMENTING DESAL TO
SOLVE WATER SUPPLY ISSUES IN MONTEREY COUNTY, CALIFORNIA 2

Introduction

The Monterey region along the centr@alifornia coast faced water shortage,
groundwater degradation, interagency disagre¢mend public divisiveness. Solutions were
proposed including a dam on the Carmel River asdaavater desal plant-bocated at a nearby
power plant. The dam was rejected by voters and the proposed desal plant faced public acrimony
and litigation. With this as a backgroundetlCPUC engaged the CIWR, University of
California, to facilitate a less costly, morelipcally acceptable, and environmentally friendly
regional water solution. Setting a goal of oyear, the CIWR established a citizen-agency
vetting process to find common agreement onoragi solutions. The regional dialogue group is
made up of local, regional, state, and fedeegresentatives; water and wastewater agency
managers; nongovernment organizations; and citizens.

2. Prepared by Steve Kasower, independent consultammterly with the CIWRUniversity of California,
Santa Cruz.
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The “Regional Project” plan that emergednr this dialogue is based on components that
have been examined in the past by the watemaslewater agencies in the region but is now
combined in synergistic combinations that taklwantage of economies sxtale both financially
as well as spatially. The potential positive impdotsatepayers are expected to be appreciable.
Besides economies of scale ob&inby including more beneficias to the project than just
those in one service area, the public ownersiiture of the Regional Project will allow
favorable bond financing and asseto state or federal fundgenerally availble to public
agencies.

Background

The Monterey region of California includeshighly valuable toism and recreational
sector. The scenic Montereéjeninsula is recognized asfavorite business conference and
vacation destination across the US and beyond. This status is a result of many years of public and
private investments, including plubinfrastructure improvements, private development and the
combined marketing efforts of all associatederests. The hospitality industry along the
Peninsula generates over $2 billion dollarsdirect tourism spending. Of this amount, over
$55 million dollars in taxes goes datly to the local jurisdictionsThe hospitality industry on the
Peninsula is responsible for employingpeoximately 23,000 persons. Along the Monterey
Peninsula, the hospitality industiya significant economic driver.

Along with tourism and recreation, the Mergy region includs highly valuable
agricultural operations in the Salinas Valley. Salinas Valley agriculture is a $3.8 billion industry.
Favorable climate and fertile soils resulted in the Salinas Valley becoming the number one
vegetable-producing region inémation. The area supplies 808f6the nation’s lettuces and
artichokes. Broccoli, cauliflower, spinach, stkeerries, peppers, squash, carrots, asparagus,
celery, tomatoes, mushrooms, brussel sproutdicganions, and flowers are also grown. In
addition, Monterey County has become onehef largest premium grape growing regions in
California, with over 40,000 acres of wine geagSalinas Valley Chamber of Commerce 2010).

Single Solution Projects Fd to Gain Political Support

This viable economic region has imported water and has lgtopportunity to acquire it
due to its geographic isolatiokVater supplies from the Salin&ver are already tapped and
allocated for agricultural uses in the Salinas Valley. Due to a tradition of agricultural investments
in Salinas River water from Nacimiento Dam to the Salinas Valley Water Project, there is an
overriding concern amongst agricultural water &radto protect “their” water from urban
incursions. This traditio results in strong political resistanto any opportunity to use excess
Salinas River water for urban uses on the PelansThus, solutions to the Monterey water
supply shortages were extremely limited.

Facing water rights enforcement for divertingreavater than they had a legal right to
take on the Carmel River and severe overdraft adjudication in their other water supply, the
Seaside Groundwater Basin, Peninsula comnasiiiere suffering. Watesupply choices were
narrowing after the public on the Monterey Peninsula vafgainst a new dam on the Carmel
River. Nearly all of the recycldd wastewater is allocated toramltural uses in the Salinas
Valley during the irrigabn season and thus, nottiegly available to povide fresh new water
supplies (MRWPCA 2009). Peninsula water usersevadready conserving aggressively due to
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their diminishing existing supplies so furtheonservation was nanough. Residents of the
Monterey Peninsula use 70 gallarfsvater per person per daypgaoximately half of the water
consumed by the average Californ{@alifornia American Water 2010).

Thus, besides squeezing more water fronmdiing supplies, the Monterey region was
forced to examine seawater deaa a source of new supply. Inspense to the failure of the
dam, a State Legislator asked the CPUC tmeap with a “Plan B” for water [Fred Keeley
authored Assembly Bill 1182 (chapter 797, Sedubf 1998) which required the CPUC to
develop the Plan B project]. Plan B becameansater desal plant located at the Moss Landing
Power Plant site, to be developed and ownedChly AM, which is an investor-owned utility
providing water to the Monterey Peninswdammunities. The plant was called the CWP and
relied on OTC technology to obtain its feedwateommensurately, a public agency in the far
north of Monterey County was also proposingeawater desal plant tze located across the
street from the CWP site at a former refragteite that had abandoned ocean intakes. This
proposal from the Pajaro-Sunny Maaf&ter District attracted aviegroups in support. The main
attraction was from groups who opposed a gigvagency (Cal AMpwning a desal plant.
Interestingly, the Pajaro Sunny Mesa propdsatl some private components as well. The
refractory site was privately hetthd was not proposed to §&ld to the public agency.

Not surprisingly, the Monterey communitlid not coalesce behind any of the desal
alternatives. Increasing acrimony svavidenced by the failure ohy consensus to materialize.
Commensurate to the public acrimony and distwany, political leaders begdo avoid the water
supply issue and its attendant acrimonious byprodliagssno surprise thasolutions were slow
to emerge from this milieu. Once proposed, anjution became the target for attack by one
group or another within the community.

Concerned about the CWP costs and b&nethe CPUC’s Division of Ratepayer
Advocates (DRA) contracted with the CIWR atied University of California, Santa Cruz, to
evaluate the CWP. In September 2006, withjgmt review underwayCIWR Senior Economist
Steven Kasower recommended to DRA managentbat water resource decisions were
predominantly “political” in natte. As such, the CIWR review tiie CWP was not adequate to
protect the interests of the ratepayers irdurdecisionmaking processes at the CPUC.
Specifically, Mr. Kasower recommended that SRonsider looking for a regional solution to
the water supply issues in Monterey. Moreover, that regional solutay have increased
benefits and political support. The DRA mgement agreed and engaged the CIWR to
undertake the processes that could raswdtregional water supply solution.

The focus of the regional process was the astabkent of a diverse gup of participants
who would be willing to debate, discuss, artimately help identify a regional water supply
alternative. The group acalled the Regional Plenary Ovegtsdi Group (REPOG). The original
goal for REPOG was to creaepolitically robust and commiig-diverse group whose members
would not necessarily agree on final outconres,who would through time, come to understand
each others’ perspectives and recognize the rationale of a well planned project alternative. This
process succeeded in the submission of tgemal plan environmental documentation to the
CWP EIR process initiated by the CPUC Energy Division on behalf of the Cal AM (RMC 2008).
As the focus of a regional project becameackr, the REPOG named the Regional Project
“Water for Monterey County” and themselvabe “Water for Monterey County Coalition”
(WFMCC). WFEMCC established a Web site for better informing others of the Regional Project
and its values (Regional Water Project 2009).
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The Regional Project Includes a Desal Component and Solves More Problems Than It
Creates

The Regional Project was created by re-examgi a number of local projects and water
management programs that have, at one time or another, been considered by local water and
wastewater agencies, municipakijeor cities in the Monteresegion. In addition to collecting
project details, water demands were also rege\for example, on the Monterey Peninsula,
MPWMD (2006) provided detailed demand dafBfe water projects and programs were then
screened in various combinations based @mmphg criteria deveped by the WFMCC. The
planning criteria established diug the WFMCC process facilitatathique “pairings” of project
components that ultimately revealed opportunities for regional economies of scale and new
agricultural and urban symbiosis that coukhd to more stable and beneficial regional
cooperation in the future. As this unique el vision began to baescribed, it immediately
encountered the very political resistance thamnsny regional efforts faced. This time however,
due to the multiple component nature of the Regional Project, no one component was required to
implement another. While some of the extensiegional” benefits wilhot be enjoyed until and
unless the complete Regional Project visios haen implemented, many economies of scale,
cost-saving partnerships, and eomimental and social benefits were evident even in the first
phases of the project and garnecedsiderable and diverse suppfor just the desal component
in Phase 1.

The complete Regional Project includes bemafireuse of all wastewater discharges,
river and groundwater diversionand intruded seawater desaladd reliability to the overall
program. These project componentsrk together to create econmnsynergies. The following
discussion describes the Phdseomponent, the brackish grounderatiesal project and how it
has numerous beneficial aspects typically theal)f derision like intake technology and power
consumption.

In the Phase 1 project, the approachptonping from the braékh groundwater will
contribute to the remediatioof the Salinas Valley groundwet degradation by blocking and
even helping to reverse the seawater intrupiablem. The cone of depression from the intake
pumps help create the seawdtarrier. In addition to the Rgonal Project and Salinas Valley
Water Project, it is expected that the intrusion will reverse itself over time.

Locally developed power will provide the eggrto power the project components. This
power comes from electricity generated frora thethane produced at the MRWMD from sealed
digesting of sewage sludge (Heitzman, Mejt and Kasower 2009). This carbon-negative
approach captures methane that otherwise eséajmethe atmosphere and reflects the concerns
of the WFMCC over the “carbon footprint” ofhe regional solution. Affordable water
components and the role of water in facilitg the development of affordable housing for
working families and those on fixed incomes is afgegrated into theroject plan (CIWR and
MCWD 2008).

Phase 1 of the Regional Project has bedectsl as the preferred plan by the CPUC
during their certification of the EIR. The keag this early implementation relies on careful
accounting of the water extracted fdesal treatment. lorder to comply wh local regulatory
agreements over groundwater use, only the ptigooof seawater extracted from the wells will
be allocated to the Peninsula. The remainiragkish groundwater will only be used within the
MCWD service area where use of this groundwaelready politically acceptable and defined
from a regulatory perspectilsy the Monterey County Water Resources Agency (Byron Buck &
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Figure H.2 Proposed program utilizes itruded seawater and contributes to the
restoration of the aquifer over time

Associates 2005, pp. 2-3 to 2-9). This instituticex@angement allows for the MCWD to draw
brackish groundwater for their useghin the basin, but theysd will account for the proportion

of seawater treated. That proportiof product water that representsat was from seawater can
be allocated out of the basin to the Peninsolgolve the Carmel River endangered species and
water rights infractions and to recharge the SeaBikin to remediate the overdraft as dictated
by the court in adjudication proceedinge#&Side Groundwater Basin Watermaster 2008).

This section presents a more detailed disicusof the brackish desal component of the
Regional Project. While it is important to remesnltihat the Regional Project succeeded as a
number of components: conservation, stormwageise, urban nonpotable recycled water use,
and additional river water, some additional source of potable water was required. That source
could be the ocean or brackish groundwater, which ever offered the most politically,
economically, and environmentally feasible solution.

Utilizing Seawater Intruded Groundwater for Desal

The Regional Project brackish water desahponent uses a blend of ocean water and
brackish water (seawater-intrutlgroundwater) for the desal water supply. The desal wells will
ultimately consist of two bands of well fields; the first a line of seawater wells located on the
inland side of the coastal dunes and the second a line of brackish wells near Highway 1.
However, due to the political sensitivities thie Salinas Valley agricultural water users, the
inland row of wells were excluded froPhase 1 of the Regional Project.

Compared to the original desal options which were utility-specific and relied on ocean
intakes, the use of near-coasackish groundwater as the desater supply—and the effects of
the drawdown profiles from the parallel well isk—provide the following benefit&igure H.2:

e Develops a desal water supply that reggiiess energy per iivater to treat

e Creates a brine waste that has a salinitghmtloser to that oAmbient ocean water
into which it will be discharged
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e According to hydraulic modeling perfmed for CEQA compliance, creates a
seawater intrusion barrier on the oceatesof the dual well field (if the Regional
Project is fully realized)

e Also according to hydraulic modeling performed for CEQA compliance, accelerates
the cleanup of the Salinas groundwater bdi extracting brackish water from the
basin

The use of brackish wells is possible in thgioaal approach both in the early phases as
well as in the fully realizedegional configuration because:

e In early phases, the projestll accurately account for thproportion of seawater and
brackish groundwater that is withdrawn the pumps. Only desalinated seawater
guantities will be delivered to the Peninsula for Carmel River water replacement and
possibly Seaside Groundwater Replenishin The proportion of treated water
represented by the quantity of brackislougrdwater extraction will be distributed
within the basin meeting demands withire tMICWD service area. It is anticipated
that such an arrangement avoids the acrimonious debates and fears over the
possibility that Salinas Basin groundwatesuld be exported to the Peninsula.

e When the Regional Project is fully realizétwdwill utilize recycledwater in a way that
supports the hydrologic balance of the Sadi basin and provideadditional water
supply to overlying interests. One way to do this is through the expansion of recycled
water deliveries for agricultural irrigatiofdescribed in the “Expanded Agricultural
Irrigation” section above) that would eed the amount of groundwater extracted by
the brackish wells, ensuring the SalinasiBaremains in hydrologic balance. This
alternative has been evaludtdrough hydrologic modelinghd described in detail in
technical memoranda prepared for the unental impact reporting process for the
CWP (RMC 2008, p. 3-6).

Utilizing Landfill Cogeneration and Hydropower as Energy Sources

The water treatment facilities for the Rroj would require a significant amount of
electrical energy to meet daily operatiomeeds. The WFMCC (REPOG) process planning
criteria identified “sustainability” as an important characteristic. Reliable, sustainable water
supply is enhanced by incorporating a sustaamanergy supply to power it. The MRWMD has
a program that captures methane gas from its lanaifit, utilizes that captured gas to generate
electricity through operation of cogeneration lisies located at theMRWMD site in north
Marina. There exists the potential to increase the methane gas production at the landfill and
correspondingly increase the elél generating capacity of tliegeneration facilities. Sewage
sludge is presently composted thee landfill site, but the metharescapes into the atmosphere.
The Regional Project includes construction of coteckgo-digesters that are sealed and capture
the methane for productive power production. Télisctrical powermwill be delivered to the
water treatment facilities that are proposetie¢docated on property immdtely adjacent to the
MRWMD landfill site. Opportunity to receive sludgeom other municipalities increases the
potential revenue generatingportunities associated withe landfill as well.
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Project Engineering Economics

The Phase 1 component of the Regional Ptajess compared to twother alternatives
during the regulatory process assbed with bringing water to the Monterey Peninsula. Due to
the nature of the private water utility, Cal Akhat supplies the Peninsula communities with
water, costs were prepared and vettedreedm Administrativeéeaw Judge (CPUC 2004).

The engineering economic cost comparistiustrates that the Regional Project is
significantly less expensive that the two nexelk alternatives.Table H.1depicts the total
annualized engineering costs per AFY, and shakat the desal projects proposed by the
individual utilities woutl cost roughly 50% per AF thanettiRegional Projedithis is based on
data provided by the MCWD dnCal AM from the “meet-and-confer” cost collaborative
process).Tables H.2 H.3, andH.4 provide additinal detail on the costs of the regional desal
project, MCWD go it alone, and Cal AM Mossrding desal projects, spectively (with capital
costs annualized based on a 30-ymarod and a 5.15% interest rate).

Table H.1
Engineering unit costs for theregional project and the
Cal AM alternatives
(based on cost of water—$/AFY)

Regional Cal AM North Cal AM Moss Landing
Project Marina Project  Desalination Plant

Cost of water ($/AFY)  $2,290 $3,420 $3,430
Table H.2
Regional Project Desalinatn Plant engineering costs
Annualized Total
Net capital cost O&M capital cost annualized cost
Supply (AFY) $) ($lyear) ($lyear) ($lyear) Cost/AFY

10,500 $177,400,000 $12,080,000  $12,000,000  $24,080,000 $2,290.00

Table H.3
“MCWD Go-it-Alone” project engineering costs
Annualized Total
Net capital cost  O&M capital cost annualized cost
Supply (AFY) (6))] (Blyear) ($/year) ($lyear) Cost/AFY
1,700 $61,600,000 $3,000,000 $4,100,000 $7,100,000 $4,180.00
Table H.4
Moss Landing Desalination Plant engineering costs
Annualized Total
Net capital cost o&M capital cost annualized cost
Supply (AFY) $) ($lyear) ($lyear) ($lyear) Cost/AFY
8,800 $211,550,000  $10,950,000  $19,800,000  $30,750,000 $3,490.00
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The Regional Project is desighto provide reliable potablgater supplies to the MCWD
service area, including the Cigf Marina and the Fort @rcommunities. Additionally, the
Regional Project is sized to prde potable water service toetitommunities of Seaside, Del
Rey Oaks, Monterey, Pacific Grove, Carmé&armel Valley, and Pebble Beach. These
communities are provided water service from Cal AM.

The resulting opportunity for MCWD was a regional process that selected the Regional
Project as a more feasible, politically accepa and implementable project to solve both
MCWD service area water needs as well as tlsesere water problems in the Cal AM service
area. Cal AM would essentially purchase wdtem the Regional Project in a “take or pay”
contract. The regional approachoaws MCWD to take advantagef economies okcale, thus
lowering the costs for its ratepayers while @M can purchase water from MCWD at a lower
cost than their ratepayers would face otherwise.

Alternatives for the Regional Project are limited. In order to determine the most likely
alternative, consideration is given tthe assumptions underpinning the hypothetical
“nonfeasibility” of the Regional Bject. The absence of a regitsaaled plant would require
that MCWD pursue its own desal plant adequateéet demands within its service area as was
originally envisioned. Demands ¢ime Monterey Peninsula, resban of the Carmel River water
rights and endangered specissues, and remediation of tiseaside groundwater overdraft
problem would need to be sely by Cal AM by itself if MCWD only implemented their own
project.

Only two other alternative water suppliémve been identified in the EIR being
conducted for projects to resolve the CarmeleRiand Seaside Groundwater overdraft issues.
The EIR called the CWP-EIR identified threeteahatives for solving the regulatory and
hydraulic issues facing the Monterey PeninsulaWYC 2009). One is the Regional Project to be
owned and operated by MCWD. The other two would be owned by Cal AM and are a North
Marina desal plant located close to the Regional Project site that uses slant well intake
technology, and a seawater desal facilitylaxated at the Moss Landing Energy Facility,
operated by the Dynegy Gumration (Dynegy 2009). The Moss nding facility would obtain
influent from the once-through-cooling system used by the power plant.

The differences between the Cal AM Nomarino Project and the MCWD Regional
Project are the intake wells and the projechesrship structures; one being a public agency
(MCWD) and one being a private water utili(Cal AM). While there are cost differences
between the slant well (the CAM North Marina Plant intake pposal) and vertad well (the
MCWD Regional Project intake dgn) technologies, and al$mancing differences between
public and private water agencies, the key diffces are institutional. The location of the
facilities while similar, favor MCWD who owner options all the feasible sites for locating
either the Regional Project or Cal AM NorMarina Plant. Moreover, the favorable “zero
carbon” power source from the Monterey gitmal Waste Management Agency landfill
(MRWMD Undated) is only legally available toetproject that sits on those specific pieces of
property sharing a fence line with the landfillhus, in the absence of the Regional Project,
MCWD would locate the brackishater desal plant componenttbeir “stand abne” desal plant
on the aforementioned land. That would essentially foreclose the feasibility of the Cal AM North
Marina Plant as well as thRegional Project alternatives.

Thus, it is unlikely that MCWD, while bldiing a single-purpos®CWD-only project,
would agree to allow anther desal plant to occtlfgysame site. Therefore, the most reasonable
approach to resolving the Cal AM service area demands in the face of “go-it-alone” projects
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would be the Cal AM Moss Landy Seawater Desalination Pldacated at the Moss Landing
Power Plant site. As discussed earlier, the Moss Landing site, relying on OTC intakes, had its
own controversial future. Moreover, Cal AM canted to suffer public scorn for being a private,
not solving the water problems, being ownedalpreign company, and a litany of other public
concerns. Cal AM was not going to easily “goitree,” and its desal plans were likely doomed
by the institutional version @& “death by a thousand cuts.”

The costs of the MCWD-only desal projece gresented ifable H.3 and the Cal AM
Moss Landing Desalination Plant costs are depigtetlable H.4 Comparing the costs of the
two go-it-alone alternatives, the Regional Projécable H.J is clealy superior from the
economic perspective. Additionally, the RegibrRRroject enjoys public support, superior
environmental implications, and costs less.

Remaining Process Leading to Implementation

The project sponsor, the MCWD in pantsigip with the Monterey County Water
Resources Agency—and in collaboration witH &&l—are preparing to implement the Phase 1
Regional Project. Much of themaining details are contractuahd policy matters concerning
how costs will be allocated, whailivoperate the project, and wther the DRA will concur that
the Cal AM ratepayers are getting a benafitd a fair deal out of the regional project
sponsorship.

Conclusion

The Monterey region in Califara has been facing a seriekssignificant water supply
and associated water resource management challéngseveral years. Despite the critical need
to develop additional water supplies for the regind the lack of feasiblalternatives to extract
more local water or tap imports, efforts by widual local utilities to implement go it alone
utility-specific desal projects were facing catesable opposition and unlikely to proceed.

This untenable situation led to considema of a broader collaborative and regional
approach, wherein desal is well integratedh other key components of a comprehensive
regional water resource management plag.,(evater reuse). This regional approach has
emerged as a much more viable alternativeh weveral critical advantages over go it alone
alternatives:

1. Political viability, stakehaler buy-in, and public suppofas contrasted to deep
divisions and strong opposition)

2. Economically advantageous (i.e., it is lespensive than utility-specific options by a
considerable degree)

3. Environmentally beneficial, including th@voidance of an ocean intake, providing
seawater intrusion control, minimizing beimanagement impacts, and tapping into
green carbon negative energy

4. Socially beneficial by providing a morej@table sharing of water, offering public
sector ownership, and facililag a joint resolution of both agricultural and urban
water issues
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As a consequence, a more regional and calédlye approach has led to a path that will
greatly facilitate desal implementation. The oegil approach will promote desal in a manner
that will be more cost-effectivesplve more problems, addressregssues, and has a far greater
likelihood of implementation thaa more traditional, utility{secific go-it-alone approach.

CHINO BASIN: GROUNDWATER DESA L AS AN INTEGRAL PART OF
COMPREHENSIVE REGIONAL WATER RESOURCE MANAGEMENT 3

Introduction and Overview

This section describes a case study—using a TBL perspective—of the benefits and costs
of the desal of brackish groundwater, as imgetad jointly in the Chino Basin (Southern
California) by IEUA, CDA, and th Chino Basin Watermaster. Aykaspect of this case study is
that it examines how the bdite of desal may extend webleyond its use in developing a
potable water supply.

In the Chino Basin context, the applicationdafsal can be viewddroadly to reflect its
role as an integral componesftthe region’s overall water seurce management program; desal
in this region is a critical component @& highly valuable, multi-objective basin-wide
groundwater management strategy. In thisams¢, groundwater desalting not only provides
potable water to supplement the area’s ovesafiply portfolio, but it also is a foundational
element of a groundwater remediation effort ghiadvides several additial important benefits
within and beyond the Chino Basin.

Within the TBL context, this case study debes the estimated magnitude of several of
the key benefits generated, and provides a congwans the benefits oflesal to its costs. The
benefits include the overall basin-wide savimgghe cost of providing water over a 30-year
period, and also indicates tiheagnitude and value of energywseys and the reduced carbon
footprint associated with the desalabled groundwater management program.

This Chino Basin groundwater desalting case study illustrates how desal options may be
viewed as key elements of broadly defined amegrated regional wategesource management
efforts, rather than more narrowly perceivedyowithin the context of an option to provide
additional water supply. This case study is intentbederve as a guide to help others as they
contemplate desal options, weigh the potential titsrend costs of desal options, and attempt to
move forward with desal implementation and itegration with other eiments of their water
resource management activities.

Case Study Objectives

This Chino Basin groundwater desalting casal\stis intended to llistrate how desal
options may be viewed as key elementsbobadly defined and inggated regional water
resource management efforts, rather than mareowly perceived only ithin the context of an
option to provide additional water supply. Dragsiupon the extensive pral experience and
knowledge gained by IEUA and CDA, as progressivastewater and wex service providers
and management agencies, this case study is intended to serve as a guide to help others as they
contemplate desal options, weigh the potential tisrend costs of desal options, and attempt to

3. This case study was prepared by Robert S. Raucher, Stratus Consulting Inc., Boulder, Colo.
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move forward with desal implementation and itegration with other eiments of their water
resource management activities.

This evaluation includes a disssion of desal options amdplementation choices at two
levels. First, the discussion exia®s desal in general as artiop to address the region’s water
resource challenges, in concert with other possible programeeals such as conservation,
recycling, or relying on water iports. Second, we explore sorsgecific elements within the
desal program itself, including deors that influenced the seten of specific desal process
options, green energy developmertd brine concentrate management.

In addition, this case study iBtrates how desal can be axatked within a broad benefit-
cost framework that can capture the widnging, multi-objectiveopportunities desal can
provide. This chapter also reveals what typebesfefits and costs may be associated with such
projects, indicates their potential monetary Wwpend illustrates the application of an economic
framework for conducting and commauating the benefitost approach.

An Overview of Water Resource Challenges in the Chino Basin

The “Inland Empire” is located about 40les east of Los Angeles. Beginning in the
19th century, the region grew tedbme a major agricultural centarcluding dairy farms, citrus
orchards, and other actia8. Beginning in the last quarter of the 20th century, the area has seen
rapid conversion to residentiand commercial uses, becominge of Southern California’s
fastest growing regions (Mdl, Burton, and Manning 2007).

The Chino groundwater basin underlies roug2®) square miles of the Inland Empire,
and is bounded on the north by the San GaMmlntains, and on theoath by the Santa Ana
River, which is fed in part by groundwateovils from the basin. The Santa Ana River flows
year-round for 69 miles, from headwaters in 3am Bernardino Mountains to the Pacific Ocean.
The river enters the Chino Basin at the Riverside Narrows and continues along the southern
basin boundary to the Prado Flo@dntrol Reservoir and Dam,dim which it spills westward
through Orange County en route ttee Pacific. The basin is dated mostly in western San
Bernardino County, and extends westward iasstern Los Angele€ounty (underlying the
cities of Pomona and Claremont). To the et basin also underfienorthwestern Riverside
County (extending to within a few milegest of the city of Riverside).

The region’s past as an agricultural cenéerd its current expanding water demands as a
rapidly growing residential andommercial area, have createsignificant water resource
management challenges in the Chino BasinesEhwater resource management challenges
include both water quality and water quantity essuand reflect the critical interrelationship
between the two.

The primary water quality challenge relatess#it levels in Chino Basin groundwaters.

Salt issues are reflected by elevated TDS levelsyedsas elevated levels of nitrates. Some
contamination by VOCs is also present. Collectively, these impair local groundwaters and make
them expensive or unsuitable fopporting potable M& and other uses.

The primary water quantity issue is meeting rapidly growing demaadsassociated
with rapid residential gwth and Cll developmentin a basin thahas a history of extracting
groundwater at levels above sustainable yields. The water quantity challenge is magnified by the
cost and uncertain availability of imported surface waters, the need to honor water rights of
downstream and down-gradient entities, and theaghthat the water quality issues have on the
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usability (and cost) of local iex supply resources (including pacts on the storage capacity of
the aquifer system).

Optimum Basin Management Program and Related Agreements

In 1988, judicial and other pressures mewdhton the Chino Basin Watermaster to
undertake and implement an OBMP. Innd 2000, the Chino Basin OBMP “Peace 1
Agreement” developed an institutional structarel funding plan for the expansion of the Chino
1 desalter, and for adding the Chino 2 desaltke OBMP is implemented by the Chino Basin
Watermaster, with the objective of managihg basin’s groundwatehrough monitoring and
recharge. Key elements of the OBMP refldat need to keep groundwater pumping levels up
(notably in the southern, lower enfithe basin) in order to (1) able better and increased use of
the Chino Basin’s groundwater resources (dng tavoid over reliance on imported water), and
(2) preserve water quality the Santa Ana River.

Overview of the Chino Basin Desalting Operations and Costs

The original Chino Basin 1 Desalter (Chino 1) was completed by 2000 and produced
9,200 AF of product water annually. With therfation of CDA in 2002, the Chino 1 desalter
was purchased for $64.7 million from SAWPPhe Chino 1 expansion was completed in 2005,
and annual production is now 14,200 @Filler, Burton, and Manning 2007).

The Chino 2 desalter was completed andguinto operation in the spring of 2006, and
produces 10,400 AF per year (Miller, Burtand Manning 2007). Like Chino 1, the Chino 2
desalter splits its feedwaterréadvn from eight wells) betweelX (4.2 mgd) and RO treatment
processes (7.5 mgd), producing post-treatnyasids of 4.0 mgd and.0 mgd, respectively
(Parker 2007). These desalted waitare low enough in TDS and site concentratns that they
can then be blended with source waters thgiass the desalting unitko yield a total of
15.0 mgd of product waters that are forwardedCi®A’s wholesale customers for subsequent
delivery as potable supply (N&F, Burton, and Manning 2007).

Combined, the Chino 1 and Chino 2 desalter& provide nearly 25,000 AF per year to
the potable supply of the Chino Basin. This presic reliable water supply serving more than
40,000 families in the cities of Chino, Chino Hills, Norco, and Jurupa.

Future expansion of the desalting operati®rin the planning stages, and may entail
either a third desalter and/or the expansiorthef existing facilities. The OBMP and Peace 2
agreement call for additional groundwater pumgpfmore than 12,500 AF per year of pumping,
implying at least 11,000 AF perear of desalted product watéor the potable supply) to
maintain hydraulic control objaees. Total desalter productiomy 2015 is projected to be
40,000 AF per year.

Annual O&M costs for the current desadii production of 24,600 AF amount to about
$12.3 million annually (based on anticipated expenses as detailed in the proposed budget for
fiscal year 2007/2008) (CDA 2007). isBHO&M cost averages to $500rp&F of delivered water.

The total cost per AF of desal water produdeatiuding capital csts) is a bit more
complicated to estimate, due to grants, rebdtem MWD under the LRP, and other factors.
Ignoring the grants and subsidies, and assurtiagull $153 million in ttal capital outlays (to
acquire and expand Chino 1, and develop Chinev@)ld have been financed with 30-year
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bonds at a 5% nominal rate of interest, timualized debt service would amount to about
$10 million. This implies a cost of roughly $400 pgét for the annualized full capital expense.

Combining the above estimated total O&M casth the total anndaeed capital expense
(ignoring grants and subsidies), implies thatdbsalted water produced by Chino 1 and Chino 2
desalters has a total cost ppaoximately $900 per AF delivered.

The actual price paid by CDA customers issléghan $900 per AF, due to grants that
reduced the amount of capital outlay and ofibexd costs borne by CDA. The estimated total
incurred cost borne by CDA and its customers amounts to $727 per AF (CDA 2007). This
implies that the grants supporting constructidrthe Chino desalters provides a $173 per AF
subsidy to local users (~$900 minus $727).

In addition, MWD’s LRP offers a $250 per AFbie to its customer agencies for the
development of approved local watpplies. This rebate is proed as an incentive to assist
MWD’s customer agencies in reducing their demands on increasingly scarce and expensive
import water. After accounting for the MWD LRPoede, CDA can deliver its desalted water for
$477 per AF ($727 minus $250).

Integrating Desal With Other Elemerts of the Water Management Plan

One of the insights to beagned from this case study is how desal can be a critical
component of a broad and highhtegrated approach to regidnaater resource management,
addressing both water quantity and water quality concerns. In the Chino Basin, desal is not
simply one water supply option to be evaluated @rdrasted to alternagvsupply options (such
as reuse, importation, stormwater harvesting,ams$ervation). Rather, desal is but one element
of a complex, multi-faceted approach that noyairbws upon a wide array of alternative supply
options, but also requires thae#e various supply components beetidly integrated in order to
increase the value of (or enalie use of) the other supplies.

For example, the groundwater recharge reginbased on the stormwater capture and
the reclaimed water programs that supply teeharge water. Thigroundwater recharge
provides the replenishment offset for the desatactions. Thus, desal implementation may not
have been feasible (or wouldvearequired other tradeoffs) absent the reuse- and stormwater-
enabled recharge program.

In reciprocal fashion, the desal program enables in-basin productive use of the locally-
generated reclaimed water for recharge. Pridhéodesal program and the associated hydraulic
control it provides of the groungter contamination, reclaidevater produced by IEUA was
mostly discharged to the Sanfina River and captured dowream by OCSD (it could not be
used for local recharge in the Chino Basingcsiabsent the desal-enabled controls, this would
have flushed more contaminatedtaranto the Santa Ana River).

The hydrologically-based placements of thecharge and desalting activities are
strategically aligned tdake advantage of the groundwateadjent, and thus are integral to
managing groundwater quality ithe basin. The recharge bigh quality water upgradient
provides a hydrological “push” teelp move (as well as dilute) the lower quality groundwater in
the downgradient direction. At the same time, dealter extractions provide the “pull” at the
low end of the gradient to control, captured areat the poorest qualityaters. This accelerates
groundwater remediation, whileoncurrently protecting the&anta Ana River from saline
discharges. The desaltingsal provides a potable sugpland the groundwater quality
improvement and management enables higherysalfs to be extractable from the basin.

292

©2010 by Water Research Foundation and Arsenic Water Technology Partnership. ALL RIGHTS RESERVED.



In addition, the cleansing and hydrologiontrol of the groundwat basin that is
achieved through the integrated deploymentewtharge and desalting program elements are
necessary for enabling implementation of Mi&/D conjunctive use and related DYY programs.
The DYY program entails the conjunctive use imported SWP surfacevaters within the
available storage capacity of the Chino Basinwkt years, when SWP waters are relatively
plentiful and relatively low in TDS, MWD cove the costs of storing up to 100,000 AF of its
excess SWP supplies in the Chino Basin. In dry years, when SWP supplies are limited and in
high demand, the basin’s users of imported MWakers agree to extract stored SWP waters
from the basinn lieu of taking their alltments from MWD.

The value of the MWD conjunctive use @YY program is that it frees up scarce SWP
waters in dry years, so that MWD can use those limited SWP watileas otherwise would be
delivered to IEUA’'s wholesale water ageneids instead satisfy the demands of its other
agency customers. This increases the relialolitthe SWP supplies fahe entire MWD service
area (a significant benefit for all &outhern California). This aldasulates the basin’s users of
SWP waters from dry year fluctuations their imported supply (an important “drought-
proofing” benefit within the basin communities).

This valuable DYY program would not be fedsilif the desalting and related activities
were not in place. The water quality control assured by the integrated desal and recharge
programs are what enable the MWD conjivec use and related DYY program to be
implemented.

The above discussion demonstrates howgnadethe desal progma is to the much
broader and highly benefal water resources managemenbgram being implemented in the
Chino Basin. Desal is linked through the KB (Chino Basin Watermaster), Santa Ana
Integrated Regional Watershed Managemeah REAWPA), Chino Basin Maximum Benefit
Plan (Santa Ana Regional Water Quality GohBoard), Regional Urban Water Management
Plan (IEUA), and Recycled WatErogram (IEUA) to maximize:

e Local supply development (@undwater, recycled water, s, storm water capture)
to increase locally controlled “drouglproof” supplies and balance use of less
reliable, more costly imported supplies

e Water quality and investmentslimcal source water protection

e Integration of water supply investmemtscompliment and enhance other community
resources management strategies (swwater management, flood protection, energy,
waste management, environmental qualitwatershed protection, community
education, overall quality of life) (Davis 2005)

Under the OBMP, over $350 million capital inopement projects have been invested
from 2000 to 2007 on desalters, recharge owpments, new wells and on-site well head
treatment, recycled water distribution sysserand the 100,000 AFonjunctive use storage
agreement with MWD (IEUA 2005). Going forwhrthe Watermaster, CDA, and IEUA have
another $250 million investment plan to expandadters, continue recycled water development,
implement new recharge improvementsidaexpand the MWD conjunctive use storage
agreement (R. Atwater, Chief Executive Officer and General Manager, IEUA, personal
communication, 2007).
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Benefits Generated by the Desalting Program

This section addresses the types and madest of the benefitsrovided by the inland
desalting regime being implemented in ther@hBasin. Within the TBL context, several types
and magnitudes of environmental, social, andnfone values are enaldleby the application of
desal, reuse, and related “nontraditional” soufewater supply. The TBL-associated benefits
arising from desal reuse and atltemponents of the integrated resource plan outweigh the costs
by a factor of over 50% (i.e., a rate of returaajer than 50% on investments made in reuse).

The largest financial benefits include theemdl basin-wide savings in the cost of
providing water over a 30-year period (whichamt to nearly US$2 billion, in present value
terms). Also included are the magnitude antli&af energy savings and the reduced carbon
footprint associated with the reuse-enablesugdwater management program. The results are
depicted through the series of figarprovided belowHigures H.3H.8).

$IAF
(2007$)

1,000+

$900

800

600 —

400 —

200 $144

$130

Chino Chino MWD Tier 2 MWD Stormwater  Local GW
desal desal (untreated replenish recharge pump
(full cost) (subsidized cost)  2007) water recharge

Figure H.3 Desal from a relative cst of water supply perspective
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Thousands of AF
(2001-2030)

PV Full Cost
(billions 2007$)

— $1.5B
5,000 —
4,750 —— — — - —— $1.25B
Dry year yield (400) Dry year yield ($55) $
Stormwater recharge ($45)
4,000 — S BTmWAISraeharge Indirect potable reuse ($50) I $1.0B
(530)
Indirect potable reuse Non
-potable
3,000 — () direct reuse
($490)
Non-potable
direct reuse
2,000 — (1,290) Added GW ($65) — $500M
Added GW
(630)
1,000 —| Desal
($500)
Desal
(920)
Yields PV Full Cost
(K AF over 30 years) ($ billions)

Preliminary estimates (October 2008)

Figure H.4 Components of Chino Basin OBMP
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Figure H.5 Chino Basin water supplyportfolio with and without OBMP
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12,500 | Imported MWD | o
(1,550)
— $4.0B
Oth(-()}r\:\(l)(zelilévc\)/)and Imported MWD $
10,000 | ' L)
. . $2.7B — $3.0B
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(outside grants $4.6B
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Figure H.6 OBMP reducing basin-wide water supply costs by over 40%

Social ($?? M)
Supply reliability (+)
Local control (+)
Water availability for other MWD users (+)
* Energy savings (5.8B kWh)

A

Environmental (> $100 M)
» Carbon footprint ($22 M)

e Air gquality ($84 M) Financial ($1.9B)
* Groundwater quality (+) A A * Cost savings to supply
* Surface water quality (+ water in Chino Basin

Figure H.7 TBL graphic for OBMP (present value benefit-cost estimates)
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Figure H.8 Impact of MWD annual rate increases on presdrnvalue water supply costs
(2.5% vs. 5.0% real, 2012, and beyond)
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ABBREVIATIONS

AF acre-foot

AFY acre-feet per year

AGMD air gap membrane distillation

aMW averagenegawatt

AMWA Association of Metropolitan Water Agencies
ANSI American National Standards Institute
AUS$ Australiandollars

AWP AmericanWater-Pridesda,LC

AWWA American Water Works Association

bars 10Kilopascals

BAT best available technology

bgd billion gallons per day

BMP Best Management Practices

BOOT build-own-operate-transfer

BTA best technology available

BWRO brackish water reverse osmosis

°C degree£elsius

Cal AM California American Water Company
Caltrans California Department of Transportation
CASI Central Arizona Salinity Interceptor

CCA California Coastal Act

CCC California Coastal Commission

CD compact disc

CDA Chino Basin Desalter Authority

CDFG California Department of Fish and Game
CDHS CaliforniaDepartmenbf Health Services
CDI capacitivedeionization

CDP Coastal Development Permit

CDPH California Department of Public Health
CDWR CaliforniaDepartmat of Water Resources
CEQA California Environmental Quality Act
CERCLA Comprehensive Environmentaldpense, Compensation, and Liability Act
CFR Code of Federal Regulation

CHP combined heat and power

Cll commercial, institutional, and industrial
CIWR Center for Integrated Water Research
CNT carbomanotube

CO, carbon dioxide

COxreq carbon dioxide equivalents

CPI ConsumePricelndex

CPUC California Public Utilities Commission
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CT contactime

CWA Clean Water Act

CWP Coastal Water Project

DB design-build

DBB design-bid-build

DBO design-bild-operate

DBOOT design-build-own-operate-transfer

DBP disinfection byproduct

DC directcurrent

DCMD direct contact membrane distillation

DE diatomaceousarth

DEP Department of Environmental Protection
desal desalination

DP;RO™ double pass, preferential preitgtion, reverse-oSmosis process
DRA Division of Ratepayer Advocates
DWEER DualWork Exchanger Energy Recovery
DYY Dry Year Yield

ED electrodialysis

EDC endocrinalisruptingcompound

EDI electrodeionization

EDR electrodialsis reversal

EIA EnvironmentalmpactAssessment

EIR EnvironmentalmpactReport

EIS EnvironmentalmpactStatement

EMF electromagnetitield

ENP EmergencWotification Plan

EPC engineering, procurement, and construction
EPWU El Paso Water Utilities

ERD energy recovery device

ERP Environmental Resource Permit

EU Europearnion

EWP ElectronidVaterPurifier

°F degreegahrenheit

FAC FloridaAdministrativeCode

FDEP Florida Department &nvironmental Protection
FO forwardosmosis

ft feet

GATT General Agreement on Tariffs and Trade
gfd gallons per square foot per day

GHG greenhouse gas

gpd gallongerday

gpm gallongerminute
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gpm/ft
g/L

HB
HDD
HEEPM
HERO™

ICCS
IDA
&E
IEUA
IMS
IX

kg

kgal

km

kPa

kwWh
kwWh/kgal
kWh/n®

LBWD
LCA
LLNL
LRP
LT2

m
m3

MCL
MCWD
m/d
MD

MED

MF

mgd
mg/L

mi

M&I

mm
MMWD
MRWMD
m/s

MSF
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gallons per minute per square foot
grams per liter

HouseBill

horizontal directional drilling

High Efficiency Electro-Pressure Membrane
High Efficiency reverse osmosis

intermediateoncentate chemical stabilization
International Desalination Association
impingement and entrainment

Inland Empire Utilities Agency

integrated membrane system

ion exchange

kilogram

thousandallons

kilometer

kilopascal

kilowatthour

kilowatt hours per thousand gallons
kilowatt hours per cubic meter

Long Beach Water District

Life Cycle Analysis
LawrenceLivermoreNational Laboratory
Local Resource Program

LongTerm2

meter

cubic meter

Maximum Contaminant.evel
Marina Coast Water District
cubic meters per day
membraneistillation

multiple effect distillation
microfiltration

million gallons per day
milligrams per liter

mile
municipal and industrial
millimeter

Marin Municipal Water District
Monterey Regional Wate Management District
meters per second
multi-stage flash
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MW megawatt

MWD MetropolitanWaterDistrict of Southern California
MWDOC MunicipalWaterManagemenbistrict of Orange County
MWh/yr megawatt-hours per year

um micrometer

NAFTA North American Free Trade Agreement

NEPA National Environmental Policy Act

NF nanofiltration

NF? two-pass nanofiltration

NMFS National Marine Fisheries Service

NOAA US National Oceanic amitmospheric Administration
NPDES National Pollutant Discharge Elimination System
NRC National Research Council

NSF National Science Foundation

n-ZLD near zero-liquid discharge

OBMP Optimum Basin Management Program

OCsD Orange County Sanitation District

OEM original equipment manufacturer

O&M operationandmaintenance

OoTC once-through cooling

PDF portable document format

PhAC pharmaceutically active compound

PIM Planning Issues Matrix

ppm parts per million

psi pounds per square inch

psig pounds per square inch gauge

PX pressur@xchanger

QA/QC qualityassurance/qualityontrol

RAC Research Advisory Committee

RCRA Resource Conservation and Recovery Act

R&D research and development

REC renewablenergycredit

REPOG Regional Plenary Oversight Group

RO reverse osmosis

RWQCB Regional Water Quality Control Board

SARI Santa Ana Regional Interceptor

SAWPA Santa Ana Watershed Project Authority

SDI silt density index

SDWA Safe Drinking Water Act

SGMD sweeping gas membrane distillation
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SPARRO
SRP
SSDP
SWP
SWPPP
SWRO
SWTR

TAC
TBL
TBW
TCEQ
TDS
TENORM
TFC
TGWTP
TMDL
TMF
TOC
TSCA
TSS

UF

uiC

UK

us

US$
USACOE
USBR
USbw
USEPA
USFWS
uv

VC
VMD
VOC
VSEP

WAC
WA EPA
WBMWD
WCWTP
WDR
WET
WEMCC
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slurry precipitationna recycling reverse osmosis
Salt River Project

Southern Desalination Plant

Staté&VaterProject

Stormwater Pollution Prevention Plan
seawater reverse osmosis

Surface Water Treatment Rule

Texas Administrative Code

Triple Bottom Line

TampaBay Water

Texas Commission on Environmental Quality
total dissolved solids

technologicallyenhanced, naturallpccurring radioactive material

thin-film composite

Thames Gateway Water Treatment Plant
total maximum daily load
TechnicalManageial, and Financial

total organic carbon

Toxic Substances Control Act
totalsuspendedolids

ultrafiltration
UndergroundnjectionControl

United Kingdom

UnitedStates

United States dollars

US Army Corps of Engineers

US Bureau of Reclamation
Underground Source of Drinking Water
US Environmental Protection Agency
US Fish and Wildlife Service
ultraviolet

vapor compression
vacuummembranalistillation
volatile organic chemical
vibratoryshearenhanced process

weakly acidic cationic

Western Australia Environmental Protection Authority
WestBasinMunicipal Water District

Western Canal Water Treatment Plant

Waste Discharge Requirement

Whole Effluent Toxicity

Water for Monterey County Coalition
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WHO World Health Organization

WMD Water Management District
WTP willingness to pay

WWTP wastewater treatment plant
yd yard

yr year

ZLD zero-liquiddischarge
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