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Abstract & Benefits

Abstract:

The purpose of this research project was to iderti#discharge information that
pemitting agencies @ad and the aedsion-making procsstheygo throwgh to perni
discharge metits in order to help desaliien propd prgoorents fousand expedi their
permittng eff orts.

Thepropd documered seawater reverse osmosis (SWRO) disgdregulatory issues and
providedacritical overview of facilty discharge-related infortiea required for permitting
desalination projects irhé United States and selected countries with advanced
environmental regulations and experience in implemgnseawater desalination projects.

Information was gathered from the three key U.S. stateédi@ml, Florida, Texas) where
interest in SWRO desalination has been highest. ®tleetmore extensive international
experience with SWRO desalination, information was altgained from the countries of
Australia, Israel, and Spainall countries of significant recent large-scale SWRO
desalination project€ase studies of 11 SWRO plants and analysis of regulsystgms and
permitting processes supported detailed definition efidcision-making process to set
discharge permit limits, as well as defining environtakand other regulatory issues
associated with concentrate regulation.

Benefits:
e Bring clarity to the regulatory process by defining disge permit decision-making
steps and by analyzing associated regulatory andtpegmssues.

¢ Benefits the understanding and implementation of SWB€lthation as a drought-proof
water supply source and provides a strong framework fateirelopment of federal and
state desalination project permitting guidelines.

e Helps define areas of needed research to more firmly isktatdcientific basis for
setting permit limits for concentrate discharge.

e Provides an important step in the path to both sthengig (from a regulatory
perspective) and simplifying and expediting (from aytperspective) of SWRO
concentrate management and permitting.

Keywords: Seawater reverse osmosis, desalination, concensateadje, NPDES permit,
discharge regulations, permitting, brine discharge, stskes.
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Executive Summary

Permitting the disposal of concentrate and other veistams is often one of the most
challenging tasks associated with the developmedtiaplementation of desalination
projects This study focuses on the review of key regulatory renpairds, support studies,
and permitting practices for medium and large seawatergewsmosis (SWRO)
desalination plants in the United States and abidadsize range (from 2.5 to 110 MGD or
9.5 to 440 ML/d) covers most plants built since 2008 study is based on permitting
experience with recent SWRO projects and is focuseldeoregulatory issues and
considerations associated with the most commonig asacentrate management method
discharge to surface waterbodiEssues specific to the permitting of thermal desalinatio
plants are not addressed in the report because, ditpopglar in the Middle East, thermal
desalination has not found significant applicatilorseawater desalination in the United
States and most other developed countries.

The formal project objective was identify the disctarge information that pemitting
agencies @ed and the aedsion-making procgstheygo through to permit discharge meibs
in order to help desalitian propd prgoorents foesand expedi their permittng eff orts.

Thepropd involved documentig SWRO dischrgeregulatory informéion and fadity
informaton for the United States and selected countriaghe United States, the National
Pollutant Dischrge Elimination System (NPDES) pantit is the primary pernt required for
discharge to suface watersDiscussion focused on events, information, and isasssciated
with obtaining an NPDES-type permit.

One of the key limiting factoria the construction of new seawater desalination piartse
availabilty of suitable conditions and locations @iisposal of the high-salinity sidestream
commonly referred to as concentrate or bridencentrate is generated as a by-product of the
separation of the minerals from the source water useddatirigtion. This liquid stream
contains in concerdted form mat of the souce waters dissolved dmls as well as@sne
pretreatmentddtives (i.e., residual amount§ @pagulars, flocculans, and antiscalants) and
other chemical as well asnicrobial contaminants and particulate®cgjdby the reverse
osmosis (RO) mennbnes. If chemical pretreatment is used, such as coégutariiscalants,
polymers, or disinfectants, some or all of these chdsninay reach or may be disposed of
along with the plant discharge concentr&bapter 1 of the report provides background and
contextual information for the study including the redy new interest and recent
challenges associated with the permitting complesfitynedium and large SWRO
desalination plants in the United States.

The quantity of the concentrate is largely a functibthe plant size and recovery, which in
turn is highly dependent on the total dissolveddsdliTDS) concentration of the source
water. Chapter 2 describes how to determine the quantity aaidyqof concentrate
depending on the plant source water quality and iyamd on key desalination plant design
and performance parametefhis chapter also addresses the characterizationathatl
nonconcentrate waste streams generated at a typidROSWsalination plant, such as spent
fiter backwash water and membrane cleaning solutions.

Concentrate water quality and especialy water quaaititgrmine to a great extent the type
of concentrate management option that will be matttde for a given desalination project
Chapter 3 of this report presents the most commonly raséftbdsof seawater concentrate

Water Environment & Reuse Foundation ES1



discharge Such methods include the following:

e surface water discharge via new outfalls
o onshore or near-shore outfall
o offshore outfall
e surface water discharge via existing outfalls
o waterresource recovery faciity (WRRF) outfall
o power plant outfall (co-location with power plant)
e subsurface discharge via shallow wells

For new onshore outfalls to have minimal environmeimphct, discharge must be into very
active receiving water withhigh mixing energy at the shoreline (turbulent nearesho
waters, tides, near-shore currents, eg®ugh conditions rarely exist, and onshore outfalls are
often discouraged if not prohibited by regulatory agensgrause of visual impacts and
interference with the recreational use of the shorefdiough co-discharge at some

existing power plant outfalls may be considered onstisgharge, the pre-dilution of
concentrate with cooling water mitigates some of tihndr@enmental impacts.

At present, more than 90% of all seawater desalinptjacts have near-shore or offshore
ocean discharge outfaldlear-shore outfalls are the most cost-effective metissawater
concentrate discharge via new outfalls and therefordvamdst commonly used worldwide
Offshore outfalls with diffusers have become a recent méngny new desalination plants
becaus®f the assurance of good mixing; they also have lssslvimpact and are not as
sensitive to the available tidal mixing intensitjowever, such outfalls are usually the
costliest concentrate discharge option.

Although co-discharge with water resource recovery facilty (WRREtfalls is practiceat
severallarge desalination plants in Europe, this ooetth concentrate disposal has found
imited application in the United States to datedaese of constraints associated with the
availabilty of an adequate volume of WRRF effluent for plete mixing both diurnally and
during the summer season when many plants practieaeati water reuse and utiize a
large portion of the plant effluent. WRRF outfalls are wfyicoffshore.

Concentrate discharge via existing coastal power platfall is the most common method
desalination plant concentrate disposal in Israetlamdliddle East and has been
implementedat the Tampa Bay and Carlsbad desalination plants. Gtidocof desalination
plants and power generation stations is plannedvatakdesalination projects in California,
Florida, and Texas as wellhe main advantage of this disposal method is thecestiproject
construction cost associated with the avoidanceeohéed to construetnew intake and
outfall. Power plant outfalls are typically near-shore, and smag be considered onshore,
such asdischarge into a canal that feeds into the shore eutgr, Carlsbad, California;
Tampa, Florida; Ashkelon, Israel).

A few plants worldwide have applied the use of shatimastal wells for concentrate
discharge Most of these plants haeecapacity of less than 5 MGD (19,006/day). The

only recent successful desalination plant applying disposal method in the United States is
the 0.6 MGD (280-m°/day) Sand City brackish water facilty, which curreoiherates at
approximately 0.3 MGD (1150 Yday) because of salinity constraints incorporatettien

plant discharge permiBecause the source water salinity of this plant inciebalpeost two
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times over the first two years of its operation (whichroftecurs when beach wells are used)
and the plant permit limits the maximum salinitythiat of the ambient seawater, the plant
capacity had to be derated because of this permétimgtraint Experiences with coastal
exfitration galleries in the Middle East have showatttheir discharge capacity tends to
diminish over time.

Chapter 4 provides a brief overview on other concentratessitlual management methods
(including deep well injection, evaporation pondspdiquid discharge technologies, and
beneficial concentrate reuse) and their applicabilityrf@naging concentrate and residuals from
SWRO desalination plants. Such methods have fougdimited full-scale application to date in
the disposal of seawater concentrate, but some kaweused frequently for the disposal of other
SWRO plant residual® ermitting of such methods has not posed a chalesngéyet.

Chapter 5 presents a general overview of the U.S. fedgndhtory framework and details
how effluent limitations for ocean discharge are detemifbe process of determining
effluent limits is summarized in Figure 5.1, whichslisghe sequence of eveand the
information required in establishing the regulatdingits contained in diseéhge pemits issued
to indvidual SWRO dedmation facilties in the United States.

This chapter also describes the scope of studies diémdevelop data for discharge permit
applications. Such studies include:

salinity dispersion modeling,

the study of discharge effluent toxicity,

the study of concentrate water quality characterizadiod,
the study of salinity tolerance evaluation

For each type of study, the report presamthodology and guidance for the
implementation of the study as per applicable fedamlistate regulations and illustrates the
study scope with examples from U.S. seawater de gaiinarijects.

Chapter 6 addresses key environmental issues andsshes iassociated with regulatory
guidance and the process of providing information requibedetermine discharge permit
imitations that address potential environmental iotpaParticular emphasis is given to
envronmental $aues that are related to discharge permiting and peinmiis|

e salinity tolerance of aquatic species
e concentration of source water constituents to harmfeldev
e discharge discoloration and low oxygen content

Other issues discussedf ect he pemitting processthrowgh their efied on

studies performed to develop aédr permit gplications,
e analytical methods pducing numericé data for pemit applications and for pemit
monitorng requiremert, and
e aregulatory agentyframework and basis for develmpipemit pdicy and makng
permit decisios.
Chapter 7 summarizes regulations specific to the threstkées in the United States with the
most desalination project€alifornia, Texas, and Florida he recently promulgated (May
2015) California Desalination Amendment to the Califoit@eean Plan, which contains
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portions addressing concentrate discharge, is discusslethil.

Chapter 8 presents permitting case studies for the Carldiatington Beach, and Tampa
Bay SWRO projectsThese case studies define the permitting processiatesbwith these
projects, key permit discharge requirements, and spatifiies completed to support the
permitting processvhile highlighting similarities and differences.

In Chapter 9, the report presents an overview of regulatnmiting practices abroad with
focus on Australia, Spain, and Israalountries that have advanced regulatory frameworks
and comprehensive experience with medium and largeagendesalination projectk is
interesting to point out that in all of the referencedrtries, the environmental review and the
permitting process have many similarities with thaisthe United States.

Chapter10 provides case studies of the permitting of desalimgtlants in Australia, Spain,
and IsraelThe featured Australian desalination projects are Pékivihana) Desalination
Plant and the Gold Coast Desalination Rl@he referenced Spanish desalination plants are
Torrevieja PlantAlicante 1 PlantSan Pedro del Pinatar Desalination Plant, and

Mas Palomas Il Desalination Plant for the Canary Islafs Israeli desalination projects for
which case studies are provided are Ashkelon DesatinBlant and Sorek Desalination Plant.

Each of the desalination plant case studies conggingject description, receiving water
characterizationa description of discharge strearaslescription of plant outfall, key
discharge permit requirements, and permit complianceradgons The presented case
studies indicate thatwhen designed and operatdddesélination plant discharges are
environmentally safe and do not result in measuralgadts on marine life in the vicinity of
the discharge.

The results of the long-term operation of the descrilsadindicate that the desalination
plant concentrate is completely dispersed to sallaigls of less than 10% of the ambient
water within 80 to 250 ft (24-76 m) from the point of tisme.

Another observation is that in all countries other ttheenUnited States, the time needed to
complete the environmental review and isagesalination plant discharge permit (one to two
years) is usually shorter than the time to construcpltdm (two to three yeardhn

comparison, the environmental review and permittinghefftampa Bay SWRO project took
approximately 2.5 years, and that of the Carlsbad Datah Plant from project inception
(2000) to permit
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process completion (2010) took approximately 10 yeatsaypermitting period of more than
five years.

An underlyng conclusion drawn from the comparative observatibthe permitting
regulations and process in the United Statesnaoither developed countries of proven track
record (with successful and environmentally safe dedialin projects) is that the U.S.
regulatory process would benefit from the developmenedaérial desalination guidelines to
streamline the permitting process.

A final chapter, Chapter 11, brings observations anchfisdirom previous chapters together
by presenting conclusions and making recommendaf®®msommendations include the
following:

e Development of federal regulatory and permitting gudesli for desalination projects,
similar to the U.S. Environmental Protection AgencySLEPA) Water Reuse
Guidelines, wil benefit significantly the use of digsdion as an alternative drought-
proof water supply source and provide a strong frameworkéodévelopment of
statewide guidelines.

e Development of statewide desalination guidelinesddress desalination-specific
permitting challenges wil also benefit the use appligation of desalination.

e Creation of frequent opportunities for state regulators ¢hange information,
practices, and experience in the permitting of dedimimgprojects wil be beneficial
and is highly recommended.

e Enhancement of the Standard Methods for Analysis of Mg Wastewater to
include the analysis of seawater and concentrate far sospended solids,
radionuclides, and metals wil be of great benefittiramlining concentrate
management and permitting.

e Development ofauniform methodologyto egablish the salinity tolerance of site-
specific marine organisms by the U.S. EPA wil simplifye desalination project
permitting process and establish the opportunity tonmze expenditures associated
with the construction of costly outfalls.

e Enhancement of the existing whole effluent toxicityEW testing procedures for
seawater discharges wil allow them to reflect the-gitecific conditions of a
receiving marine environment.

Increased funding of state regulatory agencies to enltheacaumber and qualification of
staff with desalination experience wil benefit the asd application of desalination

Water Environment & Reuse Foundation ES5



ES6 Water Environment & Reuse Foundation



Chapter 1
Project Context and Report Content

1.1 Chapter Content

In this introductory chapter, the report conterdascribed, followed by discussion of the
broader conte of seawater delaation and regulion to eplain and posion the subgad
focusand project pproach.

1.2 Report Content

Chapter 2 characterizesadisausses he seawater reveeosmosis (SWRO) redials of
concentate, backwahwater, and membaneflush water Chapter 3 reviews seawater
corncentate management ajons with an emphasis on tteserface water dischrge of
concentate. In Chapter 4, other seawater residual managemenhgti@ discusseMuch
of the informatn in thefirst four chapters may be considered backgroundifoerstandig
and afining the pemit-related informéon gathered to meet the pedj obedive. Chapter 5
disausses the federal framewodf surface water discharge redida ard permitting and
identifies events and information required for the deteation of numerical discharge
(effluent) imits. Chapter 6 reviews environmental an@ofsues associated with the
determination of effluent limitations. Chapter 7 focusesegulations and permitting
practices inhe states bCadifornia, Florida, and Texas. Case studies of threefdcdities
are provided in Chapter 8. Chapter 9 diises reguladn and permitthg practices in
Audralia, Spain, athisrael ChapterlO presents several case studies of permitting associated
with large desalination projects abro&hapterll, the final chapteresents a sunary of
thepropa work and results alng with conclusions ad recanmendations.

1.3 TheSubject

There is orsideaable interestin seawater desalitian in meny U.S. coastal areas.
Historically, however, lesssthan3% of the eimated340+ U.S.municipal deslknation plants
that have benbuilt were seawater facilties, thestamajority being inland lvackish water
plans (Mickley et al.,2013). At thetime of the preparation of this repd@0(15) the Tanpa
Bay des#ination facility (25MGD or 95,000 rfiday) is tkeonly large-scale SWRO
desdination plart opeating in the United State3 he secondirgest SWRO plant (8MGD or
23,000 n¥day)built in the Unitel States washe Sana Barbara fadity, which was
constructed in 1992 duag adrought crisis and subsequigmmoth-bdled onceherains came
back In light of the present Cliorniadrought the Santa Barbafacility is currently
undergoing refuriment ard is notin opeation, and the new 50-MGD (189,000/day)
Carlsbad SWRO Desalination Plant is undergoing conisinuist addiion to drought andne
resuting reduction in onvertional wate resouces, other factorsoriributing to the increased
interestin seawater del@aton include the following:

e growing coastal ppuations and the need for addtiomal water resawes

e deaeasngcosts of dedaation
e prolonged drought patterns in the arid Southwest
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Over helast 10 years, seveal U.S. coastal commuiies hae conductedfeasibility and ot
studies, ad seveal large SWRO projects are in developmeidistorically, hethree major
limiting factors for developg seawater de$iaation projects in the UniteStates hee been
caost, aquatic life impacts by the plant intake, and cotragndisposalEnvirormental impacts
associated witconcentate disclargearemanaged adlimited thragh federal and state
discharge regulions U.S. pemitting protocols and issues assoe@éwith SWRO
concentate disclargeare in \arious stage®f invedigation, definiion, and @ity that could
benefit from broad consideration, study, and the tlefinof appropriate guidelines
Although tesane might be said of global disalge reguldion and pemitting of desalination
plants, there isasiderable experience outside of the United States in doctingand
addressig envirormental dischrge issuesThe main purpose of this study is to provide an
overview of key regulatory requirements and permittingeissassociated with the
implementation of seawater desalination projectsanUhited States and abroad.

The formal pragd obedive is

Identify the discrarge information that pemitting agencies @ed andthe
dedsion-making procsstheygo throwgh to permi discharge methods in
order to help desalitian progd pragporents foais and expedit their
permitthg efforts.

More specifictty, theproged involves documenig SWRO dischrgeregulatory issues and
providing critical overview of facility discharge-relatiafbrmetion for desalination projects
in theUnited States and selected countriaghe United Stateshe NPDESpemit is the
primary pernt required for discarge to suface wates.

1.4 Context of Seawater Concentrate M anagement and Regulation

In the remaining portion of this chapter, the broadedrof issues addressed by the
project is discussed in terms of briaerviews of global seawater ddisation, US.
desdinaion and concentate management, seawatencentate disclarge ogtions, disctarge
regulaton and permit issue, and dischrge pemitting as part of the total desaltien propd
development and implementation.

1.4.1 Overview of Global Desalination

Neary all municipal deslmation plants utize either thermal evapative or membane
separation tdmndogy to produce freshwater from seawater and brackish wBiath types of
technologies were developed in the United Statieg dsderal indng. More than$15

bilion (2006ddlars) of investment in desalination researchmarly from1959throwgh
1974 via the Qfice of Sdine Water and latehé Office of Water Resarch and Tedhndogy,
resuted in more thari200research reports (NRC, 2008).

Thermal desalirt@on processig by multi-stage flash distilation and multi-effe cstiliation

becane commecially viable first This method wawidely implemented where theghi

enegy requirements of water evaporation coudchiet in oil- and energy-rich idde

Eastern locations and ingCarbbean; it was used to meet &tevater shortages that did tho
yet exstin the United State®ntil the early 1980s the number of de$aaton plants using
thermal evaporation and their cuntivia capacity were greater than the number and capacity
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of those applying SWRO techogy. Since then, &rgely because of sband energy
reductions that resulted from teology improvemers, each year SWR techndogy has
provided greater numbers and capacity than thermahtiadly. As of 2012, approximately
65% of all desalination plants worldwide use reverseasis RO) membrane
separation for the production of freshwater (GWI, 2014).

Another global traed has leen the predominanceof seawater desalinati installed capacity
over that of inlad brackish deskbnation exceptin afew locations includng the United
States (GWI, 2014)Globally, municipal desénaton facilties account for 61% of the
installed capacity. Municipal desalination plaate, in geneal, much arger thanndugrial
desalinabn facilities, and the informadn available abat facilties, environmental issus,
and regulatin comes almost exclusivelydim the municipal sector.

1.4.2 Overview of U.S. Desalination and Concentrate M anagement

Discussion of this broader antext of U.S. deséination serves to introduce characteristicd an
issues thadre unique to SWRO and that efi therelatively recent developmemdf large-
scale SWRO projects in the United Stafesmentoned in the intoductory paragraph and
shown in Table 1.1, the majority of 8 nuricipal desalintion fadlities treat brackish water
rather than seawatdiigures 11 and 1.2 sbw the growth rate of both types of desalination
plants and the cumudige capacity of the municipal fdities bult in the United State All
thefadlties use memianetedndogies with themix of techndogies shown in Table 1.

The microfittration (MFJRO and MF/nanofiltration (NF) fadies are all water reclamation
facilties. Although the growth rate and interestiindkish desalination continues, more
recently the interestin SWRO desalination has sigmilg increased.

Table 1.1. Number and Percentage of Different Membrane Processes Used in U.S.
Municipal Desalination, as of 2010.

Membrane Process Number Per centage
BWRO 236 73

NF 43 13
Electrodialysis reversal 21 6
SWRO 11 3
MF/RO 10 3
MF/NF 3 1

Note. BWRO = brackish water reverse osmosis
Source: Mickley et al., 2013
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Figure 1.1. Cumulative Number of U.S. Municipal Desalination Plants.
Source: Mickley et al., 2013
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Figure 1.2. Cumulative Capacity (m®/d) of U.S. Municipal Desalination Plants.

From the most recent survey conducted (Mickley ef@l3), asof 2010, 34 states had
municipal desalingon faciities. More than98% of these plants managercentate via one
of thefive conwertional disposal options listed in Table dli2theory, all of these options
might be usedh SWRO concentrate management; in practice, howeveprdpeties and
managemet of SWRO concenéite are consideably different fomthose of brackish water
concentate prinarly in having

e larger volumes (generally),

e subgantially greater danity, and

e acompositbn dominated by sodium chloride.
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Table 1.2. Desalination Residuals Management Options.
Five convenional disposal ofions:

e Surfae water dischage
o for seawater plants
- dired offshore @ean outhl (includes brireline when died to ocea)
-onshore orearshoeocean outfall
- existing WRRF ocean ouf
- existing power plant ocean outfall
o forinland plants
- discharge to inland riveysanals, lakes, etc.
e Disposaltosewer
o sewerline
o dired line to WRRF outfall
o brineline (whee brine line goes to WRRF)
o trucking of corcentrate to WRRF
e Subsurfaeinjection
o deep well injecion (DWI)
o shdlowwell (beachw#) discharge
e Evaporation pod
o converionalpond
o enharced evaportion ponds or schemes
e Land @plication
o percolation pondrrapid infltration basin
o irrigation
Landfill disposaloptions (for waste solids or sludge pnly
¢ dediated morofill
¢ industrial landfill
Recyceto front end of WRRFf¢r low salinity concentrateat WRRFS)
Benefidal use (other thamrigation)

Notes: All the conventional options are used for brackish concentrate management; satfacdisgharge is the
typical concentrate option used for SWRO concentrate management; the otherropyidmesused for
management of other SWRO residuals; the same options as those in Tabldylta éygresiduals of high
recovery HR; including zero liquid discharge (ZLPprocessing; WWTP = wastewater treatment plant

Use of options other than surface water dischargeiatypconsidered only for SWRO
residuals other than concentrate (e.g., membranergesoiutions, spent fiter backwash)
conrastto the brackish concentate, more thard0% of SWRO oncentates in tle United
States and globalware dispose@f by discharge back to he source of seawater (sea, ocean,
bay, estuary, etc.).

Tabk 1.3 lists the frequency of use of the disposalboptend the number of statesiiing

the opionsin U.S. municipal desalination plan#ss shown in Table 1.4, rsbof the subsurface
injedion sites and land applicationare n Florida, whereas evagation pondsare restricted
by climate andthus are modly foundin dryer southwstlocaions. An extensive descrijatin
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ard characterizaion of U.S. municipal desénation faciities is faundin previas pubications
(Mickley, 2012; Mickley et al.,2013.

Because of theegulatory constraintsn SWRO concentrate for total dissolved solids (TDS)
SWRO concentratdisposal to sewer or direct to a water resource rectaeity (WRRF)

is not a feasible option except possibly for very st@lme plantsOf importance relative

to the management of other SWRO residuals isthigatise of several of the options other
than surface water discharge is limited owing to cém@vaporation ponds and land
application) and hydro-geological conditions (subsurfajeetion), as reflected in Tabk4.

Table 1.3. Number of States Using Various Disposal Options in Municipal Desalination Plants, as
of 2010.

Percent Use  Number of States  States Using Option

Surface water discharge 47 25 many
Discharge to sewer 24 22 many
Subsurface injection 17 3 FL, CA, KS
Land application 7 4 FL, CA, TX, AZ
Evaporation pnds 4 3 FL, TX, AZ
Recycle 1 3 CA, AZ, PA

Notes: FL = Florida, CA = California, KS = Kansas, TX = Texas, AZ = Arizona, PA = Penasigl

Table 1.4. States Using Various Disposal Options and Number of Plantsin Each State.

FL CA TX KS AZ PA
Subsurface injection 50 1 1 1 0 0
Land aplication 20 1 1 0 1 0
Evaporation pnds 3 0 7 0 3 0
Recycle 0 2 0 0 1 1

Unlike most Ibackish water reversosmosis (BVRO) processgin additon to concentrate,
SWRO procesresiduals gemally include backwahwater inavolume sgnificantly lessthan
that of he concemntate. These residuals may be disgied abng with the @ncentate but for
small plants (less than 0.3 MGD 1800 m*/day) frequenthare disposed of tde sewer.

In addition to sea discdrge, a few of the L& SWRO facilies (usually with a capacity of
less than 1.3 MGD or 5000%fday) such as that in Sand City ACdispose of concentate
via shalbbw coastal wed.

More detded diswssion of concentrate management options is provided inptehs3 and 4.
Becausef therelaively limited number of Ls. SWRO fadities, thereare few regulatoy

precedentsn which to baethe pemitting decisions that will @ed to e mede as a reut of
the growng implementation ofdrge SWRO projects in the United State
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1.4.3 Seawater Concentrate Discharge Options
The discharge opions presetty usedoy SWRO plants include the following:

e surface water discharge via new outfalls

o onshore or near-shore outfall

o offshore outfall
e surface water discharge via existing outfalls

o wastewater treatment plant (WWTP) outfall

o power plant outfall (co-location with power plant)
e subsurface discharge via shallow wells

Table 1.9ists seveal SWRO fadities that ulize these dmwns Descriptons d thedischarge
optiors, including their alvantages and dislgantages and facw®contrbuting to their
consideation, are presented Chapters 3 and 4.

1.4.4 Discharge Permit |ssues of Seawater Concentrate and Discharge
Regulation

The primaryenvironmentl issuesthat are theaasorsfor discharge permiting and permt
imis include:

e the salinity tolerance of aquatic species,
e the concentration of source water constituents to hatevels, and
e discharges with discoloration and low oxygen content.

These are all long-time recognized environmental itnisaaes. A more recently identified
issue (Jenkins et al., 2012) associated with coraterdischarge is the impact on marine
organisms because of shear and turbulence assocititebenhigh-velocity diffuser jets
discharging the concentrate into the receiving wates issue has not been widely
researched or addressed in discharge permits, and tter iederred to the literature
(Jenkins et al., 2012) for details.

The report focuses on the three primary environmentagssthat have been globally
recognized and addressed in the discharge permits frdme states and countries reviewed
in the report.

Several other issues are associated with regulatorgrgqpedand the process of providing
the information requiretb determine discharge permit limitations that address th
environmental concerns. Theissues Hect he pemitting processthrowgh their efed on:

studies performed to develop d&dr permit gplications,

e analytical laboatories poducing numericé data for pemit applications and for pemit
monitorng requiremert, and

e aregulatory agencg framework and basis for develmpipemit pdicy and makig
permit decisios.

Thesissues are described in Chapter 5.
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The project provides an overview betfederal ad state regulatoryrémework for issuig
NPDES pemits, the methodology usea) the regulatory agencies in determining discharge
permit limits, and discussion of the issues identifipr@viously.

The states with the mbactivity in and considetion of SWRO are Cdornia, Florida, ad
Texas This propd focusesn detding disclarge permiting in these three stage

Because oftte high level of SWRO desalination project implemeiatatin Spain, Aigralia,
and Israel, as reflected in Table 1.5, and becafube level of sophisticton of the
dischage reguldions in these countri thereport adodiscusses their disalye pemitting
issues.

1.45 Concentrate M anagement as Part of a Desalination Project

A final context item thatframes SWRO NPBESdisctarge pemitting is how it fits within the
sequencef events associated with thensideration, development,ra implementéion of a
desdination project.

A SWRO project typically incides a number of phassech as:

a feasilbity study

conceptual or prelimary design

pilot teding

an environmental review and permitting
final design

construdion

starup and opeation

Although represented here as a linear sequence of pharsesphases may overlap and
happen concurrently, such as when construction bpgmsto completion of the final
design.

Because oftte critical nature of conceragte pemitting to the geneal feasidlity of a
desdination project, it is addressed a¢ #Harliest stege of desdnaton plant consideation —
that is, the feasibility study phas&t the mnceptual or prigminary design phase of project
development, gificant detail of all permits requicEfor the desknation plant, includig
right of way, land acquisition, pilot system, intake systemonstrugion, and opeation
pemits, as well as the disalge pemit, are identified Most of the pemits have
environmental oncerns associated with them, whate identified and evaluadan the
environmental review and permitting pha$kis documet precedes issuance of sapermits
as it isused to supportheissuane of pemits and appiovals. All permit conditions and
environmental mitigation measures are reflected initiag design, construction, and startup
and operation phases of the project.

Theissuane of an NPESpemit takes place within a sequeraf several phases of project
development and usually occurs when all environmemrtéews are complet@ecause of
thecomplexity of hebroader full desalirteon propd pemitting as well as the dedicate
project fowson the NPDES pemit, the broad prejd context will not be addressed further i
this repat.
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Table 1.5. SWRO Discharge Options and Example Facilities.

Plant Country/State Size Start Year Comments
[MGD (ML/d)]
NEAR-SHORE OUTFALL

Ashkelon Israel 85 (322) 2005 No diffusers

Hadera Israel 72 (274) 2010 No diffusers

Santa Catalina California 0.13 (0.5) 1991 With diffusers

OFFSHORE OUTFALL

Gold Coast (Tugun) Australia 35 (132) 2009 Tunneled outfall
with diffusers

Sydney (Kurnell) Australia 66 (250) 2011 Tunneled outfall
with diffusers

Perth | Australia 38 expansion to 2006/2012 Tunneled outfall

(Kwinana Beach) 63 (143/239) with diffusers

Perth Il Australia 37/74 (140/280) 2011/2012 Tunneled outfall

(Bunbury/Binningup) with diffusers

Melbourne Australia 110/414 2012 Tunneled outfall
with diffusers

Adelaide Australia 40/80 (150/300) 2011/2012 Tunneled outft

(Port Stanvac) with diffusers

WWTP OUTFALL

Santa Cruz California 2.5 (9.5) Plantin planning  With diffusers

Barcelona Spain 50 (189) 2009 With diffusers

Fukuoka Japan 13 (50) 2006 With diffusers

POWER PLANT OUTFALL

Tampa Bay Florida 25 (95) 2007 No diffusers

Alicante | Spain 18 (68) 2003 No diffusers

Alicante Il Spain 18 (68) 2008 Short outfall;

no diffusers
San Pedro Del Spain 18 (68) 2006 With diffusers
Pinatar |
SHALLOW WELLS

Stocklsland Florida 15 (.7) 2000 Shallow wells

Marathon Florida 15 (.7) 2000 Shallow wells

Sand City California 0.3(1.1) 2010 Shallow wells
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146 Summary of Background and Context Information

This brief distission of the project conte orients and explaingi¢ project foais on SWRO
discharge pemitting and the approach taken in accoriighing the progd obgdive. The
proed work was primarly information gathemg followedby the analysis rad synthesis of
the informatn obtained Information was gathered from intactions with regulatory agenae
and SWRO facties, as well as from theuldishedliterature.
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Chapter 2

Desalination Plant Discharge Characterization

2.1 SWRO Residuals

Typicdly, seawater desalitian plants genete thefollowing three key sidestream

(1) concentrate from memame sak separaton, (2) backwashwater fromti pketreatment
sygem, and (Bmemirane flush water from the periodic ahealy enhanced cleaning [clean-n-
pbace(CIP)] d RO andpretreatment mendoes (f membane pretreatment s used; sagife 2.1).
The othe two sdestreams Bovnin Fgure 2.1(fiter-to-waste and out-of-specification permeate)
are d anntermitent nature and have/dume and ortent of ortamnans that are sevel orders
of magntude smédler than those of the three main sideams.

Durng normal dedaation plnt operation, @centrate s molced cortinuously, whereas spent
fiter backwashwater s only gaated after every backwash cycle of each firatioi an cel of the
pretreatment systemhivh can be as long as 24 to 48 h whewventonal ganular melia fiters are
used for pretreatment, and from 30to @Dites for membrane pretreatmeritsys. SparRO

and pretreatment mendime cleaning sidgreams are generated inteteritly (typicaly every one to
six months).

2.2 Concentrate

Concentate is geneated as a by-mduct of the separatin of the mineals fromthe seawate
used for desalingon. This liquid stream contains st@f the souce waters dissolved dinls
in concentrated form,osne pretreatmentdaitives (i.e., residual amountéapagulars,
flocculant, and antiscalants) and other chensicahdmicrobial contaminantsral
particulates rejdedby the RO membanes.

2.21 Quantity

Corcentatequantty s afunction of the delpation plant size and resery. Desénaion phan size
5 defined as the freshwateogiricton capacty of the pant. Typicaly, plant oeery s expressed
as the parentage of the totaloume of sine ource water that s@vertednto freshwater by the
desalnaibn plant. The reovery rate of SWRO plants s typlya40 to55%. Operabn at higher
plant reovery resuks in the geneiat of asmaler orcentratesoume ¢ higher sinty.

The ddy voume of concentrateqaliced by the desalnat plant canbe cakulated bgth
folowing formula:

Q,=Q,x(1-R)R (2.1)

where (%/andQc are the wumes of the plant freshwateogicton flow artl concentrateldw,
respectively, and R s the plant recoveryaairdal
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FHgure 2.1. Desalination Pracess Sidestreams.

Appying Formul 2.1, a seawater desdon pant prducing 10.6 MGD (40,000 fiday) 6
freshwaterand openag at £%recovery (R = @5 wil geneate corcentrate of the flawing
voume:

Q. seavater plant= 40,000 riiday x (1- 045)/0.45 = 48,889 fiday (12.9 MGD)

222 Quality

Corcentate watemqueity depends on thgeity of the s@ne source water, the sak rejec
charactestics of the dedaaton memipanes, and the delpation plant reovery. Hgher seawate
sainty, SWRO memiane salk rejetton and desalin@n plant recovery yield higherocentrae
sainty

Seawaterarcentrate usug has 1.5 to R tmeshgher mineal cortent than the source water
Concentate TDS catbe calculated aafunction of seawater and pduct water TCB
corcentations and plant remery (R) as follows:

TDS,=TD§ x[1(1-R)]-R x (TDS)/(1-R) (2.2)

where the plant recovery, R = product water flow rate
seawater flow rate

The bn concentation factor based oh00%regedion canbe calculated fom the following
equdion:

CF =1/(1-R) (2.3)

where CF = concerdtion factor, dimensiless.
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For more acurate calculdion, if the memiane salt passagesp) is known, the concenation
factor carbe calculatedising the following formuh:

CF = [1- (R xSPJ/(1- R) (2.4)

Where SP, the salt passage =1 - salt rejection;egadtion = permeate TDS/feed TDS; all
guantities are expressed as decimal.

Because RO memines regd sane chemicals better than otlsgvariable concemttion
factors may gply to specific chemicas. Exactly how the salinity concemgtion factor impacts
the dsposal of concenéte depends mainlpn the meansf disposal. Irsane cases,volume
minimizaton (high salinity concemstionfactor) may be prefeed, whereas in cases where
the mncentate is tobe discharged to waterwas,achievng lower TDS concentation is

usual more important tharoW volume.

The salinity oncentation factor is primaiily limited by the increasng osmdaic pressuref the
geneated concemtte. FOrRO seawater desalinati systems, thisriit is approximately 65

to 80 parts perhiousand ppt). The combined edfd of memlvanerejecton and seawater
concentation typicdly renders the optimum reeery froma single-pas SWRO system to be
as bw as 40 ta15% (R = 0.40-045). Therefore, concerdtionfactors for sige-pass seawater
desdinaton processeare oftenin a range of 1.5 to31.

The followng rules carbeused to predict conceate quality basedn seawate
characteristics1) RO membanes regct heary metals in a similar ratio as they do calcium
and magnesium; @) most organicsare regded in excesof 95% (exceot for organicsof very
low mokaular weght); and @) the pH of concentate is geneally higher than thepH of
seawater écause concerdte has lgher alkdinity.

If pretreatment 5 used, the RO meanie feed water has lower levek of certaorsttuent (ie.,
particulates associated heavy metak aaigansms, and padies) than theaurce waterUness
speciically targeted for pretreatment removal, trdssoed metal concentrations are materialy
unchangedHowever, seawat@retreatment may resuk n a sightrease n the content of
horganic ions, such as Bate, chioride and ron, in the RO siem feed water if coagulants and/or
pretreatment with disinfectants are usedc@ntrate may akoarian reglua organics from seawater
cordtionng with plymers and antscalants.

Corcentate hadow turbidty [usudy <2 Nephelometric Turbidity Units (NTU)] arlolv total
suspeded ids (TS ard biochemical oxygen demand (BD) evek (typcdy <5mgL) because
mast of the partculatecortaned in the water are rexed by the desalnanh plant pretreatment
system However, if plant pretreatment sidestreamsdisclarged abng with the concentate,
the blend may contain elevated turbidity, TSS, and occasionafyCB Acids and scale
inhibitors added tahe desalindion plant seawateare regpdedby the SWRO memtanes in
the mncentate and also have an impaan its overall mineral content and quality. Scake
nhbior levek n the concentrate are tyfya20 mg/L.
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2.3 Backwash Water

Spent fiter backwshwater (backwshwater) isawaste strem periodically produced by a
desdination plants pretreatment fitation systemDependng on the type of pretreatmen
system used (gnular or memianefitters), the backwashwater wil vary in quantity ad
quality.

At present, the nsiwidely used backwshtreatment procssis gravity settig in
conwentional or lamella plate sedimetiva tanks fdlowed bysdids thickemg and
dewatemg by belt fiter presses arentrifuges (se Figure 2.2).

Spent wahwater flommemlvane pretreatment systemsusually treated in separakéF or
ultrafitration (UF) membane modules or lamella $ers. Flter backwahsedimentaon
tanks are often degined for a retetion time of 3 to 4 h and alw renoval of more tha®0%
of the backwahsdids.

231 Quartity

Backwash quantity nidy depends on the type of pretireant (ganular melia or membane
fitration) and thedids cortent n the source water. Udyagranular medaifaton pretreatmen
systems use 3t6% of thentake source water for backwagih.commnson the backwash wate
geneated by memiane pretreatment sgms s 5 t0@% of the totalolume of thantake soure
water.

®

AN\

CLARIFIED WATER
[ | TOWARDS SEA

HAWAIO

BACKWASH
| WATER

|_|F‘

THICKENER

|“ SUPERNATANT

SLUDGES

POLYMER

.

FILTRATE

DEWATERED SLUDGE STORAGE

LANDFILL

Figure 2.2. Schematic of a Typical Backwash Treatment System.
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The ddy voume of backwash water can be cakulated as aduntithe poducton capacityb
the desaton plant, the plant recovery, and the voumbaaikwash water as a percentage of the
plant intale water fow as folows:

Qu = Q, x (BW/R) (2.5)

whereQ,, and Qare the ddy flows of backwashwater and planbghict water capacty,
respectively, dpressed n n¥day; R i the dedaation plnt reovery expressed as a percentage of
ntake water; and BW i th@lme of backwash water expeed as a percentage of the voume of
the plant intake.

Backwastvoume increases wih tierease of source water turbdty becausdtee €ycles
between two backwashedaten (because of accekrated soids accumulationom the firation
meda), and thdters therefore need to be backwaghee frequetly.

2.32 Quality

The man cosituents of the spenitér backwash water are the source water soidevezhby tle
pretreatment Semand the spent coagulant (f coagulant s usebfoce wateradtionng pior
to fitration). Compred toMF or UF membane pretreatment fitsrgranular media fites
typically requirergerdosages of coagulant for pretreatmemd therefore contailarger
amounts of dmls. Dependag on the souce water quiity and the pretreatmetrte chndogy,
memlyane pretreatment may beccessfily opeated withat theadditon of coagulant.
Spent pretreatment fiter backslavater may aloinclude fiter aid am coagular.

When feric saks(ferric chiorde or faic sulfate) areised for saline source water coagulation,
backwak water @rtains a mix of coagulatedil and oloidal particles and ferrisydroxide The
concentratn of TSS n the spent backwash water castresged as a funoh of the TSS
corcentrabn of the seawater and esage of thegpied ron coagulnt ug the folowing
formula:

TSSy = (TSS+0.8 x Dose,) X Q. (2.6)
wa
whereT SS,, and TSSare the TSSatentrations of backwash watend source water, respectively
in mgL; Dose.s the deeof ferric sak expressed as ron concentration, igL; ard Q,, and Qare
the ddy flows of desainain plnt backwashwater anthke source water, respeeely, n
nt/day.

Using Formul 2.6, the TSSicentrabn of the backwash water geaied by the pretreatmen
system of the 10.6-MBD (40,000-n /day) desdnaton plant descrbed in the previous example,
wih a TSS orcentrabn of the seawater of 25mg/L, that 5 treatedfgitiic chioride coagulant at
admsage of 5.0 mg/L (ason) before pretreatment, wil be

TSS. =(2.5 mg/L + 0.8 x 5.0 mg/L) x 40,000%tay = 58.5 mg/L
4444 mi/day

This example dicates that backwash water could corgagniicant amount of solds, and t
concentrann could exeed the 30-mg/L TSSlischarge limit (secondary treatment standard for
WRRFs) commony appied for surfae waterdscharges.
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2.3.3 Disposal of Spent Backwash Water

If equaized and mixed wih the désation plant orcentrate, the TSS backwasinzentation

could be reduagtbelow the regulatory thrbdd for suspended solids (i.e., 30 mp/lAs

ndicated in a previous example, a 10.3-MGD 0@Bnt/day) seawatedesdnaton plant operaig
at%% recoverywil havedaiy corcentratefischarge sume of12.9 MGD (48889 n/day)
Becausearcentrate can be assumed tedie of suspaded oids (TSS = 0 mg/L), the TSS of the
blend 0f48,839 ni/day of mrcentrate and444 miday ¢ backwash water with 58.5 mg/L 085
wil be

TSSiens = (585 mg/L x4444 ni/day) + (0 mg/L x 4889 nt/day) = 4.9 mg/L
(4444 niiday + 48,889 fiday)

This cakulkibn ndicates that blending thercentrate and the backwash watérbe benefical
However, the conuously bw salls cortent carorly beachieved if the backwash water arel th
concentrate are mixed and eigeal before thedischarge. Inpractical terms, backwashwater
from the washing of the rda of the individual pretreatmeiitdr cds s generated padicay, ar
soids lbad dscharge s evenly ditrbuted unless t saeeized. As aresly i the spentiter
backwash s releasedast s gatezl, eveni bleded wih the concentrate, such reeaslecause
dscharg TSS sjkes of undesable magnitide. Therefore, backwashwater i typcatored n
equdzatbon tanks and released from #etanks at a nearastant rate. The rekeased backwash
water my undergo dedbrinaton and pH neugization (f needed).

Because ferric hydroxide (commonly known as rust) is redlor, the backwash water of
pretreatment systems using ferric coagulants is discbldieerefore, a direct discharge of
the backwash water into a surface waterbody withoutlegtion causes discoloration of the
entire plant discharge. Although iron contained inbhekwash water is typically not
harmful to the marine environment, concentrate disc@oraisually is not acceptable from
an aesthetic point of view. To address this challeregulatory requirements often
necessitate backwash treatment im@site solids handling system to remove the iron
hydroxide. Such treatment s of critical importance & desalination plant discharge wil be
disposed by shallow beach well injection or by skhalbr onshore surface water discharge.

Although surface water discharge after blending with eotrate is the most commonly
practiced methodf spent fiter backwash disposal at present, altermgtia¢ small plants,

this sidestream could be discharged to the sanitargrder further treatment at the local
WRREF. Usually, coagulant contained in the backwadkmean have positive impact on

the WRRF primary clarification process. However, backwaatemmay inhibit the

secondary biological treatment of the wastewater beals high salinity. Therefore,
discharging spent fiter backwash water to the sangavyer requires careful consideration of
the impact of this discharge on the operation of theivieg WRRF In addition, possible
effects of the discharge on the wastewater conveyameemaeed be considered.

Besides iron, other conditioning chemicals that magdmeained in the spent fiter backwash
water include flocculants, chlorine compounds, aeidd,biocides. These conditioning
chemicals are usually in quantities that do not tasignificant impact on the overall
desalination plant discharge water qualty after thiati of the spent backwash water with
desalination plant concentrate. Because such conteditdion is of critical importancé

the mitigation of the environmental impact of the sféer backwash water, most
desalination plants have an interim retention (buffe®) fanblending the desalination plant
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waste streams prior to their discharge.

Another opion becomng a widely pacticed backwahmanagemst alterndive is on-site
treatment prior tauface water disarge or recyclingupgream of he filtration system
Thefiter backwash water mubttreated at tamemlyane treatment plant when its direct
discharge does no mee suface watdsodywater quiity requiremers.

The sétled fiter backwahwater can be eitherqiibsed of with the de$raaton plart
corcentate or recycled at the head bétpretreatment fiation system for rese. It may ke
more cost-Hective to recycle adreuselie sdtled fiter backwahwater rather thamt

dispose of it with the @ncentate. However, when considering the recyclingoofsite-treated
backwash water to the head of the desalination piameful consideration should be given to
the potential for recirculating sludge polymers andnip@her process chemistry changes
that may result from such recycling.

Blending and disposal withtie concentate may be more beneficial if th@acentate water
qudity is inferior and if it canat be disposedf to a surface waterbody withioprior dlution
with a streanof lesser siinity. Thesdid residuals (stige) retainedn the sedimenttion
basinare often dischrged to hesartary sewer idiquid form (typicdly practiced at small to
medium plarg) or dewatered on-giin a deginatedsdids handing facility.

2.4 Disposal of Spent M embrane FlushWater

Memlranes used for seawater pretreatment and RO diepdnave to be cleaned perodicavih
chamncak to renove foulants accumulated on the meane surface ding rouine plan opeations.
Because the cleaning s completed without remdtiagne mbanes from tie memivane vessels
that crtain them dung normal opeation, suchackeaning process s refed bas ckean-n-phace
(CIP). The type and combimat of CIP chencak are selected based @nghedominant type of
fouing acurrng on the memiane surface (particulate, coloidal, anga or mcroblogical).
Because oftemae than one type of foulngcaurs on the mennne surfaceg combinaibn of CIP
chemicak may eed to be used to recover menaitie performance. The typicaleanng frequency
of the RO memtanes is three to fouines per yar, and that of the pretreatment
membranes is six to eight times per year.

Memlrane tains are usudly cleaned sequentially. A chemical cleggdution is circulatel
through the membanetrain for a presetime. After the cleamg sdution circuldion is
completed, e spent cleamg sdution is evacuated émthetrain to a stoage tank, and the
memlyanesare flushed with permeate (flush waterhe flush water isused to remveall the
residual cleanig sdution fromthe RO tain to prere thetrain for normal opeation. The
flush water is stored samtely fromthe restof the plant permeate in a flushria

All membrane cleanng streams listed previouskre typicdy conweyed to one or more \sh
water or buffer taks, often namedscavager tanks” for reterion andtreatmentThese taks
mustbeable to retain the waste clergsdution from the simultaneas cleanng of a
minimum of two memianetrains and at least two CIP cleaning and flushing cydies.
scaveger tarks should be equipped witmixing and pH neuglizaton systemsThe mixng
system shouldeinstdled at the botim of thetanks to provide compleé mixing of all the
cleanng sdution streamdisted previously.

After mixing with flush water, the conceaation of the spent cleamj sdution chemicals will
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be reduced gifficantly. Thespent membrane cleagisdution should be neutlized to gpH
compatibé with the pH requirements for diselmgeto the wastewater tecton systemAt
many plants,only the mat concentated first flush is dischrged to the wastewaterlkEation
systemThe restof the flush water usuly has only itace levels of contaminantnais mest
oftensutable for a surfaewater dischrge (i.e., disclarge to heocean or other @by
waterbody) As indicated previously, delsaetion plants are often provided witthdfer tank
that receivesrad blends all plant waste streams prior to disgé (Figure 2.3).

Thebuffer tank issametimes equipped witapH adugment system to contil disclarge pH
and an amation system tamix tank mntent and to boost the oxygen of hedischarge. Sub a
configuation is mast common for ocean water disalmes.

It is essential that the WRRFsewer system flow limitations and requirements and
pretreatment requirements are fully understood and tateaccount in developing the
approach to managing the spent flush water from CIP agigidbarging such water to the
wastewater collection systeithe volume of discharge as well as the chemical abiated

pH need to be compatible with both the sewer comesaetwork and th&/RRF's

operation. All waste stream discharges to the sewerayare usually regulated by local
utiity requirements, and this desalination plant atream has to be pretreated (usually by
pH adjustment) to comply with such pretreatment reqérgs

241 Quartity

The tial quantty of the spent CIP chemicak dependbarite of the defation plant, th
number and type of the pspretreatment and RO membranes, the quantty pedfythe
memiyane foulats, the foulhg potential of the source water, aedtype of fouing tha
accumultes onthe memdme surface.

RO UNIT

SEA
WATER

POST- TREATED
ot

B N TREATMENT [~ WATER

v
L Flush % X

Water Tank

CIP " [P v

UNIT LA R
iy

AUTO - _—— ) _—
NEUTRALIZATION b >-> ol —, . .
TANK \Z TANK \Z »

TOWARDS
OUTFALL

Flush Water Filtrate and Permeate

Spent Flush Water

Figure 2.3. Schematic of a Waste Stream Management System.

Typicadly, the cleaningauton volumes gemated during a CIP of RO memdmes are 1.0to0 1.8
L/n7 of membrane surface (0.025-0.04FGa This \oume doesnd include the flush wate
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voumes. The total cleaningision voume i estimated byddng the totavoume of the RO
systemand theterconeding ppe wume. Thevoume of the RO sfems cakulated aslows:

Vo system — N x vat>< Nepv x Ap x Uy (27)
where

Vro systenS the @ume of the ROystems

N 5 the number of RO & »

Nyt 5 the number of g=els per tra,e

Nepw B the number of eements pessade

A, B the total memiane surface area of one RO eemeri) (emc
e Uy themit cleaing voume (L/).

For example, in 40.6-MGD (40000-m/day) RO ggemwith sk RO trias that have 72 RO seek
per train and sevéin. elements per sl and given RO elements wilsurface areaof 37.2m
as wellas 4900 fi§00 m) & aveagedstrbuton system ppe wih adameter of8 (200 mm), the
tatal voume of cleaning aution for all RO trans s approximately 57,020 galls,840 L) per
cleanng chenical and per ceaning event. Ths voume s cakdissumngcleanig voume of
1.5 LUnt of membsanearea. The sume & stimated as folows:

Vo sysen = 6 RO trdns X 72 vesseks per trah7 RO eements perseelx 37.2 nf per RO
element x 1.5 L/fnof cleaning sluton = 168,740 L (44,580 gal)

The volume of the cleaningigtion for thel50 m of pipe of 8 n. (200 mngameterd (3.14 x
0.2 x 0.2/4) 1500 m = 47.1 = 47100 L (12,440 gal.

Ths voume s speciic for each amealouton and RO sstem @rfiguration. RO sgtem
cleaning 5 often completed in mukipieps, so theotal anrual voume s the sum of the volume
used in eacstep. Depending on the foulanalow-pH solution 5 usuly falowed by one wila
high pH. The tras are ako cleanedseps.

Atypical approachfor arge ROima (100 veselk or more) i to frst cleanthe modules n cak-h
of the vesek n the frsstage, then the other haf the frst stage, anahélly al modules in th
se®nd stage.

Memlrane clkeanng sdlowed by dainng the spent cledang chemicak and fieg the FO
membyanes. Therefore, the wiesreams gemrated duing the RO train cleaning are)(1
concentrated v&te cleaningaution, (2) frst flush, (Bspent fush water permeate fromreecuive
fushes, and (4) fush watencentrate.

Concentated waste cleamj sdution contains e actualspent membane cleanng chemicals.
The qudity and quantity of this stream was described in detaVipusly. Flush water
residua cleanng sdution (first flush) is hefirst batch of clean duct watemsed to flush the
memlyanes afteriierecirculaton of cleanng soluton is discotinued This first flush
contains diuted residual cleagisdution Flush water permeais thespent cleamg water
used for seveal consecutive menmbne flushes after the fit flush. This flush water is of low
salinity andcontainsonly trace amounts of cleang sdution. Flush water oncentrate is the
flush water remmved from the concentate lines of the memmbne system dumg the flushing
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processThis water contains venytle cleamg chemcds and has alightly higher salinity
concentation than the flushg permeate.

The tial voume of flushing water for clkeani@nROsystem depends on the size of RO sptem
and of the ndividual tias andonthe number ofifferent cleaing chemicak gpied pe cleaning;
as aruke of thumb, filmg watenoume isfve to 10 ines mae than the voumaf the cleaning
chemicak.

Itshaud be pointed out that the totalaal voume of the menmiane fush water s usba less than
0.1% of the totakolume of the tatadischarge flow, and therefore ts impact ondbeharg water
queity s nsgnificant In many case$pwever, his sdestreamdscharged to thwastewater
colection sgtem. Discharge wi requre ampal of the local WRRF, and the compitip of the
sidestream flow kevel and chemical contentwih the lovadtewater faiity’s operation bauld be
corsidered arly n the design proces

Asauming that three different chacalk are used for cleagiand that the volume of fush water s
sevenines the vume of the cleaning chacals, for the previous example of a 40,000y
plant, the totavolume of memiare fush water generated for one ¢ieg of the entre RO system
wil be 3 chenicak x 21840 L x (1+7) (for chamicak and fushng water) = 1,726,720 L/ckg
=456,200 galRO sstem cleanngThe aveageis approximately 76,000 gal per RO trai

Ifal RO memivane trans are cleaned foures per year, then the tot@ume of the menmiane
flush water for the entre yearis 26720 L/D00 x 4 fmes =6910 ni/year (1824800 galyer).
Taking under orsiderabn that the dediaaton plant vil prodice40000 ni/day x 365 days =
14,600000 i of freshwater per year, fdig example, the totareual voume of the memisane
flush water sorly 0.06% of the plarits anrual pioduction flow and kess than @@ d the total
plantdscharge flow.

242 Quality

The water quily of the spent membne clkeanngaution (contanng CIP rékiak) reids the
chamcd charactastics of both the spent cleaningusion and the material raved from the
membraa systemduing CIP. Reaction wih foulants tends to rase thejpktid ®utons and
lower tha of basioores.

Table21 presents typical ckeaning formulations develdpeenove \arous types of foulants.
Sone of the cleaningautions, suchastoc aad, may havarektively hgh BOD orcentraibn
(2000to 3000 mg/L) and therefore maytabute to the ncrease in the BOD kvel of the
desdnaton pln dscharge. Others, such as phogp andniric acid, canaddndesrable
nutrients to thelscharge.

243 Disposal

When bleded wih the dedaaton plant orcentate, which has veryow nutrient and BOD
cortents anéseveal-order-of-magntude kargaolume, spent membrane flush water steam
usually dona resuk nameasurable impacton the sunidong envronment. lanincrease n
nutrient aaddor BODload i thedischarge from spent CIP cheal s imied because of site-
specific regulatory requrensnthese wate streams are typhadrected to the sd@ary sewer fo
further treatmeratthelocal WRRF.
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Table 2.1. Typical Membrane Cleaning Solutions.

Foulant Type Cleaning Solution(s)
Inorganic salts 0.2% HCI;
(e.g., CaC@, CaSQ, BasQ) 0.5% HPOy;
2% citric acid
Metal oxides 2% citric acid;
1% NgS;04
Inorganic colloids 0.1% NaOH;
(sits and particulates) 0.05% sodium dodecylbenzene sulfonate;
Biofims and organics Hypochlorite;

hydrogen peroxide;

0.1% NaOH/0.05%;

sodium dodecylbenzene sulfonate;
1% sodium tripolyphosphate

1% trisodium phosphate;

1% sodium EDTA

Notes: CaCQ = calcium carbonateCaSQ = calcium sulfateBaSQ, = barium sulfate; HCI = hydrochloric acid

H3sP O, = phosphoric acigN&S,0, = sodium hydrosulfite; NaOH = sodium hydroxide
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Chapter 3
Seawater ConcentrateDischargeMethods

3.1 SurfaceWater Dischargeof Concentrate

Secton 1.4.3lists he most widely used seawatarcentate disclarge methods:

e Surface water discharge via new outfalls

o onshore or near-shore outfall

o offshore outfall
e Surface water discharge via existing outfalls

o wastewater treatment plant (WWTP) outfall

o power plant outfall (co-location with power plant)
e Subsurface discharge via shallow wells

This chapter disgsses hefirst four of these methodshe lastis disaussed in
Chapter 4 aing with other, lesseused methods.

Surface water disege invaves the disposal of conceate fromthe desknaton plant to @
open watebody sich as a bay, tidal lake, brackish canal, river, eaoc Each of these
concentate management methods has benefitstditions, and potential engimental
impacts on the aquatenvirorment (Hoepner ahWindelberg, 1996; Hoepner1999; Rhodes,
2006) which are diswssed in this chapter.

3.1.1 Impacts of Surface Water Discharge on the M arine Environment

Key impacts of discharge on the receiving water marvea@ment may be due to the
discharge watés quality characteristics, including salinity, congit concentrations, and
toxicity. The degree of impact is also dependent on the chaisticteof the receiving water
environment including the water quality, the spegtfiarine population, and hydrodynamic
conditions Water quality standards are developed for each areaesttipdimpact so that
requirements for the discharge water wil be met quiekihin a short distance from the
point of dischargeThis requires a certain level of dilution to be achiewdhin set
regulatory physical limits (i.e., mixing zones).

The dilution necessatyg meet regulatory limits may result from the following:

e hydrodynamic conditions (wind, waves, tidal movemeuntrents) of the receiving water

e discharge conditions (velocity, size, depth, and gardition of the discharges; i.e.,
number and location of the outfall diffusers and exbeit at the diffusers)

e co-discharge with other effluents (such as wastewaterdrégfRRFor cooling tower
discharge from a power plant)

e pre-dilution with source water (i.e., augmentation)

Mixing zones and dilution requirements are defineshexessary, for salinity, chemical
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pollutants, and toxicityA key environmental issue has been salinity andeleed whole
effluent toxicity (WET) requirements for surface discha@ensequently, much of the
discussion in this and the following chapters focusethe effects of salinity.

For a desalination plant discharge not to causetarimaimpact on the marine environment
that receives it, this discharge has to be mixed thfreceiving waters and diluted to
generally within 10% of ambient salinity levels imemsonably short time commensurate with
the tolerance of aquatic life and within a short dis¢aftom the discharg&he “10% from
ambient salinity rule” is an industry-wide accepted criterion that is based on the broader U
Environmental Protection Agency (U.S. EPA) environmeatdi-degradation rules, which
applyto all constituents that do not have specific numenitsl Another reason for noting
the “10%” reference is that natural salinity in all oceans varies at least within 10% (and
sometimes more) of average annual levels becausesafredavaporation rate variations,
and therefore marine species are already adapted tasutde of variations (Jenkins and
Wasyl, 2005b).

The size of the regulatory mixing zone is mainly drigrthe sensitivity of the marine
species inhabiting the discharggowever, because the actual species and the regulator
determined test species can vary from location toigathis size can vary significantly
from one project to another.

The federal framework for determining effluent limitatiortke need for and design of outfall
diffusers, and mixing zone size to meet effluent linotest is discussed in ChapterBhe
resulting effluent or discharge limitations are part offfRDES permit required for
discharge State-specific requirements are discussed in Chapter 7.

3.2 ConcentrateTreatment Prior to Surface Water Discharge

Usuelly, concentate fromseawater desalitian plants has ammn compodion very similar ©
that of heambient seawater, and therefore its direct ocsahedgedoes not pose ion-
imbalance-driven toxicity cllanges Therefore, seawateoncentate can typically be
discharged to the ocean withbaddiional treatment, espetyaif the souce seawater is
cdlected by an opeocean intake. However, concentrate generated fromrbegadi plants
with subsurface intakes could have an elevated cootéon and manganese, which may
result in concentrate discoloration and noncompliantie discharge limits for iron and
manganese if such limits are contained in the apiceegulations Not all state regulations
have maximum limits for iron and manganese; for exartipeCalifornia Ocean Plan does
not have such limitations, but regulatory requiremeht&orida and Texas do.

Usually, concemgte is either dischargeding adiffuser system or is hieled with souce
seawatedown to a séinity level that is safe for direct diszige without the reed for a
complex difusbn structure The actual maximum salinity threshold that does aanise
impact on the ambient marine environment is very sgiecific and depends on the
salinity tolerance of the marine organisms inhabitihg discharge are&or example,
site-specific salinity tolerance studies completagting the environmental review of
the Carlsbad and West Basin seawater desalinationcirajdicate that the maximum
long-term salinity level that will not cause strdesmarine species is 40 pgtor very
sensitive marine species or lower source-water sadnitgich levels could be lower.

To date, the U.S. EPA has not established a maxiragoeptable salinity threshold,
and indirectly such a threshold is defined based ol \AthHdies California decided to
establish a maximum salinity threshold 26100 mg/L (2 ppt) over ambient conditions
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in their latest Calfornia Ocean Plan amendmeérite threshold is applicablat the
edge of the salinity mixing zone rather than at thet pof discharge.

Although bleading concentate with ambient seawater prior to discharge istiaddy simple
to implement, it may &t in an elevatd impingement and entainment of narine organisms
and in additional enegy use to clled the sourewater reeded for @ncentate diltion
Federal regulations of the Clean Water Act [ 40 QER3(f), where CFR is the Code of
Federal Regulations] alv blendng with souce water tde consideredn a case-by-cse
basisuncer certain ondtiors:

1. if technology-based treatment requirements are not isuffito achieve the standards;

2. if the discharger agrees to waive any opportunity taesiga variance under Section
301(c), (g), or (h) of the Clean Water Act; and

3. if the discharger demonstrates that such a techricine preferred environmental and
economic method to achieve the standards after tisadeoation of alternatives such as
advanced waste treatment, recycle and reuse, larabdispghanges in operating
methods, and other available methods.

As anexample, the biedng of desalination plant concentrate with river wat@rgo its
discharge totteriver was permitted for the TauntBWRO plan. Blendng with souce water
prior to disclarge (other than wit coding water from power plants) is discouraged i
Cdifornia because of the additional entrainment anghgmepnent related to additional intake
volumes. It should be pointed out, however, that the NPDEShdisge permit of the Carlsbad
SWRO desalination plant allows blending of the pdistharge with intake source water if
the discharge salinity exceeds the maximum perntitegshold of 42 ppt and if cooling
water is not available for dilution because of theddwn of the power plant with which it is
colocatedBlending with source seawater is also conditionallpwedd for the Tampa Bay
Desalination Project if the temperature of the coolirgewof the power plant with which it
is co-located exceeds 38°C because of the potentithdgermanent damage of the RO
membranes.

Whereas seawateoicentate fromopen ocean intakegpically doesnat require treatmen
prior to disclarge, if subsurface (well) inka is used to cdect souce seawater, the plan
corncentate may be discolored because of an elevated caadientof iron and sometimes of
manganesd he source water may haasery low oxgen concemgtion or may contain
other contaminants such as ammonia that mggetrthe el for addtional souce water or
concentate treatmentExperience to date shows that the manganeseawater collected by
subsurface intakes (e.g., vertical wells, infitratioallagies) is not usually atlevels above
those of ambient seawatétowever, iron is almost always observed in oroemagnitude
higher levels.

Often, souce seawater dected fomalluvial coastal aquiferBy beach wells contains high
levels of ion and manganesn reduced formn many applications, swch souce seawater is
processed throughe desalingion plant pretreatmenta RO facilties without expgure to

air (i.e., xygen), which legsthe ion and mangansein adissolved, reduced formin which
theyare colorlessBecause ironand manganesse easy renmoved by he RO memlyanes,
after membane separatintheyare retained inhe concentratdf this concentate is exposed
to air, iron will cmnwert fromareduced form (typic8ly ferric sulfide) b an oxidized form
(ferric hydroxide). Because feic hydroxide (commonly known as rust) is red in colowyill
discolor the oncentate, which degades the dwal gopearane of the dischrgearea.
Therefore,lieiron in the souce seawateresds to be oxidized raremoved in he
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pretreatment system tdaessthe elevated @n content, or the conceate reeds to be

treated by sedimerttan to remove the feic hydroxide An elevated content of manganese
could cause dark brown or black discoloration of thehdisge, but usually the levels of
manganese in source water collected using subsurtakesnare not as high as those of.iron
In addition to discoloration and the associated atistiegradation of the discharge area,
discharges of iron and manganese could result in ngrieoce with the numeric limits for
these metals if such limits are included in the reigala At present, the California Ocean
Plan does not have maximum discharge limits for irahraanganese, but applicable
regulatory requirements in the states of Florida and J@xa

If a large deslnaton plant delivers concentrate with low dissolved oxy@@O) to he
suface watebody, the discrge could cause ggen depletion \ad stressto aquat life.
Therefore, suchacentate musbere-aeated before surface water disabe to reach the
target DO content, that is, the DO contefnthe receiving surface water; depending on the
applicable regulatory requirements, this could be 4 rfrginimum) or 5 mg/L (daily
average) or could be within 10% of the ambient DO cioimatdon of the receiving waters
The risk of low DO levels is discussed in Section 6.5

As with any potable water supply, soemeater protectinand sotce water influences ca
have an impacbn a deslinaton plants source water qlity and consequelty onthe
concentate qudity and the constituents of concern fiss management. Potential sces d
pdlution of souce water supply aquifers or surface waterbodesexiging landfils,

pesticde use, sept tank leachate fiels, indudtrial and niitary installatiors, and cemeteries.
Intakes adtherefore discérges from desalirieon plants with polluted source watesrtain
elevatel concentrationof contaminants related to the source water pollutantces. e
compounds of concerranbetreatedy a number bavalable tetindogies, including
enhanced sedimentationti@ated @arbon fitration, ultraviolet irradigon, hydrogen peroxide
oxidation, and ozortgon However, lecause these treatment systaeed to ke constructed
in addtion to the RO system, this supplemental concaettreatment mameauably
increasethe oveall desalinated water pduction cost.

3.3 NewOnshore, Near-shore, or Offshore Outfall

3.3.1 Description

Discharge of concentate and other deslmatbn plant waste streams thighua newsuface
water dischrge system (neastore disclarge structureonshore discharge structure, or
offshore outfall) is widely useid SWRO desalin#on progas of all sizes.

More than90% of the large seawater de$naton plants worldwile dispose of their
concentate throwgh a new outfall specifidy desgned andbuilt for that purposeExamples
of large SWRO dedimatbn plants with new ocean oulifa for concentate disclargeare the
36-MGD (136,000m*/day) Tuas Seawater Dd@mton Plant in Singapore, the 165-MGD
(624,000-nVd) Sorek plant in Israel, and the majority arfje SWRO plants in Spain and
Audralia (see Table 1.5).

The main purposeof outfalls is to discargethe plant concemgte to a surface waterbodyan
enviomrmentdy sound marer, which in pactical terms means to minize te siz of the
mixing zone of the dis@ige, in which he sdinity is elevated abovdn¢ typical TDSrange of
toleranceof theaquatt organisms inhating thearea.
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The two key options avable to accelgte the concentemixing with the water of the
receiving waterbody are (1) to redy the naturlly occurring mixing potentialof the tida
(suf) zone and (2) to disengethe concentate beyondthe tidal zoneand to install diffusers
at the ad of or along the length of the disaige outfall to improvemixing. Although open-
ocean near-shore tidally influenceongs of the sea usually carry a significant amount of
turbuent enegy and povide much bettemixing than the end-of-pipe-tgpof diff user-outfall
systemsuwch ores havalimited capacityd trarsport and dissipatehesdine disclargeload
into the suface waterbaly. If the massof the saline discarge exceeds hethredidd of the
tidal zone’s salinity loal trarsport capacity, the exsssalinity begins to @cumulate in e
tidal neand could utimately resut in a bng-term salinity increment in this @e beyond the
level of tolerance of theaquatic life in he area of the discduge. Thereforehetidal neis
usually asutable location for salinity disclargeonly when it has adequate capacity to receive,
mix, ardtrarsport this dischrgeinto thesuface watebody (ocean, river, bay, etc.Jhe site-
specific salinity thresholchixing and tansport capacityof thetidal zone in lhearea of he
desdination plant discarge can be determinaging hydrodynamic nodeling (Blennger and
Jirka, 2008.

In the United States, most states allow oceanzolaés to be used for concentrate disposal.
Two examples are the near-shore discharge of the CafBA&D plant, which is only 700 ft
(212 m) offshore and the onshore discharge of the Tampa Bay Desalinakiont, where
discharge is into a discharge caiaith of these plants rely on the natural tidal mixing
occurring in the area of the discharge in combinatiaih eencentrate dilution by blending
with cooling water from an existing power plant.

Examples ofdrge new dedmatbn plants with discarges in be tidal neare the 95-MGD
(360000-m°/day) Ashkelon seawater desaliian plant and he 72-MGD (274000-nt/day)
Hadea SWRO plant in Israel (Figure 3.and he 36-MGD (136000m*/day) Point Lisas
SWRO plant in Trinidad. It should also be noted #lBSWRO desalination plants in Oman,
Saudi Arabia, United Arab Emirates, and Bahrain andrbau of desalination plants in
Spain also use onshore discharges.

For small dedmaton plants (i.e., plants with produen capacitiesf 0.3 MGD or1000
m’/day or less)the outfall is typicdly constructed as an openeed (somémes perfeated)
pipe that extends senathundred meters inthé¢tidal (hgh mixing intensty) zone of he
receiving waterbody. This type of disobe usually relie®nthe mixing turbuence of the
tidal zone (for ocean discrges) to dissipate Hte concentate andto reducehe discharge
salinity to ambiehcondtions.

Ocean outfalls foralge seawater desaliian plants usually exted0.3to 1.2 miles (500 to
2000 m) offshore b@ndthe tidal ore. Larg ocean outfalls &equipped with diusers to
provde the mixing necesaty to prevent the hest saline discargeplume from acumulating
at the ocean Itmm in theimmediate vicinity of the dis@mge.
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Figure 3.1. Near -shore Discharge of the Hadera SWRO Plant, Israel.
Source: IDE Technologies, afsraeli desalination company

The length, size,ral configuation of the outfall and diffser structures foakge desalintion
plantsare typicdy determined basewh hydrodyramic or ghysical nodeling of the dischrge
mixing and the diuser structure fohe site-specific ondtions of the outfall locéion
(Purnama et al., 2003; Purnama and Akani,2004; Blennger and Jirka, 2010).

Examples of desalination plants with new offshore dstfale all large SWRO plants in
Australia: the 38-MGD (143,0003day) Perth | (Kwinana) plant; the 74-MGD (280,000-
m’/day) Perth Il (Binningup) plant; the 35-MGD (132,008aay) Gold Coast plant; the 66-
MGD (250,000-rYday) Sydney plant; the 80-MGD (300,008/day) Adelaide plant; and
the 110-MGD (414,000-ffday) Melbourne (Victoria) planfA number of SWRO plants in
Spain (see Chapter 9), Cyprus, and the Caribbean alsoffisivere pipeline outfalls.

3.3.2 Potential Environmental Impacts and Discharge Feasibility

The main chdlenges associated with geting the most appropriate locati for a desalingion
plants outfall disclrge are the following:

e findng anarea without endangered species that is not alreadysstie

e avoidng areas wheedischarge may reach mwine reserves, parks, and conservation areas
(called Marine Protected Areas in the California OceamPla

e avoidng areas wheedischarge may affect indigenouspecies that may beagiculardy
sendive to changes in salinity

e avoidng areas with frequent shippingraffic that could dange the outfdlfacility and
changeamixing pdaterns

e idertifying a locdion with strang uncerwater currents thalew quick and effecive
dissipdion of the concentate disclarge

e identifying a disclarge locdion that is in relatively sHisw watesand close tohie
shordine, to minimiz outfall construdion expenditures

Key envirormental considetions associated with the management of conaientisposal to
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suface waters include the salinity tolnce of aquatic spdes nhabiting the dischrge area,
the @ncentation of sane souce water constituents to potentialyaimful levels, and
discharge discoloation and low DO content.

The key issues to address during the feasibility aviaiu of the disposal of desalination
plant concentrate to a surface waterbody include (Bsassent of discharge dispersion and
recirculation of the discharge plume to the plant mfgR) evaluation of the potential for
WET of the discharge; (3) determination of whether thehdisge water quality meets the
numeric and qualtative effluent water quality standajsicable to the point of discharge
and established by regulatory agencies; and (4) detgioninof the aquatic organism salinity
tolerance threshold for the site-specific conditionshefdischarge location and outfall
configuration, to design the outfall for dilution tha¢ets this threshold within a minimal
distance from the point of discharge. Overviews of keyremmental challenges associated
with the surface water disposal of desalination pl@atthdrges in the United States and
abroad are presented in Chapter 6.

Salinity dispersion of the concentrate is of criticgbamiancein the assessment of the
potential environmental impacts of a desalinatiomtpladischarge on the receiving aguatic
environment. More detailed discussion of models us@dddict salinity dispersion as well as
other studies typically neededto complete the emviemtal review of medium and large
desalination projects is presented in Chapter 5.

3.4 Co-disposal withWastewater Effluent

3.4.1 Description

Co-disposal of SWRO concentrate with wastewater efflirst he benefit of the
acceleated mixng that stems fsm blendng the heavier-than-ocean-wat@ncentate with
the lighter wastewateffluent. Dep@&dng onthe volume oftie concentate andon how well
thetwo waste streasare mixed prior to hepant of disclarge, heblendng may reducehe
sizeof the wastewater disalge plume and dilute same of its constituest Co-disclarge with
the lighter-than-seawater wastewater effluestatceleates the dissipain of the saline
plume by floding this plume upwrds and gpandng the volume of the ocean water hwit
which it mixes.

Use of existing WRRF outfalls forancentate disclarge has the keadvantages of avong

the costs andreironmental impacts associated witietonstructin of anew outfall for he
seawater degaaton plant. Mixing of thebuoyant wastewater diselge with the heavier-
than-ocean-water conceate promotesite acceleated dissipéion of both the wastewater
plume (which tends to float to thocearsuface) andthe concentate (which tends to sk
towards heocean bttom). In addition, concerdte often contains metals, organicsda
pathogens at concentrations an order ofnitude lower than those found in the wastewater
discharge. The presence of concentrate can thus reduce thal evaste dischrge concentation
of these itemsby an amount dependent on the relative concentratichsaumes of
concentrate and wastewater.
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3.4.2 Potential Environmental |mpacts

Seawater concenate may trgger ion-imbalance-based toxicity whenrued with
wastewater and disalged to a surface waterbody wétkignificantly differenton
compositon in the receivihg water. This impact is sitgpecific and will need to e
invedigatedon a case-by-caebass.

Bioassay tests completed blendsof deséination plant concemntate and wastewaterffluent
fromthe El Edero WWTP in Santa BarbgI@A, indcate that this bled can exhibit toxicity
onfertiized sea urchinStrongylocentrotus purpuratus) egg. Thedesdinaion plant
concentate andthe wastewater plant effluent did not exhibit ¢iiyi separately
Unfortunately, he plant ran forarelaively short pend of time, and the exatcauses of this
synergisti toxicity effect were not studiedhd determined. Rrallel tests on dediaation plant
concentate diluted toasimilar TDS concentation with seawater rather thavastewater
effluent did not shovewch toxicity dfectsonsea urchins (SCCWRE9H; WRA, 2011).

Long-term expsue of red sea urchirte the blend of concentate fromthe Carkbad seawater
desdinaion denondration plant and ambient seawater daigjedby theadpoent Encina
power plart confirm the fact that sea urchins catrvive elevated salinity aditions when the
discharge isdevad of wastewater.

The mostlikely factor caisng thetoxicity effectonthe sensitive rarine species is the
differenain ratios between major ions(calcium, manesium, sodium, chlate, and sufate)
and TO5in the wastewater-effluent-concentrate blend awamthose found in seawater.
That is, as thmajor pn ratios deviate fomthose found in seawaterpnimbalance ma
trigger an effluent toxicity #ect Such toxicity is aoreferredto as majoradn toxicity
(Mickley, 2000.

The SWRO memianes reject all major seawater miglédons at gproximately hesame high
level As aresut, theratios betvween the concentations of the individual major mimel ions
that contifbute to heseawater diaity and the TDS of the concerdte areapproximately lie
same as thegsatios in ambient seawaterherefore, mrne organismsre not generally
exposed toandtions of ion imbalance if this conceste is diedly disposed of in the ocean.

An additional @vironmental concern of combining wastewater and idestan plart
discrarges is that the ¢in salinity may cause wastewater contaminants ama ctimstitue rgt
to aggregate in prticles of different sizes than theyomd otherwise. This could selt in an
enhanced sedimenian of samne of the metals anddids contained irhe WRRF effluent and
could potentilly impact bentlui organisms and phytoplamkt in the vicinity of the exising
discharge.

3.4.3 Feasibility Considerations

Although theuseof an exising WRRF outfd may £em dtractie for its simplicity and low
constructn coss, this disposal mébdhas to be evaluated for sggecific chalenges.
Because of potential toxicity eftts of he concentrate-wastewater-effluentrigethe direct
discharge of the seawater conceamte throghexistng wastewater dis@hige outfalls may be
imited to relatively small concenrate disclarge flows. For this conceméte disposal ajon to
be feasible, therhas tabe an exising WRRF in the vicinity of the desalingon plant, and this
plant has to hae availabé extra outfall discarge capacity In addition, thedes associated
with the useof the WRRF outfall must be reanable, andite WRRF owner must allv the
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useof the outfall for concentite disposal. The WRRF ownesamust be agreeable toya
potential nodfications of the existig outfall and the dowime associated with the
implementation of thessmodfications. Usually, this beneficial combirteon of condtions is
not eayto find, especiy for disctarging large seawater conceate volumes.

Other feasility consideations related tohe use of existig WRRF outfa for desénaton
plant concemate disclargeare (1) the potential ®ed for modificaton of the diffuser system
of the WRRPFs outfall because of the alterbdoyancy of the oncentate-wastewater mix
and (2) thecompatibility of he diurnal fluctuatn of the ®condary effluent fow with the
concentate disclarge flow.

The buoyancy of theixed wastewater-effluent-conceate plume adthe aliity of the
exiging wastewater outfadl diffuser system to prale propermixing are ke factors
associated with co-disalgefeasibility. Because the heavieorentrate discdrge wil
reduce he buoyancy of the wastewater effluehgintial momentum ad mixing enegy tha
are ddiveredby the exising effluent diffuser structure wil be altered.

A number of studies show that the heavier the ¢ WdRRF effluent and desalination plant
discharge is, the more energy will be needed to aztiimsame level of dispersion of the
pollutants in the wastewater effluent and the TDBarde salination plant concentrate (Jirka, 2010;
Miler, 2011; Ladewig and Asquith, 2012). Becauseotiginal WRRF diffusers were designied
disperse an effluent lighter than seawater, the addttioancentrate to the wastewater discharge
will cause the need te-evaluate the ability of the existing diffusers to dige the discharge blend
(Ladewig and Asquith, 2012; Miller, 2011j the existing diffuser system can no longer
achieve the level of dispersion of dissolved solidsl aastewater pollutants originally
delivered and dilution defined in the discharge perthie configuration of this system
may need to be modified (i.dy closihg diffuser nazzles oy changng the difuse
configuation and the diedion of the nazzles) to achieve both the original wastewater
polutant dispersal levels as well as the dispergaheo additional dissolved solids
contained in the wastewater-concentrate mix. Thesefeimpad of the concentate
dischargeon thealility of the existng wastewater outfallto pralé adeguate dispersal of the
mixed oncentate-wastewater plumgould be evaluatelly hydrodynamc modeling for the
sizespecific condtions of a given prad.

Co-disposal wil necessitate modification of the WRRF NESpermit. Adequate mixing
usually is defined as mixing that allows the concastsalinity to be reduced to less than
10% of the ambient seawater salinity within the agibimixing zone of the WRRF outfall
while at the same time the dispersion of the wastwmtlutants is maintained at its original
level defined in the wastewater discharge permit. Wedtier outfalls are usually assignad
certain mixing ratio and mixing zone in the WRRF disgbgpermits After blending of the
concentrate and WRRF effluent, the existing diffuser systemnld be able to provide the
necessary mixing and diutioasdefined in the WRRF NPDES perniihe concentrate-
WRRF mixing studies for the West Basin Desalination Bt¢jenkins, 2013) and the Santa
Cruz SWRO Project (Jenkins and Wasyl, 2010) provide funts@hts into the issues
associated with modeling the performance of WRRF ouffiadig blend of wastewater plant
effluent and desalination plant concentrate

Often, seawater delgation plants are opated at a onstant poduction rate; as a reut, they
genaate concemtte discharge with litle or no diurnal fw varnation. On the othe hand, the
availability of WRRFeffluent for the diltion of the deslmnaton plart concentate typicdy
follows a diginctive diurnal \aration pattern.
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Adequate pr@dion of marine life requires a certain mnimum conceaté dlution ratio n
themixing 2oneto ke maintained at atimes However, durg periods ofdw wastewater
effluent flows (i.e, at night), he amount of concentate disposedby the desknation plant
(and therefore hie plant prodution capacity) may bdimited by the lack of scondary effluent
for blending. Intermittent operation of desalination plants orrtbperation atcapacity
lower than design levels may occur in practae such operation typically does not create
diution challengesHowever, usually desalination plant discharge pemaitgire the plant
operator to monitor salinity at all times, includingripds of plant shutdown and reduced
freshwater production.

To addressthis concern, the delgaaton plant opeational regime and capacity magaeal to
bealtered to match the wastewater effluentlataity patterrs, oradiurnd concentate
staage fadity may read to be constructed ate desdinaton plant.

In 2008, the Florida Legislature enacted a statutle (XKIX, Chapter 403, Section 086)
prohibiting the construction of new ocean outfalls famdstic wastewater discharge and the
expansion of existing ocean outfalls for this purpdges statute effectively bans the co-
disposal of desalination plant concentrate with doimegstewater in Florida for any new
desalination plants.

3.5 Co-disposal with Power Plant Cooling Water

3.5.1 Description

At present, co-dipsal of deslnation plant discharge angower plant coding discharge is
mainly practiced at seawater de$nation plants co-sited wittafge coastapower plants with
openintakes. A recent study completed by the WateReusedResFoundation (WRRF,
2013) shows that co-dispodal desalination and power plants is gaining popularity
worldwide. Co-location with an active coastal power plant maycbst beneficial
because it allows the use of both the existing étakd outfall infrastructure and the
warm water from the power planif the power plat’s operation is discontinued, the
cost advantage of this concentrate disposal methbddepend on the condition and
size of the existing power plant intake and outfalfaistructure Because the intake
and outfall usually contribute between 20 to 30%hi total desalination plant
construction cost, the use of these facilities couddd ysignificant cost savings even if
the power plant is no longer operational or is decosionged, as long as the intake
and outfall of the power plant are in good working ctooiali

Figure 3.2 shows a typical configtion of a desalingon plant co-locatd with apower plant
in which the dischrge of the power plant isised both as a sate of saline water fahe
desalingion plant and as dution water for concentratmixing and co-disposal. As shown in
Figure 32, under typical opetional condtions, saline water entefsetpowver plant int&e
facilities and, after sceening, is pumped throgh the power plant ondensersd cool them ad
thereby to renovethewaste heat generated digrthe eédricity geneation process
(Voutchkav, 2009. Typicaly, thecoding water dischrged fomthe condensers i$ to 10°C
warmer thanle souce ocean water, which coutek bereficial for the desdination procas
because warmer lzge water haalower viscosity ad thereforealower osmotic pressure and
enepy for salt sepration However, warmer water temperatures also tend to increase
microbial growth rates, which may have an impact amabial fouling and consequenthn
RO treatment performance.

Co-locaton of SWRO desalirtgon plants with exisng oncethrough coding coastapower

32 Water Environment & Reuse Foundation



plants yields far key benefi: (1) the constructin of a separate delsation plant outfdl
structure is avoided, thereby redwgriheoverall costof the desalinated wate®)(the
environmental impact of the salinityf the desalingion plant dischrgeis reduced aaresut of

the mixing and diluton of the membane concemtte with the power plant discdrge, which

has ambient seawatefiady; (3) because a poot of the dischrge water is converted into
potabé water, thepower plan thermal dischrgeload is decreased, which lessens some of the
negdive efed of the power plant thermal plume ohetaqudic environrment; and4) the

mixing of the desalirt@on plart and he power plant discdrges may rsut in the acceleated
dissipatbn of both he salinity and the thermal load.

Desalination Plant
(RO system)

Pretreatment filters

Figure 3.2. Configuration of a Coastal Desalination Plant Co-Located with a Power Plant.

The hydrodynamic modeling of the thermal plume mixatth soncentrate for the Huntington
Beach and Carlsbad projects (Jenkins and Wasyl, 206kindeand Wasyl, 2005a) shows
that the thermal plume footprint is reduced by appraeipeb0% and that the thermal plume
is dissipated more quickly because the heavier ctraderpushes the warm water down
towards the ocean bottom; the warm water is mixed tiwitrentire depth of the water column
rather than with the first 3 to 5 ft of seawater on tiéase of the ocearmhe propagation of
the thermal plume towards the bottom of the oceansexgiie same thermal load to a much
larger mixing water volume (the entinsater column depth of 25 to 35 ft rather than the first
3 to 5 ft only), which in turn accelerates the disgpadf the thermal load.

The warmer water also accelerates the mixing of theyhesime concentrat&Vithout the
warm water, the heavy concentrate tends to travelwands and settle at the bottom in a
layer with a depth of severalfeet; this layfman slowly dissipates in the ambient seawater
near the bottomrhe warm water reduces the weight of the concentratesrriian travelling
downwards, the concentrate stays within the watentoland gets mixed more quickly, with
the entire water column rather than with the bottomewlayer only Mixing of the
concentrate with the ambient seawater requires enéfily co-location, the mixing energy
comes from the thermal energy of the warm waaéth stand-alone discharges, the mixing
energy comes from pumping or gravity discharge of theexdnate through the outfall
diffusers, where the static energy is converted intdikimaixing energy Modeling of stand-
alone and mixed discharges of concentrate and cosltgr from power plants (Jenkins and
Wasyl, 2001; Jenkins and Wasyl, 2005a) shows tleattked discharge could be diuted to
the same salinity (+10% of the ambient seawater) wathiapproximately two times smaller
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mixing zone than that needed for the concentratealon

As aresut of theco-locdion, thedesalinéion plantunt power costs could be furthe
deaeasedby avoidng the use of he power grid ad the associated fees for pawe
transmissin to the desaliri@on plant. Typicdly, the eledricity tanff (unit power cost)
structure includes two coropens: fees forpower praluction and fees for powegrid
transmission. Oftenhépower ransmission grid porton of thetariff is 30 to 50% of the totd
unit power cost. By conexdting the desdination plant dired¢ly to the power plant etdricity
geneation equipment, the gridansmisson portion of he powerfees coulde sulstantidly
reduced or completely avoided, thereby furthercediithe oveall seawater dediaation

cost. However, if a power plant is not base-loadecHsis the Tampa Electric Company
(TECO) power plant, which hosts the Tampa Bay SWROlidasan plant], it is
exceedingly rare thatit would oper@#h a day, 365 days a year. Consequently, the
reliability of the power supply from a sole-source powepsier must be carefuly weighed
as such a power supply construct may cause therggali plant to be offline whenever the
power station is offlineln practice, however, when power plants are in hot btatwhich
many peaker power plants often are), they operateetain minimal energy production
level termed “spinning reserve” to allow the power plant to increase its production céypa
on short noticelf the power plant is a peaker facilty that only opesaeasonally, in the
“off-seasor,the desalination plant would need either to relpaner supplied from the grid
or to use the black-start power generators of the poast fa receive the necessary
electricity. As a final note, utiity regulators mayt mmnsider allowing a sole-source power
supply contract.

Co-locaton of power and deséination plants may abhave advantages fohepower plar
host. In addion to the benefit of geneating revenue by leasing power plant property to the
desdinaion plant, the power plant kbakogains a new customer with a very fealue
power-use prafe: a steady and continus powver demad and a high power load factdrhis
continuas high-quality power demad allows te power plant hstto opeate its egdricity
geneationunits at an opmal regime, which in turn reduces the kalecosts ofpower
geneation.

Under a typical co-loction configuration, the desdination plantuses he power plan
discharge water as both the so@wwater for deslmnation and the ition water for the
desdination plant concenste. An examg of aco-locaion configuation where hepower
plant disclargeis used only for diltion of theconcentate is he32-MGD (120000-m*/day)
Carboneas Seawater De#aation Plant in Spain. Plant concentrate is disghd to he
coding wate canal of a narby coastal power genation plant and thereby diluted to an
environmentdy safe level before its return toetsea The Garbongas Seawater Defaaton
Plant has a separate openkstande pendent from the int&ke and discharge of the power
plant.

Sharing intake infrastructure has endnmental benefits becauseviois the eed for nev
intake constructin in the ocean and dtd sealorearea near the delsaaton plant The
construdion of a separate new open k#sstructure and pigi@e for the deslknaton plart
could cause a megable disturbance o benthic rarine organismsnthe ocean floor.

Another clear svironrmental benefit oftte co-locaion of power geneation stations ad
desdination plants ishe overall redudion of entainment, impngement, ad entapment @
marine organisms as coayed to he constructin of two separate open ik&astructures-
onefor the power plant and one for the deséifimaplant. This benefit stemsadim the fact
that the total bionss of the impacted atine organisms is typically proportional toet
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volume of theintake seawater. Bysngthe sane intake seawater twice (first foraoiing and
then for desalintion), the net intake irdiv of seawater andarine organismssiminimized.

The length ad configuation of the deslknaton plant concemate disclarge outfall are
closely related to the disalye salinity. Usually, thelower the discarge salinity, the shorte
the outfall and thelessshisticated the dis@rge diff user configtation needed b achieve
environmentally sfe cmncentate disclarge. Blending the desknaton plant concemate with
the lower-salinity power plant oding water often reduesthe oveall salinity of the ocean
discharge to within therange of natual variabilty of the seawater at ¢hendof the discharge
pipe, thereby completeMlaviatng the reed for complex and cdly disclargediffuser
structures.

The power plant thermal disaigeis lighter thanhe ambient ocean water becausef it
elevated tempature, and therefore, it tends to flaatthe oceasuface The heavier saline
discharge fromthe deslnation plant daws thelighter watedovnwards and thergbengages
the entire deptbf the ocean water column into the heat and salifitgipation process. As
resut, thetime for the dissigaon of both dischrgesstortens significatty, and thearea of
their impact is reduced.

It shouldbe pointed ot that seawater density is a ftioa of both tempeature and salinity
Whereas seawater density increases with salinifeateases witlanincreaein tempeature.
A close to ideal ondtion for the co-locatin of desalinéion and power plants i
configuration where the increase in gty of theblend of desénation plant conceméte and
power plah coding water (as corgged to hesalinity of heambient water) is compensated
by the dearease in density of the Iold because of its giner-than-ambient tempature.

For example, inhe caseof the Carsbad Deslmnaton Progd (CDP),illugratedin Figure 3.3,
the aveageannual ambient seawater temgtare in he open ocean nedrgpower plant is
18°C and he seawater salinity 83500 mgL. The seawater density at this temgbere and
salinity is102412 kg/mi. The desalinéon plant conceméte salinity is67,000 mgl. If this
corcentate is not bleded with the varmer and lighter @ding water fomthe power plant
andinstead is disdrged diedly into theocean all8°C, thedensity of he concentate will

be 105003 kg/m. Because the conceate will havea sigrificantly higher density tharhe
ambient ocean watgafter disclargeit will quickly sk to the ocean floor and»gose he
bottom marine habitat 6 asignificantly higher salinity that may hae a detrimental eéd on
aquatt life.

In the caseof the co-located discrge, he concentation of the desalindion plant conceméte
will be reduced Iom67,000 mg/L 036,200 mg/L asaresut of theblendng with the @ding
water, which has ambient salinity. Iddtion, he blend will typically haveatemperature that
is 8°C hgher thanheambient seawater tempiure (i.e.26°C vs.18°C). As aresut of the
co-locaion andmixing of the two disclarges, rather than aking down towards heocean
floor, theconcentate will actually float and quickly mix rad dissipate within the water
column as it raves upvards towards the oceasuface.

For compairisan, the discharge of concentate throgh diffusers has to occur at vergthi

velocity [7-13 fps (2-4 nVs)] to achie adequat mixing, which requireasignficant enepy
expendture associated with the pumpi of the conceméte disclarge (see Figure 3)4
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Figure 3.3. General Schematic of the Carlsbad Desalination Plant.

Historically, coastal power plants have used onceutiira@ooling water systems, which
require large volumes of intake watkrOctober 2010, a California policy (Use of Coastal
and Estuarine Waters for Power Plant Cooling) became &#dotestablish technology-
based standards to implement the Clean Water Act (CS&Aajion 316(b) and to reduce the
harmful effects associated with cooling water intakecttires on marine and estuarine. life
Over time, the discharge permittees’ NPDES permits will be reissued or modified to conform
to the policy. Changes in power plant sub-system desighoperation will take time to
implement, including time for the resolution of polcibeing contested as well as practical
site-specific implementation constraints. More gengraiice-through cooling phase-out
tracks include the following (CEC, 2015):

Figure 3.4. Comparison of the Concentrate Mixing Patterns of Conventional (top) and
Co-Located (bottom) Desalination Plants.
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1. Reduction of intake flow rate to a level that caatteined with a closed-cycle
evaporative cooling syste minimum of 93% reduction is required to the design
intake flow rate.

2. If compliance via track 1 is not feasible, the impimg&t mortality and entrainment for a
facility must be reduced to 90% of track 1 reductions using opeahtarstructural
controls, or both.

3. Alternatively, a plant can comply by shutting down.

Moving from once-through cooling to closed-cycle evatiee cooling systems will
significantly reduce the intake and discharge voluamesin turn affect the feasibility and
benefits of co-disposal (see Section 3.5.2).

3.5.2 Potential Environmental Impacts and Discharge Feasibility

The potential environmental impacts and disgh feasillity associated with co-locate
desdination fadlities are similar to thosof open ocean outfa. Dep@&dng on the site-
specific condtions, for power plant outfés equpped with dif uses, the plants outfall-
diffuser structure mayeed to be nodfied to accommodate the heavier concegit disclarge.

The environmental impacts attributed toetldesalingion plant opeations may increseif the
power plan opeation is discontinued écause the degaation plant would no longer benefit
fromthe mixing effed of its concentate with the varmm andbuoyant power plant oding

water In this situation, sage seawater mayemd tobe cdlected to prode pre-dution of
the concentate o an ewironmentally sfe salinity level prior to its dis@mge, or the discharge
outfall may need to be modified to provide an adegeatd of mixing Colledion of dilution
water mg resut in impingement and entainment of marine organismsThe volume of
source water needed for dilution, however, is typicilys than that needed for power
plant cooling water when the power plant is operatifige environmental impact
associated witta smaller source water intake volume is smaller; howewéh the power
plant no longer operating, the environmental impadmpingement and entrainment will
be attributed to the desalination plant rather ttathe power plant.

This augmentdion of disctarge water with sotce water is allowed in the United Statd8 [
CFR 125.8)] unde certain ondtions The NPDES permits of the Carlsbad SWRO
Desalination Plant in California and the Tampa SeawBesalination Plant in Florida,
for example, allow the collection of additional sousmawater from the power plant
intake (RWQCB, 2011; FDEP, 2013) whenthe power plashig down temporarily or
permanently, or (in the case of the Tampa project)itimaly when the discharge-water
temperature from the power plant reaches 38°C.
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Chapter 4

Other Seawater Residual Management Options

4.1 Introduction

Chapter 3 disgssed discharge of SWRO concenéte to surface water®the managemet
options (i.e., discharge to sanitary sewer, deepimedtion (DWI), land application,
and evaporation), which are presentied in vackish mncentate managemet (see
Chapterl), are not usually feasible for the disposal of SWRO enimate because of the
high salinity and typically high volume of SWRO contrate Further, the availability of
these options is limited at coastal locations bsean factors such as climate, hydro-
geological conditions, and land availabilitsorre of the opions, however, may heed
for the disposal of otme&SWRO deslinaton plant residualsThis chapter discussdwet
applicabilty of these optiopto SWRO residuals.

4.2 Dischargeto Sanitary Sewer

4.2.1 Description

Dischargeto the narby wastewater diedion system is the sead mostwidely used mettod
for the disposal of conceate from U.S. municipal brackish de#aation plans (Mickley,
2009. This ndrect wastewater plant outfall disziye methodhowever, is only suitable for
very smallvolumes of concengte into Arge-capacity wastewater treatrhéacilities, mainly
be causeof the potential negive impacts of the conceate’s hgh TDS content on the
opeations of hereceivihg WRRF. Disclarge of residuals to a WRRF may also affdwt t
WRRFs aliity to meetits disadrge permit requirements. Discharge e saniairy sewer in
maost countries is regulately the requirementspglicable to indigrial disclarges of the
utiity or municipality thats responsible for wastewater ealion system management.

4.2.2 Potential Environmental | mpacts

The discharge of delsaation plant residuals (such as baclshavater spent cleamg
sdution, and memtaneflush water) to the saaty sewer coulghatentially have
envirormental impacts very similar to thoskthe co-dischargeof concentate and WRRF
effluent (see Seain 3.4.2) Regulations that apply to this method are usualillogility
ordinances and codes that define requirements for thesdisof industrial and municipal
waste into the wastewater collection system.

4.2.3 Effect on WRRF Operations

The feasiliity of this dsposal metod is imited by the hydaulic capacity of the wastewater
colledion system ad by the treatment caguaty of the WRRF receivingiedisclarge. A
detdled analysisof the potential impacts of conceate disclargeson WRRF treatment
processes is provided elsewheRar{mer et al., 2008).

Typicaly, a WRRFs biobgcal treatmat processis inhibited by high salinity whentte
plants influent TDS oncentation exceeds3000mg/L (Voutchkov, 2012). Therefore, bedor
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direding desdination plant residuals tde saniary sewer, the incresein the WRRF influent
salinty mustbeassessed, and its eff onthe plants biobgcal treatment system and permit
compliance should bavestigated.

Increasingl, regulatory agenciemrelimiting disclarge constituents includg TDS and
chlorides; local wastewater collection system disgdaelated odesshould be corsuted to
idertify dischargelimits. The TDS Imit of disclargeto saniary sewers is very site specific
In the caseof Carlsbad, CA, for example, theriit is 1000mg/L. TDS discharge into the local
sewer was an issue of concerrthe intial phases of the Tampa SWRO project; thesisgas
related to the discharge of CIP scavenger tank wasté/RRF withavery small capacity
compared to the volume of the discharg@4 MGD versus 5 MGD (1500%day vs. 18,900
m’/day). Because the CIP discharge had an approximately 40 tigiesr TDS concentration
than the WRRF influent (20,000 mg/L vs. 500 mg/L), dests small volume, the CIP water
increased the feed salinity to the WRRF activated slgygtem from 500 mg/L to
approximately 1900 mg/L, which resulted in the upgéte biological treatment process in
the activated sludge tanks.

4.2.4 Effect on Water Reusedfor Irrigation

If the effluent fom the WRRF isused for water reuse, the amount of residuals thabean
acceptedby the WRRF is limited nabrly by the residual diaity but akoby the content of
sodium, chlorids, and boron intte blend because of the talancelimits of crgpsand plants

for these constituents. All of these compis coull have a profound negdive impacton the
redaimed water qudy, esgdally if the effluent is used forrigation. Treatment processes of
a typical municipal WRRF, such as sedimentationyaietd sldge treatment, ad sand

filtration, do not renoveameasuable amount of thesconstituers.

4.25 Application to SWRO Residuals

Because of thegpificantly higher salinity aad concentation of constituents in SWRO
corcentate, its dischrgeto the saniary sewer would be possible only for very small SWRO
facilities and large WRRF sdthus is uriikely to beused Disposalof other SWRO

residuag that have much smaller volumes, inahgdibackwahwaterspent cleamg sdution,
and memtaneflush water, to the saaty sewer is frequentigore. In Florida, lage WRRF
dischargestothe ocean or saline canals and other surface bodresdwerly been

prohibited, makig this option less feasible.

4.3 DeepWell Injectionand Shallow Coastal Well Disposal

4.3.1 Description

The DWI dsposal melthod invdves the injectin of desalindion plant concemgéte into a high-
salinity aquifer thatis confined deep undergiband adequately samted fomfreshwater or
brackish wateaquifers The depth ofwch wells usually aries betveen 1600 and 4900 f600
and1500m). DWI is used for the disposal of conceate fromall sizes of backish water
desdinaton plants wherehesutable hydro-geobgcal aquifer characteristics hae been
found. Desired aquifer characteristics irdan aquife that is structrally isolated fom
overlying drinking water aquifes,hassuficient capacity ® accept concenate over the
lifetime of thedesalinéion plant, and hasuficient permeabily and porosity for an
acceptablendvidual well injecton rate, yetdw enowgh permeality and porosity to eoid
excesive migation. Assuming that the injected water will not beaeered for future use,
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DWI is the only disposal option where the concentnadter is not reintroduced to the water
cycle (surface water, groundwater, or air) and made awaifablfuture use.

The high cost of DWI is an additional limitation iartns of feasibility. So far, nknovn
plants extthat use DWI for seawateomcentate disposaHowever, shatiw exfitration
beach well systems haveeln used for seawater conceate dsposal. Comared to DWI,
beach well dsposal consists of conceate disclargeinto a reléively shdow unconfined
coastal aquifer thattuhately caveys this dischrge into the open ocean thrgluthe botom
sedimerd. Discharge beach wellaremainly used for smallrad medium seawater
desalinéion plans. Shdow coastal welinjedion has fanda practical use at the3MGD
(1250-ni/day) desalintion plant in Sand CityCA.

4.32 Potential Environmental 1mpacts

Wel injection of corcentrate n the bked States s regulated by an undergroundtinfecontrd
(UIC) progam The two major concerns associated witlginjecton wells are (1) leakage
and migration of injected fluid fromthe well or injection aquiferral (2) pluggng of the
aquifer Thesecond concern may lbonsidered moref an opeational concern.
Contamination of above-lying aquifers can be dug@@$ or any of the constituentsf
the injection fluid Injedion of waste can be considered safe if the waste mageates ait
of thewell and out of the injedion zone into other aquiferThe leakaye and migration
concerngare asoassociated with injectn in earthguake sensitive regionsral with
overpressure aang fracture and arthquakes. Fractumgof the confinng layers that islate
theinjedion aquifer flomoverlying aquifers can lead to lead@and contaminatn of the
shallower aquifes. Injection pressuresesd to be lssthan facturing pressureg\t present,
there are no regulations specific to SWRO concentrgiesdi$ in the United States and
abroad; the existing federal and state regulationsgted |underground aquifer injections
applyto this disposal method he state of California has issued a perwmnittfie disposal of
concentrate from the 0.6 MGD capacity@@5n°/day) Sand City Desalination Plant
However, this permit limits the salinity of the contrate to the salinity of the ambient ocean
water.

The Sand City coastal desalination plant includes boackish water feed wells, a shallow
coastal concentrate disposal well, and the assdgggelines and components. Of the four
wells that are used to pump brackish coastal wathetplant, two are in use at any given
time. These wells are more than 60 ft (18 m) deepoaated 200 ft (61 m) from the surf line
and more than 2500 ft (760 m) from the pldrte discharge permit regulates flow, pH, and
salinity. Because the salinity of the intake coastdls used for this project has increased
over time, the TDS disposal permit limit imposewlthe project coastalwell has in effect
reduced plant production capacity to approximately 8®%s design flow (i.e., 0.3 MGD or
1250 ni/day).

4.33 Application to SWRO Resduals

Its unkely that SWROarcentrate would beisposed of via DWI because af tivdabiity of
coastalsuface watedischarge options and the difficultyfinding suitable deep, confined
aquifers. However, as previously niered, dsposal by sHaw beachwell sstems s a bl
opton for smder seawater degaltion phants.
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4.4  Evaporation Ponds

4.4.1 Description

Evapaation pords are shathw, lined erthen basins in which conceate evapoates nateally
asaresut of sdar irradigtion. As freshwater evapaes from he ponds, the mineals in the
corcentate are precipitated as salt crystathichare either larvested periodically rad
disposed of &-site or left in Ehce on the retirement ofhie pond and usef a newpond. The
geneal feasitlity of evapweation pords dependsn climate adspecificaly theannual ne
evapaoation rate. Evaporatn pords are land intensi; the highest net evapration rates,
found in southwestern statese lessthan 4 gpm/acrerhus, the evapation of 1 MGD
(694gpm) of concemate would requie more tharl70 acres of evaporati suface Because
of this andthe frequetly high unit cossfor land and pnd liners, pondsre usedonly for
small volumes of brackish municipaloocentate and are maly restricted to southern.8.
states (see Table 1.3).

Seveal approaches ha been studied to date to enhatbe evapmation rates flom

corcentate dsposalpords, including spray evapeetion, pond agation, and the addiin of

dye to elevatepond water tempeature. Althoughsuch enhancements cagmificantly redu@
land requirements or capital casthepords are stil restricted by tmate and lad

avalahlity and are impractical in the United States for tkpabal of large volumes of SWRO
plant concentrate.

4.4.2 Potential Environmental I mpacts

State grandvater quéity reguldions in the United States requvapaation pords to be
constructed wiht imperviaus synthetic or clayiners for the protean of underlying aquifes.
Typicaly, the conceméte is nd contaminated with hazdousmaterials, and a single-layer
liner is adequate for gradwater protectionHowever, if the oncentate contains any
significant contaminant loading, thewloublelined pond may reed to be constructed.

If the pords are not lined or the pontiner is damaged, portion of he concentate may
percolate to the water aquifer benedtapond and deterioate its water quitly. Therefore
evapaation pond systes) esgadally those usig geo-membane liners, should be equipde
with underground leak-deedion systems that lie beneath the linatternatively, pond
leakaye can le monitored viaa groundvater-nontoring well system with at lest three
monitoring wells: oneinstdled up-gadient to the graodwater flow, one down+gdient, and
onein the milde of the pond systemMonitoring mustbe conducted monthly.

Pond closure plansare typically required as part of peitting to addressthe envirormentad
impacts associated with sloe. Closue usually mvolves removal or decontaminatiof tbe
waste adall system comprents ad the assurance of the maintenan€ée pond cover. In
same state, waste may beft in the pondon closwe. The pond aver integrity and
effectivenssmust be maintained to addsthe efeds of settlng, sulsidence, erosion, or
other events and to prevent romand run-off from erodng or otherwsedamagig the final
cover. Typically, groundwater monitomg is required.

Other eavirormental concerns associated with evafon pords are odor contl andmist
conweyance, whepords are located near jpolation area.
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4.4.3 Application to SWRO Residuals

In geneal, the useof evapaoation ponds for SWRO residuals st practical in the United
States. Evapation pords are land intensive even with enhanced evegtion techniques, red
level coastal lad is typically of hgh value, which redts in hgh land costsThe hgher

humidity typically associated with coastal regions resualiew and possibly nedize net
evapaation rates An example o SWRO project with very successful evaporation pond
disposal practices is the 2.6-MGD (10,000¢ay) desalination plant in Eilat, Israel (Ravizky
and Nadav, 2007).

4.5 High RecoveryandZero Liquid Discharge Concentrate
Disposal Systems

45.1 Description

High recovery (HR) and zero liquid dischar@d.D) systems are considered processing
options in most industries, but in the municipal adeation industry, the use of HR systems
(including ZLD processs) geneally refers bthe addional processp of concentate from

an initial BWRQ electrodialysis reversal, or NF brackish water tiestgon process. There
arenoknown HR SWRO municipal defaation systems in the United Stateayever, there
have been studies addseg salt and other by-product removadrint SWRO concentate, thus
invaving HR SWRO systems (Davis, 2006).

HR processig is widely used in seveal indudries but, primarily because of i costs, has
found limited gpplication in inland U.S. municipal systems (@ZLD system in Clfornia
and a fenHR NF systemani Florida).

The residuals &m HR procesing may be brine, sbéds, ora mixture of he two. The same
concentate managemet options exst as for onventional reovery concentte, althaighthe
brine dsposal options may bedsatractive because of thedti salinity.

4.5.2 Potential Environmental | mpacts

The potential environmental impacts are those e ktdne final processresiduals adthose
associated withhe additional procesing equipment The high brine and sdid constituent
concentations may result in a hamouswastealthowgh this should be the excapn On a
unit volume basi, the high constituent levels meaartjer salt loads, whitwil have greater
impacts on receng waters guface water, graind water, aquifer watg¢and on WRRF
faciities than those ofonventional reovery concengte.

Thermal evapative processig stgps have significant enegy requirements, which are

usually an order of magnitude higher than thosR@fprocesses andighave a hgh carbon
footprint.

4.5.3 Application to SWRO Residuals

To date HR procesing has maddttle inroads into mnicipal brackish water dediaation
primarily because of its gh cost(Mickley, 2009. HR processing is muchsiglikely to be
considered for SWROQatcentate than for brackish conceate for several reasons:
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¢ high capital and operating costs associated withattutional processing required

e absence of a need to reduce concentrate volumes amiy@eource water supplies (that
exists in many inland locations)

¢ lack ofaneed to consider other disposal options as ocedradgge offers economical
and environmentally benign disposal

4.6 Beneficial Useof Concentrate

4.6.1 Land Application of Concentrate — Description

Land gplication of concentate isoneof thefive converional disposal options thateourt

for more tharf8%of all U.S. municipal deslnaton plants As disassed in Chapter 1, as of
201Q land application ecounts for7% of the case$ut noneof the SWRO cased.and
application is clearly not an option for SWRO conizate because of the high salinity
of the concentrate, which would require an excesaimeunt of blending water to
reacha lower suitable TDS level. Although unlikeily theory, land application could be
an option for some other desalination plant residbakdre significantly free of disinfectant,
cleaning chemicals, etc. and that would meet stpéesific groundwater requirements.

4.6.1.1 Potential Environmental | mpacts

Most crgpsand landscape vegdéitamn havelimited tolerance levels for lvaty and specit
water onstituents, and sdifuldup in soils is an additional conceithe concerns are the
same as those disssed in Setion 4.2.4 with respd to water reuse forrigation

4.6.1.2 Applicability to SWRO Residuals

Because of the edfis of salinity ad concentated constituentsn crgpsand landscape
vegetaion, land application of brackish water concerdte is Imited to small oncentate
volumes wheretile if any diliion is necesaty. In addiion, lend application is dep@&dent on
grondwater protetion standards, which vary by state Because ofhte significartly higher
salinity andconcentation of constituents in SWRO conceate, its sefor land application is
unlikely.

4.6.2 Other Beneficial Uses of Concentrate

Beneficial use of concenate was the subjd of a previais WateReuse Research Foundation
report (JordahR006) in which seveal potential beneficial uses of conceate were
identified Seveal were highlighted, including the following:

e oil well field injecion

e Calea’s proprieary MAP (Mineralization via Aqueous Precipitatiprand ABLE
(Alkalinity Based on Low Energycarbon-capture processes

e solar ponds

e aquaculture

e wetlands creation and resdtion
o treatmenbf wetlands

e stormwater or wastewater hiéng
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e subaurface stoage

e fealstock orsadium hypochlorite gemetion
e coding tower water

e dust ortrol and deiaig

Although Table 1.Zsts beeficial uses as a categoryider cmncentate management dpns
(see Chaptet), most beneficial uses amot provenon alarge scale for concentrate, are rarely
avalable, and usually do na represent a final disposal method foncentate (Mickley et al.,
2013. While of imited applicabiity to SWRO systems, for BWR{stems, bcause of the
chdlenges of fndng costeffedive and enviormentdy sustinable concerdte lutiors,
beneficialuses should be consideredlag planning phaseof all inland desinaton plans.

4.6.2.1 Potential Environmental | mpacts

Potential impacts are dementon the spedfic beneficialuse. Because oftteunlikely use of
SWRO oncentate (see ng sedion), he potential envionrmental impactsare nat disaussed
for the seveal potential put urlikely) beneficial use#t present there are no regulations
specific to such concentrate disposal methods iJthieed States.

4.6.2.2. Applicability to SWRO Residuals

The higher salinity ad geneally higher volume of SWRO concemte further Iimits many of
the potential beneficial gpications of he concentate.

4.6.3 Salt Recovery from Concentrate

Several studies involving both brackish water and aganhave demonstrated that technically,
it is possible to remer one or maindividual salts and minerals of valuerfin concentate

by the seddive precipitéion and processg of the precipitate This geneal processis

disaussed in \arious reports (Bellona, 2015; Carollo Engineers, 2009; Swen2905; Davis,
2006; Jordahl2006; Mickley, 2008 Voutchkov, 2012; Mickley et al2013) These references
list salts of vale and gplications for \arious sals and disciss geneal procesing schemes to
recover the salts However, this process has not been demonstrated arehproonomically
viable for SWRO facilties To date, there amo known SWRO desalination plants that have
incorporated salt recovery technologies at the comnierade. HoweveChina’s largest
desalination plant, the Tianjin SDIC seawater multigftistilation plant [53 MGD (200
ML/d)], produces table salt via sending concentra&@aporation ponds (IDE, 2015).

4.6.3.1 Potential Environmental | mpacts

The environmental concerns with salt recoveaye the same as those disssed in Seobin
4.4.2 forHR processesAt present there are no state or federal regulationsfisgedhe
mining of various minerals from SWRO concentrate becafube tack of full-scale
installations.

4.6.3.2 Application to SWRO Residuals

At this time, themdudrial production of most salt materialdy traditiond techndogies is

significartly lesscodly than production from the concentrate of a desalinatant. Therefore,
although it is evirormentdy attractive, thedrge-scale besficial reuse of mineals produced
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from desdnation plant concendte is uttikely to gain ginficant graund in the near future
Sat recovery is not anticipated to play a major role in SW&centate management in the
nea term; however, it represents animportant pustatda moresusainable resaee and
concentate managemet and is likely tobea concept of increagj consideation.

Water Environment & Reuse Foundation



Chapter 5

Regulationsand PermittingPracticesinthe
United States

5.1 Introduction

One of the key environmental impact assessmerneddectivities for a given delgation
project is to identify all ppicable regulatory requirements associated with grgianning
design, construain, and opeation, and to develop a plan to obtain pobjpemits am
licenses sfidating swch regulatory requirements (i.e., the projectniing plan).

Thenumber and typof pemits as well as the pait requirementsrad the regulatory
agencisresponsible for issng and enfacing sich permits ary sgnficantly from project to
proed, country to country, state to state, and emearegional- or local-agency level
Therefore, the penitting processand plansre always pr@a specific.

The Guidénes for Implememyg Seawater andri@ckish Water Dedanaton Facilities
developed bytte Water Resarch Faindation in coopeation with the WateReuse Resedwc
Foundation, the U.S. Bureau of@damation, and the Cdifornia Demritmentof Wate
Resouces (WRF, 2010) pride a geneal overview of pemitting and regulatoy requirements
and challenges in the United StateSexas and California kha state-spedfic general

guiddines for dedaaton progd envionmental planng, review, ad pemitting (R.W.
Beck,2004; CDWR, 2008) These guidelines, however, are not legally bindingilegigns or
regulatory guidelines.

As mentioned in Chaptdr at he conceptual or piieninary desgn level of a desbnaton
plant, synficant details of all permits required fdredesdination plant are identified,
including the right & way, land acquisition, pilot system, intake systemnsgruction, and
opeation pemits, as well @&the disctarge permit. The foosof this report iy onthe
pemits associated witthe dsposal of the concerdte generated by SWRO plants.

This chapter discusses four broad topics:
1. Thefederal regulatory framework, which defines the genenadageh taken by U.S.
states in regulating discharge from SWRO desalinatantgpl

2. Within this framework, the events and information wedl in the setting of discharge
permit limits

3. The environmental and regulatory issues associatedhe regulation of SWRO
concentrate discharges

4. Studies to develop data for discharge permit aplicsiti
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5.2. General Overview of U.S. Federal Regulatory Framework

521 Federa Regulatory Programs Affecting SWRO Concentrate Disposal

Wastewaters are cgtezed under the CWA as etther istiial or donestc. Desdnaton plant
dscharges are thus s$iied as ndustrial wate despte the fact thatthese discharges are
dstnctively diferent frommcst ndustrial treatment facitydscharges. Sexaregulatory ppogams

n the United Statesigress thelisposal of dedaation plant dscharges: (1) the CWA, (2) the UIC
Program, wih ordnances that protect gndwater; and (3) the Resource Begry and

Corservabn Act,which regulates sold vede regualk. It should be noted that at the time of
development of these primary regulations, there werezofdyv, very small seawater
desalination plants in the United Stafélsus, there was no appreciable consideration of the
potential impacts or requirements specific to this fofmlischargeEven today, this
continues as a factor, as there are very imited prexet states for the development of a
cohesive framework for desalination discharge permitting.

The U.S. EPA s dbated to delegate the &atty to operate many federal envronme ntalgams
to states that request delegation and that mestiptiteted qualications and condiioidog of the
delegatable mgams arenov operated by thstates. States that hange been ganted complete
auhaty arend excuded from the peniting processbut genealy work dosely wih thér regional
U.S. EPAoffce in the ajfipaton evaluaibn process The U.S. EPA must obtadtate certiations
prior tossung pemis. Ths processlaws nondelegatedtates to havevce in if, when, and
where a peritee camispose of or discharge sia.

Diposaby suface watedscharge requres an NPDES permt. Besides nurimetg for specific
contamnants and/ET, NPDES permis for ocealscharge typcly cortan receving water
queity provisions developed to comply with antidegramategulations ador polkcies that requre
the plantdischarge to be wihinO%o of the ambient levek of wealy accurring cortaminants and
to prevent the mparment of the receiving wagteity in terms of coloroda, ard visual
appearance.

Because most exstng desalnation plants aredheaCakorna, Forda, and Texas, these dtates

the most experience and the most advanced reguiaioreworks for the permitihg of such proeéitt
three of the primargtates of focus in the United StatesifGana, Horda, and Texas) are delegated
to operate the NPDESggram in therstte It should be pointed out, however, that none of
thesekey states at present has legally binding, desatinproject-specific regulations or
publicly available regulatory guidelineState regulators issue desalination permits for
projects based on their prior experience with similareptsj

Discharge to a WRREB wastewateralection system generaly requires a perrsilied by thdoca
sewer agency or wastewater management utility teedatithe discharge meets is local sewer use
ordnance andwl not cause ssues wih the NRIBEBarge permtsSalinity or TDS is often a
polutant of concern to local wastewater treatmenteigern California, Florida, and Texas
because of the frequent use of wastewater effluent for esusthe need to meet federal and
state water quality criteria.

Corcentate dsposal by land ajpaton (peroiation ponds, rapd ritraton bass, bndscape ah
crop rrgation, etc.) has to comply wih federal aate regulations to protect grolwater,pudc
healh, and crops and vegetation. Lapp@etion ako requrea permt from state agencies.

Corcentatedsposal by DWI s regulated by the U.S. EPA or thpeetve delegated state
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agency uacer the UIC ppgam @ the Safe Drinking Water Act. The related siourction,
montorng, and other permis are ssued anfaced by the U.S. EPAregahor state agency that
has prigiction over the dedaation pln locaton.

The Resource Recovery and Conservation Act reguiatdspbeal of sold wsie geneated by
desdnaton plants, suchas precptdtsas and sdge. If agven plant gerates soids that
contain arsenc or other polutantsoableves that ckssfy them as a hazdaus waste and if such
sldge does not pass the toxic charastieteaching proedure tat, than such stige wi be
corsdered a hazdaus waste and musébandled and disposed af@rdingly.

Itshauld be pointed out thatsludge geated from typical seawater desaination plants oy
ntakes s usUg nanhazardaus and can basposed of to a s#ary kndil wi haut further
treatmentOne exception s the sludge geated by séne water pretreatment wiltomaceous
media fters (such as those used at the Tampa Bay Desaliiitiot), because the
datomaceous mda s @rsdered a hazdous material n the United Statds.compar®sn skoge
from bradish water surces sontimes ortanshigh levek of naraly accurring or anthropogenic
toxc compouncs such as arse and cyanide, kich may requre islsposal to a hazdws weste
andill.

5.2.2 Federal Framework for Ocean Discharge

The CWA's feceral ramework for dischrgeto the ocean ishie same as that for disafge to
inland waterway. States may choose to implement gluiges in different wayand to have
more stmgent reguléions than required by the federal minimum requiremémt€difornia,
dischargeto the open ocean s subject to different remuida (the California Ocean Plan)
than dischrgeto inland waterways, estuaseand bag. In Florida, dischrgeto the oceanrad
to estaries isuncer the same regulation (state regulations are discussedapter 7).

Water quality goals are defined by water qualty stedwid).S. EPA, 2010). The CWA and
implementing regulations require states to develop famth time to time, to revise water
quality standards. The U.BPA’s Water Quality Standard Regulation 131.11(a) requires
states to adopt water quality criteria using sounelnsific rationale and to include sufficient
constituents and parameters (concentrations, pH, efargtect the designated ustate
standards may be more stringent than those requirde I§WA (CWA Section 510Water
quality standards comprise three parts:

e designated uses
e numeric and/or narrative water quality standards
e anti-degradation policy related requirements

Numeric criteria are developed for aquatic life and for huhealth; there may be other criteria
such as for wildlifeor sediment, as well as biocriteria. Narrative criteriaceneeloped by states
where numeric criteria cannot be established or to esongpit numeric criteria.

In addition to the three required components of watditygstandards, states may, at their
discretion, include policies that generally affect hbestandards are applied or
implemented Examples of such policies include:

e mixing zone policies,

e critical low flows at which standards must be achiezeul
¢ the availability of variances.
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CWA Section 301(b)(1)(C) requires that NPDES permits includeeffluent limitations
necessary to meet water quality standafndsere technology-based effluent limitations do
not exist or alone wil not achieve the water quaditgndards, CWA and its implementing
regulations [40 CFR 125.3(a)] require the developmentadémwquality-based effluent
imitations (WQBELSs) Technology-based effluent limitations do not existrfomicipal
desalination facilties, and thus, discharge linotai are based on WQBELSs.

Effluent limitations (the WQBELSs) and other conditionsNiRDES permits may be based on
a parameter-specific approachoora WET testing approach to implementing water quality
standards.

A third approach to implement water quality standawdig biocriteria or bioassessment, is
not directly accomplished through NPDES permit effllientiations but can lead to the
effluent limitation of aspecific parameter af WET (U.S. EPA, 2010).

In summary, the CWA and other federal regulations prakieléramework for permitting
ocean discharges but task the states with develapthgnple menting regulatory and permitting
details The geneal concerns and regulatorypisstraints inclide the following:

e regulation based on the compatibiity of the conceatnath the receiving water (salinity
and individual constituents)

e receiving water quality standards based on its ussifidation

e meeting discharge standards that may be defined by:

numeric limits for specific constituents and parameters

the narrative standards of the specific constituentgparaineters
WET testrequirements

meeting biologcal diversity parameters

total maximum daily loads

requirements related to the anti-cataton rule

0O O O O O O

For ocean disarge, however, total maximum daily loads and thidegadaton rule are
nat often gplied excet for bays and estuies or areas of exceégnalpdiution (e.g, Sana
Monica Bay, which has a total maximum daily loadlfacteria).

For a more detied distission of the federal regulatoryrémework forsuface water
discharge, the reader is refed to Mickley et al.2013, Chapter 6.

5.3 Salinityand WET Requirementsfor Surface Discharges

Although regulations do not spell this out expigitbroject-specific acute and chronic WET
limits or requirements in combination with the mixiagne requirements ultimately regulate
the salinity of the discharge. For example, Florida Bexias do not have numeric salinity
limits in their regulationsHowever, these states regulate desalination planiysahpacts

on the marine environment by chronic and sometimee AUET limits For example, the
Huntington Beach Desalination Plant does not fesalinity limit in its NPDES permit but
hasachronic toxicity limit that defines the size of itsxing zone and ultimately the mixing
or dilution ratio between the ambient water volume thiedsolume of the concentrate.
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At present, countries worldwide do not have numstandards or limits for sbnity contentm
theconcentate disclarge; the disclrge limit for this water quity parametersiestablhed
based onhe site-sgdfic condtions of a given projectHinav et al. 20@®; Sadhwai et al.,
2005; Mauguin and Corsir003. The pertinent federal and state laws in the driéeates
indirectly regula¢ the salinity of desdination plant concengte dischargesby estabhng
WET objectives. WET is amore comprehensive m&ae of the environmental impact of
concentate than a salinity limit &cause VET water quéty objectives ao account for the
potential synergigc environrmental impacts of the conceate’s salinity with other
constituents intte concentate.

According to curent reguléions in the United States, except for California, if sadieaton
plants disctarge meets all wateualty obgdives defined inte appicable federal and stat
regulations as well as acutedarironic WET obgdives, then he proposed disargedoes

not present a threat to aquadife, recardlessof the actual diity levelof this disclarge or
the increase abe ambient salinity that this disalge may cause, becausdWesting
accounts for the salinity-related ermsimental impacts of conceate.

In California, where the latest amendment of the CalifoBigean Plan introduced a non-site-
specific salinity limit ofa 2-ppt increment over ambient salinity, WET testind) vemain a

key permitting requirement. Even if a desalination ptajmplies with the maximum

salinity limit, such compliance would not eliminattge need for this project to also comply
with the project WET limits The California amendment is discussed in greater dretail
Chapter 7.

The numeric limit poses some questionable situatifrasgiven project discharge salinity
passes the maximum salinity limit of 2 ppt above iantbsalinity but fails the WET acute
and/or chronic toxicity limits, the project will bergidered noncompliant with permit
requirementsCompliance with a maximum-salinity-type limit doest guarantee that the
discharge will not havatoxic impact on the environment, because a numbeaahen
organisms are sensitive not only to salinity but &isthe ion makeup and other constituents
of the dischargeHowever if the concentrate passes the WET kesthe discharge salinity is
higher than 2 ppt of the ambient ocean watsalinity, it is unlikely that such salinity would
result in negative impacts on the environment.

Another challenge associated with implementing tpet2salinity limit involves the

definition of ambient salinityThe ambient salinity is definealsthe mean monthly natural
salinity determined by averaging 20 years of historiadihity data in the proximity of the
proposed discharge location and at the depth of thmged discharge, when feasible. When
historical data is not available, natural backgrowrinity is to be determined by measuring
salinty atthe depth of the proposed discharge for tygaes, on a weekly basis, prior to the
desalination facilty discharging concentralis requirement can significantly delay the
implementation of SWRO facilities.

Except for California,no U.S. state or environmental regulation worldwide (inolydthe
CWA) imposes or containrgspecific numeric salinity limit, but all regulation®rgain WET
imits. The addition ofamaximum salinity limit to desalination project permgguirements
introduces onlyaburden in terms of compliance costs and delay to thaat®ry process
because the WET compliance requirements already réfeepbtential negative effect of
elevated salinity on the ambient aquatic life.

The California amendment does allow an owner or opem@tukimit a proposal to the
regional water board for approval of an alternative salimtitation for receiving water
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(other than 2 ppt) to be met no further than 100 m hda#prfrom the dischargero
determine whether the facility-specific alternative reingiwater limitation is adequately
protective of beneficial uses, the owner or operator eatsiblish baseline biological
condttions at the discharge location over a 12-mgeftiod prior to commencing concentrate
dischargemust conduct various chronic WET tests, and musagettoval from the regional
water boad.

5.4 Determination of Effluent Limitations for Ocean Discharge

The determination of effluent limitations for individuabnstituents, of parameters such as
salinity, and of toxicity involves the consideratand analysis of several different types of
information.

Figure 5.1 illustrates the different events and typasafmation typically required in
determining discharge or effluent limitations for oceatilirge NPDES permitas
discussed previoushfederal and U.S. EPA documents provide this framewdrigderally
leave specific policy and implementation requiremeptso the states€Consequently, state
regulations and policies can affect most, if not dlthe events and information items
represented in Figure 5.1.

The boxes highlighted in blue in Figure 5.1 represéfotts or actions required to develop
the information (white boxes) typically necessary towate the dilution allowance that is
then used to calculate effluent limitations (the gre¢).

Pilot tests typically serve multiple purposes sucprasiding performance data for making
decisions on system equipment and treatment ogindgroviding information and samples
for the characterization of concentrate properiiée samples provided by the pilot tests are
analyzed for constituent makeup and concentrationsehss for toxicity (via WET tests).

Together the information from these efforts provides disehprgperties and performance
data (Box 1)Receiving water samples are also taken to determinenthient water quality
parameters (Box 2)f data on receiving water is not available, it musgéeerated; this step
may be a schedule driver.

A dilution allowance or regulatory mixing zone is tgdly required for salinity and may be
required for water quality constituents or parameterdthabt meet water quality standards
at the endbf-pipe. Within the mixing zone, water quality standards carekceeded; because
of the mixing, they will be met at the boundary of tiging zone. Mixing zone policy and
phydcal descriptions and limitations are set by statela¢igns and can vary by stategB

3). Each state defines water quality standards applidalilee particular receiving water in
guestion (Box 4)
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Figure 5.1. Events and Information Typically Required for the Determination of Numerical Discharge (effluent) Limits.
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54.1 Regulatory Mixing Zones

For a desalination plant not to cause a materialdinpa the marine environment that
receives its discharge, the higher-salinity concesmtlgstharge has to be mixed with the
receiving waters and diluted to generaly within 10Barabient salinity levels as soon as
possible and within as short a distance from the digghas practical.

The distance from the point of discharge to the boundawhich the discharge salintty is
diluted to 10% of the ambient salinity defines thaak‘physical mixing zon&.The size of
the physical mixing zone depends on the ambiendliims, which can cause accelerated
mixing (winds, waves, tidal movement, currents), amthe mixing energy introduced with
the discharge of the concentrate, which in turn depemdse velocity, size, depth, and
configuration of the discharge (i.e., the number anditot®f the outfall diffusers and the
exit velocity at the diffusers).

The“regulatory mixing zorigis the zone around the discharge where the dischauoige c
exhibit toxicity towards aquatic life inhabiting tene and where the mix of concentrate and
ambient seawater is allowed to ha®oncentration higher than the maximum concentration
allowed at the boundary of the zone.

The concentrate discharge outfall has to be desigmgdtkat the physical mixing zone
achieved by the outfall design is equal to or smtien the allowable regulatory mixing

zone For exampleatthe Carlsbad SWRO plant, the regulatory mixing zori®@® ft The

use of the existing power plant outfall allows thegitgl mixing zone to be between 100 and
300 ft, that is, to be well within the regulatory mgxizone.

The maximum concentration allowed at the boundarpefégulatory mixing zone varies
from state to state, country to country, and projeptdgct In some states such as Florida
and Texas, the maximum salinity allowed at the damy of the mixing zone is defined as
10% above the ambient salinityn the latest California Ocean Plan, which became faw o
May 6, 2015, such maximum salinity is defined aptamove the ambient ocean water
salinity.

Regulatory bodies of all U.S. states, including Caligriillow the maximum salinity limit
for the regulatory mixing zone to also be establishedhfsite-specific conditions of a
project. The maximum limit is based on the leveliotidn that is required for marine
species inhabiting the area or for predetermined statektrspecies (defined by the
respective regulatory agency) not to exhibit chromiactty. To determine the salinity
threshold at which no chronic toxicity is exhibitedpst regulatory agencies usually require
standard chronic WET testing of at least one maring,ptane fish, and one crustacebm
countries such as Australia, the test marine orgarasmgetermined based on their
sensitivity to salinity at the embryonic phase dwdrtpresence in the discharge zdmethe
case of the Carlsbad SWRO project, the site-specifiadnmiax salinity limit was determined
based on the long-term exposure (six months) of 19 msp|eies inhabiting the discharge
area to a range of salinities between 36 and 48Rgiher than using mortality as the
criterion for impact and for establishing the salinityethold, the threshold was based on the
salinity concentration at which the marine organismisbited signs of stress (e.g., loss of
weight or discoloration) In this case, the limit, based on chronic WET tgstmas
determined to basalinity of 48 pptHowever, the maximum salinity at which marine
species did not exhibit stress was found to be 46gpput the regulatory agency that defined
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the salinity permit limit decided to use a safety nmagd defined the maximum salinity
limit at the boundary of the mixing zone as 44 pjt te average salinity as 40 ppising

the new California Ocean Plan criteria, the limit wdoddthe average ambient salinity (33.5
ppt) plus 2 ppt, 085.5 ppt, which is obviously very conservative when parad to the
actual level that marine species associated wihpttject can tolerate (46 ppt).

Applying the regulatory requirements in Florida and Bexae limit would have been 33.5
ppt plus 10% (3.35 ppt), or 36.85 pltshould be pointed out that these states alsw allo
imits to be established based on site-specifinisabtudies, soit is likely that the limit
would be closer to 46 ppt.

The examples illustrate the fact that the size ofdigeilatory mixing zone is mainly driven
by the sensitivity of the marine species inhabitihg discharge areBlowever, because the
actual species and the regulator-determined tesiespean vary from location to location,
this size can vary significantly from one project tothao.

5.4.2 Mixing Zone Definitions

The U.S. EPA defines two regulatory mixing zoneshasva in Figure 5.2The term “acute
mixing zoné is referred to as the “zone of initial dilution” (ZID). More specifficaly (U.S.
EPA, 2015) states:

In the zone immediately surrounding the outfall, bbthacute and
the chronic criteria may be exceeded, but the acuiéion is met at
the edge of this zone, which is often referred to aadiiee mixing
zone or the zone of initial dilution. The acute ngximone is sized to
prevent lethalty to passing organisms in order to ptdke
designated use of the waterbody as a whole.

In the larger mixing zone, which is often called theoalt mixing
zone, the chronic criterion may be exceeded, butdbie ariterion is
met. The chronic criterion is met at the edge of thieret mixing
zone. The chronic mixing zone is sized to protectitsgnated use
of the waterbody as a whole.

The California Ocean Plan (SWRCB, 2012) and the Californiaaidason Amendment to
the plan (SWRCB, 2015a) both use the téimtial diution” to correspond to the largest
mixing zone of the U.S. EPA figurélere, initial dilution does not mean the ZID. The
definition of initial dilution from Appendix | of the Oem Plan (SWQCB, 2012) is as
follows:

Intial dilution is the process which results in theidaand
irreversible turbulent mixing of wastewater with oceamteraround
the point of discharge.

For a submerged buoyant discharge, characteristic ofrmostipal
and industrial wastes that are released from the sulenauifalls,
the momentum of the discharge and its intial buoyaaat together
to produce turbulent mixing. Initial dilution in thisase is completed
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when the diluting wastewater ceases to rise in thenealumn and
first begins to spread horizontally.

Chronic Mixing Zone

Outfall

Chronic Criterion Met

Figure 5.1: Example Mixing Zones for Acute and Chronic AquaticLife Criteria

Figure 5.2. Example of Mixing Zones for Acute and Chronic Aquatic Life Criteria.
Source: U.S. EPA, 2015

For shallow water submerged discharges, surface dischangkeson-
buoyant discharges, characteristic of cooling wateregaestd some
individual discharges, turbulent mixing results pringafilom the
momentum of discharge. Initial dilution, in these caseconsidered to
be completed when the momentum induced velocithetiischarge
ceases to produce significant mixing of the water,@rdiltion plume
reaches a fixed distance from the discharge to be gakbyfithe
California Regional Board, whichever results in the loweimase for
intial dilution.

The California Desalination Amendment (SWRCB, 2015a), nidddaw on May 6, 2015,
addresses only the regulatory mixing zone for salifitys zone is entirely separate from the
Ocean Plan regulatory mixing zones that address abhiéapts and acute and chronic
toxicity. There is no use of the term ZID in the amendméadtitional detail on the

California Desalination Amendment is given in Seciica 1.2.

The previous discussion reflects the fact that then@ois for confusion with respect to use
of the term ZID In this report, the U.S. EPA definition of ZID is used.

5.4.3 Water Quality M odeling

The effect of concentrate discharge on the receivingnigapeedicted through modeling the
dispersion and mixing of the effluent in the receivingtev (referred to as water quality
modeling in several U.S. EPA documenid)e goal of the modeling effort is to define an
outfall and diffuser discharge system that provides seffficdilution so that water quality
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standards can be met at the edge of an acceptalolg reone Different outfall and diffuser
designs wil give different mixing resuli¥he modeling effort may be conducted for salinity
and for each constituent and toxicity defined by tlgeiledory agencyEach acceptable
mixing zone solution yields a dilution ratio definas parts receiving water per parts
discharged wastewatdt also defines an acceptable outfall and diffuser de@gm 5 in
Figure 5.1) A design that provides a solution for each constita@dt parameter of concern
as well as for toxicity is chosen for implementation.

In addition to the information provided in Boxes 1 tlgtout, the modeling effort also
requires

e aphysical description (depths, seabed topography,ntsiyteles, etc.) of the shore and
discharge area (Box 6), and

e aphysical description of the outfall-diffuser systenpravide an estimate of the
immediate dilution factor obtainable by the systeioxB).

The modeling software then predicts the dispersioneottmcentrate following the initial

diution offered by the diffuser systeiote that in some cases, a diffuser system may not be
required, in which case the modeling software predigtslispersion of the concentrate from
the end of the discharge pipe or site.

5.4.4 Calculation of Dilution Ratiosand Numeric Effluent Limitations

The dilution ratios resulting from the modeling effort ased in the calculation of effluent
imit concentrations via a mass balance equatioh asc

Ce= Co+ Dm X(CO_CS)
where

e C, = effluent concentration limit
C, = water quality standard (objective) concentrationetonet at the edge of the
allowable mix zone
C;s = background (ambient) seawater concentration

o D, =dilution ratio expressed as parts seawater per patewater

Variants of the equation may be defined, such asirCtiifornia Ocean PlanDesalination
Amendment for acute toxicity, where the equation

C.=C+(0.0) x D, x G,

In summary, a modeling effort defines dilution ratios fdinia and for each constituent,
parameter, and toxicity in question, as well as pirayicin acceptable outfall and diffuser
system designThe dilution ratios thus found are used to calculagedischarge or effluent
imitations. The information necessary for conducting the modelingrtafidudes the
following:

e information defined in the state’s regulatory policy and implementation documents (water
quality standards, mixing zone definition and restm)
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e information generated via pilot tests; characterizaticdhe receiving water and
discharge location

e outfall and diffuser system performance and design parasnete

Some of the information depicted in Figure 5.1 (Boxaes®4)is defined in state

regulations Most of the information is developed and suppliedhtostate by the desalination
plant owner as part of the NPDES permit applicatibne statés permitting agency reviews
the adequacy of the data and ultimately makes dasisin the effluent limitations based on
acceptable dat&ffluent limits are typically set as maximums, miningJnor averages over a
set period of time (e.g., maximum daily, average mgntierage weekly, six-month
median).
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Chapter 6

| ssues Associated with the Deter mination of
Effluent Limitations

6.1 Introduction

Issues related to the peitting of SWRO concentite disclarge may be separated into two
aress:

e envronmental concerns that are the drivers for concentistbatge permitting actions
and permit limits
o maintaining the receiving water quality within thdirgtt tolerance of aquatic
species (i.e., the determination of the salinityréolee ofthe marine organisms in the
region of discharge)

o avoiding the concentration of source water constituartsrmful levels

o avoiding discharge that may cause discoloration ofgheiving waterbody and that
may lower the oxygen content in the area of the digeha

o avoiding problematic shear and turbulence effects tieade to the diffuser
discharge of concentrate

e issues associated with regulatory guidance and tlegsoof providing information for
the determination of discharge permit limitations

o WET testing of the concentrate
o moceling of concentrate dispeosi and edrculation to the intke

o protocols for analycal lab tesng of high-salinity samples in general and for various
compounds contained in concentrate such as met%,dnd organics

the staisof state regulatory guillees relevant to desalination plant discharges
classificaion of the oncentate as an inatrial waste

Most of these issues are associated with an evaribonation depicted in Figure 5.The
primary focus of this report is environmental issues aadthese issues are dealt with in the
permitting processrhe following sections discuss these issues inld&tae other issues
listed are identified to provide a broader characterizatiod understanding of the permitting
processincreased definition, clarity, and guidance in thesieeis would benefit the

permitting process both for owners and operators providimymation to regulatory groups
and for the regulatory groups assigning the permit fimita.

6.2 General Environmental |ssues

One of the keyimiting factorsin the construadin of new desknaton plants is the
avalahlity of sutable @mndtions and locations for the diposal of he high-sdinity
corcentate. Thgliquid stream contains rsoof the mineals and contaminants dfi¢ souce
water and pretreatment atilgks in ©ncentated formIf chemica pretreatment is usedich
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ascoagulant, antiscalarg, polymers, or disinfectasitsane or all of these chemicals may
reador may be disposed alg with the plant disclrge concentate. As discussed in Chapter
2, the discharge may also contain smaller volumeshef @esalination plant waste streams
such as spent fiter backwash water and the spentflasér generated during membrane
CIP. As indicated in Chapter 2,etquantity of the concentate is a funtion of the plant
capacity (flow) and remvery, which in turn is highly depelentonthe TDS concemttion

of thesouce water Concentate quality is determinebly the content of mingals and other
contaminants inhie sdine souce water. Chapter 2 disgsses concendte water quantity ad
qudity in greater defa

Because the nsvprevalent médtod of concentate disposabtseawater deg$naton plants $
suface water dis@rge, the foashere isonthe ewvironmental impac of desdination plant
discharges tosuface watersKey enviromrmental issues and congigions associated with
concentate disposal tguface waters include:

o sdinity increase beyond the tokerance thresholds of thetc species in tharea of the
dischage,

e concentration of source water constitggptg., metak, nutrients, raadive ons)to
harmful levels, and

e dischage dscobration and bw oxygen content.

As stated in Chapter 1, these are all long-time repedrenvironmental impact issues that
are addressed as part of discharge permits glol#alipore recent issue, the impact on
marine organisms that is due to shear and turbulersmeiated with the high velocity

diffuser jets discharging the concentrate into the réceiwater, is a relatively new issue that
has not been widely addressed in discharge permisreidently (2015) adopted California
Desalination Amendment (SWRCB, 2015a), which is pattt@fupdated California Ocean
Plan, recognizes this issue and requires the owneeoatop to

e estimate the mortality of all forms of marine life thatas as a result of water
conveyance, in-plant turbulence or mixing, and wesigharge, and to

e complete a mitigation project or participate in a fesdd mitigation program, if
available.

We are not aware ofithissue being addressed in any other state or glavaditing efforts,
and the reader is referred to the literature for additioiafmation on this subject (Jenkjns
2013)

The following sections discuss each of the three key@mental issues listed previously.

6.3 Salinity Tolerance of Aquatic Species

Themain envirormental impact of concenate on aquatt lif e in the vicinity of desalinéon
plant disclarge has typicaly been associated witle $dinity of this disclarge and the ability
of the naive species to tolate this salinity.

There is a sizable gap in the knowledge base congethe effects of salinity on marine
organisms Because of this, general guidelines have been usthé ipast (such as the

60 Water Environment & Reuse Foundation



“10% rule’ — 10% above ambient salinity) when considering pelimits on salinity
Use of such guidelines is now being questioned. SHiieity tolerance of marine
organisms is an area of increasing importance whenligisitadp meaningful salinity
imitations for concentrate discharges.

The maximum TDS concerdtion that carbe toleratedby marine organism living in the
outfall area of a degnaton plant is defined as the salinity t@ace threshold and depends
on the type of aquatt organismsrihabitng the area ofte disctarge and he period oftime
during which theg organismsare exposed to elevated salinity (Mickle3009. Thes
condtions are very site specdifor thearea of each desalinati outfall; therefore, a genal
rule of thumb for determing a salinity toleance threbdd is practicaly impossible to
develp. A complicdion is that may spedes have differing tolerances to salinity at different
ife stages (e.guyernle stages makelesstolerant of changes) This consideation may be
an issue if discdrge is proposedt a site thats a known breeding or nursery groundrhe
exposue issue is also complicatdy thefact that may mohle organisms exhibit avoidance
behavior when confronted with a local unsugadshvironrment.

Marine organisms haveaying sendivities to elevated salinity. S@norganismsare
“osmdic conformers; that is, they have no mechanism totool osmosis, and therefore,
their cells conform to he salinity of their envionrment. A lar@ increase in salinity in the
suroundng marine environment (such as an increase that is due to coratedisclarge)
causes water to lege the cels of the® organisms, which could lead to cellhydration and
ultimately to cell death. Marine organisms that caoraliyt control hesalt content and hence
the osmotic potential within thetels despite ariations in external diaity areknown as
“osmdic regulators: Most marine fish, reptiles, birds, aad mammalsare osmdic regulators
and employ a varietyf mechanisms to comircellular osmosi. Salinity toleancesof marine
organisrs vary, butfew stelfish (scallops, clas)oystes, mussels, orcrabs) or reef-hlding
corals arable to toleate very hgh salinties.

Many narine organismsare natualy adapted to chiges in seawater baity. These chages
ocaur seasonky andare mosly drivenby evapaation from the ocearsuface by rain and
snow deposibn and rundf events, ad by suface water discdrges. Tle natural range of
salinity fluctuations inhe suface waters receivig concentate froma given dedanation
plant could be determined based on infdiomafrom samging statons located in he vicinity
of the dischrge and opeated by néional, state, or local agenciesldiy resarch centers
responsible for surface water dgitg monitoring. In open ocean watethe typical range of
natual sdinity fluctuation is at leat10% of the average annual ambient seawatelisity
concentation. The*“10% increment above ambient ocean salinitythreshall is a @nservdive
measu e of aquatilife tolerance to elevated salinity. The actual safinleranceof most
marine organisms is usuallygsificantly higher than this levelrad often exceeds40 ppt
(Cotruvo et al., @10 Hammond et al199§. For example, gob& whichare one of the nsi
cammon species inhaling Cdifornia coasthwaters, are tot@ant to relatively hgh salinity
concentations andare wellknown to inhalti the Salon Sea of Clifornia, which curertly has
an ambient salinityf 45 ppt. Howeverother conmon organismswch as abahe andsea
urchins hae lower salinity toleances.

The nature, mgnitude and significance of elevated oncentate sdinity impacts mairyl
depend on hetype of marine organisms inhabiy the dischrge area and the length gime
of their expsue. A salinity tolerance stidy implemented ir200b as part of taenvirormental
impact reviewof the50-MGD (189,000-nYday) Carbad seawater delswaton progd, ard
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completed baseah the testig of more than two dozenarine spedes frequetly encountered
along the Cdifornia coast, indicates that (basedWET tests) thesmarine species caragely
tolerate a salinity of 40 ppt (194% alove ambient salinity; Posdon Resouces,2007).

It is also important to note that suysent chronic toxicity bioassay testingngstandard top
smetlt testorganisms Atherinopsaffinis) and completed in confor masaith the NPDES
pemit requirements for the Calhd Desalinaon Propd (CDP) idetified the following:

(1) the no-observed-e&d concentation of the testoccured a2 ppt of concentate sdintty;
(2) thelowest-observed-dfect concemttionwas found to be44 ppt; (3) the plant was well
below he appicable toxicity imit for a sdinity of 46 pptor lower; and 4) the no-observed-
effed time for a60 ppt concentation was 2 h, andhe lowest-observed-effect time for 80
ppt concentationwas 4 h. This means that for a short gebof time, he speciesanbe
exposed taasalinity as lgh as 60 ppt withat any observed edit (PosalonResouces,
2007).

A site nvestigatbn of a number of existing full-scale seawater dieatbn plants opeating

in the Caribbean that was completday scientists fromhe University of South Florida antie
Souh Florida Water Management District (hhaondet al., $98) has concluded that salinit
levels fromd5 ppt to 57 ppt hawe nat caused statisticly significant changes irhé aquat
environment in the area of hedisclarge.

6.4 Concentration of SourceWater Constituentsto Harmful Levels

As indcated previady, salinity-related toxicity to aquatlife is the prime sawe d the
environrmental impacts associated withrface water dischrges However, besides salinjty
the RO memtane separation pro@sakorenoves more tha®0% of mest other constituents
in the soucewater and generaly conceates these constituents Imetdischarge between 1.5
and 2.Gimes, depedng onthe desknaton plant reovery. Thereforesamne contaminants in
the salne souce water (e.g., heg metas, arsenic, cyanide, mites, toxis) thatare
regulated because of their potelhticharmful impactson the ewvironrment maybe
concemntated D levels that exeed acceptable regulatory threstsld

To asssesthe potential envinmental impactof regulated water constituentsycentate
water qudity should be tested fauch mngituents, and the actual levels of the constituents
should be comared to petinent numed regulatory water quality staiards Practical
experience shows that mostcasas,the SWRO concerdte water quality rads the

reguatory standards associated with most surface watei@vever, depedng on the site-
specift condtions andn the dischargconfiguation and locéion, sane souce water
constituerd, other than TDScould potentially exceed regulatory water quality déads.

For example, because metal content in ocean veatatwally low, comfiance with numerc
stendards for toxic metals usualgloes not present a chaillge. However, oncentate that is
co-disclarged with WRRFeffluent may @casionally present a conceredause WRRF
effluent contains metal conceations that may be girer than those irhe ambientsuface
souce water. Similar gtenton to the metal levelsipower plant discérge should ke given to
the co-disposal of power planbaing water ad concentate, especially if e power plant
equipment leaches metalch as cpper and nickel, which may then be concentratedean th
desdination plant dischrge.
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If the desalinéion plant has a pretreatment system tisat coagulants{ch as feric sulfae
or ferric chloride), thewase dischrarges fomthe souce water pretreatment may comtai
elevated oncentations of iron and turbidity that musbeaccounted for when ass#gjther
total disclarge concemgtions (see Chapter 2).

Radionudde levels in ocean water often exd effluent water quity regulatory stadards,
and SWRO plant conceate is likely to contain elevated gsalpha radioativity. This
condtion is not unusuah both Pacit and Atlantt Ocean waters and must be wel
documented with adeqeawvater quiity samfing to avoid potential regulatprchdlenges.

Toxins, sich as domaiacid and saxitoxin, thaire released byetaying algae durig red

tides and other algaldidm events could potentig be lamiful to human healthrelor the
marine environment andare known to cause shelifispasoning. Racticd experience lsows
that even nder severe algal®bm conditions, such toxins typiclly occur at levels that do not
presenathreatto human health thrgih dired ingestion of the de$nated water or
concentate. These toxins could, however, cass$elfish pasonng because they conceste

in stelfish tissue at levels that are seldundredimes higher than the toxin level in the
ambient seawater, at which level theyetthe human health toxicity thresholéor
commarisan, SWRO plants ancentate algal toxins only 1.5 to twantes, ad at sut
concentatiors, these toxingre bebw the human toxicity threshold.

The federal alert level for domoic a@dsaxotoxin toxicity is 80 pg/100 g of shellfish tissue,
and the detection limibf the paralytic shellfish poisoning bioassay is appnaktly 40
ng/100 g (CDPH, 2013). Such threshold levels are expressadits of “content of the toxin
in shellfisi’ because this is the most common path of human esgusthe toxins- that is
ingestion of shelifish witlahigh content of toxins related to algal bladfingesting 100 g
of shellfish tissue is considered equivalent to irggstO0 g of wateithen the shelffish limit
can be prorated to 8Q@/1000 g of water or 800g/L.

It should be pointed out that the measurements dogexand domoic acid completed as a
part of the permitting process for the Carlsbad, West Basth Santa Cruz desalination
projects indicated levels of these toxins in the smaeawater during a 50-year algal bloom
in 2005 in a range of 2 to 2@/L, whichis an order of magnitude lower than the toxicity
threshold listed previouslyThe reason why the contents of saxitoxin and domoid are
regulated in shelffish tissue is because shelfishcoanentrate these toxins several hundred

times in their tissues, which can make the ingestibsuch shellfish harmfuo human
health.

If a constituent or parameter level in the discharge coratergxceeds regulatory water
qudity standards, a mixing zone may be requested focahstituent or parameteks an

alternative, the desalination treatment process or tiperaay be modified to avoid the
exceedance.

6.5 DischargeDiscolorationand Low Oxygen Content

Typicdly, concemntate fromdesalinéion plants with opemsufacewater (ocean, river) intake
has he same color, odor xggen content, anddnsparency as the soce water fomwhich t
was poduced, and anincrease @akase in salinity W not change itphysical
characteristisor aesthetiimpact on the mvirorment Usually, theeis no relaton between
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the level of salinity ad the biobgcal or chemical oygen demad of the deslnaton plant
concentate fromopen intakesTherefore, concerdte geneated by desalinain plants with
open intaks typically does not pose @ificant environrmental chienges in terms of color
and xygen contentIn fact in sane cases,swch plant discarge may havea higher contenof
oxygen thanthe suface waters to which it is disalyed and may actully improve the quality
of the receiving waterbody in terms®O content.

Acids and scale inhibitors are often added to the dedanglant souce water to facilitee
the pretreatment and salt seation processedVith the exception of the hydrogen
(hydronium) ion from acids, thesddtives are typically regtedby the RO memlvanes ad
colled in the concentate. Howeverswch soure water @ndtioning compounds are gplied at
very bw concentations, and their contentloes not gjnficantly alter the water qualityral
quantity of the concerdte. The environmentd implications of he use of such aldtives are
usually well evaluated and tested before thss; andbnly additives thatare proven amless
to the environrment and approveldy petinent regulatoy agenciesire actually aplied in
seawater treatment. Allchemical an@is used at dels@etion plants are typidg of high-
grade purity and are approved for humeconsumption All chemicals approved for the
production of drinking water and used in the desatinatirocess are biodegradable, and they
usually have toxicity levels severalhundred timgbdi than the levels at which they are
applied, so they typicallglo not trigger acute or chronic toxicity.

One condtion that may causaredudion and utimately a depletin of the nateally high
level of oxygen in he concentate fromdesdination plants with open intakes is the
overdosng of the redueig chemical (i.e., sodium diifite or sufur dioxide) that is dded b
renove chlorne from the sdine waterfed to the dedmnation plant RO memiane systemiths
chiorne resulted from the disinfection of the raw water.

Typicadly, areducihg chemical is ppied ata dosage propotioral to he chlorne content in
the souce waterswch that the total chlove residual in the water is reduced tedéhan 005
mg/L; this is done to prett the RO membanes fom oxidaion. Howeversanetimes,
because of opetor error or a monitorng instrument malffuriion, the concentratn of
sodium bsufite may exeed thedosage eeded for the removal of the chlorine metRO
system &ed water In sich cass, the excess conteot reducing chemical that iselt after
dechloringion will react with he oxygen n the souce water and redugits contentAs a
resut, both te desalinéion plant concemate and he product water could wva DO levels
lower than thosof thesdine souce water.

This potential avironrmental chkenge is usualy addressed hginstdlation of multiple
instruments for monitang of chlorne content and oxidation-rediimn potential (ORP) of the
water being treated with redagichemical ad of the concemgte: typicaly, two ORP meters
and one chlonie residual analyzer are installed in sedashe pipelne feeding the RO
system with sawe water. The ORP dfi¢ soucewater is anrndred indcation of its ocygen
contentIn addition, the ORP is meared in hedesdination plant source water and
concentate. If the ORP of the water being treated with recugchemical éaxeases belv
10% of the ORP of he souce water, than hedosage oftte reducing chemical is decreased.

One of the concerns raised during the approvals for @mespih Australia (including Perth
and Adelaide) was not just the risk of low DO in tigekdarge (e.g., through overdosing with
reducing chemicals) but also the possibility thatpglene would sink if not dispersed
adequately and resutlt in low DO levels for benthicagigms as they consume oxygen that is
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not replacedAlthough monitoring has demonstrated that this hascwirred, it was
considered and addressed through the approval process.

Concerns for the potential creation of zones of apoxibeirdischarge zone, induced by
concentrate discharge, were also raised during the tregnitocess of the Tampa Bay,
Huntington Beach, and Carlsbad SWRO desalination psojElése concerns were
addressed by measurement of the DO concentrations dtttarges generated by the pilot
testing plants operated for these projects and byytirediynamic modeling of the

distribution of DO in the water column in the areéithe plants’ discharges. Direct
measurements of the DO levels of the concentrates gedédnathe pilot plants indicated that
the DO concentration of the discharge was usuallyehigfen that of the ambient seawater
and that, therefore, the discharges of desalinatiorisplaith open intakes usualy increase
rather than decrease the DO levels in the area ofdbhadpe The additional oxygen in the
water typically originates from the backwash water dispaalong with the concentrate
which may be nearly saturated with air because fitekwashing procedures usually include
intensive air washing of the fitration mediimilar to all other gases, oxygen is not rejected
or removed from the source water by the SWRO membrdhesefore, usually the DO of
the plant concentrate is similar to that of the anttsenrce seawater used in desalination
When the SWRO system concentrate is blended withigheoxygencontent backwash
water, the overall DO of the concentrate increasedigligbong-term monitoring of the
concentration oDO and marine aquatic life in the vicinity of the disgdefrom the Tampa
SWRO desalination plant as a part of the biologicahitong survey for this plant
(McConnell, 2009) confirms this observation.

It should be pointed out, however, that the obsemnatmesented previously are valid only
for desalination plants with open ocean intakest Blsting experience at the Dana P oint
Desalination Plant in California, which uses slarakat wells for source water collection,
shows the opposite observation (Bell et al., 20BEcause the seawater collected by the well
intake usually containglower concentration of DO than the ambient seawater, th
concentrate of this plant also halswer DO concentration, sometimes at levels of 02 @0
mg/L, which are below the U.S. EPA DO discharge liofit5 mg/L Under such low DO
conditions, the desalination plants using wellkecould trigger or exacerbate apoxia
conditions in the discharge ardderefore, such discharges may require re-aeration prior to
concentrate disposal.

One ondition that could cause th@centate fromasuface water sageto be discolored is
when it is bleded with untreatedpent fiter backwahwaterfromthe desalinéion plant
pretreatmetfacilties, especially iswch backwahwater contains an iron-based coagulant
(ferric hydroxice). Because feic hydroxide hasred color, whenit is bieded with he
colorless concentate, it will discolor the dedimaton plant dischrge and may degadethe
quality of hereceivihg suface waterdf suwchadischargeis directed tagroundwater aquifer
via DWI, it may degade the aquifer water glig and over time decresethe welldischrge

capacity.

A commonly applied sdution to suich envirormental challages is the treatment of spent filte
backwahwater insdids-handing fadlities, inclidng lamella sedimentean with a
subsequent dewatrgiof thesludge cdleded in hesedimentdon tanks by mechanical
dewatemg equipment (centrifuges or belt fiter press@$le dewatered sige which

typically contais more thar85% of the coagulant, is usually disposed of in a lindfsolid
form At smaller dedmation plans, the spent fiter &dwashwater and other pretreatnien
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condtionng chemicalsare disclarged to the narby saniary sewer for further treatmentan
WRRF. Most memlvane-pretreatment-based systetiosnot usea coagulant ad therefore, are
not chdlenged with the dischirge discolaation issue.

6.6 ConcentrateDischargePermit-Related |ssues

In addition to the environmental issues discussedqusly, thereare seveal issues related
to concentate disclargethat impact the permitting of desalination plarfthesissues
include:

e the scope of the WET testing performed to deveiepdaa for permit goplications;
e protocols for the modeling of the discharge, receiviagew and discharge system;

e the selection of an analytical labtory to pooduce numericd data for pemit applications
and for pemit monitorng requirements; and

e the experience and the existing and future policietheoregulatory agencies involved
with the permitting of the desalination projects.

Although thes issuesare not the main fags of this report, theyre issues that reftt the
level of uncerstandig and stidy associated withhe pemitting process Definition of the
state$ and countrie’spostionson these issues characterizes theinpiing basis.

6.6.1 WET Testing

WET testing is an important and integral part of the@ss to determine the impacts of
discharge on marine life, and from global experiencedbeof WET tests has beena
successful ondHowever, there are several issues associated with 4 that could benefit
from either study or further definitioThese mostly have to do with the requirementsrad
protocolsused when onduding WET tests:

e which organisms to use in the test

e the number of different organisms to use in the test

¢ the didion water to use in the test (i.e., us@dbial seawater versus artificial seawater)
e whether to do chronic and/or acute toxicity tests

o the appropriate length of time to run the test (whedhete, chronic, or both)

e how to acclimate species for tagg; adaptadin of the testorganisms to the s¢salinity
prior to testing depends on the age and type of the isrgan

e the lack of stadards for hgh-salinity WET testig
e the lack of protocols specific tbevarious life stage®f the testspecies
e challenges in obtaimg lab tesig protocols for locaspedes relevant to the disalge site

6.6.2 Testing Issues Not Addressed by WET Tests

Issues not addressed by th&EWests include:

¢ the adaptabn of organisms in the remn of disclarge to natural salinity variations and/or
continuous concentrate discharge,
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¢ the ability of organisms to owe away fomthe dischrgearea, and

e naturally occurring changes in aquatic habitat thatlaesto heavy storms or other
natural calamities that occur periodically in nature.

6.6.3 M odeling of Dispersion and Recirculation to Intake Area

The determintion of the receivig water nevement or physical @ity is important when
edimating how hedisclarge will move anddispesein thereceivhg water and was disissed
in Section 6.2.3ssues associated withodeling include:

determining which rodels to use,

understanding dw to use lhe simulaton results in stting the diltion requrements,
understanding how to calibrate and validate the rpdeid

the experience (or lack of experience) of the regulatorpcaeeinvolved in the project
permitting with the model selected by the project pnemt.

6.6.4 Analytical Laboratory Testing

Lab tesing is requiredto assyn values to water qlity parametes:both oncentations and
physical parameterd his occurs when charactengithe receinig water, the oncentate (for
pilot tess, for monitoring), and other system residuals.

A key isse with analfical tesingis that some standard test procedures, (dng.methodof
analysis of the concentrations of TSS, copper, nickad, radionuclides were originally
developed for lower-salinity freshwater and wastewattaa® ot sutedto higher-salinty
waters. Becausd this, they cargad to incarect resulks.

6.6.5 Limited Available Information on Existing Projects

At present, there are very few medium and large SWROinkgai projects in the

United States, and therefore, most regulatory ageraméselxperience and precedents to
useto support their project review process and regulatory idasis Thedd of avalabke
discharge monitoring informati can complicate tasks associated with piagnand

performing studes and can complicateetision making in genal. An information vacuum

can also allow project stakeholders who are agaiastjplementation of a desalination plant
(e.g., to control growth) to creaadalse sense of anxiety and uncertainty in the genelbiéid p
and among the regulators involved in the environmenateiew of the project, and thereby to
unreasonably delay or halt project implementation.

Issues that many projects face are:

¢ the need for pilot testing to prove already-proven menabsaparation technologies,

e the need to complete WET testing of propmgtchemicals (i.e., coagulants,
antiscalants, membrane cleaning solutions) beforexbet types of the most
suitable chemicals are known,

e the lack of local precedents, and

e limited published discharge information on existingalmation plants.
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6.6.6 Status of Regulatory Policy and Guidelines

As indicated previously, at presentthere are no fedegalatory guidelines for the
implementation and permitting of desalination proje€tss regulatory vacuum has hindered
the implementation of many desalination projecth@Wnited States, especially those in
California and Floda. The development of federal desalination guidelineslasito the U.S.
EPA Water Reuse Guidelines (U.S. EPA, 2012) wouldfisgntly benefit the advancement
and implementation of desalination projects in théddnStates and provide an independent
source of information to all stakeholders in future deatidin projectsSimilar to the Water
Reuse Guidelines, the desalination guidelines hade the successes and lessons learned
from other projects and could allow the streamlininghefdata that need to be collected and
of the studies that need to be conducted to comipietenvironmental review of desalination
projects more expeditioushAt present, the United States is the only countiyénworld
where the permitting of medium and large desalinatiofegts takes much longer (threelt
years) than their construction (two to three years).

One genel issue is heclassificdion of municipal desalinaim concentate as an inatrial
wast. Concentate discrargesare pemittedona case-by-case basis, angsthhe
classificaton should notunduly affect he pemitting process as the sagenvironmentd
impact oncerns eed beraised with ay waste.

The concern, however, is with thalic percepton of indugrial waste as bagtoxic and
perhgshaardous. Rubdic comment on impendng pemits is @it of the pemit approval
process and although this classification may help to supth@ cfinition and addressing of
envionmental impact, efinition misconcepons andhlack of understandig have arguaby
disrupted and hindered the pemitting process of a number of desalination projects in the
United States.

The other @t of this issue is thainimproved understading of the nature of concemte,
albng with the benefits of ressrch studes, will lead toa more effedive andtimely
consideation of the ewvirormental impacts and issuanafgpemits.

6.7 Studiesto Develop Datafor DischargePermit Applications

6.7.1 Salinity Dispersion M odeling

The main purposeof the evaluatin of therate of concenste dispersinfrom the point d
dischargeis to estalsh hesiz of the mixing zone required to dissipate the disg@salinity
plume down to withifl0% or less of the ambient wateDSlevel and to determinette
TDS concentations at thesuface, midleve and batom of the water column in the mixing
zone

The TDS oncentations of the salne plume at these thedevels are then coraped to the
salinity toleances oflhe aquatic organisms inhdibg thesuface (mostly plankin), the wate
column (prelominantly invertebates), andte batom sediments ofttereceiving waterbody
to determmethe impact of he salinity of the concerdte disclarge on thesorganisrs.

The discharge salinity field in hemixing zone ad the mixing zone bouraties areestalished
usng hydiodynamic nodeling. The results from thisadeling can be used to determiriee
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most sutable locdion, desin corfiguration, and sie of the disclarge outfall and diffusers if a
new outfall is eeded or to asssthe feasitlity of usng the outfall facilties of an exsg
WRRF orpower plan.

The mocel selectedo identify the boundries of the ded@aton plant discarge $ould be
used to defie the concemntate plume dissip#on boundiries wnder a variety of outfall and
diffuser configuations and opeational conditors.

Evaludion of the conceméte dispersin and edrculation at large desalingon plants usuaf
requiresasophisticated disehge plune analysis and is completading various
conpuationd fluid dynamics software packages tailor-rdefor a given gplication
(Bleninger and Jirka2008 Cotruvo et al., 2010). e models met widely usedin sdinity
plume analysimreCORMIX and Vswal Plumes. Both nodels dow the depiction of the
concentate plumes dissipation under a variety of outfall anffuser configuations and
opeational condtions. The® mocdels hare been developed for and approved by the U.S. EPA
for mixing zoneanalysis and the estehment of total maximum discirgelimits. However,
CORMIX and Vswal Plumesare near-field radels thatdo not acount for te far-field

mixing and advectye processes associated vatimaing waves and coastal current system
Therefore, discérge nodeling is often extaded begjondthenear-field ZIDusng
cornrputational fluid dynanics software packages.

6.7.2 Discharge WET Study

WET tegingis animportant congment of the comprehensive evaluati of the efed of the
corncentate disclarge on aquatilife. The completn of both acute ad chronc toxicity
testng is recommadedat the salinity levels that mayaozur in the dischargainder a worst-
case combirtzon of condtions. Useof at leat one species edogenaus to the targeted
dischargeis desiable.

In the caseof concentate disclargethrowgh an existig WRRF outfd, testing of aleastone
species of the eafederms taxa (i.e., urchins, starfish, saloliars, or serpent stars) is
recomm@ded, using a wat-casescenario blend of concentate andwastewateeffluent
(typicdly, the maximum wastewater efflueravil discharge combined with an average
concentate flow).

In the United States and Audtiathedscharge pent (icense)saued by the gvernment
regulatory agerncin charge of surfacdscharges wil typcly include Imiations or requrements
basedon WET testresuts: eiaenaxinum TDS imi or diuton requrements. Ineted States, WET
bioassay teling s requred, performedeordng to U.S.-EPA-pgroved protocos by certified
laboratories, to assess the acut@thrand im-accumulaive toxicty to the reeving water biota.
The boassays use agped, polutant-serisie species.

Some BWRO phants in the United States have pcedworcentrates that fal WET imit s

Most of such cases ibFda were asociated wih high calbbm levels, and @re were conrigatel
by toxicty from high fuorde levek (Mickiey,0R6). Toxicty caused by high levek of major ioss i
a correctable chmacalimbaklnce, apposed to toxic artaminabn by heavy metak or pécides
(Mickley, 2000). For his reason, Brida has egeptions for ion imbalance toxicity (i.e., jpaion
toxicty) whent s the only toxicty present incarcentrate. Tis toxicity accurs when mgar ion
ratios in the concentratiifer sgnificartly from thcsefound n seawater or in diutons or
corcentrations of seawater. Thug tbxicty doesnd accur n SWRO orcentratdut may @cur
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when SWRO orcentrate is bieded with other non-seawater waters (see d@isonin Sedion
3.4.2).

6.7.3 Concentrate Water Quality Characterization Study

Concentate water quality is depekent on the souswater qudty, pre-treatment ofie
souce water,and performaneof the membanetreatment procesat early stages in the
consideration of a desaliman plant, pra@dionsof concentate water quity aremade usng
RO treatment simuleon progans. Meaningful pragdions requiregjood ambient seawater
gualty characterizon, souce water quality is a majorandgderation in the feasiblity
determindion of desaliniion plants. As a project oves forward, eccurate concentte wate
gualty characterizaintypically requires pilot plant stly.

A concentate water quiity study involves the callidion of concentate samples from a pilot
desalingion plant and the laboatory analysis of these samples foe tlischarge wate quality
parameters estbthedoy pertinent regulatory agencies with gafction over concentate
disposal At aminimum, it is recommended thairtentate samplebe cdlected under near-
aveaage sourewater quality ondtions (i.e,annual aveage salinity, tempeature, and
turbidity) as well as at extresrwonditons swch as heavyain evens, algal bboms, drelgng
near heintake area, seasonal agricuitll rundff events, advery bw and high souce water
tempeatures and salinties, which are typically seasortdigendent.

The plot plantusedto geneate the oncentate sampleshould utiize the specific
pretreatment(s) proposed and berafe at the saarewvery, flux, and product water quisty
targets as wouldhe planred full-scale dediaation plant to cbed representive samplesif
possible, e same typ of RO membrane elementsshould be used as well.

The concemtte water quity data cbected fom the samping eventsshould be comared
agairstthe numed limits of he applicable regulatory requirementKey parameters tha
should be given ttertion when assesing concentate compliance with gpicabe numerc
effluent disclarge water quality staratds are the quantity of TD$etals turbidity, and
radionudides. Inaddtion, the conceméte toxicity reeds to ke evaluated via WET test

One important issue with all conceate water quity analyses is that rebof the labaatory
analysis guidelines worldde are developed for téiag freshwater rather than for testing a
high-salinty conceméte. The elevated salt content bEtconcemntate sample€aninterfere
with the standard analytical procedures and can ofterdace erroneousresuts. Therefore
concentate analysis gt be completedby an analytical lab@tory experienced withrad
properly equipped forrbckishwater and seawater analyseThe same recommertaan
applies to the labaatory retained to complete the WET tieg and souce wate quality
characterizadin; it mustuse techniques degied for saline water.

If pilot tegingis not possible foa given project, the mineral content of the cemrate can
beprojected by characterizing the diesgton plants soure wate quality atthe opeational
conditions described previouslynd analyzing this data with software that projec@ R
membrane peformance, avilable fromall key manufacturers enembyane elements€g.,
Hydranautics, Toray, Dow-Hmtec). This software calculates the contesftkey ions in he
concentate base@nthe contentof thesaneions in he souce water, the typeof RO
elemens, and the main deg criteria of he RO deslination systensuwch as reovery,
membrane flux, and memlrvane agelt should bepanted aut, however, that this concemate
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water quiity charactemation mehodis lessdesrable than pilot teting, becauséiecurertly
avalabke memlyane performance projeain software does not hge provisions to calculate the
concentations of met of the regulated meta) organics, and patbgens in the discrge.

6.7.4 Salinity Tolerance Evaluation Study

Determinng the tolerance of aquatt organisms totte actual concentrate of the des&lina
plant may be begficial because it could reducd complexity of the plants outfall structure,
especilly if the disclargearea is inhabitey salinity-toleant spedes.

Such studies are important because permit discharges hould be based on
scientific data The new California salinity limit of 2 ppt above anmtielevel at the
edge of the salinity mixing zone may be overly comsing and not reflective of the
site-specific conditions and salinity tolerance @ flora and fauna in the discharge
area Salintty tolerance evaluations (STEs) are needed finedesite-specific
conditions.

A novel mehodto identify tesalinity toleanceof the aguatic life in thearea of a
desdination plant discharge was developed atétCarsbad seawater desaliien
denondration plant n Cdifornia. This metod includes hefollowing four key steps:
(1) determingion of the test salinityrange, @) identification of site-specifi test spedes
inhabitng the disctargearea, (3)abiometrics tstat the aveage discharge salinity, and
(4) salinty toleance tests at \arying levels of concenste dlution.

6.7.4.1 Determining Test Salinity Range

Thefirst step of he STE method is to dfine the minimum ad maximum TDS concerdtions
thatare propded b ocaur in the area of he disclarge after he startip of desalinatin plant
opeations. This salinity rangeshould be estaldhedby taking undcer consideation theeffed
of mixing and associated diluth in the area of hedisclarge asaresut of the site-specific
natural hydodynamc forces in hereceivhg watebody (currents, winds, tidal movements,
tempeature dfference,etc.) as wellas #mixing energy introducedy the desdination
plants disctarge diffuser system. If the delssmton plant’s concentate is diluted with
arother dischrge (i.e., coding water froma power plant or effuent from a RRF prior to
its exit fromthe outfall into he suface waterbodythis addtional dition should asobe
accounted for when estéghing the salinity range in which tesalinity tolegance of the
aquatic species will be assessed.

Because of the complexity of thanous factors that mpact theixing and dilution of
desdination plant concenste with ambientsuface water, gpecidly for medium ad large
proeds [i.e., propds witha discharge volume o2.5 MGD (10000 nt/day) or hiher], the
actual sénity rangethat wil cccur in thearea of hedisclarge should be determined based on
hydrodynamic nodeling (Jenkins and Wayl, 2001; Einav and Lokiec, 2003.

At a minimum, he sdinity test concentations stould ramge from that at tie midde of the
water olumn and the midde of the salinity mixing zone to the maximum thom sdinity
concentation at the edge of he mixing zone (Jekins and Wayj, 2001).
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6.7.4.2 ldentifying Test Species

The oondstep of he STE melodis to identify the mstsensitive, site-spedifspecies that
are ndcative of thesalinity toleanceof the aquatiflora and fauna inite area of the
desdinaton plant dischrge. These speciese usedin the biometrics and salinity talance
tess. At leastthreespedesstould be salded fa the tesk:onerepresentate of thefish
popuation in the area, meof the invertelyate pguation, and one of the macro-algal
popuation (e.g., kelpor red algae), isLch spedesare present andoour in sgnificant
numbers (Chapman et al9%; California State WatdResources Control Bad, 1996;
Graham2004.

The selectin of the spedfic testspedes should be completdry an expert aquatic bast
whois very faniiar with the site-specift flora and fauna inltearea of the dedaaion plar
discharge. The testspedesstould be seded basedn (1) presencerad aburdane in the
area, @) envionmental sensitivity (i.e., endgered or protectedaine speciesre first
priority), (3) sensitivity to salinity intierange projected to ocur in the dischrge, and (4)
significance in terms of commeeial and recreational &rveding or fishing.

In cases where environmentally sensitive species sweeatlangered or protected, it may be
hard to use them as test speciesl,ittis unlikely that testing protocols would be dieped

for such speciedn this case, test species representative of the pedtepecies (e.g., of the
same genus) might be used.

Habitat characterization studies leading to the Kitsation of sensitive, site-specific species
for the selection of test species (as represented ireFigl) also serve more generally to
identify the environmental sensitivity of the proposistharge area.

6.7.4.3 Biometrics Test

Thepurpose of he biometrics tstis to tack how well theindcative test speciesanhande
long-term steady-statxposure to the elevated arage discharge salinity that would acur in

the middé of the mixing zone once the desdioa plant is in opetion. The biometrics &
should be completed in a dgraglarium (testtank) in which the dedanation plant

concentate is blexded with ambient water frorhéreceiving surface waterbody (ocean, river,
etc.) to obtairasalinity nat to ke exceeded in the ndde of the mixing zone in the ocean for at
least95% of the time. This salinity level shouldebmaintained n the aquarium for the

duration of the biometrics test.

In addtion, a seondaquarnium (contiol tank) containing he same size, number of, andeyp
of test aquatiorganismsshould be employed; this targfould be filed with ambient water
fromthereceivihg waterbody, ckeded fromthe area of the discdrge. The contiol tank
should be opeated in parallel withite testtank; observions fromthis tank will seve asa
baselnhe for commrison and statistical analgsi

Once hesalinity in heaquanums is set to theatget level, theyare pguated with he
sekdedtestspedes, and key biometric parameters (e.gppaarance, wihgress to feed,
activity, andgonad productin) of these specieemonitored frequently & minimumn of
every two dag) by an expert iaine biologst over a prabnged perd of time (a minimum  of
three months; prefably five or moe months). Perentage weight gain or $sand
fertiization for one or mae of the testand control organismshauld be measued as well. At
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the endof the test,le qualitatve and quantitatre biometric parameters of the aquatic species
in thetest ard control tanks should be comared to determine ifhe species exhibit

statistically significant differencesespecitly in termsof weight gain or Issand fertilization
capabilies.

6.7.4.4 Salinity Tolerance Test

The main purpose of the salinity toleance testis to estaldihif the se¢ded testspedes will
suvive the extreme salinity andtions that may acur within the mixing zone anoh the edge
of themixing zone and if thesegtorganisms will be able to retain theapacity to reproduce
after exposure to these andtions for the length dfme that is expdedto ocar during full-
scale plant op@tion under worst-cae-scemrio conditions. The & speciesstould ke exposed
to seveal blends of concertite and ambienteceiving surfa@ water that may occur within
therange of he discharge salinties. Thelow endof the rangeshould be he avaage salinity

in themixing zone (mid-depd, and the fyh end should bethe maximum salinity ate
boundary of themixing zone (near the seabed). In gehdischarge salinity is expected to
decreaewithan increaeof the distance fimthe point of concemtte disclarge and to
increassewith depth The rate of the @aeaseof the conceméte sdinity from the point of
discharge dependsn the hydodynamc condtions in the vicinityof the disclarge.

Similar to the biometrics test, this experimenuiexs two sets of aquiums for each salinit
concentation — a series of ®tanks (mnetank for ech testsalinity level) ad a series of
cortrol tanks. The duration of the sdinity tolerance test should be determinelly the lengthof
occurenceof the worst-caedisclarge salinity sceario. This duation stould ke estalbished
basedn the resuts from the hydodynamic nodeling of the deslnaton plant discharge.

Usually, extreme sinity discharge ondtions are not xpeded to continue for more than one
to two weeks. However, if this idkely in specift circumstancs, then helength of he study
should ke extended acordingy. Startng from the bw end of the salinity concentatiors,
individual testtanksshould beset using salinity increments of 1 te& urtil the maximum
test salinity concerdtionis reached.
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Chapter 7
U.S. State-Specific DischargeRegulations

7.1 Introduction

As discussed in Section 5.2, federal regulations rgdiyneestablish the minimum
requirements for NPDES discharge permits. However, statesone latitude in
determininghow to implemat U.S. EPA guidance. Conseqtigrthe reguléion of suface
water dischrge varies sgnficantly fromstate to stat&Examples of NPESreguldion
varying from state to state include the following:

¢ the automati incluson of mixing zones in initial permit feasibility detainations (e.g.,
Texas)as @posed to mxig zores beaig grantedon acase-by-caebasis (e.g., Florida
and Céifornia)

e the definition of mixing zone parameters

e the automati incluson of WET tests for mnicipal memivane concentate (e.qg., Florida)
versus inclusion on a case-bysebasis (e.g., Texsd

o different water quity standards (although all musteat leat as stringent as the federal
guiddines)

o different degrees of implemetitan of total maximum discharge limit development

In this chapter, regulationsoim California, Florida, and Texas are disssed abng with case
studies of perrtiing associated witthe Carsbad (under construction) and Hungton Beach

(not yet constructed) desation plans in Cdifornia and he Tanpa Bay Desénation Plant
in Florida.

7.2 State-Specific DischargeRegulations

7.21 California
7.2.1.1 Regulatory Bodies|nvolvedin Permitting

The state of Cdornia is delegated toverseelie NPDESprogram. The Céfornia Stag

Water Resawces Control Bard (SWRCB) is one of six branches dfd Cdifornia

Envirormental Protetion Agency. The SWRCB misson is to preserve, enhance, and restore
the quality of Céfornia’s water resages ando ersure their proper allodeon ard efficient

use for heberefit of present and future generasomssuance of NPBESpermits is byte

nine Regional Water Qualty Control Bals (RWQCBS).

The Cdifornia regulatory system that comes into play wimenicipal desalingon faciities
are planned, developednéimplemented is confipated Corsiderng all the pemits requir el
for theplant, therearemany different agenciesral groys that arenvadved in pemitting
Only a few actually issue permsybut heothers arenvaved in ganting approvals.

The Cdifornia Coastal Cmmisson (CCC)is a state agency that has quadgjal regulatory
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oversight over lad use a&ad pullic accessin the Cdifornia coastalanewithin 5 miles of the
shore; their maimission is "To protect, conserve, restore, and enhance thieoament of

the Cdifornia coastling. In partnership with coastal cities and counties,GR¥C plans and
regulates the use of land and water in the coastal Ean SWRO desalination, the CCC is
the main regulatory agency in California and has@gositon in reviewng and

approving permits relating to desalination facilti€@nreview and approval of all major
permits, it may issue a coastal development pelmrthis role, the CCC helap the final
approval and implementatn of sane NPDESpemitsuntil after the promulgation of the
latest version of the California Ocean Plan, which ocdunrdlay 2015.

The CCC review process has resulted in measurable delthes permitting of all medium

and large SWRO desalination projects in the stedeexample, the RWQCBs and other
regulatory bodies completed their reviews and issueaifsewithin a reasonable time of six
to nine months for thB0-MGD (189,000-ri¥day) Carlsbad project, but it took the CCC more
than three years to complete their revidw of yet, this agency has not issued a permit for
the 50-MGD Huntington Beach Desalination Project (aftere than 10 years of reviews)

So far, besides the coastal development permit faCaénisbad SWRO plant, the CCC has
issued only one other permit faful-scale SWRO facilty in California- the 0.6-MGD
(2300-ni/day) Sand City Desalination Project.

The CCC does not have numeric standards that allowditeotly quantify environmental
impacts and measure their compliance; instead;@@uses general policies and precedents
during the permitting process that in most cases riasattignificant increasé desalination
project permitting time and project costs.

The main issues that have prolonged the permittingegoof all medium and large
desalination projects in California are associatedthéhdesire of the€CCto:

e push the SWRO project proponents towards the use afirfabse intakes;

» discourage low-cost desalination solutions suchesdlocation of desalination plants
with power plants or other facilties with onshore olgfakcause of their impact on the
coastal environment, mainly the impingement and &ntent of marine species by the
plant intakes;

e require extensive mitigation measures for the impinggraed entrainment impacts of
desalination plants with open intakes; and

e make compulsory the development of complex carbonrinbtmitigation plans for all
medium and large desalination projects in California.

The Ocean Unit ofie SWRCB is responsilel for the developmeat and updatig of statewide
water qudty contmol plars, policies, and standrds nvaving marine waters. This incides the
Cdifornia Ocean Planhe Cdifornia Thermal Plan, and the developrhef sedimat quality

objectives in bays and eatigs. The unt is ako respnsble for providng scientific support
to the regional water bards and inter-agency coordination aeting marine pollution and
resouice managemet issues.

Because several new desalination faciities have jpleaned along the California coast to
augment existing water supplies, desalination fiasiiand concentrate disposal were
identified as Issue Number 4 in the 2011-2013 TrierRRiaview Workplan of the California
SWRCB.
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As a result, the regulatory bodiesvbdeen adively resarching both intke and discharge
issues and develo new regulatorydicies andimplementéion standards as part of a
desalination amendmefithe SWRCB staff released the proposed Desalination Anmemdm
and Draft Staff Report in July 201Rart of he reasonfor the update of the Ocean RPénd
theaddition of the Dedimation Amendmat is to give direction to the RWQCBSs @ading the
requirements for the permitting of newpanded, ad condtionally pemitted desalingon
facilities, thus simplifying the cumbersome paitting process The SWRCB promulgated
the Ocean Plan amdment in May 2015 (SWRCB, 2015a) h€ implemented anmeiment
includes comprents that:

o clanfy the SWRCBs auhaity over desiination facilty intakes and dis@iges;

e provide diredionto the regional water bards re@rding the determinath required by
Cdifornia Water Cde Sedtion 131425, Sibdvision (b) [hereaftell3142.5(b)];

¢ include implementéion provisions for a statewidemative receivihg wate limitation for
sdinity, and an opion for disclargers to aply for a fadlity-specift receiving water
imitation; and

¢ include nontoring and reportng requiremery.

As part of the developmat of the amendment, the SWRCB staff completedufestudies to
gather scientii data and get technicalmt and scientific recommentienson key
desdination issues The four studies, which included three expert paarela salinity
toxicity study, were as follows:

Expert Panel lbn Intake Impacts and Migation

Expert Panel lIbn Intake Impacts and Migation

Sdinity Toxicity Sudes

Expert Panell on Impacts and Effects ohBischarges

The third and fourth studies in the list affect brine disate.

Salinity Toxicity Studies: Resarchers at the ldline Pdlution Studies Lab@tory at Ganite
Caryon determinedtte toleranceof Ocean Plan st spedes to \arious concentations d
hyper-salie brine. Toxicity tests followed 1% EPA mehads. The resuts of the tests wee
used to calculad ano-observedeffea concentation, a lowest-observed-ged concentation,
andamedian lethal or mediagifects @ncentation for each test protoml and endpoint
Toxicity tests wee alsoconductedisng brine effluent samplesdm a desalinton faciity.

Expert Panel | on I mpacts and Effects of Brine Discharges. The SWRCB comtacted with
the Southern ClHornia Coastal Water Reaeh Projectd estabkha panel of experts in the
fields of oceanagraphy, plume modeling, ecotoxicolagy, and narine ecolgy to answertie
following questiongelated to bme discrarge:

» What arehe potential envionrmental impact?
» What disposal strategies wil minize impacts fom brine discrarges?
» What nocels should be applied to predichow brine plumes will behave?

» Cancumulave water qulity effeds associated with mutltiple he plumes be
evaluated with odels?

= What are ppropriae monitorng strategies for bme disclarges?
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As aresut of this dfort, changes were made in brine discharge régoda

The expert panal report (Jenkins et al., 2012), however, was not aexsus document and
raised important research issues that should be tatkeaonsideration in developing a policy
on regulating the salinity of discharg&eview of the report by independent consultants
(SWRCB, 2015b) also reflemtivarying opinions on the issues discussed in thertrdpo

spite of this situation, it appears the SWRCB pushed &imple formula and adopted a
position that was not necessarily recommended bye@archers.

7.2.1.2 California Ocean Plan

In May 2015, the State Water Quality Control Board of Qalfo promulgated an updated
California Ocean Plan that contains additional requirgsngpecifically targeting

desalination projects. Thlatest California Ocean Plan (SWRCB, 2014a) contaieparate
section entitled “Implementation Provisions for Desalination Facilities” that introduces a host
of new regulatory requirements and constraints assoeidtethe development of seawater
desalination plants in the statkis interesting to note that these requirements gl ity
referenced to apply only to seawater desalinationtiesiland that other plants, such as
brackish water or water reclamation plants, are not geddoy its requirement3 he key

new requirements include several significant constraimtte development of new seawater
desalination projects:

e The compulsory use of subsurface intakes for the colecti source seawater for
desalination plants to minimize impingement andagminent of marine organism®pen
ocean intakes are allowed only if the use of subsuifitaees is not found feasible
Because currently available subsurface (well and infimagallery) intake technologies
limit the size of desalination plants to within ©020 MGD (37,850-75,700 Yay)
suchameasure indirectly limits the size of future desalimjigants in California to
small and medium and practically precludes the dpuedmt of large facilties (more
than 25 MGD or 95,000 ffuay) that can bring a significant economy of scakagocosts
of desalinated water.

e Arequirement for impingement and entrainment mitigatioeasures in cases where
open ocean intake is us@dhe Ocean Plan prescribes a specific method for the
determination of the mitigation measures that is kntwield the most conservative
requirements for the size and complexity of the mibgatmeasuresSuch measures are
expected to add 5 to 15®padditional construction, operation, and maintenarosgts to
new desalination projects.

e The discouragement of tlhe-location of desalination plants and power generation
stations, which is intended to phase out the usieeabpen intakes and discharges of
existing power plants along the Pacific Ocean shadg@nrequire the reconsideration of
the operation of existingo-located desalination plants when the power plaritts which
they are co-located permanently close their opergdiooha measure eliminates the
most cost-effective desalination plant configuratiofere the construction costs of the
desalination plants are reduced by 10 to 20% by tk@dntakes and outfalls of existing
power plants.

e Arequirement for the co-disposal of desalination ptamd WRRF discharges, whenever
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possible and practical, to avoid the constructionesf ncean outfalls and to avoid the
use of existing power plant outfalSucharequirement also limits the size of future
desalination plants to small and medium capacitabse WRRF s haadimited
existing discharge capacity and because the mixiigeawo discharges may require
modifications of the WRRF outfalls to accommodate theeviee desalination plant
concentrateSuch modifications may be difficult or practically impide to implement
because WRRF operation might need to be discontinuea significant period of time
while outfall modifications are completed. In additidhe wider reuse of wastewate
effluent, which is encouraged by the state, wil leesry imited volumes for
concentrate dilution, which wil indirectly margin&izdesalination and reduce the size of
future seawater desalination plants.

e Arequirement for the desalination project proponentssgess the mortality of marine
organisms caused by the operation of the outfall becafitbe high velocity of the
outfall discharge and the physical damage such digelean cause to marine larvae and
adult marine organisms inhabiting the outfAlthough such damage has not been
observed or documented for wastewater discharges, wheseds could destroy marine
organisms because of the same forces and mechanismsgtitations have stipulated
that such damage be assessed for seawater desafsfatipdischarges in an obvious
attempt to minimize and discourage the developmenéw desalination projects.

e Arequirement that, if loss of marine organisms is founad is due to damage caused by
the operation of the desalination plant outfall, tr@gpnent of the desalination plant
mitigate such loss via complex and costly mitigatimeasuredt is interesting to note
that WRRF s and water reclamation facilties are not reguo determine and mitigate
discharge damages caused by their operations.

e Arequirement that the desalination plant dischardeitgeat the edge of the mixing zone
be lower than or equal to 2 ppt above the ambiengvegatinity However, such
requirement could be relaxed (i.e., the salinity disgddimits could be increased) if the
project proponent completes site-specific studies myothata higher salinity limit is
warranted.

The additional California Ocean Plan requirements ligtexviously are likely to significantly
hinder the development and implementation of newldasan plants in California and are
unigue in terms of the severity of the constraints tmpgse on the projects.

In California, there are many large water reclamation pkatisdischarge their highly
concentrated waste streams into the Pacific Qdétnough the newest version of the
California Ocean Plan addresses concerns associateésMiiR®© concentrate discharge, it
does not address similar concerns associated witttisittearge of highly environmentally
damaging substances such as endocrine disruptorspteagnaceuticals, personal care
products, contraceptives) from water reclamation plagsvater reuse in the state is
promoted and maximized, the concentration of endochgreptors discharged in the marine
environment wil increasévlany of these compounds are biologicaly damaging and
therefore dangerous aquatic life The focusin the California Ocean Plan update given to
SWRO concentrate discharge and the non-focus on WRRadigcis difficult to
understandit appears that desalination projects are being made caonplicated to permit
and that water reclamation projects are promoted bystesgent permitting requirements
not based on actual or relative environmental danmiatfgs is an intentional state policy to
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promote water reuse and suppress the development ahalisg it is unigue worldwide.
No other state or county worldwide has a similar “double standard” regarding environmental
regulations.

7.2.1.2 Regulations Governing ConcentrateManagement in California

California policy regarding mixing zones was discussegidction 5.4.2Present regulatien
via the California Ocean Plan (CSWQR(B, 2012 estalhish a daly maximum acute toxicity
receivig water quality olgdive of 0.3 acute toxicity units (T Requirematlll.C.4({) of

the California Ocean Plan designates that this objective of 0.3, ldgplies to ocean waters

outsde the acute toxicitymixing zore.

Despite e fact that @evironrmental impacts associated with concastsalinity are ndredly
regulated through site-specificute ad chronic WET objectives, the disctarge pemits far
same of the existig seawater desalitian plants in the United Statesalcontain specific
numeric salinitylimits (see Table 7.1).

The Garlsbad Project NPESdischarge pemit, for example, contains an effludintitation
for chroric toxicity at the edge of the ZID in combii@an with numerg limitations for
aveaagedaly and aveage hourly TDS (salinity concentations of40 ppt and 44 ppt,
respedively. These salinitylimits were estalished basedn a site-specifi salinity tolerance
study andon chront andacuk toxicity tegsing completed for this project (City ofdiskad,
2009. The referencelimits areapplicable to ihe point of disclarge and are refédive and
protedive of the acute toxicity efd of the proposed diselge.

The50-MGD (189,000-nYday) Hurington Beach SWRO Projecs NPDESpemit ako
contains a Imit for chronic toxicity but does not contain numerimits for sdinity. Instead,
the potential acwtoxicity effed of the dischrge is limited by a ratio of the daily dis@wge
flow fromthe desknation plant andre power plant intke coding water flow, which
provides dilubn to the concentate. This dlution ratio requiremat effecively provides a
limit to the salinity discarge fromthe desknation plant of40 pptand is derived bmasite-
specift analysis of he conditions of the dischirge at this progd.

7.2.1.3 Key Permitsand Permitting Agencies

At present in California, five permits and approvals aiased with concentrate discharge
from a host of regulatory agencies at different levelsyaiedly required to implemena
desalination projeciThe key pemit for a desalination plant discharge hie NP DESpermit
issuedby a RWQCB, presetly with same oversighbty the CCC. The main permits and
approvals include:

e aCoastal Development Permit,

e an NPDES or Waste Discharge Permit (under the federal )CWA

e a State Lands Commission Permit,

o a Certification of Environmental Impact Assessment, and

e approvals from the National Coast Guard and the Natldaaihe Fisheries Service.

In addition, the desalination project has to obtgipravals from various local jurisdictions
such as the fire department, city and county plandigartments, etc.
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Table 7.1. Examples of Desalination Plant Dischar ge Limits.

Total
Flow TDS TDS Acute Dilution
Desalination [MGD (Average) (Max.) Toxicity Ratio
Plant MLAT (o) (pmt) (TU.)
Carlshad
50 MGD 54/60.3 40 44 0.765 mixing
(189 MUd);  (204/228)  (dalily) (max zone
33.5 ppt (194%  hourly) 15.1:1
TDS source; above (31.3%
67.0 ppt ambient)  above
TDS conc. ambient)
Huntington
Beach
50 MGD o
(189 ML/d); 56.59 none none none mixing
335 ppt (214) zone
TDS source; ~ (conv. 751
67.0 ppt pretreat) min.
TDS conc. dilution
2.24:1
Tampa
25 MGD
(95 ML/d); 22.8 35.8 35.8 none none dilution
26 ppt (86) (38% (38% 28.1
TDS source;  (conv. above above (202
43 ppt pretreat) ambient) ambient) min.)
TDS conc.
Notes: 1 part per thousang pt) = 1000 mg/L; T = acute toxicity unit; TY= chronic toxicity unit; max. =
maximum; min. = minimum; conv. = conventional; conc. = concentr&tidr? Florida

7.2.2.1 Regulatory Bodies|nvolvedin Permitting

Florida is delegated toverseetie NPDESprogam. The Florida Degtment @
Envirormental Protetion (FDEP) has jurisditon overpuldic water supplies, includin
desdination plans, that are prducing potabé water, and NPBESpemits are issueby the
six distrid offices.

As in Cdifornia, in addition to panitting through the FDERother agencies may have eithe
regulatory jusdction or review aad canmenting authorityover desénaton plans. Although
no spedfic permits may be neceas/ fromthese agencsgit is important to consider their
jurisdction and authority dung the initial planmg stage®f a desénaton plant, such as site
sekdion. Pemit decisions related to brine disabe, hovever, ae made by the FOEP without
thepossillity of permits baig heldup by the prerequisite approvals of other ages@s is
the casein Cdifornia with theCCC.

7.2.2.2 Existing Regulations Governing Concentrate Management

Chapter 403, Florida Statsieencouages he developmentf alterndive water suppliessng
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desdination tedindogy, andpusuant to Chapter 403, Florida Statudw EDEP promulgate
rules regulating dedmaton plants and the management of destdinabrine Found in
Chapter 62, Florida Administraé Code, these rules addsethe followng issues related to
desdination plans:

e the permitting proces(Rule 62-4)

e brine and concemnéte disclargeto suface waters (Rule 62-200
e discharge quality and toxicity requirements (Rule 62244)

e guidelines for the tdimg of receivihg waters (Rule 6246

e surface waters and water dityastandards (Rules 62-@1, 302)

e groundwvater classe standards, and exentpns (Ruk 62520

e undergraindinjedion control (Rule 6528

e drinking water stadards,monitorng, and repding (Rule 62550
e reclaimed water blendlij and land applicdion (Rule 62650

e indudrial wastewater faciles (Rule 62560)

e the effective ban on co-discharge with wastewater digels (Florida Statutes, Title
XXIX, Chapter 403, Section 086)

The FCEP has adocreated a stredmed authorizéon processfor small dilities that use
desdination procesthat presents minimalngironmental risk.

To provide further incentives forhe use of desalirteon and other alterrive water supplies,
the Florida Legislature passed Senate Bill ($&) which createhger duation
consumptre use pemits for alternéive water suppliesThebil requires the issuance of a
permit duation of & least 30, and possibly asrig as37, years forsich facilities.

The Florida Legislature hasuhtaken stpsto support and promotéd use of desalingion
techndogy as an alternative water soesgith certain pemitting incentives (FELB, 2013).

7.2.2.3 Key Permitsand Permitting Agencies

The key pemit is the NPDESpermit issuedby the six regional district offices of the FDEP.
7.2.3 Texas

7.2.3.1 Regulatory Bodies|nvolvedin Permitting

Texas is delegated tmversee prt of the NPESprogam. The pemit appropriate fo
discrarging desdination brine, calledhe Texas Plutant Disclarge Elimination Systen
(TPDES) pemit, is issuedy the Texas Cmmission on Envirormental Quiity (TCEQ).

7.2.3.2 Existing Regulations Governing Concentrate Management

Water quaity standards and criteria for TPDES (NPDES) pets are found n Title 30 of
Texas Adminigtative Code enttled Ehvirormental Quéity. Section307 addresses surface
water quality stadards, and Seain 308 addresses criteria and stiards foranNPDES A
guidance docunm entitled“Procedure to Implenm Texas Surface Water Qliig
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Standards’ wasupdated in Februarg014. The document has yet to bppeovedby the U.S.
EPA and thus, at present guidards found in the 2010 document oftie sane name.

Thereare nonumerg criteria for SWRO brine diseiige. The guidancedocument (pL80)
provides @aratveswch as

Tidal waters wl be proeded from the advers effeds of exceswvely hgh
or excesively low salinities (comared to the normal salinityange of he
receivihg water) The dsence of numerical criteriailvnot preclude
evaludions and regulatoy actions to protect esdtine salinity.

Texas Administative Code Sedion 307.4(g) gplies to salinity:

(1) Corcentations and the relative ratios of dissolved mirgls swch as
chloride, sulfate, and total dissolved solids niestmaintained such
that exising, deginated, presumed, antt@nableusesare not
impaired.

(2) Criteria for chloride sufate, and total dissolveddids for classified
freshwater segmentse specified in Appadx A of 830710 of this
title.

(3) Sdinity gradients in estaries must be maintained to support attamabl
estwarine depadent aquat life uses. Numerical salinity critea for
Texas estuaries ianot keen estab$hed kecauseof the hgh natual
varahlity of salinity in estarine systers, and becausemg-term
studiesby state agencies to assestuarine salinities are sl ongang.
Absene of numerical criteria mugtot preclude evaluationsnd
regulatory ations basedn est@arinesdinity, and @areful consideation
must be given to all dgities that may detrimentally affect salinity
gradients.

Sone effort has been neto addresBWRO disclarge pemitting but nat SWRO dischrge
pemitting: working with aTexas Water Development 8ol propd team, TEQ createc
new staf guidance document, ddiag the streamliined procesto use comuter nmodeling in
lieu of on-site pilot stdes forBWRO treatmet for seondary contaminants tma
groundwater sotce. However, becauskeconpuer nmodels do not nodel for biologica
contaminarg, sources eaned to be grawdwateruncer tre influence of suface water &
excluded fomthis process.

7.2.3.3 Key Permitsand Permitting Agencies

TPDES(NPDES) pemits are issueldy TCEQ.
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Chapter 8
U.S. State Permitting Case Studies

8.1 Carlsbad Case Study

8.1.1 Facility Description

The fadity, presetly under constructin andto be completed i2016, is located in southar
Cdifornia. Itis calledhe Cansbad Deslmation Project (CDP) and @na 6.8 acre grce
within thesite of he Encina Power Station (EP.She EPS steam generatars cooled bya
once-thraghseawater éiw systemThe warm oding water fomall concensers is directe
to a cannmon dischargetunrel andlagoon leading to the ocean. The dixsation faciity taps
into this disclarge unrel both for deslimation plant feed water and for disaiing high-
salinity concente downstreanof theintake area A total of 100 MGD (378,500 rfiday) of
EPS cobng wate effluent will be diverted to the CPas source water for treatment.

An avaagedaly flow of 50 MGD (189,000 rifday) of potable freshwater while produced
by the CDP. Treatment processes at the CDP wil sbo§iconventional granular media
pretreatmenRO desalinéion, aml product water disinfection and silketion. The facility
will have 13 RO trains (racks) opating in parallel athefacilty with a combined installed
maximum capacitpf 54 MGD (204,000 riYday). Undernormal operating conditions, oneRO
unit atatime is expected to be offie for memlvane cleamig or maintenance.

The50 MGD (189,000 rifday) of potale freshwater prducedby the COP will be delivered
to San Diego County Water Authority’s Twin Oaks WWTP for distribution to the regional
water distribution system for San Diego County water eigar he prodution of 50 MGD
(189,000 r¥day) of potable freshwater would resultlie geneation of an aveage of54
MGD (maximum flow estimated tiee 60.3 MGD or 228,000 rfiday) of combined fiter
backwahwater and oncentated saline wastewater that would be diaghd back intohe
EPS coting water dischrge chanrelfor disclarge to the Pacifc Ocean.

The granular media fikation step wll use feric chloride or feric sulfate to enhance the
remova of particulate matter. These dded chemicals W bebackwahed, cokded ina
sedimenttion basin (crfier), renmoved as waste gige, and diposed of at a ladfill. The
RO procaswill generate memivane backwahcleanng sdutions, which will be cdectedin a
separate tak, neutalized forpH value, and dis@rged to hesaniaity sewer systenihe
backwahsupernatant frone granular media fikation pretreatment will be directed teet
EPS dischrge channel, or it will be partially recirculated to plent inlet.

Figure 3.3 shows a schematic loé Carsbad Deslnaton Plant and its co-located
configuration with the power planthis was the first large SWRO desalination project
permitted in California, and the permitting process far pindject established a precedent for
the permitting of all SWRO desalination projects in fGatia. The permitting process
included a detailed source water quality and conceentfzaracterization, followed lay

salinity tolerance study for the marine species speoifibe discharge area aad
hydrodynamic concentrate dispersal study to detertinédevel of mixing of the concentrate
and ambient seawater that has to be achieved ilihef the concentraté he results of the
hydrodynamic concentrate dispersal study, the satialgrance study, and the WET testing
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of the discharge-ambient-water mix at the mixing ragitermined by hydrodynamic
modeling were used by the regulatory agencies to dieteaproject-specific mixing ratio
and maximum TDS discharge requirements for the projduthwvere incorporated in the
plants NPDES discharge permit.

This permitting process not uniqueto the Carlsbad SWRO Desalination Prajdtte same
permitting activities were implemented for the HuntimgBeach SWRO Desalination
Project in California, the West Basin Desalination Ptae€alifornia, and the Tampa Bay
SWRO Projectin Florida. Practically identical perngtiprocesses were applied for all large
desalination projects in Australia and Europe as well.

The most recent amendment of the California Ocean Plan has introduced a “blanket” non-
site-specific limit of 2.0 ppt foadaily maximum salinity increment over the natural
background ocean water salinity (determined from histodata) at the edge of the mixing
zone. Because sualprescriptive“one-size-fitsall” limit is overly restrictive and is not
reflective of the site-specific aquatic environmenthia &rea of a plant discharge, it is very
likely that proponents of large desalination projectthe future wil pursue the opportunity
included in the California Ocean Plan and similar rdipala in other states to establish a
site-specific imit for the conditions of their respeetprojects.

Most likely, the blanket maximum salinity limit ithe California Ocean Plant will be used
only for smaller desalination projects, where investrmesite-specific studies is not
economically viable and where the salinity impactsrainimal and achievement of the
prescriptive limit will be possible without a signdiot cost burden to the project.

8.1.2 Receiving Water Characterization

The blend of power plant cooling water and desalingtlant concentrate is discharged into
a small lagoon from which it is directed to an opeartiel extending approximately 700 ft
offshore (see Figure 8.1).

The discharge area of the Carlsbad SWRO DesalinationcPison “underwater desert”

with a very limited presence of marine organis#s indicated in the comprehensive marine
tolerance study completed for the permitting of thisgato{Voutchkov, 2012), all marine
species inhabiting the discharge area (e.g., seasycdea stars, abalone, red rock crab,
sand dollars) are tolerant to the salinity of the disgda

8.1.3 Description of Discharge Streams

The discharge consistof concentate and backwah(clarifier supernatant) fromhe granular
media filration stepMore than 94% of the total plant discharge wil becmonrate and
4 to 6% wil be spent pretreatment backwash wadmlrane backwahcleanng
sdutions wil besent tolhe saniary sewerWaste sidgefromthe ganular media fikation
step ad spent fiter cartridges wil goto the landfi.
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Figure 8.1. Carlsbad Desalination Plant Showing Dischar ge Location.

Plant concentrate is projected to hawalinity of 60 to 6&pt, it wil be diuted down to

40 ppt or less by either using cooling water from th& BP(if and when power station
operation is discontinued) using raw intake seawater plants spent fiter backwash has a
salinity identical to that of the source seawater.

The provision to use raw intake seawater for dilutiorindustand-alone operations of the
desalination plant was found to be less costly amdtl@mentally intrusive than the
modification of the existing outfall structure or constiart of anew outfall The use of
intake source water for dilution was allowed under #igtieg desalination plant NPDES
permit.

8.1.4 Description of Plant Outfall

The facility will discrargean average &4MGD (204,000 rifday) of RO concentrate and
filter backwahto the Pacift Ocean viatie EPS discarge charel The EPS discdrge
chanrelis owned ad opaatedby Cabillo Power | LLG the owner and opator of the EPS
Prior to dischrging into the receiving watehéfadlity’s disclarge will combine with EPS
effluent in the discéirge channel. EPS coaoliy water flow aveages goproximately 576 MGD
(2,180,000 rfiday) and exeeds304 MGD (1,151,000 rtiday) more tha®%% of thetime.
Because lhe CDP is expected to ud€0 MGD (378,500 riday) of the EScoding water as
source water, th84-MGD (204,000-rYday) average diselmefromthe CDP is expected to
combine with anpproximate aveage discharge flow of 476 MGD or 1,802,000 fiday (and
greater tha®04MGD or 772,000 rfiday for99% of thetime) fromthe EP'S prior to
dischargeinto the Pacift Ocean. Water deded from one ed of the power plant discirge
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canalwil be onweyed to the dedaation plant to ppduce freshwateand he corcentrate
fromthe desknaton plant will be returned intohe sane discharge canal, @proximately 810
ft (270 m) downstrem fromthe point of intake. The de#aaton plant concentrate,
containng approximately two times hesdinity of thesouce seawater (68ptvs. 33.5ppt),
wil be blended with the remaing coding water dischrge of the power plant ad conveyed
to the ocean for slppsal.

The salinity range of themixed disclargefromthe CDP adthepower plant wll be betveen
35and40ppt. The aveagesalinity in the ndde of the salinity mixing zone is projectedtie
36.2 ppt. Therefore,lhe biometrics tstwas completed for this average salinity, dmdtést
rargefor the salinity toleance testwas37 pptto 40 ppt in 1 pptincremens. Both tests wee
executed by marine biologst very faniiar with the local floa and fauna in tharea of the
future desalinton plant disclrge (Le Page2009.

The curent EFESNPDES pemit (Order No2000-03) assigns an initial diion of 15.5:1 fa
the existhg EPSdisclarge. The combined CIP and EFSeffluent is expected to be densad
to shk through the water column, increasjthe anmount of mixing that @curs asaresut of
the lack ofbugyancy Basedn modeling performed by he disclarger, average day
condtions flom 1980 thraugh 2000 proged an inttial dution of 70.1. The nodeling resuts
further ndcate that initial dilutions uncer the conditions of the wast-casemorth, for any
sinde month of the year, atéfedge of he salinity mixing zone, Wl exceed 20:1. The wost
casemonth dlution is typically used as the dian applied for WQBELsby theregional
water bard. Theordcal extremes for heated@unheated tw resultedn more conseniive
dilution factors (21 and 7. 1t, respedively); however, he appiication d thes values is not
practical and considerealerly strngent because these sados are basedntheordical
extremes that he not keen denondrated to @cur ard have a probality of occurenceof
lessthan 001%.

The disclarger has demonsted to a high degred certainty, thragh a comprehensive dat
cdlecton and nodeling effort, that bhe apgicabe worst-casemonth dildion will be
approximately20:1. However, becausée modeling effort is basednatheoretica
tempeature and salinity ofite combined CIP and EPS effluent, the more conseixe
dilution credit of15.5:1 shall cotinue to be pplied for this outfall at the edge digmixing
zone The pemit may bereopened by the regional wateahbto re-evaluateht initial

dilution at te outfall when actual CDP and BRffluent data is aviable.

During initial starup opeations and immediately before or after certain onestaintenane
opeations, it may be necessy to tempoerily return all or a pordn of the filtered pretreaté
seawater back intb¢ EP S effluent charel insteadf routing the fitered seawateroilv to
theRO units. Also, durng sich startip periods or periods when it is not feasible tivee
product water to the regional potalwater system, it may be necasstotemporariy
discharge product water fomthe RO processback into he EPS effluent chanrel.

During swch temporary peric] the disclrger is required toanduct additional ranitoring,
and the maximum llawable flows returned to the ocean shall noeesd206 MGD
(456,000 n¥day). The Bw and salinity of the addtional CDP effluenunder opeating
conditions when either pretreatment preseater oiRO product water is drded back into
the EPS effluent charel would be identical tde flow and salinity of he soure water
direced to the CDP duringwch temporary period3 herefore, no water qliy impacts would
occur asaresut of sich temporary procsswater diversios.
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8.1.5 KeyDischarge Permits and Permit Requirements

The key discharge permit for this facility is the pi&®DES discharge permit, which
pertains to the disposal of concentrate and other g&si@ms from the desalination plant
The permitting process for this project continued for nioa@ five years and involved the
development and certification afproject Environmental Impact Report (EIR) as well as the
submittal of the NPDES permit application and permiteng through seven sets of requests
for additional information, mainly by théCC.

To support the EIR review and permitting process, thegrgroponent, Poseidon
Resources, completed the following activities:

1. Collected monthly samples of intake source seawatargeriod of two years (2002-
2004) to analyze the seawater in terms of all parametguiated by the CWA and
included in the NPDES permitting process as welllgsmeameters of the Safe Drinking
Water Act.

2. Completed a sanitary survey fr@004to 2005 to identify and quantify all potential
sources of pollution of the intake source water qualithin a two-mile radius from the
point of intake. This sanitary survey involved sour@tewx quality sampling and an
inventory of potential point and non-point sourcesatififion of the source water
located within the two-mile radius.

3. Installed and operatea7,000-gpd piot SWRO plant for more than 5 years tegee
concentrate and test the proposed key desalinatimdigies, including pretreatment,
SWRO system, and post-treatment facilti#he plant was operated duriagseries of
extremely high intensity (50-year repeatabilty) aldabims that occurred along the
California coastin the summer of 200%xicity testing of the concentrate during this
period showed that even in extreme algal bloom donslit the plant discharge was safe
for the aquatic life in the vicinity of the discharge.

4. Completedadetailed chemical characterization and analysis oftineentrate
generated by the pilot plant as well as of all othaste streams, including the spent
fiter backwash water and spent cleaiplace (CIP) chemicals generated from the
cleaning of the SWRO membrandis information was needed to prepare the NPDES
permit application.

5. Completed acute and chronic WET testing of severatlbl®f concentrate and
discharge water from the power plant to determine thadinpf the desalination plant
discharge on standard test marine organisms definedpgndved by the San Diego
RWQCB.

6. Completed hydrodynamic modeling of the desalinatischarge dispersion for several
operational conditions with varying power plant diggieablending flows and ambient
seawater factors influencing the mixing of the concemtatl power plant discharge
with the ambient seawater, including wave actiolest wind, currents, and seasonal
salinity variations.

7. On the basis of the results from the hydrodynamic ingdand the WET testing,
completed a salinity tolerance study under the supenviof the SCRIPPS Institute of
Oceanography and under the scope and conditions &pbbywthe San Diego RWQCB
The salinity tolerance study was completed on spai@biting the discharge area of
the desalination plant and representing aquatic faenaitive to elevated salinity
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impacts The results of the study were used by the RWQCB to &$tdbé site-specific
average and maximum salinity limits for this projechicls were conservatively
established at levels of 40 and 42 ppt, respectively.

8. Completedadetailed 12-month impingement and entrainment stodssess the impact
of desalination plant operation on the loss of maree Tihe study was extended to
capture conditions of the collection of source watehn doting power plant operation
and during times when the power plant was down terdéte the impingement and
entrainment impacts of the desalination plant.

The studies listed previously were ugethe preparation of the project EIR and NPDES
application The NPDES application process was commenced aft&ifhavas certified

The NPDES permit was issued after a six-month revieega®However, the overall
project implementation process was delayed by thessefirequests for additional
information by the CCC, which mainly pertained to sssies as the mitigation of the loss
of marine life that is due to impingement and entraimimthe cost and energy use of the
production of desalinated water, the carbon footprinheidesalination plant operations,
and feasibility studies for the use of alternative ietato minimize impingement and
entrainment impactShe CCC did not challenge the NPDES discharge permditoms

and was supportive of all the work completed to detesrtiie salinity tolerance of the local
flora and fauna.

TheNPDES pemit for the CDP was issued byhé San Diggo RWQCB The NP DES permit,
CA0109223,dated2006 had an initial expation date 02011 The permit was amended in
May 2009 to accommodate stand-alone operations afetb&lination plant, which would
occur when and if the EPS discontinued operationerfuture; it was again amended in May
2010 to address the right of the project sponsor, Rws&dsources, who is the owner of the
project at present, to transfer ownership of the plantpanaiit obligations in the future to the
San Diego County Water Authority. At present, the peexiires in May 208. The

RWQCB has reserved the right to reopen the permit afteetheQalifornia Ocean Planis
promulgated (it was signed into law on May 6, 2015after the EP S permanently shuts
down its operation. The numericatiiations and rantoring requirements from the NPDES
permit are sumarized in Table 8.1.

The numerical limits are for Discharge Point 001, whictine desalination plant discharge
into the EP S discharge channaladdition to the numerical limits, there are narrative
discharge prohibitions, discharge specifications, aoéiving water limitations (temperature
bacterial characteristics, chemical characteristicsighlycharacteristics, and biological
characteristics). The monitoring and reporting requiresnaré contained in Attachment E of
the NPDES permifThese requirements are for all regulated parameters gratraieters or
constituents having performance goals.

Constituents that do not have reasonable potentlzinconclusive reasonable potential to
cause environmental impacts are referred to as performaateogstituents and assigned
the performance goals listed. Performance goal congsitaea required to be monitored, but
the results will be used for informational purposes amyt, for compliance determination.
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Table 8.1. Numerical Effluent Limitations and Perfor mance Goals for CDP.

Effluent Limitations — Desalination Discharge

MAX  Awerage Awerage Instantaneous

Par ameter/Constituent Units Daily Monthly Weekly MIN MAX
Maximum flow, MGD 54

median filtration

TSS mg/L 60

pH Standard units 6 9
Oil and grease mg/L 25 40 75
Settleable solids ml/L 1 15 3
Turbidity NTU 75 100 225
Chronic toxcity TU 16.5

Effluent Limitation — Combined Discharge

Par ameter Units Average Daily  Awerage Hourly

Salinity ppt 40 44

Performance Goals based on the California Ocean Plan

MAX Average  Average Instantaneous 6-Month

Par ameter /constituent Units  Daily  Monthly Weekly MIN MAX  Median
10 metals pg/L X* X* X*
Cyanide pg/L 66 165 16.5
Totd residual chlorine pg/L 132 990 33
Ammonia nitrogen pg/L 39,600 99,000 9,900
Acute toxicity TU 0.765

Phenolic compounds pg/L 1980 4,950 495
(non-chlorinated)

Phenolic compounds pg/L 66 165 16.5
(chlorinated)

Endosulfan pg/L 0.297 0.446 0.148
Endrin pg/L 0.066 0.099 0.033
HCH pg/L 0.132 0.198 0.066

Radioactivity**

62 others pg/L X*
(few metals, mostly organics

*The X entries all have different numerical limitsin totaltoo numerous to list
**Not to exceed limits specified in Title 17, Division 1, Chapter 5, Subchapter 4, Grdwicle 3, Section

30253 of the California Code of Regulations
Note: HCH = sum of alpha, beta, gamma (lindane), and delta isomers of hexachlorocyclohexane
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8.1.6 Permit Support Study — Application of the STE Test for the CDP

The STE proedure described in detail in Section 6.7.4 of thiorewas ppied to assssthe
discharge impact of he50-MGD (189000-m*/day) DP.

A list of the 20 marine spedes selected fohe biometrics tstfor the CDP is presented in
Table 8.2The salinity toleance tesstwas completedsing three localspedes thatare known
to have the hghest susceptiliity to stresscausedby elevated salinity (Le Pagg004: (1) the
purple sea urchifStronglyocentroutuspur puratus), Figure 82; (2) the sand diar
(Dendraster excentricus), Figure 83; and @) thered abaine (Haliotis rufescens), Figure 84.

The biometrics t&t cortinued for a peod of 5.5 months. The results of thistare
summarized in Table 8.3 and indicate that all organisesained hedlly throwghout thetest
period. No mortity was encounteredndall spedes showed normal activitynd feeding
behavior. The ppearance oftteindviduals remainedjood with no changes n coloration or
developmet of marks or lesios.

Figure 8.4. Red Abalone.
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Table 8.2. Marine Species Used for the Carlsbad Biometrics Test.

Scientific Name Common Name Number of
Individuals
Per Species
1 Paralichthys californicus California halibut 5 juveniles
2 Paralabrax xlathratus Kelp bass 3 juveniles
3 Paralabrax nebulifer Barred sand bass 3 juveniles
4 Hypsoblennius gentilis Bay blenny 5
5 Strongylocentrotusfranciscanus Red sea urchin 4
6 Strongylocentrotus purpuratus  Purple sea urchin 14
7 Pisaster ochraceus Ochre sea star 3
8 Asterina minuata Bat star 3
9 Parastichopuscalifornicus Sea cucumber 2
10 Cancer productus Red rock crab 2
11 Crassadoma gigantea Giant rock scallop 3
12 Haliotisfulgens Green abalone 3
13 Megathuracrenulata Giant keyhole limpet 3
14  Lithopomaundosum Wavy turban snail 3
15 Cypraeaspadicea Chestnut cowrie 3
16 Phragmatopomacalifornica Sand castle worm 1 colony
17  Anthropleuraelegantissuma Aggregating anemone 4
18 Muricea fruticosa Brown gorgonian 1 colony
19 Haliotisrefescens Red abaine 5
20 Dendraster excentricus Sand dollar 5

Theduration of the salinity toleance testfor the CDP wasl9 days. heresuts d this testare
given in Table 8.4 and show that two of the thregetemarine organismssandddlars and

red abalnes— had 100% survival in all gtanks and in he contol tank. One ndvidual in
thepurple sea urchigroup died in ech of the testtanks, and one died in the condl tank.

Therefore,headjusedsuvival rate for the purple sea urchins wascl00%. These test

resuts confirm that the rarine organisms inhie discharge zone would hee adequate salinit

tolerance to the dediaaton plant dischrgein the entireange of opeations of the
desdination plant (i.e.up to 40 ppt). All indviduals of he three tested species behdve
normally dunng the test, &hibiting actve feeding and moving habis. The biometrics ah
sdinity tolerance tests were completedlitO-gallon @20-liter) marine aquanums

(Figure 8.5).
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Table 8.3. Owerall Condition of Biometrics Test Species.

Average
Per centage Per centage of Appear ance
Common of Weight Weight Change and

Scientific Name Name Change (g) (Control Group) Sig. Feeding
Paralichthys California 91.3 96.9 n/s Strong
californicus halibut
Paralabaxclathratus  Kelp bass 114.3 104.8 n/s Strong
Paralabraxnebulife Bared sand bas 106.8 1135 n/s Strong
Hypsoblennium Bay blenny 120.0 107.1 n/s Strong
gentilis
Strongyl ocentrotus Red seaurchin 2.8 24 n/s Strong
franciscanus
Strongyl ocentrotus Purple sea 7.9 7.2 n/s Strong
purpuratus urchin
Pisaster ochraceus Ochre seastar 3.8 4.6 n/s Strong
Asterina miniata Bat star 2.8 3.1 n/s Strong
Parastichopus Sea cucumber -2.2 13 n/s Strong
californicus
Haliotisfulgens Green abalone 9.6 7.7 n/s Strong
Megathuracrenulata  Giant keyhole 5.1 4.7 n/s Strong

limpet
Lithopoma undosum Wavy turban 3.9 24 n/s Strong
snail

Cypraeaspadicea Chestnut cowrie 0.6 1.0 n/s Strong
Anthropleura Aggregating 115.9 48.9 n/s Strong
elegantissima anemone
Haliotisrefescens Red abalone 9.2 7.8 n/s Strong
Dendraster excentricus Sand dollar 35 4.5 n/s Strong

Notes: n/s = not signiiant; Sg. = statistical signiiance
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Table 8.4. Resultsof CDP Salinity Tolerance Test.

Bapsed Time to
Species Obser ved Salinity (ppt) Mor tality First Mortality (days)

Red abalones 335 0 N/A
(control tank)

Red abalones 37 0 N/A

Red abalones 38 0 N/A

Red abalones 39 0 N/A

Red abalones 40 0 N/A

Sand dollars 335 0 N/A
(control tank)

Sand dollars 37 0 N/A

Sand dollars 38 0 N/A

Sand dollars 39 0 N/A

Sand dollars 40 0 N/A

Purple sea urchins 335 1 1
(control tank)

Purple sea urchins 37 1 1

Purple sea urchins 38 1 4

Purple sea urchins 39 1 4

Purple sea urchins 40 1 6

Note: N/A = Not Applicable

In sumnary, the STE melod applied to he CDP confirms that thelevated salinity in the

vicinity of the plant disclarge will not hare a meauabkimpactonthe narine organisms in
this locatbn and that thes organisms can talate the maximum diaity of 40 ppt that could

occur in the dischrgearea under extreecondtions.
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Addtional acute mdchronc toxicity studes completed subsequently for this projasing
the U.S. EPAs standard WET test (Weber et al., 1998) have confirmed/diility of the
STE melbod. WET teding usng ababne (Haliotisruefescens) shows that the cbric toxicity
thresholdof this spedesoccurs at a TBconcentation of more thar0 ppt. An acue toxicity
testcompletedusng another stadard WET species,thetopamelt (Atherinops affinis),
indicates that the $aity in the dischrgecan reach more thad0 ppt on a short-term basis
(oneday or kess) withat impading this otherwise salinity-sens# spedes.

8.2 Huntington Beach Desalination Plant

8.2.1 Facility Description

The Hurnington Beach Dediaation Fadity in southern Cldornia isnat yetunder
construdion It is planned tdebuilt ona 12aae parcel adgcent to the ASHurtington
Beach Geneating Station (HBGS; see Figureg}.

The permitted maximum plant dischargsé®&3 MGD (54 MGD or 204,000 riiday of
corcentated seawater and 6.3 MGD or 24,008day of fiter backwash) tdwe Pacifc
Ocean. On August5, 2006, treregional water bexd issued Order No. RBO060034,
NPDESNo. CA80000403which prescribed waste discharequirements for disemges
from thefacilty.

Similar to the ©P, this plant will receive its soce water from eithehie HBGS's
concenser oding water discarge or directly flomthe HBGS's inteke system. The
desdinaton processwill consst of souce water screening, coagutan, fitration, pH
adpsgment, chlorinéion, de-chlorinationRO memipane separation, and pduct water
chlorinaton and chemic&condtionng. The facilty wil poduce a 12-month avage of50
MGD (189,000 nYday) of potale water and 50 MGD (189,000 °fday) of conceméted
seawaterRO cleamgsdutions and first-rinse wastewater wil be directed to a nedlizaton
tank and then dischrged to the local sewer. All subsequent RO membrarse wiastewater
(upto 029 MGD or 1100 ri¥day) will be cawveyed to 200,000 gal (757 M) washwater
equalizaton tank prior to beng metered intohefadlity's effluent outfd. The plant wil

utiize chlorine in heform of sodiumhypochlorite to control and prevemicrobial growth in
thetransmission pipelines rafilter media. Chlorine may beaded kefore the influent tohte
fit ration system. All chlorinated prosewater will be de-chlorinated if returned to thezan.
Chlorine will akobe used to disieft product water to raet the water quality standards of
the Division of Drinking Water of the @Gtornia SWRCB.
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e e = e
Figure 8.6. Huntington Beach Desalination Plant Site Schematic.

8.2.2 Receiving Water Characterization

The power plant outfall is negperpandcular toarelaively staight beachine, which
extend for seveal mles The ebbtide and flood tide directons are asonealy perpendcular
to the beachline. The desalination and power plant use a common digelautfall, which
extends approximately 1500 ft (455 m) from the shoreamntarea witta sandy bottoma
very limited content of marine life, and no endangepeties (see Figure 8.Mhe species
found in this discharge area are identical to thosedfeuthe vicinity of the ©P outfall
Therefore, the salinity tolerance study developed foCID@ was incorporated into the
permitting process for the Huntington Beach project.

8.2.3 Description of Discharge Streams

The discharge stream will consst of concentate, flter backwah(supernatant from the
clarifier), and final ring water fomthe cleanng cycle Cleaning solutions and $itrinse
water wil be sent tolte saniairy sewer The concentrate is projected to haalinity of 60 to
68 ppt. The salinity of the spent fiter backwash watéhe same as that of the source
seawater (33.5 ppt). The cleaning solution from memhbriagiag varies in a range of 1000
to 20,000 mg/L.
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Desalination Plant

Figure 8.7. Configuration of the Intake and Outfall of the Huntington Beach Desalination Plant.

8.2.4 Description of Plant Outfall

The concembted seawater with other praasvastewatergnaverage 56.59MGD or 214,000
m’/day) will be dischrged to heocean throghthe existig HBGS outfall structure (see
Figure 8.8).

The outfall consists of a singl21-ft (6.4-m) diameter, 150f-long (455-m-long) discirge
pipe (see Figure 8.4) andertical tower structure witadischarge deptbf 20 ft (6.1 m) below
the ocean bottom.

8.2.5 Key Discharge Permits and Permit Requirements

The NPIESpemit disausses pedds of power plant inactivity $uch as during maintena@c
work o during a heat treatment antifimg meaue) that may oaar every six to eight weks
and may last from 6 to 8 h peracurrence The desdinaton facilty may not opeate durng
this time but may opeate at its maximum daily peakqauction capacity durig other periods
to meke up for the lost production. During thesdimes, the opation will alsoreachits
maximum ddy pemitted mncentate seawater diselge.

If the HBGS were to temporigr cease opationsof its once-through oding water system
(e.g,durihg HBGS maintenance shila@vns), or if it were to prode insuficient flows to
satisfy hedesalingion faciity's inteke flow requiremerg, the facility would opeate the
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HBGS's seawater irka andoutfall indepadently in a tempary stand-alone opetional
mode. Ths temporary stand-alone mode might acin one of two situatiast (1) when
HBGS B temporarily shtdown, or ) when HBGS is op@ting but its disclargevolumes
are nat sufficient to nee the fadlity's intake requiremers. When opeating in temporary
stand-alone wde, hefadlity's intéke flows will be maintained atgoroximately 1267 MGD
(480,000 ryday).

Vertical exaggeration = 31 to 1

Elevation, m MSL

E Outfall structure

ZID

Distance Offshore From MHT Line, m

30 32 34 36 38 40 42 44 46 48 50 52 54

Salinity, ppt

Figure 8.8. Outfall Structure and Distribution Of Discharge Salinity in a Wor st-Case Scenario.
(No Power Plant Cooling Waterfor Mixing and MinimuMixing from Wind and Currents).

To ersue protetion of the receinig water's beneficial uses and tionit the salinity
concentations n the receiving water, Order No. RB060034 imited the dedanation
fadlity's total outfall disclarge uncer the co-located opetions to a maximum cf4.7% of he
intake flow [a total desknation discharge of 56.59 MGD (214,000 riYday) for a total HBGS
discharge of 1267 MGD (480,000 nday)]. Under this requirement e fadlity could achise
its production capacity whenever HBGS flows meetaceed 1267 MGD (480,000 riyday)
If the HBGSdoesnat direct1267 MGD (480,000 rfiday) to the &dity, thefacility wil
opeaate heintake system in a temporary sikalone mde to maintain a minimum inke
flow of approximately 1267 MGD (480,000 riYday), thereby esuing that the faiity's
discharge remains at or lesthan44.7% of te total intake volume.

Similar to the CDP,in addition to an NPDES discharge permit, the HutdimgBeach project
implementation requires the following other dischargateel permits and approvals:

¢ an intake and discharge lease from the California Sttdd. Commission
e aCoastal Development Permit from the CCC
e approvalsfrom the U.S. Fish and Wildlife Service and the NOAghEries

e approval from California Fish and Game in terms of confimnathat the intake and
discharge areas do not contain threatened or endarspeeds
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The effluent limitations are for Discharge Point 001, betbe discharge is mixed with
HBGS discharges. The effluent imits are calculatedjuaidilution factor of 7.5 and a
wastewater flow of 56.59 MGD (214,000%/day). In addition, there are narrative discharge
prohibitions, discharge specifications, and receiviagewlimitations (temperature, physical
characteristics, chemical characteristics, biologidsracteristics, and radioactivity) in the
NPDES permit. Effluent monitoring and procedures for WETing are in Attachment E of
the permit Monitoring and reporting are required on all parametexishiéive numerical
imits, shown in Table 8,nabout 100 organic chemicals and five other metals.

It is interesting to note that the Huntington BeacHlDEES permit does not contain a numeric
imit for salinity. However, the permit hasspecified minimum volumetric ratio between the
concentrate and the receiving seawater in the mbamg of 2.24:1 (see Table 7.1), which
corresponds to a mixed water salinity of 40. pjptis indirectly incorporated salinity limit was
based on the salinity tolerance study completed éoaBP and discussed in detail in a
previous section of this chaptdihe same salinity threshold was used for both projects
because the marine species inhabiting the areasldiiftengton Beach and Carlsbad
desalination plants are practically identical andtgpieal for southern California near-shore
coastal watersSimilar marine organisms and a similar salinity thresholt were also
identified for the West Basin SWRO Project, which incorfemtaan independent salinity
tolerance study for marine species inhabiting the éwtfeh of theroject (Weston

Solutions, 2013).
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Table 8.5. Numerical DischargeLimitations for the Huntington Beach Desalination Facility.

MAX Aver age Aver age Instantaneous  6-Month
Par ameter/Co Units Daily Monthly Weekly MIN MAX Median
nstituent
Maximum MGD 56.59
flow
Oil and grease  mg/L 25 40 75
Oil and grease Ib/day 11,800 18,900
TSS mg/L 60
TSS Ib/day 28,300
Settleable ml/L 1 15 3
solids
Turbidity NTU 75 100 225
Arsenic pa/L 250 660 46
Arsenic Ib/day 118 21
Cadmium Mo/l 34 85 8.5
Cadmium Ib/day 16 4
Chromium-6 pg/L 68 170 17
Chromium-6 lb/day 32 8
Copper pg/L 87 240 11
Copper Ib/day 411 5
Lead pg/L 68 170 17
Lead Ib/day 32 8
Mercury pg/L 1.36 34 0.34
Mercury Ib/day 0.64 0.16
Nickel Hg/L 170 420 43
Nickel lb/day 80 20
Silver pg/L 23 58 4.8
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Silver Ib/day 11 2.2
Zinc pg/L 620 1600 110
Zinc Ib/day 290 52
Cyanide png/L 34 85 8.5
Cyanide Ib/day 16 4
Total chlorine pg/L 68 510 17
residual
Total chlorine Ib/day 32 8
residual
Chronic TU 8.5
toxicity
Ammonia pg/L 20,400 51,000 5100
nitrogen
Ammonia Ib/day 960 2550
nitrogen
Phenolic pg/L 1000 255 2600 250
compounds
(non-
chlorinated)
Phenolic lb/day 480 120 120
compounds
(non-
chlorinated)
Chlorinated pg/L 34 8.5 85 8.5
phenolics
Chlorinated Ib/day 16 4 4
phenolics
pH Standard 6 9
units
102
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8.2.6 Permitting Support Studies — Retrofitted Diffuser on the Discharge Outfall

In Janary 2006, Scott A. Jakins Corsuting provided a supplemental report t@®804 modeling
study they performed to simulatdilution and dispersin of the concemntate sea sadtthat wouldbe
added to hepower plants disclarge streamTherecommeaded dff userto consider was a velocity
cap difuse, which would prowle four lateral diffuser ports wit rectangular cressedions,
producing four horizontal discargejets The stidy conclusbn wasthatadiffuser would prode an
increased dikion factor at theshoreline However, the installatiorof a diffuser would incresethe
seabed salinity withiB0O ft of the outfall kecauseonly half of the watecolumn would e engaged
in dilution and because the present diagfe configuratn epdsthe concentate seawater away
fromthe seabedThe bentli alea would consequeyntexperience iher salinity in henear field
Therefore,he curent outfall configuation allows a moreapid dlution of theconcentate sea sat
and was found to be more appropriate than the ingiallaf new diffusers.

8.3 TampaBay Desalination Plant

8.3.1 Facility Description

The co-locatin of a lage-scale desalination plant with a power statwas fist used for the Taipa
Bay SeawateDesdination Project and since then haseh consideredrad used for numeraos plants
in the United States and worldwidEhe intake and discharge of the Tanpa Bay Seawate
Desdination Plant are onreded diredly to the cobng water dischrge outfds of he Tampa
Electric Companis (TECO’s) Big Bend Power Station (Figure. 8.

The TECO power gemation staton discharges up to 1400 MGD (5,300,000 Hday) of @ding
water depadng on the load ad the geneating units in opeaation. The desalinéion plant tkes an
avaage of 44MGD (166,540 nday) from the cooling water discharge tmguce 25 MGD
(95,000 nday) of freshwater for dniking. The desinaton plant concemgte is dischrged to the
TECO coolng water outfdis,downstream fom the paint of the desalingon plants seawater intake.

The souce seawater is treated thghifine scieens, coagulatin and flocculation chambers, sand
media, and diatoateaus fiters in seris, as well as through the SWRO system wiltigl seond
pass The spent fiter backwswater flomthe desknaton plant is processed thrglulamela
sdtlers Thesdids produced are dewateredsing abelt filter pressTreated backwash water and
concentate are blended and disposed of thraghthe power plant outfis.
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Figure 8.9. Tampa Bay SWRO Plant Co-Location Schematic Showing Daily Water Volumes.

8.3.2 ReceivingWater Characterization

The combined power plant cooling water and concenfirartethe desalination plant are discharged
into a man-made open canal, which conveys the aligetto Hilsborough Bay. This bay is a sub-
embaymet of Tanpa Bayon the west-cental coast of Florida The TECO power plant is neaeth
mouth of Hilsborogh Bay. Tidal adionis the dominart force affectngwater trasport in lower
Hillstorough Bay. With each tide reversal, more than 28nes as much water enters or leaves
Hillsborough Bay and more tha@0times as much water enters or leavespeaBay than is
circulated throgh the power statbn (Levesqe and Hammettl997) The canal has limited aquatic
vegetation, and because of the relatively high teniperaf the power plant discharge, the TECO
discharge canal attracts manatees that bring thee<cttvthe canal for the winter (Baysoundings,
2015; Save the Manatee Club, 2015).

8.3.3 Description of Discharge Stream

The discharge stream consists of conceaie,treated iiter backwah(lamella chrfier supernatant)
fromthe ganular mediaifters, and memiane cleanng rinse water.

8.3.4 Description of Plant Outfall

The TECO power gemnationstaton disclargesa maximum of 2.2 tion and an average of 1.4
bilion galors of cooling water per day (maximum and average of 8,327#&ad 5,300,000
m’/day, respectively) depeing onthe load ad the geneating units in opeation. From this
coding watet the desalingion plant takes an avage of 44MGD (166,540 rYday) to poduce 25
MGD (95,000 r¥day) of freshwater for dniking. The desinaton plant concemgte is dischrged
to the same TECO caatj water outféis approximately 70 ft (21 m) downstreamrfrthe pant of
the desalingon plants seawater intake.

At full capacity, he RO procesresults in abat 19 MGD (71,915 riiday) of 2.3-times-as-salty
seawate which s returnedd the TECO plarit cooling water streamrad blended wit coding

water, achievig a blending ratio of up to 70:1 At this paint, before enterngand mixing with any
bay water, the salinity is alrdgonly 1.0 to 1.5% Igher, on aveage, than the ambient water salinity
in Tanpa Bay. This slight increaselfa within Tanpa Bay snormal, seamad fluctuations in

salinity. It should be pointed out that the Tampa Bay Desaimad®lants recovery rate is 57% and
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is slightly higher than the typical recovery rates bbtider SWRO plants under construction and
development in the United States, which have a&ypiecovery rate of 509 he slightly higher
recovery rate of this project is mainly due to the nedéitilower average salinity of Tampa Bay
(average of 26 ppt) compared with that in the Gulf of Be¥B8 ppt) or that along the Pacific
coast of the United States (33.5 ppt).

The coolng watermixture moves through a diselngecanal, blending with more seawater and
diluting the discharge even further. Byhe time the discarged water reaches TapaBay, is

salinity is nery the same as the baysalinity. And, helarge volune of water that naturally flows
in and ait of Tanpa Bay near Big Bed provides moreillition, preveting any long-termbuildup
of sdinity in the bay.

At present, the desalination plant is operated intatandby mode for six months per year, and the
remainder of the time, it operates at between 40 @b 1of its design freshwater production
capacity During hot standby mode, the plant runs only sevexgs évery week and produces water
for service purposes onlyto maintain the readiness of the desalination arfull capacity
production The pretreatment system of the plant operates anaktibut during the hot standby
period, no coagulants are added to the processed tdedexcepbndays when service water is
producedBecause of the continuous operation of the seawatergiraget system, the plant has a
continuous discharge to Tampa Bay.

8.3.5 KeyDischarge Permits and Permit Requirements

Numerical effluent limitations from the Tampa Bay Dessdin Plant NPDES Permit
FLO186813-006 are shown in Table 8.6.

Most of the numerical limitations apply to the comglindischarge. There are several monitoring
sites for taking samples for reporting only.
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Table 8.6. Numerical Discharge Limitations for the Tampa Bay Desalination Plant.

Effluent Limitations (Numerical) Monitoring Requirements
MAX/ Statistical Frequency Sample
Par ameter Unit MIN Limit Basis of Analysis Type
Chronic WET, 7-day percent 100  single sample  quarterly grab
IC25 Mysidopsis
bahia
Menidia beryllina percent 100  single sample  quarterly grab
RO facility discharge MGD MAX 22.8 daily continuous recorder
flow maximum
Dilution ratio ratio MAX N/A single sample continuous  calculated
MIN 28 single sample continuous  calculated
Time dilution ratio hr MAX N/A annual total hourly calculated
less than 28 h
Oxygen (DO) mg/L MIN  Report single sample weekly 4 grabs/day
(grab)
mg/L MIN  Report single sample weekly 4 grabs/day
(24 h)
Chloride (as ClI) mg/L MAX 0 daily daily calculated
maximum
Salinity ppt MAX 35.8 daily daily calculated
maximum
Copper, total pg/L MAX 0 daily monthly calculated
recoverable maximum
Iron, total recoverable  mg/L MAX 0 daily monthly calculated
maximum
Radium 226 + 228, pCi/L MAX 5 daily monthly calculated
total maximum
Alpha, gross patrticle pCi/L MAX 15 daily monthly calculated
activity maximum
pH MIN 6.5 daily continuously meter
minimum
MAX 8.5 daily continuously meter
maximum
Mercury pg/L MAX 0 daily monthly calculated
maximum

Note: N/A = Not Applicable

8.3.6 Permit Compliance Observations

Long-term monitoring of the plant discharge indicatest the plant has been consistently and
continuously in compliance with its NPDES permit iemments Environrmental nentoring of the
desdination plant discarge has leenongoing since the plant ft began opetion in 2003
(McConrell, 2009). Since then, the plant ogted at varyig production levels until beig taken
offline for remediatin in May 2005. Thefacilty came back dime in March2007. The
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desalingion plant dischrges19 MGD (72,000 riyday) of conceméte with a salinityof 54,000 to
62000 mgL when he product water i25MGD (95,000 nVday) The concemtte is bleded with
the remainder of the power plant colng water prior to its disposal to TamBay. Because of the
large dilution volume of the cobng water, the bled of concentate andcoding water haasdinity
that is well within2000 mg/L of theambient bay water salinity.

Discharge bio-nonttoring by thehost community is a requirement under an Emrimentd
Resouce Permit that was issudg the local county mvironmental agency. The envimmentad
monitoring program in the area of he desdination plant disctargeis implemented by Tampa Bay
Water, hdependent of the desknaton plantoperator. Oveall objedives for the ranitoring
programare to de¢c and evaluathe dfects of the disdrge through comparison to a ortrol area
for time periods dfined by fadity opeation (pre-opestional, opeatioral, and offine periods).

The plant discarge pemit requires adtonal supplemental saimy to be performed as paof
Tanpa Bay Watets hydro-biabgcal nmontoring progam. Water quiity monitoring and bentbi
invertelyate monitorng include fixed andandomsites and are focuseah theareas metlikely to
beaffected by the dis@mge. A controlarea considered representative of the ambieritgnacnd
bay water quity conditons is used for comarisan. For fshand seagass data codedby other
government agencies monitagi in the vicinity of the desalinéion facilty are used to evaluate
potential chages.

Evaluaion of monitoring data fomthe perbd of 2002 to 2008 shows that even during periooks
maximum wateproduction, chages in salinity in he vicinity of the disclarge were within or bebw
the maximum thrdglds (lessthan2000 mg/L increas@ver bad&ground) predictedby the
hydrodynamic model developed dumg the degin and pemitting phases ofte plant Reviewof
monitorng data to date indicates that the plaperation does not hae any observable dverse
impactson Tampa Bais water quality ad abundance or on the diversitf the biological resources
near the faitity discharge.

Bentht assemblagesavied spatially in termsof dominant taxa, diversity, atommunity structure,
but the salinity did notary anong monitoring strataand the observed spatial heter oggraf
marine life distrbution was faindto be cased by \arables norelated to the dis@rge fromthe
desalingion fadility (i.e., tempeature and suktrate) Patterns in fish aomunity diversity in the
vicinity of the fadlity were similar tohose occuring elsewhere in Tapa Bay, ancho differences
between opeational and non-opeational periods were observed.

8.3.7 Permitting Support Studies

The key environmental studies completed for the pamgibf the Tampa Bay SWRO desalination
project included:

e anpiot study to generate concentrate, spent fitekwash, and spent membrane cleaning
solutions, which were used for discharge water qudigracterization;

e aoneyear source water qualty characterization study;

e aconcentrate, spent fiter backwash water, and dgaulutions chemical characterization
study for compliance with all parameters regulated yGlWA and the FDEP;

e aWET study of the concentrate and of various blends méematrate and spent fiter backwash
water;

e adesktop salinity tolerance study for marine spenlebiting the area of the discharge;
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near and far-field hydrodynamic modeling studies to detegnthe zone of initial mixing and
dilution ratios near the area of the discharge andwitlsimpa Bay; and

an environmental impact assessment of the desainatigect, including the product water
delivery pipeline and off-site drinking water storageksa

8.4 Analysisand Comparison of Permitting Practicesin Key States

8.4.

1 Similarities in the General Permitting Processand Permits

The framework for issuing discharge permits is set byréddegulations and begins with the
submittal of a discharge application to the appropsédée regulatory agency (except for in the few
states not delegated to oversee NPDES permits, @hvelaise applications go to the regional U.S.
EPA office) The California permitting process is a typical examplh® general permitting process
(SWRCB, 2014b):

The discharger submits an application to the apprepré&gional water board.

The state or regional water board staff reviews thecappin for completeness and may
request additional information.

The staff determines if the discharge is to be permitgaohibited If a permit is needed and
the application is complete, the staff prepares a dndfsands out a notice for a 30-day public
comment period.

The discharger must publish the public noticediseday in the largest circulated paper in the
municipality or county and submit proof of posting oblmation to the regional water board
within 15 days after posting or publication.

The regional water board holds a public hearing afeeBfhday public comment period. The
state or regional water board may adopt the permitapeped, with modification, or not at.all
A majority vote of the water board members is requirealdtapt the permit. The U.S. EPA has
30 days to object to the draft permit, and the olgaathust be satisfied before the permit
becomes effective.

The permit issuance process takes approximately swhswbut may take longer, depending on
the nature of the discharge.

The general flow of events described previously is reptaee of permitting processes in Florida,
Texas, and other states.

The specific form of state permits can differ, but atr@mim, all NPDES permits contain five
general sections (U.S. EPA, 2015b):

1.

108

Cover Page: Typically contains the name and location of themitiee, a statement authorizing
the discharge, and the specific locati@isvhich a discharge is authorized.

Effluent Limits: The primary mechanism for controling discharges otifaoits to receiving
waters. Permit writers spend a majority of their time deriappropriate effluent limits based
on applicable technology-based and water-qualigetastandards.

Monitoring and Reporting Requirements: Used to characterize waste streams and receiving
waters, evaluate wastewater treatment efficiency, atedrdime compliance with permit
condiions.

Special Conditions Conditions developed to supplement effluent limidgiines. Examples
include best management practices, additional nmbwjtactivities, ambient stream surveys,
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and toxicity reduction evaluations.

5. Standard Conditions: Pre-established conditions that apply to all NP[PESnits and delineate
the legal, administrative, and procedural requiremeritsegpermit.

The permitting agencies determine permit effluent lihésed on information provided by the
permit applicantThe general decision process that state regulatorgregsise follows the federal
framework discussed in Chapter 5, including the evemtsmiormation associated with the
determination of numerical effluent limits as represeint&iure 5.1.

8.4.2 Differencesamong the State Permitting Processesand Permits
8.4.2.1 Differencesin Effluent Limits

The latitude given to the states in how they conftortine general federal NPDES guidelines
results in some policy and procedural differences amibiegenht statesExamples of this include
the following:

e the automati incluson of mixing zones in the inttial permit feasibiligetermingion (e.g.,
Texas) as @posed to mxig zores baig grantedon acase-by-caebasis (e.g., Florida and
Cadifornia)

e the definition of mixing zone parameters

¢ the automati incluson of WET tests for mnicipal memipane concentate (e.g., Florida) versus
WET tests on a case-byambasis (e.g., Texg

o different water quity standards (although all mudteat leat as stringent as the federal
guiddines)

o different permit formats

Differences in permit effluent limits occur from such polayd procedural differences and also
from the site-specific nature of the concentrate dischamgehe receiving water. Both of these
factors are evident when comparing the permit imitermgiwm the permitsf the Carlsbad,
Huntington Beach, and Tampa Bay desalination plavit&h were shown in Figures 8.1, 8.5
and 86.

8.4.2.2 Differencesin Guidelines

There are also differences in the availability of regjatmidelines for implementing SWRO
desalination faciltiesThe Texas Water Development Board developed a gengange
document clarifying the permitting agencies involvadhie permitting of desalination projects in
Texasjt is quite old (2004). ThECCprepared a position paper that presents its viewiseon t
permitting of desalination projects; it also is quitgdated (2004).

The Guiddénes for Implememyg Seawater andri@ckish Water Dedenaton Facilties developed
by the Water Resarch Faundation in coopeation with the WateReuse Rese&rEoundation, the
U.S. Bureau of Rdamation, and the Cdifornia De@rtmentof Wate Resouces (WRF2010)
provide a geneal overview of pemitting and regulatoy requirementsred challenges in the United
StatesTexas and California a stae-spedfic geneal guiddines for dedmaton propc
envionmental planng, review, ad pemitting (R.W. Beck,2004; CDWR, 2008).

These documents do not contain any specific tedhietails or engineering guidance (such as that
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found in the Ten State Standards or the U.S. EPA ViRsetese Guidelines) related to the scope and
nature of environmental studies needed or any speeiigrl and planning recommendations to
complete a successful desalination project.

Thus, at present, there are no legally binding dediainproject-specific regulations or publically
available regulatory guidelines specifically for desdiim projects in the states of California,
Florida, and Texas that are issued by the state egawesponsible for the environmental review
and permitting of such projectState regulators issue desalination project permitsdoars their
prior experience with similar projects.

8.4.2.3 Differencesin Complexity of the Regulatory Process

In most U.S. states, four to six agencies are involdtie regulatory process for permitting a
SWRO desalination plant. In California, there are 24 agsivolved in an independent multi-
agency review process that typically results in nuoeimnditions and permits that regulate the
discharge and in other permits that may have differeniresgents in terms of the mitigation of
environmental impactsSuch practices not only delay the permitting procesalbo put a
significant burden on the project sponsor associatidpneject implementation, operations
monitoring, and data reporting.

8.4.2.4 Differencesin Salinity Limits

Generally, in the United States, salinity is regulatelirectly via WET testsAlthough regulations
do not explicity spell this out, WET limits and r&égments in conjunction with mixing zone
requirements ultimately regulate the salinity of tiseldarge This allows the maximum salinity
limit of the regulatory mixing zone to also be establishethfoisite-specific conditions of the
project.

The maximum limit is based on the level of dilutioequired for marine species inhabiting the area
(or for predetermined standard test species defined bgspective regulatory agency) not to
exhibit chronic toxicity The marine organisms selected for testing are identifEessed on a

biological survey of the discharge area, usualy camgleluring the initial environmental review
phase of the project.

At present, there are no numerical salinity limits mpooated in the federaland state regulations
(Californa is pending) that are developed independently o$iteespecific WET test¢However,
salinity limits for desalination concentrate dischangee become a focus of the updated California
Ocean Plan, which incorporates a generic maximum iremeahsalinity of 2 ppt at the edge of the
mixing zone.

A concernis that such a prescripti@ne size-fitsall” limit is overly restrictive and not reflective

of the site-specific aquatic environment in the argbeoplant dischargd-or instance, if the
concentrate passes the WET test and the dischaigty salhigher than 2 ppt of the ambient ocean
water salinity, it is unlikely that such salinity mresult in negative impacts on the environment
From this perspective, the addition of a maximum isalilmit to the desalination project permit
requirements may introduce an overly constraining burdégrms of compliance costs and delay
to the regulatory process because the WET toxicityplance requirements are already reflective
of the potential negative effect of elevated salinttytlee ambient aquatic life. Further, such a

imit is not reflective of the site-specific condit®nor of the salinity tolerance of the flora
and fauna in the discharge area.
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Chapter 9

Regulation and Permitting Practices Abroad

9.1 Introduction

There are substantial differences in the regulation anditpng of SWRO discharges in
other countries. In this chapter, the practices in ralsf Spain, and Israel are reviewed for
each of these countries via discussion of

e regulatory bodies,
e regulations, and
e permit support studies.

Case studies of SWRO facilties from the three countriesharsubject of ChaptelO.
9.2 Australia

9.21 Regulatory Bodies Involved in Permitting

The Environmeral Protection and Biodiversity Conservation Act (AustralBavernment,
1999) sets out a range of matters of national envirorheignificance (such as threatened
species or ecological communities); where an actimpacts or has the potential to impact
one or more of these matters, approval is requifbd actis not specific to the activity of
desalination, buf a proposal were to impact a mattathe list, the proposal would require
assessment and approval under tite a

The Audralian aad New Zedand Envirormental ad Conservatin Council (ANZECC)
establisksguidelines that are then applied by the individgtdte jurisdictions as they see
appropriate within their own legislatiorEach of thefive Audralian states that have SWRO
desdinaton plants(Westen Audralia, South Aigralia, Queensland, New South Wales, and
Victoria) have state and locajovernng bodes (environmental protcion agenciesio
auharities) that actually issue and em® the plant disclhrge pemits.

In addition to the issuing of licenseadpermits for the discharge from the desalination plant,
most states also have other approvals associatetheittevelopment of the desalination
facilty itself, which include consideration of enviroeantal impacts, including those
associated with the discharge of saline concentrate.

9.2.1.1 Queensland

The regulatorybody invaved in disclarge consent apgaval in Queensland is the Departmen
of Environment and Resource Management (DERNDired discharge of an RO concerdte
to suface water in Qeensland is regulated nder the Environmenal Protection Act 1994and
other subordinatlegislaion (Vargas et al., 201). This act includes a requiremtghat certai
activiies that aremirormentdy relevant activities be licensedpgoval to opeate an
environmentally relevant activity is obtained throwggdevelopmet appoval under the

Water Environment & Reuse Foundation 111



Integrated Planng Act 197 (QIPA, 1997) and is administeredy DERM.

The roleof DERM is to proéd and impove the water avirorment in Queensland and o
achieve a continuig overall improvement of coastawaters within the water quafit
objectives andmvirormental values for a specifocation stateduncer the Ervironmental
Protedion (Water) Plicy 1997QEPP, 2014) ,as wellas esuingthat disclargers pay the
costof theconsequences of their disabes.

Within its regulatory famework, DERM must esure that the cwect envionrmental ad
discharge stendards are setradenfaced. The discharge of effluent toareceiving waters
acceptable poviding the quality of the dis@rmge complies with he condtions in the
developmaet approval setoy DERM to prevent or minimize the negative impacth®
receivig envirorment and providing the dis@mge of the seawater de$naton plant
consistently meets exceeds heminimum requirements sander theEnvironmertal
Protedion (Water) Péicy 1997 At present, the only large SWRO desalination plant in
Queensland is the 35-MGD (132,008/ay) Gold Coast Desalination Facilty.

9.2.1.2 Western Australia

TheWestern Audralia Office of Environmental PraédionAuthority has prirary

responsility for the developmat and enfacement of environmental legisléon within
Western Aidralia, and morespedfically the Environmental PraédionAct of 1986. The
Western Aigralia Deartment of Enviorment and Conservdion (DEC) has introdua
environmental legislation that regulatbe staage, tansportaton, and treatment of
hazardouschemicad and wastthat utimately can reacéufacewatersThe DECis ako
responsible for thimplementdion of the Ndional Water Quiity Management Stragy — the
environmentd qudity managemet framework that contains enanmental valuesrad
environmental quality olgdives (EQOSs) for use in Westerudralia’s coastal wate
managemenCompliance with the EQOs for a specific desalinatioojept is julged using

an assessmemdathe nontoring data of the discharge area, collected before and adter th
initiation of desalination plant operatioestern Australia has three large SWRO desalination
plants: the 38-MGD (143,0003fday) Perth | (Kwinana) Desalination Plant; the 74-MGD
(280,000-nVday) Perth Il Desalination Plant; and the 37-MGD (180.07/day) Cape Preston
SWRO Desalination Plant.

9.2.1.3 South Australia

The South Australian Enginment Protecibn Act of 1993 sets out that the activity of
desalination is a prescribed activity of environmesigiificance that requires a license. The
relevant water quality criteria are established throbghEnvironment Protection (Water
Quality) Policy of 2003. The actual et is issuedby the Environmental Pratction

Authority of South Audralia. South Australia has only one large SWRO desalinatioifitya
the 79-MGD (300,000-Ffday) Adelaide Desalination Plant.
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9.2.1.4 New South Wales

The Marine Water Quality Objectives for New South Wa&esstal Waters (NSW-DEC,
2000 provided the guiding principles usiadthe development of the discharge permit of the
Sydney Water Desalination Plaiihe state agency issuing the permit was the NevhSout
Wales Environment Protection Authorityhe license is issued under Section 55 of the
Protections of the Environment Operations Act 1983w South Wales has one large
desalination planthe 66-MGD (250,000-frday) Sydney Desalination Plant.

9.2.1.5 Victoria

At present, the state of Victoria has one large seawasalination project: the 110-MGD
(414,000-Yday) Wonthaggi Desalination Plant, which is thedstglesalination plant in
Australia and the third largest SWRO desalination platite world The discharge permif
this plant was issued by the Department of Sustdiimabind the Environment under the
Environmental Effects Act of 1978ecause ultimately the state owns the project inigaubl
private partnership with Suez Environment, the Secrétdahe Department of Sustainability
and Environment (DSE) is the proponefithe project on behalf of the Minister for Water.
Under the direction of the secretary, the Capital Projerision of the DSE was responsible
for the development and permitting of the project aedotieparation of the environmaht
effects statement and discharge permit application.

9.2.1.6 Tasmania

At present, Tasmania does not have any medium or dergglination plants in operation or
in planning or developmenthe regulatory agency that issues permits for wastewater
discharge, including that from desalination plantshés Environment Protection Authority of
Tasmania. The Environmental Management and Poll@ontrol Act 1994 is the primary
environmeral protection and pollution control legislation in Tasma. Itis a performance-
based style of legislation, with the fundamentalsbsing the prevention, reduction, and
remediation of environmental harm.

9.2.2 Existing Regulations Governing Concentrate M anagement

ANZECCputished the revisedustralian and New Zeata guiddines for freshand marine
waters in”2000 (ANZECC, 2000). Thesgudelines are avdable on the interngNWQMS,
2000).) The National Water Quality Management Strategy esketnl by ANZECC

forms the basiof water quality policy development for the states. $tages have adopted
the ANZECC guidelines in various ways. Within theestadifferent waterbodies have different
specific water quality targets, similar to the sysiethe United States.

The ANZECC guiddines reogrize amixing zone at tre discharge point ad indicate that the
water qudity limits included in the guidienes are gplicable to he boundary of the mixhg
zore. Theextent ad nature of thamixing zoneare governedby the degin parameters of the
discharge structure and the hydogjcal condtions at the disagearea Mixing zones n
genaal are degyned to mange the disclarge of sduble, non-bio-accumulating sulstances.
Reduced evironmental beafits are accepted within themixing zone as bng as tte values
and uses ohke broader ecosysteate not jeoprdized The ANZECC guiddéines recmmend
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a managem phlosopy of continual impovement, to reducdaé sizeof the mixing zone
overtime.

The ANZECC guiddines orsider toxicity teing as a key mechanism to assthe combined
toxicity effeds of all chemical, the dfectof interactions betveen chemicals, aihthe

potential for ecagcal impacts This approach is considered pretae to chemical- ad
compmrent-specific evalu#ons of dischrges because icaounts for he synergistic e#ds
and hebio-available rfaction of particular substance

For various marine environments adng Audralia’s coasts, the ANZECC guidelines comtai
default trigger values above whiamcdesrable environmental impactsre verylikely. Such
trigger values forhe stateslarge seawater desaliian plantsarelisted in Table 4. Table
9.1 was compiled based on the ANZECC limits for “marine” and “estuarine and marine”
environments (see Tables 3.3.2 to 3.3.9 of ANZECC, 2000.

The southest Audralia limits gpply to the desdination plants in Sgney and the Victoria
desdination plant. The tropical Adralia imits gply to the Gold CoatSWRO deslnaton
plant locatedn Queensland The southwst Audralia trigger valuesply to thePerth | ad Il
and CaePrestn SWRO deslnaton plants The south-centl Audralia reguldions gply to
the Adelaide SWRO delsaaton plant.

The discharge from a given desalirieon plant must containancentations d contaminants
thatare lower thanhe applicable trgger values listed in Table 9.If the trigger value for a
given parameter is egeded at the bourady of themixing zore, then the de$aation plant
has to treat (or isame cases, it is allowed to dilute) its disshe to meet the regulatoliynit.
Usually, dilution is allowed only for prameters thadre inet and rorreadive swch as salinity
Thelocal government agenciewoved in progd pemitting have theright to use more
stringent trigger values fa@pecific propds am circumstancs.

It should be noted that the water quality targetsatdid in Table 9.1 are not always the
criteria that are actually used to determine the dedialn plant discharge lmitOften, the
states have their own requirements that differ from the BGKZ guidelines For example, all
states allow for a mixing zone, but they have differegtirements for this zone. Therefore,
the water quality limits incorporated in the permitshef desalination plant cases studied in
Chapter10 differ from the limits presented in Tables 9.1 and 9.2.

Usually, all desénatbon plant dischrges comply withhe limits listed in Table 9.1 and in
their site-specific discharge permits without adgi@onal treatment of the waste streams,
except for turbidity. As seen fromthis table, he disclarge turbidity limit is very bw and can
only beachieved if he spent fiter backwshwater, which is gemeted dunng seawater
pretreatment, is processemlsite (swally by lamella stling followed by mechanical
dewatemg of the sludge generated ind settlers).

In addition to the parameteristed in Table 4, the desalinadn plant reeds to compt with

the metal levels (gers) presented in Table 9.%/hich value applies dependa howthe
discharge area is classifiedby the regulatory agency: gh Ecobgcal Proedion Area,
Medium Ecabgcal Proedion Area, or low Ecobgcal Proedion Area If atrigger is
exceeded at the handary of themixing zore, then he plant must modify its opation to meet
therespectie regulatory requirementhese regulations s contain requirements for organi
toxicants similar to thasincluded in the U.S. EPA CWA.
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Table 9.1. Australian Regulations Pertinent to Desalination —
Key Discharge Permit Requirements.

Dischar ge Par ameter Southeast Tropical Southwest South-Central
Australia Australia Australia Australia

Chlorophyll g 1 0.7-1.4/ 0.7/20 1

inshore/offshore, ug/L 0.5-0.9 0.3/20

Total phosphorous, 25 15/10 20 100

inshore/offshog, ug/L

Fiterable reactive 10 5 5 10
phosphate, ug/L

Total nitrogen 120 100 230 1000
inshore/offshore, pg/L

Nitrates, 5 2-8/1-4 5 50
inshore/offshore, pg/L

Ammonia, 15 1-10/1-6 5 50
inshore/offshore, pg/L

DO (percentage of 90/110 90 90 90
saturation), lower/upper

limit, %

pH, lower/upper limit 8.0/8.4 8.0/8.4 8.0/8.4 6.5/9.0
Turbidity, NTU 10 20 2 10

Note: Values are inshore/offshore.

It shouldbe pointed ait that basedn ANZECC reconmendatbns, each state has developed
its own desalination project discharge permit requirdsneased on local site-specific data,
type of receiving watdrody, and actual environmental conditions. For all deatdin plants
built to date, theslkemits are within 25% of thevalues listed in Tables 9.1 and.
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Table 9.2. Australian Regulations Pertinent to Desalination — Metal Concentr ations.

HEPA MEPA LEPA
Permit Discharge (protection of (protection of (protection of
Par ameter 99% of species) 90% of species) 80% of species)
Cadmium, pg/L 0.7 14 36
Chromium lI, pg/L 7.7 48.6 90.6
Chromium 1V, pg/L 0.14 20 85
Cobalt, pg/L 1 14 150
Copper, pg/L 0.3 3 8
Lead, pg/L 2.2 6.6 12
Mercury (inorganic), pg/L 01 0.7 14
Nickel, pg/L 7 200 560
Silver, pg/L 0.8 1.8 2.6
Vanadium, pg/L 50 160 280
Zinc, ug/L 7 23 43

Notes: HEPA = High Ecological Protection Area; MEPA = Medium Ecologicabtection Area; LEPA = Low
Ecological Protection Area

The ANZECC guidelines ab containspedfic requirements related tbeobservable impac
of the desknation plant disclrge onthe aquatt flora and faunaSuch impact is asseske
basedn aquatic surveys ohe disclargearea before adafter he conmissionng of the
desdinaion plant The specific parameters of the healtldl biodiversity of theaquatt Iif e
measued kefore andduring plant opeations are the following:

e whde effluent toxicity
e chemical and biochemical afiges in marne organisms
¢ whde-sedimat labaatory toxicity assessment

e structure of macravertebates and/or fish pgouations and conmunties using rapid,
broad-scale, or quantitative rheds

e seagassdepth distiution

e imposex in rarine gastrpads [imposex is a disorder in sea snails caused by e to
effects of certain marine pollutants; these pollutartese female sea snails (marine
gastropod mollusks) to develop male sex organs sualpesis and a vas defergns

¢ frequency of algal blooms
e density of capitelids

e in-water light peneétion

o fiter-feeder denstties

e sedimat nutrient status

e caadl red trophic status

e habitat distbuions

e assemblgedistrbutions
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It is interesting to point out that the Australian datary requirements do not require the
project proponent to quantify and mitigate the impngat and entrainment of marine
organisms by the desalination plant intakéswever, impingement and entrainment
potential by the intakes is acknowledged in documeglated to the project environmental
review, and these effects are typically minimized tsigiéng the intakes such that the
through-screen veloctty is between 0.33 and 0.5 fA9{0.15 m/s).

9.2.3 Permitting Support Studies

Permitting support studies monon for all large SWRO desalitian progds in Audralia are
the following: d leastoneyear of sotce water quity characterizéion andpilot teding of the
proposed dedaation system; numericaledeling of the desalinatin plant disclhrge to
develop projections for mixg (the dition factor) of the discdwge at the bourady of the
mixing zone; and dischagearea flora and fauna surveys fame year before and after the
commissionng of thedesalindon plant. There are a number of small SWRO desalination
projects that have lesser requirements, such as ndamdedilot testing.

9.3 Spain

Spain has long desdination history sarting in 1969 with desalination as a source of urban
water for dry adisdated remote locationigke City of Ceuta in Northern Africa andd
Carary Islanags including Lanzarote, Fuerteventura, andda Carara. In2006§ opeating
installed capacityi Spain was more thaBB80MGD (2,000,000 rfiday). In 2010, this
capacity wag82MGD (2,960,000 riiday), andte country had more tha?50 desalingion
plants The populaton of Spain in2010was 47milion (MARM, 2010).

Approximately 80% of Spairis deslination capacity is ancentated in faur regions: the
Caralry Islands (33%), Andalusia 23%), Murcia (13%), andnie Regon of Valenca (13%).
Thelargest Spanish dediaation plantsare located @ing the Mediterranean coat (see Figure
9.1).

Seawater desalitian in the Carary Islands is a pme souce of the drinkig water supply
because of the acity of natual freshwater resource On aveage, he Carary Islands rely
on ocean dediaation for one-fifth of their water supply, ra the island of Lanzrote rdies m
desdination for more thai®0% of its drinking water eeds. The remaining20% is providedby
water reuseThelargest Spanish SWRO delszetion plantsare Tarevieja (Alicante)63
MGD (240000 n®/day), and Barcelona, 53 MG2Q0000 n?/day).

9.3.1 Regulatory Bodies Involved in Permitting

The Spanish Ministry of Enanment and Rural and Muiine Affairs (Minsterio de Medio
Ambiente y Medio Rural y Marino), within theameworkof the A.G.U.A. (Actuaares @ara
la Gegion y la Utlizadon del Agua) Prograndevelgps and implements aohgterm plan for
the constrution of new desinaton fadlities, whid is updated every seval years.

Basin Agencies (Confedacionesde Cuencas Hidrogrficas) are in clarge of planning
construding, and opeating major water infastructureswch as desaliieon plants and dams
as well as the following: delaping basin plas; sdting water quality argets, as well as
monitorng ard enfacing them; ganting pemits to use water, as well as inspegtivater

Water Environment & Reuse Foundation 117



facilities for which pemits were ganted;uncertakng hydrologcal sudes; and providing
advisory serviceotother entities at their request. Basin Agenaesheadedly a president
who is nominated ly the cabinet at the proposal dfetMinister of Envionrment ad Rural and
Marine Affairs.

Each agency has adid, a user assembly, and a council teusmbroad particig@on by
various stakéndders in its decision-matg processhath in plannng and opeations.
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Figure 9.1. Location of the Largest SWRO Desalination Plants in Spain.

9.3.2 Existing Regulations Governing Concentrate M anagement

A cornerstone of the legal@mework for water supply and samitm is the 1985 Water Lav
(Ley de Aguas), otfied in 2001 and matrecentlym 20(%. Policy and regulon functions
for water supply ad sanitdion are slared anongvarious ministries. For example, the
Ministry of Environment and Rural and Muiine Affairs is in cltarge of water resaues
managemet, and the Ministry of Health is in clrge of drinking water quality rontoring. In
Decembef01Q Law41/2010was intoduced tospedfically addressthe protetion of marine
environment and set ot reguldions governng wastewater dis@iges,includng concentate
from desalinéion plans. The regulations estidh stadards both at thpant of disclarge
(“effluent standrds”) as well as at the bouswy of the mixing zone {ambient stadards”).
Sparsh desalinéion regulations addssenvironmental issuesd concerns associated Wit
project implementatin at all phases of project developmenf glanning, (2) constrution,
and @) opeation.

9.3.2.1 Planning Phase

During the planning phase the desalinéion prod prgporent is required to preye an
environmental impact assessment, which must include tloeviiog:
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e abiologcal suvey of the discarge area

e water quiity characterizion near tle ocearsuface andthe batom of the dischrge area,
includng measuement of pH, TSS DO, nitrates, total nitogen, total phosphas, and
algal content (chloqahyll a)

e bathymetic and curentsuveys
e numeric nodeling of concentate plume dispersion

e anassessment digbiologcal sgnficance and presene of endangeredspedes in the
discrarge area; the Mediteanean coatof Spain is characterizdyy the existeneof large
seabeds of two salinity-sengiti seagasses:

o Poseidoniaoceanica— a seampssthat grows indrge beds alog the coatand s
sendive to salinity exeeding40000 mg/L; the Poseilona seagassbeds sometimes
extendone to two ries dfshore

o Cymodoceanodosa— a seagassthat usully growson asandy or muddy batom atup
to 66 ft (20 M) in depthCymodocea forms thickinderwater lawns referred tsa
“sebadalg’ thatare habitat for endayered narine spedes andare used for spawmg
by meny aquatic organisms

9.3.2.2 Construction Phase

During the constructin of the deslnaton plant, the project developer is requireddmplete
thefollowing adivities:

e monitoring seawater quality to determine whether cooidruis impacting the nearby
aguatic environment and taking the necessary correaugasures;

e tracking the condition of seagrass beds in the ard® afdsalination plant construction
site and discharge;

e monitoring and quality control of the dredged materifs]

e monitoring and control of the increase of silt contarthe seawater as a result of
excavation and runoff activities.

9.3.2.3 Operation Phase

After theplant is conmissiored, the plant dis@gearea is required to beanitored
perodcally for:

e compliane with numeric water quidy parameters ohe disclarge and at the bounalry
of themixing zore;

e biodversity of he aquatic habitat inde and outsde of the ZID; and
e the structural integrity,uinctioning, and ondtion of the disctarge outfall.

Spanish regulatory agencies do not consider impinge et entrainment of marine
organisms by the intakes of desalination plantsrafis@nt environmental impact and do not
regulate or require mitigation for potential marine lifssles caused by intake operations.
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9.3.3 Key Permits and Permitting Agencies

All desdination plants opete uncer a waste disehige pemit issuedby the Geneal

Diredion of Environrmental Quality (Direcon Geneal de Cdidad Ambient) Prior ©
issuance fte pemmit is reviewedoy various officesof the Ministry of Environment and Rural
and Marine Afairs— the Office of Water Quéty, the Office of Environmentd Planning, he
Office of Indudrial Waste Regut#on, he Office of Protetion of the Enviorment, he Office

of Sugtainable Enviormental Managementas well as local mdregional regulatory agencies
with jurisdiction over the rarine coastal envirment and industrial and ecaedional

activities. Key permitting requirements incorporatethiost SWRO desalination plant
permits are shownin Table 9.3.

9.34 Permitting Support Studies

Support studies for the reironmental review ad pemitting of desdination projects in Spai
vary sgnficantly fromoneproged to another andta minimum mvdve souce water qualiy
characterization, bathymetiand biological suveys of he disctargeareas beforerad after
plant conmissioning, and wdeling of the sdinity plume of he disctarge.

Desalination projects of all sizes are required to docgowater quality characterization for
at least six months, especially during the summeoghevhen algal blooms may occirata
collected for source water quality characterizagiba minimum include the following:

e TDS

e conductivity
° pH

e temperature
e DO

e silt density index
e oil and grease
e total hydrocarbons

e sodium

e chloride

e calcium

e magnesium
e jron

e manganese
e bromide

e boron

e nitrates

e phosphates
e siica

In addition, source water quality is characterized fomelals and organics regulated in the
plant discharge as well as compounds that are rediigtpertinent public health agencies.
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Table 9.3. Spanish Regulations Pertinent to Desalination — Key DischargePermit Requirements.

Par ameter Maximum Concentr ation
TSS, mg/L 35
pH 6-9
Total nitrogen, mg/L 15
Total phosphorus, mg/L 2
BODS5, mg/L 25

For small plants, the collected source water quatfiyrination is used to project the quality
of the desalination plant concentrate based on theted plant desigror plants larger than
26 MGD (100,000 riiday), concentrate is generated using a pilot systewifially buit for
the project Such concentrate is used to complete chronic ane &¢HIT studies with
methodology and test protocols similar to those efstandard U.S. EPA WET tests.

All desalination projects are required to complat&thymetric survey of the discharge area
to document the configuration of the bottom in thisazae well as area depth, currents, and
waves A bathymetric survey produces a map of the ocean battéhe area of the discharge
and identifies the depth of the sand cover of the iotithe information collected during the
bathymetric survey is used to complateiological survey of the discharge area as well as

hydrodynamic modeling of the concentrate dispersion.

The environmental review of all projects entails the detigm of abiological survey of the
marine habitat in the area of the dischafgchasurvey includes the identification of

marine species inhabiting the ocean bottom and watemn along the length of the plant
intake and outfallThe biological survey identifies and maps the locatind type of marine
habitats in the mixing zone of the discharge, innlydseagrass beds, kelp forests, coral
outcroppings, borrows of benthic organisms and fish,atimet habitats that could be
impacted by the desalination plant operatidrige outcome of this biological survey is a map
of marine life information documenting the condition af tlischarge areat “time-zero}
before the plant operation begii$e scope of suchsurvey includes the following:

e the installation of underwater current velocity metews@dépth of 3.3 ft (1 m) from the
bottom

e the documentation of conductivity-temperature-de pthtiogiships

e acharacterization of the water column (pH, suspendild, 90O, nitrate, and total
phosphorus)

e abottom sediment characterization
e seagrass beds mapping and characterization (coveragey depeed growth)

e the mapping and identification of other marine habiathe discharge area (coralreefs,
kelp forests, and rocky habitats of crustaceans androtne species)

Hydrodynamic mathematical modeling of ocean watehdrges is usually completed for
projects with a capacity of 5.3 MGD (20,000/day) or larger CORMIX is the most popular
hydrodynamic model used for desalination projects @rSp
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For plants larger than 40 MGD (150,008/aay), ato-scale physical model of the outfall is
constructed ira specialized hydraulic laboratory, and the model isl tisestudy and
document the projected size, depth, and concentraitite discharge salinity at different
discharge volumes, mixing conditions (i.e., wave &imdll speeds), and salinity
concentrations using tracer dgichamodel is used to validate the results of the
hydrodynamic mathematical modeling.

9.4 Israel

In 1999, the Israeli gvernment intiated ahgterm, hrge-scale SWRO desalitian
progam. The ppgam is degjired to povide for he growng demand on Isra’al s@rce water
resouices and tanitigate hedrought condtions that have characterizedstyears since e
mid-199Gs. The Israeli dedmation program has define@cumulative ndonwide target
volume of desalinated water that mosproducedy certain dealthes to ddressthe
countrys water spply needs The initial 1999 targe capacity 0of36 MGD [50 milion cubic
meters (MCM) per year] was rese202to 290 MGD 400 MCM/yea). This target was
reduced i2003to 165 MGD (230 MCM/yea) inresponse to an unprecedentagd amount
of rainfall in 2002. In Juy 2007, sWbsequent to seva drought yers,the fargeted poduction
capacity was reset &0MGD (505 MCM/yea), which was reached in 2013 ddtional
drought onditions led to a further incrsain the arget capacity ir2008 to 550 MGD (750
MCM/yea), tobereached by the year 2020.

9.4.1 Regulatory Bodies Involved in Permitting

The Ministry of Envionmental Pratction (MEP) of Israelis the main regulatory eytit
involved with the development, implemetiva, and enfacement of reguldions related to the
discharge of concentate and other waste streamsnrdesdination plants The Israel
government actudly encouages he constructin of desalinatin plants and consider
diversificaion of the countris water supply as a natal goalof the utmast importance.

The actual plant diselge pemits are developedd reviewed by an interministerial
cammittee with eight member representativesrfrseven different ministries as well as one
representative im pubdic environrmental organizationsThe Marine and Coastal Divigon of
the MEP of Israel serves agprofesional advisory bodyatthe canmitee, coordinates
commitee adivities, andis responsible for theontoring and enfacement of pemit
compgiance.

9.4.2 Existing Regulations Governing Concentrate M anagement

The marine enviormentalpdicy and reguldions in Israkare basedn MEP requirements
(MEP,2002; the National Master Plan fothe desknation of seawateB84B3; and he
experience acquired with the ogion of large deslnation plants for more than five ges.
Accordng to the Law for Proedion of the Coastal Envonment of2004 (IMEP, 2004),
desdination plant dischrgessiould be onstructedswch that they proteche coastal zone of
Israel The coastiezone is defined as000ft (300m) inland, 100 ft (30 m) depth, and one
nautical nie ©6076ft) off shore In addition, the discrge of concentate is regulatedby the
Land-based Swooes Law 0f1998, its reguldions 0f199Q and its amedments 0f2005 (Safiri
and Zask2008. The Land-based Sources Law is ba@ethe Barcdona Caventon for

122 Water Environment & Reuse Foundation



protectng the Mediterranean Safromthe negative mironrmental impacts gbant
discrarges.

The Israeli Policy fortte Proedion of the Mediterranean Marme and Coastal Envionmert
from Desdinaton Facilties MEP, 2002) defineshefollowing geneal criteria for narine
outfall construton and opeation and thus addresses three key issues:

e discharge typeand characteristics
e marne outfall
e discharge montoring program

9.4.2.1 Discharge Characteristics

Key disclarge characteristiossed to assesdesalinéion plant disclrgeimpact on the
environrment are the following:

e Dischargecompodion, which is mainly driverby the sour@water quéity and the type
and quantiies of chemicalsised at the desalitian plant.

e Pretreatment waste streams; that is, which wastares generated dygpretreatmein
systemwil be discdrged to the ocean, aifidthey wil be treated befie discharge.

e Treatment chemicals; of speciiiterestare chemicals that can exhibit effltiéoxicity,
swch as antiscalants and memaiie cleaning chemicals, as well sich tha can trgger
algal bbom effects,such as lposphate antiscalasitphosphorc acid, citrc acid, nitrc
acid, and othes

e Plant recoveryate; that is, the peentage of sougwater that is onverted into
freshwaterRemveryrate dictatestie sdinity of the plant disclarge and the potentia
concentation of algal toxiis, organis, sdids, or other compounds that maysuein
effluent toxicity.

e Opeaational regime, the intenittent or cotinuaus discrarge of concemate and spen
fiter backwashandthe associated maximum loaafssdids and sknity spkes.

e Flow rate, which impacts the loadd sdids disclarged in a particular area.

e Increase of turbidity asedby the dischrge, which shoulcha be more thai0% of the
seamal aveage.

o Suspaded mrticulate matter (TSS), whiclshould not exeed the seama average by
more tharl0 mg/L.

e Color of the ambient water, which should not be @#dby the disclrge outside of he
mixing zone.

9.4.2.2 MarineOutfall

The lawof 2004 for the proedion of coastal avironment includesspedfic guidelines ad
requirements for desalitian plant dischrges. The followig aspectsshould be considered
when determimg the mat sutable locaion of the ocean outfall for a given project:

e natual sand novement,
e ecosystems irhe coastal avironment,
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e fishng activties,
e marine vessetaffic,
o the safetyf bathers andufers in shatiw waters, and

e the impact of onshore coastalifidies serviaigtheplant outfall (e.g.pump staitbns and
staage tanks).

9.4.2.3 Discharge Monitoring Program

The environmental law in Israel prescribeésetimplementatn of a monitoring program of the
area of tle discharge before and after the désaton plant outfall isbult. The monitoring
program typicdly has to incorpate the following information:

e water quiity characterizéion of thereceivihg ocean area, includj meaure ment of
physical, chemical, iad biologcal parameters;

e sedimat accumulaton in thedisclarge area; and
e biota (typeand diversity).

9.4.3 Permitting Support Studies

Permitting support studies required in Israelat leatoneyear of sotce water quitty
characterizaon; numerical radeling of the desknaton plant dischrge; and surveys of the
discharge areasfloraand fauna six months tme year before iad after e commissionng of
the deslnation plant.

Desalination projects are required to collect sourcemeiality data for at least the
following parameters and to determine by projectionsctimeentration of these parameters
in the concentrate:

e TDS

e conductivity
. pH

e temperature
e DO

¢ total hydrocarbons
e nitrates

e phosphates
e turbidity

e TSS

e BOD5

Projects larger than 26 MGD (100,000/day) are required to complete a biological survey
in the mixing zone, which is defined as a circle vaittadius of 1000 ft (330 m) centered on
the point of discharge. The purpose of this survey idetotify marine species living in the
area and to determine their salinity tolerances.
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Hydrodynamic mathematical modeling of ocean watehdeges is usualy completed for
projects with a capacity of 11 MGD (40,000/day) or largerThe CAMERI 3D model has
been used in the numeric modeling of the discharge®sif of the SWRO desalination
plants in Israel, such as Ashkelon, Hadera, and Sorek.
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Chapter 10

International Permitting Case Studies

10.1 Perth| Desalination Plant, Australia

10.1.1 Facility Description

As reported at the ®ember2009 World Congrasof the Interndional Desalinton
Associatdn (Chrigie and Brnelye,2009, the38-MGD (143000-m°/day) Perth Seawate
Desdination Plant (Perth 1) has been in tionaus opeaation since vember2006. This
plant supplies more thalY% of thedrinking waterof the City of Perth, Adralia, which has
more than B million inhabitans.

The treatment faciltie®f the Perth Seawater Desaliian Plant (FigurelQ0.1) are very typich
for state-of-theart seawater desalitian plants worldwide Since its construain, the Water
Corpaation of Western Aidralia (Water Corpoation) hasbult a seonddesalinéion plant,
Perth I, to proxde adrought-proof and relial# water supply to the Citpf Perth.

Perth | has a velocity-cap type openhetatructure extendg 660 ft 00 m) fromthe shore
Source seawater is treatechgsi4 snde-stage dual ganular media pressefiters, 14 five-
micron cartridgefitters, andl2 two-passRO memlvane systems with pressure excigars (L6
ERI PX220 per RO train) for engy recmvery. The RO permeate is post-treatedimeg
stabilizgion and sadium hypochlorite disinfection.
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Figure 10.1. Perth | Seawater Desalination Plant.
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Figure10.2 provides a gemd schematic oftie Perth SWRO Desalinton Plant. Tle
desdination plant concendte is disclarged to the ocean via aff shoe outfall with
diffuses. Plant source water salinityakes in a rage from 30,000 to 39,000 mg/L (average
37,000 mg/L), and intke tempeature is betveen 54 and 77°F (15-25°C) and aveages68’F
(2CC).

10.1.2 Receiving Water Characterization

The Perth SWRO plant discdrgeis located in Codburn Sourd, which is a shew and
enclose waterbody with a very limited water circulatn and an aveage salinity of 37,000
mg/L. Coclourn Saund frequertly experiences natally occurring low oxygen levels dung
periods of low curents ordw wind intensity This waterbody is anreded to he Pacifc
OceanCockourn Saund is characterizeby reldively closed accssto the Pacifc Ocean ad
avariable dfshore cuent. The sondconsists of 33 ft (10 m) shelf near the shore locati
of thedesalinéion plant that becomes@b ft (20 m) basin at its deepgpart, which is
enclosed byhe Garden Island further westThe main areas of @evironmental concerreiced at
the desknation plant and at its disarge included:

e dilution of the concemtte disclarge at tie edge of thenixing zore — 150 ft (50m) in all
directions of the tfiuser;

e toxicity of theconcentate andits efectonthesuroundng ecosystem;

e apeceivedthreat t®O levels in Cockburn Smd by the ewvironmental regulator and
the Cockburn Saund Managemat Council (whomonitor the envirormental“health of
Cockourn Sound); and

e discharge of other waste ductsswch as sldgefrom the dual media backwastater.

Sea
Sea Water Water 24 pual HP Suck Back
Open Intake Pumps M Filters Pumps 12 SW R.O.Trains Tank
AR
‘_//">—"%—’_ 1 b ——
14 Cartridge Filters
Sea water
iz g
Ei % Pressur hangers >
@ O
x5
TDS < 200 mg/l &
Bromide < 0.1 mg/I 6 BW R.O. Trains
™ | <
Potable \‘;Ot?b'i Permeate 4—-‘
Water - 1an Tank (By-pass)
<4

Remineralization

Figure 10.2. Genera Schematic of the Perth | Desalination Plant, Australia.
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10.1.3 Description of Discharge Streams

The deslnaton plant dischrgeto the ocean consisté concentate andspent pretreatmen
fiter backwahwater Concentate is dischrged flom the RO systemmuder pressure and then,
after conveyance to a small retentchamber, is diséged to heplants ocean outfall. The
spent fiter backwshwater is pretreated in lamellatbers and equalized prior to disobe

with the concentate. Sludge geneted in the lamka sdtlers is dewatered in a bélker press
and disposed offsite to a sardtry landfll. Neutralized memtane cleamig sdution

gengated fromRO membane CIP is discharged tde saniary sewer.

10.1.4 Description of Plant Outfall

Becausehe Perth SWRO plant discirgearea has verymited naturamixing, the
desdination plant pr@da team constructed affdiser-based oiall that is located
approximately 1640 ft500m) dfshore and ha40 ports alog the final 660 ft (200 m) at
abaut 1.6 ft (0.5 M fromtheseabeduface at a 60angle The diffuser was degied to
provide a dlution rato of 45:1 within hemixing zone. Thdiffuser portsaare spaced at 16 ft
(5 m) intervals witha 9-in (220mm) nominal port diameter atdepth of33 ft (10 m; see
Figure 10.3). Diffuser legh is 5201t (160 m). The outfall is a single glsreinfarced-plast
pipeline withadiameter of 6Gn. (1600 mm).

This difuser degin was alopted with the expectian that the plura would rise to a heightf
281t (8.5 m) before begning to shk because of its elevated density. It was desigmed t
achieve a plume thikness at heedge of themixing zone of 8 ft (2.5 m) iad, in the absence of
ambien cross-flow, to extend the plume to approximate0 ft (50 m) laterally fromthe
diffuser to the edgd the mixing zone (see Figurd0.4).

50-m boundary of

The mixing zone
30-m mixing zone tachieve
45 x dilution

pipeline

20 diffuser ports at 20 diffuser ports at
5-m spacing 5-m spacing

Figure 10.3. Perth | Desalination Plant Dischar ge Configur ation.
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Plant opeations data (Christie anddBrelye, 2009) stow that heactual dution ratics
achieved with this degm were betveen50:1 and1201 (meaued at tie edgeof the mixing
zore), depadng on the actual diedion of local curents; this value is well@ve the plart
pemit dilution ratio requiremst of 451.

It should be noted that the plant has@ion (which is #owed by he pemit) to
recirculate intake seawater intdie plant conceméte disclarge during periodsof reduced
plant capacity to incresthe dischrge velocity and improve dilain and oxygen content, if
needed fo comgiance with the minimum diltion ratio defined in he permi.

The diffuser degin was ofimized usng conpuer fluid dynamics nodels basedn the
Robersequdion, which dowed for tke optimizaton of the diameter anchge of discharge.
During the degin phase, studies were performed atliimiversity of New South Walassing
ahydraulic calculgion model as well aslpysical 115 scaé modeling for the confirmetion of
thedesgn of the outfall {plume thiknessand hajht, impact, uimate dildion [a<1.2 pptat
156 ft (50 m) objective]}.

Initial X | Initial mixing zone
mixing . =100m
zone L

o e

diffuser

Courtesy of the Water Corporation

Figure 10.4. Perth | Desalination Plant Mixing Zone.
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10.1.5 Key Discharge Permit Requirements

Table10.1 presents aunnary of key requirements inadied in he plant disclrge pemit.

Table 10.1. Perth | SWRO Desalination Plant — Key Dischar ge Permit Requirements —
Permit No. L8108/2004/4.

Permit Discharge

Par ameter Average Maximum Minimum
Distance factor at the 1:45
edge of mixing ane
Distance from diffusers 165 ft (50 m)

to edge of mixing ane

Salinity increment 0.8 ppt 1.2 ppt
above average at the
edge of mixing ane

Turbidity concentration 8 NTU
Oxygen concentration 5 mg/L
pH units 8.3 7.0

Conductivity of
undiluted concentrate 92,999 uS/cm

The plant discarge pemit (referred to as its‘operational environmental licens”) is issuedy
the DEC of Western Aidralia. The pemit prescribes that édischarge should achie a
dilution factor of 45:1 at a distanad 165ft (50m) in all directions of the fluser (the edge
of the definedmixing zore). The dilllion facta is calculated basemh the salinity
corcentations of mncentate and ambient seawater [nsei@d in gactical sdinity units
(psu)] as follows:

Dilution Factor = (SB- SS) / (SD- SS)

whereSB = sdinity of the dischrged seawater conceate in psu, SD = salinity d65 ft (50
m) from the diffuser (aveage of e concemntate plume; seexplandion of the avaagein the
following) in psu, and SS = kaity of intake seawater in psu.

The seawater $aity at the edge of thanixing zone is mesured in as close as is practicable
to 165 ft (0.5 m) intervals inte batom 16.4 ft & m) of the water column. The pycnocline
due to the diiuser dischrgeis iderified, and only those depths eV the pycnoclne are
avaaged to determithe difuser peformance. Salinty measurement is required for &t lea
three minutes at each depth and tisdime aveaged prior to he determinatn of the
pycnodine depth ad any depth averaging.

The discharge pemit requires sinity monitorng to be completed?2 times per year duign
thefirst year to obtain datrepresenttve of seamal salinity \arations The frequency of
salinity meauemaentis reduced to twbmes per year after thediryear.

In addtion to the requirementsf the disclarge pemit issuedoy the DEC, the Western
AugdralianEnviromrmental Pragdtion Authority has added a pait condtion to complete
WET teding at he time of plant canmissioning and aftel2 months of opeation. These tests
aim to confirm that thactual plant itution is adequate to prevent chiotoxicity of the
marine flora and fauna.
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One of the key concerns bigregulators was that the concwie, which is denser than the
ambient seawater, wouldhkito the deepeBp ft (20.1 m)] basiof Cockourn Sound and
causeheformaton of ahypoxc layer axd DO sippression. Hypoxia would in tun cause
patential fish kills. Thereforethe plant permt requiethe operatoto monior DO kevels in
the cegoer basin of Cockburn Sound, and the plant i medjto limt production to one-sixth
of ts capacty when the oxygen concentration decreases lmdain prescribed kevels.

10.1.6 Permit Compliance Observations

Extensve real-time monitoring wasundertaken in Codsurn Sound for 12 months before and
after beplant bega operationin November2006 to ersue that the @ine habitat and fauna
were protected. Teimonittoring included ontinuous meauement oDO levels via sensors
located onhe sandy bed of he sound.

Viswal corfirmation of the plume dispersin was achievelly the use of 14 gal52 L) of
Rhodamne dye added to heplant discharge. It was reported that the dyédwed © within
approximately 10 ft (3m) of the watesuface before falig to the seabed angjgling along a
shalbw sill of the sound towards te ocean. Thexperimet showed thathe dye hal
dispersed bgnd what could be sially detded within a distareof approximately 0.9
miles (1.5 km)- well within the proeced deeper regin of Coclkourn Saund which is locatd
approximately three miles (5 kmjo the difusers. fieenvirormentdy bengn dye
experimehwas first canmissoned in Decembe2006and repeated in Aprd007, when
discharge ondtions were calm.

In addtion to the dye sidy, thepropd team completed seriesof toxicity tests witha
numberof species in thedval phaseto verify that the actual mixing ratio of the plantfall
diffusers is higher than the minimum din ratio needed at the edge of the ZID:

e 72-h macro-algal germinath assaysing the brown kelpEcklonia radiate;

e 48h nussel hrval developmat testusng Mytilisedulis;

e 72-h algal growth tetusng theunicellular algadsochrysisgalbana;

e 28day coppodreprodution testusng the coped Gladioferensimparipes,; and
e 7-day &wval fishgrowth testusng the marine fish pnk snaper, Pagrusauratus.

The results ofttetoxicity testsmdcate thathe plant concemate diltion needed at the edge
of the mixing zone to prett the sendive specislisted previously is 9.2:1 tt6.11, which is
well within the actual designfiuser systemmixing ratio of 45:1.

In addition to the toxicity testhg, the Perth dedmation project team completed dw
environmentalsuveys of the desalitian plant discargearea in terms of macro-fauna
community and sediment (benthic) habitat (Okel.e@07; Oceanica Gnsuting, 2009.
The March2006 basdine suvey mvered/7 sites to determethespatial pdtern of the
benthic macro-faunal comunties, whereastterepeasuvey in 2008 covered4l sites
originally sampled ir2006 and fie new reference siteSorre of the bentht community
suvey locations were in thenmediate vicinity of the disctarge diffuses, whereas others
were nvarious locaions throghout the bay The twosuveys fiovedno changes in bentlu
communities that coulde attrbuted to the dedmaton plant discharge.
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Water quaty samplng completed inhe disclargearea has showno observald effed on
ocean water qlity except thathe salinity athie ocean botim increasedipto 1 ppfa

salinity level thatis well within the naturally @aring salinity \aration (Chrigie and
Bonrelye, 2009.

Figure 10.5 depicts e condudivity of the Perth SWRO plant diselge over the perbd of
Janary 2007 to Septembe2009. Taking into consideation that theratio between sdinity

and ondudivity is 0.78, the plant diseime salinity varied beteen 64,500 mg/L (88 uScm)
and56,200 mg/L (72 uScm), which is balw the dischrge pemit limit of 90 uScm.

The DO concentation of the dischrgefor thesame period was between 7.6 ah@® mg/L
and was alwaysdiner than the minimum regulatory level of 5 mgdimilary, the
concentate pH was betveen 7.2 and 7.6, which was well withitD% of the ambient ocea
waterpH and above the minimurpH limit of 7.

Dischargeturbidity for the same pexd (Janary 2007 to Septembe?2009) was always Iss
than 3 NTU (see FigurB0.6). It shouldbe pointed ait that the spent fiter backwhwate
fromthe plants pretreatment systemis treatedsite in lamella siders, andhesypernatah
fromthis treatment prossis disclarged with the dediaaton plant conceméte. Thesdids

genegated as a reut of the backwahtreatment procesare dewatereasngabelt fiter press
and disposed of in a lanidf

In sumnary, all studies and ctinuaus envionrmental nonitoring completed at the P ért
Seawater De$naton Plant to date indicate thdtetdesalinatin plant opeations do not have
a sgnificant environmental impacton thesuroundng marine environrment.
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Figure 10.5. Perth | Desalination Plant Discharge Conductivity.
Source: Christie and Bonnelye, 2009
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10.2 Gold Coast Desalination Plant, Australia
10.2.1 Facility Description

The Gold Coas85MGD (132000-m*/day) desknation plant is located in southsta
Queensland Audralia, in anarea that is a rowned tourst destinatin (see Figurd0.7). The
desdination plant has&en in opeation since Ndovember2008and employs an open ocean
intake, a gavity dual granular media filition system for seawater pretreatment,atvao-
passtwo-stageRO desdinaton system. Dedmated water rducedby the plant is post-
treated byime stallizaton and sodiumhypochlorie disinfedion The backwash geraed
by the pretreatment systemis treated in lameldesg dewatered in belilfer presses, and
disposel of as slidgein a landfil This plant is equipped withDouble Work Exchager
Erergy Remvery (DWEER) pressue exchanger system foeneigy remvery.

10.2.2 Receiving Water Characterization

According toa recentpubication presented at tr2009 World Congrasof the Internation&
Desdination Assocition (Cannesson2009, the aquéic habitat in hearea of the Gold Coast
Desdination Plant dischrge isa sardy batom inhabited prirarly by widely scdtered tule
arenones,spurcuid worns, sea stay,andburowing spongs.

10.2.3 Description of Discharge Streams

The deslnaton plant dischrges plant concergte and treated speiitér backwash
genaatedby the pretreatment system thigiuits outfall Spent cleanig sdutions geneated
during RO rain cleanng are equalized, nerdlized, and discarged to he saniary sewer.

Figure 10.7. Gold Coast Seawater Desalination Plant.
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10.2.4 Description of Plant Outfall

The Gold CoatDesalination Plantis a stand-alone lfgcthat dischrges oncentate with a
salinity of67 pptard avolume of up to 92 MGD (360,000 n#/day) through a muttiple difuser
systemThe regulatory mixing zonef this plant is400 ft x 1050 ft (120m x 320 m). The
plants discharge diffusers are located &etocean bttom and disclarge concentate upwards
into the water column to a heigltf approximately 34.5 ft{0.5 m; see Figur0.8).

A minimum cncentate dilution ratio of 40:1 was predicted at 197 ft (BPfroma dffuser
port, thus esuing diff user peformane objectives would @met This was taken to deie
the regulatory mixig zonefor calm narine condtions (currents<0.033 fps or 001 m/s) as
assumedy the nodel. However, stnagcurents may enhaweanixing and dildion, and te
size of the plume may increase, distting in the diedion of the prevding currents.
Therefore,heregulatoy mixing zone was exteedup to 660 ft 00m) from any diffuser
port underhigh kinetic’ marine condtions (currents>1.64 fps or 05 nvs).
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Figure 10.8. Dischar geof the Gold Coast Seawater Desalination Plant.

10.25 Key Discharge Permit Requirements

Table 10.2 summarizes key discarge permit requirements ohé Gold Coatplant.
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Table 10.2. Gold Coast SWRO Desalination Plant — Key Dischar ge Permit Requirements —

Permit No. EPPR00881713.

Permit Discharge

Par ameter 95th Percentile Maximum Minimum

Discharge volume 360,000 n¥day
(95 MGD)

Distance from 200 ft (60 m)
diffusers to edge of
mixing one
Salinity of plant <67 ppt if BG < 38; <75 ppt if BG < 3§,
discharge otherwise 67x BG/38 otherwise 75x BG/38
Turbidity of plant BG + 5 NTU BG + 20 NTU
discharge
DO concentration of 3.4 mg/L
plant discharge
pH of plant discharge 8.5 9.5 55
standard units
Total chlorine 0.12 mg/L 0.70 mg/L

Note: BG = background comctration in the oeanfor a sample colle@d atthe plant intake

10.2.6  Permit Compliance Observations

The actual dition ratio at heend of themixing zone is typicly 16:1 or more (as coraped
to the regulatoryarget of 10:1 to meet WT requirements)~or 18 months prior to the
beginnhg of desénaton plant opeations, the progd team completed balsee nontoring to
documant the original exisng enviormental onditions, flora, and fauna in therea of tle
discharge.

Once heplant began opetions in November 2008,he propd team complets marine
monitoring at faur sitesaround the discdirge diffuser area at the edge of themixing zone and
at two reference locations 1640 500 m) away fomthe edge of thenixing zone to
determine avironmental impacts and verify lsaty projectiors.

Basednthis data, the plant staff completatarine Contamingion Risk Assessmen
(MCRA). The obgdive of he MCRA was to asssthe ecobgcal risk posedoy each of the
chemical adtives used in the delsmton treatment procssthatis likely toberetainedn the
effluent $ream and dis@rged into he receiving envirorment.

This MCRA identified hetoxicobgcal risks posed by alinown compounds in the
desdination effluent fomthe Gold Coast Desalination Plant that could be consile
contaminants tdie receiving rafine environment in the vicinity of the diseige location.
The MCRA was basesh areview of exising information and a nited number of
assumptins re@urding the opeational performancef the desalingon plant. Tle data
obtained fomthe toxicity tess,in conunction with data obtained ém the Perth Seawater
Desalindion Plant, demonstteda lowestobservedeffed concentation of corcentrate that
was higher than the egpted maximum conceration of brine at tre edge of thenixing zone
at sea (60 m from any die14 diffuser nozzles).

As a part of the MCRA, #hwater quality ad the bentlu in-fauna &undance ad diversity
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resuls after the st of Gold Coatplant opeations were congred with he basdine
monitoring resuts as well as withhe resuts of the nontoring sites. The resuts of pre- and
postplant-conmissionng clearly indcate that the de$aaton plant opeations did not have
measuabk impacton the narine habitat in hearea of the discdrge— the aquatt fauna
practicaly remained hie sane in termsof both durdance and dersity. The Gold Coat
Desalination Plant haglnin opeation for more than six yers, and rontoring to date has
confirmed that the plaig disclarge is environmentaly sfe.

The results 'om the concentate disclarge nonitoring completed at the Gold CeeSWRO
Desdinaion Plant betwen March2009and Februar010 (Vargas et al.,@11) for the
contol and impact siteare shown in Tabld0.3. As shownin this table, he 12-monh
median values for tempature, DO, sdinty, and turbidity wee within the plant disclarge
pemit requiremers.

10.3 Torrevieja Desalination Plant, Alicante, Spain
10.3.1 Facility Description

The63-MGD (240000m°/day) Torrevieja Desknaton Plant located inhie City of Alicanie
(see Figure 9) is thelargest SWRO plant irEurope and one of thedrgestin the world
Although this plant wabuilt in 2006, it began opeation in the fallof 2013 becausef delays
associated withhe regional governma of Valencia ganting the plant ewironrmentad
discharge pemit. As reportedWDR,2011) the main reams for the delay were padal in
natue and related taie changein Spaiis cental governmat and itspdicies.

The plant layat is shownin Figure 10.9. This plant has an open intake located
approximately 1.8 nhes (2.9 km) fom the site that is constructed as a box attached to the
westdike of the Alicante &rbor. This configuration avoided an intake lhoa in areas that
have Poseidonia ahCymodocea seagssfields. The souce seawater isanveyed to32
dissolved air flotatin clarfiers, from which it is processed thrgh 56 pressure dual media
fiters, 23 cartridge fiters, anca SWRO system df6 RO tains each equipped with a segate
enegy recovery systemrhe RO permeate is post-treatediimme and arbon dioxde
condtionng systemA pproximately 50% of the finished water mduced by the desalitian
plant is dedicated to the nking water supply, ad therestto agricultual irrigation.

10.3.2 Receiving Water Characterization

The plant discarge is completed thragh adiffuser system located in area of low
biologcal sgnficance (sady batom with no vegetéion and scarce benthic mrine life). The
dischargeis more than 0.files (0.8 km) away ém seagassfields, caal reefs,kelp forests,

and othe habitatsof marine life. The ambient salinity aveges37.5 ppt
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Table 10.3. Gold Coast Discharge Water Quality for Permit Regulated Compounds for the
Period of March 2009to February 2010.

Depth Par ameter Median Value Discharge Limit
Control Impact Min Max

0-26 ft Salinity, psu 36.6 36.3 35.1 37.1
(0-8 m) Temperature, °C 21.2 21.2 19.9 24.0
DO, mg/L 8.0 8.1 6.8 9.1

Turbidity, NTU 0.9 1.0 None 3.2

pH 8.1 8.0 8.2 8.4

40-66 ft Salinity, psu 36.9 36.8 35.0 37.2
(12-20 m)  Temperature, °C 20.4 21.0 19.6 22.7
DO, mg/L 8.0 8.1 6.8 9.1

Turbidity, NTU 0.9 0.9 None 41

pH 8.1 8.0 8.1 8.3

Figure 10.9. Torrevieja Desalination Plant, Alicante, Spain.

10.3.3 Description of Discharge Streams

The deslnaton plant concemgte is blended with he treated fiter backwash waterdan
neutalized spent RO memdme cleanng solution andis dis@rged continuously thrai two
ocean outfall pipes thate equipped with Hiusers and locateshe mie (1.6 kn offshore
The flter backwahwater is treated in lamella tders and dewaterdxy centrifuges The
spent RO membre cleanng sdution is neutalized in a separate retemtank toapH of 7
to 9 and then bieed with herestof theplant dischrge streams

10.3.4 Description of Plant Outfall

The deslnaton plant outfall consistef two pipes with diameters of 94 irR400mm) and
78in. (2000mm). Concentate is dischrged atadepth of33 ft (10 m). The sdion of the
outfall pipes that has diffusersi940ft (315m) long. Each outfall pie has a total 064
diffusers withadiameter of 6 in. 150 mm) eachthatare instdled gproximately 5ft (1.5 m)
above the ocean floor. Ae distance beteen difusers is 16.5 ft (5 mi'he difusesare
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orientedat50° upwards ancare desyned to opeate at an exit velocityf 14.8 fps (4.47 m/s)
and an exit iw of 1250 gpm (0079 m*/sec). Thediffusers are degiedsothey can be
capped to maintainahigh concentate stream ejdionvelocity (see Figur&0.10) when he
plant is opeated at bw production capacity.

10.3.5 Key Discharge Permit Requirements

Table10.4 sunmarizes the key desalitian plant permit rgqurements All of these
requiremergare gplied to the discdrge from the desdination plant prior to itamixing with
theambient seawater.

The plant pemit has maximum diw limits for he three key dediaation plant dischrge
streams:

e concentate: daily, 77 MGD 293,000 nv/day); instantanas, 53,738 gpm (339 m/s);
annual, 25600 MGlyea (97000 nv’/yea)

e spentiter backwah daily, 7.7 MGD (2900 m*/day); arual, 2560 MGlyea (9700
nrlyea)

e spent RO memiane cleanig solttion: daily, 4.7 MGD 36 m’/hr); anrual, 131
MGlyea (4960 nt'/yea)

10.3.6 Permit Compliance Observations

Since its commissionng in mid-Septembe?013 the plant has been in cotignae with its
discharge permiiAt present,lieplant is opeating at20 to 50% of its capacity.

Figure 10.10. Capped Ocean Outfall Pipe.
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Table 10.4. Torreviegja SWRO Desalination Plant — Key Dischar ge Per mit Requir ements —
Permit No. 0300008774.

Permit Dischar ge Par ameter Aee?%e Maximum Minimum

TDS, ppt 68.2

TSS concentration, mg/L 35

pH 9.0 7.0
Total iron, mg/L 0.5

Total phosphorus, mg/L 0.2

Total nitrogen, mg/L 15

Total organic carbon (TOC), mg/L 3.0

Detergents (sodium lauryl sulfate), mg/ 0.5

DO concentration, mg/L 10 >80% of ambient
Temperature increment above ambient 3.0C

10.4. Alicante 1, Javea, and San Pedrodel Pinatar Plants, Spain
10.4.1 Facilities Description

An independent overview of the dischirges of three desalinati plants in Spain [the 6-MGD
(22000m*/day) Javea SWRO Plant; the&-MGD (68,000-m’/day) Alicante 1 SWRO Plant;
and thel8-MGD (68000-m°/day) San Pedro del Pinatar SWRO P lant] completethe
University of Alicante, Spain (Torquemad209) provides insights related to the
environmental impacts of delbaation plant disciwges. hethree plantare located withinr50
miles @0 km) of each other, andte salinity of their dischrges is68000 to 70,000 mgL.
TheAlicante 1 and San PedilePinatar plants he well intakes, whereaké Javea plant has
an open ocean intake. All plantsveavery similar treatment systensouce water chemical
conditioning with iron coagulant, pressefit ration with ganular media (antiacite and
sand), and two-pass/two-sga@ SWRO memiane desknaion Permeat of allthree plants is
treated byime/arbon dioxde conditioning.

10.4.2 Receiving Water Characterization

The Alicante 1 SWRO Plant diselges its concentrate aturbuent anctidally wel-mixed
area via one onshore outfallhis feature of the desaliman plant dischrge dows the
Alicante plant to opete without meauabke envirormental impacts even atelatively bw
mixing ratio of 1.5:1 to 5:1 beteen the ®ncentate am ambient seawater dtd¢edge ofhe
mixing zone.

10.4.3 Description of Discharge Streams

All three deshnation plants discéirge a combinigon of concentate, untreatedifer
backwash water, argglent membane cleamig sdution that ispH adused.
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10.4.4 Description of Plant Outfalls

Thedischarge of the Alicante SWRO Plant is located direotithesloreline to take
advantage ofreturbuent tidal mixng that natually occurs in the discargearea The
discharge of he San Pedro del Pinatar SWRO Plant istlgha dffuser located 3.1 mies (5
km) away fomthe shore at 150 ft (38 m) depth.

The discharge of theJavea SWRO Plantis in an opzamal that then carries thementate
into the ocearThe concentrate dmthis plant is diuted inhechanrel from 69,000 mg/L
down t044,000 mg/L in a 4:1mixing ratio. This sinity level was fandnot © havea
negdive impactonthe narne habitat in the dis@mge area.

1045 Key Discharge Permit Requirements

The three dediaaton plants hae disctarge permit regurements similar to thesof the
Torrevieja SWRO Plant.

10.4.6 Permit Compliance Observations

All three deslination plants hee been in opeation for more than five yarseach Thewater
gudity ard environmental monitorig of the three dischrges ndcates that the size of the
salinity plume ad thetime for the dispersin of the salinity plume ary seasrally. These
varations, however, have not affeetithe benthic organisms inhabitindhe seafloor.

The deslnaton disclarge of heJavea plant hasgh oxygen levels that dimish the
naturally @curring apoxia in hearea of he discrarge. The independent overview emphasizes
thefact that well-designed dds®tion disclarge can raut in minimal envirormental
impacts and irsame cases can be beneficial to theisonment because of itsdii oxygen
content.

10.5 Maspalomasl|| Desalination Plant, Canary Islands, Spain

10.5.1 Facility Description

The Maspalomas Il Defsaaton Plant is locatedn Gran Canarias and hadreshwater
production capacity 0f0.8 MGD B000n’/day). The treatment plant hagressure driven
pre-fittration system winh anttracite and sand media, cargefiters, andatwo-pass/two-
stage SWRO system with ERI pressure exotes.

10.5.2 Receiving Water Characterization

The Maspalomas discairge andtions are chdengng: (1) very hgh salinity of the
concentate (90,000 mg/L) and @) seagasshabitat for fish and otherarne organisms
Because oftte natually occurring nearshore mixing, the séinity of the discltargeis
dissipateddown to 38000 mg/L (38 psu) within 66 ft20m) fromthe disclarge pant, as
shownin Figure 10.11. The salinityin this figure is presented in psu, whictvathe sara
value as ppt of salinity coentration.
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Figure 10.11. Dischar ge of the Maspalomas |l Desalination Plant.

10.5.3 Description of Plant Outfall

The plant has two concentrate outfalls that mci€00 ft (300m) away fomthe shore
(Talavera and Ruiz, 2001). The outtéthe disctargeoutfalls does not hae diffusers (se
Figure10.12), and themixing between the concemntate andambient seawater is mainly dnive
by the velocity of the dis@ge and thefact that tle discrarge is located in an area Wit
naturally @curring uncerwater cuents of hgh intensity Thedepth of he dischargeis 25 to
26 ft (7.5-8.0 m).

10.5.4 Key Discharge Permit Requirements

The deslnaton plant has discdrge permit requrements similar to thesof the
Torrevieja SWRO Plant.

10.5.5 Permit Compliance Observations

The mixing zone oftte Maspalomas 1l Deslnation Plantis a sady bed with pacticaly no
flora. This Dne is suroundedby seagassbeds, but, as shown by améronmental study of
the disclargearea they arenat sgnficantly affectedbythe desknation plant discarge.

10.6 Ashkelon Desalination Plant, I srael

10.6.1 Facility Description

The Ashkebn Desdinaton Plant washefirstlarge SWRO desalitin plant in Israel, ad it

has a frehwater ppduction capacity 085 MGD (322000 m’/day). The plant has been in
opeaation since2005 and provides @proximately 15% of the dometic water supply of Israel
(Sauvet-Goichon, 2007). In 2011, the desaliman plant poduced87 MGD (330000 nr#/day)
of desdinated water (Bami et al., 2011).
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Figure 10.12. Dischar geof the Maspalomas |l Desalination Plant.
Source: Talavera and Ruiz, 2001

The deslnaton plant consists of arfichore intake wh four intake towers locatd
approximately3300ft (1000m) fromtheshore at a depth of 50 to 65 520 m). The souce
water from the intlke towers is coveyed to heplant intake pump stat at the shore vié3
in. (1600 mm) high-density polyethylene pipekhe five (4 + 1) intake punps déliver te
souce water t®0 single-stge dud media (anthacite and sar) gravity fiters. Coagulant
(ferric sulfate or feric chloride) § added tolte souce seawater, and this watepld adjusted
with sufuric acid prior to fitration (see Figurd0.13). Figure 10.14 shows e plant layout.
The pretreated water is procedi@ough cartridgefiters and then desalinated via meanie
separatinin afour-stage SWRO systenThe complex four-stage dggiof this plant is
driven by the very stmgent limits for chlorile and boron content in e product water

20 mg/L and 0.4 my/ respedively.

The enepgy contained inhie RO system concenate is reoveredusng Double Work
Exchanger Erergy Recovery (DWEER) deviseThe desdinated water mduced by the
SWRO system is post-treatesng limesbne fiters. Plant £ed seawater tempature \aries
between59and 86°F (15-30°C), and its salinity is in the range frd38,000 to 41,000 mgiL
(average 40,679 mg/L).
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10.6.2 Receiving Water Characterization

The receinig water area is a near-shorekpenvironrment with ahigh levelof natual

mixing from curents,wind, andtidal novement Approximately 3300ft (1 km) south of the
discharge, there is a arine resexe (“Yam Shikm&). The near-sha@waters where the
dischargeis ddiveredare characterigtiwith excepionally low nutrient concemétions, algd
content, and bacterial content, and a low preseinother fauna. TMenearstorearea of the
discharge was alredy modified by anthropgentc adivity at thetime of plant construan,
and heplant is located in an indrial area.

The receinig near-shoe waters of the Ashkehplantare hgh-energy, well-flushd
environrments with sady batoms deoid of aguatt life, unique bicbgcal resouces, ad
endangered rarine habitas.

10.6.3 Description of Discharge Streams

Themain disclarge stream fsmthe plant is he concentrate, which ispgroximately 95% of
thetotal disclarge volume. Theremainng 5% consists of untreated backsfavater fomthe
pretreatment systenmd equalized ad neutalized spat membsane cleanng sdutions. When
the plant began opation, the spent fiter backwshwater fomthe plant was discirged
diredly to the ocean as genaied.

Because of the ¢in contentof ferric hydroxide in the water, originieng fromthe
pretreatment coagulantrfe chloride, hedisctarge was discolored red evetiyne a fitter
was backwaled for a pedd of 10 to 20 minutes To addresthis ancern, heplant ha
installed a backwshequalizéion tank that retains thadvidual fiter cel backwashes ad
slowly and continuoudy discharges hefiter backwahwith the concentate, therelp
addresingthe issue associated with the visibiscolaation of the dischrge area.

10.6.4 Description of Plant Ouitfall

The Ashkebn Desdinaton Plant hasnonshore outfall, which is located with82 ft (25 m)
of the outfall of the nerby Rutenberg Power Station, optedby the Israeli Electricity
Company (IEC; see Figur&0.15). The desalin@n plant dischrge volune averages
between 110and130 MGD (416000493000 ni*/day) at the aveage plant freshwater
production of 72 MGD to 87 MGD (274000-20,000 nt/day). Thepower plant discarges
3040 MGD (11506848 m/day), which dutes he concentate inaratio of 35:1 to 42:1In a
worst-caescermirio with only two of he four power plant outfléis disclarging, he dilution
ratio is 10:1.

10.6.5 Key Discharge Permit Requirements

Table10.5 sunmarizes the key desalitian plant permit rgqurements All of these
requiremergare gplied to the discrge from the desdination plant prior to itsmixing with
theambient seawater.
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Table 10.5. Ashkelon SWRO Desalination Plant — Key Dischar ge Permit Requirements —
Permit No. 513102384.

Permit Discharge

Par ameter Daily Average Maximum Minimum
Suspendeddids 15 20
concentration, mg/L
Turbidity 15 NTU 30 NTU not more than
(15-min average) 4% of the time;

100 NTU not more thar
1% of the time

pH 9.0 6.5
Total iron 2 mg/L 190 tons/year

Total phosphorus 40 tons /year

Temperature increment 5°C

above ambient water

Total nitrogen 11 tons/year

Total organic carbon 24 tons/year

(TOC)

Ag, As, Cd, Cu, Cr, Within 10% of ambient

Hg, Ni, Pb, Zn water

DO concentration >80% of ambient

10.6.6 Permit Compliance Observations

The Ashkebn desdinaton pemit requires rontoring of the water quay near thesuface
and near the batin of the dischrgearea foranumber of parameters incladi tempeature,
salinity, TSS, turbidity, pH, DO, BOD, total orgargarbon (TOC)nutriens, chloroghyll a,
and heay metals In addiion, botbm sedimentsire analyzed for heavy metals asxgpended
particular mdter, granulometry, TO@Ghfauna, and epifauna. Mitoring is carried at
guarterly. The monitored onearound the discirgeis anelliptically shapedrea with its
major axs parallel to he coastine it extendsup to 0.9miles (1.5 km) to the north and south
of theplant outfall. Tleminor axis extads afew hundred feet wetand eatof the outféis. In
Ashkebn, thespecial distbution of the seawater lsgity and the tempatureare aso
measuedover wider areas approximately 1.9 miles (3 km)dm the outfall The monitoring
progam includes a control statilocatedl.5 miles (2.5 km) awafrom the outfall.

The tydrodynamic model developed for this pegj indcated thathe salinity of he
discrarge would reacli0% of the ambient seawater salinity withit0 ft (400 m) fromthe
outfall In-situ monitonng, however, indicates that the salinity is well witt8&6 of the
ambient within1650 ft (500 m) from the pant of disctarge.

In 2005 the deséination plant complete@d concentate disperson monitoring study (Séfari
and Zask2008. Thestudy was completed during a period wheplant opeated atonly
half of its capacy and when one ohepower plant units was not in ajéon. Figure 10.15
depicts hesalinity distrbution in thedischarge area As shown, lhe salinity in the discarge
areareached very close to the ambient level within iy skort distancef the point of
discharge.
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Figure 10.15. Salinity Distribution of Ashkelon Desalination Plant Dischar ge.

A comparison of the rarine environrment before (in 2UB) and aftertie canmissioning of the
desdinaton plant @005) indcates that the dels@aton plant dischrgeresuted in sone
discharge exeeedances (Sari and Zask, 209), includng an elevated content of total
nitrogen, sorme occurencesof oxygen levels lower tha®0% of theambient intake water
during the autumn o005 and elevated TOC conceations on seveal occasions when
comgaring autumn ad sgring of 2003 and2005 It should be pointed ait that thes effeds ae
cumulative impacts &mthree discharges in he same vicinity: the Ashkeh Desdinaton
Plant; the EC power plant, which is ance-throgh power geneation facilty; and a smier
0.5-MGD 0006n#®/day) BWRO desalirteon plant. Aithough e BWRO plant haa
relatively small dischrge volume, its ontentsof nitrogen, phosphorais, and gica are an
order of magnitde higher than those ohe Ashkelon Desdination Plant.

A study completed fron20 to2009 (Drami et al., 2011) hassdevaluated nutrient,
chloroghyll a, pco-phytoplankbn, and iron concentations in the discargearea. A thetime
of the study, the plant disclrged85 MGD (320600 n#/day) of concentate, am concentate
sdinity was75300 mg/L. The narby power plant discrged an avege 0f1953 MGD
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(7,392000 n?/day) during thesame peod. The desédination plant dischrge contained
concentate, untreated spent fiter backwash, and spenhiclgadutions from pendc RO
cleaning The amount of ion discharged to the ocean B007 was535tons/yea, whereas in
the years 2008and2009 this amount was reduced2@0andl75tons/yea, respetively. The
content of total bn in the concentate varied between 0.2 and 1.1 mg/L, which is in
complian@ with the disclrgelimit of this plant (2 mg/L)Since2010, the backwahwater
has been equalizedh@continuouslymixed with tieplant concemste prior to dischrge,
which keeps hedisclarge level of iron in hesouce water badw 2 mgL.

Thedischarge also typically containpdyphosfonaie antiscalant34 tons/yea as total
phosphorus); hydrochloric aci@iftons/year); sodium hydroxide 20 tons/yea); andsadium
bisufite (70tons/yea). Figurel0.16 indicates lhe samfing locdions used for tie 2008 to
2009 disclarge study. On this figure, the Ashkeh SWRO plant is denote®” and he
neaby power plantB.” The location of the desknation plant disclrge outfall is indicated
as“2” and hethree oding wate outfalls of hepower plant are shown &s.” Line“3”
representdie coalunloading dock d thepower plant;line “4” depicts helocation of the
discharge samplng area; and'W” is the locdéion of the samplng staton for background
(ambient) seawater qualityhe locdion of the seawater intee is depicted asSWRO?’ and
thatof thepower plant oding water int&e is shown asCW.” Samples were ¢eded
before and dung fiter backwahdisclarges to capture peak and off-peak levels af in the
discharge. Desdinaton plart andpower plant discarges were sampled separately to discern
theimpactof the @ding water discargeon desalinéion plant plume dispersion.

$ Tel-Aviv
® Palmahim

0 Jokw

0 100m

Figure 10.16. Sampling Locations for the 2008to 2009 Ashk elon Dischar ge Study.

The20(B to 2009 disclarge study indcates that thpower plant and desalitian plart
discharges blended within 165 ft (50 m) of the shore and that the blded mwncentate and
power plant discargewasbuoyant, which allowed theffedive dispersion oftie concentate
to near bakground levels within 1650t (500 m). The maximum diaity meauwed n the
samfing locadions wagll5 pptas compred to a background 8B.42 ppt (8% increment)
At this meauement, the maxiram tempeature of he suface layer of he blended plura
water was36.7°F (30.4°C) comgred toabackgromd seawater tempature of721°F
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(22.3°C); sich tempeatures were r@dhed in he sprihg of 2008. The actual danity
meauements were lower than those projeatsdg hydrodynamic nodeling of the
discharge.

Nutrient concentations (total nitrogen, total phosphoruagrates) were higher at he outfall
but quickly diminshed within 820 ft (550 m) of the discarge. The algal content (mesared as
chloragphyll a) was lower at thoutfall and discarge samfing locaions compred with
backgromd levels, whichndcates that tre disclarge of ion did not trgger acceleated algal
growth and algal blooms aclaimed bysame ewvironrmental grapsconcerned aboubhé
impact of deslnation plant disclarge onthe ewironrment The ceaeased contetf algae in
the water was posvely carelated with hesdinity and tempeature of he discharge: he
higher hesalinity andtempeature, the more significant the supsiea of algal growth
observed inhe area of the discdrge. Elevated turbidity andapticulafy iron contet in the
discharge were fondto al® have asuppresse effectonthe growthof algae in he area of
the disclarge Similar effeds d the plant discarge were observeanbacterial poduction
bacterial growth was reduced vén increaein tempeature, sénity, iron content, and
turbidity.

10.7 Sorek Desalination Plant, I srael

10.7.1 Facility Description

The Sorek Dedaation Plant hasa freshwater poduction capacityof 108 MGD (410,000
m’/day) and isoneof the largest membvane desdination plants in the world (see Figure
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The plant has been in operaton since the e2@t8and has incorporated some of the lates
technobbgcal devadpments in the field of desalinatioedinobgy and equipmensuch &

16 inch SWRO elements, vertically installed gage vessels, and an adeadenergy
recovery system.

The Sorek Dediaetion Plant is located 1.5 ilas (2.4 km) away ém the Mediterranean
shore and approximately nine ries (L5 km) fromIsraels capital Tel Aviv. The plant hasra
open intake with two intake towers, whiafre located approximately 0.7les (150 m)
offshore at a depth opgroximately 20 ft (6 m) fomtheocearsuface and 13 ft (4 m)ém
the batom The souce water is dievered to the de$maton plant site via twoded wate
pipelines. The plant is configured to oate as tworidependent54-MGD (205,000-riYday)
facilities with separate pretreatment, RO, and post-tre afysters.

The plant pretreatment system consistsrafesistage tavity fiters with anthiacite and sard
media The souce seawater isandtioned with coagulan{ferric chloride) prior to fittation
After granular media iftration, the pretreated water passes tlgiooartridge fiters and is fe
to aSWRO system degied withathree-pressure center configtion, similar to that at
Ashkelon where all RO trainare fed by a cannon set of hjh-pressureunps and where
enepgy fromthe @ncentate is reovered in an engy recovery system oamon for all trains
(In conventional designs,aeh RO tain is servicedy a seprate set of lgh-pressure pumps
and a separate energy recovery system.)

The RO system employs 16-in. elements locatedriicaé pressure vesselithoughsich a
desgn makes hie plant RO system fairly tallral complex, it ginficantly reduces &
footprint, which is an important feature for thissdinaton plant site bcause oftiesevee
site congtaints. The post-treatment of the déieated water is identicad that in Ashkedn
and employdimesbne contactos.

10.7.2 Receiving Water Characterization

The discrarge area sedded for the dedmaton plantoutfall is anunderwater‘desert witha
sardy botiom and is void of flora and fauna withdw salinity toleances and endgered o
sendive narine speciesThe depth of the diselmge area is pproximately 66 ft (20 m) from
thesuface.

10.7.3 Description of Discharge Streams

The aveage discharge volume oflie plant concemate is130 MGD (490,000 m’lyea), and is
salinity is74,150 mg/L. The plant pretreatment backsfaolume aveages 16 MGD (6@00
m’/day). In contrast with Abkelon, hespent fiter backwahfromthe pretreatment system i
treated in lamella s$#ers prior to bladng with the plant @ncentate and discargeto the sea
The sludge gemeated in the lamella $#ersis dewatered in centrifuges angmised of in a
landfill.

10.7.4 Description of Plant Outfall

The desknaton plant outfall is a structure located 1.2aw (1850m) dfshore at discharge
depth of66 ft (20 m). Theoutfall structure has diffusers aétlnds of the dis@rge pipes.
Basedn disclarge dispersin modeling, under worstasenaturalmixing condtions in the
sea, the disage salinty is pr@ded to be within5% of ambient atdistane of 380 ft (115
m) from the diffusers and withinl% of ambient salinityat2800ft (845m) away fomthe
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discharge (Kit et al., 2011). The diseige will be within 10% of theambient salinity aa
distane of 66 ft (20 m) fromthe difusers (Sladkevich et aR01J).

10.7.5 Key Discharge Permit Requirements
Table10.6 presents the disclygrrequremert for the Sorek SWRO Plant discharge.

10.7.6  Permit Compliance Observations

Since heplant began opetion in late2013, it has leen in compliane with its disclarge
requirementsFollow up discharge area monitorg is scheduled to be completed2fl5.

Table 10.6. Sorek SWRO Desalination Plant — Key Dischar ge Permit Requirements —
Permit No. 8633520.

Permit Discharge

Par ameter Daily Awerage Maximum Minimum
Suspended solids 5 20
concentration, mg/L
Turbidity 10 NTU 15 NTU not more
(15-min average) than 7% of the time;

50 NTU not more
than 3% of the time

pH 9.0 6.5

Total iron 0.5 mg/L 56 tons/year

Total phosphorus 60 tons/year

Total nitrogen 16 tons/year

TOC 31 tons/year

Ag, As, Cd, Cu, Cr, Hg, Within 10% of

Ni, Pb, Zn ambient water

DO concentration >80% of ambient

10.8 Analysis and Comparison of Permitting Practices

10.8.1 Country Permitting Systems

Permitting practices in Australia, Spain, and Israeér@mumber of similarities tihose in

the United Statesn all of these countries at present, there are no spesgulations or
regulatory guidelines for the permitting of desalinati@nt discharges, and the regulations
and permitting processfor such discharges are the same as those applie e foetimitting

of discharges from WRRFAustralia has the discharge regulations most similatrircture

to those in the United States, where the federakgovent has established the baseline legal
framework for the regulation of waste discharges, anchtladual states have enhanced the
federalregulations with state- and location-specifigulatory requirements.

Despite the similarities, the permitting of medium &mde projects in the United States
usually takes longer than it does in Australia, Spail IsraelFor example, the permitting
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of the Tampa Bay and Carlsbad SWRO desalination praojggsompleted within 2.4 years
and five years, respectiveln contrast, the average time neettegermit similar size
projects in Australia is 1.5 to twears and in Spain and Israel is nine to 12 morkhse

main reasons are as follows:

e Streamlined regulatory process: Usually only one oragencies are involved in the
environmental review of the desalination project aspaoed to four to six agencies in
most U.S. states and up to 24 agencies in California.

e Priority review of desalination projects: Spain, Isragd Australia recognize the
national and state strategic importance of seawatalimg®n for securing sustainable
and drought-proof long-term water supply initleountries As a result, they have long-
term plans for the development and implementation slation projects, which are
under the close oversight of the central governmenpainSand Israel and the state
government in AustraliElBecause the timely implementation of such plantsissidered
of high importance and priority for the respective cousitriee regulatory agencies are
given support at the federallevel in the case offSpad Israel, and at state level in the
case of Austra, in terms of expertise, direction, and funds, to expexhd give priority
to the environmental review of desalination projectsaaspared to other types of
projects.

e Superior expertise of regulatory agencies in the pergiitirdesalination plants: In the
United States, mainly because of funding constranisyy of the regulatory agencies
involved in the permitting of desalination projectsrmid usually maintain staff with all
the types of expertise needed to complete an exgeditéeew of desalination projects,
such as marine biologists, experts in outfall dischangdeling, and engineers with
experience in the design and operation of desalingtamts In contrast, the key
agencies involved in desalination project reviewpai§, Australia, and Israel have such
experts on staff or, if such experts are not originalwilable, they are retained in an
expeditious manner at the beginning of the environahgumbject review to minimize the
time neededMVost of the agencies involved in desalination rewie@alifornia, for
example, do not have such experts, and as a résuénivironmental review process
goes through six t2 rounds of requests for additional information by the esgoy
agency reviewers because they learn on the job anti€iskuestions piecemeal as they
learn more about the project.

e Sharing of regulatory expertise between various agennied:of the listed countrigs
the key regulatory agencies involved in the permittiglesalination projects have
internal meetings where they share their experiencevaitbus permitting issueSuch
regulators also actively participate in professionafex@mces and public forums,
presenting iraclear manner their requirements and expectations atsbuwidh the type
and detail of information needed from the project sporteansinimize the time needed
for project permitting Mainly because atlack of funds, U.S. regulators involved in the
permitting of desalination projects usually do notéhauch professional experience
exchange opportunities @r out of state and rarely attend professional conferences or
present their expectations in professional forums.

In all countries referenced previously, the desalingtlant permits are issued after a
thorough environmental review of the impact of the péiistharge on the surrounding
aquatic environment. The impact is determined basdkeofollowing:

e Projections of concentrate water quality are developsddborasource seawater quality
characterization anoh the specific design features of the desalination galant
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recovery, product water quality, and type of intake discharge).

¢ Abiological survey of the discharge area documentsyfte and quantity of marine
species inhabiting this area and their salinity toleea

¢ In all of the referenced countries, the salinity tolerasfamarine organisms is determined
based on chronic or (e case of some Australian states) acute WET testitg ohost
sensitive species inhabiting the discharge dreAustralia, the marine organisms are
tested in the embryonic stage of development, whshiteein the most stringent
requirements for concentrate diution, as compared setimoSpain and Israel, where the
test species used for determining the salinity tolexame in the adult phase.

e The mixing requirements for a desalination project arerdéned based on the WET
testing study and hydrodynamic modeling of the disgdarea.

In Spain and Israel, usually only one environmental ladgy agency has the right to make
decisions and establish discharge permit requiremedtsndigation measures. If other
agencies are involved in the project review, they geowiomments to the lead agency but
have no right or jurisdiction to change the permittisguirements except by internal
consenas In Australia, key decisions are madeatate level by one lead agency. In
contrast, the independent multi-agency review protyggsl in states such as California
results in numerous conditions and permits that regtiet discharge and that may have
different requirements in terms of the mitigation of envimental impactsSuch practices not
only delay the permitting process but also put afisignt burden on the project sponsor
associated with project implementation, operationsitoring, ard data reporting.

10.8.2 Country Positions on Key Permitting 1ssues

Australia, Spain, and Israel have similar positionkey permitting issuesThe following
discussion mainly emphasizes the differences in sdiie se key issues:

e Discharge salinity or conductivity limit: None of treferenced countries has a limit for
discharge salinity or conductivitypespite this fact, the discharge permits of some of the
Australian desalination projects haaeonductivity limit applicable to the point of entry
of the discharge into the wabedy. Suchalimit is usualy determined based on the
worst-case design recovery and maximum plant production

e WET testing species and conditions: Usually, WESTitg in Australia, Spain, and Israel
is completed using the standard test species (plamt,&igd crustacean) that are
prescribed ireach country’s testing protocols. If no suitable standard test speie
identified, habitat-specific test species are seleudsdd on mutual agreement with the
pertinent regulatory agencies. In Australia, acute arehic WET testings completed
on species in the juvenile phase to establishilit@®ud ratio needed by the desalination
plant outfall systemrhe Spanish and Israeli WET testing protocols typgicaiescribe
the use of juvenile species for acute WET testingaatult species for chronic testing and
apply the chronic WET testing results to establighdilution ratio needed by the plant
outfall. As a result, the concentrate dilution requirements elérivom the WET testing
in Australia are usually higher (45:1 to 60:1) tharséhin Spain and Israel (10:1 to 20:1)
This more conservative approatohWET testing used in Australia results in much more
costly and elaborate outfalls, whighone of the key reasons why the desalination plants
constructed in this country were the most costly deg®n projects completed over the
last 20 years, worldwide. The dilution ratios seleétedanost of the Australian
desalination projects were conservative because fitevab process for these plants was
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quite new for the regulators; conservative ratios wera afti®pted to speed up the
approval process because of the pressing water is&igeduired the construction of the
plants Another factor that amplified the conservative estibmatf the required dilution
ratios was the use of relatively long acute WET tg&h vs.atypical duration of 48 h

or 24 h) and chronic WET tests (14 daysa#typical duration of seven days).

e Biological survey: Al medium and large projects in &a$a, Spain, and Israelare
required to complete a biological survey of the arebeoplant dischargeHowever, the
scope of such survey is most elaborate in Austratiarims of the number of
representative areas and sampling points and the fregakdata collection Such
enhanced testing requirements have resulted in etbpedject costs, and, basedan
comparative analysis of the environmental monitoringxisting desalination plants in
Australia, Spain, and Israel, the more complex, freqaewtelaborate sampling has not
produced better result$o a great extent, the main reason is the fact thatisbbarge
diffusers are designed to diute the concentrate dowassothan 10% of ambient
conditions within 330 ft (100 m) from the point of disad®, but the monitoring field
usually extends to more than several kilometers frondifmharge and at such distance
the salinity changes are indiscernible and well withe level of the accuracy of the
monitoring instruments.

e Salinity tolerance of marine species: In all of the refeeel countries, the salinity
tolerance of marine species is determined based onlityogtfects. It is interesting to
note that for the species monitored in the referencegbsoibe salinity tolerance limits
(40-50 ppt) are relatively high compared to the newigsalimit promulgated in the
latest California Ocean Plar? ppt above ambient salinity, which for open oceatew
will be 33.5 ppt + 2 ppt = 35.5 ppt.

e Environmental impacts from concentrate discharge: Tiggetierm operational
experience at the projects referenced in the report cldamponstrates that well-designed
desalination plants and concentrate discharge outfalisot cause short- or long-term
environmental damage.
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Chapter 11

Findings, Conclusions, and Recommendations

11.1 Introduction

This report identified and researched environmental-impaate@lissues associated with
SWRO desalination concentrate dischaRegulatory and permitting systems and practices
in three U.S. states (California, Florida, and Texas)ratittee countries (Australia, Israel,
and Spain) were examined to identify and documentidgwes of concentrate discharge
were addressed and managHuk findings, highlighted in the following paragrasimw

many similarities and some unique differencélse final sections of this chapter address
conclusions and recommendations.

11.2 Regulatory Guidelinesfor SWRO Concentrate Discharge

Because the majorty of the existing desalnatiantgpin the United States are located in Cadforni
Forda, and Texas, these states have the moserspeand the most advanced regulatory framework f
the permiting of such proeciall three of the primangtates inthe United States (@ania, Horida,
and Texas), which are the focus of this studyjelesgated to operate the NPDE®@m n therstte.

The Texas Water Development Board has developed ai@gnilance document clarifying
the permitting agencies involved in the permittingde$alination projects in Texas; it is
relatively old (2004) In California, TheCCChas prepared a position paper that presents its
views on the permitting of desalination projedtslso is quite outdated (2004).

The Guidelines for Implementy Seawater andiackish Water Dedanaton Facilties
(WRF, 2010)povide a geneal overview of pemitting and regulatoy requirementsad
challenges in the United State$exas and California la stae-spedfic geneal guiddines
for desdinaton progd envionmental planng, review, ad pemitting (R.W. Beck,2004;
CDWR, 2008).

These documents do not contain any specific tedhufetails or engineering guidance [as are
contained in the Ten State Standards (GLUMRB, 2012l irathe U.S. EPA Water Reuse
Guidelines (U.S. EPA, 2012)] related to the scoperatdre of the environmental studies
needed and to specific design and planning recomriemsido expeditiously permit and
successfully complete a desalination project.

Thus,atpresent, there are no legally binding desalinatiofegrspecific regulations or
publically available regulatory guidelines specifigdbr desalination projects in the states of
California, Florida, and Texas issued by the stateaggnesponsible for the environmental
review and the permitting of such projec®sate regulators issue desalination project permits
based on their prior experience with similar projects.

The lack of federal regulatory guidelines for the implataon and permitting of desalination
projects has arguably hindered the implementation ofyrdasalination projects in the United
States, especially those in California and Floridavelopment of federal desalination
guidelines similar to the U.S. EPA Water Reuse Guoegl(U.S. EPA, 2012) would benefit
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significantly the advancement and implementationesfadination projects in the United States
and provide an independent source of information tetalleholders in future desalination
projects Similar to the Water Reuse Guidelines, the desalmajiodelines could share the
successes and lessons learned from other projects alddstteamline the data that needs to
be collected and the studies that need to be cteditecomplete the environmental review of
desalination projects more expeditiously.

Similady to the United States, in Australia, Spain, and Issblesent there are no specific
regulations or regulatory guidelines for the permittinglesalination plant discharges, and
the regulations and permitting process for such dischargethe same as those applied to the
permitting of discharges from WRRMHsustralia has the discharge regulations most similar in
structure to those in the United States, where theréédovernment has established the
baseline legal framework for the regulation of waste disgds, and the individual states

have enhanced the federal regulations with stateloaatibon-specific regulatory
requirementsSpain and Israel have national desalination projgaéimentation programs,

but they do not have national legislation specHiceglated to desalination concentrate
managemertr the permitting of desalination plant discharges.

11.3 Regulatory and Permitting Processes

Australia, Spain, and Israel all have comprehensiver&qre with medium and large
seawater desalination projects. The environmentalweasel permitting process and
practices in each of these countries have many siieganvith those in the United States.

In Australia, all individual states have based thajulatory requirements for desalination
projects ora fairly general federal legislative framework and on amititi state-driven
regulations, which are reflective of the statewide waility goals of the specific
waterbodies within the state territory to which theaamtrate is dischargeltt Spain, the

main legislative framework is defined by the state thetlocal (regional) governments issue
the actual permits and have the right to enforce margent discharge requirementa

Israel, all permit-related legislature is developed state level; this is one of the few
countries in the world where the state has a centldrg-term program for the
development oé series of desalination projects at strategic locafiona centralized water

supply.

As in the United States, in each of the three countiiee desalination plant permits are
issued after a thorough environmental review of the inpathe plant discharge on the
surrounding aquatic environment.

Further, a practically identical permitting processuming events undertaken and
information developed to define discharge limitatioasd depicted in Figure 5.1 for the
United States, appliet® all large desalination projects in Australia and Eerap well The
mixing requirements for the desalination projects aterdened based on a WET testing
study andn hydrodynamic modeling of the discharge area.

Despite the similarities, the permitting of medium &mde projects in the United States
usually takes longer than in Australia, Spanlsrael In these three countries, the time
needed to complete the environmental review and g®udesalination plant discharge
permit (one to two years) is usually shorter than the to construct the plant (two to three
years) In contrast, the environmental review and permittinghefTampa Bay SWRO project
took approximately 2.5 years, and that of the Carlskeghlihation Plant from project
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inception (2000) to permit process completion (2010) tqghroximately 10 yearét

present, the United States is the only country invildd where the permitting of medium and
large desalination projects takes much longer (thr&@ y@ars) than their construction (two to
three years)An underlining comparative observation of the permittiegulations and
process in the United States and that of other deag@lopuntries of proven track record with
successfuland environmentally safe desalination gsogchat the U.S. regulatory process
would benefit from the development of federal desatinaguidelines to streamiine the
permitting processrhe main reasons are discussed in the following $®sctio

11.3.1 Streamlined Regulatory Process

Usually only one or two agencies are involved ingheironmental review of the
desalination projects in most advanced countries winldd (Australia, Israel, Spain, the UK,
Cyprus, the Middle East, Singapore, Japan), compareditdo six agencies in most U.S.
states and up to 24 agencies in California. In Austr@gain, and Israel, usually only one
environmental regulatory agency has the right to make&ides and establish discharge
permit requirements and mitigation measures. If othercageare involved in the project
review, they provide comments to the lead agenchdg no right or jurisdiction to change
permitting requirements except by internal consenausontrast, the independent muiti-
agency review process typidalstates such as California results in numerous corgliaoml
permits that regulate the discharge and that may diiigeent requirements in terms of the
mitigation of environmental impactSuch practices not only delay the permitting process b
also put a significant burden on the project sponseocated with project implementation,
operations monitoring, and data reporting.

11.3.2 Priority Review of Desalination Projects

Spain and Israelrecognize the strategic importanceawfater desalinatioim securinga
sustainable and drought-proof long-term water suppigan countries As a result, they
have long-term plans for the development and implesient of desalination projects, which
are under the close oversight of the central governrBaaause the timely implementation
of such plants is considered of high importance andtprim the respective countries, the
regulatory agencies are given support at the state@aidevels in terms of expertise,
direction, and funds to expedite and give priotiythe environmental review of desalination
projects, compared to other types of projedisstralia does not have a countrywide
desalination program at the federallevel, and ttiatmé for planning, permiting, and
implementing desalination projects is left to theviddal states.

11.3.3  Superior Expertise of Regulatory Agencies in the Permitting of
Desalination Plants

In the United States, mainly because of funding canttranany of the regulatory agencies
involved in the permitting of desalination projectsnd® usualy maintain staff with all the
types of expertise needed to complete an expediteelwe¥ desalination projects, such as
marine biologists, experts in outfall discharge modeland engineers with experience in the
design and operation of desalination plaitscontrast, the key agencies involved in
desalination project review in Spain and Israel hagé sxperts on staff, or if such experts
are not originally available, they are retained in xgeéitious manner at the beginning of the
environmental project review to minimize the time reskMost of the agencies involved in
desalination review in California, for example, do notehauch experts, and as a result, the
environmental review process goes through six to 12dsoahrequests for additional
information by the regulatory agency reviewers becawseldhrn on the job and ask their
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guestions piecemeal as they learn more about theprSjaffing expertise and experience
varies from state to state in the United States arstralia.

11.3.4 Sharing of Regulatory Expertise between Various Agencies

In all of the listed countrieexcept for the United Statgbke key regulatory agencies

involved in the permitting of desalination projectsdaternal quarterly or biannual

meetings at which they share experiences with vapeusiitting issuesThe regulators also
actively participate in professional conferences anttptdrums, presenting iaclear

manner their requirements and expectations associdtethes type and detail of information
neecedfor permitting Mainly because dallack of funds and the lack of recognition of
seawater desalination as an important soureadofught-proof water supply, U.S. regulators
involved in the permitting of desalination projectsmid have professional experience
exchange opportunities @r out of state and rarely attend professional conferences or presen
their expectations in professional forums.

11.4 Salinity Limits

Regulatory bodies of all U.S. states, including Calitorfwhere it can be petitioned for)
allow the maximum salinity limitof the regulatory mixing zoneowndary to be established
for the site-specific conditions of a project.

The maximum limit is based on the level of dilutitimat is required for marine species
inhabiting the area, or for predetermined standard testespdefined by the respective
regulatory agency, not to exhibit chronic and/or ataxieity. The marine organisms
selected for testing are identified based on a biabgtirvey of the discharge area, usualy
completed during the initial environmental review ghatthe project, and the standard test
species are determined by the pertinent regulatory egefite selected test marine
organisms are further based on their sensitivity toitya#tt embryonic, juvenile, and/or adult
phases of development.

To determine the salinity threshold at which no chrgaicd/or acute) toxicity is exhibited,
usually, most regulatory agencies require as a minimtandard chronic WET testing of at
least one marine plant, one fish, and one crustacean.

Thus, although regulations do not spell this eoqicitly, WET limits and requirements that
define the mixing zone ultimately regulate the dgliaif the discharge. For example, Florida
and Texas do not have numeric TDS limits in their lgipns However, these states
regulate desalination plant salinity impact on tteine environment by chronic and
sometimes acute WET limitsSimilarly, the Huntington Beach Desalination Plargsioot
havea salinity limit in its NPDES permit but haschronic toxicity limit that defines the size
of its mixing zone and ultimately the mixing or diut ratio between the ambient water
volume and the volume of the concentr&echadilution ratio in turn determines the
maximum discharge salinity, which in the case oHbetington Beach project is the same
as that in the Carlsbad SWRO Desalination Projectp#@tmn average discharge flow and
42 ppt at maximum discharge flow.

The most recent amendment of the California Ocean Plan has introduced a “blanket” non-
site-specific limit of 2.0 ppt for the maximum salinitycrement over the ambient ocean
water salinity atthe edge of the mixing zone. Becauséa prescriptive“one size-fitsall”
imit is overly restrictive and is not reflective of teée-specific aquatic environment in the
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area of the plant discharge, it is very likely that premts of large desalination projects in
the future will pursue the opportunity included in @edifornia Ocean Plan (which is similar
to regulations in other states) to establish a gigific limit for the conditions of their
respective project.

If the concentrate passes the WET test, even ifilohatge salinity is higher than 2 ppt over
the ambient ocean water salintty, it is unlikely tthach salinity wil result in negative
impacts on the environmeritherefore, except for in Californiano U.S. state regulation or
other environmental regulation worldwide (including @\&A) contains a specific numeric
salinity limit, but all of these regulations cont&WET limits. From this perspective, the
addition ofamaximum salinity limit tca desalination proje&d permit requirements may
introduce an overly constraining burden in terms of ceampt costs and delay to the
regulatory process because the WET toxicity compliarecgirements are already reflective
of the potential negative effect of elevated salinitytlee ambient aquatic life. Further, such
a limit is not reflective of the site-specific comulits or the salinity tolerance of the
flora and fauna in the discharge area.

Most likely, the blanket maximum salinity limit noduced in the latest California Ocean
Plan will be used only for smaller desalination prgeethere investment in site-specific
studies is not economically viable and where thieityaimpacts are minimal and the
achievement of the prescriptive limit will be possiblthout a significant cost burden to the
project As previously mentioned, a WET-test-based salimtyt ican be petitioned for.

In any discharge permit of any state, there is a staiethret if a discharge causes negative
impacts on the local biota, regardless of what these& (salinity, metals, or other
compounds that are not presently regulated), the tegulagency has the right to revisit the
regulatory requirements for such dischaifgere is no exception for salinity from this
practice, but also there is no special limit or requiretnThe successful operation of more
than 300 desalination plants for more than 15 yedheitunited States and more than 17,000
such facilties over the last 30 years worldwide Bsaament that WET testing works: if
there were many cases in which WET testing did nptuca the toxic effect of salinity on the
environment and in which elevated salinity caused@@mmental damage in spite of meeting
WET requirements, the regulatory agencies in varioussteould have noticed, and there
would be a separate specific salinity limit by now.

According to curent reguléions in the United States, if a desalmaplant dischrge meets
all wate quality obgdives defined intte applicable federal and stategulations as well as
acute ad chronc WET obgdives, then he proposed dis@rgedoes not present a threat to
aquatt life, recardlessof what the actual $aity levelof this disclarge is or what increase
above ambient salinity this diseémge may cause, becausdWaccounts for the salinity-
related enviormental impacts of conceate.

11.5 Other Regulatory and Permitting | ssues

11.51 WET Testing Speciesand Conditions

As previously mentioned, regulatory bodies of all U.&test, including California, allow the
maximum salinity limit for the regulatory mixing zoredlso be established for the site-
specific conditions of the project. The maximum linsitbased on the level of dilution thatis
required for marine species inhabiting the area, or for fFad@ed standard test species
defined by the respective regulatory agency, not téiexdhronic toxicity To determine the
salinity threshold at which no chronic toxicity ishéoted, most regulatory agencies usually
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require standard chronic WET testing of at least onenmatant, one fish, and one
crustacean.

WET testing in Australia is completed for marine spedt inhabit the discharge area
and/or by using standard test species based onalirdodim the pertinent regulatory
agenciesThe test marine organisms are determined based orsémsitivity to salinity at the
embryonic phase and their presence in the discharge @@andard species are often used
when they are determined to be representatitke marine life inhabiting the discharge area.

WET testing in Spain and Israel is completed usiagdard test species (plant, fish, and
crustacean) that are prescribed in the testing protdestsioped by the respective regulatory
agencies. The Spanish and Israeli WET testing pratdgpically use adult species for
testing and apply the chronic WET testing resulsstiablish the dilution ratio needed to be
provided by the plant outfall. In Australia, a mix oltes (24- or72-h) tests and chronic (14-
day) tests on species in a more sensitive embryofdsval phase are used to establish the
mixing zone requirement#s a result, the concentrate diution requirements eérivom the
WET testing in Australia are usually higher (20:1-%#GHian those in Spain and Israel (10:1-
20:1). This more conservative approaohWET testing used in Australia results in much
more costly and elaborate outfalls, whislone of the key reasons why the desalination
plants constructed in this country were the mostycogtsalination projects completed over
the last 20 years, worldwide.

11.5.2 Biological Survey

In the United States, biological surveys may be deduin the discharge permit; monitoring
requirements such as these are discussed in Chaptibri@gard to the Tampa Desalination
Plant in Florida as well as the Carlsbad, HuntingtoadBeand Santa Barbara SWRO
desalination facilties in California.

All medium and large projects in Australia, Spain, &mdelare required to complete a
biological survey of the area of the plant dischakgwvever, the scope of such survey is
most elaborate in Australia in terms of the number of ssative areas and sampling
points and the frequency of data collecti@uch enhanced testing requirementgehiasulted
in elevated project costs, and, basedonmparative analysis of the environmental
monitoring of existing desalination plants in Aus&iatbpain, and Israel, more complex
sampling has not produced better results or more comseaeorotection of the marine
environment To a great extent, the main reason is the fact teatischarge diffusers are
designed to dilute the concentrate down to less 16&&mof ambient conditions within 330 ft
(200 m) from the point of dischardeyt the monitoring field usually extends to more than
several kiometers from the discharge. At such distémesalinity changes are indiscernible
and well within the level of the accuracy of the nminig instruments.

11.5.3 Salinity Tolerance of M arine Species

Because of the high salinity of SWRO concentrate relat/that of receiving watersgh
main environmental impact of concenate onaquat lif e in the vicinity of adesalinéion

plant disclargeis typically associated witlé sdinity of this disclarge and the ability of the
native habitat to toleate this salinity As a result, tis report gives considerable discussion to
both salinity limits and salinity tolerance (primarily Chapters 5 and 6 he topic of salinity
imits is discussed in Sections 5.3 and 8.4.kh4his subsection, the focus is on salinity
tolerance.
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The determination of the salinity impact on marine oigyas depends on the salinity
tolerance of the organisms, and the determination ©tdlgrance is critical to the
establishment of salinity limits- whether posed as a humeric salinity limit or via V&St
imits. The attention and importance of the topic is reflectede California Desalination
Amendment, which is part of the latest revision of@aifornia Ocean Plan, andin the
extensive salinity-related testing involved withetetining the salinity impaadf the CDR
Protocols and policy for the determination of salindertance have (and wil in the future
have) considerable impact on SWRO concentrate discima@gifornia, and likely at other
locations.

Protocols for the determination of salinity tolerancedteespecify

e what organisms to test,
¢ which life stages of the organisms to test, and

e how the organisms should be prepared for tolerance(gegtsshould the organisms be
exposed to a gradual increase in salinity up toasdvel, or should they be directly
exposed to the teéstmaximum level of salinity).

As stated, such protocols apply to all WET tests@ated with SWRO discharge impacts
not just those used in the determination of salinitpact.

In the United States and all of the referenced counthessalinity tolerance of marine
organisms is determined based on chronic (or in theafasene Australian states, acute)
WET testing of the most sensitive species inhabitimg discharge aretn Australia, the
marine organisms are tested in the embryonic or laragésif development, which has
resulted in mee stringent requirements for concentrate dilution comperétbse in Spain
and Israel, where the test species used for determiaiimitystolerance are usualy in the
adult phase.

11.6 Conclusions

There are considerable similarities between the regylatm permitting systems in the
states of California, Florida, and Texas, as all of th&mst conform to the general federal
regulatory framework and guidelineSuch regulations are algery similar to those of
developed countries such as Australia, Spain, and.lsrdgidual U.S. states can and do
implement policies and regulations that are condistéh the federal framework yet
somewhat different from state to state.

1. Guidelines: As discussed in Section 8.4.2.2, at present thherealegally binding
desalination-specific regulatory guidelines in theest@f California, Florida, and Texas
Similarly, in Australia, Israel, and Spain, at prestwre are no specific regulations or
regulatory guidelines for the permitting of desalinaj@ant dischargesA document that
would be helpful for the U.S. EPA to develop to cltdse regulatory gap could follow
the structure and content of the Ten State Standatte br.S. EPA Water Reuse
Guidelines This document could contain information related tosbepe and nature of
the environmental studies needed and recommendédiotise specific design and
planning activities to be implemented to expediipupermit and successfully complete
adesalination project.
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2.

164

Regulatory process The generalregulatory processes, discussed in &4ty show
many similarities among the states and countriesidames] Desalination plant permits
are issued after a thorough environmental review of thaatrof the plant discharge on
the surrounding aquatic environmefihie events undertaken and information developed
to define discharge limitations (depicted in Figure férithe United States) in general
apply for all large desalination projects in Austrdiaael, and Europe as wellhe

mixing requirements for the desalination projects arerdaned based on WET testing
and hydrodynamic modeling of the discharge aEd#uent limits are determined based
on mixing zone considerations.

A marked difference, however, exists between the USitates and Australia, Israel, and
Spain in regards to the amount of time needed to eteniie environmental review and
to issueadesalination plant discharge perrfiaictors discussed that likely contribute to
this situation include (in Australia, Israel, and Spain

e the streamlined regulatory process,
e the priority review of desalination projects,

e the superior expertise of regulatory agencies in theifdagrof desalination plants
and

e the sharing of regulatory expertise between variouscggemvolved in the
desalination project permitting process.

Each of these factors differs substantially from what&xisthe U.S. federal and state
regulatory systems.

Discharge salinity standards: The effect of higher salinity discharge on receivingenva
marine organisms is a fundamental issue in determaniylimiting or regulating the
environmental impact of dischargeresently, in the United States and in Australia,
Israel, and Spain, this effectis determined via WEB tisd regulated through WET -
test-based limitsCalifornia has implemented a non-site-specific generakmic salinity
limit in addition to site-specific WET test imitaVET is amore comprehensive meae
of the environmental impact of conceate than a salinty limit &cause VEET water
gudity objectives aoaccount for potential synerdis environrmental impacts of
concentate with other constituents irhé concentate.

Use of anonsite-specific salinity limit raises questions inahgd the following:

e Whatis gained by the use of both limitations rathantthe WET standards alone?

o Why apply a salinity limitation when a discharge sEsWET tests (reflecting no
toxicity due to salinity) but not the salinity liration?

¢ What are the implications in terms of time and cost®eiated with project
permitting and the role of non-site-specific limitatiowersus site-specific
imitations?

WET test speciesand conditions: The states and countries reviewed vary on the use of
standard test species or site-specific test speaiesratine life stage of the species tested
More conservative approaches have resulted in moreesitidigcharge limits, higher
required dilution ratios, and (as a result) more elabaatl costly outfall systems, which
can be a significant portion of total project costs.
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5. Biological surveys: Inthe United States, biological surveys are a stahgart of the
monitoring requirements as part of NPDES perrvtsnitoring surveys are also required
in the countries referenced.

6. Salinity tolerance of marine organismsused in WET tests: More broadly than the title
implies, the issue here is the lack of standard pristdoo conducting WET tests,
including the preparation and adaption of test organk&mhigher-salinity tolerance
tests.

7. Site-spedific versus non-site-specific standards: This point was mentioned previously
in Items 3 and 4A possible trade-off that is not yet well definech@site-specific
standards requiring less testing and allowing shortpaedit times but resulting in more
conservative and more expensive outfall and diffuseigities

8. Miscellaneousitems: Although not discussed in the report, various protocolgd
benefit from study and standardization, including tHeviing:

e whattype of dilution water to use in WET tests.(iaxtual seawater versus artificial
seawater)

e what analytical tests to use on higher-salinity [glam
what time length to use in acute and chronic tests

11.7 Recommendations

The broad and general federal framework for regulating rilieoemental impacts of
wastewater discharges, which currently is applied tdR&W¢oncentrate discharges,
appropriate The issues of concern are in the details of hasvftamework is implemented
by the states specifically for seawater desalinatioeqio Much room is left to the states
to define the particulars of regulation, and becausigeofelative newness of medium- and
large-scale SWRO desalinatian the United States, few states have had to dealthdth
regulatory and permitting issues associated with SW&@entrate dischargds stated in
Chapter 1, U.S. peritting protocols and issues assoe@with SWRO concenste disclarge
are in \arious stage®f invedigation, defintion, and @rity that could benefit from broad
consideration and study and from the definition of aptep guidelines. Although research
studies in California associated with the Desalinaiamendment to the updated Ocean
Plan are timely and appropriate, questions stil rernaimcerning various issues as
detailed previously.

Project recommendations presented in the following sseaated with each of the
conclusions listed previously.

e Development of federal regulatory and permitting guésli for desalination projects
similar to the U.S. EPA Water Reuse Guidelines withddé significantly the use of
desalination as an alternative drought-proof watergupplirce and provide a strong
framework for the development of statewide guidelines.

o Development of statewide desalination guidelinesddress desalination-specific
permitting challenges will also benefit the wider o§seawater desalination as an
alternative source of water supply.

e Creation of frequent opportunities for state regulators ¢hange information,
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practices, and experience in the permitting of desmaimgprojects wil be beneficial
and is highly recommended.

Enhancement of the Standard Methods for Analysis of Waie \Wastewater to
include the analysis of seawater and concentrate for re8Bnuclides, and metals
will be of great benefit in streamlining concentrate agment and permitting.

Development ofauniform methodology for establishing the salinity tolera of site-
specific marine organisms by the U.S. EPA wil simplifye desalination project
permitting process and establish the opportunity tonmze expenditures associated
with the construction of costly outfalls.

Enhancement of the existing WET testing proceduresefmwater discharges will
alow them to reflect the site-specific conditions of teeeiving marine environment.

Increased funding of state regulatory agencies to enlibecaumber and qualfication
of staff with desalination experience wil benefit theewand application of
desalination.

In summary, the permitting of seawater desalinationtplamthe United States is a
protracted and challenging process because of thedingtxperience and regulatory
guidance at the federal and state levels availablell key stakeholders (regulators,
proponents, the environmental community, and thdacpatillarge). Review of the
desalination permitting practices in countries witlveated environmental legislation

Suc

h as Australia, Israel, and Spain indicates tleati#fsalination permitting process could

be simplified and streamlined to reduce the time eddor desalination project
implementation.
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