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1. INTRODUCTION

l.a  PROJECT OVERVIEW AND PURPOSE

The purpose of the Association of Monterey Bay Area Governments Regional
Desalination Feasibility Study is to investigate the environmental, economic, and social
impacts, both positive and negative, of seawater desalination project implementation in
the context of the Monterey Bay region. This report includes a baseline assessment of
existing habitats in the Monterey Bay Region that could be potentially affected by
desalination plants; an overview of existing water supply situation in the Monterey Bay
region including water supply sources, demand projections, demographics, and the role of
desalination and other alternatives in future water supply portfolios; an analysis of the
environmental, and socio-economic costs and benefits caused by desalination plant
construction and operation; an analysis of potential scenarios for the use of desalination
in the Monterey Bay area, including costs and benefits, and; an overview of the existing
regulatory environment associated with desalination in the AMBAG region. Specific
environmental and socioeconomic impacts being addressed in the study include: impacts
related to brine discharge, entrainment and impingement, construction impacts, energy
use and emissions, growth inducement, and land use impacts. This report is intended to
provide a comprehensive overview of desalination technologies and associated issues;
however, it is not intended to be a replacement for thorough case-by-case review of
desalination proposals. It was developed to provide objective, accurate, and up-to-date
information to a diverse audience including but not limited to: the general public,
regulatory agencies, elected officials and decision makers, desalination plant proponents
and consultants.

A core group of Technical Advisors have conducted the majority of the research, and co-
authored the report; an Advisory Committee was also established and met periodically to
review and provide input and guidance on the study, as well as to discuss recent
occurrences related to desalination in the Monterey Bay area. This advisory committee is
made up of members from the California Coastal Commission, the Central Coast
Regional Water Quality Control Board, Moss Landing Harbor District, NOAA Fisheries,
Marina Coast Water District, Monterey County Water Resources Agency, Monterey
Peninsula Water Management District, Pajaro Sunny Mesa Community Services District,
Santa Cruz Water Department, California American Water Company, Moss Landing
Marine Laboratories, and UC Santa Cruz.

Another key component of the project is to conduct outreach activities designed to assist
the general public and regulatory agencies in better understanding the costs and benefits
associated with desalination and its potential future role as a water supply alternative in
the Monterey Bay region. A workshop titled “Be Smarter About Desal” was conducted as
part of this feasibility study; this workshop was held on September 27, at the Monterey
Beach Resort, to present the results of this study and to provide a regional forum to learn
about and discuss desalination issues. The workshop featured panels of experts
addressing issues related to seawater desalination in the MBNMS. More than 120 people
attended this event.
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1.b  OBSERVATIONS AND RECOMMENDATIONS

The following observations and recommendations were developed by the authors of this
report in collaboration with the Advisory Committee, based upon the research completed
for the Desalination Feasibility Study in the Monterey Bay Region; they were reviewed,
revised and accepted by the AMBAG Board of Directors on November 8, 2006. The
recommendations represent the AMBAG Board of Directors’ policy related to future
development of desalination facilities and as an advisory guide for future research and
policy development.

Observations:

1. The current water supply in the AMBAG region is not sustainable. Over-pumping
of surface and ground water supplies is causing adverse environmental impacts
such as salt-water intrusion and habitat damage. We are also vulnerable to
drought. Because of this, it is necessary to pursue additional alternatives for
public water supply and continue conservation efforts.

2. Because of limited water supplies, there have been an unprecedented number of
proposals for new seawater desalination plants in the Monterey Bay area. There
are currently seven proposals to build desalination plants, in addition to three
existing facilities (Monterey Bay Aquarium, Moss Landing Power Plant and
Marina Coast Water District).

3. Desalination is a maturing technology that has consistently provided a reliable
supply of high quality freshwater throughout the world for many years; however
its use has not yet been proven in the Monterey Bay area (except for a short
period in Marina).

4. Desalination is highly regulated in the Monterey Bay area through federal, state
and local regulations. There are many safeguards that exist to minimize
environmental impacts.

5. There are a number of positive impacts or benefits associated with desalination,
including:

e Its ability to augment water supply, especially in places where there are
shortages.

* [t can be used to reclaim water that is impaired and would otherwise not
be available.

* [t provides a reliable source of water even during drought conditions when
other sources are limited.

* It diversifies the water supply options available, which provides a form of
insurance by not having to rely too heavily on any one option.

* It provides a very high quality source of water that meets or exceeds
federal and state drinking water standards.
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* There are a few cases where desalination can be used to realize
environmental benefits, if the water produced is used to replace
conventional sources that are overdrafted, such as rivers and aquifers
(Carmel River, Pajaro and Salinas Valley’s aquifers). However, in most
cases regulations or legislation to ensure that these environmental benefits
are realized and maintained, do not currently exist.

6. Coastal desalination plants have the potential to cause a number of socio-
economic and environmental negative impacts:

* Entrainment and impingement of marine organisms from the intake of
seawater.

* Discharge related impacts due to the introduction of highly saline brine
and potentially, other constituents to sensitive marine habitat

* High energy use and cost to produce desalted water.

* Visual and aesthetic impacts from siting the plant on the coastline.

* Seafloor disturbance from construction of the intake and outfall structures.

* Impacts to biological resources and habitats.

* Cumulative impacts from multiple desalination plants or other projects in
the area.

* Growth inducement and land use impacts from developing a new source
of water.

* Recreational and public access impacts.

* Various other socioeconomic impacts.

7. The impacts resulting from the construction and operation of a desalination plant
are highly variable from site to site. Due to the diversity of plant technologies,
designs, and capacities, and the uniqueness of each site, impacts cannot be
generalized and should be assessed on a site-by-site basis.

8. All desalination plant proposals must include transparent decision-making and
public involvement about where they are to be located, how they are to be
designed, how much water they will produce, and where the water will be used.
In Monterey County, all desalination facilities are required to be publicly owned.

9. While there are operational advantages derived from co-location with a power
plant, there is concern that power plant/desalination plant co-location would
provide a justification for the continued use of environmentally-damaging once-
through cooling systems that would otherwise be upgraded to the best available
technology.
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Recommendations:

1. It is recommended that desalination project proposals in the Monterey Bay area be
integrated and coordinated on a regional level as part of a diversified water supply
portfolio. Furthermore, the timing of when such projects come on line must also
be examined as part of a regional water supply portfolio.

2. It is recommended that the freshwater production capacity of all desalination
projects be consistent with established local government land use policies in
county and city general plans and local coastal programs.

3. Since seawater desalination is an energy intensive and expensive water source, it
should only be pursued when there is a clear and established need for a new water
supply, and when other economically and environmentally preferable alternatives
such as increased conservation, brackish water desalination, and wastewater
recycling have been thoroughly evaluated, and pursued, if feasible.

4. Tt is recommended to use site-specific Best Management Practices, designed to
avoid environmental impacts, during construction and operation of any
desalination plant.

5. Desalination plants should be designed to minimize visual impacts as well as
impacts to coastal access, or commercial or recreational activities.

6. Due to the large number of stakeholders potentially affected by a proposed
desalination project, it is essential for the project proponent, the affected
stakeholders, and the regulatory agencies, to collaborate on a regular basis
beginning early on in the process and continue throughout, so that issues can be
identified and worked out.

7. Subsurface intakes such as beach wells have the potential to minimize or
eliminate impingement and entrainment impacts and improve the performance
and efficiency of a desalination project. Where found feasible and beneficial,
subsurface intakes should be used. It must be ensured however, that they will not
cause saltwater intrusion to aquifers, negatively impact coastal wetlands that may
be connected to the same aquifer being used by the intake, or be subject to the
threat of coastal erosion in the future.

8. When it is necessary to use a surface water intake, the use of appropriately sited
existing pipelines of acceptable structural integrity should be investigated, to
minimize impacts to the seafloor. If a new pipeline is necessary, sub-seafloor
placement should be evaluated to minimize disturbances to biological resources.
If such intakes are approved, they must include mitigation measures necessary to
minimize their impacts to the marine ecosystem.
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10.

11.

12.

13.

14.

Blending of brine effluent with existing discharges, for dilution, should be
considered.

The use of renewable energies should be further evaluated and pursued to offset
the energy requirements of desalination plants.

Impacts should be assessed on a site-by-site basis.

To ensure that potential environmental benefits from a desalination project are
realized, developing a regulatory or legislative mechanism at the local level to
ensure optimization of environmental benefits is recommended.

Funding assistance, including state and federal sources, for Monterey Bay
desalination projects should be investigated and pursued.

Desalination plants proposing to co-locate with power plant once-through cooling
systems should include an assessment, during the environmental documentation
phase, of the impacts that would occur when the power plant cooling system does
not operate along with back up plans for alternative intake and outfall structures
in case that the power plant’s cooling system is no longer used in the future.
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2. WATER SUPPLY BACKGROUND FOR MONTEREY BAY REGION
2.a  Water Sources for the Monterey Bay Region:

A number of distinct groundwater basins and surface water systems in the region, as well
as some engineered sources of supply represent the Monterey Bay area’s primary fresh
water sources. Presently, the majority of this supply is from groundwater pumping;
according to the California Water Plan Update 2005, groundwater accounts for roughly
75 percent of the average annual water supply in the region. By distinct geological
formation, the employed groundwater sources within Monterey County include the
Pajaro Valley, Salinas Valley and Seaside Basins. Those within Santa Cruz County
include the Santa Margarita and Pajaro Basins, the Aromas Red Sands Aquifer and the
Purisima Formation; and those within San Benito County include the Gilroy-Hollister,
San Juan Batista, and Tres Pinos groundwater basins. Major surface water sources within
the region utilized either by direct diversion or affected by groundwater extraction
include the Carmel and Salinas Rivers in Monterey County, the San Lorenzo River
system in Santa Cruz County, the San Benito River system in San Benito County, and the
Pajaro River system that runs along the border of Monterey and Santa Cruz Counties.
Water sources by district, are described in Table 2.1, and Figure 2.1 shows the locations
of each water district in the AMBAG region.

Management of these resources is complicated by several factors including: sharing of
water sources by multiple water management districts or agencies; inclusion of numerous
stakeholders and different layers of government within water management districts; and
the high number of private wells in the region. The cross-boundary nature of stream
flows and water basins, combined with a relatively large number of user types, demands a
substantial level of coordination by managers to ensure efficient allocation and planning.
For instance, the Aromas Red Sands Aquifer in Santa Cruz County is drawn on by
constituents within the Central Valley Water District (CVWD), the Pajaro Valley Water
Management Authority (PVWMA), and the Soquel Creek Water District (SqCWD).
Another example of a shared resource is the Purisima Formation, which is used by both
City of Santa Cruz Water Department (SCWD) and SQCWD as well as by private well
owners who account for nearly 40% of all extractions; although it should be noted that
only four percent of Santa Cruz’s annual water use is supported by Purisima Formation
water in an average year. SCWD receives nearly half of its supply from the San Lorenzo
River system, a source that is shared with the northern section of the San Lorenzo Water
District (SLWD). Water managers in Monterey County experience a similar challenge,
particularly within the Salinas Valley Groundwater Basin, which supports users in the
Marina Coast Water District, Monterey County Water Resource Agency (MCWRA),
California Water Service Company, California-American Water, and the Castroville
Water District (CWD).
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Figure 2.1. Water District Boundaries in the Monterey Bay Region

* MCWRA has purview over ALL water in Monterey County. Jurisdiction boundary should be
county line.
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Table 2.1. Water Source for Monterey, Santa Cruz, San Benito Counties 2005
Surface Private .
Agency Groundwater Capture/Diversion Wells Recycled Info Source Title
10865 AFY
Salinas Valley Nacimiento and San Antonio [erarialle Grounqwater
Groundwater Basin Reservoirs ST Extraction Report
MCWRA Replacement 2004
)
Seaside Basin
(25.4%) / Carmel 674 AFY
River Basin (72.4%) / (Golf Course CalAm Water
MPWMD | Peninsula, Carmel gg?ﬂg'eme”te andLos Padres a5 AFy  and Open Customer Report
Highlands, and San Space (Fax)
Jose Creek (2.2%) Irrigation)
Salinas Valley Urban Water
MCWD . 1,200 AFY Management Plan
Groundwater Basin
2005
. . Central Valley Project (San Annual Groundwater
Hollister/Gilroy : Felipe water): Report 2005
Groundwater Basin,
SBWD' San Juan Bautista ) 1822 (R
) Urban 4,443 AFY Draft Program
and Tres Pinos )
Groundwater Basin Environmental
Hernandez and Paicine Impact Report 2005
Reservoirs
PVWMA Basin
. . . 4,000 AFY Management Plan
Pajaro Pajaro Valley ggrer;s”'tc:; fé’ i:téfgf:r',ttu_rf 1%?;’ (Groundwater 2002
Valley WMA | Groundwater Basin Replacement
AFY . -
) Comparative Billing
Summary 2005
Estimated at
Aromas Red Sands +40% of Soquel Creek Water
Soquel Aquifer' (35%) and groundwater District Integrated
Creek WD Purisima Formation produced in Resources Plan
(65%) the Soquel- 2006
Aptos area
City of Loch Lomond - 2003(16%), 246 AFY
y - . San Lorenzo River - (Internal use Urban Water
S (T Purisima Formation 6086(48%) in wastewater Management Plan
. o0 ()
Dev‘z—’z::::-ent Live Oak Wells (3%) North Coast Diversion - treatment 2005
P 4033(32%) plant)
. Urban Water
e Lorignzo Santa' Margarita .& San Lorenzo River Tributaries Management Plan
WD Lompico Formations 2005
Scotts Santa Margarita zggﬁ?n?grzial Water Production
Valley WD Groundwater Basin N Summary (Fax)
Irrigation)
Department of Water
Aromas WD | Pajaro Valley Basin Resources -Statistics
(FAX)
Castroville Salinas Valley g:zslrjtg:;t-g{a:/t\i/;tisg
WD Groundwater Basin

(FAX)

! SBWD uses water sourced from local surface diversion, groundwater, and imported water. The local system is
conjunctive, meaning surface water is used during wet years and stored groundwater during dry years.

% The Aromas Formation is shared with PVWMA and CVWD; the Purisima Formation is shared with Santa Cruz
(4% of total supply).
3 The SLWD possesses two distinct distribution systems; the north system is both groundwater and surface water,
the south system is entirely groundwater.




AMBAG MONTEREY BAY REGIONAL DESALINATION FEASIBILITY STUDY

Beyond the aforementioned local water sources, and in response to concern over water
shortfalls and groundwater overdraft, a growing number of engineered solutions have
been developed to help augment regional supplies. For example, the San Benito Water
District imports about half their water via the San Felipe Unit of the Bureau of
Reclamation’s Central Valley Project, which transports water from the San Luis
Reservoir in Merced County for both agricultural and urban purposes.

There are also several proposed storage and recovery projects at various stages of
planning and implementation throughout the region, aimed at capturing and storing water
when it is abundant, and tapping into that supply in future dry periods. In the Pajaro
Valley, the Harkin Slough Project proposes to divert up to 2000 AF of water from the
slough during wet times to a shallow storage aquifer. The stored water can then be
released and distributed during dry months. A water recycling project outside of
Watsonville is ready to supply about 4000 AF, and imported water via the Central Valley
Project hopes to grant the remaining 12,500 AF believed necessary to combat saltwater
intrusion along the coastline (PVWMA, 2002). The Monterey County Water Resources
Agency has proposed the Salinas Valley Water Project, which would include construction
and operation of a diversion facility on the Salinas River near Marina. The project would
redirect 9,700 AF for storage in the Nacimiento Reservoir, which will later be delivered
through existing pipelines to coastal areas near Castroville (MCWRA, 2001). Finally, in
another nearby project, the Monterey Peninsula Water Management District is working
toward implementing an aquifer storage and recovery project to decrease demands on the
Carmel River and Seaside Basins. During wet months, up to 2,426 AF of water would be
diverted from the Carmel River for storage in, and later recovery from, the Seaside Basin
(MCWD, 2005).

These projects have been proposed in an effort to responsibly provide for current and
future demand. The challenge facing the region and decision makers is considerable.
Existing water extraction practices in the Monterey Bay area are unsustainable; and in
many cases have resulted in impacts such as saltwater intrusion and damage to biological
habitat. Figures 2.2 and 2.3 depict the advance of saltwater intrusion over time, in both
the 180-foot and 400-foot aquifers in Monterey County. Examples of these current water
supply shortfalls and issues, from south to north:

* Historic over-pumping of the Carmel River, which caused significant
environmental impacts: California American Water Company is required to find
a water supply alternative for its customers on the Monterey Peninsula. They
must produce 10,730 acre-feet per year (AFY) in order to comply with State
Water Resource Control Board order 95-10.

* The Salinas Valley is experiencing significant saltwater intrusion and continuous
groundwater overdraft averaging 9,700 AFY.

* The Pajaro Valley requires an estimated 18,500 AF of additional supply annually
to halt saltwater intrusion (PVWMA, 2002).
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* The Soquel Creek Water District experiences an overdraft of 500 to 600 AF each
year.

* Three of the four major sources of water for the City of Santa Cruz are presently
utilized at maximum capacity, leaving the City exposed to severe shortages
during drought conditions.

Since water demand in the region is projected to grow steadily in the future, it is expected
that these water shortages will increase correspondingly. In addition to the challenges of
meeting today’s water needs, it is important to consider and evaluate the potential for
various water supply and conservation strategies to meet future water demands.
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Figure 2.2  Saltwater Intrusion in Monterey County’s 400-Foot Aquifer

Source: MCWRA 2005 Water Quality Data
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Figure 2.3  Saltwater Intrusion in Monterey County’s 180-Foot Aquifer

Source: MCWRA 2005 Water Quality Data
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2.b CURRENT WATER USE PORTFOLIO

In an attempt to characterize water use in the Monterey Bay region, the Association of
Monterey Bay Area Governments (AMBAG) surveyed the eleven largest water districts
and agencies, requesting data on the quantity of water consumed by agricultural,
residential, commercial, industrial, and municipal users in each of the districts. These
data are represented on Table 2.2, which shows the amount of water in acre-feet specified
by use type, and the total amount of water consumed within each agency or district
jurisdiction. Note that the total amount for the region is less than the sum of total water
use for each of the water districts and agencies. This is because in some cases water
district figures are accounted for by more than one agency. For example, MCWRA tracks
water use in the Castroville Water District and the Marina Coast Water District and
includes these districts’ totals as part of the totals for their agency, therefore summing the
water use figures from both districts and the MCWRA would result in an overestimate of
water use in the region. Also, demand is expected to vary from year to year and is not
constant, due to the high variability in availability of natural water resources as well as
the influence of climatic conditions. This is especially true with regard to agriculture,
where a dry year will result in greater water demand than a wet year. Generally speaking,
water year 2005 was considered an average to wet year. Finally, another issue further
complicating the accurate measurement of water use is that use is sometimes un-metered.
Keeping in mind the aforementioned caveats, Table 2.2 will nonetheless provide the
reader with a general sense of how much water is used and where it is allocated in the
region.

Total water use in the AMBAG region during water year 2005 (October 2004—
September 2005) was 670,812 AF. The two water agencies with mandates to manage the
Pajaro Valley Basin and the Salinas Valley Basin, the PVWMA and the MCWRA, had
the greatest total volume, with the vast majority of use due to agriculture in the fertile
Salinas Valley. The water district with the greatest volume was the Monterey Peninsula
Water Management District, followed closely by Santa Cruz Water Department, not
surprisingly since both of these districts have relatively high population densities for the
region.
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Table 2.2: Water Use in Monterey, Santa Cruz, and San Benito Counties 2005 (AFY)

Total
Agency Residential' | Commercial | Industrial Municipal2 Agricultural Other’ By ;;tc;tt
Agency
MCWRA 27,500 IR IR IR 522,500 0 550,000 AYea”y
verage
MPWMD® 7,863 3,141 80 1,068 0 399’ 12,551 2005
Mcwb? 1,966 755 5 IR 0 1,461° | 4,187 2005
SBWD 10,751 IR IR IR 38,598 0 49,349 2005
Pajaro
Valley WMA 9,600 IR IR IR 41,940 0 51,540 2005
Soquel
s 4,077 638 0 170 0 0 4,864 2005
Santa Cruz
Water 7,147 2,086 745 193 193 352" | 10,716 2005
Department
San
Lorenzo 1,514 114 0 IR 0 47 1,675 2005
Valley WD
Scotts
Valley WD 1,793 IIR. 0 IR 0 0 1,793 2005
A\’ﬁg@s 854 21 0 IR 0 0 875 2005
. 13
e LEdllD 470 224 0 11 0 IR 705 2005
WD
Ts";f‘:i;’ry 63,236 2,859 (IIR) 745 (lIR) 363 (lIR) 60,3231 399 | 670,812

! Residential includes single-family, multi-family, and landscape irrigation
? Includes all public entities, e.g. police stations, firehouses, public schools
3 Signifies discharge from hydrants and leakage unless otherwise specified
* Water year 2005 (October 2004 through September 2005)
> Included in Residential (IIR)
% Values for MPWMD apply only to Cal-Am water use, the majority of which lies within the MPWMD

boundaries. Cal-Am is an investor owned public utility.

7 31afy for hydrant discharge; 368 afy for golf course use

¥ Use total for MCWD already represented in use values for MCWMA, i.e. inclusion into total would result in
double accounting.

? Represents un-metered and unaccounted water use; unaccounted is the difference between the pumped amount
and what is registered at a customer’s meter. Unmetered is the estimate of water use at CSUMB.

' Represent calendar year 2005
112 afy for hydrant discharge; 340 afy for golf course use

'2 Amount for Aromas WD is represented in use for Pajaro Valley WMA

13 Amount for Castroville represented in use values for MCWRA
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Sector-specific use in the Monterey Bay region is noticeably skewed toward agriculture,
a reflection of the agrarian nature of the regional economy and the large water demand
inherent in crop production. By these figures, nearly 90 percent of total water use is
allocated for agriculture, leaving approximately 10 percent for urban consumption, which
is further dissected into sectors. Since many of the water agencies and districts reported
commercial, industrial, or municipal use in their residential or urban figures, however,
further breakdown of figures beyond the level of urban versus agricultural use has
significant error associated with it. With that in mind, using available numbers of
residential, commercial, and industrial uses account for around 10, 1, and 0.1 percent of
total use in the region respectively.

In addition to a current use portfolio, AMBAG requested from the eleven water districts
an assessment of future water demand by the year 2025. Usable information was
available from seven districts, and the projected numbers were compared to the numbers
for actual use in 2005; these figures are represented in 7Table 2.3. Some caveats are
necessary for the San Benito Water District and the PVWMA projections. The available
studies for both districts were from prior to 2000, and their estimates of water use in 2005
were much higher than actual use. Therefore it is reasonable to assume that the future
projections are inflated as well. For instance, the report conducted for the Pajaro Valley
concluded that 9000 AF would be needed by 2040, whereas the figures in the future
demand table suggest an increase of 28,960 AF; a considerable difference. Generally
speaking, future water demand depends on myriad factors that are very difficult to predict
accurately.
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Table 2.3: Future Water Demand in Monterey Bay Region

Agency 2005 (afy)- 2025 (afy)++
MPWMD 12,551 17,096
MCWD 4,187 15,403
SBWD 49,349 92,530
Soquel Creek WD 4,864 5,540
Santa Cruz City 10,716 16,070
Scotts Valley WD 1,793 2,343
PVWMA 51,540 80,500

*Figures are from actual use values as determined by AMBAG survey of water districts

**The projection for MPWMD is for prior to 2025; SBWDs’ is for the year 2022; PVWMA projection is
for 2040. Also, the SBWD and PVWMA reports projected values for 2005 were must higher than actual
use, a fact that should be considered in evaluating the reports’ projections for 2025. The numbers for
projected demand by 2005 for San Benito and Pajaro were 67,763 and 51,540, respectively.

2.c Role of Water Recycling:

Recycled water makes up a small but growing portion of the region’s water supply. There
are several benefits associated with water recycling projects. In addition to producing
high quality freshwater at a cost significantly lower than desalination, it also prevents
environmental impacts associated with discharge of treated sewage into the Monterey
Bay National Marine Sanctuary. Recycled water also has great potential for serving much
of the region’s irrigation needs, for farms and for urban landscapes, and can also play an
important role in providing future municipal water supply via aquifer recharge.

The largest water recycling plant in the region is the Salinas Valley Reclamation Plant
located two miles north of Marina, which is part of the Monterey County Water
Recycling Project, which is jointly owned and operated by the Monterey County Water
Resources Agency and the Monterey Regional Pollution Control Agency (MRWPCA).
This plant, operated by the Monterey Regional Water Pollution Control Agency
(MRWPCA) is used to supply water to the Castroville Seawater Intrusion Project
(CSIP). This plant, which serves Pacific Grove, Monterey, Del Rey Oaks, Seaside, Sand
City, Fort Ord, Marina, Castroville, Moss Landing, the Boronda area, Salinas and some
unincorporated areas in northern Monterey County, treats 12,000 AFY. The MCWRP
was pursued as an effort to prevent the advance of saltwater intrusion by providing an
alternative source of water to 12,000 acres of farmland in the northern Salinas Valley.
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This $75 million project was completed in 1997 after three years of construction. The
facility is capable of producing an average of 29.6 million gallons of recycled water per
day (MGD). For perspective, the largest desalination plant being proposed in the
Monterey Bay area is 20 MGD, with the mean size being 5.8 MGD. The recycled water
is temporarily stored in an 80 AF storage reservoir, until it is conveyed to agricultural
fields via underground pipelines. During the rainy season, when farmers do not need the
water, it is discharged through the wastewater outfall to the Monterey Bay, about two
miles offshore. MRWPCA plans to expand the use of its recycled water to city parks,
roadway landscape, and golf courses (MRWPCA, 2006).

Marina Coast Water District and MRWPCA are collaborating on a project known as the
Regional Urban Recycled Water Distribution Project (RURWDP), which would increase
the amount of recycled water produced at the Salinas Valley Reclamation Plant, and add
a new 63-acre reservoir where the water would be stored until it is ultimately used for
irrigation purposes. The project would include two phases the first would be 1,727 AFY,
and the second phase would increase the capacity to 3,100 AFY (MCWD, 2004).

Another project, on the Monterey Peninsula, the Wastewater Reclamation Project
(WRP), which was completed in 1993, is a collaborative effort involving the Carmel
Area Wastewater District (CAWD), the Pebble Beach Community Services District
(PBCSD), the Monterey Peninsula Water Management District (MPWMD) and the
Pebble Beach Company (PBCO). The WRP consists of a tertiary treatment plant, a
wastewater distribution system and storage tank, and improvements to the irrigation
systems. About 650 AF of recycled water is conveyed to Pebble Beach each year, where
it is used to irrigate eight golf courses, athletic fields and other landscaped areas (PBCSD,
2006).

The Watsonville Area Water Recycling Project (WAWRP) is another new project that
will soon be constructed in a partnership between Pajaro Valley Water Management
Agency and the City of Watsonville. The WAWRP is being built along with an extensive
pipeline system known as the Coastal Distribution System, which will convey the
recycled water to agricultural lands in areas being affected by saltwater intrusion. The
existing Wastewater Treatment Facility, which is owned by the City of Watsonville,
currently treats about 8,000 AFY of wastewater to the advanced secondary treatment
level; the WAWRP will upgrade that plant to tertiary treatment level, to produce recycled
water suitable for all non-potable uses. This project will occur in phases; during the first
phase about 4,000 AF of recycled water will be used during the dry seasons of the year
when irrigation is necessary. During the wet season the treated wastewater will be
discharged through an ocean outfall. Future phases of the project may involve storage
during the wet season. The first phase of the project is expected to be online by the
beginning of the 2008 growing season (Pajaro Valley Water Management Agency, 2006).

Smaller facilities also exist in the area, such as a project for groundwater replacement in
the Pajaro Valley, and one for commercial irrigation in Scotts Valley.
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Role of Conservation:

Conservation refers to actions taken that reduce water losses through maximizing
efficiency of use and minimizing waste. In some areas of the Monterey Bay region,
additional water conservation efforts can increase water supply at a much lower cost,
fiscally and environmentally, than the development of other supply sources such as a
desalination or water recycling. In fact it is estimated that California’s water use could be
reduced by 33 percent by using existing off-the-shelf conservation technologies such as
low flow toilets, clothes washers and dishwashers and by implementing improved
irrigation and landscape management techniques outdoors. Additionally, it is possible to
save a further seven percent by reducing leaks and improving metering systems (CalAm,
2006).

According to the California Department of Water Resources, it is possible to achieve an
additional 1.5 to 2.5 million AFY of urban water conservation in the state (Planning and
Conservation League, 2004). The Pacific Institute, in a 2004 report, estimated the number
that can be conserved using existing technology to be more than 2.3 million AFY, or a
third of the total amount of water used in the urban sector in the State of California; the
majority of this (more than 85%) can be saved at costs below those for other new water
sources (Pacific Institute, 2004). The Planning and Conservation League lists water
conservation among the key reasons that urban areas use about the same amount of water
they used in the 1990s, while still growing significantly in population (Planning and
Conservation League, 2004). In one example of the potential effectiveness of certain
conservation strategies, the Pacific Institute estimates that 130 billion gallons could be
saved each year if all of the toilets in California were replaced with high-efficiency
models; that is more water than could be produced by seven 50 MGD desalination plants
(Gleick, 20006).

Many Monterey Bay communities have implemented some of the most successful water
conservation measures in the state. The City of Santa Cruz has an extensive water
conservation program. In June 2001, the City of Santa Cruz became a signatory to the
Memorandum of Understanding Regarding Urban Water Conservation, committing to
implement its 14 best management practices; MCWD and Scotts Valley are also
signatories to this MOU. In 2000, the City of Santa Cruz adopted a Water Conservation
Plan that will result in water savings of 282 million gallons per year (0.8 MGD) by 2010;
the City is currently more than half way towards meeting this goal. This plan is composed
of 17 demand reduction programs, which will be implemented over a period of ten years
(Santa Cruz Water Department, 2005). The Monterey Peninsula also has implemented
successful conservation measures resulting in a reduction in consumption from 17,913
AF in 1987 (a year with non-drought conditions) to 12,922 AF in 2003; while the number
of connections grew by 18 percent during this period, overall water use decreased by
more than 25%.

In addition to urban water conservation, the agricultural industry in the Monterey Bay
area has also made significant contributions towards conserving water. For example,
MCWRA annually collects Agricultural Water Conservation Plans from growers in
Monterey County, and summarizes the data. These data provide information about how
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the agricultural industry in the Salinas Valley incorporates best management practices
(BMPs) to conserve water. These practices range from significant capital investments to
recurring operational considerations. The implementation of these BMPs represents a
significant financial investment by the agricultural community in long-term conservation
methods. Investments can include flowmeters, micro-irrigation systems and tailwater
return systems. Other practices include fallowing fields, reduced sprinkler spacing and
off-wind irrigation. The combined total of the incorporation of best management
practices by the agricultural community from 1991 to 1997 is approximately
$173,503,074 (Monterey County Water Resources Agency, 1998).
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2.8 EXISTING MONTEREY BAY DESALINATION PLANTS
2.g.i Marina Coast Water District

Marina Coast Water District (MCWD) owns a small desalination plant located at the end
of Reservation Road adjacent to Marina State Beach. The plant is not currently
operational however, due to damage to the beach wells caused by coastal erosion.
MCWD built the plant in 1996, at a cost of $3 million, in response to increasing saltwater
intrusion caused by over drafting of groundwater in the Salinas Valley. The Marina plant
uses reverse osmosis (RO) technology, and is capable of producing 0.27 MGD of product
water per day, or about 300 AF/year at peak production. It could supply up to 13% of
Marina’s annual municipal water consumption, at a cost of four to five times more than
the cost of pumping groundwater.

The intake system draws seawater in from a well 60-80 feet below Marina State beach. It
is then pre-filtered to remove suspended particles, pressurized and forced through a RO
membrane, which removes the dissolved solids. The plant’s recovery rate is 52%,
meaning that the effluent is about twice as salty as the ambient seawater. The brine
effluent is pumped into an injection well on the beach, where it is diluted through mixing
with natural groundwater, and is mixed in the surf zone. This plant is one of the first to
use an injection well for brine disposal. The well, pipelines and pump are all located
underground on the beach and are therefore not visible. An ongoing monitoring program
conducted for several years after the plant went online concluded that there was not a
detectable increase in salinity of the receiving waters due to brine discharge (Kinnetic
Laboratories, 1999).

Erosion caused by wind has resulted in exposure of the upper portions of the well
housing that sits on top of the beach well, however the well itself is not under threat.
MCWD periodically (about once per year) covers the structure with sand. Currently, the
plant is not operating, however MCWD has recently entered into an agreement with
several Marina Developers to use the plant if necessary, in which case they would be
responsible for a necessary retrofit of the facility (Lucca, 20006).

2.g.ii Duke Energy

The Duke power plant in Moss Landing houses a seawater distillation plant that produces
0.48 MGD of fresh water. The product water is not used for consumption; rather it is used
in the boiler tubes for power production purposes. The cooling water pipeline is the
source for the seawater, and the brine effluent is blended with the cooling water
discharge. Since such an enormous volume of water is already being discharged, the
saline brine is diluted to the point at which any elevation in salinity in the cooling water
would be difficult to detect.
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2.g.iii Monterey Bay Aquarium

The Monterey Bay Aquarium operates a small-scale plant producing approximately 0.04
MGD of fresh water. The product water is not used for consumption, but is used for
maintenance purposes in the Aquarium’s Outer Bay Wing, such as flushing the toilets.
The feed-water comes from the intake pipelines for the aquarium exhibit water, which
bring in up to 2000 gallons per minute, and the brine discharge is blended with the
exhibit water outfall. The effluent is effectively diluted due to the large volume of
discharge water, which is at ambient salinity, and the effects of the brine effluent are
considered to be negligible.

2.h PROPOSED MONTEREY BAY DESALINATION PLANTS
2.h.i City of Santa Cruz

Santa Cruz has certified a program level EIR for their integrated water plan (IWP), which
provides a strategy for producing a reliable supply of water that meets long-term needs
while reducing near-term drought year shortages. The IWP consists of water conservation
programs, customer curtailment of up to 15% during water shortages, and a 2.5 million
gallon per day desalination plant (with potential expansion to 4.5 MGD in the future).
The facility is being proposed as a result of the serious water shortages that are
experienced by Santa Cruz during dry periods such as drought years, and would be
operated only during drought conditions (currently estimated at 1 out of every 6 years).
When operated at full capacity, the plant would draw in seawater through an abandoned
sewage outfall pipeline that would be retrofitted for this project. The concentrate
discharge stream would be transported to the wastewater treatment plant and blended
with treated sewage effluent.

The plant is expected to be online by 2012. Soquel Creek Water District, a nearby water
purveyor, is considering participation in this project as well. Under this cooperative
desalination strategy, the desalination plant would be operated during non-drought
periods at a lower capacity and the water sold to Soquel Creek Water District as a
supplementary supply (EDAW, 2005). The City of Santa Cruz has received a Proposition
50 grant to construct and operate a pilot plant at UC Santa Cruz’s Long Marine Lab, for
which it is currently pursuing permits.

2.h.ii California American Water Company’s Coastal Water Project

In response to a July 6, 1995 ruling by the State Water Resources Control Board, which
determined that that the California-American Water Company (Cal-Am) had been
illegally diverting 10,730 AF of water annually from the Carmel River, CalAm has
proposed a 9 MGD RO plant at Moss Landing as a replacement water supply. The
Coastal Water Project also includes an aquifer storage and recovery component, for water
from the desalination plant as well as from the Carmel River during high flows
(California American Water Company, 2005).
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Selection of the Moss Landing site was primarily due to proximity to the Moss Landing
Power Plant. The facility would draw in feedwater from the power plant’s cooling water
discharge, use reverse osmosis technology to desalinate it, then dispose of the brine
concentrate by discharging to the power plant’s cooling water effluent, eliminating the
need to construct a new pipeline structure. The salinity of the desalination effluent would
be reduced to ambient levels when combined with the power plants 380 to 1,224 MGD
outfall flow, minimizing potential impacts to the marine environment from increased
salinity. The product water would be delivered to CalAm’s existing distribution system,
via a conveyance pipeline approximately 19 miles in length, where it would be
distributed to customers in the cities of Seaside, Sand City, Monterey, Del Rey Oaks,
Pacific Grove, Carmel-by-the-Sea, and parts of unincorporated Monterey County.

Other alternatives being investigated, as part of this project are horizontal directionally
drilled (HDD) intake wells as a source for feedwater supply at Moss Landing and at a
north Marina site, and a larger capacity regional plant. This regional scenario would
involve a partnership with Monterey County on a significantly larger plant with the
potential to provide up to 18 MGD (California American Water Company, 2005).

CalAm submitted environmental documentation as required by the State of California
Environmental Quality Act (CEQA) at the beginning of 2006, and it is currently pursuing
permits to build and operate a pilot plant. CalAm, has now received the appropriate
permits from the County of Monterey, and is currently pursuing the needed permits for
the pilot plant with the California Coastal Commission.

2.h.iii Pajaro Sunny Mesa Monterey Bay Regional Desalination Project

Pajaro Sunny Mesa Community Services District (PSMCSD), which supplies water to
customers in unincorporated communities of north Monterey County, has proposed a 20
MGD seawater desalination plant to be located at the former National Refractories and
Minerals Corporation plant, located adjacent to the power plant in Moss Landing.
PSMCSD has entered into an agreement with Poseidon Resources Corporation, who will
construct and operate the plant as well as manage the project design and permitting
process. In addition to the existing PSMCSD service area, the proposed facility would
provide water to the Monterey Peninsula, other unincorporated areas of Monterey
County, and parts of the service areas of the Pajaro Valley Water Management Agency.
The project is intended to serve as a replacement for existing water supplies in the area,
and therefore would not result in growth inducing impacts (Pajaro Sunny Mesa, 2006).

The proposed RO plant would refurbish and use an existing, but unused, 60 MGD intake
system from the former National Refractories plant as a primary source for its feedwater.
In addition to the primary seawater intake station the plant would also include a new 60
MGD intake structure and pipeline connected to the Moss Landing Power Plant cooling
water discharge. This would provide higher-temperature seawater, which requires less
energy to desalinate. Since the Moss Landing Power Plant is typically operated only 8 to
12 hours per day, and the desalination plant would operate continuously, this new intake
pump station will only operate when the power plant is being used. When the power plant
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is not operational, the desalination plant would obtain its feedwater from the primary
intake structure at the National Refractories site. Concentrate discharge will occur
through the existing National Refractories outfall (Pajaro/Sunny Mesa, 2006). The project
would also include water conveyance pipelines to deliver water to customers and to an
aquifer storage and recovery system operated by the Monterey Peninsula Water
Management District (Kennedy/Jenks, 2004). The project’s environmental review and
permitting process is expected to be complete by 2008, and commercial operation is
expected to commence in 2010 (Pajaro/Sunny Mesa, 2006).

Pajaro Sunny Mesa was granted a permit by Monterey County in July of 2006 to
construct and operate a test facility, which would draw in 288,000 gallons of seawater per
day (about 200 gallons per minute) through an existing unused intake structure. It would
pre-treat the intake water, desalinate it using a reverse osmosis membrane, and then after
completion of a monitoring and testing process, recombine the brine and the product
water before discharging to the harbor through another existing outfall structure. While
the discharge would not have elevated salinity levels, it will include traces of cleaning
compounds, coagulants, and polymers. Prior to assembly and operation, the test facility
will also require a permit from the California Coastal Commission. The pilot plant is
expected to operate continuously for up to 3 years (California Coastal Commission,
2006).

2.h.iv Marina Coast Water District

Marina Coast Water District (MCWD), the agency responsible for providing water to the
City of Marina and the former Fort Ord, proposes to build and operate a new RO plant as
part of its Regional Urban Water Augmentation Project (RUWAP). This project proposes
to provide an additional water supply of 2,400 acre-feet per year (AFY) for the re-
development of the former Fort Ord military base, as identified in the approved Fort Ord
Reuse Plan, and an additional 600 AFY for other MCWD service areas and the Monterey
Peninsula (Denise Duffy and Associates, 2004). The RUWAP will consist of a recycled
water component and a 1.3 MGD desalination plant component (Lucca, 2006). Options
for siting of the desalination facility include the site of the existing MCWD desalination
plant or the abandoned Main Garrison waste water treatment plant west of Highway 1, at
the 8th Street overpass (Youngblood, 2006).

Preliminary plans for the desalination plant include beach wells for seawater intake and
brine disposal. The system would also include a feedwater bypass system, which would
involve bypassing approximately 40% of the seawater from the intake, for use in diluting
the brine discharge (Denise Duffy and Associates, 2004). An EIR was released for this
project in 2004, and the MCWD Board of Directors endorsed the plan in June 2005.
Specific plans for the desalination plant are currently being pursued (Pacific Institute,
2006).
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2.h.v City of Sand City Water Supply Project

Sand City has proposed a desalination plant to produce 0.45 MGD, to augment their
current Cal-Am water supply, and to meet needs for their redevelopment plan. The
proposal includes the construction and operation of a reverse osmosis desalination facility
to supply approximately 300 AFY of potable water to residential and commercial
customers in Sand City, for use in existing and future development in accordance with
the planned development in the city’s General Plan. The plant will extract brackish water
from a shallow aquifer beneath the beach rather than drawing seawater directly from the
Monterey Bay, thus eliminating impingement and entrainment impacts. The concentrate
stream will be injected into a shallow horizontal well beneath the beach. The properties
of the concentrate are expected to be very similar to the ambient seawater in the
Monterey Bay, not exceeding a salinity of 35 parts per thousand. This project will
provide a new source to replace the current water being supplied to the City by Cal-Am,
thus reducing the use of the Carmel River and Seaside Groundwater Basin.

An EIR was released for this project in 2004, and the plant received a Coastal
Development Permit by the California Coastal Commission in 2005. Under current
agreements, CalAm Water Company will operate the plant. Sand City is currently
seeking proposals for the plants design, engineering and construction. Once built, Sand
City would initially sell water from the plant to CalAm, which is required to by law to
reduce its diversions of the Carmel River. As Sand City’s water needs increase over time
however, the City would sell less of the desalinated water to CalAm, and use it for its
redevelopment needs (Pacific Institute, 2006).

2.h.vi Monterey Peninsula Water Management District’s Sand City Desalination
Project

Monterey Peninsula Water Management District (MPWMD), the agency responsible for
managing the water resources of the Monterey Peninsula, has proposed to build and
operate a 7.5 MGD RO plant at one of three Sand City locations. This proposal, called
the Sand City Desalination Project (SCDP), would serve the same purpose as CalAm’s
Coastal Water Project, providing an alternative water supply to the Carmel River and
meeting the requirements of the State Water Resources Control Board’s Order 95-10. The
SCDP would involve construction of new seawater intake and brine discharge structures
in Sand City and the former Fort Ord. Beach wells (radial and/or HDD wells) would be
used for seawater intake, and discharge would occur either through beach wells in the
former Fort Ord, or via the existing Monterey Regional Water Pollution Control
Agency’s (MRWPCA) treated wastewater effluent outfall (Bookman-Edmonston/GEI, et.
al., 2006)

Preliminary geological studies and design work have been completed, and an
administrative “Board Review Draft EIR” for the Water Supply Plan was delivered in a
December, 2003 meeting. However, an official public draft was never released since the
MPWMD Board decided to delay further action until several studies were completed. In
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October of 2004, as part of the adoption of the Strategic Plan, the Board decided to put
the project on hold as other options are investigated (MPWMD, 2005).

2.h.vii Ocean View Plaza

The Ocean View Plaza (OVP), previously referred to as the Cannery Row Marketplace,
is a proposed mixed development on Cannery Row in Monterey, which would consist of
retail shops, restaurants, and 30 condominium units. Due to water shortages in Monterey,
the developers propose to supply water for the project from a 0.05 MGD onsite
desalination facility. The desalination plant would be located entirely onsite and operated
independently of the local water supply system and would entail a small RO membrane
configuration, a pretreatment system, water storage reservoirs, onshore pumps, and
offshore intake and outfall pipelines. The seawater intake for the desalination plant would
be located about 700 feet offshore at a depth of 30 feet and would draw in up to 68
gallons per minute at an intake velocity of 0.2 feet per second. The concentrate discharge
structure would be located 1,200 feet offshore at a depth of about 50 feet. Both the intake
and discharge structures would be located along a 100-foot wide corridor free of major
kelp beds and rocky seafloor habitat (City of Monterey, 2001).

The Monterey City Council originally approved a final EIR in October 2002; however a
subsequent lawsuit resulted in a September 2003 Superior Court decision concluding that
the EIR was incomplete. A supplemental EIR was prepared, and the development was
again approved by the City Council in June of 2004. Due to a Monterey County legal
requirement that all desalination plants be publicly owned, the developers recently
formed a community services district (CSD) so that the facility could be legally operated
onsite. According to this agreement, the Monterey City Council would be the official
Board of Directors for the CSD. This agreement was consequently challenged by Save
Our Waterfront, a local non-profit organization that filed a February 2006 lawsuit against
the City of Monterey and Monterey County’s Local Agency Formation Commission, on
the grounds that the decision was based on an outdated EIR (Pacific Institute, 2006). If
approved, this facility would set a precedent, in that the water produced by the
desalination plant would be used entirely for a private development.
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3 MARINE HABITATS OF MONTEREY BAY
3.a OVERVIEW OF MAJOR HABITATS

Introduction:

Marine habitats in the Monterey Bay area are of such a diverse nature that in 1992 it was
designated the Monterey Bay National Marine Sanctuary, a federally protected area.
Some of the various habitats in the Monterey Bay area are 1) the submarine canyon, 2)
nearshore sublittoral soft and hard bottoms (including the kelp forest), 3) intertidal sandy
beach and rocky areas, and 4) estuarine/slough areas.

Upwelling of nutrient rich waters from the Monterey Bay Submarine Canyon enhance
primary productivity that supports an extensive diversity of organisms including
numerous oceanic species. Nearshore sublittoral habitats consist of sandy/mud soft
bottoms that support infaunal and epifaunal benthic organisms and fishes, and rocky hard
bottom areas where kelp forests may be found containing a variety of invertebrates and
fishes. Intertidal sandy beach organisms consist primarily of invertebrate species that can
bury themselves in the sand to escape the pounding and shifting action of the surf.
Intertidal rocky areas support organisms with the ability to withstand variations in
temperature, wetness, salinity, and wave action. In the rocky intertidal a variety of marine
plants are present along with sessile and motile invertebrates, and tidepool fishes. The
Elkhorn Slough National Estuarine Research Reserve is the major estuarine/slough
habitat in the Monterey Bay area. Elkhorn Slough’s soft bottom benthic habitat consists
of sand and muddy sand bottoms of the main and harbor channels, and the intertidal
mudflats. Invertebrate communities dominate this habitat and are important feeding
grounds for birds and fishes. The slough is also used as a spawning or nursery ground for
fishes and at times larvae of fishes and invertebrates are an important part of the
midwater community.

Source water for desalination projects would likely be from beach wells and infiltration
beds beneath the ocean floor in the nearshore sublittoral soft bottom or sandy beaches or
from direct intakes in the nearshore sublittoral. Again, as with brine discharge, the
underwater canyon and rocky intertidal are unlikely source water sites. Entrainment and
impingement impacts are of major concern and would need to be taken into consideration
for any direct source water intake including any new intakes in Elkhorn slough. Seawater
intakes currently being considered for the various Monterey Bay area desalination
proposals include the once-through cooling water discharge at the Moss Landing Power
Plant, open ocean intake structures, and a variety of beach well structures. Co-location at
the Moss Landing Power Plant currently would not increase entrainment and
impingement impacts already occurring, as long as a desalination facility were to operate
only when the power plant operates. Proposed desalination plants that are pursuing co-
location must consider the likelihood that most, if not all, coastal power plants may
switch from once-through cooling systems to alternative systems, and therefore the
cooling water will likely not be available in the future. Beach wells and infiltration beds
have no entrainment and impingement impacts.
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Sandy Seafloor:

Exposed intertidal sand beaches like those found in Monterey Bay are a common feature
along the California coast. Environmental factors have created conditions where virtually
all of the resident inhabitants of these beaches bury themselves in the sand to escape the
pounding and shifting action of the surf. Wave action, and its direct effect on the size of
sand grains, is the most important physical factor governing life on sand beaches
(Nybakken 1982). Seasonal changes can nearly or completely restructure the physical and
biological features of a beach. Coarse beaches with steep profiles generally allow water
to drain away quickly because the large interstitial spaces do not allow capillary action to
occur as the tide and waves recede. By contrast, those beaches composed of fine-grain
sands tend to retain water, because of capillary action, at a level that is above the tide line
in the small interstitial spaces. The retention of water governs largely the presence and
numbers of organisms that are able to live within the beach sands. Fine sand beaches
usually have more species and a greater number of individuals inhabiting them, while
coarse sand beaches typically have fewer species and usually fewer individuals.
Desiccation, due to exposure, is a major problem for organisms living on beaches with
steep profiles and coarse sands.

The biological community in this habitat is composed mainly of resilient primary
consumers (filter feeders, detritivores, and scavengers) that depend on a supply of food
imported by the tides and surf (Ricketts et al. 1985). While biological diversity is
characteristically low, species abundances can be high with crustaceans being the
dominant taxa (Oakden and Nybakken 1977). Species dominance is variable and
dependent on the season, reproductive cycles of community members, and tidal zone
(Nybakken 1982). Biomass is low within the upper tidal zone but can be variable (again,
depending on season and reproductive cycles) in the mid and low zones (Foster et al.
1991). Despite the fact that sandy beach communities are intrinsically low in diversity
and variable in available biomass, the fauna do provide an important food source for
shorebirds and some coastal fishes.

Most of the shallow subtidal benthic habitat from the surf zone out to about 100 feet
consists of a gently sloping sandy bottom that changes gradually in character with depth.
Ocean currents are moderate and water quality parameters such as temperature and
salinity fluctuate little. Wave and swell action maintains a bottom of relatively well-
sorted fine sands with low organic carbon content throughout most of this environment
(Hodgson and Nybakken 1973, Kinnetic Laboratories Inc. 1997). Diversity within the
infaunal benthic community is lowest near shore where wave energy has the most
influence on the bottom and sediments are highly mobile (Kinnetic Laboratories Inc.
2005). As the influence of waves on the benthos decreases with increasing depth, the
sediments contain more silts, clays, and organic matter, and species diversity increases. In
general, a dynamic “crustacean zone” occupies the shallower high energy environment
and is gradually replaced by a more stable “polychaete zone” at 20 meters and deeper
(Hodgson and Nybakken 1973, Oliver et. al. 1980).
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Rocky Subtidal:

Rocky subtidal areas are much less common than soft substrata in the Monterey Bay area.
In nearshore waters approximately 30 meters depth or less, hard substrata provide an area
for kelp and other algae to attach (MLPA 2005). Macrocystis pyrifera (giant kelp) is the
most common kelp in Monterey Bay and in sheltered areas of Carmel Bay and south of
Point Sur. Nereocystis luetkeana (bull kelp) is the major kelp along the open coast to the
north and south of the Monterey Bay (McLean 1962). Many sessile (permanently
attached) invertebrates such as sponges, hydroids, anemones, cup corals, bryozoans, and
tunicates also attach to rocky substrate. These sessile invertebrates are unable to escape
any contamination that may occur once they have settled. In addition, many of these
sessile invertebrate species are suspension feeders, filtering large quantities of water each
day, and so are exposed very directly and continuously to water-borne contaminants.
Many of the visibly dominant species in these communities appear to be slow growing
and long-lived, so it may take such communities years to recover from disturbance
(Kinnetic Laboratories Inc. 1999). The rocky subtidal also provides a habitat for motile
invertebrates and fishes, including a variety of nearshore rockfish, abalone, and sea
urchins (California Department of Fish and Game 2001).

Ecological assemblages associated with rocky subtidal habitats are also influenced by the
type of rock (i.e. sedimentary versus granitic) and size (e.g., cobble, boulders, or reef)
(MLPA 2005). In addition, epifaunal assemblages are often positively affected by high
current speeds and negatively affected by suspended sediments (Hardin et. al. 1994),
where differences in sessile invertebrate assemblages have been attributed to differences
in the rates and extent of sedimentation and sand burial (Ostarello 1973, Grigg 1975, and
Foster et. al. 1991).

Other Habitats:

Submarine Canyon: The Monterey Bay Submarine Canyon is approximately 470
kilometers long and 12 kilometers wide at its widest point. It is the largest submarine
canyon on the west coast of North America. It has a maximum rim to floor relief of 1700
meters (SIMoN 2005). Both the canyon floor and the waters over the canyon provide
unique habitat beyond the continental shelf in waters over 200 m deep. The waters of the
bay support oceanic species of fishes, birds, and marine mammals. Upwelling in the area
supports most of the primary productivity for the entire bay. The canyon edge serves as a
feeding area for endangered blue and fin whales, Pacific white-sided dolphins, northern
right whale dolphins, Risso's dolphins, Dall's porpoise, and possibly the blue shark.
Meso- and bathypelagic fishes include the lanternfish (Myctophidae), sablefish, deepsea
sole, and Pacific rattail. Fishes, as well as euphausiid crustaceans (krill) and other
organisms, compose a "deep scattering layer" that undergoes vertical migrations to the
surface waters (NOAA 1992). The canyon heads that occur in near shore waters are
considered important areas of high biodiversity because of the presence of a steep
elevation gradient, variation in benthic topography, and other factors that support
biological richness (MLPA 2005). Steep and rocky canyon walls provide shelter for
many species of benthic fishes, including rockfishes and thornyheads; sedimentary
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canyon heads provide habitat for species such as flatfishes (Yoklavich et al. 2000;
Yoklavich et al. 2002).

Rocky Intertidal: Four zones of organisms associated with different tidal heights have
traditionally been distinguished in the rocky intertidal habitat. The splash zone is almost
always exposed to air, and has relatively few species. The periwinkle, Littorina keenae, is
used in some cases as an indicator of this zone, and microscopic algae are common in
winter months when large waves produce consistent spray on the upper portions of the
rocky shore. The high intertidal zone is exposed to air for long periods twice a day. The
barnacle, Balanus glandula, and red algae, Endocladia muricata and Mastocarpus
papillatus, are used as indicators of the high intertidal zone, but these species are also
found in other areas of the rocky shore. The mid-intertidal zone is exposed to air briefly
once or twice a day, and has many common organisms. At wave-exposed sites, the
mussel, Mytilus californianus, can dominate the available attachment substratum. The
low intertidal zone is exposed only during the lowest tides, and the presence of the
seagrass, Phyllospadix, is a good indicator of the mean lower low water tide level (0.0
m). This zone is also where sponges and tunicates are most common. Zones will form at
different distances from the sea when there is no tidal height difference (Marsh and
Hodgkin 1962, Lebednik et al. 1971, Kinnetic Laboratories Inc. 1985), zones will form
within zones (De Vogelaere 1991), and zones will expand with increasing wave exposure
(Ricketts et al. 1985) and, while dramatic and extensively referred to, zonation patterns
are highly variable (Foster et al. 1988, Foster 1990) (from De Vogelaere 1996).

Elkhorn Slough: The Elkhorn Slough habitats consist of slough and harbor channels,
intertidal mudflats, some hard substrate, and eelgrass beds. Polychaete worms are the
dominant invertebrate species in the soft bottom benthic areas. Other common
invertebrate species include amphipod, ostracod, cumacean, and decapod crustaceans,
and bivalve mollusks (Nybakken, et. al. 1977; Elkhorn Slough Foundation 2002). The
intertidal mudflats are important feeding grounds for birds and fishes. Numerous fishes,
sharks, and rays feed on a variety of invertebrates dwelling in and on the channel bottoms
(Kinnetic Laboratories Inc. 2005). The slough periodically hosts many of the same fish
species found in nearshore waters, some of which use the slough as a spawning or
nursery ground. The slough is also habitat to a number of partial and full-time resident
species. Fish and invertebrate larvae are also an important part of the mid-water
community in the slough. The rock jetties that create the permanent mouth to Elkhorn
Slough and Moss Landing Harbor as well as bridge pilings provide hard substrate habitat
for algae, invertebrates and fishes (PG&E 1973, Elkhorn Slough Foundation 2002,
Kinnetic Laboratories Inc. 2005). The federally listed threatened southern sea otter
(Enhydra lutris nereis) is observed in the Elkhorn Slough/Moss Landing Harbor area
often feeding on benthic invertebrates. Harbor seals regularly inhabit Elkhorn Slough
taking advantage of protected haul out areas.
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3.b CONSIDERATIONS FOR DESALINATION PLANT SITE SELECTION

General Siting Considerations for Desalination Plants:

The process of selecting a site for a desalination plant can be very complex and can
present numerous challenges. The importance of this critical step should not be
overlooked however, as the site chosen can affect to a great extent several aspects of the
design and operation of the plant, its socioeconomic and environmental impacts, the
likelihood for the project to be accepted by the public and permitted by regulatory
agencies, and the long-term success of the project. Many factors must therefore be taken
into consideration when selecting sites for a desalination plant and its associated
infrastructure, to ensure optimal economical, operational, and environmental
performance.

Generally, there are a few basic prerequisites that must be present in order to build and
operate a successful desalination plant: access to a source of feedwater (ideally with low
total dissolved solids and a relatively constant salinity); a reliable source of electricity; a
method or area available for disposing of the brine or concentrate discharge and;
proximity to a water distribution system to deliver the product water to the end user.

An ideal site would be located near the open ocean with minimal organic discharges, low
turbidity, reasonably constant salinity and temperature, and strong circulation or surf
zone for mixing the brine. Since the ideal site is not always available however, it is often
necessary to work within the existing parameters and adapt the plant to the site through
engineering. With modern technology, engineers can properly design a desalting plant
with appropriate technology, adapting to the local conditions while minimizing
environmental impacts. An example of a facility that has been designed to operate in less
than ideal conditions is the recently constructed Trinidad plant at Point Lisas, where the
intake is in a ships turning basin and sediment is roiled each time a ship turns.

There are many issues and restrictions in California that complicate the site selection
process, thus further limiting the options available. Seawater desalination plants are
generally more feasible when they are close to the ocean; though one resulting
impediment is the high value of coastal real estate, which can, to a large degree, limit the
number of sites available for consideration. Additionally, much of the coastal land along
the Monterey Bay is protected as state or local parkland; where constructing and
operating a large industrial facility may not be appropriate or acceptable by regulatory
agencies and the public. In California, there are stringent state, local, and federal
restrictions that may further limit the number of sites available for consideration; sites
that are available may be located in or near sensitive habitat where regulatory agency
approval is not likely.

Environmental impacts vary significantly among projects and can affect both land-based
(terrestrial) and aquatic habitats. The location of a desalination plant in part dictates the
overall environmental impacts resulting from the construction and operation of the
project. Siting a facility to take advantage of optimal natural conditions can minimize
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negative environmental impacts, while also providing operational and economic benefits
ultimately lowering costs and increasing efficiency.

Any new structure built on a previously undeveloped lot will cover up existing habitat
making it unusable by a variety of plant and animal species. Thus a new desalination
plant and associated infrastructure installed on undeveloped land will inherently cause
habitat loss and other placement impacts. In terms of environmental impacts therefore, it
is preferable to make use of an existing industrial site rather than developing a pristine
area. Co-locating the facility with existing sites and infrastructure can also minimize
environmental and socioeconomic impacts and help to lower costs. Co-location should be
considered as an option, and is discussed in more detail elsewhere in this report.
Although there are several issues involved with each that need to be resolved, power
plants and sewage treatment plants are two options for co-locating a desalination plant.
Power plants have existing intakes and discharges. Taking water from the cooling loop
may allow desalination without additional intake of seawater; however, many power
plants operate only part-time, so a desalination facility could result in additional
entrainment. Mixing of brine with returning cooling water can mitigate the thermal
plume and dilutes the brine before discharge into the ocean; both mitigate environmental
effects.

Seawater desalination facilities are dependent on the ocean as a source for the feed-water
as well as for receiving the brine concentrate. This means that seawater desalination
plants involve a consumptive use of a public resource subject to the Public Trust
Doctrine—the ocean. This same resource that the desalination plant depends on, also is
relied upon by a large number of people for a diversity of uses, both commercial and
recreational. When selecting a site for a desalination plant, these other uses must be taken
into consideration. A desalination facility should avoid being sited in an area where it can
interfere with commercial or recreational fishing, boating and navigation, aquaculture,
beach or ocean based recreational activities, or any other recreational or commercial
activity. During the site selection process, it is necessary to conduct a comprehensive
analysis of all activities in the vicinity of each alternative site (accounting for seasonal
variability), and how the construction and operation of the plant could potentially impact
these activities.

Desalination plants, like any coastal development, have the potential to affect the ability
of the public to access the beach. The facility’s effect on public access is something that
needs to be evaluated for each site being considered. The California Coastal Act has strict
safeguards that must be followed to ensure that the public has adequate access to (vertical
access) and along (lateral access) the shoreline.

Socioeconomic issues must also be taken into account when considering sites for a
desalination plant; one of these issues is Environmental Justice (EJ). EJ is defined by the
State of California as means “the fair treatment of people of all races, cultures and
income with respect to development, adoption and implementation of environmental
laws, regulations and policies” (State of California, 2003). All alternative sites being
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considered should be analyzed for the potential of the plant to cause certain individuals or
groups of people to bear a disproportionate share of the negative impacts of a project.

The actual site selected for a desalination plant proposal can influence the ease or
difficulty with which the project will obtain the required permits, and it can reduce the
amount of information required of the proponent for review purposes. For example the
California Coastal Commission (CCC) review of a Coastal Development Permit
application will likely involve fewer issues for proposals that are located away from the
shoreline or use a sub-surface intake, and more difficult for projects that are on or next to
the shoreline, or use an open water intake. Also the Monterey Bay National Marine
Sanctuary, CCC, and other regulatory agencies may require desalination plant proponents
to produce more extensive information and studies for facilities that are proposed to be
located in or near sensitive areas.

A real-life example of the effect that site selection can have on the permitting process can
be seen in the recently approved Sand City desalination plant. This plant was approved
relatively quickly (less than ninety days) by the Coastal Commission and did not require
a permit from the Monterey Bay National Marine Sanctuary since it used beach wells
located far up on the shoreline and beyond the boundaries of the sanctuary. This
desalination plant is an example of a small facility designed to operate with minimal
environmental impacts. The plant desalinates brackish water from aquifers beneath the
beach rather than drawing seawater directly from the Monterey Bay, thus eliminating
impingement and entrainment impacts. Since the feedwater is brackish, it is also more
economical to desalt than seawater, due to its lower salinity. The plant’s discharge will be
injected into a beach well and since the plant uses brackish water the salinity of the
effluent is expected to be similar to that of the ambient seawater. Another important
environmental aspect of this plant is that, at least in the first few years of operation, this
project will provide a new source to replace the current water being supplied to the City
by Cal-Am, thus reducing the use of the Carmel River and Seaside Groundwater Basin.

Another unique issue resulting from a seawater desalination plant’s tendency to be
located near the ocean is the potential threat of coastal erosion damaging the plant and its
infrastructure. This is particularly relevant in the Monterey Bay, which experiences some
extremely high erosion rates along certain sections of shoreline, especially during times
when heavy storm episodes and high tides coincide. Average erosion rates are as high as
143 cm/year (4.7 feet/year) along the coast at the former Fort Ord (Thornton, 2006). If
not properly sited, this coastal erosion can threaten coastal infrastructure and the
continued operation of the facility and cause negative impacts to the environment and
public safety. When selecting a site for a coastal seawater desalination plant, it is
therefore crucial to ensure that the facility and all of its components are set back enough
from the shoreline so as to not be threatened by coastal erosion throughout the expected
life of a structure, as it is highly unlikely that coastal armoring structures will be
approved if the plant or its infrastructure become threatened in the future. An example of
how a proposed desalination plant addresses the imminent issue of coastal retreat can be
illustrated in the case of Sand City’s Water Supply Project desalination plant, which
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includes an “Adaptive Water Supply Management Program”, consisting of ongoing
monitoring and if necessary relocation of infrastructure.

Site Selection Considerations for Seawater Intake Systems:

Economic, operational, environmental, and public health considerations all need to be
taken into account when selecting a site for the desalination plant seawater intake. The
quality of the source water is one essential factor in determining the best location for a
desalination plant. Ideally, a site for a reverse osmosis (RO) seawater desalination intake
will have access to clear water (low turbidity) with low organic content. In many cases,
this may be available from a subsurface intake. The intake must also be located to avoid a
variety of potential water quality issues. This means a location separated a sufficient
distance from areas affected by brine discharge at the plant’s outfall and not in the
proximity of sewage and other industrial discharges.

One very important water quality parameter that must be taken into account is total
dissolved solids (TDS) levels. Sites with low TDS are preferred since the higher the TDS
of the feedwater, the higher the energy requirement for desalting the water, and thus the
higher the end cost (BCDC, 2004). Variability in salinity must also be taken into account;
ideally the feedwater should experience minimal changes in salinity over time, as it is
more difficult to treat water that has variable salinity levels. While lower salinity
feedwater is preferable for RO plants, this is not the case with thermal plants, which are
not affected by salinity changes and require the same amount of energy to desalt an equal
volume of water regardless of salinity. Salinity rates in the bay average 33.4 parts per
thousand (ppt) (MBARI, 2006).

The most environmentally acceptable method for intake appears to be subfloor ocean
intakes, however this requires specific geological conditions not present at all sites.
Beach wells also offer many benefits, and should be investigated as part of the site
selection process. However, they also require specific conditions including porous, high
permissivity sediments, and are often limited in capacity. Some other options are Ranney
wells which have “fingers” that radiate from a central column to maximize water intake,
slant drilling (under investigation at Dana Point, CA"), and sub floor collection laterals
radiating from beach wells similar to Ranney wells (under investigation at Long Beach,
CA?). Beach wells and other sub-surface seawater intake structures are discussed in
Section 5.d of this report. Beach wells are being considered at proposed plants for the
Marina Coast Water District, the Monterey Peninsula Water Management District, and
the City of Sand City. For permit review, most proposed projects should expect to include
an evaluation of whether some form of subsurface intake would be feasible (Luster,
2006).

The first choice for minimizing entrainment and impingement impacts is to use a
subsurface intake, where feasible. For open-water intakes, areas of high biological
productivity should be avoided. A number of measures can be taken to minimize

' 2005 Proposition 50 funds.
? Ibid.
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entrainment and impingement; these are discussed in detail in Section 5.d of this report. It
is necessary to conduct a variety of studies to aid the selection of a site, which reduces
entrainment and impingement. An entrainment study and current, wave, and monitoring,
and how they will interact with nearby biological communities. The entrainment and
impingement impacts of a desalination plant are largely dictated by the biological
productivity in the vicinity of that intake (California Coastal Commission, 2003).

One option is to use an intake that already exists (i.e. power plants). While these intakes
are already permitted, their use will require additional studies to address
entrainment/impingement concerns, and they will necessitate a new permit or an
amendment to the existing permit. Using an existing cooling water system from a power
plant may offer several advantages. Economically, using an existing intake structure
means that it is not necessary to construct a new intake, which can be a significant
portion of the overall cost of a plant; however, many power plant intakes were sited
decades ago before their impacts were understood. Many are located in areas of high
biological productivity, and many bring in water that will require extensive pre-treatment
before it goes through the RO membranes. One other benefit that may be available is that
by taking water as it leaves the power plant, the warmer temperature of the feedwater
translates to less energy being required for the RO process, and thus a lower cost. Again,
though, the cost savings may be offset by the increased pre-treatment requirements noted
above (Luster, 2006). Environmentally, it may make sense to tap into the cooling water
system from a power plant, if it will not cause any additional entrainment and
impingement impacts other than those already being caused by the power plant. Many
power plants, however, operate only part-time and so a desalination facility at those
plants would cause entrainment on its own. Another major issue involving co-location
with a power plant however, that is becoming a growing concern in California, is the
potential for this situation to perpetuate the use of once through cooling systems which
cause significant impacts already. This is covered in detail in another Chapter 6 of this
report.

If an existing intake is not available, use of existing infrastructure should always be
considered; this can include existing but unused pipelines previously used for sewage
discharge or intake for an industrial facility. The key advantage to utilizing an existing
structure is that it obviates the need to construct a new structure, which can cause
alteration of the seafloor and other environmental impacts, and can be expensive and
technically challenging to construct. Again, though, this benefit may be outweighed in
some cases by the environmental impacts that would result from use of an outfall that
was sited before its effects on marine biology were understood. Use of existing but
unused pipelines will likely require retrofit prior to use. It is crucial to ensure the
structural integrity of the pipeline being considered. An example of this scenario would
be the proposed City of Santa Cruz desalination plant, which would retrofit the City’s
former sewage outfall pipeline. The Moss Landing desalination plant being proposed by
Pajaro Sunny Mesa will also use an existing unused intake structure from the former
National Refractories plant.
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Open intakes are another option however, due to the potential for entrainment and
impingement impacts it is necessary to ensure that appropriate mitigation measures are
taken. When using open intakes areas with high biological productivity should be
avoided. There are a number of methods for minimizing the effects of entrainment and
impingement impacts, by reducing the intake velocity or using a variety of different
technologies. These are discussed in detail in Section 5.d of this report. Open intakes are
being pursued in the Monterey Bay region at the proposed Santa Cruz and Ocean View
Plaza desalination plants.

Site Selection Considerations for Concentrate Discharge Systems:

Disposal of the brine is one of the foremost issues that must be addressed when choosing
a site for a seawater desalination plant, as the operation of any desalination facility is
contingent upon there being an area to safely dispose of the brine.

The actual mixing and dispersion of the brine plume is dictated by the technique being
used for discharge, the oceanographic conditions that exist in the vicinity of the
discharge, and the properties of the discharge itself. As a general rule, the stronger the
hydrodynamic force, the better dilution is achieved due to faster dispersal from the
natural mixing action of the ocean. Oceanographic variables affecting the mixing of the
brine include tides, currents, and bathymetry (the topography of the seafloor).
Operational factors include outfall design and the velocity and volume of the discharge
stream. Differences in density, due to salinity and temperature, between the brine and the
ambient seawater also influence mixing rates. The brine from an RO plant is negatively
buoyant, due to its high salinity, and thus sinks to the seafloor. Without mixing the brine
effluent can accumulate, forming a mass of water with elevated salinity. Areas with
limited water circulation such as enclosed bays or estuaries, which can “trap” the brine
discharge, should be avoided (UNEP, without date). Areas of high biological productivity
should be avoided as well, if there is the potential for the plant’s discharge to impact
these areas. Depth also should be taken into account. To encourage mixing, Mauguin and
Corsin (2005) recommend locating the outfall in a depth of at least 8-10 meters
underwater during low tide.

Hopner and Windelberg (1996) identified 15 “sub-ecosystems” in the Arabian Gulf and
ranked them according to their sensitivity to the impacts of desalination plant discharges.
While conditions in the Gulf differ vastly from those in the Monterey Bay, certain
elements of this analysis can still be applied locally. For example, high-energy oceanic
coast, rocky or sandy with coast-parallel currents, and exposed rocky coasts, all of which
are abundant within the Monterey Bay area were included as the most resilient of the
“sub-ecosystems”. Other areas that were deemed as more sensitive, such as shallow low-
energy bays and semi-enclosed lagoons, coral reefs, salt marsh, and mangroves, are non-
existent or would not likely be considered for siting of a desalination plant in the
Monterey Bay.

Mixing of brine effluent with existing discharges should always be considered. This can

be an effective way to minimize or eliminate the impacts from the discharge through
dilution, and use of an existing discharge structure has the economic advantage of not
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requiring the construction of a new structure. Power plant cooling water or sewage
treatment plant discharges are two types of existing discharges that can be used. When
combining brine with another existing outfall, it is important to address temporal
variations in operation and maintenance of facilities are addressed in order to ensure
sufficient dilution of brine effluent. The effects of the interactions between the brine and
the constituents of the other discharge must also be investigated. This is covered in more
detail in Section 5.e. of this report.
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4 OVERVIEW OF DESALINATION TECHNOLOGY

4.a  INTRODUCTION

A large percentage of the global population perceives desalination to be a process for
removing salt from seawater. Although this is one of the purposes, desalination can be
used for a number of applications, embracing much more than seawater. Brackish water,
groundwater, impaired water, domestic wastewater, industrial process and wastewater,
and food and beverage processing are some of the other applications for desalination
equipment.

There are several desalination technologies employed today, including thermal
evaporation, membrane separation, electrodialysis and ion exchange. Many new
processes are currently under development. This section of the report will provide an
overview of desalination technology today including: the different applications for which
desalination is used; trends in its use worldwide and in California; the current state of the
art; the available seawater reverse osmosis process engineering and equipment options as
well as a description of the various stages in the process; emerging processes and new
technology under development; the potential for the use of alternative energy sources;
and current issues to be addressed. It will touch upon brackish water desalting and water
recycling, as well as various technologies available for seawater desalination; however
the main emphasis will be on seawater reverse osmosis processes, since this is the
technology primarily being pursued in the Monterey Bay Region.

4.b  OVERVIEW OF CURRENT USE OF DESALINATION WORLDWIDE
The ten countries with the largest desalination capacity constitute more than 70% of the

global capacity.

Table 4.1°: Countries with Largest Desalination Capacity 2005

m’/d MGD
1. Saudi Arabia 8.18 2159
2. USA 6.85 1808
3. UAE 6.66 1759
4. Spain 3.00 792
5. Kuwait 2.55 672
6. Japan 1.39 367
7. Algeria 1.04 275
8. Qatar 0.92 244
9. Libya 0.92 242
10. Korea 0.88 232

Totals 32.39 8,550

32006 IDA Worldwide Desalting Plants Inventory, Report No. 18, June 2006, Global
Water Intelligence.
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Saudi Arabia is the top producer of desalinated water, with most of their production
coming from desalting seawater. The United States ranks second, but nearly all of this
capacity is comprised of brackish groundwater and surface water, wastewater, industrial,
and food and beverage applications. The only large seawater desalination plant of note in
the U.S. is in Tampa Bay, Florida, designed to produce 25 MGD (95,000 m3/d); however,
there are currently several proposals to build large plants in California with single unit
capacity of up to 50 MGD.

Seawater desalination has been widely utilized for water supply throughout the world for
more than 40 years. The most active region in this regard is the Middle East, where
revenues from petroleum sales in the 1960s were put to work in building seawater
desalters of large size. In this region, the process of choice was Multi-Stage Flash
evaporation (MSF), an efficient thermal process, which utilizes oil for its fuel. The largest
MSF plant in Al Jubail has been expanded several times and now produces nearly 2
billion gallons per day (1.9 Mm’/d). In oil rich kingdoms, energy intensive thermal
processes were a logical choice. In other parts of the world, where oil must be purchased
at market prices, the process is expensive; therefore, membrane processes have emerged
as the primary technologies being implemented. For many years, thermal processes were
most widely used, principally due to the large growth of thermal desalination in the
Middle East starting in the early 1960’s. Today, membrane processes surpass the installed
capacity for thermal processes globally, and they appear to be growing yearly at a faster
rate (Figure 4.1). Even the oil rich middle eastern countries have recognized the inherent
efficiencies with reverse osmosis and recent plants have utilized this technology;
sometimes in combination with thermal processes.

Global desalination capacity: At the end of the 2005 contract year, there was a global
installed capacity of more than 12 billion gallons per day (45 Mm®/d) contracted’. The
operating capacity is slightly less than this figure since some of the early plants have been
retired.” Identified by process:

Process Installed Capacity  Installed Capacity
(billion gal/day) (million m*/day)
RO (Reverse osmosis) 6.1 23.8
MSF (Multi Stage Flash) 43 17.9
ED (Electrodialysis) 1.7 1.7
NF (Nanofiltration) 0.4 1.5
ME (Multi Effect Distillation) 0.8 4.5

These capacities are for all types of desalination and sources.

* Does not include blended total output.
> Ibid.
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Membrane and Thermal Process Growth

16000000 -

T

© 14000000 ||
E~ 12000000 A MSF A
_,,? #—RO+NF !

o

8 10000000 VYV

8 8000000 VY AA—. _

o Ad AAAA - |

'E 6000000 AA 7 - i

‘—; 4000000 A — B _

S 2000000 A = =
o AA mEn

» snsbpbnene® =" 00000000000
Q

Year Contracted

Figure 4.1 Membrane and Thermal Process Growth

4.c OVERVIEW OF THE MAJOR DESALINATION PROCESSES

Thermal processes:

The oldest desalination process is distillation, which has been used for over 2000 years.
The basic concept behind distillation is that by heating an aqueous solution one can
generate water vapor. The water vapor contains almost none of the salts or other
materials and contaminants originally in the source water. If this vapor is directed toward
a cool surface, it can be condensed to liquid water containing very little foreign material.
The vaporizing and condensing temperatures and the operating pressure are process
variables. The only requirement is that, at constant pressure, the heated mass must be
hotter than the condensing surface.

The amount of energy required to evaporate water is very high, about 1000 BTUs per
pound of water. It takes 1 BTU to raise the temperature of a pound of water one degree
Fahrenheit. This energy is recovered when we condense the water, but it is at a lower
temperature.

The most widely used distillation process is Multi-Stage Flash evaporation (MSF). A
diagram of a single stage is shown in Figure 4.2. Water enters at a temperature that is
above the equilibrium temperature for the stage pressure. A fraction of the water,
sufficient to bring the temperature to the boiling point, flashes (vaporizes rapidly) to
steam, or vapor. Vapor is condensed on tubes running through the flash chamber, heating
the water inside the tubes. The brine then passes to subsequent stages, where the process
is repeated. These plants are characteristically built along with power plants and use the
low temperature steam from the power plants.
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Figure 4.2: Multi Stage Flash Evaporation

Among the advantages of MSF and other distillation processes is that the composition of
feedwater has an almost negligible affect on the energy required to produce a given
volume of product water. The processes deliver exceptionally high purity water (less than
25 mg/l TDS) and have been successfully operated in very large sizes. Among the
disadvantages are high capital cost ($4-12 per gallon day [$1.1- 3.2 per m’day]) of
installed capacity) and the requirement for large inputs of heat energy. The electrical
energy requirement for recirculation pumps alone exceeds the process energy cost for
seawater reverse osmosis.

Older than MSF, but currently not as widely used is Multiple-Effect Distillation (MED).
This is similar to MSF except that the water evaporates from the outside of the tubes and
condenses on the inside. Over the years, a great deal of effort has gone into improving the
efficiency and economics of distillation. Much of this has centered on the tubes, which
are the critical part of the process. Tubes have been oriented both horizontally and
vertically, various metals (copper, nickel, aluminum, steel and titanium) have been tried
and a wide variety of extended surface tubes have been tested. The operating temperature
may be as low as 160°F (71°C) (Figure 4.3).

Figure 4.3. Multiple Effect Distillation
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The water vapor generated by brine evaporation in each effect of the horizontal tube
evaporator flows to the next effect, where it supplies heat for additional evaporation at
lower temperature. Each effect serves as a condenser for the vapor from the preceding
effect. The vapor generated in the last effect is condensed in a final condenser and heat is
rejected to a stream of cooling water.

The major advantage of MED is the ability to operate at significantly higher performance
ratio (PR); in excess of 15 pounds of product per pound of steam, where MSF has a
practical PR limit of 10. MED was generally limited in size to about 10 MGD (38,000
m’/d), but Taweelah A-1 was a breakthrough plant, with 66 MGD capacity, comprised of
14 x 4.7 MGD units (14x17,800=249,000 m3/d). Generally, MED capital cost varies from
about $3.50 - $8.00 per GPD ($0.9- 2.12 per m*/d) installed capacity.

A somewhat different approach is taken in Vapor Compression (VC) distillation. In this
process water is evaporated by flowing it over tubes in a distillation chamber. Vapor from
the distillation chamber is compressed, which increases both its temperature and pressure,
and returned to the inside of the tubes where it condenses. There are two general vapor
compression processes, thermal (TVC) and mechanical (MVC), which differ in the
manner in which the vapor is compressed. A diagram of this process is shown in Figure
4.4. Vapor compression makes a product of similar quality to the other distillation
processes. Its source of driving force is rotating mechanical energy generally from a
motor. VC units tend to be small plants in isolated locations. For some time this was the
process of choice for water plants aboard ships of various types.
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Figure 4.4: Vapor Compression Distiller

Original MVC units were of single effect design; today three effect units are built of
slightly less than 1 MGD capacity. The multiple effect units require about 28 kWh/1000
gallons (7.4 kWh/m®) of specific electrical energy. The capital cost varies from $6.00 -
$12.00 per GPD ($1.60-3.17 per m’/d) installed capacity.

Generally one attempts to avoid formation of solid salts in distillation equipment.
However, in the RCC® process, salt cryst