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Abstract

Construction of new seawater reverse osmosis desalination (SWRO) plants in state of California
(USA) requires environmental permits containing rather strict conditions. The California Ocean Plan
requires the use of subsurface intake systems (SSIs) unless they are deemed to be not feasible. The
Governor of California requested that the State Water Resources Control Board (State Board) study
the issue of accelerating the desalination plant permitting process and making it more efficient. The
State Board formed an independent scientific Panel to study the issue of SSI feasibility and to submit
areport. The Panel recommendations included: the feasibility assessment (FA) for SSIs should be
streamlined for completion within a maximum of three years, and this requirement should be
added to the Ocean Plan; applicants need to perform a financial feasibility study before pursuing SSI
capacities exceeding 38,000 m3/d (10 MGD) for wells or 100,000 m3/d (25 MGD) for galleries because
project financing may be denied for such larger capacity systems; the mitigation options for each site-
SSI combination be in the screening process should be addressed by both the project proponent and
regulatory agencies as early as practicable in the overall permitting process; and the impacts of SSIs
on local aquifers and associated wetlands systems must be assessed during the analyses conducted
during the FA and during post-construction monitoring. The Panel further concluded that the design
and evaluation of SSI-site combinations are highly site-specific, involving technically complex
issues, which require both the applicant and the reviewing state agencies to have the expertise to
design and review the applications. Economic feasibility must consider cost to the consumer and the
engineering risk that can preclude project financing. Projected capacities exceeding the above noted
limits may not by financed due to risks of failure or could require government guarantees to lenders.
The current permitting system in California is likely to preclude construction of large seawater
desalination facilities that can provide another source of potable water for coastal communities in
California during severe droughts.

Keywords: seawater desalination; california; subsurface intakes; economics; potable water supply;
feasibility; permitting

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.2265.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 September 2025 d0i:10.20944/preprints202509.2265.v1

2 of 14

1. Introduction

Southern and central California is a semi-arid region with limited natural water supplies [1,2].
A large portion of the water infrastructure that allowed the rapid and sustained growth of California
was initially developed and funded by the federal government and came in the form of dams and
surface water conveyance systems (aqueducts) both internal to California and from external river
basins [1,3]. Extraction and infrastructure have impacted environmental and social systems, with
potential for conflict. Groundwater is also an integral part of the water-supply system, particularly
for agricultural irrigation in the Central Valley, where overuse has resulted in substantial land
subsidence and damage to the aquifer systems [4-6].

California is subject to extreme climate events, such as floods and droughts, which have
presented challenges to successful management of water supplies for the state [7-10]. Hanak et al. [3]
summarized the water management situation as follows, “For more than 30 years, California has
struggled to manage its water effectively. Numerous factors have contributed to this struggle, including
changes in the value that society places on ecosystems, growing urbanization, declining state and federal
financial and technical support, a shifting climate, and outdated water management systems. All these factors
make water scarcity and increasing flood risk a part of life in California, now and for the indefinite future.” An
adequate supply of water is a “essential factor” that maintains the viability of the economy [11-13],
highlighting the issues of water cost and the value of sustainable water supplies [14].

Severe droughts have impacted California five times since 1906 [10]. Since California,
particularly southern California, is dependent on conveyance of surface water from the Colorado
River and from northern California, whenever a drought impacts all the primary water source areas,
the situation becomes a “perfect drought” [10]. The most recent drought occurred between 2012 and
2015, exposing a potential disaster in the water-supply for southern California [15,16]. Water levels
in the primary reservoirs dropped to extremely low levels and water use reductions were mandated.
Severe economic impacts would have occurred if the drought had continued for another 6 to 12
months.

While the three-year duration of the drought had serious impacts, multi-year droughts” in the
southwestern United States are not new. Prolonged droughts have been documented during the
“medieval climate anomaly” between AD 800 and 1,350 [17-20] and droughts exceeding nine years
occurred in the 12th century [10]. A climatic reconstruction of southern California between the 9* and
14th centuries showed severe declines in precipitation [21]. Many of these droughts were so severe
that they caused structural changes in populations in the southwestern United States, including
enhanced conflicts between population centers and abandonment of dwellings [7]. These drought
periods were much greater in duration and intensity compared to any modern drought experienced
in recent times in the region [7]. As our planet enters a period of severe climate change, the severity
of major flooding and duration of drought events will likely increase [22,23].

Beyond water imports, there are alternative solutions to provide continuous supplies of
freshwater to California. For coastal cities, large-capacity seawater desalination facilities could be
used to meet the demands during severe droughts of extended duration. Other solutions include
large-scale water reuse projects (primarily direct potable reuse), storm water capture and storage,
and major conservation plans. Some researchers believe that demand management can resolve a
significant portion of the water-supply problem [24,25]. While reduction in demand (conservation) is
an important aspect in water management, the “hard” water use minimum must be met to avoid
major economic impacts and temporary abandonment of population centers. One such crisis
occurred in the City of Atlanta, when the Lake Lanier Reservoir nearly dried up in 2007, leaving only
35 days of supply left before it began to refill [26]. Without water, a major city like Atlanta would
have had to shut down in part or fully, thereby creating a major economic disaster.

Desalination offers continuous supply and critical security, independent of other sources with
origins external to the area where water is used. Only one current large-capacity seawater
desalination plant (> 94635 m3/d or 25 MGD) is currently operated in southern California: the
Carlsbad Desalination Plant located near San Diego [27,28]. The capacity (i.e., produced water) of this
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plant is about 190,000 m3/d (50 MGD). This drought-proof facility produces about 10% of the required
water supply for the San Diego County Water Authority. The facility was constructed in a private-
public partnership including a 30-years purchase agreement. It was developed by Poseidon Water
and is currently owned and operated by Channelside Water Resources, an Aberdeen Company.

While the construction of new large-capacity seawater desalination plants is a viable solution to
drought-proofing southern California, there has been considerable public opposition to seawater
desalination in California [27]. Arguments have been made that the cost of seawater desalination is
too high [27], the energy consumption is unacceptable [28-30], and the environmental impacts are
unacceptable [27,31-33]. However, there are mitigative measures that can be applied to address each
of the environmental concerns that impact seawater desalination [34-36]. Renewable energy can be
used to power facilities using either stand-alone systems with battery backup or adding renewable
energy systems to the primary grid. The entrainment and impingement issues can be mitigated by
using restocking strategies for critical fish species and concentrate discharge can be mitigated by
using sophisticated diffuser systems [37,38].

Other semi-arid areas of the world have addressed the environmental issues associated with
seawater desalination and turned to the use of this technology to provide stability to their water
supplies. For example, seawater desalination plants in Australia are used for primary supply of
municipal water (Perth, Melbourne), supplemental supply on an as-needed basis (Gold Coast) and
as emergency supply sources during extreme droughts (Sydney) or seasonal use (Adelaide) [39-41].
Seawater desalination plants have essentially drought-proofed key areas of Australia, therefore
assuring continued economic growth and maintaining the existing population.

It has been suggested that few, if any new, large-capacity seawater desalination plants will be
constructed and operated in California based on the onerous environmental permitting process
[42,43]. The denial of a permit to design and construct a 190,000 m?/d (50 MGD) seawater desalination
plant at Huntington Beach, after extensive study and review, is an example of the permitting issue
[44,45]. One of the most contentious issues was the requirement of the 2019 California Ocean Plan
that mandates the use of subsurface intake systems (SSIs) for all seawater desalination plants in the
state to avoid the environmental issue of entrapment and impingement [46]. This requirement has
created a level of permitting and financing uncertainty interwoven with unknown possible impacts
of SSIs to coastal freshwater aquifers and wetlands, requiring specialized expertise in several
technical fields to allow evaluation of feasibility.

The Governor of California has included seawater desalination facilities as a viable option for
new water sources in the proposed water supply plan for California [47,48] and articulated a policy
of accelerating the permitting process for water projects given uncertainties related to meeting
California’s future water supply needs. The State Water Resources Control Board (State Board) was
tasked by the Governor with preparing an amendment to the Water Quality Control Plan for the Ocean
Waters of California (Ocean Plan) that would guide permit applicants in evaluating the feasibility of
SSIs.

Currently, the Ocean Plan 2019 [46] does not provide extensive criteria or guidance on the
scientific and technical studies necessary to assess the feasibility of an SSI. The State Board
determined that an independent Panel of experts could provide guidance to desalination permit
applicants on conducting feasibility assessments (FAs) for SSI, and that the information compiled
could be used to inform possible future amendments to the Ocean Plan 2019 [46]. Details on the
formation and operation of the Panel and the final report are included in the Supplemental Materials.

2. Materials and Methods

2.1. California Coastal Plan and Seawater Desalination Permitting

The basic intake requirements for the design and construction of seawater reverse osmosis
facilities in California Ocean Plan are promulgated in the California Water Code section 13142.5(b),
which states that.
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For each new or expanded coastal powerplant or other industrial installation using seawater for
cooling, heating, or industrial processing, the best available site, design, technology, and mitigation
measures feasible shall be used to minimize the intake and mortality of all forms of marine life.

This requirement to minimize harm to marine life is expanded upon in Section M.
“Implementation Provisions for Desalination Facilities,” subsections 2.b, c and d of the 2019 Ocean
Plan. Subpart b requires a demonstration to the local Regional Water Quality Control Board (Regional
Board) whether subsurface intakes are feasible for a project and that the proposed facility site is the
best feasible site available to minimize marine intake and mortality of all forms of marine life. The
applicant (i.e., owner or operator of the desalination facility) must “evaluate a reasonable range of nearby
sites, including sites that would likely support subsurface intakes”. Subpart c similarly requires that the
proposed facility design is the best available to minimize harm to marine life. Subpart d requires a
demonstration to a Regional Board that the proposed technology is the best available technology to
minimize marine intake and mortality of all forms of marine life. For approval of a surface intake, a
Regional Board must agree that SSIs are not feasible. Subpart d includes some technical requirements
for surface intakes (e.g., screen slot size and entrance velocity).

The California Environmental Quality Act (CEQA), adopted in 1969, defines feasible as “capable
of being accomplished in a successful manner within a reasonable period of time, taking into account
economic, environmental, social, and technological factors” (Section 21061.1). This is the same
definition of “feasible” adopted for use in the Ocean Plan 2019. The Ocean Plan also identified
additional factors to be considered in the feasibility evaluation of SSI. Specifically, the Ocean Plan
[46] states that

The regional water board shall consider the following factors in determining feasibility of subsurface
intakes:

e geotechnical data, hydrogeology, benthic topography, oceanographic conditions, presence of
sensitive habitats,

e presence of sensitive species, energy use for the entire facility;

o design constraints (engineering, constructability), and

e project life cycle cost.

The Ocean Plan (2019) states that if an SSI is deemed to be financially infeasible, another intake
type can be used. However, it cites the requirement for a life-cycle cost assessment by raising the
issue of economic viability as follows:

“Subsurface intakes shall not be determined to be economically infeasible solely because subsurface
intakes may be more expensive than surface intakes. Subsurface intakes may be determined to be
economically infeasible if the additional costs or lost profitability associated with subsurface intakes,
as compared to surface intakes, would render the desalination facility not economically viable.”

2.2. Formation of a Panel to Evaluate Feasibility of Using Subsurface Intake Designs

The terms of reference provided the direction to the Panel on how to assess SSIs in terms of
feasibility. Guidance to the Panel was framed within a series of questions:

e  How should a proposed desalination permit applicant complete this analysis? (e.g., what is the
process to be followed consistent with the terms in the Ocean Plan 2019, Chapter III, Section M?)

e  What modeling is necessary for determining SSI feasibility? (e.g., what groundwater modeling
will be needed to assess potential impacts to aquifers near the site for a given SSI and/or to SSI
support design requirements [e.g., well spacing and numbers, infiltration rate and gallery size]?)

e  What components of a geophysical survey (including lithologic data) are needed to determine
SSI feasibility?

e What key characteristics should be considered for the known SSI technology types? What are
known information gaps in SSI technologies?
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e  What criteria should be used to determine whether additional data collection is necessary? (e.g.,
what level of accuracy is needed to define key system design parameters that determine
feasibility?)

e  What metrics and criteria should be used to evaluate test-well data for subsurface feasibility?
(e.g., how do test well data inform the need for and range of parameters to be used in
groundwater modeling?)

e  What readily available data can be used to evaluate a reasonable range of sites? (e.g., what
should a project proponent search for to define a range of sites that will provide the desired
water quantity and also will likely support an SSI?)

e  What is a reasonable shelf life for various data types? (e.g., which type of data is likely variable
over time requiring regular characterization?)

These specific questions were addressed within the context of a proposed methodology that
provides a framework that permit applicants could follow to conduct an SSI FA consistent with the
Ocean Plan 2019, Chapter III, section M [46] in a time efficient manner. While the Panel had a narrow
focus—to provide technical guidance to project applicants and the State Board for conducting FAs
for SSIs, it should be recognized that the intake option is just one technical component of a
desalination facility and that all components are significantly interrelated.

2.3. Panel Approach to Determining Feasibility

The Panel developed a methodology for determining the feasibility of using SSIs and
evaluating SSI options as summarized in a decision-tree diagram (Figure 1). The sequential process
would allow a project proponent to conduct an FA in six stages, with each stage requiring frequent
interactions with the applicable Regional Board. The intent of this sequence is to ensure that project-
specific Regional Board concerns be identified at the start of each stage and can be timely and
efficiently addressed.

Stages 1 through 3 are essentially a screening process to determine which SSI-site combination
with a specified intake capacity should proceed to the next stage. As noted in the Panel report and
based on the recent report to streamline the permitting process for water supply projects [47,48], some
permit approvals will precede the initiation of the FA, during which time several key project
attributes will be presented to regulatory agencies in a conceptual project proposal, and in particular
an agreed-upon intake capacity. Any project proponent interested in making a request for a permit
would need to complete these initial studies before initiating the overall permitting process. The
intent of this proposed stepwise methodology is to minimize the applicant’s risk of having to restart
the review of multiple new site-SSI combinations. A critical step in this process is the agreement by
the stakeholders regarding the need to construct a desalination facility and to specify the associated
capacity.

Stages 1 through 3 are largely desktop investigations involving minimal field investigations. The
transition to Stages 4 and 5, which would require Regional Board guidance, involves the
consideration of the need for and collection of additional data needed to complete the FA. Stages 4
and 5 may include additional field studies or final pilot tests at an appropriate scale. Details on the
types of technical data needed, sources of that data and appropriate methods for collecting the field
data, performing modeling, or conducting pilot studies are compiled in Section 4 of the Panel Report,
including technical data needed to assess factors related to the environmental, social, and economic
assessment of feasibility, as identified in the Ocean Plan 2019 [46].

Stage 6 of the proposed methodology consists of analysis and documentation of data collected
to complete the FA. The applicant would then meet with the Regional Board to agree on the contents
of the final report presenting the outcome of the assessment and, following submittal and approval
of the final report, proceed to the next phase of the overall permitting process. The Panel recognized
that this methodology would require substantial involvement of Regional Board staff, and that
provision of interim guidance will be an essential component of a timely and successful permit
application.
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Figure 1. Conceptual decision tree for conducting an SSI feasibility assessment.
3. Results of the Panel Analysis

3.1. Subsurface Intake Systems Used for Seawater Desalination Plants

SSIs can be divided into two types: those that use extraction wells and those that use trenches
and galleries [35,36]. The type of intake that is most appropriate for a given system capacity and
location is highly dependent upon site-specific hydrogeological and environmental conditions. The
optimal system type for a specific location will be able to reliably provide the required flow of
seawater of a suitable quality, have lower total costs (construction and operational) than other SSI
options, and will not cause adverse environmental impacts during construction or operation that
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cannot be mitigated. Detailed summaries of the main SSI system types most commonly used
worldwide are presented in the Panel Final Report [49] and summarized in Table 1.

Table 1. Summary of subsurface intake types.

Intake Type Description

Beach wells Shallow vertical wells producing from beach or shallow rock deposits

A large diameter caisson from which lateral perforated spokes are
advanced out from the caisson toward or under a proximate water
body

Wells drilled at an angle from the shore under an adjacent water body
Slant or angle wells to induce downward flow in the well through the overlying
sediments.

Horizontal or Ranney
collector well

Shallowly buried screens fanning out beneath the seafloor installed

Hori 1 well
orizontalwells by directional drilling from the shore.

A slow sand filter that is constructed beneath the intertidal zone of

Beach (surf zone) galleries the beach.

Seabed galleries or seabed

Lo : . A slow sand filter that is constructed beneath the subtidal zone.
infiltration galleries

Tunnel intakes Tunnel constructed underlying the beach area with a series of
collectors, commonly drilled upward into the overlying aquifer

3.2. General Feasibility Factors Considered by the Panel

The Panel developed a series of feasibility factors to determine whether SSIs can be used at any
given location based on the desired capacity of the desalination facility and the local site geologic
conditions. The key aspects for screening site-technology combinations to determine feasibility
include the following with more details provided in Table 2:

e Technological: The project site and SSI combination should be capable of reliably providing the
desired volume of desalinated water, sufficiently resilient against natural hazards such as sea
level rise, capable of construction, and should have no deleterious impacts on local aquifers or
wetlands.

*  Environmental: Construction of the SSI system should not result in unacceptable impacts to
sensitive habitats and species within the zone of influence of the SSI footprint, including the
indirect impacts that might result in damage to coastal freshwater aquifer dependent habitat and
associated species and must avoid location near Marine Protected Areas (MPA) and State Water
Quality Protection Areas (SWQPAs).

e Economic: Capital and life cycle costs should be within a range that allows for likely available
financing of the project. Typically, capital costs for SSIs are higher than open ocean intakes but
these costs can be offset by lower operating costs and potential in other costs (e.g., disposal of
treatment plant residuals). These benefits of SSI use would be incorporated into the life cycle
cost analysis.

e Social: Water supply affordability is the chief issue of social impact concern. Any incremental
life cycle costs associated with SSIs (relative to other intake options) should not result in an
undue economic burden on communities.

Table 2. General feasibility factors.

Factor Type Feasibility Consideration
TECHNOLOGICAL

The site-SSI combination should be capable of providing the desired
volume (capacity) of desalinated water.

It must be physically possible to construct the system in the vicinity of the
treatment plant.

Constructability

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Physical conditions at the site should be stable enough so that the system
could operate reasonably consistently over its planned lifetime (typically
30 years).

Ability to obtain permits associated with the SSI from other agencies in a
reasonable time (e.g., land use permits).

The raw water must be of suitable quality, which is herein assumed to be
similar to local seawater that has not undergone rock-fluid interactions that
are averse to treatment processes (e.g., iron or manganese concentration
increases).

Ability of the intake to function and ability to access for O & M
performance.

Ability to rehabilitate the intake, for example to address clogging using
known and proven technologies.

Reliability

Owner of the system should have confidence that the SSI system will meet
all design goals before committing to construction of a full-scale intake
system and treatment plant. Pilot testing of the intake system should be
Risk  of  system | conducted, if necessary. The system should not be vulnerable to adverse
failure geological or human processes including sediment erosion and deposition
and spills of chemicals that would affect the treatment process.

Practical and affordable options should be available to maintain and repair
the system if required.

SSI implementation (e.g., sitting, construction, maintenance) should avoid
to the maximum extent feasible, the disturbance of sensitive habitats and
native species, and ensure that the intake structures are not located within
an MPA or SWPA. Specific environmental factors for feasibility in the
Ocean Plan include sensitive habitats, sensitive species, and indirect
effects, such as the SSI withdrawal of groundwater from a coastal
freshwater aquifer or aquifer-dependent sensitive habitat (wetlands)
and/or associated sensitive species that have a significant impact.

SOCIAL Water affordability

Construction and operation (life cycle costs) costs for a given intake type
should be competitive with other intake types and not be so high as to
render a desalination project not economically viable.

The perceived project engineering risk should be low enough that
financing can be obtained (based on use of the technology at other
comparable locations and at similar design capacities).

Additional incremental life cycle costs associated with SSIs (relative to
surface intakes or other water supply alternatives) should not cause an
undue economic burden for low-income households in the form of
significant increases in the cost of basic water services. Any additional
incremental costs should also not result in delayed investments necessary
to meet regulatory requirements that protect public health. The contractor
market should be competitive with multiple potential bidders for projects.
An SSI should not be significantly more energy intensive (i.e., have a
greater carbon footprint) than other intake options based on annual energy
use assessments.

ENVIRONMENTAL

ECONOMIC

3.3. Policy Recommendations

The Panel provided the following recommendations on issues that will impact the ability of an
applicant to obtain a permit for a desalination plant within a reasonable time frame. More detailed
support information is contained in the Panel’s final report [49]. These recommendations recognize
the stated desire by the State to expand options for communities on the California coast to include
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seawater desalination plants as part of their long-term water management plans to meet future
demand for potable water sources [47,48]:

1. Obtaining a permit from the Regional Water Boards for a desalination project in California
requires a project proponent to complete multiple tasks before receiving a Regional Water Board
Water Code section 13142.5(b) determination under Chapter II1.M.2.a.(1) of the Ocean Plan. The
completion of these tasks may take several years. Thus, the Panel recommends that the
evaluation of SSIs be streamlined for completion within a maximum of three years. Given that
preceding tasks will constrain the intake capacity, site, and applicable SSI combinations to be
evaluated in the FA step, this recommended duration should be achievable absent the need for
scaled pilot tests with the assumption that regional boards will have sufficient resources to
provide interim guidance at identified transition points with the six proposed stages of the FA
process (See Figure 1).

2. Life cycle costs and thus unit prices for water delivered by a desalination plant will likely be
higher than costs for other sources of water supply based on the experience of Panel members.
In some cases, life cycle costs comparing open intakes with SSI may be lower due to lower
pretreatment costs prior to membrane treatment (i.e., reverse osmosis) and other factors.
However, the use of a SSI may increase overall life cycle costs and uncertainty, given their
relatively limited application at a scale above 38,000 m3/d (10 MGD) of produced water and
associated financial risk. These economic consequences may pose significant challenges to obtain
financing for desalination facilities with hydraulic capacities exceeding this scale. One option
that could be considered by the State is to provide some form of financial instrument that would
mitigate the financial risks associated with early adopters using SSIs at scales larger than 38,000
m3/d.

3. Recent policies from several agencies addressing environmental justice concerns over water
rates require that any permit applicant must conduct an affordability assessment to evaluate the
impacts of incremental increases in costs on low-income ratepayers. This will need to be
considered in any future amendments to the Ocean Plan.

4.  Given the potential for subsurface connectivity between coastal wetlands or coastal freshwater
aquifers and SSI source waters, the Panel recommends that this concern receive careful
consideration both during the analyses conducted in the FA and during post-construction
monitoring of source-water salinity. Regular reporting on source-water salinity should be
required in any plant operating plan if there is a risk of impacts inferred from groundwater
modeling studies of the site-SSI combination.

4. Discussion

4.1. Difficulties Obtaining Environmental Permits for Construction of Desalination Plants in California

There is one large-scale seawater desalination plant operating in California, which has a capacity
of about 190,000 m?d (50 MGD). However, an application to build a similar capacity plant for
Huntington Beach was denied after nearly ten years in the permitting process. Environmental
permits for other smaller capacity facilities have been bogged down in the regulatory process for
nearly a decade.

As noted, the Ocean Plan [46] requires the use of SSIs unless determined not to feasible. This
requirement has added a significant obstacle to obtaining a permit for building another high-capacity
SWRO plant (97,000 m?/d) in California. In our opinion the likelihood of successful permitting of
another high-capacity facility is low based on the current Ocean Plan requirements. There are two
major issues that project developers must overcome. First, the scope, cost, and duration of the
permitting process have become major issues that dissuade many potential applicants from
considering seawater desalination in their portfolio of water-supply solutions. Second, regulators
seem to underestimate that cost is a major issue in the design, construction, and operation of SWRO
plants which controls the ability to obtain project funding. Perhaps the most significant cost issue
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that limits the ability to obtain project financing is engineering risk. The maximum existing
demonstrated capacity for SSIs is 38,000 m3/d for wells and 98,500 m?/d for a seabed gallery [35,36].
When a pre-construction financing assessment is performed, the engineering team assesses all
components of a system and highlights any component that has a capacity greater than some
“normal” range of proven values. When a project proposes an SSI capacity that exceeds the world’s
largest capacity system, project financing can be denied without special guarantees. Therefore, this
issue will likely limit the use of SSIs in California desalination plants to those with lower capacities.

Environmental concerns with impingement and entrainment on marine organisms led to a
policy decision to pursue sub-surface intakes in all cases without an assessment of the impact of sub-
surface intakes (e.g., the significant likelihood that SSI implemented on sandy coasts will impact
coastal aquifers and/or wetlands). However, possible mitigation methods for impacts caused by
impingement and entrainment using a surface intake system were not considered. Given that the
requirement of SSIs appears to have curtailed development of seawater desalination in California,
the Governor’s memorandum demands a more holistic view of the components of a desalination
facility and the role of desalination in providing long term security and resiliency for water supply
in coastal communities. .

4.2. Seawater Desalination: Water Sustainability and Resilience in California

Water-supply utilities and other water users worldwide are currently reassessing their reliance
on surface-water and groundwater supplies to ascertain their sustainability and resilience during
extreme climatic conditions [50-53]. MacDonald [54] concluded that climate change requires
technical innovations, policy changes, and market-based solutions to meet future water supply
demands. He concluded “Meeting 21st-century sustainability challenges in the Southwest will also
require planning, cooperation, and integration that surpass 20th-century efforts in terms of
geographic scope, jurisdictional breadth, multisectoral engagement, and the length of planning
timelines.” In a detailed analysis of the issue of water management adaptation to climate change in
California, Tanaka et at. [55] concluded “Even in the dry scenario, southern California cannot seek
additional water imports. Population growth, conveyance limits on imports, and high economic
values lead to high levels of wastewater reuse and lesser, but substantial, use of seawater
desalination.”

Another important issue of water management in California is the issue of resiliency based on
future policy changes external to California and other internal environmental hazards. One very
important source of water for California is the Colorado River, which is one of the most overallocated
rivers in the world [56-59]. The potential impact for reallocation of the water rights in the Colorado
River is an issue that cannot be ignored by water managers in California [60].

Another potential internal issue that could create a water supply emergency in southern
California is the issue of earthquake damage to the aqueduct system that is so critical to the
freshwater supply [61]. Desalination plants would be located near the coast where the largest
concentration of water users exist. This potential water source would be available even during
drought or following earthquake damage to the regional system, similar to the Australian experience
with seawater desalination [40,41]. Therefore, seawater desalination should be considered as a key
part of a portfolio of options to address the resilience of water supply options for all coastal
communities that will be endangered by severe droughts and who lack access to alternative water
sources. This option should not be eliminated from consideration by an impractical regulatory
process addressing the SSI requirements.

5. Conclusions

Intakes are only one component of any SWRO facility. Any intake type must be reliable in any
set of weather or environmental conditions to provide the desired amount of raw water to allow
continuous SWRO plant operation. The seawater water quality from the SSI must be consistent and
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not variable enough to necessitate a change in the treatment process (i.e., increases in dissolved iron,
manganese, or organic matter).

SSIs have been used in small to intermediate capacity SWRO facilities for decades and have been
shown to operate at lower costs compared to conventional open-ocean intakes. They also operate
using less chemical input and with lower residuals disposal. However, SSIs for very large capacity
plants can raise the capital costs by two hundred percent in some cases. The issue of engineering risk
is the most difficult barrier to overcome when using an SSI for SWRO plants with capacity exceeding
37,850 m3/d (10 MGD) in California and other locations. Worldwide no SSI has been used to feed any
large capacity SWRO plants in the last decade.

To allow for large-capacity SWRO plants to be developed in California to provide needed
water security and resiliency to global climate change, external water policy changes, and
earthquakes, the regulatory process needs to be streamlined. Without a flexible and adaptable
permitting process, the answer to the title of our paper is a definite negative: seawater desalination
will not play an important role in future water supply for California. When the need for desalinated
water is identified in a community and consistent with applicable water planning documents, the
regulatory process should allow SWRO plants to be permitted and constructed in a timely manner
while ensuring that environmental impacts are minimized (i.e., alternatives are considered).
Limitation of the permitting process duration to three years for SSI feasibility determination would
be a good start. State financial guarantees for larger scale facilities using SSIs would mitigate the issue
of engineering risk. The issue of water-supply resiliency should be a factor in the assessment of the
feasibility of construction of seawater desalination plants near coastal cities in California.
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