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Key Points and Recommendations from Workshop

• The cost-benefit template will promote objectivity, transparency, and stakeholder
participation

• The template will capture non-market costs and benefits.
• The template will create a list of issues for stakeholders to consider.
• There was limited knowledge among this group of participants about the methods of valuing

non-market costs and benefits.
• It is necessary to view desalination in the context of many levels of governance (local,

regional, state, and federal) and compared to costs of other water supply options.
• The categories of desalination-related environmental impacts are:

 construction
 impingement and entrainment
 discharge
 facility operation and maintenance
 energy use
 growth inducement
 cumulative impacts
 site-specific issues.

• Environmental benefits of desalination include:  reduced demand on surface water
supplies, reduced aquifer overdraft, reduced water transport needs, and improved water
supply reliability.

• Desalination has been identified as one part of diversifying water portfolios.
• By 2030, California will have 200,000-500,000 AF of desalination capacity.
• Most knowledge of impingement and entrainment impacts has come from studies of

power plants.  Future studies must be site-specific to desalination facilities, and research
is needed on impingement and entrainment impacts of beach wells.

• Effects of power plant heat treatments on the impingement of organisms should be
investigated when considering co-location.

• Co-location of desalination facilities with power plants has advantages (combined intake
and outfall, energy supply availability, reduced construction costs and impacts) and
disadvantages (perpetuating use of once-through cooling technology, reliance upon
power plant operation).

• Desalination deals with both local and global issues.
• Desalination must be evaluated on a case-by-case basis, but larger issues cannot be

ignored.
• Environmental justice concerns about desalination include rate increases, facility siting,

air quality, effects on fisheries, and representation of disadvantaged groups.
• Regulatory agencies such as the California Coastal Commission favor desalination

projects that are part of larger regional water management programs and have features
that minimize impacts to the shoreline and ocean.

• The desalination-related environmental benefit of preserving instream freshwater flows
should be ensured institutionally.

• The role of the private sector in desalination and water provisioning should be explored.
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• Salinity and quality of the source water are important and determine the design of the
desalination plant and pre-treatment process.

• Open ocean intakes and beach well intakes both have benefits and disadvantages.  The
primary tradeoff between the two types of intake relates to the size of the facility.

• There are four main types of discharge options:  direct ocean outfall, sanitary sewer,
wastewater treatment outfall, and power plant cooling water.  Smaller desalination plants
may be able to discharge to deep injection wells.  Other discharge alternatives include
evaporation ponds, brackish wetlands, spray irrigation, and zero-liquid discharge.

• Studies of biological tolerance of discharge salinity and toxicity are needed.  Currently, a
salinity threshold of 40 ppt is accepted and used for most biological organisms.

• Other biological research needs include:  determining how many fish larvae are needed to
produce mature reproductive adults; defining population size; studying near-shore
impacts and species; determining necessary frequency of assessment studies.

• Pilot testing of desalination facilities may be helpful in addressing some of these research
needs.

• Every site has a limited carrying capacity with respect to assimilating brine and thermal
waste.

• There may be synergistic effects in combining brine with other types of discharge
(wastewater or power plant outfalls).

• Fossil fuels are currently the most feasible and economical source of energy for
desalination.

• The intersection of desalination with climate change revolves around the issues of fossil
fuel energy use and sea level rise.

• 20-35% of cost of desalinated water is attributed to energy.
• Possible energy-saving practices include:  brackish water desalination, heating source

water, improvement in membrane technology and energy recovery, and off-peak
production of water.

• Solar and wind power are used for some desalination facilities, primarily in the
Mediterranean region, but facility size is limited and costs are high.

• An example of using desalination as water resource substitution is the Carmel River.
• An example of using desalination as water supply reliability is in Santa Cruz.
• Augmenting water supplies for population growth is a policy question, not a

technological one.
• It is necessary to approach population growth issues head-on and to promote transparency

through all discussions and decisions.
• Planning and decision support tools would be helpful when dealing with population

growth.
• Security concerns about desalination were raised several times.  These concerns are about

natural disasters (flooding, earthquakes) and terrorism.  Co-located desalination facilities
may be more visible targets of terrorist attacks.  Some of these facilities may be depended
upon for base water supply.

Introduction to Workshop and Project
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Dr. Brent Haddad, UC Santa Cruz

Dr. Haddad presented an overview of the project (please see Appendix B:  “Developing a
Tool to Guide State and Local Desalination Planning”) and laid out the format and agenda for the
workshop.

Dr. Robert Raucher, Stratus Consulting

Dr. Raucher presented the rationale behind using benefit-cost analysis (BCA) in
evaluating the utility of desalination.  He emphasized that BCA is part of the decision-making
process but does not ultimately make the decision.  One objective of using a full social-cost
accounting BCA is to promote transparency, objectivity, and stakeholder participation
throughout the process.  Another objective is to capture all relevant costs and benefits, regardless
of whom they impact.  This is also the most challenging part of doing BCA for desalination.
There are many benefits and costs - some are difficult to recognize, value, or quantify (such as
non-market goods or services), and some may be spread across political boundaries or
jurisdictions.  Such a full social cost accounting tool stems from the concept of a triple bottom
line, which is gaining traction in many business sectors.  The triple bottom lines are (1) financial,
(2) social, and (3) environmental.  This project will further expand on this concept.

The framework of the BCA proposed for this project will consist of several steps:
1.  Defining the baseline.  It is important to compare scenarios of project vs. no project to
determine what happens to water supplies in the future with and without desalination.
Many issues, such as fundamental differences in opinions, approaches, and assumptions
with respect to water supplies, can be revealed during this step.  This step also includes
identifying and working with stakeholders.
2.  Defining the set of options for water agencies and communities.
3.  Identifying all relevant benefits and costs.
4.  Screening benefits and costs to determine on which ones to focus.
5.  Quantifying benefits and costs.
6.  Valuing benefits and costs.
7.  Qualitatively describing non-market benefits and costs.  These descriptions are key to 
keeping track of these benefits and costs.
8.  Summarizing and comparing benefits and costs.
9.  Listing omissions, biases, and uncertainties (OBUs).
10.  Performing sensitivity analyses around uncertain variables.
11.  Working with stakeholders and communities throughout the process in order to 
compare results to stakeholder perceptions.
12.  Using BCA as a communication tool to document key inputs and assumptions, 
promote transparency, and embrace stakeholder input

Some key sources of desalination benefits and costs include:  water supply reliability,
positive environmental externalities (e.g. instream water left intact, wetland restoration,
recreation opportunities, ecological services, wildlife habitat), negative environmental
externalities (see below), local control of water resources, energy implications compared to other
water supply options, community welfare in terms of population growth management,
greenhouse gas emissions, and costs.  Desalination is expensive and there are unique costs and
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benefits which must be evaluated in the context of each project and each community.
Desalination deserves a fair and objective comparison of all costs and benefits.

Dr. Elizabeth Strange, Stratus Consulting

Dr. Strange provided the participants with an overview of the potential environmental
costs and benefits of desalination.  The point of the presentation was not to pass judgment on any
of these impacts; rather, it was to make suggestions of areas in which the audience could help.

Environmental impacts and benefits of desalination can be categorized.  Environmental
impacts categories include construction, impingement and entrainment, discharge, equipment
maintenance, energy use, growth inducement, cumulative impacts, and site specific issues.
Construction impacts relate to the siting and construction of a desalination facility and may
include habitat loss or degradation and direct injury or mortality of organisms.  Impingement
refers to organisms caught and trapped against water intake screens, and entrainment refers to
smaller organisms taken in with feedwater and killed.  Although surface water intakes tend to
have significant impingement and entrainment impacts, alternative intake technologies (e.g.,
subsurface intakes) can reduce such impacts.  Most knowledge of impingement and entrainment
impacts comes from power plant intake structures, but not as much is known about desalination
intakes.  Desalination brine discharge has several related impacts resulting from the character of
the brine:  high salinity, thermal pollution, treatment chemicals, co-location discharge issues,
characteristics of the desalination facility, and potential contamination of freshwater aquifers.
Equipment maintenance issues can include discharge resulting from corrosion of equipment and
chemicals used to prevent corrosion.  Desalination requires higher energy use compared to other
water supply options, and there are concerns about additional energy-related emissions and
resulting climate change impacts, such as sea level rise.  There is also a concern that creation of
new desalination facilities will encourage further population growth in those communities, or
conversely, that new population growth will require new water supply options.  Multiple
stressors, such as those from a co-located power plant and desalination facility, should be
evaluated in terms of cumulative impacts to the surrounding ecosystem.  Finally, each
desalination plant will have issues specific to that site, and these are important in terms of
evaluating the overall feasibility of the facility.

Environmental benefits of desalination are numerous.  One key benefit is a reduced
demand and withdrawal of surface water supplies that may already be depleted.  This additional
instream water may help meet demands of threatened and endangered species and may also
benefit recreational uses.  Another key benefit often cited by desalination proponents is improved
water supply reliability, particularly during drought conditions.  This added water supply may
reduce the need to import water, which is associated with high energy costs.  Overall,
desalination is another option in the water supply portfolio, and it is beneficial to the
environment when there are more options, especially in already-degraded ecosystems.

Co-location is another significant issue relating to desalination facilities.   This option has
been proposed for both intake and discharge structures of many desalination facilities.  Intake
structures are co-located with power plant intake structures, and discharge structures could be co-
located with either power plant or wastewater treatment discharge structures.  In terms of co-
location with power plants, the benefits include reduced energy demand and transportation,
reduced need for new desalination feedwater intake, and reduced use of additional land and
construction impacts.  There are several concerns regarding co-location, however.  The power
plant may not be continuously operational, meaning the desalination facility would need its own
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source of water and power.  Similarly, the expected life span of a desalination facility may
exceed that of the power plant.  Those power plants utilizing once-through-cooling technology
(OTC) may become obsolete if they are forced to upgrade their technology, or the co-location
with a desalination facility may prolong the use of this outdated technology.  Lastly, wastewater
treatment plants may have limited discharge capacity compared to what is needed for a
desalination facility.

Inland or brackish water desalination has its own unique environmental impacts.  There
are options for brine discharge in inland desalination, such as evaporation ponds or blending with
irrigation supply.  However, there are concerns of creating point source pollution, brine
contamination of other groundwater supplies, and brine discharge washing downstream with
agricultural drainages and affecting wildlife.  Inland desalination can provide an additional water
supply where there are few other options, and it can reduce salt buildup in surface waters.

Question:  Would sediment bed intakes not affect organisms at all?
Answer:  They still have some environmental impact, but it would be less than that for surface
water intakes.  Nobody has done studies on the potential effects of sediment bed intakes.

Comment:  A few issues:  Regarding brine concentrate, there is a buoyancy issue.  The
discharge is not only hypersaline, but it is also more dense than ambient seawater and will sink to
the bottom, becoming an issue for whatever resides on the seafloor.  We must also consider air
pollution associated with desalination facilities, such as sulfates and nitrates.  One benefit of
desalination is the prevention of aquifer overdraft.  Also, by co-locating desalination facilities
with power plants, excess heat from the power plant can be used to heat the desalination intake
water and make the reverse-osmosis process more efficient.

Ed Means, Malcolm Pirnie, Inc.

Mr. Means presented the utility of the cost-benefit template in the larger consideration of
desalination in water supply planning.  He emphasized again the potential value of this template
in improving the decision-making process and informing dialogue.

California will add up to eight million people in the next 20 years.  Water supply
reliability, especially along the coast, needs to be improved, and that is where our tool can
inform the discussions that must take place.  Data show that the hotspots of future water conflict
in the West overlap with the areas of largest population growth and largest need of water
infrastructure expenditures.  This tool can help inform decisions as to how to spend money and
other resources in the most appropriate way.  Water portfolios will include both traditional
sources and non-traditional sources (e.g., stormwater harvesting and sewer mining).  Although
there was little discussion of desalination as an option in the portfolio ten years ago, there was
more discussion 30-40 years ago as the technology was being developed.

The estimated cost of desalination is associated with a large amount of error.  However,
costs of traditional supplies and costs of desalination are converging, so desalination comes to
the forefront of water supply options.  The California Desalination Task Force indicated
technology is no longer the major barrier to desalination, and additional technological
advancements will reduce the cost.  Furthermore, greater modularity and compatibility with
alternative energy sources can reduce costs even further.  Yet there is a great deal of uncertainty
about how to advance these technologies.  Without a strong policy framework to make decisions
about water supply, the desalination option may flounder.  Thus, our key objective is to develop
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a template for a full social-cost accounting of desalination that can help frame discussions and
guide decision-making.  The role of the template is not to impose guidelines or regulations, but
rather to create a checklist of issues for stakeholders to think about and discuss.

This need for a planning tool for not only desalination but also other water supply options
has been recognized repeatedly.  The 2005 California Water Plan Update, a 2004 California
Coastal Commission report, and the State Desalination Task Force all call for methods to
evaluate desalination costs and benefits.  Thus far, information about desalination policy issues
has not been compiled in a comprehensive manner, and government agencies typically do not
have the expertise to evaluate impacts of desalination.  Part of this project’s goal is to compile
literature and resources relevant to a cost-benefit analysis of desalination.  The State Desalination
Task Force recommended that each desalination project be evaluated on a case-by-case basis and
that desalination be part of the water supply where economically and environmentally
appropriate.  The Task Force also emphasized environmental justice issues such as equitable
access to water supply and exposure to impacts.

The proposed cost-benefit framework will be a structured comparative analysis.  This
method is widely used for projects with substantial environmental impacts.  The actual tool will
be a series of templates for listing water supply options and associated costs and benefits,
including the no-project option, along with instructions on how to apply the tool.  The tool will
help to identify research areas that would further debate and discussion, identify and measure all
relevant costs and benefits, reflect a variety of perspectives, and place desalination in a
comparative context.  Most importantly, this will be a communication tool.  The framework will
help to answer several common questions and concerns about desalination.  What are the
benefits to groundwater and surface water?  What is the potential harm to ecological resources?
What are the positive and negative consequences?  Are there disproportionate impacts and
benefits within communities?  How will it improve water supply reliability?  The tool will help
organize, document, and communicate information in a transparent manner, and it will allow
stakeholders to systematically consider alternatives.  Finally, the tool will help to communicate
the breadth and complexity of desalination issues to interested citizens and policymakers.

Comment:  Many people are primarily concerned with the energy use of desalination.  However,
as the coastal areas fill up, people are moving inland to hotter climates, and they must use air-
conditioning.  Thus, energy use is likely to increase either way.  Desalination may not look so
bad compared to other energy uses.

Dr. Fawzi Karajeh, Department of Water Resources

Dr. Karajeh provided the perspective of the state Department of Water Resources (DWR)
on desalination.  California has already considered the most feasible water projects, given its
spatial and temporal separation of precipitation and water demand, and there are not many more
options to consider.  Therefore, desalination is important in the water supply portfolio and the
state is supportive of the technology.  Population increases in California, surface water
reductions (e.g. a reduction of 800,000 AF/year from the Colorado River), increasing costs of
new water supplies (each new acre-foot costs $2000, mostly due to environmental costs), and the
threat of aquifer overdraft and contamination point to the need for new sources of high quality
water.  This is the era of water conflicts, especially because of the emphasis on environmental
protection.  Thus, desalination offers an opportunity and is projected to provide 200-300 KAF of
water by 2030.  There are currently 12 desalination plants in California with a total capacity of 3
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mgd, and there are 20-22 proposed projects, with an additional capacity of 250 mgd.  Most of the
proposed U.S. desalination projects are in California.  Yet there is no agreement on how to move
forward with consideration of desalination, and the big challenges are environmental impacts,
energy demand, planning and regulatory issues, distribution infrastructure issues, costs, and
growth inducement.  The state Desalination Task Force was formed by DWR in 2003 to identify
opportunities for desalination and define the role of the state.  Their findings and
recommendations support desalination as a part of the state water portfolio and suggest more
funding, but they did not develop specific action items.  Rather, these findings and
recommendations constituted more of a guidance document.

In terms of the state’s perspective on desalination, it is recognized that desalination will
be part of the state’s water supply portfolio.  However, water conservation and reclamation
should be pursued to their maximum potential.  The state does not have a bias regarding specific
desalination technologies or intake or discharge practices.  Each project will be evaluated on a
case-by-case basis.  Desalination facilities must be economically and environmentally
appropriate, and the state’s objective is to ensure that public health and environmental
sustainability are protected.  Furthermore, public trust aspects of ocean water desalination must
be considered.  The state has committed to providing technical and financial assistance for
research and development projects that advance desalination technology, efficiency, and cost-
effectiveness.

The following questions are unanswered with respect to desalination and are posed as
potential issues to be addressed by this BCA tool.  Do we have a good tool to bridge technical
with social, environmental and economic investments?  Is co-location feasible if we reduce or
eliminate the impacts?  Are there public risks associated w/ privatizing a public resource?  What
is the relation between desalination and climate change?  Do we have consistent policies on
desalination? Do we have a constructive dialogue?  Can the advantages of desalination be
obtained at a lower cost?  Do we have a proven methodology to capture trade-offs?

Panel 1.  Regulatory Issues, Environmental Justice, and Co-location

Moderator:  Steve Kasower, UC Santa Cruz

Jonas Minton, Planning and Conservation League – Environmental Justice
Mr. Minton raised several main points regarding environmental justice issues in relation

to desalination.  The first concern relates to money.  The possibility of a doubling of water rates
with the implementation of desalination is daunting, especially to those in lower-income areas.
The second concern is about how we invest public funds.  Do we want to invest in new water
projects or in health care and schools?  Investing in the most cost-effective, environmentally-
effective, and socially-equitable projects makes a difference.

The third concern is about the facts of the future.  The California Water Plan Update
proposed three scenarios of future water use.  In the scenario where current trends of water use
continue, assuming 12 million additional people by 2030, water use in the agricultural sector
goes down, while urban use goes up.  In this scenario, we find reasons to conserve water.  In the
scenario of less intensive water use, perhaps with increased water efficiency and energy prices,
urban use is slightly higher, but agriculture decreases more than in the current trends scenario.
The third scenario is more intensive water use.  In this scenario, urban use increases
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substantially, but where will this water come from?  Some possibilities are urban water
conservation, conjunctive groundwater management, and water recycling.

The fourth point covers environmental justice concerns about desalination.  First, there
are air quality concerns about co-locating with and perpetuating power plants that are not
efficient in terms of emissions.  There are also concerns about the effects of once-through
cooling on fish.  Some communities are dependent on fish for sustenance, livelihood, and as
cultural resources.  The last concern is about private entities making decisions about a public
resource in a non-transparent and closed manner.

Another major concern is climate change.  The first to be affected by climate change
impacts will be the old and the poor.  It is our responsibility to address the realities of climate
change in our jobs as water planners and managers.  Ocean desalination may only use one-third
more energy than water imports, but that is still more energy than is currently being used, which
means increased emissions of greenhouse gases.  Reduction of greenhouse gas emissions in other
sectors should not offset more energy-intensive technologies, such as desalination.  Instead, they
should offset energy use for more essential processes, such as water treatment.  In addition, using
alternative sources of energy (e.g., solar, wind) to power desalination facilities should be
considered.

One final point concerns the purported benefit of desalination and the opportunity to
offset existing impacts to freshwater bodies in terms of reducing diversions.  The only case in
which this is likely to happen is the Monterey Bay desalination plant, which is being proposed to
replace Carmel River water, pursuant to an order by the State Water Resources Control Board.
However, in Marin County, other contractors are in line for the water left instream by the
operation of the proposed desalination plant there.

In terms of the cost-benefit template being discussed here, how do we value a livable
planet?  For example, what is the cost to society of species extinction due to climate change?
We cannot simply alter our behavior in one sector (e.g., industrial).  We must change every
element of our lives; we must go backwards in our energy use and not significantly increase it.

Charles Lester, California Coastal Commission (CCC) – Regulatory Issues
There is a current transition in the desalination industry in California.  Currently, there

are about a dozen small facilities along the coast (total production 2.7 mgd), and they are mostly
used for emergency backup or industrial water supplies.  The two dozen planned or proposed
facilites, however, are much larger (total production 370 mgd) and are intended to provide
baseline water supply.  In terms of regulations relating to desalination, there are several major
issues and corresponding agencies.  Some of these issues include coastal resources and
development (Coastal Commission, local jurisdictions), safe drinking water (Department of
Health Services), water quality (State and Regional Water Control Boards), fair water rates
(California Public Utilities Commission), and promoting research and technical assistance
(Department of Water Resources).

Contending with these various issues requires coordination among agencies at many
levels of government.  To date, there have been several attempts to coordinate efforts.  These
include the Monterey Bay National Marine Sanctuary desalination working group, the state
Desalination Task Force, a recent Coastal Commission report, Proposition 50, and local efforts
like the Plan B in Monterey.  Although the Coastal Commission is an independent Commission
within state government, there is not a unified perspective between the CCC and the state with
respect to desalination. However, the Coastal Commission does agree with several of the
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findings and recommendations of the Desalination Task Force, including recognizing
economically and environmentally appropriate desalination as a part of the state’s water
portfolio, and encouraging a case-by-case review of each desalination project.  Furthermore, the
Coastal Commission recommends an early and coordinated regional approach to planning and
design of water supplies.

The key piece of legislation that governs the activities of the Coastal Commission is the
California Coastal Act, which was created by voter initiative in 1972 and made permanent by the
state legislature in 1976.  The purpose of the act is to protect, maintain, and enhance the use of
coastal resources.  The legislation requires the Coastal Commission to work with local
jurisdictions to plan for and regulate development in the coastal zone, which is defined as three
miles offshore to as much as five miles inland.  Once local communities create their own coastal
programs that are approved by the Coastal Commission, permitting and regulatory authority is
handed back to local jurisdictions with oversight by the Coastal Commission.  Some key Coastal
Act policies that pertain to desalination are:

• Ensure maximum public access to and along the shoreline.
• Protect coastal biological resources.
• Protect scenic and visual qualities of the coast.
• Ensure environmentally-sustainable urban growth.
• Avoid shoreline hazards and structures on the beach.
• Use the least environmentally damaging feasible alternative.
• Provide for priority uses, including fishing, recreation, agriculture, and visitor-serving

developments

With respect to desalination, one goal is to maximize public access to the shoreline while
at the same time recognizing private property rights and safety concerns.  Public access must be
ensured as part of any new development between the first public road and the coast.  Another
goal is to maintain, enhance, and where feasible, restore marine ecosystems and water quality.
This includes minimizing the impacts of entrainment and impingement.  The Coastal
Commission encourages proposals for intake structures other than surface water intakes, such as
subsurface intakes.  For those projects proposing surface water intakes, up-to-date studies of
entrainment and impingement impacts are necessary.  In addition, the CCC will evaluate the
worst-case discharge scenario in terms of increased salinity, thermal pollution, altered chemical
properties, and synergistic effects, and will ask about feasible alternatives to reduce impacts of
discharge.

The Coastal Commission will be concerned with the impacts of a desalination plant
operating with or without co-location with a power plant.  Similarly, what might happen if the
power plant is offline in the future, either temporarily or permanently?  Are there alternatives to
co-location?  Such analysis of alternatives is required by the Coastal Act for any project that may
fill in water or wetlands or may produce impingement and entrainment impacts.  Coastal-
dependent development may avoid certain restrictions (such as placement of intake or discharge
pipelines) but still requires alternatives analysis.

In terms of growth inducement, the Coastal Act requires that new development be located
in or adjacent to existing development, in areas with adequate public services, and where it will
not cause significant individual or cumulative impacts.  In this way, the Coastal Act integrates
across many environmental issues.  The goal is to ensure that growth related to water



Developing a Tool to Guide State and Local Desalination Planning First Workshop

Evaluating Environmental Impacts of Desalination Santa Cruz, California, 25-26 September, 2006
12

development is sustainable.  The issue of private vs. public ownership is also of interest to the
Coastal Commission.  The Coastal Act provides for protection of public resources.  Proposed
desalination facilities may raise different concerns depending on whether they are privately- or
publicly-owned.  The decision-making process will also be different, with potentially different
consequences for the communities affected.  For example, impacts on growth inducement or
pressures on public services may be different depending on ownership.

Finally, considering desalination in a cost-benefit analysis is like thinking of it in a
transaction cost framework.  This can directly relate to the review process of the Coastal
Commission.  Proponents of proposed projects can expect easier or harder reviews, based on
certain features of the project.  For example, a facility that is sited away from the shoreline,
utilizes a subsurface intake, is publicly owned, and is part of a coordinated regional water
management plan will face an easier Coastal Commission review than a project without these
features.  In particular, regional water management plans are encouraged, which requires
coordination among many agencies and stakeholders.

Bob Yamada, San Diego County Water Authority – Co-location
Mr. Yamada presented a framework and broad perspective on co-location to give context

to and help guide discussion.  The definition of co-location is siting a facility adjacent to a power
plant.  There are advantages of and concerns about co-location.  The advantages include using
existing coastal infrastructure for intake and discharge, since building new coastal structures is
challenging from a regulatory perspective; combining desalination brine discharge with power
plant water discharge; availability of power; minimizing construction impacts and costs due to
reduced need for new infrastructure for intake and discharge; and availability of industrially-
zoned coastal land.  Some of the concerns about co-locating with power plants are justification of
the use of once-through cooling (OTC) technology, which some argue is an outdated and
environmentally-harmful technology; justification of power plant operators failing to comply
with Clean Water Act section 316(b) regulations pertaining to polluting emissions; an increase in
power plant cooling water intake to provide enough for the desalination plant; increased
operational costs; and the need to analyze the environmental impacts of a stand-alone
desalination facility in the absence of co-location for a future scenario in which the power plant
may not be operational.

Co-located desalination facilities are able to utilize the intake and discharge infrastructure
of the power plant.  Most proposed co-located power plant facilities use once-through cooling
technology (OTC), in which ocean water is taken in, typically through a surface water intake,
used to cool the power generation equipment, and then discharged back into the ocean at a higher
temperature.  A co-located desalination facility draws intake water from the OTC discharge
stream.  Not only does this usually negate the requirement for additional ocean water intake for
the desalination facility, but the warmer OTC discharge allows a more energy efficient desalting
process.  The desalination facility is also able to blend its brine discharge (at about twice the
salinity of ambient ocean water) with the OTC discharge, thus diluting the brine concentrate and
minimizing impacts to marine biota.  In a case study of discharge at co-located power and
desalination facilities in Encina, the area of ocean impacted by increased salinity was 0.35 acres.
The conclusion from this is that co-location follows the expected pattern of reducing brine
salinity impacts.  Another major advantage of co-location is availability of power.  Desalination
facilities can either use energy directly from the power plant, or, since the power plant feeds into
the electricity grid, they can use energy from the grid.
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There has been a good deal of recent regulatory activity relating to OTC power plants
that could affect co-location with desalination facilities.  A State Lands Commission resolution
was passed that will not extend leases of OTC plants unless they are compliant with 316(b)
regulations and California law.  An Ocean Protection Council Resolution urges the State Water
Resource Control Board to implement 316(b) and more stringent state requirements on a
statewide basis and recommends the creation of a technical advisory board to review proposals
for compliance.  Finally, the State Water Resources Control Board, in its own enforcement of
316(b) regulations, requires OTC power plants to reduce impingement by 80-95% and
entrainment by 60-90% from controlled levels.

The San Diego County Water Authority Board recently decided not to certify the EIR for
a proposed regional water project including desalination.  The power plant owners hinted at their
plans for the immediate future, and this included moving away from OTC and towards air-cooled
facilities.  The basis of the desalination EIR was utilization and continuation of availability of
OTC water.  Thus, the operating strategy of the desalination plant would need to change and, as a
result, the EIR must change.  There was no analysis of permitting issues and environmental
impacts of a stand-alone desalination plant option in the original EIR.  This is an example of
desalination not perpetuating the use of OTC technology.  Desalination is still a key part of water
supply diversification for San Diego, and they will continue to pursue local and regional
desalination projects.  In addition, in the next 15 years, conservation will double, water
reclamation will increase four-fold, and groundwater production will increase three-fold.  It
really is a water supply portfolio in the sense that desalination is just one of many active options.

Question:  Why was the San Diego EIR rejected?
Answer:  The board chose not to certify the EIR – it was not rejected, per se.  The basis of the
EIR was the continuation of OTC at the power plant, knowing that at some point down the road
it may not be available anymore.  The power plant owner made some pronouncements about the
immediate future (5-8 years) and decided to look at a new power plant that would be air-cooled.
San Diego has to step back and look at the basis of the EIR.  This will change regulations,
permitting, and conclusions about environmental impacts, so the board chose to pursue other
options.  In this case, desalination will not be perpetuating OTC.  This was also coupled with the
lack of progress in negotiations with Poseidon.
Question:  Did you consider operating the plant stand-alone, without a power plant?
Answer:  In this EIR, we did not analyze that case, but we knew we would have to at some
point.

Bob Raucher, Stratus Consulting – Summary
The main theme running through all these presentations is “think globally, act locally.”

Big picture ideas were presented, such as climate change and the perspectives of DWR and the
Coastal Commission, as were small-scale ideas, such as decisions about whether desalination is
locally appropriate, concerns about population growth, and planning for local water resources.
The challenge of desalination is that it carries a lot of baggage precisely because it covers both
global and local issues.  As the state has put forward, desalination needs to be evaluated on a
case-by-case basis, and questions need to be raised about minimizing adverse environmental
impacts, institutionally ensuring preservation of freshwater flows, analyzing co-located facilities
vs. stand-alone facilities, and considering desalination in the context of other water resource
alternatives while at the same time evaluating desalination as a specific project in a specific



Developing a Tool to Guide State and Local Desalination Planning First Workshop

Evaluating Environmental Impacts of Desalination Santa Cruz, California, 25-26 September, 2006
14

location and context.  Our framework needs to guide answers to these questions while helping
users look at desalination from either site-specific or regional perspectives, but it cannot ignore
the truly global concerns such as energy use, climate change, and growth inducement.  Another
major issue to consider is the role of the private sector in desalination and in water provisioning
in general.  On the one hand, water is a basic need, and the ocean is a public resource, yet we
want to tap the expertise, incentives, and capital of the private sector.  Finally, desalination must
be compared to alternatives, such as conservation and reclamation.  Theoretically these are good
practices to implement, but to what extent are they viable locally, in terms of costs and
feasibility?

Question:  What is the local impact of desalination in the coastal zone?  Has this come up yet?
Answer (Charles Lester):  This is a complicated situation and we have struggled with a basic
definition.  The CCC jurisdiction does not encompass the logical growth area because the coastal
zone is very narrow, but for communities that are completely within the coastal zone, the CCC
plays a larger role.

Comment:  All of these issues have been raised in CEQA, but the response has been that “we
are not compelled to answer these questions.”  When asked to look at the Encina desalination
plant in the absence of co-location, the response was that it is speculative and CEQA does not
require it.  But if assumptions change, it becomes an open question again.  However, it would not
be a question if the alternatives were analyzed as the environmental community asked.  The
template would be useful if used for analyzing alternatives.  If CEQA does not require analysis
of alternatives, it probably will not happen, and this tool is not likely to make the conflict
disappear.
Comment:  The best way to understand how this tool would be useful is to use case studies.
Two of our sponsors, Inland Empire and Long Beach (and possibly Monterey) have volunteered
to be case studies.  Right now, we are still trying to build the “vehicle” before we subject it to
case studies.  At this point, the template is not connected to any regulatory requirement that
compels proponents to use it, but we felt it would be useful as a planning tool.

Panel 2:  Intake

Moderator:  Liz Strange, Stratus Consulting

Dr. Daniel Pondella, Occidental College – Impingement and Entrainment
Dr. Pondella conducts long-term monitoring research on biological organisms in the

Santa Monica Bay.  Part of his work includes evaluating the impacts of impingement and
entrainment, particularly for OTC coastal power plants.  One definition of impingement is
“aquatic organisms trapped against components of the cooling water system, and it usually
affects larger organisms such as fish that are trapped and either die of starvation or exhaustion.”
Impingement of organisms occurs on two levels:  during the day-to-day operation of the power
plant, and during periodic heat treatments.  These treatments occur every 6-8 weeks and involve
heating water to 110° F and blasting it back out through the intake pipes in order to remove
debris from the pipes.  In the process, many organisms are impinged; however, this could be
prevented by removing these organisms from the surrounding waters before heat treatments take
place.  Historically, it was not economical to remove fish before heat treatments, but with new
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regulations, it is probably worth the cost of removal.  This source of impingement is not typically
accounted for when evaluating impingement impacts of coastal power plants.  Entrainment is
defined as “aquatic organisms drawn through the cooling water system, and it usually kills
smaller organisms in early life stages by exposing them to increased water temperatures,
mechanical damage and/or toxic stress.”  Mortality from entrainment is assumed to be 100%.

More assessments of impingement and entrainment impacts need to be developed.  Such
studies are typically conducted over the course of one year to capture seasonal variation in
population sizes.  For every species of concern, total mortality (impingement + entrainment)
should be calculated and compared to population size.  Although it is relatively straightforward
to calculate entrainment mortality for fish larvae, this measurement does not provide an
assessment of impact.  Most fish larvae die naturally well before maturing into reproductive
adults, and it is unknown for most fish species how many larvae must be spawned in order to
keep the reproductive adult population stable.  Thus, it can be asked whether there are acceptable
losses of fish larvae due to entrainment.  Some people may say no loss is acceptable and others
may estimate into the hundreds of thousands; the real answer is likely between the two extremes,
but it needs to be determined on a species-by-species basis.

Another challenge to impact analysis of entrainment and impingement is defining the
population size.  There may be a number of ways to determine population size, based on
genetics, behavior, and geographic area.  Again, population size will differ by species and over
time, and thus impacts of entrainment and impingement will also differ.  Population counts of
near-shore organisms are rarer than those of offshore organisms, and they are also understudied
and therefore less understood.  Population size in protected bays, such as San Diego and Morro
Bays, may be easier to determine than for other near-shore coastal habitats.  Areas of open-water
habitat may be difficult to measure.  For populations with large geographic areas, it is necessary
to consider not only the individual impacts of one facility but the cumulative impacts of many
coastal power plants and desalination facilities.

A final challenge to impact analyses is determining the necessary frequency of
assessment.  As an example, monitoring of anchovies in Santa Monica Bay began in the 1970s
due to Clean Water Act section 316(b) regulations and continued yearly for 30 years.
Researchers saw a decline in population size and a negative correlation with increasing water
temperature.  There was some fluctuation in population size within those 30 years, however, so
monitoring once every 30 years is not enough, and even yearly monitoring for as long as 30
years probably is not enough, given the expected life span of certain coastal facilities.

Question:  It is possible to study specific species, but what is the effect on the whole food chain?
This is much more difficult to study and quantify.
Answer:  Yes.  This would be another assessment endpoint.  It is necessary to consider many
levels of biological organizations for measuring impacts (individuals, communities, ecosystems),
and there are challenges of doing evaluations at each level.

Comment:  His primary research is long-term population analyses of near-shore fishes in
southern California kelp beds.  He works with state, federal, and local agencies to look at fish
abundance and spatial and temporal trends.  He has funding to determine how often to assess fish
populations and which key fishes are involved in entrainment, and to study how many larvae are
necessary to produce an adult fish.
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Question:  Are there anchovy population trends related to the Pacific Decadal Oscillation
(PDO)?
Answer:  The long-term data are interesting.  In Santa Monica Bay, 99 taxa out of 100 observed
were decreasing, but we still do not have enough data on near-shore species.  A few 316(b)
studies have looked at these species, but it is generally a big unknown.

Question:  Santa Monica Bay is unique because of the prohibitions on commercial fishing.  Are
there any differences between this bay and areas with no regulations?  And what about manually
removing fish from power plants to minimize entrainment?
Answer:  He has not looked at the differences in fishing prohibitions explicitly.  His feeling is
that there probably is no difference.  In some plants, it would not be difficult to catch the fish.  If
we have the technology to do so, why do we assume these fish are an acceptable loss?  In the
long-run, it will be consequential.

Question:  Have you done cost estimates for catching vs. cooking fish?
Answer:  No.  There is a fish rescue team and a number of power plants have expressed interest
in its services.

Comment:  Co-located facilities cannot operate during heat treatment, but if there is no heat
treatment, the power plant will shut down.  Alternatively, power plant open intakes can be
cleaned in a number of other ways.

Question:  Most power plants have been operational since the 1950s.  The data only show trends
once the power plants had already been operational for 20 years.  Can you correlate decreases in
fish with power plant existence and relate this further to power plant intakes?
Answer:  They are related.  The challenge is to understand oceanographic trends and decouple
them from any localized impacts.  His analysis is that it is an oceanographic trend and does not
necessarily attribute it to power plants.  The question is figuring out how to quantify impacts of
power plants, but it is necessary to have long-term data sets.

Bob Castle, Marin Municipal Water District – Source Water Quality
With adequate treatment, almost any source of water can be turned into high-quality

drinking water.  Nature performs the same treatment, albeit more slowly, through ecosystem
functioning and the hydrologic cycle.  The quality of the source water will determine the design
of pretreatment and membrane systems, as well as the kind of information that will be needed to
educate and satisfy water customers.  In Marin County, it was determined that the San Francisco
Bay is a better source of water for desalination than the open ocean because of the source water
quality and the circulation needed for brine discharge.  The water in the Bay consists of ocean
water, freshwater from the Delta (influenced by diversions by the State Water Project), sediment,
organic matter from the Delta and from urban runoff, and pollutants from human impacts.
Several pollutants have been identified as having priority for treatment:  nickel, diazinon,
pesticides, dioxins, PCBs, selenium, and mercury.  These pollutants must be removed through a
pretreatment process in the desalination plant in order to protect the RO membranes from being
contaminated and to maximize membrane life.  Dioxins, pesticides, and mercury all bind to
sediments in the water body, so removing these sediments during pretreatment will also remove
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the toxins.  However, these pollutants cannot be returned to the Bay and are instead disposed in
landfills, so in a small way, water intake for desalination also cleans up pollutants in the Bay.

Several models are available to evaluate potential discharge impacts for different kinds of
desalination projects in different areas.  The Marin project is using both a near-field dilution
model and a far-field dilution model.  The near-field dilution model utilizes Monte Carlo
analysis, and model inputs are randomly selected from probability density functions.  Some of
the aspects of discharge include variable flow of wastewater to mimic natural human variation
and features of the discharge infrastructure like caps and manifold risers that help to disperse the
brine concentrate more evenly.  The model determines a probability distribution of brine dilution
values.  The bottom line is that, according to model output, salinity variation due to discharge
will be in the range of salinities naturally found in the Bay.  They also used a far-field dilution
model, since they are utilizing a wastewater outflow pipe, to determine how much wastewater
will be a part of the desalination intake.  They found that less than 0.1% of the intake water will
be wastewater, which is well below the criteria from the Department of Health Services.
Furthermore, since desalination uses membranes, intake water will be treated to a higher quality
than wastewater treatment, so wastewater in the intake will not pose a problem.  Two other
factors will help to circulate water in the vicinity of the intake and outflow:  the partial flushing
of the Bay, which occurs every six hours, and freshwater runoff from rivers.

Marin expanded the scope of desalinated water quality testing beyond what is required.
120,000 tests are performed every year.  State and federal regulations require testing for about
100 contaminants and Marin tests for an additional 250 contaminants.  The tests are performed in
a variety of categories:  physical, microbiological, chemical, radiological, organic chemicals, e-
screen (testing for endocrine disruptors by using breast cancer cell cultures), and emerging
contaminants.  In the organic chemicals category, toxicity varies and some are carcinogens.
Some, like caffeine, are not toxic at typical concentrations but are present in wastewater
discharge.  For the pilot desalination project, an additional 100 non-regulated compounds
specific to the San Francisco Bay were tested.  The desalted water exceeded state and federal
regulatory requirements and was lower in salt, organic carbon, and boron compared to standards.

Question:  Did you do any testing for viruses?
Answer:  No.  It is not needed and not typically done, and they are killed with chlorine anyway.

Question:  Does the wastewater outfall get disinfected?
Answer:  Yes, although some conventional treatment is not as rigorous as desalination
pretreatment.

Question:  How much confidence do you have in the models, and is there any verification?
Answer:  No verification.  Models are mature and peer-reviewed, and they are used for many
other purposes.  Even if they are off by 10-15%, they will still be in the comfort zone.

Comment:  What is bad for energy is good for boron, because there is a higher rate of boron
removal at lower water temperatures (which require higher energy to desalt).

Comment:  In Marin, there are inverse environmental justice issues because people living near
the coast are rich.
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Jon Loveland, Malcolm Pirnie – Intake Technologies
There are two main categories of desalination intakes:  open water (or surface water)

intakes and subsurface intakes (or beach wells).  Open water intakes are typically used for larger
plants and beach wells are limited to smaller facilities.  The advantages of open water intakes
are:  the potential to use existing infrastructure of co-located power facilities; no additional
construction impacts of building intake structures with co-located facilities; ability to supply
large desalination plants (20-100 mgd); and predictable quantity of intake flow.  The major
disadvantages are the occurrence of impingement and entrainment and the potential for algal
blooms.  Open intake structures are generally situated in biologically active near-shore habitats,
and the potential for significant impingement and entrainment impacts is large.  Beach wells
have two main advantages:  potential for high-quality pretreatment of intake water due to natural
filtration of sediment, which also reduces pretreatment costs; and the avoidance of impingement
and entrainment.  However, beach wells have several disadvantages:  the intake yield is uncertain
due to wells residing in different hydrologic strata; limited facility size, since the largest beach
well is about 1 mgd, which also means that the footprint of beach wells for a larger facility
would be large; the potential for anaerobic treatment conditions; the potential for entrainment on
the surface of the sand; and construction impacts on near-shore and beach habitats.  Thus far,
there is not much information on the impacts of infiltration galleries on near-shore habitats.

The main issues that concern people with desalination intakes in general (although only
applicable to open water intakes) is impingement and entrainment.  Impingement typically
impacts juvenile or adult fish, algal debris, and macroinvertebrates that get caught up against the
intake screen.  Entrainment captures eggs and larvae of fishes, plankton, and invertebrates in the
intake water and kills them within the facility.  The question is:  what are we trying to protect
and why are we concerned about the impacts of impingement and entrainment?  The habitats in
question are productive near-shore rocky or sandy habitats and kelp forests, and the issue is the
proximity of intake and outfall structures to or within these habitats.  Section 316(b) of the Clean
Water Act was written specifically to address impingement and entrainment impacts of open
water intakes and requires the EPA to ensure that the location, design, construction, and capacity
of cooling water intake structures reflect the best technology available to protect aquatic
organisms from being killed or injured by impingement or entrainment.  This section applies to
power plants that pump more than 50 mgd and practice OTC.  This regulation, which was
enacted in 2004, is a good example of needing to monitor and track new regulations, which may
become active during the planning process for a new facility.  It is important to consider what the
impact of new regulations will be on the costs of proposed desalination plants.

The San Onofre OTC power generation facility can be used as a case study of
entrainment and impingement impacts.  It was found that 4.4 million fish, of 61 different species,
were impinged on the open-water intake screens in 2004.  This depressed fish populations within
three kilometers of the facility.  The EPA used this case as part of its justification of the new
316(b) rules and did its own case study.  They found 57 tons of fish were entrained each year at
the San Onofre facility, which decreased fish populations 60% within one kilometer of the
facility and 35% within three kilometers.

There are several techniques to reduce impingement and entrainment impacts on open
water intakes.  The size of the intake pipe can be designed to reduce maximum intake velocity
and thus reduce the possibility of impingement.  Wedge wire screens can be installed on existing
open intake towers to prevent entrainment by distributing the area over which water is pulled
into the plant and thus reducing the velocity of flow.   Wedge wire screens require significant
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maintenance to prevent clogging and reduction of flow.  Other alternative technologies include:
fine mesh screens, moveable louvers on the intake, fish net barriers, traveling screens, velocity
caps, and filter barriers.  It was also thought that perhaps fish behavior could be influenced in
order to keep them away from the intakes, but this has not been successful.

Beach radial wells consist of a central collector with several horizontal wells radiating
out.  It is possible to over-pump beach wells, so caution must be used to prevent pumping failure.
There is also an increased presence of iron and manganese because of the organic carbon in the
sediment and the anaerobic conditions.  It is thought that this increase could be neutralized,
however, with re-oxygenation of the pumped water.  The impacts of beach wells on either the
benthic layer or the beach above are unknown.  The successful and steady intake of beach wells
is highly dependent on an understanding of the hydrogeology of the subsurface strata and the
flux rates of water.  Because beach wells have limited water flux, if a large desalination facility
wishes to utilize beach wells, the potential footprint of the intake could be significant.

In summary, both open intake and subsurface wells are used widely throughout the
world’s desalination facilities.  Open water intakes are specifically susceptible to impingement
and entrainment impacts, which are now regulated by the Clean Water Act section 316(b).
Lastly, there are significant tradeoffs with the two types of intakes, especially concerning the size
of the desalination facility they can support.

Question:  What are the impacts of putting the intake right on the shore versus farther offshore?
Answer:  The power plant intake is at 30 m depth and several hundred meters offshore.  There
are different contexts depending on whether the desalination plant uses existing facilities or not.

Question:  Would hydrogen sulfide gas pass right through an RO membrane?
Answer:   Kelp gets buried in the sand and produces hydrogen sulfide during decomposition.  If
this hydrogen sulfide is taken in through beach wells, it would pass through the membrane.

Comment:  To clarify, beach wells may come under the influence of iron and manganese.  Iron
can plug membranes.  So beach wells not only result in a larger footprint but also larger costs to
deal with these substances.

Eric Leung, Long Beach Water Department – Intake Alternatives
Long Beach is utilizing beach wells in its exploration of desalination.  The proposed

project has three phases:  a pilot plant (ongoing since 2001), a prototype plant (2003 to 2010),
and a full-scale demonstration and production plant (about 2015).  Since there is no proposed co-
location with a power plant, they are considering subsurface intakes.  The original concept was
to take advantage of natural beach filtration both for pretreatment of water and for discharge.
They surveyed the thickness and quality of the sand through bores on the beach and offshore.
They found that natural filtration is not possible at this site because of low conductivity and a
clay layer near the surface of the sediment.  They had to change their concept of beach wells.
Instead of using lateral wells, they propose building two “sand boxes” which would draw water
in and pump it out through a pipe, similar to a Raney collector.  The low intake velocity at the
surface of the sandbox should eliminate most impingement and entrainment impacts.  They have
built a pilot sand box and will have results in two years.  There are also some construction issues
to consider with beach wells, such as reducing costs and minimizing impacts of concrete
caissons that are typically left in place after construction.
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Liz Strange, Stratus Consulting – Summary Comments
The first questions to ask concerning environmental impacts are:  What is the area of

concern?  What are the species?  What about them is of concern?  What are the impingement and
entrainment issues of concern?  It might be possible to begin to construct a toolkit for addressing
these concerns.  There is ongoing research into these environmental impacts as well as 316(b)
studies from coastal power plants.  A California Energy Commission WISER program is
studying OTC.  Work done at Tennera Environmental is looking at how to translate fish eggs and
larvae into mature reproductive adults and is considering impacts at the population level.  It also
might be possible to find impacts on organisms from which generalizations can be made about
impacts on other species.  However, desalination facilities would generally be operating at much
lower-velocity intake flows than those considered by the EPA for 316(b) regulations.  Already
much work has been done on alternative intake technologies to reduce impingement and
entrainment.  Pilot testing is helpful in addressing many of the issues covered here.  It is also
imperative to know what kinds and what sizes of datasets are needed.

Panel 3:  Discharge

Moderator:  Jeff Mosher, National Water Research Institute

Nikolay Voutchkov, Poseidon Resources – Desalination Discharge Alternatives
There are four main types of discharge options for desalination facilities:  direct ocean

discharge, discharge through a sanitary sewer, discharge through existing wastewater treatment
outfall, and discharge with co-located power plant cooling water.  Direct ocean discharge is
currently used in all large desalination facilities in the world.  The largest facility is at Ashkelon,
Israel, with 86 mgd production capacity.  The key issue with direct ocean discharge is the
permitting difficulty due to finding a suitable location for adequate blending and mixing of the
discharge.  Direct ocean discharge is more complicated than other types of discharge because it
requires studies of biological salinity tolerance.  Direct ocean discharge can be 10-20% of the
total cost of the desalination facility because of the need to build long outfall pipes and elaborate
diffuser structures.  Such facilities are often designed with three intake pipes and two outfall
pipes.  Direct ocean discharge to offshore locations is most popular because of strong currents
that can mix the hypersaline concentrate into the water column.  However, nearshore areas with
strong tidal movements can serve to dilute and move the concentrate further offshore.

For smaller facilities, especially inland and brackish water plants, discharge to a sanitary
sewer is common.  Similarly, such facilities may also discharge to a wastewater treatment plant.
One concern with this practice is the volume of desalination discharge potentially compromising
the capacity of the wastewater treatment outfall.  However, such high salinity streams can also
have a positive influence on the sedimentation associated with wastewater treatment facilities.
Desalination discharge can introduce chemicals into treated wastewater, such as boron, sodium,
and chlorine, which may be considered toxic if the water is going to be reused.  In terms of water
quality, blending treated wastewater with higher-salinity ocean water can create toxic conditions
for marine organisms.  In one example in a combined wastewater treatment-desalination
discharge in Santa Barbara, the combined discharge showed negative effects on sea urchin egg
development, whereas there was no effect on egg development when exposed to just brine
concentrate and ocean water.  Thus, cumulative effects of pollutants and increased salinity are
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important.  A second lesson is that marine organisms can tolerate some variation in salinity
conditions, but this tolerance is species-specific.

Desalination brine concentrate discharged in conjunction with power plant cooling water
can have a number of mutual benefits:  the combined discharge is not toxic to marine organisms
because the cooling water aids in diluting the brine concentrate before discharge into the ocean;
the capacity of the power plant discharge is not compromised because the desalination water
came from the original cooling water stream; and the once-through cooling stream is used for
another purpose (diluting brine).  Perhaps the greatest benefit is associated with construction:  no
new intake or discharge pipes are needed, which reduces costs and minimizes beach habitat
disturbance.

Another desalination discharge option with limited viability is deep injection wells.
These include beach wells, which are typically used for smaller plants, and deep aquifer injection
wells, which are used for inland facilities.  Deep injection is popular in porous substrate such as
limestone.  It is thought that deep injection wells will not be suitable for California desalination
facilities because of limited suitable aquifer conditions.  Deep injection wells are also limited by
the capacity of the aquifer to store discharge.  Two other considerations include not locating deep
injection wells near fault lines and only injecting brine into aquifers that have no connection to
drinking water supplies.  Frequent cleaning is needed for deep injection wells due to the potential
of scaling, so it is necessary to have a spare well to use during cleaning periods.  Furthermore,
the expected life span of injection wells is about 10 years, so the life cycle costs must be
considered.  Finally, similar to beach intake wells, beach discharge wells tend to be unsightly and
can detract from the visual aesthetic of the shoreline.

There are four other alternatives to the more common methods of desalination discharge:
evaporation ponds, brackish wetlands, spray irrigation, and zero-liquid discharge.  However,
direct ocean discharge and combined wastewater discharge are by far the most widely-used
methods.  Ocean discharge is viable but requires a significant amount of research to prove
environmentally sound.  Studies of hydrodynamic modeling, toxicity testing, salinity tolerance
analysis, and intake water quality characterization must be completed before approving an open
ocean discharge.  In a ranking of preferable discharge methods, co-location with power plants is
first, followed by open ocean discharge and co-location with wastewater treatment discharges.

Comment:  Zero-liquid discharge is not necessary for the coast, but it is for inland communities
because they recapture the valuable water.  Right now, most desalination plants are at industrial
locations that do not have a place to put the water.  Zero-liquid discharge is expensive – a 5 mgd
plant could cost $1 million/year in operation and maintenance expenses.  But this could be the
ultimate solution to the discharge problem.

Question:  When considering discharging brine with wastewater, this is different than the
bioassays where sea urchins were subjected to pure brine.  This is like comparing apples to
oranges.
Answer:  Correct.  You have to look at the dilution at a particular ocean location and subject
organisms to those concentrations.  In blending seawater with wastewater (1:1 ratio), the
seawater did not foster toxicity, but the wastewater did.  The calcium:total dissolved solids
(TDS) ratio was significantly different.  But you have to ask if you even have species of concern
in the discharge area, and if they can tolerate freshwater blends.
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Question:  Is there ever an issue with turbidity, and what is its effect on kelp beds?
Answer:  Turbidity could be an issue with kelp beds, depending on the amount.  The Ocean Plan
limits turbidity and TDS to not exceed 60 mg/L.

Question:  Poseidon claimed a patent on co-location of desalination facilities with power plants
in San Diego.  Is compensation for that patent included in the margin?
Answer:  Our particular co-location configuration is patented, but there is a number of other
ways to do it.  Poseidon was protecting against San Diego County Water Authority because they
wanted to take over the land and pursue a project.  With the patent in place, the water agency
cannot use eminent domain to take over intellectual property.  Poseidon used the patent more as
protection than as revenue.

Rich Atwater, Inland Empire Utilities Agency – Inland Brine Disposal
Mr. Atwater provided some history and background to the consideration and use of

upstream desalination facilities to manage salinity in the Santa Ana watershed.  The Inland
Empire Utilities Agency (IEUA) is a member of the Metropolitan Water District (MWD) and
brings Colorado River water into the Chino Basin.  IEUA produces 60 mgd of wastewater and
attempts to recycle most of it.  The remaining wastewater is transported to other sanitary districts
or is discharged into the ocean.  The area served by IEUA has a freshwater demand of 250,000
AFY.  The brine discharge resulting from desalination is 20% of the demand volume.  The Chino
groundwater basin is one of the largest in southern California and serves as surplus storage for
state project water.  This area was previously filled with orange groves and then transitioned to
dairy cows.  Such historical agricultural Colorado River water use created salt balance and
nitrate problems.  Some groundwater wells in the Chino basin contain four times the ambient
nitrate concentration.

To manage these imbalances, IEUA developed reverse-osmosis desalination facilities that
produce 25 mgd (or 25,000 AFY).  The primary purpose of the desalination plants is to convert
groundwater into drinking water, which provides 15-25% of the freshwater supply.  The result is
water with total dissolved solids less than 350 and a nitrate concentration half of the drinking
water standard.  This water is blended with high-nitrate well water to produce more drinking-
quality water.  The discharge from the desalination facilities goes to the Orange County
Sanitation District.  The IEUA brine discharge at 4000 mg/L TDS is 10 mgd of the total 250 mgd
wastewater discharge from Orange County.  Orange County is building a water reclamation
project to recover 75-80 mgd of the discharge.  The secondary purpose of the desalination
facilities is to manage salinity and nitrates to achieve watershed objectives.  About 90% of the
base flow in the Santa Ana watershed is treated water from inland facilities, and the outstanding
issue in the watershed is the long-term increase in salinity and nitrates.

Inland Empire evaluated the economics of their water quality and water resources plan
and found that it was more beneficial to install groundwater desalters to avoid high salinity.
There are several current issues related to the region’s desalination projects.  The Regional Water
Quality Control Board wishes to regulate how to recharge the area’s aquifers with state project
water because of the high salinity problems in the aquifers.  Also, salinity has increased in state
aqueduct water because of runoff and wastewater from the north.  Seasonal and yearly
differences in runoff and water quality can also affect salinity.  Thus, it is desirable to recharge
the aquifers when aqueduct water salinity is low.
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It is planned that the capacity of the desalters in the Inland Empire region will double in
the next ten years, which also means the brine discharge will double.  Currently, the brine
discharge line (also called the SARI line) has a capacity of 30 mgd, but this may not be sufficient
for future discharge volume.  The issue is how to concentrate brine discharges to reduce volume.
Furthermore, intensive treatment of industrial waters often results in high perchlorate and arsenic
concentrations, which is also trucked to the SARI line and disposed of in the ocean.  There could
be separate lines for brine, which can be recycled, and industrial waste, which would not be
reused and would be disposed through ocean outfalls.  In a comprehensive salinity management
study, it was found that salt is accumulating in aquifers on the southern California coastal plain.
Ninety percent of salt is exported to the ocean through four coastal treatment plants in southern
California (LA Hyperion – 400 mgd; LA County Sanitation District – 350 mgd; Orange County
Sanitation District – 250 mgd; and Point Loma – 160 mgd).  The big long-term challenge is
treating wastewater to a quality at which it does not affect the ocean environment.

In summary, it is necessary to look at these options in a comprehensive economic
evaluation, but also in the context of many scales:  watershed and coastal plain management, the
CalFed Bay Delta program, Colorado River management, and the State Water Plan.
Furthermore, these various scales of context all affect one another.  For example, desalinating
water uses 75% of the energy of Colorado River imports and 50% of the energy of northern
California water imports.  Water recycling is 6-7 times less energy intensive than water imports.

Question:  With regard to the mass balance of salinity in the region, has it been calculated how
much capacity is needed to match the balance?
Answer:  There is a need for a salt balance report card.  In wet years, we do well, but not so
much in dry years.  It is necessary to look at the long term trend – not just measuring year-to-
year.  For example, JPL in Pasadena has a reporting problem.  They are building $40-50 million
of perchlorate treatment capacity, and they cannot put it in the sewer because it goes into
upstream plants and affects water reuse, so they must truck the brine.  Same with the Los
Angeles River – it must get to Hyperion, and the TDS are too high to reuse.

Question:  How much is being trucked right now?
Answer:  Maybe five trucks a day, and that would be ramped up.

Dr. Scott Jenkins, Scripps Institute of Oceanography – Brine Concentrate and Dilution
Dr. Jenkins’ research involves using models to determine patterns of dilution of brine

concentrate from desalination plants in southern California.  There are two main advantages to
using models in these types of studies.  One is that models give insight into processes that have
no antecedent in the real world.  For example, a worst-case scenario is a large desalination plant
discharging to a confined area with minimum circulation (also called massive source loading).
Models are also good for examining rare or worst-case scenarios and variation in processes over
long periods of time.  A visual plumes model is well suited for tidal circulation in a bay or open
water body but does not include surf zone or shoal and wave dynamics.  Thus, Dr. Jenkins’ team
turned to a model developed for a naval program.  The Sed Export model has been used in four
state programs and its algorithms have been published in peer-reviewed journals.  Several
aspects of coastal processes in relation to desalination must be considered in the models.  With
respect to the receiving water, the dispersion and dilution of the concentrated seawater
byproducts, and the effects of these byproducts on the dilution of the combined constituent
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discharges (waste heat, treated sewage effluent, etc.) are the two main issues.  The source water
quality and the potential for recirculation of concentrated seawater byproducts into an intake
must also be considered.

There are seven variables that control the makeup of desalination discharge, but four
variables are the most important.  The first is the flow rate within the once-through cooling
system.  There is intra-annual variability in the receiving water salinity, but OTC power plants
do not have variable speed pumps to control dilution of brine concentrate.  Instead, there is a
step-like change in the flow rates and this varies based on user demand.  As a result, in-the-pipe
dilution of brine varies and affects discharge into the ocean.

The second important controlling variable is the salinity of the source water.  Ocean
water salinity increases in the summer because of higher surface evaporation and decreases in the
winter because of freshwater inputs from floods and runoff.  Desalination discharge is twice
ambient salinity when it is reintroduced into the power plant cooling water stream.  In the model,
this is treated as a combined discharge, because there is a density difference between the
desalination stream and the cooling water stream.  Additionally, the salinity and density of the
cooling water stream changes seasonally.  The worst case scenario is when the power plant is
offline and there is no cooling water of elevated temperature to dilute the dense, saline
desalination discharge, which is then more slowly assimilated into the receiving seawater.  The
warming of OTC water provides initial mixing and dilution of brine concentrate.  Sea level also
affects mixing of discharge.  In shallow water, the volume of dilution water is controlled by tidal
levels, which change not only daily but also seasonally and annually (e.g., with El Niño offsets).

The third important variable is the fluid forces of mixing and diluting the discharge.
There are three main forcing functions:  shoaling waves, nearshore currents, and wind.  These
variables can change over long periods of time (10 years or more), and the variation can
significantly change the amount of ambient mixing.  Solutions for every combination of the three
forcing functions are produced.  In the worst case scenario, the worst combination of the three
mixing functions is put into the model.

The last variable concerns discharge flow rate.  An increase in flow rate results in a
decline in salinity of the discharge.  It is necessary to determine the threshold for biological
tolerance of salinity variation.  It is thought that the maximum salinity threshold is 40 ppt.  Flow
rates with salinity above that threshold are causes of concern.  The other three controlling
variables, although not as important, are daily mean temperature and daily low and high water
elevations.  In the model, the worst combination of the seven controlling variables of discharge
results in low ambient mixing of sea water and discharge and high source loading.  This is
considered on two time scales:  worst day and worst month.  Similarly, average conditions are
considered at daily and monthly time scales.

In addition to models, it is possible to look at archival literature that has examined effects
of increased salinity on biological organisms.  In whole effluent toxicity tests on marine animals,
it was found that some fish are able to osmoregulate up to 60 ppt, but in invertebrates,
survivability drops off at around 40 ppt.  Marine species with ranges from southern California to
Baja experience natural variation in salinity.  Such observational and experimental research can
be applied to the current discharge models with the 40 ppt upper threshold in mind.  However,
there is a limited number of studies that look at elevated salinity and temperature resulting from
power plant outfalls.

Desalination outfalls will reside in one of three coastal geographies:  confined water
body, exposed open coastline, or shoreline/surf zone.  There are two examples of operational
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desalination plants in confined water bodies, one of which operates at 40 mgd.  They discharge
into river systems, and salinities of 40-50 ppt at the mouth of the river are common.  Such
elevated salinities would impact wetland habitat by creating hypersaline conditions, and there is
limited opportunity for dilution due to small volume and minimal mixing.  In an open coastline
situation, the outfall would likely be offshore, and the discharge would be subject to shoaling
waves and tidal transport.  For an upward outfall tower, the salinity on the seafloor would be
elevated because of higher density ambient water (up to 48 ppt), but the discharge quickly
engages with the whole water column and dilutes rapidly.  Because of the slope of the seafloor,
the discharge also falls away from the beach, where it is subject to more mixing from currents.

To determine the effects of offshore discharge on marine organisms, it is necessary to ask
how much time pelagic organisms will spend in the small high-salinity core of the discharge
stream.  It is estimated that, in average conditions, pelagic organisms would be in water of 40 ppt
or greater for eight minutes.  In worst-case conditions, it could be up to 1.5 hours.  Benthic
species have had to adapt to salinities typical of the seafloor, but it is unknown whether they can
tolerate worst-case salinity spikes.  It is also necessary to determine how much seafloor area
could be subject to salinities above the biological threshold.  A worst-case scenario would be an
off-line power plant and unheated desalination discharge.  How often does this scenario occur?
In the model, the area of benthic habitat above the biological threshold in this worst case
scenario was seven acres, and this was predicted to occur less than 1% of the time.  Looking at
all possible combinations of discharge and receiving water conditions, the median area above 40
ppt was two acres.  Hypersaline conditions in benthic habitat will not necessarily create a kill
zone for marine organisms, but it may rearrange species distributions and composition.
Desalination proponents must consider the mitigation issues related to creating hypersaline
conditions in pelagic and benthic environments.  Furthermore, data on salinity tolerance limits
are lacking, and more research and bioassays, especially for under-studied species, are needed.

Another type of discharge is from the shoreline into the surf zone.  In one example, a
shoreline discharge exhibited very rapid dilution, never exceeded 40 ppt, and was usually close
to 35 ppt.  In these cases, the issue of thermal discharge from the power plant is the larger
concern.  Under NPDES permitting, power plants of 50 mgd or less are only allowed to
discharge water two degrees or less above ambient seawater temperature, and the thermal
increase can only affect waters within a 1,000-foot radius of the discharge.  Power plants may be
concerned about exceeding NPDES permit limits when co-locating with a desalination facility.

The lesson learned is that every site has a limited carrying capacity in terms of its ability
to assimilate brine concentrate and thermal waste.  By downsizing the facility to what a given
site can accept, we can reduce the probability of scenarios exceeding the salinity threshold.

A final desalination discharge option is to co-locate with wastewater outfalls.  Currently,
at the Hyperion five-mile deep water outfall, the discharge produces a plume of freshwater that
dilutes as it rises towards the surface.  Eventually the plume flattens at the bottom of the
thermocline and is subject to thermal waves which help to move and further dilute the plume.
The impact of adding hypersaline brine from the desalination facility to the wastewater stream is
unknown.  Currently, the salinity of the Hyperion discharge is 10 ppt, and the ion imbalance
between the discharge and ambient seawater needs to be explored further.  There may be
favorable synergistic effects of combining the wastewater and desalination discharges.  Models
show that adding brine diminishes the footprint of the discharge by 40% and reduces the
buoyancy of the plume because of the increased salinity.  Another possible synergy is that the
brine concentrate will add particulates to the wastewater, which has been stripped of larger
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particulates during treatment.  In the elevated-salinity solution, fine particulate matter from the
wastewater will aggregate onto the larger particles and will be deposited out of the plume.
However, this could also affect the hydraulics of the outfall pipe, depending on where the
particulates fall out.

There are several design objectives to consider when undertaking a new desalination
project:

1) Impacts of hypersaline plume should be within the tolerance of marine organsisms.
2) There should be negligible re-circulation of desalination byproducts.
3) There should be no increase in footprint of combined constituent discharges (e.g.,  heat
+ brine).
4) Source water should be drawn from areas and depths where ambient contaminants can 
be removed by RO processes.
5) There should be no increase in footprint of existing contaminant fields.

When considering design objectives of desalination facilities, it is important to consider
the carrying capacity of the site and to acknowledge that it is limited.  It is only feasible to build
each desalination plant to a certain production capacity.  In order to determine this value,
sensitivity analyses can be done, and the ability of the environment to accept brine discharge will
determine the economic viability of the project.  Another issue that has arisen is the question of
concentrating contaminants already in the ocean by removing some of the water.  Evaporation
from the sea surface naturally concentrates contaminants in the ocean.  The amount of water
removed by desalination, even given the potential number of large facilities along the California
coast, does not compare to the amount of water lost by evaporation.  Furthermore, some of the
contaminants would be removed along with the desalination intake water and would likely be
disposed of more properly.

Question:  Did you do a graph that shows how dilution plumes change as brine increases?
Answer:  Yes.  This is sensitivity analysis.  I showed an average case solution.  The variability
between the worst case and the average case is not large, and it still produces a benign salinity
effect.  In winter, there is additional water in the system and flow rates are higher – up to 700
mgd.  The positive effect on the dilution field goes down as stormwater infiltration goes up.  In
the dry season, there is a reduction in the brine footprint due to increased dilution.

Question:  Did you look at within-day variation?
Answer:  All analyses were done on 24-hour time steps.  There was not enough time resolution
to look at variation within days.

Question:  All your examples are from co-located facilities.  Do you have any examples from
just desalination plants?
Answer:  No.

Question:  The Sed Export model actually predicts mixing due to wave breaking?
Answer:  It has the full complement of surf-zone dynamics, including bottom profile, long shore
currents, and rip currents.  Diffusivity varies with global water bath.
Question:  Do you have to feed it information on how often waves break?
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Answer:  Time series of data from sea depth data are run on 3.5-hour time steps, and then model
solutions are averaged over the day.

Question:  Have you calibrated and validated the model?
Answer:  Calibration was originally done for the navy program in the 1990s.  They mostly
worked on river discharges.  They used LandSat images of discharge plumes and produced
contours from images of suspended sediments and chlorophyll, and they compared all of this
against model outcomes and had realistic results.  Next, Scripps used dye injection to look at surf
zone components and compare against the model.  The third calibration came out of CDC data at
Huntington Beach, where predictions came before validation.  The last calibration was done in
conjunction with stormwater outfalls at Scripps and compared measured vs. predicted total
suspended solids and got good agreement.  The model and algorithms have undergone
multigenerational development with several layers of calibration and peer review.

Question:  Ocean evaporative losses are different from different climate regions.  Do you have
numbers for other locations?
Answer:  Evaporative losses in southern California are 90 cm/year.  Compare this with the
Texas gulf coast, which is 150 cm/year.  In the Sea of Cortez in Baja, it’s more like 500 cm/year,
and this is similar to the Mediterranean.  It is possible to guess where evaporation rates are high
by ambient surface salinity.

Question:  Regarding the AES plume:  for a 50 mgd plant, there are on average two acres of
ocean floor with increased salinity.  Any suggestions on what to do with that?
Answer:  This is a classic case of interdisciplinary science.  What is the number to be worried
about?  Bioassays and existing literature produced the 40 ppt number, and in this area, biological
sciences are guiding us.  In waters over 40 ppt, not everything will be killed, but hypersaline-
tolerant animals will take over and less tolerant organisms will move away or die.  (Mr.
Voutchkov provided an example from the Carlsbad/Hyperion Bay project.)

Mark Buckley, UC Santa Cruz – Summary Comments
The presentations in this panel overviewed the high variability in technical options for

desalination discharge.  There is also variability associated with environmental impacts and costs
of the different options.  The costs have tradeoffs, and local communities need tools for dealing
with these tradeoffs.  There is a high level of uncertainty associated with some discharge
technologies, and the reversibility of environmental impacts is potentially very costly.  This may
encourage options that are somewhat more adaptable.  Several issues were identified in this
panel that can help frame the desalination debate for communities:  time scale and planning
horizon; impacted species; resources of communities to manage desalination facilities over time;
and incorporating improved and increased knowledge of desalination-related issues.  Applying
these concepts to the project template, we can think of developing market and non-market
estimates for the impacts introduced here.  We can also think about developing ranking criteria
for costs and benefits.

Panel 4.  Energy Implications

Moderator:  Josh Dickinson, WateReuse Foundation
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Dr. Robert Wilkinson, UC Santa Barbara – Fossil Fuel Consumption and Greenhouse Gas and
Other Emissions
The issues surrounding energy use in desalination must be put into context of other types

of water supply and demand.  In California, despite common notions of state and federal projects
comprising most of the water supply, groundwater and local projects constitute the majority of
the state’s water supply.  Thus, it is important to consider desalination as a water supply option
governed at the local level.  According to the California State Water Plan Update 2005, in the
next 25 years, the largest new source of water will be 3 MAFY from urban water use efficiency
and recycling.  Ocean and brackish water desalination is estimated at 0.3-0.5 MAFY by 2030,
which is three times the amount of dam storage capacity.

The state water system relies on a series of pumps to transport and deliver water
throughout the state.  On the west branch of the State Water Project, the cumulative energy
requirement is about 2500 kWh/AF of delivered water.  On the east branch, the energy use is
3200 kWh/AF, and the coastal branch energy requirement is 2800 kWh/AF.  In contrast, water
recycling is about 400 kWh/AF (Inland Empire Utilities Agency is planning to recycle at least
90% of its wastewater in the future; the state average for water recycling is 10%).  Groundwater
pumping averages 1000 kWh/AF, ion exchange is 1050 kWh/AF, and Colorado River raw water
imports require 650 kWh/AF (2000 kWh/AF including treatment).  Reverse osmosis desalination
of brackish water plus pumping of product water requires 1700 kWh/AF (for seawater it is 4435
kWh/AF).  It is necessary to consider the quality of the water in question when comparing
energy requirements of different water supply sources.

It is possible that there are other desalting technologies that would be more feasible than
reverse osmosis.  Each project needs to consider its costs and benefits if another technology is
proposed.  It is also important to think about synergies of desalination with other water supplies.
For example, the parking lot of the new Inland Empire Utilities Agency is composed of
permeable concrete for capturing stormwater.  Stormwater is of higher quality than the
groundwater in the basin, so stormwater recharge actually improves the quality of the
groundwater, which may later go through a desalter.

The other large concern is the energy sources used for developing water supplies.  For the
most part, reverse osmosis is dependent upon the fossil fuel energy mix readily available.  The
alternative for desalination projects is to develop their own energy sources on-site or purchase
directly from renewables.  Statewide, energy consumption is expected to increase into the future,
at a faster rate than previously predicted.  Currently, natural gas is the largest source of energy,
providing 41% of electricity.  The implications for this increased energy use are most serious
when thinking about climate change.  The newest IPCC assessment report will be available in
early 2007.  New findings suggest that the Greenland ice cap is melting differently than
expected; sea levels will rise 4-7 m compared to _-1 m as previously projected; and in general,
climate change is moving faster and with greater magnitude than previously thought.  It is
necessary to look at potential changes in patterns of precipitation, snowmelt, runoff, and
groundwater recharge and ask “what if?”  Many climate change models do not address changes
in patterns of precipitation; they only address changes in magnitude.

The implication for desalination is that this technology is not necessarily more energy
intensive than all other existing water supply options.  Some communities must import their
water at very high cost.  Desalination must be considered in the context of all options.
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Question:  What is the potential for off-peak usage of desalination?
Answer:  We will be focusing on such technological issues in the engineering workshop.  Our
understanding of RO is that it is difficult to ramp up and down without messing up the
membranes.  Perhaps it could cycle on a diurnal basis with pressure recovery.  That would
completely change the economics, and the facility would need storage and the ability to ramp up
and down.

Question:  Regarding the California Water Plan Update assumptions with respect to water
storage:  what are the implications of one-month earlier snowmelt and 5 MAF yield loss?
Answer:  Water storage is useful, but we do not know what will happen with precipitation
patterns.  How much storage capacity would we need?  Snow storage of water is larger than all
the dams put together.  In addition, groundwater management is 2 MAF of potential storage in
Inland Empire alone.  Groundwater storage looks attractive, but how it couples with other
strategies is unknown.  There is a problem with dams.  Surface storage is typically multi-purpose
because of flood control, so water levels must be kept low for this benefit.  But with more runoff,
downstream levies would need to bet set back to accommodate and protect against floods.  Any
new dams should be located in southern California, but we have a lot to learn before building
more dams.  Meanwhile, investment should be in groundwater storage.  It may be possible to
couple this with desalination – both reclaimed water and desalinated water are highly reliable,
and this makes desalination more valuable.  Assigning that value is the job of economists, and
the bottom line is that there is a lot more to learn.

Comment:  Thinking about changes in precipitation is irrelevant for California and the West
unless you invest in storage.  We have plenty of precipitation.  Seventy percent of water is used
between April and September.  Climate change is driven by temperature, and temperature,
runoff, and storage will be the major water-related issues.

Comment:  The need to treat water of various contaminants is leading us to more treatment of
all sources, and this changes the base case for the overall economics of water supplies.

Question:  Is water the biggest energy user or is it air conditioning?
Answer:  Water is still in excess of other energy uses – currently, it accounts for about 19% of
statewide energy demand.  Interbasin transfer systems alone account for 7-8%.  These transfer
systems are essentially backwards dams and include pumps.  In southern California, the largest
energy user is air conditioning.  The second largest is refrigerators, and the third is water
transport.

Comment:  Thinking about recharge, global warming, and El Niño, Lisa Sloan’s studies show a
20% increase in February rainfall, but we will lose recharge because more water will run off, and
there will also be flooding and erosion issues.
Comment:  The more we can develop sponges in urban and agricultural systems to soak up large
precipitation events, the better.  The last IPCC report estimated sea level rise at 1-3 ft by the end
of this century.  The Greenland ice melt modeling had to be revised because the ice is melting
differently and much faster than before.  The new estimate of sea level rise is 4-7 m, and nobody
knows when this might happen, but it is speeding up considerably. This poses a concern for the
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life expectancy of desalination plants – can they last for decades given sea level rise?  We must
ask “What if?”  There are also saltwater intrusion pressures associated with increased sea level.

Nikolay Voutchkov, Poseidon Resources – Energy Use and Alternative Energy Sources
There are two elements to thinking about desalination and energy.  The first is the actual

energy used by desalination, and the second is the options available for dealing with the energy
issues of desalination.  To put energy use in perspective, 20-35% of the cost of desalted water
goes to power.  The absolute value of that number depends on capital, construction, operation,
and maintenance costs.  The cost of electricity also determines the proportional cost of energy.
Energy costs of desalinating water must be compared to treatment of other water sources.
Conventional water treatment is the least expensive kind of treatment (400-700 kWh/AF), but
with additional water quality regulations, that cost will rise.  Water reclamation energy costs
depend on the quality of the source water (average energy use:  700-1200 kWh/AF).  In addition,
much reclaimed water is not treated to drinking-water quality (but is used for irrigation), which
lowers the energy requirement.  If it is treated to drinking water quality, then the costs rise
substantially, including the initial treatment, pumping into an aquifer, and additional treatment
before it enters the distribution system.  Brackish water energy requirements will depend on how
saline the water source is, but brackish desalination is typically a better water source in terms of
energy use (800-2100 kWh/AF).  Seawater desalination energy requirements depend on the
salinity and temperature of the ocean water (3200-4900 kWh/AF).

With respect to a state-wide perspective of energy use, the projected 500 mgd of
desalination in the future would represent less than one percent of the state’s energy use.  This is
compared to the current 20% of the state’s energy used for freshwater – transporting, storing,
treating, distributing.  This detail is important.  Is an increase in energy use of less than one
percent for desalination of concern?  How much time and effort do we put into this aspect of
desalination?  We must also consider how desalination on a per capita basis compares to other
household energy users, such as refrigerators.  Desalination cannot be considered in isolation of
the energy requirements of other water resources.  It is the incremental energy use of desalination
over other waters supplies that is important.

The main energy consumer in desalination is the reverse osmosis process.  Thus, using
source water of lower salinity, such as from bays, reduces the energy necessary to remove the
salts.  Also, warmer water also reduces energy demand by making salt removal more efficient.
Energy requirements for desalination have been decreasing due to improvements in membrane
technology and energy recovery.  Membranes now can produce more water per square foot than
before, and this figure will continue to climb.  Within five years, it will be possible to desalt
water at 2500 kWh/AF (currently average power use of the largest desalination facilities is 4400
kWh/AF).  The theoretical minimum for desalination energy use is 1300 kWh/AF, but this would
never fully be achieved because of inefficiencies in the desalination process.  Membrane element
productivity and loss are the next big areas of research, and this will further promote energy
savings.  There is plenty of opportunity to move in the direction of lower energy requirements.

The main benefit of co-locating with power plants with respect to energy use is the
warmer intake water used for desalination.  Every increase of 10 Celsius degrees translates to an
8% reduction in the energy required for desalting.  This is about the amount of warming
observed for co-located facilities along the California coast.  The second largest benefit is the
energy savings of not having to construct new intake or discharge infrastructure.  Power plants
are often required to generate a minimum amount of electricity at all times (called spinning
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reserve), and normally this energy is not consumed.  Co-located desalination facilities could tap
directly into this energy source, or into the power plant’s emergency generators, and minimize
their connections to the electricity grid.

There are many approaches to promoting energy savings in desalination.  Using brackish
water when available will enhance energy savings.  It is also possible to combine brackish water
or brine with seawater before the desalination process.  This aids in the brine disposal limitation
of most brackish water desalination plants.  The newest energy technologies allow RO facilities
to be designed to use off-peak power, especially during peak summer periods.  Power plants
could give credits to desalination facilities that shut down during certain times of the day (up to
20% savings).  It is also possible to self-generate power on-site through the use of methane or
landfill gas to drive generators or gas engines.  The best energy price for self-generating is $0.04-
0.045/kWh, and the worst case is $0.08/kWh.  These costs are susceptible to gas prices.  There
could be high-efficiency equipment rebates for desalination plants.  Private power companies
could be encouraged to get involved in desalination because they could achieve economies of
scale and certain synergies between energy and water production.  Lastly, it is important to
support and promote research and development efforts because the energy savings will be
significant.

Currently, solar and wind power are used for some desalination facilities.  Worldwide,
the proportion of desalinated water that comes from renewable energy is 0.02%.  The largest
solar-powered facility is 8-9 mgd, and the largest wind-powered facility is 0.66 mgd.  Over 80%
of the solar-powered facilities are in the Middle East, and wind power is also more common in
that region.  The largest solar-powered plants outside the Middle East are in Spain.  When using
solar photovoltaic (PV) panels, the cost is $0.12-0.40/kWh, and the cost of water turns out to be
$2000-3000/AF.  The capital cost of a PV system for a 1000 gal/day desalination facility is
around $50,000, and many PV cells are needed to meet the energy requirements of desalination.
Photovoltaic cells also require a significant amount of land, and the foot print of the solar system
is much larger than that of the actual desalination facility.  This can have environmental
implications for habitat quality.  A one-mgd plant would require 3-5 acres of solar panels, and
the construction costs of the solar facility would be comparable to that of the actual desalination
facility.  There are commercially available solar units for desalination capacities of up to 3000
gal/day.  Solar intensity also makes a difference in the amount of PV cells needed.  For example,
there are a few small desalination facilities in southern inland California where solar intensities
are some of the highest in the nation.

Wind power is a cheaper option for generating electricity than solar power.  Wind power
systems are comprised of constant-speed turbines and a flywheel to smooth out fluctuations in
electricity generation and wind conditions.  In certain situations it is possible to have surplus
energy from wind turbines and sell it back to the grid or store it in batteries for future use
(although batteries are expensive and require frequent replacement).  The most suitable locations
for wind power are along the coastline and inland along canyons and passes.  An ideal wind
speed is at least 18 ft/s.  At this speed, wind energy can be generated at $0.15-0.20/kWh.  The
stronger the winds, the more power can be generated, and the more can be sold back to the grid.
This is the key to making wind energy a cost-effective option.  Currently, there is a lot of wind
power generation in California.  The ideal sites are just offshore in the ocean because of the very
strong winds, but the construction costs are about twice that of terrestrial wind generators.  The
main environmental impacts of wind turbines are that they kill birds and diminish property
values.  Generation of wind power needs to be discussed within each community considering it.
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The largest wind-powered desalination facility is in Grand Canaria, Spain, and has been
operational for ten years.  The total capacity of the plant is 116,200 gpd (130 AFY).  The energy
requirement is 4100 kWh/AF, and two wind turbines of 230 kW each power the facility.

Most of the studies on alternative energy generation for desalination take place in Spain
and Italy.  Research of alternative energy sources is heading in the right direction; however,
fossil fuels continue to be the most competitive energy source at this time.  Solar power is only
suitable for small facilities and is limited by solar intensity.  Wind power is typically less
expensive than solar and can be competitive in areas of high power generation.  Renewables
might be more viable for brackish water desalination, which is less energy intensive.

Question:  Is there any research being done on biofuels?
Answer:  There is some research in Spain and Sicily.  Germany and Italy are leading the way in
this research.  It is better to generate energy from biofuels on a large commercial scale than self-
generating at individual facilities.  It is a better return on investment.  Some places, such as
islands and remote locations, have no choice but to self-generate.  The solar desalination industry
is growing.

Question:  What about putting solar cells on houses to produce desalinated water?
Answer:  Some houses generate their own water through desalination, especially in remote
locations because of the high cost of a water conduit.  This could be more expensive than a solar
panel.
Question:  Could this be a mitigation measure for putting in a large desalination plant?
Answer:  This does not seem feasible because of the amount of energy used compared to other
energy demands.  We should not rush to penalize desalination.  We should ask what other social
activities are important.  Why penalize new water sources?  We should be practical and look at
alternative water supply sources as just that – alternatives and not mutually exclusive options.
We will have a combination of supplies.  These must be taken into context and considered
relative to what we are willing to pay for commodities.

Question:  Is improvement in energy savings in desalination just due to membrane efficiency or
also to energy recovery?
Answer:  Energy recovery produces 5-10% energy savings.  The main change in energy use will
be due to membrane productivity.  The same size membrane could show 30-100% improvement
in the future.  Some membranes are already able to do this, but they are not yet commercially
available.  This is a very dynamic field with a lot of promise.  As membranes become more
productive, capital costs for producing water will decrease as will the footprint of the facility.
There are benefits from all angles.

Question:  Would it be possible to use the waste heat from fuel cells to heat desalination intake
water and make desalination more efficient?
Answer:  Fuel cells are not used much in the desalination industry and are still experimental.
Germany is looking at fuel cells, but they cannot produce energy cheaper than $0.20-0.25/kWh.
The technology is improving quickly, though, and fuel cells will be more viable in the future.

Comment:  Some issues with wind power are bigger turbines and offshore construction.  With
solar power, one idea is to put solar panels on rooftops of houses and buildings rather than on
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land and wildlife habitat.  The more solar panels are used inland the more it makes sense and
reduces the number of PV cells necessary.

Question:  Do PV systems have batteries?
Answer:  Some do.  This partly depends on whether there is a connection to the electrical grid.
The benefit is that energy can be banked during periods of overproduction, but batteries must be
replaced often, they take up a lot of space, and there is a disposal issue.

Dr. Robert Wilkinson, UC Santa Barbara – Summary Comments
It is important to consider what technologies we could couple with desalination for power

generation.  For example, might it make sense to put PV panels on industrial rooftops and then
make a deal with desalination facilities to use the energy?  In such a case, it would be necessary
to scale back water production during peak-use times (afternoons), sell the power, and use off-
peak power for desalination generation.  On the other hand, because wind power costs have
come down considerably, perhaps it would be better to just invest more in wind energy and this
becomes an offset for desalination energy use.  Currently, brackish water desalination and water
reclamation actually save energy in some areas compared to conventional water sources (such as
Inland Empire).  Seawater desalination is on par with energy requirements of some conventional
sources, but this is not a solution to the energy issue.  It is still one of the major issues facing
desalination.  Integrated planning between energy and water production is key, and our tool can
help inform such planning.  The California Energy Commission is trying to incorporate water
into energy planning, and DWR has started thinking about the energy implications of water
management.  Such integrated planning also needs to be incorporated into environmental
restoration and management.

Panel 5:  Environmental Benefits

Moderator:  Dr. Brent Haddad, UC Santa Cruz

Steve Leonard, California American Water (CalAm) – Water Resource Substitution
California American Water’s project is designed to produce a sustainable water supply

that is integrated into the water supply portfolio of the Monterey peninsula.  The Carmel River
has been the primary supply for the last 100 years, providing 75% of the freshwater to the area.
The Seaside Basin provides 25% as groundwater.  In 1995, shallow wells were deemed to be part
of the groundwater stream and thus invalid due to water rights, and the majority of the Carmel
River diversion was ruled illegal.  The service area was forced into water use reductions, and the
Seaside Basin was used to make up the shortfall.  New regulations were instituted on the Carmel
River in Monterey because of the presence of steelhead trout and the red-legged frog, both
endangered species, and this further reduced the available diversions from the river.  The Carmel
River is excellent rearing habitat for steelhead trout, and red-legged frogs utilize sludge ponds.
In 2006, the Seaside Basin was adjudicated and the judge told CalAm to find a new water supply
in the next three years or face reductions in surface water diversions.  One objective of the
proposed project by CalAm is to replace Carmel River supply and reduce the take by 70%.  This
water will stay in the river to address environmental issues and allow for restoration activities by
the Peninsula Water Management District.  The second objective is to replace groundwater loss
in the Seaside Basin and protect it for long-term reliability.



Developing a Tool to Guide State and Local Desalination Planning First Workshop

Evaluating Environmental Impacts of Desalination Santa Cruz, California, 25-26 September, 2006
34

The CalAm desalination project diversifies Monterey’s water portfolio.  Currently,
conservation saves 20% of the water supply, and Monterey was one of the first areas in
California to recycle 100% of its wastewater, and this goes to golf courses and artichoke fields.
It has been decided there will be no more dams in the area, as the costs of mitigation are on par
with building a new desalination facility.  A moratorium on surface water supplies would hurt
the Monterey tourist economy.  CalAm works with endangered species enforcement agencies to
optimize water flows in the river, and it wants to protect the money it has already invested in
keeping water in the river.  The CalAm proposal includes a desalination plant with a capacity of
11,730 AFY (just under 10 mgd) at Moss Landing.  This consists of 10,730 AFY replacement
water from the Carmel River, as required by SRCWB, and 1,000 AFY of Seaside Basin
replacement water.  The facility would be co-located with the Moss Landing power plant; the
intake would come from Elkhorn Slough and the discharge would go through the existing power
plant cooling water outfall.  CalAm recognizes that there might be other ways to take on this
project to replace water from the Carmel River, and they examined several alternatives.  One of
these alternatives is building a small desalination plant with a big pipeline so that others may
build off of the facility in the future.  Another possibility is to have groundwater well alternatives
in Moss Landing and Marina in case something happens to either the desalination facility or the
power plant.  There should be regional alternatives to the CalAm proposal, particularly in light of
the recent focus on integrated regional water management.

The initial findings of the EIR process suggest that the most significant environmental
impacts will be associated with the construction of the pipeline.  The desalination plant will be
consistent with previous land uses.  Since the facility site is a renovated industrial site (ten acres),
there are no wetlands, and the land is mostly granite bedrock.  Also, no additional water will be
removed from Moss Landing Harbor, and the brine discharge will only be slightly more saline
than ambient seawater since the intake water from the Slough will be less saline than seawater.
Because this is a replacement water source, there are no growth-inducing impacts.  CalAm feels
it can reduce the environmental impacts of the facility and of the pipeline to the peninsula.  The
big environmental benefit is that there will be 10,000 AFY left in the Carmel River.

At the time of this workshop, the draft EIR was being handled by the CPUC, and they
expected a public draft EIR by August, 2007.  The proposed 60 gpm pilot plant is being
considered by the CCC, and the objective is to test water in the power plant.  The primary
opposition to the project comes from people concerned about the continued operation of the
power plant and the use of OTC water.  There are also concerns about costs of desalination and
possible water rate increases, but it is not possible to attack this project because of growth-
inducing effects.  The region’s cities are unhappy that the proposal is a water replacement project
and not water augmentation.  Some of the examined alternatives would allow additional water
supplies if they could pass the planning process.  There are several efforts to develop a regional
water management approach, but CalAm is not spearheading this effort because they do not
serve all affected areas.  CalAm has received support from NOAA Fisheries and has committed
$1 million/year for mitigation while the project is in development, but NOAA is not currently
happy with the progress on the project.  CalAm has also received support from the Steelhead
Association and other stakeholders with interests in restoring the river.

Kevin Urquardt, Monterey Peninsula Management District – Responding to CalAm
 The CalAm project is about developing environmental alternatives and substituting

environmental impacts.  This project is not developing new water sources but is replacing
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Carmel River diversions deemed illegal and restoring flows to the river.  Is the coastal water
project an overall net benefit?  The public must decide and understand the tradeoffs, and this
level of public involvement has not been seen before.  While diversions were occurring, the
Carmel River dried up for 7-9 miles for nine months out of dry years.  Before diversions began,
only two miles would go dry once a decade, on average.  In terms of replacing this water, the
easy opportunities have already been achieved.  Conservation is significant (1/4
AFY/household), and wastewater recycling is very high and can only be expanded a little more.
There may be some opportunity through aquifer storage and recovery, but this will not make up
the 10,000 AFY deficit from the river.  Thus, desalination is the only viable option with
sufficient capacity for the region’s needs.

When talking about this project to stakeholders, the discussions are in qualitative terms,
and it is important not to diminish stakeholders’ concerns.  Conversations must focus on trading
impacts from one water resource to another.  For example, ocean desalination may have
entrainment and impingement impacts, but the species affected are not listed, in comparison with
Carmel River species.  Quantitative costs can also be considered and used in a monetary cost-
benefit analysis.  With the use of Carmel River water, it is necessary to operate fish rearing
facilities and fish rescue operations, and these cost money.  Such mitigation costs will not exist
under a desalination option, and these avoided costs need to be factored against the cost of
desalination.  Thus, the environmental planning process needs to be weighed on two sides.  If
Carmel River water is used, there are environmental costs, and ratepayers pay part of the
mitigation costs.  If the environmental problem is solved on the Carmel River, these costs no
longer apply, but there may be costs associated with desalination.  Some mitigation costs of
streamwater diversions and desalination are not internalized and make different water options
look “cheaper” than others.  Qualitative costs, such as species extinction risks, are harder to
quantify, whether they are associated with desalination or the Carmel River.

Question:  With regards to operational insecurity and this desalination facility being dependent
upon power plant operation – what happens when the power plant turns off?
Answer:  This will not be the only water supply.  We still have the Carmel River and
groundwater storage – a balanced portfolio.  The question is what happens if OTC is taken out of
the picture.  In theory, the desalination plant could be operated without the power plant online,
but the economics get more difficult.  If pumps had to be run for dilution purposes, it would add
to the cost of desalination.  In addition, separate NPDES permits would probably be needed for
that operating scenario.

Toby Goddard, City of Santa Cruz Water Department – Water Supply Reliability
Mr. Goddard spoke about desalination in the context of local water planning in a

community along the California coast.  Santa Cruz has a Proposition 50 grant for a pilot
desalination plant to be constructed in conjunction with the University of California/Long
Marine Lab.  This project was to go before the CCC in October, 2006.  The service area of the
Santa Cruz Water Department has a well-defined boundary but is subject to conflict between
Santa Cruz and the University.  The water department services about 90,000 people and has one
of the lowest residential per capita water uses in the state.  Even though there has been
substantial population growth in the service region, there has been minimal change in water
demand.  The water portfolio is not diversified:  most of the supply comes from surface water
(95%), with the rest coming from groundwater.  The two main surface sources are the Loch
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Lomond reservoir (8000 AF) and the San Lorenzo River.  Seventy-five percent of the surface
water sources are flowing.  The Loch Lomond reservoir contains two years of stored water, and
on average 20% is used in any given year.  Groundwater wells help to meet summer and drought
demand.  No water is purchased or imported from other regions.  The system is completely
dependent on rainfall and is thus vulnerable to variability in streamflow.  The unusually wet
years in the last decade have given the public a false sense of actual water availability.

The concept of water reliability became fashionable in the 1990s, although it was not
addressed in the water code and in urban water plans until 2000.  The water code mandates that
agencies perform supply/demand comparisons for single and multiple dry years, and agencies
must repeat these analyses every five years.  The current level of reliability for Santa Cruz is
poor; in the most severe drought, about half of the average water demand would be met, and
there would likely be a seven-month period of water restrictions through the dry season.  There
are social impacts of a reduced water supply, such as reduced public health and safety, economic
harm, and employment loss.  In 1999, a water treatment facility’s operations were interrupted
and the city lived on stored water for three days.  Advertising in local media helped to bring
about awareness of conservation.

The city’s Integrated Water Plan discusses the tradeoff between water curtailment
requirements and creating a new water supply.  The development of the Plan included public
input and discussion to consider these tradeoffs and to evaluate how the various options stood up
to several criteria.  The most feasible new sources of water were deemed to be reclamation,
desalination, and groundwater.  Additional surface water storage is not feasible.  In the end, no
one option came out clearly on top of the others.  However, desalination was the most feasible
option (water reclamation was deemed not feasible because of opposition from California State
Parks).  In addition, the Plan proposed to fully implement a water conservation plan, which
includes not meeting 100% of water demand in all years.  A 15% water curtailment was
proposed (residential and irrigation cut back 25%, businesses and industry cut back less than
15%).  This was the best tradeoff of water curtailments and developing new supplies.

The desalination project could take one of two forms:  it could be a stand-alone insurance
project to operate only during drought periods, or it could pair up with Soquel Creek Water
District and become part of a regional plan for supplying water, operating on a year-round basis.
The initial capacity would be 2.5 mgd, expandable to 4.5 mgd.  The project proposes to use an
abandoned outfall as the seawater intake, and the brine concentrate would be discharged through
an existing wastewater outfall (with a current capacity of 10 mgd).  The water department
identified three possible locations for the plant from which it could be connected to the water
distribution system.

This kind of project is a big deal in a small community.  However, the concerns are not
about growth inducement because there is not currently a water obstacle to growth.  Desalination
is flexible and can respond to the needs of population growth.  The environmental benefits of the
project include avoiding individual desalination projects and additional construction by sharing
with Soquel; sharing infrastructure with other facilities (intake and discharge); alleviating
groundwater basin conditions relating to saltwater intrusion; avoiding drought impacts on
landscape and the built environment; reducing diversions from surface waters; energy savings;
and an extended water supply.

Question:  Is there any discussion about restored flows in any surface water supplies for
fisheries?
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Answer:  No, but we have the same endangered species as Monterey, and these rules may affect
the ability to divert in the future.  There is no planned water substitution in the proposed
desalination facility – its role is drought insurance.

Comment:  We will learn as we go forward.  Operationally, Santa Cruz is very stingy with
stored water.  With an instantaneous capacity like desalination, we will be able to use stored
water more frequently.  The operational regime might change knowing this capacity is available.

Question:  Are there no high-value water recycling projects other than agricultural recycling,
such as small projects to change baseload?
Answer:  There is not enough high-value landscape irrigation to make a water recycling project
worthwhile, and no projects to couple with landscape irrigation.  It might be possible to do small-
scale projects, but this would not change the magnitude of the shortfall.

Question:  There is no existing facility for the intake that would supply the desalination plant.
How do you model that?
Answer:  The old outfall would need to be modified to become a new intake.  We will need
information on impingement and entrainment – currently there is no site-specific information.
There are different information needs from a small community and a major desalination/power
plant, and it must be determined what level of information is needed for each stakeholder.

Dr. Jeff Loux, UC Davis – Water Resource Augmentation
Augmenting water supply because of population growth is not a technical question – it is

a policy question.  The bottom line is that transparent stakeholder processes make growth
questions easier to deal with; in the absence of transparency, there is bound to be trouble.  The
projected range of water to be produced by desalination in the future (200-500 KAFY) is not a
major source of water for the state.  Environmental groups and inland communities are more
concerned about growth than about costs of water sources.  All water options have error bars
with respect to capacity of production.  For example, the feasibility of a desalination plant
depends on the size of the facility, the location, entrainment and impingement impacts, etc.  The
challenges to desalination along the California coast come from the affluent, educated,
organized, well-informed public with a long history of debate about growth.  Desalination then
becomes a land use planning issue.

For water augmentation projects, desalination is growth-inducing, and communities need
to face that fact head-on.  Planning and decision-making support tools could be helpful for
communities.  A desalination project needs to be nested in various community plans at all scales
(integrated regional water management plans, urban water management plans, county plans,
specific project plans) and should pose no surprise to the public.  It must be demonstrated that all
other water supply and conservation options have been considered and utilized to the maximum
feasible extent.  Even though coastal communities have essentially maximized water
conservation, it is difficult to prove this.  Therefore, it is important to do excellent, accurate, and
transparent analyses of water supply and demand.  Use accurate numbers for water supply and
demand (the public knows how to pick apart water demand calculations), and acknowledge
realistic land use constraints.  It might be useful to think of water supply options in the context of
a land-use truce with communities.  For example, on the Central Coast, there is an understanding
amongst stakeholders about growth, and most communities have come to terms with realistic
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expectations of change.  However, in the Central Valley, no such agreements exist, and there is a
much larger conflict.  It is difficult to talk about water projects there because it is really a
discussion about land use and population growth.  Water becomes a surrogate for these other
issues.  Education is necessary in all situations in order to reach consensus.  It is also
advantageous to link a desalination project with an environmental benefit (such as leaving water
in the Carmel River).

The lesson here is to tackle growth issues head-on.  Work with land-use planners.
Careful studies of location, size, operation and impacts of desalination projects in a transparent
manner will further dialogue and acceptance.

Question:  Could you add a third dimension of cost to the chart?
Answer:  Yes, a third dimension of cost could be added.

Question:  The values on the graph reflect not wasting energy, energy efficiency, and emissions.
Will new values become part of the equation?
Answer:  Yes, but some values just are not on the table yet.  We are looking at every process
cradle-to-cradle.

Comment:  Smart growth is higher density and saves water per capita if done well.  In many
cases, the environmental community is less enthusiastic about water conservation because the
water is just given to some other user in a new development.  The issue is how to link water
conservation to actual environmental benefit in rivers.

Comment:  Some areas have zero water use development policies, which means new
development must save as much water as it uses.  There is an economic incentive to put in water-
saving devices.

Dr. Brent Haddad, UC Santa Cruz – Summary comments
The notion of benefits tradeoffs is important.  There are environmental impacts of current

water sources, so it is necessary to compare these to impacts under a desalination scenario.  For
example, in Santa Cruz, there will be more water in the San Lorenzo River with a desalination
plant – how much is that worth to people?

What do you think are the take home messages of the last two days in terms of

environmental impacts of desalination, and how should those be considered within the

public policy process?

1.  The challenge of the cost-benefit tool is that it is hard to generalize the impacts of
desalination because of site-specific factors.
2.  What is the notion of a proper baseline?  If desalination does not go forward, is there a
moratorium on growth, or does growth continue?  It is necessary to nail down a baseline before
an analysis proceeds too far.

Response:  Our idea is that the baseline is part of the negotiation and public policy
process because different people will have different ideas about what it is.
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3.  No water project in California is impact-free.  Everything we do has degrees and perceptions
of impacts.  Comparing these impacts across technical, social, political, economic, and legal
factors is needed.
4.  CEQA only compels the minimum to make sound public policy decisions.
5.  Many known environmental impacts of water resources are from terrestrial species or aquatic
species that swim up rivers.  Impacts on marine organisms (that would result from desalination)
are not well understood.
6.  The intake issue has gotten wrapped up in two problems:  (1) being connected to a power
plant, which is controversial, and (2) ignorance about engineering structures to minimize
environmental impacts.  Beach wells are more difficult than envisioned, and engineering open
ocean intakes will probably be easier.  We need more science and research around intakes.
7.  It is important to communicate openly and frequently and to include opponents early in the
process of developing a desalination project.
8.  We must assess the reliability of the water resources we already have and compare this with
desalination.  Many coastal wells are at risk of clogging.  Surface water supplies have siltation
risks in reservoirs and regulatory risks.
9.  This workshop creates an expectation that the framework will solve issues around
desalination.  It may be useful to have a smaller workshop during the development of the
template to review and further refine it.

Closing/Next Steps:

• The second workshop will focus on policy and finance and will be held on November 9,
2006, in Sacramento

• The third workshop will focus on engineering and technology and will take place in Santa
Barbara in winter of 2007

• The draft template will be circulated to this group for review
• After the template is in a more final form, it will be used in case studies with Long Beach

and Inland Empire Utilities Agency.
• After the case studies, documentation will be added to the template as guidance on how

to use it
• While our original notion was a dialogue at a small regional level, there is an opportunity

for this template to provide the kind of information that state planners can use.  How can
we use the template in that way as well?

Comments and Questions not related to one of the presentations:

Important point:  Workshop participants were unfamiliar with economic valuation methods of
non-market costs and benefits.

Comment:  Security aspects are important – not just terrorism, but also seismic events and other
natural disasters.  Terrorism can take out facilities, infrastructure, power plants, wastewater
plants, etc.  It can take away both water sources and economic sources.  Every water option has
risks.  This is an issue of emergency planning, and the template may benefit risk analysis.  Also,
co-locating may be bad from a security standpoint because it creates a bigger target.
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Comment:  Lowered salt content of water will have economic benefits, and this water should be
used on more cash crops.  Recycled water only has to be desalted once, and money can be saved
in the recycling.

Questions/comments about the tool itself:

Question:  How will the framework be able to compare different water options – apples and
oranges?

Question:  The impacts of benefits and costs will vary with the size of the plant.  Can the
tool/template capture the challenge of scale economies?
Answer:  The tool will not force feed into a certain size of plant, and the users of the tool will
still have to do all their homework for their particular project and lay out the environmental
issues.

Question:  How do you envision the actual product?
Answer:  The tool is for proponents of desalination to make their own decisions about important
elements.  It is not a linear checklist, but it will provide means of evaluation and present
tradeoffs to think about.

Comment:  Notions of time for the template:  present values, future values, economic changes,
global warming, water rate/use increases, interest rates.

Question:  What are you looking for from those with specific scientific knowledge on these
issues in relation to the template?  Is the template a broad framework that can be applied to each
case?  For example, growth is very specific.
Answer:  The template is an organizational tool.  It is not just a numbers exercise – it also deals
with philosophical issues.

Question:  Will the template include suggestions for possible ways or approaches to weigh
factors?
Answer:  Yes.  One of the trickiest parts of the template is bringing in other perspectives.  How
are you going to prioritize?  Helping the poorest?  Equitable distribution of benefits?
Maximizing economic development to the region?  Another issue is how to measure growth.  It
can be measured by the number of people coming into an area, and the assumption of where
growth occurs affects the broader issue of energy use.

Question:  Will the framework provide suggestions on fundamental issues like baseline?

Comment:  The decision of how to dispose of concentrate could be the driver of a desalination
project, and the framework needs to include this weighting.

Question:  How does the template define benefits from local to region to state?  How will a local
facility benefit or harm the state?
Answer:  As economists, we are viewing the world of values through stakeholders; and if
stakeholders do not value something, we have trouble as economists placing a value on
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something (e.g., local needs may differ from state needs).  There may be a tension in how the
framework is applied in any given context.  The baseline is difficult to define without all the
stakeholders at the table, because each stakeholder has its own definition of baseline.  How will
the framework aid basic democratic decision-making processes?  This is the challenge of all
regulatory processes.  We are currently thinking about the interaction between water agencies
and their publics.  We hope the template creates opportunity for regions, states, and federal
entities to see how activity here affects the larger goal.

Appendix A:  Glossary of Abbreviations Used in Text

AF:  acre-feet
AFY:  acre-feet per year
CCC:  California Coastal Commission
DWR:  California Department of Water Resources
ft:  feet
ft/s:  feet per second
gal:  gallon
gpd:  gallons per day
IPCC:  Intergovernmental Panel on Climate Change
KAF(Y):  thousand acre-feet (per year)
kWh:  kilowatt-hour
m:  meter
mgd:  million gallons/day
NOAA:  National Ocean and Atmospheric Administration
OTC:  once-through cooling
ppm:  parts per million
ppt:  parts per trillion
RO:  reverse osmosis

Appendix B

Developing a Tool to Guide State and Local Desalination Planning

Desalination of seawater and brackish water has been identified in recent decades as a
means of increasing access to high-quality freshwater and coping with environmental variability.
California, with its extensive coastline and growing demand for freshwater, has been a leader in
advancing desalination technology within the United States, pioneering desalination-friendly
water policies and institutions, and developing tools for public communication and outreach.
California is in a unique situation with respect to water compared to most states, both because of
its seasonal precipitation patterns and because of the spatial separation of precipitation inputs and
urban and agricultural water demand.  While a combination of local water supplies and water
transports has been sufficient to meet demand in California, uncertainty around future droughts
and growth in demand necessitates a reconsideration of current freshwater supplies.  Increasing
concern about ecological uses of water has also placed constraints on water supply.  All of these
current challenges indicate that it is important for communities to plan and provide for their own
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water needs, to the extent practicable.  The treatment and use of impaired waters, including
saline waters, will undoubtedly play an important role in future water supplies.

One example of recent policy activity relating to desalination in California occurred with
voter approval of Proposition 50 in 2002, which authorized the sale of $3.44 billion in general
obligation bonds for a variety of water projects within the state.  Within the proposition, $100
million was promised as grants for research into desalination and drinking water disinfection.
The first round of grants was awarded in 2005, and the research described here is part of this first
round.  In this project, we aim to identify and measure the type and magnitude of all relevant
benefits and costs associated with desalination, using perspectives that range from state-wide (to
better capture the full range of potential societal returns and costs from desalination investments)
to local (to capture environmental- and environmental justice-related impacts).  We will place
desalination in a comparative context, evaluating it in terms of both a default scenario of no new
water supplies as well as other alternatives specific to given regions.  Our project includes many
partners throughout the state:  public regulatory agencies, public and private water agencies, non-
profit and private organizations, and academic researchers.

Water managers and policymakers recognize that the utilization of desalination
technology has both benefits and disadvantages.  Obvious benefits center around improving
water supply reliability and quality to local populations, particularly during droughts.  Other, less
obvious benefits focus on the protection of aquatic ecosystems as a result of reduced surface
water use.  Disadvantages to widespread implementation of desalination primarily fall into three
categories:  environmental impacts, energy requirements, and costs.  Creating a comprehensive
balance sheet of costs and benefits of desalination projects, including those that are not easily
monetized (primarily social and environmental), can help clarify for a given community the role
desalinated water might play.  Water agencies, regulators, customers, and other interested parties
could benefit from a planning tool that can help them organize and conduct a comprehensive
assessment of these issues.  In other words, a framework is needed that provides a
comprehensive, full social cost accounting-based assessment of the benefits and costs of

desalination relative to alternative water supply options. No such framework currently exists.
This is what our project will accomplish.

To do so, we are developing an innovative analytical tool for conducting a full social cost
accounting-based assessment of the benefits and costs of proposed desalination projects in
California.  Benefit-cost analysis is a technique that enables program evaluators to undertake
structured comparative analyses of alternative approaches to achieving the same outcome.  The
tool proposed here will take the form of a series of templates that systematically lists options
(including a “no project” base case) and their implications, with clear explanations as to how to
apply the templates to specific projects.  We will provide guidance on how the templates could
be used in a larger public policy process that is considering alternative water supply options.  We
also propose to develop case study illustrations of the benefit-cost framework to (1) help refine
and guide the tool’s development, (2) demonstrate how the tool can be used to estimate and
portray environmental and other costs and benefits of desalination (and other source water
alternatives) in an objective and comprehensive manner, and (3) reveal how the benefits of
specific desalination projects compare to their costs.  We will disseminate this analytical tool and
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guidance materials to California water agencies and to stakeholders from multiple perspectives
and interests.

Appendix C

Evaluating Environmental Impacts of Desalination in California Workshop Agenda

September 25, 2006
9 – 10 Registration, coffee, continental breakfast

10 –10:30 Welcome and introductions, goals and format of workshop, description of the project
Brent Haddad, Urban and Regional Water Research, UC Santa Cruz

10:30 – 11:15  Introduction to the benefit-cost template, Robert Raucher, Stratus Consulting
Environmental issues and implications, Elizabeth Strange, Stratus Consulting
Role of our template in desalination planning and evaluation, Ed Means, Malcolm 
Pirnie

11:15 – 11:45 Overview of environmental findings of State Desalination Task Force, Fawzi Karajeh,
Department of Water Resources

11:45 – 1 Panel Session 1: Regulatory Issues, Environmental Justice, and Co-location
Moderator: Steve Kasower, Urban and Regional Water Research, UC Santa Cruz
Environmental justice, Jonas Minton, The Planning & Conservation League
Regulatory issues, Charles Lester, Coastal Commission
Co-location, Bob Yamada, San Diego Water Authority
Summary: Robert Raucher

1 – 2 Poolside lunch

2 – 4 Panel Session 2: Intake
Moderator: Elizabeth Strange, Stratus Consulting
Impingement and entrainment, Daniel Pondella, Occidental College
Source water quality, Bob Castle, Marin Municipal Water District
Intake technologies, Jon Loveland, Malcolm Pirnie
Intake alternatives, Eric Leung, Long Beach Water Department
Summary: Elizabeth Strange

4 – 6 Relaxation options: nature hike in Henry Cowell Redwoods State Park or short walk 
under redwoods then a beach cliff walk along a path, ending up at Brent Haddad's
home. (See separate description and directions.)

6 – 8 Catered dinner at the home of Brent Haddad, 263 Chico Avenue, Santa Cruz.

September 26, 2006
8 – 9 Country Breakfast buffet

9 – 11 Panel Session 3: Discharge
Moderator: Jeff Mosher, National Water Research Institute
Brine concentrate and concentrate management
Inland brine disposal, Rich Atwater, Inland Empire Utilities Agency
Chemical and thermal qualities of discharge
Dispersion and dilution, Scott Jenkins, Scripps Institute



Developing a Tool to Guide State and Local Desalination Planning First Workshop

Evaluating Environmental Impacts of Desalination Santa Cruz, California, 25-26 September, 2006
44

Discharge technologies, Nikolay Voutchkov, Poseidon
Summary: Mark Buckley

11:15 – 1 Panel Session 4: Energy Implications
Moderator: Shahid Chaudry, California Energy Commission
Fossil fuel consumption, greenhouse gas and other emissions, Robert Wilkinson,

Bren School of Environmental Policy, UC Santa Barbara
Alternative energy, Nikolay Voutchkov, Poseidon
Summary: Robert Wilkinson

1 – 2 Poolside lunch

2 – 3:30 Panel Session 5: Environmental Benefits
Moderator: Brent Haddad
Water resource substitution, Steven Leonard, California American Water
Water resource augmentation, Jeff Loux, UC Davis
Water supply reliability, Toby Goddard, City of Santa Cruz

3:30 – 4 Closing comments, workshop follow-up, Brent Haddad

Appendix D:  Workshop Participant Information

Linette Almond
Deputy Water Director / Engineering Manager
City of Santa Cruz Water Department
831-420-5200
lalmond@ci.santa-cruz.ca.us

Kevan Urquhart
Senior Fisheries Biologist
Monterey County Water Management District
kevan@mpwmd.dst.ca.us

Rich Atwater
Chief Executive Officer and General Manager
Inland Empire Utilities Agency
909-993-1741
atwater@ieua.org

Mark Beuhler
Assistant General Manager
Coachella Valley Water District
760-398-2651
mbeuhler@cvwd.org

Bob Castle, P.E.
Water Quality Manager
Marin Municipal Water District
415-945-1556
bcastle@marinwater.org

Shahid Chaudhry
Water Energy Program Manager, Process Energy Group
California Energy Commission
916-654-4858
schaudhr@energy.state.ca.us
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Bryant Chesney
Fisheries Biologist
National Marine Fisheries Service
bryant.chesney@noaa.gov

Brad Damitz
Environmental Policy Specialist
Monterey National Marine Sanctuary
415-259-5766
brad.damitz@noaa.gov

Bruce Daniels
Director
Soquel Creek Water District
831-475-8500
bruce.daniels@alum.mit.edu

Joshua M. Dickinson, P.E.
Program Manager
WateReuse Foundation
703-684-2481
jdickinson@watereuse.org

Melinda Dorin
Energy Systems Integration and Environmental Research
California Energy Commission
916-654-4024
mdorin@energy.state.ca.us

Neal Fishman
Deputy Executive Officer
California State Coastal Conservancy
510-286-4175
nfishman@scc.ca.gov

Connor Everts
Southern California Watershed Alliance

Kevin Thomas
Environment Services Manager
RBF Consulting
951-676-8042
kthomas@rbf.com

Joe Geever
Southern California Regional Manager
Surfrider Foundation
310-410-2890
jgeever@surfrider.org

Toby Goddard
Water Conservation Director
City of Santa Cruz Water Department
831-420-5232
tgoddard@ci.santa-cruz.ca.us

Scott Jenkins, Ph.D.
Professor of Physical Oceanography
Scripps Institute of Oceanography
858-822-4075
sjenkins@ucsd.edu

Fawzi Karajeh, Ph.D.
Chief, Water Recycling and Desalination Water Use
Efficiency and Transfers
California Department of Water Resources
916-651-9669
fkarajeh@water.ca.gov
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Bill Kocher
Director
City of Santa Cruz Water Department
831-420-5200
bkocher@ci.santa-cruz.ca.us

Adam Laputz
Division of Water Quality,
State Water Resources Control Board
916-341-7338
alaputz@waterboards.ca.gov

Steven Leonard
Vice President and Manager, Monterey Coastal Division
California American Water
831-646-3201
LeonardSD@amwater.com

Charles Lester
Deputy Director
California Coastal Commission
clester@coastal.ca.gov

Jeff  Loux, Ph.D.
Director, Land Use and Natural Resources Program
University of California, Davis Extension
530-757-8577
jdloux@ucdavis.edu

Jon Loveland
Malcolm Pirnie
jloveland@pirnie.com

Dave Mayer
President
Tenera Environmental
925.962.9769
dmayer@tenera.com, docfish@ix.netcom.com

Edward G. Means
Senior Vice President
Malcolm Pirnie, Inc.
949-723-8835
emeans@pirnie.com

Jonas Minton
Senior Project Manager
The Plannning and Conservation League
916-313-4516
jminton@pcl.org

Jeffrey J. Mosher
Acting Executive Director
National Water Research Institute
714-378-3278
jmosher@nwri-usa.org

Peter MacLaggan
Senior Vice President
Poseidon Resources
619-595-7802
pmaclaggan@poseidon1.com

Daniel Pondella
Director, Vantuna Research Group
Moore Lab. of Zoology, Occidental College
323-259-2955
pondella@oxy.edu
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Robert Raucher, Ph.D.
Executive Vice President
Stratus Consulting
303-381-8000
braucher@stratusconsulting.com

Michael McCann
California Regional Water Quality Control Board, San
Diego Region
858-467-2988
mmccann@waterboards.ca.gov

Steve Saiz
Environmental Scientist
Ocean Unit, Division of Water Quality, SWRCB
916-341-5582
ssaiz@waterboards.ca.gov

Fred Seamon
President
Oases International
831-464-3397
fwseamon@oases.ws

Elizabeth Strange, Ph.D.
Managing Scientist
Stratus Consulting
303-381-8000
estrange@stratusconsulting.com

Peter von Langen
Environmental Scientist
California Regional Water Quality Control Board, Central
Coast Region
805-549-3688
pvonlangen@waterboards.ca.gov

Eric Leung
Long Beach Water Department
562-570-2300
Eric_Leung@lbwater.org

Robert Wilkinson, Ph.D.
Director, Water Policy Program
University of California Santa Barbara
805-569-2590
wilkinson@es.ucsb.edu

Robert R. Yamada
Seawater Desalination Program Manager
San Diego County Water Authority
858-522-6600
ryamada@sdcwa.org

Nancy Yoshikawa
CWA Standards and Permits Office (WTR-5)
U.S. Environmental Protection Agency, Region 9
415-972-3480
yoshikawa.nancy@epa.gov

Nikolay Voutchkov
Senior Vice President Technical Services
Poseidon Resources
203-253-1312
nvoutchkov@poseidon1.com

Mark Buckley
UCSC Grad student
Urban and Regional Water Research
mbuckley@ucsc.edu
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Holly Alpert
PhD Candidate
Urban and Regional Water Research
831-334-0873
halpert@ucsc.edu

Catherine Borrowman
Administrator
Urban and Regional Water Research
831-459-3288
cborrow@ucsc.edu

Brent Haddad, Ph.D.
Principal Investigator
Urban and Regional Water Research
831-459-4149
bhaddad@ucsc.edu

Steven Kasower
Senior Research Economist
Urban and Regional Water Research
916-442-1477
skasower@att.net

W. Michael Hanemann, Ph.D.
Chancellor's Professor
University of California, Berkeley
510-643-5133
hanemann@are.berkeley.edu


