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Desal in the Desert: A Conversation With El Paso Water’s
John Balliew About the World’s Largest Inland Desalination Plant

The Desal Issue
By Kris Polly

M

ore and more, water agencies in the United
States and abroad are considering adding
desalinated water as part of their water
portfolios. At this moment in time, the development of
the technology, financing, and public support necessary
to support the creation of desalinated water supplies has
progressed into a viable option for a number of municipal
water agencies across the country. In this issue of Municipal
Water Leader magazine, we look at how water managers
have incorporated desalinated seawater and brackish
groundwater water supplies in the United States and Israel.
In our cover interview, we talk with El Paso Water’s
John Balliew, who oversees the world’s largest brackish
desalination plant. With freshwater supplies limited
to the Rio Grande and some groundwater, the city has
successfully invested and developed an abundance of
brackish groundwater. Most importantly, for El Paso, the
incorporation of desalinated brackish groundwater makes
fiscal sense. Mr. Balliew states, “If viewed from a triplebottom-line approach, the cost of the desalination plant is
very similar to that of a surface water treatment plant.”
We also look at the process of incorporating of
desalinated water supplies into municipal portfolios and
the science underlying it. Joshua Haggmark discusses his
city’s efforts to restart its seawater desalination facility this
year. Santa Barbara has not benefited from the abundant
rain to the same extent as other cities in California have
this year. The restart of its desal facility, which was borne
in the drought of the late 1980s, is significant in that it
addresses a current need for increased supplies in a city

still reeling from drought and could pave the way for
a more reliable supply over the long term. In addition,
two veterans of Texas desalination, Jorge Arroyo and
Ray Longoria, weigh in on the seawater and brackish
groundwater opportunities in the state. We also learn
about the latest science on the quantification of brackish
groundwater from U.S. Geological Society’s Jennifer
Stanton and National Ground Water Association Director
of Science and Technology Dr. Bill Alley.
Israel has been at the forefront of the development of
desalination technology and adoption. We talk to Professor
Sharon Megdal, director of the Water Resources Research
Center at the University of Arizona, about Israel’s rapid
path to a desalination-centric water portfolio. Photos of
desalination plants from her many trips to Israel comprise
the visuals for our stories on Israel. Professor Megdal also
connected us to Abraham Tenne, the former director of the
desalination division of the Israeli Water Authority. Mr.
Tenne provides some background on why desalination has
been such a success in the country.
We hope this issue of Municipal Water Leader helps to
round out your understanding of the role desalination can
play in municipal water supplies.
Kris Polly is editor-in-chief of Municipal Water Leader
and Irrigation Leader magazines. He is also president of
Water Strategies LLC, a government relations, marketing, and
publishing company he began in February 2009 for the purpose
of representing and guiding water, power, and agricultural
entities in their dealings with Congress, the Bureau of
Reclamation, and other federal government agencies. He may be
contacted at Kris.Polly@waterstrategies.com.
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Desal in the Desert:

T

A Conversation With El Paso Water’s
John Balliew About the World’s Largest
Inland Desalination Plant

he growth of many desert communities in the West
has caused a corresponding increase in demand for
water, forcing many cities to turn to unconventional
sources. El Paso, Texas, is meeting its growing demand in part
by treating brackish groundwater, and it has been successful in
developing an alternative water supply that is less vulnerable
to drought conditions. In fact, El Paso’s Kay Bailey Hutchison
Desalination Plant is the largest inland desalination plant in
the world, helping to produce up to an extra 27 million gallons
of water per day for the city.
However, brackish desalination also poses some unique
challenges, and John Balliew, president and chief executive
officer of El Paso Water (EPWater), is leading the utility in
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meeting them. Mr. Balliew spoke with Municipal Water
Leader’s editor-in-chief, Kris Polly, about what led EPWater
to pursue brackish desalination, how desalination has helped
bolster the city’s water portfolio, and how the city is turning its
challenges into opportunities.
Kris Polly: Please describe your service area and the
infrastructure that serves it.
John Balliew: We are a regional water provider that
supplies water for the city of El Paso and most of the
county. We estimate that our service area population will
increase by 40 percent by the year 2040. We are an urban

Municipal Water Leader

water facility supplying the city of El Paso itself, as well as
a variety of other customers outside the city. Early Spanish
settlers relied on river water, but that reliance shifted in the
early 1900s when El Paso began to rely entirely on wells
drilled to capture freshwater from our aquifers. But the
drilling overtaxed our aquifers, which called for a shift in
strategy. In the 1940s, as part of the Rio Grande Project,
we began using river water to supplement our groundwater
supply. We also introduced water reclamation in the 1960s
and groundwater replenishment in the 1980s, and, just a
decade ago, we introduced the desalination plant.
Kris Polly: What are some of the critical water supply
and delivery challenges facing EPWater?
John Balliew: There are two principal challenges.
First, we have evolved into a system that produces half
its water from the Rio Grande in a normal year. That is
beneficial because the river is a renewable supply, but it
is also vulnerable to drought, so we need some flexibility
to deal with those situations. The other challenge is that
our primary aquifer has been drawn down substantially
because the city has been using it since 1916. We also do
not receive much groundwater recharge from rain due to
our desert climate.
Kris Polly: Did those two factors drive the city to adopt
brackish desalination as part of its water supply portfolio?
John Balliew: It was a combination of factors. We knew
that there was brackish groundwater here. Some wells that
we drilled back in the 1980s became brackish within a year
or two after we started pumping from them. This showed
us that brackish water was moving into the area.

Orlando Argumedo checking total daily solids at the sampling
station. Photo courtesy of El Paso Water.

Kris Polly: What was the most significant challenge
in incorporating desalinated water into EPWater’s water
supply portfolio?
John Balliew: The biggest challenge has been the
disposal of the brine. We did some pilot testing of
how the membranes would work with our particular
groundwater conditions. Although the pilot testing was
promising, we needed to address the brine disposal issue.
We cannot discharge it back into the river because there
are downstream agricultural users who would be negatively
affected. So we have to use either evaporation or deep-well
injection, which is much more cost effective for us given
the conditions we have.
Kris Polly: What are the geologic factors that facilitate
deep-well injection?

Exterior shots of the Kay Bailey Hutchison Desalination Plant.
Photo courtesy of El Paso Water.
Municipal Water Leader

John Balliew: The first factor is an aquifer that does
not have drinking quality water in it. We also need rock
formations porous enough to take water at the rate we
are producing. We found an aquifer that met many of our
5

John Balliew: When we completed our pilot work
indicating that deep-well injection was possible and
economical, we began designing the actual plant. Once
the design was 30 percent completed, we were able to
gain a better understanding of how much it would cost.
Fort Bliss is nearby, and the Army was also looking to
build up its water supply with a desalination facility.
So, we partnered with the Army and our congressional
delegation to build a plant that would supply our city
and the military base from the same source.
The facility’s total cost was $91 million. The primary
source of funding was our own bonds, but we also
received $26 million from the Environmental Protection
Agency’s Border Infrastructure Fund, $3.3 million in
land and equipment from the Army, and $1 million in
loans from the state of Texas. We bore the remaining
costs.
Kris Polly: How did you get the public involved
during that process?
John Balliew: We do a lot of public outreach, day in
and day out. We work to educate our customers about
the need to use water wisely, and this is the next natural
step down that path. It is a relatively simple addition to
the water supply because we do not have to worry about
any kind of contamination. Our customers were very
supportive.
Kris Polly: What were some of the advanced
technological aspects of the project?

A concentrate pump station that pumps concentrate produced by the
reverse osmosis process to the surface injection facility.
Photo courtesy of El Paso Water.

criteria, and we believe it can supply our needs for some time
into the future.
Our deep-injection wells are completely isolated from
our aquifer and the river. We had to thoroughly demonstrate
that to the U.S. Environmental Protection Agency, the Texas
Commission on Environmental Quality, and the state of New
Mexico as well, due to our proximity to its border. We have
a lot of oversight, and we were able to demonstrate that the
aquifer is fully isolated.
Kris Polly: Please describe the process and funding
involved in the development of the Kay Bailey Hutchison
Desalination Plant.
6

John Balliew: Every year, the membrane technology
gets a little bit better. For example, when we first
started with the pilot plant in the late 1980s, it took
210 pounds of pressure per square inch to push the
water through the membrane. By the time we were
ready to build the plant and had selected the actual
membrane, it only took 170 pounds per square inch,
saving both time and money. The membrane is the
heart of the system, so once it improved, the whole
system followed.
Kris Polly: How is the facility addressing the issue
of energy use?
John Balliew: It is important to differentiate
ocean water desalination from brackish groundwater
desalination. The salt content of ocean water is 30,000
parts per million, but the brackish groundwater we deal
with is 3,500 parts per million. It is not drinkable, but
is still much less salty than ocean water. That makes a
big difference in energy consumption for desalination.
Municipal Water Leader

If viewed from a triple-bottom-line approach, the cost of
the desalination plant is similar to that of a surface water
treatment plant.
Kris Polly: What has the facility meant for the city of El
Paso and for your water supply portfolio?
John Balliew: The plant is flexible and is divided into units
that can be turned on separately or all run simultaneously,
depending on the specific situation. When we have surface
water available from the river, we try to reduce production
at the desalination plant. When surface water is unavailable,
we increase the production of desalinated water. During the
drought in 2013, when we only received a small fraction
of our river water needs, the desalination plant ran at full
production during some days and weeks, helping us meet our
peak summer water demands.
Kris Polly: Are there other misconceptions about
desalinated water?
John Balliew: The desalination plants are small and
compact compared with surface water treatment plants.
Desalination facilities can be reliable, but we do have to be
very careful about the pretreatment of the water. We do not

want to have any particles go into the membranes,
and we do not want any crystallization to take place in
the membrane. One of the largest capital costs is the
replacement of the membranes, so we do not want to
damage them. Desalination plants require much more
diligent upkeep and operation than traditional surface
water facilities.
Kris Polly: What are some of the key lessons for
other municipalities that might be considering brackish
water supplies?
John Balliew: The most important thing to learn is
that brackish water is a great resource and is not nearly
as difficult to produce drinking water from as many
people think. However, one of the first things that other
cities should consider is the proper option for brine
disposal. If that issue is resolved, all other factors should
fall into place fairly easily.
In fact, last year El Paso contracted with Enviro
Water Minerals Company, based in Houston, to recover
and use half the brine produced in the Kay Bailey
Hutchison Desalination Plant in commercial products.
The treated brine water will be returned back to the city
as a drinking water source.

Orlando Argumedo (left) opening valves and Joe Ronquillo (right) checking feed water pressure on the reverse osmosis #4 skid.
Photo courtesy of El Paso Water.
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The Evolution of Brackish Desalination
for Municipal Water Agencies in Texas

B

rackish desalination is evolving from an expensive,
niche water treatment option to a more costeffective, scalable, and viable option that can
diversify the water portfolios of municipalities in droughtaffected areas. Advances in technology, state and federal
investments, and a desire to expand water supply options
on the part of local communities have all helped to lead
this change in recent decades. This is particularly true with
regard to the incorporation of desalinated water supplies
into the water portfolios of Texas municipalities.

An Increased Profile in Texas

According to Jorge Arroyo, a desalination consultant
with Freese and Nichols, Inc. (FNI), which has been
involved with desalination projects across Texas, seawater
and brackish water desalination have been gaining
attention as possible new water sources for municipal
entities for several reasons.
“First, groundwater and surface water resources are
neither as plentiful nor as affordable as before. Key
aquifers are being depleted, surface water reservoirs have
lost capacity, and developing new reservoirs has become
increasingly difficult. The second reason for desalination’s
proliferation is that it has now become an established and
reliable technology, thus allowing it to be used more widely
and affordably.”
Long, extensive droughts are a third factor. Mr. Arroyo
explained, “Droughts have forced municipalities to seek
more diverse options to supply their water portfolio that
are drought proof or drought resistant.” His colleague,
FNI Vice President Ray Longoria, PE, BCEE, added,
“Drought is absolutely at the top of the list of the drivers
behind brackish desalination. Droughts in both Texas
and California have driven people to look for new water
supplies as well as reuse.”
Mr. Longoria added, “The presence of abundant,
low-cost energy and favorable water rights in Texas are
motivating factors. Often, a pipe can be run to seawater
without any rights issues. It is not unreasonable to interpret
Texas Water Code related to water rights requirements
to mean that no water right permits are required for
municipal use of seawater.”

Technological Advances

Technology has been at the heart of the change,
particularly for small desalination. It has made desalination
much more effective and viable. Mr. Arroyo explained that
the membranes in use today are vastly superior to those
10

Jorge Arroyo

Ray Longoria

used 30 years ago. “Modern membranes can separate salts
from water with greater efficiency, more consistency, and
less energy used than before.”
A key technological factor has been energy
consumption. “We now use a fraction of the energy for
desalination that was used when the practice began. There
are now energy recovery devices that take some of the
energy that would otherwise be wasted and drain it back
to the process, thus increasing the efficiency and decreasing
the amount of energy used overall.”
In addition to energy flexibility, Mr. Arroyo explained
that desalination facility capacity is modular. “People
should also understand that contrary to popular belief,
desalination plants can be scaled to meet a specific
demand. Desalination is industrial in nature and can be
adapted to the need of the local region.”

Regional Planning

In Texas, regional water planning, which examines
current and long-term water supply needs, is critical to an
evaluation of whether desalination is the right path for
a municipality. Mr. Arroyo stated, “One way to find the
answers to those questions is through regional planning
groups that bring all competing interests to the table and
develop plans to solve pending issues. [Texas] has been
in this process for five 5-year cycles, and in that time we
have seen infrastructure advancements such as aquifer
storage become a larger part of desalination operations.
In 11 of the 16 regional planning groups across Texas,
brackish desalination is now a recommended option to use
when other water supplies are insufficient. In addition, if
Municipal Water Leader

The Corpus Christi skyline at night. Photo courtesy of the city of Corpus Christi.

a desalination project’s construction is supported by a
regional planning group, it is automatically eligible for
competitive state funding mechanisms set up by Texas.”

Outreach and Explanation

Robust public discussion has been an important
component in the adoption of desalination in Texas.
Early and clear communication with the public is
key to gaining support for projects. Often, engineers
have to get into the business of disabusing the public
of misconceptions surrounding the treatment of
desalinated water.
“Desalination sometimes gets a bad reputation in
terms of costs, and that is due to the historically low
costs of other water supply options like surface water.
So when people talk about the cost of desalination,
they often compare it to the cost of water supplies
that are not actually available any more. But when
desalination is compared to other, newer supplies, its
cost competitiveness becomes more apparent.”
The same is true of energy use and desalination.
Mr. Arroyo noted, “It is true that desalination is
going to use more energy than a conventional water
treatment facility because it is an additional treatment
step to remove the salts from the water. However, when
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comparing energy use, desalination’s energy use is relatively
mild.”

Stabilizing Surface Supplies in Corpus Christi

FNI is involved with several feasibility studies for seawater
desalination projects in the coastal bend region of Texas. The
city, of Corpus Christi which relies on four different river
basins for its supplies, has been proactive in developing those
supplies. However, drought and evaporation have affected those
surface water supplies.
Mr. Arroyo explained, “There was a need to diversify the
water portfolio, particularly after the most recent drought.
One of the critical issues was that over 40 percent of the
water supply demand is from industry, and those customers
are more vulnerable to water supply uncertainty. Even though
there is enough water on paper to meet demand, there is still
a need to provide more diversity and stability of supply.” In
2015, the city of Corpus Christi contracted FNI to evaluate
the implementation of seawater desalination and potentially to
assist in the selection, contracting, and delivery of a desalination
facility.
Mr. Longoria provided some perspective. “Although
seawater desalination is not a silver bullet, it can support a
diverse water portfolio.” For Corpus Christi, desalination might
be that supply solution to support a diverse water portfolio.
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The U.S. Geological Survey
Releases Assessment of
Brackish Groundwater

A

s the demand for water continues to grow, so too
does the need to find and develop new sources.
Many surface water sources are completely
allocated or fully developed, leaving many communities
or regions to rely solely on groundwater. However, fresh
groundwater is often not available in adequate supply or
not able to recharge quickly enough to meet high levels of
demand. Droughts and other extreme weather events put
additional strain on groundwater aquifers, underscoring the
need for alternative water supply options. One such option
is brackish groundwater, which can be treated and applied
to municipal, agricultural, industrial, and other uses in
order to reduce the demand pressure on fresh surface and
groundwater sources.

assessment divided the country into 10 regions based on
hydrological characteristics and also examined individual
aquifers within those regions wherever possible.

Challenges

According to the assessment, it is challenging to
estimate exactly how much brackish groundwater is
extractable because of wide variances in geology and a lack
of accurate mapping of water within large underground
formations of rock. In addition, Ms. Stanton explained
that there is not a lot of data for brackish zones, especially
for depths of 500 feet or more, and for the delineation
of brackish aquifer boundaries. Given those limitations,
the assessment conservatively estimates that extractable

Gauging Brackish Groundwater

In April 2017, the U.S. Geological Survey (USGS)
published an assessment of the prevalence of brackish
groundwater in the United States. The assessment was
authorized by Congress under the SECURE Water Act
of 2009 and was the first study of its kind in over 50 years.
The study sought to provide information on how much
brackish groundwater might exist across the country, where
it is located, and how it may be used to help meet everincreasing demands for water.
USGS not only sought to quantify the amount of
accessible brackish groundwater, but also sought to classify
water sources based on the chemical composition, salinity,
underground depth, recharge potential, and applicability
for various human purposes. Jennifer Stanton, USGS
hydrologist and assessment project manager, stated that for
municipal water providers, “the biggest takeaways are the
general information and chemical composition of brackish
groundwater across the country.”
Ms. Stanton explained, “We hope the information helps
aid in planning. For example, we provide information [in
the assessment] about minerals and common elements
found in the water that might require special treatment
for desalination. There has also been a lot of interest in
the data. Municipal water providers can use the data for
other purposes that were not included in our report, and
as a starting place for undertaking their assessments and
determining where they might need more data.”
The study covered over 380,000 sites nationwide,
examining each for the quantity of brackish groundwater
and examining a subset for the chemical composition
of the water and the water’s extraction potential. The
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Locations and sources of desalination water at municipal desalination facilities
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brackish groundwater might only be found in 1 percent of
the total underground volume examined in the assessment,
accounting for up to 3 billion acre-feet of water.
The assessment noted that approximately 3.5 million
acre-feet of brackish groundwater is currently used in the
United States each year in addition to 85 million acre-feet
of fresh groundwater, meaning that the estimated level of
available brackish groundwater is 800 times the amount
that is currently used each year. Ms. Stanton explained that
this was a surprise to her team.

Practical Applications

The assessment stated that the expansion and evolution
of desalination technology that can treat brackish water has
increased the viability of exploring such water as a viable
resource to supplement current sources. Brackish or saline
water is used not only for municipal or residential drinking
water but also for agricultural irrigation, industrial, oil and
gas, and mining applications.
The ability to use brackish water for nondrinking
purposes has allowed more fresh water to be dedicated

for human consumption. For example, the assessment
noted, “Using saline water for closed-loop thermoelectric
power plants can potentially save a substantial amount of
freshwater because each modern power plant can use as
much water as a community of about 12,000 people.”

Areas of Further Study

Some potential negative effects from the extraction
of brackish groundwater were also discussed in the study.
USGS stated that the process of pumping brackish water
could cause shifts in the flow of nearby hydrologically
connected freshwater aquifers, which could affect water
quality. Proper disposal of wastewater from desalination
facilities was also identified as a potential issue. USGS
recommended further study of both issues as efforts to
expand desalination in the future continue.
Ms. Stanton hopes that USGS can keep adding to the
published database to round out the gaps over time. With
a more compete dataset, Ms. Stanton hopes to develop
better information about “the sustainability of practical
well production flow rates for different formations that
would yield brackish groundwater.” She concluded, “I think
it would be very valuable for water providers to know how
much water is there and how much they can sustainably
pull out of the ground.”
For more information about the assessment, email
Jennifer Stanton at jstanton@usgs.gov.

Number of municipal desalination facilities, by type of
membrane process, from 1971 through 2010.

s in the United States in 2010.
Municipal Water Leader
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Diversifying With Desalination in Santa Barbara

AGENCY FOCUS

By Joshua Haggmark

I

n 1991, the city of Santa Barbara, California,
built the Charles E. Meyer Desalination Plant in
response to a persistent drought that began in the
late 1980s. The decision, which was approved by the
voters, was also part of a longer-term plan to increase
resiliency by diversifying the city’s water supply portfolio.
After the drought ended in 1992, the plant was placed
in long-term standby. With the current drought,
the city began taking steps to reactivate the plant in
accordance with its adopted water shortage contingency
plan. In July 2015, the city formally awarded a contract
to reactivate the plant and, on May 30, 2017, began
producing up to 3 million gallons of water per day, or
one-third of the city’s water demands.
Santa Barbara’s local surface water supplies come
from the Santa Ynez River watershed. Our local
surface water supplies face many challenges, including
droughts, water quality issues, sedimentation of
reservoirs, and environmental concerns for endangered
species, all of which are compounded by climate change.
It is not unusual for our area to go 2 or 3 years without
significant rainfall and runoff into our reservoirs.
The watershed typically requires up to 12 inches

of rain before we see any runoff into our reservoirs.
This year, a single day of rainfall made the difference
between this year’s rainfall and that of the past 5 years,
which are considered the driest on record. In a 24-hour
period that started on February 17, 10 inches of rain
fell in a watershed that in previous years saw that
much rainfall in a year.
The rest of California has done well this year,
with rainfall and reservoirs well above normal.
Unfortunately, despite the increased rainfall, our main
local reservoir, Cachuma, still only sits at 50 percent of
capacity, which is up from 7 percent just 6 months ago.
Cachuma is now at nearly the same level it was at in
2014, when the magnitude of the current drought was
just setting in. Needless to say, we have a long way to
go before we see the end of the current drought.
The water challenges in Santa Barbara are not new,
and the current drought only acts as a helpful reminder
that we must stay the course with our efforts to
diversify our water supply portfolio. Through a robust
public outreach program, we enjoy an engaged and
educated group of customers who embrace the need
for diversity and their role in helping to conserve water.
Community conservation over the last 12 months has
averaged 38 percent below 2013 usage, which speaks

Completed Charles E. Meyer Desalination Plant. May 2017.
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volumes because the city's per capita usage in 2013 was low
to begin with (20 percent lower than in the mid-1980s).
For a relatively modest-size community (population
93,000), the city has one of the most diverse water supply
portfolios in the United States. The city’s supply portfolio
includes local surface water from the Gibraltar and
Cachuma reservoirs; groundwater; an extensive recycled
water system that serves the outdoor watering needs of
all major parks, golf courses, and schools; state water;
and desalination. I also consider the city’s leading water
conservation program to be another, equally important,
water supply. During this drought, extraordinary water
conservation has in essence provided one-third of the city’s
normal water usage. Our diverse water supply approach
is a product of the city’s Long-Term Water Supply Plan
(LTWSP), which lays the groundwork for water supplies
for the next 30 years.

Steps to Reactivation

In 2014, when the gravity of the current drought was
setting in, the city took steps in accordance with the
adopted LTWSP to begin reactivation of the desalination
plant. In a unanimous vote of the city council in July
2015, a contract was awarded to reactivate the desalination
plant. Before it could begin operations, the plant had
Municipal Water Leader

to be refurbished and in some areas upgraded to reflect
improvements in technology. Some elements of the facility
were intact when the current project began, but others that
did not store well were sold off.
We told the contractors about the current condition of
the facility and all the parts that were there and instructed
them to assess which systems they wanted to reuse. The
contractors recycled some elements, like the solids handling
equipment and intake and outfall piping, but much of it
was replaced due to advancements in technology that had
come about since the plant was last activated.
Financing was another challenge to bringing the plant
back online. We were fortunate to take advantage of the
drinking water state revolving fund and spent over a year
in discussions with the state to make that happen. We
obtained a loan with an interest rate of only 1.6 percent
for 20 years. As an added bonus, the principal payments
on the loan do not begin until one year after the project
is completed, which has allowed us time to phase in the
necessary water rates to support the additional costs so
that by the time the facility comes online, we will have
sufficient revenue on hand to make the payments.
Support from our local community has also been an
essential part of the plant’s reactivation. One of the most
beneficial things we did was establish monthly drought
19

Sludge holding tank and a lamella clarifier, which removes total dissolved solids from the seawater as they settle on the clarifier’s inclined
plates.

updates, where I would address both our water commission
as well as the city council to inform them about the water
supply situation and why steps like reactivating the plant
were necessary. These meetings were all open to the public,
which allowed us to address concerns as they arose. This
also allowed the council members to feel comfortable
and empowered when they were speaking with the public
about water supply issues. The community has appreciated
hearing from council members about these issues, rather
than only hearing from staff. Our water commissioners can
also speak eloquently and answer questions from the public
whenever needed.

Addressing Traditional Concerns

Two of the biggest concerns that generally come with
desalination are the energy used by the plant and the
disposal of brine. The desalination plant is colocated with
the wastewater treatment plant, so our desalination brine
is comingled with our treated wastewater on its way out
to the ocean outfall, which is 1.5 miles offshore. This
allows the discharged water to closely resemble the natural
salinity of the ocean. During the planning phase, we did
20

detailed hydraulic modeling with help from graduates of
the Scripps Institute of Oceanography to ensure we would
have effective mixing to protect the marine environment
surrounding the outfall.
The energy use issue is one our community is very
interested in and is one of the biggest environmental
issues related to the desalination plant. We are pursuing
several different solutions, but one of the most important is
called community choice aggregate, or CCA. In essence, a
CCA creates a marketplace for varying levels of renewable
energy. Each individual customer can choose blends of
20–100 percent renewable energy, and costs will vary based
on which plan customers choose. The idea is to invest that
money into the community to fund efforts such as solar
projects, which will allow the city to move toward the goal
of being 100 percent reliant on renewable energy. Our
community has been supportive of desalination because
it understands what is at stake, and when we decided to
reactivate the plant, all seven council members voted in
favor of reactivation.
Despite our widespread local support, garnering state
cooperation has been a challenge. Although we do have the
Municipal Water Leader

California Water Plan, which clearly lays out a role for
desalination in helping to diversify and build resiliency
into the water infrastructure, there still seems to be
little state-level support in the permitting process.
There is also a lot of bad information about what
desalination is and what it will mean. Desalination
must be coupled with water conservation, not take
the place of conservation, and desalination does not
inherently mean community growth.
That misunderstanding is partly why we had to
meet with the California Coastal Commission, the
Regional Board, and the State Water Resources
Control Board when we tried to reactivate the plant.
I believe we were successful in defending our 1990s
permits because I was able to show how desalination
fits into our LTWSP and how water conservation
goes hand in hand with it. However, attaining the
level of support at the state level that we enjoy at
the local level remains one of our most persistent
challenges.

Concrete placement at a modular process design module.

Looking Ahead

Overall, there seems to be a clear role for
desalination to play during droughts in our area of
California. The question that remains is determining
the role of desalination in nondrought times. The
plan is to tackle this question once the current
drought is officially over and our local surface water
and groundwater supplies have recovered. That
would be the ideal time to kick off what is likely to
be a 2-year process to update our LTWSP, during
which we will be looking for engagement from the
community regarding the ongoing role of desalination
in nondrought times and the potential for further
diversification with the addition of potable reuse.
Given the strong local support for water supply
resiliency and the likelihood of persistent droughts in
the future, a strong and diversified water portfolio will
become more important than ever. Desalination has a
role to play in achieving that goal for the benefit of all
water users in Santa Barbara.

Hydroexcavation of a foundation pad for new overhead process pipe supports.

Joshua Haggmark is the
water resources manager for the
Santa Barbara Department of
Public Works. You can reach him at
JHaggmark@SantaBarbaraCA.gov.

Trench and high-density polyethylene process pipe install from modular
process designs to other equipment onsite.
Municipal Water Leader
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NWRA Western Water Seminar

Want to be in the know on H20?
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management issues and join the National Water Resources Association
for our Western Water

Seminar August 8-10, 2017.

During the Seminar we will discuss a number of critical water
issues, including water infrastructure, regulatory reform, water
right protections, the Endangered Species Act, and the Clean
Water Act. The Seminar will also feature sessions continuing
our focus on effective communication strategies. We will tackle
these important topics in a relaxed, family-friendly atmosphere
at the El Dorado Hotel and Spa in lovely Santa Fe, New Mexico.
The award-winning El Dorado Hotel and Spa offers ample
recreation opportunities and is conveniently located near the
historic Santa Fe Plaza.
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Broadening Brackish Desalination:
A Conversation With Bill Alley of the
National Ground Water Association

A

s increased demand and drought conditions stress
traditional groundwater supplies, alternate
sources like brackish groundwater have become
more important. Many western communities are
undertaking or expanding desalination projects in order to
supplant traditional groundwater sources, but there is more
work to be done to fully develop brackish water resources.
The National Ground Water Association (NGWA)
is one of the organizations bringing together scientific,
technical, and trade professionals to increase the
proliferation of brackish desalination technology. Dr. Bill
Alley is the NGWA’s director of science and technology. He
joined the association in 2012 after serving for 18 years as
chief of the Office of Groundwater at the U.S. Geological
Survey (USGS).
Dr. Alley spoke with Municipal Water Leader’s senior
writer, John Crotty, about how brackish desalination has
evolved, its utility for municipal communities, and how it
can continue to provide an effective alternate water supply
in the future.
John Crotty: What is the mission of the NGWA,
and what initiatives is it working on?

Dr. Bill Alley: The NGWA is a combination of a
trade association and a professional organization. We
have 11,000 members. The trade side consists of people
who drill wells, manufacture pumps, or build other
system components. The professional side includes
scientists and engineers who deal with groundwater
issues. Our mission is to ensure that groundwater
is used responsibly worldwide. We have meetings
throughout the year and publish three journals. The
meetings include professional presentations, workshops,
and technical training sessions.
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John Crotty: How has the interest in brackish
desalination evolved over the years?
Dr. Bill Alley: There has been a lot of recent
interest in desalination of brackish groundwater,
particularly in New Mexico and Texas. The largest
inland desalination plant in the world is in El Paso,
and the San Antonio system has plans to expand its
desalination capabilities. Like Texas, New Mexico
has a lot of brackish groundwater and has put in
some regulating statutes over the past decade. There
Municipal Water Leader

is particular interest in using that water for municipal
purposes. Around 2006, there was a sudden abundance of
notices filed with interest in that resource. New Mexico
had a broad exception to its permitting process for wells
in brackish aquifers deeper than 2,500 feet, but the state
revamped those exemptions in the wake of increased
demand for the resource.
There is a large amount of brackish groundwater, but
the issue is how much can be accessed and extracted in a
way that is cost effective and environmentally friendly and
that ensures high water quality. There is a limited amount
of information available on brackish water, so the recent
USGS national study on brackish groundwater resources
was timely and needed.
John Crotty: What trends have come about in the
past decade to spark the renewed interest in brackish
groundwater?
Dr. Bill Alley: Water availability has been the biggest
factor, particularly in light of climate change and its effects
on water supplies. Many parts of the West have been
experiencing persistent drought, and that has brought
attention to the need to develop alternative water supplies.
There is only so much brackish groundwater that can
be developed before factors such as pumping costs or
environmental effects become limiting factors. Thus, the
challenge is to tap into the brackish water resource in a
cost-effective and sustainable manner while minimizing
adverse effects on nearby existing freshwater resources.
Other considerations include the disposal of brine and
energy consumed to process the brackish water.
John Crotty: What are some of the ways that those
issues are being addressed?
Dr. Bill Alley: Most of the brine in the El Paso system
is injected deep underground. The disposal of brackish
brine is more difficult than in coastal areas. Under the
Safe Drinking Water Act, the U.S. Environmental
Protection Agency (EPA) classifies wells that dispose of
materials underground into different classes, including
saline water. Under EPA oversight, the states run the
Underground Injection Control program, which regulates
the construction of disposal wells to prevent contamination
of freshwater aquifers. The other way [to dispose of brine]
is to use evaporation ponds, but that can increase salinity in
some areas.
As for energy consumption, more and more operators
are exploring the use of solar-powered desalination
facilities. The Carlsbad facility in California is linked to
a power plant and is using some of the heat generated by
Municipal Water Leader

the plant to assist in the desalination of the water. Similar
concepts could be applicable in other locations as well,
both in the United States and elsewhere.
John Crotty: What kind of potential do you see
down the line for municipal entities in tapping brackish
groundwater resources?
Dr. Bill Alley: It is definitely a resource that
municipalities should consider for longer-term planning.
San Antonio and El Paso provide examples of how
effective a quality desalination program can be.
John Crotty: Can you tell us more about the book you
and your wife recently wrote?
Dr. Bill Alley: The book, High and Dry: Meeting
the Challenges of the World’s Growing Dependence on
Groundwater, is likely the world’s first general interest book
on groundwater. Our goal was to write it more like a novel
than a tutorial. Yale published it in February.
25
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INTERNATIONAL

An Overview of the Role of Desalination
in Israel’s Water Supply Portfolio

O

ver the past 10–15 years, desalination has
been a game changer for the stability and
reliability of Israel’s water supply. Israel
had relied on groundwater and treated surface water
from the Sea of Galilee as its primary water sources.
The country’s numerous droughts, however, took
a toll on those water supplies. Now, the makeup
of the country’s water supply portfolio has evolved
to rely heavily on desalinated seawater, which
accounts for up to 80–85 percent of potable water
supplies, and to include a more prominent role for
desalinated brackish water.
As of the end of 2015, Israel was operating
five large seawater desalination plants, including
the Sorek Desalination Plant, the largest reverse
osmosis plant in the world. There are plans for
additional plants. The Israeli Water Authority’s
master plan calls for desalination to account for
100 percent of domestic water supplies by 2050.

Beginnings

The Israeli government’s desalination program
began in the 2000s. From 2001 to 2003, serious
drought caused a shortage of water from the Sea
of Galilee, prompting cuts in water allocations and
subsidies to farmers and other water users. The cuts
were unprecedented, and the Israeli government
realized it had to do something to help the water
supply portfolio.
The Israeli government rapidly increased
investments in desalination technology and
infrastructure, and the country's first facility came
online in 2005. Public-private partnerships funded
most of the desalination program; private entities
constructed four of the five plants. In fact, IDE
Technologies, which is a leader in desalination
projects worldwide and which helped build the
Carlsbad Desalination Plant in Southern California,
built and operated three of those facilities.
According to Sharon Megdal, director of the
Water Resources Research Center at the University
of Arizona, “The speed with which the government
moved to implement this program should be a
message to all leaders: It can be done quickly if
there is the willpower to do so. All of the projects
were done in an orderly way after careful planning.
Once the decision was made to pursue the effort,
implementation followed very quickly.”
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Professor Sharon Megdal (third from left) on a tour of Sorek
Desalination Plant with a group that includes U.S. International
Boundary Water Commissioner Edward Drusina, staff from the
U.S. Department of State, and a host from IDE Technologies.

A Critical Part of the Regional Portfolio

Professor Megdal sees the Israeli adoption of
desalination technology as the new norm. “There
is going to be an increasing reliance on desalinated
seawater across the Middle East in the coming years.
The people and governments in the region recognize it
as an important part of their future.”
In light of that trend, Israel and Jordan are
undertaking a large seawater desalination project,
known as the Red Sea–Dead Sea project. Professor
Megdal explained, “This comprehensive effort will
be a desalination project, a water exchange, and an
example of how technology can address water scarcity
issues in Israel and Jordan in a collaborative way.” The
two countries are collaborating to build a plant on
the Jordan side of the Red Sea; Israel will purchase a
large amount of the water from it, and the rest will be
used in Jordan. The facility will mix brine with some
additional seawater and deliver it up to the Dead Sea,
which is receding dramatically. There will also be an
exchange of water, whereby Israel will send water from
the Sea of Galilee to the Jordanian capital, Amman.
Municipal Water Leader

Looking Abroad for Applications at Home

The costs and concerns associated with
widespread use of desalination have not been
an impediment to its adoption by the Israeli
government. The Israeli economy is doing well, and
according to Professor Megdal, people do not seem
to be concerned about the overall cost of water.
“Desalination is now part of the water culture there.
It is a proven technology that can help mitigate
many of the climate and drought issues affecting
many areas.”
Professor Megdal is encouraged by the IsraeliJordanian collaboration and sees a potential for
a similar undertaking here in the United States.
“Such cooperation can be relevant to issues in the
[American] West, especially for places like Arizona
that could develop seawater desalination and
potentially exchange Colorado River water with,
for example, Mexico.” However, Professor Megdal
highlighted that unlike the United States, Israel
has a much more centralized approach to water
management. The national government sets water
prices and allocations, including on brackish water
and other desalination sources. In addition, Israel’s
per capita water use is much lower than in the
United States. Despite those differences, the Israeli
model of employing desalination technology to
address regional water challenges is one to watch.

Pumps at the Sorek Desalination Plant. Photo courtesy of Professor Sharon
Megdal.

Evaporation ponds at the Kzi'ot Brackish Water Desalination
Plant. Mekorot, Israel's National Water Carrier, operates the
plant, which is is located in the south of Israel in the Negev.
Photo courtesy of Professor Sharon Megdal.
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Cutting-Edge Solutions to Wicked Water Problems
American Water Resources Association and Tel Aviv University

2017 International Conference
September 10–11, 2017 Tel Aviv, Israel

The upcoming American Water Resources Association’s (AWRA) 2017
International Conference, Cutting-edge Solutions to Wicked Water
Problems, will provide attendees with the opportunity to learn more
about Israel’s water management. AWRA has partnered with Tel
Aviv University to organize this 2-day event, which will take place on
September 10–11, 2017, in Tel Aviv, Israel. Professor Sharon Megdal,
director of the Water Resources Research Center at the University
of Arizona, and Professor Dror Avisar, director of the Water Research
Center at Tel Aviv University, are co-chairing the conference.
The conference will feature an opening plenary session featuring Felicia
Marcus, chair of the California State Water Resources Control Board,
and Professor Eilon Adar of Ben Gurion University. The closing plenary
session will focus on the Red Sea–Dead Sea Project. Also on the agenda
is a field trip to the Sorek Desalination Plant or a virtual tour of the Sea
of Galilee followed by a screening of the documentary film, “Beyond
the Mirage.” Concurrent sessions with over 40 technical presentations,
along with a session on water regulation, are also scheduled.
Professor Sharon Megdal

The goals of the conference are to address “wicked water problems”
by promoting communication and collaboration among scientists,
engineers, managers, and decision makers on challenges and solutions;
sharing real-world experiences in addressing water challenges under
changing environmental conditions; and presenting applications
and guidelines to address water issues in environments facing water
shortage.
This unique event will provide the opportunity for an open exchange of
conceptual, policy, and technical ways to resolve some of the greatest
challenges facing water users all over the world.
If you would like to attend or need more information, please visit
http://awra.org/meetings/Israel2017/.

Professor Dror Avisar
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A Closer Look at Desal in Israel
Palmachim Seawater Desalination Plant
The Palmachim plant is located in
the central part of Israel, north of
Kibbutz Palmachim. The plant was
built and is owned and operated
by a private company, Via Maris
Desalination Limited. Construction
on the plant began in May 2005
and was completed 2 years later.
The current production capacity of
the plant is 90 million cubic meters
a year.

Photos courtesy of Professor Sharon Megdal.
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Sorek Seawater Desalination Plant
Commissioned in 2013, Sorek is the
world’s largest seawater reverse
osmosis desalination plant. Located in
north-central Israel, the plant produces
624,000 cubic meters of water a day
and accounts for 20 percent of Israel’s
municipal water supplies. The Sorek
Desalination Company, headed by IDE
Technologies (the Israeli company that
led Carlsbad Desalination Plant project
in Southern California) planned, built,
and operates the plant.
Photos courtesy of Professor Sharon Megdal and
Abraham Tenne.
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Desalinating to Meet Water Demand:

A Conversation With Israel’s Abraham Tenne

A

s Israel’s natural water resources have declined, its
population and demand for water have
increased. This situation has necessitated
the adoption of aggressive water conservation and
desalination strategies to protect the environment and
meet the water needs of the Israeli people.
Abraham Tenne had a long career of working to
do precisely that. He served as head of the desalination
division in the Israeli Water Authority from
2005–2015. Mr. Tenne was also the chairman of
the Water Desalination Administration (WDA), an
intergovernmental entity responsible for building all the
desalination projects in Israel on behalf of the government,
and he was involved in the first five large-scale seawater
desalination projects in Israel.
Mr. Tenne recently spoke with Municipal Water
Leader’s senior writer, John Crotty, about the history of
desalination in Israel, the unique tenents of Israeli water
policy, and how desalination will provide the backbone of
the country’s water supply in the future.
John Crotty: What was the decisionmaking
process that led to the adoption of desalination as part
of Israel’s water conservation strategy?
Abraham Tenne: When Israel was first
established, we were only using natural water, and
we would adjust allocations to farmers based on
how much water was available each year. In 2007,
we started to operate the Israeli Sewage and Water
Authority, which is a government-run authority
responsible for managing all water issues, including
quality, quantity, technology, and pricing. All water in
Israel belongs to the people, meaning it belongs to the
government.
Thirty years ago, we experienced a significant
water crisis. At that time, we began to explore reusing
water as well. Now, almost all our wastewater is being
reused. However, even these efforts were not enough
to meet demand, so the government began to explore
desalination to increase supply. After another large
water crisis, in 2000, the government decided to
invest in large-scale desalination projects that resulted
in large water cuts to farmers and other users.
Initially, there were 34 brackish desalination plants
in Israel, but they were all small. To undertake largescale desalination, the government established a plan
to build five larger facilities by 2014. The first plant
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was built in 2003 and began supplying water in 2005.
All our plants use reverse osmosis technology, which was
invented and developed by Professor Sidney Loeb, an
American Jew who started his research in California before
moving to Israel in the late 1960s.
John Crotty: What role does desalination currently play
in Israel’s water portfolio?
Abraham Tenne: Five of the 12 largest desalination
projects in the world are in Israel, including the world’s
largest. The government decided to go into desalination
in 2000, and in 15 years, we built 5 plants that are
desalinating 600 million cubic meters of water each year.
However, desalination should not be treated as a gamechanger in the water crisis. There are several other, more
economical options that should be explored first. The first
is water conservation. Our average annual precipitation
has declined 15 percent in the past 30 years, while our
population has steadily grown and will double by 2050.
This combination means that we must conserve every drop
of water possible for the future. In Israel, we are using
water at a consumption rate of about 40–50 percent less
per person each day than in the United States.
Reuse of water and wastewater is another important
step in water conservation. Nearly 65 percent of water that
goes into a given household becomes wastewater, and we
reuse approximately 86 percent of our wastewater. Over
half the water used for agriculture in Israel is reused water.
Irrigation is also very important. Flood irrigation is
not practiced in Israel because we find it wastes too much
Municipal Water Leader

water. Farmers who had to pay the full price of water
invented drip irrigation in Israel nearly 45 years ago.
Farmers who drip irrigate use 50 percent less water than
those who use flood irrigation systems.
We also prioritize education to teach children how to
use water more wisely.
Measuring and mitigating water loss in pipes is also
important for water conservation. In Israel, 100 percent
of the water is actually measured, and we have reduced
water loss from 15 to 10 percent in the past 8 years. Each
household in Israel has a water meter, and wastewater is
measured as well.
The price of water is another factor in furthering
conservation efforts. If people know and pay the full price
of water, they will be more incentivized to save water.
All these steps have helped to close the gap between
demand and supply, and they are all more cost effective
than desalination. We turn to desalination to further
close the demand gap after all other options have been
exhausted. This is the key to sufficiently conserving water
to meet demand well into the future.

all energy consumed is used for all water use, including
desalination and reuse, while 40 percent is used for air
conditioning, heating, and cooling. So if we can save
slightly on air conditioning, we will have the energy
needed to operate desalination plants. The lower cost of
renewable energy is also helping to mitigate the additional
energy required.
We have been operating the first large desalination
plant for almost 15 years now, and we are monitoring the
seabed, the seawater, and all species found in the water.
Our research has shown us that we are sacrificing only a
few hundred meters of sea to gain the water we need. We
have a dilution zone stretching a few hundred meters from
the point where the brine goes into the sea and back to its
natural concentration. The sea has a large ability to absorb
and dilute the brine. There needs to be a balance between
caring for the environment and meeting the needs of the
population. Safeguarding the environment is important
and it should be protected, but only up to a point. If the
needs of the population are not met, no one will be alive to
enjoy the protected environment.

John Crotty: How has the government been able
to address the issues of energy consumption and brine
disposal for desalination?

John Crotty: How do the inland brackish desalination
plants dispose of brine?

Abraham Tenne: To produce 1 cubic meter of
desalinated water, you need about 3.5 kilowatt-hours of
energy. That is equivalent to the energy needed to run a
home air conditioner for 1 hour. Only about 6 percent of

Abraham Tenne: Disposal of inland brine is both
complicated and expensive, and it is one factor that can
make brackish desalination more expensive than seawater
desalination. Deep-well injection is one of the primary
means of disposing of brine. If that is not possible,

Abraham Tenne, retired head of desalination for the Israel Water Authority, and Professor Sharon Megdal at the Hadera Desalination Plant.
Photo courtesy of Cody Sheehy.
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evaporation ponds have to be built so the water can
evaporate and the remaining solid brine can be taken to
the sea or a disposal facility. There is a lot of research
into how to eliminate liquid discharge. This is currently
more expensive than the traditional solutions of deep-well
injection or other disposal means, but it may become more
necessary in the future.
John Crotty: What have been some of the biggest
technological changes that have facilitated the adoption of
large-scale desalination?
Abraham Tenne: One innovation is reverse osmosis,
which uses almost 50 percent less energy than other
methods. New membranes are also being developed that
can separate more and more molecules of salt, chemicals,
and other compounds from the water. These have allowed
us to use the water much more efficiently.
John Crotty: What role do you see for desalination in
Israel’s future, and are there other technologies that could
be adopted to ensure that desalination remains only a part
of the water portfolio and not the predominant part?
Abraham Tenne: The combination of water
conservation, reuse, and desalination has closed our water
gap for the time being, but this is only for the present. We

Colorful membranes at the Palmachim Desalination Plant.
Photo courtesy of Professor Sharon Megdal.

will need to build new desalination plants every 5–10 years
to continue to meet demand.
Desalination currently makes up 35 percent of the water
in Israel, but it will grow to nearly 70 percent by 2050 due
to the declines in natural water and increases in demand.
Desalination will become the predominant source of
water for Israel. Reuse and conservation will also continue
to be important tools, not only for us, but for everyone.
The amount of potable water on Earth is fixed, but the
population in both Israel and the world will continue to
grow.

Storage tanks at the Granot Desalination Plant in southern Israel. Photo courtesy of Professor Sharon Megdal.
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we prepare for the impact

Coa s ta l R e si l i en cy so l u t i o n s f r o m
t he i nd u s t ry ’s l ead i n g p r o f essi o n al s
Natural disasters, coastal erosion and human impacts to the environment are just a few of the forces that
regularly threaten the protection and preservation of our coastal resources. Since they are unavoidable and
often unpredictable, we know how important it is to prepare for them.

For those who depend on healthy coasts for their livelihood, recreation and quality of life, Freese and Nichols

provides comprehensive coastal and engineering services. From sediment management and environmental

compliance to ecological assessments, habitat restoration and erosion protection, our team is experienced
in a diverse range of coastal capabilities to prepare, protect, respond and recover. No matter the threat, we
can help.

Regionally Based with National Expertise
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2017 CALENDAR
May 9
June 11–14
June 12–13
June 14–16
June 21–23
July 23–27

July 27–28
August 8–10
August 23–25
August 28–29
August 29–31

Association of California Water Agencies, 2017 Spring Conference & Exhibition, Monterey, CA
American Water Works Association, Annual Conference and Exposition, Philadelphia, PA
Idaho Water Users Association, Summer Water Law and Resource Issues Seminar, Sun Valley, ID
Texas Water Conservation Association, 2017 Mid–Year Conference, Galveston, TX
Western Coalition of Arid States (WESTCAS), Annual Conference, San Diego, CA
National Association of Clean Water Agencies, Utility Leadership Conference and 47th Annual Meeting,
St. Louis, MO
Kansas Water Congress, Summer Conference, Garden City, KS
National Water Resources Association, Western Water Seminar, Santa Fe, NM
Colorado Water Congress, 2017 Summer Conference, Vail, CO
Water Finance Conference, Madison, WI
Texas Alliance of Groundwater Districts, Texas Groundwater Summit, San Marcos, TX
___________________________________________________________________________

To include your event in the calendar, e-mail Municipal.Water.Leader@waterstrategies.com.
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