








El Paso’s Desalination Efforts

Over time, a lot of pumping has been done in th
Hueco since we started pumping in 1903. The resul
has been a decline in the water level. Along the airport Brackish Groundwater Intrusion
area, we have had a decline of over 60 feet sinc
1960. But in that area, since 1990, the water levels
have been relatively flat. That coincides with the period
when we reduced our pumping in the Hueco. Many
wells in the area have exhibited similar stabilization of
water levels since the reduction of pumping started in
1989.

Historically, we can look at the drawdown in the
Hueco in terms of the water level between any
particular year and 1903. The map on Figure 5 show
four classes of drawdowns. Prior to World War |, little
pumping took place. Then suddenly we started seeingrigure 6.
between 10-15 feet of drawdown in El Paso as the

city developed. As we getinto the World War I Juarezbrackish over time. Figure 7 indicates wells (in red)

begins to put wells in and water levels begin to dec:Ime’that have not been in operation over the last five years

By that point, we see the 50-ft contour starting to . . . .
extend outward and we start seeing 50 to 100 feef> & resglt of bracklsh wa_ter' intrusion. The wells in
declines. which are now 100 to 150 feet drawdownsye”OW still operate, primarily in the northeast as well
S : . : as some at the airport. Brackish water intrusion
Juarez is now pumping quite a bit of water and hascontinues 10 be a challenae and a problem
considerable drawdown. In 2002, Juarez had betweern 9 P '

150 and 200 feet of draw-down in comparison to 1903
water levels, although a good chunk of El Paso decline
have been in excess of 100 feet based on 1903 level
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Figure 7.

Also, chloride concentrations have increased over
the years. For example, Well 39, which is located near
Fort Bliss and the airport, had chloride concentrations
What has happened as a result of this draw- downP€tween 50 and 100 back in the 60s and 70s but since

Brackish water surrounds the fresh water as we sa that time, the concentrations have increased steadily.

in the cross-section on Figure 4. When water IevellMc you use a scientifically appropriate approach and

are lowered, water is drawn into it causing brackishdmp astraight line on atrend like that of Well 39, you

water to seep into wells that had historically oum eOIget a sense of when the chloride concentrations will
P! Y PUMPEChit the 250 mg/L mark and that turns out to be around
fresh water (Figure 6).

2020. In other words, if we do nothing, Well 39 is going
to go brackish in about 20 years.

Figure 5.
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In terms of our overall groundwater management
efforts, we have taken many steps to stabilize
groundwater levels in a lot of areas but brackish water
intrusion remains an issue. Our groundwater budget
is a result of developing a groundwater model of the
area to help us understand what opportunities exist
for additional groundwater management. A
groundwater budget is an accounting of all the in-flows,
out-flows, and storage changes in a system.

I want to present a brief summary of the El Paso
portion of the Hueco (Fig. 8). We receive inflows from
across the state line, coming in from the east along
with a little bit of recharge from the Franklin Mountains.
Outflows go to Juarez. Thus, to the east, during pre-
development times from 1903 through the 1950s,
water was actually moving out toward the eastern
boundary. But as pumping increased, water levels were
drawn down, the flow reversed, and flow was drawn
in to the point where now, about 8,000 acre-feet of
water is being drawn.

Recharge
from
Franklins

Ny,

To Juarez

Figure 8.

What are the implications? Figure 9 contains a
map of freshwater with dark blue representing chloride
under 250. You can see where the water is being drawn
in, the source of the brackish water intrusion. That
represents the groundwater management challenge
that we face.
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Figure 9.

In terms of storage decline, very slight declines
occurred through the 40s and 50s. A spike occurred
to about 50,000 acre-feet/year of storage decline up
until about 1989. In more recent years, we have
backed off that decline so that storage declines have
become less of an issue. The inflow increase from
the east is the source of the brackish water intrusion.

Storage declines have been reduced and now we
have to deal with the question of what we are going to
do with the brackish water. We do not want to increase
pumping; we have that under control. But how do we
deal with the brackish water?

Enter the joint desalination facility with Fort Bliss.
At one time, El Paso looked at building a 20 mgd plant
and Fort Bliss was contemplating a 7.5 mgd plant.
People started talking and decided it might be a good
idea for us to build a 27.5 mgd plant together. The
plant is currently in design and will be located along
with some of the wells at Fort Bliss. The concentrate
disposal method, described earlier by Tony Tarquin,
will be used in which the concentrate will either go
through an injection well or be evaporated.

Figure 10 shows the area where the facility will
be located. Note the source wells (in yellow) that will
be used to supply the plant. The water from those
wells (about 18 mgd) will go through the plant with
the permeate blended with water from wells along
Route 375 on Fort Bliss (indicated as blue dots on the
map). The plant is located at the bottom of the figure.
Blended water will go to the distribution system with
the concentrate either going to a very large 700-acre
evaporation pond or will follow a route to an injection
well site. As I mentioned earlier, 15 feed water wells
will generate about 18.5 mgd. The 16 blend wells
located on Fort Bliss will blend with the permeate of
about 12 mgd. The yield will be about 27.5 mgd of




El Paso’s Desalination Efforts

water to the distribution system and about 3 mgd of
concentrate.

DEEP WELL
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Figure 10.

We looked at two basic scenarios when planning

for desalination development. What happens if we do
nothing? What happens if we put in a joint desalination
facility with blend wells at the Fort Bliss location, in
terms of the groundwater flow patterns? Figure 11
shows the flow pattern in the base case, if we basically
continue to do what we are doing now. The black dots
represent our current wells. Note where the state line
is and we can see that water is still going to be drawn
toward these wells from basically all directions. The
blue area represents fresh water with the lighter blue
area still representing basically fresh water but now
getting more brackish. The brackish water will
continue to move in this direction (darker blue area)
and continue to cause salinity increases in those wells.
If we take the same amount of pumping of about
40,000 acre-feet/year and instead of spreading it over
all these wells, we concentrate about 75 percent of it
into the wells associated with the Joint Desalination
Facility, notice that the water from the outskirts will
still be drawn in (Fig. 12). However, on the back side,
we now have a situation where the wells in the airport
area will be fed from the north, which is fresh water.
Essentially, we create a trough that intercepts the
brackish water, treats it, and uses it in the system
thereby saving the wells. The groundwater in this area
will then be available for future contingency use and
droughts.

The question then becomes, what do we do with
the concentrate? The cost estimates (even with
Tarquin’s concentrate) of evaporation are quite
expensive. If you could find a suitable geologic
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formation, assuming you could obtain a permit, it is a
much more economically viable option for disposal.
We have focused our efforts on an area by the state
line and completed a pilot well in the area last month.
The well was located based on test hole drilling that
was done in 2003 under a contract with the Army. We
completed the well to 3,770 feet within dolomite
limestone in the Fusselman Formation, which is of
Silurian age. The perforated casing is a liner between
2,300 and 3,770 feet.

We obtained some nice pieces of the dolomite that
we carry around and show people. They often say,
“Well, this is nice but where does the water go?” The
dolomite samples were fairly non-representative. Most
of what we found was busted-up rubble as this is a
pretty nicely fractured formation. Our testing indicated
that it was quite permeable and took the water quite
well. Our preliminary results encouraged us to use
the testing results that we did in the well to simulate
full injection of the operation on a preliminary basis.
We are still in discussion with TCEQ about getting a
permit. Based on test results, it looks like we can take
care of all the concentrate in three wells in this area.
We assume an injection rate of 4.5 mgd instead of the
3 mgd that the plant is supposed to have. A lot of that
has to do with the potential need to dilute. A variety of
reasons exist for us to be conservative but we decided
to run the simulation at 4.5 mgd. The simulation
consisted of putting in wells in an area of 5x6 miles.
The geology that has been worked out shows these
fault block structures at depth.

After 30 years we are seeing something on the
order of less than 150 feet of build-up and the static
water level is 500 feet below the surface (Fig. 13).
We see about a 150 foot rise after 30 years and
basically less than 25 feet of rise through a good part
of this area.

We have already written the Environmental
Impact Statement (EIS) for this project. Because this
is a joint project, the Army will grant us easements to
build the plant and run pipelines. This project is
considered a federal action so the Army is preparing
an EIS. The EIS is currently out on the street with the
comment period ending on the 27" of this month. We
hope to get a Record of Decision turned around by
early 2005 and to get a TCEQ permit for the injection
well sometime in the spring of next year. Once the
Record of Decision is issued, we can start on the
construction of the plant, pipelines, wells, and so on.
We hope to get the plant started up in the fall of 2006.
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Question: What do you have left to do to get the Class
I permit from TCEQ? At one time there was an option
to go through the Railroad Commission. Do you wish
you had done that at the time?

Answer: The decision on Class I or Class V permit
has not been formally made. We found that in the
receiving formation, the Fusselman Formation, the TDS
is about 8,700 ppm, which is below the magic number
0f 10,000, which means it is an underground source of
drinking water making it eligible for a Class V permit.
The Class V permit process is a lot less cumbersome
in terms of the hearing reviews. Another bit of good
news associated with a formation of 8,700 ppm: since
our concentrate going in right now is at about 6,800
ppm, we would actually be improving an underground
source of drinking water. We hope TCEQ agrees with
us on that score. As far as the Railroad Commission
question, if we can get a Class V permit through TCEQ,
we would be thrilled.

Question: This question is for both you and Tony
Tarquin. Tony mentioned costs per 1000 gallons for
taking the concentrate and further working it down.....
How do the costs of evaporation ponds and injections
wells compare to the additional treatment Tony
mentioned? What was it $1.50 per 1000 gallons?
Answer: I have not broken it down in terms of dollars
per 1000 gallons. What I can tell you is that right now,
we are looking at the potential for something on the
order of $8 million for the wells. I think Tony’s
evaporation process is on the order of $17 and I think
the actual full-scale evaporation is closer to $20. On
a capital basis, this is by far the best way to go.
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Gerald (Jerry) Johns was appointed Deputy
Director of Water Resources Planning and
Management of the California Department of
Water Resources (DWR) by Governor Arnold
Schwarzenegger on August 2, 2004. He had been
serving as the acting Deputy Director since
January 2004. He was the Assistant Division Chief
of the Division of Water Rights for the State Water
Resources Control Board for 14 years prior to
joining DWR. Jerry has many years of experience
in both water rights and water quality. During his
more than 26 years at the Water Board, he worked
on numerous issues, some that were controversial.
In June of 2001, Jerry left the Board to become
the Chief of the newly created Water Transfers
Office of DWR. Jerry was also responsible for
programmatic activities related to DWR's
Environmental Water Account and the State’s Dry
Year Program. As Deputy Director, Jerry oversees
statewide programs for DWR including Water
Supply Planning and Local Assistance and the

four DWR Districts, Bay-Delta Office, Environmental Services, Water Use Efficiency, and Water Transfers,
Colorado River and Salton Sea. Jerry earned both his M.S. in freshwater ecology and B.S. in zoology

from the University of California, Davis.

STATEWIDE WATER SUPPLY: WHY DESALINATION?

Gerald Johns and Fawzi Karajeh
California Department of Water Resources
P.O. Box 942836
Sacramento, CA 94236-0001

Introduction

Brackish water and seawater desalination has
evolved into a viable water supply alternative in over
120 countries around the world. Figure 1 shows the
worldwide trend in desalination technology.

Desalination is becoming an integral part of
California’s future water supply portfolio. It is
estimated that California’s population will increase by
12 million by the year 2030. Other factors contributing
to California’s water supply challenges include climatic
changes, the imminent compliance with the Colorado
River 4.4 plan, successive and extended periods of

drought, and the growing need for environmental and
ecosystem restoration.

Water conservation, water recycling, and most
recently desalination are gaining considerable attention
from scientists, resource planners, policy-makers, and
other stakeholders in addressing supply reliability in
California. The main driving force for the renewed
interest in water desalination is the remarkable
technological advancement in desalination processes
particularly membrane technology and energy
recovery equipment, which has recently led to a much
lower cost of desalinated water than 15 years ago.
Figure 2 shows the trend in seawater desalination cost
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over the past 30 years. Desalination has the potential
to offer an alternative water supply that is more reliable
and drought proof, bringing about a diversified and more
secure water resources portfolio for many local areas
of the state.
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Figure 1. Trend in Worldwide Desalination
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Figure 2. Trend in Desalinated Seawater Cost

The State Legislature recognized the future
importance of seawater and brackish water
desalination through legislation. In 2002, the Legislature
approved Assembly Bill 2717 (Robert Hertzberg). The
bill asked the Department of Water Resources (DWR)
to convene the California Water Desalination Task
Force to look into potential opportunities and
impediments for using ocean water and brackish water
desalination, and to examine what role, if any, the State
should play in furthering the use of desalination
technology. The report containing the Task Force
findings and recommendations was prepared with
significant input from its members comprised of
representatives from twenty-seven organizations. The
Task Force outlined key findings that provide context

for evaluating desalination. The findings included some
facts and figures about brackish and seawater
desalination in general and highlights of several
environmental issues as well as cost, energy, and
permitting issues related to desalination.

One of the primary findings of the Desalination
Task Force is that economically and environmentally
acceptable desalination should be considered as part
of a balanced water portfolio to help meet local areas
existing and future water supply and environmental
needs. The Task Force forecasted that the potential
for the increased use of desalination in California is
significant and that the opportunities are great for
providing water supply from seawater and brackish
water desalination as well as recovering contaminated
groundwater.

Current and Potential Desalinated Water Use in
California

Californians have used desalinated water since
1965. Desalinated water use is expected to
dramatically increase in the near future as water
agencies need to supplement their water supplies.
Today, California’s water agencies and industry
desalinate annually about 50,000 acre-feet and most
of this is brackish water desalination.

Although most estimate that desalination will
contribute less than 10 percent of the total water supply
needs in California, this still represents a significant
portion of the State’s water supply portfolio. There is
a potential of about 0.5 million acre-feet of additional
desalinated water by the year 2030. Of that amount,
about 0.2 million acre-feet would be ocean water
desalination. This potential of new water could meet
the household water demands of about 20 percent of
the additional 12 million Californians projected by 2030.
However, such potential is contingent upon a capital
investment of 0.9 to 1.9 billion dollars. Figure 3 shows
the range of water supply benefits presented in the
draft California Water Update Plan, which is being
finalized.

104



Statewide Water Supply: Why Desalination?
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Figure 3. Range of Water Supply Benefits

Major Issues in Desalination

Cost — Desalination has historically been prohibitively
expensive. The improvements in technology and the
rising cost of conventional water supplies have made
desalination competitive with importing water and
recycled municipal wastewater in a number of cases.
However, cost is still an issue to consumers. The cost
will be influenced by the type of feedwater, the
available concentrate disposal options, the proximity
to distribution systems, and the availability and cost of
power. In some cases, the higher costs of desalting
may be offset by the benefits of increased water supply
reliability and/or the environmental benefits from using
desalination for a water supply instead of other sources
that could place further stress on fresh water
environmental reserves.

Environmental impact & permitting — Brackish
water desalination plants have fairly routine
environmental and permitting requirements. Coastal
desalination plants, however, face much closer
scrutiny. With a location within the coastal zone, and
with the need for water intake and outfall structures,
there will be considerable reviews by numerous
agencies and organizations.

Seawater intakes — Existing seawater intake systems
for power plant cooling are proposed as the source of
supply for almost all of the currently proposed
desalination plants. These existing intake systems can
have impacts on the coastal zone. Addressing these

issues may limit the potential capacity of seawater
desalting on the coast.

Concentrate discharge - Desalination plants of any
type produce a salt concentrate that must be
discharged. Brackish water plants in California
discharge their concentrate to municipal wastewater
treatment systems where they are treated and blended
with effluent prior to discharge. Seawater desalination
produces a concentrate approximately twice as salty
as seawater. In addition, residuals of other treatment
chemicals may also be present in the brine. The plants
currently being planned would utilize existing power
plant outfall systems to take advantage of dilution and
mixing prior to discharge. Studies have been conducted
for a number of proposed coastal desalination plants
and others are currently underway. The availability of
power plant cooling systems to dilute the concentrate
prior to discharge to the ocean will also be affected
by the future of coastal power plants as discussed in
the prior section.

Energy use — Desalination’s primary operation cost
is for power. A 50 mgd seawater plant (approximately
50,000 acre-feet per year assuming operating 90% of
the time) would require about 33 MW of power. The
reduction in unit energy use has been among the most
dramatic improvements in recent years due to
improvement in energy recovery systems. For
comparison, the current energy costs of desalination
along the southern coastal areas of California is about
30% greater than the energy required to import water
from northern California.
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Growth-inducing impacts — In a number of locations,
primarily coastal communities, the availability of water
has been a substantial limitation on development.
Desalination on the coast is now a much more
affordable option in comparison to the past. The lack
of water may no longer be as strong a constraint on
coastal development as it once was. Population growth
along the coast would lead to increasing pressure on
coastal zone resources. These are local issues that
need to be addressed by the local communities.

Water rights — Proposed private desalination
operations raised concerns among some public
officials and advocacy groups, who worry that ocean
water as a public resource will be exploited for private
profit and sold to the highest bidder. In addition,
multinational companies could try to use international
trade agreements to get around local and state
environmental regulation. This raises the issue of water
rights. Under the Porter-Cologne Water Quality
Control Act, the State Water Resources Control Board
(SWRCB) has the ultimate authority over water rights
and water quality policy of the State. In accordance
with its water rights responsibilities, the SWRCB has
the authority to amend water rights. Water rights are
likely not needed for proposed desalination facilities
using water from the open ocean, but may be needed
by facilities proposing to use water from enclosed or
semi-enclosed areas, such as bays or estuaries, or
saline groundwater. Applicant and lead agencies should
contact the SWRCB to determine whether a specific
desalination project will require a water right
(California Coastal Commission, March 2004
Seawater Desalination and the California Coastal Act
report, page 92).

Proposition 50 Water Desalination Grants

In November 2002, California voters passed
Proposition 50, the Water Security, Clean Drinking
Water, Coastal and Beach Protection Act of 2002.
Chapter 6 of Proposition 50, entitled Contaminant and
Salt Removal Technologies, allocates the sum of $100
million to be available for grants for seawater and
brackish water desalination projects as well as projects
for treatment or removal of contaminants such as
MTBE, NDMA, perchlorate, and other emerging
contaminants. The California Department of Water
Resources administers a $50 million desalination
program for seawater and brackish water desalination
projects under Chapter 6(a). The program provides

grants for construction projects as well as research
and development, feasibility studies, pilot and
demonstration projects. This grant program aims to
assist local public agencies with the development of
local water supplies through brackish water and ocean
water desalination. A Proposal Solicitation Package
and application submittal guidelines was released for
the first cycle of this program on 10-25-04. It is posted
on the Department’s website at: http://
www.owue.water.ca.gov/finance/index.cfm.

Fifty million dollars in grants under Sections 6(b)
and 6(c) covering the treatment and removal of
contaminants and disinfection technologies will be
administered by the California Department of Health
Services.

Summary

Water conservation, water recycling, and most
recently desalination are gaining considerable attention
from scientists, resource planners, policy-makers, and
other stakeholders to address water supply reliability
issues in California. The main driving force for the
renewed interest in water desalination is the
remarkable technological advancement in desalination
processes which has recently led to a much lower
cost of desalinated water than fifteen years ago.

Desalination has the potential to offer an
alternative water supply as part of a balanced water
portfolio for many areas of the State. In California, it
is reported by the California Water Plan update, that
desalination has a potential to generate about 0.5 million
acre-feet of additional desalinated water by the year
2030. Of that amount, about 0.2 million acre-feet would
be ocean water desalination. This potential of new
water could meet the household water demands of
about 20 percent of the additional twelve million
Californians projected by 2030.

The California Desalination Task Force identified
the potential water supply benefits associated with the
increased use of desalinated water as well as the
challenges facing California in regard to it. The
Department of Water Resources will continue its
efforts to provide technical and financial assistance to
pursue desalination as an important water supply
strategy for California’s diversified water portfolio.
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Michael D. Norris is the technical manager for
the Bureau of Reclamation’s Yuma Desalting Plant
and the plant’s Salinity Control Research program.
He is the director of the Water Quality Improvement
Center (WQIC), Reclamations field test lab on the
lower Colorado River. Mike has worked for
Reclamation since 1991 in the area of plant
engineering and water research. He earned a
bachelor’s degree in electronic engineering in
1984 from DeVry University.

RESEARCHING WAYS TO STRETCH WESTERN WATER SUPPLIES

Michael D. Norris, Research Director

and

Angela Adams, Program Analyst
Water Quality Improvement Center
Bureau of Reclamation
Yuma, AZ 85364

HISTORY OF THE YUMA DESALTING PLANT
AND WATER QUALITY IMPROVEMENT
CENTER

In 1961, Wellton-Mohawk Irrigation and Drainage
District (WMIDD) started discharging saline water
from drainage wells (average salinity of 6,000 parts per
million [p/m]) to the Gila River, which in turn drains into
the Colorado River upstream of the Northerly
International Boundary (NIB) with Mexico. Also at
this time Reclamation was filling Lake Mead in
anticipation of the completion of Glen Canyon Dam, so
excess deliveries to Mexico were reduced and less
water flowed down the Colorado River to dilute the

WMIDD return flows. As a result of these actions, the
salinity levels in water delivered to Mexico at the NIB
increased to, at times, more than 2000 p/m. Mexico’s
objections to these high salinity levels led to
negotiations and resulted in the Colorado River Basin
Salinity Control Act. The Act contains two divisions:
Title I, for measures taken below Imperial Dam; and
Title I1, for measures taken above Imperial Dam.
The Act intended to provide measures to ensure
the salinity requirements of Minute No. 242 would be
met without adversely impacting the seven Colorado
River basin states, either in terms of dollars or water
resources. The Act authorized, among other things,
construction of the Yuma Desalting Plant (YDP) and
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aresearch program into reducing the costs of operating
and maintaining the YDP. Reclamation constructed
the YDP between 1974 and 1992; salinity control
research began at the YDP’s test plant in 1989. In
1997, Reclamation expanded the test plant and
renamed it the Water Quality Improvement Center
(WQIOQ).

WHAT IS THE WATER QUALITY
IMPROVEMENT CENTER?

The WQIC serves as a field site to investigate new
and improved technologies, including pretreatment
associated with desalination. The intent is to make pilot
water research and field-testing more cost effective
and practical for entities such as the U.S. Government,
desalting researchers, universities, water treatment
companies, municipalities, private industries, and
foreign governments. The facility’s mission is to
advance the development and transfer of water
purification technologies at its state-of-the-art facility
through field tests, hands-on training, and
implementation.

WQIC research pilot systems are designed to treat
brackish water using both chemical and physical
processes. In addition, the Center is configured to
supply a variety of feed-waters dissolved-solids range
to the pilot systems. These include Colorado surface
water, brackish well water, and agricultural drainage
water. Focus areas include suspended-solid gravity
settling, lime-softening and coagulation, depth filtration,
microfiltration, nanofiltration, ultrafiltration, reverse
osmosis, and natural organic material precipitation.

WQIC RESEARCH GOALS

The three main goals of the WQIC are to reduce
the costs of operating the Yuma Desalting Plant, to
support the intention of the Technology Transfer Act,
and to support the accomplishment of Reclamation’s
mission. Deliverables associated with those goals are
the following:

e Operate a research and education program that
conducts/supports activities that result in reduced
YDP operating costs. Results of research are
described in project reports published by
Reclamation. Successful research is also
incorporated into YDP’s operations (i.e., high
recovery testing identified a process that allows
YDP to operate successfully at 80 percent
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recovery rather than the design-specified 70
percent; this means that for every 100 gallons of
feed water, the YDP can recover 80 gallons rather
than the original design specification of 70 gallons.
This translates to a lower unit cost of production
and more “wet” water available to users).

* Partner with other federal agencies, academia,
municipalities, and private parties to conduct water
quality research that reduces the cost of water
treatment, encourages the adoption of desalination
or other advanced water treatment technology
developed using taxpayer dollars. This benefits the
government by creating revenues that flow back to
the government, and benefits the public by
providing a return on their investment in the form
of successfully developed technology put to good
purpose.

e Support other federal and non-federal water
research and planning activities that will resultina
wider-spread adoption of advanced water
treatment technologies, since these technologies
are a tool of conservation and allow otherwise
unusable waters to be recovered and put to
beneficial use. By supporting desalination and
water quality research and planning activities, the
WQIC actively helps Reclamation meet its
commitments to deliver water to contracted users.

PUBLICALLY FUNDED LABS WORKING
WITH PRIVATE INDUSTRY

The WQIC is a National Center for Water
Treatment Technology, initiated by the Bureau of
Reclamation, the National Water Research Institute
(NWRI), and the U.S. Army. Through the National
Centers affiliation, the WQIC opened its doors to the
public to conduct water treatment research. Through
this public research, Reclamation leverages the WQIC
to accelerate improvements in water treatment
technology and decreases the federal investment
required to conduct research that will benefit the YDP
and other reverse osmosis desalination plants.

The essence of the national centers program is the
establishment of a network of facilities across the
United States accessible to researchers who need a
place to test their projects at the demonstration or a
pilot-scale level. So far the program has inaugurated
seven national centers.

The National Centers’ program seeks to advance
knowledge about water treatment through more
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unified research efforts in the public and private sector.
To that end, the program provides financial support to
academia, municipalities, federal agencies, and private
entities to accomplish water research projects that
contribute to improved knowledge about water and
wastewater treatment. Researchers can apply for
grants of up to $10,000 at any time of the year — NWRI
will fund eligible research projects until money for a
particular year runs out. Projects should have an
environmental, municipal, or industrial application.
Researchers must conduct their tests at one of the
seven designated national centers across the United
States.

CRADAS MAKE PARTNERING EASY

WQIC wuses Cooperative Research and
Development Agreements (CRADA) to facilitate
work with non-federal parties and the government to
stretch their research budgets. A CRADA is a
relatively simple vehicle and has a streamlined
government review process.

A CRADA enables the government and the
collaborating partner to share patent and patent rights.
This would result in royalties being paid to the
collaborating partner, the government, and any federal
inventor(s). The partner will retain all rights to the
invention if the government is not involved with the
development of the invention (i.e., the government only
tests the invention).

CRADAs also provide a means for sharing
technical expertise, ideas, and information in a
protected environment. The federal government will
protect from disclosure any information brought into
the CRADA by the partner that is identified as
proprietary. A CRADA permits the federal
government to protect information emerging from the
CRADA from disclosure for up to five years, if this is
desired by the collaborating partner.

Entering into a CRADA with the government can
enable the government to cost-share individual
projects. Collaborating partners agree to provide
resources that may consist of funds, personnel,
services, facilities, equipment, funds, or other
resources needed to conduct a specific research or
development activity. The federal government agrees
to provide similar resources but no funds can be
transferred directly to the partner. However, grants,
contracts, and other types of cooperative agreements
can be entered into with the federal government in

which the government can provide funds to the partner.
Research and development activities at the WQIC are
also offered on a cost reimbursement basis in which the
partner agrees to reimburse the government for
services, facilities, or other resources provided by the
government.

WQIC LABORATORY FACILITIES

The Yuma Desalting Plant Laboratory (YDP
Laboratory) operates an onsite, fully staffed and state
licensed water laboratory. The lab can conduct
drinking water and waste water analyses, bacteriological
analyses, and analyses of major inorganic constituents
of water. The laboratory is licensed by the Arizona
Department of Health Services for drinking water and
wastewater inorganic analyses. The laboratory is also
EPA certified in Arizona. The lab has the capacity to
process more than 10,000 water samples per year. The
YDP Laboratory participates in the U.S. Geological
Survey, the U.S. Environmental Protection Agency,
and Environmental Resource Associates quality
control programs.

IN-HOUSE AND PARTNERED PROJECTS

YDP Aluminum-Bronze Life Analysis - High-
pressure, low pH flows appear to be corroding YDP
equipment fabricated from aluminum-bronze. This
equipment includes process piping, pumps, and valves.
This project evaluates the ability of various high-
carbide stainless steels, high-nickel alloys, and
aluminum-bronze to stand up to conditions that occur at
the YDP and other brackish water desalting plants.
The findings from this study will be used to calculate the
expected life of aluminum-bronze fluid-handling
equipmentat YDP, and will provide information about
suitable replacement materials.

Nontoxic Storage of YDP RO Elements - RO
membranes stored for use at the YDP are subject to
damage by microbiological agents such as bacteria,
fungi, and chemicals, cutting short their useful life and
increasing plant operating costs. One method of
arresting this damage is to store membranes in a
biocide. However, this method of storage has problems
at all stages — from prep for storage to post-storage
handling. This project evaluates the effectiveness of
gamma irradiation in providing non-damaging
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sterilization of Fluid Systems 12-inch membranes.
Results have been promising enough that staff are
planning to patent the process.

Maintaining YDP Pretreatment and RO
Technologies - When the YDP was designed in the
1970s, the design was based on the most reliable water
treatment and desalting technologies available. YDP
uses RO desalting and “conventional” pretreatment:
partial-lime softening-clarification and gravity filtration.
Over the past 20 years, an array of advances in RO
pretreatment and RO systems has occurred. These
technologies need to be evaluated to determine how
suitable they would be for use at the YDP. This
research enables YDP not only to comply with
legislation on finding ways to run the plant cost-
efficiently, but in satisfying that legislation, YDP
satisfies its responsibility to taxpayers to protect their
investment in the plant.

Chlorine Resistant PA Membrane Study - PA
membranes have the disadvantage that chlorine and
other oxidizing biocides used in the feedwater can
result in irreversible oxidation damage. Chlorine, the
most common biocide for water and very effective,
must be neutralized to safe levels before contacting
such membranes. Commercial PA membranes use
1,3,5 -benzenetricarboxylic acid chloride and m-
phenylenediamine with interfacial polymerization to
make membranes. By building PA membranes using
other acid chlorides and/or amines, chlorine resistance
can be designed into membranes on a molecular level
resulting in a superior product. The overall goals of the
project are:
e Learn how to make acid chloride reproducibly and
practically.
e Design supercritical equipment for the in situ
production of above.

High Purity High Rejection CA membranes
(Title I & S&T) - Cellulose acetate membranes
continue to hold promise, if certain shortcomings can be
overcome, as the preferred polymer for the next
generation of reverse osmosis membranes. First of all,
the superiority of CA must be recognized over other
polymer systems due to its hydrophilic nature and
smooth surfaces, which minimize bio-attachment.
Also, the polymer is more chlorine resistant than PA
membranes and is a less-expensive commercial
product. CA membranes are in use with operational
pressures of 200 psi. The shortcomings with current
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CA membranes are due to salt passage that result from
irregularities with the polymer.

Data generated thus far clearly demonstrates that
asuperior CA film can be produced that we believe will
have the needed properties to make a higher-rejection
membrane. Additional support that our approach is
correct can be found in the fact that multiple layers of
CA thin films overlaid on each other improved salt
rejection from the low values of 94.4 percent to
improved values of 99.0 percent. Indeed, this paper
reports a salt rejection on one membrane sample tested
of 99.81 percent compared with 99.83 percent
calculated from Eq. 4 (see paper: Riley, R.L., H.K.
Lonsdale, C.R. Lyons, and U. Merten, J. Appl. Polym.
Sci., 11:2143-2158 (1967).

Desalination Research with Metropolitan Water

District (MWD) - MWD’s mission is to provide its

service area (17+ million consumers in Southern

California) with adequate and reliable supplies of high

quality water to meet present and future needs in an

environmentally and economically responsible way.

The Colorado River is a major source of water for

MWD. A planning goal at MWD is to meet or exceed

the 500 mg/L total dissolved solids secondary USEPA

non-health standard. One way to accomplish this goal
is through desalination. Since the district is planning to
use desalination equipment similar to that used at the

Yuma Desalting Plant, Reclamation benefits by

partnering with them.

MWD is conducting research associated with
various aspects of membrane water treatment. These
aspects consist of:

* Evaluation of new, high-performance reverse
osmosis (RO) membranes;

* Investigation of hybrid-membrane processes (i.e.,
combining RO and nanofiltration (NF) membranes)
to achieve 90 percent total water recovery;

* Evaluation of high-voltage, capacitor-based
technology to prevent colloidal, biological, and
precipitative fouling;

* Develop a pilot-scale, membrane crystallizer to
minimize brine residuals.

The research project is expected to last for one
year. MWD will also be supplying supplemental
equipment. Burns & Roe Services Corporation will
provide operations and maintenance services.

Somerton Surface and Groundwater Blending
Study - In some locations such as Tucson and the
Yuma County Foothills area, corrosion problems have




Researching Ways to Stretch Western Water Supplies

been reported when Colorado River water has been
blended with existing well water sources. The City of
Somerton is planning to blend Colorado River water
with Somerton well water in the near future. This study
investigates corrosion issues of the blended water in
order to anticipate possible problem areas. The
corrosion properties of various materials of construc-
tion in the water treatment, distribution, and customer
piping areas will be studied. City of Somerton well
water, Colorado River water, and blended water will be
used to investigate corrosion rates under static and
dynamic conditions. The goal of this project is to
evaluate the corrosion characteristics of typical
materials of construction with City of Somerton water
supplies and blends. The effectiveness of water
treatment with the addition of corrosion inhibitors and
other chemicals will be determined.
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Frank Leitz has 42 years of experience in the field
of desalination and water treatment. This comprises
performance, supervision and monitoring of
research, proposal evaluation and selection of
research projects; equipment and component
design, field testing; economic application studies,
procurement, and equipment shakedown. It
includes specialized experience with the processes
of reverse osmosis and electrodialysis. Frank's
experience includes 13 years in private industry
with a major manufacturer of desalination
equipment; 29 years with the federal government
working on all aspects of desalination plants, and
treatment of acid mine drainage, three years in
Saudi Arabia working with the US-Saudi Joint
Commission, located in Riyadh, as Research
Coordinator and as Team Leader working primarily
on establishment of the desalination Research,
Development and Training Center in Al Jubail; and
10 years as member of the Editorial Board of
Desalination Journal. Frank received B.S., M.S.,

and The Chemical Engineer degrees from M.I.T. He has more than 60 publications in desalination, water
treatment, mass transfer, electrochemical processes, and computer simulations. Frank also has four patents

on membranes and electrochemical cells.

NATIONAL DESALINATION EFFORTS

Frank Leitz
U.S. Bureau of Reclamation
P.O. Box 25007 (D-8230)
Denver, CO 80225

Thank you, Bobby, for that introduction. The title
of my presentation is a little grander than my talk. The
talk really is about the national desalination effort
viewed from a Reclamation perspective. There are
other agencies in the government that work on
different aspects of desalination and I am not going to
cover their efforts. On a biographical note, I spent a
number of years working for a desalination company
before I came to the government and I suspect that I
was working on desalination before some of the
members of this audience were born.

To begin, I’ll give you an outline of my talk: I will
start with a few comments on national needs, provide
the status of the desalination effort as we see it,

describe some of Reclamation’s current activities and,
finally, list some places where you can get information.

National Needs

A number of people at this meeting have already
mentioned drought. Figure 1 shows drought conditions
as of January this year. The darker colors, the red and
the browns, represent the really bad areas and they
seem to cover most of New Mexico. Personally, I
had not appreciated how bad things were until I drove
down here and noticed by the side of the road a couple
of yellow and black diamond shaped signs that said
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“Watch for water.” Now, [ did not see any but |
presume that if I had I was supposed to dial 911 or
something.

U'S: Drought-Monitor:

Drought Conditions
as of January 2004

Http://drought.unl.edu/dm

Source: D. LLe Comte, NOAAINWS/NCEP/CPC

RECLAMATION

Figure 1.

Along with the drought, which hopefully will be
over one of these days, we have long-term trends.
One of those is population growth and the resulting
increased need for water. The population of the 17
western states in 1902 was 11 million. I am not sure
why someone picked 1902 except that that was the
year that the U.S. Reclamation Service was founded.
The 17 western states are basically Reclamation’s area
of concern. In 1990, those states had a population of
76 million, and in 2000, 91 million. It’s no surprise that
in the future, it is going to get more crowded here.

Between the years 2000 and 2025, the population
of this area is expected to increase from 91 million to
126 million persons. Water withdrawals are predicted
to increase from 91 million acre-feet to 284 million
acre-feet. This represents an increase of 89 million
acre-feet that must come from somewhere.

Where is this water going to come from? We have
identified five possibilities that we are looking at, one
of which, desalination, is what [ will talk about today.
The other possibilities are reuse, transfers, water
conservation, and other new sources of water.

Status of Desalination

If T could only get two points across to you today,
the first one would be that desalination is here and
now. Figure 2 is a picture of the worldwide growth of
the use of desalination, both curves of which are at
about 3,000 million gallons per day. Don’t ask why
desalination plant capacities are expressed in millions
of gallons instead of acre-feet; it’s just that way. Water
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people generate this state of confusion to keep
everyone on their toes.
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Figure 2.

Both thermal processes and membrane processes
in the year 2000 were running about 3,000 millions of
gallons a day cumulative capacity. This is probably
divided among something like 10,000 different
desalination facilities of one sort or another.

For those of you who have not seen a picture of a
big desalination plant, Figure 3 is a shot of the Tampa
Bay, Florida plant. To give you some scale, note the
ordinary-sized automobiles toward the bottom left;
you’ll get the idea that this is a fairly large facility.

Seawater RO/ in Tampa Bay, Elorida

‘Administration Building
7~

RECLAMATION

Figure 3.

Figure 4 shows where desalination plants are
located in the United States. According to the IDA
2002 Worldwide Desalination Plants Inventory Report
No. 17, about 2000 plants with a product capacity of
over 150,000 gallons per day were scattered around
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the U.S., representing municipal, industrial, and pure
water plants. Notice that the states with the largest
accumulation are California, Texas, and Florida with
over 100 plants per state. Only a couple of states in
the U.S. do not have an identified desalination plant in
this list. This report lists 20 plants in New Mexico.

Number of: Desalting Blantsihy State

RECLAMATION

Figure 4.

Figure 5 shows locations for proposed desalination
plants in the United States. One cannot miss the fact
that the largest single cluster is around Los Angeles.

Source; UiS; Desalination Goalition) 2003

RECLAMATION

Figure 5.

The second point I want to get across is that
desalination prices have gotten to the point where they
are reasonable — not cheap, but reasonable. On Figure
6, I have used figures for seawater desalination
although I recognize that New Mexico is not going to
benefit from that in a big hurry, but these are a good
representation of the cost trend. Please notice these

are specific plants. They are fairly large seawater
plants starting with the 1991 Santa Barbara plant. At
that time, the cost of desalinating 1,000 gallons of
seawater was almost $6.00. Over the next decade,
cost has gone down to about $2.00 per 1000 gallons in
Ashkelon, Israel. In case you wondering about the
validity of these costs, most of these are plants built,
owned, and operated not by a municipality, but by a
private entity that runs the plant. These figures
represent transfer costs to the water utility. So these
are very definite, real costs. Whether the company
makes money on the deal or not is something else
again. At any rate, these are probably the best values
we have for real costs and they show a very significant
decrease over time. The source of these data is
“Desalination Market Analysis 2001 — Today and
Tomorrow” by Aqua Resources International,
prepared for the Bureau of Reclamation, October
2001.

Decline in Seawater Desalination Costs
ResultingfromEvoelutioninNEchnology;
and Increaselin Eacility’Size
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Figure 6.

With this in mind, let’s look at a comparison of
water costs. Sea water desalination costs $2.00 to
3.00/ 1000 gallons. This represents desalination costs
and does not include distribution costs.
Characteristically, brackish water desalination costs
$1.00 to 2.00/1000 gallons, keeping in mind that costs
are highly dependent on the chemical makeup of the
brackish water. These again represent production
costs.

Now what does water sell for? I looked up my
local water utility in Evergreen, Colorado, and I am
paying (in addition to connect charges) $2.50/1000
gallons for the first 9000 gallons used. Our water
comes from a mountain lake. It is put through a micro-
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filtration plant, stabilized and delivered. The cost
increases with the next 5000 gallons used to $3.00/
1000 gallons, and above 14,000 gallons, we pay $7.00/
1000 gallons. A surtax in added when we are in a
drought period. Thus, the production costs associated
with desalination are not to far off from what some
people currently are paying.

As for bottled water, I did a survey at my
neighborhood market. The highest cost water I saw
at the Kroger store near where I live was $8.56/
gallon—mnote this is per gallon, not per 1000 gallons.
The cheapest bottled water they had sold for just under
a dollar per gallon.

Current Reclamation Activities

The Bureau of Reclamation partners with many
other entities and organizations including the
WaterReuse Foundation, American Water Works
Association Research Foundation, National Water
Research Institute, Membrane Applied Science &
Technology Center, Center for Biofilm Engineering,
Middle East Desalination Research Center, Sandia
National Laboratories, and the Interagency Consortium
for Desalination and Membrane Separation Research.
You can see that many folks are working on different
aspects related to water desalination and we try to
bring groups together to share problems and to avoid
duplication of effort. Our research program at this point
is largely guided by the desalination roadmap that you
will hear about in the next presentation by Tom
Hinkebein of Sandia National Laboratories.

One of our major efforts right now is getting the
Tularosa Basin National Desalination Research Facility
started. Your program cover has an architect’s
rendering of the facility.

It is reasonable to ask why we do research in
desalination. We want to create options for water
planners and water supply agencies. It seems
appropriate for the government to share in the risk in
some of the R&D investments. You heard Professor
Tarquin talk earlier about the work he is doing on lime
treatment. Some of the avenues he’s gone up make
sense and some efforts work very well. We are willing
to share some of the risk inherent in research. We
want to show how new technologies and practices
can be made sustainable. We need to provide
information on how these things work. And we want
to create confidence so that a design engineer can go
in, design a plan, and expect it to work reasonably
well.
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Our Desalination and Water Purification R&D
Program is authorized by Public Law 104-298. You
can look it up on the internet. It is the so-called “Simon
Act.” Senator Simon was a fairly far-sighted person
whom, unfortunately, we no longer have with us. The
Program’s primary goals are to increase the nation’s
usable water supply; to develop and demonstrate the
effective desalination and water treatment
technologies; and to lower the costs of desalination
technologies and related systems. We do not make
any water with desalination, we make water that was
unusable into usable water.

This Program is national in scope, unlike
Reclamation’s other efforts that are limited to the 17
western states. This is a national program with a strong
nationwide constituency and we do applied research.
The “applied” probably should be underlined. We are
not really into basic research that somebody might use
20 years from now. We want to support research that
somebody can take out into the street in a few years.
The projects are cost shared, they are competitive,
merit reviewed, and we constantly look at the “value”
of the project.

I want to go quickly through some of the programs
on which we are currently working. A gentleman
earlier asked about oil fouling. Yale University is
studying cleaning of fouled membranes. A foulant is a
material that collects on a membrane surface and slows
down passage of water through the membrane.
Colloidal material is very finely divided particles that
make water turbid or cloudy. Organic foulants come
from decay of vegetative matter and frequently give
color to natural waters. Scaling results from exceeding
the solubility of salts like calcium carbonate and calcium
sulfate. Biofouling results when bacteria settle on a
surface and make themselves at home. All of these
have affected membrane plants at one time or another
and each may require a different method of removal.

Montgomery-Watson-Harza is a company working
on removing perchlorate. This is a relatively new
contaminant that people have started to worry about.
It presumably has some undesirable health effects.

The Dow Chemical Company is looking at the
possibility of using large diameter membranes. The
standard conventional size for big plants is an 8-inch
diameter element that is 40 inches long. A consortium
under the leadership of Dow is looking at much larger
membranes, 16-18 inches. They are looking ahead at
what process simplification we have if we go to much
bigger elements instead of the relatively small ones.
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The Texas Water Development Board is just
completing a study on using oil fields for concentrate
disposal. A number of non-technical, institutional and
permitting problems will need to be resolved.

Finally, a Professor at the University of Colorado
is looking at taking pilot plant information or smaller
bench-scale information and conducting plant-scale
engineering with it. It will be interesting to see his
results.

Our FY-03 pilot projects include dewvaporation,
a process we are testing in Phoenix. It is a distillation
process but it is a low temperature process and
hopefully it will be able to use waste heat to further
concentrate and come up with possibly either dry or
solid material. Corollo Engineers is investigating river
bank filtration as a pretreatment process. Another pilot
project is being conducted by Novaflux Technologies.
In the Novaflux process of cleaning membranes, a
spray of fine water droplets shoots through a membrane
element. The droplets may contain a detergent to aid
cleaning. By dispersing water in air, a much higher
shear force can be applied to the membrane surface
than can be obtained with the conventional flowing of
a stream of water through the element. They use a
spray containing very small amounts of cleaning
solution and the technique gets much higher shear force
right at the membrane where you want to do your
cleaning. Their preliminary investigations have been
very successful.

FY-04 new research studies are in the process of
being approved and are being processed through our
acquisitions department so I can’t name any names.
However, the projects will include: membrane process
work on produced waters; adding thermal processes
to water treatment cost model; a study of the presence
and removal of boron from water; a study of biofilm
attachment to membranes; and a study to increase
water recovery from high silica waters.

Produced waters are the great flushes of saline
water that come out of gas wells when they are first
developed. It is very expensive to get rid of this water
because it usually contains a lot of salt and other
contaminants. Right now the technique is to re-inject
it. If we could treat this water at a reasonable cost,
there is a chance of being able to put some of this
water to useful purposes and to limit the amount of
water we have to reinject.

We have a cost model that has been published. It
is quite effective, however, it does not include thermal
processes and that is something that we are working
on right now.

The latest contaminant to come down the pike
that people are worried about is boron. We have a
group that will study not only the current distribution
of boron in potential source waters but how effective
some of our desalination processes are in removal of
boron.

I mentioned biofilms earlier in terms of foulants.
We are funding a study where we look at how biofilms
attach themselves onto membranes with the intent of
determining possible prevention and removal.

Finally, we are looking at increasing the water
recovery from high silica waters. I am sure nobody
who was here this morning could possibly guess when
we would be doing that.

Figure 7 shows one of the new processes, Direct
Contact Membrane Distillation (DCMD). This is a
real quirky process, but it may turn out to be very
useful. The diagram depicts the sides of a very narrow
plastic tube; brine is put on one side and cold water on
the other side. The water distills through the pores of
the membrane. The appealing part of this process is
that the path the water has to move along is in the
order of a few microns.

FYO04 Pilot Projects

(o) Direct.ContactMembrane
Distillation (DEMD)

 — 2

DCMDMembrane Units

DCEMD)ProcessiDiagram
0 Zero Discharge Seawater:
Concentrate Disposal
Plant
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Figure 7.

We are also going to have a pilot plant on a zero
discharge seawater concentrate disposal system. I
always have reservations about “zero discharge”
because zero is never quite zero. This project looks at
how we can recover useful materials. A chemical
engineering professor is working on the project and
has come as close as [ know of anybody to what really
is important or possible from this sort of standard.
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Available Information

Technology transfer is an important part of our
program. It does not do us any good to have information
and final reports if we cannot get them out to those
who need the information. We have an active group
that has developed and published a handbook for
planners, Desalination Handbook for Planners. Our
cost model, WTCost©, is a water treatment cost
estimation program sponsored by AMTA. Desalnet is
being marketed through the American Water Works
Association and contains 50 years of a full-text
desalination literature database. This represents some
1200 reports that were originally generated by the
Office of Saline Water and are very difficult to find
now. We have the databases on CD and they are all
word searchable. Anybody who is trying to look through
a bunch of reports for information can appreciate the
virtue of the keyword search.

Finally, here are three websites that will give you
access to our information:

* Program Homepage — www.usbr.gov/pmts/
water/ desal.html

* Newsletter — www.usbr.gov/pmts/water/
wiw.html

* Research Reports — www.usbr.gov/pmts/water/
reports.html

My parting thought for today comes from Senator
Simon: “If we spent five percent as much each year
on desalination research as we spend on weapons
research, we could enrich the lives of all humanity far
beyond anything anyone has conceived.”

To which I say, Amen.
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Tom Hinkebein manages the Geochemistry
Department at Sandia National Labs, which is
responsible for a number of fundamental science
studies as well as the development of novel water
treatment processes. Tom received his Ph.D. in
chemical engineering from the University of
Washington, Seattle, and has worked at Sandia
for 25 years. In the water treatment program, Tom
is responsible for novel arsenic removal and
perchlorate removal technologies. He is also
currently managing several lab-directed research
and development programs that explore novel
concepts in water supply enhancement and
desalination. Tom is also responsible for
coordinating the development of a technology
roadmap for future research in desalination
technology.

ROADMAP FOR NATIONAL AND
INTERNATIONAL DESALINATION RESEARCH

Tom Hinkebein
Sandia National Laboratories
P.O. Box 5800, MS 0750
Albuquerque, NM 87185-0750

The idea of this conference is to consider the
problems and challenges facing the desert southwest
concerning its water resources and how we are going
to plan for the future. We have heard about the
Tularosa Basin National Desalination Facility and some
of the research efforts the Bureau of Reclamation
has been working on the past couple of years. I think
these efforts are incredibly important, but I want to
underscore how critical the problem really is.

In 1990, there were 20 percent more New
Mexicans than there were in 1980. In 2000, that
number was 20 percent again. I think we can expect
this increase to occur for another couple of decades.

So by the year 2020, there will be 45 percent more
New Mexicans than there are right now.

When you think about that population growth, you
start to wonder if the technologies that we are putting
on the table adequately address our future growth
needs. My concern is that we may not have stretched
far enough to really meet our future needs. When we
wrote our planning document to develop a roadmap,
we did it with the knowledge that two paths need to
be followed.

The first path is the one that looks at our current
technology, reverse osmosis, and looks for ways to
improve it, that is, to incorporate what we already know
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into reverse osmosis to make it more efficient and
better in all ways. But I think we would be remiss if
we did not consider alternate paths; things we might
do that are beyond what reverse osmosis may be able
to do for us. In particular, we are looking at how we
can develop novel ways of looking at things. How can
we plan a process that engineers creativity into the
process itself? That is what a roadmap is all about; it
is a planning document to engineer creativity into what
we do.

Right now the City of Albuquerque is using about
170 gallons of water per person per day. They are
hoping to knock that number down by 15 percent.
Meanwhile we are going to experience a 45 percent
growth in the number of people in Albuquerque. Quite
clearly, conservation is not going to get us all the way
to where we need to be. We will have to obtain
additional water supplies.

Let’s kick in one more factor. The 150 gallons per
person per day is the water that is used for municipal
and some light industrial applications. Last night we
all sat down and had a really wonderful meal. How
much water was involved in the making of that meal?
I can give you an idea: the total water usage for each
human in the United States is about 1,500 gallons per
person per day - ten times larger than the numbers for
which we are planning. The increase in population that
we are looking at is something that definitely requires
planning. And it definitely requires that we stretch
beyond the current technology and start to look for
next generation improvements that can address the
concerns that are in front of us.

I want to point out a couple of things: our roadmap
effort has produced a real document (http://
www.usbr.gov/pmts/water/media/pdfs/
rroadmapreport.pdf). We have worked together with
the Bureau of Reclamation to produce a document
that is real; the ideas embodied in it are planning
scenarios. The question we all have is whether this
document 20 years from now will be looked at as a
work of fiction or a work of facts. If it is a work of
facts, you will all forget my name and we will be trying
to figure out how to solve our water problems. Ifitis
a work of fiction—all efforts in the library that are
works of fiction are filed by the author’s name. So I
hope I am not associated with this document 20 years
from now.

When you prepare a road map, you must being
with a vision and that vision must lead to quantifiable
goals and workable components. This vision has four
workable components: 1) we must be able to produce

water that meets our need for safety; 2) we must
produce water that meets our need to have sustainable
supplies; 3) we must produce water that it is affordable
(and that is the one component everybody pays the
most attention to); and 4) what we produce must be
adequate to assure local and regional availability during
periods of drought or shortages.

When we started this process to develop new
ideas, we started with a vision. The vision lead to the
idea of having water that is safe, sustainable,
affordable, and adequate. Figure 1 shows the
architecture of the roadmap process. We had to define
high level needs and the way we did that was through
the observation or examination of many case studies.
We looked at case studies from particular regions of
the country and considered the problems that existed
in those regions. We then would excerpt and generalize
those needs to come up with some high level defined
needs. The next step was to define critical objectives
or measurable milestones that allow us to determine
how we are progressing. And lastly, we identified the
technology areas and specific research areas that need
attention. Those technology areas will have a set of
milestones associated with them and will have a set
of measurable quantities that will tell us how good we
are doing. That way we can eliminate the ones that
are not working and put more effort into those that
are.

B
%itecture of the Roadmap Process

DEVELOP
ALTERNATIVE
DEFINE HIGH LEVEL NEEDS FUTURE COST
-> CASE STUDIES SCENARIOS
|

DEFINE CRITICAL OBJECTIVES
-> Define High-Level Objectives
-> Identify Specific Performance Metrics & Targets

|

IDENTIFY TECHNOLOGY AREAS
AND SPECIFIC RESEARCH NEEDS

-> Basic Science and Technology Areas
-> Specific R&D Needs

Figure 1.

Developing a roadmap is a people process. Many
people are involved. Figure 2 summarizes the people
involved in our effort. We broke into four main areas:
membrane technologies; alternative/thermal
technologies; reclamation/reuse technologies; and
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concentrate disposal technologies. The themes for
those four areas will be continued in the future. We
did not have enough experts in thermal technologies
to do an adequate job so we combined them with
alternative technologies, which I think will be very
important in the future.

|{ ;l ’Qoadmapping Participants

William Blomquist, Indiana Universit Lisa Henthorne, Aqua Resources International
Shannon Cunniff, US Bureau of Reclamation Anita Highsmith, Highsmith Environmental Consultants
Peter Fox, Arizona State University Thomas Hinkebein, Sandia (Program Manager)
David Furukawa, Separation Consultants, Inc. Kevin Price, US Bureau of Reclamation

Marie Garcia, Sandia National Laboratories Gary Wolff, Pacific Institute

Michael Gritzuk, Phoenix Water Services Department

Working Groups
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Hari Krishna, Texas Water Development Board
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Bill Beddow, CH2MHill

Mark Beuhler, Metropolitan Water District of Souther California
Shannon Cunniff, US Bureau of Reclamation
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Mike Hightower, Sandia National Laboratories

Thomas Hinkebein, Sandia National Laboratories (co-lead)
Scott Irvine, US Bureau of Reclamation

Alternative/Thermal Technologies
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Marie Garcia, Sandia National Laboratories
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Thomas Jennings, US Bureau of Reclamation (lead)

Ed Knobbe, Sciperio Mike Mickley, Mickley and Associates

John Potts, McGoran & Associates
Kevin Price, US Bureau of Reclamation
Robert Reiss, Reiss Environmental

Karen Wayland, Office of Senator Harry Reid
Ed Weinberg, EW Consultant

Gary Wolff, Pacific Institute

Ron Linsky, National Water Research Institute
Benie Mack, lonics Inc.

John Pellegrino, Consultant

Kevin Price, US Bureau of Reclamation

Figure 2.

One of the main area categories was reclamation
and reuse. We seldom consider reclamation and reuse
as being a desalination activity, but, in general, the
technologies are so similar that the benefits derived
from studies in reclamation and reuse are usually
directly applicable to desalination, at least partly
applicable.

Lastly we considered concentrate disposal. In the
Southwest and other inland environments, concentrate
disposal is one of the more costly aspects of the
problem. As a matter of fact, concentrate disposal
usually runs between one-third and one-half of the
total cost of the process when applied to an inland
environment.

As an example of one of the case studies, consider
the study we did looking at inland urban and rural areas
where a number of challenges were identified (Fig.
3). These areas are all grappling with sustainability
and adequacy concerns resulting from the persistent
drought. An additional major concern is concentrate
disposal. We summarized the needs that derive from
these challenges in terms of broad-based statements
about the kinds of improvements that needed to be
made—reducing cost and enabling the disposal of
concentrate.

%se Studies - Basis for Needs

Inland Urban and Rural Areas

S

Current Challenges
S bility is questionabl
Provide affordable water and address
the need for reclamation and reuse s vegas, N+
Assure adequate supplies through e
increased recycling, upgrading
impaired water, mitigating demand,
and purchasing water rights

Desalination Needs

* Reduce the cost and enable the
disposal of concentrate

* Reduce the cost for desalination
processes

+ Develop beneficial uses for
concentrate

+ Manage salt on a regional basis

« Characterize the saline aquifer

Saline Aquifers

Figure 3.

Reducing the cost of the desalination processes is
also important (Fig. 4). In 1965, Gordon Moore made
the observation that exponential growth was occurring
in the semiconductor industry. For semiconductors, the
growth rate is 37 percent and double every two years.
Another industry that began in the 1960s was
membrane separation. In this case, the improvement
is 4 percent per year. If we want larger improvements,
we must adopt a better growth process. The
exponential growth noted in the graphs in Figure 4 is
based on the premise that future gains are based on
past successes. (We can all be tall when we stand on
the shoulders of giants.)

i Historical Desalination Costs
4% | year
—)
transistors
o Domume 4 prcesse | 106,000,600 This rate corresponds to 50%
MOORE'S LAV, 000,000 reduction in 18 years.
- 1,000,000
100,000 100
/ . 27 O
v NG 3
1000 2
1970 e7s B0 iees 1990 1995 2000 5
S
= 10
e
B
3
o |~ <
1 T —
1960 1970 1980 1990 2000 2010 2020 2030
Year
Seawater Reverse Osmosis
Figure 4.

Think about concentrate disposal as being able to
turn a sow’s ear into a silk purse, which is one of our
goals. Can we develop beneficial uses of concentrate
that will improve the way that we look at this process
and actually enable us to pay for the processes? In
the Phoenix area, they have so much salt in the valley
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that being able to deal with that salt represents a long-
term problem for them.

Lastly, and probably one of the most important
areas, is being able to characterize the saline aquifers
so that we know what our source terms are.

How do you tell what good will happen with any
improvements that you might make? Consider the
ideas embodied in Moore’s Law in Figure 4. How does
the number of transistors on a chip relate to anything?
If you plot the number of improvements that can be
made (in any technology as a function of time) on a
semi-log plot, and as long as you don’t start to run into
barriers, those improvements end up plotting on a
straight line (Figure 5). The idea behind these plots is
that, as embodied here, we can make improvements
that are so much greater than anyone can imagine
because we are standing on the shoulders of all of
those improvements that came before and we can see
a lot further as a consequence. If we apply the same
kind of curves to the cost of sea water desalination
between 1970 and 2000, we find a band of
improvement that results from plotting the data that
actually is linear. And if we do not run up against
constraints, we could continue to have improvements
well into the year 2020. However, I think there will be
constraints. It was the overall opinion of everybody
participating in developing the desalination road map
that the 4 percent per year improvement is going to
eventually start to run into trouble as we get closer
and closer to thermodynamic minimums. Currently we
are functioning at about three times the thermodynamic
minimum and there is still room for improvement. But
at what point do we cease being able to make these
improvements? We will be looking for improvements
that some people refer to as “and now a miracle
occurs.”

e
Wpact of Revolutionary
Technology
‘Step-change’
% = Evolutionary
3 Technology
3 = Rewolutionary
? Technology
8
Time
Figure 5.
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Concerning our critical objectives as they apply
to concentrate removal or the concentrate disposal
process — our near-term (between now and six years
from now) critical objectives are to reduce capital costs
by 20 percent; increase energy efficiency by 20
percent; reduce operating costs by 20 percent; and
reduce the cost of zero liquid discharge processes by
20 percent. You can see the constant theme of 20%
improvements over the next 6 years or so. That is
consistent with the 4 percent improvements that have
been observed historically. Thus the kinds of
improvements we hope to achieve are consistent with
the steady-as-you-go incremental improvements to the
existing processes.

Our long-term objectives are regulated by the fact
that the population is growing at a very high rate and
we need to make substantial improvements in our
ability to deliver water to major population areas as
well as small population areas. We must deliver water
in such a way as to match population growth in order
to keep costs at a reasonable level based on today’s
standards.

I excerpted a study from efforts that were done
in Phoenix Arizona by Mike Mickley on disposal
options (Figure 6). The Phoenix group was talking
about a large pipe-lining project to deliver all of the
concentrate to the Gulf of Mexico. That pipeline project
was very expensive and had geopolitical problems
associated with crossing six state boundaries plus an
international boundary, which were going to be
monumental. We proceed anyway and figured the cost
of the project. The Pipeline bar in the Figure 6 graph
has a white area (above the capital cost and operating
cost) that includes the cost of the lost resource. All
the water that is delivered to the Gulf of California is
water that is no longer in the system and thus a lost
resource and it does represent a cost. You can do the
same kind of analysis for evaporation ponds and for
thermal evaporation over the top of evaporation ponds.
What you come up with when you evaluate the
comparison of disposal alternatives is that the cost of
concentrate disposal, if all of the costs are factored
in, are, in fact, pretty high. When a true accounting of
all costs are considered, concentrate disposal results
in increasing the cost of the desalination process by a
lot. Further, it gives us added pause when we start to
consider the cost of lost water and looking at ways to
recover that lost water.
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Figure 6.

ask people, “What do you think is the best way to
move forward?” One idea put forward for a long-
term thrust area was the idea of developing solidified
residuals and a recapture of 100 percent of the water,
again recognizing the value of a lost resource.

A couple of ideas have been advanced to deal
with those issues; you heard earlier a bit about the
dewvaporation process that James Beckman of
Arizona State University is developing. In this process,

Let’s look at the
current costs asso-
ciated with a couple
of options as shown
on Figure 6. These
are not all of the

Near Term Thrust Areas

of options. You will

evaporation ponds in

the Phoenix area are Long Term Thrust Areas

out of sight because +  Create a “super concentrate” technology — complete solidification of residuals an
g 100% recapture of water h

+ Explore beneficial uses of concentrate including irrigation; farming; solar pond;

the land costs are so

Concentrate Management Technologies

- Develop science related concentrate specific regulations for disBersiqn modeling of
mixing zones and ion imbalance for surface water discharge R&

options; only a couple * The biology of salty water, including understanding env. impacts, using bacteria for
beneficial treatment, etc.

« Research into engineered ecology/bioengineering to discover:

note that currently, » How to engineer disposal so that at least it does not harm ecosystems, and if
possible benefits them

« Natural analogs to current treatment

R&D Thrust Areas

project

cooling water; manufacturing; agriculture; repair of dead-end stagnant canals;
great‘ . And eV.en energy recovery; artificial wetlands, recreations, halophilic irrigats':lon; aquaculture
efforts like enhancmg + Decentralized (Point of Use) Treatment and recycling as a way of managing
. concentrate
evaporation or
spraying water into
the air really does not  pigyre 7.

change the econ-
omics substantially. But you can begin to look at each
of these processes and say, “If we did the best that
we could, how might we decrease the cost of each
alternative by 2008 and by 2020?” We can then start
to compare these alternatives with other processes
that we might dream up. We have seen some of those
processes presented in the last couple of days. We
want to take those ideas and evaluate them using the
same yardstick indicating how well the economics and
other factors compare with the current technologies.
Zero liquid discharge is likely to be one of the most
important driving factors when we consider
concentrate disposal, especially in the arid West where
we need all of the water we can get. Environmental
concerns are one driver for concentrator facilities (zero
liquid discharge). Another driver is lost water. Uses
and markets for individual salts are emerging and
processing companies are beginning to develop.
When we created the roadmap, we developed
near-term and long-term thrust areas (Fig. 7). These
were determined by a “people-process” where you

air evaporates water from saline feeds and forms pure
condensate at atmospheric pressure with
humidification-dehumidification. The process naturally
transfers heat released by dew condensation to assist
evaporation on
opposite sides of a
heat transfer wall.
The process is
highly energy
efficient  and
shows minimal
fouling. The exter-
nal heat source
can come from
waste heat, solar
collectors, or fuel
combustion.
Figure 8 depicts
the equipment
involved in the
process.

Figure 8.
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Another process that deserves an honorable
mention in terms of how one might deal with water
loss is a wind-aided intensified evaporator (Figure 9).
E. Leshman, J. Gilron, Y. Folkman and O. Kedem from
Lesico Ltd. and Ben Gurion University are
investigating this method. The process allows water
to drip down plastic sheets that wave back and forth
in the wind allowing the boundary layer to break up
and eventually a solid material is formed out of the
discharge from the test facility. The process shows
minimal fouling. The costs associated with the wind-
aided evaporator vary between $3.2 to $3.8/1000
gallons, which is substantially less than the costs
associated with straight evaporation ponds. This may
potentially be a technology that will prove efficient
and cost-effective and I am sure there are others to
consider.

Figure 9.

Sandia’s National Desalination Program consists
of three main activities. The first is the work on the
National Desalination Research Implementation Plan
that is part of the roadmap. That effort is a joint activity
with the Bureau of Reclamation, Water Reuse
Foundation, American Waterworks Association, and
the National Water Research Institute. We will be doing
follow-on activities to develop ideas for conducting
research in all the main research areas that we talked
about plus at least one other that relates to some of
the non-technical factors associated with the
development of desalination technologies.

The second main activity is the idea of developing
demonstration-scale desalination processes, along the
same lines as those pursued by the Bureau of
Reclamation. It is our goal to make sure that we
coordinate with the Bureau in selecting the “right”
processes to be tested so we know we are putting our
resources into the right places. Our third main activity
concerns the development of advanced concept
desalination processes. In the future, we will be
spending more effort in attempting to go way outside

the traditional technologies that are being pursued.
Again, we want to examine technologies that can really
break through a lot of the cost barriers that are
associated with reverse osmosis.

Thank you for your attention today.
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