July 8, 2021
TO:

Yves Khawam, PhD, Assistant County Administrator for Public Works

THRU:

Jackson Jenkins, Director, RWRD

FROM:

Eric Wieduwilt, P.E., Deputy Director - Technical Services & Engineering

SUBJECT:

Desalination and Transport of Water from the Sea of Cortez, Mexico to Pima County

At your request, water policy and engineering staff from RWRD and the Office of Sustainability and Conservation
developed the framework and cost estimates for a conceptual project to deliver desalinated water from the Sea of
Cortez to Pima County. This memo conveys a summary of that work effort. While assumptions greatly simplify the
complexity of the project, the effort may provide a stepping-stone to future considerations for the community.

Executive Summary
Water is a precious and vital resource for our desert community. With the potential for decreasing water supply and
over-allocation of available water from the Colorado River, the community continues to look for additional water
resources within and outside the region. This project (Project) explores transporting desalinated water from the Sea of
Cortez in Sonora, Mexico to Pima County, Arizona for use in the greater Tucson Metropolitan Area.
The planning scenario contains the following elements: a population of 1.5 million people in the Tucson Metropolitan
Area (estimated to occur by the year 2100 at 0.4% annual growth), an extended drought with annual rainfall of six (6)
inches, no Central Arizona Project water delivery, and innovative community conservation measures. Under this
scenario, the estimated annual water demand is 120 million gallons per day, with a supply shortfall of 90 million gallons
per day (100,813 acre-feet per year). Desalinated seawater could make up the shortfall.
This Project relies on the recent work of the International Boundary and Water Commission, making extensive use of
the Binational Study of Water Desalination Opportunities in the Sea of Cortez published in 2020 by the Minute 323
Desalination Work Group. The study looked at options to provide desalinated water from the Sea of Cortez to the
Morelos Dam, located on the border adjacent to Yuma, Arizona, in exchange for upstream Colorado River water
withdrawals.
The technical components of this Project include a desalination plant at Puerto Libertad, Mexico and a 196-mile
pipeline to Avra Valley, Arizona using five (5) pump stations.
The construction cost estimate for the desalination plant and pipeline is $4.1 billion. This Project’s financial analysis
assumes Federal grant funding for 50% of the capital cost and the remaining debt paid over 50 years. With funding
assistance, the construction cost to the community is reduced to $2.05 billion, and the annual construction debt
payment, adjusted for Federal assistance in 2019 US dollars, is $103,640,000.
The estimated annual expense for operating and maintaining the system is $171,830,000. Combined, the total annual
expense to the community is $275,470,000. This translates to about $60 per month for a single-family home end user.
The full cost of this Project is higher than other desalination projects in the world, but when looking at only the
desalination cost estimates, the desalination plant is lower than industry costs.
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Introduction
As the population in the Tucson Metropolitan Area (TMA) grows, there are concerns of having adequate potable water
supplies under a widespread drought scenario where the TMA no longer receives Central Arizona Project (CAP)
allocations. At the request of Pima County Public Works Administration, Pima County Regional Wastewater
Reclamation Department staff developed a cost estimate for treating and transporting desalinated water to the TMA
from the Sea of Cortez, Sonora, Mexico.
The Project scope includes the following tasks:
•
•
•
•
•
•

Estimate the future water demand for the TMA;
Select a probable location for a desalination plant and pipeline alignment for transporting the water;
Estimate the costs of construction for the desalination plant, pipeline, and pump stations;
Estimate the cost of operation and maintenance (O&M) of the plant, pipeline, and pump stations;
Estimate an annualized cost of service for the Project and cost of water per acre-foot (AF); and
Estimate the financial impact of the Project on the average household.

Initial research by staff located a collection of technical memos on desalination opportunities in the Sea of Cortez by
the Minute 323 Desalination Work Group (Black and Veatch/ Libra (B&V/L)). The International Boundary and Water
Commission (IBWC), comprised of members from the United States (US) and Mexico, adopted Minute 323 1 on
September 2, 2017. A Binational Desalination Work Group formed to study water desalination opportunities in the Sea
of Cortez “…due to the impacts on Colorado River storage resulting from various factors, including meeting system
demands, the effects of hydrologic conditions, and increase temperatures.” 2. The concept proposed by the Work
Group 3 was to desalinate and convey water to the Morelos Dam, located on the border adjacent to Yuma, Arizona, in
exchange for Colorado River water. The B&V/L’s Technical Memorandums (TMs) are the primary resource for this
Project.

Technical Analysis
Establishing a Future Water Demand
The primary assumptions in estimating future Water Demand (WD) for the TMA are a future population of 1.5 million,
no Central Arizona Project water delivery, and six (6) inches of annual rainfall. The estimated year when the TMA will
reach this population is 2100, using an annual growth rate of 0.4% and current population of 1,050,906. Currently,
Tucson Water reports their combined average water usage by residential, commercial, and industrial customers in the
TMA is 111 gallons per capita per day (gpcd) 4. Under the assumptions, average water usage in 2100 will decrease
significantly due to lower-flow plumbing fixtures, adopted water conservation habits, the use of rooftop rainwater
harvesting, and building gray water systems. Two WD scenarios of Moderate and High Conservation (Attachments 1-1
and 1-2) attempt to balance the local conservation efforts with projected water supplies to meet the per capita water
demand. The Moderate Conservation WD uses 80 gallon per capita per day (gpcd) and the High Conservation WD uses
60 gpcd.
The two WD scenarios apply different volumes of recycled water (effluent), groundwater, and stormwater toward
potable use and irrigation. Using the Moderate Conservation WD scenario as the basis for this analysis, the total water
demand for 1.5 million people in the TMA is 120 million gallons per day (mgd) or 134,400 AF per year (AF/Yr). The total
1,2

https://ibwc.gov/Files/Minutes/Min323.pdf

Binational Study of Water Desalination Opportunities fin the Sea of Cortez, TM1: Water Supply Availability and Demand
Analysis, Black & Veatch/ Libra, April 2020
4
https://www.tucsonaz.gov/water/drought-preparedness
3
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potable water demand assumes the water demand as solely a function of population and the average rate of water
demand.

Three water resources are re-balanced to offset total potable water demand: (1) Recycled Water (Wastewater
Effluent), (2) Sustainable Groundwater Pumping from Tucson/Avra Valley Basins, and (3) Stormwater Harvesting from
impervious surfaces.
1. Recycled Water. Effluent from the TMA water reclamation facilities is a viable water resource. For the
Moderately Conservative WD, 63% of recycled water is converted to a potable water supply through direct
potable reuse or constructed recharge and recovery to minimize losses. The remaining 37% of recycled water
is reserved under Southern Arizona Water Rights Settlement Act (SAWRSA), lost to evapotranspiration, or used
for irrigation. Recycled water can provide 16,400 AF/Yr of potable water demand in the Moderate WD scenario.
2. Sustainable Groundwater Pumping from Tucson/ Avra Basins. The information from Arizona Department of
Water Resource’s Tucson Active Management Area model report states, “it is generally agreed that prior to
1940, the basin was still in a state of equilibrium with ground water pumping of nearly 67,700 AF/Yr under the
climatic conditions at the time.” Given that the historic annual rainfall was twelve (12) inches per year, and
assuming a linear relationship between rainfall and infiltration, six (6) inches of rain allows for sustainable
ground water withdrawals of 33,850 AF/Yr. In both WD scenarios, the assumption is that agricultural recharge
goes away completely, leaving approximately 18,000 AF/Yr of sustainable pumping 5.
3. Stormwater Harvesting. Stormwater currently recharges naturally within the basin. To expedite beneficial use,
creating localized infrastructure to capture and direct flow to irrigation or potable water demands is possible,
5

https://new.azwater.gov/sites/default/files/Tucson%20Model%20Report_No_24_v2_1.pdf
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but water quality is a concern. The Kino Environmental Restoration Project is capable of capturing 186 AF/Yr
to offset irrigation demand. Pima County Flood Control studies show captured stormwater from impervious
surfaces can provide 1,512 AF/Yr in water resources for six (6) inches of annual rainfall. For the Moderate
Conservation WD scenario, no additional capture of stormwater is projected. In the High Conservation WD
scenario, 756 AF/Yr (50% of annual impervious surface flow) of stormwater is captured in 2100.
Even with a variety of conservation efforts and water supply re-balancing applied to the Moderate Conservation WD
scenario, there is still a net deficit water demand of 90 mgd (100,813 AF/Yr), of which desalinated water could mitigate.

Data Resources
The primary reference for the Project comes from the Binational Study of Water Desalination Opportunities in the Sea
of Cortez, prepared by B&V/L (2020) for the Minute 323 Desalination Work Group (International Boundary and Water
Commission). TMs 1 through 5 and their appendices provide the data behind the cost estimates for the desalination
plant, with TM3 being the key reference. The pipeline alignment for this Project varies greatly from the pipelines
evaluated in the TMs, so additional information from internet resources, in-house tools, and experience augmented
the development of the pipeline alignment, conceptual design, and cost estimates.
The TMs provide an extensive list of items not addressed by the work, which have additional, unidentified cost impacts
on the planning, execution, and delivery of this type of project. These exclusions also apply to this Project, and may
have substantial expenses not accounted for. A partial list of excluded costs includes:
1. Land acquisition of easements for the pipeline;
2. Sizing of facilities for additional water demand requested by Mexico or other jurisdictions outside of the
Tucson Active Management Area;
3. Costs associated with additional water delivery, payments, and fees to Mexico or other jurisdictions;
4. International negotiations;
5. Green energy options to power the desalination plant and pipeline pump stations;
6. Brine management in the Sea of Cortez;
7. Permitting – environmental/regulatory/legal;
8. Seismic protection;
9. Costs to construct power generation, power transmission, and substation facilities for the desalination plant
and pump stations; and
10. Water treatment costs at terminus of pipeline prior to recharge or distribution.

Conceptual Design
Desalination Facility
Of the five Opportunities described in the TMs, Opportunity 5’s conceptual design in Puerto Libertad was selected as
the best location for the desalination facility based on the following factors (TM5: page 11 of 29):
1. The Intake system through the marine bathymetry is constructible, reasonably priced, and has good seawater
quality.
2. The Power Generation Station at Puerto Libertad provides easy access to electricity to power the plant and
initial pump stations.
3. Puerto Libertad is a town of about 2,800 people (2005 census) and has basic infrastructure (roads, stores and
homes) to support the staff that would run and maintain the desalination plant.
The desalination capacity of Opportunity 5 provides 100,000 AF/Yr of treated water with a total dissolved solids
concentration of 500 milligrams per liter.
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Pipeline
Minute 323’s Opportunity 5 proposes to convey desalinated seawater from Puerto Libertad to the Morelos Dam,
located on the international border adjacent to Yuma, Arizona, via a 285-mile pipeline with a total elevation lift of
1,120 feet. This Project proposes to transport desalinated seawater to the TMA, ending at the Southern Avra Valley
Storage and Recovery Project (SAVSRP), via a 196-mile pipeline with a total elevation lift of 3,853 feet. Not only is the
alignment different, but because of the greater elevation lift and pumping requirements, so is the pipeline design. The
objectives for an optimum alignment are to minimize length, elevation changes, and the number of pump stations,
while maintaining proximity to power and roadways, and avoidance of protected and tribal lands. The selected
alignment is shown below.

The alignment has the following attributes:
1. A near linear alignment, 196 miles versus a “crow flies” straight line of 180 miles (Google Earth).
2. Shortest length through Arizona, where construction labor costs are greater.
3. Steady gentle uphill slope, going from sea level to 3,853 feet at the high point and dropping to 2,317 feet above
sea level at the SAVSRP, avoiding the high point of approximately 4,500 feet in Nogales, Mexico.
4. Avoids known sensitive areas in southern Arizona and northern Mexico, to minimize the complexity of the
Project, such as the Tohono O’odham Nation, the Buenos Aires National Wildlife Refuge in southern Arizona,
and the Sierra del Pinacate National Reserve in Mexico.
5. Follows railroad and roadway rights-of-way where possible to allow easier vehicular access to pump stations
and electrical substations, and avoid disturbance of untouched areas.
6. Attempts to avoid homes and other structures; however, some farm fields are traversed.
7. Avoids steep terrain and the additional costs associated with blasting or tunneling.
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8. Follows a 36-inch natural gas pipeline through northern Mexico (North of Altar Municipality), all the way into
Avra Valley, to piggyback on the maintenance access to the new water pipeline. The assumption is that since
a gas pipeline exists through this alignment, it increases the confidence that the water pipeline alignment
would be feasible.
9. Power is available through a 240 kilo-Volt (kV) electrical transmission lines that run north from Puerto Libertad
to serve the communities of Caborca and Altar. The first half of the pipeline alignment in Mexico is within 20
miles of a power source, needed for the required pump stations in Mexico.
The pressure pipeline design looked at two alternatives, a single 60-inch diameter pipe and three 48-inch diameter
pipes. The single pipe design has very high operating pressures, thicker pipe walls, very large pumps, and high operating
power costs. When compared to the alternate three-pipe design, the single pipe would require shorter distances
between pump stations and more pump stations to keep the peak pressure within a realistic operating range. The
three-pipe design operates with a single pump for each pipe within each pump station. This configuration is the most
cost effective with lower construction costs and lower power demand for operating. A Sulzer pump (JT-42CMC) is used
for cost estimating since it fits the design criteria of the system. Staff used Google Earth, EPANet 2.2, pump curves, and
spreadsheets to calculate the number of pump stations needed for the system. Five (5) pump stations are used to lift
the water while keeping the system pressures below 500 pounds per square inch.
The desalinated water is pumped from the desalination plant in Puerto Libertad, Mexico to the highest elevation, which
happens to be at the United States border. From there, topography allows the water to flow downhill by gravity in a
single 54-inch diameter pipe to the SAVSRP. The entire pipeline is to be installed underground using the open trench
method. Open trench construction is the least expensive construction method, and buried infrastructure will provide
security and protection during operation.
Alternative conveyance methods such as an open canal for gravity flow, and alternative pipeline installation methods
such as tunneling, do not provide financial benefits and present additional construction challenges. Open canal
conveyance of the desalinated water using gravity flow cannot begin until the Arizona border. At the last pump station
in Mexico, south of Sasabe, water is pumped to the high point of the pipeline. Discharging into an open canal, like the
CAP, requires a great deal of earthwork and meandering of the canal to conform to the topography of the land. Along
the southern Arizona alignment, the Federal Buenos Aires Wildlife Refuge limits the available acreage available to
meander the canal. Avoiding the Wildlife Refuge excludes about 26 miles of the potential 57 miles of open canal flow
in Arizona, leaving 31 miles available for this type of water conveyance. For the remaining length, conflicts with
canyons, utilities, and development further complicate the design and increase construction costs to the degree that
this is not a viable option.
Tunneling is more expensive than open-trench pipe installation. In projects reviewed for the feasibility of tunneling,
tunneling was cost effective when there were significant alignment obstructions where tunneling would avoid costly
interference (e.g. highways, mountains, rivers, congested utility networks). For this Project, the assumption is that
there are no significant obstructions in the alignment. Estimated tunneling construction costs ranged from $18.4
million/mile for tunneling a 72-inch pipe (RWRD jack and bore costs) to $128 million/mile for larger water aqueducts
using tunnel boring machines (publication research). These figures represent respectively 2.5 and 17 times the cost of
open trench construction.

Cost of Construction
Following TM3, construction costs are based on a Class 4 level 6 cost estimation, with an accuracy range of -15% to 30% on the low end and +20% to +50% on the high end, using 2019 dollars. Construction costs are divided into direct
6

American Association of Cost Engineers International’s “Recommended Practice 18R-97, Cost Estimate Classification System”
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and indirect costs, and then a contingency is added. No inflation factors are used. Direct costs include labor, materials,
and equipment. Indirect costs include common distributable supplies, construction management, design, engineering
and procurement, freight, operational spare parts, vendor support, construction camps, startup and commissioning,
and first fills. Indirect costs are a percentage of the direct costs. The Project has a contingency of 30% for the
desalination plant and 25% for the pipeline to reflect the uncertainty of labor and material quantity estimates and
other Project unknowns.

Desalination Plant
The desalination plant cost estimate from TM3 (based on 89.1 mgd) is increased by 0.965% to adjust for the higher
volume of flows required in the Moderate Conservation WD of 90 mgd. The table shows the level of detail from TM3
and the applied cost factor. The estimated cost (rounded) to construct the desalination plant is $1,102,080,000.
Direct and indirect costs for the desalination plant construction are as follows:

Pipeline
The construction cost estimate represents the selected 196-mile alignment from Puerto Libertad, Mexico to the
SAVSRP in Avra Valley. The pipeline cost estimate reflects changes from the TM3 pipeline estimate in the following
areas: an eight (8)-fold increase in cost of labor in the US, substitution of one large pipe for three (3) pipes, a thicker
walled pipe to meet pressure requirements, and larger pump stations to manage the higher-pressure systems. Starting
with the TM3 value of $2,800,000 per mile for 60-inch pipe, cost factors adjust the values for labor, pressurized steel
pipe sizes and weights, and pump sizes to generate average costs for the Mexican and US portions of the pipeline.
Labor costs in the US and Mexico are strikingly different. The labor costs in TM3 represent Mexican labor, so a cost
factor of 8.34 is applied to the TM3 labor costs for the pipeline section built in the United States. Material costs are
predominately based on the amount of steel in the pipeline, which varies by the pipe pressure ratings (thickness),
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diameters, and total length of pipe required. TM3 unit steel pipe cost estimates increased by a factor of 1.7 to 2.01
based on the steel pipe designed for the pipeline.
The construction cost estimate for the larger pump stations in this Project use a cost basis from TM3 of $60,990,000
per pump station. To account for increases in concrete, pump sizes, and pipe pressure ratings, a cost factor of 1.46 is
applied to the TM3 costs for the pump stations. A contingency of 25% brings the total estimated pipeline construction
cost to $2,994,230,000.
Direct and indirect costs for the pipeline and pump stations construction are as follows:

Annual Operation and Maintenance Costs
O&M costs for the desalination plant and pipeline are presented in TM3 as a single annual operating cost, based on a
split of 65% for the desalination plant and 35% for the pipeline. The cost estimates are adjusted for the differences
between this project and TM3, and contingency and inflation factors are not included in the O&M cost estimate. The
total estimated annual O&M cost is $171,830,000.

Desalination Plant
The desalination plant O&M cost estimate is taken directly from TM3 (65% of total O&M costs) and increased by 0.965%
to compensate for the slightly higher flows required for the Moderate Conservation WD of 90 mgd (100,813 AF/year).
The cost of plant operating power is based on an average electricity cost of $0.10 per kW-hour.
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Pipeline
The annual operating and maintenance costs are higher for the pipeline than TM3, primarily due to a higher total
pumping elevation and more pump stations. Pipeline O&M costs are 20% higher than TM3 to reflect these conditions.
The energy required for the pump stations is based on supplying 4,050 feet of total pumping head (sum of all elevation
changes) in the pipeline at an average electricity cost of $0.10 per kWh. The maintenance cost of roadways to access
the pipeline and pump stations is included since most of the alignment does not follow existing roads or rights-of-way.

Financial Analysis
A financial analysis of construction and O&M costs shows the impact and feasibility of a project. Like the Central Arizona
Project, the burden to a community for a project of this magnitude would benefit greatly from Federal assistance in
both grants and long-term debt payment. This Project’s financial analysis therefore assumes grant funding for 50% of
the capital cost and the remaining debt paid over 50 years. With funding assistance, the construction cost to the
community is reduced to $2.05 billion. Converting this debt to an annual construction debt payment, using a 50-year
Federal debt plan in 2019 US dollars and an annual interest rate of 4.5%, the annual cost is $103,640,000.
The estimated annual expense for operating and maintaining the system is $171,830,000. Combining the two annual
payments (debt and O&M), the total annual expense to the community is $275,470,000.
If this Project was constructed today and every resident in Pima County (389,260 residences and 1.051 million people)
contributed to paying the annual expense, the cost to each single-family residence would be about $60 per month.
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Desalination Project Comparisons
There are more than 20,000 desalination plants in the world. Not all the plants treat seawater and, in the US,
desalination of brackish water is common in Texas and Florida. Costs for treating brackish water are about half that of
seawater, based on the lower amount of salinity removal required. Only seawater desalination plants are used for this
comparison.
When comparing this Project to other projects, the full construction cost without Federal assistance is used. The sum
of the annual construction and O&M cost estimates of this Project is divided by the annual volume of water delivered
to derive the “cost of water”. This unit-cost approach allows a comparison between this Project’s cost and those of
other desalination projects. The total annual capital debt cost translates to a cost of water of $2,057/AF and the annual
O&M cost translates to a cost of water of $1,704/AF. This Project’s total cost of water is $3,761/AF.
Because of the high pipeline costs in this Project, the pipeline construction cost is 73% of the total construction cost
and the pipeline O&M cost is 63% of the total annual O&M cost. The cost of the unique pipeline skews the comparison
with other projects.
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Australia began investing in desalination during their Millennium drought. From 2006 through 2012, six (6) plants came
on line to produce a combined 386.5 mgd. The Australian Water Association reports “The cost of producing and
reticulating desalinated water is a function of a number of factors, including plant capacity, process power use
efficiency, energy source, proximity to source water and end users, and project financing model. As a result, costs ($/KL
to end user) are highly variable. For large-scale municipal seawater desalination projects in Australia, the approximate
range is $1-$4 per kiloliter.” 7 This translates to a cost of water range from $1,233 to $4,934/AF. The cost of water for
the Gold Coast Desalination Plant is $2,011/AF for both Capital expenses (CAPEX) and Operating expenses (OPEX).
The Carlsbad, California Desalination Plant is a newer facility that includes a 10-mile transmission pipeline connecting
to existing potable water systems. With the short pipeline, the cost of water is $2,294/AF.
As a side note, Israel leads desalination with the world’s largest plant, Sorek1, producing 165 mgd. At a price tag of
$1.5 billion, Sorek2 will be producing another 145 mgd by 2023 for the Tel Aviv area. Six desalination plants produce
85% of Israel’s drinking water. 8 Because total production costs were not readily available, a more in depth comparison
is not possible.
Without the need to pump water over a long distance and high elevation, this Project’s cost of water is in line with the
other projects. 9 The chart listed below contains detailed comparisons between this Project and the two similar projects.
The desalination plant alone has an estimated CAPEX + OPEX cost of water less than Carlsbad and Australia’s Gold
Coast systems. 10

http://www.awa.asn.au/AWA_MBRR/Publications/Fact_Sheets/Desalination_Fact_Sheet.aspx
https://www.mees.com/2020/5/29/power-water/israel-awards-15bn-desalination-project/930062a0-a1b6-11ea-b39c41d059dcc1a5
9
https://www.sdcwa.org/wp-content/uploads/2020/11/desal-carlsbad-fs.pdf
10
https://www.advisian.com/en/global-perspectives/the-cost-of-desalination
7
8
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Conclusions
By far, the largest percentage of the desalination operating cost is the energy required for the process, estimated at
35%-40%. 11 As innovation progresses on energy and membrane solutions, the cost of desalination will drop. Currently,
the US Department of Energy is funding research into solar thermal desalination. 12 Research conducted at the
University of Texas has shown, “…an increase in efficiency in the membranes tested by 30%-40%, meaning they can
clean more water while using significantly less energy”. 13 Innovation will lead to greater access to new water supplies
at lower costs than previously possible.
As the potential for a widespread and long-term drought increases, there is a greater possibility that water deliveries
from the CAP will decrease. Tier 1 rationing is poised to begin as the level of Lake Mead falls below the trigger water
elevation of 1,075 feet. The option of bringing desalinated water into Arizona is evolving as a potential source to
supplement or replace the community’s reliance on CAP water deliveries and groundwater mining.

https://www.esi-africa.com/industry-sectors/water/water-security-from-desalination-a-story-of-technology-innovation/
https://www.energy.gov/eere/solar/american-made-challenges-solar-desalination-prize
13
Desalination Breakthrough Could Lead to Cheaper Water Filtration - UT News (utexas.edu)
11
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Attachments

