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In 2018, the United States Geological Survey reported that it estimated there were 680,000,000 acre-feet of brackish water under Arizona. That represents what Arizona would use in 100 years. This water was left between 500 and 1,500 feet below the surface of the state millions of years ago, when an ocean covered what is now Arizona. Brackish water is often less salty than seawater, but more so than fresh water. It is found in geological layers deeper than freshwater and does not mix with it. Brackish water often costs about 50 percent less to desalinate than seawater. The state has a giant desalination plant in Yuma that is not in use and a huge atomic reactor outside of Phoenix that can make it potable/drinkable. The state could choose to make more desalination plants. 

Arizona can use untreated brackish water for industrial and non-industrial uses, such as fire control, power generation, cleaning, and some irrigation. Brackish water can be used to supplement water needs for endangered species that require it to survive in coastal regions. It is critical to help maintain the ecological balance of these coastal ecosystems. Other uses include aquaculture, mining, cooling (e.g., nuclear power plants), groundwater recharge, and helping industries use less freshwater and reduce wastewater production. Brackish water can contain minerals and rare earths used to make solar panels, hydrogen fuel cells, wind turbines, and other technologies. 

Brackish water also comes up when oil and/or gas are extracted from the ground. This water was deposited millions of years ago, when the region where the well is now was covered by ancient oceans.

Currently, there are about 1,000,000 petroleum wells in the country that produce around 58,000,000 barrels of brackish water every day (7800 acre feet/2,236,000,498 gallons). The brackish water and oil/gas reach the surface mixed and must be separated through a process often conducted in tanks near the well.

Petroleum companies view brackish water as a burden. They have no use for it and must find ways to dispose of it. The brackish water is extracted and is eventually trucked to a “disposal well.” A well that has been pumped dry of its oil and gas. The brackish water extracted from other wells is pumped down the disposal well to “dispose” of it.

Arizona could decide to allow petroleum companies another way to dispose of their unwanted brackish water. They could use the gigantic national underground pipeline system, which connects every state in the continental US, to send brackish water to Arizona.   The petroleum companies could even use their existing pipeline easements to construct dedicated brackish water pipelines to Arizona. It would be a win-win. The petroleum companies could get rid of a burdensome byproduct, and Arizona could access an almost unlimited water source.

Hammerschlag (April 1, 2026) reported that Kuwait and Oman currently obtain 85 percent of their fresh drinking water from desalination. Several African countries use desalinated water for drinking, as do some coastal parts of Texas and California. There are about 20,000 desalination plants worldwide.

There are many potential uses of untreated brackish water. However, there is a serious need for potable drinking water in the state. How could we desalinate this water efficiently and cost-effectively? Currently, there are four methods of desalinating brackish water: 

· Reverse Osmosis –Using a membrane to remove salt.
· Electrodialysis- Using electrified membranes to remove salt.
· Ion Exchange-- Using an electrified resin to remove salt.
· Distillation-Boiling brackish water to remove salt and collect the fresh water condensate. Nuclear reactors can use brackish water to cool their cores, and as a byproduct, the brackish water is converted into steam, which is then condensed into purified water (Redford, October 6, 2023). Please note that the brackish water used to cool the core does not become radioactive (Crownhart, January 17, 2024).

What would Arizona do with all the salt it would produce from what it collected above? Sell it! The international salt market is 34 billion dollars a year. Arizona could sell its salt on the international market for all the uses mentioned above (Author, October 21, 2024).

How would Arizona begin to work toward developing this massive water resource? Fortunately, the state of New Mexico has developed an effective approach to laying the groundwork for using its brackish water (Grover, July 1, 2024). There are even several oil wells that have been pumped dry of their oil and are now pumping produce/brackish water. The produced/brackish water is desalinated in the eastern part of that state (Grover, July 1, 2024). For more details of this effort, please refer to the following article:

Grover, H. (July 1, 2024). Searching for Solutions: In New Mexico, Researchers Seek to Make Brackish Water a Viable Supply. NM Political Report. From website: https://nmpoliticalreport.com/news/searching-for-solutions-in-new-mexico-researchers-seek-to-make-brackish-water-a-viable-supply/. 

A USGS study estimated that there is enough brackish water to equal 800 times the amount the United States currently uses per year (Stanton, 2017). Most of this brackish water is less than 3000 feet deep. New Hampshire and Rhode Island are the only states where brackish water has not been found (Stanton, 2017). With desalination becoming less expensive, more energy-efficient, and carbon-neutral, it is striking that brackish water is rarely mentioned as a partial solution to Arizona’s water crisis. 

Recently, NASA, using gravity data from the Gravity Recovery and Climate Experiment (GRACE) and the GRACE Follow-On missions, has determined how much fresh water has been removed from the Colorado River Basin from 2002 to 2025. This data was obtained from the GRACE-1 and GRACE-2 satellites (Abdelmohsen et al., 2025, Acker, December 5, 2025). During that period, 34 cubic kilometers of fresh water were lost from the Colorado River Basin (Abdelmohsen et al., 2025, Acher, December 5, 2025). That is 27,564,248.46 acre feet of fresh water!

Can the GRACE-1 and Grace-2 satellites be used to investigate the amount of brackish groundwater in the Colorado River Basin? By providing a more accurate estimate of how much brackish water could be available, the state might begin to make real inroads into solving our water crisis. 

HOW TO CONVINCE OIL COMPANIES TO SEND WATER TO ARIZONA TO REDUCE THE STATE’S WATER CRISIS

Brackish water is the type of water oil companies cannot use and want to get rid of. 

Brackish water is a mixture of saltwater and freshwater. The salinity of the water is determined by the exact location from which it was obtained (Redford, 2023). The brackish water that comes out of the ground when oil and/or gas are taken out of the ground is called “produced water” (Dalrymple, November 13, 2023). This water was deposited millions of years ago when much of the region was covered by ancient seas and oceans (Dalrymple, November 13, 2023; Wallace, January 8, 2018).

Currently there is approaching 1,000,000 oil and/or gas wells in the country that produce around 58,000,000 barrels of brackish water every day (7800 acre feet/2,236,000,498 gallons) (Andrews, 2024). Every day there is twice the amount of brackish water pumped up from oil and gas wells in the continental United States than goes over Niagara Fall in one day (Andrews, 2024).  The produced water and oil/and or gas reach the surface mixed and must be separated through a process often conducted by tanks close to the well (Andrews, 2024).  

Produced or brackish water is seen as a burden to oil and gas companies; they often have no use for it and must find ways to dispose of it. This water is often highly corrosive to metal tanks and machinery. As a result, companies see it as a useless burden to get rid of. Oil companies often place such brackish water in large tanks near the wells, where it is pumped up and eventually trucked to a disposal well.  Such a well has been pumped dry of its oil and gas. The produced/brackish water that has been pumped up from other wells is pumped down the disposal to “dispose” of the unwanted water (Andrews, 2024; Redford, October 6, 2023). Produced/brackish water has become a major problem in oil- and gas-producing states. 

Several years ago, there were “swarms” of earthquakes in Oklahoma that were linked to the amount of brackish water deposited in disposal wells in the state. Initially, it was thought to be caused by hydraulic fracking. However, scientists ruled out fracking as the source of the earthquakes and determined that the earthquakes were caused by the volume of brackish water disposed of under pressure in the area (Author, 2024; Walsh, III, and Zoback, 2015). As a result, the Oklahoma Corporation Commission has issued directives to reduce the amount of fluid that can be placed in specific disposal wells and has closed entire areas to disposal wells; these rulings have essentially stopped earthquakes in the affected area (Office of Public Information, Oklahoma Corporation Commission, 2023).

Texas has had similar difficulties with disposal wells. However, they have had the additional problem of toxic brackish water creating geysers over 150 feet tall, and pollution of the fresh water aquifer from the pressures in some injection wells (Crowley, Wethe, and Merrill, September 16, 2025). The Texas Railroad Commission has taken steps to remedy these problems (Author, 2025).

Please note that although these issues with produced/brackish water are being addressed in Oklahoma and Texas, they are far from being solved. The use of brackish water in Arizona could help oil- and gas-producing states address their challenges with what to do with it, while providing Arizona with an additional water source.

Disposing of produced/brackish water is time-consuming and costly for oil and gas companies, with little upside. How does the above have anything to do with the water crisis in Arizona?  As was mentioned, the United States produces 2,236,000,498 gallons per day of produced/brackish water that Arizona can use to lessen the burden on the state's fresh water supply. When added to the 600,000,000 acre feet/19,551,0857,142,859 gallons of brackish water, a recent University of Arizona study estimated is under Arizona’s surface, this represents much that can reduce our state’s water crisis (Quinn Tariqi, November 30, 2023). Since Arizona uses 7,000,000 acre-feet of water per year (Pullen, August 2, 2023), just the brackish water under Arizona’s surface represents several decades of potential water to draw on. When added to even a fraction of the water that can be recovered from “produced water” over 100 years, additional water is available for Arizona. 

How could Arizona take advantage of the bonanza of brackish water produced in oil-producing states? Easily, there are hundreds of miles of natural gas and crude oil (gasoline, etc.) pipelines across the state, connected by a national pipeline system to every oil-producing state (Author, No Date, Map, EIA, US Energy Atlas; Author, No Date, www.caliper.com). Oil companies can send produced/brackish water to Arizona via the same pipeline system used to deliver petroleum products to the state. However, the corrosive properties of the salt contained in the water may preclude using the same pipelines. Additionally, the brackish water may need to be separated from the petroleum products again. The oil companies could probably use the same easements to lay brackish-water pipelines alongside their petroleum product pipelines. The water could also be trucked to the state or transported by rail.

The US Department of Transportation’s Pipeline and Hazardous Materials Safety Administration published that there are 2.6 million miles of pipelines in the continental US (Author, November 6, 2018). Only 50 percent of those pipelines, or 1.3 million miles, are in use (Kelly, December 15, 2021). 

Arizona could use some of that unused pipeline to transport brackish water from petroleum-producing states to our state. Imagine adding all the water from the “ocean under Arizona” and under all the states that produce brackish water. This water could add many more years to the state’s water supply.

The Three Types of Well Production

When Edwin Drake struck oil after drilling the first oil well in Titusville, Pennsylvania, on August 27, 1859, at a depth of 69 and 1/2 feet, he started the petroleum era. The well produced 1,000 barrels of oil a day for three years (Author, November 25, 2024). What Drake did was what is currently called “primary production.”

Primary production is the first way oil is recovered from an oil well, either by the reservoir's natural pressure or by artificial pumps. Secondary production begins when primary production ceases. Water or non-volatile gas is injected into an adjoining well to force the oil up and out of the well. Eventually, tertiary production is needed to recover the remaining oil. Superheated water, steam, or a gas like carbon dioxide is injected into the well to force the oil out (Author, No Date).

Drake had no way of knowing what new techniques would be developed to remove oil from the ground over the last 160 years. The same can be true of those extracting brackish water from under Arizona. Over the next 100 years, new, better, and more efficient technologies will be developed to gain access to “Arizona’s Ocean.” One new idea to gain access to Arizona’s brackish water is “carbon dioxide sequestration.”

Carbon dioxide is a greenhouse gas that is the second biggest contributor to global warming (water vapor is first). Although it occurs naturally in the atmosphere, the carbon dioxide from burning fossil fuels has increased its atmospheric concentration manyfold (Helmenstine, January 9, 2020). Carbon dioxide can be injected into the ground to force brackish water to the surface. Water companies can take measures to prevent carbon dioxide from leaking from the well as brackish water is recovered. The well can be sealed, leaving the greenhouse producing gas underground. With this technique, Arizona could gain access to much-needed water while reducing its carbon footprint.

A recent literature review from the United Arab Emirates (Mustafa, J. et al., June 1, 2020) found that simultaneous treatment of brackish water and carbon sequestration is possible. A 2022 study conducted by Seoul National University in South Korea (Thanh, 2022) also indicated that using carbon dioxide to force brackish water to the surface is a safe, efficient, and cost-effective method of sequestering the greenhouse gas and obtaining water. 

Land Subsidence

“Land subsidence in the basins of Arizona is generally due to compaction of alluvium caused by lowering of the water table. As the water table declines, pores in the alluvium that were once held open by water pressure are no longer supported and collapse” (Author, No Date 2). Alluvium is soil that is eroded from higher altitudes (e.g., mountains) and deposited in valleys. Occasionally, the amount of water pumped from shallow freshwater wells in Arizona can leave a void underground with insufficient structural integrity to support the soil above, causing the ground surface to collapse or form fissures. Subsidence is a serious concern (Author, No Date 2; Author, June, 27, 2018). Although most brackish water in Arizona is found in deeper zones than freshwater aquifers, removing brackish water could cause subsidence issues. 

Arizona’s water resource managers became concerned about the possibilities of aquifer subsidence in the 1970’s. In 1980, the Groundwater Management Act became law in Arizona. The statute marked the first time Arizona seriously considered issues related to groundwater extraction. By 1980, the state's freshwater aquifers had been significantly depleted, and subsidence was a problem. Up to then, not many had concerned themselves about subsidence issues. Over forty years have passed since the Groundwater Management Act became law, and significant updates are needed to reflect changes in scientific knowledge, our new appreciation of subsidence issues, and the utility of brackish water. 

Today, with the help of the US Geological Survey and the Arizona Geological Survey, we can more responsibly remove groundwater with less risk of subsidence. Both agencies can monitor subsidence issues using the Global Positioning System (GPS) and Synthetic Aperture Radar (SAR) (Author, No Date 2). When a potential subsistence issue arises, these agencies can take steps to mitigate it.

The depth of brackish water reserves in Arizona is typically between 500 and 1,500 feet. Those depths seemed insignificant to this author because he has been around many oil and gas wells more than 7000 feet in depth, and he knows of some over 20,000 feet in depth. To his surprise, water well drillers in the state appeared to see the shallow depths of the brackish water as extremely deep. As early as 1943, Oklahoma roughnecks secretly working in the Sherwood Forest in Great Britain were able to drill 1,010 feet in one 12-hour shift! (Trenholm, December 2, 2021). Oil companies have the knowledge and expertise to rapidly produce shallow brackish water wells Arizona needs. 

Fortunately, Arizonans do not need to drain all the state's brackish water reserves because of the 1 million-plus miles of unused pipelines in the continental United States. While pumping some of Arizona’s brackish water, the state can pump more from out of state. Part of the brackish water we have received from elsewhere can be injected into partially produced brackish water reserves to help reduce the risk of subsidence. Additionally, we can decide not to use some currently used freshwater aquifers for a few decades to allow them to be recharged from rainfall and other natural processes. In addition, we can avoid pumping brackish water in areas where subsidence would endanger infrastructure or residences. By using brackish water resources in Arizona and other states wisely, the state could have enough water for hundreds of years.

Cheap Brackish Water for Phoenix?

Recently, scientists from Arizona State University (ASU) (Weisman, November 6, 2024) discussed a new type of brackish-water purification system for cities like Phoenix that they have developed. This new technique uses reverse osmosis, a fiber-based crystallizer, and a high-efficiency heat pump. There is no water loss with this technique, and its power source is the Sun. Hence, the system has no carbon footprint! Although this project remains in the prototype stage, it can offer hope to large metropolitan areas with abundant freshwater in the future.

These new developments could help state leaders be more positive about using brackish water to address the state’s water crisis. 

A New Market for Petroleum Companies

Oil and gas companies having a market for their “worthless” product/brackish water could be enough incentive to encourage them to make this water available to the state. 

As mentioned above, there are many potential uses for untreated brackish water. However, there is a serious need for potable drinking water in the state. How could we desalinate this water efficiently and cost-effectively? To review, there are four methods of desalinating brackish water: 

· One way is by reverse osmosis. Using a semi-permeable membrane to filter out salt and other unwanted minerals. 

· Electrodialysis is another commonly used desalination method. The brackish water passes through a series of electrified membranes. The membranes attract unwanted salts and other minerals, purifying the water. 

· Ion exchange is a desalination process similar to electrodialysis, except it uses a resin to attract salt and unwanted minerals rather than membranes.

· Distillation, another desalination process that involves boiling brackish water, leaving behind the salt and unwanted minerals, while the steam produced condenses into clean water. Nuclear reactors can use brackish water to cool their cores, and as a byproduct, the brackish water is turned into steam to condense into purified water (Redford, October 6, 2023). Please note that the brackish water that cools the core is not exposed to radiation (Crownhart, January 17, 2024).

Arizona has the Palo Verde Nuclear Generating Station west of Phoenix, which can desalinate water. Since the US Navy has been doing that with nuclear ships and submarines since the 1950s, they could consult with the state regarding how to do this. The state also has a giant unused desalination plant in Yuma that is available.

What would Arizona do with all the salt it would produce from what it collected above? Sell it! The international salt market is a $34 billion-a-year business. Arizona could sell its salt on the international market for all the uses mentioned above (Author, October 21, 2024).

How would Arizona begin to work toward developing this massive water resource? Fortunately, the state of New Mexico has developed a robust approach to laying the groundwork for the use of its brackish water (Grover, July 1, 2024). There are even several oil wells that have been pumped dry of their oil and are now pumping produce/brackish water. This brackish water is desalinated in the eastern part of that state (Grover, July 1, 2024). For more details of this effort, please refer to the following article:

Grover, H. (July 1, 2024). Searching for Solutions: In New Mexico, Researchers Seek to Make Brackish Water a Viable Supply. NM Political Report. From website: https://nmpoliticalreport.com/news/searching-for-solutions-in-new-mexico-researchers-seek-to-make-brackish-water-a-viable-supply/. 

ExxonMobil may have the big idea. There was an article in the April 21st Wall Street Journal article by Benoit Morenne (April 21, 2025), entitled, The Oil Patch’s ‘Manhattan Project’: How to Fix Its Gargantuan Water Problem, that appears to be the big idea petroleum companies and Arizona could have been looking for. 

ExxonMobil and other multinational oil companies are seeking uses for their brackish water.  ExxonMobil wants to put it to good use rather than pumping it into disposal wells.  Large oil companies may be willing to provide Arizona with the water it needs.  They are desalinating their water to provide for those in need.  These companies have the capital to follow through with their plans, too. 
The author spoke to many state regulators in Oklahoma, New Mexico, and Texas regarding how Arizona could have this water sent to the state.  His idea of transporting it by pipeline may not be as easy as he thought.  Although over 1,000,000 miles of pipeline are currently unused, many have not been maintained and would require extensive repairs to transport water.   Several companies often own pipelines, and all would have to agree to use them for water.  Additionally, some pipelines pass through Native American nations and pueblos in New Mexico, which would necessitate the need to come to a separate agreement with every reservation.  Using pipelines could be a bureaucratic nightmare.  If large multinational oil companies were backing this idea, the use of pipelines may be more feasible. 
During his investigations, he spoke with representatives of the Texas Railroad Commission (the state agency that regulates oil and gas production).  He learned that trains currently transport brackish water across Texas.  The cost is not significantly higher than expected for pipelines, and the bureaucracy associated with using trains could be far lower than that of pipelines.  Again, the large multinational oil companies could help with this.
In conversations with the Oklahoma Corporation Commission (an Oklahoma state agency that regulates oil and gas production), the author learned that the brackish water (or what they call produced water) in the state has a salinity similar to that of current ocean water.  People in Oklahoma often call brackish water an ocean for this reason.  A saltier ocean covered Oklahoma during a different era than Arizona.  The same is not true of Texas; most of its brackish water is half as salty as Oklahoma's.  Oil Companies can desalinate brackish water in Oklahoma, but at a higher price.
The effort to use brackish water in Arizona has not been fruitful due to the state water companies' interests.  Most concerned citizen groups lack the influence to break the logjam.  However, the Wall Street Journal article is about how ExxonMobil is trying to make brackish water a valuable product.  With ExxonMobil's capital, expertise, and foresight, it has the clout to make things in Arizona happen, and it may help save our state.  Arizona needs to take every drop of fresh and brackish water we can find. 
Mark Twain said, "Whisky is for drinking and water is for fighting." Legal water districts control groundwater in Arizona, and Federal law makes interstate water transport difficult.  With its vast capital, resources, and expertise, ExxonMobil may be able to help the state navigate these legal difficulties and secure the water Arizona needs.  If ExxonMobil is looking for viable places to send its brackish water, so are its competitors, like ConocoPhillips.  
Multinational oil companies can also help the state produce 680,000,000 acre-feet of brackish water.  They have the technology to drill a well 1500 feet deep daily.  They know how to prevent ground subsidence, support carbon sequestration, and lay pipelines quickly.  ExxonMobil also has experience with desalination.
The Brackish Water National Desalination Research Facility is in Alamogordo, NM.  It currently has a program that removes brackish water from oil wells in the eastern part of the state, desalinating it and providing it to water companies.  In addition, ExxonMobil's Permian Basin Project water program benefits New Mexico.  It would be sad to see New Mexico get all that water and Arizona get none.
Other states have large underground brackish water reserves.  In 2013, the USGS (USGS, April 5, 2017) estimated that approximately 39,900 million acre-feet (acre-ft) of brackish water are underground in the Southern Midwestern States.  The USGS has stated that every state, except New Hampshire and Road Island, has significant brackish groundwater reserves above a depth of 3000 feet.  In 2017, the USGS estimated that there is about 800 times as much brackish water under the continental US as the country uses for potable water in a year.  Additionally, 649 active desalination plants in the US desalinated 402 million gallons of water a day (USGS, 2013, April 5, 2017).  Could Arizona benefit from the underground brackish water from other states?
Some Additional Thoughts
Recently, using his background in oil and gas production, the author wondered if Arizona had any saltwater under its surface.  Approximately 290,000,000 years ago, Arizona was under the ocean [1].  Oklahoma was once under the ocean [2].  As a result, when oil and gas are pumped in Oklahoma, a significant amount of saltwater is with them.  The oil companies must separate the saltwater from the oil and gas at considerable expense, place it in large tanks for temporary storage, and truck it to "disposal wells," where it is pumped for permanent storage [3]. 
ExxonMobil is the second-largest oil company in the world, with a value of about one-half trillion dollars.  They have a huge problem: for every barrel of oil they extract from the ground, they produce four barrels of water.  Produced water has many of the same properties as brackish water, but when removed from the ground, it is part of a mixture called crude oil.  The oil does not float on top of the water as it does on the surface.  Under the pressure of being thousands of feet underground, oil and water combine into a single substance, forming crude oil.  After the crude reaches the surface, it will be separated into parts in a heater-treater device.  Then, the oil and produced/brackish water become separate fluids. 
Simple brackish water is easily made potable.  A new low-energy desalination process developed at ASU could do it cheaply.  Also, two new ExxonMobil subsidiaries are actively repurposing brackish water: Saltwerx and XTO Energy (https://www.saltwerx.com; https://www.xtoenergy.com).  They are providing drinking water in eastern New Mexico sourced from the Permian Basin.  In Alamogordo, New Mexico, the US Bureau of Reclamation operates the Brackish Groundwater National Desalination Research Facility (BGNDRF) (https://www.usbr.gov/research/bgndrf/), which has been researching this for decades.  Eastern New Mexico is a hotspot for this kind of thing.
The brackish water polluted with rare earths, lithium, and the like can be purified by oil companies, and the minerals within it can help defray the costs of the more extensive purification process.  The minerals extracted can be repurposed and sold.  Additionally, not all brackish water needs to be made potable.  Arizona can use some of the water for irrigation, farming, watering golf courses, recharge, and other uses.  Plus, the brackish water under Arizona does not have as many problems as that in oil-producing states.  Oil companies add no chemicals; it is much shallower than in other states, and it does not require interstate transportation. 
One problem with the brackish water produced by fracking and by oil companies is that they do not recognize its commercial value.  Hence, they do not do anything to keep it clean while using it.  Since they see it as a nuisance that must be returned to the ground. If they were aware of its commercial value, they would probably take greater care to preserve its "purity."
The United States Geological Survey (USGS) published a report indicating that Arizona has 600,000,000 acre-feet of brackish water underground [4, 5, 6, 7].  Since Arizona uses 7,000,000-acre feet of water per year [8], the brackish water under our feet represents 87 years of water.  Most of this water is between 1500 and 3000 feet deep, far deeper than any freshwater wells in the state.  The brackish water has never mixed with our shallower fresh water deposits for over 290,000,000 years.  Brackish water is typically less salty than ocean water; hence, it costs less to desalinate it [9, 10, 11].  Cities like San Antonio, Texas, currently use desalinated brackish water as part of their drinking water supply [12].  Yuma has a huge desalination plant that has not been used for 30 years [13].  Desalinating part of Arizona's brackish water reserves could put it to good use.
Israel is known for its success in supplying its population with desalinated drinking water [14].  Israel has helped advise Arizona regarding our water crisis [15].  However, Arizona has not sought the expertise of the United States Navy, the world's expert on efficiently desalinating water.  Our Navy has 60 years of experience desalinating seawater using nuclear reactors aboard submarines and aircraft carriers [16].  San Diego is reportedly in negotiations with the Navy to have access to the nuclear reactors of its submarines and aircraft carriers when in port for water desalination [17].  Using nuclear reactors is the most efficient way to desalinate water.  Curiously, the Palo Verde Nuclear Power Plant, the nation's largest such plant, outside Tonopah, Arizona, seriously considered using brackish water to cool its reactors [18].  Brackish water in, fresh water out, that is not radioactive. 
The above describes a much more economical and cost-efficient method of responding to our water crisis than building a canal to the Gulf of California and building a desalination plant there, or building a pipeline to the Mississippi River.  If Arizona chose, it could supplement its brackish water supply by piping it from the oil-producing states, where it is seen only as a major annoyance.  Using existing pipelines for that purpose, or using existing pipeline easements for dedicated brackish water transport.
The world market for salt is a $ 42.48 billion industry [19].  Many industries in Arizona that currently use fresh water could switch to brackish water.  For instance, copper mining operations could use brackish water [20].  Many agricultural practices could use brackish and even brine water (which is saltier than seawater).  The salt can be used to melt ice and snow on roads in the nation's northern states in winter, as a pesticide and herbicide [21], and in hydroponic farming.  Tomatoes, cannabis, and genetically altered cotton can be grown in brine, as can other crops [22, 23, 24, 25, 26, 27].   Arizona could sell its brine and salt, and it would not be a concern.  At the very least, we could give it to northern states for free to use on their roads in the winter as long as they take it off our hands [28].  Cleaning salt and brine would not need to be done to the extent that it is safe for human consumption.  Desalination needs to be done to the extent that it is safe for the purpose for which Arizonans use it.

The notes associated with the above are after the references.

New Developments in 2026
Huge New Discoveries of Underground Freshwater Reservoirs 
Using helicopter-borne survey equipment, scientists from the University of Utah recently discovered a large freshwater reservoir beneath the Great Salt Lake (Zhdanov, Jorgensen, Cox et al., February 27, 2026).  Similarly, freshwater reserves under the Oregon Cascade mountain range have been discovered, thought to be twice the size of Lake Mead.  It is thought to be 19.4 cubic miles of freshwater (Karlstrom et al., 2025).  When combined with similar large freshwater deposits in other large volcanic aquifers in the Mount Shasta area and the Columbia Gorge, this may be the largest reserve of its kind in the world (Author, February 18, 2025).  
As early as 2013, Post et al. speculated that vast fresh and brackish water reserves were beneath the sea beds of continental shelves worldwide.  Evans (July 1, 2023) stated that many of the world's continental shelves have massive amounts of fresh water in the ground under the oceans—fresh water seeps through subsurface connections, comprising fissures and porous rock, beneath the seabed.  When sea beds are exposed during low-sea-level periods, such as during ice ages, rainwater hits the exposed sea beds and percolates down into the sea bed that is still underwater.  Additionally, the enormous weight of ice sheets onshore during ice ages may have forced freshwater beneath the seafloor.  Such stores of freshwater may be astronomically large. 
The Colorado School of Mines, leading an international group of scientists, recently discovered hidden freshwater aquifers under the ocean floor (Author, February 4, 2026).  The freshwater lay beneath the seafloor and was about 200 meters thick (Author, February 4, 2026).  It appears to be big enough to supply New York City with water for 800 years (Pare, January 21, 2026).
The above freshwater reservoir discoveries could be another potential source of water for Arizona.  Offshore wells could pump up freshwater from beneath the sea floor on the U.S. continental shelf and easily transport it by pipeline to Arizona.  Additionally, there would be little need to desalinate it.  Arizona can use these techniques to access the recent inland U.S. freshwater finds.

The Bad News
In Colorado during the winter of 2025-2026, snowpack was the lowest ever (Gruver and Peterson, April 1, 2026).  Dillon Lake, between Breckenridge, Frisco, and Dillon, Colorado, is the primary water source for Denver and is expected to have 55 percent of its normal water volume due to low snowpack (McCabe, March 15, 2026).  The town of Frisco has announced plans to close its marinas due to low water levels.  The lake is being closed for recreational use.  Denver will have significant water restrictions this summer.  The city is considering not implementing voluntary water restrictions, but instead imposing mandatory ones.  Denver's water shortage is just a microcosm of what is happening to major cities around the world. 
The U.S. Bureau of Reclamation is considering cutting Arizona's CAP water allotment by 98 percent (Davis, April 3, 2026).  However, others believe that the federal government may cut CAP water by as much as 77 percent (Baker, March 20, 2026).
"Failure to Prepare is Preparing to Fail" – John Wooden
The current conflict in the Middle East is demonstrating how vulnerable large desalination plants are to military and terrorist attacks (McKenna, P., March 16, 2026; Crownhart, April 7, 2026).  Arizona's plan to build a huge $ 5.5 billion desalination plant in the Gulf of California and pipe the water 200 miles uphill to Phoenix (Leggate, December 23, 2022) now appears foolhardy.  Considering today's world political environment, such a plant would be a huge target of terrorists, drug cartels, and foreign militaries.  The average time a human can live without water is about 3 days (Packer, December 9, 2022).  Combatants in the current war in the Middle East have threatened each other's water supplies.  A chain reaction of tit-for-tat strikes could leave the entire Middle East without water.  Over 100,000,000 people would be at risk of dying of thirst in three days. 
If Arizona built a huge desalination plant in the Gulf of California, it would be at risk of attack from Mexican drug cartels attempting to show displeasure with the United States.  The recent cartel riots in Mexico after the Mexican government killed a drug kingpin are an example of what could happen (Sommerville, Q., February, 25, 2026).  Additionally, the Mexican government may choose to close the desalination plant to put pressure on the United States, or terrorists may choose to destroy the plant to avenge a perceived wrong.  However, the people of Arizona and the entire Southwest would suffer unimaginable harm.  
The water situation in the Middle East is so dire that, recently, the government of Iran (McDonald, November 21, 2025) has seriously considered relocating its capital city to the coast to access desalinated seawater.  Tehran's reservoirs are all but dry.  Saudi Arabia is also facing dire water shortages (Calabrese, J., April 3, 2025).  In our country, Denver is starting to have similar difficulties.
Perhaps it is time to prepare for the worst.  Instead of endangering Arizona with a large desalination plant in Mexico, we could consider building several small plants in the state at different locations.  We could drill for our own brackish water and transport it to those plants.  Decentralizing the plants and wells would make it very difficult to take them all out in one go.  We could build a statewide pipeline system to transport brackish water from well sites to desalination plants.  Once brackish water is treated to freshwater standards, it could be piped to the respective water companies of Arizona.  Since the entire system would be in Arizona, the state would have complete control of it.  The system would also enjoy the security of being housed in the United States.  Eventually, we could negotiate with other states to gain access to their brackish water.  A more diversified brackish-water system can be implemented more quickly and more cheaply in Arizona than building a single large plant in Mexico.
What Does Artificial Intelligence (AI) Say?
Bruce Hilby asked the artificial intelligence Perplexity about that above.  Below is their interaction:
I asked Perplexity:
Would it be risky to build and depend on an expensive single desal facility in Mexico? Now that we are focused on the war in Iran it has been discussed that all these Middle East countries are quite dependent upon their desal plants for their drinking water. I understand that the destruction of one such plant in Saudi Arabia could require the evacuation of its capital city. Might putting all our eggs in one basket with the Mexico desal plant put us in the same delicate position? Would it be better to use the brackish water I have been discussing and build a number of wells and desal plants well dispersed around the state?
Perplexity replied: 
Yes, relying on a single large desalination facility in Mexico carries substantial risks akin to those seen in the Middle East, where recent attacks on plants in Iran and Bahrain during the Iran war have exposed the fragility of concentrated water infrastructure. Dispersing multiple smaller brackish desalination plants across Arizona would mitigate those single-point vulnerabilities far better.
Middle East Vulnerabilities
Gulf states depend heavily on desalination for 70-100% of municipal water, making plants prime targets: a 2008 U.S. cable warned that destroying Riyadh's key facility (supplying 90%+ of the capital's water) could force evacuation within a week, even with some storage. Recent strikes damaged Iranian and Bahraini plants with minimal immediate shortages due to redundancy and storage (e.g., UAE's 45-day reserves), but underscore how war disrupts co-located power/desal setups. Houthi attacks on Saudi plants in 2019 further highlight the tactic.​
Risks for Mexico Desal Plant
A $5.5B Arizona-backed plant at the Gulf of California (e.g., near Puerto Peñasco) would face parallel issues:
· Geopolitical sabotage: On Mexican soil, vulnerable to local unrest, cartels, or Sonora opposition (Gov. concerns halted prior plans); binational tensions could halt ops.
· Physical attacks: Coastal location risks hurricanes, earthquakes, or deliberate strikes; no U.S. military protection abroad.​
· Supply chain: Power outages or brine discharge disputes (environmental backlash on Gulf ecosystems) could idle it.​
· Single-point failure: Serving 1M+ acre-feet/year statewide means one outage cascades to Phoenix/Tucson rationing, like Riyadh scenarios.​
Lake Mead dependency adds unreliability at dead pool, as previously discussed.​
Dispersed Brackish vs. Single Mega-Plant
	Factor
	Single Mexico Seawater Plant
	Multiple AZ Brackish Plants/Wells



	Factor
	Single Mexico Seawater Plant
	Multiple AZ Brackish Plants/Wells

	Vulnerability
	High: One site, foreign territory ​
	Low: 10-20 sites statewide (e.g., Gila Bend, Willcox) ​

	Sabotage Risk
	Cartels, protests, geopolitics ​
	Local security; dispersed ​

	Scale/Redundancy
	All eggs one basket; outage = crisis
	Modular: Lose one, others cover ​

	Cost
	$5.5B capex + treaty risks ​
	$50-200M/site, phased ​

	Reliability
	Weather/war/treaty dependent ​
	Groundwater always available ​


 
 
Dispersed brackish—using Arizona's 21 mapped pools and west Phoenix land for ponds—offers resilience: pilot one basin, scale winners. NM's rural model proves it works without mega-risks. Prioritize that over Mexico's basket.
 
Other Answers to Other Questions Asked by Bruce Hilby to the Perplexity Artificial Intelligence
Shipping large volumes of Texas brackish/produced water to Arizona by rail is technically doable but almost certainly not economically, environmentally, or politically feasible at any meaningful water-supply scale.
Physical and logistical feasibility
· Railroads already move large volumes of liquids (crude oil, ethanol, chemicals) in tank cars, so moving produced or brackish water is mechanically straightforward.​
· A typical tank car holds about 25,000–30,000 gallons; a 100‑car unit train would move roughly 2.5–3 million gallons (about 7.7–9.2 acre‑feet) per trip.​
· An acre‑foot is 325,851 gallons, so even frequent trains add up slowly relative to Arizona demands measured in tens or hundreds of thousands of acre‑feet.​
Cost and scale versus Arizona’s needs
· An off‑the‑cuff calculation cited for water-by-rail suggests costs approaching around 1 dollar per gallon on some long hauls, even before modern adjustments, far above what utilities or agriculture typically pay for bulk water.​
· A modern “water train” proposal in California projected retail water costs above 0.20 dollars per gallon, which is also orders of magnitude higher than normal municipal wholesale water prices (often measured in a few hundred dollars per acre‑foot, not tens of thousands).​
· Arizona’s current water‑augmentation ideas focus on importing on the order of hundreds of thousands of acre‑feet per year via pipelines, desalination, or large reuse projects, not by rail, precisely because of scale and cost.
Produced/brackish water specific issues
· Produced water from oil and gas typically contains high salinity, hydrocarbons, metals, and other contaminants, requiring substantial treatment before any off‑field reuse, especially for agriculture or municipal substitution.​
· Studies of saline/produced water desalination for reuse show levelized costs on the order of dollars per cubic meter (several hundred to over a thousand dollars per acre‑foot) even before long‑distance transport is added.​
· Transporting untreated produced water across state lines for beneficial use would trigger complex regulatory oversight (RCRA, Clean Water Act, state oil and gas rules, hazardous materials regulations) and intense public scrutiny.​
Policy direction in Arizona
· Arizona’s Water Infrastructure Finance Authority (WIFA) is advancing large importation and augmentation studies centered on desalinating seawater or reclaimed water, increasing reuse, and expanding storage, not importing produced water by rail from other states.
· State planning documents describe priorities like conservation, reuse of in‑state supplies, and infrastructure upgrades, reflecting a preference for local or regional sources with clearer quality and regulatory status.​
Bottom line
· Technically: Yes, rail can move brackish/produced water from Texas to Arizona.
· Practically: For anything beyond niche, experimental, or emergency uses, the combination of extremely high per‑gallon transport cost, treatment cost, limited scale per train, regulatory complexity, and political risk makes it an impractical strategy for Arizona’s water portfolio compared to alternatives like conservation, in‑state reuse, and large‑scale desalination or pipeline projects.

Most cost efficient way to transport brackish water from Texas
For large, steady volumes of brackish water over long distances from Texas, a buried pipeline with continuous flow is almost always the most cost‑efficient option; rail or truck only make sense for small, short‑term, or pilot volumes.
Key options ranked by cost efficiency
1. High‑volume, long‑term: dedicated pipeline
· Large water transmission studies show delivered raw water via pipeline in the range of a few hundred to a bit over one thousand dollars per acre‑foot when you move on the order of 50–60,000 acre‑feet per year or more over decades.
· A Utah Green River project, for example, estimates 60,000 acre‑feet per year delivered at roughly 615–1,455 dollars per acre‑foot, including capital, power, and O&M.​
· Typical transmission‑pipeline capital costs fall in the tens of thousands of dollars per mile per inch of diameter, which pencils out to a few to several million dollars per mile for large pipes, but the unit water cost drops sharply as flow and years of operation increase.
2. Medium‑term, flexible: unit trains (rail)
· A standard tank car holds about 25,000 gallons; a 100‑car unit train is roughly 2.5 million gallons, or about 7.7 acre‑feet.​
· Back‑of‑the‑envelope rail cost estimates using typical freight rates show that hauling water 2,000 miles can approach on the order of 1 dollar per gallon in some scenarios, which is orders of magnitude above the typical economic value of bulk water.​
· Even proposals explicitly focused on “water trains” observe that you need very low per‑car transport costs to get anywhere near a few hundred dollars per acre‑foot, and most real rail tariffs drive much higher unit costs.
3. Short distances or small, dispersed volumes: truck
· Trucking is usually reserved for localized oilfield brackish/produced water movement or emergency supply because per‑gallon costs are even higher than rail for long hauls, though it avoids fixed infrastructure.​
· It is only “cost efficient” if you are moving relatively tiny volumes, over short distances, or for a short time horizon where capital projects cannot be justified.​
Why pipelines dominate at scale
· Pipelines spread very high upfront capital (pipe, pumps, power, right‑of‑way) over decades of operation and very large annual volumes, driving down the cost per acre‑foot when fully utilized.
· Examples like Corpus Christi’s brackish well‑field conveyance and San Antonio’s H2Oaks project rely on new pipelines plus local treatment, not rail, to move millions of gallons per day of brackish water cost‑effectively.
· By contrast, each rail car or truck move is essentially “pay by the trip,” so your marginal transport cost per gallon stays high no matter how long the project runs.
Practical strategy for “most cost efficient” from Texas
To actually minimize cost from Texas, the pattern that emerges in current projects is:
· Site the brackish wells and desal plant near each other in Texas, so you only move brackish water locally and ship treated water if needed, or deliver it locally.
· If you must move large volumes hundreds of miles (e.g., to another region or state), design for continuous‑flow pipeline transmission and size the line so it runs near full capacity; that is what drives unit costs down into the hundreds of dollars per acre‑foot band instead of thousands.
· Reserve rail or truck for pilot projects, emergency transfers, or niche industrial usersthat only need modest volumes or short‑term supply, accepting that the per‑gallon cost will be high but avoiding billion‑dollar capital outlays.
What I’d need from you to sharpen this
To give you a more specific cost‑efficient configuration from Texas, I’d need:
· Destination (e.g., in‑state industrial use vs. export to Arizona or elsewhere).
· Target annual volume (acre‑feet per year or MGD).
· Time horizon (years you expect to operate).
· Whether you plan to treat/desalinate in Texas or at the receiving end.
With those, we can rough‑order‑magnitude compare a Texas‑origin pipeline concept against a rail‑based alternative for your exact case.

Can existing pipelines between Texas and Arizona be used to transport brackish water to Arizona?
Existing oil and gas pipelines between Texas and Arizona cannot practically be repurposed to ship brackish water, but their routes and easements could potentially be used to build separate water lines in the future.
What exists today
· The main long-distance lines between Texas and Arizona are hydrocarbon pipelines (natural gas, refined products) such as Energy Transfer’s Transwestern system and its Desert Southwest expansion, designed to move gas from the Permian Basin into New Mexico and Arizona utilities.
· These systems are engineered, permitted, and regulated as gas or liquid-fuel lines, not as water infrastructure; they use different materials, compressors, safety systems, and operating pressures optimized for hydrocarbons.
Why you can’t just “switch” them to water
· Brackish water is corrosive and carries sediments and dissolved minerals, so it demands different pipeline materials, coatings, internal linings, and maintenance practices than gas or refined products pipelines.​
· Existing interstate gas/product lines operate under federal energy pipeline safety and tariff frameworks; converting them to water would require new regulatory classifications, extensive re-permitting, and likely conflict with current contracts and commitments for gas delivery to Arizona utilities.
· Hydraulically, water behaves very differently than compressible gas; pumps, stations, and pressure profiles along the route would have to be redesigned from scratch.
What might be possible conceptually
· Policy discussions in Arizona have floated the idea that the extensive national pipeline corridor network and existing easements used by petroleum companies could host newly built dedicated brackish-water pipelines delivering oilfield brackish water to Arizona.​
· The concept is to use those existing routes and right-of-way—rather than the actual pipes—to lay parallel water pipelines, which would reduce siting and land-acquisition barriers but still involve building a new system purpose-designed for brackish water (materials, pumps, and, if desired, integration with desalination plants in places like Yuma).
Bottom line
· So in a practical and legal sense, you cannot use existing Texas–Arizona gas or product pipelines themselves to move brackish water to Arizona.
· The realistic path would be: use their established corridors and easements as a template and build new, dedicated brackish-water pipelines (plus treatment/desalination where needed) along those routes.
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