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Overall Context: Texas’ continued population and economic growth, recurring significant
droughts that appear to be increasing in severity and frequency because of climate change,
and already stressed water supplies (surface water and groundwater), have created scarcity
and competition among water users contributing to an increased interest in new water
supply options. This is exemplified by the voter-approved establishment of a $1 billion water
fund to be administered by the Texas Water Development Board and used for water-related
infrastructure and water sources across the state. Of this funding, 25% is directed to the New
Water Supply for Texas Fund to promote the development of new water sources, including
desalination of seawater and brackish water. The 2022 Texas Water Plan includes
recommendations for about 412,000 acre-feet per year (af/yr) of new desalination-based
water supply strategies for implementation by 2070: 192,000 af/yr from seawater, 157,000
af/yr from brackish groundwater, and 63,000 af/yr from brackish inland surface water." Of
that 192,000 af/yr of proposed seawater desalination, all but about 12,300 af/yr is
recommended for the Corpus Christi area.

This paper provides an overview of desalination issues in Texas, relating to desalination of
seawater (from the Gulf or coastal bays) and, to a lesser extent, brackish groundwater and
brackish surface water, including potential talking points and policy recommendations.

A. What is Desalination?

Desalination refers to the treatment of water with salinity levels—that is, water with levels of
total dissolved solids (TDS)—that exceed levels conducive to proposed uses in order to
reduce that salinity to a level that is appropriate for the intended use. All naturally occurring
waters contain some level of TDS, a measure of the concentration of all inorganic and
organic dissolved substances, including salts, minerals and metals. TDS levels determine
whether a water resource is characterized as fresh, brackish, or seawater. The seawater
classification is just used for surface water, but groundwater or inland surface water can be
classified as fresh or brackish or, for waters with very high salinity levels, as very saline or
even as brine. The seawater category, because it includes water from coastal bays and
estuaries as well as water from the open ocean, has variable salinity levels with a range that,
except in unusual circumstances, is more saline than brackish water.

TTWDB, The Future of Desalination in Texas (2022 Biennial Report on Seawater and Brackish Groundwater
Desalination in Texas) at p. 9 (2022).



https://www.twdb.texas.gov/innovativewater/desal/doc/2022_TheFutureofDesalinationinTexas.pdf

Fresh water generally has a TDS content of less than 1,000 milligrams per liter (mg/L).
Although somewhat inexact, the mg/L value also is often referred to as parts per million
(ppm) or as parts per thousand (ppt).? Brackish groundwater is broadly characterized as
groundwater with a TDS greater than freshwater but less than seawater® and is more-
specifically characterized by the Texas Water Development Board (TWDB) as groundwater
with a TDS content between 1,000 and 10,000 milligrams per liter (mg/L).* Brackish surface
water generally refers to inland surface water with the same salinity levels as for brackish
groundwater. Seawater in an ocean, and the Gulf of Mexico, has an average salinity of about
35,000 mg/l (also referred to as 35,000 ppm or 35 ppt),° although that salinity level is variable
based on factors such as nearby freshwater sources and localized evaporation.

The U.S. Environmental Protection Agency recommends that drinking water contain less
than 500 mg/L of TDS to protect public health.® The upper limit for the Texas drinking water
standard for TDS is 1,000 mg/L.” Levels of salinity considered acceptable for various
industrial uses may vary significantly from drinking water levels.

B. Major treatment approaches for achieving desalination: thermal and reverse
osmosis

There are two major treatment approaches currently used in desalination: thermal, or forced

evaporation, and membrane, usually reverse osmosis (RO),® technologies. The thermal

approach uses heat to evaporate much of the source water. The evaporated portion

condenses back to a liquid state. Because most dissolved salts and minerals do not

2 Milligrams per liter is a weight per volume measure whereas parts per million, and parts per thousand,
represents a simple ratio of like units. However, at least for salinity, the difference is minor.

3 Ahdab, Yvana D. and John H. Lienhard. "Desalination of brackish groundwater to improve water quality and
water supply" In Global Groundwater: Source, Scarcity, Sustainability, Security and Solutions, edited by
Abhijit Mukherjee et al, Elsevier. © 2021 Elsevier. Authors’ pre-publication version available here.

4TWDB, The Future of Desalination in Texas (2022 Biennial Report on Seawater and Brackish Groundwater
Desalination in Texas) at p. 6 (2022).

5 https://www.usgs.gov/special-topics/water-science-school/science/saline-water-and-salinity.

8 Office of Water of the U.S. Environmental Protection Agency, 2018 edition of the drinking water standards
and health advisories, Tech. Rep., EPA 822-F-18-001 at p. 10, Washington, DC (2018).

7 See 30 TAC Section 290.105 (b), https://texreg.sos.state.tx.us/fids/30 0290 _0105-1.pdf

8 The term reverse osmosis refers to the reversal of the natural process of osmosis through which solvents,
such as water, move through membranes from areas of high concentration to areas of lower concentration. In
reverse osmosis, energy is applied to generate sufficient pressure to force a reversal of the natural
movement. That high pressure forces some of the high salinity water to move through membranes with very
small pore spaces that the dissolved materials cannot fit through, reducing the salinity in that water. As a
result, the salinity in the remaining water that does not move through the membrane is increased and that
remaining water becomes the concentrate/reject water. Ahdab, Yvana D. and John H. Lienhard. "Desalination
of brackish groundwater to improve water quality and water supply” In Global Groundwater: Source, Scarcity,
Sustainability, Security and Solutions, edited by Abhijit Mukherjee et al, Elsevier. © 2021 Elsevier. Authors’
pre-publication version at p. 7, available here.
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evaporate, they become concentrated in the left-behind source water, often referred to as
concentrate or reject water, that must be disposed of. Thermal approaches generally have
higher energy demands than membrane approaches.®

Membrane technologies generally use pressure, generated by pumps, to force source water
to move through membranes with extremely small pore spaces. Most salts and minerals
cannot fit through the pore spaces and are left behind in the concentrate/reject water,
resulting in treated water with lower salinity. Most facilities use multiple cycles of membrane
filtration to achieve the final desired salinity level.”® A variation of the membrane approach,
which is referred to as electrodialysis or electrodialysis reversal, uses electrical current as a
direct part of the process of moving water through the membrane instead of pressure. It is
being used in limited applications, including in one location in Texas."' That approach
appears to be viable only for source waters with salinity levels near the low end of the
brackish category.

Because of its cost-effectiveness and suitability for a variety of source waters, most newer
desalination projects, including all existing Texas projects other than the one existing
electrodialysis reversal project, which will be converted to RO, use traditional RO. In
addition, all the proposed Texas desalination projects involve RO. Water destined for
desalination, particularly through use of membrane technologies, must be pretreated, using
approaches similar to that used in conventional water treatment plants (e.g., filtration,
settling ponds, and addition of flocculants), to improve the process and extend the life of the
expensive RO membranes. Those membranes are subject to “scaling and fouling” over time
and must undergo periodic maintenance and backwashing and, eventually, replacement,
which means part of the treatment train has to be taken off-line periodically. The
pretreatment process, by lowering levels of various types of suspended materials that reach
the membranes, helps to minimize scaling and fouling and improve membrane performance
and life expectancy. As membrane design has improved, power demands and maintenance
requirements for RO plants have declined significantly, making RO the dominant option for
new desalination projects.

®Soliman, Mariam, et al., “Energy consumption and environmental impact assessment of desalination plants
and brine disposal strategies” in Process Safety and Environmental Protection 147 (2021) 589-608 at p. 597;
available at https://doi.org/10.1016/j.psep.2020.12.038.

9 Ahdab, Yvana D. and John H. Lienhard. "Desalination of brackish groundwater to improve water quality and
water supply" In Global Groundwater: Source, Scarcity, Sustainability, Security and Solutions, edited by
Abhijit Mukherjee et al, Elsevier. © 2021 Elsevier. Authors’ pre-publication version available here, see p. 8.

" Dell City, in the Texas Panhandle, has been operating a small electrodialysis reversal system to treat
brackish groundwater, but TWDB reports that the plant will be replaced with an expanded reverse osmosis
system. TWDB, The Future of Desalination in Texas (2022 Biennial Report on Seawater and Brackish
Groundwater Desalination in Texas) at p. 33 (2022).



https://doi.org/10.1016/j.psep.2020.12.038
https://dspace.mit.edu/bitstream/handle/1721.1/126566/Ahdab-Lienhard-Groundwater_Desalination_Chapter-R1.pdf?sequence=1&isAllowed=y
https://www.twdb.texas.gov/innovativewater/desal/doc/2022_TheFutureofDesalinationinTexas.pdf

C. Current desalination projects around the state
A map-based page on the TWDB website provides generalinformation about operating water
supply desalination facilities in Texas.' As illustrated on that map, reproduced below,
desalination facilities are widely distributed around the state, but some areas of
concentration can be seen, such as far west Texas, the upper Brazos River Basin, and the
lower Rio Grande Valley. Most of the existing facilities are quite small, serving areas with very
limited water supply options and most rely on brackish groundwater as the water source.
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D. Types of desalination source water
There are four major types of source water treated through desalination: brackish
groundwater, brackish surface water, reclaimed water or wastewater return flows, and
seawater. As a general proposition, the greater the salinity level of the source water, the
higher the cost to treat the water. That relationship is primarily driven by facility costs and
power demands. For RO facilities, because a higher level of pressure is required to push
higher salinity water through the treatment membranes, more power is required to run
pumps to generate that pressure.’ Similarly, the higher salinity of the source water results in

12 See https://www3.twdb.texas.gov/apps/waterdatainteractive/GroundwaterDataViewer/?map=desal.

3 Ahdab, Yvana D. and John H. Lienhard. "Desalination of brackish groundwater to improve water quality and
water supply" In Global Groundwater: Source, Scarcity, Sustainability, Security and Solutions, edited by
Abhijit Mukherjee et al, Elsevier. © 2021 Elsevier. Authors’ pre-publication version available here, see p. 7.
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higher levels of salinity in the concentrate/reject water and a higher percentage of the water
being treated ending up as reject water, which requires a larger facility and can complicate
disposalissues, further raising costs.

Although salinity varies for different types of seawater desalination projects depending on
where the diversion is located, seawater desalination projects generally have the highest
salinity levels of the four source-water types. There currently are no seawater desalination
plants in operation in Texas.

1. Brackish groundwater

As noted previously, brackish groundwater commonly is defined as groundwater with a TDS
content between 1,000 and 10,000 parts per million.' The Texas Water Development Board
(TWDB) has indicated, based on a 2003 study, Texas has more than 2.5 billion acre-feet of
brackish groundwater in 26 different major and minor aquifers, although not all that water
would be recoverable.’™ Updated estimates suggest the number may be around 3.2 billion
acre-feet.'®

According to TWDB, as of 2020, there were 36 municipal facilities in operation in Texas that
each have a capacity of more than 25,000 gallons per day desalinating brackish groundwater
for municipal use in Texas.'” El Paso’s Kay Bailey Hutchison Desalination Plant is described
as the largest inland desalination plant in the United States, treating brackish groundwater
to produce up to 27.5 million gallons of potable water per day (about 30,800 acre-feet per
year) for municipal use.'® The concentrate/reject water at that plant is disposed of through
underground injection.’ However, work is underway, in partnership with private interests, to
evaluate potential commercial uses for components of the concentrate/reject water.?°

In the 2022 State Water Plan, nine regional water planning groups (regions E, F, G, H, J, K, L,
M, and N) included brackish groundwater desalination as a recommended water
management strategy—proposing 26 new desalination plants, representing 2.1 percent of

“TWDB, The Future of Desalination in Texas (2022 Biennial Report on Seawater and Brackish Groundwater
Desalination in Texas) at p. 19 (2022).

'S TWDB, The Future of Desalination in Texas (2022 Biennial Report on Seawater and Brackish Groundwater
Desalination in Texas) at p. 19 (2022).

16 See https://www.twdb.texas.gov/groundwater/bracs/index.asp.

7 TWDB, The Future of Desalination in Texas (2022 Biennial Report on Seawater and Brackish Groundwater
Desalination in Texas) at p. 20 (2022).

'8 TWDB, The Future of Desalination in Texas (2022 Biennial Report on Seawater and Brackish Groundwater
Desalination in Texas) at p. 21 (2022). Note that the report text incorrectly refers to capacity as 30,937 ac-
ft/day. No system in the world even approaches that size.

" The concentrate/reject water for that system has a TDS level of about 15,000 mg/l and is discharged to a
well for injection.

20 See https://www.epwater.org/our_water/water_resources/desalination.

5



https://www.twdb.texas.gov/innovativewater/desal/doc/2022_TheFutureofDesalinationinTexas.pdf
https://www.twdb.texas.gov/innovativewater/desal/doc/2022_TheFutureofDesalinationinTexas.pdf
https://www.twdb.texas.gov/groundwater/bracs/index.asp
https://www.twdb.texas.gov/innovativewater/desal/doc/2022_TheFutureofDesalinationinTexas.pdf
https://www.twdb.texas.gov/innovativewater/desal/doc/2022_TheFutureofDesalinationinTexas.pdf
https://www3.twdb.texas.gov/apps/waterdatainteractive/GetReports.aspx?Num=109&Type=Desal
https://www.epwater.org/our_water/water_resources/desalination

all recommended water management strategies in the state water plan. If all of these
strategies are implemented, groundwater desalination would produce about 157,000 acre-
feet per year of additional water supply by decade 2070.%

TWDB has an ongoing program for identifying, and designating, brackish groundwater
production zones in Texas that present opportunities for moderate to high levels of
production, consistent with various statutory criteria. As of 2022, 31 such brackish
groundwater production zones had been designated.?? The designation process is ongoing.?

2. Brackish surface water

TWDB indicates, as of 2020, there were 16 municipal water facilities that each have a
capacity of more than 25,000 gallons per day in operation desalinating brackish surface
water in Texas. These facilities often are in areas where springs with high salinity levels affect
surface water and where high evaporation rates from reservoirs further increase the salinity
levels. They primarily, but not exclusively, are found in the Red River and upper Brazos River
basins and, to a lesser extent, in the upper Colorado River basin and lower Rio Grande
Valley.?* There are about 63,000 ac-ft/yr of brackish surface water desalination projects
proposed for 2070 in the 2022 State Water Plan in Regions C, H, and P.

Brackish surface water generally has salinity levels comparable to brackish groundwater.
Surface waters along the coast, but within partially enclosed bays, also may have salinities
substantially below normal levels for seawater, at least seasonally, because of the dilution
effect of freshwater inflows from surface streams. However, because of the similarity of
issues of potential concern, desalination in coastal waters, whether diverted directly from
the Gulf or from an enclosed bay, is grouped in this paper as seawater desalination.

3. Reclaimed water/wastewater
TWDB indicates there is at least one desalination facility in Texas treating and directly using
reclaimed water—treated wastewater—as the source water for municipal supplies.®
Pollutants in domestic wastewater streams generally result in treated wastewater with
elevated salinity levels. Desalination, in addition to reducing salinity levels, removes

21 hitps://www.twdb.texas.gov/innovativewater/desal/facts.asp. See brackish groundwater one-pager
available there.

2TWDB, The Future of Desalination in Texas (2022 Biennial Report on Seawater and Brackish Groundwater
Desalination in Texas) p.57 (2022).

2 Information about the brackish groundwater production zone designation process is available on the TWDB
website.

24TWDB, The Future of Desalination in Texas (2022 Biennial Report on Seawater and Brackish Groundwater
Desalination in Texas) Table 1, at pp. 21-22 (2022). See also, TWDB map viewer.

25 See Brackish Groundwater one-pager at https://www.twdb.texas.gov/innovativewater/desal/facts.asp.
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numerous types of contaminants from the source water. That lone Texas facility, operated by
the Colorado River Municipal Water District, relies on direct potable reuse in which treated
wastewater is piped directly to a reverse osmosis treatment system, that also uses
microfiltration and ultraviolet light disinfection, for further treatment after which it is put
back into the water supply system. The design capacity of the system, which went into
operationin 2013, is 2.5 million gallons/day (mgd) (slightly more than 2,800 acre-feet/year).?®
The resulting water is mixed with other water supplies and distributed to customer cities,
primarily the City of Big Spring. The concentrate/reject water is disposed of via injection
well.?’

The City of Wichita Falls employed a direct reuse desalination facility during extreme drought
conditions in 2014 and 2015,28 but discontinued the direct reuse component of the project
after the drought conditions lessened and is now pursuing the construction of a new
reservoir to increase its supplies. That desalination facility, which ordinarily is used to treat
surface water with high salinity levels, has a maximum designh capacity of 12 mgd (about
13,500 acre-feet/yr) but averages production of about 4 mgd (about 4,500 acre-feet/yr). The
resulting waste stream is discharged to a surface stream.?®

No new reclaimed water desalination projects are included in the 2022 Texas Water Plan.
4. Seawater

Although there currently are no seawater desalination plants operating in Texas, several
permitting efforts are underway. The primary focus of activity is in the Corpus Christi area.
There are seven seawater desalination projects recommended in the 2022 State Water Plan.
Five of those are in the Corpus Christi area. The Corpus Christi Polymers LLC facility, also in
the Corpus Christi area, is already permitted and is not included in the water plan.
Construction of that plant, which remains uncompleted, has undergone multiple stops and
starts. One of the other two proposed seawater desalination projects in the 2022 Water Plan
is in the Rio Grande Valley and the last is proposed for near the mouth of the Brazos River.

Although not moving nearly as quickly as for Corpus Christi, there does appear to be
increasing interest in expanded desalination in the Lower Rio Grande Valley. There, because
of anincreasing frequency of drought and related disputes with Mexico over delivery of water
from the Rio Conchos to the Rio Grande near Presidio, water supply concerns are growing.

2 TWDB, The Future of Desalination in Texas (2022 Biennial Report on Seawater and Brackish Groundwater
Desalination in Texas) Table 1, at pp. 21-22 (2022); CRMWD website accessed Oct. 21, 2024.

27 See TWDB website.

2 https://www.scientificamerican.com/article/parched-texas-town-turns-to-treated-sewage-as-emergency-
drinking-water-source/

2 See TWDB website.
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The Laguna Madre Water District has filed an application for a temporary water diversion
permit for a small pilot study (323 af-ft over a one-year period) to evaluate a potential
seawater desalination project located in the Port Isabel Channel Turning Basin, near its
confluence with the Gulf.*°

E. Majorissues for desalination

Among the major challenges, and expenses, for desalination are high costs, driven
significantly by energy intensity—the higher the salinity of the source water, the higher the
per-unit energy demand—and disposal of the concentrate/reject water. Generally, the ratio
of concentrate/reject water produced to the volume of water treated for use increases with
the salinity of the water being treated. Impacts from the diversion of large quantities of
surface water, particularly for diversions located in a bay or estuary, also can create
significant adverse impacts.

1. High Cost

Generally, costs for desalination are high compared to most other water supply options.
However, those costs vary significantly depending on the source of supply. Desalination is
an energy-intensive process. Generally, the energy demand increases with the level of
salinity in the water being desalinated because more pressure is needed to push the water
through the membranes.*’ About three times as much pressure may be required for
desalination of seawater compared to brackish water.®? In addition, on a per-unit basis,
larger banks of specialized treatment membranes, which also are more expensive, are
required for desalination of higher salinity waters. More power and more membrane area are
required for desalination of higher salinity water because a smaller percentage of the water
being treated makes it through the treatment process and because higher pressure is
required. For example, only 50 percent of raw water with a salinity of 35 mg/l may end up as
usable water after treatment® compared to about 75 to 85 percent for brackish water.®* In

30 A previous pilot study for another nearby location demonstrated that a project was infeasible at the other
location because heavy barge traffic stirred up so much sediment that the water could not be treated
effectively.

S1TWDB, The Future of Desalination in Texas (2022 Biennial Report on Seawater and Brackish Groundwater
Desalination in Texas) Table 1, at p. 15 (2022)

52 Ahdab, Yvana D. and John H. Lienhard. "Desalination of brackish groundwater to improve water quality and
water supply" In Global Groundwater: Source, Scarcity, Sustainability, Security and Solutions, edited by
Abhijit Mukherjee et al, Elsevier. © 2021 Elsevier. Authors’ pre-publication version available here, see p. 7.

33 See Water Reuse Assoc., “Seawater Concentrate Management” White Paper at p.2 (May 2011)

34 Ahdab, Yvana D. and John H. Lienhard. "Desalination of brackish groundwater to improve water quality and
water supply" In Global Groundwater: Source, Scarcity, Sustainability, Security and Solutions, edited by
Abhijit Mukherjee et al, Elsevier. © 2021 Elsevier. Authors’ pre-publication version available here, see p. 8.
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addition, power is required to discharge the higher volume of concentrate/reject water for
seawater desalination.

Although variable, estimates indicate desalination of seawater may require 2 to 3 times the
amount of energy required to desalinate brackish water, although that would vary depending
on the level of salinity of the relative source waters.* However, per-unit cost generally is
lower for larger facilities so that is another variable to be considered. Because of the virtually
unlimited water supply, seawater desalination facilities can be quite large which can allow
efficiencies of scale to offset some of the higher energy costs.

Another potential factor affecting the cost of desalination is the level of biological
productivity in the source water. Water from a bay or estuary, which may often be lower in
salinity than water from the Gulf of Mexico, is likely to have higher concentrations of nutrients
and biological matter than water from the Gulf. That bay or estuary water also may have
increased variability in water quality. For example, sediment and nutrient levels in a bay may
be greatly elevated following periods of high inflows. Those factors would require increased
amounts of pretreatment to reduce the levels and protect the RO membranes. A pilot project
for a desalination facility near Port Isabel revealed a potential diversion site to be unsuitable
because barge traffic regularly raised sediment levels interfering with the treatment process.
Various types of pretreatment measures are needed before the water moves through the
reverse osmosis portion of the treatment process. Among other things, pretreatment helps
to minimize scaling and fouling of the expensive RO membranes. More extensive
pretreatment likely would be necessary for waters from a bay or estuary compared to water
from farther offshore, * resulting in additional costs that may offset some of the savings from
the lower salinity levels.

Brackish groundwater and brackish surface water can vary in salinity levels, but, generally,
brackish water has a salinity of between 1,000 and 10,000 mg/l. Water taken from an estuary
or coastal bay also can vary significantly in salinity level, commonly substantially exceeding
levels associated with brackish water, except right where significant freshwater inflows enter
the system.

According to a 2012 Texas Water Development Board paper, the average estimated cost, in
2011 dollars, to produce 1 acre-foot of desalinated water from brackish groundwater,

% Soliman, Mariam, et al., “Energy consumption and environmental impact assessment of desalination
plants and brine disposal strategies” in Process Safety and Environmental Protection 147 (2021) 589-608 at p.
600. Table 3; available at https://doi.org/10.1016/j.psep.2020.12.038.

% Missimer T., Maliva, R., “Environmental issues in seawater reverse osmosis desalination: Intakes and
outfalls,” Desalination 434, p. 198-215, at p. 199 (2018)
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inclusive of disposal of reject water, ranged from approximately $357 to $782.5” Cost
estimates for groundwater desalination projects in the 2022 State Water Plan, which include
additional aspects, such as distribution system costs, beyond the desalination component
and reflect more current costs than the 2012 TWDB paper, range from $294 to $4,927 per
acre-foot, with a statewide average of $1,080.

That 2012 paper indicates the average cost, in 2011 dollars, to produce an acre-foot of
desalinated water from seawater, inclusive of disposal of reject water, ranged from
approximately $800 to about $1,400.% Cost estimates for seawater desalination projects in
the 2022 State Water Plan, which, again, include additional aspects, such as distribution
system costs, beyond the desalination component, range from $1,293 to $3,188 per acre-
foot, with a statewide average of $1,371, which represents unit costs after the payout period
for debt service.®®* As summarized in Appendix A, costs for the seawater desalination
projects in the 2022 Water Plan range from $2,206 to $5,720 per acre-foot with debt service.
Generally, the per unit cost for desalination projects is less for large projects than for small
ones. The high-end costs in those ranges for seawater desalination are for the small project
proposed near Port Isabel in the Rio Grande Valley.

For categories of water supply projects, the statewide average cost for seawater desalination
is exceeded only by the cost for direct potable reuse projects. No separate cost estimate is
provided for brackish surface water desalination in the 2012 paper orthe 2022 SWP. Because
concentrate from brackish surface water desalination usually is discharged back to surface
water, costs likely are comparable to costs for brackish groundwater desalination. Costs for
direct potable reuse projects, which may involve desalination processes, are listed
separately in the 2022 SWP with a cost range of $6 to $2,443 and a statewide average of
$1,505.4° The next lowest-cost direct reuse project, after the $6 one discussed in the
previous footnote, has a per-acre-foot cost of $606.

2. Power demands and associated emissions

As discussed above, a major impact of the high-power demands associated with
desalination is cost. However, depending on the power source, generation of the required

37 https://www.twdb.texas.gov/innovativewater/desal/facts.asp.

% That paper is available here.

392022 State Water Plan, Table 7-5, p. 107. Costs, including debt service, range from a low of $2,206 to $5,720
per acre-foot. See also Appendix A to this document.

4 The $6 unit cost is for a direct non-potable reuse project for the City of Del Rio that provides for constructing
new pipelines to carry treated effluent to a golf course and parks for irrigation use. Once pipeline construction
costs have been paid for, the ongoing cost is just for maintenance and pumping.
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power also could contribute substantially to emissions of various pollutants, including
greenhouse gases.

3. Impacts of concentrate/reject water discharge

Because the treatment process removes most dissolved solids from the portion of the water
made available for use, the byproduct is a waste stream with a concentrated salinity level
that, depending on the source water, also may have elevated levels of other problematic
constituents. Depending on the size of the waste stream and the salinity level, finding safe
disposal methods for concentrate/reject water can be challenging. Especially for
desalination of brackish groundwater taking place inland from the coast, the waste stream
generally is discharged to surface water either or, particularly for smaller facilities, is injected
underground into aquifers that are considered unlikely to be potential water sources.
Perhaps due to the relatively small size of most brackish groundwater operations and
relatively low injection pressure, there seems to be little evidence of connection of that
concentrate injection with increased seismic activity.*’ Where it is available, surface water
discharge generally is the lowest cost option.*?

Some inland operations, particularly those located in arid areas, may use evaporation ponds
or land application as a disposal method. For example, a hotel in Terlingua with a very small
desalination system relies on an evaporation pond.*®* A school district in Lamesa and a
desalination plant in Fort Stockton rely, at least in part, on land application for disposal of
concentrate/reject water.* For desalination of surface water, the waste stream commonly is
discharged back to surface water, relying on dilution to limit adverse impacts. The City of
Sherman directs its concentrate/reject water from its surface water-based desalination
system to its wastewater treatment plant for discharge.*® In some areas outside of Texas,
seawater desalination plants have been co-located with power plants to take advantage of
the existing power-plant diversion facilities for source water and of the power-plant
discharge as a dilution source for the reject water.*¢ However, that can be a risky proposition

4T Missimer T., Maliva, R., “Environmental issues in seawater reverse osmosis desalination: Intakes and
outfalls,” Desalination 434, p. 198-215, at p. 210 (2018).

42 Ahdab, Yvana D. and John H. Lienhard. "Desalination of brackish groundwater to improve water quality and
water supply" In Global Groundwater: Source, Scarcity, Sustainability, Security and Solutions, edited by
Abhijit Mukherjee et al, Elsevier. © 2021 Elsevier. Authors’ pre-publication version available here, see p. 19
(Table 3).

“3The Big Bend Motor Inn in Terlingua has a very small desalination system that uses an evaporation pond.
4 Klondike ISD has a small system that relies on land application. Land application, along with adding a
portion of the reject water to treated wastewater, is used for the desalination facility in Fort Stockton.

% The concentrate, which has a TDS level of about 5,800 mg/l, from that system is mixed with other effluent
before being discharged to surface waters.

6 perhaps the most prominent example of that approach is the Tampa Bay Water Seawater Desalination
Facility that is co-located with a Tampa Electric Company power plant. The dilution rate for the concentrate

11


https://dspace.mit.edu/bitstream/handle/1721.1/126566/Ahdab-Lienhard-Groundwater_Desalination_Chapter-R1.pdf?sequence=1&isAllowed=y
https://www3.twdb.texas.gov/apps/waterdatainteractive/GetReports.aspx?Num=17&Type=Desal
https://www3.twdb.texas.gov/apps/waterdatainteractive/GetReports.aspx?Num=131&Type=Desal
https://www3.twdb.texas.gov/apps/waterdatainteractive/GetReports.aspx?Num=63&Type=Desal
https://www3.twdb.texas.gov/apps/waterdatainteractive/GetReports.aspx?Num=94&Type=Desal

because if the power plant were to close, the desalination facility would be facing a major
regulatory challenge in authorizing its discharge.

Some new approaches have been touted that seek to remove the water from the waste
stream, generally through evaporation, (zero liquid discharge or ZLD) to get it to a state that
the waste potentially could be disposed of in a landfill, or that seek to concentrate, and
isolate, constituents in the waste-stream that have market value. However, the cost-
effectiveness and practicality of those approaches remains unclear. The ZLD approach has
been characterized as the most expensive option available, in large part because it is
extremely energy intensive.*’

Concentrate from the desalination of seawater water may have a salinity of about double
that of the source water, so concentrate from the desalination of seawater with a salinity of
35,000 mg/l may have a salinity of about 70,000 mg/l or higher.*® That higher salinity water,
because itis denser than the ambient water, will sink to the bottom unless itis mechanically
mixed. Mixing can be facilitated with diffusers on the discharge pipe. In addition, various
chemicals usedin the treatment process will be presentin the reject water.*° Disposal of that
reject water can be quite expensive and, potentially, environmentally damaging. For marine
desalination, some form of discharge to surface water is the most common, and least
expensive, option. Because most of the substances in the reject water also were present,
although at substantially lower concentrations, in the source water, the most important
issues are likely to be the location and the dilution/dispersion of the discharge.

Mechanical methods, such as diffusers placed on a discharge pipe appropriately located in
the water column, can rapidly mix the reject water with the receiving water to avoid acute
impacts outside of a defined zone of initial dilution. However, depending on the volume and
TDS level of the discharge compared to the receiving water, there still could be substantial
longer-term impact, particularly if discharging to a bay system, as discussed below.

4. Impingement and entrainment impacts associated with diversions
In addition, for desalination of surface water, diversion of large quantities of water can
produce significant impacts from impingement and entrainment—aquatic life trapped

has been described as nearly 70:1. Hill, Florida Brackish Water and Seawater Desalination: Challenges and
Opportunities, Florida Water Resources Journal (Sept. 2012).

47 Ahdab, Yvana D. and John H. Lienhard. "Desalination of brackish groundwater to improve water quality and
water supply" In Global Groundwater: Source, Scarcity, Sustainability, Security and Solutions, edited by
Abhijit Mukherjee et al, Elsevier. © 2021 Elsevier. Authors’ pre-publication version available here, see p. 19.

48 Missimer T., Maliva, R., “Environmental Issues in Seawater Reserve Osmosis Desalination: Intakes and
outfalls,” Desalination 434, pp. 198-215, at p. 207, Table 2 (2018).

4 Missimer T., Maliva, R., “Environmental Issues in Seawater Reserve Osmosis Desalination: Intakes and
outfalls,” Desalination 434, pp. 198-215, at p. 209 (2018).
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against screens on the diversion facility (impingement) or, depending on whether screens
are present and if so the size of screen openings, pulled into the diversion stream
(entrainment)—also can cause significant adverse impacts depending on the location and
size of the diversion. That issue is particularly problematic for diversions along the coast
from bays and estuaries, which tend to exhibit high biological productivity. There is ongoing
debate about the significance of entrainment impacts on larval organisms and eggs
because, although high numbers may be entrained, the organisms and eggs are produced in
very high numbers and only a relatively small percentage survive under natural conditions.*°
However, impacts may be greater in bays and estuaries like those along the Texas coast that
have limited exchange with the Gulf. In addition, diversions occurring in deeper waters tend
to have less entrainment impacts than diversions from shallow waters.

Although challenging to construct in some locations, options do exist for placing diversion
structures below the seabed. Basically, the diversion facilities, referred to as seabed
galleries, are buried beneath a bed of sand and the water being diverted is drawn down
through the sand, preventing organisms from being impinged or entrained. Because of the
filtration function of the sand, those approaches also can greatly reduce the level of
pretreatment required for RO facilities.® They are also very expensive to construct.

5. Considerations specific to Texas bays

The extensive system of barrierislands and peninsulas along most of the Texas coast creates
special considerations not found in many other coastal areas in the U.S. or around the world
where marine desalination facilities are operating. Those barrier islands reduce the rate of
exchange between water in the bay, landward of the relevant barrier island or peninsula, and
the ocean water seaward of the island. In addition, those narrowed openings to the Gulf
concentrate movement of aquatic organisms, many of which spend part of their life cycle in
a bay and part in the Gulf of Mexico, making them potentially vulnerable to adverse impacts
when moving through a pass.

Diverting high-salinity water (e.g. 35,000 mg/L) from the open ocean for RO treatment and
then discharging the concentrate/reject stream into a bay or estuary, particularly one that
usually has relatively low salinity and limited exchange with the Gulf of Mexico, could have
significant adverse impacts. Even diverting water from within a bay, particularly from a lower
salinity area of the bay, and then discharging the concentrate/reject stream back into the
bay, could have significant adverse impacts because of that limited exchange. And, even for
bays that usually have relatively high salinities, discharges of concentrate with even higher

50 Missimer T., Maliva, R., “Environmental issues in seawater reverse osmosis desalination: Intakes and
outfalls,” Desalination 434, p. 198-215, at p. 200 (2018).

5" Missimer T., Maliva, R., “Environmental issues in seawater reverse osmosis desalination: Intakes and
outfalls,” Desalination 434, p. 198-215, at pp. 205-06 (2018).
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salinities could worsen already stressful conditions, particularly during extended droughts
with low freshwater inflows. Similarly, discharging concentrate/reject water into or near a
pass that is heavily used by aquatic life could have significant adverse impacts because of
the number of organisms moving through the pass and exposed to the waste stream.
However, because passes generally do have relatively high flow velocities, the waste stream
could be dissipated relatively quickly, depending on whether water is flowing out of the bay
into the Gulf or into the bay from the Gulf.

Particularly in bay systems with substantial freshwater inflows from rivers and streams,
salinity levels in the bay near the freshwater source can be much lower than salinity levels
farther offshore, resulting in increased biological productivity in the bay, particularly near the
mouth of a river or stream.®? Bay salinity levels do generally vary seasonally, because inland
rainfall and resulting freshwater inflow to the bay varies by season, and episodically,
because of periodic flood and drought periods. However, the Corpus Christi bay system has
been significantly modified, including by the dredging of a large ship channel, and no longer
exhibits as much temporal and geographic variation in salinity levels as is true for other Texas
bay systems or as was true historically for that bay. As part of the Senate Bill 3 process
discussed below, the relevant Bay and Basin Expert Science Team (BBEST) noted, in referring
to the ship channel, that the increased exchange of water with the Gulf allows marine, or
Gulf-like, conditions to persist in the bay even during high freshwater inflow events.*® The
BBEST distinguished between Corpus Christi Bay and the associated Nueces Bay, which,
although experiencing reduced freshwater inflows, is not transected by a ship channel and
is less altered.

The bay systems, even those down the coast with higher salinity levels, generally are highly
productive habitats that merit special protection. Indeed, estuaries are considered to be
among the most productive habitats on the planet. As a result, impacts from diversions and
discharges taking place within a bay or estuary have heightened ability to cause adverse
effects. Because biomass levels are higher in bays and estuaries than in the open Gulf,
diversions located in a bay or estuary have greater potential for adverse impacts through
impingement and entrainment. That is particularly true if diversions occur in lower salinity

52The U.S. Environmental Protection Agency notes estuarine environments as being among the most
productive on earth. There does not appear to be a bright-line distinction between a bay and an estuary. An
area where significant amounts of freshwater in some type of channel encounter a body of saltwater,
generally constitutes an estuary. That estuary may, or may not, be located in a bay, but a coastal bay can exist
without a freshwater source. Coastal bays that include substantial estuaries are generally much more
productive than bays without estuaries and than estuaries without bays. See Texas Aquatic Science.

% Nueces River and Corpus Christi and Baffin Bays Basin and Bay Expert Science Team, Environmental Flows
Recommendation Report (Oct. 2011) at p. 2-11, available here.
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areas, including during drought conditions when biota is likely to be concentrated in those
areas.

There is substantial variability in the salinity level of water in the bays and estuaries along the
Texas coast. Generally, the lowest salinities are found in bays along the upper coast,
particularly in Sabine Lake and Galveston Bay, where stream and river basins with relatively
high average rainfall contribute large freshwater inflows. The high inflows mix with water from
the Gulf reducing salinity levels. Texas bays also have relatively narrow openings to the Gulf.
Those narrow openings, which reflect the predominance of peninsulas and barrier islands
paralleling the Texas coast, reduce the amount of high salinity water from the Gulf entering
the bays. The map on page 16 shows the bay systems with barrier islands and peninsulas.
The Harte Research Institute has developed a Statement on Desalination reinforcing the
conclusion that both intakes and discharges from seawater desalination plants should be
piped offshore to help minimize potential adverse impacts.®*

In addition to the variation between bay systems, salinity levels vary within individual bays,
both geographically and temporally. The geographical variation generally reflects proximity
to points of freshwater or seawater entry to the bay: areas near a significant river or stream
mouth have lower salinities and areas nearer to an opening to the Gulf have higher salinities.
The temporal variation reflects freshwater inflows that vary by season and, on a more
dramatic level, between drought and high rainfall conditions.

Average salinity levels increase in the Texas bay systems located farther south and west
along the Texas coast, primarily because decreased average rainfall contributing to streams
and rivers and falling directly on the bays results in reduced levels of freshwater inputs.
Higher temperatures in those areas also result in increased evaporation. Because
freshwateris in short supply, those areas also commonly experience high levels of upstream
diversion and impoundment of surface flow, further reducing inflows and raising salinity
levels. In the Laguna Madre, which is the extensive bay system south and west of Corpus
Christi bounded by Padre Island (the longest barrier island in the world) and which receives
very little freshwater inflow, salinity levels often substantially exceed the salinity of the open
Gulf, with levels often in the 50 to 70 mg/L range.*®

54 See https://www.harteresearch.org/sites/default/files/inline-
files/HRI%20Desalination%20Science%20Statement.pdf.
55 See https://tpwd.texas.gov/landwater/water/habitats/bays/ulm/ulm_expand.phtml.
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Salinity of the bay systems varies greatly based
on the amount of inflow, the area of the bay
system, the presence of dredged channels
connecting to the Gulf of Mexico,*® and other
factors. Generally, salinity increases by bay
* system, moving down the coast from east
(Sabine Lake) to south and west (Laguna Madre).
Although not labeled on this map, the Brazos
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Because water with lower salinity is less costly to desalinate than water with higher salinity,
those higher salinity conditions make desalination efforts more costly farther down the
coast. However, because those areas also generally have limited water supply options,
desalination may be one of the few approaches available if there are unmet projected water
demands. For example, the City of Corpus Christi, located on Corpus Christi Bay, already
obtains water from two major reservoirs in the Nueces River basin, which flows into Nueces
Bay and Corpus Christi Bay. In addition, the City gets water, through interbasin transfers,
from the Colorado River and the Navidad River, which both flow into the Matagorda Bay
system, and is now pursuing seawater desalination projects.

F. Areas of geographic focus for proposed seawater desalination facilities in Texas
Because of rapid growth in industrial water demand in the Corpus Christi area, growth
encouraged by the City of Corpus Christi,*® primarily for the expansion of the plastics

% Dredged channels allow higher salinity water, which is more dense than lower salinity water, from the Gulf
to move farther into bay systems often raising bay salinity levels.

57 Texas Parks and Wildlife Department biologists have identified Cedar Bayou, Packery Channel, Port
Mansfield Channel, and San Luis Pass as significant minor passes. Marine Seawater Desalination Diversion
and Discharge Zones Study, p. 11 TPWD/GLO 2018.

%8 From Marine Seawater Desalination Diversion and Discharge Zones Study. TPWD/GLO 2018.

% See “Corpus Christi sold its water to Exxon, gambling on desalination. So far, it is losing the bet.”, Inside
Climate News 11/04/2022
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industry and other oil-and-gas-related operations, the City is racing to bring seawater
desalination options online. Similarly, the Port of Corpus Christi Authority is actively
pursuing permits authorizing a major desalination facility to be located on Harbor Island,
near Port Lavaca. The Port Authority indicates it intends to convey the permits to some other
entity to build and operate the facility. There are six recommended seawater desalination
projects included in the 2022 Texas Water Plan for the Corpus Christi area, although they
may not all be pursued.®® As discussed in the following section, permitting efforts are
underway and near-term construction is contemplated for at least one large seawater
desalination plant by the City of Corpus Christi.

1. Summary of proposed seawater desalination facilities

The City of Corpus Christi has received a water right permit and a wastewater discharge
permit for its proposed Inner Harbor desalination plant. Although construction has not
begun, the City is proceeding quickly towards implementation, with a proposed completion
date of late 2027 or early 2028 for that facility. The City indicates that about $757 million in
SWIFT funding has been committed to the project and the City is seeking about $180 million
in grant funding from the U.S. Bureau of Reclamation. The City also has proposed to build an
additional desalination plant in the La Quinta area along Corpus Christi Bay.

The Port of Corpus Christi Authority is pursuing permits for a large desalination plant to be
built on Harbor Island, near Port Aransas. TCEQ has issued a discharge permit authorizing a
discharge into the channel between Harbor Island and Port Aransas. The issuance of that
permit has been appealed by organizations opposing the facility. The Port Authority has
indicated that it does not intend to operate any desalination facilities and is pursuing permits
to be conveyed to other entities forimplementation. The Nueces River Authority recently has
expressed interest in operating the Harbor Island plant.®’

As acknowledged in the news article referenced in the previous footnote, the Port has
indicated its willingness to consider moving the discharge location to a site seaward of San
José Island. A discharge permit at that site likely could allow for authorization for a larger
discharge than is authorized in the existing permit that is under appeal. The Port has applied
for a diversion permit for that plant with the diversion intake located a bit more than a mile
seaward of San José Island. The application for the diversion permit, which seeks
authorization to divert up to 350,000 acre-feet/year, with the potential to produce up to 100

8 The Port of Corpus Christi has indicated it does not intend to pursue authorization for its proposed La
Quinta desalination facility. In addition to the six projects included in the water plan, Corpus Christi Polymers
LLC, formerly M&G Resins, holds a diversion permit and a discharge permit for a partially built facility at the
Inside Harbor, but its plans for completing construction are unclear.

1 See local news article about Nueces River Authority offer to operate the plant.
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mgd (112,000 ac-ft/yr) of treated water is under review at TCEQ.5? Although initially pursuing
additional permits for a second desalination facility, also in the La Quinta area, the Port has
indicated that it does not intend to proceed with those efforts.

One industrial plant—previously owned by M&G Resins USA, LLC—has been partially
constructed, with a stated design capacity of 15 million gallons per day (6,721 ac-ft/yr). The
water right permit issued by TCEQ authorizes diversion and use of 25,806 ac-ft/yr. M&G
Resins filed for bankruptcy and sold the plant.®® More recently, Corpus Christi Polymers LLC,
the apparent buyer, renewed the discharge permit for that facility, but local media has
reported that, after a pause in construction, the current status is unclear.?* Similarly, the
status of the Poseidon Regional Seawater Desalination Project-Ingleside is unclear. That
projectis described in the 2021 Region N Water Plan as a 56,000 ac-ft/yr facility.

Google Earth

Seawater desalination plants under consideration in Corpus Christi area. Locations are approximate.

As noted previously, the Laguna Madre Water District is pursuing a pilot project to assess the
viability of its proposed desalination project to be located in the Port Isabel Channel Turning

52 Given the proposed location of the diversion permit, it may be unlikely that any individual or entity would be
able to establish affected person status and challenge issuance of the permit or influence its terms.

8 https://www.twdb.texas.gov/innovativewater/desal/facts.asp.

84 “A desal permit was renewed for a plastics plant—but the status of the project is unclear,” Corpus Christi
Caller Times, Oct. 30, 2024.
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Basin in the Lower Rio Grande Valley. The status of the proposed Freeport desalination
facility to be located near the mouth of the Brazos River is unclear.

G. State regulatory processes for seawater desalination diversion and discharge
facilities

This discussion of regulatory processes only addresses permitting of discharges and

diversions by the Texas Commission on Environmental Quality (TCEQ). Large seawater

desalination facilities likely will also trigger federal regulatory processes overseen by the U.S.

Army Corps of Engineers related to discharges of dredge and fill materials and potential

impacts on navigation.

1. Optional processes for expedited procedures and exemptions for TCEQ
permitting of seawater desalination diversions and discharges

In 2015, the Texas Legislature passed two bills (HB 2031 and HB4097) that created optional
expedited permitting processes for certain coastal desalination projects and even an
exemption from permitting for some projects, depending on location. Applicants retain the
option of using the regular permitting process. The two bills have differing scopes. HB 2031
uses the operative term “marine seawater” and addresses diversion of water taken from the
Gulf of Mexico, but not from a bay or arm of the Gulf, for desalination for any purpose as well
as resulting reject water discharges.®® HB 4097 uses the operative term “seawater” and
addresses water diverted from a bay or arm of the Gulf of Mexico for desalination and use
solely for industrial purposes. HB 4097 also provides for issuance of individual permits or a
general permit, for discharges of “water treatment residuals” associated with those
diversions. It also authorizes issuance of injection well permits for disposal of those
residuals. TCEQ adopted rules implementing the bills in 2016.5¢

Generally, diversions taking place more than three miles seaward of any point on the coast—
barrier islands and passes between islands are included as points on the coast—are exempt
from permitting requirements if they are within a diversion zone designated by TCEQ and the
applicantchooses to rely on the HB 2031 procedures, regardless of the purpose of use of the
treated water.®” The diversion zones were designated based on the TWPD/GLO study. All
diversion facilities, even if exempt from permitting, relying on HB 2031 or HB 4097
procedures are required to implement reasonable measures to minimize impingement and

% See 30 TAC § 297.201 (1), defining “marine seawater” and 30 TAC § 297.201 (2), defining “seawater.”

% See 30 TAC Chapter 295, Subchapter G (procedural rules for diversion permits); 30 TAC Chapter 297,
Subchapter K (substantive rules for diversion permits); and 30 TAC Chapter 318 (rules dealing with
discharges). The adoption preambles for those rules can be found at 41 TexReg 9559 (Dec. 2, 2016).

5 HB 2031 also provided that a permit is required if yearly average salinity at a point is less than 20 mg/l
regardless of distance from the coast. TWC 8§ 18.003 (a)(2). It is not clear that any point otherwise qualifying
for an exemption would have salinity levels that low.
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entrainment consistent with TCEQ rules.®® Although those rules do not specifically apply for
applications under regular Water Code Chapter 11 water right permitting provisions,
discussed below, it seems logical that TCEQ would at least consult those rules in evaluating
applications for desalination diversions. However, it is not clear that happened for the
diversion permit issued to the City of Corpus Christi for its proposed Inner Harbor facility.

Diversions and discharges taking place in a bay or estuary may only rely on the expedited
procedures if the desalinated water will be used solely for industrial use as authorized in HB
4097.%° To date, it does not appear that any applications or exemption efforts have been
pursued under either mechanism.

Responding to a requirement included in HB 2031, the Texas Parks and Wildlife Department
(TPWD) and the General Land Office (GLO) released a report in 2018 identifying specific
preferred Marine Seawater Desalination Diversion and Discharge Zones in the open Gulf and
away from bay inlets.”” A map from that report, showing those preferred zones, which are
identical for diversion and discharge, is reproduced in Appendix B.

2. Water Rights Permitting

Unless an exception to permitting applies under HB 2031, a water right permit is required to
divert state water from a stream, river, estuary, bay, or the Gulf of Mexico for desalination at
any location within state jurisdictional boundaries, which extend nine nautical miles”
offshore. Except to the extent that HB 2031 or HB 4097 apply, the permit requirements are
established by Chapter 11 of the Water Code. Because there are not likely to be significant
water availability issues or implications for other water right holders, the primary issues for
evaluating such a permit application would be environmentalimpacts. Those environmental
impacts would fall into two general categories. The first would be the potential adverse
impacts on aquatic life from direct impingement and entrainment. As discussed previously,
because of the large volume of water likely being diverted, numerous larvae and organisms
potentially could be sucked up and killed, depending on the location and design of the
diversion facility.

A second potential adverse impact could come from the diversion of low salinity water from
a bay, particularly during periods when overall salinity levels in the bay are elevated because
of drought conditions. A diversion located in the area near where freshwater inflows enter
the system could deprive the system of much of the benefit, in the form of nutrients and

% See 30 TAC § 297.209. Although not establishing specific minimum requirements, that rule requires
documentation of various criteria including screen specifications, flow-through velocity, and justification for
determining that proposed protections represent reasonable measures.

% See 30 TAC § 295.300 (e).

70 https://tpwd.texas.gov/publications/pwdpubs/media/hb2031dz.pdf

71 A nautical mile is equal to about 1.15 statute miles (as measured on land), Britannica.com.
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lowered salinity levels, of those inflows. The location and rate of diversion likely would be
critical considerations.

Under Senate Bill 3, passed during the 2007 Regular Legislative Session, TCEQ has adopted
environmental flow standards that are intended to protect freshwater inflows for all major
bay systems on the Texas coast. However, compliance with those standards is assessed at
the most upstream point where inflows hit the bay. As a result, the flow standards do not
directly address impacts from diversions occurring below—seaward of—that assessment
point.

Unfortunately, since adoption of flow standards, TCEQ increasingly has taken the position
that environmental evaluations for diversion impacts basically have been reduced to
assessing if the freshwater inflow criteria are met, an assessment that consists solely of a
modeling exercise, considering only the relevant inflow point. Accordingly, it is far from clear
that TCEQ would meaningfully consider the potential for impingement or entrainment
impacts, much less for other impacts on bay productivity. For example, the water rights
permit TCEQ issued to the City of Corpus Christi for its proposed Inner Harbor desalination
facility simply requires the City to “implement reasonable measures in order to reduce
impacts to aquatic resources due to entrainment or impingement” including “installation of
screens.”’? By not specifying a maximum size for screen openings, any design criteria for the
screens, or any constraint on flow-through velocity, there basically are no limits on the extent
of potential adverse impacts other than those the City decides to impose on itself.
Unfortunately, that permit language now seems to be standard practice for TCEQ for virtually
all water right permits. In evaluating that application, there is no indication that TCEQ
assessed the appropriateness of the diversion location.”®

In a pending appeal by NWF of TCEQ’s issuance of a water right permit to the Guadalupe-
Blanco River Authority, the agency has asserted that SB 3, in directing that applicable
environmental flow standards control in determining “environmental flow conditions” for
new permits, has negated all other environmental considerations established by statute for
water right permits.”* Other statutory provisions governing water rights permitting separately

72TCEQ Water Use Permit No. 13676, Special Condition 5.B. (Issued 10/10/2022).

73 Because the Inner Harbor is a portion of a dredged ship channel, its value as fish and wildlife habitat likely
is somewhat limited.

74 Texas Commission on Environmental Quality and Guadalupe-Blanco River Authority, Appellants, v. National
Wildlife Federation, Appellee. Cause No. 15-24-00050-CV pending before the Court of Appeals for the
Fifteenth District of Texas, Brief of Appellant, TCEQ (“However, if TCEQ has adopted environmental flow
standards for the river basin, the Water Availability Division will apply the flow standards—and include
special permit conditions in the water right designed to meet those standards—instead of conducting a site-
specific analysis under Section 11.152.”)
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direct TCEQ to assess non-flow-related impacts of authorized activities on fish and wildlife
habitats.”® If TCEQ’s assertion were to prevail and, even if not, unless the agency is
persuaded to change its approach, it would be critically important to clarify existing statutory
criteria, or enact new ones, to ensure meaningful evaluation of potential adverse impacts of
water right permits for seawater desalination.

3. Wastewater Discharge Permitting

Discharges of reject water, if located within Texas’ jurisdictional waters,’® are regulated like
any other discharge of wastewater and a discharge permit is required. Accordingly,
determination of compliance with water quality standards is a key criterion. TCEQ has
adopted a narrative criterion for salinity gradients in estuaries: “Salinity gradients in
estuaries must be maintained to support attainable estuarine dependent aquatic life
uses.””” However, there are no numerical salinity criteria for estuaries nor are there clear
implementation procedures for applying the narrative criterion. Compliance with
antidegradation requirements also could be a significant issue but, again, there are no clear
procedures for how that compliance would be assessed for this type of discharge.

H. Talking Points/Policy Recommendations

1. Brackish groundwater desalination—ensure careful review of impacts on
freshwater aquifers and of surface water discharges

Brackish groundwater desalination in Texas currently is practiced primarily when alternative
supply options are very limited and the overall volume, at least currently, is relatively limited,
although that likely will change. There do not appear to be substantial instances of known
water quality problems resulting from the disposal of concentrate from those facilities,
which generally involve relatively small discharges or injection wells. Important
considerations include ensuring that nearby freshwater aquifers are adequately protected
from adverse impacts associated with the production of brackish water or the disposal of
the concentrate/reject water. If land application is used as the method for
concentrate/reject water disposal, careful monitoring of potential adverse effects is needed,
particularly for buildup of salinity levels in the soil. Because the amount of concentrate being
injected generally is relatively small and because wells are not highly concentrated, there
has been little indication of impact of concentrate injection wells on seismicity.

75 See Texas Water Code § 11.147 (b) (“the commission shall assess the effects, if any, of the issuance of the
permit on the bays and estuaries of Texas”); § 11.152 (“the commission shall assess the effects ... on fish and
wildlife habitats and may require ... reasonable measures to mitigate adverse effects ....”).

76 Unlike other states, Texas jurisdictional waters extend 9 nautical miles offshore, instead of 3.

7730 TAC § 307.4 (g)(3).
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Discharges to surface water, although generally small in size, likely need to be evaluated
carefully, because surface streams in arid areas may already have elevated salinity levels
and because the chemical makeup of the groundwater-based concentrate/reject water may
differ substantially from that of the surface water. The segment-specific TDS criterion in the
water quality standards focuses just on changes in overall salinity level and does not address
the issue of different constituents or differing ratios of constituents that might be associated
with a groundwater source and might adversely affect aquatic life.

2. Brackish surface water desalination—ensure careful review of potential
impacts, including specifying measures to limit impingement and entrainment
Brackish surface water desalination is limited in extent in Texas. Diversions of brackish

surface water do not cause substantially different effects than diversions of freshwater.
However, as discussed more fully below for seawater desalination, TCEQ’s current
permitting practices do not adequately protect against impingement and entrainment
impacts from any surface water diversions. TCEQ regularly simply inserts standard language
in permits that defers to the permittee on what measures to take to minimize those impacts.
Instead, TCEQ should be required to establish meaningful, minimum levels of protection
measures to guard against impingement and entrainment impacts in any permits issued. At
minimum, permits should specify the use of screens on diversion facilities with a specified
maximum size for screen openings and a maximum flow velocity for water entering the
diversion facility, allowing free-swimming organisms to escape.

Concentrate/reject water from brackish surface water desalination generally is disposed of
through discharges to surface water. Although care certainly is needed on the discharge side,
generally the only substances present in the discharge, other than chemicals used in the
treatment process, are ones that, although now more concentrated, were already presentin
the source water. That is a major distinction from discharges of concentrate/reject water
associated with desalination of produced water, brackish groundwater, or seawater. For
inland locations, the Texas Surface Water Quality Standards ordinarily include criteria for
maximum TDS levels, providing some protection for aquatic life, although there is room to
argue for more protective TDS levels in the standards.

3. Seawater Desalination

There are significant social, economic, and environmental impacts associated with
seawater desalination projects. However, it also is important to recognize that, if
implemented properly, seawater desalination could reduce pressure on freshwater
resources, such as rivers and bays, particularly during drought conditions by, at least in
theory, providing alternative supplies that can be used to reduce freshwater diversions. And,
because there are areas with few viable water supply options, seawater desalination will be
a growing water supply option. As for all potentially damaging water supply options, full
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consideration of alternative water supplies such as water conservation, mitigating water
loss, stormwater capture, and reuse efforts should be required before providing financial
support for seawater desalination projects.

a. To minimize impacts to bays and estuaries, consider prioritizing state funding for
seawater desalination to support constructing large capacity seawater diversion
and discharge facilities seaward of barrier islands

As exemplified by what is happening in the Corpus Christi area, most individual desalination

projects likely will not select diversion and discharge facilities located seaward of barrier
islands because of cost issues. It may be worth considering support for prioritizing funding
through the New Water Supply for Texas Fund for construction of large capacity diversion
and discharge facilities—facilities large enough to accommodate diversions and discharges
for multiple projects—located seaward of any relevant barrier islands in environmentally
appropriate sites near coastal communities with substantial projected demand for
desalination. The Corpus Christi area is the most logical site for near-term consideration,
but the current rush to develop projects there may overtake the potential for a coordinated
approach. Without such prioritized funding, individual diversion and discharge facilities are
likely to end up in areas with higher potential for adverse environmental impacts, particularly
when cumulative impacts from multiple smaller proposed projects are likely.

With the assumption that population growth and industrial expansion will continue, water
demands also likely will continue to grow. For areas with high unmet water demands and
limited water supply options, siting diversion and discharge facilities for desalination within
bay systems or other areas with limited exchange with the Gulf likely will lead either to
constraints on future expansion of such projects or to cumulative degradation of our bay and
estuary systems. Accordingly, it may be appropriate to prioritize funding for seawater
desalination projects to support construction of large diversion and discharge facilities in
areas seaward of the barrier island system along the Texas coast. Such projects should be
constructed and designed to minimize adverse environmental impacts, including by
undertaking all construction in areas that are least sensitive to environmental disturbance,
such as those identified in the TPWD/GLO study required pursuant to HB 2031, tunneling
where possible to lay pipelines, and with preferred design features (e.g., diffusers for
discharge, screens and appropriate design for intake facilities or use of seafloor galleries for
diversions) to minimize adverse impacts. If limiting discharge and diversion facilities to
preferred areas identified in TPWD/GLO study is not attainable, they should be located at
least 1 nautical mile’® seaward of barrier islands.

78 A nautical mile is equal to about 1.15 statute miles (as used on land), Britannica.com.
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However, implementing this approach for using multi-party discharge and diversion facilities
could be challenging. Some entity likely would have to step up to take on the upfront
financing, permitting, and management of the facilities without a guarantee that other
desalination projects would use the facilities and contribute to covering costs. In addition,
because of the size and concentration of impacts, appropriate design and location of such
facilities would be essential.

b. Establish criteria for the location of desalination diversion and discharge
facilities, at least those built with state funding

Option 1: Eligibility only for facilities seaward of barrier islands

Eligibility for permitting or for state funding of any seawater desalination facilities could be
limited to those that both divert and discharge at least one nautical mile seaward of any
relevant barrier island and some minimum distance (ideally at least one nautical mile) from
any pass (major or minor) listed in the 2018 GLO/TPWD study. That study recommended
diversion and discharge zones located at least 3 nautical miles seaward of barrier islands
and 13 nautical miles from major passes. Although pushing for permitting or state funding to
be limited to facilities located within those GLO/TPWD-recommended zones would be a
much more protective approach, it would add substantial expense and may be unattainable.

Either approach—GLO/TPWD zones or at least 1 nautical mile—could be a hard sell given
the distance of those locations from existing water supply infrastructure in large urban areas.
Placing and maintaining miles of major pipeline would be expensive and, depending on the
method chosen (e.g., boring under barrier island and other sensitive habitats versus
dredging or surface placement), causing varying levels of environmental damage. The Port
of Corpus Christi Authority has proposed to place the desalination diversion structure for its
Harbor Island facility about 1.3 miles seaward of San José Island (nearest barrier island). As
shown in Appendix B, the nearest GLO/TPWD recommended zone appears to be much
farther away. City of Corpus Christi staff indicated in a City Council meeting that discharging
concentrate from its Inner Harbor site seaward of the barrier island system would require
about a 20-mile pipeline adding hundreds of millions of dollars to the cost of the project.”
City staff also noted that the Inner Harbor site for the plant was chosen because of its
proximity to existing water infrastructure making it easier, and much less expensive, to
connect the new plant to the existing system.

79 Staff for the City of Corpus Christi indicated, in responding to comments at City Council meeting, that
placing the discharge for its Inland Harbor desalination facility in the Gulf of Mexico would require about 20
miles of pipeline at an additional cost of hundreds of millions of dollars ($2,500 to $3,000 per linear foot; 20
miles X 5,280 ft/mile X $2,500 = $264,000,000).
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Option 2: Eligibility only for facilities covered by Option 1 or those with diversion and
discharge facilities located within least sensitive areas of individual bay systems
and with seabed gallery intake systems

It may be necessary to recognize that getting all seawater diversion and discharge facilities

located in the Gulf of Mexico is unlikely to happen, particularly for smaller facilities. If such
facilities are going to be located in bays and estuaries, it will be critically important to identify
the areas within the bays and estuaries where such facilities are least likely to cause major
adverse impacts. Accordingly, an effort could be undertaken to identify locations within the
bay system where the potential of adverse impacts is likely to be minimized. Building on the
2018 study, charging TPWD and the GLO with the task could be an option for identifying least
sensitive areas. Undoubtedly, such an effort would be controversial, and those agencies
might resist being charged with that difficult task.

Once designated, implementation options would include limiting authorizations for
desalination diversion and discharge facilities in bays only to those areas or limiting state
funding eligibility for seawater desalination facilities in bays only to those with diversion and
discharge facilities in those areas. Recognizing Senator Perry’s desire to get projects built
quickly, it might be necessary to incorporate a short-term process for approving locations
prior to completion of what likely would be a lengthy study process. Another potential option
would be to recommend that any diversion facilities located in a bay or estuary system be
required to use seabed gallery systems (underground intakes with an overlying sand filter
system) that can greatly limit impacts from impingement and entrainment.

Regardless of the specific location within a bay system, improved consideration of salinity
impacts from discharges is needed. TCEQ should be required to revise the Texas Water
Quality Standards by revising the existing broad narrative salinity standards to add specific
limits on the allowable extent of change in ambient salinity levels, as assessed by rigorous
modeling, and confirmed with ongoing salinity monitoring.

c. Require baseline biological studies and ongoing monitoring for large seawater
desalination projects receiving state funding
Better information is needed about potential adverse impacts of large desalination diversion

and discharge facilities on Texas coastal systems. One option for getting that information
would be to require baseline biological studies (undertaken before construction
commences) and ongoing biological monitoring studies (undertaken for some continuing
period after construction and operation commences) for large seawater desalination
facilities (e.g., authorized capacity greater than 10,000 ac-ft/yr) with surface diversion and/or
surface discharge that receive state funding. The baseline and monitoring studies should
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include water quality and aquatic life assessments that characterize planktonic, benthic,
and free-swimming organisms and provide sufficient information to assess potential
impacts associated with the construction and/or operation of the discharge and diversion
facilities and associated pipelines. Multi-year studies are needed to assess impacts through
changing hydrological conditions and as discharge and diversion levels change. At least with
good studies, future decisions can be based on robust data specific to Texas resources.

d. Easements or leases of state-owned land for seawater desalination facilities
should incorporate location restrictions and minimum designh criteria for
diversion and discharge facilities.

Most bay bottom areas and areas where discharge and diversion facilities may be located

are likely to be coastal public land managed by the General Land Office (GLO).8° That means
authorization, in the form of an easement or lease, from the GLO likely would be required for
placement of diversion and discharge facilities and pipelines. For example, the Port of
Corpus Christi Authority indicates in its water right application for the Harbor Island facility
that it has applied for a lease from the GLO for its proposed desalination diversion structure.
There may be some potential to advocate for location restrictions or facility design criteria to
be required in such easements or leases for desalination facilities. In some bay systems,
various types of navigation districts exist that may have, or may claim, authority to execute
leases in certain areas.

e. TCEQ should be directed to include meaningful conditions in water right permits
specifying minimum measures required to address impingement and
entrainment impacts.

Impingement and entrainment are known to be among the significant potential impacts on

fish and wildlife resources from desalination diversions from bays and estuaries. In
permitting of water rights, TCEQ commonly defers the determination of the adequacy of
measures to limit those impacts to the permittee, including, for example, permit language
directing the permittee to implement “reasonable measures,” not providing for any oversight
of what measures meet that test. That practice was applied for the seawater diversion permit
issued to the City of Corpus Christi for its Inner Harbor facility. By contrast, for the diversion
permit issued to the Port of Corpus Christi Authority for its La Quinta facility—one which the
Port has indicated will not be built for other reasons—the TCEQ Commissioners included a
permit condition requiring the Port to implement the specific implementation and
entrainment measures it had proposed in its application. In that instance the permit had
been contested, which is why there was discussion of impacts and why the Commissioners
weighed in. It may be difficult for any person or entity to establish affected person status to

80 See Texas Natural Resources Code, Chap. 33.
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contest applications for diversions not proposed to be located close to shore, as the La
Quinta facility was. And, even in that instance, the measures specified in the permit were
still those developed by the applicant.

TCEQ should be directed to establish, through a public rulemaking process, design
standards adequate to ensure thatimpingement and entrainment impacts will be minimized
for diversion permits. Ideally, that requirement could be imposed for all water right permits,
but, at minimum for all seawater desalination facilities.

f. TCEQ should be required to assess, when considering issuance of water right
permits for seawater desalination diversion facilities located in a bay or estuary,
the potential for diversions to interfere with the benefits of freshwater inflows
otherwise protected by environmental flow standards and to include appropriate
special conditions to protect against such interference.

The environmental flow standards adopted by TCEQ pursuant to SB 3, enacted in 2007, apply

to limit diversion and impoundment of water pursuant to new water right permits that are
located upstream of the state’s bays and estuaries in order to protect instream flows and
freshwater inflows. Freshwater inflows provide important benefits to bay systems by
reducing salinity levels and providing sediments and nutrients. In issuing water right permits
for diversions in bays and estuaries, TCEQ does not appear to assess the potential for
diversions to interfere with the benefits those inflows are intended to provide, much less to
ensure the benefits are protected. In the water right issued to the Port of Corpus Christi for
its proposed La Quinta desalination plant, TCEQ included language making “special
conditions” included in the permit subject to adjustment if appropriate to achieve
compliance with environmental flow standards. However, the agency did not include in the
permit any special conditions addressing freshwater inflows that could be subject to
adjustment, rendering that included language wholly ineffectual. Instead, in effect, the
agency used the existence of the flow standards, although not applying them in any manner
in reviewing or issuing the permit, as an excuse not to fully consider or address potential
impacts on fish and wildlife resources.

Among the types of criteria that might be considered would be limiting diversion locations to
areas outside the portions of the respective bays that were considered by the relevant bay
and basin expert science team in developing freshwater inflow recommendations.®’ For

8 The Senate Bill 3 process involved the creation of bay-and-basin-specific teams of scientific experts—bay
and basin expert science teams (BBESTs)—and stakeholders—bay and basin area stakeholder committees
(BBASCs)—to make recommendations on environmental flow protections. Those recommendations, along
with additional input, were considered by TCEQ in adopting, as rules, environmental flow standards. More
information about that process and its outcomes is available in Delivering on the Unrealized Potential of
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example, in Matagorda Bay, the inflow criteria developed for protecting inflows from the
Colorado River were developed based on consideration of conditions in a limited portion of
the eastern arm of Matagorda Bay. In addition, special consideration should be given to
avoiding locating diversions close to sensitive habitats such as oyster reefs and seagrass
beds.

Senate Bill 3, found on the Texas Living Waters website. Reports produced by the BBESTs and BBASCs are
available on the TCEQ website here under the “Environmental Flows Information heading.”
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APPENDIX A
Seawater Desalination Plants Recommended in 2022 State Water Plan

Region | Sponsor Project Online Project Size Unit Treatment & Type of Status
Name Decade Cost ($ (Af/yr) cost ($ Disposal Use
millions) per AF)* Method
H Unknown | Freeport seawater 2040 $156 11,200, 2,273/ RO w/ discharge 2021 Region H
desalination plant but scalable 1,293 to surface Plan indicates no
water—Brazos active sponsor.
River near mouth
M Laguna Laguna Madre 2050 $40 1,120 5,720/ Appl. pending for
Madre Seawater Desal. 3,188 pilot project
Water Plant
Dist.
N City of Inner Harbor: 2030 $237 inplan; | 11,201, 3,218/ RO w/ discharge | Municipal | Diversion permit
Corpus divert & discharge current est. but citynow | 1,731 to surface water | And issued, appl. for
Christi To Inner Harbor $758, grant planning for in Inner Harbor industrial | discharge permit
sought *** 32,000 filed; COE appl.
N City of La Quinta 2030 $420 44,804, 2,547/ RO w/ discharge Diversion permit
Corpus permit to 1,340 to surface water issued; discharge
Christi divert 186,295 appl. pending
N Port of Harbor Island 2030 $803 56,044; but 2,323/ RO w/ discharge | Wholesale | Discharge permit
Corpus WR applto 1,315 to channel near supply issued, appeal
Christi divert Port Aransas, but pending/appl. for
350,000 to may be moved to WR permit filed
produce seaward of San w/ TCEQ
112,000 José Island (350,000 af/yr)**
N Port of La Quinta 2030 $458 33,604; but | 2,321/ Port has said it
Corpus WR Permit is | 1,362 will not pursue
Christi for 101,334 project
N Poseidon Poseidon 2030 $725 56,044 2,206/ Status unclear
Water Regional 1,296

Seawater Desal.
Project-Ingleside

* First value provided for estimated unit cost includes payoff of debt service, second value is after payoff. Both values are from regional plans.

** Port has indicated it has no plans to operate the facility but will make permits available to others.

*** City is seeking a $180,000,000 grant from the Bureau of Reclamation. Updated information from City’s website materials.
Other than for status and disposal method, except as otherwise noted, all information in the table is taken from the respective 2021 regional water plan.
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Appendix B

Houston :

Freeport -

Corplis
Christi

Gulf of Mexico

Brownsville

Excerpt from Map of Preferred Diversion and Discharge Zones from GLO/TPWD Report (Sept. 2018).
Preferred zones, shown in green, are the same for diversion and discharge. Full report available here.
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