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Abstract 

 

Beyond the Aquifer: 
Planning for San Antonio’s Future Water Supply 

 

 

Nathan Daniel Laughlin, MSCRP 

The University of Texas at Austin, 2010 

 

Supervisor:  Kent Butler 

 

 

This report examines water supply planning issues in San Antonio, Texas.  San 

Antonio is unique among large cities in the United States in that it relies almost 

exclusively on a single source, the Edwards Aquifer, for its water supply.  Because San 

Antonio’s water demand is projected to outgrow the Aquifer’s capacity, the city must 

consider other options to extend and augment its current water supply.  After describing 

the hydrogeology and water supply history of San Antonio, this report explains the multi-

tiered water planning structure and current and future water needs for the city.  It then 

studies and evaluates three short-to-mid term water supply options.  By continuing to 

develop its already successful water conservation programs and water reclamation 

system, San Antonio can delay the need for more costly and environmentally impactful 

water supply options down the road, and wisely manage the resources it already draws 

from. 
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Introduction 

She said the Alamo was someplace we could go 
Or to the Hemisfair, to ride the needle there 
And along the Riverwalk, well all she did was talk 
And all I did was think “Things are about to change.” 

   (Lyle Lovett, 2003) 

 

In three centuries of existence, a common theme for the city of San Antonio has 

been that of change.  Started as a series of Spanish missions in 1718, San Antonio grew 

from a backwoods frontier outpost to a backdrop for history during the Texas Revolution, 

and became the largest city in Texas in the late 19th Century on the strength of its cattle 

industry.  As its population multiplied tenfold during the 20th Century, San Antonio 

morphed into a military town that served as a training ground for two World Wars, then 

became a rapidly growing regional hub for international trade.  Straddling the transition 

between coastal plains and the Texas Hill country, San Antonio sits in a region of 

geological diversity (Fehrenbach 2008).  Through all these changes over time and land, 

the citizens of San Antonio historically could count on one constant: a plentiful source of 

clean water from the ground beneath their feet. 

San Antonio is unique among large cities in the United States in that relies almost 

exclusively on groundwater for all of its water needs. For this, San Antonio can credit the 

Edwards Aquifer, a large underground limestone formation that traces a crescent from 

north of Austin, across San Antonio, to an area west of Uvalde, TX.  It is renowned for 

the quality of its water, and for the many productive springs that it supports.  Though the 

Aquifer has been a reliable supply for many years, it is ecologically fragile, and 

insufficient to supply all future needs for the region (Eckhardt 2008). 
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As it became clear in recent years that San Antonio could not solely rely on the 

Edwards Aquifer to meet its water needs through perpetuity, the city began to evaluate 

numerous policy alternatives and engineered solutions for its water supply problems.  

The water planning process has proven contentious, with major issues settled by 

litigation, but there have also been success stories, particularly with conservation 

measures.   

The purpose of this report will be to explore the following questions: 

 
How can San Antonio most effectively expand and augment its water supply for the next 
50 years?  And more specifically, what are the relative costs and benefits of water 
reclamation, brackish water desalination, and water conservation as long-term water 
supply solutions for the city?  

 

Here, an “effective” policy or system would minimize impacts on critical environmental 

features, return the highest yield of water supply for each dollar invested, and would 

sustain its positive effects on San Antonio’s water budget well for the foreseeable future.   

As San Antonio addresses its water supply future, bringing environmental 

planning principles and best practices to bear on this problem will be pivotal to getting 

the most from current water sources without outstripping their capacity, and in 

prioritizing alternatives for augmenting the water supply to meet the needs of the city’s 

projected growth.  Some of the proposed long-term infrastructure solutions, such as 

interbasin water transfers, could be grotesquely expensive to construct and operate.  

Therefore, San Antonio and its citizens have a strong incentive to pursue options that 

emphasize conservation and extend the current water supply. 

This paper begins with a survey of the hydrogeology of the San Antonio area, and 

the unique characteristics of the Edwards Aquifer.  It then traces the history of water 
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supply planning in San Antonio from its founding to the most recent developments.  The 

current water supply situation for the city is analyzed by quantifying the yield of present 

water supplies and comparing this yield to the city’s water demand.  Then, water demand 

and supply are projected into the future along with the expected growth of the city.  

This paper will place an emphasis on demand management strategies and 

innovative water planning practices that could delay the need for the most expensive 

long-term water supply options, such as inter-basin water transfers.  These will include 

desalinating brackish groundwater from local aquifers, reducing the demand for water, 

and recycling wastewater effluent.  These three options will be compared by a scoring 

system that weighs their expected water supply yield, the availability of that yield, their 

cost to implement, and their relative environmental impacts.  This scoring system is 

explained in Chapter 4.  San Antonio is already practicing or pursuing each of these 

strategies in some way; therefore, the focus will be on if and how these strategies can and 

should be advanced going forward.  The paper will conclude with conclusions drawn 

from the research, and some recommendations that San Antonio can take to make its 

water future more secure. 
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Chapter 1: A Special Resource 

This chapter examines the Edwards Aquifer and the other natural water sources 

that San Antonio relies upon.   

 

THE EDWARDS AQUIFER 

The Edwards Aquifer is a vast water-bearing limestone formation that spans a 

300-mile arc from Del Rio to Salado, covering 4000 square miles of subterranean earth 

and strafing the northwest side of San Antonio in the process.  The 400-foot-deep layer 

was formed by the remnants of a vast shallow sea that existed 100 million years ago, 

where its resident shellfish and microorganisms calcified into limestone over time.  It 

follows the Balcones Fault system, whose geological activity fractured the limestone over 

time, allowing water to infiltrate and to form pores, channels, and ultimately caverns that 

store enormous volumes of water (BSEACD 2008).   

As described above, the Edwards Aquifer is an example of a karst aquifer.  In 

karst aquifers, water tends to flow much more freely than in other types of aquifers due to 

a high incidence of voids.  Rather than flowing at a rate of inches per day, as it would in a 

sandy aquifer, water can flow hundreds or even thousands of feet per day in a karst 

aquifer.  Karst aquifers also recharge quickly with rainfall due to the presence of fissures 

and caves at the surface, especially where orifices are located within surface water 

channels (Barker 2010).  Figure 1-1 shows the process by which a karst aquifer is 

formed, as water gradually erodes the limestone from within.  Note that karst aquifers can 

be recharged from fissures on dry ground and within streams. 
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Figure 1-1: Formation of a Karst Aquifer (Univ. of Texas ESI 2008) 

 

 Going from the Northeast to the Southwest, the Edwards Aquifer consists of 

three main segments that, though connected, largely function discretely from one another.  

The Northern Segment extends from Salado south to the Colorado River in Austin.  The 

Barton Springs Segment, which is best known for feeding Barton Springs in Austin, 

extends from the Colorado River south to Kyle, Texas.  The Southern Segment, which is 

by far the largest segment, runs southwest from Kyle, northwest of San Antonio all the 

way to Del Rio.  It is this last segment that San Antonio and its surrounding communities 

rely on for their water supply (BSEACD 2008).  Figure 1-2 shows the three geographic 

segments of the Edwards Aquifer.  



 6 

 

Figure 1-2: The Three Segments of the Edwards Aquifer (BSEACD 2008) 

 

A second way to describe the Edwards Aquifer is to divide it into three zones 

according to hydrological function.  This can be done by tracing the path of a proverbial 

raindrop from the Texas Hill Country in the northwest to the aquifer to the southeast.  

The raindrop hits the ground in the Contributing Zone, where the hilly topography and 

thin topsoil limit infiltration.  Therefore, the raindrop will likely run off over land into a 

creek bed and flow downhill toward the Recharge Zone.  The Recharge Zone is, first, a 

long, narrow band where the Balcones Fault created a network of cracks and caves in the 

Edwards limestone that allow water to infiltrate into the limestone at very fast rates. And 

second, it is the zone in which the Edwards formation is exposed at the surface, allowing 

surface waters to recharge directly and rapidly into the Edwards.  Therefore, after 

traveling down the creek bed, the raindrop will find a cave or crack and then travel 

several hundred feet underground into the aquifer.  At this point, the raindrop will 
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continue to flow to the southeast, but with a layer of bedrock confining it overhead, will 

experience pressure that will direct it back towards the surface.  This is the area known as 

the Artesian Zone, where many of the notable springs of the Edwards Aquifer reside and 

water wells provide prolific supplies.  Among the springs in this area are Barton Springs 

in Austin and San Marcos and Comal Springs to the south.  Finally, as the water 

continues to flow southeast of the Artesian Zone, it ages and dissolves more mineral 

content in the rock and becomes slightly saline, making it unsuitable for municipal or 

irrigation use without treatment (BSEACD 2008).   Figure 1-3 shows the Contributing 

Zone, the Recharge Zone, the Artesian Zone, and the badwater line.  Note the relative 

narrowness of the Recharge Zone. 

 

 

Figure 1-3: The Three Hydrological Zones of the Edwards Aquifer (BSEACD 2008) 
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Figure 1-4 shows the Edwards Aquifer as a cross section, and the path that water follows 

as described above.  The high void content of the Edwards limestone allows it to bear 

much more water than the limestone layers above and below it.  As with Figure 3, note 

the relative narrowness of the recharge zone. 

 

 

Figure 1-4: Cross Section of the Edwards Aquifer (EAA 2006) 

 

According to Rene Barker, a hydrogeologist at the Edwards Aquifer Research and 

Data Center at Texas State University (EARDC), the Edwards Aquifer is “a world class 

karst aquifer”, one of the most productive in the world, and is characterized by its ability 

to recharge quickly with rainfall.  Water flows through the aquifer at a rate of hundreds or 

thousands of feet per day, and it feeds some of the most productive springs in the world.  

Its storage capacity is approximately 3.5 million acre-feet, and though water levels have 

dropped periodically during droughts, the water levels have always rebounded due to 

rapid recharging.  Edwards Aquifer water is generally potable right out of the ground 
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with little or no treatment.  On a regional basis, the Aquifer has been kept relatively clean 

from contamination, both from point source pollution and naturally occurring mineral 

contamination (Barker 2010).   

Mr. Barker stated that the water levels in the aquifer tend to correlate closely with 

rainfall intensity and duration.  During periods of plentiful rainfall, the water level in the 

aquifer rises, as supply increases with recharge inflows, and customer demand for 

irrigation and municipal water decreases.  However, during droughts, both trends reverse: 

inflows into the aquifer diminish, and pumpage rates increase, as customers attempt to 

keep their crops productive and their lawns green.  Therefore, demand actually goes up in 

dry years, which must be countered by conservation measures.  As of February 2010, the 

springs are flowing well, recovering nicely from the drought of 2008-2009 with recent 

rainfall.  The current regulatory estimated annual yield from the aquifer is 572,000 acre 

feet; however, some studies in progress that take into account a repeat of the drought of 

record suggest that the actual safe yield may be closer to 400,000 acre-feet (Barker 2010). 

 

CANARIES IN THE COAL MINE: ENDANGERED SPECIES OF THE AQUIFER 

The Edwards Aquifer and the springs it supports are renowned for their 

biodiversity, and home to 15 endangered species, including the Texas blind salamander. 

If the Aquifer becomes too polluted, or is drawn down too far for water supply or due to 

drought, these species will experience stress that will show up in population counts 

(UTESI 2008).   
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Figure 1-5: Texas Blind Salamander (Eckhardt 2010) 

 

The Endangered Species Act aims to prevent activities that could adversely affect these 

species.  To maintain the health and survival of the species that depend on Edwards 

Aquifer springs, minimum flows can be mandated at critical locations such as Comal 

Springs.  The necessity of maintaining these flows drives pumping restrictions and caps 

during times of drought to ensure that the necessary water levels to sustain those flows 

are maintained.  These endangered species are important as a “canary in the coal mine” 

that communicates the quality and quantity of water available from the aquifer.  As Mr. 

Barker put it, “If the species are okay, so are the humans.” (Barker 2010) 

 

OTHER WATER RESOURCES IN THE AREA 

 Though the Edwards Aquifer is the primary water source in the San Antonio area, 

there are also some surface water resources from which the city can draw from.  The San 

Antonio River basin, which includes the Medina River and several area creeks, has an 

average annual flow of over 550,000 acre-feet per year, and has three major reservoirs – 
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Calaveras Lake, Victor Braunig Lake, and Medina Lake that combine to provide 344,000 

acre-feet of storage and almost 49,000 acre-feet of firm water yield per year.  Most of the 

storage capacity resides in Medina Lake, which can hold as much as 254,000 acre-feet, 

but provides no firm yield of water during droughts.  Most of the water from Medina 

Lake is released to serve irrigation customers through a canal system, which, along with 

the dam, has been in service for almost 100 years.  The basin’s drainage area is 4,180 

square miles, or about one-tenth of that of the Colorado River that runs through Austin 

(TWDB 2007, 145, 154). 

 Outside of San Antonio, other sources of water within the area include the 

Guadalupe River Basin and the Carrizo-Wilcox Aquifer.  The Guadalupe River has a 

basin about 50% larger than the San Antonio River, and in Canyon Lake has a major 

reservoir with 378,000 acre-feet of storage capacity that generates a firm yield of 88,000 

acre-feet of water per year.  Flows in the streams of the Guadalupe River basin have a 

symbiotic relationship with their underlying aquifers – the aquifers feeds the streams that 

feed into the river, while the streams have caves and recharge features that carry water 

back to the aquifers (TWDB 2007, 147).  The Carrizo-Wilcox Aquifer is a massive sandy 

aquifer that runs through 66 counties along the Texas coastal plain from the Louisiana 

border to the Mexico border, running through the southeast part of Bexar County along 

the way.  The aquifer is as much as 3,000 feet thick in places, but the thickness saturated 

by freshwater averages approximately 670 feet.  Across the state, the aquifer has 

approximately 1,000,000 acre-feet of available water per year that is currently shared by 

over 20 groundwater conservation districts (TWDB 2007, 193). 
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Chapter 2: Taught By Pain – San Antonio’s Water Supply History 

“It was men taught by pain to know the worth of water who founded San Antonio” 

 -Bert McLean, 1925 (McLean 1925)   

 

This chapter traces the history of how the citizens of San Antonio have gone 

about securing their water supply.  The water supply history is characterized by four eras:  
 

➢ 1718-1800: Mission era – abundant supply of surface water 

➢ 1800-1888: Settlement era – rationed supply of surface water 

➢ 1888-1970: Urbanization era – abundant supply of subsurface water 

➢ 1970-present: Current era – rationed supply of subsurface water without 
surface water.  (Wilson 1970, 9) 

 

WATER SUPPLY HISTORY UP TO 1970 

When Friar Olivares founded the Mission San Antonio de Valero (the Alamo) in 

1718, he chose the site of present-day downtown San Antonio due to his interest in water.  

There, where an urban jumble of streets and skyscrapers now pervade the landscape, the 

Friar found a broad green valley with an abundance of flowing water.  To put the water to 

use for drinking, cooking, and irrigation purposes, a series of canals called acequias were 

constructed for the Valero mission and the others that would follow it in ensuing years.  

The acequias were designed as parallel channels to the San Antonio River – A dam 

would be constructed upstream to divert water into the channel, the water would be 

routed to the mission and the fields where crops and livestock were raised, and the water 

would then be routed back into the river downstream.  The acequias would help to serve 

the city’s water needs in one way or another for over 200 years (Wilson 1970, 2-5). 
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By the early 1800’s, the arrival of Anglo settlers increased the population of the 

city to the point where water from the acequias deteriorated in quality and was no longer 

within walking distance of all residents.  In 1830, the city passed its first water 

regulations delineating the permissible uses in each of the creeks in the area.  After 

hosting two bloody battles, San Antonio fell into the hands of the Republic of Texas in 

1836, redefining the legal basis for water rights in the city.  The city accepted surface 

water from the acequias as a suitable water source, and set up elected commissioners to 

oversee the acequia system.  As the population grew, water rationing became customary, 

and residents would apply for their water needs annually by putting their names on the 

“water list” through paying an irrigation tax.  Even so, increasing population and 

development, put an enormous strain on the quality and quantity of San Antonio’s water 

supply.  After a cholera epidemic in 1866, the city’s influential citizens began work on 

organizing a water company (Wilson 1970, 12-13).   

 

 

Figure 2-1: Bird’s Eye View of San Antonio, 1873 (Koch 1873) 
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The city’s first attempt at a water company resulted in a contract with J. B. 

Lacoste and Associates in 1877 to construct a reservoir.  Lacoste would construct a 

reservoir up in hills that would store water pumped from the springs in the San Antonio 

River, then feed water to the city via gravity.  However, when the reservoir was built, 

citizens were reluctant to buy their water from it, and Lacoste and his fellow 

shareholders, feeling that the venture would prove unprofitable, sold their interests to 

Colonel George W. Brackenridge in 1883 (Wilson 1970, 17).   

George W. Brackenridge was a noted Texas philanthropist in the years following 

the Civil War.  After making his fortune as a profiteer during the Civil War, 

Brackenridge organized the San Antonio National Bank in 1866, and was very influential 

as a long-serving Regent during the formative years of the University of Texas (TSHA 

2008).   After purchasing the water company, Brackenridge put his considerable civically 

minded energies to work to make the water company a success, and he achieved it on 

several fronts.  At his own expense, he traversed the country in an effort to secure pipe 

and material for a water distribution system, and by 1890, a large portion of the city 

boasted “iron pipes.”  In 1888, the owners of the Lone Star Brewery dug the first artesian 

well into the Edwards Aquifer, which proved immensely productive, and Col 

Brackenridge took notice.  He aggressively sought to drill as many wells as possible into 

the ground, ordering a massive crane from Pennsylvania with the ability to dig 2,500 feet 

into the ground, and soon he had numerous wells producing millions of gallons per day 

per well.  Thanks to the discovery of groundwater from the Edwards Aquifer, San 

Antonio felt that it could count on a secure water supply for the foreseeable future.  

Conveying the unbounded optimism of the time, editorials in the San Antonio Express 

from 1893 described the new water supply as “unlimited.”  Largely due to the abundant 
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water supply, San Antonio grew from 18,000 citizens in 1890 to 53,000 citizens in 1900, 

and far beyond that in the 20th Century (Wilson 1970, 19-22).  

Between 1905 and 1925, the San Antonio Water Supply Company changed hands 

four times.  Col. Brackenridge sold the company to George Kolasch of St. Louis, who 

then sold the company to a group of Belgian investors, who then in turn sold the 

company to a group of local investors to pay off debts from World War I.  After this 

group of investors raised water rates against the will of the citizens, the city passed a $7 

million bond package in 1925 to purchase the system, putting it in public hands, where it 

remains to this day.  At the time of the bond issue, the water system served 38,000 

customers with a volume of 25 million gallons per day (SAWS 2008).  

In the meantime, the city of San Antonio grew by leaps and bounds.  As shown in 

Figure 2-2, San Antonio’s population increased from 53,000 in 1900 to 253,000 in 1940 

to 654,000 in 1970 to 1.14 million in 2000 (US Census Bureau 2008).   Much of this 

growth was driven by the development and expansion of military installations in the area.  

Starting with the formation of the First United States Volunteer Calvary during the 

Spanish American War, several bases were founded in San Antonio, including Fort Sam 

Houston and Kelly, Brooks, and Lackland Air Force Bases.  These installations served as 

a training hub for American soldiers during World War II and as a result brought 

hundreds of thousands of military personnel into the city.  Many of them settled in San 

Antonio after the war, driving the most dramatic surge of growth in the history of the city 

– a 150% increase between 1940 and 1960 (Fenerbach 2008).  



 16 

 

Figure 2-2: San Antonio Population 1850-2008 (US Census Bureau 2008) 

 

As this growth occurred, San Antonio remained reliant on the Edwards Aquifer as 

its sole water source.  Medina Dam, the largest dam west of the Mississippi River at the 

time of its completion in 1912, was only 40 miles west of the city, but sold its water to 

agricultural customers downstream rather than the city of San Antonio for its entire 

existence (Eckhardt 2008).   In the 1950’s, during the drought of record for Texas, the 

combination of dropping water levels in area wells and increased development around the 

city let San Antonio to begin to pursue options to augment water from the Aquifer.  In 

1954, the Guadalupe-Blanco River Authority (GBRA) received approval to construct 

Canyon Dam north of New Braunfels on the Guadalupe River.  San Antonio sought to 

secure a part of the water from Canyon Dam to sell to its municipal customers.  GBRA 

balked at San Antonio’s overtures, noting that state law prohibited inter-basin transfers at 
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the time, and won a case at the Texas Supreme Court where the ruling stipulated that San 

Antonio should fully exploit water resources in its own basin before seeking to purchase 

water from others.  By the mid-1970’s, as loan payments on the dam came due, GBRA 

changed their mind concerning the deal, and approached San Antonio about purchasing 

30,000 acre-feet a year from the dam.  San Antonio refused, noting GBRA’s earlier 

reluctance and the pristine quality of their Edwards Aquifer water that they wanted 

unadulterated from treated surface water.  Thus, though two large reservoirs were 

constructed near San Antonio, the city opted into neither to supplement its water supply 

(Eckhardt 2008).  

Up until the 1970’s, San Antonio did very little water planning for two main 

reasons.  One was a continuation of an abundance mentality entrenched by decades of 

experience with water from the aquifer being adequate to meet growing demand.  San 

Antonio residents were (and still are) proud of the natural artesian water that flows 

through their taps, and when water can be obtained for the cost of drilling a well, the cost 

of developing other sources has been hard to justify to the public.  The other reason 

stemmed from the fact that Texas water law has historically followed “rule of capture” 

principle, which states that any landowner can pump as much water as they choose to so 

long as they do not willfully waste the water, or use it negligently.  Put simply, by this 

doctrine, the water belongs to the party with the biggest pump to get it out of the ground 

with, and there is no firm legal limitation on withdrawals and no charge for pumping the 

water from the ground.  This legal framework, which is largely retained across the state 

to this day, is weak with regard to conservation, creating something of a disincentive for 

responsible use of the resource (Votteler 1998).  
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THE WATER SUPPLY PLANNING ERA – 1970 TO PRESENT 

The first serious water supply planning efforts for San Antonio came about due to 

intervention from outside interests.  In 1974, Congress passed the Safe Drinking Water 

Act, and in 1975, the EPA designated the Edwards Aquifer as a “sole source” aquifer, 

requiring environmental impact assessments for developments in the recharge zone 

receiving federal funding.  Though it did not prevent most development initiated by 

private interests, the designation rallied people around protection of the aquifer and 

increased awareness of its fragility (Wimberley 2001).  The more influential federal 

legislation on regulating water supply in San Antonio has been the Endangered Species 

Act (ESA).  As mentioned before, the numerous endangered species depend on a reliable 

flow from the Edwards Aquifer to survive, and the ESA seeks to ensure that the aquifer 

remains able to maintain those flows through droughts and through drawdowns.  

Therefore, if the water level drops due to excessive pumping, and it threatens one of these 

species, it could be ruled a “take” under the ESA, and the activity falls under the purview 

of U.S. Fish and Wildlife (Votteler 1998). 

With no central authority taking responsibility for managing the Edwards Aquifer, 

and San Antonio still showing little interest in managing pumpage from the aquifer, the 

Sierra Club filed suit under the ESA in 1991, charging that the Department of the Interior 

and U.S. Fish and Wildlife failed in their duties by not managing pumpage to ensure 

adequate springflow to ensure the survival of endangered species.  The U.S. Fish and 

Wildlife had expressed concern before the lawsuit, but had not taken strong actions prior 

to its filing.  The event precipitating the lawsuit was a “catfish farm” started southwest of 

San Antonio that consumed 40 million gallons per day.  In 1993, a federal judge ruled in 

favor of the Sierra Club, that the regulatory framework in place was inadequate to 



 19 

maintain the necessary springflows, and ordered U.S. Fish and Wildlife to determine 

“take” and “jeopardy” flows from the Springs (Votteler 2008).   

The lawsuit hastened further stewardship action on the state and local levels.  

With legislation passed in 1993 and 1996, the Edwards Aquifer Authority (EAA) was 

established by the State of Texas “to manage, conserve, preserve, and protect the aquifer 

and works to increase recharge and prevent waste or pollution of the aquifer.”  The EAA 

was charged with the role of administering permits to drill wells into the aquifer, with 

expanding the scientific knowledge of the aquifer, and with carrying out the stipulations 

of U.S. Fish and Wildlife with regard to the Endangered Species Act (EAA 2008). 

Around this same time, while stewardship of the aquifer was being litigated, the 

San Antonio City Council was trying to manage its own water situation, which fell under 

the purview of separate agencies.  The main agency, the City Water Board (CWB), had 

been around since the 1920’s, and managed the city’s wastewater plants and distribution 

systems.  When the drought of the 1950’s dropped groundwater levels below the intakes 

for the area wells, the CWB issued bonds to construct wastewater treatment plants at 

Leon Creek (completed in 1965) and Salado Creek (completed in 1970).  Both plants 

remain in operation to this day.  In the late 1980’s, the CWB sought to augment the 

City’s water supply through construction of the Applewhite Reservoir project on the 

south side of San Antonio.  Though the CWB obtained all necessary permits for the 

project, and even began construction, the project was opposed by much of the public, and 

a 1991 referendum defeat halted the project. After the referendum, the CWB 

unsuccessfully sued the City to resume the Applewhite Reservoir project.  The 

controversy was further compounded by the City setting up another agency, the Alamo 

Water Conservation and Reuse District, in 1989 to capture and distribute wastewater 

effluent from CWB’s Leon Creek plant. Finally, in December 1991, the City Council 
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resolved the situation by setting up a single agency to manage water treatment, 

distribution, conservation, and wastewater treatment reuse functions: The San Antonio 

Water System (SAWS).  After consolidating $635 million in bonds, SAWS began 

operations the following year (SAWS 2010).  

The newly-formed agency provided a fresh start for water planning in the city.  

According to Susan Butler, a water planner at SAWS in its early years and its former 

Director of Conservation and Water Resources, SAWS was afforded a high degree of 

freedom to work with stakeholders on innovative solutions to the City’s water supply 

(and demand) challenges.  Part of this was due to a relaxed corporate culture where the 

rules and procedures were still being formed, and employees could pursue options that 

may not have been as open to them in a more established company.  Another factor was 

the effect of the Sierra Club lawsuits – with a federal mandate to maintain the necessary 

flows to support the endangered species of the aquifers, and the potential of San Antonio 

(and its military bases) losing their federal funding if lowered flows resulted in a “take”, 

all stakeholders had a strong incentive to come up with ways to conserve water and 

reduce pumpage from the aquifer (Butler 2010). 

The collaborative efforts of SAWS and of the citizens and businesses of San 

Antonio resulted in significant successes, particularly in the area of conservation.  SAWS 

started their conservation program with an education campaign, and with investments in 

leak detection and repair, and better meters.  It then started a rebate program in 1993 to 

incentivize conservation for municipal customers.  To involve water users in the 

rulemaking process, a Community Conservation Committee was formed, and 

partnerships were sought at every turn.  The business community stepped up and asked 

for a conservation fee, which would then fund rebates for businesses to conserve water.  

Underlying all of these measures were economic analyses supporting the notion that these 
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measures would save the city money in the long run.  As a result of these efforts, though 

San Antonio has added roughly 500,000 citizens in the last 20 years, it pumps less water 

from the aquifer than it did in 1990 (Butler 2010).  As a result of the SAWS conservation 

program, per-capita water use in San Antonio dropped by 33%, from 200 gallons per day 

in the 1980’s to 147 gallons per day by 2000.  For comparison’s sake, this is less than 

half the per capita water use of some of the bedroom communities in the Dallas-Fort 

Worth MSA (Lee 2003).  

San Antonio Water System (SAWS) also went through a water supply planning 

process for the first time in its history, culminating in a 50-year Water Resources Plan 

being adopted in 1998 (which was subsequently updated in 2005 and 2009).  The 1998 

Plan laid out several goals to guide policy for the future, including the following: 
 

 Provide an adequate water supply to San Antonio and Bexar County to support 
future growth. 
 

 Establish and protect the Edwards Aquifer as “the cornerstone of the water 
supply.” 
 

 Practice conservation as the first option for additional water supply. 
 

 Pursue other groundwater resources in the area, and investigate other water supply 
options for the future. 
 

 Set up an open and meaningful public involvement component to the planning 
process. (SAWS 1998) 

 

One more watershed event occurred in 1997, when the State Legislature passed 

Senate Bill 1, which defined how regional water plans would be developed in the State of 

Texas, as shown in Figure 6.  Senate Bill 1 placed San Antonio within the wider water 

planning process for Region L, a diverse area that runs from the Gulf of Mexico to the 
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Texas-Mexico border (See Figure 8).  Therefore, San Antonio’s water policy is 

influenced by planning processes at the state level as well as the local level.   The next 

section looks at the plans and policies that govern water supply in San Antonio in more 

detail. 

 

Figure 2-3: Regional Water Planning Area: Region L (Hayes 2007) 
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Chapter 3: Planning Framework for San Antonio Water Supply 

This chapter reviews the basics of water supply planning methodology, then 

explains the interconnected plans and policies that govern and influence San Antonio 

with respect to water supply. 

 

OVERVIEW OF WATER SUPPLY PLANNING METHODOLOGY 

The water supply planning problem can best be described as an ongoing budget 

problem.  On the “income” side is precipitation, which hits the ground, runs off and flows 

into channels, reservoirs, or in the case of groundwater supplies, aquifers.  On the 

“expense” side are forms of water usage, such as municipal, agricultural, and industrial 

uses, but also water that is soaked up by the ground or evaporated into the atmosphere.  

The difference between the two will determine whether there is a net loss or gain in a 

given supply, as shown in the following formula: 

 

ΔSupply = Upstream Inflow + Precipitation – Downstream Outflow – Upstream Outflow 

– Evaporation – Transpiration – Recharge - Demands 

 

Therefore, for a city or region’s supply to be sustainable, it follows that it must maintain a 

long-term balance between the supply and demand.  If demand goes up in the long term, 

so must supply, and if supply is limited, then it will constrain the water available to meet 

a demand.  It is worth noting that recharge is only a loss to surface water supplies; for 

groundwater supplies such as the Edwards Aquifer, recharge would be counted as a 

positive (Schuster 2010). 
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 As recounted in the history of San Antonio’s water supply, the changes in demand 

that accompanied population growth have traditionally been met by creating new supplies 

(such as reservoirs), or exploiting natural supplies to a greater level (as San Antonio did 

by increasing pumping levels from the aquifers.  In recent years, as new supplies have 

been harder to come by, water supply planning has emphasized demand management 

alongside efforts to develop new supplies:  

 

Water supply planning involves the dual components of estimating the future 
demand and assessing the potential sources of supply.  Until the mid-1970’s, 
increasing water demand was considered inevitable, and planning activities 
focused almost exclusively on developing new sources of supply to meet the 
anticipated demand.  As we came up against environmental limits in water 
availability, and negative environmental impact associated with increasing rates 
of water withdrawal, consumption, and pollution, it became imperative to 
embrace water demand management as well (Thompson 1999, 173). 

  

 Water demand is affected by several factors.  One of the most influential is the 

price of water; as price increases, demand decreases.  If the price of delivering the water 

goes up for some reason (i.e. pumping prices increase with energy prices), then water use 

will generally decrease.  By the same token, if it is necessary to reduce demand during a 

drought period, it can be done by charging a premium for water use.  Another influence is 

technology – indoor plumbing greatly increased the demand for water as it became 

widely adopted, as did outdoor sprinkler systems and more massive irrigation equipment.  

On the other hand, water meters have become more accurate with time, making graduated 

pricing schemes feasible, and have helped detect leaks, a hidden but significant source of 

demand within the system.  Laws and regulations influence water use – the Clean Water 

Act incentivized the recycling of wastewater effluent, while government mandate brought 



 25 

about the 1.6-gallon-per-flush toilet.  Finally, population changes will greatly influence 

the need for water.  A growing area will also experience a growth in water demand, 

absent a significant drop in per capita water usage.  The nature of the development (and 

land uses) that accompanies a growing population may determine whether per capita 

water usage trends up or down (Thompson 1999, 174-177). 

 Water demand projections will drive the need for future supply.   Therefore, if a 

community is faced with a growing water demand, then it must assess its options for 

adding supply.  Some conventional means of creating a water supply include building 

reservoirs, transferring water from other basins, and groundwater development, while 

some unconventional options include desalination of saltwater, rooftop rainwater 

harvesting, reuse of wastewater effluent, and even towing icebergs.  Among the 

conventional means, reservoirs are the most common method of developing a water 

supply; they allow communities to store water during periods of high flow to use during 

periods of reduced flow.  Because they lose water to evaporation, they work best in deep, 

narrow channels.  Sedimentation is a common issue that will reduce the storage capacity 

of most reservoirs over time.  A well-known example of an interbasin transfer is in the 

American West, where water from the Colorado River is transported to Southern 

California, a densely populated region with enormous water demand and little water 

within the immediate vicinity.   Groundwater can often be developed for the price of 

drilling a well, but its long-term availability is dependent upon its recharge rate, and the 

pumpage rates of those who use it.  Desalination is an energy-intensive  (and therefore 

expensive) process, and it leaves a byproduct of highly saline water or leftover salt which 

must be disposed of.  Reuse of wastewater effluent (or “recycled water”) has been 

employed successfully for non-potable uses in several areas of the United States, 

including San Antonio, and is covered in greater detail in Chapter 5 (Thompson 1999, 
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178-199).  In her interview, Susan Butler made the point that conservation, by virtue of 

decreasing demand, should also be considered a type of water supply as well (Butler 

2010). 

 When making the long-term decision to develop a water supply to meet a 

projected water demand, the entity responsible for the water supply will go through some 

variation of the rational planning model.  The rational planning model will involve the 

following steps: 

1. Problem Identification 
2. Data Collection and Analysis 
3. Formulation of Goals and Objectives 
4. Identification of Alternatives 
5. Evaluation of Different Alternatives 
6. Selection of “Best” Alternative or Alternatives 
7. Implementing the Alternative 
8. Monitoring the Alternative’s performance (Thompson 1999, 201) 

 

In this case, demand analysis would drive steps 1-3 and the delineation of the plan’s 

goals, and steps 4-7 would involve the identification of the best water supply alternatives 

to meet those goals.  The two most important evaluation criteria in evaluating water 

supply alternatives are economics and environmental impact.  The economics of a water 

supply project can be quantified in dollars per acre-foot, and as capital projects, they may 

be debt-financed and paid for by water ratepayers over the long-term.  However, the 

decision to proceed on a water supply project often depends on its environmental 

impacts.   One important concept in assessing the environmental impact of a project is 

that of reversibility, that is, “can the ecosystem be restored to its natural state at the end 

of the project’s service life?”  The physical system will have certain limits, one of which 

being a finite amount of available water, another being the water needs of the ecosystem 

itself (i.e. the flow requirements to sustain endangered salamander populations in the 
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Edwards Aquifer) (Thompson 1999, 200-208), or adequate freshwater flows in rivers to 

maintain instream ecology as well as bay and estuarine ecological productivity. 

Other constraints on water supply decisions will include water laws, policy 

decisions of and coordination with other entities, and public opinion.  No matter how 

potentially beneficial a water supply project might be, without cooperation of other 

entities and the support of the ratepayers and the public, it may not come to be.  In the 

end, the best action may in fact be no action (Thompson 1999, 208-209).  

 

 NESTED PLANS AND POLICIES GOVERNING SAN ANTONIO WATER SUPPLY 

In all areas of water planning, no plan or policy works in a vacuum.  They are 

subject to plans and laws adopted by higher levels of government, must coexist (and 

ideally cooperate) with the plans and laws of neighboring entities, and they set the 

bounds within which lower levels of government and their citizens may act.  In the case 

of San Antonio water supply planning, the major influences from higher levels include 

federal and state laws and at least one major court case, and there are numerous neighbors 

who share the primary water resources.   The planning cliché of a Russian nesting 

“matroiska” doll is quite applicable, with local plans fitting into the context of a regional 

framework, regional plans fitting into a statewide framework, and the state water even 

fitting into a national context of water standards and environmental regulations.  Figure 9 

gives an overview of the plans, laws and entities that govern water supply development in 

San Antonio. 
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Figure 3-1: San Antonio Water Supply Planning as a Matroiska Doll (Photo: Scheijer 

2010, Illustration by Nathan Laughlin) 

 

Though most water law in the United States is administered at the state level, at 

least two federal laws have a significant impact on San Antonio’s water supply.  The 

Clean Water Act (CWA), which is administered by the Environmental Protection Agency 

(EPA), is charged “to restore and maintain the chemical, physical, and biological 

integrity of the nation's waters by preventing point and nonpoint pollution sources, 

providing assistance to publicly owned treatment works for the improvement of 

wastewater treatment, and maintaining the integrity of wetlands.”  The CWA sets limits 

on point source and non-point source pollutants, sets technology and water-quality 

standards for drinking water, specifies how wastewater must be treated before being 

released into the nation’s rivers, engages communities in caring for the nation’s estuaries 

and wetlands.  Its emphasis is on safeguarding water quality (EPA 2010). 



 29 

As mentioned before, due to the presence of numerous endangered species in the 

Edwards Aquifer, San Antonio’s water supply is subject to the Endangered Species Act, 

which is the other federal law that heavily influences San Antonio water planning.  Its 

influence can be traced to the Sierra Club lawsuits against United States Fish and 

Wildlife in the early 1990’s.  The Sierra Club charged that excessive unregulated 

pumping from the aquifer had the potential halt outflows from springs in San Marcos and 

New Braunfels, which would jeopardize the survival of endangered species who 

depended on those flows.  In January of 1993, U.S. District Judge Lucius Bunton ruled in 

favor of the Sierra Club, and ordered the Texas Water Commission to determine the 

threshold flows for Comal and San Marcos Springs that would constitute “jeopardy” and 

“take” for the endangered species within.  He also mandated that the Texas Legislature 

set up a regulatory regime to limit withdrawals from the Edwards Aquifer by May 31, 

1993.  Faced with the alternative of the United States government taking over regulation 

of withdrawals from the aquifer, the Texas Legislature passed Senate Bill 1477 to create 

the Edwards Aquifer Authority May 30, one day before Judge Benton’s deadline (EAA 

2010). 

Within the State of Texas, the rule of law concerning water rights depends on the 

type of water and the time that the water right was granted.  For surface water, Texas 

considers it all to be public property, with water rights accorded based either on the 

riparian doctrine or the prior appropriation doctrine.  The riparian doctrine, which came 

to Texas from its Spanish, grants water rights to those who own land that borders rivers 

and streams, and gives these landowners wide latitude to divert water from the stream so 

long as it is for a “reasonable use.”  Many of the water rights in the state were originally 

rewarded based on the riparian doctrine (Templer 2010). 
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As the riparian doctrine began to prove inadequate to meet the needs of a growing 

state with an arid climate, the State shifted to awarding water rights based on the prior 

appropriation doctrine starting in 1895.  Under prior appropriation, the basic principle is 

“first in time, first in right”, that is, the water from a stream goes to the user who puts the 

first claim in for it, provided that water user puts the water to a “beneficial” use.  

Therefore, surface water rights in Texas are a complex mix of riparian and prior 

appropriation claims, with records often hard to come by, and as a result, Texas currently 

awards more surface water rights per year (54 million acre-feet) that it has average runoff 

in a given year (49 million acre-feet) (Templer 2010).  

Of more importance to San Antonio are the legal principles governing 

groundwater rights.  While surface water is considered public property, groundwater is 

considered a private property right in the State of Texas that is attached to the overlying 

land.  The controlling court case is Houston & T. C. Ry. v. East  from 1904, which set a 

precedent that a groundwater is “a mysterious and occult occurrence”, and can be 

pumped from the ground by a landowner with few restrictions on quantity.  The East case 

still prevails as the ruling precedent for groundwater, which means that 60% of the water 

in the State can be pumped with virtually no limits, despite the advances in technology 

since that time, and regardless of the adverse affects that the pumping may have on 

neighbors who share the same resource (Templer 2010).  In the case of San Antonio, the 

Sierra case and its aftermath have put limits on pumpage from the Edwards Aquifer; for 

much of the rest of the State, no such limits on private property owners exist. 

The legal framework for water planning in the State of Texas is set by Senate Bill 

1 (SB 1).  Passed by the Legislature in 1997, SB 1 set up 16 Regional Water Planning 

Groups (RWPG) to draft water plans for their respective areas.  Within each RWPG, the 

Legislature lists 11 interest groups that must be represented in the group’s deliberations, 
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and delineated the process that stakeholders and planners follow in developing their 

Region’s water plan.  Table 3-1 shows the 11 interest groups and the process as the 

Legislature specified in SB 1 (Slade 2010). 

 

 
Table 3-1: Regional Water Planning Groups Interests and Functions (Slade 2010) 

 

The plans for each region are then reviewed, and provided that they meet the objectives 

of the State, are then incorporated into the Texas State Water Plan, which was last revised 

in 2007. 

On a regional level, the two entities that influence water supply planning in San 

Antonio are the Edwards Aquifer Authority and Regional Water Planning Group L.  The 

Edwards Aquifer Authority operates in a six county area to steward the aquifer, and its 

functions include obtaining and complying with the Endangered Species Act permits 

associated with the springs, establishing groundwater withdrawal permit amounts, setting 

rules concerning water quality and demand management during drought periods, building 

recharge structures, and educating the public and advancing knowledge of the Edwards 

Interest groups Steps in Water Planning Process
Members of the Public 1) Determine water demands.
Counties 2) Determine water supplies during low flows.
Municipalities 3) Determine surplus or need.
Industries 4) Determine impact of not meeting needs.
Agricultural Interests 5) Develop alternatives and strategies concerning any unmet needs.
Environmental Interests 6) Identify ecologically unique streams and rivers.
Small business 7) Identify unique reservoir sites.
Electric Generating Utilities 8) Coordinate with neighboring regions
River Authorities
Water Districts
Water Utilities

Regional Water Planning Groups (SB 1)

9) Propose regulatory, administrative, or legislative recommendations 
to improve water resource management in the state.
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Aquifer.  Any water that SAWS withdraws from the Edwards Aquifer comes through a 

permit with the EAA (EAA 2010).   

 

Figure 3-2: Edwards Aquifer Region.  EAA jurisdictional boundaries in red (EAA 2010) 

 

As stated in Chapter 2, San Antonio resides in the heart of Regional Water 

Planning Group L, or the South Central Texas Region.   Therefore, in regional water 

matters, San Antonio must work together with other stakeholders within its region to 

come to consensus on a mutually acceptable plan that is acceptable to all parties.  The 

Region L group is administered by the San Antonio River Authority, and in addition to 

numerous municipal and agricultural water user stakeholder groups, includes the 

Edwards Aquifer Authority, the Guadalupe-Blanco River Authority, the Nueces River 

Authority, and SAWS.  The Group issued the last major update to their plan in January of 
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2006, with an update adopted in August of 2009. (SCTRWPG et al, 2009, ES-1 to ES-3).  

Some of the alternatives developed by the Group are covered in Chapter 4. 

Within all of the frameworks listed above, the San Antonio Water System makes 

its own framework for water planning.  SAWS adopted their first water plan in 1998, 

starting with the stark challenge, “The water needs of San Antonio and Bexar County are 

expected to double in the next 50 years.”  It came about as the result of work from both 

SAWS water planners and the community at large (no less than three citizen committees 

were called in over the course of the two-year process), a result of the collaborative 

processes that Susan Butler spoke of.  After setting the principles that would guide 

evaluation of water supply alternatives, the 1998 plan identified its then-water demand, 

and projected this demand to 2050.  It also identified its present water supplies, and 

projected its future water supply needs to 2050 based on the demand.  The basic water 

supply goal was defined as securing the water supply to meet projected demand 10 years 

in advance; for example that would mean securing water to meet the 2020 water demand 

by 2010.  The long-term demand goal was to reduce per-capita water usage from 150 

GPD to 132 GPD by 2030.  The 1998 SAWS plan made numerous recommendations on 

water management strategies for the 5-year-following timeframe, including completion of 

Phase I of its water recycling program, aggressively defending its water rights from the 

Edwards Aquifer and accelerating conservation programs, but recommended little beyond 

studies in the timeframe beyond that (SAWS 1998, 7-10, 14-16, 144-145). 

The 2005 and 2009 updates to the SAWS Water Management Plan filled in many 

of the long-term question marks concerning potential long-term water supplies.  The 

2005 Plan made downward adjustments to the population projections of the SAWS study 

area based on 2000 Census data, and downward projections in water demand based on 

the success of the SAWS conservation program, which achieved its 2030 per capita 
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demand goal of 132 GPD by 2004.  The 2005 Plan also introduced 2 planning scenarios – 

one where SAWS would maintain something close to its historical service area, and one 

where SAWS would serve as the regional water provider for the majority of Bexar 

County.  Even with the reductions in demand, SAWS discovered that they would be 

approximately 5,000 acre-feet short of their needed supply if a repeat of the drought of 

record took place.  This gap would grow to either 71,000 acre-feet or 125,000 acre-feet, 

depending on the scenario.  To fill this gap, some of the specific projects suggested and 

analyzed based on cost and yield included buying additional Edwards Aquifer pumping 

rights, brackish water desalination, developing groundwater supplies from the nearby 

Carrizo Aquifer, and on the high-end/long-term end, working with the Lower Colorado 

River Authority to transfer water from downstream reservoirs on the Colorado River to 

San Antonio (SAWS 2005). 

The 2009 Plan update expanded the water demand projection timeframe to 2060, 

and categorized potential water supply projects as part of the Short Range Program 

(through 2014), the Mid-Range Program (2015-2034), or the Long Range Program 

(2035-2060).  A new operative word in the plan was Diversification, that is, having a 

water supply portfolio that was not as dependent on the Edwards Aquifer.  The water 

demand and supply projections are discussed in detail in Chapter 4. 
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Chapter 4: The Present and Future of San Antonio’s Water 

This chapter frames the current water supply situation of San Antonio in terms of 

supplies and demands, and explains the challenge that San Antonio faces in “balancing 

the equation” in years to come. 

 

WATER DEMAND TODAY AND TOMORROW 

San Antonio’s population growth during the 20th Century was spectacular, and a 

similar growth pattern is forecast to continue well into this century.  There are several 

reasons for this.  The city sits at a strategic location for commerce – With a major 

international north-south trade corridor (Interstate 35) intersecting an important east-west 

trade corridor (Interstate 10), San Antonio acts as a hub for billions of dollars in goods 

each year.  Also, the State of Texas is receiving in-migration at a higher rate than the rest 

of the country, causing all of the major cities to grow as well.  Texas grew 22.8% in 

population between 1990 and 2000, outpacing the national rate of 13.2% over the same 

period, and the majority of these new Texans settled in cities (US Census Bureau 2001).  

Finally, the Texas economy remains relatively robust, and though San Antonio 

experienced some adversity as a result of military cutbacks and closures, the leftover 

infrastructure from these bases make the city suitable for warehousing and manufacturing 

enterprises, such as the Kelly USA inland commercial port and a new Toyota plant (City-

data.com 2008).  
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The Office of the State Demographer projects the population of Bexar County, 

which contains San Antonio and numerous suburbs and roughly corresponds to an 

extended future SAWS service area, to increase from 1.39 million in 2000 to anywhere 

between 1.7 million (for a zero migration scenario) to 2.23 million (if the migration rates 

of 2000-2007 are sustained) in the year 2040 (TSDC 2009).  In its 2009 Water 

Management Plan Update, SAWS projects that its service area will grow in population 

from a 2009 population of 1.32 million to a 2050 population of 1.985 million and a 2060 

population of 2.156 million (SAWS 2009).  Figure 4-1 shows the projected population 

for Bexar County under the State Demographer’s three migration scenarios and a 

scenario where the growth rate from 2000-2007 is sustained. 

 

 

Figure 4-1: Bexar County Projected Population 2000-2040 (TSDC 2009) 



 37 

 This projected growth will increase water demand both for San Antonio and for 

Region L as a whole.  Between 2010 and 2060, water demand in Region L is projected in 

to increase from 985,000 acre-feet to 1,273,000 acre-feet, a 29 percent increase.  The 

water demand for Region L shows a marked increase in every category relating to 

increased urbanization in the region.  Municipal water use is expected to account for 

about 75% of the increase in water demand, increasing from 370,000 acre-feet to 597,000 

acre-feet between 2010 and 2060, with corresponding increases expected for 

manufacturing and electric generation needs.  The one area where water demand will 

decrease in the next fifty years is irrigation, where predicted demand will drop from 

about 380,000 acre-feet to 300,000 acre-feet.  The agriculture-urban water demand shift 

will prove dramatic – where each now accounts for 38% of water pumpage in the region, 

in 2060, municipal demand will outpace irrigation demand 47% v. 24% - almost double.  

Table 4-1 and Figure 4-2 show how water demand is expected to change between 2010 

and 2060 in Region L (TWDB 2007, 80). 

 
Category 2010 2060

(acre-feet) (acre-feet)
Municipal 369,694 597,619
County-other 26,302 39,616
Manufacturing 119,310 179,715
Mining 14,524 18,644
Irrigation 379,026 301,679
Steam-electric 50,427 109,776
Livestock 25,954 25,954
Region 985,237 1,273,003  

Table 4-1: Water Demand in Water Planning Region L (TWDB 2007) 
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Figure 4-2: Region L Water Demand in 2010 and 2060 by Type (TWDB 2007) 

 

 Water demand in San Antonio is a story of trends in two different directions.   On 

one hand, there is a long-term historical upward trend in demand that follows the city’s 

population growth.  SAWS’s customer base and service area have increased from 

124,000 customers and 149 square miles in 1958 to 336,000 customers and 651 square 

miles in 2006.  The service area has grown faster than the customer base, which indicates 

a sprawling growth pattern where new residents purchase homes on the edges and in the 

suburbs.  This increase in customer base has resulted in a corresponding increase in water 

demand, from about 80,000 acre-feet in 1960 to about 200,000 acre-feet in 2006.  

However, growth in water demand has been blunted somewhat by significant downward 

trend in per-capita water usage.  In 1982, the average San Antonio water customer used 

225 GPD.  By 2006, this demand had dropped considerably, to 136 GPD, as a result of 

successful conservation efforts by SAWS and its customers (SAWS 2006).  In fact, water 

demand dropped as low as 115 GPD in 2007, during a relatively wet year (SAWS 2009). 

 Going forward, SAWS forecasts both trends to continue.  For per-capita demand, 

the SAWS Water Resource task force has set long-term conditional goals for demand at 
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126 GPD for dry years (where the need for irrigation is greater), 116 GPD for normal 

years, and 106 GPD for wet years, to be achieved by 2016 and maintained thereafter.  

These goals balance the need for water conservation with the economic needs of the 

community that depend on water consumption.  If these per-capita water usage numbers 

are maintained into the foreseeable future, then SAWS projects a water demand of 

between 177,000 to 210,000 acre-feet by 2020, that then increases by 20,000 to 25,000 

acre-feet per decade until 2060, at which point water demand is projected to vary 

between about 256,000 and 304,000 acre-feet, depending on a wet or dry climate.  Table 

4-2 shows the projected water demand for SAWS from 2010 to 2060 (SAWS 2009). 

 

Year Population
Per-Capita Demand at 

106 GPD
Per-Capita Demand at 

116 GPD
Per-Capita Demand at 

126 GPD
2010 1320500 156790 171581 186373
2020 1487000 177000 193000 210000
2030 1653000 196000 215000 233000
2040 1819000 216000 236000 257000
2050 1985000 235689 257924 280159
2060 2155800 255969 280118 304266

Note: On this graph, populations for 2020-2040 are interpolated linearly between the projected 
populations in 2010 and 2050, both of which were listed in the SAWS 2009 Water Management Plan 
Update.  Target per-capita water demands listed are expected to be acheived by 2016.

Table 4-2: SAWS Projected Water Demand by Year, Per Capita Usage (SAWS 2009) 

 
WATER SUPPLY TODAY AND TOMORROW 

 In light of these projected water needs, both SAWS and Region L as a whole are 

expected to encounter gaps between projected water demand and available water supply 

into the future unless new water supplies are developed.  Looking at water supply in the 

same 2010 to 2060 study period, existing water supplies in Region Lare forecast to 

diminish somewhat from 1,050,000 acre-feet to 1,018,000 acre-feet as groundwater use is 

reduced in certain parts of Region L.  Therefore, according to the Texas Water 
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Development Board, with a projected water demand of 1,273,000 acre-feet by 2060, the 

Region as a whole will be facing a water deficit of about 255,000 acre-feet per year if 

new water supplies are not established (TWDB 2007). 

When the water supplies for Region L are examined in detail, it shows that most 

of the water volume available today will be available in 2060.  The yield from surface 

water remains relatively constant at around 330,000 acre-feet, with the only reduction 

coming from a small projected reduction in volume for Canyon Lake.  Existing surface 

water resources make up about one-third of the water supply for the Region, though none 

of this water is currently used by San Antonio.  Groundwater supplies for the Region 

make up about two-thirds of the available water, and comes primarily from two aquifers 

– the Edwards Aquifer with a yield of 344,000 acre-feet and the Carrizo-Wilcox Aquifer 

with a yield of 257,000 acre-feet.  By 2060, the Edwards Aquifer yield is expected to 

remain steady, but other aquifers in the region are expected to experience a 10% drop in 

water yield, accounting for most of the 32,000 acre-foot drop in the existing water supply 

over the 50-year period (TWDB 2007, 80-82).  Table 4-3 shows the available water 

supply for Region L in 2010 and 2060. 



 41 

2010 2060
(acre-feet) (acre-feet)

Surface Water
Guadalupe River run-of-river 123,328 123,328
Canyon Lake 59,820 55,153
Calaveras Lake 36,900 36,900
Lake Texana 32,604 32,604
Guadalupe River run-of-river irrigation 18,184 18,184
Livestock local supply 13,230 13,150
Coleto Creek Lake 12,500 12,500
Victor Braunig Lake 12,000 12,000
Other surface water 25,414 25,414
Surface water subtotal 333,980 329,233
Groundwater
Edwards (Balcones Fault Zone) Aquifer 343,799 343,799
Carrizo-Wilcox Aquifer 256,735 235,072
Gulf Coast Aquifer 58,926 55,580
Queen City Aquifer 12,742 11,111
Other groundwater 12,934 11,842
Groundwater subtotal 685,136 657,404
Reuse
Direct reuse 30,653 31,773
Reuse subtotal 30,653 31,773
Region total 1,049,769 1,018,410

Water supply source

 

Table 4-3: Water Supply for Region L, 2010 and 2060 (TWDB 2007, 82) 

 

 At this time, the San Antonio Water System possesses over 300,000 acre-feet of 

permitted water supply to meet its current demand.  The vast majority of this supply 

comes from the Edwards Aquifer, with 243,700 acre-feet of annual permitted pumpage 

that is owned or leased.  Based on a current re-evaluation process of the Aquifer’s yield, 

this supply could be reduced in coming years.  Other available groundwater supplies that 

supplement the Edwards Aquifer water include 3,000 acre-feet of water from the Trinity 

Aquifer, 6,400 acre-feet of water from the Carrizo Aquifer, and the Twin Oaks Aquifer 

Storage and Recovery Project, which stores 50,000 acre-feet of excess water for use in 
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the event of a drought.  SAWS also secured 9,000 acre-feet of water from Canyon Dam 

to serve some of its more northern customers.  For non-potable water needs, San Antonio 

has a 35,000 acre-feet supply of recycled water (that is, treated effluent) from its 

wastewater plants at Salado Creek and Leon Creek, with its own distribution system that 

serves customers throughout the city.  Though outside the bounds of the City’s traditional 

water supply, an additional 50,000 acre-feet of this water is transported via river channel 

to CPS Energy electric generation facilities for cooling purposes (SAWS 2009, 20-23). 

 When the drought of record is considered as a contingency, however, the full 

yield of each of these supplies would be reduced, resulting in projected water deficits.  

By re-simulating the drought of the 1950’s in the periods of 2008-2014, 2028-2034, and 

2054-2060, SAWS projected a potential water supply deficit of 37,632 acre-feet in 2015, 

of 81,000 acre-feet in 2035, and of 141,000 acre-feet in 2060.  Therefore, to ensure a 

reliable water supply through a repeat of the drought of record, SAWS must secure or 

develop alternative supplies of water equal to the deficits above by their respective dates 

(SAWS 2009, 23-25).  The next section looks at some of the alternatives that SAWS and 

Region L as a whole are considering to fill this gap. 

BALANCING THE EQUATION 

 As mentioned before, State Water Planning Region L will face a 255,000 acre-

foot deficit in water supply with respect to demand unless new sources of water are 

established, mostly due to growth in demand from San Antonio and its surrounding area.  

Therefore, water planners and policymakers on the state and local levels have sought to 

identify potential new sources of water to meet demand over the next fifty years.  Some 

of the capital projects proposed as alternatives in the 2007 State Water Plan are shown in 

Table 4-4: 



 43 

 

Water Supply Alternatives for Region L 

Project Description Expected 
Water Yield 
(Acre Feet) 

Projected 
Capital Cost  

Carrizo for Bexar 
Water Supply 
Project 

Groundwater from Carrizo-
Wilcox Aquifer delivered to Bexar 
Co.; Implement by 2010 

56,188 $487M 

Expand SAWS 
Recycled Water 
Program 

Recycle gray, non-potable water 
for use by industrial customers; 
By 2010 

36,258 $155M 

Brackish 
Groundwater 
Desalinization 

Desalinate water from brackish 
Wilcox aquifer in SE Bexar 
County; By 2010 

5,662 $93M 

Transfer of Water 
Rights from Ag to 
Municipal 

Transfer existing irrigation water 
rights for Edwards Aquifer to 
Municipal 

71,335 $0 (May be cost 
to acquire 

rights) 
Lower Guadalupe 
Water Supply 
Project 

GBRA would capture downstream 
water from Guadalupe for supply, 
by 2020 

63,072 $793M 

Seawater 
Desalinization 

Desalinate seawater and deliver to 
Bexar County, by 2060 

84,012 $891M 
 

Edwards Aquifer 
Recharge 

Recharge excess water directly 
back into the Edwards Aquifer, by 
2040 

21,577 $367M 

LCRA-SAWS Inter-
basin Transfer 

LCRA would capture downstream 
water in reservoir, then transfer 
some of this water to SAWS.  
(Project terminated by LCRA in 
2009). 

150,000 $2.0B 

 
Table 4-4: Water Supply Alternatives for Region L, as Identified in 2007 State Water 

Plan (TWDB 2007, 84) 
 

Though all these alternatives employ different means to provide water, most hold 

one characteristic common: high cost.  For most of San Antonio’s history, has been 

available for the cost of drilling a well; with price tags in the hundreds of millions, these 

new water supplies will prove far more costly.  The cost per acre-foot for these new 

supplies ranges from the cost of purchasing the right for water from agricultural wells to 
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between $4,000 and $20,000 per acre-foot for the proposed capital projects (TWDB 

2007, 84). 

 

 
Figure 4-3: Future Water Supply Options in 2009 SAWS Water Management Plan 

Update (From 2009 SAWS Water Management Plan Update, 34) 

 

The 2009 SAWS Water Management Plan Update goes into more detail on the 

alternatives that San Antonio is developing to ensure a reliable water supply, and the 

proposed timeframe for each.  In the “Short-Range” program, which includes projects to 

be completed by 2014, SAWS has identified its first priorities for water supplies, which 

include acquiring additional pumping permits for the Edwards Aquifer, instituting Phase I 

of its brackish water desalination plant, and Aquifer Storage and Recovery.  In its “Mid-

Range” program, where projects are expected to come online by 2035, SAWS would 
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expand on some previous initiatives, such as brackish groundwater desalination and 

Aquifer Storage and Recovery, and augment this water with some higher cost options, 

such as Edwards Aquifer recharge and water transfers from a regional water development 

project with the Carrizo Aquifer.  The long-term projects, which would go into service 

between 2035 and 2060, include the highest cost projects, which include an ocean 

desalination project, and potential water transfers from other areas.  Figure 4-3 shows the 

new water supplies that SAWS plans to pursue, along with the anticipated annual yield 

and timeframe for each (SAWS 2009, 29-35).  When asked about potential future water 

supplies for San Antonio, Susan Butler, the former Director of Water Resources for 

SAWS initially stressed conservation as the first, best option, then listed many of the 

alternatives listed above, including expansion of the water recycling program, aquifer 

storage and recovery, and the Carrizo Aquifer as a potential source.  In particular, she 

indicated that brackish groundwater desalination, either from the Carrizo-Wilcox Aquifer 

or the lower depths of the Edwards Aquifer, was complicated to institute, as it could shift 

the location of the bad water line in unpredictable ways, and disposal of the concentrated 

by-product is difficult (Butler 2010). 

One long-term option that is no longer on the table is a proposed joint project 

between SAWS and the Lower Colorado River Authority (LCRA).  The proposed project 

would have stored excess flows from the Colorado River in off-channel reservoirs, 

transferring some of the water to San Antonio to augment their supply, with the rest 

going to the LCRA service area.  During the course of an engineering feasibility study of 

the project, it was found that the yield from the project would be 90,000 acre-feet per 

year (down from an initial projection of 330,000 acre-feet per year), that LCRA’s 

downstream irrigation customers would need to rely on groundwater in half of all years, 

that the water needs in LCRA’s service area were greater than initially thought, and that 



 46 

the price tag for the project would top $2 billion.  Given these findings, and that the 

project would not meet the conditions set by the Legislature to proceed, LCRA elected to 

pull out of the agreement in April of 2009.  The split was acrimonious; SAWS brought a 

$1.23 billion lawsuit against LCRA for breach of contract shortly thereafter, which was 

dismissed in February 2010 on the grounds that SAWS could not sue LCRA, a public 

entity.  Therefore, SAWS may need to go elsewhere to meet its long-term water needs 

(Eckhardt 2010). 

With the prohibitively high cost of long-term water supply options such as water 

transfers and ocean seawater desalination, successful implementation of the short- and 

mid-term options by SAWS will be critical to bridge the supply-demand gaps in 2014 and 

2035, and to delay the need for the highest cost alternatives.  SAWS already successfully 

instituted some of the short- and mid-term options in some way.  The water-recycling 

program has been in place for several years, and boasts a distribution system that loops 

around the city.  Brackish water desalination is starting up on the southeast side of the 

city.  The SAWS demand management program has been a spectacular success by any 

measure.  The remainder of this paper examines each of these water supply options in 

more depth, explaining how they work, the relative advantages and disadvantages of 

each, analyzing the benefits, costs, and impacts associated with their implementation in 

San Antonio, and if and how they might be expanded in the future.  

For the purposes of comparative evaluation and prioritization, the three options 

will be scored based on four criteria: expected water supply yield, expected availability of 

that supply, estimated cost of development per acre/foot, and environmental impact, and 

recommendations will be made concerning their relative priority of implementation.  The 

scoring system will be the sum of the following: 
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Criteria Scoring Methodology 

Expected water supply yield (Acre-feet of water supply/year)/1000 

Expected available date for water supply 2035 – (Year of expected availability) 

Cost of Water Supply Development [20,000 – (Cost per acre-foot in USD)]/1000 * 2 

Environmental Impact 
Qualitative rating on scale between -10 
(maximum potential negative impact) to 10 
(maximum potential positive impact) 

Table 4-5: Scoring System for Evaluation of Water Supply Alternatives 

 

This scoring system, though not comprehensive, rewards desirable outcomes for a 

potential water supply alternative, and takes into account the four most important 

considerations with regards to functionality.   Because SAWS facing real water supply 

needs with deadlines, the expected water supply yield and expected available date for 

each alternative is crucially important. Scoring for the water supply yield is proportional 

to the expected firm-yield of each respective option, which means that an alternative that 

yields 100,000 acre-feet per year will receive ten times the points of an alternative that 

yields 10,000 acre-feet per year.  The expected available date score for each alternative is 

calculated based on the year 2035 because based on current plans, that is, the point where 

SAWS will begin to transition from short-term incremental options to long-term high-

cost options for water supply.  Therefore, a water supply alternative with an earlier 

expected availability date will return a higher score.  The cost of water development will 

be scored by subtracting the cost per acre-foot of development for a water supply from 

20,000, which is the approximate unit cost of the highest cost option in USD, dividing by 

1000, then multiplying that number by two to weigh cost similarly to the other factors.  

Environmental impacts for each potential alternative could be positive (i.e. if it 

encourages conservation and increases ecological streamflows) or negative (i.e. it 
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produces a by-product that will be difficult to dispose of); the last scoring criterion allows 

that impact to be factored in on a qualitative basis.  The four scoring criteria will then be 

summed to produce a score that will be used to compare the three alternatives in the 

conclusion, and to inform the recommendations at the end of this paper.   

Practically speaking, this scoring system is intended to give each of the four 

factors a similar weight, and to provide a mechanism to compare the relative strengths 

and weaknesses of each alternative considered in the scope of this evaluation.  In the 

future, this scoring system could also be used to evaluate water supply alternatives not 

explored in this paper, such as water transfers or aquifer storage and recovery. 

Improvements to this scoring system could include refinements to the scoring of the four 

criteria, and the addition of other criteria such as public opinion and operation and 

maintenance costs.  For the purposes of this paper, the scoring system effectively 

addresses the most important factors in evaluating these alternatives.  
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Chapter 5: Water Reclamation 

This chapter examines reuse of wastewater effluent, or “water recycling,” as a 

potential source of water supply for uses that do not require fully potable water.  It should 

be noted that the terms “water recycling”, “water reuse”, and “water reclamation” are 

often used interchangeably.  For the purposes of this report, “water reclamation” will be 

used most often. 

 

HOW IT WORKS 

Water reclamation refers to reusing treated wastewater for beneficial purposes, 

such as irrigation, industrial processes, toilet flushing, groundwater recharge, and other 

uses that do not necessarily demand potable water.  It can be implemented on-site, as it 

might be done with a cooling system at a power plant, or it could be delivered through a 

parallel water distribution system throughout a city.  In many cases, the wastewater 

captured for reuse would simply be discharged downstream to other users without being 

accounted for.  By pulling that water back into the system to meet water needs that would 

otherwise draw from other water supplies, another water supply is effectively created 

(EPA 2010). 

The potential uses for reclaimed water depend on the level of treatment the water 

receives prior to release.  In the wastewater treatment process, there are three phases of 

treatment: primary, secondary or tertiary.  The Primary phase, or sedimentation, places 

the wastewater in a tank where sludge will settle on the bottom of a tank and oils and 

volatile liquids will settle on the top.  The purpose of this phase is to make the wastewater 

ready for further treatment; therefore, no reuse of the water is recommended at this phase.  

Next in the process is secondary treatment, where organic material is allowed to 
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decompose.  This may be done by the activated sludge process, where the wastewater is 

aerated over several hours or days in a basin, and/or by filtering the wastewater through a 

granular medium, such as sand.  After secondary treatment (and disinfection, which is the 

final stage of any treatment chain), the wastewater effluent may be suitable for reuse 

purposes such as irrigation of non-food vegetation, wetland or stream enhancement, 

industrial cooling, or other uses with minimal human contact.  The tertiary treatment 

phase of wastewater treatment is usually designed for nutrient removal, as well as further 

reduction of organic content and contamination through processes such as filtration, 

lagooning, and disinfection, making the wastewater effluent suitable for release into the 

water supply.  After tertiary treatment, the wastewater effluent is also suitable for many 

water reclamation applications where it may come into contact with humans, though it 

would not be suitable for drinking water without more aggressive treatment. Some of 

these applications would include landscape irrigation, toilet flushing, food crop irrigation, 

and even indirect recharge of potable water supplies.  In general, a greater likelihood that 

the effluent will come into human contact demands more treatment prior to reuse.  Figure 

5-1 shows the wastewater treatment process, and potential water reclamation applications 

for the effluent out of each phase (EPA 2010, Long 2009). 
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Figure 5-1: Wastewater Treatment Process with Appropriate Water Reuse Applications 
(EPA 2010, Illustration by Nathan Laughlin) 

 

Because reclaimed water is not generally considered suitable for human 

consumption, it requires a separate distribution system to carry it to customers.  The 

infrastructure for reclaimed water will often run alongside the infrastructure for the 

regular water supply, but in separate pipes that are clearly marked or a different color 

(usually purple).  Therefore, a customer who uses both regular water and reclaimed water 

must also have separate meters, separate connections and separate plumbing for both 

water supplies, and will be billed separately for both uses.  For example, an office 

building may use the regular water supply for sinks and drinking fountains, and the 

reclaimed water for toilet flushing and outdoor irrigation (Martinez 2010). 

Numerous cities in the United States and around the world have instituted water 

reclamation in one form or another.  One program that is similar in scale to San 

Antonio’s program is in San Diego, where as much as 45 million gallons per day (GPD) 

of reclaimed wastewater effluent from two plants is available for sale to customers for 

non-potable uses.  The largest demand for this supply is for landscape irrigation, and 

particularly golf courses; the prestigious Torrey Pines golf course irrigates with reclaimed 

water.  San Diego also markets the reclaimed water to industrial customers in its high 

Wastewater Primary Treatment 
• Sedimentation 
• Screening 
• Grit chambers 

Secondary Treatment 
• Activated sludge 
• Trickling/sand filters 
• Stabilization ponds 

Tertiary Treatment 
• Filtration 
• Nutrient removal 
• Disinfection 

Not suitable for water 
reclamation applications 

Food irrigation 
Landscape irrigation 

Toilet flushing 
 

Non-food irrigation 
Wetland enhancement 

Industrial Cooling 

Reuse Reuse Reuse 
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tech sector, and treats it to a level where it is suitable for food crop irrigation (City of San 

Diego, 2009). 

Though not widely accepted as a drinking water source in the United States, some 

municipalities with acute water shortages have taken steps toward treating reclaimed 

water to drinking water standards.  In California, the Orange County Water District 

recently constructed a water purification plant where wastewater effluent will be treated 

to potable standards, stored in lakes that will allow it to seep into an aquifer, then pumped 

out by municipalities in the area months later and distributed through the regular water 

system.  Though the water meets or exceeds EPA drinking water standards, this indirect 

“toilet-to-tap” application does not yet go directly to homes (Kaye 2008). 

One “on-site” method of water reclamation that can be implemented on a scale as 

small as an individual home site is grey water reuse. Grey water reuse involves taking 

wastewater from sinks, baths, dishwashers, and washing machines and capturing it on-

site for reuse.  Grey water, unlike “black water” that includes wastewater from toilets, is 

suitable for irrigation applications that are not adversely impacted by alkaline water, and 

for toilet flushing.  Depending on the application, grey water may require chlorination or 

disinfection prior to reuse.  (NMSU 1996).  Though both of these measures save water on 

a site basis rather than a city-wide basis, if wide adoption of them is encouraged by 

building codes and incentives, they can help to reduce the demand for water from the 

municipal supply, creating long-term savings for both the customer on their monthly 

water bill and the utility in development of new supplies. 
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WATER RECLAMATION IN SAN ANTONIO 

According to Pablo Martinez, a SAWS water planner that works with the 

Recycled Water program, water reclamation has a long history in San Antonio.  Starting 

in the 1960’s, the City Public Service Board (now CPS Energy) had a certificate to pull 

water from the San Antonio River downstream of the water treatment plants to feed 

cooling reservoirs for its power plants.  During the droughts of the 1980’s, as regional 

water supply issues became a serious concern, reclaimed water was identified in plans as 

a source to supplement water from the Edwards Aquifer, and potential customers for the 

reclaimed water were identified near the center of the city. To begin implementing a 

water reclamation system, San Antonio created the Alamo Conservation Reuse District in 

1989, which was then merged into the newly formed San Antonio Water System in 1993 

(Martinez 2010). 

SAWS proceeded to study its potential demands and supply for the reclaimed 

water.  The initial demand for reclaimed water appeared to reside in the center of the city, 

largely with military bases and golf courses and industrial customers who did not need 

potable water, but it was also found that there were potential customers on the rapidly 

growing west side of town as well.  The available supply was identified in 1996 at 

130,000 acre-feet per year of treated wastewater effluent from the Dos Rios and Leon 

Creek wastewater treatment plants.  Of that 130,000 acre-feet, 40,000 acre-feet goes to 

CPS Energy under the original certificate, leaving approximately 90,000 acre-feet for 

other purposes.  In its initial build-out of its Recycled Water program, CPS elected to 

construct water reclamation facilities at the Dos Rios and Leon Creek plants with a 

combined capacity of 35,000 acre-feet, leaving 55,000 acre-feet for other downstream 

users (Martinez 2010).  In 1997, the SAWS Water Recycling Program was formally 

approved by the Texas Commission on Environmental Quality (SAWS 2006, 6). 
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The SAWS Water Recycling Program infrastructure was built out at a cost of 

$140 million, and includes several components, and is the largest system of its type in the 

country.  Only water that has gone through tertiary treatment is available for reclamation.  

The Dos Rios plant has a treatment capacity of 125 MGD, and the water reclamation 

facility on the back end is capable of pumping 18 MGD, with an annual supply of about 

13,000 acre-feet, of which 11,000 acre-feet are under contract.  This plant provides water 

to customers in the center of San Antonio.  The Leon Creek plant has a total treatment 

capacity of 46 MGD, and the capacity of its back-end water reclamation facility is 26 

MGD, with an annual capacity of about 22,000 acre-feet, with 10,000 acre-feet reserved 

or under contract.  Once the waters from both plants exit the facilities, they are 

distributed through 110 miles of transmission main.  Each plant has its own distribution 

system for reclaimed water, but the two systems connect on the north side of downtown 

San Antonio for the purposes of redundancy (Martinez 2010).  Figure 5-2 shows the 

SAWS Water Recycling service area. 



 55 

 

 

Figure 5-2: The SAWS Recycled Water System (SAWS Recycled Water Team 2010) 

 

 The customers for reclaimed water in San Antonio are generally institutional or 

customers with a high outdoor water demand.  In the center of the city, water levels in the 

Riverwalk are maintained with reclaimed water, which frees up permitted Edwards 

Aquifer groundwater for other uses.  Municipal customers include golf courses and city 
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parks with irrigation needs.  The institutional customers include military bases, such as 

Fort Sam Houston and Brooke Army Medical Center, and the many universities in and 

around downtown San Antonio.  Other major users for industrial purposes include 

Microsoft and the Toyota truck manufacturing plant on the south side of the city.   There 

are currently no residential customers of recycled water.  Combined, the customers 

account for 60% of the current 35,000 acre-feet of capacity, with most of the available 

capacity residing at the Leon Creek plant (Martinez 2010). 

The benefits to water customers are twofold.  Reclaimed water is $1.00 per 1,000 

gallons, where regular water runs $2.70 per 1,000 gallons, so when multiplied to the scale 

of large scale industrial or irrigation needs, reclaimed water customers have a significant 

economic incentive to use the reclaimed water where it is available and suitable for their 

purposes.  Also, in the event of drought, recycled water customers are not subject to the 

same restrictions that regular water customers are – they can irrigate seven days a week 

so long as they use reclaimed water they have under contract.  The benefits of the Water 

Recycling Program to SAWS and San Antonio have primarily been in the area of 

conservation.  As Mr. Martinez put it, “we’re pumping the same amount of water today 

as 10 years ago with hundreds of thousands more people.”  The reclaimed water meets 

needs that would otherwise need to be met by pumping water from the Aquifer; therefore, 

it has benefited conservation and helped to keep SAWS within their mandated pumping 

caps, especially during droughts.  This has also helped to delay the need for costly 

development of other water supplies.  Though the Water Recycling Program is not 

projected to pay itself off in the near future from incoming revenue, and it is not a “silver 

bullet”, its ancillary benefits in preventing future costs have justified its expense to 

SAWS (Martinez 2010). 
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WATER RECLAMATION AS A FUTURE WATER SUPPLY 

As of today, with 13,000 acre-feet of reclaimed water yet to find a customer, 

Martinez indicated that SAWS has no immediate plans to expand the system beyond its 

current 35,000 acre-feet capacity.  Because SAWS built the initial system to that 

capacity, an expansion in capacity would require new pipelines, even along existing 

corridors where pipes already run.  Therefore, the focus for the program over the next 

decade will be to get the current capacity under contract.  As mentioned before, SAWS 

does not provide recycled water to residential customers for irrigation purposes, 

representing an untapped market that could be considered, especially on the west side of 

the city in the area served by the Leon Creek plant.  With regard to direct or indirect 

potable uses, Martinez indicated that using reclaimed water is not under consideration, 

and would be “something to do when there are no other options.” 

If the recycled water program were to be expanded, the primary need would be 

expanded infrastructure, as there is still ample wastewater effluent available for reuse at 

both the Dos Rios and Leon Creek plants and another wastewater treatment plant at 

Medio Creek that has not yet been drawn into the system (SAWS Recycled Water Team 

2010).  Susan Butler suggested that the Water Recycling Program could grow with the 

city into the future, where it could be used efficiently and benefit potential customers.  

She postulated that it could make sense to expand the system to the north and make 

another loop to meet potential needs in the Loop 1604 corridor, where growth and 

development continue to happen (Butler 2010).  A single sentence in the 2009 SAWS 

Water Management Plan Update was devoted to potential expansion of the program, but 

no estimates or projections were made (SAWS 2009). 

For the purposes of this evaluation, the potential for reclaimed water as a water 

supply will be scored in two phases.  “Contracting Current Capacity” simple counts the 



 58 

13,000 acre-feet of uncontracted capacity as an available water supply in 2010 with no 

development costs attached.  The “Expanding Future Capacity” phase considers a 

scenario where, within the next 25 years, SAWS makes an expansion to their Water 

Recycling Program roughly equivalent in mileage and water capacity to what they’ve 

already installed at a similar cost.  Such an alternative is mentioned in the 2007 State 

Water Plan, with approximately 36,000 acre-feet of additional reclaimed water capacity 

installed a capital cost of $155 million (TWDB 2007, 84).  Because the capacity and cost 

of the future expansion are similar to the capacity and cost of the currently installed 

system, this analysis should also prove useful in answering the question, “What would we 

do if this option were proposed today?” 

The evaluation of the two phases for reclaimed water is summarized in Table 5-1: 

 
Scoring 

Criterion 
Contracting Current 

Capacity 
Expanding Future 

Capacity 
Notes 

Expected water 
supply yield 

13,000 AF 
Score = 13 

36,000 AF 
Score = 36 

Future capacity could 
vary based on demand. 

Expected 
available date 
for water supply 

Available 2010 
2035-2010 = 25 
Score = 25 (max) 

Available 2035 
2035-2035 = 0 
Score = 0 

Future capacity could be 
brought on line quicker 
if desired. 

Cost of Water 
Supply 
Development 

Already available 
Cost negligible 
Score = 40 (max) 

$155 million for 36K 
AF 
$4,300 per AF 
Score = 31.4 ~ 31 

Water suitable for 
nonpotable purposes 
only. 

Environmental 
Impact 

Reduces need for 
pumpage to Aquifer, 
increases env. 
streamflows, 
supported by env. 
advocacy groups 
Score = 8 

Same 
Score = 8 

Impacts mostly positive 

Total 86 75  

Table 5-1: Evaluation of Water Reclamation as a Future Water Supply 
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Chapter 6: Brackish Water Desalination 

This chapter examines desalination of brackish groundwater as a water supply 

alternative for San Antonio.  In general, brackish groundwater contains far less mineral 

content (esp. salts) than seawater, and is also more accessible in closer proximity to San 

Antonio, so it makes more sense as a moderate cost water supply option for the short-to-

mid term. 

 

HOW IT WORKS 

Brackish groundwater, or groundwater containing between 1,000 and 10,000 

milligrams of total dissolved solids (TDS) per liter, can be found in almost every region 

of Texas, and represents a massive, largely untapped water supply in many places.  It is 

estimated that Texas aquifers contain 2.5 billion acre-feet of brackish groundwater.  It 

differs from freshwater in its high dissolved solids content, which can be a consequence 

of the percolation process or of the mineral or biological makeup of the aquifer.  In 

particular, gypsum, pyrite, anhydrite or other agents may add sulfites and chlorides to the 

water if they are present in the aquifer (LBC-Guyton 2003, viii, 1-2). 

.  The level of dissolved solids present in the water can vary from aquifer to 

aquifer, and will be a significant factor in what steps must be taken to make the water 

potable. The Texas Water Development Board (TWDB) classifies groundwater by the 

level of dissolved solids that it contains.  Water with up to 1,000 mg/L of TDS is 

classified as fresh water.  If the TDS content falls between 1,000 and 3,000 mg/L, then 

the water is considered to be “slightly saline.”  Slightly saline water is still considered to 

be suitable for many agricultural and industrial needs.  “Moderately saline” water has a 

TDS content between 3,000 mg/L and 10,000 mg/L, and will generally require some 



 60 

level of desalination before any use above ground.  Water above 10,000 mg/L is 

considered “saline”, and would require significant treatment prior to use (LBC-Guyton 

2003, 9). 

To make brackish groundwater suitable for municipal uses, it must undergo a 

process called desalination, where the salts and other dissolved solids are removed to 

make it suitable for human consumption.  The desalination process will produce two 

streams of water: one that is purified of salts and fit for human consumption, and a brine, 

which will have highly concentrated amounts of dissolved solids.  There are two main 

types of desalination processes: thermal processes, where the water is boiled and then 

recaptured as distilled water, and membrane processes, where the water is pushed through 

a filtering medium that removes the dissolved solids.  Thermal processes tend to be used 

for seawater and other water with high dissolved solid concentrations, are extremely 

energy intensive due to the need for heat, and result in a recovery of 25 to 50 percent of 

the inflow into the plant.  Membrane processes include electrodialysis and reverse 

osmosis.  Electrodialysis, which is often used for brackish groundwater, takes advantage 

of the fact that the salt in water is ionically charged, and allows selective passage of water 

with positive or negative charges until the impurities are removed.  It results in a fairly 

high recovery rates – between 75 and 95 percent.  Reverse osmosis involves physically 

forcing water from one tank to another through a membrane.  The water that goes through 

the membrane will be cleaned of its dissolved solids to a level to make the water 

acceptable for human consumption, while the briney water that is left will have very high 

concentrations of dissolved solids.  Recovery rates for the reverse osmosis process will 

depend on the water being purified.  For regular freshwater, 85 to 95 percent of the water 

may be captured, while 50 to 80 percent of brackish groundwater and 30 to 60 percent of 

seawater will be recovered (AMTA 2001). 
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The costs associated with of desalination depend on the type of desalination 

process employed, and the type of water being desalinated.  Recent advancements in 

membrane technology have brought the construction and operation costs of desalination 

plants down significantly.  In 2003, it was estimated that desalinating brackish 

groundwater would cost between $0.75 to $1.00 per 1,000 gallons, while desalinating 

seawater would cost between $3.00 and $5.00 per 1,000 gallons.  For brackish 

groundwater, better membranes allow the water to be desalinated at lower pressures 

(Glater/Cohen 2003).  In a recent study for Texas, the operation costs for brackish water 

desalination plants were estimated between $1.26 and $2.60 per 1,000 gallons, which also 

takes energy costs into account.  This equates to approximately $400 to $850 per acre-

foot.  For seawater desalination, the operation costs ranged from $3.59 to $5.77 per 1,000 

gallons, or about $1,200 to $1,900 per acre-foot (Arroyo/Shirazi 2009).  

One of the most significant challenges associated with all forms of desalination is 

disposal of the brine in a manner that minimizes ecological impacts.  The desalination 

process can produce massive volumes of brine – between 5 and 50 percent of daily plant 

volume for inland desalination plants.  The brine will usually carry much higher 

concentrations of salts and dissolved solids than what occurs in the ecosystem, and can 

have deleterious effects on riparian flora and fauna if simply discharged directly into 

rivers, streams, or estuaries.  Therefore, in order for brackish water desalination to be 

feasible, an acceptable way to dispose of large volumes of toxic brine must be found 

(Glater/Cohen 2003).   
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The three most common inland strategies for brine disposal are deep well 

injection, evaporation ponds and solar ponds.  Deep well injection involves pumping the 

brine deep into the earth, at depths ranging from a few hundred to several thousand feet.  

The geological characteristics of the substrata that the brine is injected into are critical, 

and it may be necessary to condition the brine to make it suitable for injection, and to 

consider potential corrosion and leakage issues over the long-term.  Evaporation ponds, 

the most common method of brine disposal, function by storing the brine in an 

impoundment of sufficient surface area and depth to allow it to evaporate into open air.  

To prevent seepage of the toxic brine into underground water supplies, the ponds must be 

lined well with polymeric material and maintained.  Evaporation ponds work best for 

smaller desalination plants in dry climates.  Solar ponds, an emerging technology, are 

similar to evaporation ponds, but can convert the absorbed heat into electric power to 

further enhance evaporation. Like evaporation ponds, solar ponds would work best for 

small desalination plants (Glater/Cohen 2003). 

 

BRACKISH WATER DESALINATION IN SAN ANTONIO 

The Texas Water Development Board estimates that the San Antonio Region (that 

is, Region L) contains 400 million acre-feet of brackish groundwater, more than any 

other part of the State.  In recent years, SAWS water planners have investigated the 

potential of tapping this water as a supply (San Antonio Business Journal 2007).  

Brackish groundwater desalination was first mentioned as a future water supply 

option for San Antonio in the SAWS Water Resource Plan 2005 Update.  The 2005 plan 

stated that as much as 10,000 acre-feet of water annually could be developed to meet 

peak water demand through desalination of non-Edwards Aquifer groundwater, but that 

the feasibility of this option needed further study (SAWS 2005, 27-28).  In the 2007 State 
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Water Plan, for Region L, a project to desalinate brackish groundwater from the Wilcox 

aquifer is mentioned as one of the “Major Water Management Strategies”.  The project 

would be projected to provide 5,662 acre-feet of water per year with a peak capacity of 

20 MGD at a capital cost of $93 million, or approximately $16,500 per acre-foot (TWDB 

2007, 84).  In the SAWS 2009 Water Management Plan Update, SAWS proposed a Phase 

I for brackish water desalination, with the plant installed on the grounds at their Twin 

Oaks Aquifer Storage and Recovery facility in south Bexar County.  The facility would 

have an initial capacity of 11,800 acre-feet per year, and would be designed to 

accommodate upgrades in capacity and advancements in technology.  No capital cost was 

given in the plan, but the total projected annual operational and debt service costs for the 

facility were $2,140 per acre-foot (SAWS 2009, 25-27).  

According to a 2007 article in the San Antonio Business Journal, the preliminary 

estimated cost for a desalination plant over the Wilcox Aquifer would be approximately 

$150 million, though this number is subject to change as the project moves closer to 

implementation.  The project is expected to come online in 2014 (San Antonio Business 

Journal 2007).  The facility would employ reverse-osmosis technology, and could 

potentially yield as much as 22,400 acre-feet of Wilcox Aquifer water per year when 

fully built out.  The facility proposes to dispose of the brine through injection wells in 

either Wilson or Atascosa County to the South (SAWS 2010).  Figure 6-1 shows the 

location of the proposed brackish water desalination facilities, close to the Bexar-

Atascosa County line, and the proposed route for infrastructure to connect the water 

supply to the rest of the SAWS system (SCTRWPG 2009, 4C-21.2) 
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Figure 6-1: Location of Proposed SAWS Brackish Water Desalination Facilities 

(SCTRWPG 2009, 4C-21.2) 

 

The response from the public concerning the efforts of SAWS to develop brackish 

water desalination have been mixed.  In October of 2007, the Evergreen Underground 

Water Conservation District, which had previously come to an agreement to partner with 

SAWS to tap brackish groundwater in their area, voted to opt out of the agreement under 

intense local opposition.  Of particular concern was the impacts that pumping brackish 

groundwater could have on the freshwater portions of the aquifer, and the appearance of 

SAWS taking local water and leaving the waste product (that is, the brine injected into 

the ground) (Bick 2007).  Though not supported by citizens in the area of the facility, a 

SAWS citizens’ advisory panel endorsed the project in June of 2008.  They cited the 

water supply development goals for brackish groundwater on the State, regional, and 
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local levels, though they conceded that the local concerns in Atascoca County may be 

more difficult to overcome than any environmental constraints (Needham 2008).  Susan 

Butler echoed these concerns in her interview, indicating that pumping brackish 

groundwater could have the potential to shift the bad water line and affect fresh 

groundwater supplies, and that the problem of concentrate disposal is complicated and 

not easily resolved (Butler 2010). 

 

BRACKISH GROUNDWATER AS A FUTURE WATER SUPPLY 

With the scope, yield, and budget for the SAWS brackish water desalination 

varying from source to source, there are some obvious uncertainties associated with the 

implementation costs and schedule for this project.  For the purposes of this analysis, an 

initial yield of 11,800 acre-feet at a cost of $150 million will be used, which matches the 

latest estimated yield from the 2009 SAWS Plan with the initial 2007 estimate for 

constructed cost.  The projected complete-and-available date is assumed to be 2014, 

based on earlier statements from SAWS, and based on the fact that SAWS is already 

spending capital funds on brackish water desalination.  Due to some of the potentially 

harmful ecological impacts associated with disposal of the toxic brine by-product from 

the desalination process, this alternative was scored negatively on the “Environmental 

Impact” criterion. 
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 The evaluation of brackish groundwater desalination as a water supply alternative 

for San Antonio is summarized in Table 6-1: 

 
Scoring Criterion Contracting Current Capacity Notes 

Expected water 
supply yield 

11,800 AF 
Score = 12 

10,000 to 11,000 acre-feet of future 
capacity could be added if 
environmental constraints are met 
and future demand justifies it. 

Expected available 
date for water 
supply 

Available 2014 
2035-2014 = 21 
Score = 21 

Initial phases of project currently 
underway. 

Cost of Water 
Supply 
Development 

Approximately $150 million 
Cost per acre/foot = $12,700/AF 
Score = 14.6 ~ 15 

Includes startup costs of plant and 
connection to SAWS system.  
Incremental cost of adding another 
10,000-11,000 acre-feet of capacity 
could be less. 

Environmental 
Impact 

Permits must still be obtained for 
deep well injection of brine, 
which has the potential to 
adversely impact Carrizo/Wilcox 
Aquifer.  On positive side, it 
could reduce need for pumpage 
from Edwards 
Score = -8 

Potential negative impacts associated 
with deep well injection have raised 
local concerns in Atascosa County. 

Total 40  

Table 6-1: Evaluation of Brackish Water Desalination as a Future Water Supply 
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Chapter 7: Stretching the Acre-Foot – Demand Management 

Conservation is the first source of water available. 

   (SAWS 1998, 8) 

 

The wisdom of this statement from the beginning of the 1998 SAWS Water Plan 

lies in the fact that water conservation not only costs little or nothing, but also saves 

money for a community in the long-term by reducing the need for involuntary water 

usage restrictions and delaying or even precluding the need for costly water supply 

development capital expenditures. This chapter looks at some strategies to reduce water 

demand, recounts some of San Antonio’s successes in this area, then examines some 

options for reducing per-capita water demand to meet San Antonio’s long term goals. 

 

COMMON STRATEGIES AND BEST MANAGEMENT PRACTICES 

There are numerous strategies that water utilities and water users can employ to 

reduce water use for customers in the residential, commercial, industrial, and agricultural 

sectors.  This section will focus primarily on water conservation strategies and best 

management practices for non-agricultural municipal customers. 

With water plans in the State putting an increasing emphasis on water 

conservation in the early part of this decade, the Texas Water Development Board 

convened a task force to assimilate a report examining best management practices 

(BMP’s) to help and encourage customers in all sectors to conserve water.  In their 2004 

report, the task force recommended dozens of BMP’s that fall into four major categories: 

education and study, pricing structures and incentives, water use restrictions, and 
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technological improvement investments.  Table 7-1 lists a few of the BMP’s, with a short 

explanation, expected water savings, and the cost to implement them (TWDB 2004, 3) 

 
Category BMP/Strategy Description Potential Benefits 

Education System Water 
Audit  

Account for all water use, 
looking vigorously for 
losses and leaks through 
entire system.  Can take 
years to accomplish. 

Increased knowledge of 
system, identification of 
losses, informational basis for 
water management and 
conservation planning. 

Education Water Survey 
for SF/MF 

Survey residential 
customers, either in person 
or by proxy, to document 
water use patterns, and 
opportunities for 
conservation. 

Can benefit customer with 
better understanding of water 
use and lower water bills, and 
benefit utility by reducing 
water demand, especially for 
outdoor irrigation 

Pricing/ 
Incentives 

Conservation 
Pricing 

Use of rate structures to 
discourage wasteful use of 
water.  Could be 
increasing block rates, 
could change by season. 

Provides feedback to high-
rate water users in the form of 
higher bills for more use.  
Develops long-term 
consumption patterns that are 
consistent with cost. 

Pricing/ 
Incentives 

Landscape 
Conservation 
Incentives 

Require new landscapes to 
adopt water-efficient 
characteristics.  
Incentivize xeriscaping 
and less water-intensive 
vegetation. 

Reduces demand for outdoor 
irrigation water use, which 
will benefit the customer with 
a lower water bill, and benefit 
the utility by reducing long-
term water demand. 

Water 
Restrictions 

Prohibition of 
Wasting Water 

Enforceable rules that 
prohibit wasting of water 
(i.e. irrigation water 
running in curb).  Can be 
permanent or seasonal or 
drought-enacted.  

Punishes wasteful water use.  
Can encourage responsible 
water use for others in 
community, especially if 
stakeholder buy-in has been 
obtained. 

Tech. 
Improvement 

Shower, 
Aerator, & 
Toilet Retrofit 

A program where toilets 
and plumbing fixtures are 
updated to more efficient 
models. 

Can benefit customer with 
lower water bills, and benefit 
utility by reducing long-term 
water demand. 

 
Table 7-1: Some Best Management Practices for Water Conservation from the Water 

Conservation Implementation Task Force (TWDB 2004, 13, 19, 25, 28, 48, 54) 

 



 69 

Regarding water conservation, the 2007 State Water plan states, “The Legislature 

should review the Water Conservation Implementation Task Force recommendations and 

implement those that will result in optimal levels of water-use efficiency and water 

conservation for the State of Texas.” In fact, water conservation measures accounts for 2 

million acre-feet of reduced water demand, of which over 600,000 acre-feet (around 30 

percent) is expected to come from municipal water demand.  To this end, the Texas 

Water Development Board and the Texas State Soil and Conservation Board issued the 

following high-level recommendations for encouraging water conservation for 

municipalities in the State: 

 Provide funds to municipalities that implement innovative water management 
strategies, including water reuse. 

 Provide funds for conservation plan development for smaller communities that 
would not otherwise have the wherewithal to do so. 

 Consider funding a larger staff at the TWDB to further study issues related to 
municipal water use in Texas. 

 Create and fund a statewide public awareness program for water conservation, 
similar to the Major Rivers and Water IQ: Know Your Water campaigns 
(TWDB/TSSCB 2006, 2-5). 

Water conservation strategies may be the most cost-effective way to bridge the gap 

between water supply and water demand.  For Region L in the 2007 State Water Plan, 

approximately 72,500 acre-feet of the 730,000 acre-feet of new annual water supply, or 

about 10 percent, is expected to come from conservation measures, with little or no 

capital cost attached (TWDB/TSSCB 2006, 12). 

In past studies, some of the BMP’s have proven to be more effective in promoting 

water conservation than others.  A study by David Bell and Ronald Griffin of Texas 

A&M University examined different types of pricing strategies instituted by utilities to 
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determine their impacts on water demand.  They found that, for residential customers, 

only a strategy of residential block rate pricing (that is, where each successive “block” of 

water is more expensive than the preceding “block”) produced a statistically significant 

negative demand response.  For commercial customers, they also found that raising the 

fixed charges on their bills (that is, the parts of the bill not related to water usage) 

produced a negative demand response, though the particular reasoning for this was 

unclear (Griffin/Bell 2008). 

Another study concerning the efficacy of water conservation strategies was 

conducted in the city of Aurora, Colorado, where residential water customers make up 

between 70 and 80 percent of the customer base.  In 2002, Aurora experienced a severe 

drought, which, when coupled with a growing customer base, led to severe water 

shortages.  Faced with a crisis, the Aurora took a “kitchen sink” approach, trying several 

different strategies at once to reduce demand for water as quickly as possible.  The sum 

of their efforts resulted in a 26 percent drop in water demand city-wide.  When the dust 

settled, a statistically-based study was carried out to determine what factors influenced 

water usage rates, if these factors were within the control of Aurora policymakers, and 

which of their water conservation strategies were most effective (Kenney et al 2007, 2-3). 

The factors within Aurora’s control, which included price structures, water 

restrictions, public education, and technological improvements (incidentally, roughly the 

categories of BMP’s listed above), had varying effects on water demand.  The graduated 

block price structures adopted by Aurora showed an average price elasticity of demand of 

about -0.6 (that is, a price increase of 10 percent resulted in a demand drop of 6 percent).  

Not surprisingly, this effect was amplified more with high-volume users than low volume 

users.  Water restrictions, when isolated from other concurrent factors, were found to 

reduce demand by 12 percent.  Mandatory water restrictions were found to be much more 
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effective than voluntary water restrictions, reducing water demand by as much as 30 

percent.  The combination of water restrictions and price increases was not additive – the 

water restrictions were found to reduce the marginal effectiveness of price increases in 

reducing water demand.  Public education and awareness programs were shown to have a 

moderate benefit in reducing water use in the short term, but their long-term effects were 

uncertain.  Technological solutions, such as retrofitting plumbing and replacing toilets, 

were found to reduce water use by about 10% per installation on a site-by-site basis 

(Kenney et al 2007, 19-24). 

Up to this point, the best management practices for water conservation have in 

this paper have focused on ways water utilities can influence their customers’ water use 

behavior through pricing schemes, enforceable use restrictions, education, and by more 

efficient technology.  As useful as they may be toward that end, they do little to influence 

what may be the most significant driver for water demand, and something that water 

utilities can have little control over.  That driver is land use.  

As cities grow in less dense, sprawling patterns, it can increase per capita and 

absolute water demand and have adverse impacts on water supply volumes.  Increasing 

suburban sprawl in the United States has led to a rapid loss of farmland and open space, 

converting these areas to development-intensive land uses with greater proportions of 

impervious cover (that is, land where water runoff is prevented from percolating into the 

ground).  Sprawl and the increase in impervious cover that accompanies it has been 

known to contribute to pollution by removal of natural filtering mechanisms such as 

wetlands, and increased per capita water use.  It also can diminish water supplies (and 

particularly groundwater supplies) by reducing the surface area of land that can absorb 

rainfall and runoff, and therefore reducing recharge into aquifers.  A joint study by 

American Rivers, the Natural Resource Defense Council and Smart Growth America  



 72 

examined how increase in the “range of imperviousness” in 20 rapidly growing 

metropolitan areas could affect infiltration of runoff into their local aquifers.  The study 

found that many of these cities experienced significant reductions in their groundwater 

supplies due to additional impervious cover preventing water infiltration.  The worst 

example was the Atlanta, GA metropolitan area, where it was estimated that between 57 

billion and 133 billion gallons (175,000 to 408,000 acre feet) of annual groundwater 

supply was lost to impervious cover.  Other cities such as Dallas, Texas experienced 

lesser (but still significant) estimated losses to their groundwater supplies (Otto et al 

2007).   

To reverse these trends, the study suggested a shift in how these cities approach 

development.  Because land use and water supply and demand are linked, it follows that 

wiser land use regulation will lead to wiser water use.  Some of the joint study’s 

recommendations included allocating more resources to identify and protect open space, 

passing stronger land use regulations that incentivizes smart growth and influences 

development to designated areas, integrating water supply planning into the planning 

processes for other infrastructure (i.e. roads), encouraging more compact development 

with mixed uses, and managing stormwater using natural systems, which slows 

stormwater flows and increases infiltration rates (Otto et al 2007). 

The critical element in land use affecting per capita water demand is population 

density, and a city where increasing population density has probably contributed to a 

long-term decline in per capita water demand is Austin, Texas.  In a presentation to the 

Austin City Council about modeling peak water demand, Councilman Bill Spelman noted 

that, since 1966, there is a consistent downward trend in the per capita daily peak time, 

from around 400 GPD around 1970 to around 250 GPD in 2008.  The long-term decline 

averages about 2.5 GPD/year.  Though better water conservation practices have certainly 



 73 

played a role, Spelman attributed this decline to an increase in population density, citing 

an EPA study that showed that per capita water use decreases with urban density.  In 

Austin in particular, the percentage of the population living in apartments or condos has 

steadily increased from 22 percent in 1980 to 29 percent in 2007, and despite the 

sprawled growth on Austin’s fringes, the city now has more dwelling units per acre 

(Spelman 2009).  Therefore, as Austin’s population density has increased, its per capita 

water use has decreased, and it follows that increasing the population density of a city 

and discouraging sprawl can benefit water supply planners by reducing water demand. 

 

SAN ANTONIO: AN EXEMPLAR IN WATER CONSERVATION 

As chronicled in Chapter 4, the demand management efforts of SAWS and the 

citizens of San Antonio over the last twenty years have resulted in successfully meeting 

conservation and per-capita usage targets years ahead of schedule.  Since the 1980’s, 

when a combination of drought and excessive usage brought the Edwards Aquifer to 

historic lows, San Antonio has become an exemplary example for large cities as an 

innovator in water conservation.  A recent report on water conservation in Texas 

described San Antonio as follows: 

San Antonio has set the bar for effective and diverse water efficiency programs in 
Texas and across the country. The city’s per capita goal is strong and it has many 
efficiency programs, such as a strong toilet replacement program. While the water 
pricing structure could be more strongly tiered, San Antonio’s rate structure is the 
only one in our survey that creates a dedicated source of funding for its 
conservation programs (McCormick et al, 2010). 
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In the 1998 Plan, SAWS set targets for per capita usage of 140 GPD by 2007 and 

132 GPD by 2030 (SAWS 1998, 71).  The city met the 2030 usage goal by 2003, and 

maintained a per capita usage between 115 GPD and 139 GPD since.  Figure 7-1 shows 

the long-term decline in per capita water usage in San Antonio to its present levels. 

 

 

Figure 7-1: Per Capita Water Usage in San Antonio 1980-2008 (SAWS 2009) 

  

 When compared to other large Texas cities, San Antonio’s success in conserving 

water becomes even more apparent.  In 2004, the Water Conservation Implementation 

Task Force recommended that all Texas cities should reduce per capita water demand by 

1 percent per year, until a rate of 140 GPD is obtained.  Of the six largest cities in Texas, 

only Houston, San Antonio and El Paso have achieved this goal, and San Antonio was 

the only city of the six to have its continuing conservation benchmarks rated as “Strong” 

in the recent Drop by Drop report by the National Wildlife Federation and the Sierra 

Club.  The report cited the San Antonio’s many conservation strategies and long term 

goal to reduce water use to a climate dependent 106/116/126 GPD as reasoning for this 
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rating.  Figure 7-2 shows the current and future per capita water usage rates for San 

Antonio as compared with other large cities in Texas (McCormick et al 2010). 

 

 

Figure 7-2: Per Capita Water Use in Large Texas Cities (McCormick et al, 2010) 

 

San Antonio has achieved this success in demand management by utilizing a wide 

variety of water conservation strategies.  SAWS employs a block-pricing scheme for its 

customers, where water becomes more expensive as more is used.  SAWS water bills 

consist of a monthly connection charge that depends on the size of the connection, and 

water usage rate that varies based on the block of water being used, the season of the 

year, and whether or not the customer lives in city limits.  Base water rates begin at about 

9 to 12 cents per hundred gallons, and can escalate as high as 33 to 55 cents per hundred 
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gallons for high volume users (SAWS Feb. 2010).  Some of the benefits of this rate 

structure are that it keeps water inexpensive so long as it is conserved, merging social 

justice concerns with conservation goals.  Susan Butler mentioned affordability as a 

serious consideration in a city where a large percentage of the population is low-to-

moderate income (Butler 2010).  Table 7-2 shows the SAWS water rate structure. 

 

Table 7-2: SAWS Residential Water Rates (SAWS Feb. 2010) 

 

For commercial customers, which account for 10 percent of the customer base 

and 40 percent of the water use in San Antonio, SAWS has also adopted a block pricing 

structure.  Up to a “base” usage, which is defined as 90% of a customer’s annual 

consumption, the water rate is about 11 cents per 100 gallons.  Above this “base” amount, 

the water rates rise in percentage blocks, up to about 32 cents per gallon for water in 

excess of 200% of the base annual usage (SAWS Feb 2010).   

In addition to its block rate structure, San Antonio also has water use restriction 

regime that targets outdoor irrigation and washing activities and water waste.  In non-

drought periods, San Antonio prohibits water waste at all times, and does not allow 

irrigation between 10:00 AM and 8:00 PM.  During a drought, water restrictions are tied 

to the water level in the Edwards Aquifer as measured in Bexar County.  When the 

Step in gallons Standard Seasonal Standard Seasonal
First 7,481 $0.0906 $0.0906 $0.1176 $0.1176
Next 5,236 $0.1309 $0.1423 $0.1702 $0.1850
Next 4,488 $0.2058 $0.2217 $0.2674 $0.2882
Over 17,205 $0.3288 $0.4246 $0.4274 $0.5519

Note: Seasonal Rates between 1 July and 31 October of each year

 INSIDE CITY LIMITS
RATE PER 100 GALLONS

OUTSIDE CITY LIMITS
RATE PER 100 GALLONS 
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Aquifer drops below 660 feet above mean sea level (MSL), Stage 1 restrictions are 

triggered, which prohibit washing of impervious cover and institute an outdoor watering 

schedule.  Stage 2 and Stage 3 restrictions, which put further restrictions on outdoor 

irrigation, come into effect when the water level drops below 650 feet MSL and 640 feet 

MSL, respectively.  Stage 4 restrictions, which add a surcharge to water bills and can ban 

most landscape irrigation, are enacted during severe droughts, when the Edwards Aquifer 

drops below 630 feet MSL (SAWS March 2010).  The SAWS outdoor watering 

restrictions have helped to effect a 30% drop in landscape watering in the city since the 

year 2000.  The Drop by Drop report rated the SAWS program as “Moderate”, making it 

one of the better programs in the state.  The only “Strong” program in the state, El Paso, 

has a year-round weekly watering schedule (McCormick et al, 2010, 11-12). 

SAWS boasts an extensive water conservation education program that 

communicates through multiple channels.  Water bills contain tips about how to conserve 

water, and compare the customer’s water usage with average water usage rates in the city.  

The conservation staff regularly reaches out to landscape professionals and the general 

public about water-efficient gardening, drought-resistant vegetation, and best practices, 

and also runs a school education program.  SAWS offers water audits to its residential, 

commercial, and industrial customers to identify water losses and water savings 

opportunities (McCormick et al 2010). 

SAWS also has retrofit and rebate programs to encourage residential and 

industrial customers to make technological upgrades that increase water efficiency.  Its 

“Kick the Can” program, which offers to rebate the price of high-efficiency toilet 

upgrades to customers with older, high-volume units, replaces 20 to 25 thousand per year, 

more than any other city in the state.  Each fixture can save as much as 12,000 gallons of 

water use per year.  For residential customers, SAWS offers rebates to help offset the cost 



 78 

of high-efficiency washing machines and other household fixtures.  Its “Plumbers to 

People” program hires plumbers to repair leaks for low-income homeowners, and there is 

a rebate for homeowners who make landscape improvements that are shown to save 

water.  For commercial and industrial customers, SAWS offers water-saving toilet 

rebates, and rebates for large-scale water-efficiency improvements (McCormick et al 

2010). 

As a whole, the SAWS water conservation programs have a budget of $5.5 

million annually for a customer base of about 350,000 connections, second only to Austin 

in dollars spent per connection in Texas. This budget is financed out of revenue from 

water sales.  The upshot of this investment is that it has resulted in real reductions in 

water demand, creating a virtual water supply at a reasonable cost.  It is estimated that 

San Antonio has spent approximately $250 per acre-foot for water saved through its 

conservation efforts, which is much less than the unit cost of developing new water 

supplies (McCormick et al 2010). 

In the aftermath of the Sierra Club case, San Antonio and SAWS embraced water 

conservation as a community value, and as a result, the city has implemented a broader 

range of best management practices for water conservation than any city in Texas, and 

most other cities in the country.  Continuing with these programs will most likely result 

in further reductions in per capita demand as San Antonio; however, there remains a great 

opportunity to reduce the demand that growth will produce in the long-term by linking 

water demand to land use.  As stated before, land use is the biggest driver of water 

demand, and like many cities that experienced rapid growth in the post World-War II era, 

San Antonio exhibits a sprawling pattern, with more and more land consumed at the 

fringes.  Figure 7-3 shows the growth of San Antonio’s city boundaries by decade 

(Gutierrez 2008). 
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Figure 7-3: San Antonio Annexation Growth by Decade (Gutierrez 2008) 
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The converse of sprawl putting an upward pressure on water demand is that 

policies that increase density will help to reduce water demand on a per capita basis.  

This was demonstrated in Austin, where an increasing percentage of residents living in 

multi-family housing helped to decrease the per capita demand for water.  At this point, 

there does not appear to be any significant link between land use planning in San Antonio 

and SAWS.  Therefore, as San Antonio considers changes to their comprehensive plan, 

neighborhood plans, and land use regulation framework, the city should consider 

adopting some of the recommendations made earlier in this chapter to promote less 

water-intensive land use patterns, including protection of open space, stronger land use 

regulations that factor in water supply requirements, incentivizing smart growth, and 

encouraging compact development, and stormwater standards that favor vegetation 

buffers over structural systems.  Pairing water supply planning with land use 

management represents the largest unexplored opportunity for San Antonio in its 

otherwise excellent water conservation efforts. 

The water savings reaped from the SAWS water conservation program can be 

calculated by multiplying the drop in per capita daily demand by the customer population 

over the course of a year.  Starting with the 1998 per capita water demand of 150 GPD, 

current water demand can be approximated by averaging the wet-year low of 2007 (115 

GPD) and the dry-year low of 2008 (139 GPD), resulting in a current average water 

demand of 127 GPD.  Table 7-3 shows the system-wide demand reduction that has been 

realized through water conservation in the SAWS service area. 
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Table 7-3: Water Demand Reduction in San Antonio, 1998-2009 

 

For their efforts and investments in water conservation over the last decade, San Antonio 

has reduced demand 34,000 acre-feet per year, which also reduces their need for water 

supply accordingly. 

 

THE FUTURE OF WATER DEMAND MANAGEMENT IN SAN ANTONIO 

Looking forward, as mentioned in Chapter 4, San Antonio has set long term per 

capita water usage goals of 106 GPD, 116 GPD, and 126 GPD for wet years, normal 

years, and dry years, respectively, that it expects to be able achieve through its water 

conservation program by 2016.  Assuming that these levels are achieved and maintained 

into the foreseeable future, the water savings per capita over the current level of about 

127 GPD would be 11 GPD on average.  The resulting projected water savings are shown 

in Table 7-4. 

 

Table 7-4: Projected Water Demand Reduction for San Antonio, 2016-2060 

2016 2020 2030 2040 2050 2060
Projected SAWS Service 
Area Population 1,420,000 1,487,000 1,653,000 1,819,000 1,985,000 2,155,800
2007/2008 Avg Per Capita 
Demand (127 GPD) 202,000 212,000 235,000 259,000 282,000 307,000
2016 Projected Avg Per 
Capita Demand (116 GPD) 185,000 193,000 215,000 236,000 258,000 280,000
Water Demand Savings 
(Acre-feet/year) 17,000 19,000 20,000 23,000 24,000 27,000

Per Capita Water Use 
Scenario

Water Use in Acre-Feet Per Year

Per Capita Water Use Scenario Per Capita Water 
Use (GPD)

2009 
Population

Annual Water 
Demand (AF)

1998 Per Capita Demand 150 1,320,000 222,000
2007/2008 Avg Per Capita Demand 127 1,320,000 188,000
Water Demand Savings 23 34,000
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By this reckoning, San Antonio will reduce its water demand by 17,000 acre-feet 

a year if it reaches its long-term conservation goals in 2016, and these savings will 

gradually grow with the population, to 27,000 acre-feet per year by 2060.  Also worth 

noting is the fact that the demand reductions will delay the need to attain a given volume 

of water supply by about a decade; where 259,000 acre-feet of water supply was 

originally projected to be needed in 2040, a similar level (258,000 acre-feet) is now 

projected to be needed in 2050.  By blunting water demand increases due to growth in the 

short term and delaying the need for new water supplies in the long term, the demand 

reductions achieved through the SAWS water conservation programs will benefit the 

citizens of San Antonio though lower water bills and a more secure and sustainable water 

supply. 

For the purpose of this evaluation, the water demand reductions described above 

are counted as a supply of 17,000 acre-feet available in 2016, achieved at the quoted cost 

of $250 per acre-foot.  Please note that, with respect to SAWS’s calculation of water 

supply deficits for 2014, 2035 and 2060, achieving the long-term per capita usage goals is 

assumed and factored in, so rather than helping to close the gap on those deficits, the 

demand management program should be seen as preventing those projected deficits from 

growing larger.  The evaluation of water conservation and demand management as a 

water supply alternative for San Antonio is summarized in Table 7-5: 
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Scoring Criterion Calculated Score Notes 

Expected water 
supply yield or 
demand savings 

17,000 AF 
Score = 17 

These water savings are based on a 
comparison to the 2007/2008 
average per capita demand of 127 
GPD.  If the 1998 per capita demand 
of 150 GPD were used, the score 
would be much higher. 

Expected available 
date for water 
supply 

Available 2016 
2035-2016 = 19 
Score = 19 

Expect to reach long term per capita 
usage goals by 2016, then maintain 
them into the foreseeable future. 

Cost of Water 
Supply 
Development 

Cost per acre/foot of demand 
savings for water conservation 
program= $250/AF 
Score = 39.5 ~ 39 

Cost per acre-foot based on 
statement in the Drop by Drop 
report.  Regardless, cost of 
conservation will be much lower 
than cost of developing new 
supplies. 

Environmental 
Impact 

Water conservation will reduce 
pumpage needs from Edwards 
Aquifer, and reduce need for 
infrastructure development. 
Score = 10 

No potential negative impacts for 
water conservation – everyone wins. 

Total 85  

Table 7-5: Evaluation of Demand Management as a Future Water Supply Alternative 
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Chapter 8: Conclusions and Recommendations 

The final chapter starts with a comparative analysis of the three short-to-mid 

range water supply options described in Chapters 5 through 7, then summarizes the 

conclusions and recommendations of the report, before ending with a coda encouraging a 

continued attitude of ownership for all stakeholders. 

 

ANALYSIS OF WATER SUPPLY OPTIONS 

As explained in Chapter 4, three short-to-mid term water supply alternatives are 

evaluated in this report: water reclamation, brackish groundwater desalination, and 

demand management.  The comparison can also be thought of as pitting water supply 

capital development (in this case, brackish groundwater desalination) against demand 

management as two different ways of balancing the water supply/demand equation from 

opposing ends.  The third option, water reclamation, fits into both categories due to the 

capital expense associated with its development and the fact that it “recycles” water that 

would not otherwise be put to use by the a utility.  Therefore, the results of the 

comparison should deliver a useful answer to the question posed in the Introduction to 

this paper: “How can San Antonio most effectively expand and augment its water supply 

for the next 50 years?” The evaluation will review the scores of the three options in 

expected water supply yield, the availability date for that supply, the cost to develop the 

supply, and the environmental impact of the supply, then compare the respective 

cumulative scores of the alternatives, prioritizing them from most to least effective. 

Before the discussion of the alternatives, some limitations of the scoring system 

must be pointed out.  First, the schedule and budget of large capital projects can often be 

a moving target.  The capital installed cost of any infrastructure project is subject to 
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fluctuations in the commodities and labor markets, difficultites with site conditions, or 

changes in project scope.  By the same token, the schedule of such a project is often 

subject to uncertainties in permitting processes, changes in political climate, and the local 

economy. Also, projections of water supply yield are subject to fluctuations in climate, 

uncertainties in the extent of the resource, and the scope of that the entity decides to 

implement.  Therefore, though the projected costs, implementation schedules and water 

supply yields used to evaluate these alternatives represent the best available values in 

2010, they represent projections, and are subject to future change.  Past experience and 

variances between water plans at different points in time suggests that cost and expected 

yield of a water supply can vary by up to 50% under most circumstances.  

An example of the inherent uncertainties related to water supply projections 

comes from the now-defunct LCRA-SAWS project mentioned in Chapter 4.  When 

initially proposed, the expected yield for the project was 330,000 acre-feet per year at a 

cost of $800 million.  After several years of study, the consultants determined that the 

expected yield was closer to 90,000 acre-feet per year, and the cost of implementation 

exceeded $2 Billion.  In this case, after further study, the expected yield dropped by over 

70 percent, while the cost increased by over 200 percent. 

The comparative scores for the three water supply alternatives (including the two 

scenarios for water reclamation) with respect to their water yield are summarized in 

Table 8-1. 
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Measure 

Water 
Reclamation 

(Existing 
Uncontracted) 

Water 
Reclamation 

(Add’l 
Capacity) 

Brackish 
Water 

Desalination 

Demand 
Management 

Water Supply Yield 
(acre-feet) 13,000 36,000 11,800 17,000 

Water Supply Yield 
Score 13 36 12 17 

Table 8-1: Comparison of Water Supply Alternatives: Yield 

 

The first conclusion to draw from these numbers is that the alternative with the 

highest potential yield of water would be water reclamation, with 13,000 annual acre-feet 

of water available today, and another 36,000 annual acre-feet of water available for 

development when the need arises.  However, due to the limitation of reclaimed water to 

nonpotable uses such as irrigation and industrial cooling, the market for this water is 

limited.  With 13,000 acre-feet of available reclaimed water not yet under contract, 

SAWS has indicated that they have no immediate plans to expand beyond the current 

capacity of their system.  As it endeavors to market reclaimed water, SAWS could 

consider selling it to residential customers, an as-yet untapped market that other cities 

have targeted with their programs.  Otherwise, the program will most likely end up 

growing with the city.   

The potential yield of brackish water desalination for San Antonio was estimated 

at anywhere between 5,600 acre-feet and 22,000 acre-feet per year, with 11,800 acre-feet 

as the settled-on initial capacity of the plant.  This supply alternative carries political and 

environmental constraints associated with brine that could ultimately limit its potential 

yield.  The 17,000 acre-feet per year that can be realized through demand management 

are additive to the 34,000 acre-feet per year SAWS has saved since 1998 through its 

conservation programs.  After 2016, the projected average demand savings will grow in 
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proportion to San Antonio’s population.  The “supply” gained through water conservation 

requires no infrastructure, but could be constrained by the success that San Antonio has 

already achieved - reducing usage rates further than they already have been will almost 

certainly be more difficult in the future.  That said, as Susan Butler put it, “We can 

always do more.” 

The scores for the water supply alternatives based on the date that the water will 

be available for delivery are summarized in Table 8-2. 

 

Measure 

Water 
Reclamation 

(Existing 
Uncontracted) 

Water 
Reclamation 

(Add’l 
Capacity) 

Brackish 
Water 

Desalination 

Demand 
Management 

Year that Water 
Supply will be 
Available 

2010 2035 2014 2016 

Availability Score 25 0 21 19 

Table 8-2: Comparison of Water Supply Alternatives: Availability 

 

Of the potential water supply options looked at, only the uncontracted capacity 

from the water reclamation system is available today.  The timeframe for development of 

the next phase of water reclamation is uncertain and dependent on additional demand 

materializing in the future, which is reflected in the projected date of 2035 and the score 

of zero.  Construction and acquisition of water rights is already underway for the SAWS 

brackish water desalination project, putting it on track to begin service in 2014, in time to 

contribute to the projected supply-demand gap of 37,000 acre-feet that SAWS projects 

for that year.  Demand management has steadily delivered water savings to San Antonio 

for every year of the program, and is projected to continue to deliver incremental 
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improvements in water usage efficiency up until the long-term per capita usage targets 

are met in 2016. 

The scores for the water supply alternatives based on their respective cost-per-

acre-foot of development are summarized in Table 8-3. 

 

Measure 

Water 
Reclamation 

(Existing 
Uncontracted) 

Water 
Reclamation 

(Add’l 
Capacity) 

Brackish 
Water 

Desalination 

Demand 
Management 

Cost of Development 
per Acre-foot $0 $4,300 $12,700 $250 

Development Cost 
Score 40 31 15 39 

Table 8-3: Comparison of Water Supply Alternatives: Cost of Development 

 

The respective costs per acre-foot for each option show a significant disparity 

between demand management and the options that require capital investments.  Part of 

this is common sense: it is cheaper to conserve water you already own than to develop a 

water supply that does not yet exist.  The costs of finding customers for the uncommitted 

reclaimed water or of continued implementation of the water conservation programs are 

far cheaper to SAWS than investing in new facilities for additional reclaimed water or 

brackish water desalination.  The high cost of brackish water desalination stems from the 

energy-intensiveness of the desalination process and the difficulties of disposing of the 

brine, and at more than $12,000 per acre-foot of water supply yield, is representative of 

the relative cost of developing a new water supply.  

The scores for water supply alternatives based on their potential positive or 

negative environmental impacts are summarized in Table 8-4. 
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Measure 

Water 
Reclamation 

(Existing 
Uncontracted) 

Water 
Reclamation 

(Add’l 
Capacity) 

Brackish 
Water 

Desalination 

Demand 
Management 

Environmental 
Impacts Positive Positive Negative Most Positive 

Environmental 
Impacts Score 8 8 -8 10 

Table 8-4: Comparison of Water Supply Alternatives: Environmental Impacts 

 

 It is interesting how closely the environmental impact scores echo the 

development cost scores, with the options involving conservation scoring higher than the 

option that exclusively relies on constructed capital assets.  If environmental systems 

function best when left to their natural state, then water conservation represents the best 

of the alternatives for environmental impact – it reduces the need for pumpage from the 

Edwards Aquifer, leaving more water for the springs (and the endangered species that 

depend on them), and also reduces the need for constructed development of new water 

supplies.  By creating a new supply from wastewater effluent that is suitable for water 

intensive activities such as outdoor irrigation and industrial cooling, water reclamation 

functions as a conservation measure, also reducing the need for pumpage from the 

Aquifer.  It is scored slightly less than demand management due to the need for 

developed facilities and infrastructure to deliver it – otherwise, it is an excellent 

alternative from an ecological standpoint.  Brackish water desalination was scored 

negatively on environmental impacts for the same reasons that led to its high cost of 

development – it requires a large amount of energy to run the desalination process, and it 

generates a high volume of toxic brine (as much as 50% of intake volume), which will 

most likely carry a higher salinity and dissolved solids concentration than the aquifer it 
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will be injected into.  Though most other water supply development alternatives will not 

be quite as impactful (seawater desalination actually has the same issues in higher 

degrees), they will all be more impactful than the alternatives with water conservation 

components. 

 When the scores from the four evaluation criteria for the water supply options are 

summed up and compared, the advantages of reclaimed water and demand management 

in lower development costs and more positive environmental impact are made clear. 

Table 8-5 and Figure 8-1 show the comparison between the water supply alternatives 

when the scores for all criteria are summed together. 

 

Table 8-5: Comparison of Water Supply Alternatives: All Factors 

 

Water Supply Alternative Yield 
Score

Availability 
Score

Development 
Cost Score

Environmental 
Impact Score

Total 
Score

Water Reclamation 
(Existing Uncontracted) 13 25 40 8 86
Water Reclamation (Add'l 
Capacity) 36 0 31 8 75
Brackish GW Desalination 12 21 15 -8 40
Demand Management 17 19 39 10 85
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Figure 8-1: Comparison of Water Supply Alternatives: All Factors 

 

Based on this evaluation, the highest scoring alternatives would be for SAWS to 

find customers for the remaining uncontracted 13,000 acre-feet of existing water 

reclamation capacity, and to continue to invest in its conservation programs until it meets 

its long-term per capita usage goals of 106 GPD/116 GPD/126 GPD, which will save 

approximately 17,000 acre-feet of water supply per year.  These two options represent the 

low-hanging fruit for San Antonio as it seeks to extend and augment its current water 

supply.   
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The next best-scoring option is to expand the SAWS Recycled Water program to 

about double its current capacity with an additional 36,000 acre-feet.  This would require 

that the customer base water volume for reclaimed water be expanded from its current 

level of 22,000 acre-feet per year to well beyond 35,000 acre-feet per year, so that the 

new plant capacity could begin to be put to use.  Because reclaimed water is nonpotable, 

the customer base for it is limited mostly to irrigation and industrial uses, though 

residential landscape irrigation represents an untapped market for this water should 

SAWS choose to pursue it.  The potential of reclaimed water as cheaper water resource 

with fewer restrictions make it attractive to prospective employers such as Toyota, and 

therefore the additional capacity could benefit the city of San Antonio in economic 

development as well as water conservation.  At this time, SAWS has wisely taken a 

“wait-and-see” approach with expanding the capacity of their Recycled Water program, 

and until the initial phase of the program approaches full utilization, there is little need 

for additional development. 

Brackish groundwater desalination scored the lowest of the alternatives 

considered due to its high cost per yield of water supply and its potentially negative 

environmental impacts.  Its evaluation is indicative of how other water supply 

development initiatives that involve large-scale capital development, such as seawater 

desalination and inter-basin water transfers, would score under these criteria.  Such 

options should only be considered after all conservation options have been exhausted.  

That said, with continued population growth (and accompanying economic growth) 

projected for San Antonio into the foreseeable future, new water supplies will need to be 

developed to ensure that the city can meet its water demand reliably, even during a repeat 

of the drought of record.  Due to its close proximity to San Antonio, the future facility’s 

collocation with San Antonio’s Aquifer Storage and Recovery facility, and its potential 
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for future expansion, brackish groundwater desalination is certainly an option to help 

balance the supply/demand equation in the mid-term, provided that an ecologically and 

politically feasible way of brine disposal can be found. 

As described in Chapter 4, San Antonio is exploring other options for water 

supply beyond these three alternatives to meet its future water needs in the short-to-mid 

term, including aquifer storage and recovery, recharge enhancement, and development of 

other nearby groundwater supplies.  Future research could focus on the relative merits 

and costs of these alternatives, as they could benefit SAWS and its customers by delaying 

the need for shockingly expensive ($1 billion plus), energy-intensive and 

environmentally impactful long-term water supply alternatives such as seawater 

desalination or inter-basin water transfers.  The big-ticket projects may become necessary 

at some point, but SAWS can benefit greatly by delaying the need for them for as long as 

possible. 

 

CONCLUSIONS 

In this report, the following key conclusions regard San Antonio water supply 

planning were reached: 

 For most of its water supply needs, San Antonio relies on the Edwards Aquifer, an 

immensely productive groundwater resource that is characterized by rapid 

recharge rates and home to numerous endangered species that depend on its 

spring flows for survival. 

 Where San Antonio once practiced little conservation due to the relative 

abundance of water from the Edwards Aquifer, the droughts of the 1980’s and the 

landmark Sierra Club ruling sparked the city and its citizens to build one of the 

most innovative and successful water conservation programs in the country. 
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 The water-planning framework in San Antonio is driven by policy agents at the 

federal, state, and local levels.  The most influential among these are Endangered 

Species Act restrictions on pumpage from the Aquifer, the Texas State Water Plan 

(and particularly Region L), and a local water planning process with a high degree 

of citizen involvement. 

 When future population growth and the drought of record are taken into account, 

SAWS projects that San Antonio will face water supply deficits of 37,000 acre-

feet per year in 2014, 81,000 acre-feet per year in 2035, and 141,000 acre-feet in 

2060.  To balance the equation, SAWS is studying a wide range of water supply 

alternatives, including short-to-mid term options such as water reclamation, 

brackish water desalination and aquifer storage and recovery, and more expensive 

long-term options such as seawater desalination and inter-basin water transfers. 

 Water reclamation, or the reuse of treated wastewater effluent for nonpotable 

uses, has been a successful and productive supplemental water supply for San 

Antonio, with 22,000 acre-feet of water per year under contract, and another 

13,000 acre-feet of available capacity.   Another 36,000 acre-feet per year of 

reclaimed water supply could be developed, provided that a demand materializes. 

 Desalinating brackish groundwater from the Wilcox Aquifer in southeast Bexar 

County could yield 11,800 acre-feet per year under current development plans, 

but desalination poses challenges associated with energy consumption, high 

development cost and the environmental impacts of brine disposal. 

 Water conservation is the least expensive way to create a water supply through 

demand reduction, and San Antonio has employed a wide variety of best 

management practices successfully in its program, reducing per capita water 

usage from 225 GPD in 1983 to 115 GPD in 2007.  If San Antonio can reach its 
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long-term water usage goals by 2016, then it will save 17,000 acre-feet of water 

per year and more as its population grows. 

 Because land use influences water use more than any other factor, linking land 

use planning with water supply planning represents the greatest unexplored 

opportunity for conservation for San Antonio.  By encouraging more compact 

development and preserving open space, among other practices, San Antonio can 

help preserve its current water supplies and reduce future water demand even 

further.  

 Based on the evaluation in this paper, the most effective ways that San Antonio 

can extend and augment its water supply for the future are to continue its 

investments in water conservation, expand its customer base for recycled water, 

then explore options for developing other future water supplies.   In general, San 

Antonio should first explore all options for conservation, then invest in short-to-

mid term water supply alternatives such as reclaimed water and aquifer storage 

and recovery, then pursue long-term, high cost options such as seawater 

desalination and inter-basin transfers. 
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RECOMMENDATIONS 

Since its establishment in the 1990’s, SAWS has exemplified some of the best 

principles in water planning.  They have incorporated numerous best management 

practices into their water conservation programs with great success in demand reduction, 

have developed innovative water supply options such as reclaimed water and aquifer 

storage and recovery, and continue to explore numerous options for their short-term, mid-

term, and long-term projected water needs.  SAWS has also successfully integrated 

stakeholders from across the socioeconomic spectrum into their water planning process, 

and in so doing, they helped to make water conservation a community value in San 

Antonio.  As stated before, San Antonio uses about the same amount of water as they did 

twenty years ago with 500,000 more residents, which is evidence of an extraordinary 

commitment to conservation on the part of SAWS and its customers.  Therefore, before 

making recommendations, the fruit of their professional labors must be acknowledged.    

Based on the conclusions above, this report makes the following 

recommendations to water supply planners and policymakers for the city of San Antonio. 

 Pursue customers for the remaining 13,000 acre-feet of capacity from the 

Recycled Water program.   

 Consider expanding the customer base for the Recycled Water program to include 

residential customers with outdoor irrigation, and tout it as a potential cost-saving 

amenity in economic development efforts. 

 Practice vigilance with regard to brine disposal at the brackish groundwater 

desalination plant.  If a disposal method that minimizes environmental impacts 

cannot be found, consider pursuing other water supply alternatives. 

 Continue to fully fund all conservation programs, and in particular, target new 

residents and businesses as the city continues to grow. 
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 As San Antonio grows, specifically target both schoolchildren and new residents 

with conservation education, emphasizing the unique hydrogeology and 

biodiversity of the Edwards Aquifer 

 Integrate water planning interests into the land use planning processes for San 

Antonio.  Create links between the SAWS and the San Antonio Planning and 

Development Services department.  In conservation education programs, 

communicate that more compact development will use less water. 

 Continue to integrate San Antonio citizens from across the socioeconomic 

spectrum and the business community into the water planning process, as this will 

ensure that their interests are represented in the process, increase the likelihood of 

their buy-in on controversial policies and encourage them to take ownership of 

their water supply. 

 

THE LAST WORD: TAKING OWNERSHIP 

Anyone who has spent a sunny Texas afternoon floating down the Comal River in 

New Braunfels will testify about the virtues of Edwards Aquifer water – cool, clear, and 

most of the time, abundant.  Like a towering cypress tree with deep roots next to a 

babbling brook, San Antonio has grown and prospered because of its water source.  

Throughout the city’s rich history, the Edwards Aquifer has been the constant, a source of 

life for flora, fauna and human civilization.  Therefore, the water from this special 

resource possesses an intrinsic value that far exceeds its cost to the end user.  

When faced with the once-unthinkable prospect of outgrowing the capacity of the 

Edwards Aquifer and the reality of federally-imposed pumping limits, the citizens and 

policymakers of San Antonio successfully grasped the value of their water supply, and 

acted.  They collaborated to create an exemplary water conservation program that cut per-
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capita water use to half of what it was in the early 1980’s, and to develop water supplies 

to augment the Edwards Aquifer.  They have much to be proud of. 

Looking forward, San Antonio will face continued challenges as it plans for water 

supplies to meet growing demands.  No matter what supply alternatives the citizens of 

San Antonio choose to pursue to meet their water needs, they must continue to allow a 

sense of common ownership of the special resource beneath their feet guide their actions, 

and act in a way that sustains it for future generations.  As Rene Barker put it in his 

interview, “It’s up to humans to behave responsibly.  If they do, the Aquifer will be 

okay.” 
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Glossary 

 

Acre-foot: A measure of water supply that corresponds to one acre covered by one foot of 
water, or 325,851 gallons. 

Acquecia – Small canal dug for the purpose of irrigation. 

Aquifer – An underground layer of water-bearing soil or rock. 

Black Water – Wastewater that contains human waste.  Not fit for on-site reuse. 
 
Brine – Water saturated or strongly impregnated with salt, such as the by-product from 
the desalination process 
 
Grey Water – Wastewater from domestic activities such as laundry, dishwashing and 
bathing that is suitable for on-site reuse 

Impervious Cover – Hard surfaces such as concrete and asphalt that do not allow 
groundwater to infiltrate soil. 

Karst Aquifer  - Aquifer characterized by water flow through large voids and fractures 
and by  

MGD – Million gallons per day 

Price Elasticity – Sensitivity of demand for a commodity to a change in price. 

Transmissivity – A measure of how much water can be horizontally transmitted through 
an aquifer.  In units of area divided by time. 

Water Reclamation – Reuse of treated wastewater effluent for beneficial purposes. 
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