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Program Study and Analysis Services for the Edwards Aquifer  
Protection Program 
October 2018 

Executive Summary 

The City of San Antonio, Texas’ Parks and Recreation Department asked LMI to furnish 
a program study and analysis for the Edwards Aquifer Protection Program (EAPP). LMI 
examined the EAPP, which protects the aquifer through the use of real estate 
approaches—outright purchases “in fee” and purchases of conservation easements—to 
ensure appropriate recharge volume and water quality. We obtained data from the Parks 
and Recreation Department to evaluate the amount of real estate in the program to 
protect Edwards Aquifer recharge. Using a variety of sources, we estimated the 
recharge rate from this real estate and compared it with known and projected 
benchmarks for San Antonio’s water requirements. 

We also examined the potential for water quality issues and estimated the success of 
the EAPP in meeting the future needs of the City of San Antonio. We identified a few 
contaminants of concern in well water samples, none of which were pervasive or 
sources of surface water impairment in either the contributing zone or the recharge area 
for the Edwards Aquifer. Nonetheless, the City of San Antonio should consider changes 
to land-use practices in the contributing and recharge areas of the Edwards Aquifer. 

San Antonio’s EAPP has goals of protecting the quality of the water in the Edwards 
Aquifer and protecting enough land to enable recharge of the aquifer. The recharge 
goals are ultimately to protect all of the water that the city is likely to withdraw to meet its 
water requirements. The EAPP currently protects 152,759 acres, with the capacity to 
recharge about half (56 percent) of what it withdraws from the aquifer. Much of the city’s 
projected increase in future water requirements will be met by new non–Edwards Aquifer 
sources being pursued by the San Antonio Water System. 

LMI analyzed three policy options for the EAPP: 
1. Continuation—assumes that the current funding level of $100 million every 

5 years is reauthorized on an ongoing basis, with no adjustments for inflation. 
2. Reduced funding—assumes that starting in 2020, funding levels are reduced to 

$45 million authorized every 5 years on an ongoing basis. This scenario will 
result in fewer acres conserved and therefore a slower rate of protection of the 
Edwards Aquifer recharge. 

3. Discontinuation—assumes that the program is not reauthorized and spending for 
conservation ceases after 2020. No additional conservation of Edwards Aquifer 
recharge will take place beyond 2020. 
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We then compared the conservation efforts under each option with the goals of 
protecting 100 percent of San Antonio’s projected 2070 withdrawals. 

Table ES-1 presents the estimated amount of recharge protected as a percentage of the 
goals resulting from each funding policy option. In 2030, full funding would protect 
enough land to enable recharge to provide 71 percent of the projected withdrawal 
requirements from the Edwards Aquifer, 65 percent of the projected total Edwards 
Aquifer permitted withdrawal, and 59 percent of the total projected water needs in 2070. 
In 2050, full funding at current levels would protect 80 percent of the Edwards Aquifer 
requirement, 79 percent of the permitted withdrawal, and 72 percent of the city’s total 
water requirements. If funding were to be cut after 2020, when the current Proposition 1 
of 2015 expires, then the EAPP would still protect more than half of the water recharge 
for each of the goals. Increased need due to projected population growth would 
guarantee that discontinuation of funding would provide less than half of the projected 
water required by 2070. 

Table ES-1. Estimated Recharge Protection 

Goal 
Continuation  
($100 million) 

Reduced 
($45 million)  Discontinuation 

In 2030, % achievement of goal: 
Protection of 2070 Edwards demand 71% 63% 55% 
Protection of current permitted 
withdrawal 

65% 57% 50% 

Protection of 2070 total demand 59% 52% 45% 
In 2050, % achievement of goal: 
Protection of 2070 Edwards demand 80% 65% 55% 
Protection of current permitted 
withdrawal 

79% 65% 50% 

Protection of 2070 total demand 72% 59% 45% 
 

An ongoing policy of current funding continuation or a reduced funding level (half 
funding) would achieve the goals of 100 percent recharge of 2070 Edwards Aquifer 
withdrawals projections under normal rainfall conditions. In fact, the policy options of 
continuation and reduced funding will meet Edwards Aquifer replenishment goals by 
2020 and continue to meet those goals if the respective funding continues. Cessation of 
funding after 2020 will ensure that the demands on the Edwards Aquifer are not met 
solely through recharge starting in 2025. 

Under drought conditions, the level of protection is lower because aquifer recharge rates 
fall. None of the funding scenarios will ensure recharge rates sufficient to meet 
withdrawal requirements from the Edwards Aquifer during dry years. 

An additional benefit of the EAPP is the protection of water quality in the recharge and 
contributing zones of the Edwards Aquifer. Ongoing funding of the program to obtain 
conservation easements or possession in fee of land in these zones will reduce the risk 
of water contamination issues, in addition to reducing the potential of water shortages. 
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Chapter 1  
Introduction 

Historically, the Edwards Aquifer has supplied most of the water for the City of San 
Antonio and Bexar County, Texas. The Edwards Aquifer Protection Program (EAPP) 
was established to protect the quality of the water that recharges the Edwards Aquifer 
and to maintain enough permeable surface in the recharge zone to allow for adequate 
volume of recharge. 

Development in recharge areas has the potential to affect surface and groundwater 
quality. Direct affects such as septic leachate to surface and groundwater can cause 
nitrate nitrogen contamination. Likewise, development that encourages lawns, confined 
animal feeding operations, or intensive agricultural uses has the potential to increase the 
amount of nitrate nitrogen in surface and groundwater. Indirect affects should also be 
considered. Clearing of land, disturbing land without a buffer strip adjacent to surface 
water, and development of land all increase erosion and allow entrainment of 
contaminants associated with the dissolved solids to enter streams, rivers, and 
eventually groundwater. 

The Edwards Aquifer is highly vulnerable because of its unique karst geology and fast-
moving hydrology.1 Caves, sinkholes, faults, and fractures dot the landscape of the 
recharge zone. In this zone, water not only percolates downward to the aquifer but also 
plunges underground, where it encounters limestone rock that has been eroded over 
time to create large underground channels for the water to flow. Water in the Edwards 
Aquifer moves at a rate of thousands of feet per day, compared with velocities of a few 
feet per year in most aquifers.2 The large size of the spring outlets enables rapid water 
movement and does not provide the safeguards that often protect typical aquifers (e.g., 
filtration, absorption, and slow water flow) from contamination.3 

Development in the recharge zone and upstream in the contributing zone such as 
housing subdivisions, shopping centers, office buildings, highways, golf courses, sewer 
lines, wastewater treatment plants, heavy or light industries, and rock quarries create 
increased risk of contamination of the Edwards Aquifer. The importance of protecting the 
quality of the aquifer’s water was recognized legally in 1970, when the Texas Water 
Quality Board issued the first regulations for the protection of the aquifer recharge and 
buffer zones.4 The City of San Antonio, recognizing the value of the Edwards Aquifer as 
vital to the livelihood of a growing population and an expanding economy, decided the 

                                                 
1 Greater Edwards Aquifer Alliance, “Aquifer at Risk,” https://aquiferalliance.org/aquifer-at-risk/. 
2 Ian Jones, Groundwater Availability Modeling: Northern Segment of the Edwards Aquifer, Texas. Texas Water Development Board 
Report 358, December 2003, available at http://www.twdb.texas.gov/publications/reports/numbered_reports/doc/R358 
/Report%20358%20Northern%20Edwards.pdf. 
3 Greater Edwards Aquifer Alliance, “Aquifer at Risk,” https://aquiferalliance.org/aquifer-at-risk/. 
4 Texas Commission on Environmental Quality (TCEQ), “Regulatory History of the Edwards Aquifer,” https://www.tceq.texas.gov/ 
permitting/eapp/history.html. 

https://aquiferalliance.org/aquifer-at-risk/
http://www.twdb.texas.gov/publications/reports/numbered_reports/doc/R358/Report%20358%20Northern%20Edwards.pdf
http://www.twdb.texas.gov/publications/reports/numbered_reports/doc/R358/Report%20358%20Northern%20Edwards.pdf
https://aquiferalliance.org/aquifer-at-risk/
https://www.tceq.texas.gov/permitting/eapp/history.html
https://www.tceq.texas.gov/permitting/eapp/history.html
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best way to protect the aquifer was to conserve the sensitive and irreplaceable land 
located over its recharge and contributing zones.5 Hence, the EAPP was created. 

The EAPP’s approach to protecting the recharge of water to the Edwards Aquifer plays a 
critical role in not only protecting water quantity but also in protecting water quality. The 
EAPP purchases land and obtains conservation easements on lands in the recharge and 
contributing zones of the Edwards Aquifer. By obtaining development rights and limiting 
the activities, development, and land-use practices that occur on lands obtained or 
controlled by the EAPP, the risk of contamination is minimized. There are further 
protections; the TCEQ also has an EAPP that regulates activities that might pollute the 
Edwards Aquifer and permits the development of protection plans, maps, rules, and 
delivery of technical guidance.6 

Purpose of This Study 
In 2013, at the request of the City of San Antonio’s Office of EastPoint & Real Estate, 
LMI analyzed the EAPP and its use of real estate approaches to ensure recharge 
volume and quality. LMI examined the program and predicted its future applicability at 
various funding rates and compared the approach with those used by other 
municipalities. The City of San Antonio again asked LMI to examine the viability of its 
ongoing program for the protection of the Edwards Aquifer. In this second study, LMI 
examined the program after reauthorization of the primary funding mechanism and 
looked at the potential success of the program under different future funding levels as 
well as under different rainfall regimes. We worked closely with City of San Antonio staff 
members to acquire the data needed to assess the program. 

Overview of the EAPP 
Formally initiated in 2000, the EAPP has been funded through a 0.125 percent sales tax 
authorized by voter-approved propositions. Proposition 3, passed in 2000 with 
55 percent voter support, authorized up to $45 million in funds to preserve 
environmentally sensitive properties in Bexar County. Proposition 1 was passed in 2005, 
and voters have continued to approve subsequent propositions, the last being approved 
in 2015. This document considers the protection program as a unified approach and 
does not differentiate among the historical propositions. To date, the EAPP has invested 
more than $248 million and protected more than 152,000 acres over the Edwards 
Aquifer to ensure the protection of water quality and ongoing recharge of the aquifer. 

Ninety-four percent of the property conserved under the EAPP uses easements. Under a 
conservation easement, a landowner retains the deed to the property but accepts legal 
limits on the types of land use and development allowed. Conservation easements 
protect ecosystem services, such as preserving local water quality. Because they do not 
result in complete transfer of ownership, conservation easements are often an 
economical means of achieving conservation goals. 

                                                 
5 City of San Antonio, “About the Edwards Aquifer,” https://www.sanantonio.gov/EdwardsAquifer/About. 
6 TCEQ, “Edwards Aquifer Protection Program,” https://www.tceq.texas.gov/permitting/eapp. 

https://www.sanantonio.gov/EdwardsAquifer/About
https://www.tceq.texas.gov/permitting/eapp
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Propositions to Date 
Proposition 3, Passed in 2000 

In 2000, San Antonio voters approved a 1/8 of 1 percent (0.125 percent) addition to the 
local sales tax to collect $45 million to purchase sensitive properties located over the 
Edwards Aquifer. Prior to this vote, there was no program designed to identify and 
protect sensitive land located over the aquifer. Due to restrictions in state legislation, 
protection efforts under this proposition were limited to Bexar County. 

Most of these funds (approximately $38 million) were used to acquire almost 6,500 acres 
of land. Figure 1-1 is a map of the properties (in green) obtained from Proposition 3 by 
the time its spending authority ended in 2005. Many of the properties were former 
ranches and estates characterized by unique natural and manufactured features and 
hilltops with long, scenic views. Located primarily throughout north central and northwest 
Bexar County, these properties range in size from 50 to over 1,000 acres.7 

Figure 1-1. Time Lapse of Properties Obtained under Proposition 3 (2000) by 2005 

 

Proposition 1, Passed in 2005 
In May 2005, Proposition 1 passed with 55 percent voter approval and authorized an 
additional $90 million in funds. Changes in state legislation allowed funds collected 
through this proposition to be used to acquire and preserve the most environmentally 
sensitive properties located over the aquifer within Bexar County and beyond county 
lines. 

                                                 
7 City of San Antonio, “About the Edwards Aquifer,” https://www.sanantonio.gov/EdwardsAquifer/About. 

https://www.sanantonio.gov/EdwardsAquifer/About
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A scientific evaluation team of aquifer experts convened to select appropriate properties 
for acquisition as part of the EAPP. They prioritized undeveloped properties given their 
environmental characteristics to achieve maximum value for voter-approved dollars. The 
team produced a geographic information system–based model to identify and rank 
sensitive properties for inclusion in the EAPP. This evaluation team model assists the 
EAPP’s Conservation Advisory Board and Land Acquisition Team in identifying potential 
properties for the conservation easement program. The model uses a variety of 
indicators to identify properties that contain unique and desirable features that warrant 
long-term protection based on ability to enhance water quality and quantity in the 
aquifer.8 Figure 1-2 shows (in light yellow) those properties obtained under Proposition 1 
between 2005 and 2010. Most of these properties are located within the recharge zone. 

Figure 1-2. Time Lapse of Properties Obtained under Proposition 1 (2005) by 2010 

 

Proposition 1, Reapproved in 2010 
Voters reapproved Proposition 1 in November 2010, with two-thirds (66 percent) 
approving the continuation of the mechanism to collect up to $90 million in funds. Under 
this proposition, the City of San Antonio continued watershed protection and 
preservation projects initiated from 2000 to 2005 for sensitive land across strategic areas 
of the aquifer’s recharge and contributing zones.9 Figure 1-3 shows (in pink) the 
properties obtained under Proposition 1 (2010) by 2015. Some of these properties were 
obtained within the contributing zone. 

                                                 
8 City of San Antonio, “About the Edwards Aquifer,” https://www.sanantonio.gov/EdwardsAquifer/About. 
9 City of San Antonio, “About the Edwards Aquifer,” https://www.sanantonio.gov/EdwardsAquifer/About. 

https://www.sanantonio.gov/EdwardsAquifer/About
https://www.sanantonio.gov/EdwardsAquifer/About
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Figure 1-3. Time Lapse of Properties Obtained under Proposition 1 (2010) by 2015 

 

Proposition 1, Reapproved in 2015 
San Antonio voters approved the continuation of the 2005 sales tax (up to $100 million) 
for the EAPP in May 2015 by a 78.14 percent majority.10 An additional $10 million will be 
used to create new protection zones within urban areas of Bexar County to safeguard 
the city’s drinking water supply. The city is working with consultants to develop a new 
model to better predict which areas to protect as part of the real estate and conservation 
easement acquisition program.11 Figure 1-4 shows all of the land and conservation 
easements obtained to date from the various EAPP propositions. 

                                                 
10 City of San Antonio Ordinance #2015-05-20-0422, available via https://sanantonio.legistar.com. 
11 Teleconference between EAPP and LMI, 2018. 

https://sanantonio.legistar.com/
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Figure 1-4. Time Lapse of Properties Obtained under All EAPP Propositions by 2018 

 

Expenditures to Date 
From 2000 through August 2018, EAPP’s annual expenditure for property protection was 
greater than $15 million.12 The annual expenditures reached a high of $31.2 million in 
2009 and a low of $0.75 million in 2004. Single-year values can be misleading in this 
data set, as real estate acquisition is a lengthy process. Properties slated for acquisition 
may not have been acquired completely during the calendar year. Figure 1-5 shows 
annual expenditures and a running tally of the total expenditures of the EAPP. To date, 
the EAPP has expended $248 million.13 

                                                 
12 Due to the EAPP relocating among several departments in the City of San Antonio government, not all historical expenditure data 
were available to LMI. Expenditure data from 2004, 2011, and 2012 are missing from the data set. The missing data years are 
denoted as “$0;” therefore, the value of greater than $15 million per year is conservative. 
13 EAPP 2018 email communication. 
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Figure 1-5. EAPP Expenditures 

 

Acreage Protected to Date 
The total acreage protected by the EAPP has steadily increased since the inception of 
the first proposition in 2000. The initial year saw the acquisition and protection of  
1,024 acres. Later years witnessed higher rates of acquisition due in part to a change 
from acquiring the land “in fee” (purchasing the entire parcel) to acquiring far more cost-
effective conservation easements (a lien on the property that describes the types of 
development and land uses allowed and prohibited but leaves property ownership intact 
with private owners). 

Figure 1-6 shows the increase in total acres protected from 2000 through 2018. In the 
early years of the program (2000–2006), the average increase per year was 951 acres. 
However, from 2006 until the partial year 2018, the average annual increase in land 
acquired for protection was more than 10 times higher, averaging 12,175 acres each 
year. The overall average increase in real estate holdings is about 8,000 acres per year; 
total acreage protected throughout the life of the program is 152,759 acres. By 2020, the 
City of San Antonio expects the amount of land protected to be 20 percent of the 
combined acreage in both the recharge and contributing zones. 
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Figure 1-6. Total Acres Conserved under EAPP, by Year 
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Chapter 2  
San Antonio Water Requirements 

San Antonio is a rapidly growing, large metropolitan area. To continue its growth and 
serve the present population in San Antonio and Bexar County, more water is required. 
Conservation efforts to improve water efficiency can mitigate the rate of increased water 
requirements due to a projected increase in population. Inevitably, more water will be 
required for San Antonio and Bexar County to continue to thrive and grow. 

Projected Water Requirements with Population  
Growth Included 

Demand for potable water in the City of San Antonio is projected to increase by  
27 percent from 2015 to 2070, reaching 105 billion gallons by 2070 (Figure 2-1). This is 
a significant decrease in the projected demand LMI estimated in 2013 largely due to the 
efforts of the San Antonio Water System (SAWS) focused on efficiency gains and water 
conservation.1 Total SAWS demand is expected to continue to decrease through 2020 
as projected efficiency gains decrease the amount of water used per capita and offset 
increased demand from population growth.2 In addition, SAWS-planned investments in 
other water sources (new non-Edwards water resources) between now and 2030 will 
steadily decrease the amount needed from the Edwards Aquifer. From current SAWS 
plans for alternative water resource development, we estimate that under average 
conditions, about 47 percent (55 billion gallons) of 2070 demand (105 billion gallons) will 
be met by the Edwards Aquifer. This projected Edwards Aquifer requirement is down 
from 90 percent in 2012. The projected 2070 demand from Edwards Aquifer is far below 
the current maximum normal year withdrawals—96 billion gallons permitted by SAWS. 

                                                 
1 Francis J. Reilly Jr. et al., Assessment of the Current Status and Long-Term Viability of the City’s Edwards Aquifer Protection 
Program, ATN30T1 (Tysons, VA: LMI, January 2014), available via https://www.researchgate.net/publication/272023372 
_ASSESSMENT_OF_THE_CURRENT_STATUS_AND_LONG-TERM_VIABILITY_OF_THE_CITY%27S_EDWARDS_AQUIFER 
_PROTECTION_PROGRAM. 
2 Efficiency gains are expected due to decreased use of water for lawns and landscaping and more efficient toilets, washing 
machines, and industrial processes. 

https://www.researchgate.net/publication/272023372_ASSESSMENT_OF_THE_CURRENT_STATUS_AND_LONG-TERM_VIABILITY_OF_THE_CITY%27S_EDWARDS_AQUIFER_PROTECTION_PROGRAM
https://www.researchgate.net/publication/272023372_ASSESSMENT_OF_THE_CURRENT_STATUS_AND_LONG-TERM_VIABILITY_OF_THE_CITY%27S_EDWARDS_AQUIFER_PROTECTION_PROGRAM
https://www.researchgate.net/publication/272023372_ASSESSMENT_OF_THE_CURRENT_STATUS_AND_LONG-TERM_VIABILITY_OF_THE_CITY%27S_EDWARDS_AQUIFER_PROTECTION_PROGRAM
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Figure 2-1. SAWS Water Demand Projections 

 
Note: EA = Edwards Aquifer. 

Water Supplies 
The water needs of the City of San Antonio have increased over time. The demand for 
water has followed population growth, increasing from about 35 billion gallons in 1970 to 
more than 83 billion gallons in 2015 (of which 72 billion gallons came from the Edwards 
Aquifer), as shown in Figure 2-1. Demand for water will continue to increase as the city 
grows. To protect its water supply, the City of San Antonio initiated the EAPP, the goal of 
which is to protect the water that recharges the Edwards Aquifer by conserving the land 
in its recharge and contributing zones. 

The Edwards Aquifer (Figure 2-2) is the City of San Antonio’s primary source of water. 
During the 20th century, the Edwards Aquifer supplied virtually all of the city’s water, and 
the city’s water needs were completely dependent on day-to-day pumping from the 
aquifer. The decrease in the city’s water requirements as reflected in Figure 2-1 from 
about 2017 through 2018 can be attributed to conservation measures, including the use 
of non-potable water for recreational turf and industrial cooling.3 In recent years, SAWS 
has invested heavily in several approaches to reduce that sole-source aquifer 
dependence: 

• Conservation approaches were implemented to help reduce the overall demand 
for water. SAWS has worked diligently to instill water conservation awareness in 
its service area. Proven conservation programs have become a cornerstone of 
the community’s long-term water management strategy.4 

• The Aquifer Storage and Recovery (ASR) program pumps Edwards Aquifer 
water during wet periods into subterranean storage chambers for use during dry 
periods. This engineered water bank minimizes evaporative loss and currently 
holds enough water to supply the city for 4 months.5 

                                                 
3 Edwards Aquifer website, homepage, https://www.edwardsaquifer.net. 
4 SAWS, “Conservation,” https://www.saws.org/conservation/. 
5 SAWS, “Aquifer Storage & Recovery,” https://www.saws.org/Your_Water/WaterResources/Projects/asr.cfm. 
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• Diversification of the water portfolio brings additional water sources into the 
supply system. SAWS obtains water from the Trinity Aquifer, the Carrizo Aquifer, 
Medina Lake, Western Canyon, and Lake Dunlap. In addition, SAWS desalinates 
brackish aquifer water.6 

• Vista Ridge Pipeline is a project underway to deliver water from the Carrizo/ 
Simsboro aquifer located 142 miles to the northeast of San Antonio. This project 
is slated for completion in 2020 and will provide 16 billion gallons of water 
annually.7, 8 

Figure 2-2. Edwards Aquifer and San Antonio/Bexar County Area 

 
Source: Edwards Aquifer website, homepage, https://www.edwardsaquifer.net. 

Edwards Aquifer/Annual Recharge 
Figure 2-2 (previous page) shows the geographic extent of the Edwards Aquifer. The 
areas in green are the contributing zone. Rainfall in this area flows along streams to the 
light blue area, which is the recharge zone. Rainfall here percolates through the karst 
(porous limestone) surface, and water brought from the contributing zone by surface 
water flow either percolates into the groundwater or plunges into crevices to recharge 
the Edwards Aquifer. The darker blue area on the map represents the artesian zone. 
Here the soils prevent much water from percolating down to the aquifer. 

The importance of the contributing zone to water quantity and quality cannot be 
overstated. Land-use practices in the contributing zone that interrupt surface water flow 
with impervious surface or intercept surface water flow by impoundment would change 
the amount of water available to the recharge zone and could drastically diminish aquifer 
recharge. Land-use practices that contaminate the water such as intensive farming, 

                                                 
6 SAWS, “Current Water Supply Projects,” https://www.saws.org/Your_Water/WaterResources/Projects/. 
7 Telephone call between LMI and Adam Conner of SAWS, August 2018. 
8 SAWS, “Vista Ridge Pipeline Project: About This Project,” https://www.saws.org/your_water/waterresources/projects/vistaridge 
/projectpage.cfm. 

https://www.edwardsaquifer.net/
https://www.saws.org/Your_Water/WaterResources/Projects/
https://www.saws.org/your_water/waterresources/projects/vistaridge/projectpage.cfm
https://www.saws.org/your_water/waterresources/projects/vistaridge/projectpage.cfm
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raising cattle, or other agricultural practices could contribute contaminants to the surface 
water. Likewise, practices that do not prevent sediment runoff by stabilizing land that is 
adjacent to the streams in the contributing zone could drastically change the quality of 
the waters that recharge the aquifer. 

In the recharge zone, land-use practices that interrupt water flow or contaminate water 
as it percolates to the aquifer are also important. The EAPP has recognized the 
recharge zone’s importance by focusing early real estate planning on the acquisition of 
properties within this zone. 

Annual recharge of the Edwards Aquifer is highly variable. Figure 2-3 shows annual 
recharge from 1934 to 2016.9 During this period, annual recharge ranged from 14.2 to 
809.9 billion gallons per year. Due to the high degree of variability, the figure also 
includes a 10-year moving average, a smoothed measure of recharge, which 
demonstrates that average recharge rates have increased during the 20th century. 
However, recharge depends on a number of factors, including precipitation patterns 
(both quantity and temporal distribution) and the current aquifer level. The current 
aquifer level, in turn, depends on withdrawals and recharge in preceding years. The 
analysis used in this report focuses on recharge rates for 1980–2016, a period that 
corresponds most closely to recent rates of withdrawal and that is roughly consistent 
with World Meteorological Organization guidance for using 30-year averages to measure 
“normal” precipitation levels. 

Figure 2-3. Recharge of Edwards Aquifer in Billions of Gallons 

 
Source: USGS, “Estimated Annual Recharge to the Edwards Aquifer in the San Antonio Area, by Stream Basin or 

Ungaged Area, 1934–2016,” https://www.sciencebase.gov/catalog/item/58b8a643e4b01ccd5500c590. 

                                                 
9 U.S. Geological Survey (USGS), “Estimated Annual Recharge to the Edwards Aquifer in the San Antonio Area, by Stream Basin or 
Ungaged Area, 1934– 2016,” data obtained from https://www.sciencebase.gov/catalog/item/58b8a643e4b01ccd5500c590. 
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The average annual recharge rate in 1980–2016 was 274.7 billion gallons.10 With an 
area of roughly 800,000 acres, the Edwards Aquifer recharge zone therefore has an 
average annual recharge rate of 351,477 gallons per acre.11 Just over 65 percent of the 
land protected by the EAPP is in the recharge zone and accounts for 20 percent of the 
total Edwards Aquifer recharge zone.12 

It is critical to realize that not all land is created equal with respect to recharge potential. 
Although all of the land in the contributing and recharge zones is important in ensuring 
adequate recharge for the Edwards Aquifer, some areas are far more permeable to 
water infiltration. We note these variations in infiltration rate but use an average 
infiltration rate or recharge rate to make this assessment manageable. When we use the 
word “protecting” or “protected” with regard to land in the EAPP, we are referring to 
“protecting” the land where recharge occurs or where surface water flows from the 
contributing zone at an average rate of filtration. 

Using the average rate of recharge per acre and the number of acres the EAPP is 
“protecting,” we calculate that an average of 35.5 billion gallons of recharge annually is 
“protected” by the EAPP real estate approach. In 2016, SAWS withdrew 74.7 billion 
gallons; therefore, the EAPP protected about 47 percent of the Edwards recharge. In 
other words, under average conditions, the City of San Antonio “protects” enough land to 
recharge close to half of what it currently withdraws from the aquifer. 

Another way to analyze EAPP progress is to compare recharge protected with SAWS’s 
total permitted withdrawals from the aquifer. SAWS holds permits to withdraw about 
96 billion gallons per year from the aquifer, but SAWS has never reached this limit. 
Under average recharge conditions, we calculated that the EAPP has “protected” 
enough land to account for recharge of 47 percent of the maximum permitted 
withdrawals. However, if a prolonged drought were to occur, such as the drought of 
record that occurred in the 1950s, recharge would be much lower for a number of years. 
In recent history, the years 2011, 2013, and 2014 were extremely dry years that 
displayed the lowest recharge amount from 1980 to 2016: total recharge in 2011 was 
just 36 billion gallons and 2014 total recharge was merely 35 billion gallons, roughly 
46,800 gallons per acre and just 13 percent of normal recharge. 

One of SAWS’s innovative solutions to potential drought conditions or to periods of high 
demand is to use the ASR program, which pumps Edwards Aquifer water during wet 
periods into subterranean storage chambers for use during dry periods. This engineered 
water bank minimizes evaporative loss and currently holds enough water to supply the 
city for 4 months.13 The ASR program must be understood when considering Edwards 
Aquifer withdrawals and how our projections were calculated. Withdrawals are capped at 
96 million gallons, and seldom does SAWS require that amount. During times when 
water withdrawals are less than the permitted amount, SAWS withdraws Edwards 
Aquifer water and deposits it into the ASR. Although the ASR is a strategic reserve, 

                                                 
10 USGS, “Estimated Annual Recharge to the Edwards Aquifer in the San Antonio Area, by Stream Basin or Ungaged Area, 
1934– 2016,” data obtained from https://www.sciencebase.gov/catalog/item/58b8a643e4b01ccd5500c590. 
11 Edwards Aquifer website, “Introduction to the Edwards Aquifer,” https://www.edwardsaquifer.net/intro.html. This estimate of the 
area of the recharge zone lists 1,250 miles as the area of the recharge zone; this converts to approximately 800,000 acres. The 
estimate of the recharge zone is vastly greater than the recharge zone that contributes water to the Edwards Aquifer; the latter 
recharge zone is up gradient from the sites where SAWS extracts Edwards Aquifer water. Therefore, this is a very conservative 
estimate of the real estate requirements to protect recharge for the City of San Antonio. 
12 LMI calculations from data supplied by the EAPP. 
13 SAWS, “Aquifer Storage and Recovery,” https://www.saws.org/Your_Water/WaterResources/Projects/asr.cfm. 

https://www.sciencebase.gov/catalog/item/58b8a643e4b01ccd5500c590
https://www.edwardsaquifer.net/intro.html
https://www.saws.org/Your_Water/WaterResources/Projects/asr.cfm
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water is withdrawn to enable surface water recharge as required by the Edwards Aquifer 
Habitat Conservation Plan (EAHCP), which maintains base streamflow to support 
aquatic habitat. SAWS also periodically withdraws water from the ASR to use in its water 
portfolio. In other words, it uses some ASR water in lieu of Edwards Aquifer water during 
daily operations. 

Table 2-1 details the flow of water into and out of the ASR. These data begin in 2004, 
when the ASR became operational. Looking at 2004, 1,801 million gallons were 
withdrawn from the Edwards Aquifer and deposited into the ASR; 150 million gallons 
were then withdrawn from the ASR. Therefore, the net deposit of water into the ASR for 
2004 is 1,651 million gallons. Beginning in 2013, water had to be made available for the 
EAHCP.  

Table 2-1. Aquifer Storage and Recovery (million gallons)a 

Year  SAWS ASR recharge  EAHCP recharge  ASR recoverya Total ASR storage  

2004 1,801 — 150 1,651 
2005 4,396 — 305 5,742 
2006 2,951 — 2,083 6,610 
2007 6,582 — 141 13,051 
2008 3,535 — 407 16,179 
2009 5,542 — 472 21,249 
2010 8,320 — 556 29,013 
2011 3,928 — 4,309 28,632 
2012 3,742 — 1,445 30,929 
2013 2,021 609 4,794 28,765 
2014 255 1,314 6,374 23,959 
2015 2,977 3,935 1,903 28,967 
2016 322 10,837 697 39,429 
2017 941 10,256 462 50,164 
2018b  0 4,098 896 53,367 

a Includes operational authorized water use not put in distribution. 
b As of August 31, 2018. Data obtained from SAWS, Updated Offering Memorandum San Antonio, 

Texas Water System Commercial Paper Notes, Subseries A-1 (Tax-Exempt) and Series B (Tax-Exempt). 

 
In this report, water withdrawn from the Edwards Aquifer for deposit into the ASR 
(column labelled SAWS ASR recharge) is counted as withdrawal. Once removed from 
the Edwards Aquifer, that water is not considered in our calculations as Edwards Aquifer 
withdrawal. 
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Chapter 3  
Water Quality Concerns 

The karst geology of the Edwards Aquifer strongly influences its water quality. The 
Edwards Aquifer recharge zone contains faulted and fractured limestone that allows 
unrestricted downward movement of surface water and, potentially, contaminants into 
the groundwater. In the confined zone, also known as the artesian zone, clay-rich, fine-
grained layers create a buffer between the land surface and the Edwards Aquifer, 
separating the aquifer from sources of vertical recharge. As a result, land use in the 
recharge zone influences water quality much more than in the confined zone.1 Because 
most water enters the Edwards Aquifer in the recharge zone, management of activities 
that might degrade water quality in this area (such as urban development, contaminant 
storage, and industrial activities) is essential for protecting water quality. 

Equally important in protecting water quality in the recharge zone is the protection of 
stream-water quality in the contributing zone, as most of the Edwards Aquifer’s water 
originates from streams in the contributing zone. Streams provide most of the recharge 
to the aquifer as they flow across the recharge zone. However, only 16 percent of the 
EAPP-protected land is in the contributing zone. As shown in Table 3-1, 809.6 linear 
miles of streams in the contributing zone are not located on or adjacent to conservation 
lands. Because the streams that provide much of the recharge to the aquifer originate in 
and flow through what is now presumably undeveloped rangeland before reaching the 
recharge zone, the streams are not carrying urban or agricultural runoff in the recharge 
water.2 If land use in the contributing zone changes from undeveloped rangeland to a 
less water quality–sensitive land use, it could negatively affect water quality. (We 
discuss industries that could have the largest impact on water quality in the following 
section.) 

Table 3-1. Streams in Edwards Aquifer Recharge and Contributing Zones  

 Stream length (miles) % of total 

Locationa 
Recharge 

zone 
Contributing 

zone Total 
Recharge 

zone 
Contributing 

zone Total 
Conservation lands 
on both sides 

15.6 23.3 38.9 8.1 2.8 3.8 

Conservation land 
on one side 

19.9 3.2 23.1 10.3 0.4 2.2 

Unprotected 157.1 809.6 966.7 81.6 96.8 94.0 
Total 192.6 836.1 1,028.7 100 100 100 

a Conservation lands include those conserved by the City of San Antonio (EAPP, Parks, and SAWS), the Nature 
Conservancy, Audubon Society, Texas Land Conservancy, Texas River Authority, and San Antonio River Authority; federally 
managed land; and private natural areas. 

                                                 
1 Peter W. Bush et al., “Water Quality in South-Central Texas, 1996–98,” U.S. Geological Survey Circular 1212, 2000, available at 
https://pubs.water.usgs.gov/circ1212/. 
2 Martha L. Jagucki et al, Assessing the Vulnerability of Public-Supply Wells to Contamination: Edwards Aquifer Near San Antonio, 
Texas, USGS Fact Sheet 2011-3142, November 2011, available at https://pubs.usgs.gov/fs/2011/3142/. 

https://pubs.water.usgs.gov/circ1212/
https://pubs.usgs.gov/fs/2011/3142/
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The City of San Antonio through SAWS has programs in place via its Aquifer Protection 
Ordinance.3 These programs include impervious cover limits, underground storage 
tanks,4 and stormwater and industry monitoring.5 The TCEQ and Edwards Aquifer 
Authority (EAA) have programs in place to protect water quality in the recharge and 
contributing zones. These programs include regulating the storage of certain substances 
and hazardous materials; regulating aboveground storage tanks and underground 
storage tanks located in, above, or on the recharge zone; recharge zone spill response 
requirements; and prohibiting the use of coal-tar–based pavement sealant products 
within areas on the recharge zone and on defined portions of the Edwards Aquifer 
contributing zone.6 Other requirements include 

• identification and protection of sensitive karst features, 

• implementation of best management practices for mitigating stormwater quality, 

• limitations for activities associated with potential pollutants, and 

• requirements for well construction or plugging of abandoned wells. 

Water Quality Issues 
Despite programs in place to protect water quality, various land uses and industries 
affect water quality in the Edwards Aquifer. LMI investigated water quality data as well 
as impaired waters to understand the persistent water quality threats and the potential 
for future water quality impacts to the Edwards Aquifer.7 

No major water quality or pollution problems have been experienced thus far in the 
Edwards Aquifer.8 San Antonio has little heavy industry and not much potential for 
serious degradation. Indeed, most of San Antonio lies over the confining zone rather 
than in the recharge zone; its geology protects the aquifer from urban contaminants. San 
Antonio’s location over the confining zone does not necessarily protect the aquifer from 
all contamination. Issues such as unsealed wells or large, un-remediated, and pernicious 
groundwater contamination from sites could easily contaminate the aquifer. In fact, there 
are three National Priority List (NPL)9 or NPL-eligible sites listed throughout Bexar, 
Medina, Uvalde, or Kinney counties in Texas with the potential to influence the water 
quality of the Edwards Aquifer. They are listed along with their locations and the 
contaminants of concern in Table 3-2. Currently, Edwards Aquifer water does not require 
treatment before distribution, other than disinfection by chlorination.10 

                                                 
3 SAWS, “Aquifer Protection Ordinance No. 81491 Outline,” http://www.saws.org/environment/ResourceProtComp/aquifer 
_protection/ordinance.cfm. 
4 SAWS, “Underground Storage Tank Program,” http://www.saws.org/environment/ResourceProtComp/aquifer_protection 
/storagetank.cfm. 
5 SAWS, “Industrial Compliance,” http://www.saws.org/environment/ResourceProtComp/Industrial/. 
6 TCEQ, “Recharge Zone Protection and Management,” https://www.tceq.texas.gov/permitting/eapp/apps.html. 
7 Martha L. Jagucki et al, Assessing the Vulnerability of Public-Supply Wells to Contamination: Edwards Aquifer Near San Antonio, 
Texas, USGS Fact Sheet 2011-3142, November 2011, available at https://pubs.usgs.gov/fs/2011/3142/. 
8 Edwards Aquifer website, “Frequently Asked Questions,” https://www.edwardsaquifer.net/faqs.html. 
9 Commonly known as the “Superfund.” 
10 Edwards Aquifer website, “Frequently Asked Questions,” https://www.edwardsaquifer.net/faqs.html. 

http://www.saws.org/environment/ResourceProtComp/aquifer_protection/ordinance.cfm
http://www.saws.org/environment/ResourceProtComp/aquifer_protection/ordinance.cfm
http://www.saws.org/environment/ResourceProtComp/aquifer_protection/storagetank.cfm
http://www.saws.org/environment/ResourceProtComp/aquifer_protection/storagetank.cfm
http://www.saws.org/environment/ResourceProtComp/Industrial/
https://www.tceq.texas.gov/permitting/eapp/apps.html
https://pubs.usgs.gov/fs/2011/3142/
https://www.edwardsaquifer.net/faqs.html
https://www.edwardsaquifer.net/faqs.html
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Table 3-2. NPL or Eligible Sites within the Edwards Aquifer Recharge Zones 

Name Location Status Contaminant of concern 

Bandera Road Ground 
Water Plumea 

Leon Valley, TX Currently NPL listed; 
Record of Decision 
issued on September 30, 
2013. 

Tetrachloroethylene (PCE) 
and trichloroethylene 
(TCE) in concentrations 
above the maximum 
contaminant level (5 parts 
per billion) within the 
Edwards Aquifer. 

Eldorado Chemical Co., 
Inc.b 

Live Oak, TX U.S. Environmental 
Protection Agency 
(USEPA) received a letter 
of support for placing this 
site on the NPL from the 
state of Texas. 

Chlorinated solvents, 
including PCE, TCE, 
dichloroethene, and vinyl 
chloride. 

River City Metal 
Finishingc 
 

San Antonio, TX USEPA received a letter 
of support for placing this 
site on the NPL from the 
state of Texas.  

Cyanide, lead, cadmium, 
copper, selenium, zinc, 
chromium, and hexavalent 
chromium are 
contaminating onsite soils 
and underlying 
groundwater. 

a USEPA, “Bandera Road Ground Water Plume, San Antonio, TX,” https://cumulis.epa.gov/supercpad/SiteProfiles 
/index.cfm?fuseaction=second.Cleanup&id=0606565#bkground. 

b USEPA, “Eldorado Chemical Co., Inc., Live Oak, TX,” https://cumulis.epa.gov/supercpad/SiteProfiles 
/index.cfm?fuseaction=second.Cleanup&id=0607012#bkground. 

c USEPA, “River City Metal Finishing, San Antonio, TX,” https://cumulis.epa.gov/supercpad/CurSites 
/csitinfo.cfm?id=0606915&msspp=med. 
 

Water Quality Studies 
According to an EAA study that analyzed water quality data collected by various 
agencies between 1913 and 2006 in the San Antonio segment of the Balcones Fault 
Zone, Edwards Aquifer concentrations of 27 parameters have exceeded protective 
concentration levels (PCLs) established by the TCEQ.11 EAA identified the parameters 
with these exceedances as constituents of concern (COCs) because their 
concentrations exceeded the assimilative capacity of the aquifer.12 The COCs include 
volatile organic compounds (VOCs), metals, herbicides, semivolatile organic compounds 
(SVOCs), and nutrients such as nitrogen and phosphorus. This study also notes that 
detection of parameters that do not occur naturally in the aquifer demonstrates the 
aquifer’s vulnerability to contamination. 

Potential sources of contamination include businesses and other activities that are 
known sources of surface water contamination for the COCs. The City of San Antonio 
cannot curtail all of these activities in the recharge area and along the feeder streams 
and waterways entering the recharge area from the contributing areas. However, 
awareness of the potential grave impacts of a fugitive emission from one of these 

                                                 
11 EAA, Water Quality Trends Analysis of the San Antonio Segment, Balcones Fault Zone Edwards Aquifer, Texas, Report  
No. 09-03, July 2009, available at http://www.eahcp.org/documents/2009_Johnson-etal_WaterQualityTrends.pdf. 
12 That is, the ability of the aquifer to attenuate the concentrations of contaminants before they reach a well or spring. 

https://cumulis.epa.gov/supercpad/SiteProfiles/index.cfm?fuseaction=second.Cleanup&id=0606565#bkground
https://cumulis.epa.gov/supercpad/SiteProfiles/index.cfm?fuseaction=second.Cleanup&id=0606565#bkground
https://cumulis.epa.gov/supercpad/SiteProfiles/index.cfm?fuseaction=second.Cleanup&id=0607012#bkground
https://cumulis.epa.gov/supercpad/SiteProfiles/index.cfm?fuseaction=second.Cleanup&id=0607012#bkground
https://cumulis.epa.gov/supercpad/CurSites/csitinfo.cfm?id=0606915&msspp=med
https://cumulis.epa.gov/supercpad/CurSites/csitinfo.cfm?id=0606915&msspp=med
http://www.eahcp.org/documents/2009_Johnson-etal_WaterQualityTrends.pdf
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businesses or activities should inform decision making with respect to permitted 
activities and long-range planning. 

Metals occur naturally in surface waters and in the aquifer but, according to the EAA 
study, rarely exceed PCLs in the freshwater parts of the aquifer. Concentrations of 
metals such as arsenic, cadmium, iron, lithium, selenium, and strontium exceeded PCLs 
mostly in samples of saline water—more than 1,000 mg/L of total dissolved solids—
which have not traditionally been considered a suitable drinking water source. 

Most of the organic contaminants (VOCs and SVOCs) do not occur naturally and are the 
result of anthropogenic sources such as leaks or spills related to urban, agricultural, or 
industrial activities, especially on the recharge zone or near abandoned or poorly 
constructed wells.13 Of the anthropogenic parameters, PCE was detected most often, 
whereas of the naturally occurring parameters, nitrogen (in the form of nitrate) was 
detected most often in the freshwater part of the aquifer.14 

Tetrachloroethylene (PCE) and perchloroethylene (PERC) form a chloro-carbon 
compound widely used in dry cleaning. It is locally abundant and exceeds the 
assimilative capacity near the Bandera Road Plume Superfund Site in Bexar County and 
in the east part of the city of Uvalde because several wells (approximately 4 in Bexar 
County and 14 in Uvalde County) have had consistent detections above the PCL. PCE 
was the most commonly detected anthropogenic contaminant in the EEA study.15 

Nitrogen in the form of nitrate is another consistently encountered contaminant. Although 
nitrate can occur naturally in soils, it is highly mobile in water and animal waste. Along 
with lithium and strontium, it was the most commonly detected exceedance among 
parameters known to be naturally occurring. 

There are ample supplies in other aquifers that have been deemed too salty for use. 
Desalinization techniques now have the potential to utilize these waters, and they are a 
part of the SAWS water portfolio. The saline waters studied also showed the presence of 
selenium, lithium, arsenic, and cadmium. These elements are naturally occurring in the 
soils of this region. These saline waters were not considered to be a drinking water 
source by the study authors. However, SAWS has added desalinization of these 
brackish portions of the aquifer to its water portfolio. Desalinization technologies have 
the ability to remove or attenuate the concentration of these elements. 

Impaired Surface Water 
In addition to analyzing water testing data, we analyzed impaired water listings in the 
recharge and contributing zones. USEPA maintains a database of impaired waters—
those that fail to attain the quality required for their designated use. In other words, they 
are too degraded (perhaps by contamination with pollutants) to meet the designated 
uses or water quality standards set by states, territories, or authorized tribes. Table 3-3 
shows the impinging surface waters that have been identified as impaired in the 
Edwards Aquifer recharge zone and contributing area from which SAWS withdraws 
water. 

                                                 
13 TCEQ, “Recharge Zone Protection and Management,” https://www.tceq.texas.gov/permitting/eapp/apps.html. 
14 TCEQ, “Recharge Zone Protection and Management,” https://www.tceq.texas.gov/permitting/eapp/apps.html. 
15 TCEQ, “Recharge Zone Protection and Management,” https://www.tceq.texas.gov/permitting/eapp/apps.html. 

https://www.tceq.texas.gov/permitting/eapp/apps.html
https://www.tceq.texas.gov/permitting/eapp/apps.html
https://www.tceq.texas.gov/permitting/eapp/apps.html
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Table 3-3. Impaired Waters in Edwards Aquifer Recharge and Contributing Zones 

Watershed 
name Water ID Water name Cause of impairment 

Cause 
category 

Probable 
source 

Medina TX-1906_03 Lower Leon 
Creeka 

Polychlorinated biphenyls 
(PCBs) in fish tissue 

PCBs Not listed 

Upper Frio TX-2113_01 Upper Frio Riverb Fish community, impaired 
fish community, impaired 
macrobenthos community 

Cause 
category 
unknown 

Not listed 

Upper Frio TX-2109_03 Leona Riverc Bacteria Pathogens Not listed 
a USEPA, “Waterbody Quality Assessment Report: 2010 Waterbody Report for Lower Leon Creek,” 

https://ofmpub.epa.gov/waters10/attains_waterbody.control?p_list_id=TX-1906_03&p_report_type 
=T&p_cycle=2010#causes. 

b USEPA, “Waterbody Quality Assessment Report: 2010 Waterbody Report for Upper Frio River,” 
https://ofmpub.epa.gov/waters10/attains_waterbody.control?p_list_id=TX-2113_01&p_report_type=T&p_cycle=2010. 

c USEPA, “Waterbody Quality Assessment Report: 2010 Waterbody Report for Leona River,” 
https://ofmpub.epa.gov/waters10/attains_waterbody.control?p_list_id=TX-2109_03&p_report_type=T&p_cycle=2010. 
 

Two watersheds have stream segments listed by USEPA as impaired waters, each with 
several impaired reaches. The reasons given for the impairment include impaired biota, 
PCB contamination, and bacterial pathogens. In other words, fauna are not present in 
the numbers and ratios expected of those waters. In our experience, impairments to 
aquatic life not associated with specific contaminants are usually attributed to issues with 
adjacent or upstream land use, particularly land disturbance. The land use contributes 
excess sediment or decreases dissolved oxygen content due to sedimentation, or 
deforestation exposes stream water to sunlight and increases water temperature, which 
can affect the water body, changing the expected habitat. 

The sole chemical contaminant listed, PCB, is highly hydrophobic and known to 
associate with organic carbon in sediments or lipid in aquatic organisms. As such, there 
is no clear pathway for this contaminant to enter the aquifer in any meaningful way. The 
salient issue is that no contaminants are identified in these stream segments that would 
likely enter the aquifer and become a cause of concern for Edwards Aquifer water 
quality. The impairments are real and a concern with respect to the quality of the surface 
water, but they are not likely to become a concern for groundwater in the aquifer or 
concern to SAWS. 

Human Population Impacts on Water Quality 
According to the Texas State Data Center, the greater San Antonio metropolitan area is 
projected to grow by more than 60 percent from 2010 to 2050 (2.1 million to 3.4 million 
people).16 Urban development has been known to affect water quality in the Edwards 
Aquifer. In a 2011 study, Mahler et al. document degradation to groundwater quality after 
rapid urban development in areas supplying recharge to the Barton Springs segment of 
the Edwards Aquifer.17 The area contributing recharge to Barton Springs has rapidly 
grown since 2000, accompanied by increased generation of wastewater. The study 
found that nitrate, a major component of wastewater and a nutrient that can degrade 

                                                 
16 Texas Demographic Center, “Texas Population Projections Program,” http://txsdc.utsa.edu/Data/TPEPP/Projections/Index.aspx. 
17 Barbara J. Mahler, MaryLynn Musgrove, and Chris Herrington, Nitrate Concentrations and Potential Sources in the Barton 
Springs Segment of the Edwards Aquifer and Its Contributing Zone, Central Texas, USGS Fact Sheet 2011-3035, May 2011, 
available at https://pubs.usgs.gov/fs/2011/3035/. 

https://ofmpub.epa.gov/waters10/attains_waterbody.control?p_list_id=TX-1906_03&p_report_type=T&p_cycle=2010#causes
https://ofmpub.epa.gov/waters10/attains_waterbody.control?p_list_id=TX-1906_03&p_report_type=T&p_cycle=2010#causes
https://ofmpub.epa.gov/waters10/attains_waterbody.control?p_list_id=TX-2113_01&p_report_type=T&p_cycle=2010
https://ofmpub.epa.gov/waters10/attains_waterbody.control?p_list_id=TX-2109_03&p_report_type=T&p_cycle=2010
http://txsdc.utsa.edu/Data/TPEPP/Projections/Index.aspx
https://pubs.usgs.gov/fs/2011/3035/
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water quality, has increased in Barton Springs and the creeks that provide its recharge. 
Key findings of the study are as follows: 

• Nitrate concentrations in Barton Springs and the five streams that provide most 
of its recharge were much higher in 2008–2010 than before 2008. 

• Biogenic nitrogen (nitrogen from human or animal waste, or both) is a probable 
source of nitrate measured in the recharging streams in 2008–2010. 

• Septic systems and land-applied treated wastewater effluent likely contribute 
nitrate to the recharging streams. 

These findings imply that San Antonio should discourage permits for septic systems and 
land application of treated wastewater in the recharge and contributing zones. The 
approach of obtaining land in fee or through conservation easement can alleviate 
groundwater contamination through nitrate nitrogen. Limitation or regulation and 
inspection of land alteration or installation of septic systems should remain a part of the 
controls placed on land obtained for the protection of recharge area. 

EAPP Impact on Edwards Aquifer Water Quality 
Development in recharge areas has the potential to directly and indirectly affect surface 
and groundwater quality. Direct impacts such as septic leachate to both surface and 
groundwater can cause nitrate nitrogen contamination. Development that encourages 
lawns, confined animal feeding operations, or intensive agricultural uses may likewise 
increase the amount of nitrate nitrogen in surface and groundwater. Indirect impacts 
should also be considered. Clearing of land, disturbing land without a buffer strip 
adjacent to surface waters, and developing land all increase erosion and allow 
entrainment of contaminants associated with the dissolved solids to enter streams, 
rivers, and eventually groundwater. 

The Edwards Aquifer is highly vulnerable because of its unique karst geology and fast-
moving hydrology. Caves, sinkholes, faults, and fractures dot the landscape of the 
recharge zone. In this zone, water not only percolates downward to the aquifer but also 
plunges underground, where it encounters limestone rock that has been eroded over 
time to create large underground channels for the water to flow. 

Water in the Edwards Aquifer moves at a rate of thousands of feet per day, compared 
with velocities of a few feet per year in most aquifers.18 This rapid movement and the 
large size of the spring outlets do not provide the filtration, absorption, and slow water 
flow that often protect aquifers from contamination.19 

Development in the recharge zone and upstream in the contributing zone such as 
housing subdivisions, shopping centers, office buildings, highways, golf courses, sewer 
lines, wastewater treatment plants, any heavy or light industries, and rock quarries all 
create increased risk of aquifer contamination. 

                                                 
18 Ian Jones, Groundwater Availability Modeling: Northern Segment of the Edwards Aquifer, Texas. Texas Water Development 
Board Report 358, December 2003, available at http://www.twdb.texas.gov/publications/reports/numbered_reports/doc/R358 
/Report%20358%20Northern%20Edwards.pdf. 
19 Greater Edwards Aquifer Alliance, “Aquifer at Risk,” https://aquiferalliance.org/aquifer-at-risk/. 

http://www.twdb.texas.gov/publications/reports/numbered_reports/doc/R358/Report%20358%20Northern%20Edwards.pdf
http://www.twdb.texas.gov/publications/reports/numbered_reports/doc/R358/Report%20358%20Northern%20Edwards.pdf
https://aquiferalliance.org/aquifer-at-risk/
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The EAPP approach to protecting the recharge of water to the Edwards Aquifer plays a 
critical role in not only protecting water quantity but also in protecting quality of the water 
that will recharge the Edwards Aquifer. The EAPP purchases land or obtains the 
conservation easements on lands in the recharge and contributing zones of the aquifer. 
By obtaining the development rights and limiting the activities, development, and land-
use practices that can occur on lands obtained or controlled by the EAPP, the risk of 
contamination is minimized. 

The EAPP controls land uses within more than 152,759 acres over the Edwards Aquifer 
to ensure protection of water quality and ongoing recharge of the aquifer. The holdings 
that protect recharge and water quality interests cover more than 19 percent, or the 
acreage in the recharge zone already. The higher the proportion of acreage protected in 
the recharge zone and the more stream bank conservation easement that the EAPP 
obtains in the contributing zone, the lower the probability of impairment to water quality 
within the Edwards Aquifer. 

A scientific evaluation team of aquifer experts convened in the 2005 Proposition 3 
authorization of the EAPP to select appropriate properties for acquisition. An updated set 
of criteria that augments the geographic information system spatial model is being 
established to enable selection of parcels given their potential to help the EAPP meet its 
goals of water quality and quantity protection. The amount of land protected by 2020 is 
expected to be 20 percent of the combined acreage in the recharge and contributing 
zones. By 2070, if the EAPP continues with funding levels equivalent to current levels, 
more than 35 percent of the aquifer’s recharge area will be protected. 

It is not unreasonable to protect high proportions of the land responsible for protecting 
water supply to a major metropolitan area. New York City’s Land Acquisition Program 
seeks to prevent future degradation of water quality by acquiring sensitive watershed 
lands. In January 1997, New York City, New York State, USEPA, watershed counties, 
towns, villages, and environmental and public interest groups signed the New York City 
Watershed Memorandum of Agreement. This agreement calls on New York City to 
dedicate up to $300 million to acquire 355,050 acres of eligible watershed land in the 
most sensitive areas of the Catskill/Delaware system. The stated goal of the MOA was 
to obtain the land using Fee Simple possession, and Conservation Easements by 2017.  
As of fall 2016, they had achieved less than half that goal with program totals of 141,964 
acres20. By comparison, the San Antonio EAPP has expended $248 million to acquire 
more than 152,759 acres. 

  

                                                 
20 NYCity DEP. 2017. Land Acquisition Program 2017-1018 Solicitation Plan for Catskill/Delaware System.   
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Chapter 4  
Analysis of Future Program Options 

LMI analyzed three policy options for the EAPP’s future. For each, we projected the 
aquifer recharge protected and compared it with projections of the City of San Antonio’s 
future water needs as estimated by SAWS. In this section, we define each policy option, 
describe our projection method and key assumptions, and present the results. Finally, 
we analyze each option for its relative effectiveness in meeting the city’s future water 
needs by conserving Edwards Aquifer recharge and protecting water quality. 

We compared projected conservation under each option to the goals of protecting  
100 percent of San Antonio’s projected 2070 Edwards Aquifer withdrawals, current 
permitted Edwards Aquifer withdrawals, and projected 2070 total water needs. 

The three policy options are as follows: 
1. Continuation—assumes that the current funding level authorized under 

Proposition 1 of $100 million every 5 years ($20 million per year) is reauthorized 
on an ongoing basis, with no adjustments for inflation. 

2. Reduced funding—assumes that starting in 2020, funding levels are reduced to 
$45 million authorized every 5 years on an ongoing basis. This scenario will 
result in fewer acres conserved and therefore a slower rate of protection of 
Edwards Aquifer recharge. 

3. Discontinuation—assumes that the program is not reauthorized and spending for 
conservation ceases after 2020. No additional conservation of Edwards Aquifer 
recharge will take place beyond 2020. 

Projection Method 
LMI projected the City of San Antonio’s future water needs using a method developed by 
SAWS to estimate the Edwards Aquifer recharge that would be protected under each 
EAPP policy option. LMI projected future costs of land conservation by escalating recent 
EAPP land acquisition costs at average regional land price growth rates. Next, for each 
policy option, we estimated the number of acres conserved every year by dividing the 
annual funding level by the projected land acquisition price. Finally, we expressed the 
acreage conserved in terms of Edwards Aquifer recharge conserved by multiplying the 
acreage conserved by average recharge rate per acre for the period 1980–2016. This 
enabled a comparison of Edwards Aquifer recharge “protected” under each scenario to 
the city’s future water needs. We used nominal prices (escalated over time) in our 
analysis for consistency with the assumption that program reauthorization amounts 
would not be adjusted upward for inflation. The sections that follow describe each step of 
the method. 
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Our analysis follows the water demand projection method SAWS used in its 2017 Water 
Management Plan.1 This method projects the high end of future water needs by 
estimating consumption during a dry year. The SAWS projections assume an increase in 
total potable water demand proportional to population growth.2 We estimate demand for 
potable water from the Edwards Aquifer by subtracting current and total projected non-
Edwards Aquifer potable water sources from the projected demand. Current non–
Edwards Aquifer potable water sources include water from Medina Lake, Trinity Aquifer, 
Western Canyon Lake, Local Carrizo Aquifer, Regional Carrizo Aquifer, Lake Dunlap, 
Wells Ranch, Canyon Regional Water Authority, and brackish groundwater 
desalination.3 

Figure 4-1 shows the current and historic water portfolio for SAWS. Until the onset of 
desalinization in 2001, virtually all of the water for San Antonio was obtained from the 
Edwards Aquifer. Other water sources brought by SAWS into its water portfolio have 
helped to decrease the reliance on Edwards Aquifer water by approximately 20 percent 
from 2013 through 2017. 

Figure 4-1. SAWS Water Portfolio 

 

Other projects are in progress or planned to further decrease the reliance on Edwards 
Aquifer water, including Vista Ridge, a public–private partnership to bring water via a 
pipeline from western Burleson County, 149 miles to the northeast. Figure 4-2 shows 
projected demand for water to San Antonio and the demand from the Edwards Aquifer 
through 2070. We assumed full utilization of the diversified portfolio of resources in the 
future and subtracted them from the total water requirements to show projected required 

                                                 
1 SAWS, 2017 Water Management Plan, revised November 7, 2017, available at https://www.saws.org/Your_Water 
/WaterResources/2017_WMP/docs/20171107_SAWS-2017-Water-Management-Plan.pdf. 
2 The method employs assumptions regarding consumption measured in gallons per capita daily (GPCD), then uses population 
projections to estimate total consumption. The 2012 Water Management Plan assumed that dry-year GPCD falls from 143 in 2011 
to 135 in 2020 and then stays at 135. In contrast to the 2012 Water Management Plan, we display this efficiency gain as decreased 
demand rather than another supply source. 
3 SAWS, “Current Water Supply Projects,” www.saws.org/your_water/waterresources/projects/. 

https://www.saws.org/Your_Water/WaterResources/2017_WMP/docs/20171107_SAWS-2017-Water-Management-Plan.pdf
https://www.saws.org/Your_Water/WaterResources/2017_WMP/docs/20171107_SAWS-2017-Water-Management-Plan.pdf
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withdrawals from the Edwards Aquifer. In reality, utilization and demand on the aquifer 
will vary, depending on a number of factors; our projections approximate future 
withdrawals based on SAWS projected requirements. 

Figure 4-2. SAWS Water Demand Historical and Projected through 2070 

 

Land Acquisition Costs 
Land acquisition costs for the EAPP include appraisal, surveying, environmental site 
assessment, baseline environmental documentation reports, land acquisition team, title 
and legal fees, and conservation easement (or property deed) purchase. These costs 
vary on the basis of the number of acres or parcels acquired. Land acquisition costs for 
properties purchased in 2012 and 2013 averaged $1,871 per acre, 96 percent of which 
was for the purchase of conservation easement. By 2017, that cost had risen to $2,696 
per acre. In addition, the EAPP incurs capital administration costs averaging $175,843 
per year; this fixed cost is incurred regardless of the number of acres or parcels 
purchased. 

Rate of Land Acquisition Cost Inflation 
To estimate future land acquisition costs for the EAPP, we escalated the aforementioned 
costs by using historic rate of land price growth for the San Antonio region. According to 
data from the Real Estate Center at Texas A&M University, nominal rural land prices in 
the land market area that includes Uvalde and Medina counties (Land Market Area 10) 
increased at an average annual rate of 4.9 percent from 1980 to 2012; the median year-
over-year rate for the period was 5.0 percent.4 In the land market area including Bexar 
County and other parts of the San Antonio metropolitan area, rural land prices increased 
at an average annual rate of 6.1 percent; the median year-over-year rate was 
6.0 percent.5 For our analysis, we assume land acquisition costs will rise at a nominal 

                                                 
4 Real Estate Center at Texas A&M University, “Rural Land,” https://www.recenter.tamu.edu/data/rural-land. 
5 According to an Interlocal Agreement, the EAA prepares and implements conservation easement management and monitoring 
plans for each EAPP property. Under this agreement, the EAA bears all of its program costs. All scenarios assume that the 
Interlocal Agreement continues throughout the time period analyzed. 
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rate of 5 percent annually. We assume capital administrative costs will increase at a 
nominal rate of 3 percent annually, approximately equal to the long-run rate of inflation in 
the economy.6 These assumptions allowed us to estimate the future cost of land 
conservation for each year of the analysis period. For each year, we divided the 
assumed funding levels by the price of land, yielding an estimate of the total land 
conserved under each policy option. 

Recharge Rates 
Finally, we estimated the total recharge protected under each policy option by 
multiplying the estimated acreage conserved by the average recharge rate per acre. We 
performed our analysis using historic average recharge rates in 1980–2017, as obtained 
from the EAA. The average annual recharge rate in 1980–2017 was 279 billion gallons. 
The area of the Edwards Aquifer recharge zone is 779,566 acres. This implies an annual 
average of about 357,500 gallons of recharge per acre in the recharge zone. Primary 
projections reflect the average recharge rate for the period, but we also discuss the 
impact of a prolonged drought on the projections. 

Three Scenarios 
Demand for potable water in the City of San Antonio is projected to increase by  
27 percent from 2015 to 2070, reaching 105 billion gallons by 2070 (Figure 4-1). SAWS 
projects total demand to remain nearly flat, averaging 84 billion gallons through 2020 as 
projected efficiency gains decrease the amount of water used per capita and offset 
growing demand from population increases.7 In addition, SAWS-planned investments 
and other non-Edwards Aquifer water resources between now and 2030 will steadily 
decrease the amount needed from the aquifer. From current SAWS plans for alternative 
water resource development, we estimate that under average conditions, about  
52 percent (55 billion gallons) of total 2070 demand (105 billion gallons) will be met by 
the Edwards Aquifer, down from 90 percent in 2012. The projected 2070 demand from 
Edwards Aquifer is well below the current maximum normal year withdrawals—96 billion 
gallons permitted to SAWS by the EAA. 

Using the method described in the previous section, we projected the acreage and 
recharge conserved during each year of the analysis period, under each policy option. 
Table 4-1 shows near-term projections for the total recharge protected by current policy 
option. At an average recharge rate of 357,000 billion gallons per acre, the program will 
protect about 48 billion gallons of recharge annually by 2020, the year when current 
Proposition 1 authorized in 2015 expires. 

Under a policy of discontinuation, no further acreage would be conserved beyond 2020, 
so the amount of recharge protected would remain fixed at 44 billion gallons between 
2020 and 2070. At a reduced funding level ($45 million), additional acreage would be 

                                                 
6 Price escalation measured by the Bureau of Labor Statistics for 1913–2017 and 1980–2017 averaged 3.23 percent and 
3.25 percent, respectively. Bureau of Labor Statistics, “Consumer Price Index, All Urban Consumers (CPI-U), U.S. City Average” 
data, obtained from ftp.bls.gov/pub/special.requests/cpi/cpiai.txt. 
7 SAWS, 2017 Water Management Plan, revised November 7, 2017, available at https://www.saws.org/Your_Water 
/WaterResources/2017_WMP/docs/20171107_SAWS-2017-Water-Management-Plan.pdf. Efficiency gains are expected due to 
decreased use of water for lawns and landscaping and more efficient toilets, washing machines, and industrial processes. 

https://www.saws.org/Your_Water/WaterResources/2017_WMP/docs/20171107_SAWS-2017-Water-Management-Plan.pdf
https://www.saws.org/Your_Water/WaterResources/2017_WMP/docs/20171107_SAWS-2017-Water-Management-Plan.pdf
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conserved, leading to an increase of recharge conservation to 46 billion gallons by 2020. 
Under continuation ($100 million), conservation would reach 81 billion gallons by 2070. 

Table 4-1. Estimated Recharge Protection in 2020 and 2070  
Compared with 2015 

Year Continuation ($100 million) Reduced ($45 million)  Discontinuation 

By 2015 39 billion gallons N/A N/A 
By 2020 48 billion gallons 48 billion gallons 48 billion gallons 
By 2050 73 billion gallons 58 billion gallons 48 billion gallons 
By 2070 81 billion gallons 63 billion gallons 48 billion gallons 

 

Figure 4-3 shows the effects of funding levels on the ability to meet projected future 
water needs by the projected recharge protection. This allows a comparison of future 
needs to the expected outcome of each policy option. The left-hand side of the graphic 
shows the historic data for each trend and is divided from the projections by a vertical 
dark purple line at 2018. Represented on the graph in bright red is the maximum 
permitted level of withdrawal from the Edwards Aquifer in a year of average rainfall. The 
solid dark blue line shows the SAWS-predicted total water requirement for each year. 
The light blue solid line shows the predicted withdrawal requirements from the Edwards 
Aquifer, assuming that all of the non-aquifer water contribution from the SAWS water 
portfolio is delivered at promised rates. 

The year 2020 is the end of the current authorization of the EAPP. By that time, enough 
acreage should have been obtained to provide the Edwards Aquifer with 48 billion 
gallons of protected recharge. This will match the predicted Edwards Aquifer withdrawal 
requirements due in large part to reduced demand from a combination of portfolio water 
introductions and conservation efforts. According to the predictions, however, the need 
for Edwards Aquifer water past 2025 will increase due to population growth. If the 
funding for the EAPP does not continue past 2020, a water deficit will begin by 2028. 
Funding the EAPP past 2020 at the current rate ($100 million per 5-year interval) or at a 
reduced rate ($45 million per 5-year interval) will continue to provide enough recharge 
water in a normal rainfall year to meet the SAWS-predicted Edwards Aquifer withdrawal 
requirements through 2070. Program continuation would achieve 68 percent protection 
of total SAWS withdrawal requirements by 2070. 
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Figure 4-3. SAWS Water Demand and Edwards Aquifer Supply Protection 

 

Because the Edwards Aquifer is so dependent on recharge, dry rainfall years such as 
the drought of record in the 1950s and the recent dry years of 2011, 2013, and 2014, we 
also analyzed these data with the reduced recharge rates. The color for each of the lines 
is the same in Figure 4-4 as in Figure 4-3, but drastic differences in the data are evident. 
For one, the amount of Edwards Aquifer withdrawal permitted in dry years is restricted; 
therefore, the bright red line representing the amount of water available from the 
Edwards Aquifer is 44 percent lower. Drought restrictions should reduce the amount of 
demand, but certain users (e.g., power companies) will have higher demands due to 
increased demands for cooling water. The lines representing full funding at current levels 
and half-funding are virtually parallel and well below the ability to recharge the amount of 
water required to replenish Edwards Aquifer withdrawal requirements. In years with 
severe drought, withdrawal from the ASR Program will be required to augment the 
SAWS water source portfolio. 
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Figure 4-4. SAWS Water Demand and Edwards Aquifer Supply Protection during Drought 

 

The most alarming information revealed by this graphic is that after 2050, the Edwards 
Aquifer withdrawal demand essentially parallels the maximum withdrawal allowed by the 
current permit. By 2065, demand will be greater than the permitted withdrawal. 
Increased funding to protect more property for recharge could alleviate this hazard. 

The effects of funding levels on the amount of water recharge protected are shown 
under normal rainfall years (Figure 4-3) and in the event of dry years (Figure 4-4). 
Discontinuation of funding would ensure that the EAPP no longer protects recharge to 
the aquifer commensurate with required withdrawals after the year 2025. In other words, 
whether a normal or dry year, after 2025, San Antonio will use water faster than it is 
replenished if this program is no longer funded. Under normal rainfall conditions, full 
funding will far exceed, and partial funding would also exceed, the withdrawal 
requirements beginning this year (2018). Partial funding ($45 million) is a reasonable 
alternative to protect recharge amounts and meet Edwards Aquifer withdrawal 
requirements beginning after the current proposition expires in 2020. None of the 
funding scenarios will protect enough land to replenish the aquifer during dry years 
(Figure 4-4). These conclusions regarding funding level pertain only to amounts of water 
recharge; they do not apply to the protection of aquifer water quality. 
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Chapter 5  
Sensitivities and Caveats 

Our analysis and conclusions are based on the assumptions described throughout this 
document. Alternative assumptions would result in differing conclusions. We discuss the 
key assumptions briefly. 

In its 2017 Water Management Plan, SAWS describes alternative sources of water in its 
portfolio, thereby reducing reliance on the Edwards Aquifer. Should these alternative 
water sources not be continuously available, the City of San Antonio may find itself 
withdrawing more water from the aquifer in the future than reflected here. This would 
require the city to increase the amount of funding needed to protect future withdrawals. 

The amount of land protected at a given funding level depends on assumptions of price 
inflation for land acquisition costs. If the fees required to obtain the easements increase 
more quickly (or slowly) than the assumed 5 percent per year, then a given level of 
funding would yield fewer (or more) acres of land protected. In addition, rural land prices 
in the areas near San Antonio have increased at rates well above the general rate of 
inflation. As San Antonio grows, it is logical to believe that suburban development to the 
west will begin to approach the recharge zone. This can be expected to drive up real 
estate prices at a faster rate than a rural real estate market analysis would predict. 

Assuming sales tax revenues increase at the rate of inflation implies that purchasing 
conservation easements in the near term may present a greater value for the city than 
postponing conservation. In other words, if historic trends continue, postponing 
conservation for another 20–30 years could result in the city paying substantially more 
for the same land, even after adjusting for inflation. 

Our analysis of aquifer recharge protected is based on 30-year average annual recharge 
rates. However, as discussed earlier, recharge rates vary greatly. In years as dry as 
2011, 2013, or 2014, recharge rates are just 13 percent of an average year’s rate. 
During a prolonged drought, current regulations can reduce Edwards Aquifer 
withdrawals by up to 44 percent. Figure 4-4 illustrated the potential impact. However, 
there is another potential impact during dry weather years. SAWS has diversified its 
water portfolio to reduce demand on the Edwards Aquifer. Presumably, dry years will 
also affect other sources of water in the water portfolio. A primary assumption for this 
study is that the SAWS water portfolio would reduce the requirements on the Edwards 
Aquifer. A regional drought could severely affect the validity of this assumption. 

The water being withdrawn from the aquifer by SAWS for the city’s use is not necessarily 
the recharge being protected by the EAPP. Water withdrawal rights are not connected to 
land conservation in the recharge zone. Conserving land over the recharge zone will 
directly protect the city’s water quantity and greatly reduce potential threats to aquifer 
water quantity and quality. 
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Appendix 
Abbreviations 

ASR Aquifer Storage and Recovery 
COC constituent of concern 
EA Edwards Aquifer 
EAA Edwards Aquifer Authority 
EAHCP Edwards Aquifer Habitat Conservation Plan 
EAP Edwards Aquifer Protection Program 
EAPP Edwards Aquifer Protection Program 
GPCD gallons per capita daily 
NPL National Priority List 
PCB polychlorinated biphenyl 
PCE tetrachloroethylene 
PCL protective concentration level 
PERC perchloroethylene 
SAWS San Antonio Water System 
SVOC semivolatile organic compound 
TCE trichloroethylene 
TCEQ Texas Commission on Environmental Quality 
USEPA U.S. Environmental Protection Agency 
USGS U.S. Geological Survey 
VOC volatile organic compound 
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