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Presenter
Presentation Notes
The Edwards AquiferDr. Jack Sharp, Department of Geological SciencesUniversity of Texas at AustinThe Edwards aquifer of central Texas is an extensive, karstified flow system developed in rocks deposited on a Cretaceous limestone platform. Development of the aquifer was controlled by changes in sea level, large-scale hydrodynamic and tectonic processes in the Gulf of Mexico, and local climatic and geomorphic processes. The aquifer is a vital water resource and provides a diverse set of habitats, including those for several endangered species that live in its major spring systems. Because of its unique stratigraphic, hydraulic, and hydrochemical properties, the Edwards aquifer is a natural laboratory that is extremely well suited for hydrogeologic studies. Because of numerous economic, social, and political interests in the use of the water and because of the rapid rate of population growth and urbanization of its watersheds, the aquifer is also a source of political conflict. Competing interests for its waters have stimulated an ongoing debate over how the aquifer would best be utilized. Historical water-balance analysis demonstrates that major water shortages will develop with the recurrence of historic decadal droughts. Future decisions regarding the aquifer’s use will therefore have significant socioeconomic and environmental ramifications. These decisions should be based upon accurate hydrogeological data. The general nature of how the aquifer functions is understood, but more detailed interpretations are needed. Application of ground-water flow models based on field data, natural geochemical tracer,s have the potential to reduce uncertainties in the details of how the aquifer functions and will function in response to potential future developments. (Sharp and Banner, 1997)



Presenter
Presentation Notes
There is a saying in Texas—“whiskey is for drinking, water is for fighting.” Fighting over water resources involves legal, political, and economic interests. Much attention is focused on the Edwards aquifer, which is one of the most prolific aquifers in North America. It provides water for more than two million people, including all the water used by the City of San Antonio and by numerous smaller municipalities, industry, and agriculture. Individual well yields can be tremendous; a City of San Antonio well drilled in 1941 had a natural flow of 16,800 gallons/minute (1.06 m3/s; Livingston, 1942), and a well drilled in 1991 is reportedly the world’s greatest flowing well, with a natural discharge of 25,000 gallons/minute (1.58 m3/s; Swanson, 1991). The Edwards aquifer also provides important recreational resources in stream waters and in the parks that surround major spring orifices that discharge the aquifer’s water. The streams that flow over the aquifer and are fed by its springs provide needed fresh water to the south Texas Gulf Coast bays and estuaries, which are the nurseries for shrimp, redfish, and other species of coastal and marine wildlife.



The Edwards Aquifer

• What is an aquifer?
• Geologic History
• How does water enter the aquifer?
• How does water leave the aquifer?
• Who uses water from the aquifer?
• Issues facing the aquifer



Headline News

Water is always making 
headlines in Texas. 
Locally, the Edwards 
aquifer always seems to 
be in the news.  This is 
because water is vital to 
our society.

Presenter
Presentation Notes
The aquifer has been the subject of recent litigation, notably regarding the maintenance of natural flow to certain spring systems and the preservation of the threatened and endangered species that dwell in them. This conflict has developed because the communities and region that overlie and rely upon the Edwards constitute one of the fastest growing urban corridors in the United States (Fig. 1). During 1996, undeveloped land in Williamson County, north of Austin, was being subdivided for homes and businesses at the rate of one acre every three hours (Austin-American Statesman, 1996). Significant decisions will have to be made about these water resources in the coming decades. These decisions should be based more on accurate scientific data and less on political exigencies. Hydrogeological facts about the Edwards aquifer and related natural (including biological) resources must be effectively conveyed to those drafting policy and making decisions about future resource utilization.



It’s Where We Live
• These springs led to the development of major towns along the 

aquifer: Salado, Georgetown, Austin, San Marcos, New Braunfels, 
San Antonio, Uvalde, Brackettville, and Del Rio.  All of these towns 
are sited where major springs discharge from the Edwards aquifer.

Salado

Austin

San Marcos

Del Rio New 
Braunfels

Uvalde
Brackettville

Georgetown

San Antonio



From Barton Springs to the Gulf

Presenter
Presentation Notes
The Edwards aquifer… meets the Earth's surface at Barton Springs.Here, at the source of Austin's soul, 50 million gallons of clean, cool water escape daily.The Edwards aquifer is part of a balanced water cycle where rain falling on the Texas hill country drains into creeks and enters sinkholes in the recharge zone. It passes through the aquifer and re-emerges at Barton Springs. It then follows Barton Creek down into the Colorado River and continues into the gulf at Matagorda Bay.Credit:1998 City of Austin, All Rights ReservedWeb Link:City of Austin Splash! Exhibithttp://www.City of Austin: Barton Springs Edwards Aquiferhttp://www.ci.austin.tx.us/aquifer/



What is an aquifer?

A body of rock, 
sediment, or soil 
that contains 
drinkable water 
and can transmit 
this water to wells 
or springs in 
economically 
usable quantities 

Presenter
Presentation Notes
The Cretaceous rocks that form the aquifer are present over much of Texas, either in outcrop or in the subsurface. These units also extend into northern Mexico (Lesser and Lesser, 1988). There are three aquifers in these rocks: the Edwards-Trinity (Plateau) aquifer, the Edwards (Washita Prairie) aquifer, and the Edwards (Balcones fault zone) aquifer.Web Links:Geology 303 An Introduction to Geology Lab Home Page, Hydrogeologyhttp://www.geo.utexas.edu/courses/303/303_lab/g303pg12.htmlGlossary:aquifer - An underground bed or layer of sand, gravel, or porous stone that yields drinkable water to wells or springs.Cretaceous - 144 - 65 million years ago; Of or belonging to the geologic time, system of rocks, and sedimentary deposits of the third and last period of the Mesozoic Era, characterized by the development of flowering plants and ending with the sudden extinction of the dinosaurs and many other forms of life. 



Related Aquifers in Central and 
West Texas

The carbonate rocks 
that hold the waters 
form several 
aquifers:

• The Washita 
Prairies aquifer 
near Waco

Presenter
Presentation Notes
The carbonate rocks that hold the waters form several aquifers – a portion near Waco (the Washita Prairies aquifer), the Edwards-Trinity Plateau aquifer (that long flat stretch between Junction and Fort Stockton along  I-10), and the (Balcones Fault Zone) Edwards aquifer, which is the one we usually mean when we refer to the Edwards aquifer. Glossary:carbonate rocks - limestones and dolomite; rocks made of carbonate minerals. 



Related Aquifers in Central and 
West Texas

• The Edwards-
Trinity Plateau 
aquifer (that long, 
flat stretch 
between Junction 
and Fort Stockton 
along  I-10)

Presenter
Presentation Notes
The carbonate rocks that hold the waters form several aquifers – a portion near Waco (the Washita Prairies aquifer), the Edwards-Trinity Plateau aquifer (that long flat stretch between Junction and Fort Stockton along  I-10), and the (Balcones Fault Zone) Edwards aquifer, which is the one we usually mean when we refer to the Edwards aquifer. 



Related Aquifers in Central and 
West Texas

• The (Balcones 
Fault Zone) 
Edwards aquifer, 
what we refer to 
as the Edwards 
aquifer

Presenter
Presentation Notes
The carbonate rocks that hold the waters form several aquifers – a portion near Waco (the Washita Prairies aquifer), the Edwards-Trinity Plateau aquifer (that long flat stretch between Junction and Fort Stockton along  I-10), and the (Balcones Fault Zone) Edwards aquifer, which is the one we usually mean when we refer to the Edwards aquifer. 



The Edwards aquifer
This narrow band of carbonate rocks extends from Del 

Rio to Salado, Texas.  The boundary along the north 
and west is where the rocks have been eroded.  

N

Presenter
Presentation Notes
It stretches in a band (usually <64 km wide) from the Rio Grande near Del Rio, then extends east through San Antonio, and northeast through Austin, and ends near the town of Salado in Bell County. The boundaries of the Edwards aquifer are (1) the northern and western limits of the outcrops (except in the west, where it is continuous with the Edwards-Trinity Plateau aquifer; (2) the Rio Grande; and…Web Links:The Edwards Aquifer Homepagehttp://www.edwardsaquifer.net/Education Materialshttp://www.txdirect.net/corp/eaa/carolyn/brochure.htmEdwards Aquifer Research and Data Centerhttp://www.eardc.swt.edu/Barton Springs/Edwards Aquifer Conservation Districthttp://www.bseacd.org/Edwards Aquifer Protection Programhttp://www.tnrcc.state.tx.us/EAPP/Edwards Aquifer Location Maphttp://www.meto.umd.edu/~owen/CHPI/IMAGES/EA-location.html



The Edwards aquifer
The boundary along the south and east is the badwater 

line.  Waters pumped beyond this boundary are too 
salty for human consumption.

Presenter
Presentation Notes
… (3) the bad-water line, which separates the fresh-water zone (potable waters) from the bad-water zone (brackish or saline waters with >1000 mg/l total dissolved solids). Of particular interest is the aquifer between the ground-water divides near Brackettville (east of Del Rio) and Kyle (just north of San Marcos) because this is the largest segment of the aquifer and includes San Antonio.



The Edwards Aquifer

• What is an aquifer?
• Geologic History
• How does water enter the aquifer?
• How does water leave the aquifer?
• Who uses water from the aquifer?
• Issues facing the aquifer



The Rocks
Edwards aquifer rocks formed during the days of the 

dinosaurs (the Cretaceous Period or between 62 
million and 130 million years ago) in a series of reefs 
and lagoonal deposits.  

Presenter
Presentation Notes
The aquifer is in carbonate rocks that were deposited in shallow subtidal to tidal-flat facies on an extensive marine platform approximately 100 m.y. ago. This stratigraphic package formed as part of an extensive series of shallow-water carbonate-evaporite platforms that encircled the margin of the ancestral Gulf of Mexico during a major marine transgression in the Early Cretaceous. Subsequent lowering of sea level, rapid burial of the deep sections of the Gulf of Mexico basin, tectonic uplift along the margins, and erosion and karstification have played important roles in the development of the aquifer.Detailed hydrostratigraphic relationships are given in Rose (1972), Maclay and Small (1986), Pavlicek et al. (1987), and Sharp and Banner (1997), among many others.Photo:51F-35-016.  This is a view looking north of the Great Barrier Reef along the northeastern coast of Australia.  About 100 miles of reef are in view.  Cooktown is seen in the lower left of the image.  Latitude 15 degrees South.  Taken 04 August 1985.Note that the Great Barrier Reef is one of the largest living biomasses in the world, and is home to one of the world’s most diverse groups of marine plants and animals. NASA.Web Links:http://www.science.ubc.ca/~geol202/sed/carb/carbrim.htmlGlossary:karst - A landscape in which rock dissolution has produced fissures, sinkholes, underground streams, and caverns. stratigraph - The study of rock strata, especially the distribution, deposition, and age of sedimentary rocks. tectonic - Relating to, causing, or resulting from structural deformation of the Earth's crust.



The Rocks
A rudistid clam, one of the chief reef-building organisms of 

Cretaceous time.

Presenter
Presentation Notes
Organic, reeflike buildups of an unusual suborder of bivalves called rudistids are common in the aquifer unit. Web Links:http://www.musei.unina.it/Paleontologia/eng/3.2.5.17.htmInformation on rudistids:http://www.americanscientist.org/articles/02articles/johnsoncap2.htmlGlossary:rudistids - A bivalve (clam) group that diversified during the Jurassic, and gained considerable importance and extensive distribution in the Cretaceous, after which they became extinct. 



The Rocks
A number of different geological formations host the 

Edwards aquifer. In Austin, the aquifer rests in the 
Georgetown Formation and the Edwards Group.  

Presenter
Presentation Notes
Some confusion still persists over differences between hydrostratigraphic and stratigraphic nomenclature. It is not always recognized, for instance, that although the Edwards aquifer is present in the San Antonio area, the Edwards Limestone is not! The Edwards aquifer is a hydrostratigraphic unit that generally includes all rocks above the Glen Rose Limestone and beneath the Del Rio Clay, except where the latter has been eroded and aquifer crops out. The aquifer thickens to the south and southwest from about 60 to 275 m.



Where’s the water?

Water is held in 
rocks between the 
Glen Rose 
Limestone and the 
low permeability 
Del Rio Clay.

DEL RIO CLAY

GLEN ROSE LIMESTONE

Presenter
Presentation Notes
Both the upper and lower confining units are continuous and widespread. In the Glen Rose, layers of limestone and marl alternate and form a local aquifer with a low vertical permeability. The Del Rio Clay is a very efficient confining layer. It consists of low-permeability smectitic shales with occasional shell-fragment beds.Glossary:Permeability - The capacity of material to transmit water or other fluids.Smectite - A group of clay minerals that tend to swell when exposed to water.



The Dolomitic Member 



The Kirschberg Evaporite Member 



Regional Dense Member 

Presenter
Presentation Notes
The Regional Dense Member of the Person Formation is relatively unkarstified and functions as a semiconfining unit.



Conduits in the Leached and 
Collapsed Member

Presenter
Presentation Notes
The Leached and Collapsed Members of the Person Formation and the Kirschberg Evaporite Member of the Kainer Formations tend to be the most permeable units because of secondary permeability caused by dissolution.



The Georgetown Formation

Presenter
Presentation Notes
Glossary:Miocene - Of or belonging to the geologic time, rock series, or sedimentary deposits of the fourth epoch (23.8 - 5.3 million years ago) of the Tertiary Period, characterized by the development of grasses and grazing mammals. Mesozoic - Of, belonging to, or designating the era of geologic time that includes the Triassic, Jurassic, and Cretaceous Periods (from 265 to 65 million years ago) and is characterized by the development of flying reptiles, birds, and flowering plants and by the appearance and extinction of dinosaurs. Cenozoic - Of, belonging to, or designating the latest era of geologic time (from 65 million years ago until today), which includes the Tertiary Period and the Quaternary Period and is characterized by the formation of modern continents, glaciation, and the diversification of mammals, birds, and plants. 



DEL RIO CLAY

GLEN ROSE LS

The Del Rio Clay and Overlying 
Sediments

Presenter
Presentation Notes
The stratigraphic and structural features serve to (1) control the distribution of recharge features, primary and secondary porosity, permeability, and water chemistry and (2) make the Edwards one of the most highly productive aquifers in North America. Even though the aquifer is commonly treated as a single hydrostratigraphic unit, its properties are highly variable both laterally and vertically. This variability, coupled with the intricacies and variability created by karstification, leads to considerable complexity within the aquifer.



A Little Geologic History
The Edwards aquifer rocks formed on a broad carbonate 

shelf, flanked by deeper basins in a setting similar to the 
modern Bahamas.

Crooked, Acklins Islands, Bahamas
Photo: NASA



Geologic History
Dinosaurs living in the area left tracks in the emerged 

muddy  tidal flats.

Dinosaur Valley State Park, Glen Rose, TX
Photo courtesy Texas Parks & Wildlife © 2002

Presenter
Presentation Notes
Photo of Dinosaur track: Photo courtesy Texas Parks & Wildlife © 2002 http://www.tpwd.state.tx.us/park/dinosaur/Web Links:http://www.goodearthgraphics.com/virtcave/index.htmlEverything you ever wanted to know about caves. Very, very, very cool!To see a video on how sinkholes and caves form in limestone:http://www.watersheds.org/blue/earth/karst.htm



Geologic History

Rainwater mixed with 
carbon dioxide in 
the air and soil, 
carving the 
landscape into 
caves and fissures.

Presenter
Presentation Notes
Web Links:http://esa.www5.50megs.com/geopro/karst/karst.htmlIllustration:USGS



Geologic History
The rocks sank again and more carbonates (the clayey 

Del Rio, and other rocks) were laid down above 
aquifer rocks.  These include the Austin Chalk upon 
which much of Austin is built.



Geologic History
In the Miocene (about 17 million years ago), the aquifer 

rocks were uplifted and faulted (forming the Balcones 
Escarpment).  They again became subject to erosion 
and dissolution.

Presenter
Presentation Notes
Web Links:The Miocene Epochhttp://www.ucmp.berkeley.edu/tertiary/mio.htmlPhoto Credit:Dr. Leon E. LongView from Mt. Bonnell. 



Caves Associated With the Edwards

Devil’s Sinkhole 
State Natural Area

Rocksprings, TX

Natural Bridge Caverns
Natural Bridge Caverns, TX

Kickapoo 
Caverns 
State Park
Brackettville, 
TX

Inner Space Cavern
Austin, TX

Presenter
Presentation Notes
Web Links:Karst Waters Institutehttp://www.karstwaters.org/Karst Topographyhttp://www.nps.gov/maca/karst.htmWKU Karst Studies Grouphttp://karst.wku.edu/http://www.innerspace.com/DiscoveryPages/Discovery.htmlPhoto Credits:Natural Bridge Caverns - Emerald Lake by Danielle M. BaileyInner Space Caverns - Flowing Stone of Time Pool by Molly S. PurcellDevil’s Sinkhole State Natural Area - Photo courtesy Texas Parks & Wildlife © 2002 Kickapoo Caverns State Park - Photo courtesy Texas Parks & Wildlife © 2002 



The Edwards Aquifer of Today
• The aquifer contains several flow systems – One occurs 

near Del Rio



The Edwards Aquifer of Today
• The largest flow system runs from near Brackettville to 

near Kyle…



• … and supplies the major springs at San Marcos, New 
Braunfels, and San Antonio.  

The Edwards Aquifer of Today



• Smaller flow systems include the Barton springs flow 
system…

The Edwards Aquifer of Today



The Edwards Aquifer of Today
• …and areas north of the Colorado River .



The Edwards Aquifer

• What is an aquifer?
• Geologic History
• How does water enter the aquifer?
• How does water leave the aquifer?
• Who uses water from the aquifer?
• Issues facing the aquifer



How does water get into the 
aquifer?  

• Water enters the aquifer 
through faults, fractures, 
sinkholes, or percolation 
through the soil. This 
process is called recharge.

• The recharge zone is the 
area where water enters 
the aquifer.

Presenter
Presentation Notes
The Edwards aquifer receives approximately 80% of its recharge through losing (influent) streams that flow over its unconfined parts. Most of the remaining recharge is from direct precipitation on aquifer outcrops. Minor amounts of recharge come from the movement of saline ground waters across the bad-water line, from leaky water mains and sewage lines in urbanized areas, and from cross-formational flow from underlying units.A cross-formational flow component is locally important especially to the north, where the aquifer thins, and it may be identified by chemical and isotopic signatures (Clement and Sharp, 1988; Oetting et al., 1996). Recharge from streams is highly variable because it depends primarily upon the duration and intensity of stream flows.



Cross Section of the 
Edwards aquifer

Presenter
Presentation Notes
The general flow systems are understood, but local hydrogeological details are complex. Faulting and subsequent dissolution along fractures create a very heterogeneous and anisotropic permeability distribution. The orientation of the maximum permeability is subparallel to the strike of the rocks and fracture trends. All waters recharged east of the ground-water divide near Brackettville flow east, where they discharge to wells or at the large springs.



Recharge Feature in 
South Austin



Antioch Cave

Presenter
Presentation Notes
Web Links:Antioch Cave Rechargehttp://www.bseacd.org/antioch.html



Marbridge Ranch



The Edwards Aquifer

• What is an aquifer?
• Geologic History
• How does water enter the aquifer?
• How does water leave the aquifer?
• Who uses water from the aquifer?
• Issues facing the aquifer

Presenter
Presentation Notes
Maclay and Small (1986) and Maclay and Land (1988) recognized several domains of highly variable transmissivity. Faulting has juxtaposed different hydrostratigraphic units in the aquifer, so that some fault blocks are almost isolated. Other blocks are connected, to varying degrees, with the adjacent ones, because of the variable hydraulic characteristics of the different members within the aquifer and variation in the throw of faults. The faults may serve as barriers to flow between blocks and simultaneously serve as conduits to flow along the fracture planes. Only guesses can be made regarding the detailed hydraulic characteristics of the fracture systems. There are extensive cave systems that support a strikingly diverse subsurface ecosystem that includes two species of blind catfish (Longley, 1981). Flow-system delineation by tracer tests demonstrated complexities unusual even in karst systems (N. Hauwert, 1996, personal commun.). Consequently, even though several numerical models have been developed, they only simulate the general characteristics of the system. It is often proposed at public hearings that the aquifer can be overdrafted during drought because large recharge events will replenish the aquifer. This would avoid both the costs of a huge regional water distribution system and use restrictions, and would allow the current users of the aquifer to continue to use this very high quality, cheaply produced water for current and projected needs. However, this scenario is rendered tenuous by unknown potential effects of severe overdrafting on water quality, water availability, and habitats (especially those of endangered species living in the two largest spring systems).



Big Boiling Springs 
Salado, TX

Salado

Presenter
Presentation Notes
Maclay and Small (1986) and Maclay and Land (1988) recognized several domains of highly variable transmissivity. Faulting has juxtaposed different hydrostratigraphic units in the aquifer, so that some fault blocks are almost isolated. Other blocks are connected, to varying degrees, with the adjacent ones, because of the variable hydraulic characteristics of the different members within the aquifer and variation in the throw of faults. The faults may serve as barriers to flow between blocks and simultaneously serve as conduits to flow along the fracture planes. Only guesses can be made regarding the detailed hydraulic characteristics of the fracture systems. There are extensive cave systems that support a strikingly diverse subsurface ecosystem that includes two species of blind catfish (Longley, 1981). Flow-system delineation by tracer tests demonstrated complexities unusual even in karst systems (N. Hauwert, 1996, personal commun.). Consequently, even though several numerical models have been developed, they only simulate the general characteristics of the system. It is often proposed at public hearings that the aquifer can be overdrafted during drought because large recharge events will replenish the aquifer. This would avoid both the costs of a huge regional water distribution system and use restrictions, and would allow the current users of the aquifer to continue to use this very high quality, cheaply produced water for current and projected needs. However, this scenario is rendered tenuous by unknown potential effects of severe overdrafting on water quality, water availability, and habitats (especially those of endangered species living in the two largest spring systems).



Barton (main) Spring
Austin, TX

Austin

Presenter
Presentation Notes
Web Links:Texas Environmental Center: Barton Springshttp://www.tec.org/bartonsprings/



San Marcos Springs
San Marcos, TX

San Marcos

Presenter
Presentation Notes
These include San Pedro and San Antonio springs in San Antonio, Comal Springs and Hueco Springs, near New Braunfels, and San Marcos Springs in San Marcos.In the confined part of the Edwards, the flow is nearly parallel to the strike of the aquifer. San Marcos Springs is the lowest natural discharge point of the aquifer (570 ft/174 m above mean sea level). Just north of San Marcos, a ground-water divide near Kyle separates the San Antonio system of the aquifer from the Barton Springs system, which ultimately discharges to the Colorado River in Austin.



Comal Springs
New Braunfels, TX

New 
Braunfels

Presenter
Presentation Notes
These include San Pedro and San Antonio springs in San Antonio, Comal Springs and Hueco Springs, near New Braunfels, and San Marcos Springs in San Marcos.



San Felipe Springs
Del Rio, TX

Del Rio

Presenter
Presentation Notes
These include San Pedro and San Antonio springs in San Antonio, Comal Springs and Hueco Springs, near New Braunfels, and San Marcos Springs in San Marcos.



It’s Where We Live
• These springs led to the development of major towns 

along the aquifer: Salado, Georgetown, Austin, San 
Marcos, New Braunfels, San Antonio, Uvalde, 
Brackettville, and Del Rio.  All of these towns are sited 
where major springs discharge from the Edwards 
aquifer.

Salado

Austin

San Marcos

Del Rio New 
Braunfels

Uvalde
Brackettville

Georgetown

San Antonio



Wells
Catfish Farms Well is a Texas-sized well.  It was the 

greatest flowing well in the world.  Over time aquifer 
discharge by wells has increased and spring flows have 
decreased.

Presenter
Presentation Notes
Photo Credit: Gregg A. Eckhart; Photo used with permission. http://www.edwardsaquifer.net/pucek.html



The Edwards Aquifer

• What is an aquifer?
• Geologic History
• How does water enter the aquifer?
• How does water leave the aquifer?
• Who uses water from the aquifer?
• Issues facing the aquifer



Historical Changes in the 
Edwards aquifer (1938-present)
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Presenter
Presentation Notes
This figure shows historical trends in recharge to and discharge from the aquifer. Average recharge over the period of record has been 682,800 acre feet/year (26.63 m3/s), but the highest recorded recharge was 2,486,000 acre feet/year (96.95 m3/s) in 1992, and the lowest recorded was 43,700 (1.70 m3/s) in 1956 (Edwards Underground Water District, 1993). Discharge is by springs and wells, and well discharge has increased in the 60 years of record to meet the growing needs of the population and irrigation. Well discharge is inversely correlated with years of high recharge (and precipitation). Nevertheless, the current needs of the regions that depend upon the aquifer exceed the historical water availability during the drought of 1947–1956. When a similar decadal drought occurs, it will be a considerable hardship to the region. In order to plan for the combination of an extended period of low recharge with the rapid urbanization of the area, authorities must consider use restrictions and water supply plans, as discussed below, and ways to raise revenue to institute them, including (unpopular) higher water rates or (equally unpopular) higher taxes.



Who uses the aquifer’s waters?
• Municipal Users (San Antonio, San Marcos, etc.)
• Agriculture (irrigation)
• Industrial
• Recreational
• Fish and Wildlife
• Downstream Surface Water Users

− Fisheries and flow to estuaries
− Reservoirs for water supply
− Irrigation
− Recreation

Presenter
Presentation Notes
A significant drop in natural (spring) discharge occurred during the period from 1947 to 1956. The two largest spring systems are Comal and San Marcos springs. Comal Springs ceased flow for more than four months in 1956, and San Marcos Springs discharge dropped to about 50 cubic feet per second (cfs) (1.42 m3/s). Since then, several organisms living in these springs have been listed under the Endangered Species Act of 1973. At San Marcos Springs, these are (1) the San Marcos salamander (Eurycea nana), (2), a fish, the fountain darter (Etheostoma fonticola), and (3) the Texas wild rice (Zizania texana). A fourth species, the San Marcos gambusia (Gambusia georgei) has not been observed for years. This fish may be extinct, but it is still listed. At Comal Springs, fountain darters had been present before 1956, but they could not be found in 1974 (Schenck, 1975). Fountain darters from San Marcos Springs were reintroduced to the Comal Springs system between February 1975 and March 1976 (U.S. Fish and Wildlife Service, 1984). There is now a significant population of the darters at Comal Springs (Crowe and Sharp, 1997). Several other species at Comal Springs may be candidates for listing as endangered species. These include the Comal Springs salamander (Eurycea sp.) and the Comal Springs riffle beetle (Heterelnis comalensis). 



Who uses the aquifer’s waters?

Source: The Edwards Aquifer Authority

Groundwater Discharge by use, 1988-1999
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Presenter
Presentation Notes
A lawsuit was filed in 1991 by the Sierra Club against the U.S. Fish and Wildlife Service and other agencies in order to maintain adequate spring flows for the preservation of these species. This has resulted in the establishment of minimum springs flows required for the preservation of the species. These minima are 100 cfs (2.83 m3/s) at San Marcos Springs and 200 cfs (5.66 m3/s) at Comal Springs. The latter limit could be reduced to 150 cfs (4.25 m3/s) if the ramshorn snail, an introduced tropical species, can be controlled. This snail is a voracious herbivore and can significantly alter the ecosystem of the Comal Springs system. A review of these requirements can be found in McKinney and Sharp (1995). Historical data, however, clearly demonstrate that spring flows in the Edwards (not just at these two largest springs) cannot be maintained under the drought conditions similar to those of the mid-1940s to mid-1950s, even if the demand for water was still that low.



Municipal and Industrial Users
• Population growth and economic development require 

water (e.g. the exploding population along the I-35 
corridor in San Antonio, New Braunfels, San Marcos, 
and Austin)

• Few suitable, affordable reservoir sites exist
• Excess storage in the aquifer could be mined during dry 

years, then recover during wet years



A growing megalopolis stretches from 
Salado to beyond San Antonio

Both the industries and

the people dwelling here 
now and in the future 
need water.



Agricultural Users

• Have been farming the land for generations

• Have legal rights to aquifer ground water by either 
riparian or appropriative doctrines

• Don’t want water metering!

• Dry land farming, stock raising less lucrative than 
irrigation farming



The Edwards Aquifer

• What is an aquifer?
• Geologic History
• How does water enter the aquifer?
• How does water leave the aquifer?
• Who uses water from the aquifer?
• Issues facing the aquifer



Questions

• What is the best use of aquifer water?

• Is it possible to establish a market for water rights?

• Social costs?



Answers?

• Irrigated fields in Texas can be very productive.

• But heavy usage has 
reduced spring flows that 
are also important 
recreationally, 
esthetically, and for 
certain species native to 
the springs.

Austin  Blind Salamander (Eurycea waterlooensis)

Presenter
Presentation Notes
Video of Austin Blind Salamander provided by:City of Austin Watershed Protection and Development Review DepartmentDeeAnn ChamberlainAll Rights Reserved



Comal Springs

Presenter
Presentation Notes
The Comal River is spring-fed and integral to New Braunfels culture.



Barton Springs
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Presentation Notes
Barton Springs is called the gem of Austin.



Goals of Springflow Users
• Protect endangered species at the Springs.

• Preserve recreational/esthetic and environmental 
aspects.

• Suggest that new/other users shift to surface waters.

• Maintain springflow.



Concerns

• Are there alternative means of saving 
endangered species?

• Who pays?

• Can springflow augmentation or enhanced 
recharge prevent or reduce negative 
consequences? Who pays for this?



Barton Springs

Barton Springs salamander
(Eurycea sosorum)

Presenter
Presentation Notes
The Barton Springs salamander (Eurycea sosorum) is  listed by the federal government as an endangered species. This salamander has been found only in Barton Springs in Austin, and its population is smaller than that of the San Marcos salamander. Protection of endangered species requires protection of the spring system environments against contamination and loss of flow—a difficult task in a region of increasing urbanization.Web Links:http://www.hyperweb.com/bsz/Salamander.htmlhttp://biology.usgs.gov/s+t/noframe/d907.htmhttp://www.utexas.edu/students/scb/newsletter/96_spr/salamander.box.htmlVideo of Barton Springs Salamander provided by:City of Austin Watershed Protection and Development Review DepartmentDeeAnn ChamberlainAll Rights Reserved



San Marcos 
Springs Orifice

• How much water is 
required to 
preserve the 
species?



Take limit flows at San Marcos 
and Comal Springs

• San Marcos Springs
♦ Fountain Darter – 100 cubic feet per second (cfs)
♦ Texas Wild Rice – 100 cfs
♦ San Marcos Salamander – 60 cfs (upwelling flow from 

orifices?)
• Comal Springs

♦ Fountain Darter
• 200 cfs
• 150 cfs if the Ramshorn Snail can be controlled

Presenter
Presentation Notes
Texas has an intriguing system of water law. Surface waters are owned and allocated by the state. Any extraction of water from a stream or its underflow (Meinzer, 1923; Larkin and Sharp, 1992), except for domestic or livestock use, must be approved by the state. On the other hand, ground water belongs to the land owner who can produce it by the “rule of capture.” The owners of the land above the Edwards aquifer consequently have a legal right to pump as much water as they can as long as they use it beneficially, don’t use it in a malicious manner, or negligently cause subsidence. However, continued pumping during times of drought will reduce spring flows and violate the Endangered Species Act. In addition, the communities of New Braunfels and San Marcos gain considerable revenues from the recreational users of the Comal and San Marcos rivers, which are fed almost solely by the springs. The Edwards Aquifer Authority was created by the Texas legislature in January 1993, to regulate withdrawals in order to protect spring flows and thereby protect the endangered species of Comal and San Marcos springs. However, resolutions to the conflicts are not cheap, readily available, or agreeable to all parties.



Histogram of Comal Springs.
• We are already beneath the take limits for parts of 

the historical record.
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Presentation Notes
First, population growth is intensifying water demands. Second, there are no potential alternative water resources that can provide high-quality, abundant water as cheaply as the Edwards aquifer. Third, there are few, if any, sites for potential high-yield reservoirs in the area, and downstream users of streamflow, such as the city of Corpus Christi, object to actions that will diminish the flows that replenish their reservoirs. In addition, some levels of fresh-water flow to the coast are required to maintain the ecological health of the estuaries of the south Texas Gulf Coast. The State of Texas and the users of the Edwards aquifer waters are not immune to the financial consequences of who will be allocated or supplied with water. Coupling these considerations with the complexities of interbasin or interstate regional water transfer makes clear the difficulties associated with future water-resource development in this area, even though it overlies one of the most prolific aquifers in the world. 



Springflow vs. Pumpage During 
Average Years.

• More pumpage for more people means lower springflows
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Presentation Notes
Solutions to all water shortages involve one or more of the following types of actions: (1) increasing water supplies, (2) decreasing water demands, or (3) better management and more efficient use of existing resources. How much water is stored in, discharges from, and recharges the aquifer is generally known, as is how the water is being used (53% municipal, 36% agricultural, 3% industrial, 8% rural domestic and livestock; Technical Advisory Panel, 1990). Potential management actions will benefit from a better understanding of the hydrogeology of the Edwards aquifer. If the detailed hydrogeology were better understood, for instance, then we should be better able to: (1) target well-field locations to maximize production and minimize adverse effects; (2) manage well production with respect to which river basin is contributing recharge; (3) evaluate more precisely methods of spring-flow augmentation which could be used to maintain minimal flows during drought; (4) predict more accurately how waste water recovery (and injection?) systems will function in the aquifer; and (5) predict more accurately the effects of urban development, construction, and point-source pollution. In particular, as the watersheds in the urban areas increase the amount of impervious cover and sewage lines (which inevitably leak), what will be the eventual effects on water quality?



Views of Downstream Users

Presenter
Presentation Notes
Another important question requiring quantification is the effect on the downstream users of the proposed water resource developments relating to the aquifer. For instance, it is commonly assumed by the general public that all the water that issues from the springs flows into the Gulf of Mexico. The other extreme position is that even if all discharge from the springs were diverted, there would be very little effect on fresh water reaching the Gulf Coast. Water balance studies should be conducted to analyze these possibilities.



Management of the Edwards aquifer is 
crucial to the development of Central and 
South Central Texas and is crucial to our 
environment.  We don’t have all the facts. 

Presenter
Presentation Notes
Analysis of the Edwards aquifer situation suggests that detailed hydrogeological studies could have significant economic applications as well as providing new insights into the processes that form the aquifer, the processes now occurring in the aquifer, and how to develop more meaningful numerical simulations. Detailed precise answers are sought by the various groups contesting uses of the Edwards waters, but our hydrogeological and hydrostratigraphic knowledge is of a regional and conceptual nature. Significant financial decisions will be based upon our current knowledge, or lack thereof. The scientific questions include: What are the details of the aquifer’s hydrogeologic property distribution?; What is the extent of flow between various fault blocks?; Can we predict travel paths and times within the aquifer?; and What flow equations are suitable? For instance, is Darcy’s Law applicable, or is the flow better described by turbulent flow models? Can we quantify with any reasonable degree of certainty how siting of the pumping wells would affect spring flows?



Hydrogeological Unknowns
• What are the actual flow paths and travel times?
• How much cross-formational flow?
• Where precisely does recharge occur?
• What hydrogeological parameters must we 

ascertain for proper land use development?
• Can we extract (pump) waters in a more optimal 

manner?
♦ Use more in times of drought?
♦ Pump equivalent amounts with fewer 

detrimental effects?

Presenter
Presentation Notes
Uncertainties exist in the analysis for methods of springflow augmentation and artificial recharge. Artificial recharge structures have been proposed, and some have been constructed with some success (HDR, 1993). Not all sites or areas are equally conducive, because the permeabilities and the connections between various faulted blocks are irregular. What are the best mechanisms and where are the best sites for enhanced or artificial recharge? Uliana and Sharp (1996) and McKinney and Sharp (1995) examined potential methods for spring-flow augmentation. They noted that geological mapping and tracer tests are required near the large springs before the feasibility of these methods can be assessed with confidence. Detailed hydrogeological mapping of the aquifer has not been accomplished despite numerous previous studies (Menard, 1995), but recent studies by Hovorka et al. (1993, 1995), Stein and Ozuna (1995), Small et al. (1996), and Hauwert (1997) are encouraging because they provide high quality conceptual and numerical data. Determining the effects of both natural processes and changing land use on water quality will require studies that cover a range of spatial and temporal scales.



Political Unknowns
• Will we still subsidize growth in Austin and San Antonio 

over growth in Beaumont and Port Arthur?

• Who will pay to provide water to Edwards users?

• Will growth restrictions be imposed?

• Will we market water rights (like Colorado)?

• Will the endangered species law continue to be the 
“biggest gun” in this water battle?

• Will the state (in its wisdom or lack thereof) allocate our 
waters?

Presenter
Presentation Notes
Scientific analyses are needed for the evaluation of water-supply proposals, which range from the simple to the grandiose, such as a massive regional transfer of water from east Texas or Louisiana to Houston, Austin, and San Antonio. For instance, would the environmental consequences of such a scheme be greater than those from periodic diminution of spring discharges below the take limit flows for endangered species? (Take limit flows are the established minima below which we cannot maintain the species’ critical habitat.) What would be the effects of such transfers on the coastal systems or on river systems such as the Sabine, the Trinity, or the Brazos? Finally, political and economic studies are also required. For instance, curtailment of irrigated agriculture during droughts would reduce spring-flow diminution. What would be the legal, economic, social, and hydrologic effects of such an action?



Conclusions
• The aquifer has a long term balance (1934-2002) 

between recharge and discharge

• Periods of extended drought with present population or 
projected increases in use will create problems for 
aquifer users.

• New management policies and new, probably expensive, 
technologies will need to be implemented.

Presenter
Presentation Notes
The Edwards aquifer represents an important natural resource where geologic, hydrologic, biologic, legal, political, and socioeconomic factors are intertwined. The region will be developed and the aquifer will be stressed. A greater understanding of the aquifer’s and the region’s hydrogeology is required to use these precious water resources more efficiently in response to the changing combination of demands and constraints.



In other words…
We have to manage the Edwards aquifer 

and other Texas water resources to meet 
the needs or our society now and in the 
future.



TAP Statement

“…the greatest danger to the…aquifer would be a failure to effect 
prudent, conjunctive management while there is yet time to 
prevent a crisis from developing…because continued 
growth…increases the risk that effective [management] measures 
cannot be implemented rapidly enough in periods of drought to 
prevent…serious consequences. Regional management of the 
aquifer and associated river systems seems necessary if use and 
impacts are to be reconciled prudently.”

Technical Advisory Panel Report
February 1990
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