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THE EDWARDS AQUIFER AUTHORITY

The Edwards Aquifer Authority (the Authority) was created by the Texas
Legislature in 1993 as a special regional water management district in
charge of the San Antonio segment of the Edwards Aquifer. The Authority’s
jurisdictional area encompasses all or parts of eight counties including
Uvalde, Medina, Atascosa, Bexar, Comal, Guadalupe, Hays, and Caldwell
counties.

The Authority is governed by a 17-member board of directors, with voting
members elected to represent 15 districts across the Authority’s region and
two non-voting members appointed by other entities. Directors represent
agricultural, industrial, domestic, municipal, spring, and downstream user
groups. The Legislature also created the South Central Texas Water
Advisory Committee (SCTWAC) to interact with the Authority when issues
related to downstream water rights are being addressed.

The Legislature mandated that the Authority take all necessary measures
to effectively manage the resource to ensure domestic and municipal water
supplies, to promote the operation of existing agriculture and industry, to
protect terrestrial and aquatic habitats, and to sustain the economic development of the region.

To accomplish these goals, the Authority is vested with all of the “powers,
rights, and privileges necessary to manage, conserve, preserve, and protect
the aquifer, and to increase the recharge of, and prevent the waste or
pollution of water in, the aquifer.”
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Chapter 1:

W H AT ’S WAT E R ?

Without water, life on Earth would not exist. People, plants, animals—all living
organisms—need water to live and to grow. Our bodies, which are approximately
70% water, need this fluid to function properly. Among its many jobs in our
bodies, water:
• helps transport food, oxygen, and waste
• aids in regulating our body temperature
• facilitates many chemical reactions, such as digestion and respiration
Water does more than keep us alive though. We use water everywhere.
Examples include:
• in homes and businesses – to flush toilets, take showers, and cook food
• in industries – to make products and clean machinery
• on farms – to grow crops and water animals
• in communities – to fight fires and water lawns in parks
• at power plants – to generate electricity
• for transportation – to move products and people
San Marcos
• for recreation – to swim in, float on, and fish in
salamander

it’s unique

Water’s Characteristics
The components of water are two atoms of hydrogen combined with one atom
of oxygen, producing H2O.

Hydrogen

Hydrogen

+

Oxygen

=

H2O

Water has often been called the “universal solvent” because of its unique set
of characteristics. While water is necessary for life, it is also powerful enough
to carve valleys, crack rocks, and create canyons. Water is a great solvent,
dissolving more substances than almost any other liquid. Whatever water
touches—from sugar to stone—it breaks down the substance chemically and
holds it in solution. Of course, some substances dissolve easier and more
quickly than others.
While it is fluid enough for fish to swim in, water’s molecules adhere so strongly
to one another that water bugs can scurry across the surface of a pond without
getting their feet wet.

Water skater

Water can, of course, change its form—liquid water, solid ice, or gaseous vapor—
but the quantity of water never changes. There is a fixed supply of water on
Earth. The water may change what it looks like and where it is—from water
underground to snow on a mountain top to clouds in the sky—but no water is
ever lost or gained. The water you use today is the same water used by dinosaurs
and pilgrims.
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water’s journey
The Hydrologic Cycle

Since there is only a fixed supply of water on Earth and in its atmosphere, the same
water is simply recycled in the hydrologic cycle—the water cycle.
condensation
condensation
precipitation

evaporation
from lakes
and land

surface runoff

transpiration
from
vegetation

precipitation

evaporation from
ocean

infiltration

The sun’s heat and energy are the driving forces of the water cycle, causing water to
evaporate from soil, oceans, lakes, rivers, streams, and any “pools” of water. Water
vapor also rises into the air from plants through a process called transpiration. As
all this water vapor rises, it cools and condenses into tiny droplets that gather and
form clouds or fog. Finally, when the droplets become large and heavy and the
clouds meet cool air, precipitation is triggered—which means that rain, hail, sleet,
or snow falls—and water returns to the land or sea to begin the cycle all over again.

97%
of the planet’s
total water supply
is salt water that
cannot be used
for drinking or for
irrigating crops.

About 75% of all precipitation falls on the ocean. The remainder falls on the
ground and becomes surface runoff. Some of it flows into lakes, streams, rivers,
and the ocean. Some of it infiltrates the ground, where it is used by plants or
becomes part of the groundwater system.
Evaporation, transpiration, condensation, precipitation, surface runoff, infiltration—
the system has no beginning or end. The water cycle transfers water over and over
from the surface of the land and ocean into the atmosphere and back again. The
water cycle involves all parts of the world, so the amount of water available for use
in any one place may fluctuate widely, from flooding to droughts. For example,
evaporation occurring from our lakes and rivers in central Texas may fall as hail in
Oklahoma or snow in China. Rain that falls in Texas could come from water that
evaporated from the Gulf of Mexico or from a river in a faraway country.

the water planet
Water Availability

2%
is frozen
in icecaps and
glaciers.

<1%
is in lakes, rivers,
and streams or
under the surface
of the ground.
Only about

0.00003%
of all water on Earth
is clean, fresh, liquid
water that we can
use.
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Look at a world map or a globe. You’ll see that water covers about 70 percent of
the Earth’s surface. But people can’t use most of that water. Of all the water on
Earth:
• Sea water makes up about 97% of the planet’s total water supply, and salt
water cannot be used for drinking or for irrigating crops.
• Approximately 2% is frozen in icecaps and glaciers.
• About 0.6% is under the surface of the ground.
• The rest—only about 0.02%—is in lakes, rivers, and streams or in the
atmosphere.
Only about 0.00003% of all the water on Earth is clean, fresh, liquid water that
we can use for drinking, bathing, manufacturing products, and irrigating crops.

WAT E R S U P P LY
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The water we use comes from two places—above the ground and under the ground.

above the ground

45"-56"

Surface Water

Water on top of the ground is called surface water.
We can see this water in:
• lakes • oceans
• rivers and streams • glaciers
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The major rivers in
Texas include the:
• West Nueces
• Nueces
• Frio
• Sabinal

our area of south central
• Medina
• San Antonio
• Guadalupe
• Blanco

Water in these rivers drains from the Edwards Plateau—an area about 1,000
to 2,300 feet above sea level. Streams and rivers flow to lower elevations and
eventually reach the coast.
Surface water in our area is used to irrigate crops and to cool electric power plants.
Some surface water is collected, treated, and used as drinking water.
Cagle’s map turtle

Surface water is also used in the environment by trees
and plants and animals. Water in the rivers also
flows into the bays and estuaries of the Gulf
Coast keeping them healthy and preventing
salt water from invading the rivers. And some
surface water soaks into the ground to become
groundwater.
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under the ground
Groundwater

down it goes

Groundwater is water found under the surface of the land. Groundwater is stored
in the tiny spaces between grains of sand and pieces of gravel, in cracks and
fractures in rocks, and in large caves and cavities underground. The water is held
in these areas like water in a sponge.
Underground areas that hold enough water to provide a usable supply are called
aquifers. An aquifer may be in:
• gravel or sand • a layer of fractured and porous rock • cavernous limestone

Texas contains all or parts of nine major aquifers, which underlie a large geographic
area. (See inside front cover.) Some of these aquifers are small and isolated; others
are miles long and hundreds of feet thick. Some are just a few feet underground;
others are thousands of feet underground. Some of the largest aquifers in Texas,
including the Ogallala and Gulf Coast, are composed of sand and gravel.
In south central Texas, the San Antonio Segment of the Balcones Fault Zone
Edwards Aquifer—commonly known as the Edwards Aquifer—is a layer of
cavernous, fractured, and porous limestone. The Edwards Aquifer is approximately
180 miles long, stretching from the city of Brackettville in Kinney County to the city
of Kyle in Hays County, varies in width from 5 to 40 miles, and can be as much as
600 feet thick.
Seco Creek in Medina County

Inside Seco Creek Sinkhole
in Medina County

up it comes

How Does Water Get into the Ground?
To get into the ground, water seeps through the soil or runs through cracks and
pores in rocks. The water that soaks into the ground comes from:
• rain and snowfall • irrigation of crops • river and stream beds
Water flowing into an aquifer is said to be recharging the aquifer. The water travels
downward into the ground through permeable layers—such as sand, gravel, or
fractures and pores in the limestone—until it reaches an impermeable layer—such
as shale, marl, or clay. Blocked by materials that it cannot flow through, the water
collects in the porous rock and cavities. The area filled with water is known as the
zone of saturation. The area above is the zone of aeration. The water table is that
point where the zone of saturation and the zone of aeration meet. The aquifer is
below the water table.
WATER TABLE

ZONE OF AERATION

AQUIFER

ZONE OF SATURATION
IMPERMEABLE LAYER

Comal Springs in Comal County
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How Do We Get Groundwater Out of the Ground?
Water that comes out of the aquifer is said to be discharged. Water either emerges
naturally through springs or is discharged through wells that have been drilled into
the ground.

A spring is defined as water issuing naturally from the ground. Some springs occur
along the sides of valleys that have been eroded below the level of the water table.
(See figure 1.) These kinds of springs are commonly found at the edge of the
Edwards Plateau area. They supply water to the streams and rivers in this area.
Water Table
Spring

Figure 1: Water Table Spring

Flowing
Artesian Spring

Figure 2: Artesian Spring

Water Table
Well

Artesian Well

Other springs—called artesian springs—occur when groundwater is trapped between
impermeable layers. Since the water is under pressure and has nowhere else to go,
it can rise through a fracture in the earth’s surface. (See figure 2.) Artesian springs in
our area include:
• San Antonio and San Pedro Springs in San Antonio
• Comal Springs in New Braunfels
• Hueco Springs in Comal County
• San Marcos Springs in San Marcos
• Leona Springs in Uvalde County
We can also get water out of the ground by drilling wells. Centuries ago, people dug
shallow wells to reach the water in the ground. Today, wells are drilled into the
ground—sometimes hundreds of feet deep. After the hole is drilled, a pipe—called
a well casing—is placed in the hole. Electric pumps are commonly used to bring the
water to the surface, but windmills and even solar power can be used to pump
water from a well.

(Flowing)

Artesian Well
(Not flowing)

WATER TABLE
IMPERMEABLE LAYER

PERMEABLE LAYER
IMPERMEABLE LAYER

Figure 3: Water Table and Artesian Wells

Some wells, like springs, are artesian, meaning the water is under pressure, trapped
between non-porous rock. If the well intersects this trapped water, the water can rise
in the well above the top of the aquifer. If the water rises in the well to a level higher
than the surface of the land, the well is called a flowing artesian well. (See figure 3.)
Throughout Texas, a lot of water is stored underground, but we can’t use it all.
Some of it is too deep and too expensive to reach, and some of it has a mineral
content that is too high.
Even if we could, we shouldn’t pump out all of the groundwater. If more water is
discharged from an aquifer than is recharged, the water level in the aquifer will be
lowered, which could eventually cause problems, such as:
• Springs could cease flowing.
• Soil could compact so that an aquifer might not be able to hold as much
water again.
• Land might sink, causing buildings, roads, and pipelines to crack or break.
• Plants and animals depending on the groundwater could die.
• Cost for water could increase since more power would be needed to pump
the water from deeper in the ground.

The Edwards Aquifer

20% from
surface water

Our Supply

San Marcos
gambusia

In Texas, during most years, about half the water we use
comes from surface water and about half from groundwater.
But in south central Texas, groundwater supplies approximately
80% of our water. That means that only about 20% of the water
we use comes from surface water. The Edwards Aquifer is the
primary source of water for approximately 1.7 million people living
in south central Texas.

Where
do we
get the
water
we use?

80%

from
groundwater
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The Edwards Aquifer—actually the San Antonio Segment of the Balcones Fault Zone Edwards
Aquifer—is one of the major groundwater systems in Texas. It has been a source of water for
people in south central Texas for more than 12,000 years. Today, it is the primary source of
water for approximately 1.7 million people.

how the aquifer formed
History

The Edwards Aquifer began forming approximately 100 million years ago in the
Mesozoic Era when central Texas was covered by a shallow sea. When the sea
creatures died, their remains—skeletons and shells made of calcium carbonate—
were deposited in layers, or strata, on the sea floor. Calcium carbonate and other
minerals from seawater also formed layers on the sea floor. After a long time, these
layered deposits compacted into limestone, known today as the Edwards and
Associated Limestones.
About 17 million years ago, a shift in the Earth’s crust caused central Texas to be
lifted above the level of the sea. As the ground rose, the limestone broke, producing
fractures and faults. The result was a stairstep landscape that is now referred to as
the Balcones Fault Zone.

Outcrop of Edwards Limestone

Ancestral
Gulf of Mexico
Cenozoic
Sediment
Mesozoic Cretaceous
Sediment
Paleozoic
Sediment
Precambrian
Basement

SEA LEVEL

SEA LEVEL

One hundred million years ago, central Texas
was a shallow sea. As the waters receded, central
Texas rose above the surface of the sea.

Major faulting, resulting from a shift in the earth’s
crust that caused central Texas to be uplifted,
produced the Balcones Fault Zone.

SOIL

As the years passed, the limestone slowly dissolved. A weak carbonic acid
(H2CO3)—formed when water combined with carbon dioxide (CO2) from the air
as well as from plants and soil—slowly seeped through cracks in the ground.
The slightly acidic water gradually dissolved the limestone. Eventually, cavities and
finally caves formed along the faults, fractures, and layers between the rocks. The
result is a honeycombed, porous, cavernous formation—a karst landscape—that can
hold vast quantities of water. The process hasn’t ended. As the limestone dissolves,
even more water can enter the rock, which allows more dissolution, which creates
more cavities, which allows in more water—and the process continues.

LIMESTONE

SINKHOLE

CAVE
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CAVE

CAVE

CAVE

The Weathering of Limestone: Water seeps down through the pores and fractures in the rock,
slowly eroding, dissolving, and enlarging them. Sinkholes form on the surface when the cavities
become large enough to allow soil to be washed in and water to flow into caves.

how the aquifer works
The System

The Edwards Aquifer—about 180 miles long from west to east and about 5
to 40 miles wide north to south—underlies about 3,350 square miles across
portions of ten counties. (See page 8.) But the actual aquifer is just part of a
complex hydrologic system that includes 16 counties and about 8,800 square
miles. This system consists of three segments: the drainage area, the recharge
zone, and the artesian zone.

Drainage Area
The drainage area is the largest component of the aquifer system. It lies north
and west of the actual aquifer and includes all or part of thirteen counties
(Edwards, Kinney, Real, Uvalde, Kerr, Bandera, Medina, Gillespie, Kendall,
Bexar, Blanco, Comal, and Hays). Known as the Edwards Plateau, or the
Texas Hill Country, it ranges from about 1,000 to 2,300 feet above sea level
and covers approximately 5,450 square miles. The rolling landscape contains
woodlands—primarily oak, mesquite, and cedar trees—and grasslands used
for grazing cattle, goats, and sheep.
Drainage Area

In much of this area, the porous Edwards Limestone lies at the surface.
Rainwater that falls here soaks into the limestone and flows south to the edge
of Edwards Plateau where it emerges along the eroded landscape in springs.
These springs feed streams and rivers that flow downhill across impermeable
rock into the recharge zone.

Recharge Zone
The recharge zone is where water enters the aquifer. Edwards Limestone is
exposed on the surface in this area, allowing water in rivers and streams from
the Edwards Plateau to percolate into the fractures and faults; some rivers and
streams disappear into sinkholes or caves. Rain falling directly on the recharge
zone also percolates into the ground and enters the aquifer.
The recharge zone, located along the stair-stepped Balcones Fault Zone,
encompasses approximately 1,250 square miles across six counties (Kinney,
Uvalde, Medina, Bexar, Comal, and Hays). Although more rain usually falls
in the eastern counties, about 70% of recharge to the Edwards Aquifer occurs
in the western counties where the catchment areas of the river basins are larger
and thus allow more water to flow into the aquifer.

Recharge Zone - Creek recharging aquifer

Recharge dams have been built to increase the amount of water that enters
the aquifer in the recharge zone. These structures hold water back so that
it can infiltrate the ground and not flow past the recharge zone.

Recharge Zone - Sinkhole recharging aquifer

San Geronimo Recharge Dam, before storm runoff

San Geronimo Recharge Dam, after storm runoff
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The Edwards Aquifer Region
Edwards Co.

Kerr Co.
Blanco Co. Hays Co.

Gillespie Co.
Kendall Co.

Kinney Co.

Uvalde Co.

o.

San
Antonio

lC
el

m
Co

o.

w

Bandera Co.

C
al

ld
Ca

Real Co.

Guadalupe
Co.

Bexar
Co.

Medina Co.

Drainage Area
Recharge Zone
Artesian Zone
Zavala Co.
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Edwards Aquifer Segments
1. In the Drainage Area,
Area rainfall soaks into the rock to form
a large water table aquifer in the Edwards Plateau. Springs
flow from the edge of the Edwards Plateau to form spring-fed
streams. Then the streams flow downhill to the recharge zone.
2. In the Recharge Zone,
Zone Edwards Limestone is exposed on
the surface. Water from the streams and rivers, as well as
from rainfall, flows into the limestone’s fractures and faults,
caves and sinkholes. The water sinks into the ground, down
into the artesian zone.
3. In the Artesian Zone,
Zone water flows underground from west
to east through the Edwards Limestone—a complex network
of interconnecting spaces that vary from microscopic pores to
huge open caverns. These spaces are filled with water that is
under artesian pressure. When there is enough pressure, some
of the water is forced to the surface through faults and
fractures to form natural artesian springs.

N

W
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Edwards Aquifer Cross Section
North

South

------------------Drainage Area-----------------

-------------------------Artesian Zone-------------------------------Recharge Zone-----Edwards Plateau
Water Table Aquifer

Recharge
Dam
Water Table
Spring
Flowing
Artesian Well
Flowing
Artesian Spring
Relatively
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Younger Formations

Balcones
Fault Zone
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Edwards Aquifer
Artesian Zone
Relatively
Less Permeable Older
Formations

Artesian Zone
After the water percolates into the ground in the recharge zone, it
generally flows south and southeast into the artesian zone. The artesian
zone aquifer is a complex network of interconnecting spaces varying
from microscopic pores to open caverns. Lying under portions of ten
counties (Kinney, Uvalde, Medina, Zavala, Frio, Bexar, Atascosa,
Comal, Hays, and Guadalupe), the artesian zone is about 2,100 square
miles.
In this zone, the Edwards
Limestone, which holds
Relatively
Less Permeable
the water, is located
Younger Formations
Del
Rio Clay
Del Rio
between two relatively
Clay
less permeable layers.
In most areas, Del Rio
Clay is located directly
Edwards
and
Edwards and
above the Edwards and
Associated
Associated
Limestones
Limestones
Associated Limestones,
(Edwards Aquifer)
Relatively
and dense layers of
Less Permeable Older
Glen Rose
Formations
Glen
Rose
Glen Rose Limestone
Limestone
Limestone
(Trinity Aquifer)
are below. Thus, the
Generalized Cross Section of the Edwards
water in the aquifer
Aquifer Artesian Zone
is trapped or confined;
water cannot seep directly into the artesian zone because of the Del Rio
Clay, and it cannot percolate down into the layers below the Edwards
Limestone.

A cave inside the Edwards Aquifer

In certain places where there is enough pressure from the weight of the
water above—called artesian pressure—some of the water in the aquifer
is forced to the surface at geologic faults and fractures. This creates
natural artesian springs, such as San Antonio, San Pedro, Comal, and
San Marcos springs. If there is enough artesian pressure where wells
are drilled, the water will flow freely without being pumped.
Within the artesian zone, the water flows west to east to the San
Antonio area, then northeast to Comal and San Marcos springs.
Because the elevation of the aquifer in the western counties is higher
than in the east, the water flows toward the lower elevations. Near
Kyle in Hays County, the elevation of the aquifer rises again. This
portion of the aquifer acts as a groundwater divide separating water
in the San Antonio Segment of the
Edwards Aquifer from water flowing
Edwards Co.
to Barton Springs in Austin.
Along the southern and eastern boundary
of the aquifer, in the artesian zone, the
limestone is less permeable. Therefore,
the water moves slower and stays in
contact longer with the limestone. Minerals
in the limestone dissolve into the water,
resulting in a high concentration of total
dissolved solids (calcium, sulfate, sodium,
chloride, potassium, etc.), causing the
water to taste and smell bad. The southern
boundary of the artesian zone is called the
saline water line.

Flowing artesian well

Blanco Co. Hays Co.

Gillespie Co.

Kerr Co.

Kendall Co.

Real Co.
Bandera Co.

m
Co

al

.
Co

San
Antonio

Kinney Co.

Uvalde Co.

Medina Co.

Bexar
Co.
Drainage Area

Water flow in the Artesian Zone

Recharge Zone
Artesian Zone
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the species
Life in the Aquifer

Besides supplying water for people, the aquifer is home to approximately 40
known species. Organisms that live in the aquifer include flat worms, snails,
salamanders, and catfish, as well as crustaceans, such as shrimp, amphipods,
copepods, isopods, and ostracods.
Other species—including invertebrates, fish, salamanders, turtles, and plant life—
live in the springs and rivers that depend on the aquifer for their water flow.

Fountain darter

Fountain darters (showing actual size)

Within the caves and crevices of the aquifer, aquatic creatures feed on organic
material, including plant and animal matter that entered the aquifer along
with the water. There is also evidence that deep within the aquifer along the
saline/freshwater line, a bacteria-based ecosystem has developed that supports
many aquifer species.
Through thousands of years of living in a dark, underground waterworld, unique,
highly specialized species have evolved. These aquifer organisms have developed
characteristics unlike their surface relatives. Eyes have degenerated or disappeared
and pigment in the skin is virtually absent in the:
• Texas blind salamander
• Toothless blindcat
• Widemouth blindcat
• Peck’s cave amphipod
Eight species that live within the Edwards Aquifer aquatic ecosystem (the aquifer,
Comal Springs, and San Marcos Springs) have been designated as either threatened
or endangered by the U.S. Fish and Wildlife Service. In addition, two other species
have been designated as threatened by the Texas Parks and Wildlife Department
(TPWD). A species receives this designation because its numbers are declining or
because its habitat is gone or is in danger of being degraded or destroyed.

San Marcos salamander

Texas wild-rice

Endangered or threatened species include:
• Comal Springs dryopid beetle (Stygoparnus comalensis)
• Comal Springs riffle beetle (Heterelmis comalensis)
• Fountain darter (Etheostoma fonticola)
• Peck’s cave amphipod (Stygobromus pecki)
• San Marcos gambusia (Gambusia georgei)
• San Marcos salamander (Eurycea nana)
• Texas wild-rice (Zizania texana)
• Texas blind salamander (Eurycea rathbuni)
• Toothless blindcat (Trogloglanis pattersoni)*
• Widemouth blindcat (Satan eurystomas)*
*Listed only by the TPWD.
All of the species on this list exist only in aquatic
ecosystems of the Edwards Aquifer.

Peck’s cave
amphipod
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Approximately 1.7 million people live in the Edwards Aquifer region, and it’s because of the aquifer
and its springs that the area developed into what it is today.

water brings people
In The Past

Around San Marcos Springs, archaeologists have found flint tools, pottery, and
other handcrafted items, indicating that people lived by the springs as early as
13,000 years ago.
In the 1500s, Spanish explorers came to the region, and by 1697, they had
completed the “Camino Real”—the King’s Highway—from Natchitoches,
Louisiana, through San Antonio and into Mexico, passing near San Marcos,
Comal, and San Antonio springs.
In 1714, Louis Juchereau de St. Denis, a Frenchman born in Canada, started a small
trading village near San Antonio Springs where Lipan Indians fished and hunted. By
1716, a military post had been established there and settlers moved in. The settlers
depended on the water in the San Antonio River. Fed by the San Antonio and San
Pedro springs, which flow from the Edwards Aquifer, the San Antonio River was a
constant supply of water. To conveniently use this water for cooking, drinking, and
irrigating their crops, the settlers built an elaborate system of ditches to divert the
water from the river. These water ditches, called acequias, were used in San Antonio
for more than 150 years; the last one was abandoned around 1899.

A remnant of the Acequia Madre

Springs from the Edwards Aquifer were also important to the development of other
cities in the area, including San Marcos, Uvalde, New Braunfels, Brackettville, and
Del Rio. Then in 1878, the first well was drilled into the aquifer in downtown San
Antonio, and water began being discharged from the Edwards Aquifer through wells.

where the water goes
Water Use Today

The Edwards Aquifer, through springs and wells, continues to provide water for
people in cities and on farms.
This chart shows the different ways aquifer water is used. Together, springflow,
municipal, and irrigation uses account for approximately 95 percent of the water
discharged from the Edwards Aquifer.
Average Edwards Aquifer Discharge
by Use for 1999-2005
Springflow 59%
Water for
• ecosystems
• river flow
• recreation

Municipal 27%
Water for
• homes
• businesses
• community

Domestic/Livestock 1%
Water for
• rural homes
• farm and ranch animals

Industry 4%
Water for
• power plants
• manufacturing plants
• mines
• nurseries
• golf courses

Irrigation 9%
Water for
• crops
• pastures
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Springflow Water Use
It’s not just people that need water; the environment needs water, too. Water from
the Edwards Aquifer is essential to sustaining ecosystems throughout the area.
Water from springs helps maintain the flow in many rivers that are home to many
plants and animals, some of them threatened or endangered.
Besides maintaining the environment along the river, water in the Guadalupe River,
which is fed by Comal and San Marcos springs, provides fresh water flow into San
Antonio Bay and the Guadalupe Estuary on the Texas coast. Estuaries are where fresh
water from rivers and salt water from the ocean meet. Life in an estuary depends on
this mixture of salt and fresh water. Many fish and shellfish important to commercial
and sport fishing, a major industry on the coast, could be detrimentally affected
if the flow of fresh water from the Guadalupe River into the estuary decreases.
Water activities, both for residents as well as for tourists, are important in this area
of Texas. Major rivers that originate in the Edwards Plateau, such as the Nueces and
Guadalupe, as well as spring-fed rivers, such as the San Marcos and Comal, are used
for swimming, boating, and floating.
Municipal Water Use
The majority of water pumped from the
Edwards Aquifer is used for municipal purposes,
primarily in the cities of Uvalde, Knippa,
Sabinal, D’Hanis, Hondo, Castroville, San
Antonio, LaCoste, New Braunfels, San Marcos,
and Kyle. The water is used in homes and
businesses, as well as to water public parks and
fight fires.
The biggest percentage of this water is for
residential use—the water you use in your
home. We each personally use an average of
about 100 gallons of water each day.

Aerial view of the Guadalupe Estuary
on the Texas coast

Floating on the San Marcos River

Where does the water go?
Flushing the toilet
(2-6 gallons)
Brushing teeth
(1-5 gallons)
Taking a bath
(20-30 gallons)
Taking a shower
(12-40 gallons)
Cooking a meal
(5-10 gallons)
Washing dishes
(8-13 gallons)
Washing clothes
(15-30 gallons)
Washing car
(50-100 gallons)

Irrigation Water Use
Farming is very important to the economy
of the Edwards Aquifer area. Corn, cotton,
cucumbers, cabbage, and other vegetables, as
Watering yard
well as grain sorghum, are the primary crops
(100-180 gallons)
grown in this region.
Farmers depend on precipitation for most
0
5 10 15 20 25 30 35 40 45 50 100 200
-------------------------------------------GALLONS-----------------------------------------of their water supply. However, rainfall is
not usually enough. Most of the crops, to be
productive, require more water than they get from rainfall, so supplemental water
is needed. Most of that water, of course, comes from the Edwards Aquifer.
The best crop land is located in the western counties of Uvalde and Medina;
therefore, these counties use more water for irrigation than other counties.
Industry Water Use
Water is needed to make the products we use and to keep commercial businesses
such as nurseries and golf courses running. In the Edwards Aquifer region,
industrial water users include: quarries that cut gravel and limestone for use in
construction, factories that bottle drinks, plants that process food, and companies
that do technology research.
Domestic/Livestock Water Use
People don’t live just in cities, so water is also needed by people in rural areas.
Water from the Edwards Aquifer is used in rural homes just like in city homes—
for brushing teeth, washing dishes, cooking food, taking baths, and watering
landscape. Drinking water is also needed in these areas for farm and ranch animals.
Cattle on a south Texas ranch
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T HE F UTURE

OF

T HE E DWARDS A QUIFER

The Edwards Aquifer has provided clean, fresh water for thousands of years. As land use in the area
changes, it means more potential for pollution, so we must be concerned about the future of the
quantity and the quality of water in the Edwards Aquifer.

how much is enough?
Water Quantity

For years, people thought that the Edwards Aquifer was a never-ending supply of fresh drinkable water.
Springs consistently flowed and water was pumped out of the aquifer as needed.

How It’s Measured
Large quantities of water—such as the amount flowing into the aquifer and
the amount being discharged through wells and springs—are measured in
“acre-feet.” An acre-foot is the amount of water that will cover one acre
of land (the approximate size of a football field) to a depth of one foot—
approximately 326,000 gallons.
An acre-foot of water

3000
Record-high
recharge:
Water level rises
to 703.3 ft.

Record-low
recharge:
Water level falls
to 612.5 ft.

2500
2000
1500
1000
500
0

2000

In 1950, a seven-year drought began that severely
affected the region. In 1956, recharge was the lowest
ever recorded—only 44,000 acre-feet. San Pedro, San
Antonio, and Comal springs all stopped flowing as
the water level in the aquifer reached a record low of
612.5 feet above sea level at the J-17 observation well.

Estimated Annual Recharge to the Edwards Aquifer 1934-2005

2005

Through the Years
How much water flows into the Edwards Aquifer each
year depends on how much rain falls that year. The
average amount of recharge each year for all the
years that records have been kept from 1934-2005
is 718,700 acre-feet. But not all years are the same.

1990

-143 ft.
not to scale

1980

243

For example, at the observation well at Fort Sam Houston in San Antonio
(well J-17), the ground is 730 feet above sea level. The aquifer—that is,
the top of the Edwards and Associated Limestones—is about 490 feet below
the surface of the ground, at about 240 feet above sea level. Depending on
the amount of recharge to the aquifer, water within the well rises to varying
levels. If the level of the aquifer is reported at “650 feet,” that doesn’t mean
that the aquifer is at 650 feet; it means that because of water pressure in the
aquifer, water in the well has risen to 650 feet above sea level, which is more
than 400 feet above the actual top of the aquifer.

1970

Record Low

1960

612.5

1950

650

1940

J-17
Observation
Well

Within the aquifer, water is stored in the pores, fractures, and caves of
the Edwards Limestone; therefore, it is difficult to measure the exact amount
of water in the aquifer. Instead, many observation wells are used to indicate
aquifer water levels. At each well, the level of the water is measured. If the
water is below the top of the limestone, the well is said to be under “water
table” conditions; if artesian pressure pushes water up the well bore above
the top of the limestone, the water is said to be under “artesian” conditions.
The level of the water, whether it is under water table conditions or artesian
conditions, is reported in feet above mean sea level. That way, water
elevations between wells can be compared.

1934

Record High

1000 ACRE FEET

Feet Above Mean Sea Level

703.3

YEAR
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Decades later in 1992, following a year of record rainfall, recharge to the aquifer
was the highest ever recorded—2,486,000 acre-feet—and the water level in the
aquifer hit a record high of 703.3 feet at well J-17.

Edwards Aquifer Region
Population Growth (in millions)

3.0

2.5

From year to year, aquifer levels vary, rising with increased rainfall and dropping
during dry spells. For example, in 2000, the aquifer level dropped to below 650
feet. This prompted Stage I of Emergency Drought Management Rules to go into
effect, which reduced the amount of groundwater authorized to be withdrawn
from the aquifer and assigned specific days on which people were allowed to
water landscaping. When the water level declined to below 640 feet, Stage II
restrictions were put into effect, meaning groundwater pumping was further
reduced and watering was restricted to just one day per week between the hours
of 3:00 a.m. and 8:00 a.m. and 8:00 p.m. and 10:00 p.m. More recently, in the
summer of 2006, mandatory water restrictions were again put into effect due to
decreasing aquifer levels.

2.0

More and More People
In 1940, about 200,000 people depended on water from the Edwards Aquifer.
In 2000, the aquifer supplied water to approximately 1.7 million people—eight
times more people than in 1940. And the population is continuing to grow. By
2030, the population for the Edwards region is expected to reach 2.6 million.

1.5

1.0

0.5

0
1940

2000

2030

The Edwards Aquifer Authority
Water from the Edwards Aquifer has always been able to
meet the demands of the area even though at times water use
has needed to be restricted. In 1993, the Texas Legislature
passed the Edwards Aquifer Authority Act to preserve and
protect this unique groundwater resource. As part of this Act,
the Edwards Aquifer Authority (the Authority) was created.
The Act directs the Authority to protect:
• terrestrial and aquatic life
• domestic and municipal water supplies
• the operation of existing industries
• the economic development of the state

Water tower storing municipal water

Drinking water from the Edwards
Aquifer

In keeping with the Act, in 1999 the Authority began a
program to manage the amount of water pumped from the
aquifer. By 2005, records show that the region’s pumpers
withdrew 14.5% less water from the aquifer than they did
in 1999, despite a 12% rise in the region’s population
from 1.6 to 1.8 million. These numbers show that the
Authority’s efforts to use groundwater more carefully
and wisely are benefiting the entire region.
Today, even though the population is increasing, the amount
of groundwater that can be withdrawn from the aquifer is limited.
To meet all our water needs, water suppliers are looking for and
relying on alternative water sources to decrease the dependence on
the Edwards Aquifer.
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Comal Springs
riffle beetle

keeping it clean
Water Quality

The future of our groundwater supply depends not only on how much we have
but also on how clean it is. The overall quality of water in the Edwards Aquifer
currently surpasses all federal drinking water standards.
However, the unique nature of the Edwards Aquifer makes it susceptible to
pollution. Faults, fractures, sinkholes, and caves could easily allow pollutants
into the water. No layer of soil or sand acts as a filter. Once pollutants enter
the aquifer, they are extremely difficult to remove and may be harmful to both
humans and aquatic life.
Changes in land use, for example changing pasture land to housing, may result
in changes in aquifer water quality. With development comes the use of many
common chemicals in homes and businesses and on landscaped areas. Chemicals
that are used or disposed of improperly could enter the aquifer in or near the
recharge zone and affect aquifer water quality.
Clean drinking water

Point and Nonpoint
Pollutants come from two general sources: nonpoint and point sources.
Nonpoint source pollution comes from an indefinite or unidentifiable place,
often from a variety of places. When water runs off the land, it drains into
creeks, streams, rivers, or the ocean. As the water runs across the land—the
watershed area—it picks up whatever might be in its path:
• fertilizers and pesticides from both agricultural fields and
residential lawns and gardens
• motor oil from streets and parking lots
• detergents and solvents from washing cars, driveways, buildings, etc.
• animal waste from pets and livestock
• litter from parks, restaurants, etc.

Fertilizers and pesticides from lawn runoff

When these pollutants end up in streams that flow across the recharge zone,
they can enter the aquifer.
Point source pollution comes from, and can be traced back to, an identifiable
point or source. These sources might be above ground or below ground, such as:
• a leaking gasoline storage tank
• a leaking chemical tank
• wastewater from septic tanks
• abandoned and poorly constructed wells, which provide a pathway
for pollution to enter the aquifer

Controlling Contaminants
To protect the Edwards Aquifer from pollution, restrictions have been put in
place. These restrictions regulate construction over the recharge zone, including
sewer systems, gasoline storage tanks, and hazardous materials facilities.
The quality of the water in the aquifer is monitored by the Edwards Aquifer
Authority, the U.S. Geological Survey, and the Texas Commission on
Environmental Quality. Water samples are taken from the major streams
that recharge the aquifer, from more than 80 wells throughout the area,
and from all the major springs in the region. These samples are tested
for many different chemical, biological, and physical substances that can
be toxic or cause diseases.

Sampling water to test for quality

Widemouth
blind catfish

As land use changes, the aquifer becomes more susceptible to contaminants.
The need to protect the quality of our water is critical so that we will always
have clean, fresh water.
15
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We know that access to water from the Edwards Aquifer is limited. We also know that our population
is growing. How will we have enough water available in the future—or even now during times of
drought? If we can get more use out of the water we have, our supply of water can go further.

waste not, want not
Conservation

The first step in planning for the future is conservation. Conserving water simply
means not wasting it and using it efficiently.
Droughts have occurred in Texas throughout history, so many Texans are familiar
with how they can use less water. But conserving water shouldn’t be just for
emergency measures. If we change our habits and use less water every day, we
can definitely stretch our current water supply.
Everyone can conserve water—in homes, on farms, at businesses, and in industries.

Conserve water: Wash only full loads

Simple conservation practices indoors include:
• taking quick showers
• turning water off while brushing your teeth, shaving, and washing
your face and hands
• using a sink- or panful of water to wash dishes and clean vegetables
• washing only full loads in clothes washers and dishwashers
• keeping drinking water in the refrigerator instead of letting the faucet run
until the water cools
The largest percentage of water used in homes is for lawn
and landscape watering. Other landscaping in urban and
rural areas also uses great amounts of water. Water can
be saved outdoors by:
• planting native or drought-resistant plants
• avoiding runoff onto streets, sidewalks, and
driveways
• watering early in the morning and not when it’s
windy
• putting mulch around plants to slow evaporation
• using a broom, instead of water from a hose, to
clean pavement
• fixing all leaks in pipes and faucets

Yard with more than 60 different types of
flowering, low-water use plants
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Individual effort can add up to significant water savings.
For example, if everyone in a family of four reduced his
or her shower time by just 2 minutes a day, approximately
10,000 gallons of water could be saved in one year. If all
homes in the Edwards Aquifer region saved this much
water—plus more by following other conservation
practices—we would have more water available to meet
our increasing water demands.

Conserve water: Sweep to clean
walkways and driveways

getting more out of less
New Technologies

To help conserve water in homes, businesses, industries, and agriculture, new technologies have been
developed. New or improved devices, machines, or methods are using less water than was previously needed.

New technologies for use in buildings include:
Water efficient clothes washers and dishwashers
which use up to 40% less water

Ultra-low flush toilets
which use less than half as much water per flush

Low-flow showerheads
which mix air with water and can reduce water use by up to 75%

Instant water heaters
which provide hot water as soon as you turn on a faucet, saving all that water
that goes down the drain while you’re waiting for the hot water to start flowing

No-touch sink faucets
which “magically” release water when hands are put under the faucet,
then shut the water off when the hands move away

Recycling systems
which allow water to be reused in car washes, laundromats, amusement parks, factories, and power plants

New technologies that can save water in landscaping and agriculture include:
Drip irrigation systems
which drip water at the base of individual plants, not on surrounding soil

Low energy precision application (LEPA) sprinkler systems
which deliver water just where it is needed

Pumpback systems
which capture runoff from the bottom of a field so that it can be used again for irrigation

Low-flow irrigation pipes
which are installed under the ground to release just the right amount of water into the soil at the right places

Evapotranspiration systems
which monitor evaporation from the soil and transpiration
from plants to determine the exact amount of water needed

Lined irrigation canals
which ensure that water is delivered where it is needed for irrigation
instead of soaking into the ground as it flows through the canal

catch it if you can
Rainwater Harvesting

As well as depending on new water-saving methods, we can also use an old,
almost-forgotten method—rainwater harvesting. Long before water was distributed
from a centralized place, rainwater that ran off roofs was collected and stored in
tanks to use in homes, to irrigate crops, and to water livestock. Now, collecting
rainwater is again getting attention as a way to make more efficient use of water.

Rainwater harvesting system in which
gutters lead rainwater into a cistern

In the Edwards Aquifer region, rainwater harvesting systems are becoming more
common. Gutters lead the rainwater off the roof into a cistern; from there it is
pumped either into the house for indoor use or onto land for irrigation. Generally,
in rural areas, the water is filtered and treated before being used indoors. In urban
areas where municipal water systems are available, harvested rainwater is used
primarily for landscape irrigation, thus reducing the overall demand for municipal
water.
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use it, clean it, use it again
Water Recycling

Conservation and new technologies can definitely stretch our current supply.
However, in order to have enough water available for the growth that is expected,
the total amount of water available must be increased. Though we can’t manufacture
water, we can reuse it, which certainly increases the amount of water available.
Nature recycles water all the time through the water cycle. We use the same water
over and over again. But we don’t have to wait for nature to recycle water. We can
clean and reuse some of the water before it goes back into the natural water cycle.
Water that goes down our drains ends up at wastewater treatment plants. At these
plants, water goes through a series of cleanings and treatments. Primary treatment
uses physical processes—screens and settling tanks—to remove large objects like
twigs and rags, heavy elements that sink like sand and gravel, and materials that
float like oils and greases.
Recycled water used in nurseries

Secondary treatment uses biological processes to remove most of the rest of the
contaminants. Microorganisms—bacteria—consume the remaining organic material
as food. As they eat, they become heavy and settle to the bottom, where they can
be removed. Advanced secondary treatment uses chemical systems to further clean
the water. Chlorine, or other chemicals, are added to the water to kill the remaining
microorganisms that didn’t settle out.
At this point, the reclaimed water can be released into the environment—into rivers,
streams, lakes, or the ocean. The point where treated water is discharged into the
environment is called outfall.

Recycled water used at golf courses

But some water, rather than being released into the environment, goes through even
more cleaning—tertiary treatment. This water can be used again for all purposes
except drinking. Currently, recycled water is used:
• to water yards, parks, school grounds, golf courses, nurseries,
greenbelts, and other planted areas
• to irrigate crops and pastures
• to manufacture products and cool machinery in factories
• to fight fires
• to clean streets
• to flush toilets in office buildings
In the Edwards Aquifer region, water is treated for recycling at plants in San Antonio,
San Marcos, and New Braunfels. The San Antonio electric utility (CPS Energy) has
been using reclaimed water for electric power generation for decades. Recycled water
is also used in manufacturing, in cooling towers, for landscape irrigation, and to
increase the flow of water in streams.
Using recycled water does, indeed, reduce the use of Edwards Aquifer water.
Using recycled water is also promising because:
1. its supply is not affected by drought and
2. the source for recycled water—wastewater—actually increases
as the population grows.
But reclaiming water for recycling is expensive. First, money must be spent to clean
the water. Also, separate pipelines, pumps, and storage reservoirs must be built so
that the recycled water is not mixed with the fresh water. But as more treatment
plants and delivery systems are built, the cost of recycled water will go down.

Recycled water used to fight fires
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get the salt out
Desalination

The U.S. Geological Survey estimates that 97 percent of
Earth’s water is contained in the ocean. Ocean water is,
of course, too salty to drink or use for irrigation. We can,
however, take the salt out of the water through a process
called desalination.
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More than 10,000 desalination plants are operating
throughout the world, and the number has been
increasing each year. Approximately 20 percent of these
desalination facilities are in the United States. These
plants remove salt not only from seawater but also from
brackish groundwater or surface water. Brackish water is
not as salty as seawater, but its
saline content is too high for
drinking water.
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In Texas, there are more than 100
permitted water desalination facilities, all
currently processing brackish water. These
plants produce about 40 million gallons of
water per day for industrial and municipal
purposes. A recent study determined that the state
has almost 3 billion acre-feet of brackish groundwater,
and approximately 15 percent of that water is in south central
Texas. This water could potentially be a source for our water supply.
In addition, Texas has access to a near limitless supply of seawater along
the Texas Gulf Coast. Several sites along the 367 miles of coastline are being
considered for large-scale desalination projects.
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With so much water potentially available, why aren’t
we building more desalination plants? Two major
factors must be considered: cost and environment.
Turning seawater into fresh water is very expensive.
Money must be spent to build and maintain the
desalination plants. The major expense is for the
energy that it takes to remove the salt. Also, if fossil
fuels provide the energy for desalination, the plants
can contribute to air pollution. Finally, once the salt
is removed, it must be disposed of. Safe disposal of
the remaining salt—whether by injecting it into deep
wells, by returning it to the ocean, or by sending it
to wastewater treatment facilities—must be addressed.
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Water for the Future

Where will it come from?
To make sure we have enough water available, water planners
consider the benefits and the costs—that is, the advantages
and disadvantages—of all methods of increasing our supply.
And they consider not just the monetary costs
but also environmental consequences and lifestyle effects.
First, we must conserve and protect our current supply of water
from the Edwards Aquifer. Everyone, through daily habits
and through using new technologies, can help reduce
the demand for water. In addition, capturing rainwater,
recycling wastewater, and desalting brackish water and seawater
can all contribute to our future supply of water.
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GLOSSARY
acequia – water ditches used in San
Antonio in the 1700s and 1800s to
divert river water to use for drinking, cooking, and irrigating crops
acre-foot – the amount of water that
will cover one acre of land (43,560
square feet) to a depth of one foot—
approximately
326,000
gallons

conservation – the preservation and
protection of something, especially a
natural resource such as water
contaminant – something that makes
a substance unfit for use
desalination – a process that
removes salt from water

aquifer – a stratum or zone below
the surface of the earth that can hold
and yield water in sufficient quantities for human use
artesian – water under pressure,
trapped between impermeable layers,
that will rise in a well or a fracture
in the earth above the top of the
aquifer
artesian (confined) aquifer – the
portion of an aquifer that is trapped
between two impermeable layers
artesian well – a well located in an
artesian aquifer; a flowing artesian
well occurs when the pressure causes
water to emerge at the land surface
without pumping
condensation – the change of a
substance, such as water, from a
gaseous vapor state to a liquid
state, usually caused by cooling

discharge – a release from confinement, such as water flowing from
an aquifer through springs or wells
estuary – an area at the mouth of
a river where fresh water from the
river mixes with salt water from the
ocean
evaporation – the process of converting a liquid, such as water, into
gaseous vapor
groundwater – water that is stored
under the earth’s surface
hydrologic cycle – the natural
sequence through which water
evaporates into the atmosphere,
condenses, and then falls to earth as
precipitation; the water cycle

condensation
condensation
precipitation
surface runoff

evaporation
from lakes
and land

transpiration
from
vegetation

precipitation

evaporation from
ocean

infiltration
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impermeable – not permitting liquid
to flow through
infiltration – the process of water
entering the ground
karst – an area of limestone or
other soluble rock with sinkholes,
caverns, caves, and springs

primary treatment – the first stage
of wastewater treatment, in which
pollution is removed through physical processes such as settling tanks
and screens
rainwater harvesting –
collecting and storing rainwater
either to use in homes or to
irrigate crops
recharge – the process of water
being added to an aquifer
reclaimed water – water that
has undergone treatment and
cleaning so that it can be reused

limestone – a sedimentary rock
consisting mainly of calcium
carbonate that has been formed
from the skeletons and shells of sea
organisms and from minerals that
have separated from seawater
nonpoint source pollution –
contaminated runoff that originates
from an indefinite or unidentifiable
place, often from a variety of places
outfall – the point where treated
water is released into the environment
permeable – permitting liquid to
move through
point source pollution –
contaminants that come from a
specific place, such as a pipe, an
industrial plant, or a sewage outlet
pollutant – any substance that makes
the air, soil, or water harmful or
unsuitable for use
porous – full of pores, tiny spaces,
that can hold water
precipitation – rain, snow, hail, sleet,
or mist
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saline water line – the southern
boundary of the Edwards
Aquifer; water south of the line has
a high content of dissolved solids
secondary treatment – the second
stage of wastewater treatment, in
which waste is removed through
biological processes
solvent – a substance capable of
dissolving other substances
spring – a place where water
emerges naturally from the ground

surface runoff – water that falls on
the ground and flows into rivers,
streams, lakes, and oceans
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transpiration – the process by which
water vapor passes from living
plants into the atmosphere

az
os

Midland

Pe

tertiary treatment – the
third stage of wastewater treatment, which purifies water so
that it can be used for all purposes
except drinking

Cyp

Dallas

in
Tr

surface water – water on top of the
ground, including streams, rivers,
lakes, oceans, snow, and
El Paso
glaciers

River

r

Ri
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r

Laredo

Corpus
Christi

Brownsville

water table – the top of the zone
of saturation; the level to which
unconfined groundwater has risen
WATER TABLE

AQUIFER

water recycling – reusing
reclaimed water for uses such
as irrigating plants, cooling
machinery in factories, and
fighting fires
watershed – an area usually marked
by the surrounding highest points
from which water drains

well – a hole drilled into the earth to
obtain water
zone of aeration – the layer of
ground above the water table that
has pore spaces at least partially
filled with air
zone of saturation – the layer of
ground below the water table that
has pore spaces completely filled
with water
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