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We may have a blue planet…a water planet…
But it’s a salty one!
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EARTH'S WATER
Water Source Volume        

(cubic miles) % of Earth's Total % of Earth's Fresh

Oceans, Seas, & Bays 321,000,000 96.5379 NA

Ice Caps, Glaciers, Etc. - Fresh 5,773,000 1.7362 68.6985

Groundwater - Saline 3,088,000 0.9287 NA

Groundwater - Fresh 2,526,000 0.7597 30.0593

Ground Ice & Permafrost - Fresh 71,970 0.0216 0.8564

Lakes - Fresh 21,830 0.0066 0.2598

Lakes - Saline 20,490 0.0062 NA

Soil Moisture - Fresh 3,959 0.0012 0.0471

Atmosphere - Fresh 3,095 0.0009 0.0368

Swamp Water - Fresh 2,752 0.0008 0.0327

Rivers - Fresh 509 0.0002 0.0061

Biological Water – hmmm? 269 0.0001 0.0032

Totals 332,511,874 100% 100%

Saline Water 324,108,490 cubic miles

Fresh Water 8,403,384 cubic miles
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Units of Measure – acre-feet

An acre-foot is a unit of volume commonly used in the U.S. in 
reference to large-scale water resources

Quiz – multiple choice question

1 acre-foot = 

A. The volume contained on 1 acre of land standing 12 inches deep

B. Exactly 43,560 cubic feet

C. The volume contained between a U.S. football field’s goal lines standing 1 
foot deep

D. 325,851 U.S. gallons

[Hint: An acre is a chain (66 ft) times a furlong (660 feet)]



Average Annual Texas Precipitation
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Average Annual Texas Evaporation
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It’s like real estate…the three most important things to 
remember about water are location, location, and location.

Quiz – fill in the blanks

At the rate we use water, how much less water (%) do we 
have today than…
• When the Pyramids were built?  ____%
• When Neanderthals were walking around Europe?  ____%
• When dinosaurs wandered the Earth? ____%

Bonus question…
How much will be left in five thousand years? ____%

So What’s the Problem?



Major River Basins in Texas

7



8

• Surface water in Texas…generally…is owned by the state
o Streams, rivers, lakes, underflow of rivers, bays or arms of the 

Gulf of Mexico (and 10 miles offshore)
Quiz – fast…why do we claim more offshore water than other states?

o Available for use pursuant to statutory appropriation process – if 
a private citizen can demonstrate there is “firm” water not 
already appropriated and it can be used for a beneficial 
purpose, a license/permit can be issued by the state

• Exception: NOT diffused water on the ground 
o Diffused water is the property of the landowner until it reaches 

a watercourse
o Watercourse – perennial stream w/a cut bank of 30 ft or greater
o Land within the banks and the water flowing over it belong to 

the state
o Domestic & livestock exception: stock tank (>200 acre-feet)

Surface Water
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• Various types of water rights in Texas
o Spanish/Mexican land grants – may/may not have water
o Pueblo water rights
o English common law – riparian rights (1840-1895)
o Irrigation Acts of 1889, 1895 & 1913 (declared unappropriated 

water belongs to the state)
o All water rights in Texas were adjudicated beginning in 1967

• Permit – appropriation doctrine based on seniority
o Priority date – “first in time, first in right”
o Based on available flows during the drought of record
o Run-of-the-river or impoundment rights
o Demonstrated beneficial use
o May not impair existing water rights
o Rights must be perfected… “use ‘em or lose ‘em”

Surface Water Law



Major Aquifers of Texas
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Minor Aquifers of Texas
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Brackish Aquifers of Texas
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• Definition
o Water flowing underground 
o Percolating water (seeping through the ground with no defined 

channel)
o Artesian water (confined under pressure)
o But NOT the underflow of a surface river
o And NOT underground flow contained in confined channels

• Private Ownership/Rule of Capture/Common Law Restrictions
o Landowner may pump unlimited quantities
o Regardless of impact on neighboring landowner
o But NOT maliciously, to injure, or to wantonly/willfully waste

Groundwater
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Groundwater Conservation Districts/Subsidence Districts
• Like other real property, groundwater is subject to regulation

o Issue well permits, regulate spacing of wells, limit production

• 100 groundwater conservation districts in Texas
o Two subsidence districts in Texas (Harris-Galveston and Fort Bend)
o Special law GCD – Edwards Aquifer Authority

• 2/3rds of Texas counties (174) are fully or partially in a district
Quiz – fast…how many counties in Texas?

• 85% of groundwater produced in Texas is within a district

• TWDB Groundwater Management Areas (GMAs)

• Challenges subject to review by TCEQ

Groundwater Regulation



Groundwater 
Conservation Districts

of Texas
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Withdrawal – 1,071,000 acre feet/day  Consumption – 307,000 acre feet/day

Withdrawals vs. Consumption



Texas Surface Water Consumed
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Texas Groundwater Use Consumed
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• Equipment washdown (insignificant)

• Potable water

• Fire protection (typically groundwater)

• Boiler makeup (typically groundwater)

• Auxiliary cooling and other miscellaneous uses

• Main condenser cooling*+

*Represents more than 95% of total water demand
+Through evaporation

Power Plant Water Uses
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Boiler

Steam

Turbine Generator

ElectricityFuel

Cooling 
Water*

TRADITIONAL BOILER
GENERATOR

*Cooling towers, cooling reservoir, natural lake, river, bay, ocean, etc.
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Combustion
Turbine Generator

Electricity

Fuel

Waste Heat

SIMPLE CYCLE COMBUSTION 
TURBINE GENERATOR

Note: No steam generated, no cooling water required



*Cooling towers, cooling reservoir, natural lake, river, 
bay, ocean, etc.
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Boiler

Steam

Turbine Generator

Electricity

Cooling 
Water*

Combustion
Turbine Generator

Electricity

Fuel

Waste Heat

COMBINED CYCLE COMBUSTION 
TURBINE GENERATOR

*Cooling towers, cooling reservoir, natural lake, river, bay, ocean, etc.



Texas Water Plan
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Water Supply Planning in Texas
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• The state is divided into 16 water planning regions “staffed” 
with local, unpaid planning groups 
o Represent broad constituencies – municipalities, agriculture, 

industry, electric generation, environmental groups
o Consider surface and groundwater resources

 Reservoirs, inter-basin transfers, local distribution networks, 
water/wastewater treatment systems, desalination*

o Develop a regional water plan every five years
o Evaluate and quantify current supplies, surpluses, and needs in 

their respective regions
o Recommend strategies to meet the needs

*In addition to Texas’ unlimited sea water resources, it is estimated that aquifers 
underneath Texas contain 2.7 billion acre-feet of brackish and saline water.

Water Supply Planning in Texas
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• Drought of record – driest period in the Texas’ history
o Mid-1940s through early 1957 (worst year – 1956)
o 500-year event (1 in 500 chance of recurring)
o During the peak, all but ten of the state’s counties were listed 

as “drought disaster” areas by President Eisenhower

• Following the drought, Texas began to conserve more water 
and developed drought contingency plans, expanded the 
state's water storage capacity and sought new sources of 
groundwater
o A network of 69 new reservoirs to protect against future 

droughts was planned, financed and constructed by 1970
 More than half the approximately 120 reservoirs in the state

o Underground aquifers were tapped as important resources for 
the future

Historic Water Development
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• Texas has developed 17 million acre-feet of water supply 
per year from its surface and underground resources

• However, on a per capita basis, the state’s water resources 
today are the same as they were in 1956

• We have outgrown all the work and investment of the past 
half century

Texas Current Water Supply
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• The population in Texas is expected to increase 82% by 2060
• A thousand people are moving to Texas every day 
• They expect to have enough water for their homes and for 

their businesses 

• The state is projected to need 8.3 million acre-feet per year 
of additional water supply by 2060

• Texas does not have the water infrastructure necessary to 
support this growth

• Annual economic losses from not meeting those water needs 
could result in reduction in income of approximately $11.9 
billion annually with a recurrence of the drought of record

• The cost of failing to meet water demand could cost as much 
as $116 billion annually by 2060

Texas Future Water Supply



Regional Water 
Planning Areas  

of Texas
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• Texas Drought 1999-2002
o August 1999 - excessive heat resulted in 16 fatalities in the 

Dallas/Fort Worth area
o DFW Airport reported 26 consecutive days of 100°plus
o In 2000, there was a 10-day average of 103.3°in north Texas
o In 2001, the Rio Grande ceases flowing into the Gulf of Mexico; 

hundreds of millions of dollars’ worth of crops are lost
• Texas Drought 2005-08

o Yet another drought, with statewide losses of $4.1 billion 
• U.S. Drought Monitor March 2014 Report

o 91% of Texas is Abnormally Dry or experiencing some level of 
Drought

o 67% of Texas is experiencing Moderate to Exceptional Drought

*The current drought conditions in Texas are simply highlighting the fact 
that we’re plumb out of water.

Droughts*
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Economic Comparisons

1,000 gallons of treated 
surface water – $1.25 

1,000 gallons of 
gasoline - $2,500.00

1,000 gallons of 
milk - $4,500.00

1,000 gallons of brackish 
desalinated water - $6.25

1,000 gallons of existing 
water supplies conserved -

$ ??
32
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Manufacturing



Questions?
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• Region H Regional Water Planning Group

• Trinity/San Jacinto Rivers and Galveston Bay Basin and Bay 
Area Stakeholder Committee (BBASC)

• Brazos Watermaster Advisory Committee (chair)

• Lower Brazos River Coalition (executive committee)

• Texas Desalination Association Board of Directors

• Galveston Bay Foundation Advisory Board

• EarthShare of Texas Governing Board (executive committee)

• Friends of Big Bend Board of Directors (executive committee)

Fisseler Water Resume


