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WATER & THE ENVIRONMENT
Texas – Where the Water Runs Uphill

The average adult needs about a quarter gallon of drinking 
water a day to survive.1  If you add up all the water used in Texas 
for her cities, food production, industries, and electrical stations, 
the average use is 600 gallons per person per day.2 

INTRODUCTION
Taking It Personally

Drought has been described as the most uneventful of 
natural disasters.  Unlike volcanoes, earthquakes, floods, 
hurricanes, and tornadoes, there is not much material for 
adventure movies–directly anyway.  Though drought can 
be as merciless as any other natural event, it is slow in 
coming, can last for years (sometimes over a decade), and 
its toll on human behavior and welfare is usually extracted 
gradually.  But not always.

It was a bright, sunny, brisk Sunday afternoon in April.  
I was in my home office attempting to complete a report 
(ironically) on water conservation when a loud crashing 
din echoed from my metal door downstairs.  I was barely 
dressed, preoccupied, annoyed, and went downstairs 
aware that this pounding was not going to quit until I an-
swered the door.  I asked who it was from inside.  It was 
my next-door neighbor yelling through the door to clear 
out.  There was a wildfire on the way to burn the whole 
neighborhood!

He urged me to come outside.  From our vantage point 
on the hill overlooking a greenbelt, he pointed to the fire 
being whisked toward us by 35-mph winds about a quarter 
mile away.  

You can’t exactly argue with a fire.  I put what I was 
working on in my car, and mentally prepared to evacuate. 
I should have grabbed the few possessions that I would 
have had time to save.  But I didn’t.  

Instead, I vainly tried for several minutes to hose down 

my house and yard.  When the embers started raining down, 
the garden hose had all the fire-preventing effectiveness 
of a squirt gun, a mockery of the fire hose that was really 
needed.  The smoke was blowing in so thick that it was all 
that could be smelled.  Soon visibility was fogged at one or 
two hundred feet, and the rising heat was now apparent.  
It was evident from the heat, and tops of the flames licking 
up the dry trees toward the top of the hill my neighborhood 
was located on, that I could not keep up the pretense of 
protecting my home any longer.  

As I shut the hose off, an unknown person dressed in 
short pants and a T-shirt picked up the hose and turned it 
on again.  I watched him with both admiration and disbe-
lief.  You might say he was underdressed for the occasion, 
and he had no ventilator.  The fog of the smoke got even 
thicker.  Through the wind and noise of the approaching 
fire, I yelled at him to leave at least three times.  “It’s not 
worth it!”  I screamed, and put my hand on his shoulder.  
But from the background of the wind and approaching fire, 
he probably barely heard me.  He certainly didn’t stop.

The police were driving up and down the street with loud 
amplified warning signals, forcefully ordering people to 
evacuate.  I didn’t need a lot of persuading.  I was worried 
about the man with the hose, but he would not give up.  
I got in my car and drove two blocks away to the nearest 
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intersection.  I was nervous about leaving my house, but 
police were not letting anyone back in the neighborhood.  I 
swear the smoke was so thick that you could not see houses 
more than 200 feet away.  Sight of my own was lost in the 
haze.  I thought the whole neighborhood was going to go 
up.  Fire engines were lined up 6 deep on one side of the 
street as the firefighters prepared to troop in on foot.  

There was nothing I could do but worry, so I left the 
area to drive to a friend’s house with a spare bedroom.  I 
wondered how many days or weeks I would be sleeping 
there.  The traffic from the evacuation of the neighborhood 
was backed up for at least a mile.

* * * * * * * 

The Oak Hill Fire, as it became known, began shortly 
after noon on April 17, 2011.  It started on about 140 acres of 
vacant land located between the Austin Community College 
Pinnacle Campus and residential neighborhoods built in 
the 1980s and 90s.  My own home sustained minor dam-
age.  My next-door neighbor’s house was totally destroyed, 
along with 3 other houses within a block of me.  

That the fire destroyed or damaged only 20 homes was a 
minor miracle.  Despite formidable odds, Austin fire fighters 
performed masterfully given what they were confronted 
with.  As well as the sheer size of the area that needed to 
be covered and high winds, firefighters were experiencing 
low hose pressure caused by so many hydrants being on in 
the same area at the same time.  There was plenty of water, 
but the supply lines of the hydrants of the region were 
just too small to keep up with the demand.  At one point, 
helicopters were dropping coolant on the raging fire, while 
the besieged residents below literally cheered them on.

Over a period of the next few months, a number of 
memories were etched, many ironically good.  I witnessed 
a great deal of good will from the surrounding neighbors.  
Some churches “adopted” a family displaced from their 
homes.  This was true charity, not hypocritical pretense 
that I have witnessed too often.  There were benefits to 
help the victims; at least one uninsured house was totally 
rebuilt by such donations.  Neighbors went to considerable 
trouble to rescue neighbors’ surviving possessions from 
derelict houses.  The City’s solid waste services division 
made numerous free pick-ups to help haul off the debris 
from the neighborhood.  

I also witnessed, if not cruelty, at least insensitivity, as 
hoards of “disaster tourists” descended on the neighbor-
hood to get a first-hand view.  I swear if I had a dollar for 
every such visitor, I could have eaten well for two or three 
years.  Building remediation companies canvassed the 
neighborhood.  At one point it was so bad that the police 
set up perimeters and tried not to let strangers in without 
permission of the residents.  

There were even looters who tried to enter some de-
stroyed houses.  Why one would risk their life to go through 

the shell of a destroyed house when it was apparent that 
nothing of value was left was beyond me.  However, many 
criminals are not that bright.

Who do you blame for the fire?

• The event was initially blamed on a vagrant who 
drove into the land and started a cookfire that the wind 
blew out of control.  When emergency crews arrived at 
the scene, he was asked to leave and did not comply.  He 
was arrested and charges were filed, though they were 
eventually dropped for lack of evidence.  

• A friend and neighbor of mine who studies climate 
science believes the fire was related to global warming.  He 
believes that dry wood and lower soil moisture will become 
prevalent as the “new normal” of hotter, drier climate is 
exacerbated by the Greenhouse Effect.

• According to neighbors who had lived there longer 
than I had, the greenbelt behind me had been infested with 
cedar choppers.  After poaching trees for posts, they were 
leaving the limbs to decay on the forest floor.  In my opin-
ion (based on personal observation) there were dozens of 
tons of dead wood lying on the ground to make a wildfire 
much stronger than it would otherwise have been.  To my 
knowledge, the landowner did nothing to clear the land of 
this hazard.  As of this writing, neighbors tell me that dead 
slash is still lying on the unburned portion of the tract.  

• To say that the houses in the neighborhood were not 
built with fire in mind would be the Austin understate-
ment of 2011.  States such as California and Colorado have 
developed special building codes for structures in the 
“wildland-urban interface.”  After the fire, Austin began 
to develop a similar strategy.  The revised code will not, 
however, mandate retrofits for existing houses.

Who do you blame?  The vagrant?  Coal plants?  Ce-
dar choppers?  The landowner?  The homebuilder?  The 
homeowners that could have done more to protect their 
buildings?  Go figure.  

But the fire occurred 5 months into the driest 12-month 
period in the recorded history of the state of Texas.   Not 
that it should be a surprise, but about 85% of the acres 
scorched by Texas wildfires between 2002-2011 occurred 
in years with below-average rainfall.3

This was my own personal experience with the drought 
of 2011.  Up to that point, the Oak Hill Fire was one of the 
biggest disasters of its kind in Austin’s history.  When 
the fires of September claimed 53 square miles of Bastrop 
County just east of Austin and took 1,600 homes, the Oak 
Hill disaster seemed almost inconsequential.
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In the shadow of the record drought of 2011, the theme 
of this edition of the Directory is water.  The urgency is 
keenly fixed in the minds of many Texans.  

An inside joke among water professionals is that drought 
is part of the “hydro-illogical cycle,” where people worry 
about water only as long as there is a shortage.  When this 
shortage occurs, people are more likely to take action even 
when the costs for more new supplies are expensive.  That 
is exactly what  happened during the 1950s “drought of re-
cord” in Texas.  Most of the state’s reservoirs were completed 
after this record event, many as a direct response to it.

Texans are once again taking notice, and many would 
even vote for funding projects that provide for long-term 
needs.  However, while the visceral effects of the drought 
were experienced on a daily basis, the complicated solu-
tions, and lack of solutions, are not generally known to 
the average person.  

The truth is that most of the “easy water” projects are 
gone.  There are very few places in the state that are suit-
able to create new reservoirs.  Zealous opponents who live 
on or near the areas targeted for inundation do not want 
outsiders to claim their birthright.  Environmentalists are 
alarmed at the risks to wildlife.  Fiscal conservatives are 
angered that the cost is just too much.  Pure groundwater 
close to cities is not in great supply either, and several 
regions of the state are “mining” their groundwater faster 
than it can be replenished.

Alternatives to new reservoirs, such as pipeline projects 
to existing lakes and desalinating brackish groundwater 
supplies, are viable supply-side options, but many are 
quite expensive compared to existing supplies.  The costs 
of some of these projects rival those of the new reservoirs 
themselves. 

Other strategies, including conservation and water reuse, 
are also being seriously considered as partial solutions.  
There are precedents for them, but it is conjecture as to how 
widely and well these strategies will be adopted given the 
cornucopian, water-rich lifestyle that Texans have become 
accustomed to.

There have been a number of good writers covering Texas 
drought and water shortages over the past two years.  I do 
not want to rewrite their stories.  Instead, my goal is to try 
to give an overview of the entire state situation.

If there is a central message to this article, it is to point out 
the near-impossible task of providing for the water needs of Texas 
without either large increases in costs or creating a water-efficient 
economy.  Both might actually be necessary in the long term.  
Exploding population, erratic climate, even more erratic climate 
conditions caused by global warming, expensive and insufficient 
infrastructure, and prodigal lifestyles have created a situation 
where Texas can no longer provide for the insatiable thirst of all 
who come here.

Paul Robbins, 7/15/13

Austin skyline in front of the Bastrop fire in September 2011
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The Supply System

Providing the water 
supply and infrastructure 
for the State of Texas is 
an immense undertak-
ing.   It is an area 269,000 
square miles in size.  The 
climate in much of the 
state is dry, or erratic, 
or unforgiving, or all 
three at once.  Despite 
this, the infrastructure 
supports over 26 million 
people, the second largest 
population in the country, 
which grows by about 
430,000 a year.1  

• Texas' municipal wa-
ter utilities have roughly 
85,000 miles of mains and 
pipelines.2  About 30% of 
the state’s water in 2010 
was used for residential, 
commercial, and urban-
located industrial cus-
tomers.3   In 2005, Texas 
water utilities provided 
137 gallons of water per person per day for domestic 
consumption.  Only 5% of the U.S. population used more, 
mostly in desert states like Arizona and Nevada.4  

• About 8% of Texas’ water in 2010 was used for manu-
facturing.  Oil refining and chemical processing are among 
the most water-intensive industries known.  Texas has 30% 
of all the oil refining capacity in the country, and 17% of all 
U.S. plastic manufacturing sales comes from the state.5,6

An additional 2% of Texas water in 2010 was used for 
mining, including hydrocarbon extraction.  Texas produces 
the largest share of domestic hydrocarbons of any U.S. 
state, 31% of oil and 29% of natural gas in 2012.7  While oil 
production has plummeted since its peak in 1972, Texas 
gas production has shot up in recent years with the advent 
of fracturing technology.  

• Agriculture used 57% of the state’s total water in 2010; 
9% of Texas' economic activity was associated with food 
or fiber in 2010, including the food to provide for about 59 
million people.8,9  Texas has 21.5 million acres of producing 
cropland, about a quarter of which is irrigated.10  Only five 
(Midwestern) states (with kinder climates) have more crop-
land.  Texas out-produces all other states in beef production, 
with 16% being far and away the highest share.11 

 • The state consumed 10% of the country’s electricity in 
2011, with 88% of it generated from power plants dependent 
on water for steam and cooling.12  Water is particularly 
critical when generating for summer peak demand, which 
usually coincides with the driest time of the year.

The ability to provide for all these needs was built 
pipeline-by-pipeline, dam-by-dam, well-by-well, to the 

point that it looks vast 
and powerful to those 
that view it from a dis-
tance.  To those that view 
it up close though, it can 
appear quite fragile.

On the Surface

Just over half (52%) of 
the state’s water supplies 
in 2010 was made up of 
surface water, mainly 
lakes, and rivers that 
have become de facto 
conveyance systems from 
lakes (since river water 
could not provide reli-
able capacity to the state’s 
large population for any 
long period of time).13  In 
2010, surface water pro-
vided for 2/3 of munici-
pal consumption, 80% of 
industrial consumption, 
and 90% of power plant 
consumption.14

Texas has 188 lakes more than 5,000 acre-feet in capac-
ity covering a collective area of about 2,542 square miles, 
about 150% larger than the land area of Austin and the 
rest of Travis County.15  However, all but one of these lakes 
are really reservoirs built for water supply, flood control, 
hydroelectricity, and recreation.  Only part of one lake 
(Caddo) is natural.  

There is no other state in the country that has this much 
land covered by reservoirs.  Only California has more wa-
ter stored in reservoirs (because its lakes are deeper than 
Texas).16  But then California has a population almost 50% 
greater.  

Texas’ surface water infrastructure is awash in political 
irony.  About half of the state’s reservoir capacity was funded 
with federal money, as well as a considerable amount of 
its municipal water and wastewater utility infrastructure.17  
Since 1988,  $9.8 billion (2013  dollars) of  federally subsidized 
loans has been borrowed by the state’s water utilities.18  In 
a state that prides itself on its independence, and where 
many of its politicians decry big federal government and 
its profligate spending, much of the state’s population and 
industry would probably not exist, or exist in their current 
form, without this assistance.

About half of these 188 lakes, representing 75% of the 
collective volume, came online after the scorching “drought 
of [historical] record” that took place between 1950 and 
1956.19  The state, with federal assistance, sought to ensure 
supplies for a drought of similar severity, as well as provide 
for growth.

Art Anderson Sketch, 1957, Courtesy Briscoe Center for American History, UT-Austin
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You might say that Texas accomplished this task too well.  
Between 1958 and 2001, most available sites were utilized, 
and there are very few good sites left to build new lakes.  
Only 26 new reservoirs are proposed in the new (2012) Texas 
Water Plan, and will only add about 1.5-1.6 million acre-feet 
(19%) to the state’s current surface water supplies.20  Most 
have significant controversy roiling around them.

They also have a significant financial price – over $12 
billion (2008 dollars) for construction alone, before annual 
costs of operation, maintenance, and the astounding amount 
of electricity that some of these projects will need to pump 
water uphill to the west.

If this is not enough to stymie surface water increases, 
there is the phenomenon of silt.  All water bodies, natural 
and man-made, are subject to “siltation,” where erosion 
from soil in a river’s drainage basin is swept into the river 
by rainfall.  Before Texas was settled, “rafts” of eroded 
soil and debris (such as tree limbs) blocked river flows, 
particularly at their mouths in the Gulf of Mexico.  

In dam design, great care must be taken to mitigate silt.  
A poorly designed structure can literally be useless in a 
decade.  While short life spans have not afflicted reservoirs 
in Texas, silt has caused noticeable damage to the storage 
capability of some of them.  Lake Buchanan and Lake 
Travis, the two major reservoirs for Central Texas’ water 
supply, have lost 11% and 1.5% of their original capacity, 
respectively, since they were built in the late 1930s and 
early 40s.21  Lake Steinhagen in East Texas has lost 35% 
of its volume.22  By one estimate, Texas lakes have lost 
an average of 14% of their storage capacity, and this will 
continue to get worse as they age.23

The most recent state water plan predicts a 243,000 acre-
foot per year, 2%, loss due to silt between now and 2060 
– the equivalent of 791,000 single-family homes at Austin’s 
average household consumption.24  Reservoirs can have the 
silt excavated and restore their original capacity through 
dredging.  However, industrial dredging on this scale is 
quite expensive.  Though costs are specific to each project, 
they are typically several times the cost of building a new 
reservoir.  One of the main drivers of these high costs is 
the high price of oil to operate the petroleum-dependent 
marine and dredging equipment required for this task.

To give an example of the high cost of dredging, a 
study for restoring Lake Buchanan in 1990, updated to 
2009 dollars, was $34 to $70 per thousand gallons (before 
interest).25  As a benchmark comparison, water provided 
by the Lower Colorado River Authority costs about 50¢ 
per thousand gallons.

Groundwater
 
If the problems with maintaining adequate surface water 

supplies seem formidable, groundwater is an even greater 
challenge.  It provided about 48% of the state’s water sup-
plies in 2010.26  In that year, about 75% of groundwater 

consumption was for agriculture, though about 1/3 of 
municipal supplies also came from this source.

About 3/4 of the state’s area has aquifers beneath it, 
tapped by 800,000 to 1,000,000 wells.27  Over 125,000 of 
them are in the Texas Panhandle region, which is depleting 
its groundwater at an alarming rate.28  Many of the area’s 
water planners and farmers are literally expecting a con-
version to dryland farming, or elimination of agriculture 
altogether.

Unlike the vast reservoir infrastructure in Texas, most 
groundwater systems were not directly subsidized by the 
federal government.  However, there was and is consider-
able indirect federal assistance in the form of crop supports.  
There is even a tax deduction that allows farmers to “de-
preciate” an aquifer they draw water from if the water has 
limited recharge, such as the Ogallala in the Panhandle.  

Between 1995 and 2011, farmers in Texas counties over 
the Ogallala received over $9.8 billion (nominal dollars) 
in federal food crop supports, much of which would not 
be there to support without using the depleting aquifer.29  
In the year 2011, federal subsidies amounted to over $600 
million.  Though not all of these crops were irrigated, the 
majority of them were. In 2010, 66% of cotton harvest, 99% 
of corn harvest, and 46% of wheat harvest in most High 
Plains counties overlying the Ogallala were irrigated.30

Due to the decline of this aquifer, as well as land sub-
sidence caused by drawdown of the Gulf Coast Aquifer, 
groundwater use in Texas is expected to fall 30% by 2060.31  
But in sharp contrast to surface water, which is account-
able to regulation, groundwater is, to a great degree, less 
restricted by government oversight.

Birthright…or Mirage

Texas water ownership is partially grounded in historic 
rights.  However, as the state gets more crowded, these 
entitlements become more tenuous.  

Surface water is ultimately controlled by the state, and 
state government has generally apportioned it by who 
claimed it first.  The policy is informally called “first in 
line, first in right.”  Historically, these priority rights have 
usually gone to agricultural interests.  This is changing, 
however, and will likely change further as farmers compete 
more and more with cities.  

In some river basins, if all the water that was allocated to 
the water permit holders were used, the rivers would never 
reach the sea during times of drought.32  Priority water rights 
in the Rio Grande River have already been terminated.  It 
is likely that other rivers will follow this trend.

For groundwater, the situation of historic rights is also 
uncertain.  Since the early 20th century, Texas has governed 
groundwater through the “right of capture.”  Groundwater 
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under a landowner’s area is considered their property if 
they decide to use it.  However, as the state has grown, it has 
given the right to regulate these resources to locally-elected 
groundwater conservation districts.  Since 1951, 96 of them 
have been authorized in the state, as well as 2 subsidence 
districts in the Houston area that regulate water to prevent 
the ground from sinking as water is pumped from beneath 
it.  The largest of these contains all or part of 13 counties.  
The smallest contains parts of only one county. 

Some of these conservation districts have chosen to al-
locate their water according to the “first in line” philosophy, 
most notably the Edwards Aquifer Authority that manages 
the part of the Edwards that supplies San Antonio.  Recent 
court decisions have stunned water professionals in Texas, 
most notably the Day decision, threatening to upend a 
regulatory system that had been successfully established 
in that region.  

Burrell Day (one of the two plaintiffs) was a farmer who 
purchased acreage after the conservation district had been 
established.  He applied for a water use permit, but was 
granted very little water because he had no history of prior 
use.  Originally filed in 1994, the case went on so long that 
Day actually died in 2009.  The courts generally went against 
his challenge up until the Texas Supreme Court.  In early 
2012, it ruled that the Edwards Aquifer Authority had the 
right to regulate, but not on grounds of historical use.  

This could present staggering complications to the 
established permit holders, who may lose water rights 
they considered settled when new agricultural users claim 
their share.  Water previously awarded on historic use may 
instead be granted on the size of land with water under it.  
The City of San Antonio, which had purchased water rights 
from agricultural permit holders, could find its purchases 
rendered meaningless or at least partially invalid.  

Then again, the Day decision only allowed its plaintiffs 
to file a court case to be reimbursed for alleged economic 
damages.  Winning these damages will require proof of 
harm, which will not be that easy.  And it might be expen-
sive, because conservation districts will be awarded court 
costs if these challenges lose.  So no one knows exactly what 
Day will mean to the future.  However, it left many hanging 
questions as to how the High Court of Texas will rule in the 
future – perhaps more questions than it answered.  

Leaking Cities

In addition to the contests over water between cities, 
states, countries, and fish, cities have to battle their own 
delivery systems.  All municipal systems have at least 
some degree of leakage.  In many cities, it is pronounced.

From the very limited data that exists for 2010, Texas 
cities with over 100,000 people collectively managed about 
44,000 miles of water mains.33  Water losses in these cities 
averaged 13% of total supply, amounting to 88 billion gal-
lons, or 23 gallons per capita per day, and cost ratepayers 
$139 million.34  (Austin was lower than average, at 8%.)35  

A report from the 1990s estimated that Texas water utilities 
lost 20% of their water.36

While preventing leaks from any water supply source is 
important, municipal water losses are particularly expen-
sive and critical.  This raw-water supply is upgraded with 
energy-intensive water treatment technology to render it 
safe for domestic use.  

And the leaks are only going to get worse.  The major-
ity of water mains across Texas and the entire country are 
reaching the end of their useful life.  The American Water 
Works Association, a highly regarded professional organiza-
tion for water utility professionals, has deemed the coming 
decades “the Replacement Era,” as massive expenditures 
will need to be made.37  A recent estimate is that about a 
trillion dollars (2010 dollars) would need to be spent be-
tween 2011 and 2050 to replace this worn infrastructure.38

An estimate in a study done specifically on the Austin 
Water Utility in 2000 showed that cost per household to 
replace and repair infrastructure in 2030 will rise over 
200% from their level in 2012, an increase of over $100 
per household (2000 dollars).39  There has been no overall 
determination of the cost to Texas water utilities.  

Another issue concerning water pipeline repair and 
replacement is the toxicity of the pipe itself.  At least two 
types of pipe materials represent potentially dangerous 
environmental and health effects.  

Of  the 980,000 miles of pipelines in the U.S. in 2002, about 
15% were made from Asbestos Concrete and 17% were 
manufactured from Polyvinyl Chloride (PVC).40  Asbestos 
Concrete is no longer manufactured because of health and 
liability concerns.  Care must be taken to prevent severe 
lung damage in workers undertaking removal work.  

PVC is not generally considered a hazard to workers 
installing it or consumers at the delivery point.  However, 
the material itself is hazardous to manufacture.  PVC is in 
the same chemical family as DDT, PCB, and dioxin.  Its 
production creates considerable air and water pollution, 
as well as toxic waste.  Despite this, PVC becomes a larger 
part of the water pipeline infrastructure every year.

Texas Water – The Supply System
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The Best Laid Plans
The Texas Water Planning Process1

The state’s water planning agency, the Texas Water 
Development Board, may have its faults.  However, no 
one can accuse the agency of not thinking big.  It is plan-
ning on water supplies for 21 million people that are not 
even here yet.

The agency has been in existence in some form since the 
drought of record in the 1950s.  Its current task is to create 
a plan every 5 years that directs policy and plans projects 
that will provide water for an exploding population. 

To accomplish this daunting task, the Board operates an 
elaborate planning process for each of 16 separate regions 
of Texas.  A broad range of representatives are appointed 
to each of these 16 planning groups, from water utility 
professionals to industrial customers to environmentalists.  
With the help of paid technical experts, these regional 
planning groups try to determine water demand and 
supplies as far as 50 years in the future given population 
growth and available water resources.

In its most recent Texas Water Plan, released in 2012, the 
agency is planning for an increase of 21 million people, an 
82% increase from its base year of 2010 by 2060.  What is 
particularly interesting is that about 60% of the increase  
is projected to come from people moving into the state. 

This challenge to find adequate water supplies is made 
even steeper due to the loss of 30% of current (2010) 
groundwater resources by 2060.  This is caused by lack of 
recharge in the Panhandle, and a switch to surface water 
supplies in the Houston area due to ground subsidence 
caused by over pumping.  Silting of reservoirs will reduce 
water supply even more.

The New Plan

In the 2012 Plan, Texas is trying to increase its peak-
demand water supply (for high consumption in severe 
drought) by 9 million acre-feet – over 50% of its current 
(2010) maximum supply.  (See chart.)  An acre foot – about 
326,000 gallons–will serve about 3 Austin-sized single 
family homes for a year.

About 24% of this increased water demand is projected 
to be met with some type of conservation, and another 
10% with water reuse.  About 17% is projected to be met 
with new reservoirs, with over half of this capacity from 
five dams in Northeast Texas.  Another third is projected 
to be met with surface water projects such as pipelines 
from existing reservoirs.  Approximately 9% will come 
from more groundwater wells, and about 3% will come 
from desalination of brackish water or seawater.  

This 9 million acre-feet of water supply and conserva-
tion is projected to cost as much as $53.1 billion.  However, 

a major misconception about this plan is that all of this 
will be needed and built.  Only about 5 million additional 
acre-feet of increased water demand is actually predicted.  So 
the 2012 Plan becomes a sort of wish list of water proj-
ects, with some projects falling out due to high costs or 
political opposition.  

Major growth is expected in the municipal, industrial, 
and power plant sectors.  Livestock and mining, relatively 
minor uses, are expected to stay relatively constant.  Crop 
irrigation is expected to decline markedly.

TEXAS WATER USE AND GROWTH OVER 50 YEARS
 2010 2060 Projection  
Municipal 4,851,201 8,414,492 73%
Manufacturing 1,727,808 2,882,524 67%
Mining 296,230 292,294 -1%
Steam-electric 733,179 1,620,411 121%
Livestock 322,966 371,923 15%
Irrigation 10,079,215 8,370,554 -17%
Texas 18,010,599 21,952,198 22%

The 2012 Plan also predicts that $178 billion in additional 
funding will be needed for new water and wastewater 
treatment and distribution, and flood control.  It also does 
not include any water or money to address the water needs 
in streams, rivers, and bays to keep them healthy.

On the good side, the assumptions for the 2012 Plan 
are fairly transparent.  The staff of the agency has gone to 
considerable effort to answer questions about the details 
of its plan on any number of occasions.  The Plan has 
also resulted in a huge level of support for conservation 
and water reuse.  However, there are also several major 
flaws.  

One is that each regional group had its own resident 
consultants that was paid by the state to assist with the 
process.  Some of these firms derived significant income 
designing water infrastructure.  As an example, the Dallas-
Ft. Worth Metroplex plan was staffed by the engineering 
firm of Freese and Nichols, the same company whose 
original cofounder (Marvin Nichols) helped propose a 
large and controversial reservoir in Northeast Texas.2  The 
proposed project is named after him, and this firm could 
receive substantial income if the project were ever built. 

Texas Water – State Water Plans

2060 Texas New Water Supplies
9 Million Acre-Feet

New Major 
Reservoirs 17%

Other Surface 
Water 34%

Groundwater 9%Reuse 
10%

Conservation 24%
Brackish Water 2%

Desalination 1%
Other 3%
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Another problem with the Plan is that the per capita 
peak-demand water use in most major Texas cities is 
predicted to stay relatively steady between 2010 and 
2060, despite increased efficiencies in water-consuming 
fixtures and appliances, rising water costs, and landscape 
efficiency regulations being enacted in several large urban 
areas.  No explanation is apparent in the Plan.

A third flaw is that a key underlying assumption of 
the Plan is that the Texas economy will suffer without 
more water for population growth.  The economic effect 
of lost income is actually calculated for each of the 254 
counties in the state. The Water Plan further portends 
the looming economic consequences of not spending this 
money: $116 billion annually and the loss of 1 million jobs 
a year by 2060.  

The problem with this approach is that much if not all 
of this lost income is for people who do not live here yet.  
If Texas did not grow, the current population would not 
be heavily impacted.

The prospect of maintaining Texas at a stable popula-
tion level is never discussed. If this heretical thought were 
ever brought up, the rhetorical answer is to dare anyone 
trying to stop growth to build a wall around Texas to 
stem in-migration.  

This sarcasm fails to acknowledge that the lack of water 
will create a virtual wall of its own.  If people can’t obtain 
enough affordable supplies to provide for the needs of a 
water-based culture and economy, they will move else-
where.  There will be fewer jobs by virtue of there being 
fewer people.  

Missing the Mark: 
A History of Unrealized Predictions3

There have been eight water plans issued by the  Texas 
Water Development Board since 1961 when the process 
first started.  The Directory reviewed six of them that were 
published prior to 2003 to assess how close they came to 
being accurate.  

As a general rule, the plans came extremely close in 
their predictions of population increases.  There was 
never a prediction that was off by more than 10% from 
the U.S. Census, and some projections came within 2% of 
the Census numbers.  However, they have usually overstated 
the water necessary to meet demand.  

Using combined Municipal and Manufacturing water 
consumption as an example, in the 1961 Plan, this was 
51% higher than what actually occurred in 1980.  For the 
1968 Plan, predictions for these sectors were 21% higher 
than what actually occurred in 1980.  For the four suc-
ceeding state water plans (1984, 1990, 1997, and 2002), all 
overestimated combined Municipal and Manufacturing 
use in the year 2010 by 23 to 100%.   Using six-year aver-

ages (to mirror the drought of record) did not change this 
substantially.  Most of the deviation comes from greatly 
exaggerated expectations for Manufacturing use.

To be fair, many of these plans estimated use based 
on drought conditions or below-average rainfall, and 
2010 was not an extreme weather year.  It is also difficult 
for anyone to make predictions decades into the future.  
Still, the long history of failed predictions has led critics 
to believe that the plans intentionally or unintentionally 
reinforced the need for high-cost supply options sought 
by special interests.

The most outrageous of all these efforts was the 1968 
Plan, which predicted water demands so incredulous 
that they could only be met by importing water from 
the mouth of the Mississippi River.4  One import chan-
nel would parallel the Gulf Coast, while the other would 
cross the border to Northeast Texas, and then send the 
water to Lubbock, where it would be rerouted to farms 
in the High Plains, West Texas, and New Mexico.  About 
63% of the water would have beeen used for agricultural 
purposes in Texas.

The Plan was as bold as it was arrogant.  It would have 
been the largest public works project in the world’s history.  
Two concrete-lined channels, totaling 1,200 miles in Texas 
alone, would convey water from the mouth of the river.  
It would construct 62 reservoirs inundating 4,500 square 
miles of land.  It would require 7,000 Megawatts of power 
(1/3 of the electric capacity in Texas at the time) to pump 
the water, much of it more than 3,200 feet above sea level.  
The channels would have to cross 142 natural rivers and 
creeks.  The gambit would have cost $9 billion (in 1968 
dollars), $3.5 billion of which would come from Texas, 
with the rest coming from the federal government.    

The Plan would have wrought havoc on the ecology 
of the lower Mississippi, and would have been heavily 
subsidized by taxpayers.  One analysis determined that 
the farmers the water was destined for could only afford 
to pay about 7% of the real cost.5  Yet a ballot item the 
next year that would have changed the Texas Constitu-
tion to allow the state to finance the project failed by less 
than 6,200 votes.

Texas Water – State Water Plans

Historic Texas Water Plans
Municipal and Manufacturing Predictions
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Struggles with People
Modern Water Wars of the Lone Star State

The term "water war" originates from numerous inci-
dents throughout history where people literally fought and 
died over water supplies, or where water was used as a 
weapon.  Ways that this weapon could be wielded include 
cutting off supplies, inundating targets with floods, and 
poisoning sources.

In Texas, the most infamous case of violence over water 
occurred during the range wars of the 1880s.1  In 1883, se-
vere drought created water and grass shortages for cattle 
ranchers.  Owners and leasers of large tracts of range with 
water supply fenced off their land, depriving small ranchers 
of their former access.  Public land was also fenced in the 
process, compounding the problem.  People found them-
selves fenced out or fenced in, and mail delivery, as well as 
travel to schools, churches, and stores, were cut off.  

Fence cutting and burning became a common way to 
access water and grass.  At one point, this affected half 
the counties in Texas.  Armed bands of fence cutters, with 
names like the Javelinas and Blue Devils, rode at night.  At 
least 3 men were killed in clashes between fence cutters 
and landowners.

The two sides met to mend fences late that year, and 
agreed that fences impeding access to public land would 
be removed and fences barring access to travel would be 
gated.  Sporadic incidents of the range war continued, 
however.  

In 1885, a Texas Ranger was killed tracking fence cut-
ters.2  Two men were sentenced to life in prison for the 
murder.  In 1888, another Texas Ranger was said to have 
booby-trapped fences in Navarro County with dynamite 
that would explode if a fence was cut.  Recorded history 
varies about what actually happened.  One version is that 
the Ranger intentionally set off a few booby traps to create 
a scare.3  Another version is that the mere rumors of the 
bombs were a deterrent to future fence cutting.4  Either 
way, fence cutting reportedly ceased.

Texas has become relatively enlightened since the days 
of the range wars.  Most disputes are settled in the court 
house or the statehouse.  Sometimes opponents to water 
transfers, such as farmers with senior rights, are offered 
lucrative financial incentives to sell their water before 
disputes ever get that far.  But other times there is a deep 
bitterness that can last decades from the people who lost 
historic access to water, or in the case of reservoirs, lost 
family land that goes back several generations.

For today’s Texas, it’s urban vs. rural, region vs. region, 
state vs. state, and even international conflicts with Mexico.  
Under the surface, there is also the conflict of nature vs. 
people, when rivers and aquifers are deprived of the life 
blood of entire ecosystems.  

Texas urban growth will be the main driver of water 
demand over the next 50 years.5  The 2012 Texas Water 
Plan projects a population increase of 21 million people 
between 2010 and 2060, with 90% of them coming from six 
urban areas of the state.  These urban areas are expected to 
almost double in population in this time period.6  At the 
same time, municipal water consumption is expected to 
grow by 3.2 million acre-feet (a 72% increase), and almost 
all of this growth will be in these 6 urban areas.7

Growth is also simultaneously occurring in other water 
use sectors largely related to urban growth – manufacturing 
and electric generation.  The big losers in this game are:

1) crop production, which will be reduced by at least 25% 
over this 50-year period;8

2) the seafood industry, as well as sports fishing and recre-
ation, which suffer when water supply is diverted;  and

3) potential growth of sparsely populated areas, whose 
economies will suffer from lack of water.

Texas Water – Struggles With People

TEXAS WATER AND POPULATION INCREASE BETWEEN 2010 and 2060
Urban Region Expected

Population
Increase

Population
Increase

Percentage

Expected Municipal
Water Use Increase

(Acre Feet)

Water Use
Increase

Percentage
Dallas Metroplex 6,375,099 96% 1,370,125 91%
El Paso 1,542,824 79% 72,867 60%
Austin MSA 1,419,103 100% 228,062 95%
San Antonio MSA 1,837,187 75% 227,925 62%
Border Cities 2,306,945 142% 321,519 124%
Houston MSA 5,326,004 88% 589,757 61%
Subtotal Major Urban Areas 18,807,162 92% 2,810,255 81%
Statewide 20,935,322 82% 3,220,552 72%
URBAN AREA SHARE OF 
TOTAL INCREASE

90% 87%

Skeeter Hagler
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The Austin region is considered water rich by some 
standards, but a closer look is not as optimistic.  The City 
of Austin itself used about 145,000 acre-feet in 2010, and 
has water purchase contracts that can more-than-double 
this amount.  But to do this during a drought will require 
new expensive reservoirs, or a massive conservation effort 
(both urban and agricultural), or the demise of agricultural 
enterprise downstream.

In the 1930s, the support of agricultural communities 
downstream was pivotal in persuading Congress to fund 
the construction of the Highland Lakes reservoir system, 
which is managed by the regional water provider, the Lower 
Colorado River Authority (LCRA).  In 2012 and 2013, LCRA 
cut off rice farm irrigation for the first time in its history 
in response to extremely low lake levels brought on by 
drought.  The agency was trying to guard the emergency 
water supply of the urban populations.  Were it not for this 
cutback, the lakes would have fallen to historic lows.  The 
chart below serves as an explanation.

At full capacity, the Highland Lakes can store 2 million 
acre-feet.  (An acre foot is enough to annually supply about 
3 average Austin single-family households.)  On July 12, 
2013, the lakes held 720,000 acre-feet. 

If Austin consumed its average use of water from the 
lakes between 2009 and 2011 over the next year, the lakes 
would only hold only 664,000 acre-feet.9,10  

Austin has enough water under contract to more than 
double its current use.  If this were subtracted from lake 
volumes, it would take the lakes down to 496,000 acre-
feet.  This is below the lowest historic level of 621,000 
acre-feet.

Water used by other LCRA municipal and industrial 
customers lowers this still more to 387,000 acre-feet.

Evaporation siphons another 179,000 acre-feet from the 
lakes every year, and though it occurs to a greater degree in 
the summer, this attrition occurs year round.  This would 
lower lake levels to 208,000 acre-feet.

Had the 2012 prohibition on rice farming not occurred, 
the lakes would have lost another 328,000 acre-feet, taking 
the lake level well below zero.  

The chart above is for illustration purposes only.  The LCRA 
would prohibit any non-essential use for most purposes 
when the lake levels fall below 600,000 acre-feet; foremost 
of these prohibitions would be agricultural irrigation.  And 
in most cases, rainfall will add to lake levels.  However, this 
indicates that in a sustained drought, the lakes do not have 
enough water to provide for all past and future needs.

So this sets up the conflict of whether the Austin region’s 
urban growth will eventually stifle or even cripple the ag-
ricultural economy of its downstream neighbors.  In 2011, 
rice farmers paid about $28 an acre-foot for their water, 
while Austin, with the highest retail water cost of the top 
10 Texas cities, paid almost $1,600 per acre-foot.11  While 
this is comparing untreated to treated water, it shows that 
Austinites are prepared to pay 57 times the cost that rice 
farmers downstream pay to grow their "crop" of grass.  

There have been efforts by LCRA to expand supply.  In 
late 2012, land options were secured for a reservoir in the 
general region of the rice farms.  This, along with purchase 
of Bastrop groundwater, will provide at least 100,000 addi-
tional acre-feet annually.  While precipitation varies annu-
ally, this is about 31% of the annual needs of the rice farmers 
along the Colorado River from the Highland Lakes. 

It is not clear who will pay for these new supplies.  The 
estimated cost of $205 per acre foot is more than 7 times 
what rice farmers currently pay for their supplies.12  The 
reservoir, by itself, would not come close to providing for 
rice farming's peak use.

Though the 2012 precedent for agricultural cutbacks has 
been set, the Colorado rice fields will not whither over night.  
As the decades progress, it might be a different story.

Below 0 w/Rice Farming

720,000 Acre Feet
621,000 Record Low 
387,000 w/ Other Customers

664,000 w/Austin Lake Use
496,000 w/Full Austin Use

208,000 w/Evaporation

Austinites are prepared to pay 57 times what rice farmers 
downstream pay for water to grow their "crop" of grass. 

Austin
Let Them Eat Grass

Anne Woods

Highland Lakes with Drought and All Uses Combined 
(Acre Feet) July 12, 2013
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The Metroplex has spread its tentacles in several directions 
looking to expropriate new supplies.  At least that is the way 

some of the neighbors view it.

John Dolley

Texas Water – Dallas

The Dallas-Ft. Worth Metroplex
The Thirstiest Region In Texas

Of these top water-consuming urban centers, the most 
covetous is the Dallas-Ft. Worth Metroplex.  Of all large 
Texas cities (over 100,000 in population), 5 of the top 10 
water consumers per capita in 2010 were located in this 
region.13  The city of Dallas itself used about 50% more 
water per capita that year than San Antonio, despite getting 
more rainfall on an annual basis.  A few of the wealthier 
Metroplex mansions consume as much 6 million gallons a 
year – 60 times what the average Austin home uses.14  

With population expected to virtually double in 50 years 
and an apparent feeling of entitlement for its consumption 
habits, the Metroplex has spread its tentacles in several 
directions looking to expropriate new supplies.  At least 
that is the way some of the neighbors view it.

To its north, there is Oklahoma, with abundant water 
from its reservoirs.  The Tarrant Regional Water District 
(Ft. Worth) wants to take 460,000 acre-feet (enough for 3 
Austin-size cities) from these lakes through a pipeline run-
ning under the Red River to serve its growing customer 
base.  The people of Oklahoma are of a different mind, with 
concerns that they will lose water for future growth.  

Tarrant filed a lawsuit that festered in the federal courts 
for 6 years between 2007 and 2013.  It stated that Oklahoma’s 
stance violated both a national Compact to equitably dis-
tribute the Red River's water among four states, as well as 
the interstate commerce clause of the U.S. Constitution.15  
Oklahoma passed laws to restrict water sales in 2005.  But 
this was 25 years after a Compact was created.  Tarrant 
contended that Oklahoma’s regulations were superseded 
by Compact as well as interstate commerce.

The Texas plaintiff lost all the way to the U.S. Supreme 
Court, which ruled against it in June of 2013.  The High 
Court’s decision may have resounding effects all over the 
U.S., as many other states have water compacts that could be 
rendered questionable or invalid based on the outcome.

There is also more than one state critical of this proposal.  
The Tarrant Regional Water District sought to remove the 
water before it reached the Red River, where it dilutes the 
salinity in the turbid water that gives the river its name.  
Diverting this upstream water would have made the remain-
ing supply flowing downstream to irrigators, industries, 
and cities more difficult to use in Arkansas and Louisiana, 
as well as Oklahoma.  

The Metroplex has also looked to Northeast Texas to build 
five new reservoirs.  The five proposed lakes represent half 
of the proposed new reservoir capacity for the entire state 
in the 2012 Texas Water Plan.  While a percentage of this 
water is expected to be used by local cities and industries, 
the lion’s share will go west to the Metroplex.

These proposed lakes would collectively flood at least 
321 square miles.  In projects such as these, land must be set 
aside for environmental mitigation to replace lost wetlands 
and wildlife habitat.  So far, mitigation lands have been 
estimated at another 442 square miles.  This total area is 
about 3/4 of the size of the average county in Texas.16   

At least three of these proposals are highly controversial.   
Local residents are often outraged about the loss of timber 
and agricultural production, loss of taxable land, loss of 
tourism income to their region, and loss of environmentally 
sensitive habitat.   

The original Lake Fastrill project was defeated because 
it was sited on land intended as a federal wildlife refuge.  
The City of Dallas sued the U.S. Fish and Wildlife Service 
to prevent the protection and purchase of land at the site.  
The U.S. Supreme Court ruled in 2010 that federal protec-
tion pre-empts local authority, and federal land purchases 
have begun.  However, the Texas Water Plan includes an 
as-yet-unsited replacement for Fastrill.

Marvin Nichols Reservoir, named for an original principal 
of the engineering firm that proposed it and will likely profit 
from its construction, is the largest of the lakes, inundating 
249 square miles.  It has provoked opposition from many 
people in the region, who wonder why their income and 
lifestyles are placed at risk to fuel growth of cities already 
known for water waste.  At least one court challenge has 
already been filed.  One of the plantiffs is The Ward Timber 
Company, which will lose substantial income if productive 
forests are flooded.17

Lake Ralph Hall would inundate 19 square miles of land.  
Proposed by the Upper Trinity Regional Water District, 
it would serve much of the booming population of Den-
ton County north of Dallas.  The City of Flower Mound, 
which represents 40% of the District’s sales, opposes the 
lake because it contends the cost is higher than any other 
regional source, and may go still higher.  While the cost is 
estimated to be $275 million, a contrasting estimate from 
the construction firm KBR places it much higher, at $460 
million.18  A contested hearing process began in Austin in 
early 2013.
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Houston’s Ground Subsidence
That Sinking Feeling

Houston seems to have avoided being at war over water 
supply with most of its neighbors.  However, the region 
seems to be at war with itself.  For many decades, aquifers 
were the sole source of water supply.  This has led to ground 
subsidence on a massive scale.  Since 1906, most of Harris 
County has sunk at least 1 foot.19  Most of Central Houston 
has sunk at least 6 feet.  The area around the Houston Ship 
Channel has sunk 9 to 10 feet.20 

The problems created by Houston's subsidence range 
from inconvenience to total destruction of property.  An 
infamous example of this was the Gulf Coast subdivision of 
Brownwood.21  When it was originally built as a high-end 
suburb of Baytown in the 1930s, it was about 10 feet above 
sea level; by the 1970s, the land was only 2 feet above sea 
level.  By the 1980s, some residents had to evacuate their 
homes at least 3 times a year because of flooding.  In 1983, 
Hurricane Alicia totally destroyed the neighborhood.  

Smaller examples of damage include roads and pipelines 
that have to be modified or rebuilt, and buildings with 
broken foundations.  Perhaps the most expensive danger 
is the possibility of massive relocation, repair and drainage 
mitigation of the Ship Channel and nearby oil refineries.  
This could conceivably cost billions of dollars.

To deal with the imminent danger, the state chartered 
two groundwater subsidence districts to regulate ground-
water and manage the region’s conversion to surface water 
sources.  They are the only jurisdictions of their kind in 
the country.  

Even when these two districts finally complete the transi-
tion to alternative water sources, there is nothing they can 
do to reverse the subsidence.  Ground compaction after 
excessive water withdrawals is effectively permanent.

By one estimate, replacement of groundwater with sur-
face water will cost about $1.7 billion (in 2008 dollars).22  This 
considerable expense is why the water supply conversion 
plans are phased in over several decades. 

Texas Water – Houston

The flooded Brownwood subdivision in Baytown

In-stream Flows
The Thirsty River

There is a belief among certain water utility professionals 
that rivers were meant to be primitive, cheap canal systems 
to transport water  supply, and nothing more.  This overlooks 
that the ecological cycle that sustains animal and plant life 
is altered when rivers do not receive enough water, and 
when wetlands that control pollution and prevent floods 
are threatened.  This can happen naturally due to droughts.  
It also happens when people withdraw too much water for 
their own purposes.  Combine drought and people, and the 
environment is in an even more perilous position.  

In 2007, the Texas Legislature enacted a law to create 
a process to set in-stream flows.  Studies by scientists are 
conducted to assess proper flows.  Following this, recom-
mendations are made by a group of local stakeholders 
living in each river basin.  However, both scientific and 
stakeholder recommendations must be passed by the Texas 
Commission on Environmental Quality (TCEQ).  So far, the 
Commission has approved profoundly low in-stream flow 
rules for the major estuaries of Galveston Bay, Matagorda 
Bay, and San Antonio Bay.  

San Antonio Bay serves as an example of how the Com-
mission has deviated from the original recommendations of 
the stakeholders.  “Pulses” or water surges caused by rain 
cycles cue fish-spawning, deliver nutrients, and maintain 
bay salinity needed to support fish and wildlife.  In the Gua-
dalupe River Basin, the stakeholders group recommended 9 
pulse flows, but the TCEQ included only 3.  It also set both 
the guaranteed volume and freshwater inflow frequencies 
to the estuary at levels that are meaninglessly low.

The chart below shows an example of dramatically re-
duced pulses on one stretch of the Guadalupe river.23  In 
TCEQ’s recommendations, seasonal pulses were reduced 
by half, and large pulses were non-existent.  When the San 
Antonio Bay decision was a trickle of the amount recom-
mended by the stakeholder committee, David Langford, 
a former executive vice-president of the Texas Wildlife 
Association, condemned it.  “This is a unilateral decision 
by TCEQ, showing a ‘they know best’ attitude.  It’s not 
politics, it’s arrogance and condescending toward local 
input.”24  
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Struggles With Nature & Resources

The Texas Weather
Where Erratic is “Normal”

Texans are privileged 
to reside in one of the 
most temperamental 
regions of the U.S.  The 
state is blessed with 
hurricanes, tornadoes, 
droughts that can last 
years broken by torren-
tial rainfalls, numerous 
lightning bursts, hail, 
debilitating heat, and 
even fierce blizzards in 
the northern part.  Much 
of the state also has high 
humidity, the kind that 
can magnify heat and 
cold from something 
downright uncomfort-
able into a climate that 
is sweltering or bone-
chilling.  These extremes 
have contributed to the 
character of the people, 
and by extension, the 
state’s history, in several 
major ways, including the massive infrastructure needed 
for its water and electric systems.

Weather records from the National Oceanic and Atmo-
spheric Administration (NOAA) and other sources were 
analyzed to get some degree of the human toll and property 
damage from the Texas climate compared to the rest of the 
U.S.  The time periods for some of these observations vary 
due to the accuracy or existence of information.  However, 
the best data available was used to form conclusions.

Between 1995 and 2011, Texas had the highest cumula-
tive number of weather-related injuries, the third-highest 
rate of weather-related deaths, the third-highest amount 
of weather-related property damage, and the highest 
amount of weather-related crop damage.1 These property 
estimates are done at the time and are not always updated.  
Consequently, damage may be much greater than what is 
reported in the NOAA data.

It is important to note that Louisiana and Florida are 
higher than Texas in deaths and property damage solely 
because of hurricanes.2  About 90% of Louisiana’s damage 
was caused by hurricanes, almost all of this by Katrina in 
2005; 82% of Florida’s property damage was hurricane-re-

lated as well.  Texas had 
the highest amount of 
non-hurricane weather-
related damage in the 
country, though dam-
age to the Lone Star 
State from hurricanes 
and tropical storms was 
also considerable.  

Some of this loss is 
due to the consider-
able size of the state’s 
land area and popula-
tion.  But in all these 
categories, the state had 
above-average casualty 
rates when normalized 
for both population and 
land area.   And it is due 
to its location.

Heat and Heat Stress 
– Surviving the summer 
heat is something Tex-

ans boast about.  Based on average state temperatures, Texas 
is slightly cooler than the states of Arizona and Florida.3  But 
as any Texan knows, there is more to being miserable than 
heat.  Combined heat and humidity is commonly known 
as the heat index.  NOAA conducted a 30-year evaluation of 
187 cities around the U.S. for heat index in July and August.  
It found that 9 of the top 15 most uncomfortable cities in 
the country were in Texas, including Austin.4  

This heat is the cause of prodigious amounts of water 
use, both directly for commercial cooling towers and land-
scape and crop irrigation, and indirectly through water 
use at Texas’ steam electric stations that provide 88% of 
electricity generated in the state.  About 4% of Texas’ an-
nual water use in 2010 – 289 billion gallons a year – was 
in power plants, enough to provide the direct needs of 2.9 
million single-family homes (at levels typical in Austin).5   
This is expected to rise by another 200 billion gallons an-
nually by 2060.6  

The heat has also cre-
ated conditions that drive 
electric bills.  Between 
2001 and 2011, Texas resi-
dential customers had the 
highest average summer 
electric bill of the contigu-
ous United States for the 
average of these 11 years, 
and the highest summer 
bill in all but one of these 
individual years.7  

Hazardous Weather Injuries, Fatalities, and Damage Costs by State 1995-2011 
Damage in Million 2011 Dollars

State Injuries State Fatalities State Property
Damage State Crop

Damage
TX 10,190 IL 1,188 LA $64,970 TX $11,009 
MO 8,063 LA 968 FL $47,495 CA $5,264 
AL 4,366 TX 835 TX $37,854 FL $4,855 
FL 2,982 PA 676 MS $33,174 IA $4,332 
CA 2,930 MO 607 AL $12,279 NC $2,996 
All States 53,868 All States 8,610 All States $288,242 All States $43,661 

The Austin tornado of May 4, 1922, responsible for 14 deaths, 44 injuries, and 
over half a million dollars in damage • Austin History Center, PICA 00406
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Tornadoes8 – The Lone Star state has more tornados than 
any other state in the U.S.  Between 1991 and 2010, there 
was an annual average of 155 spotted in Texas, 61% higher 
than its nearest rival, Kansas.  Measured by intensity, Texas 
averaged 2.8 strong tornadoes per year, only exceeded by 
Kansas (3.1) and Arkansas (2.9).

Hail – Between 1980 and 1999, 22% of all the incidents 
of severe hail (2-inches in diameter or larger) took place in 
Texas.  No other state came close.9  Texas accrued over $5 
billion (2011 dollars) in property damage between 1993 and 
2012, more than any other state, where 13% of all (small 
and large) hail incidents in the country took place.10  

Wildfires – Between 2002 and 2011, Texas wildfires 
consumed 7.1 million acres, an area 11 times the land in 
Travis County.11  If focusing on the U.S. mainland, Texas 
ranks first, with 14% of the total area that is devastated by 
wildfires.  About a quarter of this damage took place in 
2011, coinciding with the lowest statewide rainfall totals 
since 1917.12  About 85% of this damage took place in years 
with below-average rainfall.13

Lightning – Between 1996 and 2008, Texas experienced an 
average of about  3  million cloud-to-ground lightning strikes 
per year, 13% of all incidents in the U.S., and more than any 
other state.14  About 28% of the 712,000 acres that burn each 
year in Texas wildfires are started by lightning.15

Flash Floods – Texas leads the nation in flash floods, 
with 16% of all flash flood incidents in the country between 
1993 and mid-2012, and is third in property loss from flash 
floods, with over $1.5 billion (2011 dollars) in damage.16

Hurricanes and Tropical Storms17 – Texas has more 
hurricanes than any state except Florida.  Between 1851 
and 2006, Florida boasted 113 hurricanes compared to 
60 for Texas.  This is in part due to location, as Florida is 
closer to the source where these tropical cyclones originate.  
However, in terms of intense hurricanes (Categories 4 and 
5, with winds exceeding 129 mph), the two states are nearly 
equal: Florida had 8 compared to Texas with 7.

Two of the top 10 U.S. hurricanes that inflicted the 
most deaths occurred in Texas, and two of the top 10 U.S. 
hurricanes that caused the most property damage also oc-
curred in the state (adjusted for inflation, population, and 
wealth).  One of these, the Galveston hurricane of 1900, was 
the largest natural disaster in U.S. history, killing  between 
8,000 and 12,000 people.

Droughts – Of all the weather conditions that afflict 
Texas, droughts are probably the most profound – 18% of 
all drought incidents in the U.S. between 1993 and 2012 
occurred in Texas.18  Crop damage is hinted at in the chart 
in this section, though it is understated.  As an example, 
NOAA data suggests damage to Texas crops in 2011 was 
only about $1.6 billion, while an updated estimate made 
in 2012 suggested it was about $7.62 billion.19

Drought is a relative thing.  There is no specific number 
that defines it.   A drought in Connecticut can occur at the 
same time West Texas experiences normal rainfall.  But 
the New England "drought" may produce 3 times as much 
precipitation as El Paso gets in an average year.  

Nor does Texas set the bar for the number of consecutive 
years below normal rainfall.  The drought of record for Texas 
lasted six years during the decade of the 1950s.  There are 
other states, both wetter and dryer, that exceed this.  

Instead, drought is a state of regional carrying capac-
ity defined by its water needs.  Plant, animal, and human 
communities become dependent on a certain standard of 
"normal" water supply.  When this gets interrupted, the ab-
sence of water wreaks havoc on survival and economies.

The average rainfall in Texas is lower than most other 
states in the U.S., but not by any means the lowest.  How-
ever, there is no state in the country that is as hot as Texas that 
is also as dry as Texas.20  

Florida and Louisiana have hotter average tempera-
tures than the Lone Star state, but they also get more rain.  
Arizona, New Mexico, and California get less rain than 
Texas, but they are cooler.  This pattern holds true to most 
regions within states as well.   Of course, even Texas can-
not compete with Death Valley in California, but then they 
don’t try to grow corn there.   

You can flee a coming flash flood, repair a hail-damaged 
roof, rebuild a house after a tornado or fire, and sweep 
up after a dust storm.  How do you outrun or repair a 
drought?

The New Normal
Global Warming and Texas Weather

As global warming caused by fossil fuel emissions in-
tensifies, it poses an ironic challenge for Texas.  How do 
you define the new normal in a state where being normal 
is being erratic, and where the landscape is already scarred 
by weather hazards?  

Since global warming is predicted to exacerbate exist-
ing weather extremes, scientists, using historical records 
and computer models, have made predictions about what 
might be in store.

– Annual average temperatures could increase by 7.2˚ 
F between 1950 and 2100.21

– More air conditioning will be needed to accommodate 
for this increased temperature.22

– There will be decreased sea life in the Gulf of Mexico due 
to warmer water that will hold less dissolved oxygen.23

– The Texas coast, which already has one of the highest 
rates of subsidence in the world, will be further impacted by 
rising sea levels.  Between 1999 and 2099, global warming 
is expected to raise sea levels 0.6-1.5 feet at various coastal 

Texas Water – Weather
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locations, and as much as 3 feet when land subsidence is 
taken into account.24

– Deaths from Excessive Heat Events are expected to in-
crease in almost all large U.S. cities by staggering multipliers 
between now and the end of the century.  San Antonio is 
expected to increase from 21 to 35 deaths per year; Dallas 
from 46 to 190, and Houston from 2 to 27.25

But the most alarming predictions are about drought.  Dr. 
George Ward (UT Austin) calculated the water shortages 
likely to emerge from population increases, population 
increases burdened by drought, and population increases 
burdened by drought and global warming.  His estimates 
showed that in-stream flows would be reduced by 85% 
from year 2000 levels, and that water supplies in Central 
Texas would be almost 4 million acre-feet short, and the 
rivers would never reach the Gulf.26  

Other climate models predict that altered rain patterns be-
low the 1950s drought of record will become common.27

Food and Water

Texas is a major farming state.  In 2010, it produced 
enough food (including corn, wheat, rice, sorghum, and 
sunflower seeds) to feed about 59 million people on a calorie 
basis.26  Unfortunately, about 40% of this is grown in areas 
that do not have a sustainable water supply.28  

Given the dry and windy climate in North Texas and 
the Panhandle, a considerable amount of the farming is 
supported by irrigation, which is provided by the Ogallala 
Aquifer.  It is known as a “fossil aquifer” because it is not 
sustainably replenished – instead, its resource is “mined.”  
The Ogallala has virtually no recharge (in most parts of 
Texas, this is about 1 inch in 42 years), and its water levels 
go lower almost every year.  Yet it has been used to irrigate 
crops since the early part of the 20th century. 

Some farms in this region have already switched to 
dryland farming, which typically reduce yield 42-76% in 
2010.29 (This assumes these farms even convert to dryland 
farming; it is possible that some of the land will be retired 
from agriculture altogether.)  Continued drops in this water 
table are expected to create a 60% shortfall in irrigation 
water in the region over the next 50 years, even after water 
conservation techniques and equipment are adopted and 
installed.30  Given the situation, regional planners and 
farmers are literally planning to phase out irrigated crops 
as the Ogallala continues to fall.  

This is not a major blow to the Texas economy.  Food and 
fiber production contribute about 9% of the state’s gross 
domestic product, and crop loss in this one region will not 
greatly impact it.31  However, there will be economic losses 
to this local area, as well as the loss of food for at least 14 
million people on a calorie basis (based on 2010 yields).32  

Another center for irrigation is along the Colorado River 
downstream of Austin.  Texas grows about 6% of the rice 
in the U.S.33  In 2011, about 57% of the Texas share came 
from the Colorado River Basin, enough to feed 1.2 million 
people on a calorie basis.34  There is considerable debate 
about the future of rice farming for this area.

On the one hand, the Lower Colorado River Authority, 
which manages the river basin for 10 counties, states there 
is enough water to continue agricultural production.  The 
LCRA is also working to acquire more water sources.

But alternately, the 2011 Texas drought, combined with 
the considerable population growth of the region, caused the 
first prohibition of irrigation water in the region’s history.  
Rice farmers are uneasy about a trend in which their water 
and the livelihoods that depend on it become expendable 
in the face of the needs of cities and industries.  

While rice farmers paid LCRA  $28 per acre foot in 2011 for 
raw water to irrigate rice, Austinites paid about $1,600 per 
acre-foot for treated water to grow grass and manufacture 
microchips.35,36  Water flows upstream to money.

The manufacturing sector creates many times the wealth 
from a gallon of water that a farmer does.  But in the battle 
between potato chips and microchips, it is often forgotten 
that people can’t eat microchips.  There are 7 billion people 
currently on the planet, with almost  2  billion more expected 
by 2050.37  However, Texas will no longer be able to provide 
the volumes of food to the world that it does today.  

Texas Water – Food and Water
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Energy and Water 
(The Energy/Water Nexus)

Raw (untreated) water is 
a very heavy, bulky, clumsy 
substance to transport to 
cities, agriculture, and in-
dustry.  It is sometimes 
brought to its point of use 
from sources dozens or even 
hundreds of miles away.  
If pumped from under-
ground, it can be hundreds 
or thousands of feet below 
the surface.

Once delivered, it is often 
treated to a higher standard 
for drinking or industrial 
purposes and then delivered 

again, this time to specific customers.  In the case of cities 
and industries, wastewater must also be treated through 
expensive, energy-intensive processes to remove chemical 
contaminants and disease organisms.  

It has been estimated that electricity needed to transport 
and treat Texas municipal water supplies, and then trans-
port and retreat municipal wastewater, is about 1.1% of 
total electric consumption.38  In Austin, it is 1.7% of electric 
use.39  In California, where the state has also calculated 
energy needs for agriculture, and where supplies can be 
transported hundreds of miles, sometimes over mountains, 
water- and wastewater-related electric use is close to 8% 
of total electric consumption.40

Added to this complication is water that enables the 
electric infrastructure; 88% of the electric power in Texas 
in 2011 came from fossil- and fission-fueled power plants 
that use steam in the generation process, some of which is 
lost to the atmosphere.41  Most power plants also use pro-
digious amounts of cooling water to make the generation 
process more efficient.  About 3% of water in the thirsty 
state of Texas was used for cooling thermoelectric power 
plants in 2010.42

WATER USE BY ELECTRIC PLANT TYPE43

Type of Power Gallons/Kwh
Coal 0.3-0.48
Nuclear 0.4-0.72
Natural Gas Combined Cycle 0.1-0.18
Concentrated Solar Power 0.84
Photovoltaic* 0.03
Natural Gas Combustion Turbine 0
Wind 0
* Requires small amounts for cleaning

Despite this large amount of water use, the current 
Texas power plant fleet has been scantly affected by wa-
ter shortages to date, and power generators have been 
extremely cautious, securing more water supplies to meet 
this challenge.44  

A much larger problem is how to quench the thirst of 
new power plants seemingly demanded by the state’s 
growing population.  A single nuclear plant can consume 
about 18,000 acre-feet per year, enough for 56,000 single-
family homes at Austin’s average rate of consumption.  
Texas water demand for electric plants is expected to 
increase by 887,232 acre-feet by 2060, enough to supply 
the needs of 2.9 million single-family homes at Austin’s 
average rate of use.

Add to this the probability that droughts will be more 
severe and summers will be hotter due to climate change, 
at the time when peak power and peak water use from this 
power is most needed.

It is possible to make power plants more water efficient 
by using air-cooled equipment.  Water use can drop by 40 
to 66% in a natural gas combined cycle plant to as much as 
90% in a Concentrated Solar Plant.45  However, running on 
air-cooled equipment will lose as much as 5% in the electric 
output efficiency, and will add to the capital expense of a 
power plant.
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Struggles With Money
Peak Water

The high price of gasoline today is largely attributed 
to the phenomenon of "peak oil."  The theory holds that 
oil is not running out, but that accessible oil is limited by 
geology.  Given the immense amount of oil consumed since 
the late-19th century, extraction has or will soon reach its 
peak, or half-way mark.  Upon reaching this point, oil will 
become harder to find and more expensive to produce.  Oil 
production in Texas peaked in the early 1970s.  The state 
has probably also reached "peak water" too, though the 
exact date cannot be determined.

Mixing analogies for oil and water is not perfect.  Oil 
is a finite substance, while fresh water in the hydrological 
cycle is perpetually renewing – to a point.  However, it is 
common for people to exceed the sustainable yield for both 
local ground and surface water, which Texans have done.  
New supplies to compensate for this overdraft and provide 
for an increasing population will cost more to build, and 
usually take more energy to provide.

Reservoirs in Texas are a case in point.  There are 188 
major reservoirs (over 5,000 acre-feet in capacity) in Texas 
that collectively contain about 8.4 million acre-feet per year 
of water supply in drought conditions.1  The Texas Water 
Plan has identified 26 possible new reservoir sites that can 
provide future storage capacity.  However, if built, they will 
only provide about 1.5 million acre-feet, with each new 
reservoir yielding an average of 1/3 less in usable water 
than existing Texas lakes.2 

The yield will often be more expensive than water from 
current reservoirs.  The weighted average cost of these new 
lakes is about $2.99 per thousand gallons.3  As a point of 
comparison, Austin still gets the majority of its untreated 
supply water free, and untreated water in the upstream 
Highland Lakes currently sells for about 50¢ per thousand 
gallons.  

Much of the cost for these reservoirs is in the pipe-
lines.  For instance, the Marvin Nichols Reservoir, a giant 
121-square-mile lake that is proposed to serve the Dallas 

Metroplex, represents almost 1/3 of the capacity of these 
26 proposed lakes.  About 78% of its $3.3 billion estimated 
construction cost is in the 302-mile pipeline and conveyance 
system, which will cost $8.5 million per mile.4  This does not 
include possible cost overruns, water treatment plant costs, 
and operations and maintenance expenses such as energy 
used for pumping and leaks in the pipeline system.  

These 26 proposed sites are the few still available given 
the limits of geology, hydrology, and location near major 
population centers that need the water.  These lakes are 
expensive economically, at a collective cost of over $12 
billion (2008 dollars).5  And they are expensive politically, 
in that people in these regions of the proposed sites are 
generally protective of the water in their area.  Even if these 
reservoirs are built, they represent the last major chance 
the state has to expand surface water availability.  

Not all peak water strategies involve new supplies.  
Rather, they involve building pipelines to make use of 
existing reservoirs in the Eastern and rural parts of Texas.  
The (literal) lengths to which these proposed strategies will 
go is dumbfounding, all the more so because their costs 
and construction are taken quite seriously.  Two examples 
exhibit the problems with this approach.

The Toledo Bend Reservoir, at the Sabine River on the 
eastern border of Texas, is a case in point.  The lake, built 
in 1969, has huge amounts of unused capacity because it is 
located far away from the state’s large population centers, 
and because it is in the area of Texas that receives the most 
rain.  The Metroplex is so thirsty that 428 miles of pipelines 
are proposed to bring the lake’s water to the cities.6  

The cost would be $5 billion, or almost $12 million/
mile.7  The distance, as well as pumping the water uphill 
at least 223 feet, will demand about 1.4 billion kilowatt 
hours of electricity annually, enough to power 114,000 
Austin households.8,9  Put another way, this project would 
require 32 times more electricity than conventional water 
treatment.

At a wholesale cost of $2.65 per thousand gallons, raw 
water from Toledo Bend would be 81% of the retail cost of 
Dallas water in 2012, and that is before treatment, distri-
bution, and administrative costs, expensive in their own 
right.10,11  As a point of comparison, Dallas paid 47.5¢/
thousand gallons in 2013 for untreated water.12

San Antonio is an example of a city with extremely low 
water costs, as most of its supply is pulled directly from the 
Edwards Aquifer with almost no treatment.  However, this 
supply is limited, and the city is pursuing less pure sources 
of water, including brackish water, which costs over 500% 
more to build and almost 200% more to treat.13  

Costs for water treatment plants also go up as the purity 
of the raw water goes down.  The next page contains a 
chart showing costs to build and operate various types of 
water treatment plants.  

Texas Water – Peak Water
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Groundwater availability is also dwindling in two major 
regions of Texas, the Panhandle and the Gulf Coast.  In the 
Panhandle, there are three underground water districts, 
quasi-governmental agencies that regulate the volume of 
water produced for the benefit of conservation.  All report 
major reductions in historical groundwater levels.  

Along the Gulf Coast, the water table is dropping due 
to over-demand from a burgeoning population, causing 
ground subsidence to the point that withdrawals are now 
severely limited.

Peak Water and Peak Energy

Another trait with peak water is that energy use goes up 
as the quality goes down.  As good quality water becomes 
harder to find, even lower quality water that is difficult 
or impossible to make use of in its natural state becomes 
highly prized.  High electric use in the purification process 
compensates for the lower quality.  

The use of brackish groundwater purified to drinking 
water standards through reverse osmosis and other desali-
nation techniques is becoming an accepted alternative to 
fresh water for new supply.  However, a price premium is 
paid for the equipment and the energy to run it: electric use 
can be 6 to 44 times that of conventional water treatment.  
The same techniques can also be applied to seawater, albeit 
at an even higher cost.  Seawater uses as much as 75 times 
the electricity needed for conventional treatment, and again, 
that is before pumping to the point of use.

Water Collection and Treatment14 
 

Kwh/Mi l l ion 
Gallons 

Surface Water Treatment 220
Groundwater Treatment 620
Brackish Groundwater Treatment 3,900‐9,700
Seawater Desalination 9,700‐16,500

Peak Water and Peak Money

Development of Peak Water supplies will be a gradual 
process, affecting some regions of Texas more than others, 
and some of these more expensive water sources will be 
deferred as long as possible.

There are over 500 separate proposals in the Texas Water 
Plan that cover the 16 regions of the state to deal with the 
collision of supply and demand.  Several dozen involve 

Texas Water – Peak Water

conservation, which can offset as much as 23% of demand 
by 2060 at a wholesale cost of only 32¢/thousand gallons 
(2008 dollars).15  

There are also 44 "reuse" projects (generally called re-
claimed water).  These can defer 10% of demand, though 
costs can range a great deal because there are several kinds 
of reuse.16   

Highly treated wastewater put back in a reservoir or 
stream (indirect reuse) is often inexpensive because the 
water would need to be treated anyway; costs could easily 
be less than $1 per thousand gallons (2008 dollars). 

Transporting this same water through "purple pipe" 
water mains for non-potable purposes such as landscape 
irrigation and cooling towers (direct reuse) is usually much 
higher.  The City of San Antonio has a successful reuse 
system, and Austin has been slowly expanding its own.  

And direct reuse for drinking water purposes is quite 
expensive because of the elaborate (Level 4) treatment 
required, both for health and social standards.  This cost 
can be enormously high, $4 to 5 per thousand gallons in 
some cases, though this might rival new water supplies in 
certain regions, or be preferable to no water at all.

There are also a number of projects in various regions, 
ranging from new well fields for municipal supply close to 
cities, to buying farmers’ water rights, that best the higher 
costs of brackish water, desalination, and piping supplies 
from other regions.  However, many of these lower-priced 
options have limited supply, or are hypothetical at best 
because of their political conflicts, or are replacements for 
existing supplies.

Expansion of groundwater wells in the Carrizo Wilcox 
Aquifer east of Austin can yield water around $1/thousand 
gallons, but there is only enough projected to supply about 
39,000 Austin-size homes.  Oklahoma water imported to 
the Metroplex is also less than $1/thousand gallons, but 
the people of the Sooner state have gone to court to keep 
Texas from getting it.

One other "cost-effective" option is demand destruction, 
which is taking place in the Panhandle and West Texas.  
No cost-effective option, including conservation, can per-
manently delay conversion to dryland farming (or fallow 
acreage) for most of the irrigated cropland.

COST FOR CONSTRUCTION AND OPERATION OF A 50 MILLION GALLON/DAY WATER TREATMENT PLANT17

 
 

Capital Cost 
Per MGD

Operation/Maintenance
Per MGD

Level 0 Disinfection Only $11,019 $6,270 
Level 1 Groundwater Treatment $194,979 $67,134 
Level 2 Direct Filtration Treatment (1) $555,363 $102,289 
Level 3 Surface Water Treatment $1,329,953 $126,575 
Level 4 Reclaimed Water Treatment (2) $2,077,788 $367,611 
Level 5 Brackish Groundwater Desalination $1,180,933 $246,798 
Level 6 Seawater Desalination $1,830,218 $676,082 
(1) Hard-to-treat groundwater (2) Potable Water from Wastewater 
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The Fortune Teller
Ask Me No Secrets

Much of this author’s 
career has been spent 
in the study or pursuit 
of clean energy.  In that 
field, one can imagine a 
world that gets a large 
percentage of its energy 
from renewable sources.  
Water is different.  The 
closest analogy to “re-
newable water” would be 

extracting humidity out of the air, which is impossible to do 
economically on any large scale.  And while readers may 
protest that the hydrological cycle itself constantly renews 
water supply, converting rainfall (when it erratically occurs) 
into something fungible is an expensive challenge.

It seems fitting to end this article with a set of predic-
tions.  Not all these prophesies are original.  Several have 
been observed by water wonks and utility professionals 
long before this article was written.  The predictions are, 
rather, stated as a group to outline the rugged path ahead 
of us.

1. Rising Water Costs for Cities
(Blue Water With Green Money in a Red State)

One inevitable prediction is rising water costs, especially 
for municipal utilities.  New increments of supply will be 
more expensive than existing supplies.  It is also clear that 
water and wastewater costs for cities are headed up because 
of massive replacement of their aging infrastructure.

Despite its reputation for stubborn independence and 
its Red State “Fed Up” attitude toward the federal govern-
ment, Texas does not have a good history of being true to 
these beliefs.  Much of its water supply infrastructure, from 
reservoirs to agricultural irrigation to earlier generations 
of water and sewer treatment plants, has been financed or 
at least subsidized by federal money.  It will be interesting 
to see if the state and its cities scorn federal money meant 
to cushion rate increases.  Given the budget-cutting mood 
in the nation’s capital, it will be interesting to see if federal 
money is even available.

2. Rising Water Costs Stopping Population Growth
(You Mean They Can’t All Move Here?!)

It seems to be genetically and culturally programmed into 
humans to believe that nature and technology will provide 
limitless resources to an ever-growing population.  Despite 
numerous examples in both natural and human history of 
why this is not true, nobody is talking about the ultimate water 
conservation strategy of having fewer people use it.  This idea is 
considered anti-business, and even thought to be downright 
Un-American.  In this land of opportunity, it is considered a 
birthright to be able to travel and live anywhere.  We can’t 
just build walls around Texas, can we?!

However, resource shortages have a way of building 
walls by themselves.  As pointed out in the discussion on 
Peak Water, costs are rising for new increments of water 
supply.  Long before Texas secedes again or issues citizen 
identity cards, the sheer cost of new supplies will self-limit 
certain types of industries from locating here, preventing 
their attendant population growth.  Higher costs will also 
contribute to driving up the cost of living in various Texas 
cities, again self-limiting a certain amount of growth.  

3. Paying for the Worst Case 
(When Droughts Become Rainmakers)

While there is no ques-
tion that parts of the Texas 
water supply system have 
been tested by drought in 
the last few years, it is also 
true that these climatic 
events can and are being 
used as a club to stir politi-
cal support for more water 
supply projects.  

In the next few years, one 
can expect a strong political 
push from special-interest 
“rainmakers,” the lobby-
ists who extract funding 
for public-works projects.  
There is a lot of money 
to be made building new 
water supplies, both di-
rectly through construction 
contracts, and indirectly 
through land speculation 
and transactions.  In addi-
tion, small rural communities can gain new income from 
recreational activities that spring up around new lakes.  
This support sometimes outweighs local opposition.

There is a saying that there is no money to be made by 
not building a dam.  This is not true.  There are business 
opportunities providing water conservation services, and 
there is ratepayer money to be saved with these least-cost 
options, allowing more discretionary income back into the 
economy.  However, billions of public-works dollars go to 
the relatively few companies that concentrate on winning 
supply projects, inundating the incremental savings from 
conservation to any one consumer.

4. The Paradox of Efficient Water Pipelines 
(The Toxic Trade-off)

If Texas water utilities are efficiently managed, consider-
able expenditures will take place over the next few decades 
to replace worn-out pipelines established as long ago as 
the 19th century.  A preferred, leak-resistant  material for 
replacement of old lines is PVC.  The material is highly toxic 
to manufacture.  Utilities will inevitably make a trade-off of 
efficiency they can see for toxicity that is remote to them.  
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Water utilities are an anchor customer for the vinyl 
industry.  About 24% of vinyl resin is used specifically for 
water and wastewater utility pipe applications.1  By one 
estimate, vinyl makes up as much as 66% of water utility 
pipe miles purchased each year.2

PVC is not the only plastic alternative.  Pipelines made 
of High-Density Polyethylene (HDPE) are much safer to 
manufacture, easy to install, cost-effective, have a life that 
rivals or exceeds PVC, and are even less prone to leakage.    
Though HDPE is used pervasively in the U.S. gas utility 
industry and water utilities in some European countries, U.S. 
water utilities have been slow to adopt it.  This is partially 
due to PVC’s longer product history in this country.

Given that HDPE was available on a large scale in the 
U.S. in the 1980s and 90s, one would think that this would 
be enough time to gain experience with the new material.  
But most water utilities do not aspire to be sustainable, 
product conversion is not widespread, and if patterns 
persist, the toxic trade-off will continue.

5. Cities Subordinate Rural Communities
(Water Colonies)

Cities and their industries will be the main driver of 
Texas’ water use going forward.  As this occurs, urban 
areas will usually dominate their rural rivals, not unlike 
colonization of foreign territories.

As an example, some of the proposed surface water reser-
voirs will be highly controversial, not only because of their 
expense, but also because of the physical displacement of 
families that have lived on the conquered land, sometimes 
for generations.  Five reservoirs proposed for Northeast 
Texas would collectively inundate hundreds of square 
miles.  This would happen predominantly in three coun-
ties that have a combined population of less than 100,000.3  
It would also hurt the economy of the region by reducing 
harvest from the timber industry.  Most of this water will 
be provided to the Dallas Metroplex, a region with some 
of the highest per capita urban water consumption rates in 
the state.  It has a combined population of almost 6 million 
people, which is expected to double by 2060.4

6. Texas Contribution to Food Shortages
(Incremental Starvation)

This article has estimated that crop curtailments from 
conversion to dryland farming in Texas could feed at least 
14 million people a year.  This seems relatively small when 
compared with a world of 7 billion people and an interna-
tional food trade – until you add up all the other regions 
where crop curtailments are likely to occur.  Aquifers in 
other major crop-producing states such as California are 
being mined unsustainably.  Irrigated land in Pakistan 
is compromised by salt build-up and waterlogging.  Ur-
banization from New York to China is claiming formerly 
productive agricultural land.  To my knowledge, no one in 
the U.S. is adding these land and crop losses up, let alone 
planning for the gap in the future.

7. Drought As a Lifestyle
(Praying for Hurricanes)

The Lower Rio Grande region is already in the precarious 
situation of requiring severe weather events to replenish 
their reservoirs.  Because of population increases in other 
regions, combined with climate severity brought on by 
global warming, the custom of “praying for hurricanes” 
to fill up regional lakes and replenish groundwater could 
migrate to other parts of Texas.  Austin itself was not far 
from this predicament in the first part of 2013.

I am not suggesting that inhabitants will die of thirst, 
as there are priorities.  Crop irrigation is more politically 
expendable than other water uses, and (most) people would 
rather let their grass die than go without drinking water.  As 
stated before, though, there will not be an endless supply of 
cheap water to provide all needs for all people at the level 
of consumption we have become accustomed to.

8. Rivers that Don’t Return to Their Source 
(Glorified Irrigation Ditches)

The delicate balance of river and estuary ecology is lost 
on many of the people living in upstream urban areas.  Five 
of 7 bays in Texas were adversely impacted by reduced 
flows as long ago as 2004, when the state’s population was 
16% less than it is today.

It is extremely likely that in-stream flows will continue 
to be stolen by the needs of a growing human population, 
treating rivers as little more than primitive water mains 
for conveying water to cities, factories, and power plants.   
It is, of course, (theoretically) possible for adequate water 
to be set aside, but if in-stream flows are institutionalized, 
this would require even more expensive new supplies, 
raising the price even higher than Peak Water and pipeline 
replacement are likely to drive it.

9. A Change in Water Laws
(Constitutions are Negotiable)

Ever since the early part of the 20th century, Texas 
groundwater has been governed by the right of capture, 
where landowners forfeit their right to water if they do 
not pump and their neighbor does.  Such water law is in 
contrast to other states in the U.S., as well as water law 
governing surface water supplies in Texas.  Water short-
ages may demand a change in the Texas Constitution to 
eliminate or revise the right of capture.  Exactly who the 
winners and losers will be is difficult to even guess, but 
about 84% of the state’s population live in urban regions, 
and they will not sit idly by.

The most uncontroversial revision would be to leave it 
up to locally elected groundwater conservation districts to 
actually control.  Under such a system, rural regions could 
decide for themselves (rather than renegade landowners) 
whether they wished to be water colonies, and extract a 
fairer price if they do.  
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Water and Energy Efficient Appliances
Inside the Machine

Dishwashers

The invention of the modern dishwasher can be traced 
back to Josephine Cochrane in 1887. Cochrane was the 
wealthy granddaughter of John Fitch, the inventor of the 
steamboat.  She did not originally invent the machine for 
money, but because her house servants were chipping her 
fine china when handwashing them.  Her invention was 
unveiled at the Chicago World’s Fair in 1893.  

The novelty did not translate into utility until the 1920s, 
when it was attached to plumbing for commercial use.  It 
was not until 1947 that it made its way into residences.  
While theoretically non-essential, about 59% of U.S. homes 
in 2009 used automatic dishwashers, which clean an aver-
age of 215 loads a year.1, 2  An older, inefficient dishwasher 
can use about 2,000 gallons a year, equivalent to 2% of an 
average Austin home’s water use.

Chart 1 shows the progression of water efficiency over 
time.3  Standard-size dishwashers from the 1960s could 
use 16 gallons/cycle.  Even as late as 1993, they often used 
10 gallons/cycle.  The federal requirement is currently 6.5 
gallons.  The voluntary standard set by the Consortium for 
Energy Efficiency in 2012 was a much lower 4.25 gallons, 
and the most efficient model on the market in 2012 used 
only about 2 gallons/cycle.

With water resources getting more expensive and more 
people requiring them, water waste is no longer an option.  
Providing treated water and wastewater is also a labor-
heavy, energy-intensive, chemical-laden process.  Seen in 
this light, saving water reduces the environmental impacts 
associated with it. 

New water sources and treatment plants are more ex-
pensive than existing ones.  Austin water in particular is 
already quite high.  An analysis by this author showed that 
in 2011, Austin had the highest average combined water 
and wastewater cost of the 10 largest cities in Texas, and 
it was highest in all rate classes.

Self sufficiency is yet another reason to consider conser-
vation.  In drought situations, which are likely to become 
more frequent with global warming, household options 
such as gray water and rainwater are usually exempt from 
outdoor water restrictions. 

This section discusses techniques and technologies that 
allow homes and many businesses to save water.   Some 
of these are fairly straight forward, such as appliances and 
plumbing fixtures that work more efficiently.  Others require 
rethinking why water is used to begin with.  For instance, 
water use for landscapes can be greatly reduced with proper 
soil depths and plant nutrients.  And it can be supplied by 
gray water or rainwater instead of processed water.

If every home followed one or most of these suggestions, 
it would add up, drop-by-drop, to the point where many 
utilities would not have to drill new wells and build new 
treatment plants and reservoirs.

WATER CONSERVATION
Six Things People Can Do to Save Water

Chart 1 – Standard Size Dishwasher Water Use
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Energy use is rated as an Energy Factor (EF), which 
is calculated as the number of cycles per kilowatt hour.  
It runs contrary to the standard for water efficiency; the 
higher the EF, the better.

EF has also changed dramatically over the years, as 
shown in Chart 2.4  Prior to the first federal requirement 
in 1994, EF for a standard-size unit was 0.38.  It changed to 
0.46 in 1994.  The current federal requirement is 0.62.  The 
best voluntary standard in 2012, from the Consortium for 
Energy Efficiency, is 0.75.  The best machine on the market 
is currently rated at an EF of 1.62.

Hand Washing vs. Dishwashers

There has been considerable discussion and research 
about whether more water is used when washing dishes by 
hand vs. machines.  Either answer can be correct depending 
on your assumptions.  

 Dishwashers substitute manual force with very hot wa-
ter, water jets, and refined detergents to clean dishes with 
minimal water use.   If you use an efficient dishwasher, water 
use can be as little as 2 to 4 gallons per load.5  It would be 
difficult to wash dishes by hand with this small amount. 

However, 70% of households rinse their dishes thor-
oughly before placing them in the dishwasher, which can 
add 10 to 15 gallons per load.6  This might be because of: 1) 
habit; 2) trials that have found the dishwasher less effective 
without it; 3) they are waiting several days to get a full load 
to wash and do not want the dishwasher to create a health 
problem.  So hand washing is sometimes the winner.

Energy savings from dishwashers can also be ambigu-
ous.  Electricity is used for the operation of the machine, 
stand-by electronic controls, and water heater boosters in 
the machine.  However, considerable energy from water 
heaters is also consumed to preheat water entering the ma-
chine.  If one assumes that less water is used, and heated, 
in automatic dishwashing, an efficient dishwasher may 
come out the winner.  However, dish soap and scrubbing 
can take the place of some or all hot water use.

Add to this the fact that many homes are designed with 
their water heaters far from the point of use, from 15 to as 
far as 100 feet away.  Since a typical efficient dishwasher 
uses small amounts of water at a time, and the washing 
cycle can take as long as 90 minutes, hot water supplied 
from the water heater can cool in the water pipes by the 
time it is needed, causing the electric booster heater in the 
machine to work harder. 

Even when hand washing takes more energy and wa-
ter than automatic dishwashing, it is often less expensive 
when considering the cost of the appliance.  Dishwashers 
are primarily used as labor saving devices, and sometimes 
for health reasons since they often eliminate more bacteria 
in their cleaning process.  However, the machine can cost 
hundreds of dollars that may not be made up by the water 

and energy savings of the appliance.  Your own lifestyle 
and habits should guide your decision to purchase and 
use this appliance.  

Tips to Save Water and Energy in Dishwashers

 1. Run dishwashers as fully loaded as possible.
 2. Use the air-dry setting as opposed to the electric-heat 

dryer setting.  It can save about 16% of dishwasher 
electric use per year when a gas water heater is used 
and 7% when an electric water heater is used.

 3. Use the Smartwash function to adjust for lightly soiled 
dishes.  

 4. Avoid Sanitize and Superwash cycles when possible.
 5. When building a new home, locate water heater/s as 

close to the points of use as possible.

Clothes Washers 

Before the advent of the modern clothes washer, laundry 
was a monotonous and in some ways painful undertaking.  
Water had to be hauled by hand and boiled with a wood 
fire, then hauled again to the laundry tub.  When clothes 
were put into the tub with harsh lye, sal soda, lime, and 
borax, they had to be stirred or beaten by hand with a 
paddle.  Clothes were then rinsed with a “blueing agent” 
to counteract the bleaching effects of the washing process.  
Tedious laundry days were thought by some people to be 
the origin of the slang phrase “Blue Monday.”

Used water was, again, hauled away by hand, usually 
after several uses.  These clothes were then wrung by hand 
and hung out to dry, assuming the weather allowed for 
it.  The heavy lifting, bending, and wringing were often 
exhausting, and depending on the number of people in a 
household, the task could go on for days at a time.

Starting from the later 17th century, there were thousands 
of patents to make washing easier.  However, the first 
motorized machines on drive belts powered by steam or 
gasoline came after the turn of the 20th century.  It was not 
until 1947 that the first top loading automatic washers with 
agitators were marketed by Bendix, GE, and Whirlpool, 
launching the modern era of home laundry.  

All modern machines substitute automatic mechanical 
motion, refined chemical detergents, and (usually) potable 
heated water for this time consuming, exhausting task of 
past centuries.

Modern Efficiency Standards

In 2009, about 82% of U.S. homes used automatic clothes 
washers, which clean almost 400 loads of laundry a year.7.8    
Most of the rest are served by machines in laundromats.  An 
older, inefficient home clothes washer can use about 12.2 
thousand gallons a year, equivalent to 12% of an average 
Austin home’s water use.  
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Water in these appliances is rated by a Water Factor 
(WF): the number of gallons used per load ÷ the cubic feet 
of capacity of the washer.

Example: 36 gallons per load ÷ 3 cubic feet of capacity = 
WF of 12

There are 3 kinds of basic types of clothes washers on 
the market today: 1) top-loading machines with agitators; 
2) top-loading, high-efficiency (HE) machines without 
agitators; 3) and front-loading HE machines.

While all of them can be made more energy and water 
saving than past generations of these appliances, agitator-
type washers are generally the least efficient.  Top-loading 
HE washers achieve back-and-forth motion with wobbling 
plates, wheels, or disks.  Front loading HE washers repeat-
edly tumble clothes through water at the bottom of the 
drum.  Though front-loading clothes washers generally 
save more energy and water, this is not universal.  Of the 
top-rated models for water savings in April 2012 (WF of 4 
and below), about 20% were top-loading.

Although there have been minimum federal energy-
efficiency requirements for clothes washers since 1988, 
there were not even voluntary standards for water use until 
2000 and no mandatory requirements until 2011.  Voluntary 
standards have been promoted primarily by two programs, 
Energy Star, and the Consortium for Energy Efficiency, to 
give interested consumers information to make informed 
decisions to lower their water and energy bills.

Chart 3 shows the progression of water efficiency.  Old 
machines had a WF of about 12.5.9  The recently imposed 
Federal Standard is 9.5, which was the voluntary standard 
for the Consortium for Energy Efficiency as early as 2000.  
The Consortium standard in 2012 was a much lower WF 
of 4, and the most efficient model on the market in 2012 
had a WF of 2.5.  (If you are wondering about the limits of 
efficiency, an R&D effort in 2008 substituted water use with 
plastic beads to clean clothes.  An entire load of laundry 
consumed one cup of water.  However, this technology has 
not been commercialized as of this story’s release.)

Energy use is rated as a Modified Energy Factor (MEF), 
which adds all energy used in the washing cycle, includ-
ing the electricity for machine use, water heating, and 
drying.  These 3 uses interact.  Cutting back on water use 
cuts back on water heating.  Increased spinning to remove 
more moisture from clothes cuts down on heat needed for 
clothes drying.  MEF has also changed dramatically over 
the years.  As Chart 4 shows, the difference between the 
average unit in 1980 and the top of the line model in 2012 
has risen from an MEF of 0.83 to 3.4.  Again, it is contrary 
to WF; the higher, the better.

It is important to note that most of the energy use is 
not in the machine itself.  In a conventional washing cycle 
with an inefficient machine, roughly 80% of the energy 
use comes from water heating and fabric drying when 
natural gas is used for fuel.9  When electricity is used, the 

figure is close to 90%.  Switching to cold-water detergents 
and clothes lines will eliminate almost all energy use in 
the wash cycle.

Other Considerations

 • It is important to buy the right kind of detergent for HE 
machines.  Conventional detergents create more suds.  In 
HE machines, the excess suds may prevent water from 
properly rinsing clothes and may impede tumbling.  

 • HE detergents have a logo on the bottle designating 
they are for HE washers.  Note that some detergents 
state they are “HE Compatible,” which is not always 
the same thing.  If you are going to use such a product, 
experiment with it first to make sure it does not cause 
a problem.

 • Front-loading washers have been shown to reduce deter-
gent use up to 25%, in addition to running quieter and 
being gentler on fabrics (which lengthens their useful 
life).

For More Information

The most energy- and water-efficient clothes washer and 
dishwasher models are listed on the Web sites below.

Consortium for Energy Efficiency: www.cee1.org/content/
cee-program-resources

Chart 3 – Water Usage in U.S. Clothes Washers

1980 2011 Federal
Standard

Highest
Voluntary

Standard 2012

Best on Market
2012

14

12

10

8

6

4

2

0

W
at

er
 F

ac
to

r (
G

al
/C

F/
Lo

ad
)

Chart 4 – Energy Efficiency in U.S. Clothes Washers

Highest
Voluntary

Standard 2012

Best on Market
2012

Baseline
1980

Federal
Standard

2007

Federal
Standard

2004

M
od

ifi
ed

 E
ne

rg
y 

Fa
ct

or

4

3.5

3

2.5

2

1.5

1

0.5

0

Water Conservation – Appliances



27

Efficient Plumbing Fixtures
and a Short History of Sewage

Cholera is one of the world’s more deadly diseases, caus-
ing acute dehydration.  It strikes so quickly that, without 
medical intervention, a person can die within 12 hours of 
showing its first symptoms.  In past centuries, its miseries 
were visited on tens of millions of people unaware that it 
was transmitted through contaminated water.  Endemic to 
Asia, it is estimated that 38 million Indians died from it in 
the century between 1817 and 1917.  As rail and sea travel 
became more prevalent in the world, the disease made the 
jump to the West.  It is the most formidable water-borne 
disease, with a 50% mortality rate if left untreated; but it is 
hardly the only disease spread by bad sanitation. 

In these relatively enlightened times, it is sobering to 
realize that the scientific principle of germs and infections 
(and conditions that promote them) were not discovered 
until the mid-19th century, and not widely acknowledged 
until the latter part of the same century.  Some professionals 
in the fields of health and sanitation believe that the toilet, 
that most mundane and derided of appliances, has saved 
more lives than disease immunization or even antibiotics.  
However, the disease-preventing capabilities of modern 
sewage systems are fairly confusing without a historical 
perspective.

Despite its smell, there is nothing outrageously harmful 
in human waste.  However, since the human digestive tract 
is an environment without light or air, it can often harbor 
deadly diseases and parasites that can spread onsite or 
downstream.

Throughout history, there have been 4 ways people have 
typically disposed of human waste.  

 1. The most basic was open defecation.  About 40% of 
the world’s population still practice this habit, usu-
ally out of poverty or lack of knowledge.

 2. Onsite latrines, both with and without water, where 
manure is sometimes used for agriculture.

 3. Water-borne sewage, which may or may not be puri-
fied to remove disease-carrying organisms and nutri-
ents before being released back into water bodies. 

 4. Various combinations of these practices.

Human and food waste was not particularly hard to 
manage in early societies based on hunter-and-gatherer and 
agricultural relationships.  In general, the land and crops 
could easily absorb the waste from small populations.  It 
was often used as fertilizer.  But villages and cities were 
another matter.  Many of them did not develop effective 
ways of disposing of waste, creating conditions rife with 
disease. Onsite waste could contaminate groundwater, 
and could come into direct contact with people tracking 
it into their environment or exposed to it through insects 
and rodents.

Indeed, rural migration to some cities became a grim form 
of population control, as these urban settlements became 
de facto population sinks.10  These cities constantly needed 
to replenish their numbers because of disease brought on 
by (preventable) unsanitary conditions.  In many cities 
around the world, it was common to simply throw waste 
out the window, to the detriment of common health and 
unwitting passersby.  

However, some early cultures developed effective forms 
of water-borne sewage disposal.  The oldest recorded 
example of this was about 2,500 and 3,500 B.C. in the In-
dus Valley (Northwest India).  Whole cities were built on 
gradients that allowed gravity to carry waste inside clay 
sewers from inside houses to the edge of the settlement.  
Latrines were flushed with water poured from pottery.  The 
sewers had depressions resembling primitive septic tanks 
that allowed the solids to settle, and this was eventually 
cleaned by hand.  All houses were served with water wells 
near or inside the dwelling.  

While this system did an amazing job of dealing with 
onsite sanitation for large populations, the effluent ran into 
the Indus River, polluting the environment and probably 
causing distress to downstream neighbors.  Other water-
borne systems have been excavated in ancient cities of 
Babylonia, Assyria, Sumeria, and Crete.

Probably the more common alternative throughout the 
ages has been onsite dry privies and cesspools.  Waste was 
carted off by hand (and horse), and often sold to farmers 
as fertilizer.  Often the collection was done at night, which 
gave rise to the 19th century American euphemism of 
“nightsoil.”  Many cities in America had such a system 
through the 19th century.  Japan was heavily dependent 
on this method until the late 20th century.

The effectiveness of these systems to mitigate disease was 
largely dependent on how they were built and maintained.  
A cesspool emptied regularly had less potential of leaching 
into nearby water supplies than one that was routinely 
ignored.  A cesspool under a house had less potential to 
attract vermin than an uncovered one.  In the case of dry 
systems, an interesting study compared the customs in 19th 
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and 20th century in Singapore and Tokyo.  It noted that 
Singapore might have been more successful in preventing 
disease because clean buckets were provided with nightly 
removal service.11

Some cities practiced 3 disposal methods at once.  Ancient 
Rome was a prime example.  Its aqueducts and sewers 
are considered engineering marvels.  Its sewer system, 
first built for drainage in about 800 B.C., is still in use.  It 
connected directly to public  bathhouses and toilets, using 
low-quality water from aqueducts as a continuous flush-
ing mechanism.  By some accounts, the sewers were also 
directly connected to homes of its wealthier citizens.  But 
onsite disposal, including the streets, was also a common 
occurrence that was dealt with by regularly using lower 
quality water to flush street waste into the storm sewer.  
Similar to other water-borne systems, the unfiltered contents 
flowed downstream, into the Tiber, then out to sea.

An interesting twist on the Roman experience is that, 
under the Emperor Vespasian, the contents of the city’s 
urinals was sold to laundries because the ammonia in it 
produced excellent cleaning results.  When his son, Titus, 
expressed revulsion at the practice, the Emperor, in one of 
history’s classic one-liners, held a gold coin under his son’s 
nose and proclaimed “Gold has no odor.”  

An American Tale
Do Unto Others What You Can Get Away With

Sewage treatment in the U.S. has taken a circuitous and 
often delayed route in protecting public health.  

Until the late 19th century, almost all U.S. cities were 
using nightsoil removal or cesspool cleaning, or both, as 
their primary methods of waste removal.  In 1880, 103 of 
222 major cities in the U.S. used their waste as agricul-
tural fertilizer, including 74 out of 94 cities in the New 
England and Mid-Atlantic states.12  Baltimore continued 
this practice into the 20th century, when it finally built its 
sewer system.

There were several reasons for the switch to centralized 
systems.13  A main one was that cities began supplying piped 
water to meet demand for increased volume and purity, 

which in turn created more wastewater from toilets, baths, 
and sinks.  This increased volume could drastically increase 
the cost of cesspool cleaning.  Units that were formerly 
cleaned once a year might need to be cleaned once a month.  
Central sewers offered a cost-effective alternative.

There were also health considerations, particularly as 
cities densified.  Many cesspools were unlined, and some 
of their water would soak into the earth, contaminating 
wells, groundwater, and surface water near their location.  
Tenements and slums with large numbers of people would 
drive demand for waste removal in areas most likely to be 
neglected.  And onsite maintenance habits varied.  While 
some people might be responsible and have enough money 
for frequent maintenance, others were careless or poor and 
created a public and health nuisance.  In this regard, central 
sewer systems were considered more “idiot proof.”

However, rendering waste out of sight and mind did 
not make it vanish.  It moved it downstream, and usually, 
untreated.  Statistical analysis has shown that there was 
a precipitous drop in deadly water-borne disease such as 
cholera and typhoid when U.S. cities began to purify their 
water supplies with sand filters and chlorination.  This 
situation created a chasm between the health community, 
which pressed for sewage treatment plants, and city engi-
neers and many elected officials who did not see the need.  
The latter’s motivation was that sewage treatment would 
primarily benefit people in other cities downstream…or 
fish, but not their constituents.  

There was even a pseudo-scientific rationale for this.  
“Dilution is the solution to pollution.”  Since limited 
amounts of pollution can be cleansed from rivers through 
natural oxidation, many cities used this as justification.  
However, their immense volumes of waste overwhelmed 
what nature could do in this regard.

Of the thousands of cities that dumped their waste 
problems downstream, perhaps the most colorful example 
was Chicago.14 For many years it was sending its untreated 
sewage into Lake Michigan, the same source where it was 
haplessly drawing its water.  In response to disease out-
breaks, the City had the inspiration to route the sewage 
away from the drinking water in 1866.  This reversed the 
flow of the Chicago River, so that it carried waste away 
from Lake Michigan instead of into it.   A major expansion 
of this strategy occurred in 1900. 

This enraged neighbors both upstream and downstream.  
Cities that drew their own water supply from the pol-
luted Illinois and Mississippi Rivers had to deal with the 
exported pollution and disease.  Cities upstream worried 
that further withdrawals would harm the navigability of 
the Lake.  Before its first sewage treatment plant was built 
in 1922, the Chicago River carried untreated waste from 
2.7 million people and its slaughterhouse industry into the 
rivers.  After 3 U.S. Supreme Court cases and numerous 
political maneuvers over the course of 30 years, Chicago 
was ordered by the Supreme Court in 1930 to curtail (not 
eliminate) its diversions from the Lake, which effectively 
mandated more treatment capacity.

Excavated sewer system from Indus Valley
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The Austin System

Austin’s own history also serves as example.15  The first 
sewer service in Austin began in 1882 as a small line to serve 
businesses and wealthy residences in downtown Austin.  
Since the city was poor, the system was built by a private 
company.  Its expansion was guided more by who could 
afford to pay than the need for health.  Large areas of the 
city were left unserved, either because line extensions were 
not made, or because people living next to them could not 
afford to connect.

The City of Austin bought the private company in 1912 
and began a slow process of increased connections.  Up-
grading the system, and by extension the city’s health, had 
immense challenges.  In 1913, an Austin health inspector 
reported that the City’s sanitary regulations were in the 
“Dark Ages.”  Sewers served less than 50% of the city’s 
population and 25% of the city’s populated area.  Waller, 
Shoal, and Little Shoal Creek were running with untreated 
waste coming from both the sewer system and cesspools, 
and this would eventually flow into the Colorado.  Many 
residents were still without water mains, and as many as 
500 water wells were subject to groundwater contamina-
tion from onsite waste systems.

In 1916, fecal bacteria contamination to Austin’s raw 
water supply was detected, and the utility subsequently pur-
chased chlorination equipment to deal with the threat.16

Policies to expand the system included mandatory hook-
ups for residents living near the lines, and at times, free 
hook-ups and service offered as an incentive.  However, it 
was not until 1926 that Austin adopted a policy of citywide 
service.  At that time, 40% of the city was without sewers, 
and citywide service was not attained until federal funding 
was received in the 1930s and 40s.  

It was not until 1919 that Austin began to operate its 
first sewage treatment plant at the site of the now retired 
Holly Street Power Plant, mandated by a 1915 state law.  
This was very likely an unsophisticated “primary” solids 
settling plant.  It was probably not until 1938 that Austin 
began to operate its first modern “secondary” treatment 
plant, which was built by LBJ patron George Brown (of 
Brown & Root) with New Deal money.17

The Slow Path to Clean Rivers

The lack of concern for who lived downstream was 
prevalent in many parts of the country into the late 20th 
century.  Around 1900, few Americans were served by 
sewage conveyance or treatment of any kind.  This had 
changed markedly when a census of wastewater treatment 
was made in 1939.  By then, some 76 million people, 57% of 
the 1940 U.S. population, was served by sewer pipes, and 
95% of these people lived in dwellings connected to them.18  
However, only about 41 million people, 58% of this sewer-
connected population, were served by treatment plants. 
Only 29% of the population served by sewer pipes were 

served by advanced (for their day), secondary treatment 
plants.  Many in the rest of the country used outhouses, 
cesspools, septic fields, or bushes.

By 1968, there were about 140 million served by central 
sewers, 70% of the U.S. population.19  But still, 39% of them 
were only served by primary treatment plants, or were 
dumping raw sewage into water bodies.

Stricter standards from the Clean Water Act brought 
more improvements.  By 1996, 190 million people (72% of 
the increased U.S. population) were served with sewage 
treatment, with 87% of this being secondary or above in 
quality.20  No raw sewage was being expelled on a routine 
basis.  Most of the balance of the country was served by 
septic systems.  Key to these improvements was massive 
federal funding that began with the New Deal and contin-
ued through the 1990s.

Despite the expensive and expansive wastewater treat-
ment infrastructure that the U.S. has built, and its relatively 
advanced public health system, it still has considerable 
progress to make.  About 850 billion gallons of untreated 
sewage flow into water bodies each year from cities with 
older piping systems that collect both sewage and storm 
water for processing.21  When rain surges occur, the treat-
ment plants cannot handle the excess, which is released into 
the environment.  These overflows do not include leaks and 
equipment failures that occur around the country.

Despite plummeting levels of severe water-borne dis-
eases such as cholera and typhoid in the U.S. compared 
to a century ago, there were about 29,000 cases of cryp-
tosporidium and giardia in 2010.22  One study estimated 
99 million cases of gastrointestinal illness a year, with at 
least 6 million of these coming from sewer overflows and 
breakdowns, and urban run-off from impervious cover.23  
Our country has made great progress in dealing with sew-
age pollution, but it is hardly perfect.

The conclusion of this short history is that conventional 
toilets and the infrastructure that serves them can remove 
potentially hazardous waste away from local areas.  But 
toilets are only appliances attached to a complex water 
and wastewater system.  Their effectiveness in disease 
prevention and environmental protection is dependent 
on the infrastructure upstream and downstream, and how 
well it is managed.  

Toilets do, however, use an awful lot of water.

Water Use in Today’s Plumbing Fixtures 

Depending on the age and tank size, toilets can use 
anywhere from 10 to 40% of the indoor water use in an 
average Austin home.

Older toilets used considerable amounts of water 
compared to today’s standards.  The typical toilet of the 
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1960s used 5 to 7 gallons per flush.  In about 1985, as a re-
sponse to water shortages, the state of California enacted 
a standard of 3.5 gallons per flush.  National requirement 
reduced this to 1.6 gallons in 1994.  In 2014, the states of 
Texas and California will require a standard of 1.28 gallons 
for all new toilets sold, and these are commonly found in 
the marketplace.  (Austin adopted this code in 2010.)  The 
best conventional models today use 1.06 gallons or less.  
The advent of dual flush toilets, that allow less water to be 
used to remove liquid waste, has shown a reduction to as 
low as 0.87 gallons per flush when averaged over time.

The impetus to enact these water-saving standards was 
partially inspired by a similar water-efficiency standard in 
Europe.  However, after the U.S. enacted its standard, it was 
painfully observed that the two continents had different 
technologies for the appliance.  American units usually 
siphoned or “pulled” water, while European units gener-
ally “pushed” water.  The European efficiency standard 
was not always directly transferable, and some American 
units were not engineered to account for this. 

The consequence was that many of the first American 
units operated poorly.  Some units used more water than 
the efficiency standard allowed.  In others, double flushes 
were required for heavy waste, so a lot of the potential for 
water conservation was lost.  The bad performance cre-
ated a backlash against water conservation equipment by 
some people.  A kind of black market even developed for 
old, water-wasting units, or new water-wasting units from 
Canada, where it was still legal to sell them.

The problems were largely corrected with the advent 
of the Maximum Performance (MaP) Testing program in 
2003.  With original funding provided by governments 
and water utilities in the U.S. and Canada, a private testing 
company began to scientifically rate toilets on the amount 
of solid waste that could be removed per flush (as weighed 
in grams).  Originally, only 39% of the toilets tested could 
handle 350 grams per flush, the minimum performance 
level to gain a MaP rating in 2012.  Today, only 9% of units 
failed to reach the same level, and some units can reach 
over 1,000 grams per flush.  

MaP testing is not required, but most plumbing manu-

facturers voluntarily participate.  Almost 2,600 models 
were rated between 2003 and 2012.  A Web link to this list 
can be found at the end of this story.

Some rated units can remove as much as 1,000 grams 
(2.2 pounds) per flush, but it should be noted that units 
rated at 350 grams per flush will handle the vast majority 
of situations.  Paying more for units above this base per-
formance level is generally not necessary.

In November 2012, MaP released ratings for a new PRE-
MIUM standard for residential toilets that used no more 
than 1.06 gallons per flush and had a solids removal rating 
of 600 grams per flush.  As of June 2013, over 97 models 
had already complied with the new requirements.  

The U.S. Environmental Protection Agency has a similar 
rating program for plumbing fixtures called WaterSense.  It 
uses third-party testing to rate High Efficiency Toilets (1.28 
gallons) for minimum solids removal of 350 grams per 
flush, though it does not detail the rating if a unit exceeds 
this threshold as MaP tests do.

There are other qualities to look for in a new unit.  One 
of them is sound.  Consumers are advised to be cautious of 
pressure-assisted models that use a combination of water 
and compressed air to propel water.  These are extremely 
loud and disturbing.  Another consideration is how clean the 
bowl stays after washdown.  Consumer Reports magazine is 
a good source to compare quality of competing models.

Showerheads and Faucets

Showers consume about 17% of domestic indoor water 
use.  In the early 1990s, showerheads could use as much 
as 5.5 gallons per minute.  National standards in 2012 
mandate units that consume no more than 2.5 gallons per 
minute.  The WaterSense rating program rates and recom-
mends water-conserving fixtures using no more than 2 
gallons per minute.

Indoor faucets consume about 15% of domestic indoor 
water use.  National standards for bathroom sink faucets 
in 2012 limit consumption to no more than 2.2 gallons per 
minute.  WaterSense rated fixtures reduce use to 1.0-1.5 gal-
lons per minute, a savings of 32 to 45%.  Inexpensive aerators 
can reduce flow to as little as 0.5 gallons per minute.

For More Information:

MaP-rated toilets, showerheads, and faucets: 
www.map-testing.com/
WaterSense rated toilets, showerheads, and faucets: 
www.epa.gov/watersense/
Consumer Reports magazine: www.consumerreports.org/

This article has primarily focused on water-borne centralized 
wastewater utilities.  Other solutions, such as composting toilets 
and decentralized treatment, may be subjects of future articles.

Toilet Water Use Standards
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Rainwater Harvesting

In Central Texas, if you have a roof area of 2,500 square 
feet and a yearly average rainfall of 32 inches, you can 
collect almost 45,000 gallons of rainwater in a typical year.  
This can meet most or all of the annual indoor needs of a 
water-conserving household of 3 to 4 people for a year. 

Among the many benefits of rainwater use are: water 
supplies with few pollutants or treatment chemicals; 
elimination of scale in pipes and appliances (lengthening 
life and maintaining energy efficiency); and availability if 
emergencies curtail normal water service.    

Rainwater is mostly collected from the roofs of buildings.  
It flows by gravity through gutters and downspouts into 
a storage tank.  From the tank it can be used in the land-
scape as is, or be filtered and treated to become a source 
of high-quality drinking water (though at this writing, 
rainwater is not officially permitted for indoor use in the 
City of Austin).  

Since most of our rainfall occurs in large storm events, 
the ability to store collected rainwater is paramount.  Stor-
age ranges from small barrels of 50 gallons that can be 
placed at the end of storm gutters up to large tanks that 
can store 100,000 gallons.  All of the components for rain-
water harvesting can be found in the plumbing section of 
area retailers.  Small rainbarrels can usually be found in 
garden stores.

A typical system replaces metal downspouts with plastic 
piping.  By making the downspouts watertight, water can 
be carried by gravity to a storage tank.  Several downspouts 
can be joined together into one larger main pipe leading to 
the tank.  This main pipe is usually buried below ground 
and breaks the surface again at the side of the tank.  

An inlet to the tank is installed as high as possible to 
maximize storage capacity.  The inlet can be on the side 
or the top of the tank.  Just remember, the piping system 
(downspouts) at the building must be at least 6 inches (pref-
erable 18 inches) above the highest piping at the tank.  This 

will allow the tank to fill, as the pressure of the water will 
work like a "P" trap under a sink.  The water will equalize 
and flow into the tank.  This "P" trap part of the system 
also must have an outlet installed to allow water to drain 
out for maintenance and to prevent freezing.  

Keeping Rainwater Clean – Leaves, twigs, dust and bird 
droppings can be screened out of your system in several 
ways.  The simplest method is a first-flush filter.  The "first 
flush" of rainwater is sacrificed to make the rest of the water 
cleaner.  Each downspout can direct the water to a plugged 
pipe that looks much like the typical downspout, except it 
has a sewer clean-out plug at the bottom. 

When the plug is in, the water fills the downspout until 
it reaches the top.  From here, the water is directed down 
to the collection pipe, which goes into the tank.  Each of 
these first-flush filters should be drained of debris after 
each rain to be ready for the next rain event.  If your tank 
is full, just open the sewer clean-out plug and the first-flush 
filter works like a normal downspout. 

Other devices can be used to filter the water going into 
a tank.  Some are large, fiberglass boxes with 30-micron 
filters inside to screen out the particles.  Since these filters 
require cleaning and maintenance, using the first-flush 
filter ahead of them increases the time between cleaning 
or replacement. 

Practical Use – A gravity system uses the water from the 
tank via water hoses, buckets, and soaker hoses.  It has very 
little natural pressure.  Even a drip-irrigation system needs 
at least 15 pounds per square inch.  You may eventually 
want to pressurize your system using the same components 
you see used on water wells: pump, pressure tank, and fine 
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RAINWATER HARVESTING PROVIDERS IN CENTRAL TEXAS
Installers
All Things Rainwater P.O. Box 2224 Wimberley, 78676 (512) 826-0653 allthingsrainwater.com All sizes & types
Austin Gutterman, Inc. 12229 Roxie Dr. Austin, 78729 (512) 450-1821 austingutterman.com All types of materials
Barley & Pfeiffer Architects 1800 West 6th St. Austin, 78703 (512) 476-8580 barleypfeiffer.com Design/consult
Big Red Sun 1311 E. Cesar Chavez Austin, 78702 (512) 480-0688 bigredsunaustin.com Larger systems; metal
Blue Gold Engineering 2105 Ashby Austin, TX 78704 (512) 912-1366 bluegoldengineering.biz Design/build rain/graywater; home & business
Bowerbird Construction P.O. Box 1141 Dripping Springs, 78620 (512) 858-5395 bowerbirdconstruction.com 15,000-100,000; ferrocement
Construction Eco Services 21930 Aldine Western Houston, 77038 (832) 456-1026 constructionecoservices.com 1,000-1 million gallons; plastic modular 
Direct Gutters 8127 Mesa Drive Austin, 78759 (512) 692-9150 directgutters.com 55-250 gallons; plastic
Ecowise 110 W. Elizabeth Austin, 78704 (512) 326-4474 ecowise.com Up to 5,000 gallons; poly, metal, fiberglass
Equitable Green Group 3209 Walnut Avenue Austin, 78722 (512) 629-4030 egreengroup.com Rain/gray water design/installion; 1-5,000 gal.
Full Circle Rainwater Systems 150 Talisman Dr. New Braunfels, 78132 (830) 625-1302 fullcircletx.com 55-30,000 gallons; polyethylene, metal
Green Brothers 5350 Burnet, Suite 427 Austin, 78756 (512) 761-7571 greenbrothersaustin.com Up to 30,000; all types
Harvested Rain Solutions 10948 Long Ranch Dr. Austin, 78736 (877) 693-2166 HarvestedRainSolutions.com 5-20,000 gallon irrigation systems; all materials
Hydro Catchment Systems P.O. Box 203142 Austin, 78720 (512) 784-2513 hydrocatch.com 500-5,000 gallon systems; all types
Innovative Water Solutions 501 W. Powell, Suite 206 Austin, 78753 (512) 490-0932 watercache.com All types of materials
Lakota Water Company 10006 Longhorn Skwy. Dripping Springs, 78620 (512) 858-0860 lakotawatercompany.com Up to and above 100,000 gallons; all materials
Longhorn Water Treatment P.O. Box 726 Leander, 78646 (512) 260-5900 longhornh20.com 55-10,000 gallon; all types
Loop Design 702 San Antonio St. Austin, 78701 (512) 217-9056 www.loop-d.net Design/consult
Native Constuct. & Ren. Systems 201 Cole Street Austin, 78737 (512) 373-5009 buildnative.com 20,000-30,000; metal
PB Construction 1300 Kinney Avenue Austin, 78704 (512) 413-6416 pbconstruction.net New homes up to 50,000 gal.; pressurized irrig.
Rain Collection Unlimited 340 Santolina Lane Round Rock,  78664 (512) 850-6728 rcu-inc.org 55-50,000 gallons; all materials but cement
Rain Keeper 41251 Cherry Hollow Leander, 78641 (512) 924-5232 rainkeeperusa.com Residential rain/pure water systems; all types
Rain Harvest Resources 1019 C.R. 323 Liberty Hill, 78642 (512) 635-5756 rainharvestresources.com Up to 65,000 gallons; all materials
Rain Man Waterworks 612 Lindsey Street San Marcos, 78666 (512) 351-5150 rainharvester.com Home & landscape; all sizes
Rainwater Solutions 7848 FM 482, #A New Braunfels, 78132 (210) 649-5290 newbraunfelsgutter.com Up to130,000 gallons; steel and concrete
Rainwater Works P.O. Box 1429 Burnett, 78611 (512) 277 0096 rainwaterworks.com 750-65,000 gal.; residential, commercial, ranch
Sustainable Homesteads 8607 Swanson Ln. Austin, 78748 (512) 282-6629 55 to 40,000 gallons; all types of materials
Tank Town 2770 Hwy. 290 W. Dripping Springs, 78620 (512) 894-0861 rainwatercollection.com All types of materials
Texas Native Rainwater 1205 Luna St. Austin, 78721 (512) 466-2898 texasnativerainwater.com Res. irrigation up to 20,000 gal.; graywater
Whitaker Water Tanks P.O. Box 507 Marble Falls, TX 78654 (512) 755-4553 whitakerwatertanks.com 1,500-65,000 gallons; metal 
Yard to Table Gardens Contact via Web site (512) 931 4769 yardtotablegardens.com 55-10,000; all types

Materials
All Things Rainwater P.O. Box 2224 Wimberley, 78676 (512) 826-0653 allthingsrainwater.com All sizes & types
Austin Green Water P.O. Box 204374 Austin, 78720 (800) 757-0340 austingreenwater.com 55-2,800 gallon steel and poly tanks
Austin Gutterman 12229 Roxie Dr. Austin, 78729 (512) 450-1821 austingutterman.com Various size plastic containers
Austin Pump & Supply 3803 Todd Lane Austin, 78744 (512) 442-2348 austinpump.com Wholesale; plastic; 300 gallons up
Breed & Company 718 West 29th St. Austin, 78705 (512) 474-6679 breedandco.com 45-68 gallon; polyethylene
Breed & Company 3663 Bee Cave Rd. Austin, 78746 (512) 328-3960 breedandco.com 45-68 gallon; polyethylene
Blue Scope Water 2301 IH 35 North San Marcos, 78666 (877) 389-1099 bluescopewater.com Steel tanks; 1,000-600,000 gallons
Bowerbird Construction P.O. Box 1141 Dripping Springs, 78620 (512) 858-5395 bowerbirdconstruction.com 15,000-100,000 gallons; ferrocement
Callahan's General Store 501 Bastrop Hwy. Austin, 78741 (512) 385-3452 callahangeneralstore.com 55 and 75 gallons; plastic 
Dave the Barrel Man 811 Roosevelt San Antonio 78210 (210) 534-5416 davethebarrelman.net 15-55 gallons; plastic
Direct Gutters 8127 Mesa Drive Austin, TX 78759 (512) 692-9150 directgutters.com 55-250 gallon s;plastic
Ecowise 110 W. Elizabeth Austin, 78704 (512) 326-4474 ecowise.com 55-5,000 gallon; fiberglass, plastic, metal drums
Home Depot Various locations homedepot.com 50-300 gallons; plastic and wood
Innovative Water Solutions P.O. Box 9963 Austin, 78766 (512) 490-0932 watercache.com All types of cisterns and components
L & F Manufacturing 5528 East Hwy. 290 Giddings, 78942 (800) 237-5791 lfm-frp.com From 50-40,000 gallons; large fiberglass tanks
Longhorn Water Treatment P.O. Box 726 Leander, 78646 (512) 260-5900 longhornh20.com 55-10,000 gallons; all types
Lowe's Various locations lowes.com 40-250 gallons; wood, plastic
Natural Gardener 8648 Old Bee Cave Austin 78735 (512) 288-6113 naturalgardeneraustin.com 50-65 gallons; polyethylene, metal
Paramount Wastewater Solutions 401-A Cottingham Temple, 76504 (254) 791-0303 paramountwastewater.com 100-30,000 gallons; polyethylene, metal, fiber
Red Ewald, Inc. 2669 South Hwy. 181 Karnes City, 78118 (800) 242-3524 redewald.com 100-42,000 gallons; fiberglass reinforced tanks
RK Re-Purposing Contact via Web site (512) 514-0599 rkrepurposing.com 55 gallons; recycled material
Ryan Herco Flow Solutions 10405 Metric, Suite A Austin, 78758 (800) 848-1141 ryanherco.com 5-20.000 gallons; polyethylene
Sam's Club Various locations samsclub.com 50-250 gallons; plastic
Senox Corporation 15409 Long Vista Dr. Austin, 78728 (512) 251-3333 senox.com Manufacturer of  55-2,500 gallon poly systems
Spec-All Products P.O. Box 91493 Austin, 78709 (512) 301-0869 specallproducts.com 500 to 1 million gallons; all types of materials
Tank Depot 3303 Ranch Road 620 N. Austin, 78734 (512) 373-8164 tank-depot.com 10-12,500 gallons; plastic
Tank Town 2770 Hwy. 290 W. Dripping Springs, 78620 (512) 894-0861 rainwatercollection.com 5,000-40,000 gallons; all types of materials
Tanks For Less 11200 N. FM 620 Austin, 78717 (512) 258-8265 www.TanksForLess.com 65-40,000 gallon tanks & barrels; poly, metal, fg
Texas Fiberglass Tanks - Tanks 3567 IH 35 S. New Braunfels, 78132 (830) 387-4027 nationwidetankandpipe.com Manufacturer; 15,600-21,000 gallon fg tanks
Texas Land and Water Designs P.O. Box 629 Round Rock, 78680 (512) 608-5445 texaslandandwater.com Landscape/irrigation with rain; 55-5000 gallons
Texas Metal Cisterns 3351 S. Old Bastrop Hwy. San Marcos, 78666 (512) 565-0875 texasmetalcisterns.net Galvanized tank manufacturer; 150-2,500 gal.
Tree House 4477 S. Lamar, Ste 600 Austin, 78745 (512) 861-0712 treehouseonline.com 55-165 gallons; metal
Triple S Feed 11407 FM 1625 Austin, 78747 (512) 243-0679 12 to 10,000 gallon plastic tanks
Triple S Feed 2111 Hwy. 290 W. Dripping Springs, 78620 (512) 894-0344 12 to 10,000 gallon plastic tanks
Walmart Various locations walmart.com 30-250 gallons; plastic, wood
Whole Foods 525 N. Lamar Blvd. Austin, 78703 (512) 476-1206 wholefoods.com 50 gallons; polyethylene
Whole Foods 9607 Research Blvd. Austin, 78759 (512) 345-5003 wholefoods.com 50 gallons; polyethylene
Zinger Hardware 4001 N. Lamar, #300 Austin, 78756 (512) 381-8111 zingerhardware.com 100-2,500 gallons; metal and plastic
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mesh filter.  This creates a more usable system, but adds to 
the overall cost and maintenance. 

Rainwater for Drinking – A drinking water quality 
rainwater system costs about as much as the typical well.  
With 20,000 to 30,000 gallons of storage, a family of four 
can be comfortable without a well or piped water service.  
But families using rainwater as their sole source of potable 
water seldom have lush landscapes.  

Much of the rain in Austin comes in downpours and your 
tank may be full and not able to capture all of a rainfall.  
The time between rains can be long, so rainwater harvest-
ing goes hand-in-hand with water conservation. 

To make rainwater safe to drink, additional filtration is 
needed, plus perhaps an ozone system, reverse osmosis 
and/or ultraviolet irradiation.  The health of your family 
and guests depends on the design and safe operation of 
your drinking water system. 

Making Rainwater Cost Effective

Despite the many good qualities that rainwater systems 
have, they are quite expensive for small installations.  While 
a homeowner might justify cisterns in the country where 
they compete cost wise with well drilling, they almost 
never compete with municipal water supplies.  The one 
exception I have found is in, of all places, Boerne Texas, a 
small town about 30 miles north of San Antonio.  

Boerne Champion High School built its unique system 
in 2006.24  It has a traditional metal cistern to catch run-off 
from the roof, but it also catches run-off from the 120-acre 
school site and stores it in underground pipes.  The water 
is aerated to keep it from turning septic, and is primarily 
used for landscape irrigation.  Add to this condensate from 
the school's air conditioning system and natural spring 
infiltration, and the system can capture about 6 million 
gallons in an average year to meet the school's need for 
landcaping.

Savings will pay for the $265,000 cost in about 6 years, 
even after considering operation and maintenance, making 
it cost effective compared to the cost of new water sources 
in some Texas cities.

Water Conservation – Rainwater

Granted that this strategy will only work on large 
school or office complexes, it still points the way to a vi-
able alternative that can probably work at dozens of sites 
in Central Texas.

Resources
 

Texas Manual on Rainwater Harvesting, Third Edition, July 
2005.  On the Web at www.twdb.state.tx.us/publications/
reports/RainwaterHarvestingManual_3rdedition.pdf 

City of Austin rainwater rebate program: www.cityofaustin.
org/watercon

Thanks to Austin Energy Green Building for assistance with 
this story.
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Home Gray Water Systems
Lauren Ross

The flow of water across soapy hands, the splashy fun 
of a bubble bath, or clothing swishing back and forth in the 
washing machine; all of these are gray water.  This water 
could nourish geraniums or flush the toilet, but instead 
we treat it like sewage.  We pump it through miles of pipe, 
screen, aerate, clarify, and chlorinate it, and then dump it 
into the river.  At the same time we pull fresh water from the 
river, draw down lakes, treat, chlorinate, and pump another 
batch of water just to keep those geraniums blooming. 

On a water-rich planet, in an energy-rich culture, treat-
ing gray water like sewage is simple and safe.  But on a 
hot July afternoon in Austin, water levels in our lakes often 
plummet, while half of our domestic water is used just to 
keep lawns green.  Power plants are stretched to keep up 
with peak summertime demands – it takes 2 watt-hours 
of electricity to clean a gallon of water and pump it to our 
faucet.  Maybe it is time to try a better idea. 

The average U.S. household uses about 70 gallons of 
water for each person every day.  More than half of that is 
gray water that could be reused onsite.  In the heat of sum-
mer, on a warming planet, we could craft a new relationship 
with this gray water.  It is simple and affordable; and also 
protects our garden soil, waterways, and aquifers.

The Value of Gray Water

The value of water is slippery.  Austin spends a lot of 
money to design, construct and maintain drainage systems 
to get rid of it during storms and floods.  As an essential life 
nutrient, after 8 to 14 days without it, the value of water is 
priceless.  In between, the value of water depends on how 
much we have, how easy it is to get it where we need it, 
and its chemical and biological purity. 

Austin water arrives at our faucets relatively pure and 
with enough pressure to turn the sprinkler head and water 
the garden on the uphill end of our yards.  A typical home 
would generate about 3,000 gallons of gray water per month.  
The cost for that amount of water on an Austin utility bill 
would range from $9 to $36, depending on the total amount 
of water used.  Most Austin water customers would save 
between $100 and $200 per year on their utility bills with 
a simple gray water system. 

But the bigger value of gray water is coming into 
alignment with the reality that we live in a place without 
enough water; in a place that is heating up and drying up 
as a consequence of global warming. The value of that 
alignment is priceless.

A Simple Gray Water System

If you live on rocky soil, on top of the Edwards Aquifer, 
or close to a stream, creek, or wetland, you have a special 
responsibility to design and maintain your gray water 
system carefully.  Nutrients and chemicals in gray water 
make leafy green lettuces, sweet peaches, or tangy limes. 
In a stream, however, they make slimy green algae.  If you 
cannot apply gray water to at least 2 feet of soil and 50 feet 
from the nearest surface water, send it into the sewer.

All of the gray water should flow to your garden beds 
within 24 hours.  Store it longer than that and nutrients in 
the water will begin to smell.
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Gray water may con-
tain pathogens.  However, 
according to research of 
Center for Disease Control 
records since 1950, not a 
single instance of gray-
water transmitted illness 
has occurred in the U. S.   

Most pathogens only flour-
ish in the narrow range of 
conditions found in the hu-
man body.  They are quickly 

overcome by the billions of bacteria in every teaspoon of 
healthy soil.  Keep gray water away from pets and children 
by distributing it underneath a layer of soil or mulch. 

The gray water application area must be tailored to your 
gray water production.  The area should be big enough to 
allow gray water to soak into the soil without pooling or 
running off.  Make it too big, though, and you won’t meet 
the water needs of your plants. 

Your gray water production will depend on which fix-
tures you can plumb to your garden, how many people use 
those fixtures, and their water use patterns.  For example, a 
typical published number for washing machine gray water 
is 15 gallons per person per day. Your actual use, though, 
might be much less.  A top-loading washer uses about 40 
gallons per load; a front-loading washer about 20.  Count 
your washloads in a typical week, multiply the number 
of loads by the water use of your machine, and divide the 
total for the week by 7 days to get the daily value.  Collect-
ing individual data on showers and baths is more difficult.  
For these fixtures, it is easier to use the published water 
use value of 25 gallons per person per day. 

The gray water application area must also be tailored to 
the type of soil receiving it.  The best way to figure the size 
of your application area would be to have the soil tested.  
(Two testing labs are listed on page 37.)  

Absent a test, you can size your system based on the type 
of soil.  A sandy clay soil can absorb 100 gallons each day 
in an area of 60 square feet.  A heavy clay soil will need an 
area of 120 square feet to absorb the same volume. 

The gray water system should be designed with a 
three-way valve to send gray water to the City wastewater 
system when the ground is frozen or during a long rainy 
spell when water is pooling on the ground.

Carefully consider any gray water system with pumps 
or filters.  Unless you are an astronaut in space, the water 
you save may not be worth the money or environmental 
cost to install and maintain the system.  If you cannot use 
gravity flow, consider hand-carrying buckets, or building 
an outside shower.

Take care with soaps and detergents. Sodium and bo-
ron in laundry detergent are plant nutrients; but at high 

concentrations they damage soil and slow the growth of 
plants.  Liquid laundry detergents are generally lower in 
sodium than powders. 

Chlorine bleach is definitely damaging for gray water 
applications.  Remember those billion helpful bacteria in 
every teaspoon of soil?  Chlorine will kill them.  If you must 
use chlorine bleach, divert the gray water to the sewer. 

Gray water tends to be alkaline rather than acidic, like 
Austin soils.  Our landscapes tend not to have acid-soil 
loving plants like azaleas, camellias, rhododendrons, and 
blueberries.  But if you have these plants and you want to 
water them with gray water, you will need to be particularly 
careful with the soaps you use.  Stay away from bar soap, 
which tends to be more alkaline than liquid soap. 

Do I Need a Gray Water Permit?

Texas, Arizona and New Mexico are leaders in reasonable 
gray water regulations.   Texas law allows residential gray 
water systems for up to 400 gallons of water per day that 
meet simple requirements to be installed without a permit.   
Within city limits, however, gray water systems typically 
fall under cities’ plumbing code ordinances.  One city leader 
in the permitting of residential gray water systems is San 
Francisco, California. Laundry-to-Landscape gray water 
systems can be installed there without a permit.  San Fran-
cisco also provides resident-friendly design information for 
both permitted and unpermitted gray water systems.

Until recently, gray water permitting in Austin was not 
that easy due to impractical requirements in the plumbing 
code and a bureaucratic permit process.  However, recent 
code amendments have eliminated the impractical and 
inefficient design requirements.  

Austin now provides a One-Stop gray water permitting 
process.  Residential customers will not have to interact 
with all of the different City departments with an interest 
in gray water regulation.  Instead, Austin residents should 
just dial (512) 974-2199 say the words “gray water” and be 
transferred to the proper city staff person to guide you, as 
if on a magic carpet, through the process.  So go ahead and 
call, and begin your gray water adventure!

For More Information

Video showing a laundry-to-landscape installation: 
http://www.thisoldhouse.com/toh/tv/ask-toh/
video/0,,20565323,00.html.

San Francisco Graywater Design Manual – www.sfwater.
org/modules/showdocument.aspx?documentid=55

Oasis.net – Information about graywater around the coun-
try, design plans, and videos for Laundry to Landscape.

Dr. Lauren Ross, with Glenrose Engineering, is a consulting 
engineer in Austin. 

Water Conservation – Gray Water
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Reducing Water for Lawns

As much as 62,000 square miles of the Continental U.S. 
are covered with turf grass, an area larger than the state of 
Georgia.25  The environmental affects are staggering.

• A study using 1980s data concluded that lawns used 
1600% more nitrogen fertilizer per acre than wheat crops.26  
Most of the nitrogen fertilizer in the country comes from 
petroleum.  Pollutants, including nitrogen oxides and 
carbon dioxide, are emitted in its production, and nitrogen 
oxides are also emitted in its decomposition.  

• A 1997 study showed that lawns used 140% more 
pesticides per acre (including herbicides) than agricultural 
crops.27  These chemicals often evaporate to cause localized 
air pollution, or wash off into streams during rains.  They 
can also be tracked indoors, and are of particular danger to 
children and pets that play on turf they are applied to.

• Lawns use about 800 million gallons of gasoline a year 
to harvest their “crop” of grass with lawnmowers, about 
1/4 of 1% of national petroleum use.  Unlike automobiles, 
pollution control devices on lawnmowers are very primi-
tive.  In older mowers, they are non-existent.  In 2007, it 
was found that the hourly emissions of push mowers were 
equal to that of 11 cars.  The emissions of riding mowers 
were equal to 34 cars.28

• To understand the full magnitude of America’s lawn, 
consider how much food could be grown with this same 
land.  While different crops thrive in different climates, if 
America’s irrigated lawn area (59% of total lawn area) were 
concentrated in the Corn Belt, there would be enough land 
to feed 362 million people on a calorie basis.29

Texas, in particular, has the most turf of any state in the 
Continental U.S., with as much as 5,100 square miles of 
grass (4-1/2 times the area of Travis County).30  Roughly 180 
square miles of this is in Austin.  About 80% is irrigated.

This grass crop is not without its redeeming features.  It 
provides scenic beauty, recreational area, increases property 
values, and mitigates the “heat island” effect in cities, where 
the sun’s heat is retained in buildings and streets to make 
cities hotter than the surrounding countryside.  (Cooler 
ambient temperatures lower air conditioning bills as well 
as the amount of ozone created in the atmosphere.)  

Nonetheless, America’s collective lawncare is a huge 
contributor to chemical, air, and water pollution, and an 
enormous consumer of energy and water.  It also carries a 
staggering financial cost for materials, equipment and labor, 
and a considerable investment in volunteer time.

There are many things a consumer can do to save water 
used for lawn maintenance.  However, in droughts, it is 
consoling to remember that this is not an essential need.  

1. Type of Grass – Some 
species of grass are inher-
ently more drought resistant 
than others.  There have been 
at least two studies for Cen-
tral Texas to determine the 
most hardy varieties.  

In a 2006 study conducted 
by Texas A&M University 
for the San Antonio Water 
System, 25 different culti-
vars were established, fol-
lowed by a 60-day simulated 
drought period, followed by 
a 60-day recovery period.31 
At the end of the recovery 
period, the cultivars with 
the highest recovery rates 
with native soil depth are 
in the adjoining table.

It is important to note that none of these 25 cultivars 
could recover when they were established in soil depth of 
4 inches.  Deeper soil was needed to retain the moisture 
required for recovery.

The Williamson County Agricultural Extension Service 
conducted a study between 1997-2000 to measure drought 
survival rates of 11 different cultivars.  After 3 years, only 4 
were able to survive without supplemental irrigation.32

Buffalo Grass: Nebraska 609, Top Gun
St. Augustine: Floratam
Zoysia: Jamur

It is comparatively expensive to replace an entire lawn 
with another cultivar.  Overseeding (if seeds exist) or 
overplanting bare spots may be an option, though differ-
ent varieties on the same lawn will appear less uniform.  
Starting a new lawn with the right cultivar, however, is 
much more economic and should be considered essential 
in new landscapes.

Another lawn option is Habiturf™.  This is a mix of na-
tive grasses adapted to the local climate, which includes 
extended periods with no rain.  The mix of Buffalo Grass, 
Blue Grama, and Curly Mesquite was developed and is 
marketed by the Lady Bird Johnson Wildflower Center.  
These cultivars look similar, and create a thick turf that 
works well in up to 50% shade.

2. Amount of Topsoil – The San Antonio study previously 
discussed analyzed the moisture level found in various 
depths of soil where grass was planted.  In all cases, the 
deeper the soil, the more moisture that remained in drought 
(though moisture level varied by the type of grass).

At least 6 inches of soil is the minimum needed for a 
healthy landscape.  As much as 18 inches is not out of the 

Results of 
2006 Irrigation Study

Cultivar Recovery 
Rate

Bermuda
Celebration 100%
Grimes EXP 100%
Common Bermuda 98.8%
GN1 98.8%
Tifway 419 98.8%
Tex Turf 97.5%
TifSport 97.5%

Buffalo Grass 95%

St. Augustine
Floratam 88.80%

Zoysia
Empire 71.3%
Palisades 71.3%
Jamur 68.8%
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question.  The deeper the roots can go and the more mois-
ture the soil can hold, the better your grass will look, and 
the less need for lawn maintenance you will have.

Adding half an inch of soil or compost twice a year is the 
best way to build up soil depth and still keep existing grass.  
Too much soil at once will smother and kill the lawn. 

3. Type of Soil – Good topsoil is paramount to water 
conservation and survival of lawns.   During the construc-
tion process for homes, much or all of the original topsoil 
is removed.  (In the Hill Country, there is usually not much 
there to begin with.)  What remains is often compacted by 
heavy equipment.  Many builders simply add a couple 
inches of soil and then attempt to establish a lawn.  

Since the soil is shallow and the ground is not tilled or 
disked beforehand to allow good root penetration, grass 
on these poorly designed lawns requires frequent water-
ing, and chemical fertilizers and pesticides are often used 
to make up for the lawn’s poor health.

Frequently, the soil that is added is “sandy loam,” nick-
named by some organic gardeners as “red death.”  It is 
generally orange-red or tan, dug from deep pits, and has 
virtually no organic or nutrient value.  

Adding soil (or starting a new lawn) with material high 
in organic matter not only creates conditions for a healthy 
lawn, but reduces the amount of water necessary for it.  
Austin is fortunate to have a number of good retail out-
lets and manufacturers of soil products and amendments 
to assist plants organically.  Though many retailers carry 
these products in small amounts, the retailers listed below 
generally have the best variety at volume prices.  

These retailers also sell compost rated by the U.S. Com-
posting Council for its Seal of Testing and Assurance (STA).  
The STA rating scientifically verifies that pathogens and 
heavy metals do not exceed certain levels.  It also gives 
specifications for the make-up of the product, including 
ph, nutrients, stability, maturity, and percent of organic 
matter and moisture content.

Compost is often all that is needed in the way of fertil-
izer.  However, after a soil test, lawn owners may find that 

special nutrients are missing and add them.  These nutri-
ents foster soil bacteria, which make the soil more friable, 
and allow water to better percolate into the ground.  Two 
testing labs in Texas are:

Soil, Water and Forage Testing Laboratory 
(979) 845-4816
http://soiltesting.tamu.edu/

Texas Plant & Soil Lab 
(956) 383-0739
www.texasplantandsoillab.com

4. Amount and Frequency of Water – Grass does not 
need as much water as many homeowners use.  It is best 
to water once every 5 days during the growing season, and 
apply about 1 inch (as measured in a container near the ir-
rigation system) at a time.  In Austin, mandatory watering 
days are spaced 3 or 4 days apart, and some people do not 
want to wait an entire week to irrigate.  

In shallow clay soils, it is best to water small amounts 
MAJOR AUSTIN COMPOST AND MULCH VENDORS SELLING STA CERTIFIED PRODUCTS

Austin Landscape Supplies – Georgetown 5317 N. IH 35 (512) 930-2311 austinlandscapesupplies.com
Countryside Nursery & Landscape 13292 Pond Springs Rd. (512) 249-0100 www.countrysideaustin.com
Enchanted Rock and Landscape Supplies 11892 Old FM 2243 (512) 260-9273 sudderthbros.com
Garden-Ville – Creedmoor 3606 FM 1327 (512) 329-4900 garden-ville.com
Garden-Ville – San Marcos 2212 Old Ranch Rd. 12 (512) 754-0060 garden-ville.com
Garden-Ville – Georgetown 250 W.L. Walden Rd. (512) 930-8282 garden-ville.com
Garden-Ville – Bee Cave 4001 Ranch Rd. 620 S. (512) 219-5311 garden-ville.com
Geogrowers – Austin 12002 Highway 290 W. (512) 288-4405 geogrowers.net
GreenThumb Compost – Austin P.O. Box 41539 (512) 369-0998 greenthumbcompost.com
JV Dirt + Loam – Austin (Not all batches certified) NA (512) 927-1977 jvdirt.com
Natural Gardener – Austin 8648 Old Bee Cave Rd. (512) 288-6113 naturalgardeneraustin.com
Organics By Gosh – Austin 13602 FM 969 (512) 276-1211 organicsbygosh.com
Rock N Dirt Yard 8401 S. 1st Street (512) 461-7607 rockndirtyard.com
Whitlesey Landscape Supplies – Austin 629 Dalton Lane (512) 385-0732 989rock.com
Whitlesey Landscape Supplies – Round Rock 3219 IH 35 S. (512) 989-7625 989rock.com

We make soils with all natural and organic 
materials.  

  • Sustainable
  • Durable
  • Non-shrinking
  • Tree Health Solutions

We're the best.
Same day delivery - 892-2722

www.geogrowers.net

Geo Growers
Since 1995
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Don Gardner
Consulting Arborist
P. O. Box 340268
Austin, TX 78734
(512) 263-2586

Certified Arborist TX-0228
REGISTERED CONSULTING ARBORIST #438

Aquaponics, Hydroponics and Organics
4201 S. Congress Ave. Ste. #310 • Austin, TX 78745

512.444.2100 • www.bihydro.com

several times to allow water to percolate.  Otherwise, a 
considerable amount of irrigation can simply flow away 
as runoff.

5. Type of Water  – Virtually all municipal water systems 
in the U.S. are treated with chlorine or chloramine as a 
disinfectant.  While this is in many cases necessary to keep 
bacteria from building up in the water in pipeline systems, 
chlorine is a biocide that kills beneficial soil bacteria when 
used to water grass and trees.  Most U.S. city water supplies 
are also treated with fluoride as a (presumed) method of 
preventing cavities, which has also been found detrimental 
to plant growth.

This water, with its small amounts of chemicals, is not 
blatantly toxic to grass, plants, and trees.  However, rainwa-
ter, filtered water, and certain types of well water are better 
for long-term soil health   These alternatives usually carry 
cost premiums compared to municipal water supplies.

6. Irrigation Systems and Devices  – It has been proven 
that, as a rule, owners of homes with automatic irriga-
tion systems use more water than those using a hose and 
sprinkler.  Many irrigation system owners do not know 
how to properly adjust the controllers.  Others may leave 
the system cycle on even after it has rained.  

Bearing this in mind, several irrigation systems and 
retrofits exist to make automatic systems considerably 
more efficient.  Savings estimates can vary significantly 
depending on climate, soil types, plant type, brand and 
model of the equipment, and proper use of the equipment 
itself.  Some devices and technologies might work in concert 
with each other, though there will be diminishing savings 
for each new measure added.

Rain Shut-off Devices – These devices override irrigation 
controllers when significant rain occurs.  

Pressure Regulating Valves (PRVs) – PRVs are inserted 
into a customer’s plumbing to prevent misting and evapora-
tion losses in irrigation systems.  This can occur when high 
water pressure sprays water at greater force than sprinkler 
heads are designed for.  By one estimate, they can save 
as much as 9% of the water in an average Austin home.33  
Though PRVs are now required by the Austin building 
code for irrigation systems in new homes with high water 
pressure, most older systems do not have them.  

Efficient Sprinkler Heads – Conventional sprinkler heads 
often have uneven “Distribution Uniformity” when they 
are broadcasting water to the zone they serve, leading to 
excess irrigation.  A relatively new design, Multi-stream, 
Multi-Trajectory Rotating (MSMTR) heads, compensates 
for this.  They can theoretically save about 31% of water 
compared to conventional equipment.34  These devices are 
now undergoing real-world tests.

Drip “Capillary” Irrigation – Drip irrigation for turf ap-
plies water directly to the root zone below the soil, and is 

virtually immune to direct water losses from evaporation 
and wind spray.  

Smart Controllers – Irrigation controllers typically set 
cycles based on timers.  Smart Controllers turn these timers 
off when there is already sufficient water.  The most com-
mon types employ ET sensors, which measure water-based 
climate conditions that govern plant evapotranspiration, 
and moisture sensors, which determine if irrigation is needed 
through soil probes.  

Tests of soil moisture sensors showed 20 to 40% savings.35  

Tests of ET systems showed 16 to 60% savings compared 
to a standard controller.36  However, other ET tests have 
shown that some brands are not effective.  Moreover, in 
cities with limited watering days such as Austin, the hot, 
dry stretches of summer with little or no rain will provide 
limited opportunity for savings.
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Reducing Water for Trees
Water Your Trees and Not Your Grass

Austin has hot summers, and its water is expensive 
relative to other large cities in Texas, especially when sum-
mer irrigation is at its peak.  Several smaller Central Texas 
cities, as well as private water companies, have water costs 
even higher than Austin.  In addition, the region has been 
afflicted by mandatory water restrictions due to droughts 
in the last several years.  

When faced with hard decisions, it is the better course 
to water trees and ignore turf.  Turf can often go dormant 
and be successfully revived later.  Even if grass dies, it can 
be reestablished much more quickly and less expensively 
than mature trees that not only add beauty and monetary 
value to a home and neighborhood, but also provide sum-
mer shade to lower energy bills.

The best things you can do to get trees to survive through a 
drought and reduce water use in the process are using correct 
watering techniques, applying mulch, and adding nutrients 
to the soil to prevent stress and retain moisture.

Best Water…Not Most Water

1. The Right Equipment – If you use a sprinkler, employ 
one with a fixed coverage that will saturate a defined area.  
Other options include soaker hoses, bladder bags (for small 
trees), and buckets with holes in them that allow water to 
slowly seep into the ground.  Some of these options may 
be exempt from mandatory watering days in various cities.  
Check with your local utility for relevant requirements.

2. The Right Roots – Many people make the mistake of 
irrigating at the base of a tree trunk.  This is not where an 
established tree’s feeder roots are located, and is largely a 
waste of water.  The roots that take in most of the water lie 
6 to 8 inches below the ground and concentrate near the 
“drip line” formed at the edge of the canopy where the 
most water is shed after rainfall.  

3. The Right Place – The priority zone is inside of the 
dripline starting 1/3 of the distance between the trunk and 
the dripline.  Feeder roots generally extend to about 3 feet 
outside of the canopy.

Whatever equipment is chosen, it is important to water 
evenly.  If using a soaker hose, coil it evenly over the water-
ing area.  If using buckets, place in a pattern that will drip 
over the intended zone.

4. The Right Depth – Trees are not grass.  The water needs 
to saturate the soil to reach the 6 to 8 inch depth where the 
roots are.  It is best to water in the same place for 40 to 90 
minutes at a time.  Inserting a screwdriver into wet soil can 
give an estimate of moisture saturation after watering.  

If you have mulch within the root zone, make sure the moisture 
seeps through it to the required depth.  If mulch is too thick or 
crusty for good saturation, break it up.  

5. The Right Amount – Trees are often over watered.  
The chart below is a good guide for directing the proper 
amount.  This chart may not be accurate for trees native to 
rainier climates or river basins (e.g., cypress).  

6. The Right Time – Many cities in Central Texas mandate 
that irrigation can only be applied at certain times of day 
to reduce evaporative losses.  This is particularly true for 
sprinkler systems.  In Austin, outdoor watering is prohib-
ited from 10 AM to 7 PM except with a hand-held hose and 
certain types of soaking options.  (See #1 above.)  Irrigation 
is also confined to certain days to reduce peak demand on 
the system.  Again, check with your local water utility.

Watering for the first 3 years is vital to getting a new 
tree’s root system established.  Once this time period oc-
curs, it is more likely to survive without assistance.  Of 
course, trees survive in the wilderness without any ir-
rigation assistance.  However, in times of drought, there 
are consequences.  In 2011, the hottest Texas summer in 
recorded history was responsible for killing as many as 
10% of the state’s trees.  

Compost & Mulch

Compost is decayed organic matter that provides nu-
trients, water-holding capacity, and a home for beneficial 
bacteria and insects that encourage tree and plant growth.  
Mulch is generally undecayed organic matter, such as 
chipped tree bark and wood or lawn clippings, that is 
spread under a plant to reduce evaporative soil moisture 
losses.  Mulch also provides roots insulation from extreme 

Tree Size Water Needs
Diameter (inches) Gallons per Week

0-5  1-5
6-10  10-20
11-15 30-45
16-20 60-80
21-25 100-125
26-30 150-180
31-35 210-245
36-40 280-320
41-45 360-405
46+ 450+

Water Conservation – Trees

The dripline of trees is the best place to apply water.
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temperatures, a home for beneficial bacteria and insects, 
and nutrients as it decays over time.  Other benefits include 
the discouragement of weeds and grass that compete with 
trees for resources; and in landscaping, mulch rings protect 
trees from lawn equipment.

In an optimal situation, you should add both compost 
and mulch to trees.  A quarter inch of compost covered 
with 2 to 4 inches of mulch will add nutrients immediately 
while offering the other benefits of mulch.  If the cost makes 
simultaneous installation difficult, laying mulch by itself 
is still important.  Be aware of several things:

1. Cover the Feeder Roots – Many mulch installations 
are “islands” around a tree trunk surrounded by stones, 
and the circle surrounding the tree is only about 3 feet in 
diameter.  This will help small trees whose roots are not well 
established better than larger trees.  The farther mulch is 
laid toward the dripline, the more effective it will be.  Small 
mulch islands still have some of the benefits, but they are 
not as effective for reducing watering needs.

2. Don’t Cover the Trunk – Many people lay mulch right 
up to the base of the trunk.  This can create a breeding 
ground for fungus and disease when it is wet.  Instead, leave 
a buffer of 4-5 inches between the trunk and the mulch.   

3. Don’t “Volcano” the Mulch – Many people lay a ris-
ing cone of mulch up to the trunk of the tree.  Not only 
can this cause fungus and disease, but it is an ineffective 
use of this material.

Resources

City of Austin Arborist
(512) 974-1876
http://austintexas.gov/department/city-arborist
Texas Forest Service (Austin Division) 
(512) 339-4118
http://texasforestservice.tamu.edu/main/article.
aspx?id=1279
TreeFolks Inc. 
(512) 443-5323
http://treefolks.org/
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