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VOLUME 2

This report, the third in a series of reports
issued every two years, serves as Volume II of the
Texas Natural Resource Conservation Commission

S TAT E O F T H E T E X A S E N V I R O N M E N T

(TNRCC) Strategic Plan, and is intended to be used
in conjunction with Volume I, which describes in

Included in the Introduction to this report is a

more detail the agency’s current activities and out-

ranking of key natural resource issues by region,

come measures. Future reports that are published

as well as an Environmental Scorecard that gives a

after September 1, 2002, will be produced under

brief overview of outcomes of the state’s natural

the TNRCC’s new name, the Texas Commission

resource protection efforts. The protected resources

on Environmental Quality. The name was changed

discussed in this volume are:

th

by the 77 Texas Legislature in 2001.
While this report briefly touches on the state’s

■ Air Quality
■ Surface Water Quality

current environmental conditions, its primary pur-

■ Groundwater Quality

pose is to serve as a strategic plan. It looks beyond

■ Land Resources

today’s issues and begins to identify those issues

■ Drinking Water Quality

that the state and TNRCC will be facing in the near

■ Water Supply

future. The report assesses the current state of

Special analysis, which focused heavily on re-

knowledge and information available and attempts

cent data, was afforded to the areas of air quality,

to identify what is needed to properly address these

surface water quality, and groundwater quality. The

issues so that the agency is better prepared for

rest of this Executive Summary consists of an over-

them. Issues such as air toxics, mercury deposition,

view of significant issues for the near-term, with

nutrients, and how ready we are to comply with the

key recommendations for actions and strategies to

new federal drinking water standards for arsenic

address those issues. Additional supporting detail is

and radioactivity are discussed in this report.

included in the subsequent chapters.

This volume emphasizes environmental conditions on both statewide and regional levels. The
regional analyses are keyed to regional planning

Air Quality
While most of Texas enjoys clean air, a number

areas based on an overlay of Texas’ natural regions.

of urban areas continue to violate the National Am-

The eight regional planning areas are:

bient Air Quality Standards (NAAQS) for ozone.

■ East

To restore those areas to compliance, Texas

■ East Central

has created a federally approved State Implementa-

■ Gulf Coast

tion Plan (SIP), which incorporates intensive plan-

■ Lower Border

ning efforts that identify sources of emissions and

■ Northwest

the necessary pollution control and prevention

■ South Central

methods for bringing those areas back into attain-

■ West

ment. The Houston-Galveston, Dallas-Fort Worth,

■ West Central

and Beaumont-Port Arthur areas still exceed the
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national 1-hour ozone standard. The El Paso region

8-hour ozone standard is implemented, some of

has exceeded the ozone standard in the past, but

these areas might also be at risk for nonattainment

recent monitoring data indicates that ozone levels

designation.

are within the prescribed limits. The TNRCC is

TNRCC staff are continuing to work with local

working with local governments in the area to re-

governments and other interested groups and indi-

view the possibilities for redesignation to attainment

viduals in each of these areas on the development

status.

of proactive emission-reduction strategies to prevent

The Texas 2000 Air Quality Study, which

air quality violations. For the past several biennia,

began in the summer of 2000, brought together

the Texas Legislature has appropriated funds target-

250 researchers from the public and private sectors

ing air quality planning activities in the areas of Aus-

to examine how the Texas Gulf Coast’s unique and

tin, Corpus Christi, Longview-Tyler-Marshall, San

complex interactions of pollutant emissions and

Antonio, and Victoria. For the state fiscal years 2002-

meteorological conditions influence the formation

2003, approximately $5 million was appropriated.

and distribution of ambient ozone concentrations.
The study used specially equipped research aircraft
and an array of ground equipment to monitor and

Air Toxics
The overall reduction of air toxic emissions

analyze the chemical and atmospheric reactions

continues to be both a national and statewide goal

that produce ozone in the Greater Houston area.

because of some compounds’ potential to cause

The analysis of the results of the study will be coor-

adverse health and welfare effects. Air toxics moni-

dinated with the involvement of a science-coordi-

toring is conducted at a number of locations around

nating committee that includes leading ozone re-

the state to characterize overall ambient concentra-

searchers from universities, federal laboratories,

tions and in response to suspected problems areas.

representatives of environmental organizations and

Air toxic emission estimates are gathered from a

industry, the Environmental Protection Agency

number of sources:

(EPA), and TNRCC staff.
Preliminary results of the study indicate that

■ Industrial and commercial entities (point

sources) report annually to the TNRCC

the rates of ozone production downwind from ma-

emissions inventory on emissions of total

jor industrial sources are substantially higher than

volatile organic compounds (VOCs), many

previous model predictions. The investigation re-

of which are also air toxics.

sults also indicate that certain reactive hydrocar-

■ Certain categories of point sources are also

bons, which are known to contribute to high ozone

required to annually report emissions of

production rates—primarily the compounds ethyl-

specific chemical compounds to the national

ene, propylene, and 1,3 butadiene—were measured at ambient concentrations much higher than

Toxics Release Inventory (TRI).
■ Emission estimates are available for other

would have been expected from emission rates re-

categories of emission sources such as small

ported to the TNRCC emissions inventory.

commercial sources, vehicles, and construc-

Reconciling the hydrocarbon emission inventory with measured ambient concentrations will

tion equipment.
Additional information is needed in the form of

enable a more accurate accounting for the chemis-

chemical-specific air toxics emissions inventories at

try of reactive hydrocarbons in the ozone models.

the state level for these reasons: (1) to better char-

It will also assist in the evaluation of new and/or

acterize ambient conditions and the potential for

revised strategies for reducing emissions in a mid-

adverse impacts from ambient air toxics concentra-

course review for all areas in the state not currently

tions; (2) to establish where additional ambient

meeting the NAAQS for ozone.

monitoring is needed; and (3) to evaluate the best

Several other Texas urban areas are now in
near-nonattainment status for the ozone standard,

strategies to reduce current and potential impacts.
Available monitoring and emission inventory

including Austin, San Antonio, Victoria, Corpus

data for chemical compounds considered to be air

Christi, and Tyler-Longview. If the new federal

toxics were reviewed for this report. Despite overall

2
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decreases in ambient concentrations of air toxics,
some areas in the state continue to show, from ei-

Surface Water Quality
Currently, 70 percent of assessed rivers and

ther emission and/or monitoring data, the potential

streams, and 62 percent of reservoirs and estuaries

for adverse impacts from air toxics. Information

in Texas meet state surface water quality standards.

about two specific chemical compounds, benzene

The pace and progress of TNRCC in addressing

and 1,3-butadiene, follows to illustrate the need

surface water quality impairments has risen sharply

for additional information, data collection, and

over the past two years, with the number of Total

analysis to better characterize the potential for

Maximum Daily Load (TMDL) projects under devel-

adverse impacts from air toxics.

opment increasing from 63 in 2000 to 179 in

Ambient benzene concentrations have declined

2001. As of January 2002, the Commission has

in recent years but still occasionally occur at elevated

approved 51 TMDLs and 47 TMDL implementa-

levels near industrial facilities as well as in areas of

tion plans.

high population and traffic density. Routine ambient concentration measurements of 1,3-butadiene,
found mostly in the areas of industrial facility com-

Ambient Monitoring
Nationally and in Texas, there is a renewed

plexes along the Gulf Coast, have also shown re-

focus on properly characterizing the condition of

cent declines except for certain areas north of the

surface water. The federal requirements to conduct

Houston Ship Channel and in El Paso.

TMDL assessments on water bodies not meeting

Even though ambient levels have decreased at

standards have driven much of the surface water

current monitoring locations, in Texas, these two

quality monitoring activities, focusing on waters

constituents make up 62 percent of the total emis-

with current or suspected problems. While this

sions from 33 air toxic compounds that EPA has

strategy accomplishes one goal, that of better char-

designated as being important in urban areas. And,

acterizing pollution and its sources, it does so at

as discussed earlier, ambient concentrations are

the expense of characterizing overall water quality.

higher than would have been expected from rates

The TNRCC is striving to use available resources

reported to the TNRCC. Based on these findings

to accomplish both goals.

there is a strong need for additional information

A state strategic surface water quality monitor-

and data collection to better characterize the poten-

ing plan is currently under development. Some of

tial environmental impacts from these compounds.

the key strategies include:
■ Where water quality standards are not met,

Air Deposition of Mercury
The principal environmental impact of air emissions of mercury is the gradual bioaccumulation of mercury in fish, such as bass in freshwater and king mack-

sampling will be conducted until adequate
data is available to define the geographic
extent and severity of the impairment.
■ Where there is insufficient monitoring data

erel in saltwater. Monitoring of fish tissue in East

to confirm or refute impairment designa-

Texas and coastal areas by the Texas Department of

tion, sampling will be conducted until

Health (TDH) has resulted in fish consumption adviso-

adequate data is available for assessment.

ries due to mercury in several lakes, reservoirs, and

■ Where trends of water quality decline

bays. Primary sources of mercury in the atmosphere

or impairment are occurring, the TNRCC

include coal-fired combustion sources such as electric

will determine the causes and sources

power generation and industrial boilers.
In order to restore affected bodies of water to

of pollutants.
■ Where water quality standards are met,

their full use, and to protect other water bodies

conventional water quality sampling on

from potential mercury impacts in the future, there

high-use water bodies and water bodies

is a need for additional source and emission charac-

of local interest will be continued.

terization of air releases of mercury, as well as for

■ For an estimate of statewide compliance

information on how air releases impact surface

with water quality standards, up to 30

water and eventually accumulate in fish tissue.

percent of total monitoring resources will
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be applied to a statistically-based monitoring

by 2004. Given the variable natural conditions of

approach that will enable characterization of

lakes and streams, there is a need for developing

overall statewide water quality.

site-specific, numeric nutrient criteria in Texas.

■ Where TMDLs have been completed, water

Nutrient criteria development will need to take

quality sampling will be conducted to mea-

into account the potential for harm to aquatic life,

sure progress toward attaining standards.

excessive algae growth, and taste and odor concerns
in drinking water supplies.

Biological Monitoring
In addition to traditional surface water quality
monitoring, there is a need to focus on biological

Point Source Discharges
The number, type, and location of wastewater

assessments to more directly address aquatic life

dischargers can be an indirect indicator of pollutant

use impairments currently identified by the “indi-

loading, providing information on the pattern of

rect” measurements of dissolved oxygen (DO) con-

potential cumulative effects on surface water qual-

centrations.

ity. Where such cumulative effects can be predicted,

Oxygen is a necessary element for aquatic life,

one mechanism for minimizing future problems is

but there is considerable variation in natural con-

to encourage regionalization of wastewater treat-

centrations, as well as in biological adaptations to a

ment systems, whereby wastewater treatment ser-

range of dissolved oxygen (DO) conditions. The use

vice is provided on a regional basis rather than in

of DO measurements results in some inappropriate

small localized geographic areas. Small systems,

impairment categorizations, especially in areas of

while having been beneficial in providing a basic

naturally sluggish water bodies, such as occur in parts

infrastructure, may now be faced with regulatory

of East Texas and along the Gulf Coast. Direct

requirements for new, more complex treatment

assessment of the biological health of aquatic

technologies to meet water quality standards that

organisms will provide more specific information

present new challenges due to the limited means

about the overall “health” of our rivers and streams.

and revenue streams of these systems.

TNRCC staff are working with the Texas Parks

Consideration of providing wastewater treat-

& Wildlife Department (TPWD) to develop methods

ment on a regional scale as well as consideration of

for measuring the diversity and abundance found in

other, more market-based approaches such as efflu-

aquatic biological communities to develop indices

ent trading, will be an integral facet of water quality

that are unique for various regions of Texas. This

planning in the future regulatory arena.

effort will help answer the critical questions of: Are
the conditions natural or the result of pollution?
Have measured low DO concentrations resulted in

Air Deposition of Mercury
As previously discussed in the section on air

degraded aquatic life? Are the established numerical

quality, mercury is an issue of potential importance

standards for DO appropriate, or do they need to

to both surface water quality and air quality. There

be modified to better reflect actual and acceptable

is a need for additional information and greater sci-

conditions?

entific certainty about the interface of air emissions
of mercury and their potential impacts on accumu-

Surface Water Quality
Standards for Nutrients
Due to impacts from elevated nutrient levels
in Texas waters and to address a federally-directed

lation in fish tissue.

Nonpoint Source Pollution
As increasing scrutiny and regulatory control

nutrient strategy, TNRCC must begin development

has been applied to wastewater treatment facili-

of numerical criteria for nutrient compounds in sur-

ties, the impacts of nonpoint source (NPS) pollu-

face water to replace the current narrative nutrient

tion, pollutants carried by rainfall and irrigation

standard.

runoff from widely dispersed sources, figure more

The EPA directive requires revised state standards
or implementation of national “default” standards

4

prominently as causes of continuing surface water
quality impairments.
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Of the water quality impairments currently

While groundwater quality statewide remains

identified, only 11 percent can be related solely to

good, future demands and development of future

point sources of pollution and only 28 percent to

supplies will depend on the ability to characterize

specific types of nonpoint sources. The majority of

the groundwater quality conditions for new sources.

impairments, 61 percent, are listed as being caused

This sharper focus on the potential for ground-

by “Unknown Nonpoint Sources.” Of those known

water contamination, current conditions, and po-

nonpoint source pollution impairments, 71 are

tential causes of contamination prompted a review

caused by urban runoff. The combination of what

of four common contaminants of groundwater.

is known and unknown signals the need for the

The data used for this review is the result of

TNRCC to maintain a focus upon urban nonpoint

Texas Water Development Board (TDWB) sampling

source pollution.

of a mix of private and public drinking water wells,

The future success of NPS pollution control in

irrigation wells, and other types of wells chosen to

growing urban areas will depend upon a coordi-

characterize aquifer quantity and quality status.

nated effort of state and local officials, planners,

Elevated levels of nitrate, arsenic, radioactivity, and

developers, and citizens. Efforts to address potential

total dissolved solids (TDS) were found to be wide-

water quality effects from growth and development

spread in this mix of well types. Of the drinking-

are best initiated at the local level where buy-in by

water well data, prevalence of these constituents

the affected parties is crucial to success.

was higher in private wells than in public wells.

Examples of such measures, which are already
being implemented in many urban areas, include:
■ Setback distances from waterways can

Groundwater generally meets, or can usually
be treated to meet, drinking water standards and
needs for industrial and irrigation uses. In some ar-

slow runoff and allow the water, and the

eas, however, naturally occurring constituents ap-

pollutants often associated with it, to be

pear at levels of concern. Some groundwater is also

absorbed into the soil.

contaminated by human activities. In the remaining

■ Floodplain boundaries may serve as

paragraphs of this subsection on groundwater qual-

useful management tools in determining

ity, the statistics provided apply to the wells sampled,

set-aside properties, since development

not all of which are drinking water wells; however

must be restricted in these areas anyway

the information may represent groundwater supplies

to avoid potential damage and loss of life

that could be developed for drinking water or other

from severe storm events.

uses in the future.

■ Low-impact development is a design

Twenty-four percent of water wells sampled

strategy that emphasizes retaining devel-

through the TWDB ambient groundwater monitoring

opment-related runoff on site. This

network exceed the drinking water standard for nitrate.

strategy reduces the costs of infrastruc-

Nitrate is the most common groundwater con-

ture, mimics pre-existing hydrology,

taminant in Texas and may be a result of natural

and reduces NPS pollution.

processes or caused by human activities. In many
cases, it is still not clear whether to attribute el-

Groundwater Quality
Groundwater supplies the demands of Texans

evated nitrate levels to natural or human causes.
Some potential sources include agricultural fertilizer

for drinking water, other domestic and municipal

application, animal manure, municipal wastewater

purposes, agriculture, electric power generation,

treatment facilities, some types of industrial facili-

industrial production, mining, and oil and gas

ties, on-site sewage facilities (septic tanks), and resi-

production. According to the 2002 State Water

dential fertilizer use.

Plan, Texas currently has approximately 14.9 mil-

Eight percent of the sampled ambient monitor-

lion acre-feet of groundwater available for use.

ing wells statewide exceed the EPA’s newly estab-

Of that amount, only about 8.8 million acre-feet

lished drinking water standards for arsenic.

were in use in 2000 due to limitations on access
and infrastructure.

TNRCC STRATEGIC PLAN

Arsenic is a naturally occurring trace metal typically found in weathered sedimentary and igneous
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rock. Arsenic can be associated with granites, high

Juárez, Mexico, and New Mexico are depleting

iron concentrations, and uranium-bearing ores. The

the Hueco-Mesilla Bolsons (Mace, et al., 2001).

majority of arsenic in groundwater is a result of

As a result, TDS is expected to increase over the

these natural conditions.

next 5 to 20 years.

The EPA has recently lowered the drinking
water standard for arsenic from 50 micrograms per
liter (µg/L) to 10 µg/L. All public drinking water

Both public and private wells may be affected
by elevated levels of these constituents.
A review of TWDB ambient data indicates that

systems must be in compliance with the new stan-

a significant number of private groundwater wells

dard by January, 2006. The reduction is expected

exceed drinking water standards for nitrate, arsenic,

to help reduce the risk of bladder and lung cancer

and radioactivity. While public water suppliers are

and a number of other, noncancerous diseases,

able to blend or otherwise treat source water to

such as heart disease.

produce adequate-quality drinking water, these

Based upon data from the TNRCC Public

options are not generally available to private

Water Supply database, up to 200 public water sys-

homeowners, who may or may not be aware of

tems that rely on groundwater may have to reduce

problems in the first place. In addition, private

arsenic concentrations with further treatment of

groundwater wells are generally shallower than

source waters to meet the new standard. While the

public wells, making them more susceptible to sur-

majority of arsenic in groundwater is a result of

face contamination.

natural conditions, some studies indicate that the

TNRCC data on contaminated sites shows a

previous use of arsenic as a defoliant in cotton-

decline in recent years in reported groundwater

based agriculture may also be partly responsible

contamination cases.

in certain areas of the state.
Nine percent of the sampled ambient monitoring wells exceed new radioactivity standards.
In December 2000, the EPA published a new

The total number of groundwater contamination cases in 2000 represents a 6 percent reduction
from 1999, the first reduction in contamination
cases in 10 years. The primary reasons for this

rule establishing drinking water standards for ra-

reduction was a significant decrease in newly re-

dioactivity. The rule becomes effective in Decem-

ported leaking petroleum storage tank sites from

ber 2003 and will be phased in through 2007.

1999 to 2000, a direct result of regulatory dead-

Some public water supply systems that use

lines relating to release detection and cleanup ex-

groundwater as a source do not currently meet

pense reimbursement, combined with an increased

the new standards. They will have to either treat

number of groundwater contamination case reviews

source water to meet the standards or develop

completed in 1999.

new sources. Radioactivity occurs in Texas

The vast majority of groundwater contamina-

groundwater because of naturally occurring

tion cases have affected shallow groundwater not

sources: geological deposits containing uranium

being used for public water supply. In 2000, there

and other radioactive elements.

were only 22 new cases reported that affected or

Twenty-two percent of ambient monitoring

could affect a public drinking water well or intake;

wells in the state exceed the secondary drinking

however, contaminated sites other than these still

water standard for TDS.

may require remediation to protect private water

Natural conditions account for a large part of

well supplies, manage groundwater plumes against

elevated TDS levels, especially as the depth of an

continued migration, to guard against possible hu-

aquifer increases. Brine disposal from historic oil

man exposure, and to protect potential future

and gas activities in certain areas of the state has

drinking water sources.

also affected parts of some aquifers. Excessive

Data from contaminated sites and other facili-

pumping rates are an increasingly important factor

ties that monitor groundwater are not in an elec-

in some areas, resulting in more saline water be-

tronic form and currently cannot be integrated with

ing drawn into production wells. The TWDB indi-

or compared to other data, including TWDB ambi-

cates that high pumping rates in El Paso, Ciudad

ent groundwater data.
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Although significant groundwater data are submitted to the agency in support of remediation or

Water Supply
According to the 2002 State Water Plan, most

release-detection efforts, the data are generally only

parts of Texas are expected to have adequate water

in paper form and not electronically accessible.

supplies over the next 50 years, but only if regional

Specific site location data are not maintained elec-

water plans are implemented to conserve water and

tronically, nor is information on the depth and ex-

create new supplies.

tent of contamination. Because of these conditions,

These plans call for water conservation, waste-

information cannot be easily combined with that

water reuse, desalination, interbasin transfers, aqui-

from other sites nor integrated with TWDB ambient

fer storage and recovery, and other—often very

groundwater data to draw regional conclusions.

costly—measures.

Data integration will become more important in the

In some areas, even if regional water plans are

future as development of additional groundwater

implemented, water shortages still will occur. Chief

supplies, in some cases shallow groundwater, is

among them are areas along the Rio Grande, whose

planned to meet Texas’ water needs.

yield is committed and regulated by international and
interstate treaties, federal laws, and water rights; and

Land Resources

which declines during drought. In the West Regional

The regulation of municipal and industrial

Planning Area, the state water plan forecasts the

waste disposal, the cleanup of contaminated sites,

depletion of the Hueco Bolson aquifer by 2030,

the protection of wetlands, and the management of

ending fresh groundwater supplies to El Paso. Other

floodplains are designed to protect against soil and

forecasts predict the depletion of the Mesilla Bolson

water contamination and impacts on human health.

aquifer, which also supplies water to El Paso, after

In 2000, Texans disposed more than 28.6 million tons of municipal solid waste. This represents
an increase in the annual municipal solid waste

2010, based on the increased reliance on this aquifer by Mexico and the state of New Mexico.
TNRCC is helping to extend the state’s water

(MSW) disposal rate of more than 43 percent over

supplies by assisting local planning efforts to imple-

the last 10 years and more than 30 percent since

ment conservation plans; by developing new, so-

1998. While adequate disposal capacity exists

phisticated computer models that determine water

statewide, some areas of the state may be facing

availability; and by monitoring the quality and quan-

capacity shortfalls.

tity of the state’s water supplies, in conjunction with

Texas is a leader in the nation for manufacturing

the TWDB.

of petroleum and petrochemical products and in hazardous waste generation. However, these waste gen-

Drinking Water

eration rates continue to decline due to efficiencies

Although drinking water can be viewed as a

in manufacturing and pollution prevention efforts.

component of TNRCC’s surface water and ground-

Wetland areas are important features of the

water resources, it is identified as a distinct resource

state and are characterized by “hydric” soils (ones

for planning and regulatory purposes because it is

where water is abundant) and water-loving plants.

so critical to public health. Slightly more than 97

TPWD studies reported a net loss of 210,590 acres

percent of the Texas population is served by 6,697

of coastal wetlands from 1955 to 1992, an average

public water systems that meet federal health-based

rate of 5,700 acres lost each year. In addition to

drinking water standards. In the year 2000, the Na-

coastal wetlands, the extensive and environmentally

tional Rural Water Association released a study

sensitive bottomland forests of East Texas are par-

ranking the effectiveness of state drinking water

ticularly vulnerable, especially in light of current pro-

safety programs. Texas ranked fourth in the nation.

posed projects to construct additional reservoirs that

Review of compliance data indicates that the

may impact thousands of additional acres of wet-

ability of a public water system (PWS) to deliver ad-

lands. Construction projects in wetland areas that

equate quality water is primarily a function of its

require federal approval are reviewed by the TNRCC

size, with small systems having proportionally greater

for compliance with state water quality standards.

chemical and bacteriological noncompliance rates.

TNRCC STRATEGIC PLAN
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Health Effects
The State of the Texas Environment Report

associated with environmental risk. While Texas has
a number of surveillance systems that track condi-

includes, for the first time, a discussion on health

tions such as cancer and birth defects, incidence data

outcomes related to environmental conditions and

for these conditions is at various stages of complete-

on the challenges associated with developing direct

ness and mortality data is often used to supplement

correlations between the two issues.

the investigation of disease.

Currently, there is limited outcome data on the

The TNRCC and the TDH recognize that

health conditions potentially associated with environ-

bridging the information gap regarding environ-

mental hazards, both biological and chemical—data

mental hazards, exposures, and health outcomes

with which to address public concern about the po-

will further ensure the development, implementa-

tential for exposure. Through its environmental regu-

tion, and evaluation of appropriate environmental

latory authority, the TNRCC has the responsibility to

strategies or policies that reduce environmental

ensure protection of human health by controlling

risks and protect public health. The information

releases to the environment. This responsibility is

represents a continued collaborative effort between

accomplished through technical reviews of ambient

the TDH and TNRCC in inventorying a variety of

monitoring data collected by the agency, through

health outcomes that have been associated with

permit application information, and through infor-

environmental quality. In many cases, the informa-

mation on emissions and discharges that regulated

tion presents only a baseline for many health condi-

entities must report. The Texas Department of Health

tions in Texas, or highlights gaps, needs, and limita-

(TDH) is responsible for tracking health outcomes

tions in the available health data.
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The Third State of the
Texas Environment Report
Texas presents a unique set of natural resource
protection challenges to state government. The state’s
diversity of both natural and man-made environ-

S TAT E O F T H E T E X A S E N V I R O N M E N T

ments does not lend itself to simplistic characterizations, or to one-size-fits-all governmental responses.

the state of the natural resources protected by the

Almost any assertion about Texas can be matched

TNRCC, and discussed key issues on a regional

by another equally true, but completely opposite,

basis, as well as statewide, to better describe the

assertion. The state’s vast land area is subdivided

complexity of the state’s natural environment.

into a number of highly varied natural regions, in-

The second report employed a new set of

cluding Sabal palm groves on the Lower Rio Grande,

planning regions developed by the agency specifi-

vast stretches of Chihuahuan desert in the far West,

cally to address the state’s varied regional environ-

dense pine forests in the East, and the prairies of

mental conditions, and discussed specific protected

the Gulf Coast.

resource issues in some detail. It also employed an

Texas’ population is demographically complex,

Environmental Scorecard for the first time, which

and has grown rapidly during the past decade through

compiled the TNRCC’s existing outcome measures

both natural increase and significant in-migration

to provide a performance-based description of the

from other states and nations. Nevertheless, while

state’s environmental protection efforts on both a

Texas is home to some of the fastest-growing coun-

statewide and a regional basis.

ties in the nation—such as those surrounding Aus-

This latest report continues the regionally

tin, Dallas, and Houston and in the Lower Rio

focused discussion of specific environmental condi-

Grande Valley—it is also home to dozens of other

tions in Texas. Regional profiles have been substan-

counties that actually lost population during the last

tially redesigned to make extensive use of graphics

10 years, including those in West Texas and in the

to allow the reader to view data more directly.

extreme Southeast corner of the state.

Future reports that are published after Septem-

Texas has more urban areas than any other

ber 1, 2002, will be produced under the TNRCC’s

state, but also more rural counties, according to

new name, the Texas Commission on Environmen-

the U.S. Bureau of the Census. The state is one of

tal Quality. The name was changed by the 77th

the most heavily industrialized in the nation, but it

Texas Legislature in 2001.

also has more farms and ranches than any other,
according to the U.S. Department of Agriculture.
Finally, Texas is unique among the lower 48 states

Population
The population of the state of Texas has been

because it has the longest border with a foreign

identified as the most significant pressure on the

nation, and that border is defined by the Rio

state’s environmental resources. According to the

Grande, a crucial natural resource shared by

2000 U.S. Census, the United States population

seven states and two nations.

increased by 13 percent with a net gain of nearly

This volume is the third in a series of reports
issued every two years. The first report examined

TNRCC STRATEGIC PLAN

33 million from 1990-2000. Texas is second only
to California with a net population increase of over
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Figure 3 shows the 10 Texas counties with the

4 million from 1990 to 2000. The population of
Texas increased by 23 percent with the addition of

fastest percentage population growth. Four of the

over 3.5 million new residents. If Texas continues

10 fastest growing counties statewide are located in

to grow at this rate, according to the Texas State

the South Central Regional Planning Area.

Data Center, the population of the state in 2010 is

Figure 3

projected to be almost 26 million and is predicted

Fastest Growing Counties Statewide
Percentage Increase 1990-2000

to nearly double by 2030. [Figure 1]

Figure 1
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One of the most requested features of the preThe highest growth rates over the past 10

vious edition of the report was the Scorecard for

years occurred in the Lower Border and South

the Texas Environment. The Scorecard provides an

Central Regional Planning Areas, at 37 percent

at-a-glance look at the environmental outcomes of

and 30 percent, respectively. The East Central and

activities to protect air, water, and land resources

Gulf Coast Regional Planning Areas have experi-

and to properly manage hazardous and solid waste.

enced the greatest net increase in population dur-

The data in the Scorecard is organized on both a

ing the past 10 years. [Figure 2]

statewide and a regional basis. [Tables 1 and 2]

Figure 2
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Environmental Data
Collection and Management
Assessments of all protected resources in a state

prevalent types of data gaps. Some examples of
data collection gaps include water supply data
needed for in-stream flow analysis; and ambient

the size of Texas require an enormous amount of

groundwater quality data and trends, especially for

data collection. Managing this colossal data amal-

organic pollutants, including pesticides. Some ex-

gam is an even tougher challenge. Yet, every effort

amples of data gaps involving already-collected data

to base policy decisions on sound science must be

are listed below.

made, and the underlying component of this sound
science can be summed up in one word: data.
Much of this data is collected in-house throughout the state by TNRCC personnel. Other state,
federal, and local sources also provide data or access to data, such as the Texas Water Development

■ Access to surface water quality ambient

monitoring data and wastewater facility
point source discharge data in formats
necessary for more strategic analyses
and assessments.
■ Integration of data from multiple data

Board, Texas Parks and Wildlife Department, Texas

sets (special studies, reports, or biological

Department of Health, Texas Railroad Commission,

surveys) to conduct surface water quality

U.S. Geological Survey, U.S. Environmental Pro-

assessments.

tection Agency, U.S. Department of Agriculture,

■ Integration of multiple databases for

U.S. Census Bureau, and local Councils of Govern-

contaminated sites, such as petroleum

ment and River Authorities.

storage tank, superfund, corrective action,

Improvements in Data Collection and
Management. The TNRCC continues to make

and voluntary cleanup program data.
■ Access to data for type, location, and

great strides in improving environmental data col-

acreage of wetlands in formats necessary

lection and data management systems. Examples of

for more strategic analyses.

improved data collection include increased geographic coverage and expanded pollutant sampling,
such as with additional monitors in the air toxics

■ Integration of data to determine regulated

entity air permit exceedances.
The importance of filling these gaps in a data-

network or sampling of pesticides in groundwater in

driven agency is well-recognized. Prioritization of

some areas.

identified data gaps and implementation plans to fill

Examples of improved data management in-

these gaps are current in-house projects. Analysis

clude the development of a Central Registry, which

and assessments of environmental conditions, load-

will provide a single, centralized area to record com-

ings, and trends will improve as data collection and

mon information about regulated entities; the Con-

management improve.

solidated Compliance and Enforcement Data System, which will provide greater capabilities for
tracking activities of regulated entities; and the Integrated Water Utilities database, which replaces over

The Toxics Release
Inventory: A Key Source
A particular database that was used extensively

160 stand-alone legacy systems representing over

in the preparation of this report is the federal Toxics

5 million records.

Release Inventory (TRI), because it tracks the release

Even with all the current data collection activi-

of a large list of specifically enumerated chemicals to

ties and the improvements in data management

the air, land, and water of the state. The TRI was

systems, numerous gaps in data across all the pro-

established in 1986 under the federal right-to-know

tected resources still do exist. These gaps may

laws, and requires manufacturing and industrial facili-

sometimes create serious impediments to assessing,

ties that use toxic chemicals above threshold

characterizing, and measuring environmental condi-

amounts to report annually. The TRI collects data on

tions, and trends.

releases and waste generation of toxic chemicals af-

Types of Data Gaps. Insufficient data collection and problems accessing already-collected data
in needed formats are probably the two most

TNRCC STRATEGIC PLAN

fecting air, water, land, and underground injection.
Tracking trends with TRI data, although feasible, is complicated due to numerous reporting
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Table 1

Scorecard for the State of the Texas Environment
AIR QUALITY

1998

1999

2000

2001

Percentage of Texans living in counties where the air meets all federal air quality standards

51%

51%

49.5%

49.5%*

48

57

51

32

Percentage of days per year with an air quality rating of “good” in counties with monitors

73%

71%

75%

73%

Percentage of days in a year with an air quality rating of “moderate” in counties with monitors

26%

28%

24%

26%

1%

1%

1%

<1%

-----

-----

Number of days with 1-hour ozone exceedances

Percentage of days with an air quality rating of “unhealthful” in counties with monitors
TRI air releases (pounds)

120,883,935 110,764,306

* Estimated. While El Paso is currently designated nonattainment for O3, CO, and PM10, recent ambient monitoring indicates compliance with the federal standards; and Harrison,
Upshur, and Gregg Counties (Longview) have monitored exceedances of the 1-hour ozone standard.

AIR QUALITY (Annual Inventory)
Pollutant (tpy)

1994

1995

1996

1997

1998

1999

VOC

341,000

276,000

253,000

229,000

218,000

203,000

NOx

973,000

989,000

950,000

932,000

937,000

871,000

SO2

931,000

881,000

954,000

951,000

955,000

981,000

CO

610,000

521,000

474,000

426,000

423,000

425,000

PM10

61,000

52,000

55,000

53,000

61,000

63,000

SOURCE: http://www.tnrcc.state.tx.us/air/aqp/psei.html
NOTE: The point source emissions data for the last seven completed years is illustrated on the table above. This table provides information on statewide total industrial emissions in
tons per year (tpy) for the sources that exceed the reporting requirements. It lists the following pollutants: volatile organic compounds (VOC), nitrogen oxides (NOx), sulfur dioxide
(SO2), carbon monoxide (CO), and particulate matter less than 10 microns in diameter (PM10).

SURFACE WATER QUALITY

1998

Percentage of assessed Texas water bodies that are meeting aquatic life standards

75%

Percentage of assessed Texas water bodies that are meeting swimming standards

72%

Percentage of assessed Texas water bodies that are meeting fish consumption standards

75%

Percentage of assessed Texas water bodies that are meeting the standards for public water supply use

95%

TRI surface water discharges (pounds per year from reporting sources)

1999

2000
87%

Assessments on
two year
cycle

74%
91%
99%

31,824,971 32,518,781

-----

SOURCE: DRAFT 2000, 305(b) Report.

GROUNDWATER QUALITY

2001

Percentage of water wells statewide meeting the drinking water standard for nitrate

76%

Percentage of water wells statewide meeting the drinking water standard for arsenic

92%

Percentage of water wells statewide meeting the drinking water standard for alpha radiation

91%

Percentage of water wells in statewide ambient network meeting secondary drinking water standard for total dissolved solids

78%

SOURCE: Texas Water Development Board Ambient Groundwater Monitoring Data.
NOTE: Ambient groundwater monitoring is conducted on an aquifer rotation schedule; monitoring data from 1988 to 2001 was reviewed to provide the most recent data from each
aquifer. The ambient wells primarily monitor the quality of the state’s major and minor aquifers; most also supply water for drinking water systems or for other uses.

DRINKING WATER QUALITY
Number of public water systems (PWS) implementing conservation measures due to drought (cumulative total for year)
Percentage of the population on PWS meeting all primary drinking water standards

LAND RESOURCES WASTE MANAGEMENT
Total of municipal solid waste (MSW) amount by each disposal method (tons)
Landfilling
Incineration
Waste-to-energy
Total number of years of MSW disposal capacity, by year
Per capita MSW disposal rate (ppd) (1997: 6.2)
Percentage change in per capita municipal solid waste disposal, by year from 1997 baseline data

1998

1999

2000

2001

60

57

226

144

96.5%

97.2%

97.2%

97.1%

1998

1999

2000

23,301,033 25,835,858 28,676,858
23,259,425 25,791,066 28,635,117
14,929

15,179

14,849

26,679

29,164

26,892

30.8 years

33.4 years

31.6 years

6.5

7.05

7.52

4.8%

13.7%

16.1%

Percentage of federal/state Superfund sites being cleaned up or already cleaned up, by year

46% (35/76) 46% (36/78) 43% (36/83)

Total hazardous waste generated (tons)

69,575,969 62,122,468

-----

Hazardous waste source reduction (tons)

1,214,634

-----
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Table 2

Regional Planning Areas Profile Scorecard
MEASURE

West
Texas

North
West
Texas

West
Central
Texas

East
Central
Texas

South
Central
Texas

East
Texas

Gulf
Coast

Lower
Border

84%*

100%

100%

28%

100%

85%*

16%

100%

AIR QUALITY
Percentage of Texans living where the air meets all federal
air quality standards in 2000
Number of days in 2001 with 1-hour ozone exceedances

1

NA**

NA**

0

0

0

29

0

Percentage of days in 2001 with an air quality rating of “good”
in counties with monitors

64%

95%

NA**

66%

75%

72%

74%

92%

Percentage of days in 2001 with an air quality rating of “moderate”
in counties with monitors

35%

5%

NA**

33%

25%

28%

24%

87%

Percentage of days in 2001 with an air quality rating of “unhealthful”
in counties with monitors

1%

0%

NA**

<1%

0%

0%

2%

0%

500,280

8,673,993

5,170,048

10,210,218

4,291,180

TRI air releases 1999 (pounds)

13,797,180 67,186,842

934,565

* Estimated. While El Paso is currently designated nonattainment for O3, CO, and PM10, recent ambient monitoring indicates compliance with the federal standards; and Harrison,
Upshur, and Gregg Counties (Longview) have monitored exceedances of the 1-hour ozone standard.
** No ozone monitors in the regional planning area.

AIR QUALITY INVENTORY 1999
Pollutant Tons
per Year (tpy)

VOC

11,114

22,900

6,017

16,071

3,741

23,900

98,391

1,742

51,803

102,302

46,732

147,204

72,471

115,825

303,790

7,223

SO2

13,216

117,975

14,823

243,413

92,436

293,074

201,638

41

CO

16,900

96,139

10,555

58,174

16,528

33,189

164,330

6,326

PM10

1,065

7,553

1,497

10,067

5,357

14,235

20,879

507

NOX

NOTE: The point source emissions data for 1999 is listed in the table above. This table provides information by region on statewide total industrial emissions in tons per year (tpy) for
the sources that exceed the reporting requirements. It lists the following pollutants: volatile organic compounds (VOC), nitrogen oxides (NOx), sulfur dioxide (SO2), carbon monoxide
(CO), and particulate matter less than 10 microns in diameter (PM10).

SURFACE WATER QUALITY
Percentage of assessed Texas water bodies that are meeting
aquatic life standards

91%

87%

90%

89%

87%

74%

69%

75%

Percentage of assessed Texas water bodies that are meeting
swimming standards

91%

87%

96%

78%

73%

80%

73%

75%

Percentage of assessed Texas water bodies that are meeting
fish consumption standards

100%

100%

100%

87%

100%

88%

89%

83%

Percentage of assessed Texas water bodies that are meeting
the standards for public water supply use

100%

100%

100%

91%

100%

98%

100%

100%

1998 TRI surface water discharges (pounds)

2

265,612

550

291,789

67,114

416,263

30,783,641

0

1999 TRI surface water discharges (pounds)

122

514,424

634

29,360

47,833

1,144,771

30,781,637

0

Percentage of water wells meeting the drinking water standard for nitrate

75%

68%

35%

94%

82%

95%

89%

74%

Percentage of water wells meeting the drinking water standard for arsenic

95%

83%

99%

98%

99%

100%

90%

85%

Percentage of water wells meeting the drinking water standard
for alpha radiation

81%

89%

86%

98%

85%

99%

96%

92%

Percentage of water wells in ambient network meeting secondary
drinking water standard for total dissolved solids

71%

85%

54%

87%

78%

96%

81%

38%

SOURCE: DRAFT 2000, 305(b) Report

GROUNDWATER QUALITY

SOURCE: Texas Water Development Board ambient groundwater monitoring data from 1988 to present.
NOTE: Summary information to date. Ambient groundwater monitoring is conducted on an aquifer rotation schedule; monitoring data from 1988 to 2001 was reviewed to provide
the most recent data for each aquifer.

DRINKING WATER QUALITY
Number of public water systems (PWS) implementing conservation
measures due to drought (cumulative total for year)
Percentage population receiving water from a PWS that meets all
primary standards

0

4

41

43

38

5

6

6

95.2%

93.2%

94.9%

98.7%

96.1%

96.8%

95.3%

94.6%

LAND RESOURCES—WASTE MANAGEMENT
Municipal solid waste (MSW) disposal (tons)

525,503

1,098,803

692,944

9,723,110

5,089,282

1,442,785

9,159,518

903,172

Total number of years of MSW disposal capacity, by area

59.9

101.4

86.3

33.0

21.2

32.6

23.1

16.3

Percentage change in per capita municipal solid waste disposal,
by year (1997–2000)

5.0%

7.0%

23%

32.6%

10.2%

36.6%

11.4%

-7.7%

Per capita MSW disposal rate (ppd) 2000

3.23

6.21

6.11

8.52

8.16

5.76

8.40

3.68
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Regional Planning
Area Profiles

changes over the years. The first year of TRI reporting was for 1987, and only manufacturing
facilities were required to report. In 1995, the list

Texas is a diverse state with varied environmen-

of reportable chemicals almost doubled. In 1998,

tal issues and concerns. Providing distinct regional

additional industries were required to report. The

information helps focus comprehensive environmen-

most recent year’s data available is for 1999.

tal planning and assessment activities on the key is-

Long-term trends from 1988 to 1999 utilize

sues in each geographic area. Table 4 ranks environ-

a core set of chemicals common to all reporting

mental conditions in each of eight Regional Planning

years, called “core chemicals,” reported by the

Areas established for this report to guide strategic

“original industries,” the manufacturing facilities

environmental planning by the TNRCC.

that were required to report every year since re-

Although many issues may be of importance in

porting first began. Short-term trends from 1995

an area, this report highlights those that were con-

to 1999 utilize data from the original industries for

sidered to be of greatest concern or affected a large

the core chemicals plus the chemicals added in

portion of the population. Existing environmental

1995, the “new chemicals.” Year-to-year trends

assessments and planning information were ana-

from 1998 to 1999 utilize data for the core chemi-

lyzed and reviewed for the major environmental

cals and the new chemicals reported by both the

topics discussed in other sections of this document:

original and the new industries. [Table 3]

ozone, hazardous air pollutants, surface water
quality, groundwater quality, drinking water quality,

Regional Planning Areas
The TNRCC makes use of a set of eight re-

Figure 4

gional planning areas that are drawn to reflect

Regional Planning Areas

physical, biological, and ecological features in the
state. These regions provide a strong geographic
basis for focused assessments of air, water, and land
issues in a way that emphasizes interconnections of

Northwest

environmental issues. These planning regions also
allow for better coordination with local and regional

West
Central

entities, such as councils of government, which in

East
Central

many cases also have responsibilities for water qualWest

ity, solid waste, and transportation planning that

East

South
Central

directly affect environmental conditions. The eight

Gulf
Coast

regions used by the TNRCC are: East, East Central,
Lo
r
we

South Central, Lower Border, Gulf Coast, West

er

rd

Bo

Central, Northwest, and West. [Figure 4]

Table 3

TRI Data Used in Trend Analyses
Trend Type

14

Chemicals

Industries

Long-term, 1988 to 1999

Core chemicals

original industries

Short-term, 1995 to 1999

Core + new chemicals

original industries

Year-to-Year, 1998 to 1999

Core + new chemicals

original + new industries

FISCAL YEARS 2003-2007

water supply, municipal solid waste, waste manage-

quality that might occur to the key natural re-

ment, wetlands, and flooding.

sources discussed. [Table 4]

In preparing this report, the TNRCC conducted

The TNRCC is constantly striving to improve

a ranking exercise by evaluating a suite of environ-

its ability to make better decisions based on more

mental issues against four criteria in each of the

complete information and sound scientific knowl-

eight Regional Planning Areas. These criteria con-

edge. This report is part of a continuing effort

sidered the effect on population and the relative

to make the most effective use of the agency’s

difficulty of reversing any decline in environmental

data resources.

Table 4

Regional Issues Ranking
East

East Central

Gulf Coast

Lower Border

Northwest

South Central

West

West Central

MEDIUM

HIGH

HIGH

Low

Low

MEDIUM

MEDIUM

Low

Low

MEDIUM

MEDIUM

Low

Low

Low

Low

Low

Surface Water Quality

MEDIUM

MEDIUM

HIGH

MEDIUM

Low

MEDIUM

MEDIUM

MEDIUM

Groundwater Quality

Low

Low

Low

MEDIUM

MEDIUM

MEDIUM

MEDIUM

HIGH

Drinking Water Quality

Low

Low

MEDIUM

MEDIUM

MEDIUM

MEDIUM

MEDIUM

MEDIUM

Water Supply

MEDIUM

Low

Low

HIGH

MEDIUM

Low

HIGH

Low

Municipal Solid Waste

MEDIUM

MEDIUM

MEDIUM

MEDIUM

MEDIUM

MEDIUM

MEDIUM

MEDIUM

Waste Management

MEDIUM

MEDIUM

HIGH

MEDIUM

MEDIUM

MEDIUM

MEDIUM

MEDIUM

Wetlands

HIGH

Low

HIGH

MEDIUM

MEDIUM

MEDIUM

Low

Low

Flooding

MEDIUM

Low

HIGH

Low

Low

Low

Low

Low

Ozone
Hazardous Air Pollutants
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CHAPTER 1

AIR QUALITY

Strategic Plan
FISCAL YEARS 2003–2007

VOLUME 2

Improving air quality in Texas continues to be
a complex challenge. With more than 80 percent
of Texas’ population living in urban areas, air quality is heavily influenced by the growing population
in urban areas, the rising numbers of vehicles and

S TAT E O F T H E T E X A S E N V I R O N M E N T

the miles they are driven, and by increasing industrial growth and construction activity. National

The large concentrations of petrochemical facili-

Ambient Air Quality Standards (NAAQS) are

ties in the Gulf Coast area pose air quality problems

established for six “criteria pollutants” that are of

quite different from those faced in North and Central

public health concern: ground-level ozone (smog),

Texas, which primarily have economies based on

particulate matter (PM), lead (Pb), nitrogen dioxide

services and light industry. Concentrated vehicle traf-

(NO2), sulfur dioxide (SO2), and carbon monoxide

fic typical of urban areas also contributes to air qual-

(CO). The Federal Clean Air Act lists 188 hazard-

ity problems in each of these regions of the state.

ous air pollutants or “air toxics” that are controlled

Air quality concerns in the agricultural and rural ar-

primarily by technology-based emission standards

eas of the state typically relate to dust, odors, and

on individual sources.

other pollutants from widely dispersed activities.

To assess air quality in Texas, the TNRCC

Emerging issues associated with atmospheric

operates more than 500 air quality monitors,

deposition of mercury, visibility in national parks,

mainly in urban areas. Special purpose monitoring

regional transport of pollutants and their contribu-

is also conducted to address specific air quality

tion to ozone, haze, and particulate air pollution

issues such as public concerns related to industrial

are also being addressed. Solving this wide range of

emissions, property damage, and nuisance odors.

challenges requires a mix of strategies that must be

The TNRCC regulates air emissions through
a combination of regulatory limits, permitting,

tailored to the particular emission sources within a
specific region or area.

emissions monitoring, and compliance inspections.

Texas has an established record of reducing air

While most of Texas enjoys clean air, a number

releases of chemicals reported to the federal Toxics

of urban areas have specific air pollution problems.

Release Inventory (TRI). While the state usually

Texas is currently in compliance with the NAAQS

ranks at or near the top among the 50 states in

for lead, NO2, and SO2, but several areas of the

releases due to its concentration of heavy industry,

state have violated the NAAQS for ozone, and

it also ranks as a consistent leader in reductions.

one area for CO and PM10 (also written as PM10).

From 1988 to 1999, industrial air releases re-

EPA designates those areas of the state that violate

ported to TRI declined by over 52,000 tons. These

the federal NAAQS as “nonattainment areas.” To

reductions can most likely be attributed to federal

restore those areas to compliance, Texas has cre-

and state regulations, as well as voluntary reduc-

ated a federally approved State Implementation

tions made by industries.

Plan (SIP). Intensive, regionally specific planning
efforts help identify sources of emissions and the
most effective pollution control and prevention
methods for bringing those areas back into attainment.

TNRCC STRATEGIC PLAN

Ozone
Unlike most pollutants, ozone is not directly
emitted into the air, but is formed in the atmosphere

17

by the reaction of nitrogen oxides (NOx) and volatile

therefore subject to regulatory efforts to come into

organic compounds (VOCs) in the presence of sun-

compliance. The EPA has established an ozone de-

light and heat, two things Texas has in abundance

sign value, which is a rolling three-year average of

during the summer months. Ground-level ozone is

concentrations for each affected area. Texas has 16

the primary ingredient of smog and can affect lung

counties in four urban areas that are currently des-

function and aggravate respiratory diseases such as

ignated as nonattainment under the 1-hour ozone

asthma and bronchitis. Ozone is an oxidizing agent

standard. Almost half of the state’s population re-

that can accelerate the deterioration of rubber and

sides in these affected areas. [Table 1-1]
The TNRCC has provided studies to EPA that

other organic materials; damage agricultural and
commercial forest yields; reduce survivability of sen-

demonstrate that El Paso would be able to meet the

sitive tree seedlings; and increase plant susceptibil-

1-hour ozone standard if not for emissions originat-

ity to disease, pests, and other organic materials.

ing from Mexico, and is working with local governments in the area to review the ramifications of

Ground-level ozone pollution continues to be
the most widespread air quality problem in the na-

redesignation to attainment status.
The Houston-Galveston, Dallas-Fort Worth and

tion, affecting the public in nearly 100 major cities.
The EPA has established the maximum acceptable

Beaumont-Port Arthur nonattainment areas had

concentration of ozone in any 1-hour period of

declining 1-hour ozone concentration levels until

0.12 parts per million (ppm). If any monitor

about 1994 when the trend lines leveled off. Figure

records concentrations above that amount more

1-1 shows this trend in the Houston area.
In 1997, the EPA proposed a new ozone stan-

than three times in any consecutive three-year interval, the affected area can be classified as being in

dard, which would require monitored ozone concen-

“nonattainment” of federal air quality standards and

trations to remain below 0.08 ppm averaged over

Table 1-1

Areas in Texas That Exceed the 1-Hour Federal Ozone Standard (2001)
Area

Number of Counties

Total County Population*

1-hour Ozone Design Value**

Houston-Galveston

8

4,669,571

0.182 ppm

Dallas-Fort Worth

4

4,589,769

0.137 ppm

Beaumont-Port Arthur

3

385,090

0.121 ppm

El Paso

1

679,222

0.120 ppm

Total

16

10,323,652

---------

* Based on 2000 Census.
** 1-hour ozone standard is 0.12 ppm.

Table 1-2

Areas in Texas Projected to Exceed the 8-Hour Ozone Standard
Metropolitan
Area

Number of
Counties

Total County
Population

1998

1999

2000

2001

‘98-‘00
Average

‘99-‘01
Average

Austin

5

1,249,763

0.081

0.099

0.087

0.080

0.089*

0.088*

San Antonio

4

1,592,383

0.090

0.091

0.077

0.081

0.086*

0.082

Corpus Christi

2

380,783

0.082

0.084

0.083

0.077

0.083

0.081

Victoria

1

84,086

0.078

0.086

0.079

0.073

0.081

0.079

Longview/Tyler

5

430,858

0.104/
0.090

0.106/
0.097

0.099/
0.068

0.082/
0.081**

0.102*/
0.085*

0.095*/
***

Dallas perimeter

8

632,032

0.101

0.106

0.100

0.097

0.102*

0.101*

* Exceeds Standard for the three years.
** New monitor.
*** Because of new monitor, three years of data does not exist.
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any 8-hour period. Designation of areas as non-

would be able to meet this new standard; however,

attainment under this new standard is also based on

the final designations may change since EPA must

three years of monitoring data. Although implemen-

use data for the most current and complete three-

tation of this new standard has been delayed by le-

year period available.
Strategies to reduce ozone must focus on reduc-

gal challenges, additional urban areas in Texas will
likely be affected. Figure 1-2 provides an example of

ing emissions of ozone precursors. NOx is produced

the trends for 8-hour ozone values in San Antonio.

almost entirely as a by-product of high-temperature

Table 1-2 shows the fourth highest 8-hour av-

combustion in automobiles, trucks, marine vessels,

erage ozone readings from 1998 to 2001 for the

construction equipment, power generation, industrial

six urban areas in Texas that have the potential to

processes, and natural gas furnaces. VOCs are or-

be designated as nonattainment. Using this data,

ganic chemicals such as those found in gasoline and

only Corpus Christi, San Antonio, and Victoria

solvents. They are emitted from many sources

Figure 1-1

Houston-Galveston-Brazoria 1-Hour Ozone Design Value*
300
275

parts per billion

250
225
200
175
150
125
1-HOUR OZONE STANDARD
100
‘80

‘81

‘82

‘83

‘84

‘85

‘86

‘87

‘88

‘89

‘90

‘91 ‘92

‘93

‘94

‘95

‘96

‘97

‘98

‘99 2000

year
*An ozone design value is a rolling three-year concentration average.

Figure 1-2

San Antonio 8-Hour Ozone Design Value*
95

parts per billion

90

85
8-HOUR OZONE STANDARD

80

75
‘81

‘82

‘83

‘84

‘85

‘86

‘87

‘88

‘89

‘90

‘91 ‘92
year

‘93

‘94

‘95

‘96

‘97

‘98 ‘99 2000 ‘01

*An ozone design value is a rolling three-year concentration average.
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Carbon Monoxide

including petroleum refineries, organic chemical plants,
gasoline stations, petroleum storage tanks, motor ve-

Carbon monoxide (CO) is produced by the in-

hicles, airplanes, trains, and boats. In addition, bio-

complete combustion of fuels, mainly from transpor-

genic or natural emissions from trees and plants also

tation sources, such as cars and trucks. There are 17

constitute a major source of VOCs in some areas.

CO monitoring sites in Texas, but El Paso is the only

Because the combination of emission sources

city in Texas designated as being in nonattainment

and meteorological conditions is different in each

for CO. The mountains surrounding El Paso and

nonattainment area, the agency must develop dif-

Ciudad Juárez, Mexico, create a common basin in

ferent reduction strategies for each area. Figures 1-3

which pollution is often trapped in a shallow layer

and 1-4 show the total emissions of VOCs and NOx

next to the ground by temperature inversions. The

by source in each nonattainment area.

greatest frequency of episodes occurs in November
and December with occasional episodes in October

Because of the large urban and industrialized

and January.

areas in the eastern and central parts of the state,
Texas has developed regional and statewide strate-

Oxygenated fuel, which improves complete

gies to provide improved control of ozone air pollu-

combustion of fuels during cold weather, is required

tion. They include:

to be sold for use in motor vehicles in El Paso from
October through March. Stricter automobile emis-

■ statewide adoption of the National

sion standards and mandatory vehicle inspection

Low-Emission Vehicle program, which
will bring cleaner cars to Texas starting
in model year 2001 and require

Figure 1-3

VOC Emissions
By Source and Nonattainment Area

pickup trucks and sport utility vehicles
to meet the same standards as
passenger cars starting in 2004;

250,000

from May through September to
reduce evaporative emissions from
automobiles, non-highway gasolinepowered equipment, and gasoline
storage and transfer operations;
■ extension of Stage I vapor recovery

VOC emissions (tons)

■ sale of low-vapor-pressure gasoline

to capture the vapors emitted from

200,000
on-road mobile
nonroad mobile
area
point

150,000

100,000

50,000

0

the filling of gasoline storage tanks; and

Dallas-Fort Worth

■ limitations on NOx emissions from all

HoustonGalveston

BeaumontPort Arthur

El Paso

nonattainment area

cement kilns and electric utility power

Figure 1-4

boilers and gas turbines.

NOX Emissions
By Source and Nonattainment Area

Ozone exceedances (violations of federal
standard) in the Northeast Texas area have
been addressed by a Flexible Attainment

500,000

FAR concept was developed by EPA in order
to recognize and encourage the efforts of
local areas to remain in attainment of the
1-hour standard. However, as a result of continued exceedances, EPA refused to extend
the agreement, which expired on September
16, 2001. As a result, TNRCC is working on
an early SIP revision with local officials to
address air quality issues in this area.
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NOx emissions (tons)

Region (FAR) agreement since 1996. The
400,000
on-road mobile
nonroad mobile
area
point

300,000

200,000

100,000

0
Dallas-Fort Worth

HoustonGalveston

BeaumontPort Arthur

El Paso

nonattainment area
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The TNRCC currently monitors PM10 at 28 sites

and maintenance programs have also helped reduce
the amount of CO in El Paso. As a result, air qual-

throughout the state. El Paso is the only area in the

ity has continued to improve, and El Paso has not

state that has been designated as a nonattainment

violated the CO standard more than once per year

area for PM10. In 1999 and 2000, one special-pur-

since 1996.

pose monitor in El Paso recorded annual mean values
that were above the 50 micrograms per cubic meter

Particulate Matter

of air (µg/m3) standard. Because this monitor was deployed in an area with several influential sources, the

Particulate matter (PM) includes dirt, dust,
smoke, and a complex mixture of chemicals that are

site is not representative of the overall air quality in El

small enough to be inhaled and travel deep within

Paso. With the exception of an exceedance of the

the respiratory system, causing decreased lung func-

standard at one monitor, monitoring data from 1997

tion and cardiovascular disease and aggravating res-

through 1999 for El Paso has demonstrated compli-

piratory disease such as asthma. Coarse particles,

ance with the PM10 standard. The possible ramifica-

between 2.5 and 10 microns in size, often come

tions of these readings and redesignation

from unpaved roads, construction activities, motor

efforts for El Paso are under discussion with EPA.

vehicle traffic, and dust storms. Finer particles, those

TNRCC has proposed to deploy 85 PM2.5

less than 2.5 microns, tend to be emitted from com-

monitors statewide. As of January 2001, the TNRCC

bustion sources or are formed from gases, such as

has deployed 52 of these monitors to sites that rep-

sulfates (EPA 1996). The eastern half of the state

resent community-wide average exposures.

generally has higher PM2.5 (also written as PM2.5)

To complement the federally required PM

emissions, while the more rural western half of the

monitoring, the TNRCC has proposed an ex-

state generally has higher PM10 emissions.

panded monitoring network to characterize and

Table 1-3 lists the state’s major industrial

understand the chemistry and physics of the trans-

sources for emissions of PM10 (smaller than 10 mi-

port of PM2.5. The expanded monitoring network

crons in diameter—about one-seventh the width of

includes 40 PM2.5 monitors that continuously mea-

a human hair).

sure particulate matter.

A federal health-based standard for PM10 has

Results of PM2.5 monitoring data for 2000 indi-

been in place since 1987. In 1997, the EPA

cate that annual average concentrations were within

adopted a new federal standard for PM2.5 because

1 µg/m3 of the annual PM2.5 standard of 15 µg/m3

scientific evidence suggests that exposure to these

at two locations (Texarkana and Houston-Clinton).

fine particles poses a significant health risk. Imple-

Five monitors located in Dallas, Fort Worth, Houston

mentation of this standard is also being impacted

and Longview had an average annual concentration

by current litigation.

above 13 µg/m3.

Table 1-3

Top Five PM10 Sources in Texas, 1999
PM10 Emitted (tons)

Percent of Reported State Total
Point Source* PM10 Emissions

Electric Services

24,405

42.7

Petroleum Refining

6,973

16.7

Industrial Organic Chemicals

3,958

6.9

Cement, Hydraulic

2,769

4.8

Softwood Veneer and Plywood

1,721

3.0

Totals:

42,409

74.1

Industry

Source: TNRCC, Emissions Inventory, 1999.
*Single large sources that emit more than 25 tons of particulates annually.
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Nonroutine Releases

to underreporting of upset and maintenance events.

In 1997, the TNRCC began taking a more de-

Aerial measurements during the study supported

tailed look at the relationship between nonroutine

the connection between high concentrations of

releases and air pollution across the state. Nonroutine

hydrocarbons, high ozone-formation rates, and very

releases include releases during maintenance activi-

high ozone concentration levels.

ties and upsets (unplanned events). Questions about

Following the study, additional sampling capa-

the number or quantity of nonroutine releases, and

bilities were added to certain Houston monitor sites

the possibility of inaccurate emission factors, could

to provide more information about specific sources

not be answered by the available information.

and constituents during ozone events. In September

In 2000, the agency took a number of internal

2001, the agency also began training a team of

steps to better analyze the possible impacts of

investigators to sample and analyze emissions from

nonroutine releases and to emphasize the impor-

cooling towers, a potential source of significant

tance of reducing them. These steps included

VOC emissions in many large industrial facilities.

projects to collect and analyze more complete information about upset incidents; to establish upset incidents as the top priority for regional investiga-

Global Climate Change
Throughout most of Earth’s 4.6 billion-year

tions; to incorporate maintenance-related emissions

history, climate change has been associated with

within formal permits; to conduct statewide upset

natural variations, such as changes in the Earth’s

workshops; and evaluate the accuracy of the emis-

orbit, meteor impacts, the Sun’s strength, and vol-

sions inventory as part of the Texas 2000 Air Qual-

canic eruptions. However, beginning with the In-

ity Study. The Sunset Bill (House Bill 2912, 77th

dustrial Revolution in the 19th century, man began

Legislature) contained a number of directives re-

using larger quantities of fossil fuel to produce en-

lated to the assessment and control of nonroutine

ergy for factories and transportation. These human

releases, including upset or unscheduled mainte-

activities have been responsible for releasing large

nance activities. [Figure 1-5]

quantities of gases such as carbon dioxide, meth-

Initial results of the Texas 2000 Air Quality Study

ane, and nitrous oxide into the atmosphere. Since

identified higher-than-expected ambient concentra-

these gases tend to trap heat, they have been re-

tions of ethylene and propylene in the vicinity of

ferred to as greenhouse gases. Numerous recent

the Houston Ship Channel that were not consistent

science reports cite possible links among human

with quantities of hydrocarbon emissions releases

activities, increasing concentrations of greenhouse

reported annually by large industrial facilities in that

gases in the atmosphere, and an increase in Earth’s

area. The agency is in the process of evaluating how

average surface temperature.

much of this apparent difference could be attributed

As global warming occurs, some scientists
believe that additional changes such as increased

Figure 1-5

evaporation of surface water, rising sea levels,
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Harris County Nonroutine Release Data
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and other extreme weather conditions may result.
Some scientists also project that human-produced
greenhouse gases will continue building up in the
atmosphere, producing more intense climate

250

changes over the next century. Unfortunately, cur-

200

rent atmospheric models and computer resources

150

are not able to consider all the natural and anthropogenic variables that influence global climate

100

change with the desired degree of certainty. Pro50

posed responses to increasing global temperatures

0

0

decreasing snow cover, more violent rainstorms,

# Upsets

# Maint.

type of event

must include political, socioeconomic, legal, and
technical considerations on a global scale.
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The early United Nations global meetings to

and modeled by the world’s scientific community.

“halt and reverse the effects of environmental deg-

Last year the TNRCC directed a compilation of all

radation” included the “Rio Accord” in 1992,

the data already collected by EPA and TNRCC on

which then-President George Bush signed and the

quantities of greenhouse gases being emitted, an

U.S. Senate ratified. This treaty committed the

estimation of greenhouse gas reductions from ac-

United States to return to 1990 levels of CO2 emis-

tivities already completed at the state and federal

sions by the year 2000. Starting in 1995, the na-

levels, and a survey of actions being taken by other

tions of the world began negotiations relating to

states. The TNRCC staff presented a final report to

climate change and greenhouse gas emissions. The

the Commission in January, 2002, along with rec-

third Conference of the Parties in December,

ommendations to develop a voluntary registry and

1997, resulted in the Kyoto Protocol, which com-

recommendations to expand initiatives to reduce

mits industrialized nations to specific greenhouse

greenhouse gas emissions (TNRCC, 2002).

gas reduction targets averaging 5.2 percent below
1990 levels. The United States has indicated it will

Air Toxics

not support the protocol, and it does not appear

Because of the potential for toxic air pollutants

that the Kyoto accords will be ratified at the next

to cause adverse health and welfare effects, federal

Earth Summit to be held in Johannesburg, South

and state regulatory agencies continue to strive for

Africa in September 2002.

the reduction of toxic air emissions. In accordance

Within the U.S. a number of states have devel-

with the Federal Clean Air Act, EPA has identified

oped plans for potential strategies to reduce green-

188 air toxics or hazardous air pollutants (HAPs).

house gas emissions. Most of these greenhouse gas

Approximately 70 percent of these air toxics are

action plans allow for voluntary participation with a

also classified as volatile organic compounds (VOCs).

heavy focus on energy efficiency as a way to reduce

Sources of HAPs include outdoor (such as motor

carbon dioxide emissions. In most states the burn-

vehicles, industrial processes); indoor (such as appli-

ing of fossil fuels for generating electricity or to fuel

ances, building materials); and personal, activity-

automobiles each account for about one-third of

based sources (such as smoking, dry cleaning).

the total greenhouse gases that are emitted annually [Figure 1-6].

Under the Urban Air Toxics Strategy (UATS),
EPA has identified a list of 33 compounds that

The possible impacts of global warming on
Texas and the rest of the world are being studied

pose a potential health impact in urban areas and a
list of area sources that contribute significantly to
the emissions of air toxics (Federal Register,
1999). Based on the results of TNRCC monitoring

Figure 1-6

Greenhouse Gas Emissions in Texas
by Sector, 1999
Residential & Commercial
Fossil Fuel Combustion
(4.2%)

Land Use Change
and Forestry (.9%)

Transportation Fossil
Fuel Combustion
(25.7%)

Agriculture (5.8%)
Industrial (.5%)
Oil, Gas & Coal (1.7%)
Landfills (2.6%)

data and estimates from the EPA’s National Air
Toxics Assessment Project, 10 of the listed 33 UATS
chemicals have been selected for analysis in this
report (EPA, 2001). These include:
■ VOCs—benzene, 1,3-butadiene,

chloroform, acrolein, carbon tetrachloride,
and formaldehyde;
■ metals—lead, arsenic, cadmium, and nickel.

Air Toxics Sources,
Emissions, and Controls
Current information about air toxics emissions
Industrial Fossil
Fuel Combustion
(29.3%)

requires review of several inventories. The Texas
Emissions Inventory (EI) for point sources does not
include a complete listing of individual (speciated)

Electric Fossil
Fuel Combustion (29.3%)
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toxic chemicals (currently estimated at 70 percent
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Figure 1-7

TRI Air Releases in Texas, 1988-1999
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year

of VOCs for the 2000 inventory) and excludes

to federal and state regulations, improvements in

some of the smaller point sources. EPA’s National

process and control technologies, and voluntary

Toxics Inventory (NTI) includes some EI data and

reductions made by industries.

some broad estimates developed at the national

The Toxics Release Inventory also provides

level for area and mobile sources (Radian Interna-

chemical-specific data for reporting industries. Table

tional, 1999). The Toxics Release Inventory (TRI)

1-4 shows releases for each of the 10 selected air

includes chemical-specific release data for air toxics

toxics by regional planning area. Overall, the Gulf

from major industrial sources but does not include

Coast Regional Planning Area is responsible for

area and mobile sources.

Figure 1-8

An accurate air toxic inventory is a critical first
step to identifying sources and source categories

Sources of 10 Air Toxics in Texas

that contribute the most to total emissions. The information provided in an air toxic inventory can be
used for assessing health risk, and for supporting

On-road
Mobile Sources
(42%)

Area Sources
(18%)

modeling and environmental fate analyses. Periodic
updates of emission inventories can also be used to
measure the effectiveness of regulatory standards
designed to reduce toxic emissions.
According to the TRI, about 55,000 tons of
toxic air pollutants were released into the air from
Major Point
Sources
(16%)

major industrial sources in Texas during 1999. With
the exception of 1998, trends in air toxics emissions
continue to decline despite increases in economic
activity [Figure 1-7]. This decline is likely attributable

24

Nonroad
Mobile Sources
(24%)
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Based on the 1996 NTI data, Texas had total

almost 75 percent of the 2,627 tons of total releases, followed by the East regional planning area

emissions of almost 48,000 tons of the 10 air

with 17 percent.

toxics selected for analysis in this report. As shown

The Gulf Coast area accounted for the vast

in Figure 1-8, 42% of emissions, mostly benzene,

majority of the 1,3-butadiene, benzene, carbon tet-

were from on-road mobile sources. Table 1-5 lists

rachloride, and formaldehyde. The East Regional

the emissions of each of the 10 compounds by

Planning Area had the majority of chloroform and

source category.
These emissions estimates also vary signifi-

acrolein releases. The Northwest area led in arsenic

cantly among regional planning areas, both in

and cadmium releases.

Table 1-4

Air Releases of 10 Selected Air Toxics
By Regional Planning Area, 1999 (in Tons)
East

East
Central

Gulf
Coast

Lower
Border

Northwest

South
Central

West

West
Central

Total

Benzene

18

5

916

1

67

2

6

2

1,017

Formaldehyde

110

89

245

0

6

4

0

0

454

1,3-Butadiene

7

0

498

0

29

0

0

0

534

Acrolein

15

0

6

0

0

0

0

0

21

Chloroform

303

0

179

0

0

0

0

0

482

Carbon Tetrachloride

0

0

69

0

0

0

0

0

69

Arsenic Compounds

0

0

0

0

4

0

0

0

4

Cadmium Compounds

0

0

0

0

1

0

0

0

1

Lead Compounds

1

5

4

0

24

1

1

0

36

Nickel Compounds

1

2

5

0

1

1

0

0

10

455

101

1,922

1

132

8

7

2

2,628

Total

Source: 1999 Toxics Release Inventory.

Table 1-5

Selected Air Toxics by Source Category
1996 (in Tons)
Point Source

Area Source

On-Road Mobile

Non-Road Mobile

Total
(Tons/Year)

4,238

4,729

12,078

4,551

25,596

Formaldehyde

719

2,673

5,797

6,012

15,201

1,3-Butadiene

1,700

371

1,867

537

4,475

Acrolein

25

450

335

529

1,339

Chloroform

552

40

0

0

592

Carbon Tetrachloride

200

24

0

0

224

Arsenic Compounds

46

8

0

0

54

Cadmium Compounds

5

6

0

0

11

Lead Compounds

32

62

1

45

140

Nickel Compounds

50

13

1

14

78

7,567

8,376

20,079

11,688

47,710

Benzene

Total

Source: 1996 National Toxics Inventory.
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quantity of emissions and type of source category.

A much smaller network of monitors is operated to

As shown in Figure 1-9, the Gulf Coast Regional

determine ambient concentrations of approximately

Planning Area is responsible for 36 percent of

16 carbonyls (a class of chemicals that includes al-

statewide totals for the 10 selected air toxics be-

dehydes and ketones) at sites in Houston, Dallas,

cause it has a large petrochemical and industry base

and El Paso.

and is a major population center. Of particular

Nine mobile monitors are also deployed to re-

note, major stationary sources in the Gulf Coast

spond to citizen complaints, regional office requests,

accounted for over 76 percent of statewide major

and elevated levels at fixed monitors. These mobile

source air toxic emissions. The major population

monitors are critical to determine concentrations

centers of the East Central Region (Dallas-Fort

both downwind and upwind of the suspected

Worth), Gulf Coast Region (Houston, Galveston,

source(s). Mobile monitors are deployed approxi-

Beaumont, Port Arthur, and Corpus Christi), and

mately 25 times each year.

the South Central Region (San Antonio and Austin)

Eighteen volatile organic compounds (VOCs)

also have significant emissions from both on- and

have been detected at levels exceeding their respec-

off-road mobile and area sources. Not only do the

tive Effects Screening Level (ESL). An ESL is a

total air toxics emissions vary by each regional

guideline value used to evaluate the ambient con-

planning area, but the amounts of individual com-

centration of a compound and determine its poten-

pounds may also vary due to the different types of

tial to result in adverse effects or odorous condi-

sources within each particular area.

tions. Because ESLs are screening tools, measured
concentrations exceeding an ESL do not mean that

Ambient Measurement of Air Toxics
Despite overall decreases in emissions from air

an adverse health effect will occur, but such elevations mean that further evaluation is warranted.

toxics, TNRCC monitoring efforts have identified

Only 1,3-butadiene and benzene detections

areas where measured concentrations are of con-

occurred with sufficient magnitude and frequency to

cern or require further investigation. As mandated

justify further detailed examination. Emissions of

by the Texas Legislature, the TNRCC established

1,3-butadiene primarily occur at locations along the

the Community Air Toxic Monitoring Network in

Gulf Coast where there is greater production of

1992. Initially, the network sampled for 19 volatile

polymers, resins, and other chemicals. The loca-

organic compounds (VOCs) and has since grown to

tions with elevated occurrences include Port Neches,

84 different chemical compounds. Monitoring efforts

Port Arthur, Texas City and two sites in Houston.

also include specialized sampling for hydrogen sulfide,

After identification of elevated levels in Port Neches,

sulfur dioxide, and polycyclic aromatic hydrocarbons.

several area industries cooperatively took actions to
reduce those emissions in 1999 and 2000.

Figure 1-9

Elevated concentrations of benzene are not

Emissions of 10 Air Toxics in Texas
by Regional Planning Area
East (11.65%)

Galveston, Jefferson, and Orange Counties and in
the city of Corpus Christi continue to show levels

South Central
(12.12%)
East Central
(22.85%)
Northwest
(5.94%)

occur in areas where there is high population and
traffic density. Monitoring locations in Harris,

West Central (3.18%)
West (3.80%)

limited to areas near industrial facilities, but also

of benzene above the ESL. Industry and automobiles are believed to be the sources of benzene
emissions in these areas of the state. The Dallas
metropolitan area and El Paso also have elevated
benzene levels. However, benzene levels in these

Lower Border
(4.82%)

areas have not been attributed to industrial
sources. A special study in 1994 indicated the
most likely source of benzene in the El Paso area
Gulf Coast
(35.64%)
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was from automobiles (TNRCC, 1995).
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Table 1-6

Trends in Ambient Concentrations of Four Volatile Organic Compounds
By Selected Regional Planning Areas, 1993-1999
Number of Stations
with Increasing Trends

Number of Stations
with Decreasing Trends

Benzene
1,3-butadiene
Chloroform
Carbon Tetrachloride

4
7
1
3

11
7
14
12

Benzene
1,3-butadiene
Chloroform
Carbon Tetrachloride

1
4
0
1

3
0
4
3

Regional Planning Area

Chemical

Gulf Coast

West

Trends in Ambient
Concentrations of Air Pollutants
A trend analysis by TNRCC staff of community

source categories [Table 1-7] (EPA, 1997). Nationwide, coal-burning electric utilities are expected to
produce 48 tons of annual mercury emissions by

air toxics monitoring data from 1993 to 1999 was

the year 2005. Mercury emissions from electric

conducted for four chemicals: benzene, 1,3-butadi-

utilities and from commercial and industrial boilers are

ene, chloroform, and carbon tetrachloride. [Table 1-6].

also primarily associated with the combustion of coal.

Small declines in benzene, carbon tetrachloride, and

In Texas, there are four small municipal waste

chloroform have been demonstrated at the majority

incinerators and approximately 100 small, hospital-

of monitoring sites since 1994. While the trend for

based medical waste incinerators. The TNRCC

1,3-butadiene shows significant reductions in Port

adopted federal standards addressing emissions

Neches during this time period, a small increasing

from medical waste incinerators on May 19, 2000,

trend was noted for 1,3-butadiene in certain areas

and will adopt similar standards for small municipal

north of the Houston ship channel and in El Paso.

waste combustors. Nationwide, EPA estimates mercury emissions from these sources will be reduced

Atmospheric
Deposition of Mercury
Air emissions of mercury are of concern be-

by 90 percent from 1995 levels when the rules
have been fully implemented. The EPA is further
developing rules addressing hazardous air pollutant

cause of deposition on land and water and accumu-

Table 1-7

lation in fish tissue. When atmospheric deposition
of mercury occurs in water and soil, mercury is converted by microorganisms into methylmercury. This

Contribution of Mercury
from Major U.S. Sources, 1995

form of mercury is a neurotoxin that can
bioaccumulate in fish tissue and, if consumed, can

Type of Emission Source

% Contribution of
Total Mercury Emissions

cause irreversible effects on developing nervous systems. Therefore, expectant mothers and their un-

Electric Utility Boilers

33%

born babies, women of childbearing age, and per-

Municipal Incinerators

19%

sons who consume seafood frequently and regularly

Medical Incinerators

10%

Commercial & Industrial Boilers

18%

Manufacturing

10%

that 158 tons of mercury were emitted into the at-

Hazardous Waste Combustion

4%

mosphere nationally, on an annual basis, primarily

Area Sources

2%

from the burning of fossil fuels in eight specific

Miscellaneous Combustion

4%

are at greatest risk from exposure to mercury.
In a 1997 report to Congress, the EPA estimated
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emissions from electric utilities and industrial, com-

EPA’s recent change to the mercury reference

mercial, and institutional boilers. The tentative

dose is anticipated to result in lower acceptable lev-

dates for proposing these rules are December 2003

els of mercury in fish tissue and more stringent am-

and May 2002, respectively.

bient water quality standards. The mercury refer-

There is no comprehensive inventory of
Texas-specific emissions of mercury; however, the

ence dose is an estimate of the daily exposure level
that is unlikely to result in adverse health effects.

sources in Texas are generally considered to follow
the national profile. Based on 1999 EPA esti-

Texas 2000 Study

mates of mercury emissions from electric utilities,

The Texas 2000 Air Quality Study, which

utilities in Texas emitted slightly more than 5 tons

began in summer 2000, brought 250 researchers

of mercury based on coal usage, the highest

from the public and private sectors together to

amount in the nation.

examine how the Gulf Coast’s unique and complex
interactions of pollutant emissions and meteorologi-

Concentrations in the Environment
Since 1996, the TNRCC has been operating a

cal conditions influence ozone and particulate matter distribution. The $20 million study used spe-

National Atmospheric Deposition Program site in

cially equipped research aircraft and an array of

Longview, Texas, to measure the concentration of

ground equipment to monitor and analyze the

mercury in precipitation (NADP, 2002). For 2000,

chemical and atmospheric reactions that produce

th

the Longview site ranked 12 out of 39 total U.S.

pollution in the Houston area. By August 2001,

sites for volume-weighted (adjusted for rainfall) con-

the first round of study results was reported, and

centrations of mercury. A new monitor site started

the findings held surprising news.

operating in Fort Worth in September, 2001. When

The rates of ozone production in the Houston

sites are compared on the basis of the amount of

area—downwind from major industrial sources—

mercury deposited per square meter per year,

were substantially higher than models had predicted.

Texas ranked third out of the 39 U.S. sites. Based

The investigation also suggested that particular

upon several different statistical approaches devel-

hydrocarbons—ethylene, propylene, and 1,3 buta-

oped by TNRCC staff, trends in mercury deposition

diene—contribute to unusually high ozone produc-

over time at the Longview site for the period 1996-

tion rates. The concentrations of VOCs measured

2000 appear to be increasing. These preliminary

were higher than expected based on modeling of

results need to be further evaluated and compared

actual emissions reported to the TNRCC Emissions

with trends at other regional monitoring sites.

Inventory. These findings, along with other factors,

The principal environmental impact of mercury

have led agency and other study participants to ex-

deposition is through the gradual bioaccumulation

pedite the analysis of causes of ground-level ozone

of mercury in older, predatory fish, such as bass in

formation in the Houston area.

freshwater and king mackerel in saltwater. Monitor-

To assist with the expedited project, the TNRCC

ing of fish tissue in East Texas and Coastal areas by

established an interim science coordinating commit-

the Texas Department of Health (TDH) has resulted

tee that includes leading ozone researchers from

in fish consumption advisories due to mercury for

universities, federal laboratories, representatives of

eight lakes and reservoirs, Lavaca Bay, and for king

environmental organizations and industry, the EPA,

mackerel in the Gulf of Mexico. The Texas Parks

and TNRCC staff. The Legislature approved $4 mil-

and Wildlife Department has sampled 60 reservoirs

lion for this effort, which will be used primarily by the

in East Texas over the past three years, 16 of

TNRCC to support ongoing research in fiscal year

which have been identified with elevated concentra-

2002. Representatives of companies, including some

tions of mercury in fish. The TDH is proceeding to

that produce ethylene, propylene, and 1,3 butadiene,

develop risk assessment data on 4 of these reser-

began working with the TNRCC and the research

voirs. The TNRCC is also working with the EPA to

scientists from the study to address apparent discrep-

collect fish tissue in 62 Texas lakes for a national

ancies between emissions reported by facilities and

bioaccumulation study.

measurements made during the air quality study.
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“Grandfathered” Facilities
The TNRCC Sunset Bill became the vehicle for

and rebate programs, and research and development of new technologies.

addressing a longstanding exemption of certain facilities from the permitting provisions of the Texas
Clean Air Act (TCAA), the so-called “grandfather

Health Effects—Air Quality
An example of a health outcome associated

provision.” These facilities were exempted from

with air quality conditions is asthma. The integra-

permitting requirements because they were in op-

tion of asthma surveillance and air quality data pro-

eration or under construction before 1971 when

vides an opportunity to improve the understanding

the requirement to obtain a permit was added to

of air quality and its potential effect on asthma.

the TCAA. The Texas Legislature voted to require

Studies have associated premature death, exacerba-

“grandfathered” facilities to seek permits and to

tion of chronic respiratory diseases, and increases

make mandatory cuts in nitrogen oxide emissions

in hospital admissions with exposure to a variety of

by many facilities by the year 2007.

air pollutants (EPA 1996).

Near-Nonattainment
Strategies

diseases in the United States, and public concern

Asthma is one of the most common chronic

The Ozone Flex Plan is a voluntary agreement

about its relationship to potential environmental
exposures remains high. The specific causes of

among the EPA, the state, and the local community

asthma are not fully known, but environmental fac-

to develop pollution control strategies and emission

tors including weather and air pollution are known

reductions before air quality violations occur. The

to exacerbate or “trigger” asthma symptoms. While

plan was developed to help areas of the state that

asthma incidence, the number of new cases of dis-

are currently meeting the 1-hour ozone standard,

ease for a given time period, is considered a better

but may violate or be close to violating the 8-hour

measure of disease than mortality, asthma is not

ozone standard, if it is implemented.

currently a reportable condition in Texas. The use

In recent years the Texas Legislature has appropriated grant funds for air quality planning activities in areas considered to be near-nonattainment

of incidence data is a basic tool in quantifying a disease-exposure relationship.
TDH has recently sought and received funding

for the ozone standard. For the 2002-2003 bien-

to conduct a pilot asthma surveillance initiative.

nium, more than $5 million was appropriated for

While limited in scope, the funding will support

these air quality planning activities. The near

asthma surveillance activities in Galveston and El

nonattainment areas eligible for grants include

Paso. The surveillance data collected will provide

Austin, Corpus Christi, Longview-Tyler-Marshall,

better information on the incidence of disease.

San Antonio, and Victoria. Planning activities

Numerous asthma studies are also currently ongo-

that were adopted include identifying, inventorying,

ing in the state. When complete, these studies will

and monitoring current pollution levels; modeling

provide additional assessments of asthma in Texas,

future pollution levels; and identifying and quanti-

especially in children.

fying potential pollution reduction through voluntary controls.

Until basic information about the incidence and
distribution of asthma can be developed, estimates
of asthma prevalence and asthma mortality rates

Texas Emission
Reduction Plan (TERP)
The 77th Legislature approved grants and funds

have been used as a baseline to characterize the
asthma experience in Texas. Because asthma data
are limited, asthma prevalence (CDC 1998a) was

for financial incentives to improve air quality in

used to estimate the number of Texans with disease.

Texas. The TERP will target reductions of NOx by

About 1.25 million persons in Texas are estimated

encouraging the use of clean fuels and cleaner-

to be affected by asthma. In Texas and the U.S.,

burning engines. These targeted reductions will

asthma incidence and mortality have been steadily

occur through grants to nonattainment and near-

increasing (Texas Department of Health 2002; Cen-

nonattainment counties, a wide variety of incentive

ters for Disease Control and Prevention 2001, 2000,
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1998a, 1998b). The National Center for Health Sta-

Differences in race and sex were also noted in asthma

tistics estimated a 75 percent increase in self-reported

mortality rates during 1998. Blacks had a high

asthma between 1980 and 1994 (CDC 1998b).

mortality rate during 1998 (4.3 per 100,000) com-

The asthma mortality rate in Texas has almost

pared to Whites and Hispanics (2.1 per 100,000

doubled between 1980 and 1998 (0.9 per 100,000

and 1.3 per 100,000, respectively). Females had a

people in 1980 to 1.7 per 100,000 in 1998). Dur-

higher mortality rate than males (2.3 per 100,000

ing 1998, asthma accounted for 343 deaths in Texas.

vs.1.8 per 100,000) during 1998 (TDH 2002).
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CHAPTER 2

SURFACE
WATER QUALITY

Strategic Plan
FISCAL YEARS 2003–2007

VOLUME 2

Texas is covered by more surface water than
any other of the lower 48 states. Water is a critical
but limited resource, and also is a primary driver of

S TAT E O F T H E T E X A S E N V I R O N M E N T

the state’s social and economic well-being and
growth. Under Chapter 26 of the Texas Water

development and implementation of Total Maxi-

Code, the TNRCC is the principal regulatory au-

mum Daily Loads (TMDLs), which are determina-

thority in Texas responsible for the quality of sur-

tions of the maximum loading of the pollutant of

face water. This responsibility is consistent with the

concern that a water body can receive and still both

federal Clean Water Act (CWA) goals to restore and

attain and maintain a designated use identified by a

maintain the integrity of the nation’s surface water.

water quality standard.

Texas Surface Water Quality Standards set out
explicit water quality targets for individual bodies of
water throughout the state. Regional hydrologic

Monitoring the Resource
It is a challenge to implement comprehensive

and geologic diversity is given consideration in the

surface water quality monitoring in a state the size

standards by dividing major river basins and estuar-

of Texas. Roughly 1,950 monitoring locations are

ies into discrete pieces (referred to as classified or

being used to collect data in 2002 in a combined

designated segments). Site-specific standards have

effort undertaken primarily by TNRCC staff and

been established for each segment. These standards

partners from river authorities and other regional

protect surface water uses, including the mainte-

entities that collect data under the Clean Rivers

nance of aquatic life, contact or noncontact recre-

Program. Some monitoring conducted in Texas by

ation, water for public supplies, and other uses.

the U.S. Geologic Survey (USGS) is also a compo-

This framework is crucial in establishing standards

nent of the overall network.

that are appropriate for a wide variety of segments,

Tables 2-1, 2-2, and 2-3 provide a character-

which include major rivers, intermittent streams (that

ization of rivers and streams, estuaries, and reser-

do not flow year-round), reservoirs, and estuaries.

voirs in Texas, and show the vastness of the resource.

Section 305(b) of the CWA requires the state

Most reservoirs and estuaries are being assessed,

to produce a biennial report on the water quality

but a much lower percentage of stream miles is

status in all water bodies in Texas, using the most

assessed. Assessment of many designated uses and

recent five years of data. If water quality in a seg-

pollutant categories has not been practical, and

ment is determined not to meet a state water qual-

most monitoring relies on conventional field and

ity standard, then it is considered “impaired”. Wa-

chemical indicators of water quality.

ter bodies identified as impaired are compiled into
what is known as the 303(d) List, named after the
relevant section of the CWA. The 305(b) Report

Impairments and TMDLs
From the 2000 305(b) Report and 303(d) List,

and 303(d) List both serve to guide water quality

the TNRCC determines the percentage of water

management and priorities of the agency. TNRCC

bodies that meet the designated uses specified in

addresses impaired water bodies in the state by

the state surface water quality standards. Waters
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Table 2-1

Surface Water Quality Assessments: Streams and Rivers
Miles

Total
Intermittent
Perennial
Ditches & canals
Miles along borders

191,228 miles
144,603 miles (76%)
40,194 miles (21%)
6,431 miles
2,475 miles

Classified
segments in
standards

Total
Partially classified for aquatic life use
Partially classified with site-specific
toxic standards for heavy metals

224 segments (14,348 miles)
239 segments
20 segments

Assessed

Total Assessed
Aquatic Life Use
Contact Recreation Use
Nutrients
Chlorophyll
Sediment Quality
Consumption of fish tissue
Surface waters designated
as a Public Water Supply

17,342 miles (9.1% of total miles, 43% of perennial miles)
11,565 miles (67%)
9,600 miles (56%)
9,300 miles (54%)
7300 miles (42%)
767 miles (4%)
127 miles (<1%)
8,881 miles (100%)

Use Attained

Meeting all uses
Aquatic life use
Contact recreation use

70% of miles assessed
87% of miles assessed
74% of miles assessed

Concerns

Nutrient concerns dependent on parameter
Chlorophyll concerns
Sediment concerns
Salinity concerns

6% to 14% of miles assessed
18% of miles assessed
46% of miles assessed
12% of miles assessed

Table 2-2

Surface Water Quality Assessments: Reservoirs
Surface Acres

Total
203 major reservoirs
(at least 5,000 acre-feet capacity)
9,993 reservoirs of 10 acres or greater

1,954,600 surface acres
1,690,140 surface acres (86%)

Classified
segments
in standards

Total

1,536,939 surface acres
(99 segments account for 79% of state’s lake acreage)

Assessed

Total Assessed
Aquatic Life Use
Contact Recreation Use
Nutrients
Chlorophyll
Sediment Quality
Consumption of fish tissue
Surface waters designated as
Public Water Supply

1,571,233 surface acres (119 reservoirs)—80% of total acreage
694,642 surface acres (44%)
480,467 surface acres (31%)
500,000 surface acres (32%)
415,000 surface acres (27%)
88,463 surface acres (6%)
28,448 surface acres (2%)
1,516,932 surface acres (97%)

Use Attained

Meeting all uses
Aquatic life use
Contact recreation use

974,164 of surface acres assessed (62%)
84% of surface acres assessed
>99% of surface acres assessed

Concerns

Nutrient concerns dependent on parameter
Chlorophyll concerns
Sediment concerns
Salinity concerns
Fish tissue concerns

4% to 13% of surface acres assessed
27% of surface acres assessed
94% of surface acres assessed
11% of surface acres assessed
2% of surface acres assessed
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The pace and progress of TNRCC in address-

that don’t meet those uses are referred to as impaired.
Slightly over 4,000 miles of rivers and streams;

ing surface water impairments has risen sharply

628,000 acres of reservoirs; and 756 square miles

over the past two years, with the number of

of estuaries were reported as impaired in 2000.

TMDL projects under development jumping from

Since 1997, the reported percentage of assessed

63 in 2000 to 179 in 2001. As of November

water bodies meeting all of their uses has dropped

2001, the Commission issued final approval of

from about 89 percent to about 79 percent. [Figure

51 of these 179 TMDLs (28%) after their comple-

2-1] This drop is likely due to an increase in moni-

tion. Of the completed and approved TMDLs,

toring efforts and detection of previously unidenti-

implementation plans have been approved that

fied impairments rather than an actual decline in

address 48 impairments.

overall water quality.
A well-defined, coordinated mechanism to
address these impairments has been established,

Figure 2-1

Percentage of Texas Waters Meeting or
Exceeding Water Quality Standards

which involves the preparation of a TMDL assessment tailored for each impaired water body. The
maximum loading of the pollutant of concern that
a water body can receive and still both attain and
maintain a designated use identified by a water
quality standard. A subsequent implementation plan
is developed to identify measures to restore water
quality. The plan takes into account naturally occurring levels of the pollutants, the nature of existing
permitted and nonpermitted human pollution

percent meeting WQ standards

TMDL is a technical analysis that determines the
100

90

80

70

sources, and the potential for future population

‘97

growth and industrial and economic development.

‘98

‘99

2000

reporting year

Table 2-3

Surface Water Quality Assessments: Estuaries
Square Miles

Total

2,394 square miles

Classified segments
in standards

Total

1,991 square miles classified

Assessed

Total Assessed
Aquatic Life Use
Contact Recreation Use
Nutrients and Chlorophyll
Sediment Quality
Consumption of fish tissue
Oyster Water

1,993 square miles (83%)
1,232 square miles (62%)
1,976 square miles (99%)
1,300 square miles (65%)
91 square miles (5%)
8 square miles (<1%)
1,625 square miles (82%)

Use Attained

Meeting all uses
Aquatic life use
Contact recreation use
Oyster use

62% of square miles assessed
83% of square miles assessed
>99% of square miles assessed
64% of square miles assessed

Concerns

Nutrient concerns dependent on parameter
Chlorophyll concerns
Sediment concerns
Fish tissue concerns

2% to 21% of square miles assessed
14% of square miles assessed
53% of square miles assessed
0% of square miles assessed

*Tables based on information from the 2000 305(b) Report and 303(d) List
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TMDL Highlights
Each TMDL project spotlights locally important
water resources valuable to many Texans. Following are some highlights of several important TMDLs.
■ Two segments of the North Bosque River

Geographic Distribution
of Impairments
The impaired stream miles or reservoir/estuary
surface area vary across the state and are reflected
in the differences among Regional Planning Areas,

are listed as impaired due to elevated

as shown in Figures 2-2A and 2-2B. An under-

concentrations of phosphorus causing adverse

standing of this distribution is important in efforts

aquatic impacts. In response, both the TNRCC

to identify sources of impairments and to target

and the EPA have approved a TMDL alloca-

regulatory and nonregulatory actions to improve

tion report to address point and nonpoint

and protect general water quality in different parts

sources contributing to the nutrient prob-

of the state.

lems. This represents the first TMDL in

The highest percentage of impaired streams

Texas to address complex nutrient issues,

and rivers is in the East, East Central, and Gulf

as well as tackling a multifaceted problem

Coast regional areas. Over 40 percent of the total

where animal feeding operations, municipal

square miles of estuaries in the Gulf Coast and over

wastewater treatment facilities, and a

50 percent of the estuaries in the Lower Border are

downstream water supply are all affected.

listed as impaired for at least one constituent. Al-

■ E.V. Spence Reservoir, located in the upper

most 30 percent of impairments in the East region

Colorado River basin in Coke County, is

are related to contamination by mercury, selenium,

impaired due to excessive discharges of

zinc, cadmium, and aluminum and other com-

sulfate and other dissolved solids. These

pounds and due to unacceptably high or low pH

high salinity impacts potentially affect public

levels for which no human sources have yet been

water supplies for several cities in the West

identified. These types of impairments may be re-

Central and Northwest regions. Efforts to

lated, since most metals are more soluble in water

plug oil and gas wells and other restoration

and more toxic at extreme pH levels. The result is

activities are specified in its TMDL.

that metals at concentrations of concern are far

■ So called “legacy pollutants” are toxic

more likely to be found in streams, lakes, sedi-

constituents that are now banned or

ments, and fish tissue in East Texas than in areas

restricted from use, but have remained in

with more chemically buffered water conditions.

the environment and drained into aquatic
systems. Numerous TMDLs are addressing
these problems with a goal of saving fish

The degree to which a pollutant has affected a

and eliminating target toxins. Approved

designated use in the standards results in a determi-

TMDLs include 4 in the Arroyo Colorado

nation of whether the water body either fully meets,

watershed in the Lower Border region, and

partially meets, or does not meet a use. There are

20 TMDLs in the Dallas-Fort Worth area.

exceptions to this classification scheme, but in gen-

■ With extensive coordination among the

eral, “fully meets” is an indication that less than 10

TNRCC, the Texas State Soil and Water

percent of samples exceed a pollutant concentra-

Conservation Board, and the Texas Depart-

tion of concern, “partially meets” indicates that

ment of Agriculture, a TMDL addressing

10 to 25 percent of samples exceed that concen-

excessive levels of atrazine, a widely used

tration, and “does not meet” indicates that greater

agricultural herbicide, has been approved for

than 25 percent exceed the concentration at issue.

Aquilla Reservoir in Hill County. This TMDL

Based upon federal guidelines, a water body that

is now being implemented through coopera-

does not meet a use is considered impaired. With

tive efforts with agricultural producers in the

some exceptions, a water body that partially meets

watershed to use best management practices

a use is also considered impaired.

to curb discharges and impacts to the public
water supply reservoir.
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Determining Impairments

For the assessed waters in 2000, 70 percent of
stream miles, 62 percent of the estuary areas, and

FISCAL YEARS 2003-2007

62 percent of the reservoir areas fully meet their

listed and de-listed as impaired between 1998 and

uses [See Tables 2-1, 2-2, and 2-3]. Also, each year

2000. Water bodies may be impaired for one or

the TNRCC measures and reports to the Texas

more reasons, including high levels of fecal

Legislative Budget Board (LBB) the percentage of

coliform bacteria; low levels of dissolved oxygen;

assessed Texas surface waters that meet or exceed

high salinity concentrations; and elevated metals,

water quality standards. The method for calculating

pesticides, and other toxic substances in water,

this measure is different from the method described

sediment, or tissue. Impairments can also result

above for identifying impairments (based on federal

from unacceptable pH, temperature, or other

guidelines). The LBB considers both those waters

parameters that prevent waters from being used

that fully meet and those that partially meet their

for their normal purposes. Figure 2-3 identifies

designated uses as “meeting the water quality stan-

the percentages of the most common pollutants.

dards,” and the LBB’s measure does not differenti-

[Figure 2-3]

ate trends for each water body type (streams, reser-

Sources of Impairments

voirs, estuaries).
Of the impairments identified on the 2000

In order to develop accurate TMDL allocations

303(d) List, 295 were listed as not-meeting, 115 as

and effective implementation plans, the sources of

partially meeting, and 10 as threatened for one or

observed impairments must be clearly identified.

more of their intended uses. Through assessment

This task, in many cases, can be difficult. Of the

of data, a large number of water bodies have been

impairments identified in the 2000 303(d) List,

Figure 2-2A
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Figure 2-2B
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Current TNRCC data suggest that the sources

only 11 percent can be related solely to point
sources of pollution and only 28 percent to specific

responsible for 230 of the estimated 476 impair-

types of nonpoint sources. The vast majority, 61

ment sources in Texas are entirely unknown. [Fig-

percent, are listed as being caused by “Unknown

ure 2-4] However, what we have learned about

Nonpoint Sources.” Lack of an identifiable source

known sources may shed light on the likely causes

is most common for fecal coliform impairments,

of impairments with yet unknown sources. Figure

although low dissolved oxygen and salinity prob-

2-4 also shows that the causes of water quality

lems also frequently cannot be attributed to a

problems have been identified or partially identified

specific source or type of source.

for slightly more than one-half of all impairments.
This figure illustrates the types of sources related to
some of the most common problems. The follow-

Figure 2-3

ing observations, based upon TNRCC data used in

Main Causes of Impairments to
Water Bodies by Percentage,
Based on 2000 303(d) List

development of the 2000 303(d) List, may provide
some insight into these general relationships:
■ Municipal point source discharges, sewer

collection system failures, urban runoff, and
Other Pollutants*** (3%)

storm water discharges are typically responFecal Coliform (35%)

sible for impairments for fecal coliform and

Salinity**
(12%)

low dissolved oxygen, and to a limited extent
for salinity impacts and ambient toxicity.
■ The largest numbers of pesticide impair-

ments, typically due to chlordane, are also
related to urban runoff and storm water
discharges.
■ Agricultural pollutant sources, such as

crop-related activities, irrigation runoff,

Toxic Constituents*
(25%)

Dissolved Oxygen
(25%)

* Toxic constituents include heavy metals and toxic organic compounds
such as pesticides. These impairments may be found in either the water
column, in sediment, or in fish tissue. Additionally, ambient toxicity
may have been determined through biomonitoring assays.

and livestock operations, are associated
with impairments in rural areas. Pesticides,
most commonly atrazine and chlordane,
are responsible for the largest proportion
of these impairments. A number of fecal

** Salinity impairments may be due to elevated concentrations of
dissolved solids, sulfate, or chloride.

coliform impairments have also been

*** Other pollutants include temperature (heat), pH, and other general
water quality indicators.

attributed to concentrated animal feeding
operations.
■ Agricultural activities have also

Figure 2-4

Types of Impairment Attributed to Source Categories

been associated with some other
ambient toxicity impairments, as
well as a limited number of salinity

250

and nutrient input problems.

number of impairments

Low DO

■ The most predominant types of

Fecal Coliform

200

Salinity—Total Dissolved Solide, Chloride, Sulfate
Toxic Materials—Pesticides, Solvents, or Metals

150

industrial-related water quality
problems are due to nonpesticide

Other—pH, Temperature

toxic impairments, more than a

100

third of which are directly associated with dioxin contamination in

50

the Gulf Coast area. However, the
0
Unknown

Municipal
Industrial
Urban
Point
Point
Runoff, etc.

CropRelated

source categories
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CAFOs

Land
Natural/
Disposal Groundwater

diversity of industrial sources has
led to a variety of other water
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quality problems including a significant

contributed the largest number of impairments (14),

number of low dissolved oxygen impair-

while industrial point source discharges have con-

ments and some fecal coliform impairments.

tributed to 8.

■ Current assessments of fecal coliform

impairments have incorporated biochemical
methods to establish sources of contamina-

Fecal Coliform Impairments
According to the 2000 303(d) List, there are

tion. Several different methods have been

146 waters that exceed the fecal coliform (FC) stan-

used, including a Polymerase Chain Reac-

dard for the contact recreation use and 21 estuaries

tion (PCR) technique, which indicates

that exceed the FC standard for the oyster water

differences between human and nonhuman

use. The Gulf Coast region leads the state with the

sources of contamination, and an assess-

greatest number of FC impairments, followed

ment of antibiotic resistance patterns as a

closely by the South Central region. Within the Gulf

means to identify bacteria sources.

Coast region alone, 63 contact recreation and all

Source identification, particularly of nonpoint

oyster water impairments occur due to elevated FC

sources, need not be approached on a case-by-case

levels. The most common sources of known FC

basis such as through the development of TMDLs.

impairments relate to population density, including

Earlier identification could be accomplished

municipal point source discharges, sewer collection

through establishment of relationships between

system failures, urban runoff, and storm water dis-

common land use activities and the potential for

charges. Four FC impairments have also been at-

these activities to have a negative impact on water

tributed to Animal Feeding Operations (AFOs).

quality. More rigorous analyses using geographical
information systems (GIS) are valuable tools that
could be employed to precisely determine causeand- effect relationships.
Once sources are determined, the TNRCC

Mercury Impairments
The burning of fossil fuels, primarily to generate electricity, is one of the most important sources
of mercury. According to a recent TNRCC publica-

would be better able to distinguish nonpoint source

tion (Twidwell, 2000), mercury from the air be-

pollutant discharges causing impairments from

comes deposited on the ground or in surface water

other pollution impacts not related to discharges.

as a part of both a global and a more local cycle.

Impairments from pollutant discharges would be

Mercury is an important issue in the East and Gulf

identified on the 303(d) List and prioritized for

Coast regions where low pH and organic matter

TMDL development, while impairments from other

decomposition in reservoir sediments contribute to

pollution would be used in other planning processes

the formation of methyl mercury. This compound

of the agency, or recommended for action by other

is readily accumulated into fish. The combination of

agencies of state and local government bearing re-

local mercury air sources, global transport, and wa-

sponsibility. Additionally, early identification of

ter chemistry are all likely responsible for the fish

trends towards degradation could lead to effective

consumption advisories on eight reservoirs in the

preventive tactics to maintain existing water quality.

East Texas regional planning area (Twidwell, 2000).

Dissolved Oxygen Impairments

Salinity Impairments

The Gulf Coast region has 46 dissolved oxygen

There are 31 identified impairments for total

(DO) impairments, the most of any region. The

dissolved solids (TDS), chloride, and sulfate. These

East and South Central regional areas also have

salinity-related impairments are common in the

many DO impairments, although only about half as

four western-most regions, where more saline

many as in the Gulf Coast region. The great major-

groundwater and an arid climate result in less re-

ity of the DO impairments currently have unknown

plenishment of water resources with fresh inputs.

point and nonpoint sources. However, where a

Human sources appear to be related to crop irriga-

source of an impairment has been identified for

tion, oil field brine releases from improperly closed

depressed DO, municipal point source discharges

or encased well bores, and unidentifiable point and

TNRCC STRATEGIC PLAN
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nonpoint sources. In other areas, elevated salinity

past focus on problem areas. For the 2000 305(b)

contamination often results from municipal point

Report, 47 sites were assessed for sediment quality

source discharges and urban runoff.

with only 12 of the sites showing no concerns.
However, the assessed sites were largely in areas of

Monitoring and
Assessment Strategies

suspected or known sediment contamination resulting in an exaggerated picture of sediment problems.

The primary statutory authority for the Surface

By both increasing the number of sediment sam-

Water Quality Monitoring (SWQM) Program is pro-

pling locations and establishing a network based

vided under Section 26.127 of the Texas Water

upon randomly selected locations, more realistic

Code, which states, “The executive director has the

statewide trends could be determined.

responsibility for establishing a water quality sampling

One proposed monitoring strategy is to shift

and monitoring program for the state. All other state

10 to 30 percent of total resources for all routinely

agencies engaged in water quality or water pollution

monitored parameters into a more statewide effort

control activities shall coordinate those activities with

to capture ambient conditions. The resulting data

the Commission.” The SWQM Program is signifi-

would fuel a “probabilistic” statistical analyses of

cantly driven by funding and guidance governed by

environmental conditions statewide to allow better

the federal CWA and by monitoring conducted from

trend analysis, to steer water quality management

state fees that fund the Clean Rivers Program.

priorities towards existing and potential problem ar-

With this responsibility, the TNRCC must guide

eas, and to more accurately portray the state’s water

the SWQM program to carry out the objectives and

quality which may have been inappropriately charac-

needs for statewide management of surface water

terized by looking at trends in listing impairments.

quality. The four strategies described below each
emphasize some of the principal, emerging monitoring and assessment needs of TNRCC. These

Methods for Detecting Impairments
In developing the 2002 305(b) Report and

strategies are probabilistic monitoring, detecting

303(d) List, the TNRCC revised the methodology

impairments, biological assessments, and develop-

for determining whether monitoring data show a

ment of numeric standards. Implementation of the

water body as impaired. The new methodology was

strategies requires the shared vision of all monitor-

approved by the Commission in 2001. The meth-

ing entities around the state to cooperate in achiev-

odology better integrates the 305(b) and 303(d)

ing these objectives. To address priorities and to

processes, establishes higher certainty in impair-

achieve its statewide objectives, the TNRCC must

ment listing decisions, and emphasizes monitoring

ensure (1) that both agency and Clean Rivers Pro-

and further assessment of waters where marginal or

gram resources consistently work towards the same

threatened quality occurs. This monitoring strategy

objectives and (2) that statewide needs are appro-

provides the agency with two top priorities:

priately balanced with regional and local needs of

■ The highest priority is placed on sampling a

the agency’s partners. Coordination of monitoring

water body that is not meeting a designated

is another critical tool in this effort, resulting from a

use. In preparation for developing a TMDL,

comprehensive annual effort to ensure reduced du-

the TNRCC will obtain an adequate data set

plication of effort, improved spatial coverage of

to define geographic extent and severity of

monitoring sites, and improved consistency of para-

an impairment. If appropriate, an effort may

metric coverages.

be made to develop a more appropriate
standard for a listed water body.

Probabilistic Monitoring
Most monitoring is done where problems are

■ The second priority is to sample waters to

obtain additional data for a proper assess-

known or suspected. While this strategy is appro-

ment where an existing data set is small.

priate, it nonetheless provides a distorted view of

This effort will address monitoring data

ambient water quality conditions statewide. Recent

indicating a preliminary concern with

sediment data collections illustrate one result of the

meeting water quality standards.
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The Need for More Direct Monitoring
All waters have numeric standards for dissolved

one or more of the following: turbid or green water,
growth of attached algae in stream beds, diurnal

oxygen (DO) to protect and maintain an aquatic life

swings in dissolved oxygen to sometimes anoxic lev-

use (ALU). Indirect indicators of water quality, like

els, and taste and odor problems in drinking water

using DO to determine whether an ALU is met,

supplies. For these reasons, nutrient concentration

have been effective in steering TNRCC attention

and algal biomass are very important indications of

towards potential problem areas. While a DO stan-

surface water quality. Chlorophyll is an indicator of

dard acts as a “backstop” against which point

planktonic algae (suspended algal biomass), but no

source permit controls can be implemented, the

indicator is readily available to assess attached algae

same standard can sometimes fail when used to

and rooted aquatic plants, which sometimes are

assess whether impairments exist.

more important. The chemical form and the concen-

The uncertainty in relying on DO can be greatly

tration of nutrients, availability of sunlight, and the

reduced through more direct measurement of a

hydrology of a system are all important factors in

use, such as measuring the diversity and abundance

determining whether aquatic systems will respond to

found in aquatic biological communities to directly

nutrient inputs with excessive algal growth. Consid-

assess an ALU. Over the past 15 years, the TNRCC

eration of these types of site-specific factors is also

has refined DO standards in 239 previously unclas-

the crux of the challenge to the TNRCC in establish-

sified streams, based on biological assessments. In

ing standards that will protect waters.

addressing low DO waters identified on the 303(d)

EPA has set a target date of 2004 for states to

List, a biological assessment is often conducted to

develop numeric standards for nutrients and has

confirm an impact on an ALU.

developed “default” standards for states to consider.

As a new initiative, the TNRCC, the Texas Parks

However, given the variability of nutrient response

and Wildlife Department (TPWD), and others are

in the environment, more refined, ecoregion or

currently emphasizing the development of biologi-

site-specific standards are needed. A happy medium

cal assessments, particularly for tidal and freshwater

must be found between the need for accurate stan-

streams, by developing indices that are unique for

dards and the costs and resources that it would

various ecoregions of Texas. This effort will answer

take. In particular, TNRCC is exploring the use of

critical questions about low DO conditions. Are the

response variables such as chlorophyll as an alter-

conditions natural or the result of pollution? Have

native to nutrient concentrations.

the low DO conditions actually degraded aquatic
life? Do the numerical standards established for DO
need to be modified?

Moving from Narrative
to Numeric Standards
As with most states, Texas currently has only a

Strategies to Address
Nonpoint Source Pollution
What Is Nonpoint Source Pollution?
Pollutants carried by rainfall and irrigation run-

narrative standard for nutrients, which means that

off from widely dispersed sources are more difficult

the standard is descriptively written rather than es-

to assess and abate than discrete discharges that

tablished as a number (a numeric standard) that

can be readily identified, measured, and regulated

should not be exceeded. The narrative standards

at a single point source. These “nonpoint”sources

identify that TNRCC may control or prohibit im-

include pollutants from everyday activities such as

pacts when they interfere with a water’s use. Ad-

lawn and crop fertilization, pesticide use, or runoff

dressing nutrient impacts is a high priority for the

from construction sites. Once released into the en-

TNRCC, since the known impacts from nutrients

vironment, pollutants from a nonpoint source, in

can sometimes be severe and have prompted stake-

most cases, are indistinguishable from the dis-

holder interest.

charges from point sources. Many of the contami-

Nutrient enrichment of aquatic systems can
sometimes result in undesirable conditions, including

TNRCC STRATEGIC PLAN

nants are the same: pathogens, nutrients, organic
matter, solids, pesticides, and other toxic chemicals.
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than a one-acre meadow. Most watersheds contain-

Physical changes in the environment can
greatly increase the amount and effects of NPS pol-

ing more than 10 percent impervious cover show

lution. For example, urban growth typically results

signs of surface water quality impairment, and wa-

in dramatic increases in the amount of land covered

tersheds with more than 30 percent cover are seri-

by impervious surfaces, such as buildings, road-

ously degraded. These facts influenced Congress

ways, and parking lots. An EPA report on coastal

and the EPA to address municipal storm water run-

NPS pollution (EPA, 1993) identifies many impacts

off under the CWA and the National Pollutant Dis-

from impervious cover. These changes can result in

charge Elimination System program.
According to the Texas State Data Center, Texas’

higher runoff volumes, increased pollutant loadings,
a greater potential for downstream flooding, ero-

population is expected to almost double from its

sion of stream channels, reduced base flows, and

2000 population, to over 40 million people by

reduced groundwater infiltration. Urban develop-

2030. According to the Natural Resource Conser-

ment also results in modifications to natural drain-

vation Service (USDA, 2001), more than 2.3 mil-

age systems. The loss of wetlands, riparian areas,

lion acres in Texas experienced a conversion from

and stream buffers reduces the environment’s natu-

rural land to urban development from 1982 to

ral ability to absorb storm flows and to filter con-

1997. During the five years from 1992-1997, the

taminants before they reach nearby water bodies.

rate of urban development accelerated 30 percent
faster than that of the previous 10-year period. Fig-

NPS pollution has affected many beneficial
uses of surface water in Texas, including impacts

ure 2-5 identifies the 23 counties that experienced

on fishing, swimming, aquatic life, and the supply

80 percent of all growth in the state between 1982

of public water. Table 2-4 lists some of the sources

and 1997.
The challenges may be greatest in counties ad-

and activities that contribute to NPS pollution.

jacent to the state’s major metropolitan areas be-

Urban Growth Pressures

cause they have experienced some of the highest

The most dramatic feature of any city and most

population increases in the country over the past

suburban developments, other than the number of

few years. With continued growth, pressures on the

people, is the amount of surface covered by build-

state’s surface water quality will intensify the need

ings, pavement, and other surfaces that are imper-

to address these NPS-related issues through both

vious to water absorption. Research by the Ameri-

public and private means.

can Public Works Association (APWA, 2001) shows
that with increasing amounts of development and
impervious cover, the total runoff is greater, and the

Opportunities to Reverse
Urban NPS Pollution Trends

peak flow is larger and happens sooner. Studies

The American Public Works Association

reported by EPA (EPA, 2000a) suggest that a single

(2001) suggests that if pollution abatement strate-

acre of parking lot can produce 16 times more runoff

gies “maintain the distribution of runoff flows as

Table 2-4

Nonpoint Source Pollution: Sources and Activities
Urban/Suburban Development

Industrial/Commercial Operations

Agricultural Operations

Impervious Cover
Storm Water Runoff
Construction
Roadways and Vehicle Use
Pesticides: lawns/gardens
Fertilizers: lawns/gardens
Septic Systems
Stream Channelization
Wetland and Riparian Loss

Impervious Cover
Storm water Runoff
Materials Storage/Handling
Leaks/Spill
Waste Management
Air Deposition
Oil Field Brine Discharges
Wetland and Riparian Loss
Stream/Estuary Modification

Pesticides—crops
Fertilizers—crops
Concentrated Animal Feeding
Operations
Silviculture
Irrigation
Wetland and Riparian Loss
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close as possible to predevelopment conditions,

TNRCC programs, technical assistance and out-

most if not all of the demonstrated adverse effects

reach to local and regional governments is an

of urbanization can be avoided.” Maintenance of

integral component of urban NPS implementation

predevelopment hydrology, reducing the volume

efforts. Land use and management decisions are

of runoff, is one of the most viable methods for

best made in the local arena where buy-in by the

achieving such an objective. Natural drainage

affected parties is crucial to success. Government

systems have been shown to substantially reduce

planners and zoning authorities around the United

pollutant loads of nitrogen, phosphorus, and total

States are beginning to tie together the disciplines

suspended solids.

of urban planning with the need for NPS pollution
abatement and water quality improvement.

The future success of reducing NPS pollution

The TNRCC can help local governments,

impacts in growing urban areas will depend upon a
coordinated effort of state and local officials, plan-

using current knowledge of best management

ners, developers, and citizens. Similar to other

practices, and conveying information on the latest

Figure 2-5

Counties in Texas That Experienced 80%
of all Population Growth, 1982-1997

Growing Counties
Low Growth
Major Growth
SOURCE: U.S. Census Bureau
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innovations and emerging technologies for NPS

runoff on site. This strategy reduces the

pollution reduction. There are numerous measures

costs of infrastructure, mimics pre-existing

that can be implemented that are typically less ex-

hydrology, and reduces NPS pollution.

pensive, simpler to implement, and more effective
than traditional technology controls. Examples of
such measures that are already being implemented
in many urban areas include:
■ Setback distances from waterways can slow

Figure 2-4 shows that, of the known sources,
the categories most often identified as the cause of

runoff and allow the water, and the pollut-

known impairments are municipal point sources

ants often associated with it, to be absorbed

and urban runoff. There are 71 urban runoff im-

into the soil.

pairments that have been identified. This pattern of

■ Floodplain boundaries may serve as useful

impairment could be addressed through establish-

management tools in determining set-aside

ment of minimum technology-based standards for

properties, since development must be

urban runoff pollutant discharges. Several states,

restricted in these areas anyway to avoid

including Florida, Pennsylvania, New Jersey, Mas-

potential damage and loss of life from

sachusetts, Wisconsin, Maryland, and New Hamp-

severe storm events.

shire, have adopted performance standards that

■ Many communities are beginning to employ

minimize the generation of storm water runoff

multipurpose flood plain management

through the control of hydrology, limit pollutant

programs. These programs promote the

loading that is allowable, or establish requirements

protection and restoration of flood plain areas

tailored towards particular construction or develop-

to natural conditions that not only reduce

ment activities.

flooding, but also improve water quality,

Finally, the urban storm water program admin-

habitat and species diversity, groundwater

istered through the Texas Pollutant Discharge Elimi-

recharge, wetland protection, and erosion

nation System (TPDES) program will begin to ad-

prevention. These programs also provide

dress small municipalities, growing urban fringe ar-

recreational and green space opportunities.

eas, and other urban development under the Phase

Many sources and pathways of contamination

II rules. Urban areas are to be designated by the

can be mitigated through this approach.

rules that the TNRCC must develop under TPDES.

■ Already developed areas may also be more

If an urban area falls within the scope of the storm

effectively used through in-filling practices

water program, a TPDES permit is required, a

and interspersing new green space areas.

management plan for the reduction of runoff im-

Less suburban and rural land will be con-

pacts must be implemented locally, permit compli-

sumed, preserving open space and minimiz-

ance must be evaluated, and maintenance of exist-

ing riparian and other habitat loss.

ing surface water quality must occur, consistent

■ Urban planners can encourage compact

with the water quality standards. TNRCC and other

development to expand growth into new

state permitting authorities expect most of the

areas with a minimum impact. The square

Phase II program to be implemented under general

footage of buildings and residential and

permits. Factors that EPA requires states to con-

commercial capacity can be maintained at

sider in designating urban areas as so-called munici-

comparable size to standard development,

pal separate storm sewer systems (MS4s) include:

but by reducing the lot size and shortening

■ discharges to sensitive waters,

road lengths, there is about half the impervi-

■ high growth areas or growth potential,

ous cover as low-density development. This

■ contiguity to an existing urban area,

approach also leaves the land surrounding

■ significant contribution of pollutants to

these clusters in its natural state.
■ Low-impact development is a design strategy

that emphasizes retaining development-related
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surface water, and
■ ineffective protection of water quality by

other state programs.
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On-Site Sewage Facility (OSSF) Oversight

discharges are a contributing factor. However,
some of the impairments caused by unknown NPS

Effective state and local management and
oversight of decentralized wastewater treatment

pollution may be found to be due to OSSF prob-

systems is crucial to correcting and avoiding NPS

lems. Already, TNRCC is required to step up ef-

problems in many developing areas where OSSFs

forts to detect and address failing OSSFs in the

(also known as septic tanks) may be the most cost-

coastal area of the state (as a condition of approval

effective option available. The EPA (EPA, 2000b)

of the NPS Program established under the Coastal

suggests that “improved operation and perfor-

Management Program).

mance of on-site or decentralized systems through
better management will be essential if the nation’s

Point Source Discharges

water quality goals are to be attained.” About 25

The TNRCC has broad authority under Chap-

percent of the population in the United States de-

ter 26 of the Texas Water Code to adopt rules and

pends upon decentralized wastewater treatment

procedures to limit wastewater discharges into sur-

systems or OSSFs, and these systems are ex-

face water. Wastewater must attain a certain quality

pected to be used in almost 40 percent of new

before being discharged, which may require treat-

development, primarily in low-density urban and

ment. The TNRCC implements the federal CWA

suburban areas. In another chapter, Table 3-1

requirements and administers the TPDES Program

identifies the level of use of OSSFs for sewage

governing discharges from point sources in the

disposal in Texas.

state. A point source discharge is generally one

According to the Texas On-Site Wastewater

which occurs from a specific pipe, channel, or simi-

Treatment Research Council (2001), when properly

lar conveyance into a surface water.

installed and operated, these systems can reduce

Texas has one of the highest number of point

key indicator pollutants by over 65 percent. Results

source dischargers and the greatest number of ma-

of a survey by the council in 2000 indicated that

jor dischargers of any state in the U.S. This distinc-

13 percent of OSSFs in Texas (approximately

tion is due to the geographical size of the state, its

150,000 systems) were malfunctioning, largely in

economy, and patterns of water district prolifera-

the eastern half of the state. The impacts on sur-

tion surrounding several of the major urban centers.

face water quality in Texas have not been compre-

Table 2-5 shows the number of active permits,

hensively analyzed, and none of the impairments

statewide and by regional planning area, which

currently listed on the 303(d) List indicate OSSF

regulate the discharge or disposal of wastewater.

Table 2-5

Wastewater Dischargers by Category* and Regional Planning Area
Regional
Planning Area

CAFOs

Industrial
Minors

Industrial
Majors

Municipal
Minors

Municipal
Majors

Total

East

49

72

23

282

33

459

East Central

131

99

17

368

60

675

Gulf Coast

25

321

124

801

181

1452

Lower Border

14

24

3

75

24

140

Northwest

212

53

3

115

9

392

South Central

53

55

6

232

34

380

West

21

18

0

50

5

94

West Central

58

25

5

98

10

196

Statewide

563

667

181

2021

356

3788

* Point source categories include Concentrated Animal Feeding Operations (CAFOs), industrial dischargers, and municipal dischargers. Industrial and
municipal dischargers are further categorized as major or minor, based upon the volume of permitted discharge allowable and other factors relating
to the potential pollution impact of a facility.
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Patterns of Impacts
from Point Sources
The number of dischargers, particularly the

locally based efforts at combining and
regionalizing wastewater systems. The
formation of 16 Regional Water Planning

number of major dischargers, can be an indirect indi-

Groups statewide and incentives for

cator of pollutant loading. The distribution as shown

regionalization under SB-2 (2001) are

in Table 2-5 reflects various known social and eco-

initiatives that also address this issue. The

nomic patterns of Texas. Examining the location and

trend in the number of dischargers is an

types of point source dischargers can help the

important indicator that should be moni-

TNRCC and other agencies better address the cumu-

tored, since this remains an important policy

lative effects on water quality. For example:

issue for the TNRCC, as well as local and

■ Thirty-eight percent of all permitted CAFOs

state planners and developers.

exist in the Northwest region in a major
cattle-raising agricultural production area
situated in the High Plains of Texas. A major
dairy region resides in Erath, Johnson,

Contamination of water used for drinking, fish-

Hamilton, and Comanche counties, which

ing, swimming, and recreational activities continues

straddle the East Central, South Central,

to be a health concern. Microbiological and chemi-

and West Central regions. This dairy region

cal contamination of surface waters increases health

has 152 CAFOs, which account for 27 percent

threats to humans. Some of the more common sur-

of the state’s total.

face water health effects are discussed below.

■ Nearly 69 percent of all major industrial

Vibrio parahaemolyticus is an example of a

dischargers are located in the Gulf Coast

bacterium that can cause illness after contact with

region, primarily in Harris, Brazoria,

saltwater or consumption of contaminated seafood.

Jefferson, Orange, and Nueces counties.

V. parahaemolyticus is known to cause gastroen-

Texas ranks second in the nation for

teritis and wound infections in exposed individuals.

discharges to surface water, as reported to

Gastroenteritis with associated diarrhea, abdominal

the Toxics Release Inventory (TRI) for 1999,

cramping, fever, and chills can result from persons

the most recent year’s data available.

eating contaminated seafood. Septicemia can also

Statewide in 1999, roughly 230 manufac-

develop. Serious infections can result when cuts

turing and industrial facilities reported

and abrasions are exposed to contaminated water.

discharges of toxic substances to surface

In Texas, V. parahaemolyticus infections have

water of about 32 million pounds to TRI.

been reported in 42 people between 1988 and

Based on 1999 TRI data, the chemical

1997. The majority of cases reported during this

industry accounted for about 85 percent of

period had wound infections. Although rare, it is

all surface water discharges in Texas, and

estimated that about two to seven cases are re-

about 95 percent of all surface water

ported in Texas annually. In 1998, a large outbreak

discharges in the state occurred in the Gulf

of V. parahaemolyticus infections was reported

Coast region.

from consumption of Galveston Bay oysters. Over

■ Unique development patterns of suburban

growth coupled with water district creations
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Health Effects—
Water Quality

400 people became ill in 13 states (TDH, 1998).
About one to three cases of primary amebic

have discouraged the development of a

meningoencephalitis (PAM) are also reported state-

large regional wastewater infrastructure in

wide each year. Almost all PAM cases result in fa-

the greater Houston metropolitan area. As a

talities. Three deaths from PAM were reported in

result, 725 separate municipal dischargers

Texas during 2001. These three deaths, all chil-

are located in Harris, Montgomery, Fort

dren, occurred after exposure to Naegleria fowleri

Bend, Brazoria, and Galveston counties.

in recreational water. Naegleria fowleri is an

Some initiatives have recently been under

ameba that is ubiquitous in soils and untreated wa-

way to reverse this trend, as a result of

ter. However, warm weather and drought, which

FISCAL YEARS 2003-2007

can decrease water supply and impair the condition

more of the following pollutants: PCBs, chlordane,

of a water body, create conditions that are particu-

dieldrin, DDE, DDD, DDT, and heptachlor epoxide.

larly amenable for the ameba to thrive. Following

Fish consumption advisories have also been

these deaths, state health officials issued a warning

issued for water bodies located in 19 Texas coun-

to the general public about swimming in stagnant

ties. While contaminant levels in these water bodies

reservoirs and streams (TDH 2001c, 2001d) .

do not present an imminent health threat, regular

Since fish and shellfish bioaccumulate certain

consumption of fish or shellfish from them may in-

contaminants in tissue, the Texas Department of

crease the risk of exposure to these contaminants

Health (TDH) routinely monitors fish and shellfish

(TDH 2001a).

from water bodies throughout the state to assess the

Cases of Hepatitis A (HAV) virus have de-

health risk due to consumption of contaminated sea-

creased significantly since 1990. While difficult to

food. Fish and shellfish tissue are analyzed for pesti-

assess, public health interventions such as the

cides, metals, and other organic contaminants such

implementation of immunization programs and the

as dioxins, polychlorinated biphenyls (PCBs), and

installation of water or wastewater systems may be

volatile organic compounds (VOCs). The public is

credited with the decline in the number of cases.

notified through advisories or closures of serious or

However, the HAV incidence rate for 13 border

potential health threats that may result from the con-

counties (the mean of 27.8 per 100,000 popula-

sumption of contaminated fish or shellfish. There are

tion) is twice the statewide incidence rate of 12.8

seven water bodies (Upper Lavaca Bay, Trinity River,

per 100,000 population. This may be due in part

Donna Irrigation System, Fosdic Lake, Echo Lake,

to discharges of raw sewage along the U.S.-Mexico

Mountain Creek Lake, and Lake Como) in four

border, which sometimes cause surface water im-

counties (Calhoun, Dallas, Hidalgo, and Tarrant) des-

pacts (TDH 2001b).

ignated as prohibited fishing areas. Upper Lavaca

Continued collaboration between the TNRCC

Bay is affected by mercury, while the remaining six

and TDH on health-related impacts that may be

water bodies have closures associated with one of

associated with water quality is an important priority.
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CHAPTER 3

GROUNDWATER
QUALITY

Strategic Plan
FISCAL YEARS 2003–2007

VOLUME 2

Groundwater supplies much of the demands
of Texans for drinking water, agriculture, electric
power generation, industrial production, mining,

S TAT E O F T H E T E X A S E N V I R O N M E N T

and oil and gas production. Statewide, groundwater
is an important water supply resource, with an esti-

as the term is used here, refers to its near-surface

mated 14.9 million acre-feet available annually

occurrence, generally within several hundred feet of

from the state’s aquifers. An acre-foot is the amount

the surface. Shallow groundwater may or may not

of water needed to cover an acre one foot deep. In

be a part of an aquifer.

total, 8.83 million acre-feet of groundwater were

Groundwater resources statewide are of good

reported as used in Texas in 2000 (TWDB, 2001).

quality. As such, groundwater generally meets or

Of the total groundwater supply, 80 percent is used

can usually be treated to meet drinking water stan-

for irrigation, about 15 percent for municipal pur-

dards and needs for industrial and irrigation uses.

poses, with the rest used for rural and domestic

However, groundwater quality is a concern in some

consumption, livestock, electric utilities, mining,

local areas in Texas. In summary:

and industry. Groundwater provides about 41 per-

■ Elevated nitrate levels in groundwater are

cent of the municipal water used in Texas, with the

widespread across the state. Twenty-four

rest coming from surface water. Seventy-five per-

percent of water wells sampled through the

cent of water used for irrigation is from groundwa-

Texas Water Development Board’s (TWDB)

ter supplies and the rest is from surface water.

ambient groundwater monitoring network

Texas’ dependence on groundwater makes the

exceed the drinking water standard for

quality of the water in the state’s aquifers a vitally

nitrate, including 65 percent of the wells in

important issue.

the West Central Regional Planning Area.

Aquifers in Texas are classified into three categories: major aquifers, minor aquifers, and undifferentiated local aquifers. Major and minor aquifers
underlie 81 percent of the Texas land surface. The

However, it is important to note that many
of the wells in the TWDB network are not
used for drinking water supply.
■ Eight percent of the ambient monitoring

nine major Texas aquifers supply large quantities of

wells statewide exceed the EPA’s newly

usable groundwater over comparatively large geo-

established drinking water standards

graphic areas. Twenty-one minor aquifers supply

for arsenic.

either large quantities of water in small areas or

■ Nine percent of the ambient monitoring

relatively small quantities of water in larger areas of

wells exceed new radionuclide standards.

the state. Undifferentiated local aquifers are some-

■ Twenty-two percent of ambient monitoring

times important as a source of private water sup-

wells in the state exceed the secondary

plies in small geographic areas. Figures 3-1 and 3-2

drinking water standard for total dissolved

show the location of the state’s major and minor aqui-

solids (TDS).

fers. Most of these aquifers range across more than

■ Both public and private wells may be

one regional planning area. Shallow groundwater,

affected by elevated levels of TDS.
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■ TNRCC contaminated site data shows a

TWDB, which maintains an active groundwater

decline in recent years in reported ground-

monitoring program. The monitoring network is

water contamination cases.

based on the sampling of wells or springs with a

■ Data from contaminated sites and other

density of approximately one sampling location per

facilities that monitor groundwater are not in

50 square miles in areas of comparatively high

an electronic form and currently cannot be

groundwater use and one per 125 miles where less

integrated with or compared to other data,

use occurs. The monitored wells are used as public

including TWDB ambient groundwater data.

or private drinking water sources, and the network
also includes wells used for many other nondrinking

Ambient Conditions
The principal data source for ambient groundwater quality conditions in Texas comes from the

purposes (crop irrigation, industrial supply, mining,
etc.). The wells that are part of the ambient network are also not associated with regulated facilities

Figure 3-1

Major Aquifers of Texas

Trinity
Edwards-Trinity
Carrizo
Cenozoic
Edwards
Gulf Coast
Hueco Bolson
Ogallala
Seymour

This map was generated by the Information Resources Division of the Texas Natural Resource Conservation Commission. No claims are made to
the accuracy or completeness of the data or to its suitability for a particular use. For more information concerning this map, contact the Information
Resources Division at 512/239-0800.
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required to monitor groundwater for pollution re-

Using TWDB data from 1988 to 2001, the

lease detection. In a cycle, an aquifer is sampled

TNRCC has conducted an analysis for four ground-

once every six years. Approximately 800 sites are

water constituents: nitrate, arsenic, radioactivity and

directly monitored annually by TWDB staff, while

total dissolved solids (TDS). Nitrate, arsenic, and

the United States Geological Survey (USGS) and

radioactivity were chosen due to potential adverse

groundwater conservation districts (GCDs) provide

health effects in drinking water. TDS is a general

sampling and analyses for another estimated 200 sites.

indicator of groundwater usability. The analysis also

Figure 3-2

Minor Aquifers of Texas

Marble Falls
Blaine
Blossom
Bone Spring-Victorio Peak
Brazos River Alluvium
Capitan Reef Complex
Dockum
Edwards-Trinity (High Plains)
Hickory
Ellenburger-San Saba
Igneous
Lipan
Marathon
Nacatoch
Queens City
Rita Blanca
Rustler
Sparta
Woodbine
West Texas Bolsons
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This map was generated by the Information Resources Division of the
Texas Natural Resource Conservation Commission. No claims are
made to the accuracy or completeness of the data or to its suitability
for a particular use. For more information concerning this map, contact the Information Resources Division at 512/239-0800.
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draws upon studies conducted by the TWDB, TNRCC,

water supplier must take steps to reduce the amount

USGS, and university research. Data was also com-

of nitrate. Water treatment methods effective in

pared to existing and future drinking water stan-

reducing nitrate include ion exchange, reverse

dards to provide a point of reference for water

osmosis, and electrodialysis.
Nitrate in groundwater may be a result of natu-

quality comparisons. It is important to note that
other uses of groundwater, such as irrigation and

ral processes or caused by human activities. In

livestock watering, do not require the same quality

many cases, it is still not clear whether to attribute

as drinking water.

elevated nitrate levels to natural or human causes.
In order to answer this question for the Ogallala

Nitrate

aquifer, which underlies most of the Northwest Regional Planning Area, the USGS is researching the

Nitrate is the most common groundwater contaminant in Texas based on review of the TWDB

issue as a part of the National Ambient Water Qual-

ambient groundwater data and TNRCC public wa-

ity Assessment (NAWQA). Initial results from the

ter supply data. The EPA and TNRCC have estab-

Texas portion of the study should be available in

lished 10 milligrams per liter (mg/L) as nitrate-ni-

several years. This research is a way to determine

trogen as a primary drinking water standard for

whether the source of elevated nitrate in groundwa-

public drinking water, based on potential adverse

ter is from natural conditions of poor quality

human health effects.

groundwater versus from pollution caused by human activities. When human-induced conditions

Statewide, 76 percent of water wells sampled
from 1988 to 2001 through the TWDB’s ambient

result in groundwater contamination, then regula-

groundwater monitoring well network met the

tory and nonregulatory methods, such as best man-

drinking water standard for nitrate. However, re-

agement practices, could be employed to address

gional variations were significant. In the West Cen-

the situation.
Several major and minor aquifers that exist in

tral Regional Planning Area, 65 percent of the
tested wells exceeded the standard followed by the

the West Central Regional Planning Area have el-

Northwest region where 32 percent exceeded the

evated nitrate conditions due to either natural or

standard. [Figure 3-3 and Figure 3-4]

human-induced reasons. Probably the most signifi-

The drinking water standard for nitrate has

cant instance of elevated nitrate levels occurs in the

been in effect since 1992. If contaminant levels are

Seymour aquifer. All 13 counties in the West Cen-

consistently above the standard, then the public

tral area that overlie the Seymour aquifer exhibit

Figure 3-3

Percentage of Water Wells Exceeding the Nitrate Drinking Water Standard
By Regional Planning Area
70
60

percent

50
40
30
20
10
0
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East
Central

Gulf
Coast

Lower
Border

Northwest

South
Central

West

West
Central

regional planning areas
SOURCE: TWDB Ambient Groundwater Monitoring Network.
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Figure 3-4

Statewide Groundwater
Nitrate Levels

Nitrates > 50 milligrams/liter
Nitrates > 20 milligrams/liter
Nitrates > 10 milligrams/liter
Nitrates < 10 milligrams/liter
or data is inadequate
Public Water Supply Sources with Violations
Data Source: TWDB, TNRCC
NOTE: The nitrate concentration data shown on this figure
represents county-wide averages of nitrate concentrations in
sampled wells.

This map was generated by the Information Resources Division of the Texas Natural Resource Conservation Commission. No claims are made to the
accuracy or completeness of the data or to its suitability for a particular use. For more information concerning this map, contact the Information Resources Division at 512/239-0800.
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average county-wide nitrate concentrations greater
than 10 mg/l in wells in the TWDB network. This

Nitrate Sources
One of the most significant human sources of

shallow alluvial aquifer may have experienced soil

nitrate in the overall environment comes from agri-

and humus leaching of nitrogen compounds in ar-

cultural fertilizer application, which has increased

eas where agricultural cultivation disturbed native

significantly over the last 50 years. According to

vegetation. Elevated groundwater nitrate levels

the Economic Research Service, nitrogen fertilizer

were noted as early as 1948. In 1962, a study

use in the United States was 12.8 million tons in

found that 39% of 62 groundwater samples ex-

1998, up from about 2.7 million tons in 1960, a

ceeded what is now the primary drinking water

370 percent increase (Economic Research Service,

standard for nitrate. Approximately 97% of the

2000). The National Agricultural Statistics Service

land overlying the Seymour aquifer has been used

estimated that Texas nitrogen fertilizer use for corn,

for agricultural production (Chowdhury, 1994).

cotton, and wheat in 1998 was over 890 million

When surface contamination from nitrate or

pounds. However, it is the amount of excess nitro-

other potential contaminants occurs in surface wa-

gen left after crop uptake, along with area-specific

ters or on soil, contaminants may travel to the wa-

soil and groundwater conditions, that determine the

ter table through percolation of soil water, through

potential for groundwater contamination.

improperly cased well bores, through the recharge

Animal manure is another agricultural source

of an aquifer from surface water that flows across

of nitrate, and the increase in confined animal feed-

an outcrop, or through some combination of these

ing operations (CAFOs) has concentrated the po-

or similar processes. Shallower aquifers are more

tential impact of animal waste on the environment.

likely to become contaminated than deeper aquifers.

Figure 3-5 shows the number of CAFOs in Texas

The NAWQA has found that in shallow aqui-

by regional planning area. According to nationwide

fers (less than 100 feet in depth to groundwater),

information collected by the Natural Resource Con-

15 percent of the samples nationwide exceed

servation Service, in some counties the amount of

10 mg/L nitrate. Deeper aquifers are generally

manure being produced outstrips the assimilative

afforded a higher level of protection. However,

capacity of all the cropland and pastureland avail-

nitrate can migrate long distances in fractured rock

able for manure application in the county (Natural

or karst aquifers that contain dissolved oxygen, such

Resource Conservation Service, 2000).

as in the Edwards Aquifer (Bush, 2000). Although

One way this manure disposal problem has

vast portions of Texas’ major and minor aquifers

been addressed in Texas is through TNRCC’s co-

are confined, these aquifers are vulnerable to ni-

operation with the Texas Soil and Water Conser-

trate contamination where the aquifers are exposed

vation Board, Texas Department of Transportation

at the surface or exist just below the land surface.

(TXDOT), and agricultural producers in the Bosque

Additionally, numerous undifferentiated local aquifers

Watershed. A program has begun to remove ma-

exist just below the surface in shallow formations.

nure from the watershed, have it composted, and

Based on other findings of the USGS in its

then use it in TXDOT’s highway construction

NAWQA studies, nitrate concentration in shallow

projects. In addition, Senate Bill 2 and House

groundwater generally increases with increasing

Bill 2912, enacted by the Legislature in 2001,

population density. However, factors like agricul-

required additional soil testing by CAFOs in the

tural production are even more important than

Bosque Watershed to ensure that nutrient levels

population/urban development (Nolan and Stoner,

in soils are protective of local surface and ground-

2000). Supply wells in agricultural areas had a me-

water. Additionally, all new or expanding CAFOs

dian concentration of almost four times that of

in the Bosque Watershed are required to have site-

nonagricultural supply wells, a likely result of nitrate

specific permits.

loadings in agricultural soils. Public supply wells had

Nonagricultural sources of nitrate include mu-

the lowest median nitrate concentrations, a direct

nicipal wastewater treatment facilities, some types

result of their overall greater depths (Mueller and

of industrial facilities, on-site sewage facilities (septic

Helsel, 1996).

tanks), residential fertilizer use, and domestic animal
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waste. Nonfarm uses of fertilizer include application

Table 3-1 shows the number of households using

around residences, golf courses, other recreational

OSSFs by regional planning area based upon 1990

fields, cemeteries, and public property. Based on

U.S. Census data. The 2000 U.S. Census did not

data from the Association of American Plant Food

collect this data.
A recent study funded by the Texas On-Site

Control Officials (AAPFCO), almost 7 percent of
fertilizer use nationwide was for nonfarm uses.

Wastewater Treatment Research Council estimated

Data for Texas is not available.

that about 13 percent of OSSFs in the state were
chronically malfunctioning (Texas On-Site Wastewa-

On-Site Sewage Facilities

ter Treatment Research Council, 2001). Seventy-five

More than 1.5 million households in Texas rely

percent of the estimated failing systems were located

upon on-site sewage facilities (OSSFs), also known

in Central and East Texas. The primary factors for

as septic tanks or septic systems, for wastewater

malfunctioning systems were installation in improper

disposal, and the numbers are increasing. In 2000,

soil types and in areas of high groundwater tables,

almost 50,000 new systems were installed in Texas.

system age, and lack of proper maintenance.

Figure 3-5

Confined Animal Feeding Operations by Regional Planning Area
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Table 3-1

Number of Households Using OSSFs by Regional Planning Area
Number of Households
Utilizing OSSFs

Percentage of Total Number
of Households

East

263,037

48%

East Central

284,340

13%

Gulf Coast

261,126

13%

Lower Border

73,632

24%

Northwest

78,645

18%

South Central

263,037

20%

West

26,557

11%

West Central

71,808

25%

Regional Planning Area

Source: Based on 1990 U.S. Census Data.
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Arsenic

Regional Planning Area. Figure 3-6 shows the

Arsenic is a naturally occurring trace metal

percentage of wells exceeding the drinking water

typically found in weathered sedimentary and ig-

standard for each of the regional planning areas.

neous rock, in deposits of metal sulfides, and in

Figure 3-7 shows counties with one or more aqui-

deposits of volcanic origin. Arsenic can be associ-

fers where average county-wide concentrations

ated with granites, high iron concentrations, and

exceed the new standard.
Based upon data from the TNRCC Public

uranium-bearing ores. The majority of arsenic in
groundwater is a result of these natural condi-

Water Supply database, up to 200 public water sys-

tions. The EPA has recently lowered the drinking

tems that rely on groundwater may have to reduce

water standard of 50 micrograms per liter (µg/L)

arsenic concentrations to meet the new standard.

to 10 µg/L. All public drinking water systems

Public water systems that will not be able to meet

must be in compliance with the new standard by

the new standard will have to find new sources for

January, 2006. The reduction is expected to

drinking water or treat the existing groundwater.

help reduce the risk of bladder and lung cancer

Treatment methods, such as activated alumina and

and a number of other noncancerous diseases,

ion exchange systems, are currently available to

such as heart disease. Many public water systems

reduce arsenic levels. Most of the potentially af-

will not meet the standard without further treat-

fected public water supply systems are small, but

ment of source waters.

overall they serve close to 5 percent of the state’s

In addition, review of arsenic data from the

population. However, because these small systems

TWDB ambient groundwater monitoring network

tend to have fewer resources, compliance is likely

reveals that arsenic will be a major factor to con-

to be more difficult. Medium-to-large cities and

sider when locating and developing future water

counties facing arsenic-reduction challenges include

supplies. A review of data from 1988 to 2001

El Paso, Midland, Harris County, and Victoria.
While the majority of arsenic in groundwater is

shows that 92 percent of water wells statewide
meet the new drinking water standard for arsenic.

a result of natural conditions, some studies indicate

The variation among regional planning areas was

that the previous use of arsenic as a defoliant in

significant, however, ranging from 17 percent of

cotton-based agriculture may also be partly respon-

wells in the TWDB network above the standard in

sible in certain areas of the state. In 2000, an in-

the Northwest to less than 1 percent in the East

vestigator at the University of North Texas analyzed
arsenic in ambient monitoring
wells in the southern portion of

Figure 3-6

Percentage of Water Wells Exceeding
the New Arsenic Drinking Water Standard
By Regional Planning Area

the Ogallala Aquifer using TWDB
data (Hudak, 2000). The study
found arsenic in every well ranging from 1.1 to 171.9 µg/L, with
10 wells exceeding 10 µg/L. His-

20

torical use of arsenic in agriculture, as well as evidence of arsenic

percent

15

in local rock formations, were
likely sources of the arsenic. However, higher arsenic concentra-

10

tions at shallow groundwater
depths, along with other factors

5

such as detection of other agricul0

tural chemicals, suggested that the

0
East
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Central

Gulf
Coast

Lower
Border

Northwest

South
Central

regional planning area
SOURCE: TWDB Ambient Groundwater Monitoring Network.
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majority of shallow groundwater
arsenic contamination came from
pesticide use.
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Figure 3-7

Statewide Groundwater
Arsenic Levels

Arsenic > 50 micrograms/liter
Arsenic > 20 micrograms/liter
Arsenic > 10 micrograms/liter
Arsenic < 10 micrograms/liter
or data is inadequate
Public Water Supply Sources
with Potential Violations
Data Source: TWDB, TNRCC
NOTE: The arsenic concentration data shown on this figure
represents county-wide averages of arsenic concentrations in
sampled wells.

This map was generated by the Information Resources Division of the Texas Natural Resource Conservation Commission. No claims are made to
the accuracy or completeness of the data or to its suitability for a particular use. For more information concerning this map, contact the Information
Resources Division at 512/239-0800.
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Radioactivity

Figure 3-8 shows the percentage of wells exceeding
the drinking water standard for each of the regional

Radioactivity occurs in Texas groundwater
because of naturally occurring sources: geological

planning areas. Figure 3-9 additionally shows the

deposits containing uranium and other radioactive

counties with one or more aquifers where average

elements. Texas studies have associated the high-

county-wide concentrations exceed the drinking wa-

est levels of radioactivity in groundwater with ura-

ter standard for alpha radiation.
Public water systems that are not able to meet

nium deposits, salt domes, leaks due to ground
faults, lignite coal deposits, and uranium-bearing

the radionuclide standards will have to find new

volcanic ashes (Cech, et al., 1987; Cech, et al.,

sources for drinking water or treat the existing

1988). Exposure to elevated levels of radionu-

groundwater. Treatment methods, such as ion ex-

clides can lead to an increased risk for cancer.

change and reverse osmosis systems, are currently

In December 2000, the EPA published a new rule

available. A significant issue for public water sup-

establishing drinking water standards for radionu-

plies required to treat for radionuclides will be the

clides consisting of radium-226/228, gross alpha

cost and availability of disposal facilities to manage

and beta particle radioactivity, and uranium. The

the resulting residues, if the residues are above

rule becomes effective in December 2003 and will

regulatory standards for radioactivity. There are

be phased in through 2007.

currently no disposal facilities in Texas authorized
to handle such wastes.

Some public water supply systems that use

Further geological studies of the occurrence of

groundwater as a source do not currently meet
the new standards. Statewide, 9 percent of wells in

radioactivity would guide further identification of

the TWDB ambient monitoring network exceeded

suitable groundwater for future public and private

the drinking water standard for alpha radiation of

use. Also, areas with major groundwater withdrawal

15 picocuries per liter (pCi/L). The West Regional

may be changing groundwater flow patterns such

Planning Area had 19 percent of wells that exceeded

that groundwater may be moving from areas of el-

the standard, while the South Central and West

evated radioactivity into areas currently producing

Central regions had 15 and 14 percent, respectively.

adequate-quality water.

Figure 3-8

Percentage of Water Wells Exceeding the
Alpha Radioactivity Drinking Water Standard
By Regional Planning Area
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SOURCE: TWDB Ambient Groundwater Monitoring Network.
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Figure 3-9

Statewide Groundwater
Radioactivity Levels

Alpha Radioactivity > 75 picocuries/liter
Alpha Radioactivity > 30 picocuries/liter
Alpha Radioactivity > 15 picocuries/liter
Alpha Radioactivity < 15 picocuries/liter
or data is inadequate
Public Water Supply Sources
with Potential Radioactivity Violations
Data Source: TWDB, TNRCC
NOTE: The radioactivity concentration data shown on this figure
represents county-wide averages of alpha radiation concentrations in
sampled wells.

This map was generated by the Information Resources Division of the Texas Natural Resource Conservation Commission. No claims are made to
the accuracy or completeness of the data or to its suitability for a particular use. For more information concerning this map, contact the Information
Resources Division at 512/239-0800.
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Total Dissolved Solids

Border region. Figure 3-10 shows the percentage

The occurrence of total dissolved solids (TDS) in

of wells exceeding the drinking water standard for

groundwater is the result of the dissolution of ions

each of the regional planning areas. Figure 3-11

from minerals found on the ground surface or in the

additionally identifies counties with one or more

subsurface, such as sodium chloride, sulfate, and fluo-

aquifers where average county-wide TDS concen-

ride. As water moves from the surface vertically or

trations exceed 1,000 mg/L. In interpreting this

laterally through the aquifers, ions are leached and

data, it is important to note that the TWDB network

exchanged over time. High TDS concentrations can

uses available wells that primarily are used for water

also be a result of human-induced contamination.

supply. Since TDS is known to vary by depth within

The TNRCC have established 1,000 mg/L

an aquifer and wide ranges of TDS may occur, this

TDS as the upper limit of suitability for drinking

data is more representative of the quality of water

water supplied to the public. Although water above

being used rather than of aquifer-wide variations

this concentration typically poses no harm to hu-

in conditions.
A 1989 Texas Water Commission report cited

man health, it may affect aesthetic concerns, such
as taste. Groundwater with concentrations above

a number of reasons for elevated TDS concentra-

1,000 mg/L is usable for other purposes like crop

tions. Natural conditions account for a large part of

irrigation and livestock watering, although too high

elevated levels, especially as the depth of an aquifer

concentrations can also harm agricultural soils.

increases. Brine disposal from historic oil and gas

In some areas of the state, future drinking water

activities in certain areas of the state has also af-

supplies may have to depend on groundwater with

fected parts of some aquifers. Excessive pumping

TDS concentrations above 1000 mg/L. Groundwa-

rates are an increasingly important factor in some

ter containing above 10,000 mg/L is classified as

areas, resulting in more saline water being drawn

very saline and is used primarily for mineral extrac-

into production wells, such as coastal areas, the

tion or oil and gas production.

Dallas-Fort Worth and Waco metropolitan areas,
and the suburban areas of Austin and San Antonio.

Statewide, 22 percent of wells sampled by
the TWDB from 1988 to 2001 in their ambient

The Texas Water Development Board indicates that

groundwater monitoring network were above

high pumping rates in El Paso, Ciudad Juarez, Mexico,

1,000 mg/L TDS. Regional variations were signifi-

and New Mexico are depleting the Hueco-Mesilla

cant, ranging from 4 percent in the East Regional

Bolsons (Mace, et al.,2001). As a result, TDS is

Planning Area to over 60 percent in the Lower

expected to increase over the next 5 to 20 years.

Figure 3-10

Percentage of Water Wells Exceeding Drinking Water Standards
for Total Dissolved Solids by Regional Planning Area
70
60

percent

50
40
30
20
10
0
East

East
Central

Gulf
Coast

Lower
Border

Northwest

South
Central

West

West
Central

regional planning area
SOURCE: TWDB Ambient Groundwater Monitoring Network.
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Figure 3-11

Statewide Groundwater
Total Dissolved Solids

TDS > 5000 milligrams/liter
TDS > 2000 milligrams/liter
TDS > 1000 milligrams/liter
TDS < 1000 milligrams/liter
or data is inadequate
Public Water Supply Sources with Violations
Data Source: TWDB, TNRCC
NOTE: The TDS concentration data shown on this figure
represents county-wide averages of TDS concentrations in
sampled wells.

This map was generated by the Information Resources Division of the Texas Natural Resource Conservation Commission. No claims are made to
the accuracy or completeness of the data or to its suitability for a particular use. For more information concerning this map, contact the Information
Resources Division at 512/239-0800.
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Water Quality in
Private/Domestic Wells

Ambient Groundwater
Monitoring in Texas

Almost 10 percent of citizens in Texas use pri-

Future water policy will be dominated by water

vate groundwater wells for drinking water, based on

availability and water use issues. How groundwater

1990 U.S. Census data. A review of TWDB ambi-

quality affects its use and conversely, how groundwa-

ent data indicates that a significant number of pri-

ter use affects its quality, will become critical issues.

vate groundwater wells exceed drinking water stan-

Can needed future groundwater supplies be devel-

dards for nitrate, arsenic, and alpha radiation. While

oped based on their quality? Will the groundwater

public water suppliers are able to blend or other-

require treatment and to what extent? What are the

wise treat source water to produce adequate-quality

economic ramifications of such treatment? How will

drinking water, these options are not generally

changing drinking water standards, such as in the

available to private homeowners, who may or

case of arsenic and radionuclides, affect the availabil-

may not be aware of problems in the first place.

ity of existing and future groundwater supplies?

In addition, private groundwater wells are generally

What safeguards are necessary to protect future

shallower than public wells, making them more sus-

supplies? These are the questions that an ambient

ceptible to surface contamination.

groundwater monitoring program will help answer.

Figure 3-12 compares the percentage of pri-

Texas has extensive groundwater monitoring

vate and public wells in Texas that exceed drinking

activities that continue to portray the status of the

water standards for nitrate, arsenic, and radioactivity.

overall groundwater quality in the state. The TWDB’s

Awareness of the type and concentration of

ambient groundwater monitoring network provides

contamination would allow the homeowner to try

key information on many inorganic and radioactive

alternate source strategies, such as drilling deeper

constituents important for development of existing

or using bottled water. A better understanding of

and future water supplies. It also provides a

the water quality issues facing private well owners

baseline for groundwater quality in each of the

could be obtained from expanded sampling strate-

state’s major and minor aquifers.

gies that target private wells, especially in aquifers

The TNRCC’s regulatory programs address

already known or suspected to be affected. This

both groundwater protection controls and, in many

information, as well as information on testing and

cases, site-specific monitoring for activities under its

treatment options, could be made available to

jurisdiction. Regulated sites that have contaminated

private well owners through sources including the

groundwater are also evaluated to determine

TNRCC, groundwater conservation districts, the

whether remediation or other action is required.

Farm Bureau, and the TEX*A*Syst program.

The TNRCC has also conducted ambient groundwater sampling to determine the effects of activities, such as pesticide use, on groundwater quality.

Figure 3-12

Percentage of Private and Public Wells
Over the Standard

Local groundwater conservation districts have
developed their own groundwater monitoring activities to address specific issues in their individual areas.

30

The USGS is conducting comprehensive land use
25
Private Wells
Public Wells

percent

20

and surface water and groundwater studies through
its NAWQA program in three areas of Texas: the
Trinity River Basin and its underlying aquifers; the
South Central NAWQA that covers the Edwards and

15

Trinity aquifers; and the Ogallala Aquifer NAWQA.

10

The Texas Groundwater Protection Committee
(TGPC) was created by the 71st Legislature to

5

bridge gaps among existing state groundwater pro0
Nitrate

Arsenic

Alpha Radioactivity

SOURCE: TWDB Groundwater Monitoring Network.
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grams and to optimize water quality protection by
improving coordination among agencies involved in
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groundwater activities. The TGPC may play a sig-

to release detection and cleanup expense reimburse-

nificant part by facilitating the collaborative efforts

ment, combined with an increased number of

and resources of the member agencies’ ambient

groundwater contamination case reviews completed

groundwater monitoring activities.

in 1999 (Texas Groundwater Protection Commit-

TGPC members currently are discussing needs

tee, 2001). [Table 3-2]

for statewide ambient groundwater monitoring. Dis-

The vast majority of groundwater contamina-

cussions include expanding sampling for potential

tion cases have affected shallow groundwater not

contaminants not historically addressed in TWDB’s

being used for public water supply. In 2000, there

ambient monitoring network, such as pesticides and

were only 22 new cases reported that affected or

other human-made organic compounds and expand-

could affect a public drinking water well or intake;

ing sampling in areas of known or potential contami-

however, contaminated sites other than these still

nation. The reality of funding limitations will require

require remediation to (1) manage groundwater

setting priorities and coordination of monitoring ac-

plumes against continued spreading and possible

tivities in order to accomplish these objectives.

human exposure, and (2) to protect potential future

An example of recent coordination is the collabo-

drinking water sources.

ration of the TNRCC and TWDB in sampling and

The Gulf Coast Regional Planning Area had

analysis of certain pesticides in the Panhandle. In

30 percent of the contamination cases, followed by

2000 the TNRCC entered into a cooperative agree-

the East Central region with 23 percent. Figure 3-13

ment with the TWDB, whereby the TWDB’s field per-

shows the distribution of sites by regional planning

sonnel collect an additional sample at most of their

area. The number of cases has increased from 1996

sampling sites. The TNRCC then uses the samples to

to 2000 in every regional planning area except

conduct immunoassay analyses for frequently used
herbicides, atrazine and metolachlor, saving money

Figure 3-13

and resources that would have otherwise been spent

Distribution of Groundwater
Contamination Cases, 2000

for independent sampling and collection efforts.

Documented Cases of
Groundwater Contamination

West Central (9%)

East (10%)

West (3%)

According to the TGPC, there were 7,567

East Central
(23%)

South Central
(9%)

documented cases of groundwater contamination
statewide in 2000, of which almost 78 percent
were the result of leaking petroleum storage tanks.

Northwest
(11%)

The total number of groundwater contamination
cases in 2000 represents a 6 percent reduction
from 1999, the first reduction in contamination
cases in 10 years. The primary reason for this

Lower Border
(5%)

reduction was a significant decrease in newly reported

Gulf Coast (30%)

leaking petroleum storage tank sites from 1999 to
2000, a direct result of regulatory deadlines relating

SOURCE: Joint Groundwater Monitoring and Contamination Report, 2000.

Table 3-2

Documented Groundwater Contamination Cases
ACTIVITY STATUS 1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

Total Cases

2241

3191

4759

5597

5646

5675

5849

6427

7459

7627

8065

7567

--

1303

1247

998

583

376

421

992

1356

1365

1314

623

254

45

172

273

342

226

371

493

461

921

1064

833

New Cases
Action Completed

Source: Texas Groundwater Protection Committee, Joint Groundwater Monitoring and Contamination Report, 2000.
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South Central and Lower Border, which decreased

not amenable to integration with or comparison to

12 percent and 7 percent, respectively, despite

the TWDB ambient monitoring data. Although sig-

significant population growth in both areas.

nificant groundwater data are submitted to the

While the exact reasons for these decreases is

agency in support of remediation or release detec-

unclear, it is possible that the added groundwater pro-

tion efforts, the data are generally only in paper

tection required by the Edwards Aquifer Protection

form and not electronically accessible. Specific site

Program in the South Central region plays a role. For

location data are not maintained electronically nor

instance, the South Central Area has the lowest per

is information on the depth and extent of contami-

capita rate of leaking petroleum storage tanks that

nation. Because of the condition described above,

have contaminated groundwater in the state at a rate

information cannot be easily combined with that

of 1.4 cases per 10,000 people. Per capita rates for

from other sites nor integrated with TWDB ambient

other regional planning areas range from 2 cases per

groundwater data to draw regional conclusions.

10,000 people in the East Central area to 8.1 in the

Electronic accessibility would afford these compari-

West and 8.7 cases in the West Central region. Fac-

sons and provide a more complete picture of over-

tors such as geology may also affect regional differ-

all groundwater conditions. This accessibility will

ences in numbers of contaminated sites.

become more important in the future as develop-

Groundwater data associated with contami-

ment of additional groundwater supplies, in some

nated sites and other regulated facilities such as

cases shallow groundwater, is planned to meet

hazardous or municipal waste landfills are currently

Texas’ water needs.

62

FISCAL YEARS 2003-2007

CHAPTER 4

LAND RESOURCES

Strategic Plan
FISCAL YEARS 2003–2007

VOLUME 2

Texas has more than 250,000 square miles of
land that is as varied as the Guadalupe Mountains
and Gulf Coast, the Piney Woods and Big Bend.
Texans use this resource in as many ways, ranging

S TAT E O F T H E T E X A S E N V I R O N M E N T

from thriving metropolitan areas and industrial centers to farm and ranch lands to vast recreation ar-

disposal rates. Despite these growing demands,

eas. These resources influence not only where we

statewide landfill capacity, or the number of years

live and work, but also what businesses and indus-

that current landfills can continue to accept waste,

tries will develop in Texas.

remains at more than 31 years. State and federal

The TNRCC plays an important role in pro-

regulations are preventing most adverse environmen-

tecting and restoring land to active and productive

tal impacts from waste disposal activities. Regional

use, primarily through regulation of municipal and

disposal rates and limited capacities are issues in

industrial waste disposal, spill reporting and response,

some areas of the state, and a new planning initia-

contaminated site cleanups, wetlands protection,

tive has been established to address all aspects of

and floodplain management. Although many of

MSW management in Texas.

these activities are related to other protected resources, such as groundwater and surface water
quality, water supplies, and air quality, their effects

New Strategic Planning Initiative
In December 2000, the TNRCC published the

on the land itself become important when assessing

new state solid waste plan, Solid Waste Manage-

its current and future use. The quality of land is

ment in Texas, Strategic Plan 2001-2005 (SFR-40)

becoming increasingly important as rapid popula-

(TNRCC 2001b), which requires all Councils of

tion growth and urban development continue to

Governments (COGs) to amend their regional solid

reshape our wide-open spaces.

waste management plans in 2002. Although regional
solid waste plans have individually been revised and

Municipal Solid Waste
In 2000, Texans disposed of more than

updated since their initial preparation in the mid1990s, this latest state plan established, for the first

28.6 million tons of municipal solid waste (TNRCC

time, a four-year regional planning cycle to corre-

2001a). This represents a 43 percent increase

spond to the cycle for amending the state solid

in the municipal solid waste (MSW) disposal over

waste plan. The COGs have been designated as the

the last 10 years and more than 30 percent since

regional MSW planning entities for Texas, and

1998. This rapid rise in waste disposal is partially

these new regional plan amendments serve to:

due to the 23 percent increase in population
experienced in Texas and to the state’s booming
economy, which saw the Gross State Product skyrocket more than 90 percent or almost $356 billion per year from 1990 to 2000.
Greater affluence has contributed to accelerating commercial waste disposal and rising per capita

TNRCC STRATEGIC PLAN

■ establish new goals and objectives for short-

range (1-5 years), intermediate (6-10 years),
and long-range (11-20 years) planning periods;
■ clearly explain the factors and priorities that

will be used by the COG to determine
whether a proposed MSW application
conforms with the regional plan;
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than 7.5 pounds per person per day, an increase of

■ establish the priorities for use of grant

funds by the COGs over the subsequent

almost 20 percent since 1998 and its highest level

planning cycle;

in 15 years (TNRCC 2001a).
In the decade before 1998, the per capita dis-

■ benchmark, track, and promote the

effectiveness of state, regional, and local

posal rates remained relatively steady and even de-

waste reduction efforts; and

clined from 1992 through 1997. [Figure 4-1] The
recent population and economic growth in Texas

■ ensure the proper management and

disposal of MSW, especially in areas with

partially account for this increase, as 5.5 percent of

fewer than 10 years of disposal capacity

the population growth and approximately 15 percent

and with inadequate collection, transporta-

of the economic growth have occurred in the past

tion, and processing services.

three years. An evaluation of the per capita changes
from 1999 to 2000 indicates that 80 percent of

The systematic process of continually assessing
MSW management at the regional level and

the increase is due to the commercial waste portion

amending regional plans in this manner is expected

of the waste stream rather than residential or other

to improve the TNRCC’s ability to better understand

wastes. Trends in per capita disposal rates can sig-

and respond to the constantly changing demands of

nal changes in public and commercial activities that

solid waste management in Texas.

may affect capacity.
Recycling of residential, commercial, and other

Per Capita Disposal Rates

wastes is estimated to divert 35 percent of the total
MSW generated in Texas every year away from land-

Per capita disposal rates are derived by dividing
the total volume of waste from all residential, com-

fills. This calculated recycling rate is based on a com-

mercial, and other sources by the total population.

plex and costly survey conducted by the TNRCC in

The per capita disposal rate in Texas increased for

1997, and it has not been feasible to conduct follow-

the third consecutive year in 2000, rising to more

up reviews. Since the reported disposal quantities

Per Capita Disposal (Y1)
Residential (Y2)
Commercial (Y2)
Other (Y2)

8

(Y1)
per capita disposal rate
(pounds/day)

per capita disposal rate (pounds/day)

Figure 4-1
MSW Per Capita Disposal Rate
1986-2000
MSW Per Capita
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may change depending upon variations in the re-

facilities remain (TNRCC 2001a). These new

cycling rate, further information may help deter-

requirements set stringent provisions to protect

mine what, if any, impact recycling rates may be

surface and groundwater quality, reduce air emis-

having on disposal trends. The 2001-2005 state

sions, prevent exposure to dangerous chemicals

plan (TNRCC 2001b) calls for further research

and pathogens, and control disease vectors.

on and consideration of the impact of economic

Many landfills divert at least one type of waste

changes on the disposal rates and amounts; the

for recycling or reuse. Many of the composting, re-

plan also calls for determining an appropriate

cycling, and other waste diversion programs are not

mechanism to estimate the state’s recycling rate

required to be permitted or registered in Texas but

on a regular basis.

are also contributing to reductions in waste disposal.
Other waste-related issues continue to present

Local Landfill Capacities
Regional and local capacities vary widely, rang-

environmental challenges, including:
■ The waste management hierarchy identified

ing from as few as 8 years to more than 200 years

in Chapter 361 of the Health and Safety

(TNRCC 2001a). Current state guidelines call for

Code lists waste reduction, waste recycling

regional planning agencies to take immediate steps

or reuse, and waste processing (incineration

to address capacity levels that drop below a 10-year

or waste-to-energy) as methods preferred to

threshold. Only two areas, the Brazos Valley Coun-

disposal of wastes in landfills. The economic

cil of Governments in the South Central Regional

advantages of landfilling in Texas are well

Planning Area and the Lower Rio Grande Valley

recognized. However, the amount of waste

Development Council in the Lower Border Regional

disposed of will continue to be reduced by

Planning Area, have fewer than 10 years of capac-

strategies that encourage voluntary source

ity remaining in area landfills. One 20-year landfill

reduction and recycling efforts by state,

expansion has been authorized and another permit

regional, and local governments; by busi-

is being processed by the TNRCC for the Lower
Rio Grande Valley area. A permit expansion in the

nesses; and by individual citizens.
■ Where solid waste collection services are

Brazos Valley area is also currently being consid-

inadequate or unaffordable, residents often

ered. Two additional areas, the Houston-Galveston

resort to open burning of solid waste, which

Area and the Texoma Council of Governments are

may result in a variety of problems, includ-

at about 14 years of capacity each, approaching
the 10-year trigger point.
Recent data also indicates that half of the re-

ing air quality and health issues.
■ The TNRCC has also been collecting

information about closed MSW landfills,

gional waste planning areas have experienced sud-

and many citizens are concerned that these

den declines in waste disposal capacity of at least

facilities may cause environmental or health

15 percent (TNRCC 2001a). Almost a third have

problems.

dropped more than 20 percent in just a year. Many

■ A goal of the 2001-2005 State Solid Waste

factors can influence such rapid changes in capac-

Management Plan is to complete regional

ity, including new waste contracts, residential and

inventories of these closed MSW landfills

commercial growth, natural disasters, and other

(TNRCC 2001b).

short-term or one-time events. The new strategic
planning cycle will identify trends toward rapid
capacity usage and whether current MSW systems
will meet future regional needs.

Hazardous and
Industrial Waste
According to 1999 data in the National Biennial RCRA Hazardous Waste Report (EPA 2001),

Waste Management Challenges
More than 700 landfills across the state closed

Texas continues to lead the nation in hazardous
waste generation. This is not surprising due to the

after the implementation of the 1986 Federal RCRA

large industrial sector in Texas, primarily in indus-

Subtitle D requirements. Currently 227 permitted

trial organic chemicals and petroleum refining. The
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most recent TNRCC data available shows that 16.3

every two years in accordance with state require-

million tons (excluding wastewater) were generated

ments. Most of the commercial management facili-

in 2000, with 0.13 million tons managed at off-site

ties are located in the Upper Gulf Coast and the

or “captive” treatment, storage, and disposal facili-

Dallas-Fort Worth Metroplex.
Common management methods include land-

ties. When wastewater is included, the amount of
waste reported is about 63.1 million tons of hazard-

filling, combustion, underground injection, fuel-

ous wastes and wastewater. Generation of these

blending, energy recovery, and metals and solvent

wastes appears to be down by almost 10 percent

recycling. Of the hazardous waste generated by the

from the 69.7 million tons reported in 1997, al-

thousands of facilities in Texas without on-site

though it is difficult to assess definitive trends in

waste management capability, about two-thirds or

hazardous waste generation or handling due to

almost 500,000 tons were shipped to these com-

several changes in the federal definition of report-

mercial facilities. About one-third of the waste re-

able waste in the past 10 years. For example, the

ceived by commercial facilities in Texas comes from

reported amount of waste more than doubled in

other states, although Texas industries exported

1991 with the inclusion of wastes that were previ-

almost an equivalent amount.
The 0.5 million tons of waste that is generated

ously considered to be nonhazardous. Similarly,
the quantity of hazardous waste dropped by about

in Texas and handled by the commercial facilities in

72 percent in 1997 due to EPA’s exclusion of most

the state is dwarfed by the quantities managed on

wastewater streams from reporting requirements.

site by many generating industries. In comparison,
a single permitted industrial plant property com-

Although more than 8,000 facilities reported
generating hazardous waste, 99 percent of that

monly has several, or even dozens, of on-site haz-

waste was attributed to only 62 companies, mainly

ardous waste treatment units. Many of these indi-

in the organic chemicals and petroleum refining

vidual units may each handle thousands, or even

industries. Hazardous wastes are required to be

hundreds of thousands, of tons of waste per year.
Many of these hazardous wastes are effectively

properly treated or disposed of either on site or at
stringently controlled commercial facilities. Approxi-

treated and/or removed from the environment

mately 97 percent of hazardous waste, excluding

through proven technologies, such as incineration,

wastewater, is managed on site or at “captive”

treatment to less harmful compounds, injection into

facilities owned by companies that generate it.

stable geologic formation thousands of feet below

The remaining 3 percent of waste is handled by

the land surface, or separation from waste streams

28 permitted commercial hazardous waste recy-

that can then be disposed of by conventional do-

cling, treatment, deepwell injection, incineration,

mestic waste treatment methods. Less than 0.5 per-

and disposal facilities in Texas or is exported to

cent of the total waste treated on a site is landfilled.
On-site hazardous waste management facilities

other states. [Table 4-1]
Generation of hazardous waste is concentrated

are permitted by the TNRCC and held to stringent

near the urban/industrial areas of the state. Cur-

operational and reporting requirements. While

rently, commercial hazardous waste management

the agency is confident that permit requirements

capacity appears to be adequate and is re-evaluated

adequately control releases from individual waste

Table 4-1

Hazardous Waste Generation in Texas, 1999
Total Hazardous Waste Generation w/Wastewater

63.1 million tons

Total Hazardous Waste Generation w/o Wastewater (including 0.26 tons of exported waste)

16.4 million tons

Managed On Site

15.5 million tons

Managed at Captive Facilities (owned by the generating company)

0.13 million tons

Managed at Commercial Facilities (including 0.26 tons of imported wastes)
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Petroleum Storage Tanks

management units, assessments of future management needs may be improved by greater knowledge

Leaking petroleum storage tanks are major

and understanding of (1) the cumulative effects of

causes of groundwater and soil contamination in

wastes from multiple facilities over time and of (2)

the state. Common contaminants include benzene,

the level of toxicity of individual waste materials.

toluene, ethylbenzene, xylene, MTBE, and other
organic chemicals. Data maintained by TNRCC

Contaminated Sites

staff indicate that, as of December 31, 2001, almost
23,000 leaking storage tank sites had been identi-

Hazardous materials are also found at contaminated areas located at operating waste management

fied statewide, especially in urban areas. Of these

facilities, as well as state and federal Superfund

sites, more than 16,500 of them have been ad-

sites, voluntary cleanup sites, leaking petroleum

dressed and require no further remediation action.

storage tank sites, and other locations in Texas.

More than 6,000 sites still need attention.
The majority of these remaining sites were

Contamination ranges from small spills that are
easy to clean up to large contaminated areas that

under various stages of corrective action under a

may have existed before current regulatory require-

Petroleum Storage Tank Remediation (PSTR) fund

ments were enacted.

that offered financial incentives to responsible parties to clean up their properties. Although that pro-

Historical contamination often resulted from
poorly controlled plant operations or from unregu-

gram was scheduled to expire on September 1, 2003,

lated waste disposal landfills, lagoons, and surface

the 77th Legislature (2001) extended the fund

impoundments that permeated soils or leached into

through September 1, 2006, to make further

groundwater. Efforts continue to identify and, when

progress. A step-by-step procedure has been

necessary and feasible, to remove or treat contami-

provided for site assessments, risk assessments,

nation from these sites to acceptable levels. Return-

and corrective action plan development and imple-

ing contaminated sites to productive use is impor-

mentation that should result in the completion of

tant to the overall improvement of the environment

most remediations by September 1, 2005.

and the economy.

Superfund and Voluntary Cleanup

Between 1998 and 2002, the agency eliminated
a backlog of over 2000 pending contaminated site

Federal and state Superfund programs are

cases while addressing an average of 300 additional

intended to address a limited number of complex

cases every month. In fiscal year 2001, corrective

sites that pose a threat to human health or the en-

actions were approved at 637 sites and cleanup

vironment. According to the most recent TNRCC

was completed at 401 sites.

data, there are currently 41 Texas sites in the federal Superfund program and 51 sites

Figure 4-2

in the state Superfund program.

State/Federal Superfund Sites
by Regional Planning Area, 2001

Since 1986, a total of 34 state and
18 federal Superfund site cleanups
have been completed, 75 percent of
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number of Superfund sites
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which have been completed since
1997. The state Superfund sites are
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mainly located in the industrial cen-
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encourage the cleanup of contaminated sites in

more than 82 percent in the last decade. Primary

Texas. As a result, many unused or underused

causes of the losses were subsidence and erosion,

properties may be restored to a use that is economi-

conversion to freshwater wetlands with emergent

cally productive or that benefits the community.

vegetation, construction of reservoirs, and conver-

Under the VCP, site cleanups follow a streamlined approach to reduce future human and envi-

sion to upland uses other than agriculture.
A 1980 statewide inventory of forested wet-

ronmental risk to safe levels. Current VCP data in-

lands identified 5,973,000 acres of bottomland

dicates that 1,332 sites are covered by the pro-

hardwoods and 95,000 acres of swamps remaining

gram, with 595 cleanups having been completed.

in Texas, yet this represented an estimated 63 per-

Future owners and lenders and other persons not

cent loss of these types of wetlands from their esti-

currently responsible for sites cleaned up under this

mated presettlement high of more than 16 million

program are released from future environmental

acres (TPWD 2001). According to the U.S. Fish

liability associated with the contamination addressed

and Wildlife Service report, Status and Trends of

in the cleanup. The rate of the cleanup in 2001

Wetlands in the Conterminous United States

continues at a pace of almost 10 sites per month.

1986 to 1997 (Dahl 2000), 6.2 percent of U.S.

Values of properties, as a result of the program,

forested wetlands were lost from the 1970s to the

have increased by approximately $379 million and

1980s, while 2.3 percent were lost between 1986

the cleanups have created 12,175 jobs.

and 1997.
Nationally, the majority of all freshwater wet-

Wetlands
Wetlands are the areas between land and water

lands losses have been attributed to development. In
Texas, low-density development outside distinct cities

and are important features of the state. They are

or towns almost doubled between 1955 and 1992,

typically inundated by water for at least part of the

consuming more than 86,000 acres of wetlands.

year, have saturated or waterlogged (“hydric”) soils,
and support water-loving plants. Wetlands provide
essential habitats for fish, wildlife, migratory birds,

Wetlands Protection Strategy
Much of the state’s strategy to protect wetlands

and plants, including many valuable timber species.

relies upon its review of applications for federal

They also filter pollutants, prevent erosion, reduce

permits to conduct dredge and fill operations under

flooding effects, act as recharge for some aquifers,

Section 404 of the Clean Water Act. The TNRCC

provide recreational fishing and hunting, and serve

must certify that proposed projects will adequately

as indicators of the overall health of the environ-

protect surface water quality in Texas and include

ment. Historically, wetlands have been viewed as

provisions to mitigate or compensate for any asso-

more valuable if converted to more productive uses,

ciated wetland loss. On August 17, 2000, the

such as agriculture or urban development. The fed-

TNRCC improved its certification process by enter-

eral Clean Water Act Section 404 permitting pro-

ing into a memorandum of agreement with the

cess and increased awareness of the benefits of

U.S. Army Corps of Engineers and adopting re-

wetlands have helped to mitigate some of the dra-

vised rules (TNRCC 2000). The agreement sets

matic wetlands loss that has occurred in Texas.

forth a formal approach for interagency cooperation while maintaining state water quality standards

Rate of Wetlands Loss
A historical perspective of the distribution and

in Section 404 projects.
In 1991 the TNRCC (then the Water Commis-

loss of wetlands emerges from national and state

sion) adopted the goal of “no net loss” of the “func-

reports. Texas Parks and Wildlife Department (TPWD)

tions and values” of the state’s wetlands, consistent

studies reported a net loss of 210,590 acres of

with federal policy. Achieving this goal currently

coastal wetlands from 1955 to 1992, an average

depends upon the cumulative benefits of case-by-

rate of 5,700 acres lost each year (TPWD 1997).

case permitting decisions within the federal Section

However, national figures suggest that the rate of

404 permitting process. The TPWD has also devel-

loss for this type of wetland has been reduced by

oped the Texas Wetlands Conservation Plan, which
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outlines statewide and regional issues and provides

■ The extensive and environmentally sensitive

nonregulatory recommended actions to make the

bottomland hardwoods of East Texas are

public more aware of and amenable to wetlands

particularly vulnerable, especially in light of

protection and restoration options (TPWD 1997).

current proposed projects to construct

The no net loss policy allows development to
occur in a manner that ensures that sufficient wet-

additional reservoirs that may impact
thousands of additional acres of wetlands.

lands remain to achieve necessary habitat protection, water quality buffering, flood mitigation, and
other benefits. Any project that destroys wetlands

Floodplain Management
The TNRCC is the state coordinating agency

and is subject to a 404 permit is required to include

for the National Flood Insurance Program. Agency

mitigation measures to minimize, offset, or replace

staff conduct site visits in communities throughout

this loss in function and value. Although this goal

the state to provide planning assistance and infor-

and the programs to achieve it have slowed the rate

mation to local officials, coordinate disaster relief

of wetland loss, several challenges remain:

during and after severe floods, and assist the Texas

■ In January 2001 the United States Su-

Water Development Board in reviewing projects

preme Court in Solid Waste Agency of

eligible for funding under the Flood Mitigation As-

Northern Cook County v. United States

sistance Program.

Army Corps of Engineers (SWANCC)

However, state and local funding and staffing

determined that federal jurisdiction over

for flood management and response are limited.

“nonnavigable, isolated, intrastate” waters

Despite efforts to make communities less vulnerable

was not supported by the Clean Water Act

to the impacts of flooding, damages continue to

(CWA) and may not be covered by the 404

occur, even repeatedly to the same properties.

certification process. Therefore, additional

According to a 1999 National Wildlife Federation

efforts to address these excluded wetlands

(NWF) report, Higher Ground (NWF 1999), repeti-

may help to protect critical water bodies,

tive damages constituted about 40 percent of the

such as playa lakes, coastal potholes, and

National Flood Insurance Program payments each

desert springs.

year. These findings highlight the importance of

■ Rigorous evaluation, compliance monitor-

effective enforcement of building restrictions and

ing, and enforcement are important to

specifications. Further benefits may also be gained

ensure the consistency and effectiveness

by the implementation of economic incentives and

of Section 404 permits in achieving envi-

buyback programs to remove or modify structures

ronmental objectives. The U.S. Army Corps

in floodplains

of Engineers recently issued Regulatory
Guidance Letter (RGL) No. 01-1 (Corps
2001), which acknowledged that there is a

Effects of Development
Properties located outside the designated 100-year

growing need to ensure consistency in the

floodplain account for 20 percent of the repetitive-

regulatory program to minimize the impacts

loss properties examined in the 1999 NWF study,

to the aquatic environment and to more

suggesting that as Texas continues to urbanize,

rigorously set and enforce permit conditions

maps designating the 100-year floodplain must be

to protect wetlands. The letter also says that

updated. Rapid development in many areas of

if wetlands are affected by a project, the

Texas may be influencing this effect due to the fill-

function of those wetlands must be restored

ing of floodplain areas, increasing the amount of

elsewhere within the same watershed.

impervious surfaces, channeling runoff away from

■ Complete and accurate data and effective

new growth areas, installing stormwater collection

assessment tools are critical to enable the

systems, and making other physical changes to wa-

measurement and monitoring of wetland

tersheds and floodways. With these changes, not

“function and value” and to determine the

only does more water reach a given stream, it

rate of net loss.

reaches the stream sooner and with greater velocity
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Health Effects—Land
Resources (IHW)

(EPA 2000). [Figure 4-3] As a result, floods can be
more frequent and severe and can affect areas previously outside of flood-prone areas.

Exposure to Hazardous Substances

Multi-objective Approach

Currently, there is limited outcome data on
health conditions potentially associated with expo-

Recent efforts in many local areas of Texas
and around the county have begun to take a much

sure to hazardous substances in the environment—

broader “multi-objective” approach to floodplain

data with which to address public concerns. The

management. This new approach promotes the

most significant achievements made by the TNRCC

protection and restoration of floodplain areas to

in reducing health risks have been from identifying

natural conditions that improve water quality,

and minimizing exposure to these substances in air,

habitat and species diversity, groundwater re-

soil, groundwater, and surface water. Through its

charge, wetland protection, erosion prevention,

environmental regulatory authority, the TNRCC

and recreational and greenspace opportunities.

has the responsibility to ensure protection of hu-

This approach continues to provide improved

man health by controlling releases to the environ-

management of flooding conditions. The North

ment. This responsibility is accomplished through

Central Texas Council of Governments, the city of

technical reviews of ambient monitoring data col-

San Antonio, and the city of Austin have initiated

lected by the agency, permit application informa-

multi-objective projects of this type. The Houston

tion, and information on emissions and discharges

Environmental Foresight group recently released

required to be reported by regulated entities.
The TDH is responsible for tracking health out-

draft goals and recommendations for habitat, parks,
and flooding in the Houston region that emphasize

comes associated with environmental risk. Ideally,

the use of greenspace, parks, wildlife habitats, natu-

the best measure of a specific disease is through

ral landscaping and best management practices for

the use of incidence data, the number of new cases

land use in the region to provide a multi-objective

of disease reported for a given time period. While

approach to floodplain management.

Texas has a number of surveillance systems that
track conditions such as cancer and birth defects,

Most, if not all, implementation will be through
nonregulatory efforts and use of incentives. These

incidence data for these conditions are at various

kinds of multi-objective, multiorganizational approaches

stages of completeness, and mortality data are of-

seem to hold promise for ways to accomplish a

ten used to supplement the investigation of the bur-

variety of environmental goals.

den of disease.
The cluster investigation is the primary tool used
by epidemiologists at TDH to investigate concerns of
excess cancer, birth defects, and other disease in a

Figure 4-3

Effects of Development
on Flooding Conditions

community. A cluster is a greater-than-expected
number of cases of a disease occurring among people
who may live or work in the same area, and who may
develop the disease within a short time of each other.

Rainstorm

The existence of a cluster is not necessarily a reason for concern. A number of disease cluster invesflood height

flow rate (discharge)

After Urbanization

Before Urbanization

tigations have been conducted throughout the state.
While these clusters may be indicators of health or
environmental concern in a community, they are
poor indicators of overall environmental health. The
TNRCC, through its analysis of ambient monitoring
data and information on emissions and discharges,
identifies exposure or potential exposure of the public

time
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integration of this information with information on

Cancer, pollution and occupational exposures are

actual disease incidence will allow critical analysis of

estimated to collectively cause 4 to 6 percent of all

environmental impacts on human health.

cancer deaths. Refraining from tobacco use, eating

The following discussions on cancer, birth de-

a healthy diet, and exercising regularly constitute a

fects, multiple sclerosis, and lead provide examples

sound approach a person can take to reduce his or

of potential links between environmental conditions

her risk of developing many kinds of cancer

and human health. While the discussion focuses on

(Harvard, 1996). There is a continuing need for

discussion of disease and health outcomes, TNRCC

both the TNRCC and TDH to identify, reduce, and

data and analysis on environmental conditions play

eliminate potential environmental risks associated

an integral role in evaluating the potential causes of

with hazardous substances in air, soil, groundwater,

these diseases.

surface water, and drinking water.

Pesticide poisoning and heavy metal toxicity
are other examples of environmental health conditions of interest. However, surveillance data for

Birth Defects
The TDH Birth Defects Monitoring Division

many diseases and conditions either do not exist or

(BDMD) uses the same investigational tools to exam-

are limited. The TNRCC, in cooperation with TDH,

ine potential birth defect clusters in Texas. During

will continue to identify or develop data and quanti-

2000, eight birth defect cluster investigations were

fiable measures that can be used by policymakers,

completed by BDMD. Very few of these investiga-

public health officials, and the general public to

tions resulted in finding birth defects in excess of

track and understand environmental quality and its

what were expected in the community (TDH, 2001b).

effect on health of Texans.

In an effort to improve information on the pattern and trends of birth defects in Texas, the 73rd

Cancer
The TDH Cancer Registry Division (CRD)

Legislature adopted SB 89 to establish a statewide
birth defects registry. Initially, the registry was funded

began conducting cancer cluster investigations in

to focus on birth defects in the Lower Rio Grande

1986. In 2000, the CRD completed 62 such inves-

Valley and along the Gulf Coast. In 1998, the regis-

tigations. At this time, cancer cluster investigations

try was expanded to collect data on births state-

evaluate 1995-1998 cancer incidence data, as well

wide. Recent budgetary constraints may result in

as 1990-2000 mortality data for the specific types

scaling back on statewide surveillance activities and

of cancers. Again, the best measure of the cancer

again focusing efforts on limited areas of the state.

burden in Texas is through the use of incidence
data (TDH, 2001a).
Many cancer clusters can be explained solely

Multiple Sclerosis
The TDH has recently concluded a multiple

on the basis of chance. The reason is that cancer is

sclerosis (MS) cluster investigation in El Paso,

a common disease, much more common than most

Texas. An MS cluster was reported among people

people realize. Approximately two out of every five

who had resided in the Kern Place-Mission Hills

persons alive today will develop some type of can-

area of El Paso during their childhood. Residents

cer in their lifetimes. Furthermore, cancer is not

expressed concerns about historic air emissions

one disease, but many different diseases. Different

from the ASARCO metals smelter. The initial inves-

types of cancer are generally thought to have differ-

tigations identified a higher than expected number

ent causes. In Texas, as in the United States, can-

of MS cases, although the study was not designed

cer is the second leading cause of death, exceeded

to draw conclusions about the causes of MS.

only by heart disease. In 2000, more than 33,000

The TDH received a grant from the Agency for

Texans died of cancer. Sixty-eight percent of these

Toxic Substances and Disease Registry (ATSDR) to

deaths were in persons 65 years of age or older

identify the prevalence of MS among former stu-

(TDH, 2001a).

dents at two schools (Mesita and E.B. Jones) during

According to Oxford University epidemiologists
Doll and Peto (1996), in their book The Causes of

TNRCC STRATEGIC PLAN

the years between 1948 and 1970 and to compare
the number of MS cases to national estimates of
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prevalence. The investigation identified 14 former

Lead Poisoning Prevention Program (CLPPP) dur-

Mesita students with MS. The prevalence of MS

ing 2000. Approximately 3 percent of these chil-

among these students was twice the national preva-

dren had elevated blood lead levels (TDH, 2001e).

lence estimates. MS was not identified among any

Due to the concern that children exposed to lead-

of the former students from E.B. Jones. Based on

contaminated soils continue to be at risk, CDC

these findings, TDH will develop MS prevalence

has proposed total elimination of elevated blood

estimates for Texas and examine whether metal

lead levels in children in its Healthy People 2010

exposure in the environment is an MS risk factor

initiative.

(TDH 2001c, 2001d).

The TNRCC and TDH are responsible for
jointly establishing the Environmental Health Insti-

Lead
Progressive decline in childhood blood lead lev-

tute (EHI). The purpose of the EHI is to examine
ways to identify, treat, manage, prevent, and re-

els in the United States has been attributed to the

duce health problems associated with environmen-

phasing out of lead in gasoline, paint, and plumb-

tal contamination. The EHI will conduct a pilot

ing supplies. Despite this decline, the Centers for

project at the former RSR West Dallas lead smelter

Disease Control estimate about 1 million U.S. chil-

and nearby Cadillac Heights residential area sites to

dren (under the age of 6) have elevated blood lead

assess health conditions that may be related to liv-

levels (greater than 10 µg/dL). In Texas, 201,634

ing near or in the vicinity of a state or federal

children were reported to the TDH’s Texas Childhood

Superfund site.
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CHAPTER 5

DRINKING
WATER QUALITY

Strategic Plan
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VOLUME 2

Although drinking water can be viewed as a
component of TNRCC’s surface water and groundwater resources, it is identified as a distinct resource

S TAT E O F T H E T E X A S E N V I R O N M E N T

for planning and regulatory purposes because it is
so critical to public health. Regardless of the quality

deposition of airborne pollutants. Contaminant

of ground or surface raw water supplies, water can

problems can also be compounded by improperly

be treated to a very high standard. Slightly more than

operated public drinking water systems.
Most of the 4,600 or so community public wa-

97 percent of the Texas population is served by
6,697 public water systems (including both commu-

ter systems in Texas are considered small systems.

nity and noncommunity systems) that meet or ex-

Almost half serve populations of fewer than 500

ceed health-based drinking water standards. In the

persons each. [Table 5-1] Despite their large num-

year 2000, Texas ranked fourth in the nation in a

ber, such small systems serve only about 2 percent

National Rural Water Association study ranking the

of the state’s population. On the other hand, fewer

effectiveness of state drinking water safety programs.

than 500 systems serve 5,000 or more customers

The TNRCC pays special attention to monitor-

each. The dilemma is that a system’s ability to con-

ing and protecting surface and ground water sup-

sistently meet prevailing and anticipated water

plies that are a source of drinking water. Protecting

treatment standards is related to its size, with diffi-

the quality of raw water supplies minimizes treat-

culties increasing as size shrinks. (A community

ment costs. Contamination can occur in surface or

water system serves 15 residential connections or

groundwater supplies from wastewater discharges,

more; or 25 people or more; a noncommunity

urban and agricultural runoff, leaking underground

system serves nonresidential connections or

storage tanks, improperly maintained on-site sew-

people. Examples of noncommunity systems

age facilities, waste sites, abandoned wells, and

include trailer parks, parks, and stores.)

Table 5-1

Population and System Size Characteristics for
Community Public Drinking Water Systems
System Size
(No. of Persons)

Total Number
of Systems

Number of
Public Water
Systems on
Groundwater

Number of
Public Water
Systems on
Surface Water

Number of
Public Water
Systems Mixed
Sources

Total
Population

≤100
101-500
501-1000
1001-3000
3001-10,000
10,001-100,000
>100,001

855
1387
602
890
567
229
26

790
1241
471
620
347
71
2

64
121
110
197
145
91
16

1
25
21
73
75
67
8

53,022
350,207
435,084
1,669,588
2,914,714
6,100,781
9,467,558
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Drinking Water Standards

97 percent, which has improved since 1995 when

Drinking water standards, which apply after

only 82 percent of the systems met bacteria stan-

water is treated, are divided into two parts: primary

dards. The presence of coliform bacteria indicates

and secondary standards. The primary standards

the vulnerability of a system to contamination.

are set to protect the health of consumers by set-

However, not everyone who ingests coliforms will

ting maximum contaminant levels (MCLs) for chemi-

develop a disease. During the period 1997-1999,

cal and microbiological quality. MCL is defined in

Texas had only two reportable waterborne disease

the federal Safe Drinking Water Act as the maxi-

outbreaks, which affected 1,439 people (Barwick et

mum permissible level of any water contaminant

al, 2000; TDH, 1999). The EPA’s national statis-

delivered to a public water system user. Secondary

tics for microbiological violations indicate that small

standards are set to prevent the water from being

systems on a per-1000-population basis have a

aesthetically objectionable with regard to taste,

greater number of violations than large systems

color, and odor.

(EPA, 1999). Table 5-2 suggests that Texas is consistent with the national trend.

Drinking Water Quality

Nitrate in drinking water led the list of chemical

The TNRCC has provided technical assistance

violations, with the largest population served or po-

to those public water suppliers with monitoring re-

tentially affected by this contaminant. [Table 5-3] In

sults showing excessive bacteria. The efforts have

addition to the 33 public water supply systems in

supported the high compliance rate of more than

violation for nitrate, 13 systems have nitrate levels

Table 5-2

Microbiological Violations in Texas, 1996-2000
(Community and Noncommunity Systems)
Year of Violation

Number of Public Water Systems
with Violations

Population Served

1996

Violation 1a: 14
Violation 1b: 202
Violation 1c: 18

2,322
446,440
107,554

1997

Violation 1a: 27
Violation 1b: 176
Violation 1c: 24

1,050
306,248
145,838

1998

Violation 1a: 3
Violation 1b: 158
Violation 1c: 29

523
280,918
160,716

1999

Violation 1a: 3
Violation 1b: 132
Violation 1c: 11

931
231,868
69,613

2000

Violation 1a: 3
Violation 1b: 150
Violation 1c: 19

6,597
272,178
135,995

Violations for systems serving
1,000 customers or fewer per system

Viol. 1a: 28 (5.63 viol/1,000 pop)
Viol. 1b: 562 (4.96 viol/1,000 pop)
Viol. 1c: 42 (2.86 viol/1,000 pop)

4,970
113,303
14,701

Violations for systems serving 1,001
or more customers per system

Viol. 1a: 2 (0.31 viol/1,000 pop)
Viol. 1b: 244 (0.17 viol/1,000 pop)
Viol. 1c: 59 (0.10 viol/1,000 pop)

6,453
1,433,636
605,515

Note: The table lists the more serious violations, including (a) acute violation—two consecutive coliform-positive samples at the same site in
one month; (b) more than minimum number of coliform-positive samples in a month; and (c) failure to produce adequate-quality water (e.g.,
no chlorine disinfection and turbidity exceedances). Administrative violations are not listed.
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greater than the MCL but are not technically in vio-

for radium, gross alpha, and uranium by December

lation. An additional 482 systems have nitrate lev-

2005. [Table 5-5] Most water systems will have the

els between 1 mg/L and 10 mg/L (the MCL).

option of developing alternate surface or ground-

Trihalomethanes and atrazine are the top-ranking

water sources, but some will have to treat the water

organic chemicals with violations in 2000, based

and dispose of the resultant Naturally Occurring

on population served. In addition to the six formal

Radioactive Material (NORM) waste. Treatment

violations noted in the table for atrazine, six other

methods are effective and readily available, but dis-

systems have analytical results greater than the

posal options for the NORM waste are likely to

MCL but are not technically in violation, and another

present legal and financial burdens for both the

135 systems have detectable levels of atrazine.

utilities and the state.
Removal of radon from drinking water is an-

New Challenges

other drinking water program challenge. Under the
current EPA proposal, states would have to adopt a

The EPA has announced that the MCL of 50
micrograms per liter (µg/L) for arsenic would be

primary MCL of 300 picocuries per liter (pCi/L) or

reduced to 10 µg/L, and that all systems were to be

an alternate MCL of 4000 pCi/L, which requires

in compliance by January 2006. One hundred and

implementation of an indoor radon mitigation plan.

ninety-seven systems in Texas, serving over 1 mil-

EPA is expecting most states to choose the 4000

lion people, are projected to be in violation [Table

pCi/L MCL with the mitigation plan because it is

5-4]. These systems are found in most parts of the

the most cost-effective. Until an approach is chosen

state, but the majority are in the Gulf Coast and

in Texas, the number of systems impacted cannot

West regional planning areas.

be defined.
Beginning in January 2002, two federal rules

Revisions to the Safe Drinking Water Act will
require more than 120 systems to meet new MCLs

related to the use of water disinfection will be

Table 5-3

Chemical Violations in Texas, 2000
Chemical

Number of Public Water Systems

Population Served by PWS

Nitrogen as nitrate

33

35,714

Trihalomethanes

2

32,769

Radium

22

31,911

Alpha radiation

18

28,800

Fluoride

42

28,600

Atrazine*

6

15,376

Arsenic

2

5,447

1 each

3,200

Trichloroethylene and 1,1-Dichloroethylene
Selenium

6

647

Barium

1

429

Violations for systems serving 1,000
customers or fewer per system

100
(4.01 violations/1,000 population)

24,960

Violations for systems serving 1,001
or more customers per system

34
(0.21 violations/1,000 population)

164,593

Note: Organic chemical violations were based on collections over the period 1998-2000.
*Five of the six systems purchase water.
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Table 5-4

Projected Arsenic Violations
(Arsenic ≥10 µg/L)
Regional Planning Area

Counties

Number of Systems

Population Served

East

Polk, San Jacinto

10

4,697

East Central

Falls, Fannin, Grimes, Limestone,
McLennan, Tarrant

11

19,664

Gulf Coast

Aransas, Bee, Brazoria, Chambers,
Colorado, Duval, Fort Bend, Galveston,
Hardin, Harris, Jim Wells, Kleberg, Lavaca,
Live Oak, Montgomery, Nueces, Orange,
Refugio, Victoria

73

165,606

Lower Border

Hidalgo, Jim Hogg, Webb

4

19,255

Northwest

Andrews, Borden, Briscoe, Castro, Cochran,
Dawson, Ector, Gaines, Hockley, Howard,
Lubbock, Lynn, Martin, Midland, Randall,
Swisher, Terry, Yoakum

66

150,398

South Central

Atascosa, Bexar, Fayette, Gillespie, Karnes,

10

20,107

West

Crane, Crockett, El Paso, Hudspeth, Presidio

21

654,382

West Central

Haskell, Jones

2

3,105

Totals

60

197

1,037,214

Table 5-5

Projected Radioactivity Violations
(Alpha ≥15 pCi/L, Radium ≥5 pCi/L, Uranium ≥30 pCi/L)
Number
of Systems

Population
Served

Radioactive
Element

Polk, San Jacinto, Tyler

8

6,277

alpha, radium

East Central

Bosque, Erath, Grayson,
Grimes, Parker, Tarrant,
Washington, Wise

16

21,477

alpha, radium, uranium

Gulf Coast

Brazoria, Fort Bend, Hardin,
Harris, Kleberg, Lavaca, Liberty,
Matagorda, Montgomery,
Nueces, Victoria, Walker

56

132,455

alpha, radium, uranium

Lower Border

Zavala

2

2,066

alpha, radium

Northwest

Dallam, Lubbock, Moore

7

20,382

alpha, radium, uranium

South Central

Bexar, Burnet, Comal, Concho,
Frio, Gillespie, Kendall, Kerr,
Llano, Mason, McCulloch,
Medina, San Saba, Williamson

30

41,930

alpha, radium, uranium

West

Brewster, Crockett, El Paso,
Jeff Davis, Pecos, Val Verde

6

5,325

alpha, radium, uranium

West Central

Irion, Wichita

2

4,368

alpha, radium, uranium

Total

50

127

234,280

Regional Planning Area

Counties

East

*pCi/L-picocuries per liter.
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implemented. The first rule is known as the Interim

receive adequate water and wastewater services at

Enhanced Surface Water Treatment Rule. This rule

reasonable costs. The Federal Safe Drinking Water

establishes tighter requirements for disinfection, for

Amendments of 1996 require states to have capac-

reduction of turbidity, and for individual filter moni-

ity development, source water protection, and op-

toring requirements. These requirements are de-

erator certification in order to be eligible for federal

signed to optimize treatment reliability and enhance

funds from the Drinking Water State Revolving Fund.

filter removal efficiencies in order to reduce

These funds are used for construction of new or

Cryptosporidium microorganism levels in finished

expanded treatment facilities.

water. The second rule is known as the Stage 1
Disinfectants and Disinfection Byproducts Rule.
Under this rule, maximum levels for the residuals
from three commonly used disinfectants (chlorine,

Monitoring of Microbiological
and Chemical Quality
All public drinking water systems are routinely

chloramine, and chlorine dioxide), and maximum

monitored for bacteriological and chemical con-

levels for disinfection byproducts, are established

tamination. Each of the larger systems submits sev-

(e.g., trihalomethane). Since many disinfection

eral hundred bacteriological sample results a month

byproducts are formed through reaction of the dis-

to the TNRCC, while the systems serving smaller

infectants with organic materials in the water, most

populations, including most groundwater-based

major systems will also have to demonstrate re-

systems, must each collect at least one sample per

moval of the organic material.

month. The TNRCC reviews 25,000 to 35,000

Under the Source Water Assessment program,

microbiological samples each month and deter-

approximately 17,000 public drinking water sources

mines compliance. The agency also supervises

will receive initial assessments by May 2003. As a

chemical sample collections and determines compli-

part of this effort, the United States Geological

ance for more than 125 chemical constituents.

Survey will sample 40 public water system reser-

Data for several million individual analytes are

voirs and 180 public water supply wells in order to

maintained at the agency. The TNRCC investigates

validate contamination prediction models for pesti-

an average of 340 public water systems a month in

cides and volatile organic compounds.

order to ensure the minimization of health risks associated with drinking water supply.

TNRCC Drinking Water
Protection Programs
The TNRCC has been designated the primary

Texas Optimization Program
In Texas, more than 12 million people receive

agency in Texas by the EPA to ensure compliance

all or some of their drinking water from 370 surface

with the federal Safe Drinking Water Act. TNRCC

water treatment plants. The TNRCC has pursued a

accomplishes this task through:

strategy of reducing the risk of waterborne disease

■ reviewing and approving plans and specifica-

through the identification of cost-effective improve-

tions for drinking water system construction,

ments. Ninety-three optimization assessments have

■ monitoring compliance with drinking water

standards,

been done. So far there are eight surface water
treatment plants that have achieved optimization.

■ implementing the Source Water Assessment

and the Texas Optimization programs,
■ providing technical assistance to utilities, and,
■ inspecting public water supply systems to

ensure compliance with applicable rules.
TNRCC also has some authority over rates and

Source Water Assessment Program
The TNRCC has initiated a Source Water Assessment and Protection Program to protect public
drinking water quality and provide for citizen involvement. The agency received EPA approval for this

services, and monitors the financial activities and cus-

program in November 1999. To date, nearly 25

tomer service policies of approximately 1,300 water

percent of the public water suppliers with vulnerable

districts, 850 water supply corporations, and 1,200

drinking water sources have elected to participate

investor-owned utilities to ensure that customers

in this voluntary protection program.
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The program identifies public drinking water

outbreaks. More recently, however, waterborne dis-

sources, inventories potential contaminants, as-

ease outbreaks have been associated with exposure

sesses the susceptibility of water systems to con-

to parasites, viruses, and chemicals (CDC, 1999).

tamination from a range of sources, and informs

CDC and EPA maintain a collaborative surveil-

the public of the results. From 1997 to 1999,

lance system for waterborne-disease outbreaks.

TNRCC prepared a workplan as a cooperative

Data from this nationwide surveillance system has

effort with the U.S. Geological Survey to develop

been instrumental in the development and evalua-

and implement a scientifically defensible methodol-

tion of current regulations for water treatment and

ogy for assessing susceptibility of public water sys-

monitoring of water quality. According to the CDC,

tems to contamination. The project is expected to

the number of waterborne disease outbreaks re-

have an initial assessment of all public water sys-

ported in the United States was comparable be-

tems completed in May 2003.

tween 1996 and 1998 (6 to 10 waterborne disease
outbreaks/year). Between 1997 and 1999, a total

Capacity Development Program
The Capacity Development Program addresses
the ability of water systems to provide safe drinking

of 3 waterborne disease outbreaks were recognized
in Texas (CDC, 2000).
The following outbreaks are examples of a

water now and in the future. The program is aimed

coordinated and integrated health and regulatory

at avoiding the creation of new substandard sys-

response. In July of 1998, an outbreak of

tems, assessing existing systems, and improving

Cryptosporidium parvum affected approximately

system capabilities. Capacity development assess-

1,400 residents of a municipal utility district (MUD)

ments began in fiscal year 1998. Through August

in Williamson County, Texas. After a lightning

2000 financial, managerial, and technical assess-

strike damaged the MUD’s sewage lift station, ap-

ments had been conducted on 1,824 water systems

proximately 167,000 gallons of raw sewage were

throughout Texas.

released, contaminating four of the MUD’s five water wells. While groundwater wells are usually im-

Health Effects—
Drinking Water Quality
Through its environmental regulatory authority,

mune from the influence of contaminated surface
water, conditions of drought created a scenario
where sewage was drawn down into the aquifer,

TNRCC has the responsibility for oversight of

causing contamination of the wells. New technolo-

drinking water supplies for potential chemical and

gies to improve the detection of Cryptosporidium

biological contaminants. Overall, drinking water

parvum in future outbreaks were field tested by

quality in Texas is very good, as evidenced by the

CDC during this outbreak. In December 1998 and

number of drinking water systems ranked as “supe-

January 1999, an Escherichia coli 0157:H7 out-

rior” by the TNRCC. However, chemical or biologi-

break in Karnes County was linked to the loss of

cal contamination can occur. TDH’s tracking of

free chlorine in a municipal water supply. In re-

infectious diseases can provide information about

sponse, TNRCC required improved reporting, pub-

illnesses potentially associated with waterborne bio-

lic notification, and other appropriate measures to

logical contaminants.

help minimize recurrence of events such as these.

According to the Centers for Disease Control
and Prevention (CDC), one of the top 10 public

While these represent large outbreaks, the
true incidence of waterborne disease outbreaks

health achievements of the 20 century is the con-

may be unknown because not all outbreaks, espe-

trol of infectious diseases. Sanitation and hygiene

cially small ones, are recognized and reported to

improvements, including sewage disposal, water

local and state health authorities (TDH, 1999).

treatment, and solid waste disposal, are examples

TNRCC and TDH, along with the EPA and CDC

of environmental public health actions that have con-

continue to support strategies and collaborative

tributed to the decline in the mortality of infectious

efforts at the local, state, and federal levels to im-

diseases. During the first half of the 20th century,

prove the surveillance of and response to water-

bacteria were the main cause of waterborne disease

borne-disease outbreaks.

th
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CHAPTER 6

WATER SUPPLY
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VOLUME 2

The vitality of Texas rests on the continued
availability of water. Attention to that fact becomes
especially focused in the wake of any drought, a
recurring climatic feature of Texas. The 1999
drought, for instance, saw stream flows in some

S TAT E O F T H E T E X A S E N V I R O N M E N T

rivers and creeks shrink to as little as 11 percent of
normal. In response to the statewide drought of
1996 and other water resource issues, the Texas
Legislature in 1997 ordered improved statewide

2050, rising from about 21 million to
about 40 million.
■ Total demand for water is expected to hit

water planning as well as the development of water

about 20 million acre-feet in 2050, up

availability modeling in 22 of the 23 major river

18 percent from about 17 million acre-

basins in the state. A water availability model is a

feet in 2000.

computer program that calculates the amount of

■ Water supplies from existing sources are

water in a river basin to determine whether all

currently about 18 million acre-feet of

water needs and uses can be met. The remaining

water per year statewide.

basin, the Rio Grande, was authorized for water
availability modeling in the 76th Legislature.
The Texas Water Development Board (TWDB)

■ Despite an almost doubling of popula-

tion in 50 years forecasted by the
TWDB, projected municipal water

appointed 16 regional planning groups to consider

demand will increase only 67 percent,

future water needs of their respective areas of the

thanks to water conservation.

state. The ensuing plans formed the basis of the

■ By 2050, 78 counties in Texas are

State Water Plan, which was completed in 2002.

projected to have at least one water user

The TNRCC supervised the water availability mod-

group with unmet needs. Examples of

eling efforts, resulting in the creation of 22 water

water user groups include cities with a

availability models (WAMs). The Rio Grande WAM

population greater than 500, manufac-

is scheduled to be completed in 2003.

turers, steam-electric power generators,

According to the Texas 2002 State Water
Plan, most parts of Texas are expected to have

irrigators, livestock, and mining.
■ Most unmet water needs during severe

adequate water supplies over the next 50 years,

droughts in Texas are projected to be

but only if regional water plans are implemented

experienced by the agricultural sector.

to conserve water and create new supplies. These

■ Irrigation still will exert the greatest

plans call for water conservation, wastewater

demand on water resources in 2050, but

reuse, desalination, interbasin transfers, aquifer

is projected to shrink to 43 percent from

storage and recovery, and other—often very costly—

57 percent of total usage. [Figure 6-1]

measures.
These are some of the highlights of the Texas
2002 State Water Plan:
■ Forecasts by the TWDB call for the

state’s population to almost double by
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■ Total capital costs of implementing

all of the water management strategies
included in the 16 regional water plans
by 2050 are projected to be approximately $17.9 billion.
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Looming Shortages
in Some Areas

based on the increased reliance on this aquifer by
Mexico and the State of New Mexico. (Far West

In some areas, even if regional water plans are
implemented, water shortages still will occur. Chief

Texas Regional Water Plan, 2001)
The state water plan identifies a mix of strate-

among them are areas along the Rio Grande,

gies to deal with the looming problem in the El

whose yield is committed and regulated by interna-

Paso area, including more efficient irrigation,

tional and interstate treaties, federal laws, and wa-

desalination, and transfer of groundwater from

ter rights; and which declines during drought. In the

other areas of the state. In the end, the plan

West Regional Planning Area, the state water plan

projects an annual municipal shortage of 89,000

forecasts the depletion of the Hueco Bolson aquifer

acre-feet by 2050, even with all the identified strat-

by 2030, ending fresh groundwater supplies to El

egies in operation. The city of El Paso favors limit-

Paso. The Mesilla Bolson aquifer, which also cur-

ing the use of declining groundwater supplies dur-

rently provides fresh water supplies for El Paso, is

ing times of drought, when surface water from the

forecasted to be depleted much sooner, after 2010,

Rio Grande is unavailable. (TWDB, 2002)

Figure 6-1A

2000 Estimated Water Use and Demand

Water Availability Models
The newly developed water availability models
for the 23 major river basins in the state are ex-

Livestock (1.95%)
Municipal
(25.01%)

pected to arm the TNRCC, TWDB, and other interested parties with better data analysis capability
with which to manage water resources. The new
models, when combined, will form an integrated
system for the state—the Texas Water Availability
Modeling System. The components that make up
the WAM System include a database of water
rights, water uses, and stream flows; geographic

Manufacturing
(10.69%)
Mining (1.5%)

Irrigation (57.25%)

Steam-Electric
(3.59%)

information system (GIS) tools for streamflow
analysis; and the water availability models.
These new models are basin-specific and significantly improve previous models, which lacked the
design capacity to handle all the data inputs and calculations needed for full water resource manage-

Figure 6-1B

2050 Projected Water Use and Demand
Livestock (2.10%)

ment. The new models will provide more accurate
determinations of whether water is available for issuing new water rights permits, the amount of water

Municipal
(35.28%)

available for each water right, and the percentage of
time water is available. Figure 6-2 is a water availability map based on previous models. Figures 6-3
and 6-4 are examples of the types of water availability maps that can be generated using the new models.

Freshwater Inflow
to Bays and Estuaries
There are seven major estuaries along the

Irrigation
(42.44%)
Steam-Electric
Mining
(5.67%)
(1.22%)

coast [Table 6-1], consisting of mud flats, marshes,
Manufacturing
(13.29%)

SOURCE: Texas Water Development Board.

80

coastal wetlands, oyster reefs, and open bays. These
estuarine systems provide nursery areas and wetland coastal habitat for numerous marine species.
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Table 6-1

The Texas coast supports significant commercial
fisheries for shrimp, oysters, blue crabs, and some
fish species. Sport fishing is also popular along the
coast. The overall economic value of these Texas

Total Annual Freshwater Inflow
Needs for Major Estuary Systems
on the Texas Coast

resources has been estimated at nearly $3.5 billion
per year (1994 dollars), a little over 1 percent of
the state’s total income.

Estuary System

The productivity of these estuaries is sustained
by freshwater inflows from rivers and streams.
Marine and estuarine species can be affected by
changes in salinity, oxygen content, temperature,
nutrient levels, and other factors that are directly
related to the amount of freshwater reaching the
bay. For example, oysters located in shallow-water
oyster reefs are very sensitive to the salinity of the
water. A lack of freshwater inflows can result in
increased salinity and reduce the production of

Total Annual Inflow
Need (Acre-Feet)
Minimum
Inflow

Optimum
Inflow

Sabine-Neches Estuary

7,011,500

9,596,600

Trinity-San Jacinto Estuary

4,158,600

5,215,800

Lavaca-Colorado Estuary

1,617,500

2,000,100

Guadalupe-San Antonio Estuary 1,028,850

1,147,350

Mission-Aransas Estuary

41,080

82,230

115,640

138,490

Upper Laguna Madre

21,560

22,770

Lower Laguna Madre

214,950

228,330

Nueces Estuary

Figure 6-2

Generalized Water Availability
in 2000

Water Available for Appropriation
Water not Available for Appropriation
Water Available on Limited Basis
Note: The above water availability conclusions are of a very
general nature and do not consider alternative water, the need
for some uses to be met more than 75 percent of the time, the size
and dimension of critical parameters such as pumps and reservoirs,
or environmental considerations.
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This map was generated by the Information Resources Division of
the Texas Natural Resource Conservation Commission. No claims
are made to the accuracy or completeness of the data or to its suitability for a particular use. For more information concerning this
map, contact the Information Resources Division at 512/239-0800.
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oysters. Large freshwater inflows that occur during

to reduce the total amount of freshwater inflows

the spring, and to a lesser extent in the fall, are

into these estuaries, and as a consequence, impact

particularly important since they create low salinity

their ecological and economic value. The TWDB

conditions and import nutrients that are critical for

and the Texas Parks and Wildlife Department

the ecological health of estuaries.

(TPWD) have been studying the amount of freshwa-

The increasing demand for water to meet the
needs of Texas’ growing population has the potential

ter inflow needed to maintain Texas’ estuaries. The
total amount of inflow needed to maintain a healthy

Figure 6-3

Neches River Basin
Surface Water Availability Model–Evaluation for New Perpetual Rights

Major Lakes
Major Streams
Counties
Subwatershed boundaries
Percent of time (in months) that water is
available for new applications
0-25%
25-50%
50%-75%
75%-100%
This map was generated by the Information Resources
Division of the Texas Natural Resource Conservation
Commission. No claims are made to the accuracy
or completeness of the data or to its suitability for a
particular use. For more information concerning this
map, contact the Information Resources Division at
512/239-0800.
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estuary depends on its overall size and its character-

(Nueces and Laguna Madre) are more arid, typically

istic biological community. The biological communi-

with annual rainfall amounts of less than 30 inches.
Estuarine inflows also demonstrate substantial

ties of Texas’ estuaries have been established through
thousands of years of natural inflow patterns. Con-

seasonal and annual variation that provides a dynamic

siderably different amounts of freshwater inflows to

interaction among the different species of plants and

each estuary are therefore required to remain eco-

animals associated with a given estuary. Because of

logically healthy.

the amount of natural variation in rainfall, estuary

Total annual inflow calculations have been made

systems may receive inflow amounts in excess of the

for all seven major estuaries and are projected to be

recommended inflows in one year and have deficits

available for five minor bay systems and river estu-

the following year due to drought. Since seasonal

aries by 2006. [Table 6-1] Both the minimum and

inflows are important, the actual inflow amounts may

the optimum inflow amounts needed to sustain an

be further divided into seasonal needs. Three estuar-

ecologically healthy environment have been calcu-

ies discussed in the following paragraphs demon-

lated for each estuary.

strate differing inflow patterns. They are the Sabine,
Guadalupe-San Antonio, and the Nueces Estuaries.

The Sabine-Neches Estuary, which is located

Sabine Estuary. The Sabine Estuary has two

on the Texas-Louisiana border where annual rainfall
amounts range from 40 to 60 inches in its water-

major inflow sources. The Sabine River watershed

shed, has the highest inflow requirement of all

provides approximately 45 percent of the total

estuaries. The watersheds that produce freshwater

freshwater into the estuary. The Neches River and

inflows for the estuaries to the south and west

its tributaries contribute approximately 35 percent

Figure 6-4

San Antonio and Guadalupe River Basins
Surface Water Availability Model–Evaluation for New Perpetual Rights

Major Lakes
Major Streams
Counties
Subwatershed boundaries
Percent of time (in months) that water
is available for new applications
0-25%
25-50%
50%-75%
75%-100%
This map was generated by the Information Resources Division of the Texas Natural Resource Conservation Commission. No claims are made to the
accuracy or completeness of the data or to its suitability for a particular use. For more information concerning this map, contact the Information
Resources Division at 512/239-0800.
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of the total inflow, while the remaining inflow origi-

nearly 1 million acre-feet per year more inflow than

nates from smaller coastal streams and direct runoff.

the optimum recommendations. [Figure 6-5]
Guadalupe-San Antonio Estuary. The

For the entire five-year period from 1995 through

Guadalupe River provides an average of 58 percent

1999, the Sabine River provided an average of

Figure 6-5
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Figure 6-6

Guadalupe River Inflows to the Guadalupe-San Antonio Estuary, 1995-1999
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of the annual total inflow into the Guadalupe-San

times. Three of the five years had total inflow

Antonio Estuary. Inflows there are unique among

amounts in excess of the recommended inflows

Texas’ estuaries because three of the four largest

while two years had a shortage. For the five year

springs in the state are located in the watershed

period, Nueces Bay inflows averaged a net annual

and have historically provided a noticeably higher

shortage of 13,000 acre-feet. [Figure 6-7]

base flow than is typical for other estuarine sys-

Future Issues and Concerns

tems. Two of these spring systems—the Comal
and San Marcos—are within the Guadalupe River

In addition to the municipal, industrial, and ag-

watershed. The Guadalupe-San Antonio Estuary

ricultural needs of society, enough water flow must

also supports critical winter habitat for the whoop-

be maintained in Texas’ rivers, bays, and estuaries

ing crane, which is an endangered species. This

to support in-stream uses and the ecological health

Central Texas watershed characteristically pro-

of the water resources. In-stream uses include navi-

duces a high variation in inflows, running the

gation, fisheries, recreation, wildlife habitats and

gamut between extremely high inflows caused by

other uses dependent on these flows. The TNRCC,

major rainfall events with associated flooding, and

TPWD, and the TWDB are currently conducting

extremely low inflows caused by lack of rainfall.

studies on environmental flow needs.

[Figure 6-6]

Many counties are projected to have unmet

Nueces Estuary. Inflows into the Nueces

water needs by 2050, despite measures that will

Estuary are largely controlled by releases from the

conserve water or create additional water supplies,

Choke Canyon /Lake Corpus Christi Reservoirs.

such as reuse of wastewater, interbasin transfers,

Since Lake Corpus Christi is near the coast, most

aquifer storage and recovery, new supply develop-

of the potential freshwater inflows are impounded

ment, water conservation, desalination, and im-

and releases are regulated. During most months

provement of water quality. Total capital costs of

(and years), actual inflows were well below the rec-

implementing these measures by 2050 are pro-

ommended optimum inflow amounts. There were,

jected to be approximately $17.9 billion. If these

however, several high flow events that exceeded

measures are not instituted, then even greater

recommended monthly inflow amounts by several

water supply shortfalls are expected to occur.

Figure 6-7

Neches Estuary Gaged Inflows, 1995-1999
70

1995
60

1996
1997
1998

inflow (acre-feet X 1,000)

50

1999
Optimum

40

30

20

10

0
OCT

NOV

DEC

JAN

FEB

MAR

APR

MAY

JUN

JUL

AUG

SEP

month

TNRCC STRATEGIC PLAN

85

REGIONAL PLANNING
AREA PROFILES
East ......................................................... 90
East Central .............................................. 92
Gulf Coast ................................................ 94
Lower Border ........................................... 96
Northwest ................................................ 98
South Central ......................................... 100
West ...................................................... 102
West Central ........................................... 104

TNRCC STRATEGIC PLAN

87

CHAPTER 7

REGIONAL
PLANNING AREA
PROFILES
Texas is a diverse state with diverse environmen-

considered to be of greatest concern or that affect

tal issues and concerns. Providing distinct regional

a large portion of the population. Existing envi-

information helps focus comprehensive environmen-

ronmental assessments and planning information

tal planning and assessment activities on the key

were analyzed and reviewed for the major environ-

issues in each geographic area. The following sec-

mental topics discussed in other sections of this

tions present profiles of environmental conditions

document: ozone, hazardous air pollutants, sur-

in each of eight Regional Planning Areas estab-

face water quality, groundwater quality, drinking

lished for this report to enhance strategic environ-

water quality, water supply, municipal solid waste,

mental planning by the TNRCC. [Figure 7-1]

waste management, wetlands, and flooding. To

Although many issues may be of importance

compare different issues the following evaluative

in an area, this report highlights those that were

criteria were developed:
■ Population or Area Exposed/Affected
■ Severity of Impact

Figure 7-1

Regional Planning Areas

■ Probability or Frequency of Impact
■ Irreversibility of Impact

Each environmental topic was evaluated
against the four criteria and a ranking of High,
Medium, or Low was assigned, based on available

Northwest

information; then an aggregate score was determined. For example, ozone in the East Central
regional planning area, which includes the DallasFort Worth metropolitan area, scored High for all

West
Central
East
Central
West

East

four criteria and thus has an overall score of
High. The East regional planning area (TylerLongview-Marshall metropolitan area) scored
Low in terms of population affected, but Me-

South
Central

dium for the other three criteria, taking into
account the probability of future exceedances

Lo

Gulf
Coast

of the 8-hour ozone standard, the lower number
of high ozone events in the past, and the likelihood

we

that future control measures will have an impact on

or
rB

lowering ozone concentrations. The East regional
planning area was given an overall score of Me-

r

de

dium. Table 7-1 summarizes the rankings for all
eight RPAs.
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Definitions of Ranking
Criteria and Scoring Scale
for Environmental Issues

impact to human health, ecological diversity, and
socioeconomic welfare without disruption of dayto-day life.
Probability or Frequency of Impact. Prob-

Population or Area Exposed/Affected.
The term “population” includes humans, plant,

ability or frequency of an impact refers to the likeli-

and/or animal species, ecosystems, and geographic

hood that an environmental release or other situa-

areas. Population exposed refers to the number of

tion will result in an adverse impact on human health,

subjects who may be exposed to a problem in some

ecological systems, or socioeconomic welfare. This

way, at some frequency, and at levels that can cause

determination can be based on (1) historical rates of

harm. Population exposed includes those who,

occurrence or (2) anticipated rates of occurrence in

while exposed, have actually been affected as well

light of growth, changing technologies, public aware-

as those who have not been affected. As a general

ness, or other factors. A general guide “High” repre-

guide “High” represents 70 percent to 100 percent,

sents already occurring or very likely to occur;

or most; “Medium,” between 41 percent and 69

“Medium,” somewhat likely to occur; and, “Low,”

percent, or many; and, “Low,” between 0 percent

not likely or not very likely.
Irreversibility of Impact. Irreversibility refers

and 40 percent, some or none.

to how long it takes, or how difficult it is (e.g., per-

Severity of Impact. Severity of an impact
refers to its intensity (e.g., toxicity of a chemical).

sistence), for an existing adverse impact to either

For human health, severity refers to the intensity

correct itself or to be corrected. Irreversibility is

of damage or the medical nature of a disease. For

related to the inability of human populations, eco-

ecological systems, severity refers to the intensity

logical systems, and communities to recover after

of damage to important components of a system.

suffering an adverse impact. As a general guide

For socioeconomic welfare, severity refers to the

“High” represents that a problem either cannot be

depth of socioeconomic impacts on members of a

corrected or can only be corrected at extreme costs

community, including quality of life. As a general

over a long period of time; “Medium,” that a prob-

guide, “High” represents possible degradation of

lem can be corrected but may be somewhat costly

human health, ecological diversity, and socioeco-

and/or take a long time period to correct; and,

nomic welfare; “Medium” represents moderate

“Low,” that a problem can be corrected at a low

impact to human health, ecological diversity, and

cost and within a short time period, or that there

socioeconomic welfare; and, “Low,” some or no

is no impact.

Table 7-1

Environmental Issues Ranking
East

East Central

Gulf Coast

Lower Border

Northwest

South Central

West

West Central

MEDIUM

HIGH

HIGH

Low

Low

MEDIUM

MEDIUM

Low

Low

MEDIUM

MEDIUM

Low

Low

Low

Low

Low

Surface Water Quality

MEDIUM

MEDIUM

HIGH

MEDIUM

Low

MEDIUM

MEDIUM

MEDIUM

Groundwater Quality

Low

Low

Low

MEDIUM

MEDIUM

MEDIUM

MEDIUM

HIGH

Drinking Water Quality

Low

Low

MEDIUM

MEDIUM

MEDIUM

MEDIUM

MEDIUM

MEDIUM

Water Supply

MEDIUM

Low

Low

HIGH

MEDIUM

Low

HIGH

Low

Municipal Solid Waste

MEDIUM

MEDIUM

MEDIUM

MEDIUM

MEDIUM

MEDIUM

MEDIUM

MEDIUM

Waste Management

MEDIUM

MEDIUM

HIGH

MEDIUM

MEDIUM

MEDIUM

MEDIUM

MEDIUM

Wetlands

HIGH

Low

HIGH

MEDIUM

MEDIUM

MEDIUM

Low

Low

Flooding

MEDIUM

Low

HIGH

Low

Low

Low

Low

Low

Ozone
Hazardous Air Pollutants
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Figure 7-2

East

East

East Regional Planning Area

Population (1990): 1,206,489
Population (2000): 1,371,510
Area: 28,273 square miles

Red
River

Lamar

n
Frankli

Titus

Hopkins
Rains

the northeastern corner of the state and extends

Marion
Harrison

Gregg
Smith

Panola

Henderson

bounded on the east by the Sabine River and on

Cass

Wood Upshur

Van
Zandt

southward towards the Gulf Coast. [Figure 7-2] It is

Camp

Rusk

Ch
e

Shelby

rok

the west by the Trinity River basin. The eastern
portions of the area contain timberlands known as

oc

Houston

the Piney Woods. The land changes into post oak

gd

he
s

n e
Saustin
g
Au

ee Nac
o

Anderson

Angelina

Trinity

savannah in its western portions. The two major

Sabine

Jasper
Polk

Tyler

Newton

The East Regional Planning Area encompasses

Morris

Bowie
Delta

San
Jacinto

industries in the region are oil and timber production. There are three metropolitan areas contained
within the area: Longview-Marshall, Texarkana,
and Tyler.

Wetlands
According to the USGS in the early 1980s,

estimated loss through

over 70 percent of the state’s wetland acreage ex-

1985 from historical esti-

isted in East Texas (east of 96 degrees longitude).

mates. Over 600,000

One prevalent type of wetland in this area is bot-

acres are estimated to have been lost from reservoir

tomland hardwood forest wetlands, which are

construction, concentrated principally in the East

experiencing marked decline. Figure 7-3 shows the

Texas river systems. Other wetland losses are

Environmental Scorecard
Indicator

1998

2000

Percentage population in areas meeting NAAQS

100

85

Percentage of assessed waters meeting aquatic life standards

61

74

Percentage of assessed waters meeting swimming standards

75

80

Percentage of assessed waters meeting fish consumption standards

82

88

Percentage of assessed waters meeting public water supply use standards

100

98

No. of PWS implementing conservation measures

13

5

4.67

6.19

Probability/
Frequency

Irreversibility

Per capita MSW disposal, tons per year

Significant Environmental Issues
Issue
Wetlands
Surface Water Quality

Aggregate
Rank

Population/
Area Affected

Severity

HIGH

HIGH

Medium

HIGH

HIGH

Medium

Medium

Medium

Medium

HIGH

Ozone

Medium

Low

Medium

Medium

Medium

Water Supply

Medium

Medium

Low

Medium

Medium
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expected to occur from timber-cutting, crop pro-

September 16, 2001. As a result, TNRCC is working

duction, residential and commercial development,

with local officials to revise the State Implementa-

and long-term modification of riparian ecosystems

tion Plan to address air quality issues. [Figure 7-4]
Eight-Hour Ozone. Based on monitoring

downstream of dams.

data collected from 1998-2001, the Longview and

Ozone

Tyler areas have the potential to be designated as
nonattainment for the new 8-hour ozone standard

One-Hour Ozone. Ozone exceedances in the
Northeast Texas area have been addressed by a

of 85 parts per billion. From 1998-2000, the aver-

Flexible Attainment Region (FAR) agreement since

age would be 102 and 85 ppb for Longview and

1996. The FAR concept was developed by EPA in

Tyler, respectively. For 1999-2001, the average for

order to recognize and encourage the efforts of local

Longview would be 95 ppb. Due to the change in

areas to remain in attainment of the 1-hour standard.

monitoring locations for Tyler in 2001, three years

However, as a result of continued exceedances, EPA

of 8-hour ozone data are not currently available.

did not extend the agreement, which expired on

[Figure 7-5]

Figure 7-3

Figure 7-5

Bottomland Hardwood Wetland Acreage
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Figure 7-4
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Figure 7-6

East Central

East Central Regional Planning Area

Population (1990): 5,046,041
Population (2000): 6,413,288
Area: 29,561 square miles

Cooke

Fannin

Grayson

Denton

Wise

Hunt

Collin
Rockwall

The East Central Regional Planning Area ex-

Palo
Pinto

tends from the Oklahoma border to just south of

Tarrant
Parker
Hood

Bryan-College Station. [Figure 7-6] The majority of

Erath

Johnson

Ellis

Somervell

Navarro

Hill

the Blackland Prairie ecoregion is contained here;

Kaufman

Dallas

Bosque

marked by intensive agricultural activities outside

Limestone

McLennan

major urban areas. This region is the most heavily

Leon

Falls

Coryell

populated in Texas. There are five metropolitan

Freestone

Robertson

Bell

Madison

Milam

areas: Bryan-College Station, Dallas-Fort Worth,

Burleson

es
Grim

Brazos

Killeen-Temple, Sherman-Denison, and Waco.

Washington

Ozone
Dallas, Tarrant, Collin, and Denton counties
have been designated as an ozone nonattainment
area based on violations of the 1-hour ozone stan-

Surface Water Quality

dard of 125 parts per billion. The Dallas-Fort
Worth nonattainment area is addressed by a State

Nutrient pollutant

Implementation Plan with a target date of 2007 to

levels in the streams and

attain the standard. [Figure 7-7]

reservoirs of the East Central RPA are among the
highest in the state. They most often occur near

Environmental Scorecard
Indicator

1998

2000

Percentage population in areas meeting NAAQS

29

28

Percentage of assessed waters meeting aquatic life standards

73

89

Percentage of assessed waters meeting swimming standards

65

78

Percentage of assessed waters meeting fish consumption standards

46

87

Percentage of assessed waters meeting public water supply use standards

98

91

No. of PWS implementing conservation measures

23

43

4.70

6.23

Per capita MSW disposal, tons per year

Significant Environmental Issues
Aggregate
Rank

Population/
Area Affected

Severity

Probability/
Frequency

Irreversibility

HIGH

HIGH

HIGH

HIGH

HIGH

Surface Water Quality

Medium

HIGH

Medium

HIGH

Low

Municipal Solid Waste

Medium

Low

HIGH

HIGH

Low

Hazardous Air Pollutants Medium

HIGH

Medium

HIGH

Low

Issue
Ozone
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areas with large numbers of confined animal feed-

may also be contributing to these conditions. The

ing operations or in densely populated, urbanized

elevated nutrient levels in the Trinity River extend

areas. Figure 7-8 shows the waterways in the Dal-

from the urban area more than 160 miles down-

las-Fort Worth metropolitan area that have elevated

stream to Lake Livingston. Reducing these nutrient

nutrient levels along with the distribution of major

levels and their adverse effects on surface water

industrial and municipal wastewater dischargers

quality will challenge the TNRCC and local commu-

that contribute significant nutrient loadings. A large

nities when, as discussed in the Surface Water

portion of the affected waterways is also located in

Quality Chapter, federally required numeric nutrient

or downstream of the counties with the highest

standards are developed and used to identify addi-

population densities suggesting that urban runoff

tional water quality impairments.

Figure 7-7

Dallas-Fort Worth 1-Hour Ozone Design Value*
300
275

parts per billion
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200
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*An ozone design value is a rolling three-year concentration average.

Figure 7-8

Nutrient Levels in Dallas-Fort Worth Area Waterways

Number of Major Wastewater
Dischargers in County
1-3
4-6
7-10

Streams with Elevated Nutrient Levels
Streams with Low Nutrient Levels
Lakes with Elevated Nutrient Levels
Lakes with Low Nutrient Levels
Population Density > 1000 per sq mile
This map was generated by the Information Resources Division of
the Texas Natural Resource Conservation Commission. No claims
are made to the accuracy or completeness of the data or to its suitability for a particular use. For more information concerning this
map, contact the Information Resources Division at 512/239-0800.
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Figure 7-9

Gulf Coast

Gulf Coast Regional Planning Area

Population (1990): 4,926,235
Population (2000): 5,972,461
Area: 35,853 square miles

Walker
Hardin
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Montgomery Liberty
Austin

Harris
Chambers

at the Louisiana border and extends in a broad arc

Colorado

Ft.
Bend

Wharton

Grande Valley. [Figure 7-9] Coastal flats marked by

DeWitt

open grassland edge the region, with brushland

Goliad
Live
Oak

McMullen

the area. There are four metropolitan areas in the

Bee

region: Houston-Galveston-Brazoria, Beaumont—

Jackson
Victoria

Brazoria

Matagorda

Calhoun

Refugio
San
Patricio

Jim
Wells

Galveston

Lavaca

Gonzales

that parallels the coast to just north of the Rio

predominating in the more arid southern reaches of

Waller

The Gulf Coast Regional Planning Area starts

Jefferson

sa

an
Ar

s

Nueces
Duval

Port Arthur, Corpus Christi, and Victoria.

Kleberg
Brooks
Kenedy

Ozone
The Houston-Galveston ozone nonattainment
area consists of Harris, Galveston, Brazoria, Chambers, Liberty, Montgomery, Waller, and Fort Bend
Counties. The area was designated as nonattainment

Surface Water Quality
A total of 159 surface water

due to violations of the 1-hour ozone standard of

quality impairments exist in the

125 parts per billion. This area and the Beaumont-

regional planning area. Com-

Port Arthur nonattainment area are addressed by a

pared to the state as a whole, the reversibility of

State Implementation Plan with a target date of

the impairments is considered as average, since a

2007 to reach the standard. [Figure 7-10]

relatively high number (75) of these impairments

Environmental Scorecard
Indicator

1998

2000

Percentage population in areas meeting NAAQS

19

16

Percentage of assessed waters meeting aquatic life standards

72

69

Percentage of assessed waters meeting swimming standards

72

73

Percentage of assessed waters meeting fish consumption standards

55

89

Percentage of assessed waters meeting public water supply use standards

100

100

1

6

6.00

6.55

No. of PWS implementing conservation measures
Per capita MSW disposal, tons per year

Significant Environmental Issues
Aggregate
Rank

Population/
Area Affected

Severity

Probability/
Frequency

Irreversibility

Ozone

HIGH

HIGH

HIGH

HIGH

HIGH

Issue

Surface Water Quality

HIGH

HIGH

HIGH

HIGH

Medium

Waste Management

HIGH

Medium

HIGH

HIGH

Medium

Wetlands

HIGH

HIGH

Medium

HIGH

Medium

Flooding

HIGH

HIGH

Medium

Medium

HIGH
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have known pollutant sources. More data collec-

2005. Nevertheless, a great deal of effort by the

tion occurs in this RPA compared to others. In

TNRCC, affected dischargers, and stakeholders

the 2002 monitoring schedule, 645 active moni-

will be needed to resolve these adverse impacts,

toring locations (33 percent of the statewide to-

especially considering that an additional 84 of

tal) exist in the region. Approximately 12 TMDLs

the impairments currently have no known causes.

are under way or planned through the year

[Figures 7-11 and 7-12]

Figure 7-10
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*An ozone design value is a rolling three-year concentration average.

Figure 7-11

Size of Water Body Impairments, Gulf Coast Regional Planning Area*
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* The scale on the left side of the graph (Y1) shows stream miles and the one
on the right (Y2) shows acres of reservoirs and estuaries.

Figure 7-12

Number of Impairments, Gulf Coast Regional Planning Area
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Lower Border

Lower Border Regional Planning Area Profile

Figure 7-13

Lower Border Regional Planning Area

Population (1990): 916,861
Population (2000): 1,267,339
Area: 17,231 square miles

Maverick

Kinney

The Lower Border Regional Planning Area

Zavala

Dimmit

La
Salle

extends from the Lower Rio Grande Valley along
the international border with Mexico to just east of
Del Rio and Lake Amistad. [Figure 7-13] The Rio

Webb

Grande Valley portion of the area has a subtropical climate and supports major agricultural activi-

Zapata

Jim
Hogg

ties. Other portions of the area encompass part of
Starr

the Texas brushland that is marked by widespread

Willacy
Hidalgo

mesquite-chaparral vegetation, typical of semi-arid

Cameron

areas. Metropolitan areas include Laredo,
McAllen-Edinburgh-Mission, and BrownsvilleHarlingen-San Benito.

Water Supply
Of the 83 designated water users groups in
this region, 48 are projected to have unmet water

is essential to meeting future
needs. [Figure 7-14]

needs by 2050. Determination of impacts of environmental flow needs will need to be part of water
availability modeling. Cooperation with Mexico
through international water apportionment treaties

Municipal Solid Waste
In 1999, two of the three MSW planning regions in the Lower Border RPA had exceptionally

Environmental Scorecard
Indicator

1998

2000

Percentage population in areas meeting NAAQS

100

100

Percentage of assessed waters meeting aquatic life standards

53

75

Percentage of assessed waters meeting swimming standards

69

75

Percentage of assessed waters meeting fish consumption standards

57

83

Percentage of assessed waters meeting public water supply use standards

100

100

0

6

4.17

3.97

No. of PWS implementing conservation measures
Per capita MSW disposal, tons per year

Significant Environmental Issues
Aggregate
Rank

Population/
Area Affected

Severity

Probability/
Frequency

Irreversibility

HIGH

HIGH

Medium

HIGH

Medium

Municipal Solid Waste

Medium

Medium

Medium

Low

Medium

Surface Water Quality

Medium

Medium

Low

Medium

Medium

Issue
Water Supply
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Since the LRGVDC region has the largest

low landfill capacities: the Lower Rio Grande
Valley Development Council (LRGVDC) region

population of the three and is one of the fastest-

with 9.7 years and the South Texas Development

growing areas of the state, resolving its capacity

Council (STDC) region with only 3.5 years. While

issues remains a critical priority for the planning

additional capacity was permitted for the STDC

area. Local officials have also raised concerns that

region to bring its capacity up to almost 25 years

the lack of convenient, affordable waste collection

in 2000, the capacity in the LRGVDC region

and transport systems in the Lower Border, espe-

continues to drop. The Middle Rio Grande Devel-

cially in the economically depressed colonia devel-

opment Council region continues to have good

opments, has increased illegal dumping throughout

capacity.

the region. [Figure 7-15]

Figure 7-14

Projected Water Supplies and Demands

acre-feet (millions)

2
Municipal demand (includes
manufacturing, power
generation, and mining)

1.5

Agricultural demand
(includes irrigated
agriculture and livestock)

1.0

Industrial demand
(includes county-other)
Current supply with no
water management
strategies implemented

.5

Supply with all water
management strategies
implemented

0
2000

2010

2020

2030

2040

2050

year

Figure 7-15

years of remaining MSW landfill capacity

MSW Capacity in the Lower Border Regional Planning Area
Trends from 1997-2000
35
30
25
20
15
10
5
0
1997

1998

1999

2000

years
MSW Planning Areas and RPA Composite

MRGDC
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Figure 7-16

Northwest

Northwest Regional Planning Area

Population (1990): 1,042,005
Population (2000): 1,100,829
Area: 48,843 square miles

Ochiltree

Sherman

Dallam

Lipscomb

Hansford
Hartley

The Northwest Regional Planning Area en-

Roberts

Moore

Hemphill

Hutchinson
Gray

Potter

Oldham

Wheeler

Carson

compasses the Panhandle and stretches south to

Donley

Randall
Deaf Smith

the boundary between the Colorado and Rio Grande

Castro

River Basins. [Figure 7-16] West of the Caprock

Briscoe
Swisher

Parmer

Escarpment, the Western High Plains exist as a
Lamb

vast tableland called the Llano Estacado. Irrigated

Hall

Motley

Hockley

Crosby
Lubbock

Cochran

Childress

Floyd

Hale

Bailey

grain and cotton production are prevalent in the

Collingsworth

Armstrong

Dickens

King

area. Major metropolitan areas include Amarillo,
Lynn

Terry

Lubbock, and Midland-Odessa.

Garza

Yoakum
Dawson
Gaines

Groundwater Quality
Andrews

In 35 counties, ambient nitrate conditions within
a major or minor aquifer average greater than the

Borden
Martin
Howard

Ector
Midland

Glasscock

maximum contaminant level (MCL) of 10 mg/l for
public drinking water (PDW). In 7 of these counties,
the average condition in at least one major or minor aquifer exceeds five times the MCL, or 50 mg/l.

be unsuitable as a drinking

When treatment, blending with a better quality

water source. Figure 7-17

source, or some other alternative is unavailable, the

shows all public water

potential exists for local groundwater resources to

systems that had historical or have current

Environmental Scorecard
Indicator

1998

2000

Percentage population in areas meeting NAAQS

100

100

Percentage of assessed waters meeting aquatic life standards

100

87

Percentage of assessed waters meeting swimming standards

82

87

Percentage of assessed waters meeting fish consumption standards

100

100

Percentage of assessed waters meeting public water supply use standards

100

100

0

4

5.73

6.13

Probability/
Frequency

Irreversibility

No. of PWS implementing conservation measures
Per capita MSW disposal, tons per year

Significant Environmental Issues
Issue

Aggregate
Rank

Population/
Area Affected

Severity

Groundwater Quality

Medium

Medium

HIGH

Low

HIGH

Drinking Water Quality

Medium

Medium

Low

Medium

Medium

Water Supply

Medium

Medium

Medium

Medium

Medium
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violations of the nitrate MCL. The nitrate problem

from the Texas Water Development Board indi-

has been most severe for small systems near the

cates areas where groundwater is exceeding the

Lubbock and Odessa-Midland areas.

new maximum contaminant level. This preliminary information indicates that a number of pub-

Drinking Water Quality

lic water systems will need to evaluate the need

Arsenic in groundwater is a significant issue
facing the Northwest area. Well sampling data

for implementing arsenic reduction strategies.
[Figure 7-18]

Figure 7-17

Northwest RPA Groundwater Nitrate Levels

Nitrates > 50 milligrams/liter
Nitrates > 20 milligrams/liter
Nitrates > 10 milligrams/liter
Nitrates < 10 milligrams/liter
or data is inadequate
Ogallala Aquifer
Edwards-Trinity (High Plains) Aquifer
Seymour Aquifer
Public Water Supply Sources with Violations
Data Source: TWDB, TNRCC
Note: The nitrate concentration data shown on
this figure represents county-wide averages of
nitrate concentrations in sampled wells.

This map was generated by the Information Resources Division of the Texas Natural Resource Conservation Commission. No claims are made to the accuracy or completeness of the data or to its suitability for a particular use.
For more information concerning this map, contact the Information Resources Division at 512/239-0800.

Figure 7-18

Wells, Aquifers, and Public Water Systems Above Arsenic Drinking Water Standards
Arsenic > 50 micrograms/liter
Arsenic > 20 micrograms/liter
Arsenic > 10 micrograms/liter
Arsenic < 10 micrograms/liter
or data is inadequate
Ogallala Aquifer
Edwards-Trinity (High Plains) Aquifer
Seymour Aquifer
Public Water Supply Sources
with Potential Violations
Data Source: TWDB, TNRCC
Note: The arsenic concentration data shown on
this figure represents county-wide averages of
arsenic concentrations in sampled wells.

This map was generated by the Information Resources Division of the Texas Natural Resource Conservation Commission. No claims are made to the accuracy or completeness of the data or to its suitability for a particular use. For
more information concerning this map, contact the Information Resources Division at 512/239-0800.
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South Central

Figure 7-19

South Central Regional Planning Area

Population (1990): 2,494,584
Population (2000): 3,252,913
Area: 35,755 square miles

Hamilton
Mills
Concho
McCulloch

The South Central Regional Planning Area

Schleicher

includes the Edwards Plateau and Llano Uplift,

Sutton

Menard

Lampasas

San
Saba

Burnet
Mason

Kimble

Lee
Gillespie

which together make up what is known as the Texas
Edwards

“Hill Country.”[Figure 7-19] The western portions

Williamson

Llano

of the area are marked by live oak-mesquite

Travis
Bastrop

Hays

Kerr
Real

Blanco

Kendall

Bandera

Fayette

Caldwell
Comal
Guadalupe

Bexar

savannahs and canyon lands that support cattle,

Uvalde

Medina
Wilson

goat, and sheep production. The eastern portion of
Frio

the region includes the Blackland Prairie that sup-

Atascosa

Karnes

ports extensive agriculture. Major metropolitan areas include Austin-San Marcos and San Antonio.

Ozone
Both the San Antonio and Austin metropolitan

1999-2001 the averages have

areas have the potential to be designated as nonattain-

been 88 and 82. EPA has yet to

ment areas under the new 8-hour ozone standard of

designate time frames for com-

85 parts per billion. A violation of the standard is

pliance purposes, however. [Figure 7-20]

based on the average of the fourth highest ozone
reading over a three-year period. From 1998-2000,
the averages have been 89 and 86 ppb for Austin

Groundwater Quality
New regulations for radium, alpha radiation,
and uranium will present significant challenges for

and San Antonio, respectively. For the period

Environmental Scorecard
Indicator

1998

2000

Percentage population in areas meeting NAAQS

100

100

Percentage of assessed waters meeting aquatic life standards

80

87

Percentage of assessed waters meeting swimming standards

67

73

Percentage of assessed waters meeting fish consumption standards

97

100

Percentage of assessed waters meeting public water supply use standards

100

100

5

38

5.95

6.37

No. of PWS implementing conservation measures
Per capita MSW disposal, tons per year

Significant Environmental Issues
Aggregate
Rank

Population/
Area Affected

Severity

Probability/
Frequency

Irreversibility

Ozone

Medium

HIGH

Medium

Low

Medium

Surface Water Quality

Medium

Medium

Low

Medium

Medium

Groundwater Quality

Medium

Medium

Medium

Low

Low

Drinking Water Quality

Medium

Low

Medium

Low

Medium

Issue

100

FISCAL YEARS 2003-2007

water treatment and the resulting disposal of radio-

uranium, and contaminate the groundwater of the

active waste by-products. The geology of the Llano

Hickory, Ellenburger-San Saba, and Marble Falls

Uplift contains igneous rocks, which are sources of

aquifers of the regional planning area. [Figure 7-21]

Figure 7-20

Fourth Highest 8-Hour Ozone Values for Austin and San Antonio 1998-2001
parts per billion

100
95
San Antonio

90
85
8-HOUR OZONE STANDARD

80

Austin

75
‘98

‘99

2000

‘01

year
*The 4th highest 8-hour ozone value may
be used as an indicator of compliance.

Figure 7-21

Wells, Aquifers, and Public Water Systems
Above Radionuclide Drinking Water Standards

Data Source: TWDB, TNRCC
Alpha Radioactivity > 75 picocuries/liter
Alpha Radioactivity > 30 picocuries/liter
Note: The radioactivity concentration data shown on this figure represents county-wide averages of alpha radiation concentrations in
Alpha Radioactivity > 15 picocuries/liter
sampled wells.
Alpha Radioactivity < 15 picocuries/liter
or data is inadequate
This map was generated by the Information Resources Division of the
Texas Natural Resource Conservation Commission. No claims are made
Hickory Aquifer
to the accuracy or completeness of the data or to its suitability for a
particular use. For more information concerning this map, contact the
Ellenburger-San Saba Aquifer
Information Resources Division at 512/239-0800.
Marble Falls Aquifer
Public Water Supply Sources with Potential Radioactivity Violations
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Figure 7-22

West

West Regional Planning Area

Population (1990): 720,851
Population (2000): 809,849
Area: 41,928 square miles

El
Paso

Loving
Hudspeth

Winkler

Culberson

Ward

Crane
Upton

Reeves

The West Regional Planning Area primarily

Pecos

Jeff
Davis

Crockett

includes all of the Trans-Pecos region between New
Terrell

Mexico and the Rio Grande, as well as counties

Presidio

Val Verde

Brewster

flanking the eastern bank of the Pecos River.
[Figure 7-22] This is an area of desert basins and
mountain ranges more typical of the American
Southwest than of the rest of Texas. It includes the
northeastern reaches of the massive Chihuahuan
Desert; the Chisos, Davis, and Guadalupe Mountains; two internationally popular national parks

emissions originating from

(Big Bend and Guadalupe Mountains); and the

Mexico. One-hour ozone design

Stockton Plateau region. The only major city is El

value data shows that El Paso has

Paso, with a metropolitan area that extends both

been in compliance with the one-hour ozone

across the Rio Grande to include its sister city of

standard since 1998. [Figure 7-23]

Ciudad Juárez and into New Mexico to Las Cruces.

Water Supply
1-Hour Ozone

In El Paso County, reliance on local ground-

In the early 1990s the TNRCC provided EPA

water could cause the Hueco and Mesilla Bolson

with studies demonstrating that El Paso would be

Aquifers to become depleted of freshwater by

able to meet the 1-hour ozone standard if not for

2030. [Figure 7-24]

Environmental Scorecard
Indicator

1998

2000

Percentage population in areas meeting NAAQS

16

100

Percentage of assessed waters meeting aquatic life standards

92

91

Percentage of assessed waters meeting swimming standards

82

91

Percentage of assessed waters meeting fish consumption standards

100

100

Percentage of assessed waters meeting public water supply use standards

100

100

0

0

3.90

4.20

No. of PWS implementing conservation measures
Per capita MSW disposal, tons per year

Significant Environmental Issues
Aggregate
Rank

Population/
Area Affected

Severity

Probability/
Frequency

Irreversibility

Medium

Medium

Low

Medium

Low

HIGH

Medium

HIGH

Medium

Medium

Groundwater Quality

Medium

HIGH

Medium

Low

Low

Drinking Water Quality

Medium

HIGH

Medium

Medium

Medium

Issue
Ozone
Water Supply
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Figure 7-23

El Paso 1-Hour Ozone Design Value
300
275

parts per billion

250
225
200
175
150
125
1-HOUR OZONE STANDARD
100
‘80

‘81

‘82

‘83

‘84

‘85

‘86

‘87

‘88

‘89

‘90

‘91 ‘92

‘93

‘94

‘95

‘96

‘97

‘98

‘99 2000

year
*An ozone design value is a rolling three-year concentration average.

Figure 7-24

Water Levels in the Hueco and Mesilla Bolson Aquifers
230

depth of water in feet

240
250
260
270
280
290
300
1965

1970

1975

1980

1985

1990

1995

2000

2005

year
SOURCE: TWDB, Texas Water Condistions, December 2001
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Figure 7-25

West Central

West Central Regional Planning Area

Population (1990): 633,269
Population (2000): 663,631
Area: 33,185 square miles
Cottle

Hardeman
Foard Wilbarger Wichita
Clay

The West Central Regional Planning Area
extends eastward from the Panhandle along the

Haskell

Throckmorton

Stonewall
Kent

Red River to just past Wichita Falls, and extends

Jones

southward past San Angelo. [Figure 7-25] Major

Scurry

cities include Abilene, San Angelo, and Wichita

Mitchell
Nolan

Archer

Jack
Young

Eastland

Taylor
Callahan

Coke

rolling hills and broad flats. The vast majority of the

Sterling

Runnels

Reagan

dryland and irrigated crop production.

Montague

Shackelford Stephens

Fisher

Falls. The area is marked by plains made up of
area is devoted to rangeland, but there is significant

Knox

Baylor

Coleman

Comanche
Brown

Tom
Green

Irion

Groundwater Quality
In 28 counties, ambient nitrate conditions
within a major or minor aquifer average greater
than the public drinking water maximum contami-

to be unsuitable as a drinking

nant level (MCL) of 10 mg/l. In 15 of these coun-

water source. Figure 7-26 shows

ties, the average condition in at least one major or

all public drinking water systems that had historical

minor aquifer exceeds five times the MCL, or 50

or have current violations of the nitrate MCL. The

mg/l. When treatment, blending with a better qual-

nitrate problem has been most severe for small sys-

ity source, or some other alternative is unavailable,

tems in the upper Red River valley near Vernon

the potential exists for local groundwater resources

and Wichita Falls.

Environmental Scorecard
Indicator

1998

2000

Percentage population in areas meeting NAAQS

100

100

Percentage of assessed waters meeting aquatic life standards

79

90

Percentage of assessed waters meeting swimming standards

82

96

Percentage of assessed waters meeting fish consumption standards

100

100

Percentage of assessed waters meeting public water supply use standards

100

100

No. of PWS implementing conservation measures

18

41

5.00

5.82

Per capita MSW disposal, tons per year

Significant Environmental Issues
Issue

Aggregate
Rank

Population/
Area Affected

Severity

Probability/
Frequency

Irreversibility

Groundwater Quality

HIGH

Medium

Medium

HIGH

HIGH

Municipal Solid Waste

Medium

Low

Low

HIGH

HIGH

Waste Management

Medium

Low

Medium

Medium

Medium
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Figure 7-26

Aquifer Ambient Nitrate Conditions

Nitrates > 50 milligrams/liter
Nitrates > 20 milligrams/liter
Nitrates > 10 milligrams/liter
Nitrates < 10 milligrams/liter
or data is inadequate
Edwards-Trinity (High Plains) Aquifer
Seymour Aquifer
Trinity Aquifer
Public Water Supply Sources
with Violations
Data Source: TWDB, TNRCC
Note: The nitrate concentration data shown on
this figure represents county-wide averages of
nitrate concentrations in sampled wells.

This map was generated by the Information Resources Division of the Texas Natural Resource Conservation Commission. No claims are made to
the accuracy or completeness of the data or to its suitability for a particular use. For more information concerning this map, contact the Information
Resources Division at 512/239-0800.
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GLOSSARY
The following brief explanations of terms are pro-

biogenic sources. Plant life, including crops,

vided as a convenience for readers of this docu-

trees, grass, and other vegetation. Air emissions

ment, particularly for nonspecialists. The explana-

from these sources are used in the State Implemen-

tions here do not take the place of any full, formal

tation Plan (SIP) planning process.

definitions in state or federal laws and regulations.
brownfields. Vacant properties in urban areas foradvisory. A statement, issued by the Texas De-

merly used for industrial or institutional purposes

partment of Health, warning the public that a body

that can be returned to productive use following an

of water may legally be used for its designated pur-

environmental cleanup, such as those authorized

poses (for example, fishing, swimming, boating),

through TNRCC’s Voluntary Cleanup Program.

but that it is not recommended due to high levels or
large amounts of pollutants. See also “closure.”

Class 1 nonhazardous industrial wastes.
Wastes that are considered potentially threatening

air toxics. Generally defined as those pollutants

to human health and the environment if not prop-

that are known or suspected to cause serious health

erly managed, because of their constituents and

problems. Approximately 650 reported in the

properties. They include certain wastes from power

Toxics Release Inventory. See also that entry.

generation plants, manufacturing facilities, and
laboratories serving industry.

ambient. The portion of the atmosphere, surface
or groundwater, or other parts of the environment

classified (bodies of water). “Classified” is a

outside buildings to which the general public has

term more commonly used than “designated” to

access.

describe water bodies protected by site-specific water quality standards. There are 368 “classified”

area sources. Small sources of air emissions that

water bodies in Texas. Unclassified water bodies do

are quantified and evaluated as a group rather than

not have site-specific standards but instead are pro-

individually, such as dry cleaners, gasoline stations,

tected by general water quality standards.

print shops, and restaurants.
closure. A statement, issued by the Texas DepartBACT—Best Available Control Technology.

ment of Health, warning the public that a body of

In air permitting, a case-by-case review process to

water may not legally be used for a designated pur-

determine the best control equipment or process

pose (for example, fishing, swimming, boating) due

change to minimize air pollution, while taking into

to high levels or large amounts of pollutants.

account economic reasonableness and technical
feasibility.

colonia. An unincorporated community that lacks
one or all basic services such as electricity, water,

biochemical oxygen demand (BOD). A mea-

and sewers. There are about 1,500 colonias in

sure of the amount of oxygen consumed in the bio-

Texas, most of them in the 43-county Texas-

logical processes that break down organic matter,

Mexico Border Region.

including waste, in water.
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community water system. Serves 15 residential

maquiladora. Foreign-owned plants set up in

connections or more; or 25 people or more.

Mexico under a program that allows raw material
or components to be imported tariff-free for pro-

criteria pollutants. Compounds for which federal

cessing or assembly. Most finished products must

standards have been established based on criteria

be exported to the country where their constituents

for health and welfare. These compounds include

originated. Wastes are also shipped back to the

ozone, carbon monoxide, sulfur dioxide, nitrogen

country of origin.

dioxide, particulate matter, and lead.
maximum concentration level. The highest level
“delegation.” Term used by TNRCC staff, mean-

of a contaminant that is allowed in drinking water.

ing that the TNRCC has been legally authorized by
the EPA to administer their programs in Texas on

“media.” In the specialized sense in which TNRCC

the basis that state laws and regulations are at least

personnel use this term, there are three media

as strict as federal laws and regulations.

through which or to which pollution can be transmitted: air, water, and land. See also “multimedia.”

designated (bodies of water). See “classified”
bodies of water.

mobile source. On-road (highway) vehicles (e.g.,
automobiles, trucks and motorcycles) and nonroad

drinking water standards. See “primary drink-

vehicles (e.g., trains, airplanes, agricultural equip-

ing water standards” and “secondary drinking water

ment, industrial equipment, construction vehicles,

standards.”

off-road motorcycles and marine vessels).

economically distressed area. Area in which

MTBE—methyl tertiary butyl ether. An oxy-

water supply or wastewater systems do not meet

genate added to gasoline to make it burn more

minimal state standards and financial resources are

completely or “cleaner.” Unfortunately, MTBE dis-

inadequate to provide services to meet those needs.

solves readily in water at very low concentrations,
producing a highly unpleasant taste and odor in

effects screening level (ESL). The concentra-

drinking water. MTBE has also been recognized as

tion of a pollutant at or above which there is poten-

a carcinogen at high concentrations and extended

tial for adverse effects on human health.

exposures.

emission offsets. Emission reductions which must

municipal wastewater. Contaminated water that

be obtained before a new or modified source of

resulted from any discharge from a publicly owned

emissions can be authorized in a nonattainment area.

sewer system, treatment facility, or disposal system.

EPA. The federal Environmental Protection

“multimedia.” In TNRCC staff usage, an issue or

Agency.

situation that involves more than one of the media
through which or to which pollution can be trans-

“exceedance.” A termed coined by TNRCC per-

mitted: air, water, and land.

sonnel to refer to an instance when standards for a
pollutant are exceeded.

noncommunity water system. Serves nonresidential connections or people (e.g., trailer parks,

HAPs. Hazardous air pollutants.

parks, and stores).

industrial wastewater. Contaminated water, liq-

nonpoint source. Sources of emissions or re-

uid, or solid substances that resulted from any pro-

leases such as evaporative losses, leaks from pumps

cess of industry, manufacturing, trade, or business.

and valves, and water runoff that are not associated
with a discrete location.
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non-road mobile source. See off-road mobile

primary drinking water standards. Standards

source.

for safe levels of bacterial and chemical contaminants in drinking water.

NOX. Oxides of nitrogen.
recharge zone. In an aquifer, the zone of surface
NPDES. National Pollutant Discharge Elimination

area from which water percolates into the subsur-

System.

face aquifer formation to replace water withdrawn
through natural loss or pumping.

off-road and non-road mobile source. Commercial and general aviation operations, marine

RFG—Reformulated Gasoline. Conventional

vessels, recreational boats, railroad locomotives,

gasoline blended to burn more cleanly or to have

and a broad category of engines on construction

less evaporation.

equipment, lawn mowers, chain saws, and leaf
blowers.

secondary drinking water standards. Standards to prevent objectionable odor, color, and

on-road mobile source. Automobiles, trucks,

taste.

motorcycles, and other vehicles traveling on roadways.

SIC—Standard Industrial Classification
Code. A standardized system for describing classes

ozone. Ground-level ozone, also known as

of industries and businesses created by the United

“smog,” is formed when emissions from cars and

States Department of Commerce. This system

industries combine in the presence of sunlight and

will be superceded in the next few years by the

warm temperatures. Considered one of the criteria

new North American Industrial Classification Sys-

air pollutants, ozone can cause breathing difficulty,

tem (NAICS).

especially for infants, the elderly, and people of any
age who have respiratory conditions.

SO2. Sulfur dioxide.

particulate matter (PM). Very fine solid or liquid

Tier I. A federal tailpipe emission standard for au-

particles in the air or in an emission. PM includes

tomobiles that became effective in 1994 and re-

dust, smoke, fumes, mist, spray, and fog.

quired a 40 percent reduction in NOX emissions.

“permitted.” Used by TNRCC personnel to mean

Tier II. A new tailpipe emission standard for both

(1) required to have a permit from the TNRCC or

cars and light trucks proposed by EPA in 1999 to

(2) having received such a permit through a process

be effective in 2004, which further reduces both

that includes a written application and a formal re-

NOX and sulfur levels.

view by the agency. (Pronounced PER-mitted.)
Total Maximum Daily Load (TMDL). A techniPM10. Particulate matter smaller than 10 microns

cal analysis that determines the maximum loading

in diameter. The diameter of human hair ranges

of a pollutant of concern that a water body can re-

from 30 to 200 microns; also written as PM10.

ceive and still attain and maintain a designated use
identified by a water quality standard.

PM2.5. Particulate matter smaller than 2.5 microns in diameter; also written as PM2.5.

Toxics Release Inventory (TRI). A federal inventory of approximately 650 harmful chemicals or

point source. Industrial, commercial, or institutional

classes of chemicals released to the environment or

plants or operations that (1) emit large quantities of

transferred off-site by specific industries in the

air emissions and (2) are individually quantified or

United States.

that release wastewater from discrete locations.
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TPDES—Texas Pollutant Discharge Elimina-

TRI. Toxics Release Inventory.

tion System. The major program for regulating
municipal and industrial wastewater discharges

VOC—Volatile organic compounds. A group

through the permitting of wastewater treatment

of chemicals that react in the atmosphere with ni-

facilities. In 1998, TNRCC took over the adminis-

trogen oxides in the presence of heat and sunlight

tration of this program in Texas, formerly the

to form ozone.

NPDES, administered by the EPA.
transition zone. The geographic area that includes the drainage basins of creeks and rivers that
contribute to a recharge zone of an aquifer.

110

FISCAL YEARS 2003-2007

SOURCES CITED
Executive Summary
Mace, Robert E., et al. 2001. Aquifers of West Texas. Texas Water Development Board. Report 356
(December 2001).

Introduction
Texas State Data Center. 2001. Texas Census 2000. Online. Compiled for the U.S. Census Bureau.
http://txsdc.tamu.edu/. Accessed September 2001.

Air Quality
Centers for Disease Control and Prevention (CDC). 1998b. “Surveillance for Asthma—United States,
1960-1995.” Morbidity and Mortality Weekly Report 47:SS-1 (April 24, 1998).
CDC. 1998a. “Forecasted State-Specific Estimates of Self-Reported Asthma Prevalence—United States,
1998.” Morbidity and Mortality Weekly Report 47:47 (December 4, 1998).
CDC. Air Pollution and Respiratory Health. Online. CDC, National Center for Environmental Health.
http://www.cdc.gov/nceh/asthma/brochures/airpollutionprint.htm. Accessed November 16, 2001.
CDC. 2000. Behavioral Risk Factor Surveillance System, Asthma Data: Technical Information, 2000.
Online. CDC, National Center for Environmental Health. http://www.cdc.gov/nceh/asthma/brfss/
brfsstechinfo.htm. Accessed November 16, 2001.
Environmental Protection Agency (EPA). 1996. Air Quality Criteria for Particulate Matter. EPA, National
Center for Environmental Assessment. EPA-600/P-95/001aF-cF.3v.
EPA. 1997. Mercury Study Report to Congress. EPA-452/R-97-003 (December 1997).
EPA. 1998. Study of Air Pollutant Emissions from Electric Utility Steam Generating Units—Final
Report to Congress. EPA-453/R-98-004a. (February 1998).
EPA. 1999. “National Air Toxics Program: The Integrated Urban Strategy.” Federal Register. Volume 64,
pp. 38706-38740 (July 19, 1999).
EPA. 2001. National-Scale Air Toxics Assessment for 1996. U.S. Environmental Protection Agency,
Office of Air Quality Planning and Standards. Publication EPA-453/R-01-003 (January 2001).

TNRCC STRATEGIC PLAN

111

National Atmospheric Deposition Program. 2001. Mercury Deposition Network: A NADP Network.
Online. Champaign: IL. http://nadp.sws.uiuc.edu/mdn/. Accessed November 2001.
Radian International. 1999. Review of the 1996 National Toxics Inventory. Final Report for the Texas
Natural Resource Conservation Commission (August 1999).
TDH. 2002. EPIGRAM Mortality and Population Data Analysis Software. Online. TDH, Bureau of Chronic
Disease Prevention. Available from TDH, Bureau of Chronic Disease Prevention, Austin, TX. Accessed
January 2002.
Texas Natural Resource Conservation Commission (TNRCC). 1995. Community Air Toxics Monitoring Network Report: October 1993-December 1994. TNRCC, Monitoring Operations Division AS-97 (December 1995).
TNRCC. 2002. Greenhouse Gases—A Report to the Commission (Draft). TNRCC, Strategic Environmental
Analysis Group (January 2002).
U.S. Department of Health and Human Services. Healthy People 2010. 2nd Edition With Understanding and
Improving Health and Objectives for Improving Health. 2 vols. Washington, DC: U.S. Government Printing
Office (November 2000).

Surface Water Quality
American Public Works Association. 2001. Texas Nonpoint SourceBook, Characterizing Urban Waterways.
American Public Works Association, Texas Chapter.
EPA. 1993. Guidance Specifying Management Measures for Sources of Nonpoint Pollution in Coastal
Waters. EPA Report 840-B-92-002 (January 1993).
EPA. 2000a. Our Built and Natural Environments, Technical Review of the Interactions Between Land
Use, Transportation, and Environmental Quality. EPA (November 2000).
EPA. 2000b. Draft EPA Guidelines for Management of Onsite/Decentralized Wastewater Systems. EPA
(September 2000).
Twidwell, Stephen. 2000. Bioaccumulation of Mercury in Selected East Texas Water Bodies. Prepared for
the TNRCC. Publication AS-180 (May 2000).
TDH. 1998. Epidemiology in Texas, 1998. TDH, Bureau of Epidemiology.
TDH. 1999. 1999 Epidemiology Annual Report: Vibriosis. Online. TDH, Bureau of Epidemiology.
http://www.tdh.state.tx.us/epidemiology/99annual/reports. Accessed November 2001.
TDH, 2001a. Fish Advisories and Bans—2001 Publication #48-10845 (January 2001).
TDH. 2001b. Hepatitis A Virus Data Texas Border Counties, 1990-2000. Data provided by the TDH,
Infectious Disease Epidemiology and Surveillance Program (July 2001).

112

FISCAL YEARS 2003-2007

TDH. 2001c. “Two Primary Amebic Meningoencephalitis Deaths This Month.” Disease Prevention News
61:18 (August 27, 2001).
TDH. 2001d. “Third Primary Amebic Meningoencephalitis Death This Season.” Disease Prevention News
61:19 (September 10, 2001).
Texas On-Site Wastewater Treatment Research Council. 2001. Study to Determine the Magnitude of, and
Reasons for, Chronically Malfunctioning On-Site Sewage Facility Systems in Texas. TNRCC.
U.S. Department of Agriculture. 2001. Texas—Resources and Issues—2001. Temple, TX: Natural Resources
Conservation Service, Natural Resources Inventory Section USDA.
World Health Organization. 1997. Health and Environment in Sustainable Development: Five Years
after the Earth Summit: Executive Summary. Online. Geneva, Switzerland. http://www.who.int/
environmental_information/Information_resources/htmdocs/execsum.htm. Accessed July 2001.

Groundwater Quality
Bush, Peter W., et al. 2000. Water Quality in South-Central Texas, Texas, 1996-98. U.S. Geological
Survey. Circular 1212.
Cech, I., H. Prichard, A. Mayerson, and M. Lemma. 1987. “Pattern of Distribution of Radium 226 in
Drinking Water of Texas.” Water Resources Research 23(10): 1987-1995.
Cech, I., C. Kreitler, H. Prichard, A. Holguin, and M. Lemma. 1988. “Radon Distribution in Domestic Water
of Texas.” Ground Water 26(5): 561-569.
Chowdhury, M. E., et al. 1994. A Farm-Level Evaluation of Agricultural Profit and Ground Water
Quality: Texas Seymour Aquifer. Texas Water Resources Institute (TR-168) (December 1994).
Economic Research Service, U.S. Department of Agriculture. Agricultural Resources and Environmental
Indicators, 2000.
Hudak, Paul F. 2000. “Distribution and Sources of Arsenic in the Southern High Plains Aquifer, Texas,
USA.” J. Environ. Sci. Health A35(6):899-913.
Mace, Robert E., et al. 2001. Aquifers of West Texas. Texas Water Development Board. Report 356
(December 2001).
Mueller, D.K., and D.R. Helsel. 1996. Nutrients in the Nation’s Waters—Too Much of a Good Thing?
U.S. Geological Survey: Circular 1136.
National Resource Conservation Service, U.S. Department of Agriculture. 2000. Manure Nutrients Relative
to the Capacity of Cropland and Pastureland to Assimilate Nutrients: Spatial and Temporal Trends for
the United States (December 2000).
Nolan, Bernard T., and Jeffery D. Stoner. Nutrients in Ground Waters of the Conterminous United
States, 1992-1995. U.S. Geological Survey.

TNRCC STRATEGIC PLAN

113

Texas Groundwater Protection Committee. 2001. Joint Groundwater Monitoring and Contamination
Report—2000 (April 2001).
Texas On-Site Wastewater Treatment Research Council. 2001. Study to Determine the Magnitude of,
and Reasons for, Chronically Malfunctioning On-Site Sewage Facility Systems in Texas. TNRCC.
Texas Water Commission. 1989. Ground-Water Quality of Texas. Texas Water Commission.
Texas Water Development Board. 2001. Draft State Water Plan—Water for Texas 2002. Online. TWDB.
http://co.water.usgs.gov/nawqa/hpgw/sigfinds/TRANS1_GRADFINDS.html. Accessed October 2001.

Land Resources
Dahl, T.E. 2000. Status and Trends of Wetlands in the Conterminous United States 1986 to 1997. U.S.
Department of the Interior, Fish and Wildlife Service, Washington, D.C.
Doll, R., and R. Peto. 1981. The Causes of Cancer: Quantitative Estimates of Avoidable Risk of Cancer
in the United States Today. Oxford, England: Oxford University Press.
EPA. 2000. Our Built and Natural Environments, Technical Review of the Interactions Between Land
Use, Transportation, and Environmental Quality. EPA (November 2000).
EPA. 2001. The National Biennial RCRA Hazardous Waste Report (Based on 1999 Data), EPA530-R01–010 (June 2001).
Harvard Center for Cancer Prevention. “Harvard Report on Cancer Prevention, Volume 1: Causes of Human
Cancer” Cancer Causes and Control Volume 7: S3-S59 (November 1996).
National Wildlife Federation. 1999. Higher Ground: A Report on Voluntary Property Buyouts in the Nation’s
Floodplains: A Common Ground Solution Serving People At Risk, Taxpayers, and The Environment.
TDH. 2001a. E-mail Communication with Melanie Williams, Ph.D., Cancer Registry Division (November 2001).
TDH. 2001b. Personal Communication with Peter Langlois, Ph.D, Birth Defects Monitoring Division (April
27, 2001).
TDH. 2001c. Disease Prevention News, El Paso Multiple Sclerosis Cluster Investigation, 61:25 (December 3,
2001).
TDH. 2001d. El Paso Multiple Sclerosis (MS) Study. Online. TDH, Environmental Epidemiology and
Toxicology Division. http://www.tdh.state.tx.us/epitox/ms/studysum.htm. Accessed December 2001.
TDH. 2001e. Presentation for the Lead Screening Advisory Group and the Texas Childhood Lead Poisoning
Prevention Program (CLPPP) by Ella deLeon, CLPPP (May 8, 2001).
Texas Parks and Wildlife Department (TPWD). Texas Coastal Wetlands, Status and Trends, Mid-1950s to
Early 1990s (March 1997).

114

FISCAL YEARS 2003-2007

TPWD. 2001a. Texas Wetlands. Online. TPWD, Wetlands. http://www.tpwd.state.tx.us/wetlands/. Accessed
November 2001.
TPWD. 2001b. Texas Wetlands Conservation Plan . Online. TPWD, Wetlands. http://www.tpwd
.state.tx.us/wetlands/programs/conservation/index.htm. Accessed November 2001.
TNRCC. 2000. Memorandum of Agreement Between the U.S. Army Corps of Engineers and the Texas
Natural Resource Conservation Commission on Section 401 Certification Procedures (August 17, 2000).
TNRCC. 2001a. Annual Reporting Program for Permitted MSW Facilities, 2000 Data Summary and
Analysis (July 2001).
TNRCC. 2001b. Report to the 77th Legislature, Solid Waste Management in Texas, Strategic Plan
2001-2005.
U.S. Army Corps of Engineers (Corps). 2001. Regulatory Guidance Letter (RGL) No. 01-1.

Water Supply
Texas Water Development Board (TWDB). Texas Water Conditions (December 2001).
TWDB. State Water Plan—Water for Texas 2002 (January 2002).
Far West Texas Regional Water Planning Group. 2001. Far West Texas Regional Water Plan. Prepared for
the Texas Water Development Board (January 2001).

Drinking Water
CDC. 1999. “Ten Great Public Health Achievements—United States, 1900-1999.” Morbidity and Mortality
Weekly Report 48:12 (April 02, 1999).
CDC. 2000. “Surveillance for Waterborne-Disease Outbreaks—United States, 1997-1998.” Morbidity and
Mortality Weekly Report 49:SS04.
EPA. 1999. National Characteristics of Drinking Water Systems Serving Populations Under 10,000.
Prepared by Cadmus Group, Inc. Environmental Protection Agency Report EPA 816-R-99-010.
TDH. 1999. Epidemiology in Texas: 1999 Annual Report.

TNRCC STRATEGIC PLAN

115

