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15. TEXAS

American Indian tribes with a rich cultural history lived in what is
now the state of Texas for centuries before the 1500s. Texas was
part of Mexico until 1836 when Texans declared their
independence and formed the Republic of Texas, which
successfully existed as a sovereign nation for almost a decade.
Texas was annexed by the United States in 1844; in 1845,
Congress approved the Texas Constitution and granted it statehood
(Texas State Historical Association, 2015a). Texas is bordered by
Oklahoma to the north, Arkansas and Louisiana to the east, the
Gulf of Mexico and Mexico to the south, and New Mexico to the west. This chapter provides
details about the existing environment of Texas as it relates to the Proposed Action.

General facts about Texas are provided below:

e State Nickname: The Lone Star State

e Land Area: 261,232 square miles; U.S. Rank: 2 (U.S. Census Bureau, 2015a)

e Capital: Austin

e Counties: 254 (Texas Comptroller, 2016)

e 2014 Estimated Population: 26,956,958; U.S. Rank: 2 (U.S. Census Bureau, 2015a)

e Most Populated Cites: Houston, San Antonio, Dallas, and Austin (U.S. Census Bureau,
2015b)

e Main Rivers: Rio Grande, Red River, Brazos River, Colorado River, Canadian River,
Guadalupe River, San Antonio River, Sabine River, Neches River, Trinity River, Pecos
River, and Nueces River

e Bordering Waterbodies: Rio Grande, Sabine River, Red River, and the Gulf of Mexico

e Mountain Ranges: Chianti Mountains, Chalk Mountains, Glass Mountains, Davis
Mountains, Apache Mountains, Delaware Mountains, Santiago Mountains, and Del Norte
Mountains

e Highest Point: Guadalupe Peak (8,740 ft.) (USGS, 2015a)

August 2017 15-7



Final Programmatic Environmental Impact Statement Chapter 15
FirstNet Nationwide Public Safety Broadband Network Texas

15.1. AFFECTED ENVIRONMENT

15.1.1. Infrastructure

15.1.1.1. Introduction

This section provides information on key Texas infrastructure resources that could potentially be
affected by FirstNet projects. Infrastructure consists of the systems and physical structures that
enable a population in a specified area to function. Infrastructure is entirely manmade with a
high correlation between the type and extent of infrastructure and the degree to which an area is
characterized as “developed.” Infrastructure includes a broad array of facilities such as utility
systems, streets and highways, railroads, airports, buildings and structures, ports, harbors and
other manmade facilities. Individuals, businesses, government entities, and virtually all
relationships between these groups depend on infrastructure for their most basic needs, as well as
for critical and advanced needs (e.g., emergency response, health care, and telecommunications).

Section 15.1.1.3 provides an overview of Texas traffic and transportation infrastructure,
including road and rail networks and waterway facilities. Texas public safety infrastructure
could include any infrastructure utilized by a public safety entity' as defined in Title VI of the
Middle Class Tax Relief and Job Creation Act of 2012 (Public Law [Pub. L.] No. 112-96, Title
VI Stat. 156 (codified at 47 United States Code [U.S.C.] 1401 et seq.)) (the Act), including
infrastructure associated with police, fire, and emergency medical services (EMS). However,
other organizations can qualify as public safety services as defined by the Act. Public safety
services in Texas are presented in more detail in Section 15.1.1.4. Section 15.1.1.5 describes
Texas’ public safety communications infrastructure and commercial telecommunications
infrastructure. An overview of District utilities, such as power, water, and sewer, is presented in
Section 15.1.1.6.

15.1.1.2. Specific Regulatory Considerations

Multiple Texas laws and regulations pertain to the state’s public utility and transportation
infrastructure and its public safety community. Table 15.1.1-1 identifies the relevant laws and
regulations, the affected agencies, and their jurisdiction as derived from the state’s applicable
statutes and administrative rules referenced in column one. Appendix C, Environmental Laws
and Regulations, identifies applicable federal laws and regulations.

! The term “public safety entity” means an entity that provides public safety services (7 U.S. Code [U.S.C.] § 1401(26)).
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Table 15.1.1-1: Relevant Texas Infrastructure Laws and Regulations

State Law/Regulation Regulatory Agency Applicability

Texas Statute (TS): Health and
Safety Code Title 9 Safety: Texas
Administrative Code (TAC): Title
37 Public Safety and Corrections

Texas Department of Public
Safety, Division of
Emergency Management

Coordinates the Emergency Management
functions of the state.

TS: Utilities Code: TAC Title 16 Public Utility Commission Regulates and supervises public utilities
Economic Regulation of Texas within the state.

Oversees the development and operation
transportation systems of the state’s
highway, aeronautics, common carriers,
marine, and other transportation facilities and
services.

TS: Transportation Code: TAC: Texas Department of
Transportation Transportation

Source: (TX SOS, 2017a), (Texas Legislature, 2015), (TX SOS, 2017b), (TX SOS, 2017c)

15.1.1.3. Transportation

This section describes the traffic and transportation infrastructure in Texas, including specific
information related to the road networks, airport facilities, rail networks, harbors, and ports (this
PEIS defines “harbor” as a body of water deep enough to allow anchorage of a ship or boat).
The movement of vehicles is commonly referred to as traffic, as well as the circulation along
roads. Roadways in the state can range from multilane road networks with asphalt surfaces, to
unpaved gravel or private roads. The information regarding existing transportation systems in
Texas are based on a review of maps, aerial photography, and federal and state data sources.

The Texas Department of Transportation (TxDOT) has jurisdiction over freeways and major
roads, airports, railroads, and ports in the state; local counties have jurisdiction for smaller streets
and roads. The mission of the TxDOT is to “work with others to provide safe and reliable
transportation solutions for Texas” (TxDOT, 2015b).

Texas has an extensive and complex transportation system across the entire state. The state’s
transportation network consists of:

e 313,228 miles of public roads (FHWA, 2014) and 52,937 bridges (FHWA, 2015a);

e 10,469 miles of rail network that includes passenger rail and freight (TxDOT, 2015c¢);

e 2,002 aviation facilities, including airstrips and heliports (FAA, 2015a);

e 22 harbors (U.S. Harbors, 2015); and

e 15 ports, including 4 major ports (both public and private facilities) (TexasPorts, 2015).
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Road Networks

As identified in Figure 15.1.1-1, the major urban centers of the state from north to south are
Amarillo, Lubbock, Dallas-Fort Worth, El Paso, Austin, Houston, San Antonio, Laredo, and
Brownsville (USDOC, 2013a). Texas has 11 major interstates connecting its major metropolitan
areas to one another, as well as to other states. Travel outside the major metropolitan areas is
conducted on interstates, and state and county roads. Table 15.1.1-2 lists the interstates and their
start/end points in Texas. Per the national standard, even numbered interstates run from west to
east with the lowest numbers beginning in the south; odd numbered interstates run from north to
south with the lowest numbers beginning in the west (FHWA, 2015b).

Table 15.1.1-2: Texas Interstates

Interstate Southern or western terminus in TX Northern or eastern terminus in TX
I-2 US-83 in Palmview I-69E in Harlingen
1-10 NM line in Anthony LA line in Orange
1-20 1-10 near Toyah LA line near Waskom
1-27 US-87 in Lubbock 1-40 in Amarillo
1-30 1-20 in Fort Worth AR line in Texarkana
1-35 US-83 in Laredo OK line near Gainesville
1-37 US-181 in Corpus Christi 1-35 in San Antonio
1-40 NM line in Glenrio OK line near Shamrock
1-44 US-277 in Wichita Falls OK line in Burkburnett
1-45 Rt-87 in Galveston 1-30 in Dallas
1-69 US-59 in Rosenberg US-59 in Cleveland

Source: (FHWA, 2015b)

TxDOT maintains 80,268 centerline miles of roadway (TxDOT, 2015d):

e Interstate highways: 3,272;

e U.S. Highways: 12,062;

e State Highways, Spurs, Loops, Business Routes: 16,411;
e Farm or Ranch to Market roads and Spurs: 40,932;

e Pass, Park and Recreation Roads: 345; and

e Frontage roads: 7,245.

Texas has neither National Scenic Byways nor State Scenic Byways. National and State Scenic
Byways are roads that are recognized for one or more archaeological, cultural, historic, natural,
recreational, and scenic qualities (FHWA, 2013).
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Figure 15.1.1-1: Texas Transportation Networks
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Airports

Air service to the state is provided by several major airports. The three busiest airports in the
state are:

e Dallas/Fort Worth International Airport (DFW) is located in between the Cities of Dallas and
Fort Worth. In 2014, DFW served 63,520,359 passengers (DFW, 2014a), facilitated 679,820
aircraft operations (DFW, 2014b), and moved 700,185,900 pounds of cargo (DFW, 2014c).
That same year, DFW was the 4th busiest airport in the nation in terms of the number of
passengers served (FAA, 2015f) and the 10th busiest in the nation in terms of the amount of
cargo moved (FAA, 2015g).

e George Bush Intercontinental/Houston Airport (IAH) is located 19 miles north of downtown
Houston. In 2014, IAH served 41,251,015 passengers, facilitated 508,935 aircraft operations,
and moved 461,491 metric tons of freight (HAS, 2014). That same year, [AH was the 11th
busiest airport in the nation in terms of the number of passengers served (FAA, 2015f) and
the 17th busiest in the nation in terms of the amount of cargo moved (FAA, 2015g).

e William P. Hobby Airport (HOU) is located seven miles southeast of downtown Houston. In
2014, HOU served 11,945,825 passengers, facilitated 193,647 aircraft operations, and moved
12,705 metric tons of freight (HAS, 2014). That same year, HOU was the 32nd busiest
airport in the nation in terms of the number of passengers served (FAA, 2015f).

Other large airports in Texas include Austin-Bergstrom International Airport (AUS), Dallas Love
Field (DAL), El Paso International Airport (ELP), and San Antonio International Airport (SAT).
Figure 15.1.1-1 illustrates the major airports, in the state. Section 15.1.7, Land Use, Recreation
and Airspace, provides greater detail on airports and airspace in Texas.

Rail Networks

Texas is connected to a network of passenger rail (Amtrak), public transportation (commuter
rail), and freight rail. Figure 15.1.1-1 illustrates the major rail lines in Texas.

Amtrak runs three lines through Texas: Heartland Flyer, Sunset Limited, and Texas Eagle. The
Heartland Flyer runs every day between Oklahoma City and Fort Worth, making two stops in
Texas. The Sunset Limited makes the trip between New Orleans and Los Angeles three times
per week, with seven stops in Texas. The Texas Eagle runs daily between Chicago and San
Antonio and 3 times per week from Chicago to Los Angeles with 16 stops in Texas. In 2014,
Amtrak served more than 409,000 passengers in Texas (TxDOT, 2015c¢). Table 15.1.1-3
provides a complete list of Amtrak lines that run through Texas.
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Table 15.1.1-3: Amtrak Train Routes Serving Texas

Route Starting Point Ending Point Length of Trip Major C;f:;saferved m
Heartland Oklahoma City, Fort Worth, TX 4 hours 14 minutes Gainesville, Fort Worth
Flyer OK

Beaumont, Houston, San
Sunset New Orleans, Antonio, Del Rio,
Limited LA Los Angeles, CA 48 hours Sanderson, Alpine, El

Paso

San Antonio, TX 32 hpurs 25 minutes . Dallas, Fort Worth,
Texas . (Chicago-San Antonio) . ;
Chicago, IL or Los Angeles, . Austin, San Antonio, El
Eagle CA 65 hours 20 minutes Paso
(Chicago-Los Angeles)

Sources: (Amtrak, 2015a), (Amtrak, 2015b)

Austin’s Capital MetroRail commuter rail service during the week days between Leander and
downtown Austin, with Saturday service between Lakeline and downtown Austin (Capital
Metro, 2015). MetroRail serves 9 stations along its 32-mile line (Capital Metro, 2015). In 2014,
MetroRail facilitated 795,400 rides, with an average of 66,000 trips per month (Capital Metro,
2014).

Dallas Area Rapid Transit (DART) provides public transit to Dallas and 12 neighboring cities
(DART, 2015a). DART’s rail services include DART Light Rail and the Trinity Railway
Express (TRE). DART Light Rail serves Dallas and the surrounding suburbs of Carrollton,
Farmers Branch, Garland, Irving, Plano, and Richardson (DART, 2015a); the system is 90 miles
long with 62 stations (DART, 2015b). The TRE commuter rail provides service between Dallas
and Fort Worth (DART, 2015a); the system is 34 miles long with 10 stations (DART, 2015b). In
2014, DART Light Rail facilitated 29.5 million passenger trips and TRE facilitated 2.3 million
passenger trips (DART, 2015b).

Houston’s MetroRail provides commuter rail service to downtown Houston and other populated
areas of the city, including midtown, the Museum District, Moody Park, and the Texas Medical
Center (Ride Metro, 2015). Houston’s MetroRail’s Red Line is 13 miles long with 25 stations; it
currently carries an average of 48,000 passengers every day (Ride Metro, 2015). The Purple
Line is 6.6 miles long with 10 stations (Ride Metro, 2015). The Green Line is currently under
construction, but it will have nine stations once complete (Ride Metro, 2015).

With 10,469 miles of railroad track in the state, Texas has the highest number of rail miles in the
nation (TxDOT, 2015c). Three Class I freight rail companies operate on 9,600 miles of track in
Texas: BNSF Railway, Kansas City Southern, and Union Pacific Railroad (TxDOT, 2015¢). In
addition, 46 Class III railroads operate in the state on 1,823 miles of track (TxDOT, 2015c¢). In
2013, freight rail moved 403.3 million tons of freight; of that, over 180 million tons was inbound
for Texas and over 60 million tons was outbound (TxDOT, 2015c). In 2014, 20 percent of all
freight tonnage in Texas moved via freight rail (TxDOT, 2015c).
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Harbors and Ports

Texas shares its large eastern coastline with the Gulf of Mexico. This area is lined with harbors,
marinas, and an assortment of other maritime facilities. A total of 15 ports in the state belong to
the Texas Ports Association, which seeks to “advance the development of Texas ports, enabling
them to compete with ports outside Texas and thereby strengthen the economy of Texas”
(TexasPorts, 2015). These facilities account for more than $82.8 billion (B) worth of value to
the state, including the 1.4 million jobs that are involved in cargo handled through shipping
terminals. As shown in Figure 15.1.1-1, the four major ports in the state are the ports of
Houston, Port Arthur, Corpus Christi, and Texas City (TexasPorts, 2015).

The Port of Houston is located east of the city of Houston, on the banks of the Trinity Bay,
Buffalo Bayou, and Tabbs Bay. The ports’ terminals line the shores of the several bodies of
water that comprise the Houston Ship Channel, which allows ships into the Buffalo Bayou
(PortofHouston, 2015a). The Port of Houston is home to a 52-mile long shipping channel; which
is 45 feet deep and 530 feet wide. The Channel’s northern shore is occupied largely by
ExxonMobil’s Baytown Refinery, the country’s largest oil refinery, while port terminals occupy
the south shore (PortofHouston, 2015b). The port handles roughly 67 percent of all
containerized cargo that moves through the Gulf of Mexico (PortofHouston, 2015c). This cargo
includes machinery, automotive parts, fabric, resins and plastics, and a host of other commodities
(PortofHouston, 2015d). Rail services at the Port of Houston are operated by BNSF, Union
Pacific, and Port Terminal Rail Association rail lines. The Barbours Cut terminal offers an
intermodal rail ramp that leads directly to terminal warehouses, making storage of containers
easier (PortofHouston, 2015¢). In 2013, the Port of Houston imported $74.3B worth of cargo,
weighing 77.6 million tons; and exported $94B, weighing 85.4 million tons (U.S. Census
Bureau, 2015c).

Port Arthur is located in eastern Texas, near the border with Louisiana. It can be found along the
banks of the Sabine-Neches Ship Canal, which runs between St. Marks, Florida and Brownville,
Texas. The port is only 19 miles from the Gulf, allowing easy access for international freighters
(PortofPortArthur, 2015a). Port Arthur handles a large number of products, including wood
pulp, lumber, heavy metals, dry bulk cargo, and military cargo (PortofPortArthur, 2015b).
Railroad service is provided by Kansas City Southern Railroad, though there are nearby
connections with Norfolk Southern Railroad, as well as UP Railroad and BNSF Railroad in the
United States. Overland shipping to Mexico can be accomplished through Tex Mex and
Transportacion Ferroviaria Mexicana (TFM) Railroads (PortofPortArthur, 2015¢). In 2013, Port
Arthur imported cargo worth approximately $29B and weighing 44.7 million tons, and exported
$8.2B in cargo, weighing 16.7 million tons (U.S. Census Bureau, 2015c).

The Port of Corpus Christi can be found in mid-eastern Texas on Corpus Christi Bay. There are
facilities on the both the southern and northern shores of the bay, as well as on the southern shore
of the nearby Nueces Bay. A shipping channel separates from Nueces Bay facilities from the
mainland (PortofCC, 2015a). The Port of Corpus Christi’s terminals dot a wide area around the
Nueces and Corpus Christi Bays. The ports facilities on the south side of the Nueces Bay are
served by rail lines from Kansas City Company, BNSF Railway and UP (PortofCC, 2015b). In

August 2017 15-14



Final Programmatic Environmental Impact Statement Chapter 15
FirstNet Nationwide Public Safety Broadband Network Texas

2014, the ports’ most frequent cargo included crude oil, feed stock, benzene, bauxite ore, and
fuel oil (PortofCC, 2015¢). In 2013, Corpus Christi imported $14.7B worth of cargo, weighing
24.5 billion kg; while exporting $10.5B, weighing 16.1 million tons (U.S. Census Bureau,
2015c).

The Port of Texas City is located on the Galveston Bay in the center of the Texas coastline. It is
just southeast of the City of Houston, and is partially sheltered weather by the Texas City Dike
(TCTRR, 2015a). The Port of Texas City is a privately owned facility, owned by the Texas City
Terminal Railway Company. In addition to the rail service provided by the Texas City Railway,
services are also provided by UP Railroad and BNSF Railway (TCTRR, 2015b). This facility
was responsible for importing $10B weighing 15.4 million tons in 2013, and exporting $9.7B,
weighing 12.3 million tons (U.S. Census Bureau, 2015¢).

15.1.1.4. Public Safety Services

Texas public safety services generally consist of public safety infrastructure and first responder
personnel aligned with the demographics of the state. Table 15.1.1-4 presents Texas’ key
demographics including population; land area; population density; and municipal governments.
More information about these demographics is presented in Section 15.1.9, Socioeconomics.

Table 15.1.1-4: Key Texas Indicators

Texas Indicators
Estimated Population (2014) 26,956,958
Land Area (square miles) (2010) 261,232
Population Density (persons per sq. mile) (2014) 103
Municipal Governments (2013) 1,209

Sources: (National League of Cities, 2007), (U.S. Census Bureau, 2014; U.S. Census Bureau, 2010a)

Table 15.1.1-5 presents Texas’ public safety infrastructure, including fire and police stations.
Table 15.1.1-6 identifies first responder personnel including dispatch, fire and rescue, law
enforcement, and medical personnel in the state.

Table 15.1.1-5: Public Safety Infrastructure in Texas by Type

Infrastructure Type Number
Fire and Rescue Stations® 2,850
Law Enforcement Agencies® 2,955
Fire Departments® 1,528

Sources: (U.S. Fire Administration, 2015) (U.S. Bureau of Justice Statistics, 2011)

2 Data collected by the U.S. Fire Administration in 2015.

® Number of agencies from state and local law enforcement include: local police departments,
sheriffs’ offices, primary state law enforcement agencies, special jurisdictional agencies, and
other miscellaneous agencies, collected by the U.S. Bureau of Justice Statistics in 2008.

¢ Data collected by the U.S. Fire Administration in 2015.

August 2017 15-15



Final Programmatic Environmental Impact Statement Chapter 15
FirstNet Nationwide Public Safety Broadband Network Texas

Table 15.1.1-6: First Responder Personnel in Texas by Type

First Responder Personnel Number
Police, Fire and Ambulance Dispatchers® 7,820
Fire and Rescue Personnel® 60,304
Law Enforcement Personnel® 170,891
Emergency Medical Technicians and Paramedics® ¢ 18,270

Sources: (U.S. Fire Administration, 2015) (U.S. Bureau of Justice Statistics, 2011) (BLS, 2015a)

2 BLS Occupation Code: 43-5031.

® BLS Occupation Codes: 33-2011 (Firefighters), 33-2021 (Fire Inspectors and Investigators), 33-1021 (First-Line
Supervisors of Fire Fighting and Prevention Workers), and 53-3011 (Ambulance Drivers and Attendants, Except
Emergency Medical Technicians). Volunteer firefighters reported by the U.S. Fire Administration.

¢ Full-time employees from state and local law enforcement agencies which include: local police departments, sheriffs’
offices, primary state law enforcement agencies, special jurisdictional agencies, and other miscellaneous agencies,
collected by the U.S. Bureau of Justice Statistics in 2008.

4 BLS Occupation Code: 29-2041.

¢ All BLS data collected in 2015.

15.1.1.5. Telecommunications Resources

There is no central repository of information for public safety communications infrastructure and
commercial telecommunications infrastructure in Texas; therefore, the following information and
data are combined from a variety of sources, as referenced.

Communications throughout the state are based on a variety of publicly and commercially owned
technologies, including coaxial cable (traditional copper cable), fiber optics, hybrid fiber
optics/coaxial cable, microwave, wireless, and satellite systems providing voice, data, and video
services (BLS, 2016). Figure 15.1.1-2 presents a typical wireless configuration including both a
narrowband public safety land mobile radio network (traditional radio network) and a
commercial broadband access network (wireless technology); backhaul (long-distance wired or
wireless connections), core, and commercial networks including a Long Term Evolution (LTE)
evolved packet core (modern broadband cellular networks); and network applications (software)
delivering voice, data, and video communications (FCC, 2016a)
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Figure 15.1.1-2: Wireless Network Configuration

Public Safety Communications

In order to protect and best serve the public interest, first responder and law enforcement
communities must be able to communicate effectively. The evolution of the communications
networks used by public safety stakeholders toward a broadband wireless technology, such as
LTE (see Section 2.1.1), has the potential to provide users with better coverage, while offering
additional capacity and enabling the use of new applications that would likely make their work
safer and more efficient. Designing such a network presents several challenges due to the
uniqueness of the deployment, the requirements, and the nationwide scale (NIST, 2015).
Historically, there have been many challenges and impediments to timely and effective sharing
of information. Chief among these factors impacting information sharing are: network coverage
gaps, land mobile radio system infrastructure diversity, insufficient budgets, and diverse radio
frequencies.
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Communication interoperability has also been a persistent challenge, along with issues
concerning spectrum availability, embedded infrastructure, and differing standards among
stakeholders (NTFI, 2005). This has caused a fragmented approach to communications
implementation across the U.S. and specifically in Texas. There are five key reasons why public
safety agencies often cannot connect through existing communications (NTFI, 2005):

e Incompatible and aging communications equipment;
e Limited and fragmented funding;

e Limited and fragmented planning;

e A lack of coordination and cooperation; and

e Limited and fragmented radio spectrum.

To help enable the public safety community to incorporate disparate Land Mobile Radio (LMR)
networks with a nationwide public safety LTE broadband network, the U.S. Department of
Commerce Public Safety Communications Research Program (PSCR) — Boulder Laboratories, in
2015, prepared a locations-based services (LBS) research and development roadmap to examine
the current state of location-based technologies, forecast the evolution of LBS capabilities and
gaps, and identify potential research and development opportunities that would improve the
public safety community’s use of LBS within operational settings. This is the first of several
technology roadmaps that PSCR plans to develop over the next few years to better inform
investment decisions (PSCR, 2015).

Like most states, Texas’ public safety LMR network environment is facing transition and reflects
the challenges of the need for greater system capabilities and integration to achieve its vision of
increased interoperability across the large number of diverse regional systems in the state.
According to the state’s Statewide Communication Interoperability Plan (SCIP) Texas’ vison for
public safety voice communications is to implement a “systems of system” approach to support
public safety voice communications through the coordinated use of multiple frequencies and
regional communications infrastructure assets located throughout the state (Texas DPS, 2013).

Texas is focused longer-term on achieving its goals in LMR voice and broadband public safety
data via deployment of a statewide, cross-channel, voice LMR system, as well as deploying
Long-term Evolution (LTE) 700 MHz for data, video, and multimedia applications. In its SCIP
Texas summarized this approach as follows, “The long-range goal for the State is to create a
statewide, fully interoperable voice communications system-of-systems. This hybrid system will
be multi-band, shared, and standards-based. Components will include Very High Frequency
(VHF)?/700/800 Megahertz (MHz) Project-25 standards-based trunked and conventional
systems, TSICP [Texas State Interoperability Channel Plan] programmed radios, and high-level
network connections to regional and existing systems” (Texas DPS, 2013).

2 VHF band covers frequencies ranging from 30 MHz to 300 MHz (NTIA, 2005).

August 2017 15-18



Final Programmatic Environmental Impact Statement Chapter 15
FirstNet Nationwide Public Safety Broadband Network Texas

Texas is home to one of the “early builder” public safety LTE 700 MHz projects (in Harris
County) that FirstNet is looking to with “lessons learned” approach in advance of the
deployment of the broadband National Public Safety Broadband Network (NPSBN) (Bratcher,
2015). The Harris County 700 MHz project is a 14 tower site project with 13 sites in the Harris
County service area, and one site in Brazos County, to enable an extended range coverage
evaluation (Jennings, 2007).

The Public Safety Communications Group within the Department of Public Safety (DPS) has 27
communications facilities throughout the state and provides support for a wide variety of

wireless special projects, as well as support for interoperability wireless infrastructure (Texas
DPS, 2015).

Statewide/Multi-County Public Safety Networks

Because of Texas’ very large land mass, diversity in county community types (from urban
through rural), presence of multiple large metropolitan areas, and the large number of diverse
legacy LMR networks and systems, the state has organized around 24 Councils of Government
(COGs) which supports the state’s LMR “system of systems” approach. Figure 15.1.1-3 depicts
this regional structure which provides a mechanism for county and city entities, to both plan and
oversee participation in state shared LMR systems. In addition, the COGs contribute to the
advancement of greater interoperability across disparate LMR frequencies (Texas DPS, 2013).

This regional structure is an essential enabler in facilitating the planning, budgeting, and
technical interworking of the diverse LMR systems in the state as it enables cross-agency and
cross-geography public safety communications through technologies such as Radio over Internet
Protocol (RolIP), digital P25, and the use of central controllers in LMR systems (Texas DPS,
2013). All of these systems are in wide use in Texas.

To implement its regional “system of systems” public safety approach, Texas has engaged key
state agencies such as DPS, Texas Department of Transportation (TxDOT), and Texas Parks &
Wildlife Development (TPWD), as well as local organizations, in order to operate on a number
of the Regional Radio Systems (RRS) (Texas DPS, 2013). A key example of this
agency/partnership model of the RRS can be seen with TxDOT, which is partnered with
Austin/Travis County. Harris County, the DFW overlay system as well as the Conch valley
systems to enhance interoperability (Texas DPS, 2013).
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Figure 15.1.1-3: Texas Regional Planning/Council of Government Regional Structure

Three examples of the major state and multi-county LMR systems in Texas are: (1) The Lower
Colorado River Authority (LCRA) operating 900 MHz proprietary system, as well as a 700 MHz
P25 overlay system with total coverage of 60 central Texas counties; (2) DPS’s VHF P25
narrowband and Internet Protocol (IP) gateway network that allows for interconnection across
multiple discrete state agency and local public safety departments; and (3) TxDOT’s statewide
VHF analog narrowband and digital P25 VHF/700 MHz/800MHz/900MHz IP gateway
interconnection infrastructure that provides cross-agency regional communications (Texas DPS,
2013).

A key example of Texas’ commitment to LMR modernization and multi-county/regional
coverage is the Texas digital P25 Texas Wide Area Radio Network (TxWARN) which operates
at 700 MHz and 800 MHz, and is supported by the radio tower site network depicted in Figure
15.1.1-4 below. TxWARN covers 31 counties within the state (RadioReference.com, 2015).
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County/City Public Safety Networks

In Texas, county and local public safety communications have been supported by a diverse set of
systems and frequencies including VHF, Ultra High Frequency (UHF),? 700 MHz, 800 MHz,
and 900 MHz across the state’s counties and cities. There continues to be high diversity in the
types and frequencies of LMR systems adopted by county and local public safety departments,
but Texas has implemented a shared radio systems approach based on RolP, as well as the use of
IP gateways to interconnect disparate systems, and promote greater interoperability across the
state (Texas DPS, 2013).
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Figure 15.1.1-4: P25 TxWARN Tower Site Locations

3 UHF band covers frequencies ranging from 300 MHz to 3000 MHz (NTIA, 2005).
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Reflecting the commitment to a shared “system of systems” approach to address the state’s LMR
public safety and interoperability needs, is the large number of regional and multi-county digital
P25 systems in the state; as Table 15.1.1-7 illustrates (Texas DPS, 2013). There are 43 public
safety digital P25 systems operational in Texas, and Table 15.1.1-7 below lists these LMR
systems and their operating frequencies. All three systems operate on 800 MHz, thereby
facilitating interoperability across these systems (Project 25.org, 2015a) (Project 25.org, 2015b).

Public Safety Answering Points

According to the Federal Communication Commission’s (FCC) Master PSAP registry, there are
635 PSAPs in Texas serving Texas’ 254 counties.

Table 15.1.1-7: Texas Public Safety P25 Networks

Texas P25 Public Safety Systems Frequency Band
Arkansas Wireless Information Network (AWIN) 700 MHz/800 MHz
Bell County Public Safety (P25) System 700 MHz
Concho Valley County of Governments VHF
El Paso P25 Regional Communications System 700 MHz/800 MHz
Grant Prairie P25 800 MHz
Greater Austin/Travis Regional Radio System VHF/700 MHz//800 MHz
Hurst P25 700 MHz/800 MHz
Jackson County public Services 700 MHz
Lacy-Lakeview Public Services System VHF
Laredo Public Safety 800 MHz
Lower Colorado River Authority (LCRA) P25 700 MHz/800 MHz
Lower Rio Grande Valley Regional Radio System 700 MHz/800MHz
Pantex UHF Lo
Parker County (Project 25) VHF/700 MHz
Permian Basin Regional Interoperability Network VHF/800 MHz
Pharr/Edinburg Public Safety (Project25) 800 MHz
Prosper Public Safety 800 MHz
Richardson P25 800 MHz
San Antonio Urban Area Initiative Overlay 700 MHz
Southeast Texas Regional Radio System (SETRRS) 800 MHz
Richardson P25 800 MHz
San Antonio Urban Area Initiative Overlay 700 MHz
Southeast Texas Regional Radio System (SETRRS) 800 MHz
Terrell P25 700 MHz
Victoria (Project25) 800 MHz
White Settlement P25 800 MHz
Woodway P25 VHF
Ysleta Del Sur Pueblo 800 MHz
Carrolton Public Safety 800 MHz
Coastal Bend Regional Public Safety Network 700 MHz
White Settlement P25 800 MHz
Cy-Fair Volunteer Fire Department 700 MHz
Dallas/North Central Council of Texas Governments (NCTCOG) 700 MHz
DFW Airport Authority/NCTCOG 700 MHz
Fourney-Kaufman County 700 MHz
Fort Worth Regional Radio System 700 MHz/800 MHz
FRISCO-Collin County 800 MHz
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Texas P25 Public Safety Systems Frequency Band
Lubbock City-County Mutual Radio System 800 MHz
McKinney P25-Collin County 800 MHz
Montgomery County TX 800 MHz
Plano, Allen, Wylie, Murphy (PAWM) 800 MHz
Texas Wide Area Radio Network (Tx WARN) 700 MHz/800 MHz
Waco Public Safety- McLennan County 800 MHz

Sources: (Project 25.org, 2015a) (Project 25.org, 2015b)

Commercial Telecommunications Infrastructure

Texas’ commercial telecommunications industry and infrastructure is robust with multiple
service providers, offering products and services via the full spectrum of telecommunications
technologies (FCC, 2014a) (FCC, 2014b). The following sub-sections present information on
Texas’ commercial telecommunications infrastructure, including information on the number of
carriers and technologies deployed; geographic coverage; voice, Internet access, and wireless
subscribers; and the quantity and location of telecommunications towers, fiber optic plant, and
data centers.

Carriers, Coverage, and Subscribers

Texas’ commercial telecommunications industry provides the full spectrum of
telecommunications technologies and networks, including coaxial cable (traditional copper
cable), fiber optics, hybrid fiber optics/coaxial cable, microwave, wireless, and satellite systems.
Table 15.1.1-8 presents the number of providers of switched access® lines, Internet access,’ and
mobile wireless services including coverage.

Table 15.1.1-8: Telecommunications Access Providers and Coverage in Texas as of

December 31, 2013
Commercial Telecommunications Access Number of Service Coverage of Households
Providers Providers
Switched access lines * 274 97.7% of households °
Internet access ° 169 56% of households
Mobile wireless ¢ 15 95% of population

Sources: (FCC, 2014a) (FCC, 2014b) (FCC, 2013) (NTIA, 2014)

2 Switched access lines are a service connection between an end user and the local telephone company’s switch (the basis of
older telephone services); this number of service providers was reported by the FCC as of December 31, 2013 in Table 17 as the
total of ILEC and non-ILEC providers (FCC, 2014b).

® Household coverage data provided by the FCC in “Universal Service Monitoring Report” as a Voice Penetration percentage
(percentage of household with a telephone in the unit) and is current as of 2013.

¢ Internet access providers are presented in Table 21 by technology provided; the number of service providers is calculated by
subtracting the reported Mobile Wireless number from the total reported number of providers. Household coverage is provided
in Table 13 (FCC, 2014a).

d Mobile wireless provider data was retrieved from the FCC National Broadband Map website (www.broadbandmap.gov/data-
download). The process of the data collection is explained in the broadband footnote.

4 “A service connection between an end user and the local telephone company’s switch; the basis of plain old telephone services
(POTS)” (FCC, 2014b).
5 Internet access includes Digital Subscriber Line (DSL), cable modem, fiber, satellite, and fixed wireless providers.
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Figure 15.1.1-9 shows the wireless providers in Texas along with their geographic coverage.

The following five maps Figure 15.1.1-5 to Figure 15.1.1-9 show: the combined coverage for the
top two providers; Sprint and T-Mobile’s coverage; ERF Wireless, Cricket Wireless, and
Skybeam’s coverage; Transworld Network Corp., Ranch Wireless, MetroPCS Wireless Corp,
Transworld Network Corp., and Big Bend Telephone Company’s coverage; and the coverage of
all other providers with less than 5 percent coverage area, respectively.

Table 15.1.1-9: Wireless Telecommunications Coverage by Providers in Texas

Wireless Telecommunications Providers Coverage
AT&T Mobility LLC 95.94%
Verizon Wireless 79.60%
Sprint 58.77%
T-Mobile 35.25%
Cricket Wireless 13.36%
ERF Wireless 11.87%
Skybeam 10.54%
MetroPCS Wireless, Inc. 8.14%
Transworld Network, Corp. 7.94%
Ranch Wireless 7.73%
Big Bend Telephone Company 6.85%
Other® 45.35%

Source: (NTIA, 2014)

aOther: Provider with less than 5 percent coverage area. Providers include: AMA Communications LLC; U.S.
Cellular; West Central Net; GVEC.net; GHz Wireless; WesTex Connect Internet Services; Gtek Computers and
Wireless; Argon Technologies; TierOne Networks; TISD, Inc.; VRFuturenet; Skynet Communications; Rock Solid
Internet & Telephone; Texas Wireless Internet; VTX Communications, LLC; Texas Broadband, Inc.; Texas
Communications; Internet America, Inc.; NextLink Broadband; Rural Texas Broadband; Texas Communications of
San Angelo, Inc.; Rioplex Wireless; Texas Communications of Bryan, Inc.; Phoenix Broadband, LLC; Zipnet.us;
Central Texas Communications, Inc.; NetWest Online, Inc.; Southwest Texas Telephone Company; Skynet Country,
LLC; TGM Pinnacle Network Solutions; Poka Lambro Telecommunications; Border to Border Communications,
Inc.; Farm to Market Broadband; Zulu Internet, Inc.; Digital Passage, Inc.; Evolve Broadband; Reach Broadband;
Basin Broadband, Inc.; SOS Communications; the SPECnet; East Texas WiFi; PTCI; Central Link Broadband;
ZipLink Internet.com; AwesomeNet; Speed of Light Broadband; Zochnet; East Texas DSL; Peoples Wireless;
OneSource Communications; Western Broadband; Basin 2 Way; Bee Creek Communications, Inc.; Ridgewood
Cable; Twin Wireless, Inc.; Nortex Communications; Texas CellNet; IguanaNet; Gecko Inter.Net; New Source
Broadband; Web-Access; TXOL Internet Inc.; Smithville.net; Air Net, LLC; Amarillo Wireless; Hallettsville
Communications; Broadwaves; Communications Etc.; Wharton County Electric Cooperative, Inc.; LiveAir
Networks; ECTISP, Inc.; GOCO Wireless, Inc.; Cascom; Deep East Texas Communications; CG Communications,
Inc.; Texhoma Wireless; PTCI; Alamo Broadband, Inc.; Zeecon Wireless Internet, LLC; Rodzoo Wireless; Gower
Net; SmartBurst, LLC; DCTexas Internet; Starnet Online Systems; Cap Rock Telephone Cooperative;
Broadcomm.Us; CKS Wireless; Digitex.com; TetCoBiz; Totelcom Communications, LLC; rNetworks Wireless
Broadband; GoZoe Wireless, LLP; Echo Wireless Broadband; MEXUS; Our-Town Internet Services; Airplexus,
Inc.; Balatize Broadband Services; TexasData; Santa Rosa Telephone Cooperative, Inc.; MobiNet, LLC; Hometown
Computing; CCWIP; Dell Telephone Cooperative, Inc.; Leaco Wireless, LLC; Cybercom Corporation; TekWav;
WaveDirect Telecommunications LLC; Colorado Valley Communications, Inc.; NDemand; CPUonsite; Indian
Creek Internet Services, Inc.; Hillcountry Networks; LVWifi.com; Los Guys Wireless; Anvil Communications; Hill
Country Telecommunications, LLC; Prompt Technology; East Texas Broadband; Mountain Zone TV Systems;
VOWnet; MVC Wireless; SmartCom; Alenco Communications, Inc.; Aledo Broadband Brazos WiFi; Local Choice
Internet; Wavelinx; Blossom Communications; Pathwayz Communications; and Mediastream.
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Figure 15.1.1-5: Top Wireless Providers Availability in Texas
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Figure 15.1.1-6: Sprint and T-Mobile Wireless Availability in Texas
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Figure 15.1.1-7: Cricket Wireless, ERF Wireless, and Skybeam Availability in Texas

August 2017

15-27



Final Programmatic Environmental Impact Statement
FirstNet Nationwide Public Safety Broadband Network

Chapter 15
Texas

(4
A o
A
X
<
|
T e,
: s it : s .
2 by o S e ¢ bilene
: Hol
. o
s Christi
Laredo
sville
¢ State Capital Texas Wireless Providers )
® Major City [0 Ranch Wireless ﬁL
[ ] Counties I MetroPCS Wireless, Inc. !
| States [ Transworld Network, Corp.
Lake/Ocean/River Big Bend Telephone Company

Sources: ESRI, 2014; FCC, 2015.

150 Miles
)
1

Figure 15.1.1-8: Ranch Wireless, Metro PCS, Transworld Network Corp, and Big Bend

Telephone Company Wireless Availability in Texas

August 2017

15-28



Final Programmatic Environmental Impact Statement Chapter 15
FirstNet Nationwide Public Safety Broadband Network Texas
{'& F3
ki ;
: " 5 ! '){ 2
o A T 7 i P
: A7 b g 3
F3 4 -',1.‘ { A < A u 7
% e 2 1 - % ;‘/ \
% . g '}‘S_V' “5._ o oy
) S 1 Kot
! i s £ ] T 3 " i
o % {
_ = : i ¥
" 3 1,
p = {0 > g
- f e 7 = 7
% E: e 2 ?‘ Y
£ o 2 d
T ’ e 'l
a 7% k- @ 2} &
5 W iy | \ 3 ‘
3 ” ‘ » o
A% L : v 7 i
-3 é
ke 4 ey .
£5 !
pani )
. §: &=
)
g A
, o Y Laredo
\ ] ‘
} & ;
e ] '-"‘\‘_ o '\
4 ooy, AL
& y - L1
- > 4 L J
/) ! -~y
b, y Y o
AN el % 1 -8 A\
"‘j:ﬁ.a : . ¢ X g ‘f. = :44‘::\!,.'
2209 W WA ks = 2
Y% State Capital Texas Wireless Providers o
® Major City 77 Texas Other Wireless Providers (130) +
[ Counties
[ | states
[ Lake/Ocean/River
0 75 150 Miles
Sources: ESRI, 2014; FCC, 2015. } + |
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August 2017

15-29



Final Programmatic Environmental Impact Statement Chapter 15
FirstNet Nationwide Public Safety Broadband Network Texas

Towers

There are many types of domestic towers employed today by the telecommunications industry,
government agencies, and other owners. Towers are designed and used for a variety of purposes,
and the height, location, and supporting structures and equipment are all designed, constructed,
and operated according to the technical specifications of the spectrum used, the type of
equipment mounted on the tower, geographic terrain, need for line-of-sight transmissions to
other towers, radio frequency needs, and other technical specifications. There are three general
categories of stand-alone towers: monopole, lattice, and guyed. Typically, monopole towers are
the smallest, followed by lattice towers at a moderate height, and guyed towers at taller heights
(with the guyed wires providing tension support for the taller heights) (CSC, 2007). In general,
taller towers can provide communications coverage over larger geographic areas, but require
more land for the actual tower site, whereas shorter towers provide less geographic coverage and
require less land for the tower site (USFS, 2009). Figure 15.1.1-10 presents representative
examples of each of these categories or types of towers.

Monopole Lattice Guyed
100-200 feet 200-400 feet 200-2,000 feet
Source: Source: Personal Picture Source:
http.//laps.noaa gov/birk/laps_intranet/si http://www.esrl.noaa gov/gmd/ccgg/insit
te_photos/Monarch/tower.jpg w

Figure 15.1.1-10: Types of Towers

Telecommunications tower infrastructure can be found throughout Texas, although tower
infrastructure is concentrated in the higher and more densely populated areas of Texas; Amarillo,
Lubbock, El Paso, Abilene, Fort Worth, Dallas, Austin, San Antonio, Houston, Laredo, Corpus
Christi, and Brownsville. Owners of towers and some types of antennas are required to register
those infrastructure assets with the FCC (FCC, 2016b).® Table 15.1.1-10 presents the number of
towers (including broadcast towers) registered with the FCC in Texas, by tower type, and Figure
15.1.1-11 presents the location of those 9.964 structures, as of June 2016.

¢ An antenna structure must be registered with the FCC if the antenna structure is taller than 200 feet above ground level or may
interfere with the flight path of a nearby airport (FCC, 2016b).
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Table 15.1.1-10: Number of Commercial Towers in Texas by Type

Constructed® Towers”

Constructed Monopole Towers

100ft.and over 2,057 100ft.and over 1
75ft.— 1001t 2,818 75ft.— 100ft 4
50ft.— 751t 1,616 50ft.— 751t 72
25ft.— 501t 1,340 25ft.— 50ft 300
25ft.and below 326 25ft.and below 57
Subtotal 8,175 Subtotal 434
Constructed Guyed Towers Buildings with Constructed Towers
100ft.and over 479 100ft.and over 12
75ft.— 100ft 301 75ft.— 100ft 9
50ft.— 751t 66 50ft.— 751t
25ft.— 50ft 11 25ft.— 50ft
25ft.and below 3 25ft.and below
Subtotal 840 Subtotal 41
Constructed Lattice Towers Multiple Constructed Structures®
100ft.and over 49 100ft.and over 2
75ft.— 1001t 267 75ft.— 1001t 4
50ft.— 751t 228 50ft.— 751t 2
25ft.— 501t 99 25ft.— 501t 0
25ft.and below 25 25ft.and below 0
Subtotal 430 Subtotal 8
Constructed Tanks?
Tanks 36
Subtotal 36

Total All Tower Structures

9,964

Source: (FCC, 2015)

2 Planned construction or modification has been completed. Results will return only those antenna
structures that the FCC has been notified are physically built or planned modifications/alterations to a
structure have been completed (FCC, 2015).

b Self standing or guyed (anchored) structure used for communication purposes (FCC, 2012).

¢ Multiple constructed structures per antenna registration (FCC, 2016c).
4 Any type of tank — water, gas, etc. with a constructed antenna (FCC, 2016¢).
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Figure 15.1.1-11: FCC Tower Structure Locations in Texas

August 2017 15-32



Final Programmatic Environmental Impact Statement Chapter 15
FirstNet Nationwide Public Safety Broadband Network Texas

Fiber Optic Plant (Cables)

Fiber optic plant, or cables, can be buried directly in the ground; pulled, blown, or floated into
ducts, conduits, or innerduct (flexible plastic protective sleeves or tubes); placed under water; or
installed aerially between poles, typically on utility rights-of-way. A fiber optic network
includes an access network consisting of a central office, distribution and feeder plant (cables of
various sizes directly leaving a central office and splitting to connect users to the network), and a
user location, as shown in Figure 15.1.1-12. The network also may include a middle mile
component (shorter distance cables linking the core network between central offices or network
nodes across a region) and a long haul network component (longer distance cables linking central

offices across regions) (FCC 2000).
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Figure 15.1.1-12: Typical Fiber Optic Network in Texas
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Last Mile Fiber Assets

In Texas, fiber access networks are concentrated in the highest population centers as shown in
the figures below. In Texas there are 104 fiber providers that offer service in the state, as listed
in Table 15.1.1-11. Figure 15.1.1-13 shows coverage for AT&T Southwest, Figure 15.1.1-14
shows coverage for Time Warner Cable and MegaPath Corporation, and Figure 15.1.1-15shows
coverage for all other providers with less than 5 percent coverage area, respectively.’

Table 15.1.1-11: Fiber Provider Coverage

Fiber Provider Coverage
AT&T Southwest 4.48%
Time Warner Cable 2.83%
MegaPath Corporation 1.98%
Other® 20.94%

Source: (NTIA, 2014)

2 Other: Provider with less than 5 percent coverage area. Providers include: Valley Telephone Cooperative, Inc.; CenturyLink;
Valor Telecommunications of Texas, L.P.; Santa Rosa Telephone Cooperative, Inc.; Verizon; South Plains Telephone
Cooperative; Peoples Telephone Cooperative, Inc.; Eastex Telephone Cooperative, Inc.; Comcast; West Plains
Telecommunications, Inc.; Suddenlink Communications, LLC; Central Texas Telephone Cooperative, Inc.; Big Bend Telephone
Company; Poka Lambro Telecommunications; Cap Rock Telephone Cooperative; ACI; Mid-Plains Rural Telephone
Cooperative, Inc.; Hill Country Telephone Cooperative, Inc.; Taylor Telephone Cooperative, Inc.; Charter Communications, Inc.;
Southwest Texas Telephone Company; Consolidated Communications; West Texas Rural Telephone Coop, Inc.; XIT Rural
Telephone Cooperative, Inc.; Guadalupe Valley Telephone Cooperative; Colorado Valley Communications, Inc.; Brazos Internet;
Suddenlink Communications, LLC; Riviera Telephone Company, Inc.; Wes-Tex Telephone Cooperative, Inc.; Totelcom
Communications, LLC; Etex dot net; Coleman County Telephone Cooperative; Level 3 Communications, LLC; Cable ONE;
NTS Communications, Inc.; NewWave Communications; Grande Communications; Texas Windstream, Inc.; Border to Border
Communications, Inc.; TW Telecom of Texas, LLC; Comcell; Nortex Communications; Northland Cable Television; Personal
Touch Communications; Suddenlink Communications, LLC; Allegiance CATV; Suddenlink Communications, LLC; Ganado
Telephone Company, Inc.; Industry Telephone Company; Alliance Communications Network; Etex Telecom; Dell Telephone
Cooperative, Inc.; Zito Media; Lipan Telephone Company; Connextions Telecom; Westex Telecom; Reach Broadband; Electra
Telephone Company; Panhandle Telephone Cooperative, Inc.; Longview Cable Television, Inc.; La Ward Telephone Exchange,
Inc.; Fidelity Communications Inc.; Windstream Sugar Land, Inc.; TV Cable of Grayson County; North Texas Broadband;
Plateau Telecommunications, Inc.; Windstream Communications Kerrville, LLC; Brazoria Telephone Company; Coastal-Link
Communications; WT Services, Inc.; Livingston Telephone Company, Inc.; Mediastream; XIT Communications; Pathwayz
Communications; Cameron Communications; VersaLink; Centrovision, Inc.; En-Touch Systems, Inc.; North Texas Telephone
Company; Kilgore Cable Television, Inc.; OneSource Communications; GEUS; Web Fire Communications; TDS Telecom;
Blossom Telephone; East Texas Cable; Harris Broadband LLP; Southwest Arkansas Telephone Cooperative; Tatum Telephone
Company; Nortex Communications; Panhandle Telephone Cooperative, Inc.; Buffalo Cable Television; Telecom Cable, LLC;
Reveille Broadband; Mountain Zone TV Systems; Cogent; Lake Livingston Telephone Company, Inc.; Pathway Com-Tel, Inc.;
PTCI; and LiveAir Networks.

7 The broadband map utilized data collected as part of the broadband American Recovery and Reinvestment Act initiative. The
data was retrieved from the FCC National Broadband Map website (www.broadbandmap.gov/data-download). Each state’s
broadband data was downloaded accordingly. The data pertaining to broadband data/coverage for census blocks, streets,
addresses, and wireless were used. Census blocks, roads, and addresses were merged into one file and dissolved by similar
business and provider names. Square miles were calculated for each provider. The maps show all providers over 5% on separate
maps; providers with areas under 5% were merged and mapped as “Texas Other Fiber Providers”. All Wireless providers were
mapped as well; those with areas under 5% were merged and mapped as “Texas Other Wireless Providers”. Providers under 5%
were denoted in their respective tables.
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Figure 15.1.1-13: Fiber Availability in Texas for AT&T
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Data Centers

Data centers (also known as network access points, collocation facilities, hosting centers, carrier
hotels, and Internet exchanges) are large telecommunications facilities that house routers,
switches, servers, storage, and other telecommunications equipment. These data centers
facilitate efficient network connectivity among and between telecommunications carriers and
between carriers and their largest customers. These facilities also provide racks and cages for
equipment, power and cooling, cabling, physical security, and 24x7 monitoring (CIO Council,
2015; GAO, 2013). Ownership of data centers may be public or private; comprehensive
information regarding data centers may not be publicly available as some are related to secure
facilities.

15.1.1.6. Utilities

Utilities are the essential systems that support daily operations in a community and cover a broad
array of public services, such as electricity, water, wastewater, and solid waste. Section 15.1.4,
Water Resources, describes the potable water sources in the state.

Electricity

The regulation of electric utilities in the state of Texas underwent a restructuring in 1999. Over
the following several years, the Public Utility Commission of Texas (PUCT) changed its focus in
the electricity industry “from regulation of rates and services to oversight of competitive markets
and compliance enforcement of statutes and rules for the electric and telecommunication
industries” (PUCT, 2015a). According to the PUCT, there are currently, 169 municipal electric
utilities, 31 investor owned electric companies, 209 electric cooperatives, and 319 retail electric
providers (PUCT, 2015b). Most of Texas’ electricity comes from one of two sources: natural
gas fueled generation plants and coal fueled electric generation plants (EIA, 2016a). In 2016, a
total of 455,532 thousand megawatthours® of electricity was produced; of this, 227,554 thousand
megawatthours (50.0 percent) came from natural gas, while coal fueled facilities produced
121,231 thousand megawatthours (26.6 percent) (EIA, 2016a). “Texas accounted for about 29%
of U.S. marketed natural gas production in 2013, making it the leading natural gas producer
among the states” (EIA, 2017a). Renewablesources generated 60,037 thousand megawatthours,
while nuclear power plants generated 42,079 thousand megawatthours; both accounted for about
13.2 and 9.2 percent, respectively (EIA, 2017¢). “Texas leads the nation in wind-powered
generation capacity with more than 18,500 megawatts; in 2014 and 2015, Texas wind turbines
produced moreelectricity than the state's two nuclear plants” (EIA, 2017a). Other sources of
electricity such as biomass, solar power, and hydroelectric power generated negligible amounts
of power (EIA, 2016a). Most of the energy consumed in the state is used by the industrial sector.
In 2014, the industrial sector used 49.5 percent of the states’ power, while the transportation
sector used 24.2 percent, the residential sector 13.4 percent, and the commercial sector 12.9
percent (EIA, 2017a).

8 One megawatthour is defined as one thousand kilowatthours or 1 million watt-hours; where one watthour is “the electrical
energy unit of measure equal to one watt of power supplied to, or taken from, an electric circuit steadily for one hour.” (EIA,
2016¢)
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Water

The quality of state drinking water and the regulations governing public water systems are all the
purview of the Texas Commission on Environmental Quality (TCEQ) (TCEQ, 2015a). Their
governance extends to Public Water Systems (PWSs), defined as a water system with “at least 15
service connections” or “serve at least 25 individuals for at least 60 days out of the year” (TCEQ,
2015b). These systems are broken into three categories: community, non-transient non-
community, and transient non-community (TCEQ, 2015b). Community water systems can serve
“at least 15 residential service connections on a year-round basis or serves at least 25 residents
on a year-round basis” (TCEQ, 2015b); this category includes municipalities and schools. Non-
transient non-community water systems regularly serve “at least 25 of the same persons at least
six months out of the year” (TCEQ, 2015b); this includes schools and factories or other
industries. Lastly, transient non-communities serve “at least 25 persons at least 60 days out of
the year, yet by its characteristics, does not meet the definition of a non-transient non-community
water system”’; this would include parks or stores (TCEQ, 2015b). The state is home to a total of
4,631 active community PWSs, 1,390 transient non-community and 896 non-transient non-
community (TCEQ, 2015¢c). The federal Safe Drinking Water Act (SDWA) mandates that
public water systems complete a Source Water Assessment (SWA); a process that includes
identifying both the sources of the water and any potential contaminants that could pose a risk.
SWAs are used to influence source water protection programs in the state (TCEQ, 2015d).
Information from the SWA is used in Consumer Confidence Reports (CCR), documents used to
inform the public of water related information (CCR, 2015). These documents include
“information about the source(s) of water used (i.e., rivers, lakes, reservoirs, or aquifers),
chemical contaminants, bacteriological contaminants, compliance with drinking water rules,
educational health information, water system contact information and public participation
opportunities” (CCR, 2015). Much of this is information is collected for use in both SWAs and
CCRs (CCR, 2015).

Wastewater

The treatment and discharge of wastewater in the state of Texas is managed through programs
operated by the TCEQ. Their primary methods of management include the issuing of permits for
the discharge of treated wastewater and the licensing of the operators of wastewater facilities
(TCEQ, 2015¢) (TCEQ, 2015f). The federal Clean Water Act mandates that anyone discharging
pollutants through a point source into state waters must possess a National Pollutant Discharge
Elimination System (NPDES) permit (USEPA, 2015a). In 1998, Texas was given authority to
operate this plan on the state level (USEPA, 2015b). The Texas Pollutant Discharge Elimination
System (TPDES) “has federal regulatory authority over discharges of pollutants to Texas surface
water, with the exception of discharges associated with oil, gas, and geothermal exploration and
development activities, which are regulated by the Railroad Commission of Texas” (TCEQ,
2015e). The TPDES program offers both individual and general permits. General permits are
used to authorize a large number of dischargers in a given category or industry; such as the
agriculture general permit or the municipal separate storm sewer system. Individual discharge
permits are used to cover more specific discharger; however, this process is more intensive and
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time consuming (TCEQ, 2015g). As noted, the operators of wastewater facilities must be
licensed by TCEQ. This is true of the operators of treatment facilities, both domestic and
industrial, as well as the operators of wastewater collection systems. These licenses are
categorized based on the type of treatment and discharge, as well as the number of millions of
gallons per day that are produced (TCEQ, 2015f).

Solid Waste Management

The disposal of solid waste in Texas is managed and regulated by the TCEQ. Their annual
report for the fiscal year 2014 lists 198 active landfills in the state (TCEQ, 2015h). One hundred
of these landfills are considered Type I (standard landfill), 22 are Type IV
(construction/demolition), 71 arid-exempt landfills (found in dry parts of Texas), and 5 monofills
that serve municipalities with fewer than 12,000 people. There are also a total of 195 active
processing facilities (TCEQ, 2015h). In 2014, a total of 32,371,574 tons of solid municipal
waste was disposed of in the state of Texas; of this, 20,061,706 tons (61 percent) were landfilled
in municipal facilities while 5,882,016 tons (18 percent) went to construction and demolition
facilities. Brush, sludge, and contaminated soil also contributed the waste sent to landfills
(TCEQ, 2015h). It is estimated that Texas landfills have a remaining capacity of 2.87 billion
cubic yards, which should serve for another 60 years. “In 2015, the state legislature directed
TCEQ to conduct a study on the current and potential economic impacts of recycling” with the
results being publicized with the 2016 MSW Report (TCEQ, 2015h).

15.1.2. Soils

15.1.2.1. Definition of the Resource
The Soil Science Society of America defines soil as:

(i) “The unconsolidated mineral or organic material on the immediate surface of the Earth
that serves as a natural medium for the growth of land plants.” (NRCS, 2015a)

(ii) “The unconsolidated mineral or organic matter on the surface of the Earth that has been
subjected to and shows effects of genetic and environmental factors of: climate (including
water and temperature effects), and macro- and microorganisms, conditioned by relief,
acting on parent material over a period of time. A product-soil differs from the material
from which it is derived in many physical, chemical, biological, and morphological
properties and characteristics.” (NRCS, 2015a)

Five primary factors account for soil development patterns. A combination of the following
variables contributes to the soil type in a particular area (University of Minnesota, 2001):

e Parent Material: The original geologic source material from the soil formed affects soil
aspects, including color, texture, and ability to hold water.

e (limate: Chemical changes in parent material occur slowly in low temperatures. However,
hot temperatures evaporate moisture, which also facilitates chemical reactions within soils.
The highest degree of reaction within soils occurs in temperate, moist climates.
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o Topography: Steeper slopes produce increased runoff, and, therefore, downslope movement
of soils. Slope orientation also dictates the microclimate to which soils are exposed, because
different slope faces receive more sunlight than others.

e Biology: The presence/absence of vegetation in soils affects the quantity of organic content
of the soil.

e Time: Soil properties are dependent on the period over which other processes act on them.

15.1.2.2. Specific Regulatory Considerations

The Proposed Action must meet the requirements of the National Environmental Policy Act
(NEPA) and other applicable laws and regulations. Applicable federal laws and regulations that
apply for Soils, such as the Farmland Protection Policy Act of 1981, are in Appendix C,
Environmental Laws and Regulations. A list of applicable state laws and regulations is included
in Table 15.1.2-1 below.

Table 15.1.2-1: Relevant Texas Soil Laws and Regulations

State Law/Regulation Regulatory Agency Applicability

Erosion and sediment controls are required under the
TPDES program for permitted small and large
construction activities that disturb one or more acre.

Texas Pollutant Discharge
Elimination System
(TPDES) Program

Texas Commission on
Environmental Quality

Source: (TCEQ, 20151)

15.1.2.3. Environmental Setting

Texas is composed of seven Land Resource Region (LRR),’ as defined by the Natural Resources
Conservation Service (NRCS) (NRCS, 2006):

e Atlantic and Gulf Coast Lowland Forest and Crop Region;

e Central Great Plains Winter Wheat and Range Region;

e South Atlantic and Gulf Slope Cash Crops, Forest, and Livestock Region;
e Southwest Plateaus and Plains Range and Cotton Region;

e Southwestern Prairies Cotton and Forage Region;

e Western Great Plains Range and Irrigated Region; and

e Western Range and Irrigated Region.

Within and among Texas’ seven LRRs are 36 Major Land Resource Areas (MLRA),'” which are
characterized by patterns of soils, climate, water resources, land uses, and type of farming
(NRCS, 2006). The locations and characteristics of Texas’ MLRAs are presented in Figure
15.1.2-1 and Table 15.1.2-2.

° Land Resource Region: “A geographical area made up of an aggregation of Major Land Resource Areas (MLRA) with similar
characteristics” (NRCS, 2000).

19 Major Land Resource Area: “A geographic area, usually several thousand acres in extent that is characterized by a particular
pattern of soils, climate, water resources, land uses, and type of farming” (NRCS, 2006).
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Soil characteristics are an important consideration for FirstNet insomuch as soil properties could
influence the suitability of sites for network deployment. Soil characteristics can differ over
relatively short distances, reflecting differences in parent material, elevation and position on the
landscape, biota'' such as bacteria, fungi, biological crusts, vegetation, animals, and climatic
variables such as precipitation and temperature. For example, expansive soils'? with wet and dry
seasons alternately swell and shrink, which presents integrity risks to structural foundations
(Rogers, Olshansky, & Rogers, 2004). Soils can also be affected by a variety of surface uses that
loosen topsoil and damage or remove vegetation or other groundcover, which may result in
accelerated erosion, compaction, and rutting'® (discussed further in the subsections below).

' The flora and fauna of a region.

12 Expansive soils are characterized by “the presence of swelling clay minerals” that absorb water molecules when wet and
expand in size or shrink when dry leaving “voids in the soil” (Rogers, Olshansky, & Rogers, 2004).

13 Rutting is indentations in soil from operating equipment in moist conditions or soils with lower bearing strength (USFWS,
2009a).
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Figure 15.1.2-1: Locations of Major Land Resource Areas in Texas
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Table 15.1.2-2: Characteristics of Major Land Resource Areas in Texas

MLRA Name

Region of State

Soil Characteristics

Canadian River Plains
and Valleys

Northern Texas

Alfisols,? Entisols,’ and Mollisols® are the dominant soil orders.
These well drained soils are moderately textures or fine
textured and range from shallow to deep.

Central New Mexico
Highlands

Western Texas

Aridisols,? Entisols, and Mollisols are the dominant soil orders.
These well drained soils range from very shallow to very deep,
and are moderately fine textured to moderately coarse textured.

Central Rio Grande
Plain

Southern Texas

Alfisols, Inceptisols,® Mollisols, and Vertisols' are the
dominant soil orders. These soils range from somewhat poorly
drained to well drained, and range from very shallow to very
deep.

Central Rolling Red
Plains, Eastern Part

North-central Texas

Alfisols, Inceptisols, and Mollisols are the dominant soil
orders. These moderately deep to very deep soils are clayey or
loamy,® and are moderately well drained to well drained.

Central Rolling Red
Plains, Western Part

West-central Texas

Alfisols, Entisols, Inceptisols, and Mollisols are the dominant
soil orders. These well drained soils are loamy, clayey, or
sandy, and range from very shallow to very deep.

Central Rolling Red
Prairies

North-central Texas

Mollisols is the dominant soil order. These well drained soils
range from shallow to very deep, and are clayey or loamy.

East Cross Timbers

North-central Texas

Alfisols, Entisols, and Mollisols are the dominant soil orders.
These clayey or sandy soils are well drained to somewhat
excessively drained, and are moderately deep to very deep.

Edwards Plateau,
Central Part

Central Texas

These soils are primarily Mollisols. They are well drained and
range from shallow to very deep.

Edwards Plateau,
Eastern Part

Central Texas

Inceptisols and Mollisols are the dominant soil orders. These
soils are well drained and range from shallow to very deep.

Edwards Plateau,
Western Part

West-central Texas

Mollisols is the dominant soil orders. These soils are well
drained, and range from shallow to very deep.

Grand Prairie

North-central Texas

Mollisols and Vertisols are the dominant soil orders. These
well drained soils range from very shallow to very deep.

Entisols and Histosols" are the dominant soil orders. These

Gulf Coast Marsh Eastern Texas . . .
clayey and very poorly drained soils are typically very deep.
Alfisols, Mollisols, and Vertisols are the dominant soil orders.
Gulf Coast Prairies Southeastern Texas These loamy or clayey soils are very deep and range from very
poorly drained to well drained.
Alfisols, Entisols, Inceptisols, Mollisols, and Vertisols are the
Gulf Coast Saline dominant soil orders. These loamy or sandy soils are very
.. Southeastern Texas . .
Prairies deep and range from very poorly drained to excessively

drained.
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MLRA Name

Region of State

Soil Characteristics

Lower Rio Grande
Plain

Southern Texas

Alfisols, Inceptisols, Mollisols, and Vertisols are the dominant
soil orders. These clayey or loamy soils are very deep, and are
moderately well drained to well drained.

Northern Rio Grande
Plain

Southern Texas

Alfisols, Mollisols, and Vertisols are the dominant soil orders.
These clayey or loamy soils are very deep, and are moderately
well drained to well drained.

Rolling Limestone
Prairie

North-central Texas

Entisols, Inceptisols, Mollisols, and Vertisols are the dominant
soil orders. These well drained soils are clayey or loamy, and
range from very shallow to very deep.

Sandsheet Prairie

Southern Texas

Alfisols, Entisols, and Inceptisols are the dominant soil orders.
These sandy or loamy soils range from poorly drained to
excessively drained and are deep to very deep.

Southern Desertic
Basins, Plains, and

Western Texas

Aridisols, Entisols, Mollisols, and Vertisols are the dominant
soil orders. These loamy or clayey soils are typically

Southwestern Part

Western Texas

Mountains moderately deep to very deep, and are well drained.
Southern Edwards Aridisols and Entisols are the dominant soil orders. These well
Western Texas . .
Plateau drained soils range from shallow to very deep.
Southern Hieh Plains Alfisols, Inceptisols, and Mollisols are the dominant soil
& ’ Northern Texas orders. These well drained soils range from shallow to very
Breaks
deep, and are sandy or loamy.
Southern High Plains, Northern Texas Alfisols and Mollisols are the dominant soil orders. These
Northern Part loamy soils are typically well drained and very deep.
Southern High Plains, Alfisols are the dominant soil orders. These well drained soils
Northern Texas )
Northwestern Part are typically very deep, and are sandy or loamy.
. . Alfisols, Inceptisols, Mollisols, and Vertisols are the dominant
Southern High Plains, . . . .
Northwestern Texas soil orders. These well drained soils are typically moderately
Southern Part
deep to very deep, and are loamy, clayey, or sandy.
Southern High Plains, Aridisols and Entisols are the dominant soil orders. These well

drained soils range from very shallow to very deep, and are
typically sandy or loamy.

Entisols, Mollisols, and Vertisols are the dominant soil orders.

Prairie, Southern Part

East-central Texas

Texas Blackland, Eastern Texas These moderately well drained to well drained soils range from
Northern Part

shallow to very deep.
Texas Blackland Entisols, Inceptisols, Mollisols, and Vertisols are the dominant

soil orders. These silty or loamy soils are moderately well
drained to well drained, and range from shallow to very deep.

Texas Central Basin

Central Texas

Alfisols, Entisols, Inceptisols, and Mollisols are the dominant
soil orders. These soils are shallow to very deep, and are well
drained.

Texas Claypan Area,
Northern Part

Northeastern Texas

Alfisols, Ultisols,' and Vertisols are the dominant soil orders.
These deep soils are clayey or loamy, and range from poorly
drained to well drained.
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MLRA Name Region of State Soil Characteristics
Texas Clavpan Area Alfisols, Entisols, Mollisols, and Vertisols are the dominant
Southen szt ’ South-Central Texas | soil orders. These soil range from poorly drained to

excessively drained, and are moderately deep to very deep.

Texas North-Central
Prairies

North-Central Texas

Alfisols, Inceptisols, Mollisols, and Vertisols are the dominant
soil orders. These clayey or loamy soils range from very
shallow to very deep, and are moderately well drained to well
drained.

Upper Pecos River
Valley

Northern Texas

Aridisols and Entisols are the dominant soil orders. These well
drained soils range from shallow to very deep, and are coarse
textured to fine textured.

West Cross Timbers

East-central Texas

Alfisols and Entisols are the dominant soil orders. These
loamy or clayey soils are typically moderately well drained to
well drained, and are deep or very deep.

Western Coastal Plain

Eastern Texas

Alfisols and Ultisols are the dominant soil orders. These
clayey or loamy soils typically range from poorly drained to
well drained, and are very deep.

Western Gulf Coast
Flatwoods

Eastern Texas

Alfisols and Ultisols are the dominant soil orders. These
typically very deep and loamy or clayey soils range from very
poorly drained to moderately well drained.

Western Rio Grande
Plain

Southern Texas

Alfisols, Aridisols, Inceptisols, Mollisols, and Vertisols are the
dominant soil orders. These clayey or loamy soils are
moderately well drained to well drained, and are moderately
deep to very deep.

Source: (NRCS, 2006)

2 Alfisols: “Soils found in semiarid to moist areas that are formed from weathering processes that leach clay minerals and other
constituents out of the surface layer and into the subsoil. They are productive for most crop, are primarily formed under forest or
mixed vegetative cover, and make up nearly 10% of the world’s ice-free land surface.” (NRCS, 2015b)

b Entisols: “Soils that show little to no pedogenic horizon development. They occur in areas of recently deposited parent
materials or in dunes, steep slopes, or flood plains where erosion or deposition rates are faster than rate of soil development.
They make up nearly 16% of the world’s ice-free land surface.” (NRCS, 2015b)

¢ Mollisols: “Soils that have a dark colored surface horizon relatively high in content of organic matter. They are base rich
throughout and quite fertile. Mollisols form under grass in climates that have a moderate to pronounced seasonal moisture

deficit.” (NRCS, 2015b)

d Aridisols: “Soils that are too dry for the growth of mesophytic plants. Lack of moisture greatly restricts the intensity of the
weathering process and limits most soil development processes to the upper part of the soils. They make up about 12% of the
world’s ice-free land surface.” (NRCS, 2015b)
¢ Inceptisols: “Soils found in semiarid to humid environments that exhibit only moderate degrees of soil weathering and
development. They have a wide range of characteristics, can occur in a wide variety of climates, and make up nearly 17% of the
world’s ice-free land surface.” (NRCS, 2015b)
fVertisols: “Vertisols have a high content of expanding clay minerals. They undergo pronounced changes in volume with
changes in moisture, and have cracks that open and close periodically, and that show evidence of soil movement. Vertisols
transmit water very slowly, have undergone little leaching, and tend to be high in natural fertility. They make up about 2% of the
world’s ice-free land surface.” (NRCS, 2015b)
g Loamy Soil: “[A soil] that combines [sand, silt, and clay] in relatively equal amounts.” (Purdue University Consumer

Horticulture, 2006)

" Histosols: “Histosols have a high content of organic matter and no permafrost. Most are saturated year round, but a few are
freely drained. They form in decomposed plan remains that accumulate in water, forest litter, or moss faster than they decay.
Histosols make up about 1% of the world’s ice-free land surface.” (NRCS, 2015b)

i Ultisols: “Soils found in humid environments that are formed from fairly intense weathering and leaching processes. This

results in a clay-enriched subsoil dominated by minerals. They have nutrients concentrated in the upper few inches and make up
8% of the world’s ice-free land surface.” (NRCS, 2015b)
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15.1.2.4. Soil Suborders

Soil suborders are part of the soil taxonomy (a system of classification used to make and
interpret soil surveys). Soil orders are the highest level in the taxonomy'*; there are 12 soil
orders in the world and they are characterized by both observed and inferred'® properties, such as
texture, color, temperature, and moisture regime. Soil suborders are the next level down, and are
differentiated within an order by soil moisture and temperature regimes, as well as dominant
physical and chemical properties (NRCS, 2015c). FirstNet used the STATSGO2 database to
obtain soils information at the programmatic level to ensure consistency across all the states and
territories. This regional information provides a sufficient level of detail for a programmatic
analysis. The best available soils data and information, including the use of the more detailed
SSURGO database, will be used, as appropriate, during subsequent site-specific assessments.
The STATSGO2'¢ soil database identifies 25 different soil suborders in Texas (NRCS, 2015d).
Figure 15.1.2-2 depicts the distribution of the soil suborders, and Table 15.1.2-3 provides a
summary of the major physical-chemical characteristics of the various soil suborders found.

14 A formal representation of relationships between items in a hierarchical structure” (USEPA, 2013c).

15 “Soil properties inferred from the combined data of soil science and other disciplines (e.g., soil temperature and moisture
regimes inferred from soil science and meteorology)” (NRCS, 2015c).

16 STATSGO?2 is the Digital General Soil Map of the United States that shows general soil association units across the landscape
of the nation. Developed by the National Cooperative Soil Survey, STATSGO2 supersedes the State Soil Geographic
(STATSGO) dataset.
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Sources: ESRI, 2014; USDA-NRCS STATSGO2, 2006
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Figure 15.1.2-2: Texas Soil Taxonomy Suborders
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Table 15.1.2-3: Major Characteristics of Soil Suborders® Found in Texas, as depicted in Figure 15.1.2-2

. . . . . . Slope . Hydric | Hydrologic Runoff ol o . . Compaction and
Soil Order Soil Suborder Ecological Site Description Soil Texture (%) Drainage Class Soil® Group Potential Permeability Erosion Potential Rutting Potential
Albolls have a fluctuating ground water table, with Somewhat poor]
Mollisols Albolls gentle slopes. They supported grasses and shrubs, Fine sandy loam 0-2 drained poorly No D High Very Low High Low
and are typically used as cropland.
Generally have warm and aquic (saturated with water
long enough to cause oxygen depletion) conditions. . . .
Aqualfs are used as cropland for growing corn, Clay, Clay loam, Loamy fine sand, Poorly drained to Medium, Moderate, Low, | Medium to High, ngh, due to hydric
Alfisols Aqualfs . I . 0-3 moderately well No, Yes | B,C,D . . soil and poor
soybeans, and rice, and most have some artificial Sandy clay loam, Silt loam drained High Very Low depending on slope drainace conditions
drainage or other water control. Nearly all Aqualfs g
have likely supported forest vegetation in the past.
Widely distributed, with some forming in sandy Clay, Fine sand, Fine sandy loam,
: L . Loam, Loamy fine sand, Muck, . .
deposits, and most forming in recent sediments. Silty clav. Siltv clay loam Verv poorly drained Medium Medium to Hich High, due to hydric
Entisols Aquents Aquents support vegetation that tolerates either y clay, STty clay ’ 0-4 ry poory ¢ No, Yes | C,D . ’ Low, Very Low . &l soil and poor
.2 Stratified loam to silty clay loam, to poorly drained High depending on slope . .
permanent or periodic wetness, and are mostly used . drainage conditions
s . Stratified loamy sand to loam,
for pasture, cropland, forest, or wildlife habitat. .
Variable
Aquepts have poor or very poor natural drainage. If
these soils have not been artificially drained, ground
water is at or near the soil surface at some time . . .
. during normal years (although not usually in all Poorly drained to Medium, Medium to High, ngh, due to hydric
Inceptisols Aquepts o Clay, Clay loam 0-1 somewhat poorly No, Yes | C,D . Low, Very Low . soil and poor
seasons). They are used primarily for pasture, drained High depending on slope drainace conditions
cropland, forest, or wildlife habitat. Many Aquepts &
have formed under forest vegetation, but they can
have almost any kind of vegetation.
Aquerts are wet soils, with prolonged moisture at or
near the soil surface. Their natural vegetation Clayz Clay loam, Sandy clay loam, Poorly drained to High, due to hydric
. . Stratified loamy fine sand to clay . . ;
Vertisols Aquerts includes savanna, grass, and forest. They are used as . . . 0-1 somewhat poorly No, Yes | D High Very Low High soil and poor
. loam, Stratified silt loam to silty . . .
forest, rangeland, and cropland, although drainage clav loam drained drainage conditions
for cropland can be difficult due to poor drainage. Y
Aquolls support grass, sedge, and forb vegetation, as Very poorly drained High, due to hydric
Mollisols Aquolls well as some forest vegetation. However, most have | Clay, Clay loam, Loam 0-1 to somewhat poorly | Yes D High Very Low High soil and poor
been artificially drained and utilized as cropland. drained drainage conditions
Arents are predominantly used for pasture, crops,
Entisols Arents wildlife hab1tat, anq urban land, Slpge they have Variable 1-5 |- No B Medium Moderate Medium Low
been subject to various means of mixing, they lack
diagnostic horizons.
Argids are found in the western United States. They . .
o . are primarily used as wildlife habitat or rangeland Cemented, Fine sand, Fine sandy . Low High, Moderate, | Low to Medium
Aridisols Argids . ’ loam, Sandy clay loam, Weathered 0-8 Well drained No A,B,C ] ’ ’ . ’ Low
although some can also be used as cropland, if bedrack Medium Low depending on slope
irrigated.
Cemented, Clay loam, Extremely
Calcids are found in the western United States, and gravelly loam, Fine sandy loam,
used primarily as wildlife habitat or rangeland, G.ravelly loam, Indu'rated, Loam, . . .
Aridisols Calcids although some have been utilized as irrigated Silty clay loam, Variable, Very 0-45 | Well drained No B,C,D Medlum, Moderate, Low, Med1urp to High, Low
) . cobbly loam, Very fine sandy loam, High Very Low depending on slope
cropland. They have high levels calcium carbonates
. . . o Very gravelly fine sandy loam,
that persist due to insufficient precipitation.
Very gravelly loam, Very gravelly
sandy loam, Very gravelly silt loam
Cambids are found in the western United States, with
o . little soil development. They are primarily used as Fine sandy loam, Silt loam, Silty . Medium, Moderate, Very | Medium to High,
Aridisols Cambids wildlife habitat or rangeland, although some can also | clay loam, Very gravelly clay loam 0-45 | Well drained No B,D High Low depending on slope Low
be used as cropland, if irrigated.
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. . . . o . Slope . Hydric | Hydrologic Runoff R . . Compaction and
Soil Order Soil Suborder Ecological Site Description Soil Texture (%) Drainage Class Soil® Group Potential Permeability Erosion Potential Rutting Potential
Fluvents are mostly freely drained soils that form in Clay loam, Fine sandy 1oam3 Loam,
. : . Loamy sand, Sandy loam, Silt
recently deposited sediments on flood plains, fans, . ;
. loam, Silty clay, Silty clay loam,
and deltas located along rivers and small streams. ; Moderately well . .
. . Stratified fine sand to clay loam, . Low, High, Moderate, | Low to Medium,
Entisols Fluvents Unless protected by dams or levees, these soils . 0-3 drained to somewhat | No A,B,C ; . Low
o Stratified fine sand to loam, . . Medium Low depending on slope
frequently flood. Fluvents are normally utilized as . excessively drained
o . . Stratified very fine sandy loam to
rangeland, forest, pasture, or wildlife habitat, with .
silty clay loam, Very fine sandy
some also used for cropland.
loam
Gypsids are soils with a petrogypsic or gypsic
. . horizon. These soils have limited uses, and are . . . . .
Aridisols Gypsids predominantly utilized for wildlife habitat or Gypsiferous material, Loam 0-3 | Well drained No B Medium Moderate Medium Low
rangeland.
Channery clay, Clay, Clay loam,
. Fine sandy loam, Loam, Silt loam, .
. Orthents are commonly f ouqd on recent erosional Unweathered bedrock, Very Well drained to Medium, Moderate, Low, | Medium to High,
Entisols Orthents surfaces and are used primarily as rangeland, pasture, 0-50 | somewhat No B,C,D . . Low
S . channery loam, Very gravelly clay . . High Very Low depending on slope
or wildlife habitat. excessively drained
loam, Very gravelly loam,
Weathered bedrock
Psamments are sandy in all layers. In some arid and
semi-arid climates, they are among the most
. . S . Somewhat
productive rangeland soils, and are primarily used as | Fine sand, Loamy fine sand, Loamy excessively drained
Entisols Psamments rangeland, pasture, or wildlife habitat. Those sand, Sand, Stratified loamy fine 0-45 Y No A Low High Low Low
. . to excessively
Psamments that are nearly bare are subject to wind sand to very fine sandy loam .
. s . drained
erosion and drifting, and do provide good support for
wheeled vehicles.
Saprists have organic materials are well decomposed,
Woodland, angeland. o widife bttt Some High, due o hydric
Histosols Saprists . > i . L Muck 0-1 Very poorly drained | Yes D High Very Low High soil and poor
Saprists, particularly those with a mesic or warmer . -
; : drainage conditions
temperature regime, have been cleared, drained, and
used as cropland.
Torrerts are soils that consist of primarily grasses
and forbs and are used as rangeland. Their slow Moderately well
Vertisols Torrerts permeability means that irrigation can cause Clay, Clay loam 0-3 | drained to well No D High Very Low High Low
waterlogging and accumulation of salinity without drained
other means of drainage.
Channery clay, Clay, Clay loam,
Fine sandy loam, Loam, Loamy
Udalfs have an udic (humid or subhumid climate) fine sand, Loamy sand, Sandy clay Somewhat poorly Low, Hioh. Moderate. | Low to Hich
Alfisols Udalfs moisture regime, and are believed to have supported | loam, Silt loam, Silty clay loam, 0-25 | drained to somewhat | No A,B,C,D Medium, Lo%v ’Ver Low’ dependin gor; slope Low
forest vegetation at some time during development. Stratified sandy clay loam to clay, excessively drained High - Ve p & P
Unweathered bedrock, Very fine
sandy loam
Udepts have an udic or perudic (saturated with water
long enough to cause oxygen depletion) moisture
regime, and are mainly freely drained. Most of these
soils currently support or formerly supported forest Moderately well High, due to hydric
Inceptisols Udepts vegetation, with mostly coniferous forest in the Loam, Sandy clay, Silt loam 0-1 drained to well No, Yes | B,C Medium Moderate, Low | Medium soil and poor
Northwest and mixed or hardwood forest in the East. drained drainage conditions
Some also support shrub or grass vegetation, and in
addition to being used as forest, some have been
cleared and are used as cropland or pasture.
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. . . . o . Slope . Hydric | Hydrologic Runoff R . . Compaction and
Soil Order Soil Suborder Ecological Site Description Soil Texture (%) Drainage Class Soil® Group Potential Permeability Erosion Potential Rutting Potential
ertisols erts . . ay, Silty clay loam - moderately we o, Yes i ery Low i soil and poor
Vertisol Ud panc, > Of pasture. 1cy Clay, Silty clay | 0-15 derately well No, Yes | D High Very L High il and p
permeability, and water usually must be drained drained drainace conditions
from the surface of cropland. &
Udolls are found in humid climates. They are more Somewhat poorl
or less freely drained, and have historically drained to poorty
Mollisols Udolls supported tall grass prairie. They are used as pasture | Clay loam, Silty clay loam 0-3 No D High Very Low High Low
. S moderately well
or rangeland, and as cropland in areas with little drained
slope.
Udults are more or less freely drained, relatively Clay, Clay loam, Fine sand, Fine
: . . sandy loam, Gravelly fine sandy
humus poor, and have an udic moisture regime.
. Most of these soils currently support or formerly loam, Loam, Loamy fine sand, Sorpewhat poorly LOW? High, Moderate, | Low to High
Ultisols Udults . . Sandy clay, Sandy clay loam, 0-25 | drained to somewhat | No A,B,C,D Medium, ’ ’ . ’ Low
supported mixed forest vegetation, and many have ; . . . Low, Very Low | depending on slope
. Stratified fine sandy loam to clay, excessively drained High
been cleared and used as cropland (mostly with the .
. Stratified sandy clay loam to clay,
use of soil amendments). .
Very gravelly silty clay
Clay, Clay loam, Extremely
gravelly clay loam, Fine sand, Fine
sandy loam, Gravelly fine sandy
loam, Gravelly loamy fine sand,
Ustalfs are primarily used for grazing or cropland, Gravelly loamy sand, Loam, Loamy
and they also support savanna and grassland fine sand, Loamy sand, Sandy clay, Sorpewhat poorly LOW? High, Moderate, .
Alfisols Ustalfs : . . . 0-25 | drained to somewhat | No A,B,C,D Medium, Low to High Low
vegetation. They are found in areas with a marked Sandy clay loam, Sandy loam, Silty excessively drained Hich Low, Very Low
dry season. clay loam, Stratified channery clay, y &
Very cobbly fine sandy loam, Very
fine sandy loam, Very gravelly
sandy clay loam, Weathered
bedrock
Cemented, Clay, Clay loam, Fine
sandy loam, Gravelly clay loam,
Ustepts are freely drained soils, typically used as Gravelly loam, Gravelly sandy Moderately well . . .
Inceptisols Ustepts pasture or cropland, although some support forest, loam, Loam, Loamy fine sand, 0-50 | drained to well No B,C,D I;dﬁeilum’ I\\/A;)deia(;[:; Low, lc\l/ieilrllg?ntoolilflho’ o Low
rangeland, and wildlife habitat. Sandy clay loam, Silt loam, Silty drained & vy P & P
clay, Silty clay loam, Very fine
sandy loam, Weathered bedrock
Usterts are soils with low permeability, and receive
low rainfall amounts. They support grasses and . .
. forbs, and are mostly used for rangeland or cropland. | Channery clay, Clay, Silty clay, Somewhat poorly . . ngh, due to hydric
Vertisols Usterts . o . 0-8 | drained to well No, Yes | D High Very Low High soil and poor
However, but due to their low permeability, they Silty clay loam drained drainace conditions
typically need to be artificially drained if irrigated, to &
prevent standing water and a buildup of salinity.
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drought are common, and blowing soil can be an
issue.

Unweathered bedrock, Variable,
Very cobbly clay, Very cobbly
loam, Very fine sandy loam, Very
gravelly clay loam, Very gravelly
loam, Very gravelly sandy loam,
Weathered bedrock

. . . . o . Slope . Hydric | Hydrologic Runoff R . . Compaction and
Soil Order Soil Suborder Ecological Site Description Soil Texture (%) Drainage Class Soil® Group Potential Permeability Erosion Potential Rutting Potential
Cemented, Clay, Clay loam, Cobbly
clay, Extremely stony loam, Fine
sandy loam, Gravelly clay loam,
Gravelly loam, Indurated, Loam,
Ustolls typically supported grass and forest Sandy clay, Sap dy clay lgam,
. Lo Sandy loam, Silt loam, Silty clay,
vegetation, and are now primarily used as cropland . . .
. Silty clay loam, Stony clay loam, Somewhat poorly Low, . . High, due to hydric
. or rangeland. They are generally freely drained, and . . . High, Moderate, | Low to High, ;
Mollisols Ustolls ? . L . Stratified clay to channery clay, 0-50 | drained to well No, Yes | A,B,C,D Medium, . soil and poor
found in subhumid to semiarid climates. Areas with . . . Low, Very Low | depending on slope . .
Stratified loam to clay, drained High drainage conditions

Source: (NRCS, 2015¢), (NRCS, 2015d)

2 Soil suborders constitute a broad range of soil types. Within each suborder, the range of soil types may have a range of properties across the state, which result in multiple values being displayed in the table for that suborder.

b Hydric Soil: “A soil that formed under conditions of saturation, flooding or ponding long enough during the growing season to develop anaerobic conditions in the upper part” (NRCS, 2015¢). Soil suborders constitute a broad range of soil types. Within each soil suborder, some specific soil types
are hydric while others are not.
¢ Based on Runoff Potential, described in Section 15.1.2.5
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15.1.2.5. Runoff Potential

The NRCS uses four Hydrologic Soil Groups (A, B, C, and D) that are based on a soil’s runoff
potential."” Group A generally has the smaller runoff potential, whereas Group D generally has
the greatest (Purdue University, 2015). Table 15.1.2-3 provides a summary of the runoff
potential for each soil suborder in Texas.

Group A. Sand, loamy sand or sandy loam soils. This group of soils has “low runoff potential
and high infiltration rates'® even when thoroughly wetted. They consist chiefly of
deep, well to excessively drained sands or gravels and have a high rate of water
transmission” (Purdue University, 2015). Argids, Fluvents, Psamments, Udalfs,
Udults, Ustalfs, and Ustolls fall into this category in Texas.

Group B. Silt loam or loam soils. This group of soils has a “moderate infiltration rate when
thoroughly wetted and consists chiefly or moderately deep to deep, moderately well
to well drained soils with moderately fine to moderately coarse textures” (Purdue
University, 2015). This group has medium runoff potential. Aqualfs, Arents, Argids,
Calcids, Cambids, Fluvents, Gypsids, Orthents, Udalfs, Udepts, Udults, Ustalfs,
Ustepts, and Ustolls fall into this category in Texas.

Group C. Sandy clay loam soils. This group of soils has “low infiltration rates when
thoroughly wetted and consist chiefly of soils with a layer that impedes downward
movement of water and soils with moderately fine to fine structure” (Purdue
University, 2015). This group has medium runoff potential. Aqualfs, Aquents,
Aquepts, Argids, Calcids, Fluvents, Orthents, Udalfs, Udepts, Udults, Ustalfs,
Ustepts, and Ustolls fall into this category in Texas.

Group D. Clay loam, silty clay loam, sandy clay, silty clay, or clay soils. This group of soils
“has the highest runoff potential. They have very low infiltration rates when
thoroughly wetted and consist chiefly of clay soils with a high swelling potential,
soils with a permanent high water table, soils with a claypan or clay layer at or near
the surface and shallow soils over nearly impervious material” (Purdue University,
2015). Albolls, Aqualfs, Aquents, Aquepts, Aquerts, Aquolls, Calcids, Cambids,
Orthents, Saprists, Torrerts, Udalfs, Uderts, Udolls, Udults, Ustalfs, Ustepts, Usterts,
and Ustolls fall into this category in Texas.

15.1.2.6. Soil Erosion

“Soil erosion involves the breakdown, detachment, transport, and redistribution of soil particles
by forces of water, wind, or gravity” (NRCS, 2015f). Water-induced erosion can transport soil
into streams, rivers, and lakes, degrading water quality and aquatic habitat. When topsoil is
eroded, organic material is depleted, creating loss of nutrients available for plant growth. Soil
particles displaced by wind can cause human health problems and reduced visibility, creating a

17 Classifying soils is highly generalized and it is challenging to differentiate orders as soil properties can change with distance or
physical properties. The soil suborders are at a high level, therefore soil groups may be found in multiple hydrologic groups
within a state, as composition, topography, etc. varies in different areas.

18 Infiltration Rate: “The rate at which a soil under specified conditions absorbs falling rain, melting snow, or surface water
expressed in depth of water per unit time” (FEMA, 2010).
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public safety hazard (NRCS, 1996a). Table 15.1.2-3 provides a summary of the erosion potential
for each soil suborder in Texas. Soils with medium to high erosion potential in Texas include
those in the Albolls, Aqualfs, Aquents, Aquepts, Aquerts, Aquolls, Arents, Argids, Calcids,
Cambids, Fluvents, Gypsids, Orthents, Saprists, Torrerts, Udalfs, Udepts, Uderts, Udolls, Udults,
Ustalfs, Ustepts, Usterts, and Ustolls suborders, which are found throughout most of the state
(Figure 15.1.2-2).

15.1.2.7. Soil Compaction and Rutting

Soil compaction and rutting occurs when soil layers are compressed by machinery or animals,
which decreases both open spaces in the soil, as well as water infiltration rates (NRCS, 1996b).
Moist soils with high soil water content are most susceptible to compaction and rutting, as they
lack the strength to resist deformation caused by pressure. When rutting occurs, channels form
and result in downslope erosion (USFWS, 2009a). Other characteristics that factor into
compaction and rutting risk include soil composition (i.e., low organic soil is at increased risk of
compaction), amount of pressure exerted on the soil, and repeatability (i.e., the number of times
the pressure is exerted on the soil). Machinery and vehicles that have axle loads greater than 10
tons can cause soil compaction of greater than 12 inches depth (NRCS, 1996b) (NRCS, 2003).

Loam, sandy loam, and sandy clay loam soils are most susceptible to compaction and rutting;
silt, silty clay, silt loam, silty clay loam, and clay soils are more resistant to compaction and
rutting (NRCS, 1996b). Table 15.1.2-3 provides a summary of the compaction and rutting
potential for each soil suborder in Texas. Soils with the highest potential for compaction and
rutting in Texas include those in the Aqualfs, Aquents, Aquepts, Aquerts, Aquolls, Saprists,
Udepts, Uderts, Usterts, and Ustolls suborders, which are found throughout the state (Figure
15.1.2-2).

15.1.3. Geology

15.1.3.1. Definition of the Resource

The U.S. Geological Survey (USGS) is the primary government organization responsible for the
nation’s geological resources. USGS defines geology as an interdisciplinary science with a focus
on the following aspects of earth sciences: geologic hazards and disasters, climate variability and
change, energy and mineral resources, ecosystem and human health, and ground-water
availability. Several of these elements are discussed in other sections of this PEIS, including
Water Resources (Section 15.1.4), Climate Change (Section 15.1.14), and Human Health and
Safety (Section 15.1.15).
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This section covers the six aspects of geology most relevant to the Proposed Action and
Alternatives:

e Section 15.1.3.3, Environmental Setting: Physiographic Regions and Provinces;'**

e Section 15.1.3.4, Surface Geology;

e Section 15.1.3.5, Bedrock Geology;*'

e Section 15.1.3.6, Paleontological Resources;*

e Section 15.1.3.7, Fossil Fuel and Mineral Resources; and
e Section 15.1.3.8, Geologic Hazards.”

15.1.3.2. Specific Regulatory Considerations

The Proposed Action must meet the requirements of NEPA and other applicable laws and
regulations. A list of applicable state laws and regulations is included in Table 15.1.2-1.

Table 15.1.3-1: Relevant Texas Geology Laws and Regulations

State Law/Regulation Regulatory Agency Applicability

Texas Department of

Texas Structural Codes Licensing and Regulation

Guidelines on seismic building design.

Source: (Texas State Law Library, 2015)

15.1.3.3. Environmental Setting: Physiographic Regions and Provinces

The concept of physiographic regions was created in 1916 by geologist Nevin Fenneman as a
way to describe areas of the United States based on common landforms (i.e., not climate or
vegetation). Physiographic regions are areas of distinctive topography, geography, and geology.
Important physiographic differences between adjacent areas are generally due to differences in
the nature or structure of the underlying rocks. There are eight distinct physiographic regions in
the continental United States: 1) Atlantic Plain, 2) Appalachian Highlands, 3) Interior Plains, 4)
Interior Highlands, 5) Laurentian Upland, 6) Rocky Mountain System, 7) Intermontane Plateaus,
and 8) Pacific Mountain System. Regions are further sub-divided into physiographic provinces
based on differences observed on a more local scale (Fenneman, N., 1916).

Texas is within three major physiographic regions: Atlantic Plain (Coastal Plain Province),
Interior Plains (Central Lowland and Great Plains Provinces), and Intermontane Plateau (Basin
and Range Province) (NPS, 2017). The locations of these regions are shown in Figure 15.1.3-1
and their general characteristics summarized in the following subsections.

19 Physiographic regions: Areas of the United States that share commonalities based on topography, geography, and geology
(Fenneman, N., 1916).

20 Physiographic provinces: Subsets within physiographic regions (Fenneman, N., 1916).

21 Bedrock: Solid rock beneath the soil and superficial rock (USGS, 2015¢).

22 Paleontology: “Study of life in past geologic time based on fossil plants and animals” (USGS, 2015f).

23 Geologic Hazards: Any geological or hydrological process that poses a threat to people and/or their property, which includes
but is not limited to volcanic eruptions, earthquakes, landslides, sinkholes, mudflows, flooding, and shoreline movements (NPS,
2013).
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Atlantic Plain Region

The Atlantic Plain Region includes the Continental Shelf and the Gulf and Atlantic Coast plains
stretching from New York south to Florida and west to Texas. The Atlantic Plain Region formed
through the repetitive rise and fall of the oceans over the last 150 million years. Sedimentary
strata become thinner moving westward through the region, and thicken to several thousand feet
thick along the coastline. Erosion from the Appalachian Mountains dislodged sediments, which
were subsequently deposited by rivers to form the Atlantic Plain.** (NPS, 2015f)

Coastal Plain Province — As reported above, the Atlantic Plain Region within Texas is composed
of one physiographic province the Coastal Plain Province (USGS, 2003b). Within Texas, the
Coastal Plain extends from the coastline along the Gulf of Mexico to a line just west of San
Antonio and Dallas. “From sea level at the Gulf of Mexico, the elevation of the [Coastal Plain
Province] increases northward and westward. In the Austin [/] San Antonio area, the average
elevation is about 800 feet. South of Del Rio, the western end of the [Coastal Plain] has an
elevation of about 1,000 feet.” Areas closest to the coast are composed of “deltaic sands, silts,
and clays erode to nearly flat grasslands that form almost imperceptible slopes to the southeast.”

Further inland, the Coastal Plain’s geology consists of alternating layers of sands and shales.*
(BEG, 2014)

24 For consistency, this PEIS uses the University of California Berkeley Geologic Time Scale for all of the FirstNet PEIS state
documents. Time scales differ among universities and researchers; FirstNet utilized a consistent time scale throughout, which
may differ slightly from other sources. (University of California Museum of Paleontology, 2011)

25 Shale: “Sedimentary rock derived from mud. Commonly finely laminated (bedded). Particles in shale are commonly clay
minerals mixed with tiny grains of quartz eroded from pre-existing rocks” (USGS, 2015g).
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Figure 15.1.3-1: Physiographic Regions and Provinces of Texas
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Interior Plains Region

The Interior Plains Region extends across much of the interior of the United States, roughly
between the western edge of the Appalachian Highlands (near states including Ohio, Tennessee,
and Alabama), and the eastern edge of the Rocky Mountain System (including states such as
Montana, Wyoming, and Colorado) (Fenneman, N., 1916). Metamorphic* and igneous®’ rocks
dating to the Precambrian Era (older than 542 MY A) underlie the entire region. There is
minimal topographic relief throughout the region, except for the Black Hills of South Dakota.
During the Mesozoic Era, much of the Interior Plains were covered by the oceans, resulting in
the formation of sedimentary® rocks, which lie on top of the Precambrian basement rocks.
Erosion from the Rocky Mountains to the west and the Ozark/Ouachita Mountains to the east,
also contributed to the formation of sandstone,” mudstone,* and clay (USGS, 2014b).

Central Lowland Province — The Central Lowland Province®' includes portions of north-central
Texas, including the Cities of Fort Worth and Dallas, as well as the easternmost sections of the
Texas Panhandle. This area of Texas is generally underlain by limestone,* sandstone,* and
shale. Elevations throughout the province range between 900 and 3,000 feet ASL (BEG, 1996).
“An erosional surface that developed on upper Paleozoic formations forms the [Central Lowland
Province]. Where shale bedrock prevails, meandering rivers traverse stretches of local prairie.
In areas of harder bedrock, hills and rolling plains dominate. Local areas of hard sandstones and
limestones cap steep slopes severely dissected near rivers” (BEG, 2014).

Great Plains Province — The Great Plains Province includes much of northern and central Texas
including much of the Texas Panhandle. “The Great Plains Physiographic Province is an east-
tilted surface formed by deposition of sediment eroded from the ancestral Rocky Mountains,
beginning about 65 [MYA]” (USGS, 2014d). The Great Plains are generally above 2,000 feet
ASL. In northernmost Texas, the Great Plains reach elevations in excess of 4,700 feet ASL
(BEG, 1996). “Generally along the eastern edge of the [Great Plains] there is a steep slope down
to the Central Lowland. Throughout much of its extent this steep slope is [300 to 600 feet high],
at some places straight, at others made irregular by the erosion of streams that head in the plateau
and flow eastward” (Fenneman, 1922).

26 Metamorphic Rocks: “A rock that has undergone chemical or structural changes produced by increase in heat or pressure, or by
replacement of elements by hot, chemically active fluids” (USGS, 2015g).

27 Igneous Rocks: “Rock formed when molten rock (magma) that has cooled and solidified (crystallized)” (USGS, 2015g).

28 Sedimentary Rock: “Rocks that formed from pre-existing rocks or pieces of once-living organisms. They form from deposits
that accumulate on the Earth’s surface. Sedimentary rocks often have distinctive layering or bedding” (USGS, 2014c).

29 Sandstone: “Sedimentary rock made mostly of sand-sized grains” (USGS, 2015g).

30 Mudstone: “A very fine-grained sedimentary rock formed from mud” (USGS, 2015g).

31 Note that the Central Lowland Province corresponds to the area described as the North-Central Plains on the Physiographic
Map of Texas (BEG, 1996).

32 Limestone: “A sedimentary rock made mostly of the mineral calcite (calcium carbonate). Limestone is usually formed from
shells of once-living organisms or other organic processes, but may also form by inorganic precipitation” (USGS, 2015g).

33 Sandstone: “Sedimentary rock made mostly of sand-sized grains” (USGS, 2015g).
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Intermontane Plateau Region

The Intermontane Plateau Region describes the area between the Rocky Mountains and the
Sierra Nevada and Cascade Ranges, and includes areas as far east as western Texas. The
Intermontane Plateau Region dates to 80 million years ago (MY A) and predates the younger
Rocky Mountain System to the east (which was created roughly 60 MYA). The region is
characterized by interspersed higher-elevation plateaus and mountains and lower-lying basins.
The Colorado Plateau and Columbia Plateau are the major elevated areas, while the Basin and
Range geologic province includes the region’s lowest elevations. (Lew, 2004)

Basin and Range Province — The Basin and Range Province includes westernmost Texas,
including the city of El Paso. This province is characterized by north-south trending mountain
ranges and intervening valleys, and includes both igneous and metamorphic underlying rocks
(BEG, 1996). “Cores of strongly folded and faulted sedimentary and volcanic rocks or of
granite®® rocks compose the interiors of mountain ranges. Volcanic rocks form many peaks.”
Elevations throughout the province range between 1,700 and more than 8,700 feet ASL. “At
[8,749] [ASL], Guadalupe Peak is the highest point in Texas” (BEG, 2014).

15.1.3.4. Surface Geology

Surficial geology is characterized by materials such as till,*> sand and gravel, or clays that overlie
bedrock. The surface terrain, which can include bedrock outcrops, provides information on the
rock compositions and structural characteristics of the underlying geology. Because surface
materials are exposed, they are subject to physical and chemical changes due to weathering from
precipitation (rain and snow), wind and other weather events, and human-caused interference.
Depending on the structural characteristics and chemical compositions of the surface materials,
heavy precipitation can cause slope failures,’® subsidence,’” and erosion (Thompson, 2015).

While the Pleistocene (2.6 MYA to 11,700 years ago) glaciation did not reach Texas, glaciers to
the north formed meandering streams that delivered sediment deposits to eastern Texas. The
surface geology in north and western Texas also includes Pleistocene alluvial®® and eolian®
deposits that emanated from the Pecos River. Fluctuating sea levels, along with gradual uplift
that occurred throughout the state, brought delta and coastal sedimentary deposits along the Gulf
Coast of Texas (Bureau of Economic Geology, 1992). Figure 15.1.3-2 depicts a generalized
illustration of the surficial composition for Texas.

34 Granite: “A coarse-grained intrusive igneous rock with at least 65% silica. Quartz, plagioclase feldspar and potassium feldspar
make up most of the rock and give it a fairly light color” (USGS, 2015g).

35 Till: “An unsorted and unstratified accumulation of glacial sediment, deposited directly by glacier ice. Till is a heterogeneous
mixture of different sized material deposited by moving ice (lodgement till) or by the melting in-place of stagnant ice (ablation
till). After deposition, some tills are reworked by water” (USGS, 2013b).

36 Slope failure, also referred to as mass wasting, is the downslope movement of rock debris and soil in response to gravitational
stresses (Idaho State University, 2000).

37 Subsidence: “Gradual settling or sudden sinking of the Earth’s surface owing to subsurface movement of earth materials”
(USGS, 2000).

3 Alluvium: “Sand, gravel, and silt deposited by rivers and streams in a valley bottom” (USGS, 2015g).

3 Eolian: “Term describing the process of wind erosion, transport, and deposition, and wind-created deposits and structures such
as sand dunes” (USGS, 2015g).
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15.1.3.5. Bedrock Geology

Bedrock geology (also known as structural geology) is “the study of distribution, position,
shape, and internal structure of rocks” (USGS, 2015b) and reveals important information about a
region’s surface and subsurface characteristics (i.e., three dimensional geometry), including dip
(slope of the formation),* rock composition, and regional tectonism.* These structural aspects
of bedrock geology are often indicative of regional stability, as it relates to geologic hazards such
as landslides, subsidence, earthquakes, and erosion (NH DES, 2014).

The oldest rocks that underlie Texas are Precambrian igneous and sedimentary rocks that are at
least 600 million years old. These rocks are exposed in areas of west Texas, as well as in the
Llano Uplift in central Texas. Younger sedimentary and igneous rocks underlie most of Texas,
formed from marine and river deposits and ancient volcanoes (Bureau of Economic Geology,
1992). Paleozoic (542 to 251 MYA) and Mesozoic (251 to 66 MY A) Era rocks are typically
consolidated, while those from the Cenozoic Era (66 MYA to present) are usually semi-
consolidated or unconsolidated. Outcrops of Paleozoic and Mesozoic rocks are found in central,
northern, and western Texas, as well as in a coastal-parallel band on the Coastal Plain of Texas
(USGS, 1996). Salt domes and ridges underlie east Texas, forming folded structures and oil and
gas traps (Bureau of Economic Geology, 1992). Figure 15.1.3-3 displays the generalized
bedrock geology for Texas.

40 Dip: “A measure of the angle between the flat horizon and the slope of a sedimentary layer, fault plane, metamorphic foliation,
or other geologic structure” (NPS, 2000).
41 Tectonisms: “Structure forces affecting the deformation, uplift, and movement of the earth’s crust.” (USGS, 2015g)
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15.1.3.6. Paleontological Resources

Texas was covered by a shallow sea
throughout the Paleozoic Era (542 to 251
million years ago [MYA]), resulting in the
preservation of Cambrian (542 to 488 MYA)
marine fossils such as trilobites,*
brachiopods,*® bivalves,* sponges,
gastropods,* and bryozoans.*® This marine
environment continued between the
Ordovician (488 to 444 MYA) and
Carboniferous (359 to 299 MY A) Periods
and cephalopods,*’ gastropods, brachiopods,  Texas State Dinosaur: Paluxysaurus  Source: (Netstate, 2009)
and coral fossils were recorded from this

timeframe. Permian (259 to 251 MYA) outcrops have yielded both terrestrial and marine fossils,
including a marine invertebrates and a few vertebrates in the Permian barrier reef in the
Guadalupe Mountains. The Mesozoic Era (251 to 66 MY A) is represented by the fossil-rich
Dockum Group shale and sandstone formations in Texas. The Cretaceous (146 to 66 MYA)
Period saw fluctuating sea levels, resulting in the preservation of a diverse fossil assemblage,
including early mammals (The Paleontology Portal, 2015). Texas’ state dinosaur, Paluxysaurus,
is a sauropod dinosaur that left fossilized footprints that can be seen at Dinosaur Valley State
Park. (Netstate, 2009). Vertebrate fossils are common in early Cenozoic (66 MY A to present)
rocks. Mammalian fossils, including bison, mammoths, and mastodons, are common in
Quaternary (2.6 MYA to present) Period fossils (The Paleontology Portal, 2015).

42 Trilobite: “Any member of Trilobita, an extinct class of marine arthropods. Trilobites are known from the Cambrian to the
Permian. They had segmented, oval-shaped bodies and were the first animals to have complex eyes (similar to the compound
eyes in modern insects)” (Smithsonian Institution, 2016).

43 Brachiopod: “Any member of a phylum of marine invertebrate animals called Brachiopoda. Brachiopods are sessile, bivalved
organisms, but are more closely related to the colonial Bryozoa than the bivalved mollusks. Brachiopod diversity peaked in the
Paleozoic, but some species survive” (Smithsonian Institution, 2016).

4 Bivalve: “A mollusk with a soft body enclosed by two distinct shells that are hinged and capable of opening and closing”
(Smithsonian Institution, 2016).

4 Gastropods: “Any member of a large class of mollusks (Gastropoda), commonly called snails. Gastropods live in marine,
freshwater, and terrestrial habitats. They have a univalve, often spiral shell (or none at all), a muscular foot for locomotion, and
distinctive sensory organs” (Smithsonian Institution, 2016).

46 Bryozoan: “Common name for any member of the phylum Bryozoa. Bryozoans are invertebrate aquatic organisms most
commonly found in large colonies” (Smithsonian Institution, 2016).

47 Cephalopod: “Any mollusk of the class Cephalopoda, which includes squids, octopus, and ammonites. They are characterized
by the tentacles attached to their heads” (Smithsonian Institution, 2016).
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15.1.3.7. Fossil Fuel and Mineral Resources

Oil and Gas

In 2015, Texas led the nation in crude oil production with 1,263,585 million barrels of crude oil
(EIA, 2017b). Texas produces crude oil from various geologic basins, most notably the Permian
Basin in the western Texas. The Permian Basin contains 19of the top 100 oil-producing fields in
the nation. Texas produces West Texas Intermediate (WTI) crude oil, which, is a high-quality,
“low-gravity, low-sulfur crude oil, and it yields a large fraction of motor gasoline when refined.”
In October 2016, Texas produced 98,653 thousand barrels of oil, which accounted for 36.1
percent of total nationwide production (EIA, 2014a).

Texas currently leads the nation in natural gas production. “Almost one-third of the top 100
producing gas fields in the nation are located, in whole or in part, in Texas.” Hydraulic fracking
and horizontal drilling techniques led to an increase in production of natural gas. “Much of the
last decade’s rise in production is the result of drilling in the Barnett, Eagle Ford, and
Haynesville-Bossier shale formations™. In 2015, Texas produced 7,880,530 million cubic feet of
natural gas from 142,368 natural gas producing wells. This level of production accounted for
27.4 percent of total nationwide natural gas production (EIA, 2014a).

Minerals

As of 2015, Texas’ total nonfuel mineral production was valued at $4.8B. This level of
production ranked 3™ nationwide (in terms of dollar value), and accounted for slightly less than 7
percent of the total nationwide production value. In 2015, Texas’ leading nonfuel mineral
commodities were portland cement, crushed stone, construction sand and gravel, industrial sand
and gravel, and salt (USGS, 2016a). As of 2015, Texas ranked first nationwide in production of,
industrial minerals and crushed stone.As of 2011, Texas was second nationwide in production of
salt, construction sand and gravel, ball clay, crude talc. .* Other minerals produced in the state
include bentonite, common clay, dimension stone, industrial sand, gypsum, sulfur, helium, , fire
clay, fuller’s earth, and kaolin, (USGS, 2015c).

In 2015, Texas produced 35,918 thousand short tons of coal. This level of production ranked 7th
nationwide, and accounted for 4.0 percent of total nationwide production. Lignite* coal is
produced in the Texas Gulf Coast region, while bituminous® coal is found in the north-central
and southwestern portions of Texas (EIA, 2014a). Most bituminous coal in Texas is from
Pennsylvanian (318 to 299 MYA) and early Permian (299 to 251 MYA) aged rocks (USGS,
1967).

48 Dimension stone: “Natural rock material quarried for the purpose of obtaining blocks or slabs that meet specifications as to size
(width, length, and thickness) and shape.” (USGS, 2016c)

4 Lignite Coal: “A class of brownish-black, low-rank coal defined by the American Society for Testing and Materials as having
less than 8,300 Btu on a moist, mineral-matter-free basis.” (USGS, 2015h)

0 Bituminous Coal: “A rank class of coals as defined by the American Society for Testing and Materials (ASTM) high in
carbonaceous matter, having less than 86 percent fixed carbon, and more than 14 percent volatile matter on a dry, mineral-matter-
free basis and more than 10,500 Btu on a moist, mineral-matter-free basis.” (USGS, 2015h)
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15.1.3.8. Geologic Hazards

The three major geologic hazards of concern in Texas are earthquakes, landslides, and
subsidence. Volcanoes were considered but not analyzed further for Texas because they do not
occur in Texas and therefore do not present a hazard to the state (USGS, 2015d). A discussion of
each geologic hazard is included below.

Earthquakes

Areas of greatest seismicity in Texas are concentrated in the western portions of the state.
During the 20" century, more than 100 earthquakes were felt throughout Texas, with four of
these earthquakes measuring between magnitude 5.0 and 6.0 (on the Richter scale)’' (Texas DPS,
2010). Earthquakes are the result of large masses of rock moving against each other along
fractures called faults. Earthquakes occur when landmasses on opposite sides of a fault suddenly
slip past each other; the grinding motion of each landmass sends out shock waves. The
vibrations travel through the Earth and, if they are strong enough, they can damage both natural
and manmade structures on the surface. Earthquakes can produce secondary flooding impacts
resulting from dam failure (USGS, 2012a).

The shaking due to earthquakes can be
significant many miles from its point of
Origin depending on the type Of earthquake The largest earthquake cver recorded in Texas

Spotlight: Texas’ Largest Earthquake

and the type of rock and soils beneath a was a magnitude 6.0 quake that occurred in 1931
given location. Crustal earthquakes, the near the town of Valentine in the western portion
most common, typically occur at depths of | of the state. The earthquake caused extensive

6 to 12 miles; these earthquakes typically damage in Valentine and was felt as far away as

do not reach magnitudes higher than 6.0 on | Dallas. (UDC, 2017)

the Richter scale. Subduction zone

earthquakes occur where Earth’s tectonic plates collide. When tectonic plates collide, one plate
slides beneath the other, where it is reabsorbed into the mantle of the earth. Subduction zones
are found off the coast of Washington, Oregon, and Alaska (USGS, 2014e). Convergence
boundaries between two tectonic plates can result in earthquakes with magnitudes that exceed
8.0 on the Richter scale (Oregon Department of Geology, 2015).

Figure 15.1.3-4 depicts the seismic risk throughout Texas; the box surrounding the range of
colors shows the seismic hazards in the state. The map indicates levels of horizontal shaking
(measured in Peak Ground Acceleration (PGA)) that have a 2 percent chance of being exceeded
in a 50-year period. Units on the map are measured in terms of acceleration due to gravity
(percent g). Most pre-1965 buildings are likely to experience damage with exceedances of 10
percent g. Post-1985 buildings (in California) have experienced only minor damage with
shaking of 60 % g. (USGS, 2010)

3! The Richter scale is a numerical scale for expressing the magnitude of an earthquake on the basis of seismograph oscillations.
The more destructive earthquakes typically have magnitudes between about 5.5 and 8.9; the scale is logarithmic and a difference
of one represents an approximate thirtyfold difference in magnitude. (USGS, 2014h)
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According to the State of Texas Hazard Mitigation Plan, areas of the state that are most likely to
experience a magnitude 5.5 to 6.0 earthquake within the next 50 to 100 years include western
Texas (near El Paso) and the Texas Panhandle. “In northeastern Texas the greatest hazard is
from very large earthquakes (magnitude 7 or above) which might occur outside of Texas,
particularly in Oklahoma or Missouri-Tennessee. In south-central Texas the hazard is generally
low, but residents should be aware that small earthquakes can occur there, including some which
are triggered by oil or gas production.” Texas also may be affected by earthquakes emanating
from other states such as the New Madrid Seismic Zone (in Missouri, Kentucky, Tennessee, and
Arkansas) or earthquakes in Oklahoma. (Texas DPS, 2010)
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Landslides

The potential for landslides throughout Texas generally is minimal, with the exception a
moderately to highly susceptible band along the border between the Atlantic Plain and Interior
Plains Regions Figure 15.1.3-5. “The term ‘landslide’ describes many types of downhill earth
movements, ranging from rapidly moving catastrophic rock avalanches and debris flows in
mountainous regions to more slowly moving earth slides and other ground failures” (USGS,
2003a). Geologists use the term “mass movement” to describe a great variety of processes such
as rock fall, creep, slump, mudflow, earth flow, debris flow, and debris avalanche regardless of
the time scale (USGS, 2003a).

Landslides can be triggered by a single severe storm or earthquake, causing widespread damage
in a short period. Most landslide events are triggered by water infiltration that decomposes and
loosens rock and soil, lubricates frictional surfaces, adds weight to an incipient landslide, and
imparts buoyancy to the individual particles. Intense rainfall, rapid snowmelt, freeze/thaw
cycles, earthquakes, volcanic eruptions, and human alterations to the natural landscape can
trigger mass land movements. Large landslides can dam rivers or streams, and cause both
upstream and downstream flooding (USGS, 2003a).

As noted above, portions of Texas are susceptible to landslides along the western edge of the
Atlantic Plain Province. “Along the western Gulf-Atlantic Rolling Plain in Texas and in the
disturbed belt along the front of the Stockton-Balcones Escarpment™ and northward, clay-rich
Cretaceous [(146 to 66 MY A)] deposits are susceptible to slumping and sliding, even on gentle
slopes. Notable among these deposits are the Del Rio Clay, the Taylor and Navarro Groups, and
the Eagle Ford Formation.” Clay deposits on the Gulf Coast (near Houston) are also among
Texas’ most landslide-prone areas (Radbruch-Hall, et al., 1982). Figure 15.1.3-5 shows
landslide incidence and susceptibility throughout Texas.

Subsidence

Land subsidence is a “gradual settling or sudden sinking of the Earth’s surface owing to
subsurface movement of earth materials” (USGS, 2000). Within Texas, the primary causes of
subsidence are aquifer compaction and karst™ topography. Nationwide, the primary causes of
land subsidence are attributed to aquifer system compaction (both natural and hydrocompaction),
drainage of organic soils, underground mining, sinkholes, and thawing permafrost (although not
a concern in Texas). More than 80 percent of subsidence in the U.S. is a consequence of over-
withdrawal of groundwater. In many aquifers, which are subsurface soil layers through which
groundwater moves, water is pumped from pore spaces between sand and gravel grains.

52 Escarpment: “A cliff formed by faulting, erosion, or landslides” (USGS, 2015g).
33 Karst: “A distinctive landscape (topography) that can develop where the underlying bedrock, often limestone or marble, is
partially dissolved by surface or ground water” (USGS, 2015g).
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Figure 15.1.3-5: Texas Landslide Incidence and Susceptibility Hazard Map>*

34 Susceptibility hazards not indicated in Figure 15.1.3-5 where same or lower than incidence. Susceptibility to landslides is
defined as the probable degree of response of areal rocks and soils to natural or artificial cutting or loading of slopes, or to
anomalously high precipitation. High, moderate, and low susceptibility are delimited by the same percentages used in classifying
the incidence of landslides. Some generalization was necessary at this scale, and several small areas of high incidence and
susceptibility were slightly exaggerated. (USGS, 20141)
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If an aquifer is confined by layers of silt or clay, which do not transport groundwater, the
lowered water pressure in the sand and gravel causes slow drainage of water from the clay and
silt beds. The reduced water pressure compromises support for the clay and silt beds, causing
them to collapse on one another. The effects of this compression are seen in the permanent
lowering of the land surface elevation (USGS, 2000).

Land subsidence can result in altered stream elevations and slopes; detrimental effects to
infrastructure and buildings; and collapse of wells due to compaction of aquifer sediments.
Subsided areas can become more susceptible to inundation, both during storm events and non-
events. Lowered terrain is more susceptible to inundation during high tides. Additionally, land
subsidence can affect vegetation and land use (USGS, 2013a).

In southeastern Texas, greater Houston has been adversely affected by land subsidence due to
aquifer compaction, resulting in sea level rise of 2 millimeters per year. The primary causes are
attributed to groundwater and oil and gas withdrawals. In some areas, land elevation has
dropped by 3 meters, resulting in coastline shifts and re-distribution of wetlands and aquatic
vegetation. More than 100 acres of the San Jacinto Battleground State Historical Park are now
under water due to subsidence. In Galveston Bay, “more than 26,000 acres of emergent wetlands
have been converted to open water and barren flats”. Some bay shorelines have become more
susceptible to erosion by wave action due to loss of fringing wetlands. Figure 15.1.3-6 shows

the progression of land subsidence in the greater Houston metropolitan area between 1906 and
1995. (USGS, 2007)
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Figure 15.1.3-6: Land Subsidence in Houston, TX (1906-1995)

Southwestern Texas is at risk of experiencing land subsidence due to the presence of karst
topography. Much of southwestern Texas is underlain by the Edwards-Trinity aquifer system,
which is composed of Cretaceous (146 to 66 MY A) carbonate® rocks (USGS, 1996). Caves are
common features of the landscape throughout southwestern Texas’ Edwards Plateau (USGS,
2012b). Figure 15.1.3-7 displays the areas of Texas that are susceptible to subsidence due to
karst topography.

35 Carbonate: “A sedimentary rock made mainly of calcium carbonate (CaCO3). Limestone and dolomite are common carbonate
sedimentary rocks” (USGS, 2015g).

August 2017 15-70



Final Programmatic Environmental Impact Statement
FirstNet Nationwide Public Safety Broadband Network

Chapter 15
Texas

Amarilla
o

.,_7\\/ .

ol wnsville
>
I

Y¢ State Capital
® Major City
[T Counties
States
Lake/Ocean/River

Sources: ESRI, 2014; USGS, 2013

Karst Type

. Carbonate, dry climate

& Carbonate, humid climate

. Unconsolidated calcareous or carbonate, dry climate

. Unconsolidated calcareous or carbonate, humid climate

75

150 Miles

Figure 15.1.3-7: Areas Susceptible to Subsidence due to Karst Topography in Texas

August 2017

15-71



Chapter 15
Texas

Final Programmatic Environmental Impact Statement
FirstNet Nationwide Public Safety Broadband Network

15.1.4. Water Resources

15.1.4.1. Definition of the Resource

Water resources are defined as all surface water bodies and groundwater systems including
streams, rivers, lakes, canals, ditches, estuarine waters, floodplains, aquifers, and other aquatic
habitats (wetlands are discussed separately in Section 15.1.5). These resources can be grouped
into watersheds which are defined as areas of land whose flowing water resources (including
runoff from rainfall) drain to a common outlet such as a river or ocean. The value and use of
water resources are influenced by the quantity and quality of water available for use and the
demand for available water. Water resources are used for drinking, irrigation, industry,
recreation, and as habitat for wildlife. Some water resources that are particularly pristine,
sensitive, or of great economic value enjoy special protections under federal and state laws. An
adequate supply of water is essential for human health, economic wellbeing, and ecological
health. (USGS, 2014f)

15.1.4.2. Specific Regulatory Considerations

Federal laws relevant to protecting the quality and use of water resources are summarized in
Appendix C, Environmental Laws and Regulations, and Section 1.8, Overview of Relevant
Federal Laws and Executive Orders. Table 15.1.4-1: Relevant Texas Water Resources Laws
and Regulationssummarizes the major Texas laws and permitting requirements relevant to the
state’s water resources.

Table 15.1.4-1: Relevant Texas Water Resources Laws and Regulations

State Law/Regulation Regulatory Authority Applicability
Clean Water Act (CWA) | U.S. Army Corps of
Section 404 Nationwide | Engineers (USACE) Regional conditions apply to activities authorized by
Permits (NWPs), Texas | Fort Worth/Galveston USACE NWPs in Texas.
regional requirements Districts

In accordance with Section 401 of the CWA, activities that
may result in a discharge to waters of the U.S. require a
Water Quality Certification from TCEQ indicating that the

Texas Commission on

CWA Section 401 Water Environmental Quality

Quality Certification

(TCEQ) proposed activity will not violate water quality standards.
Texas Pollutant Regulates the dls'charge 'of pollutants in storm water'
Discharge Elimination discharges associated with small and large construction

TCEQ activities that disturb one or more acres. TPDES permits
System (TPDES) . . . .
Program also regulate point source discharges from industrial and

municipal wastewater treatment.

Sources: (TCEQ, 2004), (TCEQ, 2017a), (TCEQ, 2017b)
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15.1.4.3. Environmental Setting: Surface Water

Surface water resources are lakes, ponds, rivers, and streams, as well as estuarine® and coastal
waters. According to the Texas Water Development Board (TWDB), Texas has approximately
191,000 miles of rivers and streams, 196 major reservoirs, and approximately 367 miles of
coastline (TWDB, 2015a) (TWDB, 2015b). These surface waters supply drinking water; provide
flood control and aquatic habitat; and support recreation, agriculture, fishing, power generation,
and industry across the state (TWDB, 2012).

Watersheds

Watersheds, or drainage areas, consist of surface water and all underlying groundwater, and
encompass an area of land that drains streams and rainfall to a common outlet (e.g., reservoir,
bay). Texas’ waters (lakes, rivers, and streams) are divided into 23 major watersheds, or
drainage basins (Figure 15.1.4-1) (TCEQ, 2015j).

The Canadian River Basin covers the northernmost portion of Texas, draining an area that flows
toward the Arkansas River in Oklahoma. South of this basin is the Red River Basin, extending
along the Texas-Oklahoma border and including one of the Texas’ largest lakes, Lake Texoma.
The Brazos and Colorado River basins drain the majority of central Texas, extending from the
northwestern border of Texas to the southeastern coastal basins. East of the Brazos River Basin
is the Trinity River Basin, which drains a large portion of northcentral Texas. The Sulphur
River, Cypress River, Sabine River, and Neches River basins drain the entire area along the
eastern Texas border. The Nueces-Rio Grande Coastal Basin drains an approximate area of
10,442 square miles in the southernmost portion of Texas between the Nueces and Rio Grande
rivers (TCEQ, 2002). Northeast of this basin, along the coastline are the San Antonio-Nueces,
Lavaca-Guadalupe, and Colorado-Lavaca Coastal basins. Additionally, the Brazos-Colorado,
San Jacinto-Brazos, and Trinity-San Jacinto Coastal basins encompass the majority of the eastern
half of the coastline. The remaining coastal basin, the Neches-Trinity, drains a small area of
approximately 769 square miles in the far southeastern portion of the Texas coastline. In western
Texas, the Rio Grande River Basin is the largest basin in the state and drains approximately
48,259 square miles. The river basin includes several major reservoirs, including Lake Amistad.
(TWDB, 2017a)

Freshwater

As shown in Figure 15.1.4-1, there are 12 major rivers in Texas: Brazos, Canadian, Colorado,
Guadalupe, Neches, Nueces, Pecos, Red, Rio Grande, Sabine, San Antonio, and Trinity. In
western Texas, the Rio Grande River forms the boundary between Texas and Mexico, flowing
from El Paso to the Gulf of Mexico. The Colorado River flows through central Texas and is the
second longest river located entirely within the state (TWDB, 2015¢). The Brazos River is
located east of the Colorado River, and flows from northcentral Texas south to the Gulf of

36 Estuarine: related to an estuary, or a “partially enclosed body of water where fresh water from rivers and streams mixes with
salt water from the ocean. It is an area of transition from land to sea” (USEPA, 2015c¢).
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Mexico. (TWDB, 2017b) North of these rivers is the Red River, which flows from New Mexico
across Texas, and forms the Texas-Oklahoma border (TWDB, 2015d).

Texas also contains more than 200 major reservoirs, varying in size from approximately 5,200-
acre-feet storage capacity to 4,472,900 acre-feet. Major lakes and reservoirs in Texas include
Lake Amistad, Lake Texoma, Sam Rayburn Reservoir, and Toledo Bend Reservoir (TWDB,
2015a) (Figure 15.1.4-1).

Lake Amistad, or Amistad Reservoir, covers an approximate area of 63,680 acres in west
Texas along the Texas-Mexico border on the Rio Grande River. The reservoir was
constructed for irrigation and hydroelectric power generation but is often used by residents
and visitors for various recreational activities, such as fishing (TPWD, 2014a).

Lake Texoma, or Texoma Reservoir, is approximately 74,686 acres located on the Red River
between Texas and Oklahoma (TPWD, 2012). Initially, the reservoir was constructed for
flood control, hydropower, and water supply. The reservoir is now a popular recreational site
for visitors and local residents. (USACE, 2015a)

Sam Rayburn Reservoir encompasses approximately 111,422 acres in east Texas (TPWD,
2014b). The reservoir provides flood control to river basins in southeast Texas, such as the
Neches River Basin; offers many recreational opportunities, such as fishing and boating for
Texas residents; and acts as a water supply for local Texas residents (USACE, 2014).

Toledo Bend Reservoir has approximately 70,469 acres within southeast Texas on the Sabine
River. The reservoir was constructed for industrial, municipal, and agricultural water supply,
in addition to recreation, such as fishing and boating, and hydropower production (TPWD,
2013).
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Estuarine and Coastal Waters

Estuaries (including bays and tidal rivers) are bodies of water that provide transition zones
between fresh river water and saline ocean water. Barrier islands, sand bars, and other
landmasses protect estuaries, including those in Texas, from ocean waves and storms. Texas’
estuarine environments support a variety of habitats, including tidal wetlands, mudflats, rocky
shores, oyster reefs, freshwater wetlands, sandy beaches, and eelgrass beds, and are a critical part
of the life cycle of many different plant and animal species (USEPA, 2012a).

Texas has seven major estuarine areas (Figure 15.1.4-2): Sabine-Neches, Trinity-San Jacinto,
Colorado-Lavaca, Guadalupe, Mission-Aransas, Nueces, and Laguna Madre. These estuaries are
named for their primary contributing rivers. (TWDB, 2017¢)

e The Sabine-Neches Estuary, also referred to as Sabine Lake, is in northeastern Texas, along
the Texas-Louisiana border. The estuary is the smallest of the seven major estuaries,
encompassing approximately 45,320 acres. (TWDB, 2015¢)

e The Trinity-San Jacinto Estuary, also referred to as Galveston Bay, is in northeastern
Texas, southwest of the Sabine-Neches Estuary. The Trinity-San Jacinto is the largest
estuary in Texas and is approximately 345,280 acres. (TWDB, 2015f)

e The Colorado-Lavaca Estuary, also referred to as Matagorda Bay, is along the upper-mid
Texas coast. The estuary is approximately 244,490 acres in size and is the second largest
estuary in Texas. (TWDB, 2015g)

e The Guadalupe Estuary, also referred to as the San Antonio Bay, is located on the mid-
Texas coast. The estuary is approximately 143,000 acres and does not typically drain into
the Gulf of Mexico, except through a bayou (river outlet) occasionally opened by tropical
storms (TCEQ, 1981) (TWDB, 2015h).

e The Mission-Aransas Estuary is southwest of the Guadalupe Estuary, in the coastal bend of
Texas. The estuary covers 111,780 acres and drains into the Gulf of Mexico. (TWDB,
20151)

e The Nueces Estuary is also in the coastal bend region, southwest of the Mission-Aransas
Estuary. The estuary encompasses approximately 106,990 acres and drains into the Gulf of
Mexico. (TWDB, 2015;j)

e The Laguna Madre Estuary is located along the lower coast of Texas, extending toward the
Texas-Mexico border. The estuary is approximately 280,910 acres and drains into the Gulf
of Mexico. (TWDB, 2015k)
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15.1.4.4. Sensitive or Protected Waterbodies

The Rio Grande River is a federally designated National Wild and Scenic River in Texas (Figure
15.1.4-1). The 191-mile stretch of the river includes approximately 95 miles designated as wild
and 96 miles designated as scenic. The Rio Grande River flows through “isolated, rugged
canyons” along the Texas-Mexico border and includes “some of the most critical wildlife habitat
in the country.” (National Wild and Scenic Rivers System, 2015a)

15.1.4.5. Impaired Waterbodies

Several elements, including temperature, dissolved oxygen, suspended sediment, nutrients,
metals, oils, observations of aquatic wildlife communities, and sampling of fish tissue, are used
to evaluate water quality. Under Section 303(d) of the Clean Water Act, states are required to
assess water quality and report a listing of impaired waters,”’ the causes of impairment, and
probable sources.

Table 15.1.4-2 summarizes the water quality of Texas’ assessed major waterbodies by category,
percent impaired, designated use,*® cause, and probable sources. Figure 15.1.4-3 shows the
Section 303(d) waters in Texas, as of 2014.

Various sources affect Texas’ waterbodies, causing impairments. Mercury and pathogens® are
the two primary causes of impairment for waters along the Gulf Coast shoreline. Elevated levels
of mercury in certain species of fish have resulted in a Saltwater Fish Consumption Advisory for
all Texas Coastal Waters (TPWD, 2015d). Additionally, organic enrichment, salinity (salt
content), polychlorinated biphenyls, and pathogens are causes for impairment in assessed rivers
and streams within Texas. Pathogens within the Sabine River Tidal area are caused by various
sources, including combined sewer overflows, industrial point source discharge, and municipal
runoff from high-density areas (TCEQ, 2014a).

57 Impaired waters: waterways that do not meet state water quality standards. Under the CWA, Section 303(d), states, territories,
and authorized tribes are required to develop prioritized lists of impaired waters. (USEPA, 2015c)

38 Designated Use: an appropriate intended use by humans and/or aquatic life for a waterbody. Designated uses may include
recreation, shellfishing, or drinking water supply. (USEPA, 2015c¢)

39 Pathogen: a bacterium, virus, or other microorganism that can cause disease (USEPA, 2015c).
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Table 15.1.4-2: Section 303(d) Impaired Waters of Texas, 2010

Amount of Amount | Designated Uses
Water Waters . g . Top Causes of Top Probable Sources
Type? Assessed” Impaired of Impaired Impairment for Impairment
yp (Percent) (Percent) Waters P P
aquatic life organic enrichment, municipal point source
Rivers and ﬁci:hin eI;eral salinity/chlorides, discharges/sewage,
Stroams 12% 44% | oIS polychlorinated wildlife, urban-related
recr’eation biphenyls (PCBs), and | runoff storm water, and
pathogensc agriculture
aquatic life, mercury, atmospherlc .
Lakes, . L . deposition,d municipal
. fishing, general salinity/chlorides, .
Reservoirs, 73% 38% 7 . point source
use, and pH/acidity, organic )
and Ponds recreation enrichment discharges/sewage, and
wildlife
aquatic life, industry, urban
Estuaries fishing, oyster dissolved oxygen, runoff/storm sewers,
and Bavs 100% 28% propagation, and | dioxins, PCBs, and municipal point
Y primary contact | pathogens, and metals | source
recreation discharges/sewage
388 miles .
Gulf (total coastal o ﬁs.hmg and mercury and atmospheric deposition
coastal horeli 100% primary contact h K
shoreline s ore.lml;:1 n)ot recreation pathogens and unknown sources
available
75 miles
Ocean and (total Ocean
and near N . atmospheric deposition
near . 91% fishing mercury
coastal coastal miles and unknown sources
not
available)

Source: (USEPA, 2010a)

2 Some waters may be considered for more than one water type.
b Texas has not assessed all waterbodies within the state.

¢ Pathogen: a bacterium, virus, or other microorganism that can cause disease (USEPA, 2015c).

4 Atmospheric deposition: the process by which airborne pollutants settle onto to the earth’s surface and pollutants travel from the
air into the water through rain and snow (“wet deposition”), falling particles (“dry deposition™), and absorption of the gas form of
the pollutants into the water (USEPA, 2015c).

Statewide, the primary designated uses for Texas’ impaired waterbodies are aquatic life, fishing,
and recreation. The Texas Commission on Environmental Quality (TCEQ) works closely with
federal and state agencies to ensure designated uses of Texas waterbodies are preserved. For
example, water quality monitoring is conducted by TCEQ and other organizations to provide
efficient water quality data collection across the state. Programs, such as the Clean Rivers
Program are established in Texas to create partnerships between TCEQ, regional water
authorities, and the public. Water authorities manage this program to maintain water quality
data, coordinate monitoring efforts, and facilitate public participation within each basin (TCEQ,
2015k). Additionally, water pollution caused by urban and other nonagricultural nonpoint
sources impact Texas waterbodies causing impairment. TCEQ has implemented the Nonpoint
Source Program to clean and prevent further pollution of the state’s waters (TCEQ, 20151).
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15.1.4.6. Floodplains

The Federal Emergency Management Agency (FEMA) defines a floodplain or flood-prone area
as “any land area susceptible to being inundated by water from any source” (44 Code of Federal
Regulations [CFR] Part 59.1) (FEMA, 2000).* Through FEMA’s flood hazard mapping
program, the agency identifies flood hazards and risks associated with the 100-year flood, which
is defined as “a flood that has a 1 percent chance of occurring in any given year,” to allow
communities to prepare and protect against flood events (FEMA, 2013).

Floodplains provide suitable and sometimes unique habitat for a wide variety of plants and
animals, and are typically more biologically diverse than upland areas due to the combination of
both terrestrial and aquatic ecosystems. Vegetation along stream banks provides shade, which
helps to regulate water temperature for aquatic species. During flood events, sediment and
debris settle out and collect on the floodplain, enriching the soil with additional nutrients.
Pollutants from floodwater runoff are also filtered by floodplain vegetation and soils; thereby
improving water quality. Furthermore, floodplains protect natural and built infrastructure by
providing floodwater storage, erosion control, water quality maintenance, and groundwater
recharge. Historically, floodplains have been favorable locations for agriculture, aquaculture,
and forest production due to the relatively flat topography and nearby water supply. Floodplains
can also offer recreational activities, such as boating, swimming, and fishing, as well as hiking
and camping (FEMA, 2014a).

There are two primary types of floodplains in Texas.

¢ Riverine and lake floodplains occur along rivers, streams, or lakes where overbank flooding
may occur, inundating adjacent land areas. In steep river valleys found in hilly areas, such as
central Texas, floodwaters can build and recede quickly, with fast moving and deep water.
Flooding in these areas can cause greater damage than typical riverine flooding due to the
high velocity of water flow, the amount of debris carried, and the broad area affected by
floodwaters. Whereas, flatter floodplains may remain inundated for days or weeks, covered
by slow-moving and shallow water (FEMA, 2014b).

e Coastal floodplains in Texas are found along the Gulf of Mexico coastline. Coastal
flooding can occur when strong wind and storms, and hurricanes, increase water levels on the
adjacent shorelines (FEMA, 2013). In addition, a storm surge event that takes place during
high tide can cause floodwaters to exceed normal tide levels, resulting from strong winds
preventing tidal waters to recede in conjunction with additional water pushed toward the
shore, as was the case during Hurricane Ike (NOAA, 2015a).

0 To search for and locate CFR records, see the Electronic Code of Federal Regulations (e-CFR): www.ecfr.gov.
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Flooding is the leading cause for disaster declaration by the President in the U.S. and results in
significant damage throughout the state annually (NOAA, 2015b). There are several causes of
flooding in Texas, often resulting in loss of life and damage to property, infrastructure,
agriculture, and the environment. These include severe rain events, hurricanes and tropical
storms, over-development/impervious® surfaces, and dam failure (Texas Department of
Emergency Management, 2013).

Few areas within Texas are completely free Hurricane Ike
from flood threats. Approximately 83 federally
declared disasters have occurred in Texas from
1953 to 2010, including 30 declarations due to
flooding. Historically, floods have constituted
over 90 percent of disaster damage experienced
in Texas. Based on historical flooding and
flood disaster declarations, flood problems are
most severe along the coast and in Central
Texas. On average, Texas suffers 400 floods
and approximately $254 million in losses each
year. (Texas Department of Emergency
Management, 2013)

In September 2008, Hurricane Ike made
landfall over the Texas coast on the north
end of Galveston Island. The hurricane’s
storm surge, winds, and flooding from heavy
rains caused mass damage in southeastern
Texas, western Louisiana, and Arkansas.
Property damage was estimated at $19.3B.
(Texas Department of Emergency
Management, 2013) Storm surges of 15-20
feet above normal tide levels occurred in
areas along the Texas coastline, and rainfall
amounts were as much as 19 inches in

Local communities often have floodplain southeastern Texas (NOAA, 2015a).
management or zoning ordinances that restrict
development within the floodplain. FEMA
provides floodplain management assistance,
including mapping of 100-year floodplain
limits, to approximately 1,243 communities in
Texas through the National Flood Insurance
Program (NFIP) (FEMA, 2014c). Established
to reduce the economic and social cost of flood
damage by subsidizing insurance payments, the | Source: (FEMA, 2014e)
NFIP encourages communities “to adopt and
enforce floodplain management regulations and to implement broader floodplain management
programs” and allows property owners in participating communities to purchase insurance
protection against losses from flooding (FEMA, 2015). As an incentive, communities can
voluntarily participate in the NFIP Community Rating System (CRS), which is a program that
rewards communities by reducing flood insurance premiums in exchange for doing more than
the minimum NFIP requirements for floodplain management. As of May 2014, Texas had 63
communities participating in the CRS (FEMA, 2014d).%

¢! Impervious: a hardened surface or area that does not allow water to pass through. For example, roads, rooftops, driveways,
sidewalks, pools, patios, and parking lots are all impervious surfaces (USEPA, 2015c).

2 A list of the 63 CRS communities can be found in the most recent FEMA CRS report dated May 1, 2014 (FEMA, 2014d)and
additional program information is available from FEMA’s NFIP CRS website (www.fema.gov/national-flood-insurance-
program-community-rating-system).
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15.1.4.7. Groundwater

Groundwater systems are sources of water that result from precipitation infiltrating the ground
surface, and includes underground water that occupies pore spaces between sand, clay, or rock
particles. An aquifer is a permeable geological formation that stores or transmits water to wells
and springs. Groundwater is contained in either confined (bound by clays or nonporous bedrock)
or unconfined (no layer to restrict the vertical movement of groundwater) aquifers When the
water table reaches the ground surface, groundwater will reappear as either streams, surface
bodies of water, or wetlands. This exchange between surface water and groundwater is an
important feature of the hydrologic (water) cycle. (USGS, 1999). Table 15.1.4-3: provides details
on aquifer characteristics in the state; Figure 15.1.4-4: shows Texas’ principal and sole source
aquifers.

Texas’ principal aquifers consist of carbonate-rock® and sandstone aquifers.** Approximately 59
percent of water used in Texas is supplied by groundwater sources. Generally, the water quality
of Texas’ aquifers is suitable for drinking and daily water needs. Statewide, the most serious
threats to groundwater quality include naturally occurring elevated levels of total dissolved
solids, arsenic, and radionuclides (radium, uranium, and radon gas), and elevated nitrate levels
from human activities, such as overuse of fertilizers and improper disposal of human and animal
waste. (George, Mace, & Petrossian, 2011)

Sole Source Aquifers

The U.S. Environmental Protection Agency (USEPA) defines sole source aquifers (SSAs) as “an
aquifer that supplies at least 50 percent of the drinking water consumed in the area overlying the
aquifer” and are areas with no other drinking water sources (USEPA, 2015d). Texas has two
SSA designations within the state (as shown in Figure 15.1.4-4:). Edwards I SSA and Edwards
IT SSA are located between the cities of Austin and San Antonio and areas to the west.
Groundwater from these SSA areas supplies more than 1.5 million people in southcentral Texas
(USGS, 2014g). Designating a groundwater resource as an SSA helps to protect the drinking
water supply in that area and requires reviews for all federally funded proposed projects to
ensure that the water source is not jeopardized (USEPA, 2015d).

63 Carbonate-rock aquifers typically consist of limestone with highly variable water-yielding properties (some yield almost no
water and others are highly productive aquifers) (Olcott, 1995a).

% Sandstone aquifers form from the conversion of sand grains into rock caused by the weight of overlying soil/rock. The sand
grains are rearranged and tightly packed, thereby reducing or eliminating the volume of pore space, which results in low-
permeability rocks such as shale or siltstone. These aquifer types are highly productive in many places and provide large
volumes of water. (Olcott, 1995b)
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Table 15.1.4-3: Description of Texas’ Principal Aquifers

Aquifer Type and Name

Location in State

Groundwater Quality

Blaine aquifer consists of
red silty shale, gypsum and
anhydrite (sedimentary
rock minerals), and
dolomite.

Located at the east end
of the High Plains area
in north Texas

Water quality is poor. Most water is moderately saline,
with elevated total dissolved solids and sulfates. Water
is used for domestic, livestock, municipal, industrial,
and irrigation purposes.

Coastal Plain aquifer
system (Coastal lowlands
aquifer system and Texas
coastal uplands aquifer
system) consists of sand,
silt, clay, and gravel.

Extends from the
Texas-Louisiana border
in the east to the border
of Mexico in the
southwest in a wide
band that parallels the
Gulf of Mexico

Water quality varies with depth and locality. Water is
generally good in the central and northeastern parts of
the aquifer, with quality declining to the south. Water is
used for municipal, industrial, and irrigation purposes.
Texas coastal uplands aquifer system is hard, but
generally fresh, with softer water occurring near the
subsurface. Iron and manganese occur in the deeper
subsurface.

Edwards-Trinity aquifer
system consists of
limestone, dolomite, sands,
clays, and gravels.

Extends across the
southcentral and
southwestern portion of
Texas with an
additional band that
extends across central
and northeast Texas

Water quality ranges from fresh to moderately saline.
Water is characterized as hard and increases in salinity
to the west. Elevated levels of fluoride exist in some
areas. Sulfate and chloride concentrations increase with
depth. Water uses include municipal, irrigation,
livestock supplies, and recreation.

High Plains aquifer
consists of sand, gravel,
clay, and silt.

Covers the Texas
Panhandle
(northernmost portion
of Texas)

Water in the northern portion is generally fresh;
however, quality diminishes toward the south. Elevated
arsenic, radionuclides, and fluoride are present in some
areas. Most of the water is used for irrigated
agriculture.

Pecos River Basin
alluvial aquifer consists
of sand, silt, or gravel
sediments.

Located in west Texas

Water quality if highly variable with water being
typically hard. Aquifer is characterized by high levels
of chloride and sulfate and has elevated arsenic and
radionuclides levels. Water is primarily used for
irrigation. Other uses include municipal supplies,
industrial use, and power generation.

Rio Grande aquifer
system consists of silt,
sand, gravel, and clay.

Located in far west
Texas, east and west of
the Franklin Mountains

Water is fresh to slightly saline, with salinity increasing
toward the south and shallower parts of the aquifer.
Most of the water is used for public supply.

Seymour aquifer consists
of gravel, sand, and silty
clay.

Extends across
northcentral Texas

Generally, the water is suitable for most uses, including
drinking water. Iron concentrations are locally high,
and the water is slightly acidic. Because of the
proximity to the marine coast, localized heavy pumping
can cause saltwater intrusion (movement into the
freshwater aquifer).

Sources: (TWDB, 20151) (TWDB, 2015m) (TWDB, 2015n) (TWDB, 20150) (TWDB, 2015p) (TWDB, 2015q) (TWDB, 2015r)

(TWDB, 2015s)
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15.1.5. Wetlands

15.1.5.1. Definition of the Resource

The Clean Water Act (CWA) defines wetlands as “those areas that are inundated or saturated by
surface or groundwater at a frequency and duration sufficient to support, and that under normal

circumstances do support, a prevalence of vegetation typically adapted for life in saturated soil
conditions. Wetlands generally include swamps, marshes, bogs and similar areas” (40 CFR

230.3(t), 1993).

The USEPA estimates that “more than one-third of the United States’ threatened and endangered
species live only in wetlands, and nearly half of such species use wetlands at some point in their
lives” (USEPA, 1995). In addition to habitat for many plants and animals, wetlands also
provide benefits to human communities. Wetlands store water during flood events, improve
water quality by filtering polluted runoff, help control erosion by slowing water velocity and
filtering sediments, serve as points of groundwater recharge, and help maintain base flow in
streams and rivers. Additionally, wetlands provide recreation opportunities for people, such as
hiking, bird watching, and photography (USEPA, 1995).

15.1.5.2. Specific Regulatory Considerations

Appendix C, Environmental Laws and Regulations, describes the pertinent federal laws
protecting wetlands in detail. Table 15.1.5-1 summarizes the major Texas state laws and
permitting requirements relevant to the state’s wetlands.

Table 15.1.5-1: Relevant Texas Wetlands Laws and Regulations

State Regulatory s e
Law/Regulation Authority Applicability
CWA Section 404 Regional COl:l(.iltIOI’lS apply .to act1Y1tles authorlzed by USACE NWPs in
NWPs. Texas USACE Fort Texas. Additional review is required for pitcher plant bogs, swamps
re ion;l Worth/Galveston | dominated by bald cypress and tupelo gum tree species, Caddo Lake
£10 Districts (designated as a Ramsar Wetland of International Importance),
requirements
mangrove marshes, and coastal dune swales.
CWA Section 401 1n accprdance with Section 401 of the CWA, activities that may result
Water Quality TCEQ in a discharge to waters of the U.S. require a Water Quality
) . Certification from TCEQ indicating that the proposed activity will not
Certification . )
violate water quality standards.
Regulates the discharge of pollutants in storm water discharges
TPDES Program | TCEQ associated with small and large construction activities that disturb one
Or more acres.

Source: (TCEQ, 2004), (TCEQ, 2017a), (TCEQ, 2017b)
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15.1.5.3. Environmental Setting: Wetland Types and Functions

The U.S. Fish and Wildlife Service (USFWS) National Wetlands Inventory (NWI) mapping
adopted a national Wetlands Classification Standard that classifies wetlands according to shared
environmental factors, such as vegetation, soils, and hydrology, as defined by (Cowardin, Carter,
Golet, & LaRoe, 1979). The Wetlands Classification System includes five major wetland
Systems: Marine, Estuarine, Riverine, Lacustrine, and Palustrine. Texas includes three of these
Systems, as detailed in Table 15.1.5-2. The first four of these include both wetlands and
deepwater habitats but the Palustrine includes only wetland habitats (USFWS, 2015a).

e “The Marine System consists of open ocean, continental shelf, including beaches, rocky
shores, lagoons, and shallow coral reefs. Normal marine salinity (saltiness) to hypersaline
(more than 30 percent salty) water chemistry; minimal influence from rivers or estuaries”
(Cowardin, Carter, Golet, & LaRoe, 1979). Where wave energy is low, mangroves, or
mudflats may be present.

e “The Estuarine System consists of deepwater tidal habitats and adjacent tidal habitats that are
usually semi-enclosed by land but have open, partly obstructed, or sporadic access to the
open ocean and the ocean water is at least occasionally diluted by freshwater runoff from the
land” (Cowardin, Carter, Golet, & LaRoe, 1979).

e “Riverine System includes all wetlands and deepwater habitats contained within a channel
with two exceptions (1) wetlands dominated by trees, shrubs, persistent emergents, emergent
mosses, or lichens, and (2) habitats with water containing ocean-derived salts in excess of 0.5
ppt.” (Cowardin, Carter, Golet, & LaRoe, 1979).

e Lacustrine System includes inland water bodies that are situated in topographic depressions,
lack emergent trees and shrubs, have less than 30 percent vegetation cover, and occupy
greater than 20 acres. Includes lakes, larger ponds, sloughs, lochs, bayous, etc.

e “Palustrine includes all nontidal wetlands dominated by trees, shrubs, persistent emergents,
or emergent mosses or lichens, and all such wetlands that occur in tidal areas where salinity
due to ocean-derived salts is below 0.5 percent” (Cowardin, Carter, Golet, & LaRoe, 1979).
The system is characterized based on the type and duration of flooding, water chemistry,
vegetation, or substrate characteristics (soil types). (Cowardin, Carter, Golet, & LaRoe,
1979) (FGDC, 2013)

“Although wetlands comprise less than five percent of its total land area, Texas has the fourth
greatest wetland acreage in the lower 48 states (following Florida, Louisiana and Minnesota)”
(TPWD, 1997). In Texas, palustrine (freshwater) wetlands found on river and lake floodplains
across the state (mostly on the eastern half of the state), are the main type of wetlands, as shown
in Figure 15.1.5-1, Figure 15.1.5-2:, and Figure 15.1.5-3. There are approximately 410,000 acres
of estuarine wetlands in Texas (USFWS, 2014a). Riverine and lacustrine wetlands, as defined in
Table 15.1.5-2 comprise approximately four percent of the wetlands in the state. Therefore, they
are not discussed in this PEIS.
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Table 15.1.5-2: uses 2014 NWI data to characterize and map Texas wetlands on a broad-scale.*
The data is not intended for site-specific analyses and is not a substitute for field-level wetland
surveys, delineations, or jurisdictional determinations, which may be required depending on the
site conditions, the type of deployment, or any other permits or permissions necessary to perform
the work, at the site-specific level once those locations are known, at the site-specific level once
those locations are known. As shown in Figure 15.1.5-1, Figure 15.1.5-2, and Figure 15.1.5-3,
palustrine wetlands are found across the entire state, while estuarine/marine wetlands are found
in the southern portion of the Texas along the Gulf Coast. The map codes and colorings in Table
15.1.5-2: correspond to the wetland types in the figures.

Table 15.1.5-2: Texas Wetland Types, Descriptions, Location, and Amount, 2014

Wetland
Type

Palustrine
forested
wetland

Palustrine
scrub-shrub
wetland

Palustrine
emergent
wetlands

Palustrine

bottom

unconsolidated

Palustrine
aquatic bed

Map
Code and
Color

Amount
Description® Occurrence (acres)®
Predominantly
PFO wetlands contain woody vegetation that | within the eastern
are at least 20 feet tall. Floodplain forests part of the state,
and hardwood swamps are examples of PFO | often on forested
wetlands. lowlands within the
state
Predominantly 2,147,771
Woody vegetation less than 20 feet tall within the eastern
dominates PSS wetlands. Thickets and part of the state,
shrub swamps are examples of PSS often on forested
wetlands. lowlands within the
state
PEM wetlands have erect, rooted, green-
stemmed, annual, water-loving plants,
excluding mosses and lichens, present for
most of the growing season in most years. Southeastern part of 1,261,990
PEM wetlands include freshwater marshes, the state
wet meadows, fens,* prairie potholes, and
sloughs.
PUB and PAB wetlands are commonly
known as freshwater ponds, and includes all
wetlands with at least 25% cover of particles
smaller than stones and a vegetative cover Southeastern part of
less than 30%. the state along the 440,496

PAB wetlands include wetlands vegetated
by plants growing mainly on or below the
water surface line.

Gulf Coast

%5 The wetland acreages were obtained from the USFWS (2014) National Wetlands Inventory. Data from this inventory was
downloaded by state at https://www.fws.gov/wetlands/. The wetlands data contains a wetlands classification code, which are a
series of letter and number codes, adapted to the national wetland classification system in order to map from (e.g., PFO). Each of
these codes corresponds to a larger wetland type; those wetland areas are rolled up under that wetlands type. The codes and
associated acres that correspond to the deepwater habitats (e.g., those beginning with M1, E1, L1) were removed. The wetlands
acres were derived from the geospatial datafile, by creating a pivot table to capture the sum of all acres under a particular wetland
type. The maps reflect/show the wetland types/classifications and overarching codes; the symbolization used in the map is
standard to these wetland types/codes, per the USFWS and Federal Geographic Data Committee.
% Fens are nutrient-rich, grass- and sedge-dominated emergent wetlands that are recharged from groundwater and have
continuous running water (Edinger, et al., 2014).

August 2017

15-88



Final Programmatic Environmental Impact Statement Chapter 15
FirstNet Nationwide Public Safety Broadband Network Texas
Map Amoun
W;tla:d Code and Description® Occurrence (ac:el;)bt
yp Color
Other Farmed wetland, saline seep67, and other Throughout the
Palustrine miscellaneous wetlands are included in this State ughou 185,084
wetland group.
Riverine systems include rivers, creeks, and
Riverine streams. They are contained in natural or Throughout the
P Lo 116,841
wetland artificial channels periodically or state
continuously containing flowing water.
Lacustrine systems are lakes or shallow
reservoir basins generally consisting of
ponded waters in depressions or dammed
Lacustrine river channels, with sparse or lacking Throughout the
. . . . 397,573
wetland persistent emergent vegetation, but including | state
any areas with abundant submerged or
floating-leaved aquatic vegetation. These
wetlands are less than 8.2 feet deep.
These intertidal wetlands include the areas
between the highest tide level and the lowest
. tide level. Semidiurnal tides (two high tides
Estuarine and . .
Marine and two low tides per day) periodically Southeastern part of
intertidal expose anc'l flood the substrate. Wetland the stqte along the 410,677
wetland examples 1ncludp veggtated and non- coastline
vegetated brackish (mix of fresh and
saltwater), and saltwater marshes, shrubs,
beaches, sandbars, or flats.
Total | 4,960,432

Sources: (Cowardin, Carter, Golet, & LaRoe, 1979) (USFWS, 2015a) (FGDC, 2013)

2 The wetlands descriptions are based on information from the Federal Geographic Data Committee (FGDC)’s Classification of
Wetland and Deepwater Habitats of the United States. Based on Cowardin, et al., 1979, some data has been revised based on the
latest scientific advances. The USFWS uses these standards as the minimum guidelines for wetlands mapping efforts. (FGDC,

2013)

® All acreages are rounded to the nearest whole number. The maps are prepared from the analysis of high altitude imagery. A
margin of error is inherent in the use of imagery. The accuracy of image interpretation depends on the quality of the imagery, the
experience of the image analysts, the amount and quality of the collateral data and the amount of ground truth verification work

conducted. (USFWS, 2015b)

%7 Saline seep is an area where saline groundwater discharges at the soil surface. These wetland types are characterized by saline
soils and salt tolerant plants. (City of Lincoln, 2015)
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Palustrine Wetlands

In Texas, palustrine wetlands include the majority of vegetated freshwater wetlands (forested
wetlands, freshwater marshes, swamps, and ponds). Palustrine forested wetlands (PFO) are
found throughout the state and are the most common type of palustrine wetlands within Texas.
Common types of PFO in Texas include bottomland hardwoods and swamps. Palustrine scrub-
shrub wetlands (PSS) occur throughout Texas, usually found in previously disturbed areas.
Common vegetative species in Texas PSS are water elm (Ulmus americana), buttonbush
(Cephalanthus occidentalis), and swamp privet (Forestiera acuminata). Palustrine emergent
wetlands (PEM) (or freshwater marshes) found in Texas include wet prairies,”® floodplain
marshes, and bogs.® Texas marshes occur in shallow water along the northern boundary of
coastal marshes, and along coastal bays, and support diverse plant and animal species. Common
marsh plants in Texas include cattail (Typha latifolia), sedges (Eleocharis spp.), giant cutgrass
(Zizaniopsis miliacea), maidencane (Panicum hemitomon), and American lotus (Nelumbo lutea).
PEM are common in the southern part of the state and along the coastline. (TPWD, 1997)

Other types of palustrine wetlands found in Texas include depressional and spring-fed wetlands.
Depressional wetlands, such as coastal potholes found in southern Texas and playa lakes found
in the High Plains of eastern Texas, occur in shallow depressions that fill from spring or fall
precipitation, and are usually dry by late summer or during droughts since they are not connected
to a permanent water source. Depressional wetlands fill from rain, snowmelt, or groundwater.
These small wetlands contribute to storage and filtration of surface water and help recharge
aquifers. Approximately 19,300 playas are found in Texas, covering 2 percent of the region’s
landscape. (TPWD, 1997) (TPWD, 2015¢)

Seeps and springs occur where groundwater flows from cracks or openings in the rock or soil.
These wetlands are found throughout the limestone formations of central Texas and in the
mountainous areas of western Texas. Ciénegas, or desert marshes, are also a type of spring-fed
wetland that occur in the desert areas of West Texas. “Most cienegas today; however, have been
lost by water mining, water diversion or overgrazing.” (TPWD, 1997)

Based on the USFWS NWI 2014 analysis, there are currently approximately 4 million acres of
palustrine (freshwater) wetlands in the state. Of those, PFO/PSS wetlands are the dominant
wetland type (53 percent), followed by PEM wetlands (31 percent), PUB/PAB (ponds) (11
percent), and other palustrine wetlands (5 percent) (USFWS, 2014a). Main threats to palustrine
wetlands in Texas include agricultural conversion, urbanization, mining, petroleum extraction,
and logging (TPWD, 1997).

%8 Wet prairies are dominated by short grass/sedge vegetation and are inundated (or saturated by surface or groundwater) for no
more than a few months per year (USFWS, 2014;j).

% Bogs are acidic wetlands that form thick organic (peat) deposits up to 50 feet deep or more. They have little groundwater
influence and are recharged through precipitation. (APA, 2013)
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Estuarine and Marine Wetlands

In Texas, estuarine, or tidal fringe wetlands, can be vegetated (salt marshes) or unvegetated (mud
and sand flats), and are found between the open saltwater of the bays or the Gulf of Mexico and
the uplands of the coastal plain and barrier islands. These wetlands are found along Texas’
shoreline, as shown in Figure 15.1.5-3. Salt marshes are the primary coastal habitat along the
Gulf of Mexico, with black mangroves (Avicennia germinans) occurring on the upper coast on
Galveston Island. Tidal flats are more prevalent in Texas than any other state, with “the Laguna
Madre estuary containing 14 percent of the nation’s tidal flats” (NOAA, 2010a). Texas’ coastal
wetlands provide valuable habitat for migratory birds, waterfowl, and “other birds of special
concern, such as the bald eagle (Haliaeetus leucocephalus), peregrine falcon (Falco peregrinus),
brown pelican (Pelecanus occidentalis), and whooping crane (Grus americana)” (TPWD, 1997).
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Y¢ State Capital Wetland Types of SouthwesternTX I‘
® Major City Il Palustrine forested (PFO) or Palustrine shrub (PSS) +
[ Counties [ Palustrine emergent (PEM)
States [ Palustrine unconsolidated bottom (PUB) or Palustrine aquatic bed (PAB)
Lake/Ocean/River [ Palustrine wetland (Misc. types)
I Lacustrine wetland (L2)
I Riverine wetland

Sources: ESRI, 2014; 0 75 150 Miles
USFWS, 2014 i

F + 1

Figure 15.1.5-1: Wetlands by Type, in Southwestern Texas, 2014
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Y¢ State Capital Wetland Types of Northern TX
® Major City Il Palustrine forested (PFO) or Palustrine shrub (PSS)
[] Counties [ Palustrine emergent (PEM)
| States I Palustrine unconsolidated bottom (PUB) or Palustrine aquatic bed (PAB)

Lake/Ocean/River M Palustrine wetland (Misc. types)
I Lacustrine wetland (L2)

I Riverine wetland

Sources: ESRI, 2014; 0 75
USFWS, 2014 b

150 Miles

Figure 15.1.5-2: Wetlands by Type, Northern Texas, 2014
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Laredo

Gulf of Mexico

Y¢ State Capital
® Major City
[] Counties
| States
Lake/Ocean/River

Sources: ESRI, 2014;
USFWS, 2014

[ Estuarine intertidal (E2) or Marine intertidal wetland (M2)

I Palustrine forested (PFO) or Palustrine shrub (PSS)

[ Palustrine emergent (PEM)

[ Palustrine unconsolidated bottom (PUB) or Palustrine aquatic bed (PAB)

[ Palustrine wetland (Misc. types)

I Lacustrine wetland (L2)

I Riverine wetland g i ThoMiles

Wetland Types of Southeastern TX ’

Figure 15.1.5-3: Wetlands by Type, Southeastern Texas, 2014
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Coastal development and urban expansion has historically caused great losses to coastal wetlands
in Texas. However, tidal wetland losses have been relatively small compared to freshwater
wetlands. For example, from 1959 to 1989 Texas lost approximately 8 percent of its estuarine
marshland, as compared to approximately 54 percent of freshwater marshes due to “their
conversion to urban areas, rangeland or cropland” (TPWD, 1997). Although these ecosystems
are now protected by state and local regulations, such as the Texas Coastal and Estuarine Land
Conservation Program, Texas Coastal Program, and Seagrass Conservation Plan, habitat loss still
occurs due to natural processes and adverse human influences (e.g., subsidence resulting from
groundwater or oil and gas withdrawals, and shoreline development). Restoration efforts
through the Galveston Bay Estuary Program have prevented large losses of estuarine wetlands
and “created, protected, and enhanced 21,150 acres of important coastal habitats” (Galveston
Bay Estuary Program, 2015).

15.1.5.4. Wetlands of Special Concern or Value

As part of Texas” CWA Section 401 Water Quality Certification process, TCEQ requires
additional review for types of rare or ecologically significant wetlands, which include pitcher
plant (Nepenthes spp.) bogs, swamps dominated by bald cypress (Taxodium distichum) and
tupelo gum (Nyssa sylvatica) tree species, Caddo Lake (designated as a Ramsar Wetland of
International Importance),”” mangrove (Avicennia sp. and Rhizophora sp.) marshes, and coastal
dune swales. These wetlands are also included as part of the regional conditions to the USACE
Nationwide permits (CWA Section 404) in Texas. (TCEQ, 2004)

Pitcher Plant Bog

Pitcher plant bogs are predominantly herbaceous wetlands ranging in size from 1 to 10 acres.
These bogs commonly found on mid- to low slopes with saturated, nutrient poor soil. Vegetation
cover is typically dense and dominated by sedges (Carex spp.), grasses, pitcher plants
(Sarracenia spp.) and orchids. These wetlands are sensitive to changes in the groundwater table
and surrounding land management activities (LA CWCS, 2005).

Caddo Lake — Ramsar Wetland Site

Caddo Lake is located on the border of Texas and Louisiana and includes approximately 20,000
acres of both private and public lands. The lake was designated as a “Wetland of International
Importance” in 1993 due to the specialized wetland habitat that supports a variety of rare,
threatened and endangered plant and animal species, including the peregrine falcon, the alligator
snapping turtle (Macrochelys temminckii), and the eastern big-eared bat (Corynorhinus
rafinesquii). The lake also contains a mature bald cypress forest with trees up to 400 years of
age and provides essential habitat for migratory birds and a variety of fish species. (Caddo Lake
Institute, 2008)

70 “The Convention on Wetlands of International Importance, known as the Ramsar Convention, is an intergovernmental treaty
that provides the framework for national action and international cooperation for the conservation and wise use (defined as the
conservation and sustainable use of wetlands and their resources, for the benefit of humankind) of wetlands and their resources”
(USFWS, 2015bd).
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Mangrove Marshes

Mangroves are located in the intertidal zone along the Gulf Coast of Texas. These shrubby trees
protect the shore during storm surges by reducing wave energy and provide habitat for fish and
other aquatic species. Mangrove forests are susceptible to freezing, so their range can fluctuate
along the coast depending on cold winters. (NRCS, 2009a)

Coastal Dune Swales

Coastal dune swales are “wetlands and other waters of the United States that are formed as
depressions within and among multiple beach ridge barriers, dune complexes, or dune areas
adjacent to beaches fronting the tidal waters of the Gulf of Mexico and adjacent to the tidal
waters of bays and estuaries. Coastal dune swales are generally comprised either of
impermeable muds that act as reservoirs, which collect precipitation or of groundwater nourished
wetlands in sandy soils. As such, they generally have a high fresh to brackish water table.
Vegetation species characteristically found in coastal dune swales include but are not limited to
marshhay cordgrass (Spartina patens), gulfdune paspalum (Paspalum monostachyum), bulrush
(Scirpus spp.), seashore paspalum (Paspalum vaginatum), common reed (Phragmites australis),
groundsel bush (Baccharis halimifolia), rattlebush (Sesbania drummondii), camphor weed
(Pluchea camphorata), smartweed (Polygonum spp.), water hyssop (Bacopa monnieri), cattail
(Typha spp.), umbrella sedge (Cyperus spp.), softrush (Juncus spp.), sedge (Carex spp.),
beakrush (Rhynchospora spp.), frog-fruit (Phyla spp.), duckweed (Lemna spp.), buttonweed
(Diodia virginiana), mist flower (Eupatorium coelestinum), creeping spotflower (Acmella
oppositifolia var. repens), pennywort (Hydrocotyle spp.), and bushy bluestem (4dndropogon
glomeratus)” (USACE, 2012).

Protected Wetland Areas

As a result of the ongoing significant coastal wetland losses along the Gulf Coast, the USEPA
has been working with the Gulf of Mexico Program to “improve water quality in the region,
improve coastal community resilience, increase environmental education about the importance of
the Gulf of Mexico, and restore critical habitat in the Gulf of Mexico” (USEPA, 2015¢e). As part
of this collaboration, the USEPA and Gulf of Mexico Program developed the Gulf Ecological
Management Site (GEMS) Program in order to acquire information about coastal wetland sites
and make them accessible to the public through the Internet. Texas has 24 coastal preserve sites
included in the GEMS program. (TPWD, 2017)

Texas’ coastal zone serves as habitat for numerous fish and wildlife species. In 2006, Mission-
Aransas was designated as part of the National Estuarine Research Reserve System (NERRS),
which is administered by NOAA. The Mission-Aransas Reserve includes over 185,000 acres,
including the Aransas National Wildlife Refuge that protects 24,400 acres of wetlands, and was
selected because of the biological diversity of the region’s ecosystems. The reserve is comprised
of a variety of habitats, such as of tidal flats, seagrass beds, mangroves, and oyster reefs, and
“serves as the winter home of the critically endangered whooping crane.” As part of the NERR
System, “the site is protected for long-term research, water-quality monitoring, education, and
coastal stewardship.” (NOAA, 2015c)
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Other Important Wetland Sites in Texas

e Wetland Nature Centers are open to the public and all are state-protected because of their
ecological importance.

e Wildlife Management Areas are designated for outdoor recreation; these public lands include
over 714,000 acres, including wetlands (TPWD, 2015f).

e National Natural Landmarks Texas range in size from 2 acres to 16,000 acres, and are owned
by a variety of landowners including the USFWS, state parks, and private individuals (NPS,
2015g). Section 15.1.8, Visual Resources, describes Texas’ National Natural Landmarks.

e Other wetlands protected under easements or agreements through voluntary government
programs and resource conservation groups are found across the state. These include Coastal
Bend Bays & Estuaries Program, and easements managed by national and local nonprofit
natural resource conservation groups such as The Nature Conservancy, Ducks Unlimited and
universities. According to the National Conservation Easement Database, a national
electronic repository of government and privately held conservation easements
(http://conservationeasement.us/), the U.S. Natural Resource Conservation Service holds
over 110,000 acres in conservation easements in Texas (NCED, 2015).

15.1.6. Biological Resources

15.1.6.1. Definition of the Resource

This section describes the biological resources of Texas. Biological resources include
terrestrial”' vegetation, wildlife, fisheries and aquatic’ habitats, and threatened” and
endangered’ species as well as species of conservation concern. Due to the large size of the
state, Texas supports a wide diversity” of biological resources, including upland forest, prairies,
desert, wetlands, estuaries, and diverse coastal habitats (Griffith, Bryce, Omernik, & Rogers,
2007).

15.1.6.2. Specific Regulatory Considerations

The federal laws relevant to the protection and management of biological resources in Texas are
summarized in detail in Appendix C, Environmental Laws and Regulations, and Section 1.8,
Overview of Relevant Federal Laws and Executive Orders. Table 15.1.6-1 summarizes major
state laws relevant to Texas’ biological resources.

7! Terrestrial: “Pertaining to land” (USEPA, 2015r).

72 Aquatic: “Pertaining to water” (USEPA, 2015r).

73 Threatened species are “any species which is likely to become an endangered species within the foreseeable future throughout
all or a significant portion of its range” (16 U.S.C. § 1532(20)).

74 Endangered species are “any species which is in danger of extinction throughout all or a significant portion of its range” (16
U.S.C. § 1532(6)).

7> Diversity: “An ecological measure of the variety of organisms present in a habitat” (USEPA, 2015r).
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Table 15.1.6-1: Relevant Texas Biological Resources Laws and Regulations

State Law/Regulation Regulatory Agency Applicability
Texas Agricultural Code Requires that TDA publish lists of noxious and
(TAGC) (Chapter D invasive plants. Also prohibits the sale, distribution,
71.151 through 71.154.) or importation of any plants on the published list.
Texas Administrative Code
(TAC) (4-1-19.T § 19.300)

Sources: (Texas Statutes, 2011), (TSOS, 2017)

Texas Department of
Agriculture (TDA)

TDA Provides list of noxious and invasive plant species.

15.1.6.3. Terrestrial Vegetation

The distribution of flora within the state is a function of the characteristic geology,’® soils,
climate,”” and water of a given geographic area and correlates with distinct areas identified as
ecoregions.” Ecoregions are broadly defined areas that share similar characteristics, such as
climate, geology, soils, and other environmental conditions and represent ecosystems contained
within a region. The boundaries of an ecoregion are not fixed, but rather depict a general area
with similar ecosystem types, functions, and qualities (National Wildlife Federation, 2015)
(USDA, 2015a) (World Wildlife Fund, 2015). Ecoregion boundaries often coincide with
geographic regions of a state. In Texas, the four main geographic regions include west Texas
and Panhandle, central Texas, south Texas and Gulf Coast, and East Texas.

The ecoregions mapped by the USEPA are the most commonly referenced, although individual
states and organizations have also developed ecoregions that may differ slightly from those
designated by the USEPA. The USEPA divides North America into 15 broad Level I
ecoregions. These Level I ecoregions are further divided into 50 Level II ecoregions. These
Level II ecoregions are further divided into 182 smaller Level III ecoregions. This section
provides an overview of the terrestrial vegetation resources for Texas at USEPA Level III.
(USEPA, 2016a)

As shown in Figure 15.1.6-1, the USEPA divides Texas into 12 Level III ecoregions. The 12
ecoregions support a variety of different plant communities, all predicated on their general
location within the state, with five of them occurring in west Texas and Panhandle, three
occurring in central Texas, two occurring in south Texas, and two occurring in the east Texas
geographic region. Communities range from upland mountainous desert in western Texas, to
prairie communities, flooded bottomland forests, and estuaries in the coastal areas in the
southern portion of the state (Griffith, Bryce, Omernik, & Rogers, 2007). Table 15.1.6-2
provides a summary of the general abiotic™ characteristics, vegetative communities, and the
typical vegetation found within each of the 12 Texas ecoregions.

76 “Geology is the study of the planet earth- the materials it is made of, the processes that act on those materials, the products
formed, and the history of the planet and its life forms since its origin” (USEPA, 2015r).

77 Climate: “Climate in a narrow sense is usually defined as the “average weather,” or more rigorously, as the statistical
description in terms of the mean and variability of relevant quantities over a period of time ranging from months to thousands of
years. The classical period is 3 decades, as defined by the World Meteorological Organization (WMO)” (USEPA 2015c).

78 Ecoregion: “A relatively homogeneous ecological area defined by similarity of climate, landform, soil, potential natural
vegetation, hydrology, or other ecologically relevant variables” (USEPA, 2015r).

7 Abiotic: “Characterized by absence of life; abiotic materials include non-living environmental media (e.g., water, soils,
sediments); abiotic characteristics include such factors as light, temperature, pH, humidity, and other physical and chemical
influences” (USEPA, 2016d).
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Y¢ State Capital EPA Level lll Ecoregion
® Major City I Arizona/New Mexico Mountains
_ States Central Great Plains

Lake/Ocean/River [ chihuahuan Deserts
[0 Cross Timbers
I East Central Texas Plains
I Edwards Plateau

Sources: ESRI, 2014; US EPA, 2013

[ High Plains

I South Central Plains

I southern Texas Plains
[ Southwestern Tablelands
[ Texas Blackland Prairies
I Western Gulf Coastal Plain

0 75

150 Miles

Figure 15.1.6-1: USEPA Level III Ecoregions in Texas
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Table 15.1.6-2: USEPA Level I1I Ecoregions of Texas

23

Arizona/
New Mexico
Mountains

from other mountainous ecoregions in
the vicinity by its lower elevation and
drier, warmer environment. Because
these mountains are surrounded by
deserts or grasslands, these are
considered biogeographical islands.
Annual precipitation typically averages
between 12-25 inches, but varies
widely. Surface water sources include
many ephemeral and some perennial
streams and reservoirs.

desertscrub, Madrean
encinal woodland,
Madrean pine-
oak/conifer-oak forest
and woodland, Rocky
Mountain montane
mixed conifer forest
and woodland,
Western great plains
shortgrass prairie

Ecoregion Ecoregion Abiotic Characterization General Veg‘efatlve Typical Dominant Vegetation
Number Name Communities
Geographic Region : West Texas and Panhandle
Shrubs and Cacti — Sotol (Dasylirion sp.), yucca (Yucca
spp.), prickly pear (Opuntia spp.), ocotillo (Fouquieria
splendens) , manzanita (Arctostaphylos spp.), mountain
This region is comprised of nine mahogany (Cercocarpus montanus), big sagebrush
separate mountain complexes. Distinct | Chihuahuan (Aretmisia tridentata)

Trees — Mexican pinyon (Pinus cembroides), junipers
(Juniperus monosperma, J. deppeana, J. scopulorum), oaks
(Quercus gambellii, Q. grisea, Q. emoryi, Q. hypoleucoides,
Q. rugosa), ponderosa pine (Pinus ponderosa), Arizona
sycamore (Platanus wrightii), Douglas-fir (Pseudotsuga
menziesii), corkbark fir (Abies lasiocarpa), White fir (A.
concolor), blue spruce (Picea pungens), Engelmann spruce
(P. engelmannii), aspen (Populus tremuloides),
southwestern white pine (P. strobiformis)

Grasses — Blue grama (Bouteloua gracilis), black grama
(Bouteloua eriopoda), sideoats grama (Bouteloua
curtipendula), purple threeawn (Aristida purpurea),
lovegrass (Eragrostis spp.), mountain junegrass (Koeleria
macrantha), galleta (Pleuraphis spp.)
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Ecoregion | Ecoregion Abiotic Characterization General Veg.efatlve Typical Dominant Vegetation
Number Name Communities
Shrubs and Cacti — Fourwing saltbush (Atriplex canescens),
seepweed (Suaeda spp.), pickleweed (Salicornia sp.),
. ephedra (Ephedra spp.), beargrass (Nolina spp.), sotol

gflik?grilgggilzssiftogl%no;)tiﬂ[;emerica (Dasylirion spp.), lechuguilla (Agave lechuguilla),

and extends 500 miles south into creosotebush (Larrea tridentata), tarbush (Flourensia .

Mexico. Terrain consists of broad cernua), yucca, sagd sagebrush (Artemisia filifolia), acacia

basins b.or dered by isolated, rugged (Acacia spp.), ocotillo (Fouquieria splendens), lotebush

. . A Chihuahuan semi- (Ziziphus obtusifolia), prickly pear, skunkbush (Rhus
mountains. Climate is arid with hot .
Chihuahuan summers and mild winters, and desert grassland, . trilobata) . .

24 Deserts majority of annual precipi t’a tion Weste.m Great Plains Trees — Mesquite (PI:'OSOpl'S .spp.), juniper, oaks (Quercus
occurring in summer. Surface water is sandhill sagebrush emoryi, Q. grisea), pinyon pine (Pin.us edulis)', ponderosa
mostly ephemeral except for major shrubland pine, cottqnwood (I?opulus spp.), willow (Salzx spp.), velvet
river drainages and widely scattered ash (Fraxinus ve]utma), tamarisk (Tamarix spp.)
springs; outside of major river Grasses — Alkali sacaton (Sporobolus airoides), grama
drainag’es the landscape is largely (Bouteloua spp.), sand dropseed (Sporobolus cryptandrus),
internally drained bush muhly (Muhlenbergia porteri), threeawn (Aristida

’ spp.), sandhill muhly (Muhlenbergia pungens), tobosagrass

(Pleuraphis mutica), little bluestem (Schizachyrium
scoparium), gypsum grama (Bouteloua breviseta)

Part of a contiguous semi-arid prairie

that extends eastward to Kansas and

Oklahoma and northward to Wyoming.

Characterized by smooth to slightly

;r;zgullar tenalglwlth 1nterm'1ttentfr}?esas Shrubs and Cacti —Sand sagebrush, shinnery oak (Quercus

plateaus. (limate consists of hot Western Great Plains havardii), yucca, fourwing saltbush, ephedra, tarbush
summers and cold winters, with half of .. . .
. . annual precipitation occurring as late shortgrass prairic, . Trees — Juniper, mesquite .

25 High Plains summer thunderstorms. Surface water Western Great Plains Grasses — Blue grama, buffalograss (Bouteloua dactyloides),
is limited to few rivers .an d numerous sandhill sagebrush sand dropseed, sideoats grama, switchgrass (Panicum .
ephemeral playas. Includes the Llano shrubland virgatum) , wegtem wheatgrgss (qucopyrum Smithif), little
Estacado - thousands of playa lakes, bluestem, alkali sacaton, squirreltail (Elymus elymoides)
many of which serve as recharge for
the Ogallala Aquifer and are important
to the Central Flyway migratory bird
corridor.
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In the south, mixed-prairie exists with
scattered shrubs.

Ecoregion | Ecoregion Abiotic Characterization General Veg.efatlve Typical Dominant Vegetation
Number Name Communities
Shrubs and Cacti — Skunkbush, fourwing saltbush, yucca,
. . cholla (Cylindroptunia spp.), sand sagebrush, broom
103;:1)agnr;larlrrllsszrsld;:gllzigdzxth Western Great Plains snakeweed (Gutierrezia sarothrae), winterfat
diss};c tec’l river \,/alle s an(’l lains shortgrass prairie, (Krascheninnikovia lanata)
Southwestern | Climate consists of I}llo t 1L rr{)mers .an d Rocky Mountain Trees — Junipers, honey mesquite (Prosopis glandulosa),
26 Tablelands cold winters. with half of annual montane mixed cottonwood, willow, hackberry (Celtis spp.), tamarisk,
precipitation occurring as late summer conifer fores.t and piyon pine . .
thunderstorms. Average annual Wogdland, Pinyon- Grasses — Grama (Bouteloua curtzgendula, B. eriopoda, B.
recipitation ra.m es from 12-16 inches. | Juniper woodland, gracilis), western wheatgrass, alkali sacaton, galleta, sand
preeip & ’ dropseed, western wheatgrass, threeawn, ring muhly
(Muhlenberegia torreyi), little bluestem
Once a transitional region between the Deciduous Trees — Pecan (Carya illinoensis), American elm
shortgrass prairies to ighe west and the (Ulmus. amgricana), black willow .(Salix nigra), honey
27 Central Great | tallgrass prairies to the east, this Short and midgrass gllf::}l;lstz’Jgtlceavggliﬁgigﬁﬁiins :riz(lﬂc(qocagi a)wol fherr
Plains ecoregion is now primarily agriculture. | prairie P y pea, Y

yucca, ephedra, tree cholla (Opuntia imbricata)
Grasses — little bluestem, sideoats grama, buffalograss,
Indiangrass (Sorghastrum nutans)

Geographic Region : Central Texas (including North Central Texa

s, South Central Texas, and Texas Hill Country

A transitional areas between wheat
cropland to the west and montane areas
to the east containing a variety of

Oak savanna, tall to

Trees — post oak (Quercus stellate), blackjack oak (Quercus
marilandica), eastern redcedar (Juniperus virginiana),
mesquite, netleaf hackberry (Celtis reticulata), ashe juniper
(Juniperus ashei), plateau live oak (Quercus fusiformis), big
tooth maple (Acer grandidentatum), bur oak (Quercus
macrocarpa)

Cross . . . . . Shrubs and Vines — persimmon (Diospyros virginiana),
29 . landscapes, including plains, forest, midgrass prairie, . S
Timbers ; . sassafras (Sassafiras albidum), Virginia creeper
woodlands, and savanna. Oil ridgetop woodland . . .
roduction and ranching are common (Parthenocissus quinquefolia)
?n the region g Grasses — Indiangrass, little bluestem, big bluestem, tall
gton. dropseed (Sporobolus asper), switchgrass, silver bluestem
(Bothriochloa laguroides ssp. torreyana), Texas cupgrass
(Eriochloa sericea), sideoats grama, purple threeawn
(Aristida purpurea)
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Ecoregion | Ecoregion Abiotic Characterization General Veg.efatlve Typical Dominant Vegetation
Number Name Communities
Trees — Texas oak (Quercus buckleyi), Texas ash (Fraxinus
texensis), ashe juniper (Juniperus ashei), plateau live oak,
blackjack oak, cedar elm (Ulmus crassifolia), black hickory
(Carya texana), slippery elm (Ulmus rubra), box elder (Acer
Primarily composed of a large negundo), bigtooth maple (4Acer grandidentatum), Carolina
limestone plateau with varying Plateau woodland, basswood (Tilia caroliniana)
30 Edwards topography and perennial streams midgrass prairie, Shrubs — Juniper, Texas persimmon (Diospyros texana),
Plateau present throughout the area. Ranching | upland woodland, agarito (Mahonia trifoliolata), catclaw mimosa (Mimosa
and game hunting are common in the scrub-shrub aculeaticarpa), soaptree yucca (Yucca elata), lotebush
region. Herbaceous — blue grama, black grama, buffalograss, silver
bluestem, sand lovegrass (Eragrostis trichodes), Texas
bluebonnet (Lupinus texensis), Indian blankets (Gaillardia
aestivalus), Nuttall’s stonecrop (Sedum nuttallianum),
maidenhair fern (Adiantium capillus-veneris)
A tallgrass prairie region with fine- Trees — bur oak, sugar hackberry.,. pecan, cottonwood,
. . . . Shumard oak (Quercus shumardii), eastern red cedar, post
Texas textured, clay soils. This region has Riparian and .
. X . . oak, blackjack oak
32 Blackland widespread cropland and grazing and is | floodplain woodlands, . . .
.. . .. Herbaceous — little bluestem, big bluestem, Indiangrass, tall
Prairies areas are being converted to developed | tallgrass prairie -
dropseed (Sporobolus asper), switchgrass, coneflowers
landscapes. . .
(Rudbeckia spp.), prairie bluet
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Ecoregion
Number

Ecoregion
Name

Abiotic Characterization

General Vegetative
Communities

Typical Dominant Vegetation

Geographic Region : South

Texas and Gulf Coast

31

Southern
Texas Plains

Previously grassland and savanna, this
area is now covered in thorny, shrubby
vegetation due to grazing and fire
suppression. Oil and gas activity are
common in the region.

Riparian and
floodplain woodlands,
scrub-shrub, mesquite-
acacia savanna

Trees — honey mesquite, plateau live oak, sycamore
(Plantanus americanus), sugar hackberry (Celtis laevigata),
cottonwood, pecan

Shrubs and Cacti — guajillo (Acacia berlandeieri)
blackbrush (4cacia ridigula), kidneywood (Eysenhardtia
texana), tarbush, yucca, prickly pear, lotebush

Herbaceous — little bluestem, Arizona cottontop (Digitaria
California), sideoats grama, green sprangletop (Leptochloa
dubia), plains bristlegrass (Setaria macrostachya), common
reed (Phragmites australis), bulrushes (Schoenoplectus
spp.), giant reed (Arundo donax)

34

Western Gulf
Coastal Plain

Flat topography and grasslands
characterize this area, although
savannas and forests are possible inland
from the coast. Agriculture, urban, and
industrial developments are common,
including oil and gas production.

Coastal prairie, coastal
marsh, riparian and
floodplain forests and
valleys, beach dunes

Trees — post oak, loblolly pine (Pinus taeda), pecan, cedar
elm, southern live oak (Quercus virginiana), water oak
(Quercus nigra), black hickory (Carya texana), bald cypress
(Taxodium distichum)

Shrubs — blackbrush, granjeno (Celtis pallida), huisache
(Acacia smallii)

Herbaceous — little bluestem, Indiangrass, brownseed
paspalum (Paspalum plicatulum) gulf muhly (Muhlenbergia
capillaris), switchgrass, tall dropseed, plains bristlegrass,
silver bluestem, sandbur (Cenchrus spp.), paspalum
(Paspalum spp.), seacoast bluestem (Schizachyrium
scoparium var. littorale), spikerush (Eleocharis spp.),
bulrush, saltgrass (Distichalis spicata), cordgrass (Spartina
spp.), cattail (Typha spp.), phlox (Phlox spp.), sea-oats
(Uniola paniculata)
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Ecoregion | Ecoregion

Number Name Abiotic Characterization

General Vegetative
Communities

Typical Dominant Vegetation

Geographic Region : East Texas

Mixed landscapes of post oak savanna
East Central and prairies, with clay to §andy soils.
33 . Underlying clay pan restricts water
Texas Plains . .
movement in some areas. Grazing is
common in this region.

Oak savanna, tallgrass
prairie, mixed pine
forest, riparian and
floodplain forests

Trees — post oak, blackjack oak, eastern redcedar, black
hickory, loblolly pine, water oak, green ash (Fraxinus
caroliniana), pecan, sugar hackberry

Shrubs and Vines — farkleberry (Vaccinium arboreum),
winged elm (Ulmus alata), yaupon ({lex vomitoria), poison
ivy (Toxicodendron spp.), grape (Vitis spp.), dewberry
(Rubus spp.)

Herbaceous — little bluestem, curly threeawn (A4ristida
desmantha), purpletop, Indiangrass, switchgrass, Virginia
wildrye (Elymus virginicus)

Hardwood and pine forests previously
dominated the loblolly and shortleaf
South Central | . .
35 . pine plantation landscape currently
Plains . .
present. Timber and oil and gas
production are common in the area.

Pine plantation, mixed
forest, riparian,
floodplain, and
bottomland forests,
wet savanna,

Trees — loblolly pine, shortleaf pine (Pinus echninata), post
oak, white oak (Quercus alba), hickory (Carya spp.),
sweetgum (Liquidamber styraciflua), bluejack oak (Quercus
incana), red maple (Acer rubrum), bald cypress, water elm,
American beech (Fagus grandifolia), longleaf pine (Pinus
palustris)

Shrubs — American beautyberry (Callicarpa americana),
sumac (Rhus spp.), hawthorn (Crataegus spp.), willow
Herbaceous — Indiangrass, pinehill bluestem (Schizachyrium
scoparium var. divergens), panicums (Panicum spp.),
sweetbay (Magnolia virginiana), wax-myrtle (Morella spp.)

Sources: (Griffith, Bryce, Omernik, & Rogers, 2007) (CEC, 2011)
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Communities of Concern

Texas contains vegetative communities of concern that include rare natural plant communities,
plant communities with greater vulnerability or sensitivity to disturbance, and communities that
provide habitat for rare plant and wildlife species. The ranking system for these communities
gives an indication of the relative rarity, sensitivity, uniqueness, or vulnerability of these areas to
potential disturbances. This ranking system also gives an indication of the level of potential
impact to a particular community that could result from implementation of an action. (TPWD,
2016a)

TPWD and NatureServe have developed a statewide inventory that includes lists of all types of
natural communities known to occur, or that have historically occurred, in the state. Historical
occurrences are important for assessing previously undocumented occurrences or re-occurrences
of previously documented species. Each natural community is assigned a rank based on its rarity
and vulnerability. As with most state heritage programs, the TPWD ranking system assesses
rarity using a state rank (S1, S2, S3, S4, S5) that indicates its rarity within Texas. Communities
ranked as an S1 by the TPWD and NatureServe are of the greatest concern. This rank is
typically based on the range of the community, the number of occurrences, the viability of the
occurrences, recent trends, and the vulnerability of the community. As new data become
available, ranks are revised as necessary to reflect the most current information. (TPWD, 2016a)

Twenty-nine vegetative communities are ranked as S1 communities® in Texas; these
communities represent the rarest terrestrial habitat in the state. These communities occur in all
four geographic regions within the state (TPWD, 2016a). Texas Appendix A, Table A-1,
provides a description of the communities of conservation concern in Texas along with their
distribution, and the associated USEPA Level III ecoregions.

Nuisance and Invasive Plants

There are a large number of undesirable plant species that are considered nuisance and invasive®'
plants. Noxious weeds are typically non-native species that have been introduced into an
ecosystem inadvertently; however, on occasion native species can be considered a noxious weed.
Noxious w