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The U.S. Fish and Wildlife Service (Service) received an application from the Edwards Aquifer
Authority (EAA), San Antonio Water System, City of New Braunfels, City of San Marcos, and
Texas State University for a permit to take certain federally protected species incidental to
otherwise lawful activities pursuant to Section 10(a)(1)(B) of the Endangered Species Act of
1973, as amended (ESA). This Draft Environmental Impact Statement (DEIS) addresses the
potential environmental consequences that may occur if the application is approved and the HCP
is implemented. The Service is the lead agency under the National Environmental Policy Act
(NEPA).

The incidental take permit (ITP) would authorize incidental take of covered species associated
with aquatic habitats within the EAA’s jurisdictional boundary; including the San Marcos
Springs Complex, Spring Lake, and the San Marcos River (in Hays County); the Comal Springs
Complex, and the Comal River (in Comal County); and the Guadalupe River (from the
confluence with the Comal River downstream to the EAA jurisdictional boundary).

Species proposed for coverage under the ITP include the endangered fountain darter (Etheostoma
fonticola), San Marcos gambusia (Gambusia georgei), Comal Springs riffle beetle (Heterelmis
comalensis), Comal Springs dryopid beetle (Stygoparnus comalensis), Peck’s Cave amphipod
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(Stygobromus pecki), Texas blind salamander (Eurycea rathbuni), Texas wild-rice (Zizania
texana); the threatened San Marcos salamander (Eurycea nana); and three species that have been
petitioned for listing, the Comal Springs salamander (Eurycea sp.), Edwards Aquifer diving
beetle (Haideoporus texanus), and Texas troglobitic water slater (Lirceolus smithii).

As part of the ITP process, the Edwards Aquifer Recovery Implementation Program has prepared
a Habitat Conservation Plan (HCP) that specifies what biological impacts are likely to result
from the taking of the covered species and the measures the Applicants will undertake to avoid,
minimize, and mitigate such impacts; how the HCP will be funded; and what alternatives to the
taking were considered by the Applicants. The proposed term of the permit is 15 years.

The DEIS examines the environmental effects of the Service’s approval of the proposed permit
and implementation of the HCP (the Proposed Action), and the environmental effects of three
alternatives to the proposed action. These alternatives include No Action, a regional permit
incorporating an expanded Aquifer Storage and Recovery System in conjunction with more
restrictions on authorized pumping, and an alternative that ensures recommended minimum
springflows solely through aquifer pumping restrictions.

The No Action alternative would potentially have the lowest economic impacts to the region but
the greatest adverse environmental effects to the covered species of the alternatives considered.
The Proposed Action addresses the needs of the covered species while minimizing impacts to the
regional economy and is the preferred alternative. Alternatives 3 and 4 would conserve the
covered species but would result in greater impacts to the regional economy.

Comments on the DEIS are due 90 days from the date the notice of availability is published in
the Federal Register. They should be sent to the Service at the address listed above.
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EXECUTIVE SUMMARY
ES.1 INTRODUCTION

On January 6, 2012, the U.S. Fish and Wildlife Service (Service) received an Incidental Take
Permit (ITP) application from the Edwards Aquifer Authority (EAA), San Antonio Water
System (SAWS), City of New Braunfels (CNB), City of San Marcos (CSM), and Texas State
University (TSU) at San Marcos, hereinafter referred to as the “Applicants,” in accordance with
Section 10(a)(1)(B) of the Endangered Species Act (ESA) of 1973, as amended. The Applicants
seek issuance of an ITP that would permit the incidental take of covered species resulting from
otherwise lawful activities including the regulation and production of groundwater in accordance
with state law for irrigation, industrial, municipal, domestic, and livestock purposes; the use of
instream flows in the Comal River and San Marcos River for recreational uses; and other
operational and maintenance activities that could affect Comal Springs, San Marcos Springs, and
the associated river systems. The requested term of the ITP is 15 years.

A stakeholder-driven collaborative effort known as the Edwards Aquifer Recovery
Implementation Program (EARIP) prepared a Habitat Conservation Plan (HCP) that describes
the impacts likely to result from the taking; the steps the Applicants will take to minimize and
mitigate such impacts including how these actions will be funded; and alternatives to the taking
that the Applicants considered. The HCP proposes actions to manage the Edwards Aquifer and
conserve the spring ecosystems and associated habitats for eleven species listed as threatened or
endangered, or that could be listed in the future. These species, collectively referred to as the
“covered species,” include the endangered fountain darter (Etheostoma fonticola), San Marcos
gambusia (Gambusia georgei), Texas blind salamander (Eurycea rathbuni), Peck’s Cave
amphipod (Stygobromus pecki), Comal Springs dryopid beetle (Stygoparnus comalensis), Comal
Springs riffle beetle (Heterelmis comalensis), Texas wild-rice (Zizania texana), and the
threatened San Marcos salamander (Eurycea nana). Covered species that are not currently listed
include the Edwards Aquifer diving beetle (Haideoporus texanus), Comal Springs salamander
(Eurycea sp.), and Texas troglobitic water slater (Lirceolus smithii).

This Draft Environmental Impact Statement (DEIS) addresses the potential environmental
consequences that may occur if the application is approved. The Service is the lead agency
under the National Environmental Policy Act (NEPA).

ES.2 PURPOSE AND NEED FOR THE PROPOSED
ACTION

The Edwards Aquifer is a unique groundwater resource, extending 180 miles (290 kilometers)
from Brackettville in Kinney County, Texas, to Kyle, in Hays County Texas. It is the primary
source of drinking water for over 2 million people in south-central Texas and serves the
domestic, livestock, irrigation, industrial, municipal, and recreational needs of the area. The
Edwards Aquifer is also the source of the two largest springs remaining in Texas, Comal Springs
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and San Marcos Springs. These springs and the rivers they form provide the only known
habitats for a number of the covered species.

During the 1950s, Central Texas experienced the most severe drought event since record-keeping
began in the area. This event, referred to as the “drought of record” (DOR), resulted in the
cessation of springflow at Comal Springs for more than 4 months and significantly reduced flows
at San Marcos Springs. At current pumping levels, withdrawals from the Edwards Aquifer under
a repeat of DOR-like conditions could result in cessation of flow at Comal Springs for more than
3 years and flow rates approaching zero at San Marcos Springs. These conditions would be
expected to result in take and significant negative impacts to the covered species and their
habitats associated with Comal and San Marcos Springs.

The purpose of the proposed federal action is to authorize the Applicants to engage in covered
activities that could result in some take of listed species incidental to otherwise legal actions as
provided for under Section 10(a)(1)(B) of the ESA. The Applicants have developed and propose
to implement a conservation plan intended to conserve and contribute to the recovery of the
covered species. The Service needs to ensure compliance with the ESA and continue to protect
and conserve the covered species and their habitats.

ES.3 THE PROPOSED ACTION
AND ALTERNATIVES

This DEIS considers four alternatives: a “No Action” alternative (Alternative 1); the proposed
EARIP HCP (Alternative 2); an expanded Aquifer Storage and Recovery (ASR) facility with
associated infrastructure (Alternative 3); and a single-stage Critical Period Management (CPM)
regulatory pumping restriction alternative (Alternative 4). The Alternatives are described in
detail in Chapter 2.

ES.3.1 Alternative 1: No Action

Under Alternative 1, no region-wide ITP would be issued and no mechanisms would be in place
to ensure springflows at Comal and San Marcos Springs during severe drought conditions.
Aquifer models that considered current pumping volumes during a repeat of the regional
precipitation and recharge conditions experienced during the 1950s project that all springflow
would cease at Comal Springs for more than 3 years under this alternative. Flows at San Marcos
under these conditions are modeled to approach zero for approximately 1 month.

ES.3.2 Alternative 2: Proposed EARIP HCP, the Preferred
Alternative

Alternative 2 contemplates issuance of a 15-year ITP by the Service and implementation of the
actions proposed in the EARIP HCP (EARIP 2011). This alternative incorporates measures
addressing both human water use and conservation needs of the covered species. Under this
alternative, the Applicants would implement actions to minimize and mitigate the effects of
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pumping, and conserve and contribute to the recovery of the covered species associated with the
Aquifer-dependent spring ecosystems.

ES.3.3 Alternative 3: Expanded ASR with Associated
Infrastructure

Aquifer management under Alternative 3 would focus on a combination of pumping restrictions
and establishment of an expanded ASR facility and its associated infrastructure. This alternative
contemplates issuance of an ITP that would cover the Applicants for the incidental take of
covered species, as well as implementation of an HCP incorporating many of the minimization
and mitigation measures identified in Alternative 2. Under this alternative up to 66,700 acre-feet
of Aquifer water would be stored in an ASR facility that would be transported and injected into
wells during drought conditions to support springflow at Comal and San Marcos Springs.

ES.3.4 Alternative 4: Highest CPM Pumping Restriction

Alternative 4 contemplates pumping restrictions that would be implemented under relatively
minor drought conditions. Modeling of Aquifer conditions predicts that an 85 percent reduction
in region-wide pumping would maintain Comal and San Marcos springflows at levels believed to
be protective of the covered species during a repeat of the severe drought conditions experienced
during the 1950s.

ES.4 SCOPING

On March 5, 2010, the Service initiated the scoping process by publishing a Notice of Intent
(NOI) to prepare a DEIS in the Federal Register and requesting suggestions on the scope and
issues to be addressed in the environmental document. The Service then conducted seven
scoping meetings in April 2010 to ensure that all public issues and concerns had been identified
and addressed in preparation of this DEIS. Comments received during the public scoping
meetings, collected from an internet website established for this purpose, and delivered by mail
have been addressed in this DEIS. The Scoping process and a summary of comments received
are described in Chapter 1.

ES.5 ENVIRONMENTAL EFFECTS
OF THE PROPOSED ACTION
AND ALTERNATIVES

Each of the alternatives considered would be expected to have impacts on the environment
within the study area. The direct, indirect, and cumulative environmental effects of the
alternatives are described in Chapter 4.

Alternative 1 would not be expected to significantly affect the environment during normal
precipitation and recharge conditions. Because no measures are contemplated to minimize or
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mitigate actions, there are no costs associated with implementing this alternative. During periods
of severe drought, this alternative would be expected to have significant negative effects to
covered species and their habitats, up to and including ecosystem-level adverse effects. The
negative socioeconomic effects of a multi-year drought event such as that experienced in the
1950s would be expected to affect agricultural production, employment, and regional
demographics.

Alternative 2 (the proposed action) includes a number of mitigation and minimization measures
intended to conserve the covered species and their spring ecosystems. During normal rainfall
and recharge conditions, the proposed habitat restoration measures are expected to benefit the
Comal and San Marcos Springs ecosystems. Though the activities covered under this alternative
could generate impacts to covered species, implementation of the proposed HCP is expected to
contribute to recovery of the listed species and ensure their survival during conditions equivalent
to those experienced during the DOR. The anticipated cost of implementing Alternative 2 has
been estimated to total $261.2 million over the 15-year life of the permit. Funding obligations
associated with implementing the proposed HCP could have some negative economic impacts,
though the certainty provided by an ITP ensuring continued use of the Edwards Aquifer is
expected to be an overall benefit to the regional economy. The EARIP HCP is the alternative
that minimizes negative effects to both the natural and human environment to the greatest extent,
and is the Service’s preferred alternative.

Alternative 3 relies on regulatory changes such as increased pumping restrictions and the
construction of an ASR facility and its associated infrastructure to minimize and mitigate
potential impacts to covered species and their habitats. This alternative incorporates many of the
HCP measures and would provide similar springflow protections as expected under Alternative
2. Estimated costs of implementing Alternative 3 range from $439 million to $1.16 billion over
the 15-year term of the associated permit. This alternative could result in adverse environmental
and socioeconomic impacts associated with the construction, operation and maintenance of
required infrastructure and the significantly increased financial obligations associated with
implementing these actions.

Alternative 4 would impose regulatory pumping restrictions to achieve habitat protection goals,
and no direct costs would be associated with implementing these regulatory changes. Though
this alternative may maintain springflows that are most protective of the covered species during
DOR conditions, the indirect and cumulative effects resulting from the proposed pumping
restrictions and developing alternative water sources for human use under Alternative 4 would be
expected to have significant negative economic impacts throughout the region.
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1.0 PURPOSE AND NEED
FOR THE ACTION

1.1 INTRODUCTION

In 2006, the U.S. Fish and Wildlife Service (Service) invited stakeholders from throughout
south-central Texas to collaborate in a voluntary effort established to contribute to the recovery
of threatened or endangered species dependent on the Edwards Aquifer. This collaborative
stakeholder-driven effort is referred to as the Edwards Aquifer Recovery Implementation
Program (EARIP). Recovery Implementation Programs are voluntary, multi-stakeholder
initiatives that strive to balance human resource needs with the recovery of threatened and
endangered species.

In May 2007, the Texas Legislature directed certain state agencies, local units of government,
and other stakeholders to participate in the EARIP and to prepare a plan for managing the
Edwards Aquifer that would conserve federally-listed species. The Legislature directed that a
Program Document describing a regional management plan for the Edwards Aquifer be delivered
no later than September, 2012. The Program Document was to be protective of listed species in
the event of drought conditions equal to the most severe on record, referred to as the drought of
record (DOR).

On January 6, 2012, the Service received an application from the Edwards Aquifer Authority
(EAA), San Antonio Water System (SAWS), City of New Braunfels, Texas (CNB), City of San
Marcos, Texas (CSM), and Texas State University (TSU) (collectively hereafter referred to as
Applicants) seeking an Incidental Take Permit (ITP) under Section 10(a)(1)(B) of the
Endangered Species Act (ESA) of 1973, as amended, to take certain federally protected species
incidental to otherwise lawful activities. This Draft Environmental Impact Statement (DEIS)
addresses the potential environmental consequences that may occur if the application is
approved.

The EARIP Program Document is in the form of a Habitat Conservation Plan (HCP) hereafter
incorporated by reference and referred to as the EARIP HCP (EARIP 2011). The EARIP HCP
proposes incidental take coverage for eight species listed as threatened or endangered under the
ESA and three additional species that are not currently listed, but which have been petitioned for
listing or which may be listed in the future. These species are collectively referred to as the
“covered species.” The Applicants seek issuance of an ITP, which would permit the incidental
take of covered species resulting from the otherwise lawful activities which include, but are not
limited to, the regulation and production of groundwater from the Edwards Aquifer in
accordance with state law for irrigation, industrial, municipal, domestic and livestock uses; the
use of instream flows in the Comal River and San Marcos River for recreational uses; and other
operational and maintenance activities that could affect Comal Springs, San Marcos Springs, and
the associated river systems.
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The EARIP HCP specifies, among other things; 1) the impacts likely to result from the taking of
the covered species; 2) the conservation measures the Applicants will undertake to minimize and
mitigate such impacts; 3) how these conservation measures will be funded; and 4) alternatives to
the taking considered by the Applicants. The proposed permit term is 15 years.

1.2 COVERED SPECIES

A total of eight listed species depend directly on the spring-fed waters of the southern segment of
the Edwards Aquifer (Figure 1-1). Several other species dependent on the spring ecosystems
have been petitioned for listing, and three of these non-listed species are included as covered
species under the EARIP HCP. The proposed conservation actions described in the HCP will be
implemented for all covered species upon issuance of the permit, regardless of listing status. The
covered species are listed in Table 1-1 below.
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Table 1-1. Species Identified for Coverage under the EARIP HCP.

COMMON NAME SCIENTIFIC NAME ESA STATUS
Fountain Darter Etheostoma fonticola Endangered
Comal Springs Riffle Beetle Heterelmis comalensis Endangered
San Marcos Gambusia Gambusia georgei Endangered
Comal Springs Dryopid Beetle Stygoparnus comalensis Endangered
Peck’s Cave Amphipod Stygobromus pecki Endangered
Texas Wild-Rice Zizania texana Endangered
Texas Blind Salamander Eurycea rathbuni Endangered
San Marcos Salamander Eurycea nana Threatened
Edwards Aquifer Diving Beetle Haideoporus texanus Petitioned
Comal Springs Salamander Eurycea sp. Petitioned
Texas Troglobitic Water Slater Lirceolus smithii Petitioned

Among the listed species, the Comal Springs dryopid beetle (Stygoparnus comalensis) is known
to occur in the Edwards Aquifer near Comal Springs and Fern Bank Springs. Peck’s cave
amphipod (Stygobromus pecki) is known to occur in the Edwards Aquifer near Comal Springs
and Hueco Springs. The fountain darter (Etheostoma fonticola) and Comal Springs riffle beetle
(Heterelmis comalensis) occur in the spring-fed aquatic ecosystems of both Comal and San
Marcos Springs, while the San Marcos salamander (Eurycea nana) and Texas wild-rice (Zizania
texana) only occur in the aquatic ecosystems associated with San Marcos Springs. The Texas
blind salamander (Eurycea rathbuni) is a subterranean species, occurring in the Edwards Aquifer
near San Marcos Springs. The San Marcos gambusia (Gambusia georgei) is endemic to the San
Marcos Springs ecosystem, but has not been observed since 1983 and may be extinct.

The Edwards Aquifer diving beetle (Haideoporus texanus), Comal Springs salamander (Eurycea
sp.), and Texas troglobitic water slater (Lirceolus smithii) have been petitioned for listing and are
proposed to be covered in the HCP. The Edwards Aquifer diving beetle is a subterranean species
known from Comal Springs and from an artesian well near San Marcos Springs. The Comal
Springs salamander is the common name referring to a population of salamanders from Comal
Springs. The Texas troglobitic water slater is known from San Marcos Springs and an artesian
well on the TSU campus.

The primary threat to these species is the intermittent loss of habitat from reduced springflows.
Springflow loss is the combined result of naturally fluctuating rainfall patterns, regional
pumping, and the resulting intermittent drawdown of the Edwards Aquifer. Other threats include
invasive and non-native species, impacts associated with recreational activities in the river and
springs systems, predation, direct or indirect habitat destruction or modification by humans (e.g.,
reservoir construction, bank stabilization, and control of aquatic vegetation), and other factors
that affect water quality (USFWS 1996a).
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1.3 PROPOSED ACTION AND DECISIONS
NEEDED

The proposed federal action is the issuance of a Section 10(a)(1)(B) permit by the Service for a
term of 15 years to allow incidental take of covered species. The permit area includes
subterranean, inter-connected, water-filled caves and conduits within the EAA jurisdictional
boundary, the San Marcos Springs Complex, Spring Lake, San Marcos River, and Fern Bank
Springs (in Hays County); the Comal Springs Complex, the Comal River including old and new
channels, and Hueco Springs (in Comal County). Areas around and including Comal Springs
and San Marcos Springs under the jurisdiction of the cities of New Braunfels and San Marcos,
respectively, are also included in the permit area.

1.4 PURPOSE AND NEED FOR THE PROPOSED
ACTION

The Edwards Aquifer is a unique groundwater resource, extending 180 miles (mi) (290
kilometers [km]) from Brackettville in Kinney County, Texas, to Kyle, in Hays County Texas. It
is the primary source of drinking water for over 2 million people in south-central Texas and
serves the domestic, livestock, irrigation, industrial, municipal, and recreational needs of the
area. The human population in the study area (Figure 1-2) is expected to increase by more than
63 percent, or nearly 1.3 million people, between the years 2000 and 2030, with a concurrent
increase in water demand (TWDB 2003). The Edwards Aquifer is also the source of the two
largest springs remaining in Texas—the San Marcos and the Comal Springs, which are the
headwaters of the San Marcos and Comal Rivers, respectively.

The Edwards Aquifer is totally dependent on rainfall for recharge. Discharge from the Edwards
Aquifer is through springflow and wells; only the discharge from wells is controllable. At
current pumping levels, withdrawals from the Edwards Aquifer under extended and severe
drought conditions could adversely impact covered species associated with the Edwards Aquifer.
The Applicants need a long-term, comprehensive solution to allow normal, otherwise lawful
operations that could result in take of covered species while assuring compliance with the ESA.

The Service needs to conserve the covered species and the ecosystems upon which they depend
and to ensure ESA compliance. The purpose of the proposed federal action is to enable the
Applicants to perform the otherwise lawful covered activities in conjunction with the protection
and conservation of covered species while allowing some take of these species as provided for
under Section 10(a)(1)(B) of the ESA.
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Figure 1-2.  The EIS Study Area.

1.5 REGULATORY CONTEXT

1.5.1 National Environmental Policy Act

The National Environmental Policy Act of 1969 (NEPA), as amended (42 U.S.C. 4321 et seq.),
requires that federal agencies proposing major actions that could result in significant effects on
the quality of the human environment prepare a detailed statement of environmental effects. The
Service has concluded that an environmental impact statement (EIS) is the appropriate level of
review for this proposed action. An EIS must provide a detailed statement of the environmental
impacts of the action, possible alternatives, and measures to mitigate adverse effects of the
proposed action (42 U.S.C. § 4332(C)). While NEPA does not mandate any particular result, it
requires the agency to follow particular procedures in its decision-making process. The purpose
of these procedures is to ensure that the agency has the best possible information to make an
“intelligent, optimally beneficial decision” and to ensure that the public is fully apprised of any
environmental risks that may be associated with the proposed action.
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1.5.2 The Endangered Species Act

Section 9 of the ESA prohibits “take” of species that are listed as endangered, and Section 4
provides the Service with the discretion to extend all or some of those protections deemed
necessary and advisable to provide for the conservation of threatened species. Take includes
harassment, harm, pursuit, hunting, shooting, wounding, Kkilling, trapping, capturing, or
collecting a listed species, or attempting to engage in any such conduct (16 USC §1538(19)).
Harm is further defined in ESA implementing regulations as an act which actually kills or injures
fish or wildlife, including significant habitat modification or degradation which actually kills or
injures fish or wildlife by significantly impairing essential behavioral patterns, including
breeding, spawning, rearing, migrating, feeding or sheltering (50 C.F.R. §17.3, and §222.102).

Non-federal entities can apply for “incidental take” authorization when a project or activity does
not involve a federal action and the take is incidental to, and not the purpose of, an otherwise
lawful activity (16 USC 81539(a)(1)(A-B)). Section 10 of the ESA and the Services’
implementing regulations define the circumstances under which an ITP can be issued.

Section 10(a)(2)(A)(i-iv) of the Act requires that an applicant must submit a conservation plan
that specifies:

e The impact that will likely result from such taking; and,

e What steps the applicant will take to minimize and mitigate such impacts, and the
funding that will be available to implement such steps; and,

e What alternative actions to such taking the applicant considered and the reasons why
such alternatives are not being utilized; and,

e Such other measures that the Service may require as being necessary or appropriate for
purposes of the plan.

Section 10(a)(2)(B), provides that the Service shall issue an ITP if the Service finds, after
opportunity for public comment, that:

The taking will be incidental; and,

e The applicant will, to the maximum extent practicable, minimize and mitigate the impacts
of such taking; and,

e The applicant will ensure that adequate funding for the plan will be provided; and,
e The taking will not appreciably reduce the likelihood of the survival and recovery of the

species in the wild; the measures, if any, required by the Service as being necessary or
appropriate for purposes of the plan will be met; and,
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e The Service has received such other assurances as may be required that the plan will be
implemented.

In 2000, the Service adopted policies intended to clarify certain HCP elements (65 FR 35242—
35257). These policies became known as “The Five-Point Policy”, and require that:

e An HCP include specific, measurable biological goals and objectives based on the best
available scientific information; and,

e An HCP include an adaptive management provision; and,

e An HCP include a monitoring program to gauge the effectiveness of the plan in meeting
the biological goals and objectives and the permittees compliance with the plan; and,

e The Service consider several factors to determine the appropriate duration of an ITP,
including the duration of the covered activities and the expected effects on the covered
species; and,

e The Service expand public participation by providing a 90-day comment period for most
HCPs.

The ESA provides “no surprises” assurances through the Service’s implementing regulations (50
CFR Part 17.22(b)(5), 17.32(b)(5); 50 CFR 222.307(g)). These regulations assure applicants that
if “unforeseen circumstances” arise, the Service will not require the commitment of additional
land, water or financial compensation or additional restrictions on the use of land, water, or other
natural resources beyond what is required by the ITP and the associated HCP and Implementing
Agreement (1A) without the permittees’ consent. The Service will honor these assurances as
long as a permittee is implementing the terms and conditions of the HCP, permit, and other
associated documents.

1.5.3 State of Texas Legislative Requirements

In 1993, in response to a lawsuit and resulting Aquifer pumping limitations proposed by a U.S.
District Court, the Texas Legislature passed the Edwards Aquifer Authority Act (EAA Act)
which, among other things, created the EAA. The EAA Act created a new regional entity to
“manage, conserve, preserve, and protect the Edwards Aquifer and to increase the recharge of,
and prevent pollution of water in, the [Edwards] [A]quifer” (EAA Act 1993).

The following are among the major functions of the EAA as established by the EAA Act:

e Manage and control withdrawals of water from the Edwards Aquifer through the issuance
of permits and the registration of wells.

e Protect the water quality of the Edwards Aquifer.
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e Protect the water quality of the surface streams to which the Edwards Aquifer provides
stream flow.

e Achieve water conservation.

e Maximize the beneficial use of water available for withdrawal from the Edwards Aquifer.
e Protect aquatic and wildlife habitat.

e Protect species that are designated as threatened or endangered under state or federal law.
e Provide for in-stream uses, bays, and estuaries.

e Protect water supplies.

e Protect the operation of existing industries.

e Protect the economic development of the state.

e Prevent the waste or pollution of water in the Edwards Aquifer.

e Increase recharge of water to the Edwards Aquifer.

e Enforce compliance with the EAA Act.

The EAA Act authorizes the EAA to conduct research on topics relevant to regional water
resources management, including water quality, water resources management, the augmentation
of springflow, and the development of additional water supplies. The EAA’s powers only apply
to the use and management of the Edwards Aquifer within the Authority’s boundaries. Except
for water quality as described below, the EAA has no regulatory powers over surface water
resources, portions of the Edwards Aquifer outside of its boundaries, or over other groundwater
within its boundaries.

The EAA may assert water quantity management authority within its general jurisdiction
extending to all or part of Atascosa, Bexar, Caldwell, Comal, Guadalupe, Hays, Medina, and
Uvalde Counties. The EAA Act further established a 5-mi (8-km) buffer zone beyond the
general jurisdictional boundary wherein the EAA may assert authority to manage water quality.
Although the EAA’s regulatory jurisdiction is contained within the counties within its
jurisdictional boundaries and the 5-mi (8-km) buffer zone, the use and management of the
Edwards Aquifer affects a much larger area. In addition to being the primary water source for
over 2 million users within the EAA’s boundaries, discharges from the Edwards Aquifer also
supply a significant portion of the flow in the Guadalupe River Basin downstream of Comal and
San Marcos Springs. Consequently, the EIS study area includes the eight counties within the
Authority’s general jurisdiction, four counties within the 5-mi (8-km) water quality buffer, and
five counties affected by the discharge of springflow that is carried downstream by the
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Guadalupe River to the Guadalupe River Estuary and San Antonio Bay. This 17-county EIS
study area is shown in Figure 1-2, along with the approximate extent of the EAA’s jurisdiction.

In 2007, the Texas Legislature amended the EAA Act by passage of Senate Bill 3 (SB 3). The
legislation directed the EAA, among other things, to permit aquifer withdrawals up to 572,000
acre-feet (ac-ft) per calendar year (hereafter, ac-ft/yr) subject to adoption and enforcement of a
Critical Period Management (CPM) plan with specified withdrawal reduction percentages
triggered by specified aquifer and springflow levels. The legislation also stipulated that
“beginning September 1, 2007, the EAA may not require the volume of permitted withdrawals to
be less than an annualized rate of 340,000 ac-ft, under critical period Stage I\VV.” Further, “after
January 1, 2013, the EAA may not require the volume of permitted withdrawals to be less than
an annualized rate of 320,000 ac-ft, under critical period Stage IV unless, after review ... the
EAA determines that a different volume of withdrawals is consistent with ... maintaining
protection for federally-listed threatened and endangered species associated with the aquifer to
the extent required by federal law.”

By 2008, the EAA had issued 1,598 regular permits authorizing aquifer withdrawals of up to
571,549.8 ac-ft/yr in accordance with SB 3 (see Table 1-2).

Table 1-2. Aquifer Withdrawals Authorized by Regular Permits in 2008.

CATEGORY OF USE NUMBER OF PERMITS 2008 AUTHO?;S_?S;:\)”THDRAWAL
Municipal 417 277,218.9
Industrial 330 50,431.5
Irrigation 851 243,899.4
TOTAL 1,598 571,549.8

1.6 SCOPING THE ISSUES AND CONCERNS
1.6.1 The Scoping Process

The purpose of project scoping is to allow an early and open process to:

1. Determine the scope of issues to be addressed; and,

2. Identify specific issues related to a proposed action that need to be evaluated in the EIS;
and,

3. Identify and eliminate from detailed study the issues which are not significant or which
have been covered by prior environmental review.
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The scoping process was formally initiated on March 5, 2010, with publication in the Federal
Register of a Notice of Intent (NOI) to prepare a DEIS, announce the initiation of a public
scoping period, and seek suggestions on the scope and issues to be included in the environmental
document (75 FR 10305). The NOI provided information on the background and purpose of the
proposed action and provided details for the public scoping meetings and comment period.
Public input was collected through a series of scheduled scoping meetings, establishment of an
Internet link to the “Edwards Aquifer Public Comments Forum” of the EARIP web page, and
direct solicitation of public comments by the Service’s Ecological Services Office in Austin,
Texas.

1.6.2 Public Involvement

Public scoping meetings were held at seven locations selected to allow representation by various
stakeholder interests (e.g., geographical regions, types of water uses, major spring locations,
recreational areas, and downstream interests). A summary of the location and dates of these
public scoping meetings is listed below in Table 1-3.

Table 1-3. Location and Date of Public Scoping Meetings.

VENUE LOCATION DATE

Victoria Community Center Victoria, Texas Thursday, April 1, 2010
New Braunfels Civic Center New Braunfels, Texas Monday, April 12, 2010
Texas AgriLife Research and Extension Center Uvalde, Texas Wednesday, April 14, 2010
San Marcos Activity Center San Marcos, Texas Monday, April 19, 2010
San Antonio Water System Customer Service San Antonio, Texas Monday, April 26, 2010
Harte Research Institute Corpus Christi, Texas Wednesday, April 28, 2010
Schreiner University Kerrville, Texas Thursday, April 29, 2010

A total of 156 people attended the seven scoping meetings. Eight categories of issues and
concerns emerged from verbal and written statements received at the scoping meetings; from
comment letters transmitted to the Service; and from statements received through the EARIP
website. Categories and associated subtopics of these comments are listed in Table 1-4.
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Table 1-4. Comment Categories and Associated Subtopics.
CATEGORY CO'\,{I'\SENT COMMENT
1.1 Use the best science and technology available to make decisions.
12 A lack of understanding exists about the HCP process and the meaning of incidental
) take.
Science and 1.3 Public awareness should be increased.
Methodology - - - - - - - - -
@ 14 Continue aquifer modellng studies to provide more information concerning aquifer
management strategies.
Control of predators and eradication of noxious species within managed ecosystems
15 should be carefully planned, implemented, and evaluated to ensure that the balance of
the ecosystem can be maintained.
21 A concern exists that real protection for the Aquifer, springs, and endangered species
) will not be implemented in spite of best intentions.
29 There is difficulty and economic hardship for farmers and ranchers in reducing
) irrigation pumping after crops have been planted.
23 Water as a property right may be increasingly infringed upon through increased
) government intervention and regulations.
24 New urban and residential development should require new sources of water as a
. ) condition for approval and permitting.
Regulations
2 25 All new construction should require rainfall capture.
2.6 Water conservation should be based on uniform standards.
27 Regulations should balance protection of endangered species with needs of water for
) other uses.
Use of aquifer water should be optimized during wet periods, with reductions during
2.8 ; .
periods when habitats are the most threatened.
29 There are few regulations limiting impervious cover over the Aquifer; greater planning
) and implementation of impervious cover restrictions are needed.
31 Balancing water supply against growing future demand including downstream use is a
) growing concern and priority issue.
39 Alternative sources of water including desalination need be developed to reduce
) demand on the Aquifer.
3.3 There is a need for greater public stewardship of water resources.
34 There is a need for greater emphasis on water conservation measures to protect water
) supply for both municipal water uses and irrigators.
35 Future tax breaks and other financial incentives are needed for farming operations to
) reduce water consumption and engage in conservation efforts.
Water Supply — - - -
and 3.6 Future building design should incorporate water conservation measures.
Conservation 37 Water rates should be structured to encourage water conservation and discourage
3) ’ high use.
38 Water rates should be increased to generate funding to pay for alternative sources of
) water.
39 Wa_ter conservation efforts should include implementation of more water reuse
) projects.
Transport of aquifer water from Kinney County to the San Antonio metropolitan area
3.10 via a water transmission pipeline will benefit larger western cities at the expense of the
smaller western communities.
311 Include construction of Atmospheric Water Generators over the recharge zone and as

a requirement for each newly constructed home as an alternative water source.
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Table 1-4. (Cont.).
CATEGORY COI\KIII\SENT COMMENT
Evaluations are needed on the effects of future highway building such as the New
41 Braunfels Outer Loop and other associated development on water quality of streams,
rivers, springs, and the Edwards Aquifer Recharge Zone.
TxDOT should be included as a stakeholder in the EARIP process due to proposed
4.2 road construction over the Aquifer; there should be up-to-date demographics and
evaluation of environmental effects associated with proposed road development.
Water Quality 43 There is concern with a lack of coordination of environmental agencies with TxDOT in
(4) ' future road building.
4.4 Maintenance of water quality in Lake Dunlap is a concern.
45 Increase water quality protection over the Edwards Aquifer Recharge Zone including
) purchasing preserve land and limiting development.
4.6 Urban and residential developers and ranchers should increase use of detention
) ponds to increase water quality from runoff.
51 Greater protection of San Marcos Springs and Comal Springs can be provided through
) more closely controlled public access.
Maintenance of springflow during DOR conditions implies drastic pumping reductions
) 5.2 that would likely devastate the regional economy; the economic impacts of reduced
Springs (5) pumping should be described in detail.
53 Augmentation of springflow would assure more water supply from the Aquifer.
54 Management strategies of the Aquifer should include maintenance of flow at Las
) Moras (Fort Clark) Springs.
6.1 Water should not be taken from the lower Guadalupe River for transport back to the
) upper basin for water supply.
6.2 The lower Guadalupe River Basin is subject to greater flooding from increased
) development upstream and more impervious cover.
6.3 The City of Victoria is highly dependent on flows of the Guadalupe River.
6.4 The Guadalupe River Estuary needs to be maintained by instream flows.
Rivers (6) - - :
6.5 There is growing concern fo_r impacts of proposed road development on the
Guadalupe River and associated ecosystems.
6.6 There is a need to address growing pollution and trash in the rivers and streams within
) the Aquifer region.
Limited free public access to the Guadalupe River below Canyon Dam as well as
6.7 limited public parking and need for standardized signage are growing problems
associated with recreation in the region.
7.1 There is a need for more knowledge concerning recharge of the Aquifer.
There should be more emphasis and attention on recharge and flow to those portions
7.2 ; . )
of the Aquifer closest to locations of the endangered species.
73 Aquifer recharge can be increased through dam construction on rivers and streams
) running across the recharge zone.
There are concerns and resulting opposition to specific proposed locations of aquifer
7.4 recharge structures (e.g., Lower Blanco River Dam) because such structures would
Aquifer reduce downstream flows.
Recharge (7) 75 Cumulative effects of development over the Edwards Aquifer Recharge Zone should
) be evaluated.
76 A recharge and recirculation program would increase water supply while maintaining
) springflow.
77 All reasonable options for recharging the Aquifer should be evaluated as well as
) source water alternatives.
Recharge to the Aquifer from creeks is likely being retarded by erosion and sediment
7.8 that is blocking recharge features; water passing over the recharge features will

contribute to downstream flooding.

1-12

Edwards Aquifer Recovery Implementation Program



DES #12-29
Purpose and Need for the Action

Table 1-4. (Cont.).

CATEGORY CO'\K'I'\CA)ENT COMMENT
8.1 There should be greater protection of endangered species at both Comal Springs and
) San Marcos Springs.
The best implementation plan to protect endangered species is one that also allows
8.2 the region maximum access to aquifer water while minimizing costs to area
Endangered communities
Species (8) - : - -
8.3 Protection of endangered species should be focused on development of refugia,
) supplementing springflow, and other habitat improvements.
8.4 The whooping crane should not be included as a covered species because it occurs
) outside the jurisdiction of the likely ITP Applicants.

1.7 COLLABORATION WITH OTHER
JURISDICTIONS, REGIONAL PLANNING
EFFORTS, OTHER ENTITIES

The EARIP is comprised of the thirty-nine individuals, entities, groups, and agencies signatory to
a Memorandum of Agreement with the Service dated December 13, 2007 (see EARIP HCP
Appendix A [EARIP 2011]). The EARIP created a Steering Committee, and various
Subcommittees and Work Groups to carry out its required functions. The EARIP operated in an
open and transparent manner. Meetings and work sessions of each of the Committees and Work
Groups were posted and the public was encouraged to attend and participate. The EARIP
Steering Committee sought to achieve consensus on all decisions, which they defined as the
absence of opposition. For more about the EARIP Committees and decision-making process,
please see the EARIP HCP Chapter 1, Section 7 (EARIP 2011).

The Applicants have acknowledged that ongoing and proposed water infrastructure projects may
require future collaboration with EARIP stakeholders, other jurisdictions, and planning entities.
Consultation with other federal, state, and local agencies with natural and cultural resource
protection responsibilities may also be required, and will be addressed before such projects are
initiated or approved.

1.8 SCOPE OF THE DEIS

Issues and concerns identified through the public involvement and scoping process contributed to
the development of the overall scope of this DEIS. This DEIS analyzes the potential direct,
indirect, and cumulative effects of authorizing take of the covered species through issuance of
the requested ITP and implementation of the EARIP HCP. Direct effects are caused by the
action and occur at the same time and place. Indirect actions are caused by the action and are
later in time or farther removed in distance, but are reasonably foreseeable. Cumulative effects
on the environment result from the incremental impact of the action when added to other past,
present, and reasonably foreseeable future actions, regardless of what entity undertakes such
other actions. The DEIS considers the physical, biological and socioeconomic effects of the
proposed action and the alternatives in the study area (Figure 1-2).
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The DEIS addresses four alternatives:
1. The No Action alternative; and,
2. The proposed action that represents the EARIP HCP; and,

3. An alternative involving restricted pumping to 286,000 ac-ft/yr in association with an
expanded aquifer storage and recovery (ASR) program; and,

4. An alternative that relies on aquifer pumping restrictions to ensure minimum springflow
during drought conditions.

After analyzing the potential for significant impacts (described in Chapter 4 of this DEIS), the
Service has determined that the following issues could be affected by the proposed action:
biological resources; water quantity/quality resources; agricultural resources; cultural resources;
land use; recreation; and socioeconomic resources. Each of these issues is described in this
DEIS.

1.9 OTHER REQUIRED ACTIONS

Before a decision can be made regarding the issuance of an ITP, the Service must comply with
the consultation requirements stipulated in Section 7 of the ESA for any federal action (i.e.,
issuance of the ITP by the Service) on the environment. Actions by the Service must also
comply with other federal regulations including the National Historic Preservation Act (NHPA),
Clean Water Act, and applicable Presidential Executive Orders, Secretarial Orders, and guidance
provided by the Council on Environmental Quality (CEQ).
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TERMS AND ACRONYMS

ACT - Antiquities Code of Texas

AM — Adaptive Management

AMP - Adaptive Management Program

ASR - aquifer storage and recovery

BMP(s) — best management practice(s)

BWL - Bad Water Line

CAA - Clean Air Act

CCSP - U.S. Climate Change Science Program

CEQ — Council on Environmental Quality

CFR - Code of Federal Regulations

CFU - colony-forming units

CNB - City of New Braunfels

CPM - Critical Period Management

CSM - City of San Marcos

DEIS — Draft Environmental Impact Statement

DHHS - Department of Health and Human Services

DOR - drought of record

EAA - Edwards Aquifer Authority (the Authority)

EARIP — Edwards Aquifer Recovery Implementation
Program

EDF — Environmental Defense Fund

EIS — environmental impact statement

ERPA — Environmental Restoration and Protection
Area

ESA - Endangered Species Act

FR - Federal Register

GBRA - Guadalupe-Blanco River Authority

GCSNA - Government Canyon State Natural Area

GHG - Green House Gas

HCP — Habitat Conservation Plan

IA — Implementing Agreement

IH — Interstate Highway

IPCC - Intergovernmental Panel on Climate Change

IPM — Integrated Pest Management

ISD — Independent School District

ITP — Incidental Take Permit

LID - Low Impact Development

MCLs — maximum contaminant levels

MSA - Metropolitan Statistical Area

msl — mean sea level

NAAQS - National Ambient Air Quality Standards

NCDC - U.S. Historical Climate Network of the
National Climatic Data Center

NEPA — National Environmental Policy Act

NGOs — non-governmental organizations

NHPA — National Historic Preservation Act

NRHP — National Register of Historic Places

NOI — Notice of Intent

NRI — Nationwide Rivers Inventory

OCR - off-channel reservoir

PCBs — Polychlorinated Biphenyls

PCE - tetrachloroethene

RM - Ranch to Market Road

RWCP - Regional Water Conservation Program

SALs — State Archeological Landmarks

SAWS - San Antonio Water System

SB 3 — Senate Bill 3

SCTRWPG - South Central Texas Regional Water
Planning Group

SCUBA - Self-contained Underwater Breathing
Apparatus

Service — U.S. Fish and Wildlife Service

SH —Texas State Highway

SHPO - State Historic Preservation Officer

SSA - Sole Source Aquifer

STIR - State of Texas Integrated Report

SVOCs - Semi-Volatile Organic Compounds

TAG - Technical Advisory Group

TCE - trichloroethene

TCEQ — Texas Commission on Environmental Quality

TDS - total dissolved solids

THC - Texas Historic Commission

TPWD - Texas Parks and Wildlife Department

TSDC - Texas State Data Center

TSU - Texas State University

TSWQS - Texas Surface Water Quality Standards

TWC — Texas Workforce Commission

TWDB - Texas Water Development Board

TXDOT - Texas Department of Transportation

US - U.S. Route

USACE - U.S. Army Corps of Engineers

USDI - U.S. Department of the Interior

USEPA - U.S. Environmental Protection Agency

VISPO - Voluntary Irrigation Suspension Program
Option

VOCs - Volatile Organic Compounds

WORD - Water Oriented Recreation District of Comal
County

WRIP — Water Resources Integrated Pipeline
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2.0 ALTERNATIVES INCLUDING
THE PROPOSED ACTION

This chapter describes the proposed action and alternatives to the proposed action including the
No Action Alternative.

2.1 ALTERNATIVES CONSIDERED

This DEIS describes four alternatives and the various measures identified to meet project
objectives:

e Alternative 1: No Action —no ITP would be issued by the Service

e Alternative 2: Proposed Action that represents implementation of the EARIP HCP and
issuance of an ITP (the preferred alternative)

e Alternative 3: Expanded ASR program with associated infrastructure which includes
issuance of an ITP and implementation of an HCP incorporating expanded aquifer
storage and recharge actions and CPM pumping restrictions (limited to 286,000 ac-ft/yr)
to achieve springflow and covered species protections

e Alternative 4: Highest CPM pumping restriction which relies solely on pumping
regulations (limited to 85,800 ac-ft/yr) to maintain spring flows at levels protective of the
covered species

2.1.1 EIS Study Area

The affected area is the same for each of the four alternatives and encompasses all or part of 17
south central Texas counties. The study area, illustrated in Figure 1-2 includes eight counties
within the EAA’s general jurisdiction (Atascosa, Bexar, Caldwell, Comal, Guadalupe, Hays,
Medina, and Uvalde), and four counties within the EAA’s 5-mi (8-km) water quality buffer
(Edwards, Kendall, Kinney, and Real). Five counties affected by springflow carried downstream
by the Guadalupe River (Calhoun, Dewitt, Gonzales, Refugio, and Victoria) are also within the
study area.

The study area for all alternatives, illustrated in Figure 1-2, includes subterranean water-filled
caverns and pools within the EAA’s jurisdictional boundary; the San Marcos Springs Complex,
Spring Lake, San Marcos River, and Fern Bank Springs (in Hays County); the Comal Springs
Complex, Comal River, and Hueco Springs (in Comal County); and the Guadalupe River
downstream of its confluence with the Comal River.
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2.1.2 Covered Species

Under Alternatives 1 and 4, no ITP will be issued by the Service, and no species would therefore
be covered. Alternatives 2 and 3 contemplate implementation of an HCP and issuance of an ITP,
and propose coverage of both listed and non-listed species, see Table 1-1.

Texas wild-rice, San Marcos salamander, Texas blind salamander, and the San Marcos gambusia
are only known to occur in the vicinity of San Marcos Springs. The Comal Springs riffle beetle
and the fountain darter are known from San Marcos and Comal Springs. Peck’s Cave amphipod
has been found at Comal Springs and at Hueco Springs. The Comal Springs dryopid beetle is
known to occur at Comal Springs and Fern Bank Springs.

The Comal Springs salamander is found in Comal Springs. The Texas troglobitic water slater is
known from San Marcos Springs and an artesian well located on the TSU campus. The Edwards
Aquifer diving beetle is found at Comal Springs and from a well on the TSU campus. For more
detailed descriptions of these species, please see Chapter 3, Section 3.3.3 of the EARIP HCP
(EARIP 2011).

2.1.3 Activities Common to Each Alternative

Several measures will be implemented regardless of which alternative, including the no action
alternative and preferred alternative, is selected as each of the Applicants works to fulfill their
respective public service responsibilities. These measures are described in detail in Chapter 2 of
the EARIP HCP (EARIP 2011) and summarized in Table 2-1.

Table 2-1. Summary of Implementation Measures Common to All Alternatives.
APPLICANT IMPLEMENTATION MEASURE
EAA Groundwater Withdrawal Program (Aquifer Management)
Permit Administration
Golf Course Diversions and Operation
Spring-Fed Pool Diversions and Operation
CNB Boat Operations on the Comal River and Landa Lake
Infrastructure Maintenance and Repair
Litter Collection and Floating Vegetation Management
Boat Operations on San Marcos River
CSM
Infrastructure Maintenance and Repair
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2.1.4 Distinguishing Components of the Alternatives
Components of the alternatives are organized into four categories:

e Category A — Flow Protection Measures Affecting the Edwards Aquifer, Comal and San
Marcos Springs, and the Comal and San Marcos River;

e Category B — Minimization and Mitigation Measures;
e Category C — Adaptive Management; and
e Category D — Phase Il Implementation.

Activities common to all of the alternatives are anticipated to have similar impacts, and do not
therefore differentiate among the alternatives. Distinguishing components of the various
alternatives that would result in different impacts are listed in Table 2-2 and are discussed below.

2.1.5 Alternative 1: No Action

The No Action Alternative describes reasonably foreseeable actions that would result if this
alternative is adopted and provides an environmental baseline against which the impacts of the
other alternatives may be compared (Mandelker et al. 2011). The environmental baseline is the
current and future condition of the environment without the proposed action or other alternative
actions.

Under the No Action Alternative, no ITP would be issued and the Applicants would therefore not
be covered under the ESA if their actions resulted in take of listed species. Each of the
Applicants has public service responsibilities that could result in future actions affecting the
Edwards Aquifer and its associated springs and river systems. These obligations may require
actions that could result in incidental take of listed species associated with these ecosystems.
However, none of these actions would be covered under an ITP and consequently would not be
afforded protection from violation under the ESA unless future individual HCPs were developed
and submitted by separate entities, and approved by the Service. Nothing in this alternative
requires or presupposes that project proponents seeking future ITPs would coordinate their
activities.

Under the No Action Alternative, the Edwards Aquifer would be managed in accordance with
Texas SB 3, the existing EAA 2010-2012 Strategic Plan and Groundwater Management Plan,
and the South Central Texas Regional Water Plan (SCTRWPG 2009). The No Action
Alternative considers pumping totals ranging from the average annual amount recorded between
the years 2000-2010 (381,000 ac-ft/yr) to the SB 3 mandated permitted withdrawal of 572,000
ac-ft/yr (EAA 2010b). These pumping totals are in addition to domestic and livestock pumping
(averaging 13,600 ac-ft/yr from 2000 through 2009) (EAA 2010b), and federal withdrawals from
the Edwards Aquifer (authorized for up to 10,000 ac-ft/yr).
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Table 2-2. Comparison of the Distinguishing Components of the Four Alternatives.
ALTERNATIVE
2: 3: Expanded | 4: Highest
COMPONENT 1: No |Proposed| ASR with CPM
Action| EARIP Associated | Pumping
HCP Infrastructure| Restriction

A. FLOW PROTECTION MEASURES AFFECTING THE AQUIFER, COMAL AND SAN M

AND THE COMAL AND SAN MARCOS RIVER

ARCOS SPRINGS,

A.1 CPM Program—CPM stage reductions from regular permitted
572,000 ac-ft/yr according to SB 3 for the San Antonio Pool: (20%,
30%, 35%, 40%) at J-17 Levels below 660, 650, 640, and 630 feet
msl, respectively; or Comal Springs flow below 225, 200, 150 and 100
cfs, respectively, or San Marcos Springs flow below 96 and 80 for
CPM Stages 1 and 2, respectively. Reductions for the Uvalde Pool
would be 5%, 20%, and 35% at J-27 levels below 850, 845, and 842
feet msl during Stages II, 1ll, and 1V, respectively. Total aquifer wide
withdrawals would not be less than 320,000 ac-ft/yr at Stage IV by
2013. (Note Addition of Emergency Stage V pumping reduction to
320,000 ac-ft/lyr occurring for Alternative 2— See Minimization and
Mitigation Measure B.1.4 below). (EAA)

A.2 CPM-CPM four stage reductions: (20%, 30%, 35%, 50% at J-17
Levels below 660, 650, 640, and 630 feet msl, respectively; or Comal
Springs flow below 225, 200, 150 and 100 cfs, respectively, or San
Marcos Springs flow below 96 and 80 cfs for CPM Stages 1 and 2,
respectively, with total aquifer wide withdrawals restricted to
286,000 ac-ft/yr during Stage IV. (EAA)

A.3 CPM-A single stage CPM reduction in pumpage to 85,800 ac-
ft/yr (85% reduction) triggered under any of the following conditions;
Comal Springs flow <225 cfs; San Marcos Springs flow <96 cfs; J-17
level <665 feet msl; J-27 level <865 feet msl. (EAA)

A.4 Use of the SAWS ASR for Springflow Protection—Includes
activities associated with operating and maintaining the infrastructure
associated with the Twin Oaks Aquifer Recharge, Storage, and
Recovery Facility. (SAWS)

B. MINIMIZATION AND MITIGATION MEASURES

B.1 Measures to Protect and Manage Springflow at Comal Spri

ngs and

San Marcos Springs

B.1.1 VISPO-Voluntary suspension of irrigation pumping
through economic incentives if the J-17 index well in Bexar
County is at or below 635 feet msl or less on the annual trigger
date of October 1. (EAA) (Phase 1 Flow Protection
Measure)

B.1.2 RWCP-Reduction of water consumption through
installation of high-efficiency plumbing fixtures and economic
incentive programs encouraging reduction of lost water, large-
scale retro-fit, landscape irrigation using treated wastewater,
and rain water harvesting. (EAA) (Phase 1 Flow Protection
Measure)

B.1.3 Use of the SAWS ASR for Springflow Protection—
Through the use of leased irrigation permits and/or using water
management practices under Section 1.14(h) of the Act, 50,000
ac-ft of the Aquifer water would be stored in the Carrizo Wilcox
Aquifer for subsequent use to increase springflow during
severe drought conditions. (SAWS) (Phase 1 Flow Protection
Measure)
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Table 2-2. (Cont.).

ALTERNATIVE
2: 3: Expanded | 4: Highest
COMPONENT 1: No |Proposed| ASR with CPM

Action| EARIP Associated | Pumping
HCP Infrastructure| Restriction

B.1.4 Emergency Stage V Critical Period—Addition of a fifth
stage in CPM reductions (Activity A.1 above) when the
monthly average at the J-17 Index well declines below 625 feet
msl or 45/40 cfs (based on a 10- and 3-day rolling average, X
respectively) at Comal Springs, and when the J-27 Index well
declines below 840 feet msl. (EAA) (Phase 1 Flow Protection
Measure)

B.1.5 Large ASR Constructed to Support Springflow—Up to
66,700 ac-ft of Edwards water would be pumped and stored in
a newly constructed ASR facility in Wilson County to be
pumped back to the Aquifer and injected southwest of New
Braunfels to support springflow during drought conditions.
(SAWS)

B.2 Measures to Minimize and Mitigate Impacts to the Spring Ecosystems

B.2.1 Measures to Reduce Impacts of Drought and Enhance Viability of the Covered Species at Comal
Springs

B.2.1.1 Native Aquatic Vegetation Restoration and

Maintenance (CNB) 2 2
B.2.1.2 Flow-Split Manag_ement in the Old and New X X
Channels of the Comal River (CNB)

B.2.1.3 Decaying Vegetation Removal and Dissolved X X
Oxygen Management (CNB)

B.2.1.4 Old Channel ERPA (CNB) X X
B.2.1.5 Control of Harmful Non-Native Animal Species X X
(CNB)

B.2.1.6 Monitoring and Reduction of Gill Parasites X X
(CNB)

B.2.1.7 Native Riparian Habitat Restoration (CNB, CSM,

TSU) X X
B.2.1.8 Management of Public Recreational Use of the X X

Comal Springs and the Comal River (CNB)

B.2.2 Measures to Reduce Impacts of Drought and Enhance Viability of the Covered Species at San
Marcos Springs

B.2.2.1 Texas Wild-Rice Enhancement and Restoration

(CSM, TSU) S S
B.2.2.2 Maqagement of Public Recreat'ion at San X X
Marcos Springs and the San Marcos River (CSM, TSU)

B.2.2.3 Management of Aquatic Vegetation and Litter X X
Below Sewell Park (CSM)

B.2.2.4 Control of Non-Native Plant Species (CSM,

TSU) % %
B.2.2.5 Control of Harmful Non-Native and Predator X X

Species (CSM, TSU)

B.2.2.6 Sediment Removal Below Sewell Park (CSM) X X

B.2.2.7 Designation of Permanent Access Points/Bank
Stabilization (CSM)
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Table 2-2. (Cont.).

ALTERNATIVE
2: 3: Expanded | 4: Highest
COMPONENT 1: No |Proposed| ASR with CPM
Action| EARIP Associated | Pumping
HCP Infrastructure [ Restriction
B.2.2.8 Management of Vegetation (TSU) X X
B.2.2.9 Sediment Removal in Spring Lake and Sewell
Park (Upper and Lower) (TSU)
B.2.2.10 Sessom Creek Sand Bar Removal (TSU, CSM) X X
B.2.2.11 Diving Classes in Spring Lake (TSU) X X
B.2.2.12 Research Programs in Spring Lake (TSU) X X
B.2.2.13 Management of Golf Course and Grounds X X
(TSU)
B.2.2.14 Boating Operations in Spring Lake and Sewell X X
Park (TSU)
B.2.2.15 Diversion of Surface Water—Reduction of
diversions during low flows and monitoring of intake X X
screens. (TSU)
B.2.2.16 State Scientific Areas (TPWD) X X
B.2.3 Additional Measures that Contribute to Recovery
B.2.3.1 Expanded Water Quality Monitoring (EAA, CNB, X X
CSM)
B.2.3.2 Prohibition of Hazardous Materials Transport
Across the Comal River and its Tributaries (CNB) the X X
and San Marcos River and its Tributaries (CSM)
B.2.3.3 Management of Household Hazardous Wastes X X
(CNB, CSM)
B.2.3.4 Septic System Registration and Permitting X X
Program (CSM)
B.2.3.5 Impervious Cover/Water Quality Protection X X
(CNB, CSM)
B.2.3.6 Minimizing Impacts of Contaminated Runoff X X
(CSM)
B.2.3.7 Reduction of Non-Native Species Introduction X X
(CNB, CSM, TSU)
B.2.3.8 San Marcos National Fish Hatchery and
Technology Center, Uvalde National Fish Hatchery, and X X
Inks Dam National Fish Hatchery—Refugia (EAA and the
Service)
C. ADAPTIVE MANAGEMENT
C.1 AM Program Structure and Procedures X X
C.2 Monitoring X X
C.3 Core Adaptive Management Strategies X X
D. PHASE Il IMPLEMENTATION BASED ON PHASE | ADAPTIVE MANAGEMENT
D.1 Research and Modeling for Phase Il AMP X
D.2 SAWS Presumptive Action Utilizing the WRIP X

2-6

Edwards Aquifer Recovery Implementation Program



DES #12-29
Alternatives Including the Proposed Action

The No Action Alternative represents current and reasonably foreseeable future actions.
Comparisons with the other alternatives are based on maximum permitted withdrawals during a
repeat of the DOR conditions. Under this alternative, continuous minimum springflows
protective of the listed species at Comal and San Marcos Springs would not be assured.

2.1.5.1 Alternative 1 Measures that May Have Impacts

Activity A.1. CPM Program

In 2007, Texas SB 3 directed that the EAA authorize pumping of up to 572,000 ac-ft/yr subject
to adoption and enforcement of a CPM plan requiring withdrawal reductions triggered by
specified aquifer and springflow levels. The resulting CPM program consists of four stepwise
pumping reductions (referred to as “Stages”) triggered by Comal and San Marcos springflows
and aquifer levels recorded at specified “index wells” located in Bexar and Uvalde Counties.
The EAA’s CPM plan recognizes two interconnected but separate “pools” located at different
elevations within the Edwards Aquifer, and established separate trigger levels and pumping
restrictions in these distinct areas. These subdivisions within the Edwards Aquifer are generally
referred to as the “San Antonio” and “Uvalde” pools. The trigger levels and pumping reductions
specified by SB 3 are summarized in Table 2-3.

Table 2-3. Critical Period Triggers, Stages, and Withdrawal Reductions.?

COMAL SPRINGS FLOW S?DAI\?’:IN'\égRF(I:_%?N INDE)I(_Z\\//FELLL J-17 CRITICAL PERIOD WITHDRAWAL
(cfs) (cfs) (feet ms1) STAGE REDUCTION
San Antonio Pool
<225 <96 <660 | 20%
<200 <80 <650 Il 30%
<150 N/A <640 [ 35%
<100 N/A <630 \Y% 40%
Uvalde Pool

N/A N/A N/A | N/A

N/A N/A <850 Il 5%

N/A N/A <845 I 20%
N/A N/A <842 \% 35%

@ A change to a critical period stage with higher withdrawal reduction percentages, including initially into Stage | for the San Antonio
Pool and Stage Il for the Uvalde Pool, is triggered if the 10-day average of daily springflows at the Comal Springs or the San Marcos
Springs or the 10-day average of daily aquifer levels at the J-17 or J-27 Index Wells, as applicable, drop below the lowest number of
any of the trigger levels for that stage. A change from any critical period stage to a critical period stage with lower withdrawal
reduction percentages, including exiting from Stage | for the San Antonio Pool and Stage |l for the Uvalde Pool, is triggered only
when the 10-day average of daily springflows at the Comal Springs and the San Marcos Springs and the 10-day average of daily
aquifer levels at the J-17 or J-27 Index Wells, as applicable, are all above the same stage trigger level.
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The No Action Alternative follows the EAA’s current CPM program as described above. Under
SB 3, the EAA cannot currently require permitted withdrawals to total less than 340,000 ac-ft/yr.
This legislation also mandates that beginning January 1, 2013, CPM reductions cannot restrict
pumping to less than 320,000 ac-ft/yr unless further reductions are needed to protect federally
listed threatened or endangered species to the extent required by federal law.

2.1.5.2 Measures to Minimize and Mitigate Potential Impacts

Under the No Action Alternative no ITP would be issued, and no HCP with minimization and
mitigation measures would be implemented.

2.1.6 Alternative 2. Proposed EARIP HCP, the Preferred
Alternative

Under Alternative 2, the Service would issue an ITP based on approval of the EARIP HCP
according to the ITP issuance criteria described in Chapter 1. This alternative includes
implementation of multiple measures intended to balance human water use with the conservation
of listed species. Under this alternative, the Edwards Aquifer would be managed in accordance
with SB 3 and associated water management programs set out in EAA’s rules and associated
groundwater management and strategic plans. The Applicants will implement actions to
minimize and mitigate the effects of pumping, to conserve the Adquifer—dependent spring
ecosystems, and contribute to the recovery of the covered species. The Applicants have
committed to achieving the demand reductions necessary to reach the springflow results
described in the HCP.

Alternative 2 will be implemented in two phases with specific actions occurring in each phase as
described below. Phase 1 Minimization and Mitigation Measures (Category B, Table 2-2)
include actions to restore and protect spring ecosystem habitats and will continue throughout the
proposed permit term (Category D, Table 2-2). Phase | also prescribes actions that will be
implemented during periods of severe drought. Adaptive Management Measures (Category C)
will evaluate the performance of minimization and mitigation actions and adjust or modify the
measures as needed to achieve the stated goals and objectives.

The Applicants identified significant uncertainty regarding the capacity of current models to
determine the need for additional springflow protection measures at extremely low flow
conditions for extended periods. Phase | Adaptive Management Measures include development
and testing of additional hydrologic modeling to further refine the Applicants’ understanding of
the potential need for additional flow protections during severe drought conditions.

To demonstrate the Applicants” commitment to achieve modeled flow objectives while
recognizing the uncertainty associated with the necessity of implementing additional measures, a
“presumptive Phase I1” action was developed. The “presumptive Phase II” measure consists of
incorporating operations and management of the SAWS Water Resources Integrated Pipeline
(WRIP) in conjunction with the ASR and additional CPM pumping restrictions to achieve the
identified flow objectives (see Section 5.8.2 of the EARIP HCP [EARIP 2011]). The necessity
for and any adjustments to the presumptive Phase Il measure and will be identified and
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implemented through the Adaptive Management Plan (AMP) (Category C, Table 2-2) as
described in the HCP (Section 5.5.2 of the EARIP HCP [EARIP 2011]).

2.1.6.1 Measures to Minimize and Mitigate Potential Impacts

Minimization and mitigation measures under Alternative 2 are listed under Category B, Table 2-
2. These measures protect, enhance, or manage springflow (Category B.1) and minimize and
mitigate impacts to the spring ecosystems (Category B.2) and are described below. Detailed
descriptions of the measures summarized below are provided in Chapter 5 of the EARIP HCP
(EARIP 2011).

Category B.1: Measures to Protect and Manage Springflow at Comal Springs
and San Marcos Springs

B.1.1: Voluntary Irrigation Suspension Program Option

The Voluntary Irrigation Suspension Program Option (VISPO) will reduce Aquifer withdrawals
by limiting pumping during drought conditions. Enrolled VISPO participants agree to suspend
Aquifer withdrawals when identified flow and aquifer index well thresholds are triggered in
exchange for annual payments. When activated during drought conditions, the VISPO program
will reduce Aquifer demand by 40,000 ac-ft/yr.

B.1.2: Regional Water Conservation Program

A Regional Water Conservation Program (RWCP) will focus on improving municipal water
system efficiencies throughout the region to reduce demand on the Edwards Aquifer. The
RWCP consists of measures including but not limited to installation or retrofit of efficient
plumbing fixtures, landscape irrigation improvement and retrofit options employing gray water,
rain water harvest, and condensate collection and re-use technologies. The RWCP will reduce
the need for 20,000 ac-ft/yr of pumped Aquifer water.

B.1.3: Use of the SAWS ASR for Springflow Protection

Under Alternative 2, 50,000 ac-ft of Aquifer water, secured though irrigation permit leases
and/or by exercising water management practices authorized under Section 1.14(h) of the EAA
Act, would be used to fill and maintain a portion of the capacity of the SAWS ASR facility.
During drought periods SAWS would stop pumping Aquifer water from wells closest to the
spring ecosystems and offset these reduced volumes with water stored in the ASR. This measure
has the effect of maintaining consistent public water supplies while eliminating the draw-down
effect of wells most proximate to the covered species and their habitats.

B.1.4. Emergency Stage V Critical Period

Under Alternative 2 the EAA will require additional CPM pumping restrictions (“Stage V")
during drought conditions. For wells within the San Antonio Pool, Stage V will be triggered by
a J-17 index well monthly average below 625 feet mean sea level (msl) and springflows of 45/40
cubic feet per second (cfs) (based on a 10- and 3-day rolling averages, respectively) at Comal
Springs. Areas within the Uvalde Pool will enter Stage V when the J-27 Uvalde County Index
Well water level declines to 840 feet msl. Stage V will require a reduction of 44 percent of
permitted pumping in both the San Antonio and Uvalde pools. The proposed CPM trigger levels
and required pumping reductions under Alternative 2 are summarized in Table 2-4.
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Table 2-4. New Critical Period Withdrawal Reduction Stages for the San Antonio Pool.

(cfs) (feet msl) ANTONIO POOL)
<225 <96 <660 | 20%
<200 <80 <650 I 30%
<150 N/A <640 1l 35%
<100 N/A <630 v 40%
< 45/40 N/A <625 \% 44%

Category B.2: Measures to Minimize and Mitigate Impacts to the Spring
Ecosystems

B.2.1. Measures to Reduce Impacts of Drought and Enhance Viability of the Covered
Species at Comal Springs

B.2.1.1: Aquatic Habitat Restoration and Maintenance
Non-native plant species will be managed and native aquatic vegetation will be reestablished to
restore aquatic habitats in the Comal River.

B.2.1.2: Flow-Split Management in the Old and New Channels of the Comal River

Flow in the Old and New Channels of the Comal River will be managed to complement
ecological restoration efforts. Valves and culverts diverting flows between the two channels will
be actively managed to mimic more natural flow patterns and increased seasonal variability.

B.2.1.3: Decaying Vegetation Removal and Dissolved Oxygen Management
Dissolved oxygen levels in the system will be enhanced through artificial aeration of portions of
Landa Lake and removal of decaying vegetation during periods of reduced flows.

B.2.1.4: Environmental Restoration and Protection Area

A portion of the Old Channel will be designated an Environmental Restoration and Protection
Area (ERPA), and will be the focus of habitat restoration actions including sediment
management, non-native plant management, and reestablishment of native vegetation.

B.2.1.5: Non-Native Species Management

Non-native species will be managed to reduce the threats that they pose to the covered species or
their habitats. Targeted species include, but may not be limited to, suckermouth catfishes, tilapia
(Tilapia sp.), nutria (Myocastor coypus), and ramshorn snails.

B.2.1.6: Gill Parasite Monitoring and Control
Gill parasite monitoring and control measures including but not limited to non-native snail
removal will be implemented.
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B.2.1.7: Riparian Habitat Restoration

Riparian habitat restoration efforts to increase habitat and food sources for the Comal Springs
riffle beetle will be employed. Non-native vegetation will be removed and native species
representative of a healthy, functioning riparian zone will be reestablished. Riparian zones will
be expanded on public lands between City Park and 1H-35.

B.2.1.8: Management of Public Recreational Use of the Comal Springs and River Ecosystems
The effects of recreational use of the Comal River system will be minimized by limiting
recreation on Landa Lake; restricting access to spring runs in Landa Park (with the exception of
the historic wading pool area in Spring Run 2); prohibiting recreation from public lands within
the Old Channel (not including Schlitterbahn operations arising from private property); and
reducing litter throughout the river.

B.2.2: Measures to Reduce Impacts of Drought and Enhance Viability of the Covered
Species at San Marcos Springs

B.2.2.1: Texas Wild-Rice Enhancement and Restoration
Texas wild-rice population enhancement and restoration efforts, including but not limited to
propagation and public education objectives will be implemented.

B.2.2.2: Management of Public Recreation at San Marcos Springs and the San Marcos River
Recreation activities in the San Marcos River system will be managed to avoid, or minimize and
mitigate impacts to the listed species and their habitats.

B.2.2.3: Management of Aquatic Vegetation and Litter below Sewell Park

To minimize and mitigate impacts on Texas wild-rice during reduced flows, stands will be
monitored and drifting debris and floating vegetation will be removed when necessary. Efforts
to reduce and remove litter from the San Marcos River will be implemented.

B.2.2.4: Aquatic Habitat Restoration and Maintenance

San Marcos River aquatic habitats from Spring Lake downstream to the city limits will be the
focus of restoration efforts including removal of non-native plants and reestablishment of native
aquatic vegetation.

B.2.2.5: Control of Harmful Non-Native and Predator Species

Non-native species will be managed to reduce the threats that they pose to listed species or their
habitats in the San Marcos River system. Targeted species include, but may not be limited to,
domestic ducks, geese, nutria, suckermouth catfishes, and tilapia.

B.2.2.6: Sediment Removal
Sediment removal downstream of Sewell Park will focus on restoring habitat for Texas wild-rice.

B.2.2.7: Designation of Permanent Access Point/Bank Stabilization

Permanent access points to facilitate recreational access to the river and minimize negative
impacts will be established at Dog Beach, Lion’s Club Tube Rental, Bicentennial Park, Wildlife
Annex, and other areas as necessary. Bank stabilization projects within the city limits will
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reduce erosion at City Park, Hopkins Street Underpass, Bicentennial Park, Rio Vista Park,
Ramon Lucio Park, and at the Cheatham Street underpass.

B.2.2.8: Vegetation Management
Submerged and floating vegetation in Spring Lake and in the San Marcos River from Sewell
Park to City Park will be managed to minimize impacts to stands of Texas wild-rice.

B.2.2.9: Sediment Removal in Spring Lake and Sewell Park
Sediment will be removed from Spring Lake and upper and lower Sewell Park to improve Texas
wild-rice habitat.

B.2.2.10: Sand Bar Removal at Sessom Creek

The Applicants will develop a proposal to remove the sand bar at the confluence of Sessom
Creek and the San Marcos River that will minimize and mitigate impacts to listed species. The
Applicants will submit the proposal for review though the Adaptive Management Process and
implement the approved plan.

B.2.2.11: Diving Classes in Spring Lake

Specific locations within Spring Lake identified to minimize impacts on listed species will be
designated for limited diving classes and training. Access to the designated “Dive Training
Area” will require training and authorization as described in the HCP.

B.2.2.12: Research Programs in Spring Lake

All proposals to conduct research in Spring Lake will be reviewed by the TSU River Systems
Institute to ensure that listed species or their habitat will not be affected. The TSU River
Systems Institute will consult with the Service regarding any projects that may affect species or
designated critical habitats covered under the HCP.

B.2.2.13: Management of Golf Course and Grounds

An Integrated Pest Management (IPM) plan created to avoid or minimize and mitigate impacts to
aquatic species will be incorporated into the TSU Golf Course management plan, and will
address use of pesticides, herbicides, and fertilizers. Any pesticides must be applied by licensed
applicators in accordance with label instructions. A riparian buffer zone will be maintained
along the banks of Spring Lake and the slough to minimize runoff, erosion, and litter impacts in
the waterway. Landscaping on the golf course and the facility grounds will utilize native plant
species. Chemicals will be stored in compliance with Texas Structural Pesticide regulations at a
location that minimizes the risk of environmental contamination.

B.2.2.14: Boating Activities in Spring Lake and Sewell Park

Boating activities will minimize impacts to covered species habitat in Spring Lake and Sewell
Park through restricted access and use limitations. All boating activities at Spring Lake are
restricted to eclectic powered or human-powered craft.

B.2.2.15: Surface Water Diversion

Surface water diversion intake pump screens will be monitored to detect entrapment or harm to
covered species. Screens or intake pumps may be modified to avoid or minimize any incidental
take from the operation of the diversions. Diversion of surface water will be reduced or
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suspended during low flow periods by TSU, as described in Section 5.4.6 of the EARIP HCP
(EARIP 2011).

B.2.2.16: State Scientific Areas

To reduce the impacts of recreational activities on habitat for covered species, the Texas Parks
and Wildlife Department (TPWD) has proposed creation of a State Scientific Area in the San
Marcos River. This designation would allow the TPWD to limit recreation during low flow
conditions in river stretches identified as habitat for covered species.

B.2.3: Additional Measures that Contribute to Recovery

B.2.3.1: Expanded Water Quality Monitoring

Water quality monitoring efforts will be expanded to include storm water, groundwater, and
surface water sites near Landa Lake and the Comal River, and Spring Lake and the San Marcos
River. Focus areas include, but are not limited to, areas of impervious cover, golf courses, pool
operations, and industrial runoff areas.

B.2.3.2: Prohibition of Hazardous Materials Transport across the Comal River and Its
Tributaries and the San Marcos River and its Tributaries

The Applicants will coordinate with and support Texas Department of Transportation (TXxDOT)
efforts to prohibit or minimize the transport of hazardous materials on routes that cross the
Comal and San Marcos Rivers and their tributaries.

B.2.3.3: Management of Household Hazardous Wastes

Expanded hazardous household waste collection and disposal programs will be implemented and
maintained by CNB and CSM to reduce the potential for negative water quality impacts from
these sources.

B.2.3.4: Septic System Reaqistration and Permitting Program

The CSM will implement aerobic and anaerobic septic system registration, evaluation, and
permitting programs to address nutrients and pollutants and minimize the potential of entering
the San Marcos Springs ecosystem.

B.2.3.5: Impervious Cover/Water Quality Protection

The CNB will establish a program to limit impervious cover and provide incentives to reduce
existing impervious cover on public and private property. The CSM will establish a program to
protect water quality and reduce the impacts of impervious cover (such as through Low Impact
Development [LID] practices). Both CNB and CSM will also establish criteria and incentives for
participation in these programs.

B.2.3.6: Minimizing Impacts of Contaminated Runoff
The CSM will construct sedimentation ponds to reduce contaminated runoff entering the river.

B.2.3.7: Reduction of Non-Native Species Introduction

The Applicants will initiate efforts to reduce or eliminate introductions of non-native species to
the Comal and San Marcos River systems. The CNB will prohibit by ordinance introductions of
aquatic organisms and prohibited bait species into the Comal River, while the CSM will
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similarly work to reduce the introductions due to the practice of dumping unwanted aquarium
specimens. Efforts may include, but are not limited to partnering with the River Systems
Institute, TSU, and local citizen groups to distribute educational materials.

B.2.3.8: San Marcos National Fish Hatchery and Training Center, Uvalde National Fish
Hatchery, and Inks Dam National Fish Hatchery

The Applicants will support and contribute to the operation and maintenance of a series of off-
site refugia at the Service’s San Marcos National Fish Hatchery and Technology Center, Uvalde
National Fish Hatchery, and Inks Dam National Fish Hatchery facilities.

2.1.6.2 Adaptive Management and Phase Il Implementation

The Adaptive Management (AM) Program (Category C, Table 2-2) will play a major role in
Alternative 2. Key components of the AM Program include: AM Program Structure and
Procedures (Category C.1); Monitoring (Category C.2); and Core Adaptive Management
Strategies (Category C.3). Complete and detailed AMP measures are fully described in Chapter
6 of the EARIP HCP (EARIP 2011). The AM Program will be administered by a Program
Manager employed by the EAA to direct the program with guidance and oversight provided by
several committees: 1) the Adaptive Management Steering Committee; 2) Adaptive Management
Stakeholder Committee; and 3) Adaptive Management Science Committee.

Alternative 2 describes initiation of Phase Il activities, should they be deemed necessary, no later
than year 8 of the proposed 15-year permit term (described in Section 5.5.2 of the EARIP HCP
[EARIP 2011]). The AM Program (described in Chapter 6 of the EARIP HCP [EARIP 2011])
will guide Phase Il activities (Category D, Table 2-2) intended to improve or maintain
springflows at Comal and San Marcos Springs.

The presumptive Phase Il action incorporates use of the SAWS WRIP, scheduled to be
completed by 2020, in conjunction with ASR operations and an additional 3 percent pumping
reduction under CPM Stage V to achieve flow objectives during severe drought conditions (see
Section 5.8.2 of the EARIP HCP [EARIP 2011]). The WRIP consists of water transmission
pipelines and pump stations that link brackish desalination and ASR facilities in southern Bexar
County with western and northwestern portions of the county. When needed during drought
conditions, up to 40 percent of the WRIP distribution system capacity will be made available to
meet SAWS customer water needs in exchange for equivalent northwest Bexar County Edwards
Aquifer well field pumping reductions. This offset will allow Edwards Aquifer water in
northwest Bexar County to continue to flow to Comal and San Marcos, thereby supporting
springflows at these locations while eliminating conflicts with customer water demand.

In the event that additional springflow protection measures are required that cannot be met by
management of the WRIP phase Il actions, additional Stage V CPM pumping cuts or similarly
protective measures will be implemented by the Applicants (see Section 5.5.2 of the EARIP HCP
[EARIP 2011]).
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2.1.6.3 Implementing Roles of the EARIP HCP Participants

The Applicants are each a responsible party to an IA that will contractually obligate the
performance of activities as specified in the HCP and the ITP.

2.1.6.4 EARIP HCP Funding

Implementation of Alternative 2 over the 15-year life of the proposed HCP is estimated to total
about $261.2 million. Funding will be secured from a number of sources including EAA aquifer
management fees and direct contributions from various parties. The Applicants may choose to
pursue legislative authority to seek a regional sales tax to further distribute costs throughout the
affected region. Detailed descriptions of costs and funding strategies are provided in Chapter 7
of the EARIP HCP (EARIP 2011).

2.1.7 Alternative 3. Expanded ASR with Associated
Infrastructure

Under Alternative 3, the Service would issue an ITP based on submission and approval of an
HCP. This alternative relies on expanded ASR capacity in combination with additional CPM
reductions to maintain springflow during drought conditions (Measures A.2, A.4, and A.5, Table
2-2).

The distinguishing components of Alternative 3 include (see Table 2-2):

e Activity A.2 - CPM restrictions requiring pumping reductions of 50 percent to no more
than 286,000 ac-ft/yr; and,

e Activity A4 - Development and operation of an ASR facility and associated
infrastructure for maintenance of springflows.

The large ASR would provide up to 66,700 ac-ft/yr of Aquifer water from the lease or purchase
of Edwards irrigation rights in Uvalde, Medina, and Bexar Counties. Water would be pumped
from existing Aquifer wells in northeastern Bexar County. Pumping for the ASR would be
subject to CPM rules allowing the water supply to range from 40,000 (if pumped during Stage
IV CPM) to 66,700 ac-ft/yr (if pumped without CPM reductions). The pumped water would be
conveyed by a newly constructed water transmission pipeline to be stored in an ASR facility in
the vicinity of Cibolo Creek in northwest Wilson County. When needed for springflow
maintenance, the stored water would be conveyed through the constructed water transmission
pipeline to recharge facilities located between Cibolo Creek and Comal Springs. Modeling
simulations conducted by HDR indicate injection wells located southwest of New Braunfels in
Comal County would be required to maintain springflow at Comal Springs.
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2.1.7.1 Measures to Minimize and Mitigate Potential Impacts

Hydrologic modeling indicates that Alternative 3 would maintain springflows at Comal and San
Marcos during a repeat of DOR-like conditions. Minimization and mitigation measures (listed in
Table 2-2) similar to those described in Alternative 2 include strategies to reduce impacts to the
spring ecosystems as aquifer levels decline; actions to protect water quality in the contributing,
recharge, and artesian zones of the Edwards Aquifer; and direct restoration, enhancement, and
protection of endangered species habitats within and near the spring ecosystems. In contrast to
Alternative 2, Alternative 3 substitutes measures B.1.1 through B.1.4 with the construction and
use of a large ASR (Measure B.1.5, Table 2-2). Alternative 3 would secure additional irrigation
rights from pumpers in Bexar, Medina, and Uvalde Counties to be stored in the new ASR
facility. Bexar County wells would also contribute between 40,000 and 66,700 ac-ft/yr (if
pumped during CPM Stage 1V drought conditions, or during non-drought periods, respectively)
for storage in the ASR facility. Transmission pipelines would convey stored water during
drought conditions to recharge facilities to increase the volume of water available as springflow.

2.1.7.2 Phase Il Implementation

Phase Il Implementation Measures identified for Alternative 3 are the same as those described
for Alternative 2 (see Category D, Table 2-2).

2.1.7.3 Implementing Roles of the HCP Participants

For Alternative 3, the roles of the plan participants would be the same as those described for
Alternative 2.

2.1.7.4 HCP Funding

Estimated costs for implementation of measures under Alternative 3 are given in Table 2-5.

Table 2-5. Costs for Implementation Measures under Alternative 3.
ANNUAL COSTS 15-YEAR COSTS
Annual Costs If Water Is Purchased for the ASR
$56.2 to $72.8 Million (HDR 2011) x 15 Years $843 Million to $1.09 Billion
15-Year Cost for Minimization and Mitigation Category B.2 Measures $71.6 Million
TOTAL ESTIMATED COST $914.6 MILLION TO $1.16 BILLION
Annual Costs If Water Is Leased for the ASR
$24.5 to $41.7 Million (HDR 2011) x 15 Years $367.5 Million to $625.5 Million
15-Year Cost for Minimization and Mitigation Category B.2 Measures $71.6 Million
TOTAL ESTIMATED COST $439 MILLION TO $697 MILLION
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Funding associated with Alternative 3 would be secured through a combination of contributions
from permit Applicants and increases in aquifer pumping fees. The Applicants might choose to
seek legislative permission to pursue a regional sales tax as noted above for Alternative 2.

2.1.8 Alternative 4. Highest CPM Pumping Restriction

Under Alternative 4, an ITP would not be necessary because springflows would be assured at
Comal and San Marcos Springs, thus avoiding take of covered species during drought
conditions. This alternative would limit the amount of water pumped from the Edwards Aquifer
in order to assure the long-term survival of the covered species. Under this alternative a single
CPM stage requiring an 85 percent reduction in pumping year to a maximum 85,800 ac-ft/yr
would be implemented during drought conditions (Activity A.3, Table 2-2).

Under Alternative 4, substantially less groundwater would be available for human use as
pumping reductions during CPM would be driven by the requirement to maintain springflow
levels at Comal and San Marcos Springs to prevent harm to the covered species. Modeling
indicates that this alternative would assure recommended minimum flows for Comal and San
Marcos Springs (EARIP EAA 2009) during a repeat of DOR conditions.

2.1.8.1 Measures to Minimize and Mitigate Potential Impacts

Alternative 4 achieves springflow protection through region-wide reduction in aquifer pumping.
Because springflows at Comal and San Marcos Springs would be assured during drought
conditions under this alternative, the risk of adverse impacts constituting take would be reduced.
This alternative incorporates the fewest minimization and mitigation measures (Table 2-2)
resulting in the lowest initial implementation costs.

Alternative 4, Activity A.3 (CPM) would rely on a single stage CPM reduction of 85 percent that
would be triggered if: flows at Comal Springs fall below 225 cfs; San Marcos Springs flow
declines below 96 cfs; J-17 Index well drops below 665 feet msl; or J-27 Index Well falls below
865 feet msl.

2.1.8.2 Funding

Funding would be limited to operational and administrative costs to regulate and enforce
pumping restrictions as a part of the operational budget of the EAA, and would be provided
through EAA pumping fee collections.

2.2 ALTERNATIVES SUMMARY

A summary of the four alternatives is provided in Table 2-6. Impacts from each of the four
alternatives are discussed in Chapter 4.
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Table 2-6. Summary of EIS Alternatives.
, ALTERNATIVE 3: ALTERNATIVE 4:
ISSUE ALTERNATIVE 1: AL;EgggTsll\E’g 2 EXPANDED ASR HIGHEST CPM
NO ACTION EARIP HCP WITH ASSOCIATED PUMPING
INFRASTRUCTURE RESTRICTION

Plan (Permit)

No Regional ITP would

See Figure 2-1.

Same as Alternative 2.

No Regional ITP would

Boundaries be issued therefore no be issued resulting in
regional ITP no regional ITP
boundaries would be boundaries.
created.

Management No regional EARIP The Applicants would | The EAA would issue | Pumping would be

Structure HCP; the Applicants pursue operations and |individual pumping reduced during single
and individual pumpers | activities under permits under a stage CPM by 85% to
subject to violation of | coverage and regional ITP; fewer assure minimum
the ESA; pumpers protection of a regional | mitigation measures springflows established
could seek individual ITP; a maximum needed than by the EARIP Science
ITPs; no mitigation number of minimization | Alternative 2 due to Subcommittee.
measures to improve and mitigation higher CPM reduction.
the likelihood for measures would be
species survival in the |implemented under an
event of reduced or no | Implementation
springflows. Agreement with the

Service to assure
species protection.
Funding Funding not required | $261.2 million over the |$439 million to $1.16 Funding would be

as there would be no
protection measures
directed to a regional
HCP.

life of the HCP.

billion over the life of
the HCP based on
variables in leasing vs.
purchasing water rights
for the large ASR.

limited to operational
and administrative
costs to regulate and
enforce pumping
restrictions as a part of
the operational budget
of the EAA. No ITP
would be issued, and
no HCP funding would
be required.

Pumping Levels

Aquifer withdrawals up

Aquifer withdrawals up

Aquifer withdrawals up

Aquifer withdrawals up

and CPM to 572,000 ac-ft/yr to 572,000 ac-ft/yr to 572,000 ac-ft/yr to 572,000 ac-ft/yr
Percent allowed under regular | allowed under regular |allowed under regular |allowed under regular
Reductions permits with four stage | permits with a five permits with four stage | permits but with an
CPM (20%, 30%, 35%, |stage CPM (20%, CPM (20%, 30%, 35%, |85% single stage CPM
40%) pumping 30%, 35%, 40%, 44— | 50%) pumping reduction implemented
reductions 47%) pumping reductions during Stage | of a
implemented during reductions implemented during declared drought
each declared drought |implemented during each declared drought | resulting in withdrawals
stage to a withdrawal |each declared drought |stage to a withdrawal | limit of 85,800 ac-ft/yr.
limit of 320,000 ac-ft/yr |stage to a withdrawal |limit of 286,000 ac-ft/yr.
at Stage IV by 2013. limit of 320,000 ac-ft/yr.
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AFFECTED ENVIRONMENT



TERMS AND ACRONYMS

ACT - Antiquities Code of Texas

AM — Adaptive Management

AMP - Adaptive Management Program

ASR - aquifer storage and recovery

BMP(s) — best management practice(s)

BWL - Bad Water Line

CAA - Clean Air Act

CCSP - U.S. Climate Change Science Program

CEQ — Council on Environmental Quality

CFR - Code of Federal Regulations

CFU - colony-forming units

CNB - City of New Braunfels

CPM - Critical Period Management

CSM - City of San Marcos

DEIS — Draft Environmental Impact Statement

DHHS - Department of Health and Human Services

DOR - drought of record

EAA - Edwards Aquifer Authority (the Authority)

EARIP — Edwards Aquifer Recovery Implementation
Program

EDF — Environmental Defense Fund

EIS — environmental impact statement

ERPA — Environmental Restoration and Protection
Area

ESA - Endangered Species Act

FR - Federal Register

GBRA - Guadalupe-Blanco River Authority

GCSNA - Government Canyon State Natural Area

GHG - Green House Gas

HCP — Habitat Conservation Plan

IA — Implementing Agreement

IH — Interstate Highway

IPCC - Intergovernmental Panel on Climate Change

IPM — Integrated Pest Management

ISD — Independent School District

ITP — Incidental Take Permit

LID - Low Impact Development

MCLs — maximum contaminant levels

MSA - Metropolitan Statistical Area

msl — mean sea level

NAAQS - National Ambient Air Quality Standards

NCDC - U.S. Historical Climate Network of the
National Climatic Data Center

NEPA — National Environmental Policy Act

NGOs — non-governmental organizations

NHPA — National Historic Preservation Act

NRHP — National Register of Historic Places

NOI — Notice of Intent

NRI — Nationwide Rivers Inventory

OCR - off-channel reservoir

PCBs — Polychlorinated Biphenyls

PCE - tetrachloroethene

RM - Ranch to Market Road

RWCP - Regional Water Conservation Program

SALs — State Archeological Landmarks

SAWS - San Antonio Water System

SB 3 — Senate Bill 3

SCTRWPG - South Central Texas Regional Water
Planning Group

SCUBA - Self-contained Underwater Breathing
Apparatus

Service — U.S. Fish and Wildlife Service

SH —Texas State Highway

SHPO - State Historic Preservation Officer

SSA - Sole Source Aquifer

STIR - State of Texas Integrated Report

SVOCs - Semi-Volatile Organic Compounds

TAG - Technical Advisory Group

TCE - trichloroethene

TCEQ — Texas Commission on Environmental Quality

TDS - total dissolved solids

THC - Texas Historic Commission

TPWD - Texas Parks and Wildlife Department

TSDC - Texas State Data Center

TSU - Texas State University

TSWQS - Texas Surface Water Quality Standards

TWC — Texas Workforce Commission

TWDB - Texas Water Development Board

TXDOT - Texas Department of Transportation

US - U.S. Route

USACE - U.S. Army Corps of Engineers

USDI - U.S. Department of the Interior

USEPA - U.S. Environmental Protection Agency

VISPO - Voluntary Irrigation Suspension Program
Option

VOCs - Volatile Organic Compounds

WORD - Water Oriented Recreation District of Comal
County

WRIP — Water Resources Integrated Pipeline
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3.0 AFFECTED ENVIRONMENT

3.1 PHYSICAL ENVIRONMENT
3.1.1 Climate

3.1.1.1 Regional Description

The prevailing climate ranges from subtropical steppe in the westernmost portions of the study
area through subtropical sub-humid to subtropical humid in the easternmost portions of the
region (Figure 3-1) (Larkin and Bomar 1983). Latitude, elevation, and proximity to the Gulf of
Mexico influence the climate of the region.

The average annual temperature in the study area is about 68° F (20° C), with average annual
high temperatures of 78-84° F (26-29° C) (Figure 3-2). Summertime temperatures commonly
exceed 100° F (38° C) with average monthly high temperatures ranging from 90° F (32° C) to
97° F (36° C) (Larkin and Bomar 1983). Winters are generally mild with average monthly low
temperatures ranging from about 36° F (2° C) to 60° F (16° C). Temperatures fall below
freezing about 20 days each year (NOAA 2010).

Average annual precipitation within the region varies from about 20 inches (51 centimeters [cm])
in western Kinney County to about 40 inches (102 cm) in Calhoun County (Figure 3-3). May
and September typically record the highest rainfall amounts each year.

The flooding potential within study area is among the highest in the United States. This is due to
the area’s high runoff rates and proximity to a barometric convergence zone where high and low
pressure air masses collide (Caran and Baker 1986).

Rainfall runoff and absorption rates are a function of landscape physiography and soil type.
Narrow valleys with sparsely vegetated slopes along the Balcones Escarpment are typically
overlain with thin upland soils or exposed bedrock resulting in rapid runoff and low absorption
rates (see Figure 3-4). Gently sloping landforms south and east of the escarpment reduce rainfall
and stormwater runoff velocities, though soils with low-infiltration capacities in this area limit
absorption rates (Patton and Baker 1976, Caran and Baker 1986).
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Figure 3-2.  Average Annual High Temperature, 1971-2000 (Not to Scale).
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Figure 3-3.  Average Annual Precipitation in Inches, 1971-2000 (Not to Scale).
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Figure 3-4. Regional Map of the Balcones Escarpment in Central Texas (Abbott
and Woodruff 1986).

Tropical storms and hurricanes impact the Texas coastline an average of 0.67 times per year and
can produce heavy rainfall events throughout the region as they move inland from the Gulf of
Mexico (Brown et al. 1974, Patton and Baker 1976). As these moisture-laden tropical air masses
move inland and are forced to rise at the Balcones Escarpment, they often mix with low pressure
fronts from the north or west. The resulting severe storms often generate high winds, rainfall,
hail, and tornadoes. Thunderstorms in the region often generate flash flooding events (Caran and
Baker 1986).

3.1.1.2 Frequency of Droughts

Droughts result from lower than normal rainfall. Drought-like conditions may continue during
average or above average rainfall periods if water use limits water availability. Average annual
rainfall totals are therefore a poor measure of drought occurrence and tend to mask the duration
and intensity of drought conditions.

Though droughts are common in the region they are usually short in duration and intensity
(Riggio et al. 1987). The most severe drought in the study area since precipitation record
keeping began is the 6-year DOR event that occurred from 1951 through 1956.

Researchers have attempted to determine precipitation patterns prior to the historic record in
order to compare the severity and frequency of DOR-like events with previous droughts. One
researcher found that droughts of various lengths occurred 40 times between the years 1700 and
1979 (Mauldin 2003). Most droughts lasted for less than 1 year, and the average drought lasted
for 1.8 years. Of the four droughts that lasted for 3 years or more, three occurred in the 1700s
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and the fourth was the 6-year-long DOR. Though six droughts were found to be more intense for
shorter durations, the DOR was determined to be the most intense long-term drought during the
studied period (Mauldin 2003). Other research concluded that the DOR was the most prolonged
period of sustained drought for a 347-year study period (Therrell 2000).

3.1.1.3 Climate Change

The CEQ provided draft guidance regarding consideration of climate change in NEPA
documents (CEQ 2010). This section describes the possible effects of climate change on the
study area. The summaries below represent reasonably foreseeable climate change impacts that
could be expected to occur within the study area over the duration of the alternatives considered.

The Intergovernmental Panel on Climate Change (IPCC) stated that “Warming of the climate
system is unequivocal, as is now evident from observations of increases in global average air and
ocean temperatures, widespread melting of snow and ice, and rising global average sea level”
(IPCC 2007a). The U.S. Climate Change Science Program (CCSP) also concluded that the
global climate is changing and that temperature increases, increasing carbon dioxide (CO,)
levels, and altered patterns of precipitation are very likely already affecting U.S. water resources,
agriculture, land resources, biodiversity, and human health, among other things (Backlund et al.
2008, NSTC 2008). The CCSP also concluded that it is very likely that climate change will
continue to have significant effects on these resources over the next few decades and beyond.

Regional data for North America confirm that warming has occurred throughout most of the
United States. The U.S. Historical Climate Network of the National Climatic Data Center
(NCDC) found that for 8 of 11 climate regions, average temperatures increased more than 1.1° F
(0.6° C) between 1901 and 2005 (NOAA 2007). Though data for 1895 to 2011 indicate that
Texas temperatures have remained stable, this timeframe includes periods of anomalously cold
temperatures and steadily climbing temperatures since the 1980s (NCDC 2010). In the past 10—
15 years temperatures have regularly reached and exceeded those recorded for the same periods
in the early twentieth century.

Data from the NCDC indicate a precipitation trend of -0.02 inch (-0.05 cm) per decade from
1895 through 2011 (NCDC 2010). The Texas State Climatologist, however, has reported
regionally variable but generally increasing precipitation trends throughout the state from 1900
to 2008 with increasing seasonal precipitation during the December—-March and August—
November periods over the last 30 years (Nielson-Gammon 2011).

Temperature Projections

The IPCC Special Report on Emission Scenarios describes temperature increases that vary by
emissions scenario of 3.2 to 7.2° F (1.8 to 4.0° C) in years 2090 to 2099 over 1980 to 1999
recorded data (IPCC 2000). Mid-century climactic change projections (for years 2046 to 2065)
also vary by emissions scenario, with average warming of 2.3, 3.2, and 3.1° F (1.3, 1.8, and 1.7°
C) for low, medium, and high emissions, respectively (Meehl et al. 2007). Projected temperature
trends for Texas based on the medium emissions scenario show an increase of about 1.0° F (0.5°
C) for the period 2000-2019, 2.0° F (1.1° C) for 2020-2093, and 4° F (2.2° C) for 2040-2059
(Nielson-Gammon 2011).
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Precipitation Projections

Modeling projects global mean precipitation increases with a warming climate, but with spatial
and seasonal variations (Meehl et al. 2007). Other conclusions provided by recent climate
studies include:

e A widespread increase in annual precipitation is projected over most of the North
American continent except the southern and southwestern part of the United States and
over Mexico (NSTC 2008).

e Increased precipitation will not necessarily result in more water availability for biological
and ecological processes; as higher temperatures will increase evaporative loss and
possible reductions in soil moisture and stream flows (Backlund et al. 2008).

e One analysis of projected changes in annual runoff shows a great deal of variability over
Texas (Milly et al. 2005). About two thirds of the atmosphere—ocean general circulation
models project 5 to 10 percent precipitation decreases in much of the state. Remaining
models project runoff increases. Reliance on annual averages, however, may mask
important seasonal trends such as reduced summer runoff during periods of high
temperature and evapotranspiration rates.

Climate Wizard (www.climatechange.org) is an on-line tool that allows users to access climate
change information and visualize potential impacts. The site uses IPCC model results to project
future changes over low, medium and high emissions scenarios. Projected mid-century (2050s)
precipitation trends were examined for Texas using the ensemble average (median prediction) of
all the models under medium and high emission scenarios (Figure 3-5). For South Central Texas
the medium emission scenario projects small precipitation decreases while the high emission
scenario indicates small precipitation increases (Maurer et al. 2007). It has been pointed out that
most future climate projections of Texas precipitation changes by mid-century are lower than
observed variations over the past century (Nielson-Gammon 2011). Though climate science is
improving rapidly, conflicting models and the complexity of global climate influences make it
difficult to project future precipitation regimes over the Edwards Aquifer with any certainty at
this time.

Sea Level Rise Projections

Sea level rise could affect portions of the study area along the Gulf of Mexico. The projected
rate of sea level rise off the Gulf Coast is anticipated to be higher than the global average (NSTC
2008). During the twentieth century, sea level rose at a rate of 0.1 inch (1.8 millimeters) per
year at Galveston, Texas (CCSP 2008). Galveston is located about 140 mi (225 km) northeast of
the nearest coastal town in the study area, Port Lavaca. Changes due to sea level rise at Port
Lavaca can reasonably be expected to be similar to those projected for Galveston. Projected sea
level rise at Galveston ranges from 0.44 to 1.05 feet (0.13 to 0.32 meters [m]) by 2050 depending
on the model and the emission scenario tested. By 2100, the projections range from 0.80 to 1.79
feet (0.24 to 0.55 m). These modeling results do not include rapid changes in ice loss from
Greenland or Antarctica that could more than double the rate of sea level rise recorded over the
past century.
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Change in Annual Precipitation by the 2050s Change in Annual Precipitation by the 2050s
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Change in Annual Precipitation Projected over Texas by Mid-Century
Based on the Ensemble Average (Median Value) of Models Used

in the IPCC Fourth Assessment and the A1B Emissions Scenario (Medium)
on the Left and the A2 (High) on the Right. Areas in Darker Shades

of Green Are Projected to Increase by Half the Models and Areas in Yellow
and Lighter Shades of Green Are Projected to Decrease by Half the Models
(Maurer et al. 2007) (Not to Scale).

Projections of Extreme Events

Models suggest that climate change may alter the frequency and severity of extreme events such
as heat waves, cold waves, storms, floods, and droughts. Projections of global temperature from
the IPCC suggest more intense, frequent, and longer lasting heat waves in a future warm climate,
whereas the frequency of cold episodes are projected to decrease (Meehl et al. 2007). One recent
analysis suggests that extreme cold events that do occur may be more intense than the twentieth-
century average (Kodra et al. 2011).

Extreme precipitation episodes have become more frequent and more intense in recent decades
over most of North America and now account for a larger percentage of total precipitation.
Intense precipitation in the continental United States increased by over 20 percent over the past
century while total precipitation increased by 7 percent. Precipitation is likely to be less frequent
but more intense and precipitation extremes are likely to increase in the future (Karl et al. 2008).
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3.1.1.4 Climate Change Impacts

Global Implications
The IPCC (Kundzewicz et al. 2007) reached several conclusions concerning the effects of global
climate change on water resources:

e All IPCC regions show an overall net negative impact of climate change on water
resources and freshwater ecosystems.

o Semi-arid and arid areas are particularly sensitive to the impacts of climate change on
freshwater.

e Climate change affects the function and operation of existing water infrastructure as well
as water management practices.

e Adverse effects of climate on freshwater systems aggravate the impacts of other stresses,
such as population growth, changing economic activity, land use change, and
urbanization.

e Large regional changes in irrigation water demand as a result of climate change are
likely.

e Current water management practices are very likely to be inadequate to reduce the
negative impacts of climate change on water supply reliability, flood risk, health, energy,
and aquatic ecosystems.

e In the United States, many competing water uses will be adversely affected by climate
change impacts on water supply and quality. Climate change will affect agricultural
practices, including increasing irrigation demand in dry regions and nonpoint source
water pollution (e.g., pollution from urban areas, roads, or agricultural fields) concerns in
areas susceptible to intense rainfall events and flooding (Field et al. 2007).

e Climate change will constrain water resources in North America, increasing competition
among agricultural, municipal, industrial, and ecological uses (Field et al. 2007).

o Climate change has the potential not only to affect communities directly, but also to
affect them through impacts on other areas linked to their economies at regional, national,
and international scales. Communities based on agriculture, forestry, water resources, or
tourism may be especially affected by climate change related economic impacts (IPCC
2007D).

e The most vulnerable areas in the United States are likely to be Alaska, coastal and river
basin locations susceptible to flooding, arid areas where water scarcity is a pressing issue,
and areas whose economic bases are climate-sensitive (Field et al. 2007).
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Regional Implications

Climate change could impact Texas groundwater resources by affecting recharge, pumping,
natural discharge, and saline intrusion (Mace and Wade 2008). Climate change may adversely
affect karstic aquifers (like the Edwards Aquifer) that recharge locally from streams and rivers to
a greater degree than dripping aquifers. It is reasonable to conclude that a warmer climate will
increase demand for water to support agriculture, municipal, and industrial uses and therefore
greater demand for both surface and groundwater. Decreases in surface water supply due to
climate change may also increase demand for groundwater use (Kundzewicz et al. 2007, Mace
and Wade 2008). Natural aquifer discharge to springs and seeps is affected by recharge to the
aquifer, withdrawals due to pumping, and changes in groundwater gradients. In coastal areas,
groundwater and dependent resources may be affected by rising sea levels. As sea level rises,
saline waters move inland, decreasing the areal extent of freshwater aquifers and possibly
affecting water quality (Mace and Wade 2008).

Potential Climate Change Impacts to the Edwards Aquifer

Some research has attempted to assess the Edwards Aquifer’s vulnerability to climate change
impacts. A study of climate change effects on regional economies estimated that a warmer,
dryer climate would reduce the annual flow of Comal Springs by 10 to16 percent by 2030, and
20 to 24 percent by 2090; while San Marcos Springs would decline by 5 to 8 percent by 2030,
and 10 to 12 percent by 2090 (Chen et al. 2001).

One study estimated climate change variability by calculating a range of 70 to 130 percent of
monthly recharge values for the period of record. Pumping restrictions mandated by SB 3 failed
to maintain springflow at Comal Springs during a modeled repeat of DOR-like conditions when
projected recharge variability was considered. Further testing suggested that a 30 percent decline
in recharge would require regional pumping reductions of about 40,000 ac-ft/yr to maintain
springflows at Comal Springs (Mace and Wade 2008).

3.1.2 Geology

The geology and geologic history of an area influences the surrounding topography, hydrology,
and environment. The study area encompasses a wide range of geologic settings and landforms.
A brief discussion of regional geologic history of the study area is provided here, followed by a
more in-depth discussion of the Edwards Aquifer, Comal, and San Marcos Springs.

3.1.2.1 Regional Physiography and Geoloqgic History

The study area incorporates a large portion of the Balcones Escarpment and the associated
Balcones Fault Zone. The escarpment, running northeast to southwest, bisects central Texas and
represents a physical and ecological boundary between the Edwards Plateau to the north and
west, and the Texas Blackland Prairie, to the south and east (TPWD 2011) (Figure 3-6). A
diversity of climate, surface water availability, groundwater, soils, flora, and fauna are apparent
throughout the varied landforms and habitats of the study area. The prevailing terrain is
generally level to gently rolling and cut through by meandering, low gradient streams.
Groundwater is usually deep and often tepid and brackish. Relief within the study area is
considerably varied, dropping from 2,000 feet (610 m) above msl in northern Uvalde County to
mean sea level in Calhoun County.
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Figure 3-6. Ecoregions of Texas (TPWD 2012) (Not to Scale).

The Edwards Plateau is an uplifted and dissected expanse of Cretaceous sedimentary rock
formations (BEG 1981, Riskind and Diamond 1988). The topography along the Edwards
Plateau is mapped as flat to light rolling upland plains with rounded hills and wide east to
southeast oriented stream divides. The Texas Blackland Prairies region is a low relief unit
comprised of sedimentary deposits formed through episodes of transgression and regression of a
Cretaceous sea (Fenneman 1931, 1938; TPWD 2011).

3.1.2.2 Geology of the Edwards Aquifer

The Edwards Aquifer is a karstic limestone system that reaches over 249 mi (400 km) from Val
Verde County near the Mexican border north and east to Bell County in central Texas. The
Edwards Aquifer extends along the Balcones Fault Zone in a relatively narrow band beginning
near the city of Brackettville and running north and east through the cities of Uvalde, Sabinal,
Hondo, San Antonio, New Braunfels, San Marcos, Austin, and north of Georgetown (Guyton
and Associates 1979).
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Various geologic strata make up the Edwards Aquifer, and a cross section of a representative
portion along the Balcones Fault Zone north of San Antonio is illustrated in Figure 3-7 (Maclay
and Small 1986, Crowe 1994). The lower portion is confined by the Glen Rose Formation,
composed of an upper unit of alternating resistant and recessive beds of limestone, dolomite, and
marl that overlie a lower unit of limestones and marl (see Figure 3-7). Above the Glen Rose

Formation is the Walnut Formation, a relatively impenetrable nodular limestone (Abbott 1973).

SYSTEM |SERIES| GROUP FORMATION MEMBER Tngze'\:)ESS LITHOLOGY
Quarter- Alluvium 45 Gravel, Sand, and Silt
nary Terrace Deposits 30 Coarse Gravel, Sand, and Silt
. Reklaw 200 Sand, Sandstone, and Clay
Eocene | Claiborne - -
Carrizo Sand 200-800 Sandstone, Medium to Coarse
Tertiary Eocene Wilcox 500-1.000 Clay, Siltstone, and Fine
and ' Sandstone
and
Paleo- . . .
Midway Wills Point 500 Clay and Sand
cene
Navarro 500 Upper: Marl, Sand, and Clay
Lower: Chalky Limestone and
Taylor 300-500 Mar
Gulf Austin 200-350 Chalk, Marl, and Hard Limestone
Upper: Flaggy Limestone, Shale
Eagle Ford 50 Lower: Siltstone, Sandstone
. Buda Limestone Upper: Der?se, Hard, Nodular
Washita . 100-200 Limestone
and Del Rio Clay i
Lower: Clay
Georgetown Dense Argillaceous Limestone
. 20-60 . .
Limestone with Pyrite
2 Marin.e/ 90-150 Limestone and Dolf)mite (?halky
3 Cyclic and Recrystallized Mix
Q
@ - -
g Person Leached/ 60-90 Recrystglllzed Dolomite,
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()
< Regional . .
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o 5 ’ ’
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Milioloidgrainstone
Kainer Dolomitic 150-200 leestgne, Calcified polomlte,
Kirshbergevaporites
Basal 40-70 Limestone: Hard, Dense, Nodular,
Nodular Mottled, and Stylolitic
Upper 300-400 Limestone, Dolomite, Shale, Marl
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Figure 3-7.  Stratigraphy of the Confined Edwards Aquifer along the Balcones Fault
Zone between Austin and San Antonio, Texas (after Maclay and Small
1986, Crowe 1994).
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The Balcones Fault Zone is the major structural feature of the Edwards Aquifer system.
Fractures associated with the fault zone cross through various strata, creating porosity and
permeability. Displacement in some areas has offset the Edwards Aquifer considerably, such as
in areas along the Comal Springs Fault (Figure 3-8). Edwards Group layers undergo a process
termed karstification when limestone is dissolved through solution, creating an extensive
honeycombed system of voids, pores, and caverns. This process began in the Edwards Group
during the Cretaceous Period (which began about 145 million years ago) and continues today.

3.1.2.3 San Marcos Springs

The San Marcos Springs are located near the base of the Balcones escarpment at the head of the
San Marcos River in Hays County, Texas. A map showing the local surface geology is included
as Figure 3-9, and a stratigraphic cross section of San Marcos Springs is included as Figure 3-10.
A list of local surface formations and their properties is included in Table 3-1. San Marcos
Springs issue from Edwards Group limestones along the San Marcos Springs Fault (see Figure 3-
9) (Guyton and Associates 1979).

3.1.2.4 Comal Springs

The seven outlets comprising Comal Springs make up the largest remaining spring system in the
state of Texas, and provide the source of the Comal River in New Braunfels, Comal County,
Texas. An illustration of local surface geology is included in Figure 3-11, and a stratigraphic
cross section of Comal Springs is included in Figure 3-12. A list of local surface formations and
their properties is included in Table 3-2. Comal Springs lie at the base of the Balcones
Escarpment, within the Balcones Fault Zone, and issue from Edwards Group limestones along
the Comal Springs Fault.

3.1.2.5 Hueco Springs

The Hueco Springs system is located on private property near the junction of EIm Creek and the
Guadalupe River approximately 3 mi (5 km) north of New Braunfels, Comal County, Texas.
The springs comprise two main groups which are bisected by a paved roadway. The springs rise
from the Hueco Springs Fault and discharge water from the Edwards Aquifer (Guyton and
Associates 1979). A list of local surface formations and their properties is included in Table 3-3.
Additionally, a map depicting the local surface geology is included in Figure 3-13 and a
stratigraphic cross section of Hueco Springs is included in Figure 3-14.

3.1.2.6 Fern Bank Springs

Fern Bank Springs, also known as Little Arkansas and Krueger Springs, lie approximately 5 mi
(8 km) east of the City of Wimberley on the south bank of Blanco River, in Hays County, Texas.
Fern Bank Springs issue from the base of a bluff where the Hidden Valley Fault crosses the
Blanco River. A list of local surface formations and their properties is included in Table 3-4.
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Figure 3-9. Surface Geology of San Marcos Springs and Vicinity.

3.2 WATER RESOURCES

The availability, location, and quality of surface water and groundwater within the study area are
discussed in this section.

3.2.1 Surface Water

3.2.1.1 River Basins

The southern segment of the Edwards Aquifer lies beneath portions of the Guadalupe, Nueces,
and San Antonio River basins. A brief discussion of these features is provided below. These
drainage basins are composed of smaller watersheds (illustrated in Figure 3-15) that contribute
recharge to the Edwards Aquifer (described in Section 3.2.2.12) (EAA 2010a).
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Figure 3-10. Stratigraphic Cross Section through San Marcos Springs and Vicinity.

Guadalupe River Basin
The Guadalupe River Basin originates in northwestern Kerr County and drains southeasterly to
San Antonio Bay and the Guadalupe Estuary (see Figure 3-16). The Guadalupe River Basin is
bordered to the north by the Colorado River Basin, to the south by the San Antonio River Basin,
and to the east by the Lavaca River Basin and the Lavaca-Guadalupe Coastal Basin (TNRCC
1998). The drainage area for the Guadalupe River Basin encompasses 6,070 square miles (mi?)
(15,721 square kilometers [km?]). The main tributaries include the North and South Forks of the
Guadalupe, and the Blanco and San Marcos Rivers (TSHA 2010a). Major reservoirs in this
basin include Canyon Lake and Coleto Creek Reservoir (see Figure 3-15).
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Table 3-1. Surface Geology of San Marcos Springs and Vicinity.
FORMATION/GROUP GENERAL DESCRIPTION

Floodplain deposits including low terrace deposits; organic matter, gravel, sand, silt and
Quaternary Alluvium clay with local caliche in overbank areas; thickness varies; covers areas southeast of San
Marcos Springs Fault.

Hillside erosional deposits; poorly sorted to unsorted cobbles, gravel, sand, silt, and clay;
thickness varies; found on hillsides northwest of fault.

Cretaceous-aged shale and limestone; upper part—shale, silty, 10 feet thick; middle
Eagle Ford Group part—limestone, sandy, flaggy, 4 to 5 feet thick; lower part—shale, calcareous 7 feet
thick; total thickness 23 to 32 feet; exposed on hilltops northwest of fault.

Buda Limestone; Cretaceous-aged limestone, fine grained, hard, fossiliferous, commonly
Buda Group glauconitic, thickness 30 to 60 feet; forms the majority of surface bedrock on hills
northwest of fault.

Del Rio Clay; Cretaceous-aged clay, calcareous and gypsiferous; some thin beds of

Del Rio Formation siltstone; some thin limestone beds of fossils; thickness 40 to 60 feet; exposed strata on
hillsides northwest of fault.

Mostly limestone, fine grained, nodular, moderately indurated; some shale, calcareous;
thickness 10 to 45 feet; exposed on hillsides northwest of fault.

Limestone, dolomite, and chert; limestone, fine grained, chalky to hard, alternating beds
Edwards Group of dolomite, fine to very fine grained, porous; thickness approximately 800 feet; locally
exposed in streambeds; source of springs.

Source: Modified from BEG (1974, 1981, 1982).

Quaternary Colluvium

Georgetown Formation

Guadalupe River flows are affected by Texas Commission on Environmental Quality (TCEQ
[Texas Natural Resources Conservation Commission, or TNRCC, prior to September 1, 2002])
and Guadalupe-Blanco River Authority (GBRA) management and regulations, discharges from
Canyon Lake (as managed by the U.S. Army Corps of Engineers [USACE]), and flows of the
Comal and San Marcos Rivers originating from their respective springs.

The San Marcos River begins at San Marcos Springs in San Marcos and flows southeast for
about 75 mi (121 km), before reaching its mouth on the Guadalupe River near Gonzales in
Gonzales County (TSHA 2011).

The Comal River originates at Comal Springs in the City of New Braunfels and runs just 3.1 mi
(4.9 km) before emptying into the Guadalupe River. The Comal River holds the distinction of
being the shortest river not only in Texas, but in the United States (TSHA 2010b).

Though the cities of New Braunfels and San Marcos have historically relied on pumping from
the Edwards Aquifer for municipal water supplies, both cities have strived to diversify water
supplies in recent years (SCTRWPG 2000). The City of San Marcos developed a regional
surface water supply project with GBRA, including the construction a water transmission
pipeline from the Guadalupe River. The City of New Braunfels developed additional water
supplies relying on purchased surface water rights drawn from Canyon Reservoir.
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Figure 3-11. Surface Geology of Comal Springs and Vicinity.

Contribution of Aquifer Springflow to the Lower Guadalupe River

and the Guadalupe Estuary System

The Edwards Aquifer contributes significant inflow to the Guadalupe River via Comal and San
Marcos Springs. Both the quantity and quality of Guadalupe River flows affect biological
productivity of the Guadalupe Estuary System including Mission Lake, Guadalupe, Ayres, San
Antonio, Mesquite, and Espiritu Santo Bays (see Figure 3-17).

Freshwater contributions to the Guadalupe Estuary System have been estimated by a number of
investigators. Average annual freshwater inflow to the Guadalupe Estuary System from various
sources is provided in Table 3-5 (CH2M Hill 1986). Another effort determined that Edwards
Aquifer springflow has historically represented an average of 14.2 percent of the freshwater
inflows to the Guadalupe Estuary (HDR 2009).
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Table 3-2.

Surface Geology of Comal Springs and Vicinity.

FORMATION/GROUP

GENERAL DESCRIPTION

Quaternary Alluvium

Floodplain deposits including low terrace deposits; organic matter, gravel, sand, silt and
clay with local caliche in overbank areas; thickness varies; covers areas southeast of
Comal Springs Fault.

Edwards Group

Limestone, dolomite, and chert; limestone, fine grained, chalky to hard, alternating beds of
dolomite, fine to very fine grained, porous; thickness approximately 800 feet; exposed
northwest of fault; source of springs.

Source: Modified from BEG (1974, 1981, 1982).
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Table 3-3. Surface Geology of Hueco Springs and Vicinity.
FORMATION/GROUP GENERAL DESCRIPTION

Georgetown Formation

Mostly limestone, fine grained, nodular, moderately indurated; some shale, calcareous;
thickness 10 to 45 feet; exposed on hillsides northwest of fault.

Edwards Group

Limestone, dolomite, and chert; limestone, fine grained, chalky to hard, alternating beds of
dolomite, fine to very fine grained, porous; thickness approximately 800 feet; locally
exposed in streambeds; source of springs.

Walnut Formation

Limestone and claystone interbedded. Limestone, in upper part- argillaceous, nudlar, thin
to medium bedded, iron stained, burrowed; in lower part- fine to coarse grained, hard, in
part nodular, ripple marked on bedding surface. Claystone, calcareous, limestone
nodules in upper part, sandy in lower part, light brown to gray.
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Figure 3-13. Surface Geology of Hueco Springs Locality.
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Table 3-4. Surface Geology of Fern Bank Springs and Vicinity.

FORMATION/GROUP

GENERAL DESCRIPTION

Eagle Ford Group

Cretaceous-aged shale and limestone; upper part—shale, silty, 10 feet thick; middle part—
limestone, sandy, flaggy, 4 to 5 feet thick; lower part—shale, calcareous 7 feet thick; total
thickness 23 to 32 feet; exposed on hilltops northwest of fault.

Buda Formation

Buda Limestone; Cretaceous-aged limestone, fine grained, hard, fossiliferous, commonly
glauconitic, thickness 30 to 60 feet; forms the majority of surface bedrock on hills northwest
of fault.

Glen Rose Formation

Lower Cretaceous-aged limestone, dolomite, and clay; limestone, fine grained, chalky to
hard, white to light gray; alternating with units of dolomite, fine to very fine grained, porous,
medium gray to brownish gray; and clay, marly, silty, laminated, dark gray.

Source: Modified from BEG (1974, 1981).
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Figure 3-17. Map of the Guadalupe Estary (San Antonio Bay), which Receives
Freshwater from the Guadalupe and San Antonio Rivers (Guthrie et al.
2010) (Not to Scale).

Table 3-5. Average Annual Freshwater Inflow to Guadalupe Estuary System.

SOURCE INFLOW (ac-ft/yr) PERCENTAGE OF TOTAL INFLOW
Guadalupe River 1,304,000 43

San Antonio River 485,400 16

Precipitation 440,000 14

Local Runoff 460,000 15

Edwards Aquifer 360,000 12

TOTAL 3,049,400 100.0

Source: CH2M Hill (1986).
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Surface water management and weather conditions change the proportion of springflow to total
freshwater inflow during normal and dry years. Freshwater contributions to the Guadalupe
Estuary for an average year (1994) and drought year (1996) have been estimated and are
provided in Table 3-6 (HDR 2009). Other researchers reached drought year annual springflow
estimations of 33 and 37 percent for this same time period (Votteler 2002). These calculations
demonstrate the greater contribution of Aquifer springflow to total freshwater inflow during
drought years.

Table 3-6. Average Annual Freshwater Inflow to Guadalupe Estuary System
in an Average and Dry Year.

SOURCE PERCENTAGE OF TOTAL INFLOW PERCENTAGE OF TOTAL INFLOW
DURING AN AVERAGE YEAR (1994) DURING A DRY YEAR (1996)
Guadalupe River 49 37
San Antonio River 20 11
SAWS Effluent 5 14
Ungaged Runoff 13 14
Edwards Aquifer Springflow 13 24
TOTAL 100 100

Source: HDR (2009).

Springflow contributions to the Guadalupe Estuary during the DOR have also been estimated.
Springflow was estimated to have provided 30 percent of the freshwater inflows into the estuary
in 1956 (McKinney and Watkins 1993). Monthly springflow contributions for the most severe
portion of the DOR have been estimated as: May (9 percent), June (53 percent), July (35
percent), August (32 percent), September (15 percent), and October (5 percent) (Votteler 2002).

Nueces River Basin

The Nueces River originates in Edwards County and flows southeasterly to the Gulf of Mexico
near Corpus Christi, a distance of approximately 315 mi (507 km) (TNRCC 1996) (see Figure 3-
15). The Nueces River Basin is bordered on the north and east by the Colorado, San Antonio,
and Guadalupe River Basins and to the south and west by the Rio Grande and Nueces-Rio
Grande Coastal Basin. The Nueces River and its tributaries cross the fractured limestones of the
recharge zone and a substantial amount of surface flows are recharged into the Edwards Aquifer.
Downstream of the recharge zone much of the Nueces River Basin surface flows consist
primarily of stormwater.

San Antonio River Basin
The San Antonio River originates from several springs in north central San Antonio and
converges with the Guadalupe River in Victoria County (see Figure 3-15). The San Antonio
River Basin drains an area of about 4,180 mi® (10,826 km?) (TNRCC 1996), and is bounded by
the Guadalupe River to the north and east and by the San Antonio-Nueces Coastal Basin and
Nueces on the west and south.
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3.2.1.2 Edwards Aquifer-Fed Springs

Of the 281 major freshwater springs recorded in Texas, only four are known to have had flows
greater than 100 cfs. Just two of these largest springs remain today, the San Marcos and Comal
Springs, both supported by the Edwards Aquifer (Brune 1975) (see Figure 3-18). Other
significant spring outlets include Hueco Springs, Leona Springs, San Antonio Springs, and San
Pedro Springs. Total annual discharge from these six springs during the period of record (1934
to 2009) has varied from 69,800 ac-ft in 1956 to 802,800 ac-ft in 1992, with an average annual
discharge of 384,360 ac-ft (Table 3-7) (EAA 2010a).

JASON LLANO ¢ BURNI o WILLIAMSON

Comal Springs

Edwards Aquifer Authority

Jurisdictional Boundary San Antonio Spﬂ’ngg

Pinto Spri
into Springs San Pedro Spring&—_@
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Figure 3-18. General Location of Springs within the Southern Segment of the Edwards/
Aquifer.
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Table 3-7. Estimated Spring Discharge from the Edwards Aquifer, 2009 (Measured
in Acre-Feet).

LEONA TOTAL
o TN | | com | o | oy

RIVER SPRINGS SPRINGS SPRINGS FROM

UNDERFLOW SPRINGS
January 1,970 270 322 17,910 358 6,000 26,830
February 1,406 180 16 15,570 364 5,480 23,016
March 1,487 195 0.16 16,610 505 6,140 24,937
April 1,574 110 0 15,630 405 5,680 23,399
May 764 30 0 14,210 494 5,680 21,178
June 396 10 0 11,850 338 5,340 17,934
July 366 0.65 0 10,180 194 5,420 16,161
August 415 0 0 10,290 270 5,330 16,305
September 471 3.23 0 11,610 1,880 5,550 19,514
October 549 167 7.41 16,390 5,200 9,080 31,393
November 552 277 68.3 17,590 4,130 10,670 33,287
December 584 295 91.2 19,180 2,590 11,280 34,020
TOTAL 10,534 1,538 505 177,020 16,728 81,650 287,975

Data source: EAA (2010a). Differences in totals may occur as a result of rounding.

Comal Springs

At 623 feet (190 m) above msl, Comal Springs is one of the lowest elevation springs fed by the
Edwards Aquifer (see Figure 3-18). Comal Springs consists of four major outlets that flow into
Landa Lake (Abbott and Woodruff 1986). The average springflow for the period of record (1933
to 2009) was 291 cfs (EAA 2010a). Though precipitation events and resulting stormwater can
generate Comal River flows of thousands of cubic feet per second, the highest springflow
recorded at Comal Springs was 534 cfs in 1973. Flow completely ceased at Comal Springs for
144 days from June 13 to November 4 of 1956 during the most severe conditions of the DOR
(Longley 1995, USFWS 1996a).

San Marcos Springs

San Marcos Springs, at 574 feet (175 m) above msl, is the lowest elevation major springs system
in the southern segment of the Edwards Aquifer (Figure 3-18). San Marcos Springs includes six
major and several minor orifices at the bottom of the man-made Spring Lake. The average flow
from San Marcos Springs for the period of record (1957 to 2009) is 175 cfs (EAA 2010a). The
highest springflow recorded at San Marcos Springs was 316 cfs in 1975 (Brune 1981). San
Marcos Springs have never ceased flowing in recorded history, and the lowest recoded discharge
of 46 cfs occurred during the DOR in 1956.
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Other Springs

Fern Bank, Hueco, Leona, San Antonio, and San Pedro Springs are lesser spring outlets of the
Edwards Aquifer within the study area (see Figure 3-18). These springs generally have declining
or erratic flow due in part to their elevation, seasonal fluctuations during dry years, and pumping.

The elevation of Fern Bank Springs is approximately 670 feet (204 m) above msl. The source of
the water for Fern Bank Springs is unclear. It may originate from the upper member of the Glen
Rose Formation, from drainage from the Edwards Aquifer recharge zone, from water lost from
the Blanco River, or from some combination of those sources (72 FR 39247-39283). Recent dye
traces confirm that under some conditions groundwater recharged south of the Blanco River feed
the spring (Johnson et al. 2011). Though few records are available for this site, Fern Bank
springflow has been recorded at less than 1 cfs (Brune 1981).

Hueco Springs consist of two outlets at an elevation of approximately 658 feet (201 m) above
msl. Springflow at Hueco Springs averages about 35 cfs, and the maximum discharge recorded
was 131 cfs in 1968 (Brune 1975). Hueco Springs are known to experience long periods of low
flow or cessation of flow during drought conditions (Abbott and Woodruff 1986). Hueco
Springs recharge has local and regional components originating from the nearby Dry Comal
Creek and Guadalupe River basins and from longer flowpaths from San Antonio (Otero 2007).

Leona Springs are found in four groupings along or beneath the surface of the Leona River in
Uvalde County. At 860 feet (262 m) above msl, Leona Springs are recharged by the Nueces
River and its tributaries to the northwest (Brune 1981). Leona Springs are not monitored by the
U.S. Geological Survey and no regular flow records are available for this springs complex.

Originally a complex of over 100 springs (Brune 1981), the remaining outlets of the San Antonio
Springs complex are located principally on property of the University of the Incarnate Word near
Brackenridge Park in north central San Antonio in Bexar County. Most of the springs are at an
elevation of about 672 feet (205 m) above msl. The largest spring is called Head of the River or
Blue Hole, implying that it was believed to be the source of the San Antonio River. Many of the
individual springs within the complex flow during wet years (such as in 1973 and 1992), but are
now frequently intermittent with little or no springflow.

San Pedro Springs are located at 663 feet (202 m) above msl in San Pedro Park in San Antonio.
Both San Antonio and San Pedro Springs are recharged by waters over 62 mi (100 km) to the
west where the Frio, Sabinal, and Medina Rivers and Hondo and Leon Creeks cross the Balcones
Fault Zone. San Pedro Springs today have erratic or no springflow, and waters near the springs
used for recreation are piped in from other locations (Brune 1975).

3.2.1.3 Surface Water Quality

Surface water quality is monitored and regulated by the U.S. Environmental Protection Agency
(USEPA) and TCEQ. The State of Texas Integrated Report (STIR, formerly known as the Texas
Water Quality Inventory) is prepared by TCEQ and submitted to USEPA to meet the
requirements of the Clean Water Act. The STIR reports status and trends in statewide water
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quality and describes the degree to which each water body segment supports its designated uses
as established by the Texas Surface Water Quality Standards (TSWQS).

The TCEQ defines surface waters classifications as follows: “Classified surface waters are listed
as water quality limited or effluent limited. Water bodies are classified as water quality limited
if one or more of the following are applicable: (1) surface water quality monitoring data indicate
significant violations of criteria in the TSWQS that are protective of aquatic life, contact
recreation, public water supply, fish consumption, or oyster waters uses; (2) advanced waste
treatment for point source wastewater discharges is required to meet water quality standards; (3)
the segment is a public water supply reservoir (requires special wastewater treatment
considerations). All other water bodies are classified effluent limited, indicating that water
quality standards are being maintained and that conventional wastewater treatment is adequate to
protect existing conditions” (TNRCC 1998).

Water body segments that do not support designated uses or water quality criteria are listed on
the 2010 State of Texas Clean Water Act Section 303(d) List. Stream segments over or partially
over the Edwards Aquifer that are categorized as impaired are shown in Table 3-8 (TCEQ
2010a). Section 314 of the Clean Water Act requires states to rank major lakes and reservoirs
according to their “trophic state” or nutritional status (TNRCC 1998). Data regarding specific
water bodies are included in Tables 3-8 through 3-11 and discussed below.

Table 3-8. Stream Segments Located (at Least Partially) over the Edwards Aquifer
and on the Draft 2010 Texas Clean Water Act Section 303(d) List.

SEGMENT NAME SEGMENT SEGMENT SUMMARY

Canyon Lake 1805 Mercury in Edible Tissue

Camp Meeting Creek 1806A Dissolved Oxygen Concer}t;;olizrlgt;ci;ieonally Lower than Criterion

Quinlan Creek 1806D Bacteria Levels Exceed Criterion

Town Creek 1806E Bacterial Levels Exceed Criterion

Upper San Marcos River 1814 Total Dissolved Solids

Upper Cibolo Creek 1908 Bacteria Levels Exceed Criterion

Salado Creek 1910 Impaired Fish Community, Impaired Macrobenthic Community

Upper San Antonio River 1911 Impaired Fish Community; Bacteria Levels Exceed Criterion

Mid Cibolo Creek 1913 Bacteria Levels Exceed Criterion

Upper Frio River 2113 Impaired Fish Community, Impaired Macrobenthic Community

Frio River above Choke
Canyon Reservoir
Source: TCEQ (2010a).

2117 Bacteria Levels Exceed Criterion
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Table 3-9. The TCEQ Surface Water Quality Inventory Summary for the Stream
Segments in the Guadalupe River Basin Located (at Least Partially)
over the Edwards Aquifer.
SEGMENT WATER QUALITY CONCERNS
NAME NUMBER DESIGNATED WATER USES WITHIN STREAM SEGMENT
Contact Recreation Use, Aquatic Life Use, . . . - .
Canyon Lake 1805 Public Water Supply Use, General Use, Mercury in Edlk.)le Tissue; First Listed
. . in 2006
Fish Consumption Use
Caf“p Meeting, Contact Recreation Use, Aquatic Life Use, Depressgd D|§solved Oxygen, Bagtena;
Quinlan, and 1806 Public Water Suoply Use First Listed in 1999 (Camp Meeting
Town Creeks PRl Creek) and 2010 (Other Creeks)
Lower Blanco Contact Recreation Use, Aquatic Life Use,
. 1809 Public Water Supply Use, General Use, None Listed
River . .
Fish Consumption Use
Contact Recreation Use, Aquatic Life Use,
Comal River 1811 Public Water Supply Use, General Use, None Listed
Fish Consumption Use
Guadalupe Contact Recreation Use, Aquatic Life Use,
River below 1812 Public Water Supply Use, General Use, None Listed
Canyon Dam Fish Consumption Use
Upper Blanco Contact Recreation Use, Aquatic Life Use,
.pp 1813 Public Water Supply Use, General Use, None Listed
River . .
Fish Consumption Use
Ubper San Contact Recreation Use, Aquatic Life Use,
PP . 1814 Public Water Supply Use, General Use, Total Dissolved Solids; First Listed 2010
Marcos River . .
Fish Consumption Use
Contact Recreation Use, Aquatic Life Use,
Cypress Creek 1815 Public Water Supply Use, General Use, None Listed
Fish Consumption Use

Source: TCEQ (2010a).

The EAA maintains water quality data collection sites within the eight major stream basins that
contribute significant groundwater recharge to the Edwards Aquifer. The data is collected at
U.S. Geological Survey gauging stations located upstream of the Edwards Aquifer Recharge
Zone. The collected data are used to evaluate water quality recharging the Edwards Aquifer and
the sensitivity of water quality to land use changes in the region.

Selected stream sites were tested in 2009 for organic compounds related to Volatile Organic
Compounds (VOCs), Semi-Volatile Organic Compounds (SVOCs), Polychlorinated Biphenyls
(PCBs), herbicides and pesticides. There were no detections of VOCs at San Geronimo and
Lorence Creeks. Lorence Creek was also tested for SVOCs with no detections. Remaining
stream samples were tested for organic compounds related to PCBs, herbicides and pesticides,
with one positive herbicide detection at San Geronimo Creek for pentachlorophenol at 0.25
micrograms per liter (ug/L), (maximum contaminant level (MCL) = 1.0 pg/L) (EAA 2010a).

Springs outflows were also analyzed for VOCs, SVOCs, PCBs, herbicides, and pesticides, and
no positive results were noted for these compounds (EAA 2010a).
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Table 3-10. The TCEQ Surface Water Quality Inventory Summary for Stream Segments
in the San Antonio River Basin Located (at Least Partially)
over the Edwards Aquifer.
WATER QUALITY
SEGMENT CONCERNS
NAME NUMBER DESIGNATED WATER USES WITHIN STREAM
SEGMENT
Medina Rl\{er Contact Recreation Use, Aquatic Life Use, Public Water .
below Medina 1903 . . None Listed
. . Supply Use, General Use, Fish Consumption Use
Diversion Lake
. Contact Recreation Use, Aquatic Life Use, Public Water .
Medina Lake 1904 Supply Use, General Use, Fish Consumption Use None Listed
Medina River . L .
above Medina 1905 Contact Recreation Ussi,J AqluaglsceLlfe Use, Public Water None Listed
Lake PRl
Lower Leon Contact Recreation Use, Aquatic Life Use, Public Water Depressed DIS.SON?d
1906 Oxygen, PCBs in Edible
Creek Supply Use .
Tissue
Upper Leon Contact Recreation Use, Aquatic Life Use, Public Water .
Creek 1907 Supply Use, General Use, Fish Consumption Use None Listed
Upper Cibolo Contact Recreation Use, Aquatic Life Use, Public Water .
Creek 1908 Supply Use, General Use, Fish Consumption Use Elevated Levels of Bacteria
Medina Contact Recreation Use, Aquatic Life Use, Public Water .
Diversion Lake 1909 Supply Use, General Use, Fish Consumption Use None Listed
Contact Recreation Use, Aquatic Life Use, Public Water Impalrgd Fish Commun'lty,
Salado Creek 1910 . ) Impaired Macrobenthic
Supply Use, General Use, Fish Consumption Use .
Community
Upper San . L Impaired Fish community,
Antonio River 1911 Contact Recreation Use, Aquatic Life Use Elevated Level of Bacteria
'\Cﬂrlgeilbmo 1913 Contact Recreation Use, Aquatic Life Use Elevated Level of Bacteria

Source: TCEQ (2010a).

Water quality data is summarized for the Guadalupe, San Antonio, and Nueces River Basins

below.

Guadalupe River Basin Water Quality
A summary of TCEQ stream segments designated as impaired within the Guadalupe River Basin
is provided in Table 3-9 (TCEQ 2010a). Rivers and creeks flowing through the contributing and
recharge zones provide a measure of the quality of the waters recharging the Edwards Aquifer.
Other water entering the Edwards Aquifer in this river basin is from precipitation that falls over
the recharge zone and groundwater from subsurface flow among the various geologic

formations.
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Table 3-11. The TCEQ Surface Water Quality Inventory Summary for Stream Segments
in the Nueces River Basin that Provide Recharge to the Edwards Aquifer.

SEGMENT WATER QUALITY
NAME NUMBER DESIGNATED WATER USES CONCERNS WITHIN
STREAM SEGMENT
U!oper Sabinal 2111 Contact Recreation Use, Aquat!c Life Use, Pgbllc Water None Listed
River Supply Use, General Use, Fish Consumption Use
Upper Nueces Contact Recreation Use, Aquatic Life Use, Public Water .
River 2112 Supply Use, General Use, Fish Consumption Use None Listed
. . N . Impaired Fish Community,
Upper Frio Contact Recreation Use, Aquatic Life Use, Public Water pa (_ad sh Commu _ty
. 2113 . . Impaired Macrobenthic
River Supply Use, General Use, Fish Consumption Use .
Community
Contact Recreation Use, Aquatic Life Use, Public Water .
Hondo Creek 2114 . . N Listed
ondo Lree Supply Use, General Use, Fish Consumption Use one Liste
Contact Recreation Use, Aquatic Life Use, Public Water .
S Creek 2115 . . N Listed
ecotree Supply Use, General Use, Fish Consumption Use one Liste

Source: TCEQ (2010a).

In 1986, the chlorinated hydrocarbons tetrachloroethene (PCE), trichloroethene (TCE), and 1,2-
dichloroethene were detected in groundwater seeping into Willow Springs Creek, east of
Interstate Highway 35 (IH-35) in San Marcos. Traces of these compounds were also found in
fish, prompting the TCEQ to consider adding the site to the state Superfund list (San Antonio
Express News 2001). Willow Springs Creek empties into the San Marcos River east of IH-35.
No traces of these chemicals were found in the San Marcos River.

San Antonio River Basin Water Quality

The State of Texas Water Quality Inventory characterizes the San Antonio River as having
historically poor water quality. The San Antonio River flows 240 mi (386 km) through the study
area to its confluence with the Guadalupe River. The San Antonio River is a principal recipient
of effluent from San Antonio wastewater treatment plants. About 60 percent of water pumped
from the Edwards Aquifer for municipal use is returned after treatment to destination streams
after treatment (CH2M Hill 1986). Pollutants in the San Antonio River Basin are derived
primarily from urban runoff and municipal wastewater discharges. A summary of stream
segment water quality is provided in Table 3-10 (TCEQ 2010a).

Nueces River Basin Water Quality

During low-flow conditions, water quality in the Nueces River Basin can be substantially
degraded by natural and human activities. Stream segment water quality is summarized in Table
3-11 (TCEQ 2010a).

3.2.1.4 Nationwide Rivers Inventory

The National Park Service’s Nationwide Rivers Inventory (NRI) lists more than 3,400 free-
flowing river segments in the United States defined as possessing one or more “outstandingly
remarkable” natural or cultural values judged to be of more than local or regional significance.
Under a 1979 Presidential Directive and related CEQ procedures, all federal agencies are
directed to avoid or mitigate actions that would adversely affect one or more NRI segments. The
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NRI is a source of information for statewide river assessments and federal agencies involved
with stream-related projects (NPS 2010). Four river or stream segments described in the NRI are
partially or wholly within the study area.

e Frio River — A 40-mi (64-km) section from Concan upstream to the headwaters within
Uvalde and Real Counties; a clear, spring-fed river listed for outstanding scenic,
recreation, wildlife, and historic values; very popular recreational river for canoeing and
tubing, mostly concentrated near Garner State Park; banks are lined with bald cypress,
pecan, and oak, with limestone outcroppings and bluffs.

e Guadalupe River — An 81-mi (130-km) section from the headwaters of Canyon Lake
upstream to headwaters near Kerrville; listed for outstanding scenic, recreation, geologic
and other values; has been rated as #1 recreational river in the state and #2 scenic river;
heavily used by canoeists, kayakers, and tubers; features two major waterfalls and
numerous rapids; limestone bluffs and formations line the river.

e Nueces River — A 54-mi (87-km) section from the southernmost SH 55 crossing
northwest of Uvalde, Texas, upstream to the headwaters; listed for outstanding scenic,
recreation, geologic, fish and wildlife values; included in the top 100 natural areas in the
state.

e Sabinal River — A 37-mi (60-km) section from U.S. Highway 90 crossing in Sabinal,
Texas, upstream to the headwaters; listed for outstanding scenic, recreation, geologic,
wildlife, and other values.

3.2.2 Groundwater

In addition to the Edwards Aquifer, four major aquifers (Carrizo-Wilcox, Edwards-Trinity, Gulf
Coast, and Trinity Aquifers) (Figure 3-19) and five minor aquifers (Ellenburger-San Saba,
Hickory, Queen City, Sparta, and Yegua Jackson Aquifers) are located in the study area (Figure
3-20) (TWDB 20064a, 2006b). Each is described briefly here, followed by an in-depth discussion
of the Edwards Aquifer.

3.2.2.1 Carrizo-Wilcox Aquifer

The Carrizo-Wilcox Aquifer extends from the Rio Grande in South Texas northeastward into
Arkansas and Louisiana (TWDB 2010a) (Figure 3-19). The outcrop proceeds through the study
area in Medina and Bexar Counties. The Carrizo-Wilcox Aquifer is predominantly composed of
sand locally interbedded with gravel, silt, clay, and lignite deposited during the Tertiary Period
(TWDB 2010a).
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3.2.2.2 Edwards-Trinity Aquifer

The Edwards-Trinity, also known as the Edwards-Trinity (Plateau) Aquifer, is a sandstone and
carbonate-rock aquifer extending from the Edwards Plateau into west Texas (Figure 3-19). This
aquifer is generally recharged by direct precipitation on the land surface (USGS 1999). Primary
demand for groundwater pumped from this aquifer comes principally from agricultural use,
followed by municipal and industrial use, and thermo-electric power (USGS 1999). The water is
generally a hard, calcium bicarbonate type and typically has concentrations of dissolved solids
that range from 400 to 1,000 milligrams per liter (mg/L) (USGS 1999).

3.2.2.3 Gulf Coast Aquifer

The Gulf Coast Aquifer extends from the Lower Rio Grande Valley in south Texas following the
Texas Gulf Coast to the Louisiana-Texas border and underlies Calhoun, DeWitt, Refugio and
Victoria counties and a small portion of Gonzales County within the study area (Figure 3-19).
This aquifer consists of complex interbedded clays, silts, sands, and gravels, which are
hydrologically connected to form a large, leaky artesian aquifer system. Water quality is
generally good in the shallower portion of this aquifer. Municipal and irrigation uses account for
90 percent of the total pumping from this aquifer (TWDB 2010b).

3.2.2.4 Trinity Aquifer

The Trinity Aquifer is associated with lower Cretaceous rocks underlying the Edwards Group
(Figure 3-19) (Ashworth 1983). The Trinity Aquifer is divided into three units (Upper, Middle,
and Lower Trinity) that form a leaky, primarily confined aquifer system (Ashworth 1983).
Groundwater in the Middle Trinity Aquifer discharges through springs, pumping, and directly
into the Edwards Aquifer to the south and east. Waters from the Trinity generally contain higher
concentrations of sulfate, chloride and total dissolved solids (TDS) but fewer detections of
nitrate, pesticides, and volatile organics than waters from the Edwards Aquifer (Bush et al.
2000).

The Upper Trinity Aquifer occurs in the upper member of the Glen Rose Formation and forms
part of the contributing zone for the Edwards Aquifer. Much of the Upper Trinity groundwater
emerges in seeps and springs. Some of this discharge flows overland and is recharged into the
Edwards Aquifer. Recent dye-trace studies find that the amount of Trinity Aquifer groundwater
migrating to the Edwards Aquifer may be greater than was previously understood (Green 2011).
The Lower Trinity is not believed to contribute water to the Edwards Aquifer.

3.2.2.5 Hickory Aquifer

The Hickory Aquifer extends into the study area in portions of Kendall and Hays Counties.
Groundwater from this aquifer is generally fresh and most of the water pumped is used for
irrigation. In some areas, this aquifer produces water with radium concentrations that exceed
drinking water standards, and the water can contain radon gas. Waters from the upper unit of the
Hickory contain iron concentrations that exceed drinking water standards (TWDB 2010c).
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3.2.2.6 Ellenburger-San Saba Aquifer

The Ellenburger-San Saba Aquifer extends into the study area in northern Kendall County
(TWDB 2010d). About 75 percent of the water pumped from this aquifer is used for municipal
water supplies in the communities of Bertram, Fredericksburg, Johnson City, and Richland
Springs. Water produced from this aquifer is inherently hard and usually has less than 1,000
mg/L dissolved solids (TWDB 2010d).

3.2.2.7 Queen City Aquifer

The Queen City Aquifer occurs in portions of Atascosa, Gonzales, and Caldwell Counties within
the study area. This aquifer is composed of sand, loosely cemented sandstone, and interbedded
clay. Water pumped from this aquifer is used for municipal and industrial water supply as well
as agricultural irrigation. Water of excellent quality is generally found within the outcrop but
deteriorates with depth. Relatively high iron concentrations occur in some locations (TWDB
2010e).

3.2.2.8 Sparta Aquifer

Portions of Atascosa and Gonzales Counties overlay the Sparta Aquifer. The Sparta Aquifer
occurs within sand and interbedded clay and provides water for domestic, livestock, municipal,
industrial, and irrigation uses. The water quality is excellent within the outcrop area but
deteriorates with depth. Water within some areas may contain iron concentrations in excess of
drinking water standards (TWDB 2010f).

3.2.2.9 Yegua Jackson Aquifer

The Yegua Jackson Aquifer occurs within the study area in portions of Atascosa and Gonzales
Counties. This aquifer is composed of complex associations of sand, silt, and clay. Water
pumped from the Yegua Jackson Aquifer is used for municipal, industrial, and irrigation
purposes. Water quality varies greatly within this aquifer. Small to moderate amounts of usable
quality water can be found within shallow sands (less than 300 feet [91 m] deep) over much of
this aquifer, though, localized occurrences of poor-quality water are not uncommon (TWDB
2010g).

3.2.2.10 Edwards Aquifer

The Edwards Aquifer (referred to as the Edwards Balcones Fault Zone Aquifer by the Texas
Water Development Board [TWDB]) covers approximately 4,350 mi? (11,266 km?) across parts
of 11 Texas counties (Figure 3-19) (TWDB 2006a). The Edwards Aquifer has focused recharge
zones, enhanced secondary porosity, and excellent water quality. These factors make the
Edwards Aquifer one of the most productive groundwater reservoirs in the country (Sharp and
Banner 1997). The Edwards Aquifer is the primary water source for almost 2 million people and
supports cities, towns, rural communities, farms, and ranches (EAA 2010a, U.S. Census Bureau
2010a). The water is used for a range of purposes, including municipal, industrial,
manufacturing, power generation, irrigation, mining, livestock, and recreation. The Edwards
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Aquifer also supports several major springs which provide habitat for a number of threatened and
endangered species.

Groundwater movement through the Edwards Aquifer is generally controlled by a number of
barrier faults that disrupt the continuity of the permeable Edwards limestone. This movement
tends to be from the higher elevations in the west to discharge areas in the east. The
displacement of geologic strata causes juxtaposition of permeable and impermeable layers across
the region. Water moves more freely through the Edwards Aquifer when this displacement is
minimal. Groundwater divides hydrogeologically separate the central portion of the Edwards
Aquifer from Edwards limestones on either side (see Figure 3-21). The Edwards Aquifer is
usually described therefore as being composed of three segments: the southern (sometimes
referred to as the San Antonio) segment; the Barton Springs (or Austin) segment; and the
northern segment.

One such groundwater divide runs west-northwest from the city of Kyle, in Hays County,
hydrologically separating the southern and Barton Springs segments under normal conditions.
Generally, groundwater north of this divide flows north, while groundwater south of the divide
flows south. Groundwater from the San Antonio and Austin segments do not normally mix,
though the groundwater divide may be diminished during drought conditions. A recent study
suggests that as water levels in the Edwards Aquifer decline during major droughts and current
levels of pumping, some southern segment groundwater bypasses San Marcos Springs and flows
north into the Barton Springs Segment of the Edwards Aquifer (HDR 2010). The northern
segment of the Edwards Aquifer is hydrologically separated from the Barton Springs Segment by
the Colorado River. The study area is primarily concerned with the southern segment of the
Edwards Aquifer.

The southern segment of the Edwards Aquifer (illustrated in Figures 1-1, 3-19, and 3-21) varies
in width from 5 to 40 mi (8 to 64 km) and extends through six counties: Kinney, Uvalde,
Medina, Bexar, Comal, and Hays. The water-bearing body of the Edwards Aquifer underlies
approximately 3,600 mi® (9,324 km?) in eight counties and holds water that drains from
approximately 8,000 mi? (20,720 km?) in 12 counties. The total volume of freshwater in the
Edwards Aquifer is estimated at 173 million ac-ft (BEG 1993), although the amount of
recoverable groundwater is not known. The Edwards Aquifer, which historically has been the
sole source of water for the city of San Antonio (USGS 1995, EAA 2010a), provides base flow
to the Guadalupe, Nueces and San Antonio River basins, and is utilized for municipal, industrial
and agricultural needs throughout the region (USGS 1999).

The Edwards Aquifer is a karst aquifer that displays complex flow patterns typical of these
systems (USGS 1995). Water flow through the Edwards Aquifer occurs across a range of
hydraulic conductivities, from flow through the rock matrix (least conductive), to flow through
planar fractures and bedding planes, to turbulent flow through integrated conduit systems (most
conductive). Most storage occurs in the matrix zones, while flow typically occurs in the
fractures, faults, and conduits. Groundwater in some components of the Edwards Aquifer may
have long residence times and remain relatively resistant to contamination, while other portions
of the Edwards Aquifer may have extremely rapid travel times and may be easily contaminated.
The most easily contaminated portions of the Edwards Aquifer are also the most productive,
feeding major springs and wells.
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Flow pathways are also very dynamic in karst aquifer systems. Flow direction may be
influenced by local or regional hydraulic gradients, and constrained by the location and
orientation of conduit systems. Flow paths may be influenced by geologic formations that
occurred under previous water flow regimes and may not therefore follow local topography or
surface watersheds. Water flow in karst aquifers may cross watershed boundaries that would
serve as groundwater divides in other aquifer systems. The pattern and direction of flow in karst
is often water-level dependent, as differing water levels can utilize flow paths and travel through
conduits formed under differing groundwater regimes. The southern section of the Edwards
Aquifer consists of distinct contributing, recharge, and artesian zones described below (see
Figures 1-1, 3-19, and 3-21).

Contributing Zone

The contributing zone is composed of drainage areas and catchments of surface streams, creeks,
and rivers that flow over the Edwards Aquifer’s recharge zone in the Guadalupe, Nueces, and
San Antonio River Basins. The contributing zone encompasses some 4,400 mi? (11,396 km?) in
all or part of Bandera, Bexar, Blanco, Comal, Edwards, Gillespie, Hays, Kendall, Kerr, Kinney,
Medina, Real, and Uvalde Counties (see Figures 1-1, 3-19, and 3-21).

Recharge Zone

The recharge zone (also known as the unconfined region) of the Edwards Aquifer comprises
about 1,500 mi? (3,885 km?) of heavily faulted and fractured Edwards limestone exposed at the
land surface. This highly permeable zone intercepts and allows large quantities of surface water
to flow into the Edwards Aquifer. The recharge zone stretches from north and west of San
Marcos and New Braunfels extending southwesterly north of San Antonio, then westerly through
portions of Bexar, Medina, Uvalde and Kinney Counties (see Figure 3-21). Under normal
conditions most Edwards Aquifer recharge occurs in the basins west of Bexar County where the
Edwards limestone outcrop is very wide at the surface (USGS 1995).

Recharge occurs where streams and rivers cross permeable Edwards limestones and flows go
underground, or when precipitation or runoff falls directly on the exposed permeable outcrop.
Each river and stream that crosses the outcrop loses significant portions of their flow to the
Edwards Aquifer through joints, faults, sink holes, and other karst features, except the Guadalupe
River (USGS 1995). Unlike most creeks and streams in the recharge zone, water levels in the
Guadalupe River are near the groundwater table. The Guadalupe, therefore, may either gain or
lose water to the Edwards Aquifer where it crosses the recharge zone, depending on Aquifer
levels. Surface water reservoirs on the recharge zone, such as Medina Lake, also contribute
water to the Edwards Aquifer.

Recharge to the Edwards Aquifer is typically intermittent because most streams in south-central
Texas are ephemeral. The karstic nature of the system, however, allows for extremely efficient
recharge. Water passing over the contributing zone and into faults and fractures of the recharge
zone is rapidly transferred directly to the Edwards Aquifer with little or no filtration.
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Artesian Zone

The artesian zone (also known as the confined region) is located between two relatively
impermeable formations, the Glen Rose formation below, and the Del Rio clay above (Ferrill et
al. 2004). The weight of water entering the Edwards Aquifer from the recharge zone creates
tremendous pressure on water present in the formation. Flowing artesian wells and springs exist
where this pressure is sufficient to force water to the surface through faults or wells. This zone is
where the highest capacity wells and largest springs, including Comal and San Marcos Springs,
are found (Collins and Hovorka 1997).

Freshwater/Saline Water Interface

The freshwater/saline water interface (also referred to as the “Bad Water Line” or BWL)
delineates the Edwards Aquifer’s eastern and southern boundaries. The BWL is not a well-
defined boundary but rather a transition zone extending from west of Kinney County through
Bexar County and northward beyond the southern segment of the Edwards Aquifer. Wells to the
south and southeast of this line typically have TDS concentrations of greater than 1,000 mg/L.
Wells on the other side of this line typically have TDS concentrations of less than 1,000 mg/L.
The BWL coincides with geologic features such as faults in some areas, while there are no
apparent geologic controls in other areas. The presence of saline water in this zone appears to be
associated with relative permeabilities of various strata within the Edwards Aquifer rather than a
density boundary between different water types as is common in coastal sand aquifers. Wells in
the transition zone locate freshwater between layers of brackish water, suggesting that geologic
characteristics and porosity may influence salinities in this zone.

Though it has been suggested that increased pumping of freshwater from the Edwards Aquifer
might result in expansion or migration of the BWL, testing has not detected any significant
changes at water quality test well sites in the fresh/saline interface area. Researchers concluded
that normal fluctuations in aquifer water levels have little effect on water quality near the
interface (EAA 1997).

Hydraulic Properties

Transmissivity (the ability of water to pass through an aquifer, as measured by hydraulic
conductivity and thickness) varies by location in the Edwards Aquifer. Rates of 130 square feet
(ft%) (12 square meters [m?]) per day are found on the saline side of the BWL, while totals of
1,000,000 to 2,000,000 ft (92,903 to 185,806 m?) per day are possible on the freshwater side of
the BWL near San Antonio (Maclay and Small 1986, Maclay and Land 1988). The highest
transmissivity in the Edwards Aquifer exceeds 4,300,000 ft? (399,483 m?) per day in Comal
County near Comal Springs (Maclay and Land 1988).

The linear distance that water may travel through the Edwards Aquifer also varies by location.
Studies have documented travel ranging from a few feet per day up to 1,000 feet (305 m) per day
(Ogden et al. 1986a). Recent testing revealed discrete groundwater flowpaths near Panther
Springs Creek with apparent groundwater velocities ranging from 43 to 17,490 feet (13 to 5,331
m) per day from the recharge zone to the transition/artesian zone (EAA 2010b). The high
porosity of the Edwards Aquifer allows water levels to quickly respond to rainfall and recharge
events; and for groundwater pumping to rapidly draw down water levels over large areas.
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The Knippa Gap is a geological restriction within the Edwards Aquifer near Sabinal in eastern
Uvalde County (Figure 1-1) that restricts the rate of easterly groundwater flow, thereby
maintaining higher groundwater levels in portions of the Edwards Aquifer west of the gap
(referred to as the Uvalde pool) than in the Edwards Aquifer east of the gap (sometimes called
the San Antonio pool) (Green et al. 2008). Wells west of the Knippa Gap display less water
level variability than wells to the east.

Flow models for the Edwards Aquifer show groundwater flowing from Uvalde and Medina
Counties east-northeast eventually discharging at Comal, Hueco, and San Marcos Springs,
numerous small springs, or extracted by groundwater pumping from wells (Kuniansky et al.
2001). Recent studies in northern Bexar County found some water flowing in a southerly
direction at very rapid flow velocities (Johnson et al. 2009). These observations reinforce the
understanding that flow paths within the Edwards Aquifer are complex and imperfectly
understood, and that rapid groundwater transport within the Edwards Aquifer is dominated by
karstic conduit flow.

3.2.2.11 Inter-Formational Flow into the Edwards Aquifer

Though the Edwards Aquifer receives most of its recharge directly from surface outcrops of the
Person and Kainer limestone formations, some contributions occur through inter-formational
flows from the Trinity Aquifer. A recent TWDB Groundwater Availability Model estimates that
approximately 2,400 ac-ft/yr flows from the Hill Country Portion of the Trinity Aquifer to the
Edwards Aquifer for each linear mile of Edwards-Trinity boundary in Bexar and Comal Counties
(Jones et al. 2011). This model estimates that this flow in Medina and Uvalde Counties totals
about 660 ac-ft/yr per mile, and contributes about 350 ac-ft/yr per mile in Hays and Travis
Counties. Other recent research has demonstrated that streams in the Upper Glen Rose outcrop
of the contributing zone are connected more directly with the Edwards Aquifer than previously
understood (Green et al. 2011). Studies in northern Bexar County support significant
connectivity between the two aquifers, and have documented rapid groundwater flow across
faults that juxtapose the Edwards and Trinity Aquifers.

3.2.2.12 Groundwater Quality of the Edwards Aquifer

The Federal Safe Drinking Water Act of 1974 was created to protect public drinking water and
was later amended to require establishment of national safe drinking water standards. The
TCEQ is the Texas state agency charged with water quality protection and promulgates statewide
criteria intended to meet or exceed USEPA national drinking water requirements.

The TCEQ regulates public water supply systems by enforcing primary drinking water standards.
These standards identify specific contaminants that can adversely affect public health and are
known or anticipated to occur in public water systems. Primary standards are based on
concentrations estimated to be protective of human health and the environment and are described
in relation to their MCLs (see Texas Administrative Code, Title 30, Chapter 290, Subchapter F,
and Texas Administrative Code, Chapter 350). Secondary drinking water standards affect
aesthetic qualities of drinking water, such as odor or appearance, but are not regulated and are
therefore non-enforceable.
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Approximately 80 wells selected to provide representative samples of the recharge and artesian
zones are tested by the EAA on an annual basis to monitor water quality across the region.
Testing program results for 2009 are summarized below (EAA 2010a).

No metals regulated under the primary drinking-water standards were detected at concentrations
exceeding their respective MCLs in any of the 79 wells tested. Strontium, regulated under the
TCEQ’s Texas Risk Reduction Program, was detected at concentrations exceeding the state
criteria in one Medina County well near the saline water zone. Iron and manganese were
detected in several wells above their respective secondary drinking water standards of 300 pg/L
and 50 pg/L. Iron was detected in wells in Medina and Hays Counties, while manganese was
detected in Medina County near the saline water zone (EAA 2010a).

The presence of fecal coliform or fecal streptococcus bacteria indicates fecal matter
contamination in groundwater and surface water. Of the 74 wells sampled for these bacteria,
most detected less than 2 colony-forming units (CFU)/100 milliliters (mL) in concentration.
Fecal coliform bacteria levels above 2 CFU/100 mL were detected in 12 wells and fecal
streptococcus were detected in three wells at concentrations of 2, 3, and 6 CFU/100 mL (EAA
2010a).

Of 79 wells sampled for nitrates, none exceeded the MCL of 10 mg/L. One well indicated a
concentration between 5 and 10 mg/L, and 16 wells contained concentrations at or above 2.0
mg/L. Three VOCs—toluene, chloroform, and chloromethane—were detected among the
samples from 78 wells tested, though no detections exceeded the MCLs for these compounds.
No detections of SVOCs were found in the wells sampled, and no pesticides, herbicides, and
PCBs were detected in the 59 wells tested for these substances (EAA 2010a).

A TCEQ investigation identified contaminated groundwater near Leon Valley in northwestern
San Antonio in 2004. This area, now designated the Bandera Road Ground Water Plume
Superfund site, is located in a mostly commercial area near Bandera Road between Poss Road
and Grissom Road. Some homes are also located nearby. Groundwater contaminants from the
site include toluene and chlorinated solvents such as PCE, TCE, and cis-1,2-dichloroethene. The
site was placed on the final National Priorities List in 2007, and the USEPA is investigating the
pollution source and monitoring the contaminants (EAA 2010a).

In order to protect groundwater in the area, TCEQ established rules regulating development
activity over the different zones of the Edwards Aquifer in eight counties including: Bexar,
Comal, Hays, Kinney, Medina, Travis, Uvalde, and Williamson. The TCEQ regulations
commonly referred to as Subchapter A (referring to Section 30 of the Texas Administrative
Code, Chapter 213) apply to all construction-related or post-construction activities within the
recharge zone, to certain activities within the transition zone along the eastern and southern
boundary of the recharge zone, and to other activities that may potentially contaminate the
Edwards Aquifer and hydrologically connected surface streams. Subchapter A prohibits various
types of facilities such as municipal solid waste landfills and waste disposal wells in the recharge
and transition zones and prescribes that aquifer protection plans be created prior to authorizing
various regulated activities in these areas.
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Subchapter B applies to regulated activities in the Edwards Aquifer contributing zone. Activities
that disturb the ground or alter a site’s topographic, geologic, or existing recharge characteristics
are required to implement sediment and erosion controls or a Contributing Zone Plan to protect
water quality during and after construction.

The EAA protects water quality by implementing rules concerning well construction, operation
and maintenance, abandonment, and closure (see EAA Rules Chapter 713, Subchapters B, C, and
D). The EAA also regulates the reporting of spills, storage of certain regulated substances on the
recharge and the contributing zones of the Edwards Aquifer, and the installation of tanks on the
recharge zone (Subchapters E, F, and G, respectively).

Local municipalities have also established Edwards Aquifer protection regulations, such as City

of San Marcos requirements addressing water quality concerns over the Edwards Adquifer
recharge zone.

3.2.2.13 The Edwards Aquifer Water Budget

Water levels in the Edwards Aquifer and the resulting outflows at Comal and San Marcos
Springs are affected by the rate of water entering the Aquifer (recharge) and the rate of water
exiting the Aquifer (discharge). Recharge is the result of water entering the Edwards Aquifer
from streams, natural catchments, recharge structures, localized runoff from precipitation events,
and from subsurface flow from adjacent aquifers. Seasonal rainfall over the region ultimately
controls the rate of recharge. Discharge occurs from natural springs and seeps, and pumping
from wells drilled into the Edwards Aquifer. An unquantified amount is also discharged to the
saline water zone (USGS 1995). Discharge is greatly affected by water demand and rate of
pumping. If recharge rates are high, the Edwards Aquifer can sustain higher levels of pumping
while maintaining springflows. Low recharge and high rates of pumping cause aquifer levels to
decline, thereby reducing flows at the springs. Historic recharge and discharge of the Edwards
Aquifer and effects to springflow are discussed below.

Groundwater Recharge

Estimates of the average annual Edwards Aquifer recharge vary from approximately 635,000 to
651,000 ac-ft (Klemt et al. 1979, USGS 1995). Data from the EAA’s 2009 Hydrogeologic Data
Report indicate an average annual groundwater recharge of 717,500 ac-ft for the period of record
1934-2009, and an even higher annual average of 965,400 ac-ft during the last 10-year period
2000-2009 (EAA 2010a). Contributions of the major river basins to the average annual recharge
during the period of record 1934-2009 are listed in Table 3-12.
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Table 3-12. Contributions of Major River Basins to Average Annual Recharge
of the Edwards Aquifer, 1934—2009.

AREA AVERAGE AI\iI;ICUﬁ)L RECHARGE
Frio River—Dry Frio River Basin 139,700
Nueces River—West Nueces River Basin 127,400
Area between Sabinal River and Medina River Basins 112,700
Cibolo Creek—Dry Comal Creek Basin 112,100
Area between Medina River and Cibolo Creek—Dry Comal Creek Basins 72,800
Medina River Basin 63,000
Blanco River Basin 46,900
Sabinal River Basin 42,900
TOTAL 717,500

Source: EAA (2010a).

Recharge to the Edwards Aquifer varied greatly during the years 1934-2009 (Figure 3-22).
Variability is associated with precipitation and corresponding runoff into the major river and
creek basins. Lowest annual recharge (44,000 ac-ft) occurred during 1956 at the peak of the
drought of record. Highest recharge (2,486,000 ac-ft) occurred in 1992. Infiltration rates for
water carried by the streams across the recharge zone have been estimated to range from 500 to
greater than 1,000 cfs (USACE 1965). Recent EAA Hydrologic Simulation Program Fortran
modeling indicates that land-based recharge outside of stream channels varies from two to 76
percent (EAA 2010a), whereas 24 to 98 percent of recharge occurs in stream channels as channel
loss (LBG-Guyton Associates 2005). As described above, some recharge is now understood to
arise from inter-formational flow from adjacent aquifers. Estimates of the contribution from
adjacent hydraulically connected aquifers have been estimated to vary from 5,000 to 60,000 ac-
ft/yr (EAA 2009).

Groundwater Discharge

Water exits the Edwards Aquifer from pumped wells and from natural springs and seeps
occurring near geological faults. Wells are the principal source of water for agricultural,
municipal, and industrial uses in the region. Well depths range from less than 500 feet (152 m)
in the unconfined Aquifer to more than 3,000 feet (914 m) in the confined Aquifer in the western
region (USGS 1995). Wells in the area can be very large, with casing diameters ranging from 10
to 30 inches (25 to 76 cm) and capable of pumping in excess of 35,000 gallons (132,489 liters)
per minute. Average annual discharge from wells over the period of record 1934-2009 was
311,400 ac-ft (44.7 percent), in comparison to 384,400 ac-ft (55.3 percent) from springflow
(EAA 2010a). During droughts, the proportion of well discharge to spring discharge changes
considerably. During 1956 at the height of the DOR, wells contributed an estimated 82 percent
of the discharge in comparison to 18 percent for springs. During the drought of 2008, wells
contributed 51 percent of the total discharge, while spring discharge comprised 49 percent.
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Figure 3-22. Estimated Annual Recharge and 10-year Floating Average Recharge
for the San Antonio Segment of the Edwards Aquifer, 1934-2009 (EAA
2010b).

Well discharge generally increased over the period of record. From 1968 through 1989 annual
discharge consistently exceeded the average annual recharge (USGS 1995), and pumping peaked
in 1989 at an estimated 542,000 ac-ft. Springflow fluctuation has been recorded since 1980 as a
result of increased pumping and varying recharge. Figure 3-23 illustrates pumping increases in
1982, 1987, and 1996, and resulting springflow fluctuations.

Dynamics of the Edwards Aquifer during Critical Periods

The EAA formed a Technical Advisory Group (TAG) to study Edwards Aquifer relationships
during periods when discharge exceeds recharge. The work group developed trigger level and
demand reduction recommendations intended to reduce springflow declines by managing
groundwater pumping during critical conditions. The work group evaluated precipitation,
recharge, groundwater withdrawal, Aquifer levels and spring discharge.
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Figure 3-23. Groundwater Pumping Compared with Springflow from the Edwards
Aquifer, 1934-2009 (EAA 2010b).

Findings of the TAG are summarized below:

1. Edwards Aquifer levels and spring discharge peak during the 1st (January—March) and
4th (October—-December) calendar quarters.

2. Groundwater demand is highest during the 2nd (April-June) and 3rd (July—September)
calendar quarters. Irrigation demand is highest in April, May and June; municipal
demand is highest in June, July and August.

3. Flows of Comal Springs are highly correlated with Edwards Aquifer levels measured by
the Index Well J-17.

4. All pumping throughout the region contributes to Edwards Aquifer water levels.
5. Asingle critical period trigger is not effective.

6. Model simulations indicate that declines in groundwater result from both irrigation,
municipal, and industrial demand.
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7. Groundwater demand within a geographic area impacts water levels by the same
principles of hydrology.

8. Due to high transmissivity, groundwater levels respond simultaneously to pumping
throughout large areas of the Edwards Aquifer region.

9. Moderate pumping reductions are preferred early in the year rather than deep reductions
in summer.

Recommendations developed by the TAG include:

1. A CPM plan should have the following goals: 1) to provide continued springflow to the
extent required by federal law; and 2) to provide maximum beneficial use of the water
resources of the Edwards Aquifer during critical periods.

2. Edwards Aquifer conditions should be evaluated using index wells and spring discharge.

3. Critical period should be initiated by either index well water levels or springflow levels
(based on a 5-day average) according to which trigger (index well level or springflow
level) is reached first.

4. Critical period should be based on the establishment of a quarterly water management
budget by each pumper and include implementation of specified stages of demand
management/CPM reductions.

3.3 BIOLOGICAL RESOURCES
3.3.1 Regional Ecology

The study area includes portions of five ecoregions, including the Edwards Plateau, Southern
Texas Plains, Texas Blackland Prairies, East Central Texas Plains, and Gulf Coast Prairies and
Marshes. Descriptions of each of these ecoregions and their characteristic plant and animal
communities are found in TPWD’s 2012 Texas Conservation Action Plan, and are hereby fully
incorporated by reference (TPWD 2012, also available online at
http://www.tpwd.state.tx.us/landwater/land/tcap/).

The portions of the study area that may be impacted by the actions under consideration are the
Edwards Aquifer associated ecosystems such as the aquifer-fed springs and the river ecosystems
they support and downstream flora and fauna that rely on the waters flowing from these sources.
These systems will therefore be the focus of discussion.

3.3.1.1 Edwards Aquifer Ecosystem

The Edwards Aquifer and its associated springs host distinct but connected aquatic ecosystems
containing some of the greatest groundwater and spring-associated species diversity in the world
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(Holsinger and Longley 1980, Longley 1981, Reddell 1994, Sharp and Banner 1997, Culver and
Sket 2000). The Edwards Aquifer supports a unique ecosystem that contains a number of
subterranean aquatic species adapted to deep-water environments (greater than 985 feet [300 m]
below the surface) such as the toothless blindcat (Satan eurystomus) and the widemouth blindcat
(Trogloglandis pattersoni), while the springs host a different assemblage of flora and fauna
adapted to the distinctive conditions associated with these near-surface environments (Longley
1986, 63 FR No. 174 48166-48167).

The subterranean portions of the Edwards Aquifer support a highly adapted biological
community that may be adversely impacted by many of the same threats as species at the
springs, such as water quality contamination or degradation. Because the actions contemplated
within the study area are not anticipated to impact the deep Edwards Aquifer ecosystem or
change the likelihood of exposing deep-water aquatic species to such threats, these species are
unlikely to be adversely impacted by the considered alternatives, and are not considered further
in this DEIS. The ecosystems at or near the surface of the Edwards Aquifer and the associated
springs and organisms that otherwise rely on springflows and that may be affected by the actions
being considered will therefore be the focus of the discussion.

3.3.1.2 Comal Springs Ecosystem

The Comal Springs system is comprised of four major springs and several smaller spring runs
that feed into Landa Lake. The spring runs and Landa Lake form the headwaters of the Comal
River, which spans 3.1 mi (4.9 km) before its confluence with the Guadalupe River.

Water flows from Landa Lake into the natural watercourse referred to as the “old channel” and
into a man-made “new channel” created to power a hydropower facility in the mid-1800s. The
two channels rejoin 1.6 mi (2.6 km) downstream (McKinney and Sharp 1995). The old channel
retains many of its natural characteristics even though there are some small dams and
channelization. The new channel is uniform in width with a limestone stream bottom in some
stretches. Several dams within both the new and old channels of the Comal River now serve
primarily to provide for recreation accessed from the adjacent parklands and privately owned
water recreation facilities (McKinney and Sharp 1995). Bankside construction and development,
channel modification, and the natural variability of the springs have had an effect on the aquatic
environment of the Comal Springs system over time (BIO-WEST 2007). Some effects such as
securing the water level in Landa Lake via the reconstructed dam and new culvert installation
have probably benefitted native species, while others such as operation of the culvert in the old
channel during periods of high springflow have probably been detrimental to these species.
Some effects of these modifications are well known and minor, such as the placement of the
fishing pier in Landa Lake, which displaced a small amount of aquatic vegetation due to shading
and also contributes to catching floating debris during low flow periods which expands the area
of shading. Some are well known and significant, such as the upgrade and operation of the
culvert system in the old channel of the Comal River that led to several quantifiable negative
effects as documented by the loss of native vegetation and subsequent reduction of high quality
fountain darter habitat (BIO-WEST 2007).
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The severity of the DOR and its impact on water levels at Landa Lake are unique in the
hydrologic record for central Texas. The most critical period of low flow at Comal Springs was
during the summer months of 1956, when the springs stopped flowing. Landa Lake went from
being “full” in early June, to ceasing flow over the dam in August of that year.

The response of Comal Springs to dropping water levels has been described by LBG-Guyton
Associates (2004) and is incorporated here by reference and briefly summarized below.

Springflow at spring runs #1 and #2 ceases when flow at Comal Springs drops to about 130 cfs
and Landa Park Well (a 320-foot-deep [98-m-deep] 6-inch-diameter [15-cm-diameter]
observation well adjacent to Panther Creek above Comal Springs) water elevation is
approximately 622 feet (190 m) msl. Spring run #3 stops flowing when Comal Springs flow
declines to about 50 cfs and Landa Park Well water level falls to 620 feet (189 m) above msl.
This elevation corresponds to the dam-controlled pool level of Landa Lake.

Spring runs #1 and #2 ceased flowing during the summer of 1953 and from the summer of 1954
until January 1957. Spring run #3 stopped flowing during the summer of 1955, and again from
May until December 1956. Although flow from spring runs #1, #2 and #3 stops at a Landa Park
well level of 620 feet (189 m) msl, some water continued to flow from Landa Lake due to
discharge from other spring runs into the lake.

When the water elevation at the Landa Park well declined to about 619 feet (189 m) msl, total
spring discharge fell to zero. During 1956, spring discharge was zero for 144 consecutive days,
from June 13 to November 3. Flow at the New Channel dam had stopped at this level, though
some water continued to flow through the culvert to the Old Channel.

Large portions of the lake bottom emerged at a lake elevation of 618 feet (188 m) msl. The north
end of the lake, north of Spring Island, also emerged at about 618 feet (188 m) msl. Although
there were some deeper pools at the north end, flow from north to south was probably cut off.
Figures 3-24 and 3-25 are photographs of the southern end of Landa Lake that were taken in the
summer of 1956. The water level in the individual pools within the lake appeared to be about
617-618 feet (approximately 188 m) msl. The lowest level of Landa Park well (613.34 feet
[186.95 m] msl) was reached August 21, 1956. The deepest pool, just south of Spring Island had
a bottom elevation of 613 feet (187 m) msl, and newspaper clippings describe 6 inches (15 cm)
of water in the deepest pools.

Lake bottom elevations prevent water from reaching the Old Channel culvert at Landa Park Well
water levels of approximately 618 feet (188 m) msl. Spring discharge could presumably still
occur at water levels as low as the lowest lake-bottom elevation of 613 feet (187 m) msl, though
no natural outlets are known from this elevation.
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Figure 3-24. Summer 1956 Photograph of Southern End of Landa Lake, on Western
Shore Looking North toward the Escarpment. Photograph Date Unknown.
Water Level Elevation in Pools Is About 617 to 618 Feet. Photograph
Provided by George Ozuna of the U.S. Geological Survey (LBG-Guyton
Associates 2004).

3.3.1.3 San Marcos Springs Ecosystem

San Marcos Springs have been described as the most environmentally stabile and reliable spring
system in the southwestern United States and flows have never been known to stop at this
location in recorded history (Figures 3-26a, 3-26b, and 3-26¢) (USFWS 1996a). Spring Lake
constitutes the headwaters of the San Marcos River that extends approximately 75 mi (121 km)
to its confluence with the Guadalupe River. Temperatures remain nearly constant year-round at
71.1° F (21.7° C) (USFWS 1996a). The average discharge from the San Marcos Spring system
from 1994 through 2001 was 180 cfs (EAA 2002) though flows dropped to approximately 46 cfs
during the height of the DOR. The biological uniqueness and high degree of endemism found in
Spring Lake and in the upper San Marcos River can be attributed to its thermal stability, reliable
flow, and consistent water chemistry (USFWS 1996a).
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Figure 3-25. Summer 1956 Photograph of Southern End of Landa Lake, on Western
Shore Looking Southeast toward the Flow-through Pool. Photograph Date
Unknown. Water Level Elevation in Pools Is about 617 to 618 Feet.
Photograph Provided by George Ozuna of the U.S. Geological Survey
(LBG-Guyton Associates 2004).

The San Marcos system, like the Comal, reflects more than a century of intensive use and
management. Flood control dams upstream of the San Marcos River reduce the magnitude of
scouring flood events thereby increasing sedimentation in the system. These structures also
capture stormwater flows that allow some recharge to the Edwards Aquifer system. The river is
a destination for water-related recreational activities and riverside parks provide ready access for
the local community and tourists. Increasing competition with exotic species and resulting
displacement of native species has been noted in association with many of these man-made
changes to the San Marcos Springs system (Lemke 1989).

A description of San Marcos Springs response to changing water levels has been described by
LBG-Guyton Associates (2004) and is incorporated here by reference and briefly summarized
below.

San Marcos Springs is the terminus of an Edwards Aquifer flow path that includes most of the
outcrop, streams, and the Blanco River in Hays County. The springs receive recharge from this
area, and respond rapidly to storm events in the region. San Marcos Springs also receives a base
flow of about 50 to 100 cfs from the southern segment of the Edwards Aquifer that bypasses
Comal Springs.
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Discharge at San Marcos is through spring complexes in the bottom of Spring Lake. Although
some of the springs have distinct orifices where discharge can be measured, most of the spring
discharge appears to be through rock rubble or sand boils in large flat sand plain areas. The
southern springs appear to discharge groundwater from the regional flow system, while the
northern springs receive their discharge from the more localized Hays County recharge.
Discharge rates in the southern springs are generally more stable under varying flow conditions
than the northern springs, which are more variable in proportion to total spring discharge values.

3.3.1.4 Hueco Springs Ecosystem

Hueco Springs is located in Comal County approximately 4 mi (6 km) north of Comal Springs
(Figures 2-1 and 3-27). This spring complex consists of two main groups of springs issuing from
the floodplain of the Guadalupe River. Hueco | (Hueco A) is a large, typically perennial spring
on the west side of River Road in an undeveloped area and Hueco Il (Hueco B) is an intermittent
spring on the east side of River Road. Aquifer flow paths to both Comal Springs and Hueco
Springs are illustrated in Figure 3-27.

Following Barr (1993), only recent drought/springflow data is presented here. The larger of the
two springs, Hueco I, typically exhibits constant flow but has been documented to stop flowing
during severe droughts such as in 1984 (Ogden et al. 1986b). However, Hueco | did not stop
flowing during the drought occurring in 1989-1991. Hueco Il is an intermittent spring that
typically stops flowing during the driest months of the year (Barr 1993).

3.3.1.5 Fern Bank Springs Ecosystem

Fern Bank Springs is a series of small perennial springs and seeps that flow from the base of a
bluff on the south bank of the Blanco River in Hays County (Figure 3-28). While the source of
the water for Fern Bank Springs is undetermined (72 FR 39247-39283), it may originate from
the upper member of the Glen Rose Formation, from drainage from the Edwards Aquifer
Recharge Zone, from water lost from the Blanco River, or from some combination of those
sources (72 FR 39247-39283). The springs themselves have been minimally altered, except for
the installation of water collection containers below the spring orifices and an intake box and
pipes near the uppermost orifice where a pool was once tapped for drinking water.

3.3.1.6 Candidate, Threatened and Endangered Species

The approximately 16,648-mi? (43,118-km?) study area encompasses a range of terrestrial and
aquatic habitats that may be occupied by candidate, threatened or endangered species (see Table
3-13, modified from TPWD 2012). This table includes all such species known or believed to
occur within the 17-county area. Species within the study area that may be affected by proposed
alternatives are further described in Chapter 4.

Other plant and animal species found within the study area that lack federal regulatory status but
which may merit conservation concern are identified in the Texas Conservation Action Plan
(TPWD 2012).
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Figure 3-27. Major Faults and Interpreted Groundwater Flowpaths to Comal and Hueco
Springs (Otero 2007).
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Figure 3-28. Local Geologic Map Showing the Plotted Location of Fern Bank Springs
Cave and Edwards (Kainer Formation) Limestone Outcrop near the Blanco
River.
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Table 3-13. Candidate, Threatened, and Endangered Species Known from the EIS
Study Area.
STATUS? TCAP ECOREGIONS"
Federal  |TBPR|ECPL|EDPT|GCPM-MID|STPL ©)
MAMMALS
Herpailurus Jaguarundi
yaguarondi calomitli Gulf Coast LE Shrubland
Leopardus pardalis Ocelot LE Shrubland
Forest, Woodland,
. Savanna/Open
Ursus americanus Black Bear SAT X X X Woodland, Desert
Scrub, Shrubland
BIRDS
Tvmoanuchus cupido Greater Prairie-
ympan P Chicken LE X Grassland
attwateri ,
(Attwater’s)
Falco femoralis Aplomado E X Grassland, Shrubland
Falcon
Grus americana Whooping LE X Saltwater Wetland,
Crane Estuary
Charadrius melodus | Piping Plover LT X Estuary/Estuarine,
Coastal
Charadrius Mountain Agricultural,
PT X X
montanus Plover Grassland
Riverine, Lacustrine,
Freshwater Wetland,
Sternula antillarum Least Tern LE X X Saltwater Wetland,
Estuary, Coastal,
Marine, Developed:
Industrial
Vireo atricapilla BIacI\</—_Capped LE X Shrubland
ireo
Barren/Sparse
Vegetation,
Anthus spragueii Sprague’s Pipit C X X X X Grassland,
Shrubland,
Agricultural
Dendroica Golden-
chrvsoparia Cheeked LE X Woodland
ysop Warbler
REPTILES AND AMPHIBIANS
San Marcos Freshwater Wetland
Eurycea nana LT X ;
Salamander (Springs)
Texas Blind Aquifer, Caves, and
Eurycea rathbuni LE X Karst, Freshwater
Salamander .
Wetland (Springs)
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Table 3-13. (Cont.).
STATUS? TCAP ECOREGIONS®
Federal |TBPR |ECPL | EDPT |GCPM-MID| STPL )
FRESHWATER FISHES
Flowing Spring-Fed
Waters near but Not
in Spring Outflow,
Typically near Spring
. . . Devils River Run Confluences
Dionda diaboli Minnow LT X X with Creek/River over
Gravel-Cobble
Substrate, Usually
Associated with
Aquatic Macrophytes
Thermally Constant
(70-75° F [21-24°
C]) Springs and the
upper San Marcos
(Hays County) and
Comal (Comal
Etheostoma fonticola | Fountain Darter LE X County) Rivers,
Usually in Dense
Beds of Vallisneria,
Elodia, Ludwigia and
Other Aquatic Plants;
Substrate Normally
Mucky
INVERTEBRATES
Batrisodes texanus Coffin Cave LE X Caves/Karst
Mold Beetle
Batrisodes venyivi Helotes Mold LE X Caves/Karst
Beetle
Robber Baron
Cicurina baronia Cave LE X Caves/Karst
Meshweaver
Cicurina madla Madia’s Cave LE X Caves/Karst
Meshweaver
Braken Bat
Cicurina venii Cave LE X Caves/Karst
Meshweaver
Government
Cicurina vespera Cargon Bat LE X Caves/Karst
ave
Meshweaver
Heterelmis Comal Springs LE X Aquifer, Freshwater
comalensis Riffle Beetle Wetland
Lampsilis bracteata Texas C X X X Riverine
Fatmucket
Neoleptoneta Government
micro ps Canyon Bat LE X Caves/Karst
P Cave Spider
Popenaias popeii Hgﬁ]);?]se” C X Riverine
Quadrula aurea Golden Orb C X X X X Riverine
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Table 3-13. (Cont.).
STATUS? TCAP ECOREGIONS®
Federal | TBPR |ECPL|EDPT|GCPM-MID| STPL ©)
INVERTEBRATES (CONT.)
Quadrula Smooth L
houstonensis Pimpleback c X X Riverine
. Texas L
Quadrula petrina Pimpleback C X Riverine
. - A Cave
Rhadine exilis Obligate Beetle LE X Caves/Karst
L . A Cave
Rhadine infernalis Obligate Beetle LE X Caves/Karst
. Peck’s Cave
Stygobromus pecki Amphipod LE X Caves/Karst
Stygoparnus Comal Springs LE X Caves/Karst
comalensis Dryopid Beetle
Texella Cokendolpher
. Cave LE X Caves/Karst
cokendolpheri
Harvestman
Truncilla macrodon Texas C X X X Riverine
Fawnsfoot
PLANTS
Echinocereus
X > Black Lace Grassland;
relche__nbachu var. Cactus LE X Shrubland; Woodland
albertii
Ancistrocactus T.ObUSCh Savanna/Open
.. Fishhook LE X
tobuschii Woodland
Cactus
Barren/Sparse
Vegetation
Styrax platanifolius Texas LE X (Limestone Cliffs and
subsp. texanus Snowbells Ledges); Riparian;
with Woodland or
Shrubland Matrix
Riverine (Spring-Fed,
. Clear, Thermally
Zizania texana Texas Wild- LE X X Constant, Moderate
Rice
Current, Sand to
Gravel Substrate)

% Status: LE = Federally endangered species or population; LT = Federally threatened species or population; C = Federal
Candidate; SAT = Treated as threatened due to similarity of appearance; PT = Proposed Threatened; PDL = Proposed Downlisting/

Proposed Delisting.

®TCAP Ecoregions: TBPR = Texas Blackland Prairies; ECPL = East Central Texas Plains; EDPT = Edwards Plateau; GCPM Mid =
Gulf Coast Prairies and Marshes - Mid; STPL = Southern Texas Plains.
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3.4 AGRICULTURE
3.4.1 Production

A wide range of agricultural enterprises operate within the study area. Data describing regional
cropland and livestock trends from 1987 through 2007 are included in Appendix A of this DEIS.

For the purposes of this section, the study area has been divided into four sub-regions to briefly
describe the relative importance of various agricultural activities across the diverse 17-county
area (Figure 3-29). The Western Region includes Edwards, Kinney, Real, and Uvalde Counties.
The Central Region includes Atascosa and Medina Counties. The Eastern Region includes the
large urban centers along the 1H-35 corridor and contains Bexar, Caldwell, Comal, Guadalupe,
Hays and Kendall Counties. The Downstream Region includes counties adjacent to the
Guadalupe River, and includes Calhoun, DeWitt, Gonzales, Refugio, and Victoria Counties.

Ranching and both dry land and irrigated farming are the primary agricultural activities in the
Western and Central regions. Livestock activities in the region are focused primarily on cattle,
sheep and goat production. Many of the crops in this region rely on irrigation, including onions,
spinach, beets, cantaloupe, strawberries, and watermelons. Other important crops in the area
include citrus, corn, cotton, nursery crops, peanuts, sorghum, tree nuts, and wheat (Odintz 1999).

Agriculture in the Eastern Region is focused on livestock and crop production. Cotton, grain
sorghum, and hay are important crops, and much of the cropland in this region relies on
irrigation. The Eastern Region is dominated by urban and suburban population centers; and
many small farms are part-time or retirement operations.

The Downstream Region also supports extensive agricultural production. Comparatively higher
rainfall rates and temperatures moderated by Texas gulf coast weather patterns result in less
reliance on irrigation in this portion of the study area. Livestock operations in the area produce
cattle, sheep, hogs, and poultry. Row crops are varied and include corn, cotton, nursery crops,
peanuts, rice, sorghum, soybeans, and sunflowers. Substantial acreage is allocated for livestock
grazing and hay production.

Agricultural operations throughout the study area are impacted by equipment and energy costs
for planting, irrigation, and harvest, and livestock and crop returns. These economic pressures
have resulted in an increase in large operations and a decrease in the size of family-owned farms
and ranches.

3.4.2 Irrigation

Most agricultural production in the study area has historically been dependent on irrigation (see
Appendix A, Table A-6 of this DEIS) and irrigation water use varies annually with seasonal
rainfall patterns. Other factors such as irrigation efficiency, energy costs, and fluctuations in
crop prices also affect the total acreage under irrigation in any given year.
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The TWDB reports annual groundwater and surface water volumes used by municipal and
industrial entities including agricultural producers throughout the state (TWDB 2002, 2012).
Long-term regional trends regarding groundwater and surface water use for irrigation are
provided here by the sub-regions described above.

Groundwater use for irrigation in the Western Region increased from 19,352 ac-ft in 1958 to a
peak of 162,351 ac-ft in 1989. Groundwater use then declined to 66,261 ac-ft in 1997 before
increasing to 71,305 in 2004. Surface water use for irrigation in the Western Region increased
from 2,400 ac-ft in 1958 to 6,278 ac-ft in 1974. Surface water use then dropped to 163 ac-ft in
1997, before increasing to 537 ac-ft in 2004 (TWDB 2002, 2012).

Groundwater use in the Central Region increased from 1958 totals of 42,147 ac-ft t0160,482 ac-
ft in 1989. Irrigation groundwater use then declined to 76,285 ac-ft in 1997, and had declined
further to 57,583 ac-ft by 2004. Surface water use in the Central Region climbed from 10,661
ac-ft in 1958 to a peak of 43,828 ac-ft in 1989 before declining to 11,105 ac-ft in 1997. The
most recent reported total in this category was 16,467 ac-ft in 2004 (TWDB 2002, 2012).

Eastern Region groundwater use in 1958 amounted to 27,036 ac-ft. Groundwater use peaked at
35,569 ac-ft in 1964 before declining to 26,648 ac-ft in 1997 and to 9,723 ac-ft in 2004. Eastern
Region counties used 17,641 ac-ft of surface water for irrigation in 1958 (TWDB 2002). Surface
water use peaked in 1964 at 32,030 ac-ft and fell off to 13,296 ac-ft by 1997, and had declined to
1,959 ac-ft in 2004 (TWDB 2002, 2012).

The use of groundwater and surface water for irrigation in the Downstream Region has declined
over the period for which records are available. Groundwater irrigation use in the region in 1958
totaled 17,081 ac-ft, and had declined to 9,352 ac-ft by 1997 and to 4,729 ac-ft by 2004 (TWDB
2002, 2012). Similarly, irrigation relying on surface water sources declined from 17,327 ac-ft in
1958 to 12,222 ac-ft in 1997, and to 15,869 ac-ft by 2004 (TWDB 2012).

3.4.3 Other Agricultural Enterprises

3.4.3.1 Aquaculture

In 2010, Texas aquaculture operations produced approximately 30 million pounds (13,607,771
kilograms) of products—including finfish, shrimp, aquatic plants, and ornamental fishes—worth
an estimated $60 million (Texas Aquaculture Association 2006). Though many of these
operations rely on groundwater, it is unclear how many of these facilities use water from the
Edwards Aquifer.

3.4.3.2 Hunting Leases

Many agricultural producers throughout the study area generate some portion of their income by
offering hunting lease opportunities on their property. The Texas Agricultural Extension Service
summarized hunting lease information and concluded that income from hunting leases on private
land will likely continue to increase due to projected higher demand (Thomas et al. 1990).
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3.4.4 Effect of Climate Change on Agriculture
in the United States and the Study Area

This section addresses how observed and projected climate change may affect agriculture,
including crop yields, irrigation requirements, effects from extreme events, pests and weeds,
livestock production (e.g., milk and meat), and fisheries in the United States and within the study
area. Though these effects are described at the national level, they can provide an indication of
effects likely in the study area. The study area includes a large agricultural sector, primarily
dependent on groundwater for irrigation requirements.

Agricultural commodities are produced in a variety of climates, regions, and soils. However,
regardless of where they are grown, crops and livestock are affected by temperature,
precipitation, CO2, and water availability. Annual variability in yields are strongly correlated
with growing season weather effects (Hatfield et al. 2008). These variations also affect crops
and livestock through their effects on insects, disease, and weeds. Agriculture has substantial
economic impacts on national and regional economies (an estimated $200 billion in 2002). Just
over half of this value (52 percent) is derived from livestock, with the rest generated by crops (21
percent from fruit and nuts, 20 percent from grain and oilseed, 2 percent from cotton, and 5
percent from production of other commaodities).

The agricultural sector within the United States, and the study area, is sensitive to both short-
term climate variability and long-term climate change. Productivity is driven by the interaction
of a variety of variables including temperature, radiation, precipitation, humidity, and wind speed
(Easterling et al. 2007). The productivity of most agricultural enterprises has increased
dramatically over recent decades due to advances in technology, fertilizers, innovations in seed
stocks and management techniques, irrigation, and changing climate influences. Weather events
are a major factor in annual crop yield variation.

3.5 DEMOGRAPHICS
3.5.1 Regions

Demographic data are presented by region to clarify differences within the 17 county study area
(see Figure 3-29).

e Western Region (Edwards, Kinney, Real and Uvalde Counties). There are no Metropolitan
Statistical Areas (MSAS) within this region (TSDC SD 2004).

e Central Region (Atascosa and Medina Counties). Medina County is within the 2004 San
Antonio MSA within this region.

e Eastern Region (Bexar, Caldwell, Comal, Guadalupe, Hays, and Kendall Counties). This
region includes four counties within the 2004 San Antonio MSA. When San Antonio MSA
data is discussed in this section, please note that the MSA includes Wilson, and Bandera
Counties that are not within the study area. Though Caldwell and Hays Counties are part of
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the Austin-San Marcos MSA, no data have been included from this MSA because
demographic data from the much more urban Travis and Williamson Counties dominates the
information for these more rural counties.

e Downstream Region (Calhoun, DeWitt, Gonzales, Refugio, and Victoria Counties).
Victoria and Calhoun Counties are within the Victoria MSA.

3.5.2 Recent Trends in Population Growth

The U.S. Census Bureau estimated the population of the State of Texas in 2010 to be 20,851,820,
an increase of almost 21 percent since 2000 (U.S. Census Bureau 2010a). In the past few
decades, population growth has occurred primarily along the Texas-Mexico border and in the
major urban centers of Houston, San Antonio, Austin, and Dallas (Murdock et al. 1996). The
2000 Census reports approximately 83 percent of Texans reside in urban areas. The study area
experienced a growth rate of an estimated 24.7 percent between 2000 and 2010 (Table 3-14),
with the largest share of this growth occurring within the Eastern Region of the study area that
includes the San Antonio MSA and the Comal and San Marcos Springs ecosystems. The 2010
Census reports an increase of almost 0.5 million people between 2000 and 2010, with an
estimated 2010 population of 2,465,053 within the study area. The greatest growth occurred in
Hays, Comal, Kendall, and Guadalupe Counties, where each county’s growth exceeded 38
percent between 2000 and 2010.

3.5.2.1 Western Reqgion

The Western Region experienced an estimated average growth of 2.3 percent from 2000 to 2010,
the lowest total reported within the study area (U.S. Census Bureau 2010a). The most significant
decline in population occurred in Edwards County, where the population declined by 7.4 percent
between 2000 and 2010. Of the four counties within the Western Region, Real County posted
the strongest gain in population, with an increase of 8.6 percent. The Western Region supports
35,314 persons, or 1.5 percent of the study area’s total population (U.S. Census Bureau 2010a).

3.5.2.2 Central Region

The Central Region population increased by 16.7 percent between 2000 and 2010. This Region
makes up 3.7 percent of the total study area population, with a population of 90,917 persons.

3.5.2.3 Eastern Region

The Eastern Region is the most populated region within the study area with a total estimated
population of 2,151,940 people. Bexar County supports 1,714,773 persons, making up
approximately 70 percent of the region’s population. This region has historically been the most
populated and the fastest growing region in the study area and continues to lead the rest of the
regions through 2010. The U.S. Census Bureau found Hays County to be among the 25 fastest
growing counties in the nation between 2000 and 2009.
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Table 3-14. Population Growth in the EIS Study Area, by Region and County,
1960-2010.
PERCENTAGE
COUNTY 1960 1980 1990 2000 2010 CHANGE
2000-2010
WESTERN REGION
Edwards 2,317 2,107 2,033 2,266 2,162 2,002 -7.4
Kinney 2,452 2,006 2,279 3,119 3,379 3,598 6.5
Real 2,079 2,013 2,469 2,412 3,047 3,309 8.6
Uvalde 16,814 17,348 22,441 23,340 25,926 26,405 1.8
Subtotal 23,662 23,474 29,222 31,137 34,514 35,314 23
CENTRAL REGION
Atascosa 18,828 18,696 25,055 30,533 38,628 44,911 16.3
Medina 18,904 20,249 23,164 27,312 39,304 46,006 17.1
Subtotal 37,732 38,945 48,219 57,845 77,932 90,917 16.7
EASTERN REGION
Bexar 687,151 830,460 988,800 1,185,394 | 1,392,931 | 1,714,773 23.1
Caldwell 17,222 21,178 23,637 26,392 32,194 38,066 18.2
Comal 19,844 24,165 36,446 51,832 78,021 108,472 39.0
Guadalupe 29,017 33,554 46,708 64,873 89,023 131,533 47.8
Hays (part)® 15,947 22,114 32,475 52,491 78,071 125,686 61.0
Kendall 5,889 6,964 10,635 14,589 23,743 33,410 40.7
Subtotal 775,070 938,435 1,138,701 | 1,395,571 | 1,693,983 | 2,151,940 27.0
DOWNSTREAM REGION
Calhoun 16,592 17,831 19,574 19,053 20,647 21,381 3.6
DeWitt 20,683 18,660 18,903 18,840 20,013 20,097 0.4
Gonzales 17,845 16,375 16,883 17,205 18,628 19,807 6.3
Refugio 10,975 9,494 9,289 8,828 7,828 7,383 -5.7
Victoria 46,475 53,766 68,807 74,361 84,088 86,793 3.2
Subtotal 112,570 116,126 133,456 137,435 151,204 155,461 2.8
TOTAL 949,034 737,098 949,034 1,621,988 | 1,957,633 | 2,433,632 24.3
Source: U.S. Census Bureau (2010a).
? Estimated that 80 percent of the total county population resides in the EIS study area.
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3.5.2.4 Downstream Region

The Downstream Region grew by about 10 percent between 1990 and 2000. This rate slowed to
approximately 3 percent between 2000 and 2010. Refugio County saw the greatest declines in
the region at 5.7 percent between 2000 and 2010 while Gonzales County saw the largest
increases of over 6 percent during this period.

3.5.3 Population Projections

Recent projections by the Texas State Data Center (TSDC) for the year 2040 estimate that the
study area will reach 3,004,934 people, just under 10 percent of the projected statewide
population of 35,761,165 (Table 3-15) (TSDC 2010). These projections indicate that the
population within the study area will grow by about 22 percent over the next 30 years. The
counties of the study area are projected to comprise a slightly declining share of the state’s
population, representing about 8 percent of Texas’s population by 2040.

3.5.3.1 Western Reqgion

The population in the Western Region is expected to increase to 46,424 people by the year 2040
(TSDC 2010), an increase of 31 percent from the estimated 2010 population. Real County is
projected to see population declines beginning this decade, and is projected to see an almost 20
percent decline in population over the next 30 years. While experiencing an increase over the
next 10 years, Edwards County is expected to see its population return to its 2010 level by 2040,
while Kinney County is expected to see a decrease of approximately 1 percent between 2010 and
2040. Uvalde County posted the strongest gains in population in the Western Region between
2000 and 2010, and is projected to grow by 31 percent over the next 30 years.

3.5.3.2 Central Reqgion

The Central Region of the study area is expected to experience significant population growth
over the next 30 years, with Atascosa County adding 57 percent to its population and Medina
County adding 58 percent. The TSDC projects the Central Region will reach a population of
143,371 persons by 2040.

3.5.3.3 Eastern Region

The Eastern Region is projected to experience population growth totaling 20 percent between
2010 and 2040. Caldwell and Hays Counties are projected to experience 85 and 76 percent
increases in population, respectively, over the next 30 years. Kendall and Comal Counties are
projected to grow by greater than 50 percent and Guadalupe County is expected to grow by 25
percent. Bexar County, the most populous county in the region today, is projected to grow by 10
percent by 2040.
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Table 3-15. Population Projections for Regions and Counties in the EIS Study Area,
2000—-2040.
COUNTY 2010 2020 2030 2040
WESTERN REGION
Edwards 2,002 2,320 2,173 2,001
Kinney 3,598 3,513 3,515 3,564
Real 3,309 3,030 2,850 2,666
Uvalde 26,405 32,944 35,872 38,193
Subtotal 35,314 41,807 44,410 46,424
CENTRAL REGION
Atascosa 44,911 55,443 63,613 70,599
Medina 46,006 56,528 65,157 72,772
Subtotal 90,917 111,971 128,770 143,371
EASTERN REGION
Bexar 1,714,773 1,704,153 1,813,101 1,884,509
Caldwell 38,066 49,975 60,127 70,593
Comal 108,472 121,424 145,471 167,774
Guadalupe 131,533 127,944 147,476 164,202
Hays 157,107 181,508 227,912 276,103
Kendall 33,410 37,307 44,411 50,744
Subtotal 2,183,361 2,222,311 2,438,498 2,613,925
DOWNSTREAM REGIO
Calhoun 21,381 24,427 25,724 26,569
DeWitt 20,097 21,536 21,896 21,987
Gonzales 19,807 22,079 23,465 24,538
Refugio 7,383 8,661 8,792 8,784
Victoria 86,793 104,269 112,417 119,336
Subtotal 155,461 180,972 192,294 201,214
TOTAL 2,465,053 2,557,061 2,803,972 3,004,934

Source: TSDC (2010) (0.5 Scenario).
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3.5.3.4 Downstream Region

The Downstream Region is also projected to experience continued growth. Victoria County is
projected to see the largest population increase in the region at 37 percent, while both Gonzales
and Calhoun Counties are predicted to see populations increase by 24 percent. The projected
increase in DeWitt County is 9 percent.

3.54 Race and Ethnicity

The study area includes a large minority population (see Table 3-16). All four regions, as well as
12 of the 17 counties within the study area, report that more than half of residents are non-white.
The study area as a whole has a 62 percent non-white population. The Hispanic/Latino group is
the largest minority represented. Residents identifying with this category represent at least 20
percent of the population in all of the counties, and constitute a majority in nine of the 17
counties. Compared to Census 2000 data, the minority (non-white) share of the population has
increased in every county during the past decade.

3.54.1 Western Region

The Western Region has the largest percentage of non-whites of the four regions. The region’s
population is primarily Hispanic/Latino or White. Blacks, Asians, and Other races each
represent less than 1 percent of the population. All of the counties except Real County report a
larger Hispanic/Latino population than Whites. Edwards and Kinney Counties approach a 50/50
split between the two races, while the division in Real and Uvalde Counties approximate a 70/30
split.

3.5.4.2 Central Region

The Central Region has Hispanic/Latino populations of 50 percent or more, with Whites
representing the second largest percentage. Medina County reported a population of almost
1,000 Blacks, representing 2 percent of the population.

3.5.4.3 Eastern Region

The Eastern Region has a total non-white minority population of 62 percent. Comal, Guadalupe,
Hays, and Kendall Counties all have a White majority, while Caldwell and Bexar Counties have
a Hispanic/Latino majority. The Eastern Region has Black and Asian populations totaling 6
percent and 2 percent of the population total, respectively.

3.5.4.4 Downstream Reqgion

All but one of the counties within the Downstream region (DeWitt County) have a non-white
majority. Among the counties of the study area, the Downstream Region includes the county
with the largest minority population growth since 2000 (Gonzales County).
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Table 3-16. 2010 Population by Race.
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Real 3,309 814 25% ] 2,398 | 72% 20 1% 2 0% 36 1% 39 1% 911 28%
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Subtotal 35,314 22,144 | 63%] 12,507 |35%| 179 1% 131 [ 0% | 175 [ 0% | 178 | 1% | 22,807 |65%

CENTRAL REGION

Atascosa 44,911 27,785 |62% ] 16,295 |36% | 256 1% 130 | 0% | 200 | 0% | 245 | 1% | 28,616 |64%

Medina 46,006 22,871 |50% | 21,408 |47%] 913 2% 272 | 1% | 198 | 0% | 344 | 1% | 24,598 |53%

Subtotal 90,917 50,656 |56% | 37,703 | 41%] 1,169 1% 402 | 0% | 398 | 0% | 589 | 1% | 53,214 |59%

EASTERN REGION

Bexar 1,714,773] 1,006,958 | 59% |519,123| 30% | 118,460 | 7% ]39,561| 2% | 8,496 | 0% [22,175| 1% |1,195,650| 70%

Caldwell 38,066 17,922 |47%| 16,841 | 44% | 2,456 6% 344 | 1% | 152 | 0% | 351 | 1% | 21,225 |56%

Comal 108,472 | 26,989 |25% | 77,387 | 71% | 1,606 1% 813 | 1% | 505 | 0% | 1,172 | 1% | 31,085 |29%

Guadalupe| 131,533 | 46,889 |36%| 72,086 |55% | 7,963 6% 1,748 | 1% | 759 | 1% | 2,088 | 2% | 59,447 |45%

Hays 157,107 | 55,401 |35% 92,062 |59% | 4,970 3% 1,699 | 1% | 832 | 1% | 2,143 | 1% | 65,045 |41%

Kendall 33,410 6,829 | 20% | 25,746 | 77% 138 0% 202 | 1% | 168 | 1% | 327 | 1% | 7,664 |23%

Subtotal |2,183,361]1,160,988| 53% |803,245| 37% | 135,593 | 6% |44,367| 2% |10,912| 0% ]28,256| 1% |1,380,116| 63%

DOWNSTREAM REGION

Calhoun 21,381 9,922 [46%] 9,794 |46%| 519 2% 943 | 4% 55 0% | 148 | 1% | 11,587 |54%

DeWitt 20,097 6,502 [32%]11,482|57% | 1,781 9% 44 0% | 139 | 1% | 149 | 1% | 8,615 |[43%

Gonzales 19,807 9,353 [47%] 8,836 |45% | 1,353 7% 73 0% 63 0% | 129 | 1% | 10,971 |55%

Refugio 7,383 3,487 |[47%| 3,337 |45% | 445 6% 27 | 0% 34 | 0% | 53 1% | 4,046 |55%

Victoria 86,793 38,113 |44% 41,564 | 48%| 5,190 6% 860 | 1% | 324 | 0% | 742 | 1% | 45,229 |52%

Subtotal 155,461 | 67,377 |43%] 75,013 |48%| 9,288 6% 1,947 | 1% | 615 | 0% | 1,221 | 1% | 80,448 |52%

TOTAL 2,465,053]1,301,165 | 53% |928,468| 38% | 146,229 | 6% |46,847| 2% |12,100| 0% |30,244| 1% |1,536,585| 62%

Source: U.S. Census 2010 PL94-171 Redistricting Data for Texas.
& Other Race category is the aggregate of the Not Hispanic or Latino tabulations of Some Other Race Alone, American Indian.
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3.55 Income

Data on income and poverty level for the study area was collected from the U.S. Census
Bureau’s Small Area Income and Poverty Estimates program (see Table 3-17). These estimates
are created for school districts, counties, and states, and combine data from administrative
records, population estimates, and the decennial census with direct estimates from the American
Community Survey to provide consistent and reliable single-year estimates. These model-based
single-year estimates reflect current conditions more closely than multi-year survey estimates.

The Department of Health and Human Services (DHHS) also publishes a measure of poverty
(called the Poverty Guideline), which considers the number of members of the household. In
2009, the DHHS Poverty Guideline was $22,050 for a family of four. Median incomes do not
fall below this guideline for any of the counties in the study area, though there may be smaller
geographies (census tract, block groups, etc.) with median incomes below this level. The
weighted average of the median incomes for the counties of the study area is slightly below that
for the state of Texas ($47,055 and $48,286, respectively).

3.5.5.1 Western Reqgion

The Western Region has significantly lower incomes than the other regions, with a weighted
average median income more than $16,000 lower than the weighted average of the study area as
a whole. The percent of the population in poverty was higher in the counties of the Western
Region than in any of the other study area counties, ranging from 21 percent in Kinney County,
to 32 percent in Uvalde County.

3.5.5.2 Central Region

Median incomes in the Central Region fall between those of the Western and Eastern regions.
Medina County has a higher median income than Atascosa County, though the percentage of
families in poverty is only slightly smaller (18 percent compared to 19 percent).

3.5.5.3 Eastern Region

The Eastern Region has the highest weighted average median income of the four regions of the
study area, and includes the counties with four of the highest median incomes, Kendall, Comal,
Guadalupe, and Hays Counties, respectively. Comal and Kendall Counties have the lowest
percentage of the population in poverty, each with less than 9 percent. Hays County has the
highest percentage in poverty in the region, with 19 percent.

3.5.5.4 Downstream Reqgion

The Downstream Region has second highest weighted average of county median incomes in the
study area. Victoria County has the highest median income as well as the lowest percentage in
poverty. With the lowest median income in the region, Gonzales County has the highest
percentage in poverty.
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Table 3-17. Median Income and Poverty Estimates.

COUNTY MEDIAN INCOME (2009 $) | PERCENT OF POPULATION IN POVERTY

WESTERN REGION
Edwards $30,517 25
Kinney $34,777 20.7
Real $28,823 22
Uvalde $30,465 315
Weighted Average $30,753

CENTRAL REGION
Atascosa $39,190 18.5
Medina $45,278 17.6
Weighted Average $42,271

EASTERN REGION
Bexar $45,315 17.7
Caldwell $40,218 16.8
Comal $62,642 8.8
Guadalupe $57,817 11.2
Hays $53,113 19.2
Kendall $72,094 8.6
Weighted Average $47,811

DOWNSTREAM REGION

Calhoun $42,463 16
DeWitt $36,273 19.3
Gonzales $33,123 19.8
Refugio $36,920 17.2
Victoria $47,345 14
Weighted Average $42,935

Source: U.S. Census Bureau (2010b).

3.5.6 Population Density

Population density is measured by dividing a given population by its area. The most current
county population estimates from the 2010 Census were combined with area data to yield the
density of persons per square mile (Table 3-18). The Eastern Region is the densest at an average
of 496 persons per square mile, while the Western Region has approximately six persons per
square mile. Overall, 65 percent of the population in the study area resides in the largest cities in
each county. The aggregate population density for the study area is 104 persons per square mile,
compared to 94.7 persons per square mile for the State of Texas (U.S. Census Bureau 2010a).
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Table 3-18. Population Density in the EIS Study Area, 2010.
TOTAL 2010 DENSITY LARGEST 2010 PERCENT
s iy |POPULATION | e ey |in Counry | POPULATION | coiiry
WESTERN REGION
Edwards 2,120 2,002 1 Rocksprings 1,182 59%
Kinney 1,363 3,598 3 Brackettville 1,688 47%
Real 700 3,309 5 Sabinal 1,695 51%
Uvalde 1,557 26,405 17 Uvalde 15,751 60%
Subtotal 5,740 35,314 6 20,316 58%
CENTRAL REGION
Atascosa 1,232 44,911 36 Pleasanton 8,934 20%
Medina 1,328 46,006 35 Hondo 8,803 19%
Subtotal 2,560 90,917 36 17,737 19.5%
EASTERN REGION
Bexar 1,247 1,714,773 1375 San Antonio 1,327,407 7%
Caldwell 546 38,066 70 Lockhart 12,698 33%
Comal 561 108,472 193 Br;\luenvltlels 57,740 53%
Guadalupe 711 131,533 185 Seguin 25,175 19%
Hays 678 157,107 232 San Marcos 44,894 29%
Kendall 662 33,410 50 Boerne 10,471 31%
Subtotal 4,405 2,183,361 496 1,478,385 68%
DOWNSTREAM REGION
Calhoun 512 21,381 42 Port Lavaca 12,248 57%
DeWitt 909 20,097 22 Cuero 6,841 34%
Gonzales 1,068 19,807 19 Gonzales 7,237 37%
Refugio 770 7,383 10 Refugio 2,890 39%
Victoria 883 86,793 98 Victoria 62,592 72%
Subtotal 4,142 155,461 38 91,808 59%
STUDY AREA TOTAL | 16,847 | 2,465,053 104 ARSEST | 1,608,246 65%

Source: U.S. Census Bureau (2010a).
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3.5.6.1 Western Region

The Western Region is the least dense of the four regions with approximately six persons per
square mile. Almost 60 percent of the population within the region resides in the counties’
largest cities, the largest of which is the city of Uvalde at 15,751 people.

3.5.6.2 Central Region

The Central Region has a density of 35.5 persons per square mile and is relatively rural, with less
than 20 percent of the overall population residing in the region’s biggest cities, Pleasanton and
Hondo.

3.5.6.3 Eastern Region

With an aggregate density of 496 persons per square mile, the Eastern Region is the most
densely populated region in the study area. Approximately 68 percent of the population in the
region resides in the largest cities, of which four have populations of greater than 25,000 people.
The city of San Antonio is much larger than any other city in the study area, representing not
only 77 percent of the population of Bexar County but also comprising more than 60 percent of
the Eastern Region population as a whole.

3.5.6.4 Downstream Region

The Downstream Region is the second densest in the study area with 38 persons per square mile.
Victoria is the largest city within the region with a population of 62,592 persons. A total of 59
percent of the people residing within the five counties in the Downstream Region live in the
largest cities in the counties.

3.5.7 Water Demand

3.5.7.1 Water Demand in the Study Area

The study area includes counties that fall within three water planning regions established by
Texas Senate Bill 1, including Region J — Plateau (Edwards, Kinney, and Real Counties), Region
K — Lower Colorado (part of Hays County), and Region L — South Central Texas (Atascosa,
Bexar, Caldwell, Calhoun, Comal, DeWitt, Gonzales, Guadalupe, part of Hays, Kendall, Medina,
Refugio, Uvalde, and Victoria) (75th Texas Legislature, Section 357.3 of the Texas Water Code,
Chapter 16).

The projected quantity of water needed for municipal purposes depends upon the size of the
population of the service area, climatic conditions, and water conservation measures. In addition
to these factors, per capita water use (gallons per person per day of water use) is a key municipal
water planning parameter. Population and per capita water use are used to make projections of
municipal water demand for each of the 213 municipal water user groups of the South Central
Texas Water Planning Region.
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The South Central Texas Regional Water Planning Area includes all of the counties within the
EAA boundaries and Calhoun, DeWitt, Gonzales, Kendall, Refugio, and Victoria Counties. The
2011 South Texas Regional Water Plan estimates that 705,661 ac-ft of water was obtained from
aquifers of the region (see Section 3.2.2 for a discussion of major and minor aquifers in the study
area) in 2000. Of this total, 55.6 percent was from the Edwards Aquifer (TWDB 2010h).

The EAA estimates that 377,255 ac-ft of water was withdrawn from the Edwards Aquifer by
permit holders within its jurisdiction in 2009 (EAA 2010a). Approximately 64 percent was
withdrawn for municipal purposes, 7 percent for commercial use, and 29 percent for irrigation
use (Table 3-19). The 11-year average and median permitted withdrawals for 1999-2009 reflect
similar figures: 369,330 and 366,404 ac-ft, respectively.

Table 3-19. Withdrawals from the Edwards Aquifer by Use.

YEAR MUNICIPAL é'\éliAU,\/?gRR(l:'TIAJL IRRIGATION | TOTAL | MUNICIPAL (IZI\OIR/IUI\/ISI;IS(I:/?I,&/L IRRIGATION
1999 277,101 42,933 109,156 429,190 65% 10% 25%
2000 260,291 33,473 104,970 398,734 65% 8% 26%
2001 250,781 30,307 78,088 359,176 70% 8% 22%
2002 227,362 32,328 96,445 356,135 64% 9% 27%
2003 229,455 31,688 79,015 340,158 67% 9% 23%
2004 212,630 28,072 54,793 295,495 72% 9% 19%
2005 247,344 34,327 84,733 366,404 68% 9% 23%
2006 251,390 34,472 148,480 434,342 58% 8% 34%
2007 228,121 27,575 41,864 297,559 7% 9% 14%
2008 266,655 28,815 112,708 408,178 65% 7% 28%
2009 243,043 25,326 108,886 377,255 64% 7% 29%
Average 244,925 31,756 92,649 369,330

Median 247,344 31,688 96,445 366,404

Source: EAA (2010a).

Due to projected population growth between 2010 and 2030, municipal water demand in the EIS
study area counties is projected to increase from 384,257 ac-ft/yr in 2010 to 492,181 ac-ft/yr in
2030. The projected municipal, industrial, steam-electric, mining, irrigation, and livestock water
demand for individual counties in the study area is shown in Table 3-19, along with total water
demand projections for the years 2010 and 2030.
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Future water demand (not limited to Edwards Aquifer water) has been estimated for each county
in the study area by the TWDB (TWDB 2010h). The projected demand for the years 2010
through 2030 are shown by decade in Tables 3-20a and 3-20b. Steam electric demand in the
Eastern Region is expected to grow by the greatest percentage (33.8) between 2000 and 2030,
followed by municipal (30.3), whereas livestock demand is projected to remain static. Irrigation
demand is projected to decrease throughout the study area due to increased irrigation efficiency,
economic factors, and changes in government programs affecting the profitability of irrigated
agriculture (TWDB 2010h). Total water demand within the study area (Table 3-21) is projected
to increase by approximately 125,500 ac-ft/yr, or 16 percent over the next 20 years.

Table 3-20a. Regional Water Demand Projections in Acre-Feet per Year, 2010 and 2030.

MUNICIPAL DEMAND

INDUSTRIAL DEMAND

STEAM ELECTRIC DEMAND

COUNTY
2010 | 2030 |9%Change| 2010 | 2030 [% Change| 2010 | 2030 | % Change
WESTERN REGION
Edwards 445 437 -1.8 0 0 0.0 0 0 0.0
Kinney 1276 | 1,304 2.2 0 0 0.0 0 0 0.0
Real 600 577 -3.8 0 0 0.0 0 0 0.0
Uvalde 8,066 | 8,652 7.3 432 473 95 0 0 0.0
Subtotal 10,387 | 10,970 5.6 432 473 95 0 0 0.0
CENTRAL REGION
Atascosa 6,941 | 8335 20.1 6 6 0.0 5,884 | 6,962 18.3
Medina 7,576 | 9,656 275 67 82 22.4 0 0 0.0
Subtotal 14,517 | 17,991 | 23.9 73 88 205 | 5,884 | 6,962 18.3
EASTERN REGION
Bexar 262,106 | 316,423 | 20.7 | 25951 | 32,775 | 263 [17,300 20,196 167
Caldwell 6,275 | 9,173 46.2 15 21 40 0 0 0.0
Comal 18,771 | 31,598 | 68.3 7,729 | 9,314 205 0 0 0.0
Guadalupe 17,113 | 25595 | 49.6 2,638 | 3,249 232 |10,065|16,844| 67.4
Hays (Reg. L) 17,278 | 29,964 | 73.4 212 285 344 | 1,009 | 949 5.9
Hays (Reg. K) 7,202 | 13,446 | 871 691 928 34.3 0 0 0.0
Kendall 4,649 | 8142 75.1 0 0 0 0 0 0.0
Subtotal 333,304 | 434,341| 30.3 | 37,236 | 46,572 | 251 |28,383|37,980| 338
DOWNSTREAM REGION
Calhoun 2,948 | 3,556 206 | 49,784 | 59,235 | 19.0 569 | 530 -6.9
DeWitt 3,064 | 3,039 -0.8 184 212 15.2 0 0 0.0
Gonzales 4,08 | 4,624 12.6 2,400 | 2,822 17.6 0 0 0.0
Refugio 1,249 | 1,282 2.6 0 0 0 0 0 0.0
Victoria 14,590 | 16,378 | 123 | 28,726 | 35035 | 22.0 | 2,026 | 2,035 0.4
Subtotal 25959 | 28,879 | 11.2 | 81,004 | 97,304 | 200 | 2,595 | 2,565 1.2
%‘#RZAREA 384,257 | 492,181 | 28.1 |118,835|144,437| 215 |36,862|47,516| 347
Source: TWDB (2003, 2010h).
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Table 3-20b. Regional Water Demand Projections in Acre-Feet per Year, 2010 and 2030.

IRRIGATION DEMAND MINING DEMAND LIVESTOCK DEMAND

COUNTY 2010 2030 % Change | 2010 | 2030 | % Change | 2010 | 2030 | % Change

WESTERN REGION
Edwards 153 141 -7.8 89 89 0 562 562 0.0
Kinney 13,507 12,373 -8.4 0 0 0 445 445 0.0
Real 392 361 -7.9 5 5 0 176 176 0.0
Uvalde 55,791 51,513 -1.7 313 364 16.3 1,284 | 1,284 0.0
Subtotal 69,843 64,388 -7.8 407 458 12.5 2,467 | 2,467 0.0

CENTRAL REGION
Atascosa 40,885 38,185 -6.6 1,298 | 1,405 8.2 1,745 | 1,745 0.0
Medina 54,450 50,005 -8.2 130 137 5.4 1,298 | 1,298 0.0
Subtotal 95,335 | 88,190 -7.5 1,428 | 1,542 8.0 3,043 | 3,043 0.0

EASTERN REGION
Bexar 15,273 14,010 -8.3 3,582 | 4,150 15.9 1,319 | 1,319 0.0
Caldwell 1,044 824 -21.1 14 16 14.3 918 918 0.0
Comal 204 169 -17.2 2,678 | 3,029 13.1 298 298 0.0
Guadalupe 1,070 846 -20.9 306 330 7.8 1,057 | 1,057 0.0
Hays (Reg. L) 353 347 -1.7 142 157 10.6 280 280 0.0
Hays (Reg. K) 11 11 0 12 2 -83.3 220 220 0.0
Kendall 714 685 -4.1 6 6 0 446 446 0.0
Subtotal 18,669 | 16,892 -9.5 6,740 | 7,690 14.1 4,538 | 4,538 0.0

DOWNSTREAM REGION

Calhoun 15,568 | 12,096 -22.3 32 36 125 342 342 0.0
DeWitt 159 108 -32.1 64 68 6.3 1,689 | 1,689 0.0
Gonzales 1,304 969 -25.7 28 26 -7.1 5,453 | 5,453 0.0
Refugio 69 69 0 7 8 14.3 623 623 0.0
Victoria 9,936 7,402 -25.5 3,944 | 4,906 24.4 1,085 | 1,085 0.0
Subtotal 27,036 20,644 -23.6 4,075 | 5,044 23.7 9,192 | 9,192 0.0
_SI_(T)L_IJ_Q\L( AREA 210,883 | 190,114 -9.9 12,650 | 14,734 16.6 19,240 | 19,240 0.0

Source: TWDB (2003, 2010h).
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Table 3-21. Projected Water Demand by Use Sector for the EIS Study Area, 2010-2030

(Ac-Ft/Yr).
TYPE OF USE YEAR 2010 YEAR 2030
Municipal 384,257 492,181
Industrial 118,835 144,437
Steam Electric 36,862 47,516
Irrigation 210,883 190,114
Mining 12,650 14,734
Livestock 19,240 19,240
TOTAL 782,727 908,222

Source: TWDB (2003, 2010h).

EARIP Counties within Other Regions

The EARIP counties within the Region J — Edwards Plateau Regional Water Planning Area
include: Edwards, Kinney, and Real Counties. The EARIP counties within the Region K —
Regional Water Planning Area include only a part of Hays County.

Unlike municipal water demand, which tends to be relatively consistent from year to year,
irrigation demands can vary considerably. The wide variation in estimates of irrigation water use
are the result of local weather conditions, economic factors that influence the amount of irrigated
acreage, and water supply constraints. It is important to note that historic irrigation water use
data was estimated rather than based on measured use.

3.6 ECONOMY

The counties within the study area are supported by strong trade, service and tourism sectors.
Agriculture, biotechnology, higher education, technology, medical research, and military bases
all contribute to the diverse economy within the area.

According to the Texas Workforce Commission (TWC), 9.2 percent of the total employment in
the State of Texas was located in the study area as of the fourth quarter of 2009. The Eastern
Region comprised 90.5 percent of the total employment for the study area, with the highest
concentration of employment in Bexar County. Employment in the San Antonio MSA
comprised the majority of the study area’s average employment of 940,477. The Downstream
Region contained the second-highest average employment at 60,857, with the Victoria urban
area accounting for 59.4 percent of the employment in this region. The Central Region
contributed 1.8 percent of the study area employment, while the Western Region added 1.2
percent (TWC 2010).

Growth in the technology industry was responsible for substantial economic growth and
prosperity in the study area during the 1990s and early 2000s. Economic downturn in the mid-
2000s, though, drastically affected employment on a county, state, and national level, with
unemployment in the beginning of 2010 estimated at 14,837,000 for the United States, compared
with 7,784,000 just 5 years earlier (TWC 2010). The State of Texas saw unemployment reach
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997,099 in the beginning of 2010, an increase of over 63 percent over 2005. Education and
health services provide the highest number of jobs in the State of Texas (2,465,111), followed by
trade, transportation and utilities (2,154,130) and professional and business services (1,254,019).

A brief summary of the economic resources within the study area is included below. Table 3-22
shows employment data for each region. These data do not represent the number of actual
employees in each region, but rather the number of jobs in each county, compiled by region.
These data differ from the labor force estimated in Table 3-23, which track the number of people
in a county considered eligible to participate in the labor force along with whether or not they are
employed. Differences in the number of jobs and the number of employees within a region are
likely a result of workers commuting to other areas. This is especially common in the counties
surrounding metropolitan areas such as the San Antonio MSA.

Table 3-22. Employment for the EIS Study Area, 4th Quarter, 2009.

WESTERN CENTRAL EASTERN DOWNSTREAM
NAICS REGION REGION REGION REGION STUDY AREA | STATE OF TEXAS
CATEGORY Total | % of | Total | % of | Total | % of | Total % of Total | % of % of

Total Emp

Emp | Total | Emp | Total | Emp | Total | Emp Total Emp | Total Total

Natural
Resources and | 757 7.0% | 1,165 | 6.7% | 4,652 | 0.6% | 3,424 6.7% 9,998 | 1.1% | 255,523 | 2.5%
Mining
Construction 415 | 3.9% | 1,050 | 6.0% |48,096 | 5.7% | 3,030 | 5.9% |52,591| 5.7% | 602,061 | 5.9%

Manufacturing 405 | 3.8% | 527 | 3.0% | 45,262 | 54% | 4,663 | 9.1% |50,857 | 5.6% | 817,645 | 8.1%

Trade 2560 | 23.8% | 3,764 | 21.7% |168,799| 20.2% |10,900| 21.3% |(186,023| 20.3% | 2,154,130 | 21.3%
Information 165 | 1.5% | 144 | 0.8% | 19,984 | 2.4% | 686 1.3% | 20,979 | 2.3% | 208,661 | 2.1%
Financial o o o o o o
Activities 320 | 3.0% | 757 | 4.4% | 65789 | 7.9% |2509| 49% |69375| 7.6% | 622,791 | 6.1%

Professional
and Business 385 3.6% 77 4.5% (104,275| 12.5% | 2,616 5.1% |108,053| 11.8% | 1,254,019 | 12.4%

Services

Education and
Health Services

3,304 | 30.8% | 5,710 | 32.9% |208,554| 24.9% |15,087| 29.5% (232,655| 25.4% | 2,465,111 | 24.3%

Leisure and

Hospitality 1.022 | 9.5% | 1,470 | 8.4% |103,744| 12.4% | 4251 | 83% |109.466| 12.0% | 1,007,015 | 9.9%
Services

Other Services | 276 | 2.6% | 590 | 3.4% | 26,999 | 3.2% | 1,540 | 3.0% |29.405| 3.2% | 291,149 | 2.9%
Public

e o | 1129 | 105% [ 1,402 | 8.1% | 40,358 | 4.8% | 2505 | 4.9% | 45394 | 5.0% | 447,239 | 4.4%
Unclassified o | o% | 10 |01% | 189 | 00% | 7 | 00% | 206 | 0.0% | 5279 | 0.1%
E?/ILALI(_)YMENT 10,738|100.0%| 17,366 100.0% |836,701|100.0%|51,218| 100.0% |915,002|100.0%|10,130,623|100.0%
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Table 3-23. Labor Force and Unemployment in the EIS Study Area, 2000 and 2010.
COUNTY C'V”‘F'g'\éééBOR EMPLOYED UNEMPLOYED UNEM;;?;(MENT
2000 2010 2000 2010 2000 2010 2000 2010
WESTERN REGION
Edwards 770 1,049 735 959 35 90 45 8.6
Kinney 1,135 1,513 1,050 1,355 85 158 7.5 10.4
Real 1,301 1,552 1,260 1,447 41 105 3.2 6.8
Uvalde 11,024 11,446 10,239 10,375 785 1,071 7.1 9.4
Subtotal/Average 14,230 15,560 13,284 14,136 946 1,424 5.6 8.8
CENTRAL REGION
Atascosa 18,406 19,661 17,696 17,948 710 1,713 3.9 8.7
Medina 15,919 20,227 15,350 18,651 569 1,576 3.6 7.8
Subtotal/Average 34,325 39,888 33,046 36,599 1,279 3,289 38 8.25
EASTERN REGION
Bexar 676,590 | 771,373 | 652,687 | 710,990 | 23,903 | 60,383 35 7.8
Caldwell 16,890 16,137 16,342 14,692 548 1,445 3.2 9
Comal 39,947 56,195 38,947 52,262 1,000 3,933 25 7
Guadalupe 43,472 59,422 42,384 55,053 1,088 4,369 25 7.4
Hays 55,058 79,831 53,764 73,951 1,294 5,880 2.4 7.4
Kendall 14,265 16,517 13,971 15,463 294 1,054 2.1 6.4
Subtotal/Average 846,222 | 999,475 | 818,095 | 922,411 | 28,127 | 77,064 2.7 7.5
DOWNSTREAM REGION
Calhoun 10,044 9,496 9,579 8,570 465 926 4.6 9.8
DeWitt 8,450 9,184 8,151 8,380 299 804 35 8.8
Gonzales 7,580 10,148 7,349 9,492 231 656 3.0 6.5
Refugio 2,811 4,206 2,684 3,884 127 322 45 7.7
Victoria 43,165 45,396 41,634 41,729 1,531 3,664 35 8.1
Subtotal/Average 72,050 78,430 69,397 72,055 2,653 6,372 3.8 8.18
STUDY AREA TOTAL | 966,827 | 1,133,353 | 933,822 | 1,045,201 | 33,005 | 88,149 4.0 8.1
STATE OF TEXAS 10,324,527 | 12,091,623 | 9,887,039 | 11,094,524 | 437,488 | 997,099 4.2 8.2
Source: TWC (2010).
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Chapter 3

DES #12-29

The agricultural segment includes jobs in agricultural production, forestry, commercial fishing,
hunting and trapping, and related services including reported farm and ranch workers, according
to the TWC. The TWC acknowledges that their records underestimate total agricultural
employment because only reported farm and ranch workers are in