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Executive Summary

The Barton Springs/Edwards Aquifer Conservation District (District) is a Texas groundwater
conservation district charged with the management of the Barton Springs segment of the
Edwards Aquifer (Aquifer), which is the primary water supply for more than 60,000 people in
the region and the source water for the Barton Springs complex. The District manages this
resource by a production permit-based regulatory program for larger, non-exempt wells, and this
program’s elements constitute the Covered Activities. The overarching strategic purpose of the
District is to optimize the sustainable uses of groundwater for these users and other community
interests. However, it is well established that during drought conditions large amounts of
groundwater withdrawals (pumping) will contribute to diminished flow through the Aquifer and
smaller springflow rates at Barton Springs and associated adverse effects to some Aquifer users.
The Aquifer and its associated spring outlets are Barten-Springs-s-the sole habitat of the
federally-protected Barton Springs salamander (BSS) and Austin blind salamander (ABS). The
federal Endangered Species Act prohibits the harassment or harm of the salamanders (termed
“take”) that may incidentally occur as a result of the effect of pumping on decreasing water
levels and springflows unless exempted under a federal Incidental Take Permit (ITP). Without
an ITP District permittees could be held responsible for take and in violation of the federal law.

This document presents the District’s Habitat Conservation Plan (HCP) supporting an
application of an ITP for a 20-year period. The permit would allow for continued managed
pumping (the covered activity) of the Aquifer by District permittees, provided the proposed HCP
measures minimize and mitigate the incidental take and avoids jeopardy (the inability of the
salamander to survive or recover from the take) of salamanders. Ultimately, the HCP measures
safeguard the continued sustainable use of the Aquifer and survival of the endangered
salamanders.

To develop an HCP the District conducted numerous studies and began implementing
preemptive conservation measures in 2004. The HCP integrates numerous hydrogeologic and
biological studies to develop a conceptual model of the relationship between pumping,
springflow, dissolved oxygen (DO), and the potential effects on salamanders. During drought,
pumping of groundwater from the Aquifer decreases the already diminished springflows that
naturally discharge from the Aquifer on a nearly one-to-one volumetric basis. There is an
established correlation between springflows and DO. Generally, lower springflows contain
lower DO concentrations (less oxygen in the water). Biological studies document the effects of
varying levels of DO on the salamanders. Thus, pumping during drought conditions decreases
water levels and springflow, which in turn is associated with reduceds DO levels that ultimately
may have adverse effects on the salamanders, which creates incidents of “take.” These
relationships were incorporated into a spreadsheet-based numerical model and used to evaluate
the impacts of various HCP measures on water in the Aquifer as reflected in springflow and_its
DO. While the conceptual and simple numerical models represent the best available science, the
assumptions and relationships in both models are believed to be generally conservative and
likely over-estimate the adverse effects of pumping on springflow and itsthe DO, and therefore
the adverse impacts on the habitat.

To protect the salamanders and preserve water supplies the District has adopted policies in its
2013 Management Plan and additional measures described in the HCP to reduce average annual
1



pumping from the Aquifer to no more than 5.2 cubic feet per second (cfs), or 0.15 cubic meters
per second (m?/s), to preserve a minimum of 6.5 cfs (0.18 m®/s) of springflow during a
recurrence of drought of record (DOR) conditions. To avoid and minimize take, the HCP
commits to specific measures and actions that include: establishing a permitting cap on firm-
yield pumping; employing a drought management program to define drought severity and
requisite pumping curtailments (up to 50%), and encouraging the substitution of Aquifer supplies
with alternative water supplies (e.g., Trinity, aquifer storage and recovery (ASR), desalination)
among other measures. The HCP further commits to continue research initiatives including
refinement of the conceptual hydrogeological and ecological models and to implement specific
mitigation measures including: support of an existing salamander refugium, continued recharge
enhancement and pollution prevention measures at Antioch Cave, an abandoned well program, a
DO augmentation program (if feasible), and other specified aquifer protection measures.

The conceptual and numerical models developed for this HCP allow comparison of the estimated
monthly springflow and corresponding DO values for three scenarios, including: exempt-only
pumping, pumping without HCP measures, and pumping with HCP measures. Results indicate
that the HCP will allow the District to manage drought springflows and minimize adverse
impacts to the salamanders by reducing the frequency of low flows, and raising the minimum
DO values. For example, for a 97-year period of record we estimate springflows could reach 10
cfs (0.283 m®/s) (Emergency Response Period) 3% of the time with HCP pumping measures in
place, and more than double at 7% without HCP pumping measures in place.

The HCP measures (including all mitigation measures) reduce both the amount of take and the
likelihood of jeopardy of the endangered salamanders during a recurrence of DOR conditions.
During the DOR and with then-allowable pumping and the proposed HCP measures, average DO
at the perennial spring outlets is estimated to be about 4.2 milligrams per liter (mg/L) without
mitigation, and minimum DO concentrations would be below 3 mg/L only for three months and
would never fall below 2 mg/L. But with the proposed mitigation the average DO would be even
higher, about 4.7 mg/l, similar to natural conditions with exempt-only pumping and no
mitigation measures. These outcomes are much more positive than what would be expected with
no HCP measures, where the DO would average about 3.7 mg/L and would be less than 3 mg/L
for about 17 months, including zero for two months. Investigations commissioned for this HCP
indicate that salamander populations are not adversely affected physiologically by DO
concentrations of 4.5 mg/L or greater, and are only mildly affected by DO concentrations slightly
lower, at 4.2 mg/L. Thus, while the HCP measures are not able to avoid take, they do minimize
the amount of take that occurs and the frequency with which it occurs.

Using the conceptual model and best professional judgment the District estimated the amount of
take that would occur during the course of a severe drought. -when-dDrought effects begin to
physically modify the amount of habitat at the non-perennial Upper Barton Spring, beginning at
40 cfs (1.13 m%/s)- or less of combined springflowfer-the-ron-perennial- Upper Barton-Spring (the
“habitat modification take” threshold). —Fhen-wlf drought continues to deepen, when
combined springflows decline to 30 cfs (0.85 m3/s) or less on a monthly basis (corresponding to
5.0 mg/L DO or less), the conservatively stipulated threshold initiating “behavioral physielegical
take” at the perennial outlets is reached. Then if the combined springflows continue to decline to
20 cfs (0.565 m*/s) or less on a monthly basis (corresponding to 4.5 mg/L DO or less), the
stipulated threshold initiating “physiological take” at the perennial outlets is reached, and such




take is in addition to the behavioral take. During such severe drought conditions, a
conservativelyn estimated 174291 and 36.64-9 incidents of take per drought month occur on
average for the BSS and ABS, respectively. Conservatively using 14 years of severe drought
conditions (including 7 years of a possible but unlikely DOR recurrence) over the next 20 years
(Iength of the permit), the District estimates up to 20,2003,746 and 4,260482 incidents of “take”
could occur for the BSS and ABS, respectively during that time.

The HCP was developed, refined, and reviewed through a rigorous public process and benefitted
from input and recommendations from stakeholders, subject experts, and advisory committee
members. With the proposed HCP conservation measures in place and with the proposed
monitoring, adaptive management, and reporting programs described in this HCP the District
reasonably expects to be able to achieve the objectives of sustainably managing use of the
Aquifer as a water supply, minimizing and mitigating the incidental take of the salamanders,
ensuring their survival, and the avoidance of jeopardy.






Draft Habitat Conservation Plan for
Managed Groundwater Withdrawals
from the Barton Springs Segment of the
Edwards Aquifer

1.0 Introduction and Background

This habitat conservation plan (HCP) is proposed by the Barton Springs/Edwards Aquifer
Conservation District (BSEACD, or the District) in support of an application for an incidental
take permit (ITP, or Permit) from the U.S. Fish and Wildlife Service (Service) for the Barton
Springs salamander (Eurycea sosorum; BSS) and for the Austin blind salamander (E.
waterlooensis; ABS), both protected species listed as endangered by the Service (together, the
Covered Species). The term "take" refers to an action and its associated adverse effects on
members of any threatened or endangered species. The District is a political subdivision of
the State of Texas, a local agency of the State that was formed and authorized by the Texas
Legislature specifically to manage the groundwater resources within its jurisdiction under
applicable state laws and statutes, particularly Texas Water Code Chapter 36 and Special
District Local Laws Code Chapter 8802. This document constitutes the HCP for the regulated
withdrawal of groundwater of the Barton Springs segment of the Edwards Aquifer as a water
supply by permitted well owners/operators under the conservation program and auspices of
the District (hereinafter, District HCP). It proposes a substantial number of regulatory and
groundwater management measures that will be implemented by the District as HCP
conservation measures upon issuance of an ITP under Section 10 of the Endangered Species
Act, as Amended (16 U.S.C. 1531-1539)(Act)).

Issuance of an ITP is a federal action subject to a review by the Service in compliance with
the National Environmental Policy Act (NEPA), which may involve preparation and further
documentation of overall environmental consequences in an Environmental Assessment or
Environmental Impact Statement (EIS). The District HCP focuses exclusively on the
biological and ecological effects and consequences of certain District actions as they relate
specifically to the Covered Species. A separate NEPA document presents the Service’s
analysis of the direct, indirect, and cumulative impacts of issuing the requested ITP on all of
the natural and the man-made environments.

The District HCP is a public document under the Texas Public Information Act. It is the
District’s intent that this document provides such additional context and information, beyond
that required by the Service, to be comprehensible and useful to the District’s stakeholders,
including District permittees and the state, regional, and local entities affecting and affected
by the HCP. However, an HCP is essentially a proposal to the Service that informs a Service-
internal consultation process specifically designed to form a Biological Opinion on the likely



effects and consequential impacts on the Covered Species, which then becomes the basis for
decision-making on issuance of an ITP. As such, its format, content, and level of detail are
largely prescribed by Service regulations, policy, and guidance.

The District’s statutory mandate is to provide for the conservation, preservation, and
protection of groundwater resources of all aquifers in its jurisdictional area, including parts of
northwestern Caldwell, northeastern Hays, and southeastern Travis Counties. This area
encompasses all sites of groundwater withdrawal from the Barton Springs segment of the
Edwards Aquifer, sometimes called the Barton Springs aquifer (hereinafter, the Aquifer,
unless narrative context requires additional specificity). This mandate is consistent with the
HCP; and the same measures that benefit the Aquifer’s human users, by extending the water
supply during drought, also benefit the Covered Species that depend on the Aquifer as habitat.

The District’s activities described by this HCP are consistent with current (2014) statutory
authorities of the District and are based on sound science and effective groundwater
management practices. They have been formulated and framed in collaboration with other
conservation efforts affecting the Covered Species and/or their habitat. In particular this
includes the City of Austin’s (COA) July 2013 “Major Amendment and Extension of the
Habitat Conservation Plan for the Barton Springs Salamander (Eurycea sosorum) and the
Austin Blind Salamander (Eurycea waterlooensis) to Allow for the Operation and
Maintenance of Barton Springs and Adjacent Springs” (hereinafter, the Barton Springs Pool
HCP). Certain aspects of the Edwards Aquifer Recovery Implementation Plan/HCP for the
use and management of the adjacent San Antonio segment of the Edwards Aquifer (EARIP,
2012) were relevant to and useful in developing the District’s HCP.

The biological goals and objectives of the District’s conservation program are listed in Section
6.1, Biological Goals and Objectives of the HCP. Other District goals and objectives are
characterized in the current Texas Water Development Board (TWDB)-approved District
Management Plan (BSEACD, 2013) and have been designed to be complementary to and
consistent with the goals and objectives described in this HCP.



2.0 Purpose and Need for HCP/ITP
2.1 Purpose

As described above, the District’s statutory mandate is to provide for the conservation,
preservation, and protection of groundwater resources of all aquifers in its jurisdictional area.
Certain activities associated with that mission may produce both beneficial and adverse effects
on the rate and water chemistry of springflow at Barton Springs that in turn impact the habitats
of the Covered Species. In particular, the District’s drought management program both allows
and restricts the amount of groundwater withdrawn from the Aquifer by certain well owners.
Nevertheless, the -federal Endangered Species Act (Act) prohibits take of its listed species except
as prescribed in the Act. The purpose of the District HCP is to meet the requirements of
applying for and receiving an ITP under the Act (see Section 2.2.2, Statutory Basis of Need:
Endangered Species Act). The purpose of the ITP is to allow the District, on a federally
authorized exception basis, to continue to carry out its State-authorized, otherwise lawful
activities that may result in incidental take of the Covered Species.*

2.2 Need
2.2.1 Programmatic Basis of Need

The District’s activities that create the need for an HCP and an ITP relate to the following
groundwater management functions that are explained in the District Management Plan (District,
2013):

e Adopt, implement, and enforce regulations and management programs that protect existing
groundwater supplies, improve aquifer demand management, provide Aquifer and springflow
protection during droughts, promote and improve aquifer recharge, and carry out other
beneficial management strategies; and

e Avoid, or minimize, and mitigate negative impacts upon federally listed species dependent
upon springflow from Barton Springs through adoption and implementation of regulations,
management programs, scientific research programs, conservation education programs, and
collaborative efforts with other governmental entities.

These activities directly and indirectly affect withdrawals (pumpage) from the Aquifer (the
amount of groundwater withdrawn by operating pumps set in wells [pumping wells] installed
within the Aquifer for providing the water supply of well owners/operators). In turn, as a result

! The Covered Species may also be stressed by the introduction of pollutants that affect the quality of water recharging
the Aquifer. Unlike the natural water chemistry changes, these water quality impacts are generally caused by human
activities on the land surface that result in pollution from point sources and especially nonpoint sources. In this
document, these impacts are referred to as “water quality” impacts, to distinguish them from “water chemistry” impacts.
The water quality impacts of these actions, over which the District has no control and therefore are not Covered
Activities, are cumulative with the natural changes in water chemistry associated with lower springflows, and both are
generally antagonistic to aquatic life requirements.



of the hydrology of the groundwater system, such withdrawals lower the elevation (altitude
referenced to mean sea level) of water levels in the Aquifer, which consequently reduces the
discharge (springflow, or flow) at Barton Springs. There is a well-established relationship,
within the observed data range, between the flow issuing from the outlets of Barton Springs and
the chemistry of the water. As flow decreases, the dissolved oxygen (DO) concentration of the
water, which is required by the Covered Species for survival, decreases, and the concentration of
dissolved solids increases. This natural variation in water chemistry derives from the physical
system of the Aquifer, and it occurs regardless of whether Aquifer water-levels and springflow
decreases are due to drought, withdrawals by wells, or both (BSEACD, 2013; BSEACD, 2004).

During normal and high-flow conditions in the Aquifer, the combined flow of the natural outlets
at Barton Springs are many multiples of the total amount of water that is being withdrawn by
wells in the Aquifer. Under these conditions, the District’s program elements principally address
the long-term sustainability of the Aquifer as a water supply. Under these conditions, the
amount of water withdrawn from the Aquifer by wells and the provisions of the District’s
regulatory program are believed to have essentially no effect on the chemistry of the springflow.
This is because the physical and chemical characteristics of the springflow are mostly
attributable to meteorologically induced stormflows and seasonal factors, and from time to time,
other external factors (Mahler and Bourgeais, 2013; Mahler et al., 2011). Accordingly,
essentially no incidental take is attributable to the Covered Activities (lawfully conducted
withdrawals from District permitted wells, see Section 4.1, Proposed Covered Activities) when
water levels in the Aquifer are above a certain elevation, which determines the flow at the
Aquifer’s major outlet, Barton Springs. This threshold elevation and flow are characterized in
Section 3.2.2.1, Physical Setting.

But during drought, and especially prolonged severe or Extreme Drought?, the amount of water
naturally discharging from the springs complex (the natural spring outlets taken together) is
much smaller, similar in magnitude to the amount of water withdrawn from wells. During these
drought conditions, the District’s groundwater drought management program is key to preserving
groundwater levels in the Aquifer and springflow. The joint and regional water planning
conducted by the State, with which the District’s groundwater management plan is integrated,
uses a recurrence of the drought of record in the 1950s (DOR) as the planning objective, and the
DOR is also the framework for the District’s drought management program. The District’s
integrated regulatory program is designed to protect the water supply of Aquifer users who are
most vulnerable to supply interruption during periods of Extreme Drought and to conserve the
flows at Barton Springs for both ecological and recreational purposes. It is during certain of
these drought periods that the groundwater levels and springflows unavoidably decline
sufficiently to create incidental take of the Covered Species, which creates the programmatic
need for the HCP and the ITP. The circumstances that give rise to such incidental take are

2 «Severe drought” is a general term used herein to refer qualitatively to conditions that represent those groundwater
drought conditions in the District that range from prolonged Stage I1-Alarm through Stage 1VV-Exceptional droughts, as
defined and declared by the District. See Appendices E, F, and G for more information on drought stage definition and
drought management implementation. “Extreme Drought” is defined by current (2016) District Rules as: “...a severe
drought period, deep within a Stage IV Exceptional Drought, that is characterized by the sustained flow at Barton
Springs at or below 10 cubic feet per second (cfs) (0.28 m*/s) on a 10-day running average basis...”.



discussed in detail in Section 5.2.2, Spatial and Temporal Extent of Take, and Section 5.2.3,
Consideration of Take and Jeopardy.

Demand for and withdrawal of groundwater for public water supply and other beneficial uses have
increased substantially in recent decades, which in turn increase the need for programmatic action.
For many users, the Aquifer continues to be the only feasible water supply available. The
cumulative withdrawals of all operating wells in the Aquifer can have significant impact on
springflow during drought conditions and can increase the likelihood of low-flow conditions.
During severe drought, the impact of withdrawals may produce habitat-significant water chemistry
changes, as will be characterized in Section 3.2.2.2, Ecological Setting. The withdrawal from
permitted operating wells reached an all-time monthly peak of approximately 13.4 cubic feet per
second (cfs) (equivalent to 3.21 billion gallons, or 12.1 billion liters, per year) in June 2008
(BSEACD, unpublished data, 2014).

Since June 2008, despite increased demand for water supplies in the District, withdrawals generally
have been reduced as a result of groundwater management policies and regulations of the District
and of responses by its permittees to projected shortfalls during severe droughts. As the demand for
groundwater has increased, the District has gradually changed its drought management and
regulatory program to improve the effectiveness of Aquifer and springflow protection, supported in
no small part by the studies and planning for the ongoing HCP development. Monthly average
pumpage for the 3 years 2007—09 was 8.2 cfs (0.23 m*/s), which also included a regulated drought
period in 2008-09 with mandatory pumpage reductions of 20 and 30% during District-declared
Stage I1-Alarm and Stage I11-Critical drought, respectively (BSEACD, 2010). Withdrawals were
once predicted to increase steadily with urban development over the Aquifer and reach as much as
19.6 cfs (0.55 m*/s) by 2050 (Scanlon et al., 2001). However, owing to the implementation of
conservation plans, demand-management programs, and imposition of severe drought-withdrawal
limitations by the District (described in Section 6.2, Minimization and Mitigation Measures), the
estimated maximum withdrawals over the long term are now considerably lower, no more than
about one-quarter of that previously projected peak of 19.6 cfs

The HCP specifies the District commitments to a set of conservation (avoidance, minimization,
and mitigation) measures that are consistent with statutory authorities of the District and that are
based on sound science and effective groundwater management practices. The District HCP has
been formulated and framed in collaboration with other conservation efforts affecting the
Covered Species and their respective habitats; that is, the habitat conservation plan of the COA
for operation and maintenance at Barton Springs Pool and surrounding area, including
particularly the individual spring outlets (Barton Springs Pool HCP). The well owners and users,
especially the District’s permittees as described in Section 4.1.1 (The Regulated Groundwater
Community), and all citizens who consider Barton Springs an ecological, recreational, and
aesthetic resource, are the key additional stakeholders for this HCP.

2.2.2 Statutory Basis of Need: Endangered Species Act

Regulations for implementing the Act and for issuing permits are found in Title 50, Sections 15
and 17 of the Code of Federal Regulations (50 CFR 8§15 and 817), which are the relevant federal
statutes that protect and promote the recovery of endangered and threatened species. Section 9
of the Act (16 U.S. Code [U.S.C.] 1538(a)) prohibits “take” of any federally endangered wildlife.



As defined by the Act, “take means to harass, harm, pursue, hunt, shoot, wound, kill, trap,
capture, or collect, or to attempt to engage in any such conduct” relative to any threatened or
endangered species. Section 10(a)(1)(B) of the Act of 1973 (16 U.S.C. 1539(a)(1)(B))
authorizes the U.S. Fish & Wildlife Service (Service) to issue a permit (or ITP) allowing on a
conditional and exception basis the take of protected species that is incidental to, and not the
purpose of, the carrying out of otherwise lawfully conducted activities (Covered Activities). For
the issuance of an ITP, the applicant must submit a conservation plan that satisfies the
requirements of Section 10(a)(2)(A) of the Act. The required elements of an HCP and ITP under
the Act are identified in Section 2.3, Correspondence between HCP Sections and Information
Required by Service.

Section 10(a)(2)(B)(ii) of the Act allows non-federal entities to conduct otherwise lawful
activities likely to cause take of endangered species, as long as the detrimental effects of the
activities are not purposeful and are minimized and mitigated to the maximum extent practicable;
and further provides that the Service determines that jeopardy of the Covered Species’
populations related to the Covered Activities is avoided. "Jeopardy™ occurs when an action is
reasonably expected, directly or indirectly, to diminish a species’ numbers, reproduction, or
distribution so that the likelihood of survival and recovery in the field is appreciably reduced.
HCPs are the vehicles by which such take can be authorized by the Service on an exception
basis, provided that it will be minimized and mitigated by the ITP applicant to the maximum
extent practicable. This HCP is expressly designed to fulfill those obligations of the District for
the regulated groundwater withdrawal from the Aquifer (its Covered Activities).

2.3 Correspondence between HCP Sections and Information
Required by Service

The location of the information required or pertinent for an HCP to comply with Service
regulations and guidance is tabulated in the following subsections. These correspondence tables
are provided to assist not only the Service but also and especially the District’s stakeholders and
the public in finding and reviewing information that relates the descriptions of the District’s
groundwater management programs to the required conservation plan elements.
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2.3.1 Information Requirements of an HCP in Support of an ITP

Service Requirement (16 U.S.C. 8§ 1539(a)(2)(A)(i)-(iv) HCP Section(s)
1. The impact that will likely result from the taking; 5.2;5.3
2a. Steps the applicant will take to monitor, minimize, and 6.0; 6.1; 6.2; 6.3;

mitigate such impacts,

6.4,6.5.1;7.1;,7.2.2

2b. The funding available to implement the steps, and

8.0

2c¢. The procedures to be used to deal with unforeseen

circumstances; 73
3. Alternative actions to the proposed taking considered by
the applicant and the reasons why such alternatives are 9.0;9.1;9.2

not proposed to be used; and

4. Other measures that may be required or appropriate for the
purposes of the plan.

None yet identified,
but see 6.4; 6.5.1.3;
7.1

2.3.2 Findings for Service to Issue an ITP

Service Requirement (16 U.S.C. § 10(a)(2)(B)

HCP Section(s)

1. The taking will be incidental;

1.0:2.1: 4.1

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

6.0-6.4; 7.0-73: 9.2

3a. The applicant will ensure that adequate funding of the
conservation plan [will be provided], and

8.0

3b. [The applicant will ensure that] procedures to deal with
unforeseen circumstances will be provided;

7.2,7.3

4. The taking will not appreciably reduce the likelihood of
survival and recovery of the species in the wild; and

5.1.3;.5.1.4;5.2.3.4,
5.3

5. The applicant will ensure that other measures as may be
required by Service as necessary or appropriate for
purposes of the HCP will be implemented.

1.0:4.1.2.1;4.1.3;
6.1;6.3;:6.4; 6.5.1;
7.0-7.3; 8.0

2.3.3 Additional Guidance and Recommendations for Developing

HCPs (“Five Point Policy”)

HCP Handbook Addendum (65 FR*® 32,250-32,256) HCP Section(s)
1. Defined conservation goals and objectives; 1.0;6.1;6.2
2. An adaptive management strategy; ?;’ ?'2'1'2; 6.513;
3. Compliance and effectiveness monitoring; 6.3; 6.3.1- 6.3.4
4. An established permit duration; and 4.2
5. Opportunities for public participation. 413,414

¥ Volume 65 of the Federal Register.
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3.0 Description of Areas Analyzed

The geographic area of the HCP is in Central Texas. It is an area rich in the amount and variety of
natural and human resources, but it is undergoing rapid suburbanization associated with burgeoning
growth of the Austin-San Marcos metropolitan area. Land use and cultural aspects are converting
from dominantly rural to dominantly suburban/commercial character (BSEACD, 2013).

Two areas are described in detail in this part of the HCP. The larger is the “Planning Area,” which
includes the entire area that either affects or is affected by the HCP and in which mitigation
measures could take place. The smaller is the “Incidental Take Permit Area,” or ITP Area, which is
coincident with the District’s jurisdictional area for the Aquifer. The ITP Area is where the Covered
Activities of the District take place and where any resulting incidental take of Covered Species
occurs.

3.1 Planning Area

The Planning Area is shown in Figure 3-1. It encompasses the jurisdictional area of the District,
which includes the Barton Springs complex (the four main outlets that together constitute Barton
Springs), and the areas outside the District that contribute recharge to the Aquifer and use the
Aquifer for water supply.

3.1.1 General Environmental Setting of Planning Area

The environmental setting of much of the Planning Area has been described in considerable
detail in the recent Barton Springs Pool HCP that addresses the same Covered Species, and those
descriptions are incorporated herein by reference (City of Austin, 2013). The Barton Springs
Pool HCP can be accessed online at:
http://www.austintexas.gov/watershed_protection/publications/document.cfm?id=203078. This
section is based largely on those descriptions and highlights the aspects of the environmental
setting that are most pertinent to the District’s Covered Activities, the Covered Species, and this
HCP.

3.1.1.1 Physical Environment

The Planning Area is in the southern extension of the North American Great Plains, at the
eastern edge of the large Edwards Plateau region in Central Texas. The Balcones Fault Zone
straddles the boundary between the Edwards Plateau to the north and west and the Gulf Coastal
Plain to the east and south. A number of large springs, including Barton Springs, are at land
surface along the fault zone, where more permeable, older limestone layers are juxtaposed
against less permeable younger layers. Barton Springs is located along and in Barton Creek, a
major tributary just upstream from the Colorado River. Barton is the lowest in elevation of these
springs, and it and the Colorado River form the regional flow boundary for deep, fresh
groundwater that is not discharged at other, higher-elevation springs.
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Figure 3-1: Planning Area of District Habitat Conservation Plan.

The Planning Area comprises the areas shown in color. The District’s jurisdictional area is the area bounded by the
black lines. The jurisdictional area for the Aquifer, which is coincident with the ITP Area, comprises the area
encompassed by the heavy black boundary in the northern part of the District..

The climate of the Planning Area is classified as subtropical humid, with mild winters and hot
summers. But during multi-year periods, the climate might be considered semi-arid, especially
in western parts of the Hill Country. Heavy rainfall can occur in any month, but generally the
winter months are drier and, at least statistically, the early- and late-summer months are wetter
than average. Rainfall and runoff are highly variable in time and space. The concept of
“average rainfall” is misleading when considered in a predictive sense at any one location, and
there are significant gradients toward smaller rainfall and greater evapotranspiration from
northeast to southwest across the Planning Area. Generally, annual evaporation exceeds annual

rainfall considerably, often by a factor of two or more; the long-term average factor is about 1.6.

Antecedent soil-moisture conditions determine whether and how much rainfall of a given
duration is required to produce runoff to the local streams.

The entire area is prone to drought, which may be severe and persist for months to many years.
Virtually every decade has had one or more significant drought periods that has lasted for a
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substantial part of a year or more. The most severe drought in recorded history in the area was
the drought during 1950-57, which is designated for water planning purposes as the DOR.
During that drought, Barton Springs had its lowest recorded daily flow, 9.6 cfs (0.27 m?/s), and
its lowest monthly flow, 11 cfs (0.31 m*/s) (See Section 3.2.2.1.2, Sources of Variation in
springflow at Barton Springs). Conversely, the small streams in the Planning Area from time to
time are subject to short-term, sometimes extreme flooding. Such flooding is associated with
tropical moisture systems that move inland and meet the Balcones Escarpment and/or cold air
masses, which produce flooding rainfall intensities. Floods may actually occur in the midst of a
drought, and the storms that cause the floods may or may not relieve the drought, depending on
location of the rainfall and persistence of the drought. During the decade that is designated by
the TWDB as the DOR for this region, there were significant periods when streamflow and
springflow were near average, at least for a while. These variations in rainfall and drought
conditions appreciably affect the natural resilience and ecological health of creeks, rivers, and
streams and their resident flora and fauna (Service, 2013b; Poff and Ward, 1989; Resh et al.,
1988).

The Planning Area is drained by two major Texas river systems, with the Colorado River system
tributaries in the northern part and the Guadalupe-Blanco River system tributaries (including the
upper part of the main stem of the Blanco) in the southern part. All surface streams except the
main river stems are non-perennial, although most have base flow (-sustained flow) that is
supported by shallow groundwater contributions during non-drought and non-severe drought
periods. Only the primary river systems have large enough catchment areas (drainage basins) to
support reservoirs for water supply and/or downstream areas that justify flood-control
impoundments. Areas distant from river main stems typically are dependent on wells and
groundwater for reliable and economic water supplies; these include the more rural parts of the
Planning Area.

3.1.1.2 Biological Environment

The Planning Area includes parts of two terrestrial biogeographically defined ecoregions, with
the dissected margin of the Edwards Plateau ecoregion to the west and the southern part of the

Texas Blackland Prairie ecoregion to the east (Texas Parks and Wildlife Department [TPWD],

2012). The rolling topography has level to gently rolling plains in the east and steeply sloping

and dissected uplands in the west. In combination with climate gradients from east to west and
different geology on either side of the Balcones Fault Zone, soil types with varying depths and
textures have been produced, which in turn support diverse vegetation and wildlife.

The Blackland Prairie is a native prairie grassland community that is dominated by a diverse
assortment of perennial and annual grasses. Its dark soil is considered some of the richest soil in
the world and supports an active agricultural community, especially to the north of the Planning
Area. This ecoregion predominately comprises live oak and Ashe juniper, with increasing
amounts of post oak, blackjack oak, American elm, winged elm, cedar elm, sugarberry, green
ash, osage-orange, honey mesquite, and eastern red cedar in the northeastern parts of the
Planning Area. Pecan, black walnut, black willow, American sycamore, honey locust, and bur
oak commonly are in bottomland woodlands throughout this region (Texas Forest Service at
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Texas A&M University, 2008).*

Common vegetation in the Planning Area (TPWD, 2013) includes:

Switchgrass Bald cypress
Bluestem grass Pecan

Grama grass Possumhaw
Indiangrass Smartweed
Wild rye Sugarberry
Curly mesquite Boxelder
Buffalograss Buttonbush
Live oak Black willow
Shinnery oak Marsh purslane
Ashe juniper Water pennywort
Mesquite Cattail

Common wildlife in the Planning Area (TPWD, 2013) includes:

Muskrat Northern mockingbird
White-tailed deer Guadalupe bass

Rio Grande turkey Salamanders (common)
Raccoon Cricket frog

Javelina Gulf Coast toads
Brazilian freetail bat Grebes

Ringtail Blue herons
Nine-banded armadillo Green-backed heron
Tarantula Kingfishers

Both ecoregions are undergoing change as the human population increases. In some areas close
to urban areas, suburbanization is replacing native vegetation with turf grasses, non-native
plants, and impervious cover, and displacing native wildlife. But perhaps the most pervasive and
ecologically significant long-term change for the non-suburbanizing part of the Planning Area is
the purposeful suppression of wildfire. As noted in the Barton Springs Pool HCP (City of
Austin, 2013):

The natural vegetation of the Edwards Plateau uplands is characterized by oak savannas
and grassy terrains, bisected by canyons and riparian areas with thick forest vegetation and
a great diversity of trees and shrubs. The Blackland Prairie was dominated by tall-grass
prairie and deciduous bottomland forest. The savanna and prairie ecosystems were
maintained by fires and grazing bison. With the suppression of fire [as the area has

* The scientific names of the common vegetation and wildlife species identified above to characterize various
assemblages are available in the citations referenced. None of them are federally protected species. The federally
protected species are identified by both their common and scientific names in Section 3.2.4, Protected Species in the
ITP Area.
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developed], the openness once characterizing portions of these regions has been severely
reduced. This allowed the encroachment and increase in abundance of species once
controlled by fire, such as Ashe juniper (Juniperus ashei). Natural savanna and tall-grass
prairie are absent in much of both ecoregions today.

The springs along the margins of the Edwards Plateau have their own ecological character. The
smaller, headwater seeps and springs tend to have shallow water, high canopy cover, fast current,
and low nutrient content (City of Austin, 2013; Mabe, 2007). These factors likely result in
naturally low abundance and diversity of aquatic macrophytes (visible plants) and macroalgae
(multicellular algae). The City of Austin (COA) notes that larger springs within wider, higher-
order streams, such as the reach of Barton Creek that contains outlets of Barton Springs, likely
have a greater abundance of aquatic macrophytes than headwater springs because the canopy
cover is less, current is slower, and nutrient load is greater (City of Austin, 2013).

The fauna within the Planning Area are mostly transitional (Abell et al., 1999). Although the
Edwards Plateau is home to more than 100 fish species, few of them are endemic (found only in
a specific location). In contrast, many endemic aquatic fauna are in spring-fed streams of the
Edwards Plateau. More information on the vegetation and fauna specifically associated with the
Barton Springs complex is in Section 3.2.2.2, Ecological Setting.

A summary listing of the plant and animal species that the TPWD considers to be in greatest
need of conservation is in Appendix A, with separate tables for the Edwards Plateau and Texas
Blackland Prairie ecoregions. Federally protected species of potential interest specifically to this
HCP also are identified and discussed as to their relationship to the proposed Covered Activities
in Section 3.2.4, Protected Species in the ITP Area.

3.1.1.3 Man-made Environment

The Planning Area is on the suburban fringes of the Austin-San Marcos Metropolitan Statistical
Area, which includes Austin, Buda, Kyle, and San Marcos, all of which are undergoing rapid
growth that extends into the Planning Area. The current (2014) population of this area has been
estimated by the District, on the basis of geospatial analysis of the latest census data, to be
583,000. It is expected to increase to more than 800,000 during the proposed 20-year term of the
ITP, using conservative growth-rate projections in the ongoing regional water-resource planning
by the TWDB:

Planning Horizon Population in HCP Planning Area
2010 Census 525,000
2015 (Start of ITP) 583,000
2035 (End of ITP) 803,000
2040 855,000

The COA has indicated that much of the population increase in the Colorado River basin part of
the Planning Area will occur in the Barton and Williamson Creek watersheds (City of Austin,
2013). Growth associated with the Cities of Kyle and San Marcos in the Planning Area will
largely be in the Plum Creek and Blanco River watersheds of the Guadalupe-Blanco River basin.
The more western and eastern parts of the Planning Area will continue to be mostly rural,
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although some areas near transportation corridors and communities outside of suburbs will
increasingly become rural residential and commercial.

Much of the firm-yield water supply (water that will be physically available and that is
authorized for use during all hydrologic conditions, including Extreme Drought) throughout the
Planning Area is fully subscribed, including supplies of fresh groundwater from the Aquifer. For
this reason, the accuracy and precision of future population estimates are not particularly
germane to future demand for existing water supplies in the Planning Area. Public water-supply
(PWS) systems are now actively pursuing alternative surface-water and groundwater supplies
from outside the Planning Area to serve their projected growth. Consequently, the number of
people who are now provided groundwater from the Aquifer is not expected to increase
significantly from the current 70,000 estimate; in fact it may decrease as smaller PWS systems
using the Aquifer are subsumed by and become part of larger systems on alternative supplies.

The population growth that takes place in areas that are outside the various municipal limits will
create wastewater treatment and disposal challenges that may have adverse effects on water
quality. Increasing use of centralized wastewater treatment systems that directly discharge even
highly treated wastewater into small streams upstream from the Recharge Zone is likely, along
with continued proliferation elsewhere of land-application systems and septic tanks. These
facilities have the potential for surface-water and groundwater quality degradation if they are not
adequately sited, designed, and/or maintained.

3.1.2 Hydrogeologic Framework of Planning Area

An understanding of the hydrogeologic framework supports the District HCP. The detail
provided in this subsection is required to establish and monitor effectiveness of suitable
conservation measures for the Covered Species.

The only recegnized-known habitats for the Covered Species is groundwater in the Aquifer,
including but not limited to the well-documented natural discharges from the Aquifer atare the
four Barton Springs outlets® (the multiple sub-outlets of Main Springs [Parthenia Spring] in
Barton Springs Pool, Eliza (Concession) Spring, Old Mill [Sunken Garden, or Zenobia] Spring,
and Upper Barton Spring); their associated surface spring runs; and the subterranean
(underground) areas of the Barton Springs complex. These outlets, which are described in more
detail in Section 3.2.2.1.1, Physical Characteristics of Barton Springs, are the primary points of
freshwater discharge from the Aquifer. So water passing into and through Barton Springs comes
primarily from the Aquifer, although also occasionally and transiently from a flooding Barton
Creek.

The Aquifer is a karst aquifer, characterized by features such as caves, sinkholes, sinking streams
(streams that lose water to an aquifer), springs, and other conduits that have been enlarged by
dissolution of the host carbonate rock (Woodruff and Abbott, 1979). The Aquifer also is in an

> Throughout this HCP, the District designates the specific outlets of the Barton Springs complex by the following
names: Main Springs (which in this HCP actually refers to closely associated, multiple sub-outlets within Barton
Springs Pool), Eliza Spring, Old Mill Spring, and Upper Barton Spring. All of these have alternative names, shown
here in parentheses or brackets, which are sometimes used by various other entities. There is no standard usage.
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area with extensive, complex faulting and fracturing, which provide the potential for additional
hydrologic interconnections.

3.1.2.1 Aquifers and Hydrozones

The near-surface hydrogeology of the Planning Area is dominated by two karst aquifers
associated with the Balcones Fault Zone: the Edwards Aquifer, and the Trinity Aquifer. These
aquifers, although primarily the Edwards, are central to the need for and development of the
HCP.

The Edwards Aquifer is composed of Cretaceous-age limestones and dolomites of the Edwards
Group (Rose, 1972). At the regional level, the Edwards Aquifer has three segments, commonly
referred to as the San Antonio (or Southern) segment, the Barton Springs segment, and the
Northern segment. The San Antonio segment and the Barton Springs segment are separated by a
groundwater divide, and the Barton Springs segment and the Northern segment are separated by
the Colorado River (Figure 3-2). The freshwater part of the Barton Springs segment that
contributes to the habitat for the Covered Species covers about 170 square miles (440 square km)
(Slade et al., 1986). The hydrologic region that influences the Aquifer and therefore the District
HCP (Planning Area, Figure 3-1), comprises the Aquifer’s Contributing Zone, Recharge Zone,
Confined Zone, and Saline Zone in Central Texas. Most of the HCP Planning Area is in
northern Hays and southern Travis Counties. Smaller parts of the Planning Area extend into
Bastrop, Blanco, Caldwell, Comal, and Kendall Counties.

The freshwater part of the Barton Springs segment consists of two major zones: (1) the Recharge
Zone, where rocks of the Aquifer are exposed and hydrologically unconfined®; and (2) the
Confined Zone, where the Aquifer is overlain by other rock units (such as clay) and generally is
hydrologically confined. There is a transitional area between the two zones where the
hydrologic conditions (confined vs unconfined) can vary depending upon drought or non-
drought conditions (Slade et al., 1986).

The Recharge Zone as defined herein covers about 107 square miles (277 square km) of the
Planning Area (Figure 3-1). Recharge is the process by which water enters and replenishes an
aquifer. Most recharge to the Aquifer is derived from streams originating in the Contributing
Zone, up gradient and generally west of the Recharge Zone. Water flowing onto the Recharge
Zone sinks into numerous caves, sinkholes, and fractures along numerous (ephemeral [briefly
flowing] to intermittent [periodically flowing]) streams (Slade et al., 1986). For the Barton
Springs segment, Slade (2014) estimated that as much as 75% of recharge to the aquifer is from
water flowing in these streams. The remaining recharge (25%) occurs as infiltration through
soils or direct flow into discrete recharge features in the upland areas of the Recharge Zone
(Slade, 2014). Hauwert and Sharp (2014), building on investigations by Hauwert (2009, 2011)
estimate that recharge in the uplands (autogenic) is about 28% under average rainfall conditions.
Under higher than average rainfall, autogenic recharge can be as high as 30-45% of precipitation

® Unconfined aquifers or zones are not overlain by relatively impermeable rock unit(s). Water levels in tightly cased
wells in unconfined units are below the top of the aquifer or hydrozone (unless the land surface is flooded). Confined
aquifers or zones are overlain by relatively impermeable rock unit(s). Water levels in tightly cased wells in confined
units are above the top of the aquifer or zone and are above land surface where springs flow.



(Hauwert and Sharp, 2014). These studies recognize that a significant amount of recharge to the
Edwards Aquifer is from flow in the creeks that cross the Recharge Zone. Additional potential
sources of inflows and recharge to the Aquifer are discussed in section 3.2.2.1.2. Sources and
Implications of Variation in Springflow at Barton Springs.

Mean surface recharge to the Barton Springs segment of the Edwards Aquifer should be
approximately equivalent to the more directly measured mean flow, or about 53 cfs (1.5 m®/s) for
the period of record (Scanlon et al., 2001). Climatic changes since the 1960s indicate the mean
flows are about 65 cfs (1.8 m*/s; Hunt et al., 2012b), and even higher if you consider total
discharge (which includes pumping). Recharge is highly variable in space and time and focused
within discrete features (Smith et al., 2001). It is estimated that maximum recharge during
flooding may approach 400 cfs (11 m*/s) (Slade et al., 1986). For example, Onion Creek is the
largest contributor of recharge to the Barton Springs segment (34% of total creek recharge) with
maximum recharge as much as 160 cfs (4.5 m*/s; Slade et al., 1986). Antioch Cave, which is in
the Onion Creek channel, is the largest-capacity discrete recharge feature known in the Barton
Springs segment, with an average recharge of 46 cfs (1.3 m®/s) and a maximum of 95 cfs (2.7
m?®/s) during a 100-day period (Fieseler, 1998). A more recent study (Smith et al., 2011)
estimates that Antioch Cave is capable of recharging as much as 100 cfs (2.8 m®/s) and that the
recharge part of Onion Creek upstream from Antioch Cave is capable of recharging about 100
cfs (2.8 m*/s). The District constructed and operated, under an Environmental Protection
Agency grant program, a recharge enhancement facility at Antioch Cave to preserve and increase
recharge to the Aquifer derived from this discrete feature; the facility currently continues to be
maintained by the District.

Protection from adverse effects of storm runoff and conservation of streamflow in the watersheds
of these creeks are important to maintaining the water quality and chemistry of the habitat at
Barton Springs (Service, 2005). The Recharge Zone has numerous wells, many of them low-
capacity individual household supply (domestic-use) wells and also a few large-capacity wells,
especially where the saturated thickness of the Aquifer is relatively large and is able to supply
relatively large amounts of water without being overly susceptible to drought impacts.

The Confined Zone generally is fully saturated. This 59-square-mile (153-square-km) area is
where most groundwater withdrawal occurs (Figure 3-1). The Confined Zone comprises a
continually confined part, which is farther from the Recharge Zone, and an intermediately
confined, transitional part closer to the Recharge Zone that varies between unconfined and
confined conditions, depending on water levels in the Aquifer. Some areas immediately east of
the Recharge Zone are unsaturated to variable depths below the overlying low-permeability
units. In the Confined Zone, dipping and faulted impermeable layers of clay and other less-
permeable rocks overlie the Aquifer, which becomes progressively deeper with distance
eastward. Aquifer conditions in the Confined Zone thus transition from intermediately confined
to continually confined with distance eastward. Because much of the water moving through the
Aquifer is under pressure in dissolution cavities and conduits that transport water from higher
elevations, areas of the Aquifer near springs show both unconfined and confined characteristics,
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depending on water levels in the Aquifer’ (Wong et al., 2012). Accordingly, the Barton Springs
complex can be considered a hybrid (gravity and artesian) spring complex.

Upstream from the Aquifer is the Contributing Zone, which contributes surface runoff and base
flow of streams to the Aquifer but is not considered a part of the Aquifer (Figure 3-1). The
Contributing Zone spans about 671 square miles (1,738 square km) of the Planning Area and
includes parts of Travis, Hays, Blanco, Kendall, and Comal Counties. What has been
historically designated as the Contributing Zone during all hydrologic conditions encompasses
the upper watersheds of the six major creeks that cross the Recharge Zone. However, this
definition excludes the upper Blanco River watershed that recent studies (Smith et al., 2012a;
Casteel et al., 2012; Smith et al., 2014) have shown to be a contributor of recharge to the Aquifer
during drought conditions. Although the six creeks in this area are the source for most of the
water that enters the aquifer as recharge, the Blanco River is an important contributor during
severe drought conditions. The Recharge and Contributing Zones together make up the total
area that provides meteoric water (water that is derived from relatively recent precipitation on
land surface) to the Aquifer.

The eastern boundary of the Aquifer is the interface between the freshwater zone and the Saline
Zone (sometimes referred to as the “bad-water” zone) of the aquifer, characterized by a sharp
increase in dissolved constituents (more than 1,000 mg/L total dissolved solids [TDS]) and a
decrease in permeability (Flores, 1990). The Saline Zone has groundwater that ranges from
brackish (greater than 1,000 mg/L TDS) to saline (greater than 10,000 mg/L TDS). Hunt et al.,
(2014) provides a delineation of the boundary for the planning area based on new groundwater
chemistry data. The report summarizes many previous studies and concludes that the interface
appears to be relatively stable over time in the Barton Springs segment of the Edwards Aquifer.
Although encroachment does not appear to be a threat to freshwater supplies, changes in the
springflow chemistry at Barton Springs suggest some leakage (flow) into the freshwater aquifer
under drought conditions (Hunt et al., 2014).

The Trinity Aquifer underlies the Recharge, Confined, and Saline Zones of the Aquifer. The
Trinity Aquifer is also a karst aquifer but with much more variable yield (in this context, the
limiting rate at which groundwater is capable of entering a well bore) and water chemistry than
the Edwards Aquifer, owing to its rock characteristics. The Trinity Aquifer crops out across the
entire Contributing Zone and provides base flow to the larger streams there that eventually
recharge the Edwards. In addition, the uppermost part of the Trinity Aquifer and the Edwards
Aquifer are hydrologically connected (allows exchange of water between units) (Wong et al.,
2014), and in some places the Trinity probably contributes flow to the Edwards and vice versa,
depending on their respective water-level elevations. Recent studies (Wong et al., 2014; Smith
and Hunt, 2011) have shown that the Edwards Aquifer is not hydrologically connected to the
deeper units of the Trinity Aquifer.

™Unconfined characteristics" implies water levels in the Aquifer are below the top of the aquifer. "Confined
characteristics" implies water levels in the Aquifer are above the top of the aquifer. At spring outlets, the elevation of
land surface is below the elevation of the water level in the Aquifer, hence water flows from the outlet.
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3.1.2.2 Groundwater Flow Conditions

In the Recharge Zone, meteoric water moves vertically from the land surface into the Aquifer
through faults, fractures, and dissolution features in streambeds and less dominantly via soil
infiltration in the karstic uplands. After reaching the water table, it then moves more laterally
through the Aquifer via groundwater flow paths inside caverns, conduits, and other dissolution
features that differ in size. Groundwater movement in the western part of the Aquifer is
generally to the east and then north (Figure 3-2). Groundwater levels throughout the Aquifer are

22



@\ |AUSTIN|
$7Cold &\ or,,,
Springs .., Rive,

<
<
AP
(7}
N
<
Zone Boundary
I (e) L
Oyname =~ |
o o ]
Itz i~ o )
‘ S C #
Blanco Rive ’
San Antonio segment <A 0 2mi
Y _
y
Schematic Cross Section A to A
CONTRIBUTING RECHARGE ZONE | CONFINED & UNCOMNFINED | SALINE ZONE
ZONE ! ZONE t
N " 1 A
A Little Bear ' ' A
- Creek
— - .l A Onion Creek

Interstate 35

§

i

i Tl

kd P
1950's drought Water Livels

Balcones.
Faults h
)y

¥

Confip;
nﬁ:nmguﬂi'rs

Elevation (feet above mean sea level)
g

3

Harizontal Scale
[} 1 2 3Miles
—

-
n

g

Figure 3-2: Conceptual Hydrology of the Barton Springs segment of the Edwards Aquifer.
Groundwater flow paths and approximate location of the hydrologic divide that separates the San Antonio segment
from the Barton Springs segment of the Edwards Aquifer are shown. The Colorado River separates the Barton

Springs segment from the Northern segment of the Edwards Aquifer. (Source: Adapted by BSEACD from figure in
Smith and Hunt, 2004).



highly interrelated and, in many areas, correlate well with springflow at Barton Springs (Smith
and Hunt, 2004).

Runoff flowing across the Recharge Zone and entering the Aquifer reaches the water table
quickly. And groundwater flow velocities in the Aquifer are very rapid (Hauwert, 2009;
Hauwert et al., 2004; BSEACD, 2003). Groundwater-tracing studies have delineated several
major groundwater flow routes and have been used to measure groundwater velocities. The
major flow routes transmit water derived from different contributing sources, including relatively
new recharge, water moving into and out of storage, older recharge from areas distant from
Barton Springs, and interformational flow (flow between geologic units, or formations) of
differing characteristics, including the saline part of the Edwards (Mahler and Bourgeais, 2013;
Johns, 2006). The flow rates of groundwater along the dominant flow paths range from about 1
mile (1.6 km) per day under low groundwater flow conditions to about 5 miles (8 km) per day
under moderate to high groundwater flow conditions (BSEACD, 2003). The rapid hydrologic
response of the Aquifer to precipitation and surface runoff emphasizes the importance of
protecting the quality and quantity of water in each of the six major creeks, and the Blanco
River, in conserving the habitats of the Covered Species (Johns, 2006; Service, 2005; Hauwert et
al., 2004).

The rate at which groundwater discharges at Barton Springs® depends directly on water levels in
the Aquifer. Under drought conditions, surface flow in the Contributing Zone creeks ceases, and
Aquifer water levels decrease as water is discharged from the Aquifer at pumping wells and
spring outlets. Flow from small spring outlets at relatively high elevations, such as Upper Barton
Spring ceases for extended periods, and flow from the main outlets decreases. At low water
levels in the Aquifer, less groundwater flows solely (although rapidly) through large conduits.

In the immediate vicinity of the Aquifer’s major discharge at Barton Springs, periods of high and
low flow have been a natural characteristic of the Barton Springs/Barton Creek ecosystem (City
of Austin, 2013, 2007a, 2007b, 2006, 1997). Presently, the dam and other constructed
infrastructure creating Barton Springs Pool inhibit the beneficial flushing of sediment and debris
provided by shallow, free-flowing water from the spring outlets and the creek. For a given flow,
shallow streams and creeks have greater flow velocities and consequently, stronger natural
cleansing power. In addition, disturbance by episodic flooding is an important feature of streams
and rivers (Gordon et al., 2004 and references therein; Poff and Ward, 1989; Resh et al., 1988)
and was a natural characteristic of the Barton Springs complex before alteration by humans
beginning in the late 1800s. Conversely, the Pool elevation is higher than Eliza Spring, with
which it is in hydrologic communication, and discharge from Eliza is at least partially dependent
upon the Pool elevation at all times. The District has no authority or control over the physical
conditions and maintenance of the surface-water system that could affect the creeks and spring
outlets.

®Rates of streamflow and springflow are conventionally expressed as cubic feet per second, or “cfs.” Rates of
groundwater use and overall production from an aquifer are usually expressed in acre-feet (AF) per unit time, typically
per year. Groundwater withdrawal from individual wells is usually expressed in gallons per minute or thousand gallons
per day. The District’s permits are issued in terms of gallons per year. To facilitate comparisons of discharges from
wells and springs, the District uses “cfs” for both in this HCP. 1.00 cfs = 723 AF per year. 1000 AF per year = 325.9
million gallons per year = 892,700 gallons per day. 1.00 cfs = 0.0283 cubic meters per second (m?/s),
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Dye-tracing studies (BSEACD, 2003; Hauwert et al., 2004), direct flow measurements of the
individual outlets that are statistically correlated with combined spring flow (City of Austin,
2013), and outcomes of human-controlled, pool-drawdown events have shown that the spring
outlets of Barton Springs are hydrologically related, particularly Main Springs and Eliza Spring.
These analyses indicate that any factor that causes a change in water quantity at one spring outlet
also has the ability to affect water quantity at the other spring outlets at Barton Springs (Service,
2005).

3.1.3 Barton Springs/Edwards Aquifer Conservation District
Jurisdictional Area

The District’s total jurisdictional area, bounded in black in Figure 3-1, is shown in more detail in
Figure 3-3. This area is statutorily established and delineates the area where the District’s rules
and regulations are enforceable. As a result of legislation passed in 2015, this area became
significantly larger, now totaling about 418 square miles, because the District annexed an
additional portion of Hays County where the Trinity Aquifer was not regulated by any
groundwater conservation district. The newly annexed area, designated “Shared Territory” in
Figures 3-1 and 3-3, does not have any part of the Barton Springs segment of the Edwards
Aquifer underlying it; where the Edwards is present in this area, it is the San Antonio segment of
the Edwards, which is regulated solely by the Edwards Aquifer Authority. The District’s
jurisdiction in the Shared Territory excludes the Edwards Aquifer and includes all other aquifers,
including the underlying Trinity. The jurisdictional area that existed before the 2015 annexation
is designated in this HCP and on Figures 3-1 and 3-3 as the “Exclusive Territory” and comprises
about 255 square miles in northwestern Caldwell, northeastern Hays, and southeastern Travis
Counties. The boundary of this Exclusive Territory approximates the hydrogeologic boundaries
of the Aquifer in places, and in others, follows certain boundaries of the service areas of several
public water supply (PWS) utilities as they existed when the District was formed in 1987.

Under its enabling legislation, the District’s jurisdiction in the Exclusive Territory is defined by
metes and bounds (system of describing land using physical features, directions, and distances)
to approximate a combination of natural and man-made boundaries. On the west, the boundary
was drawn to approximate the location of the western edge of the Edwards Aquifer outcrop, and
on the north by the Colorado River. The eastern boundary is generally formed by what were the
easternmost service area limits, at the time the District was formed in 1987, of what are now the
Creedmoor-Maha Water Supply Corporation, Monarch Utilities/Southwest Water Company, and
Goforth Special Utility District. Changes made in those other entities’ boundaries since then
have not changed the District’s boundaries. (In 2009, the District legislatively de-annexed a
small part of the service area of one of these utilities in Bastrop County, which is now outside the
District.) The District’s southwestern and southern boundary of the Exclusive Territory is
generally established in alignment with the approximate average position of the groundwater
divide between the Barton Springs and the San Antonio segments of the Edwards Aquifer
(Figure 3-2). To the southeast, the boundary is along the southernmost service-area boundaries
of several water-supply utilities, including Goforth (the District permittee with the largest
authorized use, at 351 million gallons (1.33 billion liters) per year) and Monarch Utilities,
another large Aquifer user. So, by original design, the District’s jurisdictional boundaries in the
Exclusive Territory have been aligned with the area where the Aquifer is used as a water supply.
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Some of the Aquifer water withdrawn within the District is physically transported by pipeline to
other parts of the District and to nearby areas outside the District. The native groundwater
(water that occurs naturally within an aquifer without influence from pumping or other
anthropogenic [human-caused] activities) in the eastern part of the District’s jurisdiction is
brackish to saline, and therefore it is generally unsuitable as a potable water supply without
expensive treatment. Freshwater supplies to this area are provided by Edwards wells west of
Interstate Highway 35 and transported to customers of those water utilities by various water
suppliers that are District permittees. (Other water sources also supply this area.) Also, a single
well in the extreme southern part of the District’s Exclusive Territory is the most prolific single
Aquifer well in the District, providing a large amount of water that is exported from the District
to the City of Kyle, just outside the District’s jurisdictional boundary. However, the well is
within the District, and thus Kyle is one the District’s largest permittees (350 million gallons
(1.33 billion liters) per year).

The District regulates groundwater from all aquifers underlying its Exclusive Territory and from
all aquifers except the Edwards in its Shared Territory. An increasing amount of groundwater
from the Trinity Aquifer, especially the middle and lower zones of the Trinity Aquifer
(commonly called the Middle and Lower Trinity Aquifers, respectively), is now being used in
the jurisdictional area as an alternative supply to the Edwards and is also managed by the
District.

3.2 Incidental Take Permit Area

The ITP Area comprises () the subsurface part of the Exclusive Territory of the District, and (b)
the spring outlets area, specifically the surface and subsurface areas in the immediate vicinity of
the natural outlets of the Aquifer at Barton Springs. The ITP Area defines where take may occur
from time to time, where the Covered Activities are expected to be authorized under the ITP, and
where conservation measures will be implemented. All the wells in the Aquifer are located in the
ITP Area.

3.2.1 Subsurface Part of District’s Exclusive Territory

The subsurface part of the Exclusive Territory within the District’s jurisdiction (Figures 3-1,
Figure 3-3) is hydrogeologically and geographically the ITP Area, and both are part of the
Planning Area. This area, described in Section 3.1.2, Hydrogeologic Framework of the Planning
Area, is composed of the Aquifer and its groundwater flow system that provides water to Barton
Springs. It is within the District’s jurisdictional area that its rules and regulations for
groundwater management apply.

The Edwards Aquifer in the southernmost part of the Planning Area (parts of the Recharge Zone
and Confined Zo