_—— —_

- —_—

United States Department o' the Interior

FISH AND WILDLIFE SERVICE , ..
10711 Bumet Road, Suite 200 -7-,:° .
Austin, Texas 78758 o F
512 4900057
FAX 4900974

MAR 2 7 2008

Mr. Neil (Mick) E. Carter

Federal Aid Coordinator

Texas Parks and Witdlife Department
4200 Smith School Read

Ausiin, Texas 78744-3291

Dear Ms. Carter:
We received the Final Report for E-38-HP Habitat Congervation Planning for the Development
of the Edwards Aquifer Authority Habitat Conservation Flan, Due to current workload and

staffing limitations we will not be commenting on this repori.

Thank you for your continued efforts with this program. If you have any questions, please

contact me at 512 490-0057, ext. 248,
Sm;g; o deawd)
i

Eobert T, Pine
SUPErvisor

Enclosures

cc:  Debra Jones, Federal Aid. Region 2 Regional Office, Albuguerque, NM

TAKE PRIDE = +



FINAL REPORT
Asg Re:quirre;r;lE by
THE ENDANGERED SPECIES PROGRAM
TEXAS

Grant No. E -3_3-HP

Endangered and Threatened Sf:ecics Conservation

Habitat Conservation Planning for the Pevelopment of the Edwards Aquifer
Authority Habitat Conservation Plan

Prepared by:
Bob Hall

TEXAS

PARKS &
WILELIFE

Robert Cook
Executive Director
Matt Wagner Mike Berger
Program Director, Science, Research & Diversity Division Director, Wildlife

& February 2006



FINAL REPORT

STATE: Texas GRANT NUMBER: __ E — 38-HF

GRANT TITLE: Habitat Conservation Planning for Development of the Edwards
Aguifer Authority Habitat Conservation Plan

REPORTING PERIOD: From November 1. 2002 through December 31, 2005

OBJECTIVE(S):
1) To develop a HCP with measures to protect the Comal and San Marcos spring
ecosystems and mitigate any incidental take of listed species that would oceur as
a result of low spring flows,
Z) To complete and EIS that would include the HCP of Objective } as the preferred
alternative.
Summary of Progress:
Please see Atachment A,
Significant Deviations:

None.

Location: All, or part, of Atascosa, Bexar, Caldwell, Comal, Guadalupe, Hays, Medina
and Uvalde Counties, Texas

Cost:

Financial Stams Report not available at time of report submission.

Prepared by: Bob Hall I}ate February 6, 2006

:Appmved hy: /4{,//‘ / ate: February 10, 2006

Neil (Nick) E. Carter
Federai Aid Cﬂﬂrdmatar




ATTACHMENT A
Summary of Progress

[o November 2002, the Authority submitted the initial deafi of its HCE/EIS to the
Authority’s Board of Directors, the Citizen’s Advisory Committee, Biological Advisory
Team, South Central Texas Water Advisory Committee, TPWD, and the U.S. Fish &
Wildlife Service (USFWS) to allow the siakeholders the opportunity to provide further input
into the development of the Authority’s HCP/EIS.

The grant to develop the HCP/EIS was provided after the development of the Draft
November 2002 HCP/EIS. Interlocal Agreement #121221 specified tasks for the
development of the HCP/EIS was initialty signed by both parties in June 2003 and was
amended March 2004 to extend the term. :

Interlocal Acreement #121221, as amended

Interlocal Agreement #121221 required the Authority to complete six deliverables in a two-
year period to develop the HCP/EIS. At the end of 1993, it was apparent that the complex
nature of the project, the number of stakeholders with competing interests and the time
required in the review and rewrite process would prevent the completion of this project in
1994. In Section VII, Special Conditions, it is noted that circumstances outside the control
of the Performing Agency may prevent the compietion of the project within the timeline
aggeed upon. On March 16, 2004, Interlocal Agreement Contract #121221 was extended
through December 31,.2005.

Further correspondence with the Grantors noted that the Pwpose of the grant was to aid in
the development of the HCP and EIS; therefore Tasks #4 and 3 fsted in Inferlocal
Agreement #121221, as Amended, Section II, Statement of Services to be Performed, were
deleted.
The remaining four tasks addressed:

Task #1. Complete Drafi HCP/EIS for EAA Board approval.

Task #2. Authority approval and submission of the Draft HCP/EIS to the USFWS,

Task #3. Make the Draft HCP/IES available for public review.

Task #4. Write and submit a final report describing the work accomplished during

yeazs 1, 2 & 3, based on USFWS Federal Aid Reporting Guidetines.

Task #1 & Task #2 included modifying the EAA’s initiad draf HCP/EIS (Draft November
2002 HCP/EIS) to address the critiques provided by the USFWS and stakeholders.

Task #2 and Task #3 work that occurred during 2004 and 2605, included:



1} Inclusion of the results of additional biologic modeling and evaluation studies that
were completed in 2003 and 2004. A revised Drafi January 2004 HCH/EIS was
completed and delivered to the Aunthority for internal review:.

2) Holding a meeting with the USFWS staff on April 9, 2004 to discuss status of the
HCP and to describe and discuss the concept of infensive management areas that
would be developed on site to support the spring ecosystem species during periods
of severe drought,

3} Holding a meeting with the Consultands on June 8, 2004 to discuss changes and
tevisions to the Draft January 2004 HCP/EIS. The changes and revisions were
completed to the Draft Fanuary 2004 HCP/EIS by July 2004.

4) Reviewing the Draft July 2004 HCP/EIS by the Authority’s Research and
Technology Commitiee and the Authority’s Board during meetings held in July,
August and September 2004. Several amendments by Authority Board members
were incorporated into the Draft July 2004 HCP/EIS.

5) Submitting the Draft July 2004 HCP/EIS, as Amended, to the USFWS, TPWD, other
stakeholders and the general public for comment. Four public meetings were held
by the Authority to receive public comments, These meetings were held in Victoria
(November 1, 2004), New Braunfels (November §, 2004), Uvatde (November 16,
2004}, and San Anionio (November 17, 2004). In addm{m a Bmlugical Adwsnr:f
Team meeting was also held on November 17, 2004 to discuss and receive commeni
and two facilitated meeting with major stakeholders were held February 9 and
February 17, 2005,

6) Responding to comments on the Draft July 2004 HCP/EIS, as Amended.
Withdrawal limits were removed from the docnment and the HCP was separated
from the EIS. This was done because the issue of withdrawal limits are outside the
control of the Anthority and are not resolved at this time. Separating the HCP from
the EIS was done to facilitate the review of the HCP. The EIS will be revisited,
revised and included as either an integral part of the final HCP/EIS or as a stand
alone document when the issues connected with withdrawal limits are resolved.

Task #4 is completed with this report. CD’s of the draft HCP reports and comments are
attached.

Estimated Completion -
Major Task Completion Date Date

Complete Draft HCP/EIS for

EAA Board Approval tar-0d Jul-34
USFAS Review of Draft HCPYEIS Sep-04 Sep-04
Publiz Raview of Draft HCP/EIS Sep-04 Mov-04
Submissior of Draft HCP/EIS to USFWS Mar-05 May-05
Summary

Forces outside the control of the Authority have hampered the development of the HCP/EIS.
The Authority submitted the Draft Fuly 2004 HCP/EIS, as Amended o the USFWS and the
public for comment in September 2004. In response to the comments, the Awthority
continues to work toward a resolution of toial withdrawal amounts from the Edwards



Aquifer and Demand Management/Criticat Period. In addition, the HCP was separated from
the EIS and submiited to the USFW_S as the Draft March 2005 HCP.

The Authority considers the HCP and EIS davaloped at this éime and will continue fo refine
them untii their final acceptance and the issuance of the incidental take permit by the
USFWS.

Attachments

Electronic copies attached include;
One (1) copy Draft November 2002 HCP/EIS
One (i) copy Draft January 2004 HCP/EIS
One (i) copy Draft July 2004 HCP/EIS
One (1) copy Draft July 2004 HCP/EIS, as amended
One (1) copy Comments on Draft July 2004 HCP/EIS, as amended
One (}) copy Draft March 2005 HCP
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Chapter 1 Introduction

The Edwards Aquifer Authority (Authority) has prepared a Draft Edwards Aquifer Habitat
Conservation Plan (EAHCP) in support of an application for an Incidental Take Permit (ITP) for
eight animal and one plant species listed as threatened or endangered by the U.S. Fish and
Wildlife Service (USFWS). This section identifies, in general terms, the regulatory and
management measures proposed by the Authority for protecting these species, which are
dependent to varying degrees upon the Edwards Aquifer and associated Comal and San Marcos

Springs.
1.1 Goals

The overal goals for the development of the EAHCP were identified through a mission
statement developed by the Authority’s HCP Workgroup, based upon recommendations
provided by the EAHCP Citizens Advisory Committee (CAC) (See Appendix 6 for organization
and function of these groups). The mission statement below provides goals that are the broad,
guiding principles for development and implementation of the EAHCP.

To develop along-term regional HCP that will optimize use of the Edwards Aquifer while:

1) Minimizing and mitigating negative impacts upon federally-listed species dependent
upon springflow from Comal and San Marcos Springs through aquifer demand
management, springflow protection, and other management strategies; and

2) Diminishing the negative impact of the plan on the regional economy and economic
interests of al of the stakeholders.

Specific biological objectives for each species are listed in Sections 7.2.

1.2 Covered Species

The ITP will cover nine federally-listed species that depend upon water in or directly discharged
from the southern portion of the Edwards Aquifer system (Figure 1.3-1):

Fountain darter (Etheostoma fonticola)

San Marcos gambusia (Gambusia georgei)

San Marcos salamander (Eurycea nana)

Texas blind salamander (Eurycea rathbuni)

Comal Springsriffle beetle (Heterelmis comalensis)
Comal Springs dryopid beetle (Stygoparnus comalensis)
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Peck’ s Cave amphipod (Stygobromus pecki)
Texas wild-rice (Zizania texana)
Whooping crane (Grus americana)

All of the above species (Covered Species) are listed as endangered by the USFWS except the
threatened San Marcos salamander. Cagle’'s map turtle (Graptemys caglel), a candidate for
listing, is also included in the HCP and will be covered under the Section 10(a)(1)(B) Permit if
listed in the future.

The Texas blind salamander is a subterranean species, occurring in the agquifer near San Marcos
Springs. The Comal Springs dryopid beetle is known to occur in the aquifer near Comal Springs
and Fern Bank Springs. Peck’s cave amphipod is known to occur in the aquifer near Comal
Springs and Hueco Springs. The fountain darter and Comal Springs riffle beetle occur in the
spring-fed aquatic ecosystems of both Comal and San Marcos Springs, while the San Marcos
sadlamander and Texas wild-rice occur only in the aguatic ecosystems associated with San
Marcos Springs. The San Marcos gambusiais endemic to the San Marcos Springs ecosystem. It
has not been observed since 1983 and may be extinct.

Cagle’ s map turtle (Graptemys caglei), a candidate for listing, is endemic to the Guadalupe River
system of south-central Texas. The whooping crane (Grus americana), listed as endangered, is
dependent during winter upon marshes and wetlands in the Guadalupe River Estuary that are
sustained in part by freshwater inflows from the Guadalupe and San Antonio Rivers. Flows of
the Guadalupe River downstream of the confluence with the San Marcos River are partially
dependent upon the discharge of the Edwards Aquifer through Comal Springs and San Marcos
Springs; thus, potential impacts to these downstream species are addressed.

1.3 Background

The primary threat to the aguifer-dependent listed species is the intermittent loss of habitat from
reduced springflows. Springflow loss is the combined result of naturally fluctuating rainfall
patterns, regional intermittent pumping, and tempora drawdown of the aquifer. The southern
portion of the Edwards Aquifer serves more than 1.7 million people as their primary source of
water (based upon population estimates for the year 2000 for eight counties within the
jurisdiction of the Edwards Aquifer Authority [U.S. Census Bureau 2000a]), and current water
use has increased to the extent that variable precipitation, coupled with regional pumping,
contributes to loss of springflow—the primary threat to the listed species. Other threats include
invasive non-native species, recreational activities, predation, direct or indirect habitat
destruction or modification by humans (e.g., reservoir construction, bank stabilization, and
control of aguatic vegetation), and other factors that decrease water quality (U.S. Fish and
Wildlife Service 1996).
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Human population in the EAHCP Planning Area (Figure 1.3-2) 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).

Under the ESA, the USFWS is responsible for designating the minimum springflow levels
required at San Marcos and Comal Springs to ensure survival of the endangered species (see
Appendix 7).

1.3.1 Administration of Rightsto Withdraw Water from the
EdwardsAquifer

In Texas, the administration of water rights depends upon the type of water in question—surface
water or groundwater. Surface water is governed by the “appropriation doctrine.” According to
this doctrine, the State of Texas owns all water in streams and rivers and grants permission to use
the water through an administrative process. An important feature of the appropriation doctrine is
seniority, determined by the date on which the user first began drawing the water.

Since 1904, administration of groundwater has basically occurred in Texas under the common
law “Rule of Capture.” Under this rule an owner of land may drill a well to seek groundwater,
withdraw any groundwater that may be encountered, and place the water to beneficial use
without limitation as to amount, place, or purpose of use, without incurring any liability to the
owner of an adjacent well.

Although the Rule of Capture remains in effect, groundwater conservation districts, such as the
EAA, may through rulemaking modify the operation of the Rule of Capture within their
boundaries under the specific authority provided by their organic act or by Chapter 36, Texas
Water Code.

The first groundwater district was established in 1951, and as of 2003, 87 groundwater districts
had been established. While the Texas Water Code and the establishment of groundwater
conservation districts offered a significant opportunity to provide a regulatory system, few
groundwater districts issued permits for or restricted withdrawals from all large-capacity wells
within their districts. Only one district actually specified alimit on total annual withdrawals.

In 1993, the Texas legislature passed the Edwards Aquifer Authority Act (the EAA Actl),
creating the Authority. Nevertheless, litigation delayed agency start up by three years, until 1996.

1 senate Bill 1477 (Act of May 30, 1993, 73" Leg., R.S., ch. 626, 1993 Tex. Gen. Laws 2350, as amended by Act of
May 28, 1995, 74" Leg., R.S., ch. 3189, 1995 Tex. Gen Laws 2505, and Act of May 16, 1995, 74" Leg., R.S,, ch.
361, 1995 Tex. Gen. Laws 3280, and Act of May 6, 1999, 76" Leg, R.S., ch. 163, 1999 Tex. Sess. Law Serv. 634,
Tex. Gen. Laws.
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The general intent of the EAA Act was to create a new regional entity to “manage, conserve,
preserve, and protect the aquifer and to increase the recharge of, and prevent pollution of water
in, the [Edwards] aquifer.” The following are among the major functions of the Authority as
established by the Act:

* Manage and control withdrawals of water from the Edwards Aquifer (the aquifer)
through the issuance of permits and the registration of wells;

* Protect the water quality of the aquifer;

* Protect the water quality of the surface streams to which the aquifer provides streamflow;
» Achieve water conservation;

* Maximizethe beneficia use of water available for withdrawal from the aquifer;

* Protect aguatic and wildlife habitat;

» Protect speciesthat are designated as threatened or endangered under state or federal law;
* Providefor in-stream uses, bays, and estuaries,

* Protect water supplies,

» Protect the operation of existing industries;

* Protect the economic development of the state;

* Prevent the waste or pollution of water in the aquifer; and

Increase recharge of water to the aquifer.

The above statutory functions provide a standard by which the pumping alternatives described in
this document can be evaluated. The EAA Act includes several other important water
management principlesto govern the aquifer:

» Each permit must specify the maximum rate and total volume of water that the water user
may withdraw in a calendar year;

* To the extent water is available for permitting, the Authority shall issue existing users a
permit for withdrawal of an amount of water equal to the user’s maximum beneficial use of
water without waste during any one calendar year of the historical period (June 1, 1972, to
May 31, 1993);
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If the total amount of water used without waste exceeds the amount of water available for
permitting, to meet the amount available for permitting the Authority shall adjust the amount
of water authorized for withdrawal under the permits proportionately;

An existing irrigation user shall receive a permit for not less than two acre-feet a year for
each acre of land the user actually irrigated in any one calendar year, during the historical
period;

An existing user who has operated a well for three or more years during the historical period
shall receive a permit for at least the average amount of water withdrawn annually during the
historical period; and

Through water management practices, procedures, methods, or programs, including the
implementation of alternative management practices, the Authority shall ensure that, not later
than December 31, 2012, continuous minimum springflows of Coma and San Marcos
Springs are maintained to protect endangered and threatened species to the extent required by
federal law.

Based upon the above functions, the Authority began developing regulations in 1996, and has
continued with additional rulemaking each year to the present. As a primary focus of this
process, the Authority developed rules for implementing its permit program.

The Authority began issuing permits in January 2001, and al permitsissued by the Authority are
effective on January 1 of the year after the permit was issued by the Board. As an example, all
permits issued by the Board in 2001 were effective on January 1, 2002. Through December
2004, after technical review of Applications for Initial Regular Permits by Authority staff, the
Authority issued proposals on IRPs that represented approximately 564,100 acre-feet per year of
groundwater withdrawals as shown in Table 1.3-1 below.

Table 1.3-1. IRP approvals through December 2004
Category of ~ Proposed Initial Regular Permit Amounts

Use (by use and acre-feet)
Municipal 229,000
Industrial 72,100
Irrigation 263,000

Totd 564,100

Through 2004, the Authority has issued final decisions on 1,078 IRP applications, representing
approximately 98 percent of all applications filed with the Authority. The Authority has issued
867 permits and denied 211 permit applications. The Authority has issued a total of 564,100
acre-feet of Edwards Aquifer permitted groundwater withdrawa rights per annum.
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Approximately 19 protested permit applications remain, representing approximately 4,665 acre-
feet of Edwards groundwater withdrawal rights.

The Authority has also developed rules establishing “Demand Management/Critical Period
Management” (DM/CPM) mandated by the Act. The DM/CPM basically is designed to reduce
water withdrawals from the aquifer during times when index wells or springflow fall below
prescribed levels. The DM/CPM requires increasingly restrictive staged reductions in allowable
withdrawal's, based upon both the permitted user’s authorized withdrawals and index well levels
or volume of springflow for each successive stage of the Plan. The Authority is also developing a
Comprehensive Water Management Plan (CWMP) to address long-range, regional water
resource planning issues. This plan, along with the existing Groundwater Management Plan
(1998-2008), will define the short- and long-term functions and goals of the Authority and
complement the administration of aquifer withdrawals.

1.3.2 Incidental Take Permit and Habitat Conservation Plan

The Edwards Aquifer Authority (applicant) is applying for an ITP from the USFWS to alow
incidental take of the previously described federally-listed endangered and threatened species,
and one candidate species that is anticipated for listing, under Section 10(a)(l)(B) of the ESA.
This take will be incidental to otherwise lawful activities that would occur as a result of water
withdrawals within the jurisdiction of the Authority. These withdrawals are necessary for
domestic and livestock, irrigation, municipal, industrial, and monitoring well uses, within the
southern portion of the Edwards Aquifer (Figure 1.3-1).

The ITP application includes documentation that complies with the application requirements of
50 CFR 17.22(b)(1) for an ITP under Section 10(a)(1)(B) of the ESA. This documentation
identifies the impacts of the proposed take; describes how the impacts will be minimized,
monitored, and mitigated through the EAHCP; and demonstrates that measures identified in the
EAHCP will not appreciably reduce the likelihood of the survival and recovery of the speciesin
the wild.

Under the Act, the Authority’s genera jurisdiction wherein it asserts its water quantity
management authority extends to al or part of Atascosa, Bexar, Caldwell, Comal, Guadalupe,
Hays, Medina, and Uvade Counties. The Edwards Aquifer refers to that portion of an arcuate
belt of porous, water-bearing, predominantly carbonate rocks known as the Edwards and
Associated Limestones in the Balcones Fault Zone. The southern region of the aquifer extends
from west to east to northeast, beginning in the west at the hydrologic division near Brackettville
in Kinney County, which separates underground flow toward the Comal and San Marcos Springs
from underground flow to the Rio Grande Basin. The southern region of the agquifer extends
through Uvalde, Medina, Atascosa, Bexar, Guadalupe, and Comal counties and terminates in
Hays County at the hydrologic division near Kyle, which separates flow toward the San Marcos
River from flow toward the Colorado River Basin. Figure 1.3-2 shows the approximate extent of
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the Authority’s jurisdiction. While the Authority’s jurisdiction is limited to the eight counties
named above, the use and management of the Edwards Aquifer potentially affects alarger area.

In addition to being the primary water source for users within the Authority’s boundaries, the
Edwards Aquifer also supplies a portion of the flow in the Guadalupe River Basin downstream
of Comal and San Marcos Springs. Moreover, the EAA Act establishes a five-mile buffer zone
northward beyond the Authority’s genera jurisdictional boundary, wherein the Authority may
assert its water quality authority. Consequently, the area of interest established as the EAHCP
Planning Area includes the eight counties within the Authority’s jurisdiction proper, an
additional four counties that contain that portion of the Authority’s jurisdictional five-mile buffer
located over the Edwards Aquifer contributing zone, and an additional five counties that are
adjacent to the Guadalupe River from its confluence with the Comal and San Marcos Rivers to
its mouth. Representatives from these five downstream counties are a part of the South Central
Texas Water Advisory Committee, a non-voting entity created by the Act. This 17-county
EAHCP Planning Areais shown in Figure 1.3-2.

In order to minimize and mitigate incidental take, the Authority has identified a number of
measures (Chapters 5 and 6) to provide protection for the Comal and San Marcos Springs and
dependent species identified in the EAHCP.

1.4 Covered Activities

The Authority’ s primary statutory obligations are to manage the withdrawal of groundwater from
the Edwards Aquifer and protect the quality of the water of the aquifer. The Authority seeks
coverage for the Authority’s programs that implement these two statutory functions in this HCP
and coverage for permittees who are subject to Authority regulations. The Authority may carry
out its statutory powers and responsibilities to amend rules from time to time and substitute
aternative practices, procedures, and methods for reductions in pumping if the effect of the
amendment maintains the baseline springflows proposed in the HCP.

1.4.1 Authority Permit Program

The Authority permit program in general consists of the following elements: EAA Rules
Ch. 711 Groundwater Withdrawals, subchapters A Definitions; B General Provisions, C Exempt
Wells, D Interim Authorization; E Permitted Wells, F Standard Groundwater Withdrawal
Conditions; G Groundwater Available for Permitting, Proportional Adjustments, Equal
Percentage Reductions; H Abandonment; | General Prohibitions; J Aquifer Recharge, Storage,
and Recovery Projects; K Additional Groundwater Supplies, L Transfers; and M Meters,
Alternative Measuring Methods, Reporting; and 715 Comprehensive Water Management Plan
Implementation, subchapters A Definitions; B Variance Procedures;, C Groundwater
Conservation and Reuse Rules; D Demand Management and Critical Period Management Rules;
E Withdrawa Reduction Rules (not yet adopted); and F Regular Permit Retirement Rules (not
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yet adopted). The Authority’s programs that implement the two statutory functions include:
Regulation of Permitted Withdrawals—Initial Regular Permits, Additional Regular Permits,
Term Permits, Emergency Permits, Monitoring Well Permits, Aquifer Recharge Recovery
Permits, and Other Aquifer Management Strategies;

* Regulation of Exempt Wells;
* Regulation of Interim Authority Status Wells;
* Regulation of Well Construction; and

* Regulation of Recharge Zone Protection.
1.4.2 EdwardsAquifer Authority Permittees

Because the EAHCP is considered a regional HCP, coverage for aquifer pumping by individual
holders of Authority permits would be included in the ITP issued to the Edwards Aquifer
Authority.

1.5 Proposed Action and Decisions Needed

The proposed federal action would be the issuance of a Section 10(a)(1)(B) permit (ITP) by the
USFWS to alow incidental take of Texas blind salamander, fountain darter, San Marcos
gambusia, Texas wild-rice, Comal Springs riffle beetle, Comal Springs dryopid beetle, Peck’s
cave amphipod, San Marcos salamander, Cagle’'s map turtle (if listed in the future), and
whooping crane for the 50-year period in the areas shown on Figure 1.5-1. These areas primarily
include subterranean, inter-connected, water-filled caves and conduits within the Edwards
Aquifer Authority jurisdictional boundary; the San Marcos Springs Complex, Spring Lake, San
Marcos River to below the A.E. Wood Fish Hatchery, and Fern Bank Springs (all in Hays
County); the Comal Springs Complex, the Comal River including Old and New Channels, and
Hueco Springs (all in Comal County); the Guadalupe River (from the confluence with the Comal
River to Guadalupe Bay), Aransas National Wildlife Refuge in Aransas County, and portions of
San Antonio Bay, Matagorda Island, and San Jose Island (in Aransas and Calhoun Counties).

Decisions to be made by the USFWS are as follows:
* Isthe proposed take incidental ?

* Are the impacts of the proposed take minimized and mitigated to the maximum extent
practicable?

* Isadequate funding provided to implement the measures proposed in the submitted HCP?
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* Isthe proposed take such that it will not appreciably reduce the likelihood of the survival
and recovery of the speciesin the wild?

» Arethere other measures that should be required as a condition of the ITP?

In considering the above decisions, the USFWS may: issue the ITP with the submitted EAHCP,
issue the ITP with a modified EAHCP; issue the ITP with other specific management
requirements and mitigation measures; or deny the ITP.

1.6 Public I nvolvement

1.6.1 Public Meetings

Numerous public meetings were held by the Edwards Aquifer Authority Board to receive
comments, suggestions, and guidance concerning the development of the EAHCP. These
meetings included the full Board; Board Subcommittees comprising the EAHCP Work Group
and Research and Technology Committee; and public hearings to involve stakeholders
throughout the southern Edwards Aquifer Region. This EAHCP incorporated suggestions and
comments from the general public and stakeholders. Three scoping meetings also occurred as
part of the NEPA process.

1.6.2 Citizens Advisory Committee

The passage of Senate Bill 1272 during the 76th Texas Legidature in 1999 required the
Authority to appoint a Citizens Advisory Committee (CAC) to assist in preparing the regional
EAHCP and the application for an ITP. The purpose of the CAC is to advise the Authority in
development of the EAHCP, assist in determination of the scope of the EAHCP, recommend
mitigation measures and other EAHCP conditions, provide a forum for public discourse and
conflict reconciliation, help meet public disclosure requirements, oversee EAHCP progress and
development, and most importantly, build consensus among diverse organizations and interests.
Accordingly, a 26-member panel was appointed by the Authority in a manner to assure
representation by all affected interests in the Edwards Aquifer region. Participants include
private landowners; irrigators; water purveyors; private consultants; and representatives from
major cities, as well as federal, state, and local governmental agencies and universities. A
complete listing of participants and organizations is contained in Appendix 6, Public
Involvement.

1.6.3 Biological Advisory Team

The passage of Senate Bill 1272 (referenced above) also required that the Authority, “... together
with the [Texas Parks and Wildlife] commission and landowner members of the Citizens
Advisory Committee [CAC], shal appoint a biologica advisory team [BAT]. At least one
member [of which] shall be appointed by the commission and one member by the landowner
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members of the Citizens Advisory Committee. The member appointed by the commission serves
as presiding officer of the team. The team shall assist in the calculation of harm to the
endangered species and the sizing and configuring of habitat preserves.” The Authority has
appointed a six-member committee to fulfill this function. A complete listing of members is
contained in Appendix 6, Public Involvement.

1.7 Other Required Actions

Before a decision can be made regarding the issuance of an ITP, the USFWS must comply with
the consultation requirements stipulated in Section 7 of the ESA for any federal action (issuance
of the ITP by the USFWS) on the environment. No other formal federal, state, or local permits
or approvals are required prior to the decision by the USFWS.

1.8 Alternatives Considered during the
Development of the HCP

In developing an EAHCP for the Edwards Aquifer region, several potential alternatives were
considered but not carried forward as viable aternatives in this analysis, because they did not
meet al of the goals of the EAHCP. Alternatives eliminated from further consideration include:

1.8.1 No Restrictions on Aquifer Pumping

One aternative for a sole-source regional water supply aquifer, absent any regulatory authority,
would be the common law Rule of Capture with no limits on pumping from the aquifer,
including no restrictions during drought periods. Since 1934, as aresult of minimal regulation,
the amount of annual aquifer discharge from wells has steadily increased to a peak of 542,000
acre-feet in 1989 (EAA 1999). Subsequently a chain of events, which involved extensive
litigation, culminated in state legislation that created the Edwards Aquifer Authority. The “no
pumping restrictions’ alternative is not available or applicable because the EAA Act imposes
mandated pumping limits and schedules for implementation.

1.8.2 Regional Habitat Conservation Plan Mandated by Court Order

In June 1995, a draft regional HCP was prepared for and under the direction of the U.S. District
Court for the Western District of Texas (Moore and Votteler 1995). This 314-page document
resulted from discussions and information generated by a 10-member court-appointed panel that
included a Court Monitor, the City of San Antonio, the Uvalde County Underground Water
Conservation District, the Medina Underground Water Conservation District, the Edwards
Underground Water District, the San Antonio River Authority (SARA), the Guada upe-Blanco
River Authority (GBRA), the City of San Marcos, the City of New Braunfels, and the Nueces
River Authority. This HCP was built around the assumption that protection of threatened and
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endangered species could be achieved if minimum flows specified by the USFWS were
maintained at both Coma and San Marcos Springs. It identified 12 specific measures that
ranged from water quality protection to development of new water sources to incorporation of
biological protection measures. Specifically, the measures included:

$ Water quality protection per ordinance adopted by the San Antonio City Council in
1995, expanded to the entire recharge zone,

$ Water conservation efforts including reuse of treated wastewater by San Antonio
Water System (SAWS), SARA, private corporations, and others;

$ Control of the exotic rams-horn snail to support lowering USFWS established
jeopardy levels at Comal Springs;

$ Use of Medina Lake as a source of water for municipal and industrial uses, and
modification of Medina Lake Spillway to increase reservoir firm yield;

$ Duplication of the Seco Creek Watershed Water Quality Project in an additional 13
countiesto increase aquifer recharge;

$ Construction of recharge structures on streams flowing through the recharge zone;

$ Importation of groundwater from the Carrizo-Wilcox Aquifer;

$ Importation of surface water from the Guadalupe River (Lake Dunlap) into the
Edwards Aquifer area (agreement of April 19, 1995, between SAWS, SARA, and
GBRA);

$ Injection and storage of treated water into the Carrizo-Wilcox Aquifer for later use
(aguifer storage and recovery);

$ Importation of water from the Colorado River Basin, purchased from the Lower
Colorado River Authority;

$ Development and implementation of drought management plans; and

$ Removal of threatened or endangered species to refugia per emergency measures
developed by USFWS.

Activities associated with the development of the regional HCP as directed by the U.S. District
Court ceased shortly after the draft document was prepared when a stay of the Court Monitor’s
activities was issued in October 1995 by the U.S. Fifth Circuit Court of Appeals. Consequently,
the HCP was never presented to a court-appointed panel or endorsed by any members.
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This HCP was not included for further consideration because: (1) the draft HCP resulted directly
from court action that was reversed on appeal by a higher court of jurisdiction; and (2) the draft
HCP did not designate a specific applicant, whereas in 1993 the EAA Act explicitly delegated
(Article 1, Section 1.01 and Section 1.11(d)(9)) the authority for protecting the aquifer’s aquatic
life and holding a permit, “...pertaining to the Endangered Species Act...”, to the Edwards
Aquifer Authority (which became operational in 1996). It contained measures that depended
upon actions by many entities other than the EAA and would potentialy require multiple
signatories to an implementation agreement. Finally, this alternative contained measures that
were included in other alternatives that are considered and eval uated below.

1.8.3 Extending Existing or Proposed Habitat Conservation Proposals/Plans
Developed by Other Entities

Several other habitat conservation plans exist or are being prepared, which address similar goals
and objectives for protecting endangered and threatened species, but for reasons discussed
below, were not included in the alternatives to be evaluated.

1.8.3.1 Biological Opinion Issued for Four Military Installations L ocated in San
Antonio, Texas

A biological opinion was issued by the USFWS for actions proposed by the Department of
Defense to mitigate adverse impacts upon listed species from the direct withdrawal of water from
the Edwards Aquifer by Fort Sam Houston, Lackland Air Force Base, Kelly Air Force Base, and
Randolph Air Force Base (USFWS 1999a). Reasonable and prudent measures contained in the
biological opinion include: (1) reducing dependence upon Edwards Aquifer groundwater by
implementing scheduled reductions in aguifer withdrawals, (2) implementing drought
management plans requiring staged water restrictions according to varying drought conditions;
(3) contributing to refinement of the Edwards Aquifer computer model; and (4) practicing water,
species, and habitat conservation through al means, including public education programs and
partnering with other agencies.

1.8.3.2 Proposed HCP Developed by Bexar Metropolitan Water District

A proposed HCP was submitted by the Bexar Metropolitan Water District (BMWD) to the
USFWS on December 22, 1998, in support of an application for an ITP to cover BMWD’s
operations as a major municipal water supplier for San Antonio (BMWD 1998). Proposed HCP
measures included a pro-rata reduction in withdrawals from the Edwards Aquifer, such
reductions being based upon BMWD’s proportional historic use of aquifer water relative to the
use by other municipal water purveyors, development of alternative water sources,
implementation of measures to increase water use efficiency; implementation of water
conservation measures, and development and implementation of critical period measures. This
proposed HCP is still under review by the USFWS.
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1.8.3.3 San Marcos River Habitat Conservation Plan Cooper atively Developed by
the City of San Marcos, Texas, and Texas State University

The City of San Marcos, Texas, and Texas State University have cooperatively prepared and
submitted a draft HCP to cover city activities along the San Marcos River that could involve
incidental take of listed species (City of San Marcos 2004). Activities to be covered by the HCP
involve river management measures and development activities along the river. These include
control of aquatic vegetation, constructing river access points and retention ponds, stabilizing
eroding banks, construction at Agquarena Center, repairing Rio Vista dam, trail-building, and
removing deposited sediments from selected locations. Proposed HCP measures include: (1) site-
specific vegetation control using mechanical methods in and immediately below Spring Lake and
below Sewell Park, and scheduled maintenance to avoid accumulation of large amounts of
vegetation downstream; (2) use of screens and application of caution in removal of sediments,
(3) development of a protocol for vegetation management treatments during low flows; (4) use of
stream-side protection measures for development, including vegetation buffers, berms, and silt
fences; (5) controlled access to and use of Spring Lake by divers; (6) monitoring of known
locations of listed species to determine changes in population distribution or abundance; (7)
restricted use of water from Spring Lake for adjacent landscape watering, particularly during
drought conditions; and (8) closely monitored and controlled use of pesticides on the Aquarena
golf course.

Measures mentioned in Sections 2.2.3.1 and 2.2.3.2 of the San Marcos HCP would directly
contribute to stabilization of springflows of both Comal and San Marcos Springs by reducing
aquifer withdrawals. Measures identified in 2.2.3.3 relate specifically to protecting San Marcos
Springs from factors other than maintenance of springflow (approval of City of San Marcos HCP
by USFWS is expected in 2004). While all of the above plans involve measures that overlap and
complement the alternatives considered below and collectively contribute to the protection of the
spring ecosystems, none of the plans taken individually would merit consideration as a regional
Edwards Aquifer HCP alternative because of limitations in scope or regional control.

1.8.3.4 Conservation Agreementsor Habitat Conservation Plans Not
Requiring a Federal Permit Issued under Section 7 or Section 10(a) of
the Endangered SpeciesAct.

Chapter 83 of the Texas Parks and Wildlife Code was amended in 1999 by the 76" Texas
Legidature (Senate Bill 1272) to provide for “Conservation Agreements for Protection of
Species.” Subsection 83.005, Paragraph (b) provides that a Conservation Agreement include an
agreement between the state or political subdivision of the state and the United States
Department of the Interior under the federal act that does not relate to a federal permit (a permit
under Section 7 or Section 10(a) of the ESA). Subsection 83.012, Paragraph (2) encourages state
governmental entities to develop and implement HCPs rather than regional HCPs.
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As noted in Section 1.4, compliance with the ESA is necessary if water withdrawal from the
Edwards Aquifer is to be regulated under provisions of the EAA Act. Without the proposed
action (issuance of an ITP under Section 10(a) of the ESA), the Authority could face significant
difficulty in meeting its mandated functions and goals under the Act if violations of the ESA
occur due to reduced or no springflows that would result in unauthorized “take” of threatened or
endangered species. Section 9 (a) and (b) of the ESA prohibits “...any person...to take any such
gpecies....” Section 10 provides that the Secretary of the Interior “...may permit, under such
terms and conditions as he shall prescribe—any taking otherwise prohibited by Section 9...if
such taking is incidental to, and not the purpose of, the carrying out of an otherwise lawful
activity.”

The ESA further providesin Sections 11(a) & (b) civil and criminal penalties for violation of the
provisions of the ESA, including fines and imprisonment. Without the issuance of an ITP under
Section 10(a), those withdrawing water from the aquifer would potentially be exposed to these
provisions of the ESA. In light of this potential federa liability under the ESA, alternatives
involving conservation agreements, alternative management strategies, or HCPs that are not
protected by a Section 10(a) ITP do not meet the purpose and need for the proposed action and
have been eliminated from further consideration.

1.8.3.5 NoAction Alternative

This aternative includes aquifer management under current state law and existing rules
administered by the EAA. Under this aternative, actions mandated by state law would be
implemented, as necessary, however, there would not be an EAHCP and a regiona ITP would
not be issued. Therefore, pumping activities would not be covered under a regional ITP, and
there would be no EAHCP contingency measures for protecting species dependent upon the
spring ecosystems during periods of severe drought. The Authority would still function as a
political subdivision of the State of Texas to manage the southern portion of the Edwards
Aquifer as mandated by the EAA Act. Such management currently employs phased reductions
in the amount of water that may be used or withdrawn by users of the aquifer to meet mandated
withdrawal limits specified by the Act.

1.8.3.6 Optimized Biological HCP Alternative

This adternative would employ aguifer management strategies to maintain aquifer levels
sufficient to assure springflow at Comal Springs during worst drought conditions, including
those equivalent to the drought of record. Aquifer management would result in a higher water
level in the aquifer, allowing more groundwater for discharge through Comal and San Marcos
Springs, thus providing higher flows to the spring ecosystems. However, much less aquifer water
would be available for irrigation and municipal and industrial needs, as pumping reductions
would be driven by the requirement to maintain springflow levels at Comal and San Marcos
Springs. Under this alternative, regional irrigation, municipal, and industrial economic activities
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that are dependent upon the aquifer could not be supported at currently projected levels, resulting
in severe economic impacts.

1.8.3.7 Alternatives I nvolving Optimized Aquifer Pumping Not Supported by
Sakeholder Consensus

Several alternatives were evaluated involving aquifer management strategies that incorporated
DM/CPM reductions linked to total annual withdrawals. However, these alternatives were not
supported by stakeholder consensus.
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Chapter 2 Plan Area

2.1 Plan Area Boundaries

The EAHCP Planning Area includes the eight counties under the Authority’s jurisdiction, an
additional four counties that contain that portion of the Authority’s jurisdictional five-mile buffer
located over the Edwards Aquifer contributing zone, and an additional five counties in the South
Central Texas Water Advisory Committee's jurisdiction that are adjacent to the Guadalupe River
from its confluence with the Coma and San Marcos Rivers to its mouth. This 17-county
EAHCP Planning Areais shown in Figure 1.3-2.

The EAHCP Planning Area may be further subdivided into four regions that are listed below. A
brief description of each region follows.

2.1.1 Western Region (Edwards, Kinney, Real, and Uvalde
Counties)

These four counties occur on the western side of the Edwards Aquifer. They are largely
agricultural and lie over a mgjor ecological region boundary separating the Edwards Plateau to
the north from the South Texas Brush Country to the south.

2.1.2 Central Region (Atascosa and M edina Counties)

These counties lie over the south-central portion of the Edwards Aquifer. They are largely
agricultural, but the eastern portion of Medina County is being affected by the western
encroachment of urban development associated with the San Antonio metropolitan area. This
region also lies over a mgjor ecological region boundary separating the Edwards Plateau to the
north from the South Texas Brush Country to the south.

2.1.3 Eastern Region (Bexar, Caldwell, Comal, Guadalupe,
Hays, and Kendall Counties)

This region includes the large urban centers of San Antonio and other cities along the Interstate
Highway (IH) 35 corridor. The region is ecologically and physiographically diverse, containing
four ecological regions. the Edwards Plateau, South Texas Brush Country, Blackland Prairie, and
Oak Woods and Prairies.
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2.1.4 Downstream Counties (Calhoun, Dewitt, Gonzales,
Refugio, and Victoria Counties)

This region represents downstream interests that rely upon instream flows from the Guadalupe
River System, which depends in part upon spring discharge from the Edwards Aquifer. This
area includes three ecological regions: Oak Woods and Prairies, Blackland Prairie, and Gulf
Coast Prairie and Marshes.

These regions are more fully discussed in Appendix 3, Plan Area Affected Environment,
Sections 3.4 Agriculture, Section 3.5 Demographics, Section 3.6 Economy, and Section 3.7 Land
Use.

2.2 Permit Area

The Incidental Take Permit area (Figure 2.2-1) includes. subterranean, water-filled caverns
within the Edwards Aquifer Authority jurisdictional boundary; the San Marcos Springs
Complex, Spring Lake, San Marcos River to below the A.E. Wood Fish Hatchery, and Fern
Bank Springs (all in Hays County); the Comal Springs Complex, Comal River, including old and
new channels, and Hueco Springs (all in Comal County); the Guadalupe River (from the
confluence with the Comal River to Guadalupe Bay), Aransas National Wildlife Refuge in
Aransas County, and portions of San Antonio Bay, Matagorda Island, and San Jose Island. Any
incidental take for EAHCP species would be expected to occur in the above-named aquifer
locations, spring complexes, rivers, and bay systems.

2.3 Affected Environment

A description of the affected environment relevant to the proposed HCP is provided in Appendix
3, Plan Area Affected Environment. Topics include: Biologica Resources, Physica
Environment, Water Resources, Agriculture, Demographics, Economy, Land Use, Cultural
Resources, and Air Quality. These sections provide the baseline conditions for the
environmental and socioeconomic resources that have been evaluated with respect to the
alternatives considered.
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Chapter 3 Permit Area

The Permit area (Figure 2.2-1) includes: subterranean water-filled caverns and pools within the
Edwards Aquifer Authority jurisdictional boundary; the San Marcos Springs Complex, Spring
Lake, San Marcos River to below the A.E. Wood Fish Hatchery, and Fern Bank Springs (all in
Hays County); the Comal Springs Complex, Comal River, including Old and New Channels, and
Hueco Springs (all in Comal County); the Guadalupe River (from the confluence with the Comal
River to Guadalupe Bay), Aransas National Wildlife Refuge in Aransas County, and portions of
San Antonio Bay, Matagorda Island, and San Jose Island. Any incidental take for HCP speciesis
expected to occur in the above named spring complexes, rivers, and bay systems.

The EAHCP specifically provides coverage for incidental take of the Covered Species resulting
from water withdrawals permitted by the Authority and other activities authorized under its
regulatory authority as defined by state law, within the Authority’s jurisdiction, and that meet the
conditions specified in this chapter and in the Implementing Agreement (IA) to be completed for
parties responsible for implementation measures and attached as Appendix XX. In addition, the
EAHCP provides for incidental take associated with activitiesidentified in the EAHCP and |A as
measures to minimize, mitigate, and monitor potential impacts to Covered Species. These
include activities at Comal and San Marcos Springs undertaken as part of the implementation of
the EAHCP by the Authority, state and federal agencies, or other entities designated under the
terms of the EAHCP and |A.
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Chapter 4 Incidental Take

The proposed EAHCP will not assure continuous springflow under al conditions, and the risk
that low flows may increase in frequency and duration or that flow might completely cease may
potentially be higher as aguifer pumping increases. Covered Species will be protected by
withdrawal restrictions under an enhanced DM/CPM in combination with a higher level of
funding for captive propagation measures, adaptive management strategies, and implementation
of Edwards Aquifer Optimization Technical Studies. Many EAHCP measures discussed below
(Chapter 6, Measures to Mitigate and Monitor Potential Impacts) will focus on contingencies in
anticipation of expected low flows or complete cessation of flow. The following sections provide
a baseline discussion of potential incidental take of Covered Species associated with the
proposed EAHCP. Section 4.4 describes the impact assessment concept and procedures and
provides a summary of the determination of the potential impact of the proposed EAHCP.

4.1 Comal Springs/River Ecosystem

4.1.1 Fountain Darter

Hydrologica events occurring at Comal Springs during the drought of record have recently been
described (LBG-Guyton 2004) and are summarized at the end of Section 3.1.2.2 in Appendix 3.
There is little information available for the period before or after the drought of record to help
determine the effects of that event on the fountain darter, when the springs in the Comal River
ceased flowing from June 13 to November 3, 1956. Photos taken when Comal Springs ceased
flowing indicate residual pools in the Landa Lake area. (Figures 3.1-4¢c and 3.1-4d in Appendix
3.) Although the species was not reported to be present in the Comal River after the drought
(Schenck and Whiteside 1976), it is also the case that the Coma River was poisoned with
rotenone by the Texas Fish, Game, and Oyster Commission in 1951, prior to the drought. While
the poisoning was intended to remove the exotic Rio Grande cichlid (Cichlasoma
cyanoguttatum), the event must also have severely reduced the population size of the fountain
darter and probably contributed to the extirpation of the original population of the species from
the Comal River sometime between 1954 and 1973. Additional factors may have included
temperature variations due to spring runs ceasing to flow for a five-month period in 1956, and a
flood from Blieders Creek in 1971 (USFWS 1996b; Linam et al. 1993; Schenck and Whiteside
1976).

Because of the high fecundity of the species, however, it can quickly respond to favorable
conditions and rebound from short-term habitat losses. Since the reintroduction in 1975 of 457
individuals into the Comal River from the San Marcos River, the population has recovered, and
currently (as of 2004) the species is abundant in both the Comal and San Marcos Rivers (BIO-
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WEST 20033, 2003b). Population estimates are highly variable and difficult to develop with any
confidence due to the number of variables that influence fountain darter population dynamics,
but high quality habitat is abundant and the density of darters found in many habitat typesis very
high.

Ongoing research and monitoring continue to confirm the importance of aguatic vegetation to the
fountain darter. For all sample efforts the Authority is aware of, the type and quality of the
aquatic vegetation greatly affect the density of fountain darters in an area and, in aggregate, the
total number of fountain darters in the Comal Springs/River ecosystem. Reduced springflow
presumably decreases both the quantity and quality of most vegetation types that comprise
fountain darter habitat—a condition that is defined as “take” by USFWS—however there is great
difficulty in accurately assessing the point at which this first occurs. Since the USFWS first
identified a critical discharge value at which “take” was believed to occur, there have been
additional data gathered that might influence the determination of this value. Observations made
during the Authority’s Variable Flow Study (an Edwards Aquifer Optimization Technical
Study), suggest that the area where habitat would first decrease in quantity and quality is in the
uppermost reach of Landa Lake, near the confluence of Blieders Creek (“marginal” fountain
darter habitat), and the critical discharge value at which this begins to occur is approximately 150
cfs.

Fountain darter habitat quality varies throughout the Comal Springs/River ecosystem and the
EAHCP designates two categories. prime and margina habitat. Prime habitat areas include
Landa Lake and the Old Channel. The uppermost reach of Landa Lake above Spring Island and
the entire New Channel are considered marginal habitat. This distinction is important for
guiding management response plans that attempt to maximize the suitability and availability of
the highest quality habitat. Any loss of habitat, however, regardless of quality, is considered take
under the USFWS definition.

At 150 cfs total Comal River discharge (observed in the summer of 2000), Spring Runs 4 and 5
(marginal habitat near Blieders Creek) ceased flowing and the amount of upwelling flow in the
immediate area was also considerably reduced. Under those flow conditions, there is potential
for loss of agquatic vegetation quantity and quality and for increases in water temperature in the
immediate area. Observations from the Variable Flow Study show that prime habitat areas are
maintained at springflows of 150 cfs total Comal River discharge, suggesting that impacts to the
fountain darter are minimal in those areas under such conditions. As the Comal Springs/River
ecosystem approaches 80 cfs, there is potential for legitimate risk to the fountain darter
population through loss of marginal habitat and some prime habitat. However, since low-flow
data documenting impacts are not available or have not been made available to the Authority,
this increased risk is considered only “potential” rather than absolute. Also, because this type of
data is very limited and/or inaccessible, an approach for evaluating key fountain darter habitat
(agquatic vegetation) and fountain darter populations is proposed to more accurately describe
actual risk under such discharge conditions.
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4.1.2 Comal Springs Riffle Beetle

Similar to the fountain darter, calculating risk for the Comal Springs riffle beetle is subject to the
many habitat and population parameters that potentially affect the population dynamics, but a
limited amount of life history information adds additional complications. Although considerable
contributions to the Comal Springs riffle beetle knowledge base have been made through field
and laboratory evaluations associated with the Authority’s Variable Flow Study, there are till
many ecological data gaps for this species. A major unknown factor is how the Comal Springs
riffle beetle survived the drought of record, when springflow ceased for a period of
approximately five months. The size and condition of the population prior to and following that
event are also unknown factorscritical in predicting the susceptibility of this species to future
low-flow conditions. It is also unclear what proportion of the population may use subterranean
habitats and how deep suitable habitat may extend.

In the absence of sufficient data, the Authority has evaluated take and increased risk conditions
based only upon surface habitat availability. This may be a conservative approach considering
the potential that this species may regularly occupy subsurface habitat or be able to use such
habitat for extended periods as a mechanism for drought survival. It is believed that take of this
surface habitat begins to occur at 120 cfs. It has been documented (mostly anecdotally) that
during the late 80's and mid-90’'s the spring runs at Comal started to lose wetted area at
approximately 120 cfs. The modeling effort conducted by USFWS (draft) also shows that
wetted area in the Comal River, particularly in areas of Comal Springs riffle beetle habitat, islost
between 150 and 100 cfs. The Authority believes that, as the Coma Springs/River ecosystem
approaches 80 cfs, there is a potential for increased risk to the Comal Springs riffle beetle
population, as flow decreases in the primary habitat of Spring Runs 1 and 3 and upwelling flows
decrease in other areas of high-quality habitat. The potential for risk greatly increases as flows
decrease from 80 cfsto O cfs.

4.1.3 Comal Springs Dryopid Beetle and Peck’s Cave
Amphipod

As described in the USFWS contingency plan (USFWS 1996), the Comal Springs dryopid beetle
and Peck’s Cave amphipod are subterranean species. An assumption of the EAHCP is that as
subterranean species, mechanisms exist for these species to retreat into the Edwards Aquifer
should springflows cease at the spring outlets at Comal Springs. With that assumption, a modest
amount of springflow should be sufficient to protect habitat for these species. Therefore, a
conservative measure for take for the Comal Springs dryopid beetle and Peck’s Cave amphipod
is 40 cfs total discharge in the Comal River, in which some springs remain flowing and provide
habitat for the subterranean species up to the spring openings. Although some springs will have
ceased flowing at this total discharge value, wetted area remains near the spring openings, and
only a minimal amount of habitat is lost as individuals retreat into the aquifer. The Authority
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believes that as the Coma Springs/River ecosystem approaches 20 cfs, there is a potential for
legitimate risk to the Comal Springs dryopid beetle and Peck’s Cave amphipod populations, as
upwelling flows decrease in many springs that might support populations of each near their
openings. The potential for risk greatly increases as flows decrease from 20 cfsto O cfs.

4.2 San Marcos Springs/River Ecosystem

4.2.1 Fountain Darter

Hydrological events occurring at San Marcos Springs during the drought of record have recently
been described (LBG-Guyton 2004) and are summarized at the end of Section 3.1.2.3 in
Appendix 3. During the summer of 1956, the springs reached a recorded low of 46 cfs, but never
ceased flowing. All of the species dependent upon this spring ecosystem survived this event,
apparently without any human intervention.

As discussed in the Comal Springs/River Ecosystem section (4.1), ongoing research and
monitoring continue to confirm the importance of aquatic vegetation to the fountain darter. For
all sample efforts the Authority is aware of, the type and quality of the aquatic vegetation in the
system appear to be primary factors affecting the density of darters in the San Marcos
Springg/River ecosystem. Therefore, take as defined by the USFWS is triggered at the level at
which aguatic vegetation declines. For the San Marcos Springs/River ecosystem, this potential
for decline occurs in the downstream-most areas of fountain darter habitat, because of increasing
water temperatures and potential impacts upon aguatic vegetation. The potential for habitat
decline corresponds with approximately 100 cfs total discharge in the San Marcos River. Asthe
San Marcos Springs/River ecosystem approaches 60 cfs, potential risk to this species increases
(increased risk). Again, the word “potential” must be stressed, as low-flow data documenting
impacts are not available or have not been presented to the Authority. Therefore, the same
approach as described for the fountain darter at Comal Springs is proposed for implementation at
San Marcos Springs.

4.2.2 San M ar cos Salamander

As with the fountain darter, there is little information available before or after the drought of
record to determine the effects of that event on the San Marcos salamander population when the
springs in the San Marcos River were reduced to 46 cfs total discharge. Ongoing research and
monitoring continue to confirm the importance of suitable habitat to the San Marcos salamander.
Suitable habitat for the San Marcos salamander is defined as silt-free rocks, ranging in size from
one to eight inches (5cm to 20cm) diameter, with surrounding aquatic vegetation and floating
mats of algae (primarily Lungbia sp) in the headwaters of the San Marcos River. For al sample
efforts the Authority is aware of, the quality and quantity of this habitat in the system are the
most important factors determining the density of salamanders in the San Marcos Springs/River
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ecosystem. For the San Marcos Springg/River ecosystem, the potential for reduction in the
guantity and quality of suitable habitat would likely take place first in the downstream-most
portion of the San Marcos salamander range, the spillway below Spring Lake dam. The potential
for habitat decline corresponds with approximately 80 cfs discharge in the San Marcos River. As
the San Marcos Springs/River ecosystem declines below 80 cfs, the potentia for risk increases
(increased risk). The word “potential” must be stressed, as low-flow data documenting impacts
are not available or have not been presented to the Authority.

4.2.3 Texas Blind Salamander

Similar to the Comal Springs dryopid beetle and Peck’s Cave amphipod, the Texas blind
salamander is a subterranean species. An assumption of the EAHCP is that as subterranean
species, mechanisms exist for these species to retreat into the Edwards Aquifer should
springflows cease at the spring outlets at San Marcos Springs.  With that assumption, a
conservative measure for take for the Texas blind salamander, which includes potential indirect
habitat loss associated with springflow reductions, is 40 cfs total discharge in the San Marcos
River. As the San Marcos Springs/River ecosystem declines below 20 cfs, the potential for risk
increases (increased risk). The word “ potential” must be stressed, as low-flow data documenting
impacts are not available or have not been presented to the Authority. Therefore, a monitoring
approach is again proposed for implementation at San Marcos Springs to evaluate potentially
deteriorating conditions, rather than the establishment of asingle value.

4.2.4 Texas Wild-rice

It is recognized that as a plant species, Texas wild-rice carries no federal protection. Regardless,
the Authority’s focus is to maintain the biological objectives and integrity of the habitat set forth
in this EAHCP. The current take number established by the USFWS for Texas wild-rice is 100
cfs total discharge in the San Marcos River. Additiona data that were not available at the time
that the USFWSS established that critical value might influence its calculation. Such information
includes past and present research being conducted at the San Marcos National Fish Hatchery
and Technology Center, the Texas Parks and Wildlife Department (TPWD) instream flow
assessment, and monitoring conducted through the Variable Flow Study (an Edwards Aquifer
Optimization Technical Study). A more appropriate critical discharge value at which take begins
to occur may be 110 cfs, which better reflects the point at which declines in Texas wild-rice are
possible as aresult of reduced springflow.

As the San Marcos Springg/River ecosystem approaches 80 cfs, the potential for risk increases
(increased risk). The word “potential” must be stressed, as low-flow data documenting impacts
are not available or have not been presented to the Authority. Therefore, the same approach
(range to be determined by actual measurements, as opposed to a set number for all
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circumstances) as described for the other EAHCP species, is proposed for implementation for
Texas wild-rice.

Although springflow is unarguably important to Texas wild-rice, management of certain
potential impacts to Texas wild-rice at lower flows does not necessarily require limiting aquifer
withdrawals. For instance, the build-up of aquatic vegetation mats on Texas wild-rice and other
vegetation creates sub-optimal conditions; similarly, recreational activity in the immediate
vicinity of plants that are in vulnerable (shallow) areas can have negative impacts. Both of these
impacts can be reduced or eliminated by management activities other than agquifer withdrawal
reductions. Therefore, this EAHCP proposes that, as a management action, a plan be developed
and implemented for the breaking up of aguatic vegetation mats from Texas wild-rice and other
aquatic vegetation during low-flow periods. Although recreation is outside of the jurisdiction of
the Authority, the EAHCP aso includes measures for identifying recreationa impacts and
maintaining open dialogue with the stakeholders directly responsible for recreational interestsin
the San Marcos River. In addition, the high sediment load in the river, which has occurred as a
result of development in the watershed (Earl and Wood 2002), has created conditions in which
Texas wild-rice plants are at a greater risk of being disturbed and stressed than in the past. These
conditions have created a shallow “shelf” or spit of newly deposited sediments in the 273 yards
(250 meters) of stream downstream of Sessoms Creek, where many of the plants are in shallower
water and, therefore, subject to greater recreational and herbivory impacts than before the
increased sediment load (Figure 4.2-1). The City of San Marcos has developed measures for
reducing sedimentation in the upper San Marcos River with coverage under a separate HCP (City
of San Marcos 2004). Without such measures, greater springflow would be needed to mitigate
effects of the sedimentation.
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Figure 4.2-1. Diagrammatic Representation of Increased Sediment Loads in the San Marcos River
Downstream of Sessoms Creek.

4.3 Downstream Waters

4.3.1 Cagle sMap Turtle

Recent studies conducted on species-habitat relationships of the Cagle’s map turtle indicate a
myriad of ecological factors potentially influencing population abundance. Mgjor life requisites
include: water velocity, water level, abundance of particular species of riverbank vegetation
including willow (Salix spp.), riffle areas that provide habitat for aquatic insects that are a major
food source for the turtle, and the availability of basking and nesting sites on the river that are
affected by releases of impounded water (Sections 3.1.3.9 in Appendix 3). Consequently, the
definition of take as a direct result of decreased springflow cannot be quantified or estimated.
The Authority recognizes that declines in the population of Cagle’s map turtle may be affected in
part by reduced flows in the Guadalupe River resulting from reduced springflow. Ecological
benefits to the Comal and San Marcos Springs ecosystems resulting from protection of
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springflow through those measures included in the EAHCP would aso extend to Cagle’'s map
turtle, as springflow protection measures would also result in moderating declines in river flows
downstream during drought conditions, assuming river flows are passed through existing
impoundments. Findings from Killebrew et al. (2002) suggest changes in stream flow resulting
from operation of on-channel dams in support of hydroelectric generation may have as much or
greater adverse effect on the turtle than prolonged low-flow conditions.

4.3.2\Whooping Crane

Recent studies suggest decreased instream flows in the Guadalupe River and associated decline
in freshwater inflow into the Guadalupe Estuary could indirectly influence the health of
endangered whooping cranes by affecting the production of blue crabs, a primary food source
(Sections 3.1.3.10 in Appendix 3). Evidence aso indicates that, as coastal marsh salinities
exceed 23 parts per thousand, whooping cranes begin moving to other areas to obtain fresh water
to drink, exposing them to new territory and change in daily habits with attendant risk for
increased injury or mortality. The Authority recognizes that take of the whooping crane resulting
from either reduced habitat suitability through changes in food availability or increased salinities
in the estuary could occur from indirect effects of reduced flows into the Guadalupe River
Estuary as affected by reduced springflow. However, the definition of take as a direct result of
decreased springflow cannot be quantified or estimated. Ecological benefits to the Comal and
San Marcos Springs ecosystems resulting from protection of springflow through those measures
included in the EAHCP would also extend to the whooping crane, as springflow protection
measures would also result in moderating declines in river flows downstream, thus aso
moderating declines in freshwater inflow into the Guadalupe Estuary and concurrent decline in
the quality of whooping crane habitat. Ecological benefits from springflow contributions to the
lower Guadalupe River could be affected by downstream water development projects. Current
studies are ongoing to assess impacts to the Guadalupe Estuary from the proposed Lower
Guadalupe River Diversion Project SCTN-16 (Appendix 1).

4.4 | mpact Assessment M ethodology and
Evaluation of the Proposed EAHCP

To best examine the potential impacts of the proposed HCP on the diversity of species associated
with the Edwards Aquifer and its two largest spring systems, Comal and San Marcos Springs, the
initial focus must be on existing conditions and trends that have occurred during the recorded
history. Thus, a detailed assessment of the hydrologic conditions in the recorded history was
conducted, and potential scenarios for future management of the aquifer were evaluated in
conjunction with species-specific biological information. A summary of the founding concept
and methodologies used as well as the final determination of the potential impact of the proposed
HCP are presented here.
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A host of environmental attributes shapes the partitioning of habitat and controls distributions of
the various species in the Comal and San Marcos Springs ecosystems. These attributes include
flow (depth and velocity), temperature, substrate size and distribution, oxygen content, turbidity,
and other physical and chemical conditions that combine with biotic influences to control
population dynamics of individual species (USFWS 1996). Although each of these parametersis
important individually, they are influenced by springflow as a group. Consequently,
perpetuation of native aquatic biodiversity and ecosystem integrity depends upon maintaining or
restoring some semblance of natural flow variability (e.g. Minckley and Meffe 1987; Kinsolving
and Bain 1993; Walker and Thoms 1993; Sparks 1992; Richter et al. 1996). The potential for
survival of native species and natural communities is reduced if conditions in the environment
are forced outside of their ranges of natural variability (Resh et al. 1998; Swanson et al. 1993).

In instances where natural flow variability can be maintained or restored (i.e., modifying asingle
parameter and restoring the ecosystem to pre-human contact), benefits to the native community
are greatest. However, thisis an unrealistic scenario in most cases, and implausible in the Comal
and San Marcos ecosystems. These two spring ecosystems have been substantially altered by
man. Alterations have included placement of dams, extensive channelization, high recreational
demands, extensive development in the riparian zone, storm water runoff, non-point source
pollution, aquifer pumping, exotic species introduction (including parasites on native species), et
cetera. These alterations have caused maor impacts upon the makeup and interactions of the
residing aguatic communities over the past 70 years. The species in these two systems have
adjusted to these conditions. Changes, including an increase in springflow to levels that occurred
prior to these activities, would affect the community in ways that cannot be predicted.
Therefore, the premise to the analysis presented here is: maintaining a flow regime similar to the
recorded hydrograph, taking into consideration species-specific biological needs, will provide the
most reliable means of limiting the impact upon endangered and threatened species in the Comal
and San Marcos Springs ecosystems.

Regarding species-specific biological requirements, the factor most frequently discussed with
concern to all species is the quantity of springflow. With the exception of the San Marcos
gambusia, each of the species of concern is currently present in its respective spring ecosystem,
which might be interpreted to indicate persistence through the drought of record (the fountain
darter was reintroduced into Comal Springs after the drought of record occurred and the San
Marcos gambusia was sampled subsequent to the drought of record). Thus, it could be expected
that these species would continue to survive if environmental conditions were to resemble the
recorded history. The caveat to this expectation is that a conservative strategy should be the goal
at very low flows. For example, while there is no clear evidence that the lack of flow from
Comal Springs was the causative event for the disappearance of the fountain darter in that system
in the 1950s (a rotenone poisoning probably also contributed [Linam et. a 1993; Schenck and
Whiteside 1976]), any period of zero flow would introduce the potential for reduced survival of
some species. Maintaining a hydrograph similar to that of recorded history, while providing a
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measure of safety against periods of zero flow, would provide the best means of protecting the
aquatic community as a whole and also meet the goal of survival of the EAHCP species.

4.4.1 |mpact Assessment

The biological impact assessments for the Comal and San Marcos Springs ecosystems were
conducted in two phases. The first phase involved examining the variability of streamflow to
evaluate each aguatic ecosystem as a whole. This approach focused solely on the recorded
hydrograph and how closely each management scenario would allow a future hydrograph to
reproduce it. The second phase involved a discussion of the best available biological
information as it relates to past and projected springflows. Incorporating the information
available in Phase 2 with the findings of Phase 1 resulted in a conservative approach that focuses
on the ecosystem health as awhole, but takes into consideration the needs of individual species.

Phase 1

This phase began with an examination of the long-term streamflow data for Coma and San
Marcos Springs to create statistical descriptions of recorded flow variability and identify
springflow targets. Figures 4.4-1 and 4.4-2 present the recorded hydrographs for both the Comal
and San Marcos Springs, respectively. These figures detail the variability that has occurred in
the two systems during the recorded history.

Using the Edwards Aquifer groundwater simulation model (GWSIM-1V), LBG-Guyton
conducted a series of model runs to predict the impact of a range of aquifer withdrawal
conditions on Comal and San Marcos springflows, including scenarios with critical period
management reductions included. The period of record chosen for their model runs and al
hydrologic analyses for Comal Springs was 1934-1989 (the period of recharge data available
from the US Geological Survey (USGS)). Although recharge estimates for the region since
1989, they have not been distributed into model input data sets. Use of the GWSIM IV model
represents the best available data. However, it is widely accepted that placing great emphasis on
specific predicted outcomes from the model is not recommended. Consequently, the Authority is
optimistic that the new aquifer model under development by the U.S. Geological Survey will
serve as a better predictive instrument.

There were two components of the initial Indicators of Hydrologic Alteration (IHA) results that
suggested that running the analysis for additional time periods would enhance the evauation.
Due to the intensity of the drought of record, the results suggest that only a dramatic reduction in
future annual withdrawals, possibly below levels that maintain human health and safety, would
maintain conditions similar to those in recorded history. Thus, two additional time frames were
chosen for analyses, the period of record excluding annual recharge during the drought of record
(1950-1957) and the period of time between when the fountain darter was reintroduced into
Comal Springs and the last year of USGS calculated recharge (1975-1989).
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LBG-Guyton noted that the influence of groundwater pumpage is considerably greater in the
Comal Springs ecosystem, and the range of springflow conditions in the San Marcos Springs
ecosystem changes little with respect to various annual withdrawal scenarios. Based upon this
observation, IHA evaluations of the potential impacts of each Edwards Aquifer annual
withdrawal scenario were conducted for the Comal Springs ecosystem; potential impacts in the
San Marcos Springs ecosystem were discussed qualitatively. Finaly, because these evaluations
were based upon the modeling outputs of the GWSIM-IV model, they are directly correlated
with the validity of those model results.

Phase 1 (Hydrologic Alteration)

The highest attainment rate (closest fit to the target range) for the 33 IHA parameters fell within
the 150,000 acre-feet per year and 250,000 acre-feet per year annual withdrawal range. Based
upon this analysis, the period-of-record hydrograph would be matched most closely with annual
withdrawals that fall in this range.
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Figure 4.4-1. Recorded annua mean springflow from San Marcos Springs, 1956-1989, at USGS gauge
08170500. Error Bars represent +/- one standard deviation of monthly means from the annual mean.
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Figure 4.4-2. Recorded annua mean springflow from Coma Springs, 1934-1989, at USGS gauge
08169000. (Error Bars represent +/- one standard deviation of monthly means from the annual mean.)

Although annual withdrawal scenarios below 125,000 acre-feet/year produce springflow in
excess of 100 cfs al the time, the IHA analysis shows that these scenarios increase discharge
considerably relative to recorded conditions and result in moderate hydrologic alteration.
According to the period-of-record analysis, hydrologic alteration is considerable when annual
withdrawals increase above 375,000 acre-feet per year without any critical period reductions.
Several scenarios with critical period measures fell below this threshold of “high” hydrologic
risk for future impacts. The hydrologic alteration associated with the two additional time periods
modeled were also evaluated. In general, the hydrologic alteration was dampened when
additional data sets were used that excluded the drought of record and looked separately at the
period of time since the fountain darter was reintroduced at Comal Springs.

Phase 2 (Biological Risk)

For this phase, we examined the available information regarding impacts upon the flora and
fauna within the Comal and San Marcos Springs ecosystems relative to the amount and quality
of usable habitat that remains available to each species. Because of the dynamic nature of stream
ecosystems, the amount of suitable habitat available to each species fluctuates in response to a
number of variables. One of the most significant of these is streamflow. Periods of drought pose
risks to many of the species in both the Comal and San Marcos Springs ecosystems because of
the resulting periods of low flow and potential loss of suitable habitat. Other requirements for
suitable habitat include such parameters as adequate water quality; preferred vegetation
composition; low incidence of competitive, non-native species; and other more species-specific
conditions.
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4.4.2 Risk Categories

Information gathered under Phases 1 (hydrologic ateration) and 2 (biological risk) was used to
divide each component into four categories. low, moderate, high, and severe, as indications of
deviation from historical conditions. Categories were developed independently for each risk
factor, and the proposed HCP has one ranking for each to fully evaluate the anticipated impact of
awater management scenario.

For hydrologic alteration, the lowest index value indicates the closest approximation of historic
conditions. Because there appears to be an exponential increase in values extending from the
lowest to greatest deviation from historic conditions, the rankings with the smallest range
compirse the low category; greater ranges were given to higher risk categories. Biological risk is
based upon the requisite species information from Phase 2 and the number of days that a
particular aternative reduces springflow to critical discharge values. Critical discharge values
reflect the potential for negative effects on the EAHCP species. Based upon areview of existing
literature and ongoing studies, spring discharge below 100 cfs (combined flow at Comal Springs)
was chosen as a trigger for when fountain darter populations may experience noticeable effects.
Frequent and/or lengthy periods of time at or below this value could have negative impacts upon
the populations. Other critical values that were included in the calculation of biological risk are
60 and 30 cfs, because negative impacts increase with decreasing flows. Ultimately, at O cfs,
negative impacts may occur to all components of the aguatic biological community. To
incorporate all of these critical discharge values into a single risk factor, the length of time that
an aternative reduces flow to each of these levels was assigned a weighted value. The weighting
factors account for the progressively higher impacts at the lower critical discharge values (i.e.,
declining to 0 or 30 cfs discharge yields a higher impact than a decline to 100 cfs). The resulting
values for the critical discharge levels are summed into a single index value, which can be used
to assess a given scenario in the proposed HCP relative to biological risk.

Both hydrologic alteration and biological risk are discussed below for each of the three time
frames used in the evaluation. These include the period of record, the period of record excluding
the drought of record, and the last 15 years of calculated recharge. For a comparison that
includes all three of these time frames to assess future risk, the period of record serves as the
worst-case scenario of conditions that have a low probability of recurrence; the period of record
without the drought of record compares aternatives under the next most serious drought
conditions; and the 1975-1989 analysis allows a comparison during relatively good conditions
with moderate, short-term droughts.

4.4.3 Evaluation of Proposed HCP

There is no way to predict exactly how much recharge will occur in the future, therefore,
modeling for each of the alternatives was conducted using the period of record to predict future
recharge. This includes a significant drought that lasted from 1950 to 1956 and was the most
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prolonged period of sustained drought in the past 347 years, according to tree-ring analysis
conducted by Therrell (2000). With this event included in the analysis, extended periods of zero
flow in the Comal River are predicted under the proposed HCP. Regardless of the conditions
applied for the proposed HCP, springflows cannot be guaranteed, since the amount of rechargeis
a direct response to the amount of rainfall received. Although periods of zero flow may be
detrimental to many species, such conditions have occurred in the past, and each of the species
currently listed as threatened or endangered either survived or has been successfully
reintroduced. There is little biological data for either the Comal or San Marcos Springs/River
ecosystems before or immediately after the drought of record to fully describe the short-term
impacts of zero springflow in the Comal Springs/River ecosystem. A rotenone treatment of
Landa Lake conducted by the Texas Fish, Game, and Oyster Commission prior to the drought
probably exacerbated the biological impacts of the drought. However, over time, each
ecosystem has recovered from periods of reduced habitat and populations of individual species
increased as habitat was restored.

Hydrologic alteration and biological risk categories were assigned to alternatives considered in
this analysis. The specific impacts to the ecosystem and individual species will vary between
and within risk categories. These categories serve to estimate the overall relative impact of the
proposed HCP. Potential improvements to the risk category ranking as a result of alternative
measures are also discussed. Those measures that would directly affect aquifer levels and
resulting surface discharge at Comal Springs, San Marcos Springs, and other springs within the
jurisdiction of the Edwards Aquifer Authority may decrease the potential risk and affect the risk
category ranking.

Regional Permit, Authority Proposed Habitat Conservation Plan

During the period of record, there were 144 days in which the Comal River was at zero flow, 237
days at or below 30 cfs, 523 days at or below 60 cfs, and 1,148 days at or below 100 cfs.
Although the springs stopped flowing in the Comal River during the drought of record, water
was still present in Landa Lake (Figure 3.1-4c and Figure 3.1-4d). Compared with these
numbers, the Edwards Aquifer groundwater simulation model (GWSIM-1V) indicates that an
approximation of the proposed HCP would result in more time at or below these thresholds over
the same time period. Although the model can indicate the amount of time at zero flow, it does
not indicate whether Landa Lake will dry completely or maintain pools as during the drought of
record. Using the model, a 450,000 acre-feet-per-year annual withdrawal level, under regular
permits under certain aquifer conditions over the period of record with critical period reductions,
would result in over 2,400 days at or below 30 cfs, and more than 1,400 days at zero flow. This
is nearly ten times the number of days that Comal Springs actually went dry during the period of
record (144 days). This decreases in the analysis with the drought of record excluded, but would
still result in approximately 100 days at zero flow and slightly more than 400 days at 30 cfs, a a
450,000 acre-feet-per-year annual withdrawal level under regular permits under certain aquifer
conditions. Employing the last 15 years of recharge data (1975-1989) the model predicts fewer
than 5 days at or below 30 cfs with the same annual withdrawal scenario.
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Calculations of biological risk from these raw data and hydrologic alteration from IHA analysis
result in the following rankings for the proposed HCP. Over the period of record a ranking of
high hydrologic alteration and severe biological risk would occur through the life of the permit.
The analysis for the proposed HCP over the period of record with the drought of record excluded
also shows high hydrologic ateration, but adrop in biological risk from severe to high. Over the
last 15 years of recharge data (1975-1989) the anticipated hydrologic alteration would be
moderate and biological risk would be low through the life of the ITP.

The EAHCP identifies numerous measures designed to minimize risk to the species. The
Authority will facilitate and participate to the extent practicable in developing Edwards recharge
enhancement structures (Measure 1.1) which are expected to increase discharge at Comal and
San Marcos Springs by approximately 80,000 acre-feet per year. This is a relatively large
amount of additional water that could improve hydrologic alteration and biological risk
categories. This water would be most valuable during a time of minimal recharge, when the
recharge capacity of a moderate rainfall event could be magnified. Since the impacts cannot be
guantitatively predicted with any accuracy, a qualitative assessment is necessary. This would
have the effect of lowering hydrologic and biological risk, but may not provide enough
additional springflow during critical times to affect the risk category rankings. Precipitation
enhancement (Measure 1.2), Water quality protection (Measure 1.3), and Water conservation and
reuse requirements (Measure 1.4) would also occur under the proposed HCP and are expected to
increase aquifer recharge and reduce pumping demand, athough actua effects cannot be
quantified.

As evident above, an analysis of the proposed HCP that takes into account the drought of record
indicates an increased probability of very low flows for extended periods of time. If arepeat of
these conditions occurs, off-site refugia and captive propagation will be mandatory to ensure the
continued survival of the species. The following captive propagation measures under the
proposed HCP would have no direct impacts, but could play a vital role in the survival of these
species under periods of adverse environmental conditions, thus indirectly impacting the spring
ecosystems:

» Assist with funding field collection and distribution of speciesto refugia (Measure 4.1);
» Assist with funding refugiafor existing stock (Measures 4.3, and 4.4);
» Assist with funding salvage of additional speciesfor refugia, (Measures 4.5); and

* Funding costs for labor to manage and maintain refugia (Measure 4.6).

In addition to off-site refugia, intensive management areas are a possible measure that may
reduce the dependence on off-site refugia as the primary means of protecting species during
critical low flows. Funding to study and implement such strategies would be available under the
proposed HCP (Measures 6.2 and 6.3). Maintaining species in their habitats during critical low
flows would provide a substantially better option for the well-being of the species than having to
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remove individuals and temporarily sustain them until conditions improve. With intensive
management areas in place, biological risk may be reduced to a lower category. Under the
assumption that intensive management could maintain 60 cfs in the Comal River with sufficient
quality to continue to maintain species in the wild, biological risk could be reduced from high to
moderate over the period of record with the drought of record excluded (Table 4.4-1).

Table 4.4-1. Comparison of hydrologic alteration and biological risk of proposed HCP at Comal Springs with and
without intensive management in place over each of the three time periods used in IHA analysis.

Annua Withdrawal

Level (acre-feet) under Hydrologic Alternation/Biological Risk
regular permit under Critical Period
certain aquifer Percent 1934-1949 &

Alternative conditions Reductions 1934-1989 1958-1989 1975-1989
Proposed HCP 450,000 as proposed High/ Severe High/ High Mod / Low
Proposed HCP 450,000 as proposed High/ Severe High/ Mod® Mod / Low

(w/ intensive

management

areas)

“With assumption that intensive management maintains 60 cfs and maintains speciesin the wild.

The following Adaptive Management Strategies included for the proposed HCP would have no
direct impacts on the EAHCP species, but could provide information that would play an
important role in further assessing species-specific and/or ecosystem-wide adaptations to the
EAHCP:

* Aquatic vegetation enhancement/restoration (5.1, 5.2);

» Continued evaluation of aquatic vegetation response to low flow/elevated temperature
(5.3);

» Management and research to determine parasite impact upon the fountain darter (5.4);

» Continued evaluation of drought survival mechanisms of the Comal Springs riffle beetle;
low-flow laboratory evaluation, and subsequent field-based study of hyporheic
population density (preliminary study completed) (5.7);

* Determination of life history requirements of the three endangered invertebrates,
including population dynamics, distribution, tolerance/sensitivity (temperature, water
quality, contaminants), and reproduction (5.8); and

* Development and implementation of a management plan for vegetation mat removal
during low flow (5.10).
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The remaining proposed HCP Adaptive Management Strategies would not have any direct
impacts upon EAHCP species, but would eventually lead to better management of the Edwards
Aquifer, thus ultimately leading to enhanced protection of the spring systems:

* Improve accuracy of USGS gauge below Spring Lake (5.5);

» Establish discharge monitoring gauge on Old (original) Channel of Comal River (5.6);
and

» Establish water quality monitoring network of three wells near San Marcos and Comal
Springs (5.9).

The research proposed for each of the EAHCP species could provide critical information for
managing populations during periods of low flow. Careful monitoring and management actions
designed to protect the EAHCP species during those periods could greatly improve the
probability of survival of each.

All Edwards Aquifer Optimization Technical Studies and Other Technical Studies (Measures 6.1
through 6.3) would be funded under the proposed HCP. Although these studies would have no
impacts upon aquatic ecosystems, they may provide valuable input and benefit management of
the species and their habitats to improve the likelihood of survival for each EAHCP species.

Other Springs

Given the widely varying springflow changes indicated by the historical record for Hueco and
Leona Springs, they might experience erratic low flows or a flow stoppage under the proposed
HCP which may be expected to cause high-to-severe hydrologic alteration and high-to-severe
biological risk under each of the time frames evaluated. Under historic and current conditions,
the San Antonio and San Pedro Springs have been known to stop flowing on aregular basis.
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Chapter 5 Measuresto Minimize
Potential | mpacts

The following discussion addresses the actions that the Authority proposes to undertake to
minimize the potential effects of permitted water withdrawals on springflows and the Covered
Species that depend upon them at Comal and San Marcos Springs. These actions establish water
withdrawal limits during drought conditions in a manner that diminishes potential adverse effects
to the Covered Species. These actions areincluded in Table 5-1 below.

The proposed EAHCP will provide for a 50-year regiona 10(a) Permit that, during DM/CPM,
will require pumping to be reduced to 346,400 acre-feet per year, if the worst drought conditions
werein effect for an entire calendar year.

5.1 Comprehensive Aquifer Management

Aquifer management under the proposed HCP would be consistent with the Authority’s 30-year
Water Supply Plan, which is a part of the Comprehensive Water Management Plan (CWMP)
mandated by the EAA Act. For the development of the CWMP, the Authority has generally
adopted the planning methods and assumptions specified for the Texas Senate Bill 1 (SB1)
regiona water plans. These plans, pursuant to SB1 and associated rules of the TWDB, are
intended to assess the current and projected water demands and availability of current water
supplies, to identify water supply needs, and to evaluate and recommend strategies for meeting
the identified water needs. Aquifer management may include implementation of the following
measures.

1.1 Edwards Recharge and/or Recirculation Enhancement Features,

1.2 Precipitation Enhancement Program (South Central Texas Regional Water Plan
Strategy SCTN-5);

1.3 Water Quality Protection (Chapter 713, Edwards Aquifer Authority Rules);

1.4 Water Conservation and Reuse Requirements (Chapter 715, Subchapter C, Authority
Rules); and

1.5 Implementation of aternative management practices, procedures, or methods allowed
by the EAA Act that are currently undefined or unidentified.
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Table 5-1 Summary of HCP measures (revised February, 2005)

Summary of HCP M easures

1.0 Edwards Aquifer Management Strategies Consistent with EAA 30-year Water Supply Plan (a part of the Comprehensive Water M anagement Plan)

1.1 Edwards recharge and/or recirculation enhancement features.

1.2 Precipitation enhancement (South Central Texas Regional Water Plan SCTN-5).

1.3 Water quality protection (Chapter 713, Edwards Aquifer Authority Rules).

1.4 Water conservation and reuse requirements (Chapter 715, Subchapter C, Authority Rulest).

1.5 Implementation of alternative management practices, procedures, or methods allowed by the EAA Act that are currently undefined or unidentified. The Authority will
provide financial support to the Service in the event the Service seeks Federal funds for recharge projects specifically intended to support additional springflow during
drought and/or augmentation of stream flow or springflow.

2.0 Aquifer Pumping Withdrawals

2.1 Pumping withdrawal s will be determined by initial and additional regular permits above aquifer level 665' as measured by Index Well J-17 and above 865' as measured
by Index Well J-27. Aquifer withdrawals will be reduced to 449,950 acre-feet per year when aquifer levelsfall below 665' for J-17 and 865' for J-27.

3.0 Demand M anagement/Critical Period M anagement

3.1 When the aquifer level declinesto 665, total pumpage will be 449,950 ac-ft/yr. Annual water budget required for each pumper, with four stage DM/CPM reductions
when the aquifer reaches the following levels: Stage 1 ( J-17 =650"; maximum pumpage = 436,300 ac-ft/yr; Stage Il ( J17 =640: maximum pumpage = 422,800 ac-ft/yr.;
Stage I11( J17=630 or J-27=845: maximum pumpage =382,000 ac-ft/yr; Stage |V (J-17= 627 or J-27 = 842: maximum pumpage = 346,400 ac-ft/yr).

4.0 Captive Propagation

4.1 Assist with funding field collection and distribution of speciesto refugia.

4.2 Assist with funding new salamander facility at the San Marcos National Fish Hatchery.

4.3 Assist with funding refugiafor existing captive stock at San Marcos National Fish Hatchery.

4.4 Assist with funding refugiafor existing captive stock at Uvalde National Fish Hatchery.

4.5 Assist with funding salvage of additional speciesfor refugia.

4.6 Fund costs for personnel |abor to manage and maintain refugia.

5.0 Adaptive Management Strategies

5.1 Aquatic vegetation enhancement (reintroduction/establishment of native species) in select areas.

5.2 Aquatic vegetation restoration (reintroduction/reestablishment of native species) after low-flow events.

5.3 Continued evaluation of aguatic vegetation responses to low flow/elevated temperature.

5.4 Management/research to determine parasite impact to fountain darter (current EAA Variable Flow Study).
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Table 5 (continued)

5.5 Improve accuracy of USGS gauges below Spring Lake and Landa Lake (ongoing).

5.6 Establish discharge monitoring gauge on Old Channel of Comal River.

5.7 Continue evaluation of drought survival mechanisms of the Comal Springs riffle beetle; low-flow laboratory evaluations, and subsequent field-based study of
hyporheic population density (preliminary study completed).

5.8 Determine life history requirements of the three endangered invertebrates, including population dynamics, distribution, tolerance/sensitivity (temperature, water quality,
contaminants), and reproduction.

5.9 Establish water quality monitoring network of three wells near Comal and San Marcos Springs.

5.10 Develop and implement management plan for vegetation mat removal during low flow.

5.11 Refine estimate of amount of pumpage from exempt wells.

5.12 Determine effects of contaminants on Covered Species.

5.13 Determine gains and losses to instream flows in the Guadalupe River.

6.0 Edwards Aquifer Optimization Technical Studies

Biological Assessment Studies

6.1 Water Quality/Variable Flow Monitoring Study (ongoing).

Studiesto Deter mine Feasibility of Providing Supplemental Water to Spring Ecosystems

6.2 Studies to determine tolerance of individual species to the ranges of various water quality parameters expected with on-site intensive management areas.

6.3 Pilot study of intensive management areas in both the San Marcos and Comal Rivers.

T Rules have been proposed but have not yet been adopted by the Authority Board.
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5.2 Demand M anagement/Critical Period
M anagement

The Authority’s rules currently provide for a DM/CPM program. See EAA RULES CH. 715,
SUBCH. D. The Authority may, from time to time, amend its current rules if the effect of the
amendment is to maintain the baseline springflows described in the proposed EAHCP. As
presently implemented, the EAHCP involves a four-stage DM/CPM that would interrupt certain
authorizations to withdraw groundwater from the aguifer during certain low index-well or
springflow conditions. The DM/CPM would not apply to withdrawals made from exempt wells,
monitoring wells, or recharge recovery wells, or under emergency permits. However, the
DM/CPM would reduce withdrawals under initial and additional regular permits to a maximum
limit of 346,400 acre-feet per year, assuming the reductions were in effect for an entire calendar
year (Table 5.2-1). Each owner of an initia regular permit will submit to the Authority for
approval aquarterly withdrawal schedule, to include anticipated withdrawals.

Table 5.2-1 Aquifer withdrawals.*

San Antonio Pool Uvalde Pool
Pumpage Pumpage Total Pumpage
DM/CPM J-17 Index (Acre- J-27 Index (Acre- (Acre-
Stage Well Trigger feet/Year) Well Trigger feet/year) feet/year)
665' 355,750 865 94,200 449,950
I 650 342,100 Not Applicable 94,200 436,300
I 640 328,600 Not Applicable 94,200 422,800
Il 630 302,400 845 80,100 382,500
v 627" 273,900 842 72,500 346,400

*Withdrawalsif aquifer remains at designated level for one calendar year.

For initial regular permits and interim authorization status, the DM/CPM will establish an annual
water budget with quarterly withdrawal schedules and, in the event low aquifer levels and/or
springflow triggers in the DM/CPM are reached, critical period reductions to 346,400 acre-feet
per year. The four-stage DM/CPM will require withdrawal reductions in both the San Antonio
and Uvalde pools according to the schedule and triggers noted below.

5.2.1 San Antonio Pool

As presently implemented, Demand Management Stage | will involve a reduction to 342,000
acre-feet per year (except for crop irrigation), triggered by any one of the following events:

* the J-17 index well levd falling below 650 ft. msl; or
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* the San Marcos Springs average 5-day flow falling below 110 cfs; or
» Comal Springs average 5-day flow falling below 220 cfs.

Demand Management Stage Il would involve a reduction to 328,600 acre-feet per year (except
for crop irrigation), triggered by any one of the following events:

* the J-17 index well leve falling below 640 ft. msl; or
* the San Marcos Springs average 5-day flow falling below 96 cfs; or
» Comal Springs average 5-day flow falling below 154 cfs.

Critical Period Stage I11 would involve a reduction to 302,400 acre-feet per year (including crop
irrigation), triggered by any one of the following events:

* the J-17 index well falling below 630 ft. mgl; or
» the San Marcos Springs average 5-day flow falling below 80 cfs; or
» Comal Springs average 5-day flow falling below 86 cfs.
Critical Period Stage IV would involve a reduction to 273,900 acre-feet per year (including crop

irrigation) if, 30 days after commencement of Stage |11 Critical Period, the level of the J-17 index
well remains below 630 ft. mdl or reaches 627 ft. mgl.

5.2.2 Uvalde Pool

As presently implemented, the Stage I11-Critical Period for the Uvalde Pool will involve a
reduction to 80,100 acre-feet per year, triggered by the J-27 index well level falling below 845 ft.
msl. Stage IV Critical Period reductions to 72,500 acre-feet per year for the Uvalde Pool would
be triggered if the water level at the J-27 Index Well is less than 845 ft. msl 30 days after the
commencement of Stage Il Critical Period.

5.2.3 Other Aquifer Management Strategies

The Authority may also pursue additional management strategies for the Edwards Aquifer
consistent with the EAA 30-year Water Supply Plan, a part of the CWMP (Appendix 1). These
strategies include:
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» Alternative water management strategies, practices, procedures, or methods of any kind
satisfying the requirements of 88 715.12 and 715.220 of the Authority’ srules.

* Recharge structures that are built and authorized by a recharge recovery permit pursuant
to Authority rules. Water available for aquifer withdrawal under this option will be
determined in accordance with arecovery permit issued pursuant to Authority rules.

* Precipitation Enhancement Program (South Central Texas Regional Water Plan
Management Strategy SCTN-5, Appendix 1, Section 3.2.4). Precipitation enhancement
(Measure 1.2) is expected to increase rainfall, runoff, and aquifer recharge, while
reducing irrigation demand in all of the river basins, although actual effects have not been
quantified.

* Measure 1.3, Water quality protection (Chapter 713, Edwards Aquifer Authority Rules),
includes as Final Authority Rules Subchapters A-G, which set out provisions to regulate
well construction, operation, and maintenance (A-F) and regulated-substance tanks (G).
The rules are designed to protect water quality in the Edwards Aquifer as well as aquifer-
related resources such as the Comal and San Marcos springs ecosystems. Additional
rulesto protect surface water quality in the recharge and contributing zones of the aquifer
are under consideration by the Authority.

* Measure 1.4, Water conservation and reuse requirements (Chapter 715, Subchapter C,
Authority Proposed Rules), includes proposed rules (Subchapter C, Part 1) that would
require municipal, industrial, and irrigation users to implement best management
practices within the context of individual groundwater conservation plans.

* Implementation of alternative management practices, procedures, or methods allowed by
the EAA Act (Measure 1.5) that are currently undefined or unidentified.

The San Antonio Water System (SAWS) has completed construction of an Aquifer Storage and
Recovery (ASR) project (South Central Texas Regional Water Plan Management Strategy SCTN
1-a, Appendix 1, Section 3.2.13). The primary purpose of the SAWS ASR project is to store
large quantities of water for future use. Located in southeastern Bexar County, the ASR project
uses the Carrizo Aquifer as afacility to store Edwards water during periods of rainfall excess for
withdrawal during dry periods. Sixteen wells and a 60-inch transport pipeline have been
completed. As of December 2004, more than one billion gallons (3,545 acre-feet) of Edwards
water had been injected into this sand aquifer. The ASR project is expected to initially store
11,250 acre-feet and will expand to 22,500 acre-feet in later years.

In a separate effort, SAWS has initiated construction of alarge water development project within
the Carrizo-Wilcox aquifer in Wilson and Atascosa Counties, involving construction of well
fields, pump stations, and awater transport pipeline to San Antonio.
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Chapter 6 Measuresto Mitigate and
Monitor Potential | mpacts

The EAHCP includes measures intended to mitigate and monitor impacts resulting from the
actions covered by the ITP. These measures fall into three categories. captive propagation,
adaptive management strategies, and Edwards Aquifer Optimization Technica Studies.
Springflow at Comal and San Marcos Springs may decline to levels at which take is expected to
occur, even with the DM/CPM measures identified above. Thisis expected to occur infrequently
during the ITP period, however, the mitigation and monitoring measures listed below are
intended to provide the means to anticipate and respond to events or circumstances that might
adversely affect populations of the Covered Species.

The priorities and appropriate levels of effort for each of the specific measures listed below will
be established initialy by the EAA Research and Technology and Committee and refined during
the development and implementation of the Adaptive Management Program (AMP) discussed in
more detail in Chapter 7 Adaptive Management Program. The AMP will provide the structure
and guidance for coordination and integration of conservation activities for the Covered Species
at Comal and San Marcos Springs.

Activities identified below will be undertaken within the constraints of funding from the
Authority’s annual budget and endowment, as well as other funding sources, including but not
limited to support from local, state, and federal agencies, and non-governmental organizations.

6.1 Captive Propagation

The following measures are focused upon the development of active breeding populations of the
Covered Species in locations or facilities not dependent upon the same factors affecting the
natural populations at Comal and San Marcos Springs. These populations should be of the same
genetic makeup as the natural populations and provide a source for reestablishment of the natural
populations if conditions at the springs result in local extirpation. Reference numbers correspond
with HCP measures listed in Table 5-1.

4.1 Assist with funding field collection and distribution of speciesto refugia.

4.3 Assist with funding refugia for existing captive stock at San Marcos National Fish
Hatchery.

4.4 Assist with funding refugiafor existing captive stock at Uvalde National Fish Hatchery.
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4.5 Assist with funding salvage of additional speciesfor refugia.

4.6 Fund costs for personnel labor to manage and maintain refugia.

6.2 Adaptive Management Strategies

The following measures will provide data and information that are critical to the development
and implementation of the AMP. Reference numbers correspond to HCP measures listed in
Table 5-1.

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

Enhance aguatic vegetation (reintroduction/establishment of native species) in select
areas.

Restore aquatic vegetation (reintroduction/reestablishment of native species) after low-
flow events.

Continue to evaluate aguatic vegetation responses to low flow/elevated temperature
(current EAA Variable Flow Study).

Determine parasite impact upon fountain darter through management/research (current
EAA Variable Flow Study).

Improve accuracy of USGS gauges below Spring Lake and Landa L ake (ongoing).
Establish discharge monitoring gauge on Old Channel of Comal River.

Continue to evaluate drought survival mechanisms of the Comal Springs riffle beetle
through low-flow laboratory evaluations and subsequent field-based study of hyporheic
population density (preliminary study completed).

Determine life history requirements of the three endangered invertebrates, including
population dynamics, distribution, tolerance/sensitivity (temperature, water quality,
contaminants), and reproduction.

Monitor water quality of spring discharge and at three monitor wells near Comal and
San Marcos Springs. Analytes will include common ions, pH, temperature, metals,
pesticides, VOCs, and other constituents that have the potential to harm the Covered
Species.

5.10 Develop and implement a management plan for vegetation mat removal during low

flow.

5.11 Refine estimate of amount of pumpage from exempt wells.
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5.12 Determine effects of contaminants (e.g., pesticides, VOCs) on Covered Species.

5.13 Determine gains and losses to instream flows in the Guadalupe River.

6.3 EdwardsAquifer Optimization Technical
Sudies

A number of technical studies being undertaken by the Authority support the development of a
program to optimize the management of the Edwards Aquifer as well as the EAHCP. These
include biological assessments, aquifer flowpath modeling, and evaluation of potential recharge
enhancement. Reference numbers correspond with HCP measures listed in Table 5-1.

6.3.1 Biological Assessment Studies

6.1 EAA Water Quality/Variable Flow Monitoring Study. This study will provide better
understanding and knowledge of water-quality- and springflow-related habitat
requirements of flora and fauna inhabiting Comal and San Marcos Springs for
establishing future aquifer operating levels.

6.3.2 Studiesto Determine Feasibility of Providing
Supplemental Water to Spring Ecosystems

6.2 Studies to determine tolerance of individual species to the ranges of water quality
parameters expected with on-site intensive management aress.

6.3 Pilot study of intensive management area plans in both the San Marcos and Comal
Rivers.
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Chapter 7 Adaptive M anagement
Program

Based upon the Captive Propagation measures, AMP Strategies, and Edwards Aquifer
Optimization Technical Studies, the Authority will implement an AMP with goals and objectives
targeted at:

» Guiding long-term monitoring and research planning;
» Further defining critical attributes and linkages within and between resource categories,
* Promoting an improved understanding of key factors that drive changes in the system;

* Making qualitative and quantitative assessments of resource changes resulting from
various flow regimes; and

* Providing information to stakeholders and managers regarding the potential
impacts/benefits of various flow regimes in the Comal and San Marcos Springs/River
ecosystems.

7.1 Biological Goals

The biological goals for the Authority’s EAHCP are (1) to secure the survival of the threatened
and endangered species in the Coma and San Marcos Springs/River ecosystems; and (2) to
maintain or enhance the essential habitat functions of both the Comal and San Marcos
Springs/River ecosystems.

7.2 Objectives

The objectives identified in this EAHCP define measurable standards of desired future resource
conditions to be achieved by al stakeholdersin the Authority’s AMP. The biological objectives
for the individual species covered in the EAHCP are detailed in the individual species
discussions below in Sections 7.8 and 7.9.

7.3 General Management Actions

Overal management actions that will guide the direction of the EAHCP will include:
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Maintain springflows in the Coma and San Marcos Springs/River ecosystems through
management of minimum flows during periods of limited recharge by implementing
DM/CPM pumping restrictions,

Develop and implement a monitoring strategy that minimizes impact but increases
sampling frequency at lower flows to enhance the likelihood of detecting a critical 1oss of
habitat or decrease in population abundance of Covered Species;

Develop and implement water quality and instream flow management responses for each
species to maximize suitability and availability of the highest quality habitat during low-
flow conditions;

Provide a framework for initiating and carrying out the removal and temporary refuge of
individuals of each species in the event that habitat within intensive management areas
becomes extremely limited or population numbers decline dramatically;

Develop and implement management of populations in appropriate refugia;

Develop and implement a management plan for removal of vegetation mats over aquatic
vegetation (including Texas wild-rice);

Continue educational outreach programs on conservation and water quality protection
over the recharge zone; and

Identify potential sources of contaminants that may harm the Covered Species.

7.4 General Performance Metrics

A process will be developed to evaluate performance of the EAHCP measures and management
strategies. These measures and strategies will include:

Frequency or necessity of DM/CPM pumping restrictions.

Level of the aquifer as measured t the Bexar County Index Well J-17.
Total discharge from Comal and San Marcos Springs.

Monitoring strategy:

Reliability of estimates of habitat availability and population abundance for each species
to track overall ecosystem conditions; and

Refinement of estimates of mean habitat availability and popul ation abundance as atarget
for management response criteria.
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Management responses for the protection of high-quality habitat during low-flow
conditions:

Availability of suitable habitat for each HCP species during low flow; and
Relative abundance of each HCP species during low flow.

Refugia program:

Relative abundance of each species requiring intensive management area efforts,

Survival of appropriate numbers of individuals of each species (specified in the USFWS
contingency plan [currently under revision]);

Propagation under refugia conditions; and

Successful reestablishment of any species requiring off-site refugia efforts or
redistribution of any species requiring intensive management area efforts following the
low-flow period.

V egetation mat removal program:

Frequency of mat development between removal efforts; and
Condition of plantsin areas susceptible to mat development.

Educational outreach program:

Quantity and quality of materials presented to the general public and cooperative
stakeholders;

Awareness and attitude of general public and cooperative stakeholders to critical issues,
and

Response of general public and cooperative stakeholders toward conserving water and
limiting water quality problems over the recharge zone.

Water quality monitoring for contaminants that may harm the Covered Species.

7.5 Implementation Monitoring

The Authority will ensure that all management objectives are implemented to meet requirements
specified in the Performance Metrics through implementation of the AMP and the reporting
procedure outlined in Chapter 8.
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7.6 Effectiveness Monitoring

7.6.1 DM/CPM Implementation

Under the Authority’s current DM/CPM plan, the water levels in index wells J-17 and J-27 and
discharge from the Comal and San Marcos Rivers al serve as triggers that initiate pumping
restrictions. The ability of the DM/CPM restrictions to protect springflow will be measured by
the number of days total discharge falls below certain values (e.g., 30, 60, 100, and 150 cfs) or
springflow ceases entirely. In addition, available habitat and population abundance will be
monitored for each species according to the plan detailed below.

7.6.2 Biological Monitoring (Comprehensive and Critical
Period)

A comprehensive biological sampling plan (Variable Flow Study) established by the Authority in
2000 gathers baseline and critical period data about habitat availability and population
abundance of the HCP species to fill important gaps regarding the ecological condition of the
Comal and San Marcos Springs/River ecosystems. This comprehensive sampling plan will be
continued for the life of the permit (Edwards Aquifer Optimization Technical Study 6.1, Table 5-
1) and will provide a means to monitor changes that may result from management actions.

This comprehensive monitoring plan will continue to accumulate baseline data for refinement of
estimates of “average’ or “healthy” community conditions. The monitoring will also increasein
magnitude, including increased frequency and number of parameters examined, as discharge
fals to gspecific levels. Additiona monitoring during low-flow periods will enhance
perceptibility of critical changes in important habitat parameters. The discharge “trigger” levels
for additional monitoring and other management responses (Tables 7.6-1 and 7.8-2 through 7.9-4
below) were chosen based upon available data that suggest that changes in population dynamics
or habitat availability may occur when discharge falls to, or below, these values. These trigger
levels may be refined as additional data are gathered through the Variable Flow Study
monitoring efforts.

In addition to long-term monitoring efforts that increase in intensity below the specified trigger
levels, a critical period monitoring component is incorporated into the Variable Flow Study that
initiates full-scale sample efforts at specified trigger levels. To date, only two low-flow
sampling efforts have been triggered, both of which occurred at Coma Springs in the late
summer of 2000. The flow at Comal Springs was reduced to 145 cfs but then rapidly increased
with severa intense rainfall events. As part of the long-term monitoring component of this HCP,
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Table 7.6-1. Triggers and management responses for fountain darter at Comal Springs/River ecosystem.

M anagement
Action Triggers M anagement Response Details Notes
Increased Total discharge Aquatic vegetation mapping, dip net sampling, and visual ~Aquatic vegetation mapping in 4 Variable Flow Study sites. Dip
M onitoring <150 cfsand >80 cfs parasite observations conducted every other month. net sampling and visual parasite observations in 50 high-quality
(Phasel) habitat sites.
I ncreased Total discharge <80 cfs Aquatic vegetation mapping conducted monthly; dip net Aquatic vegetation mapping at 4 Variable Flow Study sites. Dip
M onitoring sampling, visual parasite observations, and visual aguatic net sampling and visual parasite observations in 50 high-quality
(Phasell) vegetation assessment conducted weekly. habitat sites.
Off-Site <50% of mean aguatic A positive trigger will require a confirmation follow-up of Total vegetation coverage measured for each plant type,
Refugia vegetation and fountain darter abundance. A confirmed trigger will initiate weighted according to fountain darter preference, and summed
<20% darter abundance collection of fountain darters in each reach of the Coma for comparison to mean (mean determined by Variable Flow
OR River for transport and maintenance in the San Marcos Study).
<30% of mean aquatic NFHTC. Fountain darter abundance calculated as proportion of 50 dipnet
vegetation and sites with darters present (five minute samples, 5m x 5m prime
<30% darter abundance habitat area).
Regulating Total discharge <80 cfs Regulation will follow the recommended distribution of This action is important to maximize the highest quality habitat
Flow in Old flow between Old Channel and New Channel described in  for fountain darters when flows are declining.
and New Table 6.7-2.
Channels
Intensive Total discharge Habitat modification: water channeled through highest Goal isto maintain temperature in prime habitat in Landa Lake
M anagement <80 cfs quality Landa Lake habitat into the old channel (decreases and Old Channel reach below 27°C - February to May and
Areas retention time and temperature). below 29°C - June to January. This unproven plan would require
(Phasel) both engineering and environmenta feasibility studies.
Intensive Total discharge Supplement water up to 60 cfs to maintain 60 cfsin system Goad is to maintain temperature in prime habitat in Landa Lake
M anagement <60 cfs a al times; would require the water source for and Old Channel reach below 27°C - February to May and
Areas supplementation to have similar water chemistry that below 29°C - June to January. This unproven plan would
(Phasell) supports habitat and fountain darter populations in the reqguire both engineering and environmental feasibility studies.
intensive management areas.
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the critical period component of the Variable Flow Study will be maintained until sufficient
documentation of low-flow events has been completed as determined by the Authority and the
USFWS. It is this monitoring strategy that will be adapted into the long-term comprehensive
monitoring and help refine critical trigger levels for increased monitoring and appropriate
management responses. Data gathered during this full-scale effort will also provide information
on potential impacts of the sampling methodology on reduced habitat and potentially reduced
populations.

The scope of the Variable Flow Study may be modified on a yearly basis at the discretion of the
Authority with consent of the USFWS. The current Variable Flow Study (BIO-WEST 2003), as
approved by the Authority and USFWS, has the following monitoring components:

» Aquatic vegetation mapping for select reaches;

* Fountain darter sampling (drop nets, dip nets, visua);

» San Marcos salamander sampling (SCUBA and snorkel);

* Texaswild-rice physical observations and annual mapping;

» Coma Springs riffle beetle monitoring;

* Comal invertebrate sampling (drift-net sampling over spring orifices);
» Parasite evaluations concerning the fountain darter; and

* Ramshorn and other exotic snail monitoring.

The components are designed to effectively determine whether the conservation measures are
achieving the biological goals and objectives set forth in the EAHCP. A more detailed
description of the sampling methodologies, frequencies, and sample locations is found in the
Variable Flow Study monitoring plan (BIO-WEST 2003).

7.7 Core Adaptive Management Strategies

This section outlines the Authority’s AMP to protect habitat and populations of endangered
species in both the Comal and San Marcos Springs/River ecosystems in the event of limited
recharge. Although the focus of the Authority will be to meet the objectives set forth for the
individual species, the demands of balancing all environmental needs in the context of adjacent
human needs could prove difficult in times of limited recharge to the Edwards Aquifer.
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7.7.1 Risk Assessment, Estimation of Take, and Drought of
Record

Because biological data typically exhibit great variability and there are many habitat and
population parameters that potentially affect the population dynamics of a species, it is very
difficult to assess the threat of extirpation. Thisis particularly true of aquatic species because of
limited means of sampling and an environment susceptible to rapid change in many habitat
parameters. In any natural setting, the unpredictability of the effects of an individual event (e.g.,
extended low-flow period), often highly correlated with conditions immediately prior to the
event, hampers development of preset target conditions necessary to maintain habitat. To
predefine expected impacts to a species based upon certain conditions is a very difficult task.
The USFWS has defined “take” based upon only one variable, total discharge. However, for the
management plan outlined here, a greater range of parameters is used to assess biological risks
associated with deviating from the objectives set forth above for the individual species.

Although protection of springflows to prevent a decline to the level of take is incorporated into
the DM/CPM rules, it is possible that conditions may reach the level of take or worse, such as
occurred during the drought of record. Although this HCP provides measures to protect
springflow, it does not guarantee springflow during a repetition of the drought of record or a
worse drought. That event included severa years of very limited recharge, and there is always
the potential that such conditions may occur again during the life of the permit (although the
probability of occurrence based upon the historical record appears very low, as discussed in
Section 3.2.1.2 in Appendix 3). This program provides a framework for addressing such
conditions, if they should occur, by providing measures to mitigate effects of such droughts on
the species. The DM/CPM restrictions should limit the period of time at or below take, but in the
event that discharge falls to these levels, additional measures need to be in place to monitor
changes closely and further protect habitat.

The Authority proposes a conservative approach that incorporates regular biological monitoring
before and after and frequent monitoring during such events. It is important to accurately define
dynamic ecosystem conditions prior to the onset of a limited recharge period to assess potential
threats during an extended period under those conditions. Biological monitoring during a period
of declining spring discharge will permit a close examination of actual population and habitat
conditions when flow declines to or below take levels. This approach differs from the traditional
one of establishing one fixed number for total discharge, below which the speciesis at risk and
above which it is not. Instead, fixed numbers of total discharge are used to trigger additional
sampling and, in conjunction with those sampling results, to more accurately define biological
risk and population changes. Fixed sampling outcomes (which may be adapted with approval
from the primary stakeholders), coupled with fixed discharge levels, elicit specific management
responses. This is a more dynamic process that takes into account actual conditions rather than
predetermined hypotheses of what conditions might be expected at certain discharge levels based
upon very limited data.
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7.7.2 Program Outline

This AMP outlines key parameters that are important to each species and provides the best
estimate of critical values that will elicit management responses. These measurements include:
increased vigilance of ecosystem conditions (more frequent sampling); on-site intensive
management area efforts, and salvage efforts targeted as a last resort to collect and provide
refuge for individuals during conditions that have deteriorated beyond those expected for
continued species existence in the wild. The estimated management response triggers (Tables
7.6-1 and 7.8-2 through 7.9-4 ) and biological relevance that are incorporated into the
management response for each action are based upon the biological data available to the
Authority, three years of monitoring associated with the Variable Flow Study, and professional
judgment relative to low-flow conditions for which data are not available. Until specific low-
flow data are collected as proposed (Critical Period component) in the long-term monitoring
section, the best available biological data coupled with professional judgment lead the Authority
to believe that the proposed critical values are sufficient to support viable populations of Covered
Species and their habitats.

One of the options discussed for Covered Species is off-site refugia (described in detail in
Section 7.8). Although the DM/CPM restrictions and adaptive management responses are
designed to maintain conditions that allow populations of Covered Species to persist in the wild
through periods of limited recharge that may reasonably be expected during the life of the
permit, there remains the possibility that salvage efforts (off-site refugia) will be necessary. The
initiation for such efforts differs by species; an outline is provided below in Section 7.8 for
conditions necessary to resort to this step for each respective species.

Another option discussed for many species is establishment of on-site intensive management
areas. While such actions would be initiated before off-site refugia, they will require both
engineering and environmental feasibility studies to fully assess their merit before they may be
relied upon as tools for protecting habitat.

7.8 Comal Springs/River Ecosystem Adaptive
Management Activities

7.8.1 Fountain Darter

A summary of proposed trigger levels for initiation of management responses for the fountain
darter in the Comal Springs/River ecosystemisfound in Table 7.6-1.

Biological Objectives

* Maintain adequate springflow to meet the following conditions:
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Minimize extent of range and time that water temperature is >27 degrees Celsius,
Maintain >70 percent of mean abundance* of aguatic vegetation in prime habitat;

Maintain >30 percent of mean abundance* of aguatic vegetation in marginal habitat;
and

Maintain adequate (within historical range) water quality.

* Determine food supply and dynamics within key aquatic vegetation (once determined,
maintain food supply in key aquatic vegetation);

* Determine potential effect of parasite(s) and other exotic species (if impacts evident,
minimize impacts); and

* Determine potential impact of predation during lower flows (if present during lower
flows, minimize impacts).

*Based upon existing Variable Flow Study data (will be updated by future sampling events
wheretotal discharge >150 cfsin the Comal River and >100 cfs in the San Marcos River).

Additional Monitoring —Phase 1

As a consequence of discharge dropping to the level of take (presently defined as 150 cfs) in the
Comal River, the following specific monitoring activities will occur every other month until
discharge fallsto Phase 2 (80 cfs) or increases to above 150 cfs.

* Aquatic vegetation mapping—Four sites established by the Variable Flow Study to
include Upper Spring Run reach, Landa Lake, Old Channel reach, and New Channel
reach; and.

* Dip-net sampling/visual parasite evaluations—Five-minute presence/absence surveys to
be conducted at 50 sites in high-quality habitat (Upper Spring Run reach (5), Landa Lake
(20), Old Channel reach (20), and New Channel reach (5).

Additional Monitoring — Phase 2

As discussed above, if discharge continues to decline and falls to 80 cfs or lower, increased risk
may be observed. Under these conditions, the same sampling procedures that occur in Phase 1
will be conducted, but more frequently (monthly for aquatic vegetation mapping and weekly for
dip netting).

Regulating Flow in the Old and New Channels

Below 80 cfs, careful regulation of flow between the high-quality habitat in the Old Channel and
margina habitat of the New Channel is paramount. Most flow typically travels down the New
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Channel while the Old Channel typicaly maintains 40-60 cfs. However, it becomes important
during times of limited discharge to verify that the maximum amount travels down the Old
Channel until flows drop to critically low levels. Below 50 cfs, the full 40 cfs will no longer be
allowed to travel down the Old Channel in order to maintain some habitat in the New Channel at
al times. While manipulation of the culvert that regulates this flow is the responsibility of the
USFWS in coordination with the City of New Braunfels, the Authority will coordinate to
monitor conditions and assist with streamflow regulation efforts. The Authority proposes that
the schedule in Table 7.8-1 be followed as closely as possible during periods when flow in the
Old Channel is at or below 40 cfs, assuming the absence of a supplemented water supply.

Table 7.8-1. Regulation of flow in the Old and New Channels of
the Comal River.

Comal System (cfs) Old Channel (cfs) New Channel (cfs)

80 40 40
60 40 20
40 30 10
30 25 5
20 15 5
10 10 0

This schedule maximizes protection of the highest quality habitat (Old Channel) while still
maintaining some flow in the marginal habitat of the New Channel until total discharge falls to
10 cfs or below. However, the plans for on-site intensive management areas proposed below will
attempt to maintain 60 cfstotal discharge in the Comal River at all times.

Off-Site Refugia

It is important to note that the proposed habitat triggers for off-site refugia are not solely
dependent upon discharge. Off-site refugia efforts could be triggered as high as 80 cfs (in lieu of
intensive management areas, which would otherwise begin at that discharge) or not at all, even if
total discharge drops to O cfs (if intensive management areas maintain habitat and population
abundance above trigger levels).

Two variables will be considered in concert with total discharge in the Comal River to assess the
need to initiate refugia efforts for fountain darter populations. availability of sufficient habitat
(aquatic vegetation) and presence/absence of darters throughout the known range. The total
amount of aquatic vegetation under such conditions will be compared to mean aquatic vegetation
coverage during favorable conditions (determined from all past and future Variable Flow Study
samples at or above 150 cfs, but excluding samples initiated specifically to study “high-flow
events’). Data collected outside of favorable conditions (below 150 cfs or after high-flow events)
are extremely valuable to determine low- and high-flow impacts, respectively, but should not be
used to adjust the value used as an indicator of average habitat condition. The mean will be
calculated by assigning a rank value to each vegetation type, based upon fountain darter
preference, and multiplying this weighting factor by the sum of each type from all four reaches
used in the Variable Flow Study. The second variable, fountain darter presence/absence, will be
calculated as a proportion of dip-net samples that have fountain darters present. Sampling will
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consist of 50 five-minute surveys, each of which covers a 16.5 square foot (5m x 5m) area in
prime habitat. Asan example, 10 sites with darters out of 50 sites equals 20 percent and 15 sites
with darters equals 30 percent.

Using both of these variables, in addition to total discharge, increases the likelihood of correctly
identifying deteriorating conditions that might not easily be observed using only one method.
Similarly, it reduces the probability of initiating a massive salvage effort when unwarranted. The
modification of mean habitat condition with future data also provides an advantage by allowing
for the refinement of data comparison over time.

The proposed trigger levels are as follows:
Less than 50 percent mean aquatic vegetation AND |ess than 20 percent darter presence,
OR
Less than 30 percent mean aguatic vegetation AND less than 30 percent darter presence.

The reason for the higher percentage of darter abundance for the second trigger level is the
expectation that the number of darters in high-quality habitat will increase as the amount of
available habitat decreases (clumping effect).

Confirmation samples will be very important for this management plan. The trigger levels are
designed to provide a conservative buffer that will allow time to verify conditions with afollow-
up sample. In addition, when low discharge triggers additional monitoring, sampling will be
frequent enough to observe a trend in conditions over time to help evaluate whether conditions
have truly deteriorated to the point that off-site refugia are necessary. For the fountain darters,
habitat assessment (agquatic vegetation mapping) is too time consuming to verify with a follow-
up sample; however, dip-net sampling can be accomplished by one person within one day.
Therefore, triggering the off-site refugia with one of the two scenarios listed above will also
require a follow-up dip-net sample the succeeding day to confirm the results. If confirmed,
action will be taken to initiate off-site refugia collections.

Intensive Management Areas

There are two phases in the implementation of on-site intensive management areas for the
fountain darter in the Comal River. The objective of Phase 1 (80 cfs to 60 cfs) is to maintain
water temperatures in the prime habitat areas at a level suitable for darter reproduction in the
spring and larval and adult darter survival during the remaining portion of the year. Thiswill be
accomplished by diverting water through specific habitat features (higher quality vegetation
types) and reducing retention times and heating of water in Landa Lake. The goal of Phase 2 (60
cfs and below) is to supplement enough water to maintain 60 cfs at all times and support both
aquatic vegetation and suitable water temperature. Without any data to the contrary, it must be
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assumed that the water quality constituents of diverted water need to be similar to Edwards
Aquifer water for species survival. In order to test the viability of thisinnovative technology, 1)
a detailed engineering and environmental study will be conducted to establish the feasibility of
intensive management areas in the Comal Springs/River system, 2) a pilot project will be
undertaken to ensure the function of this methodology, and 3) should items 1 and 2 confirm this
approach, a long-term monitoring of habitat and populations within the intensive management
areas will be incorporated into the comprehensive component of the Variable Flow Study
described above.

7.8.2 Comal Springs Riffle Beetle

A summary of proposed trigger levels for initiation of management responses for the Comal
Springsriffle beetle isfound in Table 7.8-2.
Biological Objectives

* Maintain horizontal and upwelling flowsin >70 percent of surface habitat;
* Maintain adequate water quality (parameters maintained within historical ranges);

» Determine extent of subsurface use and spatial distribution (if subsurface use is common,
modify surface habitat requirements and modify objectives to include subsurface habitat
availability); and

* Determine life history characteristics (life span, tolerance to water quality changes,
reproduction, food sources) [minimize impacts|.
Additional Monitoring

When take is triggered (120 cfs), weekly monitoring of the Coma Springs riffle beetle
populations will be conducted at four sites (Spring Run 1, Spring Run 3, western shore of Landa
Lake, and Spring Island upwelling) until discharge increases to alevel above 120 cfs.

Off-Site Refugia

Off-site refugia efforts will be initiated below 80 cfs when biological sampling reveds a
substantial decline in the number of individuals in the surface layer of substrate in high-quality
habitat areas.

The proposed trigger level for off-siterefugiais:

When only one of four monitored sites continues to have six or more adult beetles (collected
in atwo-hour sampling period).
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Table 7.8-2. Triggers and management responses for Comal Springs riffle beetle at Comal Springs/River ecosystem.

M anagement
Action Triggers M anagement Response Details Notes
Increased Total discharge  Monitor densities of CSRB’s in Spring Run 1, Spring Run 3,
Monitoring <120 cfs western shoreline of Landa Lake, and Spring Island area
weekly.
Off-Site Refugia ~ Total discharge A positive trigger will initiate collection of CSRBs from each  Maintaining populations requires at least 25% (1
<80 cfs habitat location for transport to San Marcos NFHTC. of 4) of sample locations having CSRBs, with a
AND population of > or = 6 adult beetles sampled in 2
populations not hours (based upon previous sampling efforts). A
maintained greater effort would result in additional habitat

disturbance.

Intensive
M anagement
Areas (Phasel)

Total discharge
<80 cfs

Habitat modification: water recirculated from Landa Lake back
through edge habitat of SR3 and western shoreline and Spring
Island upwelling; will need to maintain water temperature
either through habitat modification and/or chilling.

This unproven recirculation plan would require
both engineering and environmental feasibility
studies.

Intensive
M anagement
Areas (Phasell)

Total discharge
<60 cfs

Supplement water up to 30 cfsto maintain 30 cfsin CSRB key
habitat at al times; supplement water from outside source
through edge habitat of SR3 and Spring Idand upwelling;
would require the water source for supplementation to have
similar water chemistry that supports habitat and CSRB
popul ations within the intensive management areas.

This unproven supplementation plan would
require both engineering and environmental
feasibility studies.
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I ntensive Management Areas

There are two phases in the implementation of on-site intensive management areas for the Comal
Springs riffle beetle. The goal of Phase 1 (80 cfs down to 60 cfs) would be to recirculate water
(up to 30 cfs) from Landa Lake back into the key edge habitat of Spring Run 3 and/or western
shoreline of Landa Lake and to the upwelling habitat of the Spring Island area. At these
discharge levels, intensive management areas efforts for the fountain darter would be in place
that would limit heating of the potential recirculation water by reducing water retention timesin
Landa Lake. It is anticipated that Phase 1 would need to be initiated before the edge habitat
areas in the spring runs and along the Landa Lake western shoreline lose lateral springflow from
shoreline seeps. This should keep individuals in areas that they might otherwise emigrate from,
which would result in greater difficulty later trying to reestablish populations that have aready
retreated. The goal of Phase 2 (below 60 cfs) is to maintain 30 cfs distributed among the three
key habitat types described above at all times in order to support beetle habitat. As with the
fountain darter intensive management areas, it must be assumed that the water quality
constituents of the recirculated water are similar to Edwards Aquifer water for species survival.
To confirm the intensive management areas concept, a feasibility study would be conducted,
followed by a pilot project, and should viability be established, a monitoring component would
be built in to the Variable Flow Study.

7.8.3 Comal Springs Dryopid Beetle and Peck’s Cave
Amphipod

A summary of proposed trigger levels for initiation of management responses for the Comal
Springs dryopid beetle and Peck’s Cave amphipod isfound in Table 7.8-3.

Comal Springs Dryopid Beetle Biological Objectives

* Maintain adequate water quality within the aguifer (parameters maintained within
historical ranges);

* Monitor the bad (saline) water line;

» Determine spatial and temporal distribution of the speciesin the aquifer; and

» Determine life history characteristics (life span, tolerance to water quality changes,
reproduction, food sources) [minimize impacts].

Peck’s Cave Amphipod Biological Objectives

* Maintain adequate water quality within the aguifer (parameters maintained within
historical ranges);

* Monitor the bad (saline) water line;
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Table 7.8-3. Triggers and management responses for Comal Springs dryopid beetle and Peck’ s Cave amphipod at Comal Springs/River ecosystem.

Management Action Triggers Management Response Details Notes
Increased Tota discharge Standard water quality measurements (D.O., conductivity, Requires the establishment of a water quality
Monitoring (Phase 1) <40 cfs pH, and temperature) will be monitored weekly a monitoring network of 3 wells near Comal
monitoring wells. Springs.
Increased Tota discharge Standard (D.O., conductivity, pH, and temperature) and Requires the establishment of a water quality
Monitoring (Phase 2) <20 cfs conventional (nutrients, TDS, TOC) water quality monitoring network of 3 wells near Comal
parameters will be monitored weekly at monitoring wells.  Springs.
Off-Site Refugia Total discharge If water quality trigger occurs during increased monitoring Requires the establishment of a water quality
<40 cfs a follow-up confirmation is required succeeding day. A monitoring network of 3 wells near Comal
AND confirmed trigger will initiate collection of individuals of  Springs.
water quality each species for immediate transport to the San Marcos
exceeds 10% of NFHTC.

historical range
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» Determine spatial and temporal distribution of the speciesin the aquifer; and

* Determine life history characteristics (life span, tolerance to water quality changes,
reproduction, food sources) [minimize impacts|.

Additional Monitoring —Phase 1

When take is triggered (40 cfs to 20 cfs), weekly monitoring for standard water quality
parameters (dissolved oxygen, conductivity, pH, and temperature) will be conducted at a
network of three wells located within the immediate vicinity of Comal Springs.

Additional Monitoring — Phase 2

At 20 cfs (increased risk) and below, the weekly water quality monitoring is expanded from
standard parameters to standard parameters plus conventional water quality parameters
(nutrients, TDS, TOC) at the same network of three wells.

Off-Site Refugia

Off-site refugia efforts will be initiated when water quality sampling reveals a substantial decline
in one or more of the parameters measured.

The proposed trigger for off-site refugiais when:

Any standard or conventional water quality parameter exceeds the historical range of the
water quality parameter for the Edwards Aquifer by 10 percent or more.

Intensive Management Areas

There are no intensive management areas currently being considered for the subterranean
Species.

7.9 San M arcos Springs/River Ecosystem
Adaptive Management Activities

7.9.1 Fountain Darter

A summary of proposed trigger levels for initiation of management responses for the fountain
darter in the San Marcos Springs/River ecosystem isfound in Table 7.9-1.

Biological Objectives

» Sameasfor this species at Comal Springs.
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Table 7.9-1. Triggers and management responses for fountain darter at San Marcos Springs/River ecosystem.

M anagement
Action Triggers M anagement Response Details Notes
Increased Tota discharge Aquatic vegetation mapping, dip net sampling, and Aquatic vegetation mapping at 3 Variable Flow
Monitoring <100 cfsand >60 cfs visua parasite observations conducted every other Study sites; dipnet sampling and visual parasite
(Phasel) month. observationsin 50 high-quality habitat sites.
Increased Tota discharge Aquatic vegetation mapping conducted monthly; Aquatic vegetation mapping at 3 Variable Flow
Monitoring <60 cfs dip net sampling, visual parasite observations, and Study sites; dipnet sampling and visual parasite
(Stage 1) visual aguatic vegetation assessment conducted observationsin 50 high-quality habitat sites.

weekly.

Off-Site Refugia

<50% of mean aquatic
vegetation and
<20% darter abundance
OR
<30% of mean aquatic
vegetation and
<30% darter abundance

A positive trigger will require a confirmation
follow-up of fountain darter abundance. A
confirmed trigger will initiate collection of fountain
darters in each reach of the San Marcos River for
transport to the San Marcos NFHTC.

Total vegetation coverage will be measured for
each plant type, weighted according to fountain
darter preference, and summed for comparison to
the mean (mean determined through Variable
Flow Study).

Fountain darter abundance will be calculated as a
proportion of 50 dipnet sites with darters present
(five minute samples; 5m x 5m prime habitat
area).

Intensive

M anagement
Areas
(Phasel)

Total discharge
<80 cfs

Habitat modification - slough arm of Spring Lake
divided from main lake to limit dispersion of spring
water (decreases retention time and temperature).

Goal is to maintain temperature in prime habitat
in Spring Lake and below dam below 27°C -
February to May and below 29°C - June to
January. This unproven plan would require both
engineering and environmental feasibility studies.

Intensive

M anagement
Areas
(Phasell)

Total discharge
<60 cfs

Supplement water up to 60 cfs to maintain 60 cfsin
system at all times; would require the water source
for supplementation to have similar water
chemistry that supports habitat and fountain darter
popul ations within the intensive management areas.

Goal is to maintain temperature in prime habitat
in Spring Lake and Spring Lake Dam reach below
27°C - February to May and below 29°C - June to
January. This unproven plan would require both
engineering and environmental feasihility studies.
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Additional Monitoring —Phase 1

As a consequence of discharge declining to the level of take in the San Marcos River, the
following specific monitoring activities will occur every other month (regardiess of duration of
similar flow) until discharge fallsto Stage 2 (60 cfs) or increases to above 100 cfs.

Aquatic vegetation mapping—three sites established by Variable Flow Study to include Spring
Lake Dam reach, City Park reach, and IH35 reach.

Dip-net sampling/visual parasite evaluations-Five minute presence/absence surveys to be
conducted at 50 sites in high-quality habitat (Spring Lake [20], Spring Lake Dam reach [10]),
City Park reach [10], and I-35 reach [10]).

Additional Monitoring — Phase 2

When springflow is less than 60 cfs (increased risk), aguatic vegetation mapping will be
conducted monthly, while dip-net sampling and visual parasite evaluations will occur weekly.
Off-Site Refugia

It is important to note that the proposed habitat triggers for off-site refugia are not solely
dependent upon discharge. Off-site refugia efforts could be triggered as high as 100 cfs or not at
all, even if total discharge dropsto O cfs (if the intensive management areas maintain habitat and
population abundance above trigger levels).

Asin the Comal River, two variables will be considered in concert with total discharge to assess
the need to initiate off-site refugia efforts for the fountain darter population: availability of
sufficient habitat (aguatic vegetation) and presence/absence of darters throughout the known
range. These variables will be measured and calculated in the same manner as in the Comal
River to determine when atrigger has been reached.
The proposed trigger levels are as follows:

Less than 50 percent mean aquatic vegetation AND less than 20 percent darter abundance,

OR

Less than 30 percent mean aquatic vegetation AND less than 30 percent darter abundance.

The reason for the higher percentage of darter abundance for the second trigger level isthat it is

anticipated that the number of darters in high-quality habitat will increase as the amount of
available habitat decreases (clumping effect).
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Confirmation samples will be very important for this management program. The trigger levels
are designed to provide a conservative buffer that will allow time to verify conditions with a
follow-up sample. In addition, when low discharge triggers additional monitoring, sampling will
be frequent enough to observe a trend in conditions over time to help evaluate whether
conditions have truly deteriorated to the point that off-site refugia are necessary. For the
fountain darters, habitat assessment (aquatic vegetation mapping) is too time consuming to verify
with a follow-up sample; however, dip-net sampling can be accomplished by one person within
one day. Therefore, triggering the off-site refugia with one of the two scenarios listed above will
also require a follow-up dip-net sample the succeeding day to confirm the results. If confirmed,
action would be taken to initiate off-site refugia collections.

Intensive Management Areas

There are two phases in the implementation of on-site intensive management areas for the
fountain darter in the San Marcos River. The objective of Phase 1 (80 cfs down to 60 cfs) is to
maintain water temperatures in the prime habitat areas at a level suitable for darter reproduction
in the spring and larval and adult darter survival during the remaining portion of the year. This
will be accomplished by blocking off water from the slough arm of Spring Lake to reduce
retention times and heating of water in the lake. The objective of Phase 2 (60 cfs and below) is
to supplement enough water to maintain 60 cfs at all times and support both aguatic vegetation
and suitable water temperature in Spring Lake and the San Marcos River. At this point, it must
be assumed that the water quality constituents of water used for supplementation need to be
similar to Edwards Aquifer water for species survival. As with the proposed Comal intensive
management areas, suitability of the San Marcos project would also be tested by conducting: 1) a
detailed engineering and environmental study to establish the feasibility of intensive
management areas in the San Marcos Springs/River system, 2) a pilot project to ensure the
function of this methodology, and 3) should items 1 and 2 confirm this approach, a long-term
monitoring of habitat and populations within the intensive management areas would be
incorporated into the comprehensive component of the Variable Flow Study.

7.9.2 San M ar cos Salamander

A summary of proposed trigger levelsfor initiation of management responses for the San Marcos
salamander isfound in Table 7.9-2.

Biological Objectives

Maintain adequate springflow to meet following conditions:
* Maintain >70 percent of physical habitat (silt-free rocks) at al times;

* Maintain adequate water quality (parameters maintained within historical ranges);
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Table 7.9-2. Triggers and management responses for San Marcos salamander at San Marcos Springs/River ecosystem.

M anagement
Action Triggers Management Response Details Notes
Increased Total discharge Salamander surveys conducted every other week.  Salamander surveys will be conducted at 3 Variable
Monitoring <80 cfsand >60 cfs Flow Study sites (Hotel Reach, Big Riverbed, and
(Phasel) eastern spillway of Spring Lake Dam).
Increased Total discharge <60 cfs Salamander surveys conducted weekly. Salamander surveys will be conducted at 3 Variable
Monitoring Flow Study sites (Hotel Reach, Big Riverbed, and
(Phasell) eastern spillway of Spring Lake Dam).

Off-Site Refugia

<50% of mean suitable
habitat and
<20% salamander density
OR
<30% of mean suitable
habitat and
<30% salamander density

A positive trigger will initiate collection of
salamanders in each reach of the San Marcos
River for transport and maintenance in the San
Marcos NFHTC.

Mean suitable habitat and mean salamander density
caculated by Variable Flow Study; deviations
from means (by percentage) calculated for each site
and averaged to yield composite percent deviation
from average conditions.

Intensive
M anagement
Areas (Phasel)

Total discharge
<80 cfs

Habitat modification - slough arm of Spring Lake
divided from main lake to limit dispersion of
spring water (decreases retention time and
temperature).

The goal isto maintain temperature in prime habitat
in Spring Lake and Spring Lake Dam reach below
27°C - February to May and below 29°C - June to
January. This unproven plan would require both
engineering and environmental feasihility studies.

Intensive
M anagement
Areas (Phasell)

Total discharge
<60 cfs

Supplement water up to 60 cfs to maintain 60 cfs
in system at all times; would require the source of
water for supplementation to have similar water
chemistry that supports habitat and salamander
populations within the intensive management
aress.

The goal isto maintain temperature in prime habitat
in Spring Lake and Spring Lake Dam reach below
27°C - February to May and below 29°C - June to
January. This unproven plan would require both
engineering and environmental feasibility studies.
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* Minimize extent of range and time that water temperature is >27 degrees Celsius; and

* Determine and maintain food supply within suitable physical habitat.

Additional Monitoring —Phase 1

When take is triggered (80 cfs to 60 cfs), the following specific monitoring activity is triggered
and will occur every other week (regardless of duration of similar flow) until the next level is
triggered or flows are increased to above 80 cfs:

Salamander surveys (SCUBA and snorkel)—three sites established by Variable Flow Study to
include Hotel Area (Site 2), Big Riverbed Area (Site 14), and eastern spillway of Spring Lake
dam (Site 22).

Additional Monitoring — Phase 2

When springflow is under 60 cfs (increased risk), the same sampling effort described in Phase 1
will occur weekly until flows increase to above 60 cfs.

Off-Site Refugia

It is important to note that the proposed habitat triggers for off-site refugia are not solely
dependent upon discharge. Off-site refugia efforts could be triggered as high as 80 cfs (in lieu of
intensive management areas, which would otherwise begin at that rate of discharge) or not at al,
even if total discharge drops to O cfs (if the intensive management areas maintain habitat and
population abundance above trigger levels).

As with the fountain darter, two variables will be considered in concert with total discharge to
assess the need to initiate off-site refugia efforts for the San Marcos salamander population:
availability of suitable habitat and salamander density throughout the known range. The total
amount of suitable habitat measured under such conditions will be compared to a mean of total
suitable habitat available during favorable conditions (determined from all past and future
Variable Flow Study samples at or above 80 cfs, but excluding samples initiated specificaly by
“high-flow events’). Data collected outside of favorable conditions (below 80 cfs or after high-
flow events) are extremely valuable to determine low- and high-flow impacts, respectively, but
should not be used to adjust the value used as an indicator of average habitat condition. The
second variable, salamander density, will be calculated by finding the mean density among the
three sites sampled for the Variable Flow Study. As with the suitable habitat variable, the mean
density observed during each sample will be compared to a mean density of all samples taken
during favorable conditions (all past and future Variable Flow Study samples at or above 80 cfs,
but excluding high-flow events). Using both of these variables, in addition to total discharge,
increases the likelihood of correctly identifying deteriorating conditions that might not be easily
observed using only one method. Similarly, it reduces the probability of initiating an expensive
intensive management area effort or massive salvage effort when unwarranted. The modification
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of mean habitat condition based upon future data also provides an advantage by allowing for the
refinement of data comparison over time.

The proposed trigger levels are as follows:
Less than 50 percent suitable habitat AND less than 20 percent salamander density,
OR
Less than 30 percent suitable habitat AND less than 30 percent salamander density.

The reason for the higher percentage of salamander density for the second trigger level is that it
is anticipated that the number of salamanders in high-quality habitat will increase as the amount
of suitable habitat decreases (clumping effect).

Intensive Management Areas

There are two phases in the implementation of on-site intensive management areas for the San
Marcos salamander. The objective of Phase 1 (80 cfs down to 60 cfs) is to maintain water
temperatures at a level suitable for salamander reproduction and survival. This will be
accomplished by blocking off water from the slough arm of Spring Lake to reduce retention
times and heating of water in the lake. The objective of Phase 2 (60 cfs and below) is to
supplement enough water to maintain 60 cfs at all times and support both aquatic vegetation and
suitable water temperature in Spring Lake and the San Marcos River. Without any data to the
contrary, it must be assumed that the water quality constituents of water used for
supplementation need to be similar to Edwards Aquifer water for species survival. As the flow
triggers for intensive management areas are the same for the fountain darter and San Marcos
salamander, the feasibility study and pilot project discussed above would serve both species.
The long-term monitoring component would be adjusted as per the described salamander
sampling activities.

7.9.3 Texas Blind Salamander

A summary of proposed trigger levels for initiation of management responses for the Texas blind
salamander isfound in Table 7.9-3.

Biological Objectives

* Maintain adequate water quality (parameters maintained within historical ranges) within
the aquifer;

* Monitor bad (saline) water line; and

» Determine spatial and temporal distribution of the speciesin the aquifer.
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Table 7.9-3. Triggers and management responses for Texas blind salamander at San Marcos Springs/River ecosystem.

M anagement
Action

Triggers

Management Response Details

Notes

Increased
Monitoring
(Phasel)

Total discharge <40 cfs

Standard water quality measurements (D.O., conductivity, pH,
and temperature) will be monitored weekly at monitoring wells.

Requires the establishment of a water
quality monitoring network of 3 wells
near San Marcos Springs.

Increased
Monitoring
(Phasell)

Total discharge <20 cfs

Standard (D.O., conductivity, pH, and temperature) and
conventional (nutrients, TDS, TOC) water quality parameters
will be monitored weekly at monitoring wells.

Requires the establishment of a water
quality monitoring network of 3 wells
near San Marcos Springs.

Off-Site Refugia

Total discharge <40 cfs
AND
Water quality exceeds 10%
of historical range

If water quality trigger occurs during increased monitoring a
follow-up confirmation is required succeeding day. A
confirmed trigger will initiate collection of individuals for
immediate transport to the San Marcos NFHTC.

Requires the establishment of a water
quality monitoring network of 3 wells
near San Marcos Springs.
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Additional Monitoring —Phase 1

When take is triggered (40 cfs to 20 cfs), weekly monitoring for standard water quality
parameters (dissolved oxygen, conductivity, pH, and temperature) will be conducted a a
network of three wells located within the immediate vicinity of San Marcos Springs.

Additional Monitoring — Phase 2

When springflow is less than 20 cfs (increased risk), the weekly water quality monitoring is
expanded from standard parameters to standard parameters plus conventional water quality
parameters (nutrients, TDS, TOC) at the same network of three wells.

Off-Site Refugia

Off-gite refugia efforts will be initiated below 40 cfs when water quality sampling reveals a
substantial declinein one or more of the parameters measured.

The proposed trigger for off-site refugiais when:

Any standard or conventional water quality parameter exceeds the historical range of the
water quality parameter for the Edwards Aquifer by 10 percent or more.

I ntensive Management Areas

There are no intensive management areas currently being considered for the subterranean
Species.

7.9.4 Texas Wild-rice

A summary of proposed trigger levelsfor initiation of management responses for Texas wild-rice
isfound in Table 7.9-4.

Biological Objectives

* Maintain >70 percent of Texas wild-rice plants in >1ft water depth (San Marcos River
total discharge >60 cfs);

* Maintain adequate water quality (parameters maintained within historical ranges);
* Minimize extent of vegetative mats and time that mats cover Texas wild-rice plants; and

» Determine and minimize impacts from herbivory and recreation during low flow.
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Table 7.9-4. Triggers and management responses for Texas wild-rice at San Marcos Springs/River ecosystem.

M anagement
Action Triggers Management Response Details Notes
Increased Tota discharge TWR coverage mapped for the entire San Marcos
Monitoring <110 cfsand >80 cfs River when trigger initialy reached. TWR physical
(Phasel) parameters monitored every other week in
designated vulnerable areas (established by Variable
Flow Study).
Increased Total discharge <80 cfs TWR coverage for the entire San Marcos River
Monitoring mapped monthly regardless of duration of similar
(Phasell) flows. TWR physical parameters monitored weekly.

Off-Site Total Discharge <80 cfs A confirmed trigger will initiate collection of Maintaining abundance is defined as at least 30%
Refugia AND individual plants for immediate transport to the San  of total TWR coverage with coverage existing in
populations not maintained  Marcos NFHTC. at least three distinct locations.

Intensive Total discharge Habitat modification - sough arm of Spring Lake The goa is to maintain temperature in prime
M anagement <80 cfs divided from main lake to limit dispersion of spring habitat in the San Marcos River below 29°C.

Areas (Phasel)

water (decreases retention time and temperature).

This unproven plan would require both
engineering and environmental feasibility studies.

Intensive
M anagement
Areas (Phase

1)

Total discharge
<60 cfs

Supplement water up to 60 cfs to maintain 60 cfsin
system at all times; would require the source of water
for supplementation to have similar water chemistry
that supports habitat.

The goa is to maintain temperature in prime
habitat in the San Marcos River below 29°C.
This unproven plan would require both
engineering and environmental feasibility studies.
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Additional Monitoring —Phase 1

When take is triggered (110 cfs), the following specific monitoring activities are also triggered
and will occur at the specified frequency (regardless of duration of similar flow) until the next
level istriggered or flows are increased above 110 cfs.

» At 110 cfs, mapping of Texas wild-rice coverage for the entire San Marcos River will be
conducted; and

* From 110 cfsto 60 cfs, the Authority will monitor the physical parameters of Texas wild-
rice every other week in designated “vulnerable” areas as established by the Variable
Flow Study.

Additional Monitoring — Phase 2

When springflow is less than 80 cfs (increased risk), total Texas wild-rice coverage will be
mapped monthly under the guidelines specified above and physical visual observations will
occur weekly.

Off-Site Refugia

It is important to note that the proposed habitat triggers for off-site refugia are not solely
dependent upon discharge. Off-site refugia efforts could be triggered as high as 80 cfs (in lieu of
intensive management areas, which would otherwise begin at that discharge) or not at al, even if
total discharge drops to O cfs (if intensive management areas maintain habitat and population
abundance above trigger levels).

The proposed trigger levels are as follows:

Less than 30 percent total coverage compared to coverage at 110 cfs
(mapped prior to specific event),

OR

Texas wild-rice stands exist at fewer than three distinct locations.

Intensive Management Areas

There are two phases in the implementation of on-site intensive management areas for Texas
wild-rice. The objective of Phase 1 (80 cfs down to 60 cfs) is to maintain water temperatures in
Spring Lake and the San Marcos River at a level suitable for Texas wild-rice. This will be
accomplished by blocking off water from the slough arm of Spring Lake to reduce retention
times and heating of water in the lake. The objective of Phase 2 (60 cfs and below) is to
supplement enough water to maintain 60 cfs at all times and support both water depth and
suitable water temperature in Spring Lake and the San Marcos River. At this point, it must be
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assumed that the water quality constituents of the water used for supplementation need to be
similar to Edwards Aquifer water for species survival. As the flow triggers for intensive
management areas are the same for the fountain darter, San Marcos salamander, and Texas wild-
rice, the feasibility study and pilot project discussed above for San Marcos would serve all three
species. The long-term monitoring component would be adjusted as per the described Texas
wild-rice sampling activities.

7.10 Additional Adaptive Management Activities

As part of adaptive management, additional management/studies/research opportunities for the
Covered Species are needed to define conditions necessary to meet specified objectives and
assist in refining management response trigger levels outlined in Tables 7.6-1 and 7.8-2 through
7.9-4.

The level of these efforts will correlate with the degree of biologica risk anticipated for each
aternative. A higher degree of biological risk will increase the number of active management
strategies and studies/research needed to fully understand each species tolerances to low-flow
conditions and to minimize potential impacts. Such activities (corresponding measure number in
Table 5-1 isindicated) for the proposed HCP alternative will include the following:

7.10.1 Fountain Darter

Active Management Strategies

» Enhancce aquatic vegetation (native reintroductions/establishment) [Measure 5.1]. Plant
native species in areas currently without vegetation or where it has recently been
removed by natural means (e.g., flooding);

* Restore aquatic vegetation [Measure 5.2]. Plant native species in prime habitat areas
where it has been removed as a direct result of low flow;

» Establish discharge monitoring gauge on Old Channel (Coma River) [Measure 5.6].
Enhance ability to monitor flow regulation during low flows for protection of highest
quality habitat; and

* Conduct engineering and environmental anaysis of intensive management areas
[Measure 6.2]. These analyses are critical components of species protection under very-
low-flow conditions. Alternatives can be based upon anticipated benefit and costs.
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Sudies/Resear ch

» Continue study of parasite impacts and life history [Measure 5.4]. Critical low-flow data
needed,;

» Continue evaluation of aquatic vegetation responses to low flow/elevated temperature
(Measure 5.3). Key habitat loss as a component of management response needs more
detailed information for accurate implementation;

» Determine tolerance of the species to ranges of water quality parameters expected with
intensive management areas (Measure 6.2). These studies are a critical component of any
intensive management area effort, as water quality may deteriorate under very low flows
that will allow reasonable estimation of attaining necessary water quality conditions
under each alternative; and

* Conduct pilot study of intensive management areas plans in both the San Marcos and
Comal Rivers (Measure 6.3). A field trial of primary alternatives is vital before they can
be relied upon for actual species/habitat protection.

7.10.2 San M ar cos Salamander

Active Management Strategies

* Conduct engineering and environmental anaysis of intensive management areas
(Measure 6.2). These analyses are critical components of species protection under very-
low-flow conditions. Alternatives can be based upon anticipated benefit and costs.

Studies/Resear ch

» Determine tolerance of the species to the ranges of water quality parameters expected
with intensive management areas (6.2). These studies will be a critical component of
intensive management area efforts, as water quality may deteriorate under very low
flows, and will alow reasonable estimation of attaining necessary water quality
conditions under each alternative; and

e Conduct pilot study of intensive management area plans in the San Marcos River
(Measure 6.3). A field trial of primary alternatives is vital before they can be relied upon
for actual species/habitat protection.
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7.10.3 Texas Blind Salamander

Active Management Strategies

Establish water quality monitoring network of three wells near San Marcos Springs
(Measure 5.9). These wells are necessary for water quality monitoring associated with
adaptive management efforts.

7.10.4 Texas Wild-rice

Active Management Strategies

Enhance aguatic vegetation (reintroductions/establishment of native species) in select
areas (Measure 5.1). Some exotic species appear to compete with Texas wild-rice for
space. Efforts would involve planting native species in areas currently without
vegetation or where it has recently been removed by natural means (e.g., flooding). The
success of Texas wild-rice appears to be greater near other native aguatic plant species
compared with proximity to non-native species; and

Develop and implement a management plan for vegetation mat removal during low flow
(Measure 5.10). Buildup of free-floating vegetation over Texas wild-rice plants appears
to have serious consequences to the health of individua plants; periodic matremoval
during low flow will improve the overall health of the population.

7.10.5 Comal Springs Riffle Beetle

Active Management Strategies

Conduct engineering and environmental analysis of intensive management areas
(Measure 6.2). These analyses are critical components of species protection under very-
low-flow conditions. Alternatives can be based upon anticipated benefit and costs.

Studies/Resear ch

Further document spatial distribution in Comal and San Marcos Springs (Measure 5.8).
A complete assessment of habitat useis necessary for adequate protection;

Evaluate use of hyporheos in the field (Measures 5.7 and 5.8). The Comal Springs riffle
beetle may use the hyporheos in response to upwelling springflows based upon laboratory
evidence. Extensive use of hyporheos would modify management strategies;
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Continue laboratory evaluations of responses to low flow/temperature (Measures 5.7 and
5.8). These are critical parameters and more information is needed to adequately protect
the species during critical low-flow conditions;

Evauate food sources from literature and laboratory evaluation (Measure 5.8). Very
limited information is available, but such information is important for adequate protection
of the species;

Evaluate reproductive strategies from literature and laboratory studies (Measure 5.8).
Very limited information is available, but such information is important for adequate
protection of the species,

Determine tolerance to the ranges of water quality parameters expected with intensive
management areas (Measure 6.2). Very limited information is available, but it is
important for adequate protection of the species; and

Conduct a pilot study of intensive management area plans in the Comal Springs (Measure
6.3). A field trial of primary alternativesis vital before they can be relied upon for actual
species/habitat protection.

7.10.6 Comal Springs Dryopid Beetle and Peck’s Cave

Amphipod (Comal Springs Only)

Active Management Strategies

Establish water quality monitoring network of three wells near Comal Springs (Measure
5.9). The network is necessary for water quality monitoring associated with adaptive
management efforts.

Studies/Resear ch

Document spatial and temporal distribution in the aquifer and spring orifices (Measure
5.8). A complete assessment of habitat use is necessary for adequate protection;

Evaluate food sources from literature and laboratory evaluations (Measure 5.8). Very
limited information is available, but it isimportant for adequate protection of the species;

Evaluate reproductive strategies from literature and laboratory evaluations (Measure 5.8).
Very limited information is available, but it is important for adequate protection of the
species; and
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» Determine tolerance to water quality parameters in response to low-flow conditions
through laboratory studies (Measure 5.8). Very limited information is available, but it is
important for adequate protection of the species.
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Chapter 8 Implementation Roles of the
EAHCP Participants

8.1 EdwardsAquifer Authority

In addition to the implementation of the DM/CPM limiting water withdrawals during periods of
lower aquifer levels, the Authority will provide support and funding for the implementation of
the measures of the EAHCP, including administration and reporting of the progress of the effort,
coordination of an EAHCP Management Committee, and the development of an AMP.

8.1.1 Administration and Reporting

The Authority will provide an annual report of the progress of implementation of the EAHCP to
the USFWS. The annual report will provide information on EAHCP measures implemented
during the previous year, funding expended on EAHCP measures, and expected implementation
during the next year. The annual report will also provide an assessment of anticipated versus
implemented measures during the previous year and a discussion of unexpected events or
conditions.

8.1.2 EAHCP Management Committee

The Authority will establish an EAHCP Management Committee (Committee) (or maintain the
current Biological Advisory Team [BAT]) to coordinate conservation activities affecting
Covered Species at Comal and San Marcos Springs. The Committee will:

Provide aforum for exchange of information relative to Covered Species,

Coordinate Covered Species management activities;

Advise the Authority on budgetary issues relating to management of Covered Species;

Advise the Authority on priorities for conservation actions; and

Guide the development and implementation of the AMP and captive propagation program.

The Committee (if superceding the BAT) will be appointed by the Authority and may include
representatives with biological or natural resource management roles from the Authority,
USFWS, TPWD, Texas State University, the Cities of San Marcos and New Braunfels, and other
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participating management entities. The composition of the Committee will focus on active
management of the Covered Species at Comal and San Marcos Springs.

8.1.3 Development and I mplementation of Adaptive
M anagement Process

[to be inserted]

8.2 U.S. Fish and Wildlife Service

[to be inserted]

8.3 Texas Parks and Wildlife Department

[to be inserted]

8.4 Others

The implementation of the EAHCP involves the efforts of severa other entities, particularly in
the management of Comal and San Marcos Springs and critical surrounding areas. These
activitieswill be in addition to participation in the EAHCP.
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Chapter 9 EAHCP Funding

To provide funding for implementation of the EAHCP minimization, mitigation, and monitoring
measures as outlined above, the Authority proposes two mechanisms. an endowment and annual
funding.

9.1 Endowment

Upon issuance of the ITP, the Authority will establish a $1,000,000 non-wasting endowment to
provide funding for key mitigation measures. The fund will be established and managed by the
Authority as a separate account. The interest will be used for key mitigation activities as
determined by the EAHCP management committee, subject to approva by the USFWS. Any
interest not expended will be reinvested in the endowment.

At the end of the term of the ITP, the endowment will be transferred to the USFWS or an agency
designated by the USFWS for the exclusive purpose of funding conservation management
activities benefiting Covered Species at Comal and San Marcos Springs.

9.2 Annual Funding

The Authority will provide annual funding for implementation of minimization, mitigation, and
monitoring measures, as well as administration of the EAHCP, for the term of the ITP. A
schedule of estimated annual costs is provided in Table 9.2-1. This funding, projected to total
$9,745,000 over the 50-year life of the EAHCP, will be provided from the Authority’s annual
budget or external funding sources.
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Table9.2-1. Projected costs to fund Authority proposed EAHCP.

MEASURE FUNDING
Year1 Year2 Year3 Year4d VYer5 VYear6 Yer7 Year 8 VYear9 VYear1l0 VYear 11-Year 50
(40 Years)
4.1 Assist with funding field collection and distribution of species  $7,500 $7,500 $7,500 $7,500 $7,500 $7,500 $7,500 $7,500 $7,500 $7,500 $7,500
to refugia
4.3 Assist with funding refugia for existing captive stock at San $7500 $7500 $7500 $7,500 $7,500 $0 $0 $0 $0 $0 $0
Marcos Nationa Fish Hatchery.
4.4 Assist with funding refugia for existing captive stock at $7500 $7,500 $7,500 $7,500 $7,500 $0 $0 $0 $0 $0 $0
Uvalde National Fish Hatchery.
4.5 Assist with funding salvage of additional speciesfor refugia *  $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000
4.6 Fund costs for personnel labor to manage and maintain $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000
refugia.
5.1 Aquatic vegetation enhancement (reintroduction/establishment  $15,000 $15,000 $15,000 $15,000 $15,000 $0 $0 $0 $0 $0 $0
of native species) in select areas.
5.2 Aquatic vegetation restoration (reintroduction/reestablishment ~ $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000
of native species) after low flow events. *
5.3 Continued evaluation of aquatic vegetation responses to low $35,000 $15,000 $0 $0 $0 $0 $0 $0 $0 $0 $0
flow/elevated temperature.
5.4 Management/research to determine parasite impact to fountain ~ $10,000 $10,000 $10,000 $0 $0 $0 $0 $0 $0 $0 $0
darter (Current EAA Variable Flow Study).
5.5 Improve accuracy of USGS gages below Spring Lake and $15,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Landa Lake (ongoing).
5.6 Establish discharge monitoring gauge on origina Old Channel ~ $15,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
of Comal River.
5.7 Continue evaluation of drought survival mechanisms of the $35,000 $15,000 $0 $0 $0 $0 $0 $0 $0 $0 $0
Comal Springs riffle beetle; low-flow laboratory evaluations, and
subsequent field-based study of hyporheic population density
(preliminary study completed).
5.8 Determine life history requirements of the three endangered $25,000 $25,000 $25,000 $25,000 $25,000 $0 $0 $0 $0 $0 $0
invertebrates including population dynamics, distribution,
tolerance/sensitivity (temperature, water quality, contaminants),
and reproduction.
5.9 Establish water quality monitoring network of three wells near $0 $0 $50,000 $50,000 $0 $0 $0 $0 $0 $0 $0
Comal and San Marcos Springs.
5.10 Develop and implement management plan for vegetation mat  $15,000 $5,000 $5,000 $5,000 $5,000 $5,000 $5000 $5,000 $5000  $5,000 $5,000
removal during low flow. *
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Table 9.2.1 (continued)

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11- Year 50

40 Years)

5.12 Determine effects of contaminants on Covered $ 10,000 0 $ 10,000 0 $ 10,000 $5,000
Species.

6.1 Water

Quality/Variable Flow Monitoring Study $190,000 $190,000 $190,000 $190,000 $190,000 $150,000 $150,000 $150,000 $150,000 $150,000 $75,000
ongoing).

6.3 Pilot study of intensive management areasinboth ~ $135,000 $115,000 $95,000 $75,000 $50,000 $50,000 $50,000 $50,000 $50,000  $50,000
the San Marcos and Comal Rivers.

$632,500 $527,500 $457,500 $417,500 $352,500 $247,500 $257,500 $247,500 $257,500 $247,500 $152,500

* Activities contingent on low-flow events $9,745,000

50 year total
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Chapter 10 Changed Circumstances,
Unforeseen Circumstances, No Surprises,
and Other Federal Commitments

Section 10 regulations [50 CFR 17.22(b)(2)(iii)] require that an HCP specify the procedures to
be used for dealing with changed and unforeseen circumstances that may arise during the
implementation of the HCP. In addition, the Habitat Conservation Plan Assurances (“No
Surprises’) Rule [50 CFR 17.2, 17.22(b)(5) and (6); 63 FR 8859] defines “unforeseen
circumstances’ and “changed circumstances’ and describes the obligation of the permittees and
the USFWS.

10.1 General

The Authority has made every effort to anticipate the minimization, monitoring, and mitigation
measures (conservation measures) necessary to conserve the Covered Species and the habitats
that support those species and, to that end, have relied upon the best scientific and commercial
information available. In addition, the AMP strategies and the flexible provisions regarding the
expenditure of mitigation funds provided by the Authority are intended to meet and address
future exigencies and emergency situations. Thus, the EAHCP is intended to reduce the
potential for adverse, changed, or unforeseen circumstances on the Covered Species and their
habitats to a level of insignificance. However, notwithstanding the provisions of the EAHCP,
should adverse, changed, or unforeseen circumstances result in, or threaten, a substantial change
in the population of any Covered Species or the overal quality of any habitat of that species, as
determined pursuant to the procedure outlined hereinafter, the Authority and the USFWS shall
cooperate to resolve the adverse impacts in accordance with this section.

The terms changed circumstances and unforeseen circumstances as defined in this EAHCP are
intended to have the same meaning as defined in the Habitat Conservation Plan Assurances (“No
Surprises’) Rule:

Changed Circumstances: If additional conservation and mitigation measures are deemed
necessary to respond to changes in circumstances that were provided for in the HCP, the
permittee(s) will be expected to implement the measures specified in the HCP, but only those
measures and no others; and

Unforeseen Circumstances. The USFWS will not require the commitment of additional
land, water, or financial compensation or additional restrictions on the use of land, water, or
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other natural resources, even upon a finding of unforeseen circumstances, unless the
permittee(s) consent. Upon a finding of unforeseen circumstances, the USFWS will be
limited to modifications within conserved habitat areas and the EAHCP's operating
conservation program. Additional conservation and mitigation measures will not involve the
commitment of additional land, water, or financial compensation or additional restrictions on
the use of land, water, or other natural resources.

10.2 Methodology for Developing Criteria for
Changed versus Unforeseen Circumstances

The USFWS, after coordinating with the Authority, will determine changed versus unforeseen
circumstances based upon the likelihood of the change or event occurring during an average 50-
year period (the proposed term of the EAHCP). These criteria will be refined during the first
year of the permit through the collection and analysis of available data on the frequency and
magnitude of events identified below. Datawill be from the ecosystems covered by the EAHCP
or appropriate, scientifically comparable surrogate areas.

The data on natural catastrophic events will be analyzed using applicable statistical methods to
describe and predict, within appropriate confidence limits, the probability of occurrence of those
events during the term of the permit. To the extent that appropriate data are available, the
probabilities of occurrence of invasion by exotic species, or species-specific disease, or any other
circumstance that significantly threatens Covered Species or their habitats will also be analyzed.

10.3 Procedure for Deter mining Occur rence of
Unforeseen Circumstances

Prior to making a determination regarding the occurrence of any unforeseen circumstance, the
USFWS shall comply with the following procedure:

10.3.1 Noticeto Applicants and Participants

The USFWS shall provide written notice to the Authority, together with a detailed statement of
the facts regarding the unforeseen circumstance involved, the anticipated impact thereof on the
Covered Species and their habitat, and all information and data that support the alegation. In
addition, the notice shall include any proposed conservation measure(s) that the Service believes
would address the unforeseen circumstance, an estimate of the cost of implementing such
conservation measure(s), and the likely effects upon (a) the Authority and its permittees and (b)
the existing plans and policies of any involved federal or state agencies.
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10.3.2 Response through the Adaptive M anagement
Program

The Authority, in consultation with the USFWS, may choose to perform an expedited AMP
analysis of the Covered Species or its habitat affected by the aleged unforeseen circumstance
and to modify or redirect existing conservation measures to mitigate the effects of the unforeseen
circumstance, within the scope of existing funded conservation actions. To the extent that these
modified or redirected conservation measures do not affect conservation of other species,
habitats, or key areas, this may be deemed an adequate response to the unforeseen circumstance.
If the proposed modifications or redirected conservation actions could affect the conservation of
other Covered Species or their habitat(s), the procedure outlined below will be followed.

10.3.3 Submission of Information by Others

The Authority shall have a meaningful opportunity to submit information to the USFWS and
shall submit such information to the USFWS within 60 days of the written notice as provided
above. Upon the written request of any Applicant or Participant, the time for submission of said
information may be extended by the USFWS, which request will not be unreasonably denied.

10.3.4 Authority Review

Within 90 days after the close of the period for submission of additional information, the
Authority shall assess (a) the alleged unforeseen circumstances, (b) the proposed additional
conservation measure(s), (c) effects upon the species and its habitat and the economy and
lifestyles of the Authority and permittees, and (d) possible alternatives to the proposed additional
conservation measures which would result in the least adverse impacts upon the economy and
lifestyles of the Authority and permittees, while at the same time leading to the survival and
recovery of the affected species.

10.3.5 Findings

The USFWS shall have the burden of demonstrating that an unforeseen circumstance has
occurred and that such unforeseen circumstance is having or is likely to have a significant
adverse impact on the Covered Species or its habitat. The findings of the USFWS must be
clearly documented and be based upon the best scientific and commercia data available
regarding the status and habitat requirements of the species. In addition, based upon the results
of an expedited AMP analysis of the changed or unforeseen circumstance and the information
provided by the Applicants and Participants, the USFWS shall provide the justification and
approval for any reallocation of funds or resources necessary to respond to the unforeseen
circumstance within the existing commitments of the Authority under the EAHCP.
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10.4 Changed Circumstances

Events likely to occur or that could reasonably be anticipated during an average 50-year period
would be considered changed circumstances. Events expected to occur less frequently than once
during an average 50-year period (such as a drought worse than the drought of record) would be
unforeseen circumstances. For the purposes of this EAHCP, “changed circumstances’ include:

» Listing of anew species not covered by this EAHCP,
» Vandalism, acts of terrorism, or other intentional, destructiveillegal human activities;
» Chemica spills or events that result in the deterioration of water quality;

* Floods, water erosion and sedimentation, or droughts of varying intensity to include
severe droughts; and

* Invasion by exotic species, disease or parasites, or anthropogenic influences or other
circumstances that would degrade the health of the Covered Species or change the quality
of their habitats throughout a substantial portion of their distribution.

10.5 Response to Occurrence of Changed
Circumstances — Adaptive M anagement

While the Authority believes that the initial measures to be funded by the EAHCP will be
effective to conserve both habitats and the Covered Species, it is anticipated that conditions
within the Permit Area, the status of habitats, and the overall conditions of individual species
over time will change (changed circumstances). In addition, it is quite likely that additional and
different conservation measures, not contained within the EAHCP, will be suggested and be
proven to be effective during the term of the EAHCP. Finally, it may be found that measures
currently funded by the EAHCP may prove to be ineffective to conserve either species or the
habitats in which they dwell. Therefore, the Authority, with the cooperation of USFWS and
TPWD, is proposing an AMP to gauge the effectiveness of existing conservation measures and
to propose additional or aternative conservation measures, as the need arises and to deal with
changed circumstances.

In order to mitigate the impact of changed circumstances defined above requiring immediate
response, including vandalism, natural catastrophic events, and invasion by exotic species and/or
habitat-specific or species-specific disease, which occur at any time during the plan term
(including the first year during which thresholds are being developed), the Authority and the
appropriate state and federal agencies will conduct an expedited analysis for the purposes of
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development of appropriate management responses for the species, habitats, or key areas
impacted by any changed circumstance. This expedited analysis will be afunction of the AMP.

The analysis will be commenced as soon as the requisite personnel from the Authority and the
federa and state agencies can be made available. If specific AMP management analysis has
been performed previously for such species, habitat, or key areas, then the management for these
affected species, habitats, or key areas will be reviewed in light of the changed circumstances. |f
management protocols for the species, habitats, or key areas have not been developed previously
as part of the AMP established by this plan, then the affected species, habitats, or key areas will
be made a priority for analysis and development of appropriate management protocols.

If multiple changed circumstances occur sufficiently close to one another in time such that the
response will be significantly delayed due to lack of available personnel, the Authority will meet
and confer with the applicable agencies in order to prioritize the analyses which need to be done.
The purpose of the prioritizing will be to consider first those species, habitats, or key areas which
aremost at risk of further impacts.

The outcome of the analyses will be the development of appropriate measures to minimize to the
extent practicable the occurrence of adverse effects resulting from the changed circumstances on
species, habitats, or key areas. The measures developed will be implemented. Ongoing
management activities may continue until new measures resulting from the anayses are
developed. However, as the agencies deem necessary, in consultation with the Authority,
measures will be promptly implemented to minimize adverse effects prior to completion of the
analyses to the extent feasible.

The new listing of a species not covered by this EAHCP may constitute a changed circumstance.
The USFWS shall immediately notify the Authority upon becoming aware that a species which
is associated with the habitats found in Comal or San Marcos Springs and which is not a Covered
Species (an “Uncovered Species’) may or has been proposed for listing.

Upon receipt of notice of the potential listing of an Uncovered Species, the Authority may, but is
not required to, enter into negotiations with the USFWS regarding necessary modifications, if
any, to the EAHCP required to amend the applicable federal permit to cover the Uncovered
Species. If the Authority elects to pursue amendment of the applicable permit, the USFWS will
provide technical assistance to the Authority in identifying any modifications to the EAHCP that
may be necessary to amend the applicable federal permit.

In determining whether any further conservation or mitigation measures are required in order to
amend the affected permit to authorize incidental take of such Uncovered Species, the USFWS
shall take into account the conservation and mitigation measures already provided in the EAHCP
and cooperate with the Authority to minimize the adverse effects of the listing of such
Uncovered Species on the covered activities consistent with Section 10 of ESA, as required by
the lA.
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Once a species is proposed or petition is found to be warranted, the USFWS shall use its best
efforts to identify any necessary measures to avoid the likelihood of jeopardy to or take of the
Uncovered Species (“no take/no jeopardy” measures).

10.6 Unforeseen Circumstances

For the purposes of this EAHCP, “unforeseen circumstances’ are any events not identified as a
changed circumstance and specifically include:

* Natural catastrophic events such as fire, droughts worse than the drought of record (or
equivalent to the drought of record but occurring more than once during the 50-year term
of permit), severe wind or water erosion, floods, and landslides (including landslides,
faulting, or alteration of the springs or aquifer as a result of earthquakes) of a magnitude
exceeding that expected to occur during the term of the permit.

* Invasion by exotic species and/or habitat-specific or species-specific disease that
threatens Covered Species or their habitats, which cannot be effectively controlled by
currently available methods or technologies or which cannot be effectively controlled
without resulting in greater harm to other Covered Species than to the affected Covered
Species.

In making the determination that such an event constitutes an unforeseen circumstance, the
USFWS will consider, but not be limited to, the level of knowledge about the affected species
and the degree of specificity of the species conservation program under the EAHCP and
whether failure to adopt additional conservation measures would appreciably reduce the
likelihood of survival and recovery of the affected speciesin the wild.

10.7 Response to Occurrence of Unforeseen
Circumstances — No Surprises

If, after the conclusion of the process outlined above, the USFWS determines that an unforeseen
circumstance has occurred and that additional conservation measures are required to address
such circumstance which are not contemplated or capable of implementation by the AMP and
procedures of the EAHCP, and provided that the Authority has fully complied with the terms of
the EAHCP, any proposed additional conservation measures shall fit, to the maximum extent
possible, within the terms of the EAHCP and its AMP. Additional conservation measures shall
not require the payment of additional compensation by the Authority or permittees. If additional
expenditures are required, the USFWS or any other federal agency shall take additional actions
that might lead to the conservation or enhancement of a species that is being adversely affected
by an unforeseen circumstance. The costs of these additional actions shall be borne by the
USFWS or any other federal agency. However, the USFWS agrees that, prior to undertaking or
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attempting to impose any action or conservation measure, it shall consider all practica
alternatives to the proposed conservation measures and adopt only that action or conservation
measure which would have the least effect upon the economy and lifestyle of the Authority and
permittees, while at the same time addressing the unforeseen circumstance and the survival and
recovery of the affected species and its habitat. The purpose of this provision is to recognize that
Congress intended, even in the event of unforeseen, extraordinary, or changed circumstances,
that additional mitigation requirements not be imposed upon a Section 10 permittee which has
fully implemented the requirements undertaken by it pursuant to an approved habitat
conservation plan.

10.8 Response to Occurrence of Unforeseen
Circumstances — Adaptive M anagement

The Authority believes that the initial measures to be funded by the EAHCP will be effective to
conserve both habitats and the Covered Species for that period. However, over time, unforeseen
circumstances may affect the status of habitats and the condition of individual species within the
Comal and San Marcos Springs ecosystems. Therefore, the Authority, with the cooperation of
USFWS and TPWD, is proposing an AMP to gauge the effectiveness of existing conservation
measures and to propose alternative conservation measures, as the need arises, to deal with
unforeseen circumstances, within the budget and scope of the AMP. If existing or additional
conservation measures within the budget and scope of the approved EAHCP AMP do not
adequately respond to unforeseen circumstances, the Authority will assist and coordinate with
any additional conservation efforts undertaken by the USFWS, subject to the limitations of the
“No Surprises’ Rule.

10.9 Additional Federal Commitments

10.9.1 Augmentation, Not Replacement or Substitution, of
Federal Budgets

Each federal agency that is a Participant in the EAHCP process and signatory to the required |1A
will agree that it shall annually include in its agency budget requests dedicated and earmarked
funding adequate to allow the agency to fully operate, manage, maintain, and monitor its lands
pursuant to the terms of this EAHCP and to fulfill its obligations to protect the species and
ecosystems consistent with statutory obligations imposed by Congress and to actively cooperate
with and provide technical assistance to the Authority. In addition, each federa agency will
agree that it shall not alow funds allocated by the EAHCP to be substituted for funds which it
would otherwise receive from the federal budget process and instead will use EAHCP funds to
augment, and not replace, its appropriated funds. Nor will any federal agency receiving funds
from the EAHCP move or redirect its own funds from categories currently established to
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implement conservation measures, plans, or policies to other budget categories. Finally, no state
or regiona office of any federal agency will take into account any EAHCP funds paid or
expected to be paid in allocating available funds among its various offices and departments.

10.9.2 Section 7 Consultations and Conferences

Except as may be specifically provided elsewhere in this EAHCP, nothing in the EAHCP is
intended to apply to any activity on federal lands or federally-funded projects that are governed
by Section 7 of the ESA. The USFWS shall cause and does intend for any minimization
measures that result from the authorization of incidental take pursuant to Section 7 and contained
within any biological opinion or conference report to be generally consistent with the
minimization measures required by the EAHCP. However, nothing contained in this EAHCP is
intended to prohibit or proscribe the USFWS from requiring minimization in excess of that
provided for in the EAHCP, should the circumstances so warrant.

10.9.3 Consideration of the EAHCP in Section 4 Findings

The USFWS will specifically inform the Authority of any listing proposal under Section 4 of the
ESA for species in the Edwards Aquifer, Comal Springs, San Marcos Springs, or Guadalupe
River Watershed in writing. To the extent permitted by law, the USFWS will consider actions
undertaken by the Authority in making their determination.
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Chapter 11 Clarifications, Minor
Administrative Amendments, and
Amendments

11.1 Clarifications and Minor Administrative
Amendments

From time to time it may be necessary for the USFWS and the Authority, as Administrator of the
EAHCP, to clarify provisions of the EAHCP, the 1A, or the ITP to deal with issues that arise
with respect to the administration of the process or, to be more specific, regarding the precise
meaning and intent of the language contained within those documents. Clarifications do not
change the provisions of any of the documents in any way but merely clarify and make more
precise the provisions as they exist.

In addition, it is contemplated that from time to time it may be necessary to make Minor
Administrative Amendments to the documents that do not make substantive changes to any of
the provisions of the documents, but which may be necessary or convenient, over time, to more
fully represent the overall intent of the Authority and the USFWS. Clarifications and Minor
Administrative Amendments to the documents may be approved by the Field Supervisor of the
Austin Fish and Wildlife Office of the USFWS and the General Manager of the Authority after
review and approval by the Authority and shall be memorialized by letter agreement or by
substituted Plan Documents which are modified to contain only the Clarification or Minor
Administrative Amendment. It is proposed that any request for Clarification or any proposed
Minor Administrative Amendment will be processed and a response provided within 30 days
after receipt by the USFWS or the Authority, as the case may be.

The EAHCP may, under certain circumstances, be amended without amending its associated
permit, provided such amendments are of a minor or technical nature and that the effect on the
species involved and the levels of take resulting from the amendment are not significantly
different from those described in the original EAHCP. Examples of minor amendments to the
EAHCP that would not require a permit amendment include, but are not limited to, (a) minor
revisions to monitoring or reporting procedures and (b) minor revisions in accounting
procedures.

To amend the conservation plan without amending the permit, the Authority must submit to the
USFWS, in writing, a description of (a) the proposed amendment; (b) an explanation of why the
amendment is necessary or desirable; and () an explanation of why the Authority believes the
effects of the proposal are not significantly different from those described in the original

EAHCP 11-1 March/2005



conservation plan. If the USFWS concurs with the proposal, then they shall authorize the
conservation plan amendment in writing, and the amendment shall be considered effective upon
the date of the written authorization from the USFWS.

11.2 Adaptive M anagement Changes and
Subsequent Listing of Covered Species

It is also anticipated that, over time, the AMP will recommend modifications and changes to
conservation measures undertaken and/or financed by the EAHCP. Such future conservation
measures may or may not be proposed in this first phase of the EAHCP, but may be developed
by the EAHCP Management Committee, the federal and state land managers, and/or the USFWS
over time. Conservation measures undertaken pursuant to the AMP shall not require formal
amendment of any of the Plan Documents, but shall be processed and approved by the USFWS
and the Authority in connection with the periodic review and approval, as described below.

11.3 Amendments

Except as provided for Clarifications and Minor Administrative Amendments, neither the
EAHCP, the ITP, nor the IA may be amended or modified in any way without the written
approval of the Authority, as Administrator of the EAHCP; all signatories; and the USFWS. All
proposed material changes or amendments shall be reviewed by the Authority. Material changes
shall be processed as an amendment to the permit in accordance with the provisions of the ESA
and regulations at 50 CFR Parts 13 and 17 and shall be subject to appropriate environmental
review under the provisions of NEPA.

Amendments to the EAHCP Section 10(a) Permit would be required for any change in the
following: (a) the listing under the ESA of a new species not currently addressed in the plan that
may be taken by project actions; (b) the modification of any project action or mitigation
component under the plan, including funding, that may significantly affect authorized take
levels, effects of the project, or the nature or scope of the mitigation program, with the exception
of those plan modifications specifically addressed in the original EAHCP and permit application;
and (c) any other modification of the project likely to result in significant adverse effects to the
Covered Species not addressed in the original EAHCP and permit application.

Amendment of a Section 10(a) Permit must be treated in the same manner as an origina permit
application. Permit applications typically require a revised conservation plan, a permit
application form, an implementing agreement, a NEPA document, and a 30-day public comment
period. However, the specific documentation needed in support of a permit amendment may
vary depending upon the nature of the amendment.
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Chapter 12 Implementation

12.1 Reporting

An annual report of covered activities as well as management activities undertaken under the
terms of this HCP will be prepared by the Authority and submitted to the USFWS. The report
will summarize information on the management of the aquifer including:

* Permitted withdrawals;

* Referencewell levels,

» Springflows at Comal and San Marcos Springs;

* Aquifer recharge;

» Aquifer discharge from wells and springflow;

» Critical period management reductions;

» Adaptive management activities undertaken during the year;
* Expenditures by the EAA on implementation activities;

» Proposed activities for the next year; and

* Water quality.

In addition, the report will summarize species-specific research and management actions
undertaken with specific reference to the Biological Objectivesidentified for each species.

12.2 Implementing Agreement

Section 10(a)(2)(iv) of the ESA states that a conservation plan must specify “such other
measures that the Secretary may require as being necessary or appropriate for the purposes of the
plan.” The USFWS believes it is generally necessary and appropriate to prepare an 1A for
conservation plans. The purpose of an IA isto ensure that each party understands its obligations
under the HCP and Section 10(a) Permit and to provide remedies should any party fail to fulfill
itsobligations. Therefore, an Implementing Agreement has been prepared for this EAHCP (to be
completed and attached as Appendix XX). At the time of this writing, no other measures have
been identified by the USFWS.

EAHCP 12-1 March/2005



Each entity that has committed to participate in and contribute to the implementation of the plan
will enter into an agreement with the USFWS. This agreement will specify the responsibilities of
each agency; the minimization, conservation, and mitigation measures to be implemented,;
reporting and enforcement procedures; and any other permit conditions USFWS may require.
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Chapter 15 Glossary of Terms and
Acronyms

Acronyms

ACHP — Advisory Council on Historic Preservation
AMP — Adaptive Management Program

APA— Administrative Procedures Act

APE — Area of Potentia Effect

ASR — Aquifer Storage and Recovery

BMP — Best Management Practices

BWL —Bad (Saline) Water Line

CAC — Citizens Advisory Committee

CC/LCC — Choke Canyon/Lake Corpus Christi
CEQ — Council on Environmental Quality

CFR — Code of Federa Regulations

Cfs— cubic feet per second

CO — Carbon monoxide

COE — United States Army Corps of Engineers
CPMP — Ciritical Period Management Plan

CWMP — Comprehensive Water Management Plan
CZ — Contributing Zone

DEIS — Draft Environmental Impact Statement
DM/CPM — Demand Management/Critical Period Management Plan
EAA — Edwards Aquifer Authority (the Authority)
EAABD - Edward Aquifer Authority Board of Directors
EAHCP — Edwards Aquifer Habitat Conservation Plan
EAOP — Edwards Aquifer Optimization Program
EIS — Environmental Impact Statement

EPA — Environmental Protection Agency

ESA — Endangered Species Act

GBRA — Guadalupe-Blanco River Authority

GIS — Geographic Information Systems

GCP — Groundwater Conservation Plan

GMP — Groundwater Management Plan

GRP — Gross Regiona Product

GCW — Golden-cheeked Warbler

HCP — Habitat Conservation Plan

A — Implementing Agreement

IFBs— Invitation for Bids

IH — Interstate Highway

IRP —Initial Regular Permit

ISD — Independent School District
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ITP— Incidental Take Permit

JFA — Joint Funding Agreement

LCRA — Lower Colorado River Authority

MCUWCD — Medina County Underground Water Conservation District
MGI/L — Milligrams Per Liter

MSA — Metropolitan Statistical Area

MSL (or msl) —Mean SealLevel

M&I —Municipa and Industrial

NAAQS — National Ambient Air Quality Standards

NAFTA — North American Free Trade Agreement

NAICS — North American Industrial Classification System
NEPA — National Environmental Policy Act

NGWA — National Groundwater Association

NHPA — National Historic Preservation Act

NRHP — National Register of Historic Places

NOI — Notice of Intent

NOy — Nitrogen Oxides

NRA — Nueces River Authority

NRCS — Natural Resource Conservation Service

NRI — National Resource Institute

O3 —0Ozone

OTS — Optimization Technical Studies

Pb — Lead

PEP — Precipitation Enhancement Program

PM 10 — Particulate matter (10 micrograms)

PM s — Particulate matter (2.5 micrograms)

R& D — Research and Development

RFPs — Request for Proposals

SAL — State Archeological Landmark

SARA — San Antonio River Authority

SB — Senate Bill

SCTRWP — South Central Texas Regional Water Plan
SCTRWPA — South Central Texas Regional Water Planning Area
SCTRWPG — South Central Texas Regional Water Planning Group
SCTWAC — South Central Texas Water Advisory Committee
SHPO — State Historic Preservation Officer

SIC — Standard Industrial Classification

SO, — Sulphur Dioxide

SWT — Southwest Texas State University (now designated Texas State University at San
Marcos)

SWTJC — Southwest Texas Junior College

TAC — Texas Antiquities Code

TAG — Technical Advisory Group

TARL — Texas Archeological Research Laboratory

TC&B — Turner, Collie and Braden

TCEQ — Texas Commission on Environmental Quality
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TDA — Texas Department of Agriculture

TDS - Total Dissolved Solids

TGWA — Texas Groundwater Association

THC — Texas Historic Commission

TNRCC — Texas Natural Resource Conservation Commission (NOW TCEQ)
TPWD — Texas Parks and Wildlife Department

TSDC — Texas State Data Center

TSWQS — Texas State Water Quality Standards

TWC — Texas Water Commission

TWDB — Texas Water Development Board

UCUWCD - Uvalde County Underground Water Conservation District
USDA — United States Department of Agriculture

USFWS — United States Fish and Wildlife Service

USGS — United States Geological Survey

VEDC — Victoria Economic Development Corporation

WSP — Withdrawal Suspension Program

WORD — Water-oriented Recreation District

Glossary

This glossary was prepared to provide terms commonly used in describing underground and
surface hydrological processes. It also provides additional terminology to assist in understanding
information provided in this Habitat Conservation Plan. Definitions were derived in part by
referencing EAA (1998), Edwards Underground Water District & Edwards Aquifer Research
and Data Center (1981), and Eckhardt (2000). Complete references to these citations are found
in Chapter 9, References Cited.

abandoned well. a well which is no longer used. In many places, abandoned wells must be
filled with cement or concrete grout to prevent pollution of groundwater.

accretion. agradual increasein land area adjacent to ariver.

acequias. water ditches of early San Antonio. Acequias were built to divert river water for
cooking, drinking, and irrigation.

acid rain. the acidic rainfall which results when rain combines with sulfur or nitrogen oxide
emissions from combustion of fossil fuels.

acre-foot (ac-ft). the quantity of water required to cover one acre to a depth of one foot,
equivalent to 43,560 ft* (cubic feet), about 325,851 gal (gallons), or 1,233 m® (cubic meters).

adjudication. a court proceeding to determine al rights to the use of water on a particular
stream system or groundwater basin.
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adsor ption. the adhesion of a substance to the surface of a solid or liquid. Adsorption is often
used to extract pollutants by causing them to be attached to such adsorbents as activated carbon
or silica gel. Hydrophobic, or water-repulsing adsorbents, are used to clean up oil spills from
waterways.

algal bloom. a phenomenon whereby excessive nutrients within ariver, stream or lake cause an
explosion of plant life which results in the depletion of the oxygen in the water needed by fish
and other aguatic life. Algal blooms can be caused by urban runoff (of lawn fertilizers, etc.) or
pollution. The potential tragedy is that of a "fish kill," where the stream life dies in one mass
extinction.

alkalinity. the measurement of constituents in a water supply which determine akaline
conditions. The akalinity of water isameasure of its capacity to neutralize acids. See pH.

alluvium. sediments deposited by erosional processes, usually by streams.

alvusion. a sudden or perceptible change in ariver's margin, such as a change in course or loss
of banks due to flooding.

aquatic. growingin, living in, or frequenting water.
aquaculture. theraising or fattening of fish in enclosed ponds.

aquiclude. aformation which, although porous and capable of absorbing water slowly, will not
transmit water fast enough to furnish an appreciable supply for awell or a spring.

aquifer. awater-bearing stratum of permeable rock, sand or gravel.

artesian aquifer. one type of aquifer in which two impermeable layers surround one permeable
water-bearing layer. The water is confined and stored under pressure and will rise above the top
of the aquifer when penetrated by awell.

artesian well. awell tapping confined groundwater. Water in the well rises above the level of
the confined water-bearing strata under artesian pressure but does not necessarily reach the land
surface.

artesian zone. an areawhere the water level from a confined aguifer stands above the top of the
stratain which the aquifer is located.

average annual recharge. amount of water entering the aquifer on an average annual basis.
Averages mean very little for the Edwards because the climate of the region and structure of the
aquifer produce a situation in which the areais usually water rich or water poor.

bacteria. microscopic unicellular organisms, typically spherical, rod-like, or spiral and
threadlike in shape, often clumped in colonies. Some bacteria are pathogenic (causing disease),
while others perform an essential role in nature in the recycling of materials (measured in
colonies/100 milliliters).

bad (saline) water. characterized by having more than 1,000 milligramg/liter (mg/l) of
dissolved solids. It may be low in dissolved oxygen, high in sulfates and have a higher
temperature. The bad water line is the southern boundary of good water in the Edwards Artesian
Aquifer.
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Balcones escarpment. a steep series of fault-formed hills which divide the higher plateau from
lower coastal prairies. Escarpments can be formed by erosion, or as with the Balcones, by
faulting.

Balcones fault zone. The area bounding the Edwards Plateau having extensive cracks and faults
caused by the force of crustal movement.

barrage. any artificial obstruction placed in water to increase water level or divert it. Usualy
the ideaisto control peak flow for later release.

base flow. atheoretical minimum flow of water within ariver or stream. .

beneficial use. the amount of water necessary when reasonable intelligence and diligence are
used for a stated purpose; Texas law recognizes the following uses as beneficial: (1) domestic
and municipa uses, (2) industrial uses, (3) irrigation, (4) mining, (5) hydroelectric power, (6)
navigation, (7) recreation, (8) stock raising, (9) public parks, and (10) game preserves.

bioaccumulation. uptake and retention of substances by an organism from its surrounding
medium (usually water) and from food.

biomonitoring. atest used to evaluate the relative potency of achemical by comparing its effect
on a group of living organisms (treatment group) with the effect of an untreated group (control
group) of the same organisms.

BOD. Biochemical Oxygen Demand. A measure of the amount of oxygen required to neutralize
organic wastes.

bog. a type of wetland that accumulates appreciable peat deposits. They depend primarily on
precipitation for their water source, and are usually acidic and rich in plant matter with a
conspicuous mat or living green moss.

brine. highly saty and heavily mineralized water containing heavy metal and organic
contaminants.

calcium carbonate. CaCO; — the common mineral causing the hard water of the Edwards
Aquifer. It isthe main component of limestone.

carbonates. the collective term for the natural inorganic chemical compounds related to carbon
dioxide that exist in natural waterways.

carbonic acid. H,CO3; — The acid formed by the combination of water, supplied by rainfall, and
carbon dioxide produced in the atmosphere. Thisweak acid dissolves the Edwards limestone.

casing. atubular structure intended to be watertight installed in the excavated or drilled hole to
maintain the well opening and, along with cementing, to confine the groundwaters to their zones
of origin and prevent the entrance of surface pollutants.

cavern. alarge underground opening in rock (usually limestone) which occurred when some of
the rock was dissolved by water. In some igneous rocks, caverns can be formed by large gas
bubbles.
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CERCLA. Comprehensive Environment Response, Compensation and Liability Act. Also
known as SUPERFUND. The Act gave EPA the authority to clean up abandoned, leaky
hazardous waste sites.

certificate of water right. an official document which serves as court evidence of a perfected
water right.

check dam. a small dam constructed in a gully or other small water course to decrease the
stream flow velocity, minimize channel erosion, promote deposition of sediment and to divert
water from a channel.

chemical weathering. attack and dissolving of parent rock by exposure to rainwater, surface
water, oxygen, and other gases in the atmosphere, and compounds secreted by organisms.
Contrast physical weathering.

chlorination. the adding of chlorine to water or sewage for the purpose of disinfection or other
biological or chemical results.

chlorine demand. the difference between the amount of chlorine added to water, sewage, or
industrial wastes and the amount of residual chlorine remaining at the end of a specific contact
period.

chute spillway. the overall structure which allows water to drop rapidly through an open
channel without causing erosion. Usually constructed near the edge of dams.

circulate. to move in a circle, circuit or orbit; to flow without obstruction; to follow a course
that returns to the starting point.

cistern. atank used to collect rainwater runoff from the roof of a house or building.

climate. Average condition of weather at a given place on Earth over a period of years as
exhibited by temperature, precipitation, wind velocity, and humidity.

climatic cycle. the periodic changes climate displays, such as a series of dry years following a
series of years with heavy rainfall.

climatic year. a period used in meteorologica measurements. The climatic year in the U.S.
begins on October 1.

coliform bacteria. non-pathogenic microorganisms used in testing water to indicate the
presence of pathogenic bacteria.

collector well. a well located near a surface water supply used to lower the water table and
thereby induce infiltration of surface water through the bed of the water body to the well.

colloids. finely divided solids which will not settle but which may be removed by coagulation or
biochemical action.

completion. sealing off access of undesirable water to the well bore by proper casing and/or
cementing procedures.
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composite sample, weighted. a sample composed of two or more portions collected at specific
times and added together in volumes related to the flow at time of collection. Compare grab
sample.

concentration. amount of a chemical or pollutant in a particular volume or weight of air, water,
soil, or other medium.

condensation. The transformation of the gaseous water vapor into liquid water.

conductivity. a measure of the ease with which an electrical current can be caused to flow
through an agqueous solution under the influence of an applied electric field. Expressed as the
algebraic reciprocal of electrical resistance (measured in microSiemens per centimeter (uS/cm)
at ambient temperature). Generally, in water the greater the total dissolved solids content, the
greater the value of conductivity. See also specific conductance.

conduit. anatural or artificial channel through which fluids may be conveyed.
cone of depression. natural depression in the water table around awell during pumping.

confined aquifer. an artesian aquifer or an aquifer bound above and below by impermeable
strata, or by strata with lower permeability than the aquifer itself.

confining bed or unit. a body of impermeable or distinctly less permeable material
stratigraphically adjacent to one or more aquifers.

conjunctive management. integrated management and use of two or more water resources,
such as an aquifer and a surface water body.

connate growth. water trapped in the pore spaces of a sedimentary rock at the time it was
deposited. It isusualy highly mineralized.

conservation. to protect from loss and waste. Conservation of water may mean to save or store
water for later use.

consolidated formation. naturally occurring geologic formations that have been lithified
(turned to stone). The term is sometimes used interchangeably with the term "bedrock."
Commonly, these formations will stand at the edges of a bore hole without caving.

consumptive use. the quantity of water not available for reuse. Evapotranspiration, evaporation,
incorporation into plant tissue, and infiltration into groundwater are some of the reasons water
may not be available for reuse. Compare non-consumptive use.

contact recreation. activities involving a significant risk of ingestion of water, such as wading
by children, swimming, water skiing, diving and surfing. Compare non-contact recreation.

contaminate. to make unfit for use by the introduction of undesirable substances.

correlative rights. rights that are coequal or that relate to one another, so that any one owner
cannot take more than his share.

creek. asmall stream of water which serves as the natural drainage course for a drainage basin.
The term is relative according to size. Some creeks in a humid region would be called rivers if
they occurred in an arid area.

EAHCP 15-7 March/2005



crest. the top of a dam, dike, or spillway, which water must reach before passing over the
structure; the summit or highest point of a wave; the highest elevation reached by flood waters
flowing in a channel.

critical low-flow. low-flow conditions below which some standards do not apply. The impacts
of permitted discharges are analyzed at critical low-flow.

cubic foot per second (cfs). the rate of discharge representing a volume of one cubic foot
passing a given point during 1 second. This rate is equivalent to approximately 7.48 gallons per
second, or 1.98 acre-feet per day.

current. the portion of a stream or body of water which is moving with a velocity much greater
than the average of the rest of the water. The progress of the water is principally concentrated in
the current. See thalweg.

dam. a structure of earth, rock, or concrete designed to form a basin and hold water back to
make a pond, lake, or reservoir.

delta. an aluvia deposit made of rock particles (sediment, and debris) dropped by a stream as it
enters a body of water.

demand. the number of units of something that will be purchased at various prices at a point in
time. Compare supply.

deposit. something dropped or left behind by moving water, as sand or mud.
desalination. the process of salt removal from sea or brackish water.

detection limit. the lowest level that can be determined by a specific analytical procedure or test
method.

diatomaceous. consisting of or abounding in diatoms, a class of unicellular or colonial algae
having asilicified cell wall that persists as a skeleton after death.

diluting water. distilled water that has been stabilized, buffered, and aerated. Used in the BOD
test.

discharge. water which leaves the aquifer by way of springs, flowing artesian wells, or
pumping. The volume of water that passes a given point within a given period of time.

discharge area. an areawhere groundwater is lost from the aquifer to surface water.

discharge permit. apermit issued by a state or the federal government to discharge effluent into
waters of the state or the United States. In many states both State and federal permits are
required.

dispersion. the movement and spreading of contaminants out and down in an aquifer.

displacement. distance by which portions of the same geological layer are offset from each
other by afault.

dissolution. the process of dissolving.
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dissolved oxygen (DO). amount of oxygen gas dissolved in a given quantity of water at a given
temperature and atmospheric pressure. It is usually expressed as a concentration in parts per
million or as a percentage of saturation.

dissolved solids. inorganic material contained in water or wastes. Excessive dissolved solids
make water unsuitable for drinking or industrial uses. See TDS.

diversion. to remove water from a water body. Diversions may be used to protect bottomland
from hillside runoff, divert water away from active gullies, or protect buildings from runoff.

drainage area. of a stream at a specified location is that area, measured in a horizontal plane,
enclosed by a topographic divide from which direct surface runoff from precipitation normally
drains by gravity into the stream above the specified location.

drainage basin. an area bounded by a divide and occupied by a drainage system. It consists of
a surface stream or a body of impounded surface water together with all tributary surface streams
and bodies of impounded surface water.

driller'swell log. alog kept at the time of drilling showing the depth, thickness, character of the
different strata penetrated, location of water-bearing strata, depth, size, and character of casing
installed.

drought. along period of time without sufficient rain.

ecosphere. total of all the ecosystems on the planet, along with their interactions; the sphere of
air, water, and land in which dl life is found.

Edwards and Associated Limestone (Edwards Formation). layers of sediment, deposited
during the Cretaceous period which later became limestone rock.

Edwards Aquifer. water bearing zone comprised of Edwards and Associated Limestones.

Edwards Aquifer Region. aregion of Texas which obtains its water from the Edwards Aquifer.
This area consists of the contributing zone, recharge zone, and the artesian zone of the Edwards
Aquifer.

Edwards outcrop. where the Edwards and associated limestone formations are found at the
surface. Thisareais also referred to as the Recharge Zone.

Edwards Plateau. that area west and northwest of the Balcones Fault Zone where the Edwards
Formation is essentially flat-lying and is the principal aquifer of the region.

Edwards Underground Water District. the regional governmental entity that preceded the
Edwards Aquifer Authority.

effective porosity. the portion of pore space in saturated permeable material where the
movement of water takes place.

effective precipitation. the part of precipitation which produces runoff; a weighted average of
current and antecedent precipitation "effective” in correlating with runoff. It is also that part of
the precipitation falling on an irrigated area which is effective in meeting the requirements of
consumptive use.
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effluent. any substance, particularly a liquid, that enters the environment from a point source.
Generdly refers to wastewater from a sewage treatment or industrial plant.

environment. aggregate of external conditions that influence the life of an individual organism
or population.

erosion. the wearing away of the land surface by wind, water, ice or other geologic agents.
Erosion occurs naturally from weather or runoff but is often intensified by human land use
practices.

escar pment. the topographic expression of afault.

estuarine waters. deepwater tidal habitats and tidal wetlands that are usually enclosed by land
but have access to the ocean and are at least occasionally diluted by freshwater runoff from the
land (such as bays, mouths of rivers, salt marshes, lagoons).

estuarine zone. areanear the coastline that consists of estuaries and coastal saltwater wetlands.

estuary. an area where freshwater from rivers mixes with sat water from the sea and is
characterized by reduced salinity. Estuaries are important nurseries for many marine species.

eutrophic. having a large or excessive supply of plant nutrients (nitrates and phosphates).
Compare oligotrophic.

eutrophication (natural). an excess of plant nutrients from natural erosion and runoff from the
land in an aguatic ecosystem supporting a large amount of aquatic life that can deplete the

oxygen supply.

evaporation. the process by which liquid water is transformed into gaseous water vapor due to
the heat of the sun.

evapotranspiration. combination of evaporation and transpiration of water into the atmosphere
from living plants and soil. Distinguish transpiration.

external cost. cost of production or consumption that must be borne by society; not by the
producer.

extinction. complete disappearance of a species because of failure to adapt to environmental
change.

fault zone. a region containing several breaks in the Earth’s crust along which dlippage has
taken place.

fault zone aquifer. an aquifer developed in association with a zone of faulting. i.e. Balcones
fault zone and the resulting Balcones Escarpment with the associated Edwards fault zone aquifer.

faults. fracture of the Earth’s crust accompanied by movement.

fecal coliform. the portion of the coliform bacteria group which is present in the intestinal tracts
and feces of warm-blooded animals. A common pollutant in water.

filtration. the mechanica process which removes particulate matter by separating water from
solid material, usually by passing it through sand.
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“first in time, first in right”. phrase indicating that older water rights have priority over more
recent rightsif there is not enough water to satisfy all rights.

fixed groundwater. water held in saturated material that it is not available as a source of water
for pumping.

flood. an overflow or inundation that comes from a river or other body of water and causes or
threatens damage. It can be any relatively high stream flow overtopping the natural or artificial
banks in any reach of a stream. It is aso a relatively high-flow as measured by either gauge
height or discharge quantity.

floodplain. land next to a river that becomes covered by water when the river overflows its
banks.

flora. plant population of aregion.
flow. therate of water discharged from a source expressed in volume with respect to time.
flow augmentation. the addition of water to meet flow needs.

food chain. seriesof organisms usually starting with green plants in which each organism serves
as a source of energy for the next onein the series.

fracture. breaks in rocks due to intense folding and faulting; a simple break in which no
movement isinvolved.

free groundwater. water in interconnected pore spaces in the zone of saturation down to the
first impervious barrier, moving under the control of the water table slope.

freshwater. water containing less than 1,000 parts per million (ppm) of dissolved solids of any
type. Compare saline water.

freshwater/saline water interface. the interface or area that separates total dissolved solids
(TDS) vaues less than 1,000 mg/L (freshwater) from TDS values greater than 1,000 mg/L
(saline water). Commonly referred to as the “bad water line.”

gallon. A unit of volume. A U.S. galon contains 231 cubic inches, 0.133 cubic feet, or 3.785
liters. One U.S. gallon of water weighs 8.3 Ibs.

gauging station. a particular site that systematically collects hydrologic data such as stream
flow, spring flow or precipitation.

geohydrology. a term which denotes the branch of hydrology relating to subsurface or
subterranean waters; that is, to al waters below the surface.

geologic erosion. normal or natural erosion caused by geological processes acting over long
geologic periods and resulting in the wearing away of mountains, the building up of floodplains,
coastal plains, etc.

groundwater. water that is stored under the Earth’s surface.

groundwater divide. aridge, or mound in the water table or other potentiometric surface from
which the groundwater moves away in both directions.
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groundwater hydrology. the branch of hydrology that deals with groundwater; its occurrence
and movements, its replenishment and depl etion, the properties of rocks that control groundwater
movement and storage, and the methods of investigation and utilization of groundwater.

groundwater law. the common law doctrine of riparian rights and the doctrine of prior
appropriation as applied to groundwater.

groundwater recharge. theinflow to a groundwater reservoir.

groundwater reservoir. an aquifer or aguifer system in which groundwater is stored. The water
may be placed in the aquifer by artificial or natural means.

groundwater runoff. the portion of runoff which has passed into the ground, has become
groundwater, and has been discharged into a stream channel as spring or seepage water.

groundwater storage. the storage of water in groundwater reservoirs.
gully. adeeply eroded channel caused by the concentrated flow of water.

hardpan. ashalow layer of earth material which has become relatively hard and impermeable,
usually through the deposition of minerals. In the Edwards region hardpans of clay are common.

hard water. water containing a high level of calcium, magnesium, and other minerals. Hard
water reduces the cleansing power of soap and produces scale in hot water lines and appliances.

hardness (water). condition caused by dissolved salts of calcium, magnesium, and iron, such as
bicarbonates, carbonates, sulfates, chlorides, and nitrates.

head. the pressure of a fluid owing to its elevation, usually expressed in feet of head or in
pounds per square inch, since a measure of fluid pressure is the height of a fluid column above a
given or known point.

hydroelectric plant. electric power plant in which the energy of falling water is used to spin a
turbine generator to produce electricity.

hydrogeology. a term which denotes the branch of hydrology relating to subsurface or
subterranean waters; that is, to al waters below the surface.

hydrograph. a chart that measures the amount of water flowing past a point as a function of
time.

hydrologic cycle. natural pathway water follows as it changes between liquid, solid, and
gaseous states; biogeochemical cycle that moves and recycles water in various forms through the
ecosphere. Also called the water cycle.

hydrologic unit. is a geographic area representing part or al of a surface drainage basin or
distinct hydrologic feature.

hydrology. a science dealing with the properties, distribution and circulation of water on the
surface of the land, in the soil and underlying rocks and in the atmosphere.

hydropower. electrical energy produced by falling water.
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hydrostatic head. a measure of pressure at a given point in a liquid in terms of the vertical
height of a column of the same liquid which would produce the same pressure.

hydrostatic pressure. pressure exerted by or existing within a liquid at rest with respect to
adjacent bodies.

imper meable. material (such as dense rock) that will not permit liquid or water to flow through
it.

impervious. the quality or state of being impermeable; resisting penetration by water or plant
roots. Impervious ground cover like concrete and asphalt affects quantity and quality of runoff.

impoundment. a body of water such as a pond, confined by a dam, dike, floodgate or other
barrier. It is used to collect and store water for future use.

infiltration. the process of water entering the ground through cracks, soil or porous rock.

inland freshwater wetlands. swamps, marshes, and bogs found inland beyond the coastal
saltwater wetlands.

instream use. use of water that does not require withdrawa or diversion from its natural
watercourse; for example, the use of water for navigation, recreation, and support of fish and
wildlife.

interbasin transfer. the physical transfer of water from one watershed to another; regulated by
the Texas Water Code.

intermittent stream. one that flows periodically. Compare perennial stream.
interstices. the void or empty portion of rock or soil occupied by air or water.
irrigation. to supply water by artificial means to crops.

irrigation efficiency. the percentage of water applied, and which can be accounted for, in the
soil moisture increase for consumptive use.

irrigation return flow. water which is not consumptively used by plants and returns to a
surface or groundwater supply. Under conditions of water right litigation, the definition may be
restricted to measurable water returning to the stream from which it was diverted.

irrigation water. water which is applied to assist crops in areas or during times whererainfall is
inadequate.

lake. an inland body of water, usually freshwater, formed by glaciers, river drainage etc.
Usually larger than a pool or pond.

limestone. rock that consists mainly of calcium carbonate and is chiefly formed by
accumulation of organic remains.

limiting factor. factor such as temperature, light, water, or a chemical that limits the existence,
growth, abundance, or distribution of an organism.

littoral zone. areaon or near the shore of abody of water.
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lotic system. aflowing body of freshwater, such asariver or stream. Compare lentic system.

marsh. an area periodically inundated and treeless and often characterized by grasses, cattails,
and other monocotyledons

MCL - Maximum Contaminant Level. the maximum level of a contaminant alowed in water
by federal law. Based on health effects and currently available treatment methods.

median stream flow. the rate of discharge of a stream for which there are equal numbers of
greater and lesser flow occurrences during a specified period.

Micrograms. micrograms per liter —mg/L.

migration. the movement of oil, gas, contaminants, water, or other liquids through porous and
permeabl e rock.

milligrams per liter - mg/L. milligrams per liter of water. This measure is equivalent to parts
per million (ppm).

minimum stream flow. the specific amount of water reserved to support aguatic life, to
minimize pollution, or for recreation. It is subject to the priority system and does not affect water
rights established prior to itsinstitution.

municipal sewage. sewage from a community which may be composed of domestic sewage,
industrial wastes or both.

municipalities. self-governing urban political units having corporate status.

natural flow. the rate of water movement past a specified point on a natural stream. The flow
comes from a drainage area in which there has been no stream diversion caused by storage,
import, export, return flow, or change in consumptive use caused by man-controlled
modifications to land use. Natural flow rarely occursin a developed country.

natural resource. any form of matter or energy obtained from the environment that meets
human needs.

nitrogen. a plant nutrient that can cause an overabundance of bacteria and algae when high
amounts are present, leading to a depletion of oxygen and fish kills. Several forms occur in
water, including ammonia, nitrate, nitrite or elemental nitrogen. High levels of nitrogen in water
are usualy caused by agricultural runoff or improperly operating wastewater treatment plants.
Also see phosphorous.

non-consumptive use. using water in away that does not reduce the supply. Examples include
hunting, fishing, boating, water-skiing, swimming, and some power production. Compare
consumptive use.

non-contact recreation. recreational pursuits not involving a significant risk of water ingestion,
including fishing, commercial and recreational boating, and limited body contact incidental to
shoreline activity. Compare contact recreation.

nonpoint source. source of pollution in which wastes are not released at one specific,
identifiable point but from a number of points that are spread out and difficult to identify and
control. Compare point source.
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nonporous. something which does not allow water to pass through it. Compare porous.
nonpotable. not suitable for drinking. Compare potable.

nutrient. as a pollutant, any element or compound, such as phosphorous or nitrogen, that fuels
abnormally high organic growth in aguatic ecosystems. Also see eutrophic.

oligotrophic. having alow supply of plant nutrients. Compare eutrophic.
outcrop. exposed at the surface. The Edwards limestone outcrops in its recharge zone.

outfall. the place where a wastewater treatment plant discharges treated water into the
environment.

perched water table. groundwater standing unprotected over a confined zone.

percolating waters. waters passing through the ground beneath the Earth's surface without a
definite channel.

percolation. the movement of water through the subsurface soil layers, usually continuing
downward to the groundwater or water table reservaoirs.

perfected water right. awater right which indicates that the uses anticipated by an applicant,
and made under permit, were made for beneficial use. Usualy it isirrevocable unless voluntarily
canceled or forfeited due to several consecutive years of nonuse.

perennial stream. one that flows all year round. Compare intermittent stream.

permeability. the ability of a water bearing material to transmit water. It is measured by the
quantity of water passing through a unit cross section, in aunit time, under 100 percent hydraulic
gradient.

per meable. having atexture that permits liquid to move through the pores.

pH. numeric value that describes the intensity of the acid or basic (alkaline) conditions of a
solution. The pH scale is from O to 14, with the neutral point at 7.0. Values lower than 7 indicate
the presence of acids and greater than 7.0 the presence of alkalis (bases). Technically speaking,
pH is the logarithm of the reciprocal (negative log) of the hydrogen ion concentration (hydrogen
ion activity) in moles per liter.

phosphorous. aplant nutrient that can cause an overabundance of bacteria and algae when high
amounts are present, leading to a depletion of oxygen and fish kills. High levels of phosphorous
in water are usually caused by agricultural runoff or improperly operating wastewater treatment
plants. Also see nitrogen.

phreatophytes. plantsthat send their roots into or below the capillary zone to use groundwater.

physical weathering. breaking down of parent rock into bits and pieces by exposure to
temperature, wind and water and the physical action of moving ice and water, growing roots, and
human activities such as farming and construction. Compare chemical weathering.

phytoplankton. free-floating, mostly microscopic aquatic plants.

piezometric surface. the imaginary surface to which water will rise from a confined aquifer.
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plankton. microscopic floating plant and animal organisms of lakes, rivers, and oceans.

point source. source of pollution that involves discharge of wastes from an identifiable point,
such as a smokestack or sewage treatment plant. Compare nonpoint source.

pollutant. any substance which restricts or eliminates the use of a natural resource.

pollution. undesirable change in the physical, chemical, or biological characteristics of the air,
water, or land that can harmfully affect the health, survival, or activities of human or other living
organisms.

porosity. any property of geologic formations which have the ability to hold and yield water due
to the spaces between particles.

porous. having openings which may or may not be connected.
potable. suitable, safe, or prepared for drinking. Compare non-potable.

potentiometric surface. an imaginary surface representing the total head of groundwater and
defined by the level that water will risein awell.

ppb - parts per billion. number of parts of a chemical found in one billion parts of a solid,
liquid, or gaseous mixture. Equivalent to micrograms per liter (Ug/L).

ppm - parts per million. number of parts of a chemical found in one million parts of a solid,
liquid, or gaseous mixture. Equivalent to milligrams per liter (mg/L).

precipitation. discharge of water from the air in the form of rain, ice or snow.

priority date. the date of establishment of a water right. It is determined by adjudication of
rights established before the passage of the Water Code. The rights established by application
have the application date as the date of priority.

pump. adevice which moves, compresses, or alters the pressure of a fluid, such as water or air,
being conveyed through a natural or artificial channel.

recharge. processinvolved in absorption and addition of water to the zone of saturation.

recharge zone. the area in which water infiltrates into the ground and eventually reaches the
zone of saturation in one or more aquifers.

reclaimed water. domestic wastewater that is under the direct control of a treatment plant
owner/operator which has been treated to a quality suitable for a beneficial use.

recurrence interval. average amount of time between events of a given magnitude. For
example, there is a one percent chance that a 100-year drought will occur in any given year.

reserves. amount of a particular resource in known locations that can be extracted at a profit
with present technology and prices.

reservoir. aman-made body of water contained behind a dam.

riparian water right. the legal right held by an owner of land contiguous to or bordering on a
natural stream or lake, to take water from the source for use on the contiguous land.
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riparian zone. astream and al the vegetation on its banks.
river basin. the areadrained by ariver and itstributaries.

rule of free capture. the idea that the water under a person's land belongs to that person and
they are free to capture and use as much as they want. Also called the "law of the biggest pump".

runoff. surface water entering rivers, freshwater lakes, or reservoirs.

saline water. water containing more than 1,000 parts per million (ppm) of dissolved solids of
any type.

salinity. amount of dissolved saltsin agiven volume of water.

sediment. solid material (mineral and organic) which has been transported from its site of origin

by air, water or ice and has been deposited on the land’ s surface, river or stream beds, or on the
seafloor.

sedimentary cycle. biogeochemical cycle in which materials primarily are moved from land to
sea and back again.

sedimentation. alarge scale water treatment process where heavy solids settle out to the bottom
of the treatment tank after flocculation.

seep. a spot where water contained in the ground oozes slowly to the surface and often forms a
pool; asmall spring.

septic tank. underground receptacle for wastewater from a home. The bacteria in the sewage
decompose the organic wastes, and the sludge settles to the bottom of the tank. The effluent
flows out of the tank into the ground through drains.

siltation. the deposition of finely divided soil and rock particles upon the bottom of stream and
river beds and reservairs.

soil erosion. the processes by which soil is removed from one place by forces such as wind,
water, waves, glaciers, and construction activity and eventually deposited at some new place.

spray irrigation. application of finely divided water droplets to crops using artificial means.

spring. a place where water flows from rock or soil upon the land or into a body of surface
water.

storm water discharge. precipitation that does not infiltrate into the ground or evaporate due to
impervious land surfaces but instead flows onto adjacent land or water areas and is routed into
drain/sewer systems.

stream. ageneral term for abody of flowing water.
stream flow. the discharge that occursin anatural channel.

stream segment. refers to the surface waters of an approved planning area exhibiting common
biological, chemical, hydrological, natural, and physical characteristics and processes. Segments
will normally exhibit common reactions to external stress such as discharge or pollutants.
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subsidence. sinking down of part of the Earth's crust due to underground excavation, such as
removal of groundwater.

subterranean. being or lying under the surface of the Earth.

supply. aschedule that shows the various quantities of things offered for sale at various prices at
apoint intime.

surface impoundment. an indented areain the land's surface, such a pit, pond, or lagoon.

surfaceirrigation. application of water by means other than spraying such that contact between
the edible portion of any food crop and the irrigation water is prevented.

surface water. water on the land’ s surface including lakes, streams, rivers and glaciers.

sustainable management. method of exploiting a resource that can be carried on indefinitely.
Removal of water from an aquifer in excess of recharge is, in the long term, not a sustainable
management method.

sustained overdraft. long term withdrawal from the aquifer of more water than is being
recharged.

technology-based treatment requirements. National Pollutant Discharge Elimination System
(NPDES) permit requirements based on the application of pollution treatment or control
technologies including BTP (best practicable technology), BCT (best conventional technology),
BAT (best available technology economically achievable), and NSPS (new source performance
standards).

total dissolved solids (TDS). The concentration of dissolved minerals in water, expressed in
units of milligrams per liter (mg/L).

transect wells. a group of water quality monitoring wells positioned in a site to monitor water
quality changes, such as across the freshwater/saline water interface.

transmissivity. refersto therate at which limestone allows the transmission of water. Limestone
can be highly porous, but not very transmissive if the pores are not connected to each other.
Technically speaking, it is the rate at which water is transmitted through a unit width of aquifer
under unit hydraulic gradient. Transmissivity is directly proportional to aquifer thickness, thus it
is high where the Edwards is thick and low where it is thin, given the same hydraulic
conductivity.

transpiration. lossof water vapor to the air from plants.
tributary. astream that contributes its water to another stream or body of water.

turbid. thick or opague with matter in suspension. Rivers and lakes may become turbid after a
rainfall.

unconfined aquifer. an aquifer, or portion of an aquifer, with a water table and containing
groundwater that is not under pressure beneath relatively impermeable rocks.
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unconsolidated formations. naturally occurring earth formations that have not been lithified.
Alluvium, soil, gravel, clay, and overburden are some of the terms used to describe this type of
formation.

undercurrent. the movement of water flowing beneath the land surface within the bed or
aluvial plain of a surface stream.

underflow. movement of water through subsurface material.

unsaturated zone. the layer of soil and rock above the water table but below the top layer of
earth. This area is aso known as the zone of aeration because the spaces between the rock
particles are partially filled with air.

vested water right. the right granted by a state water agency to use either surface or
groundwater.

void. the pore space or other openings in rock. The openings can range from very small to cave
size and arefilled with water below the water table.

wastewater. water containing waste including gray water, black water, or water contaminated
by waste contact, including process-generated and contaminated rainfall runoff.

water cycle. natural pathway water follows as it changes between liquid, solid, and gaseous
states; biogeochemical cycle that moves and recycles water in various forms through the
ecosphere. Also called the hydrologic cycle.

water level observation (index) well. a water well used to measure the water level or
potentiometric surface of water-bearing strata such as the Edwards Aquifer, Leona Gravel
Aquifer, and lower Glen Rose (Trinity) Aquifer.

water pollution. degradation of a body of water by a substance or condition to such a degree
that the water fails to meet specified standards or cannot be used for a specific purpose.

water quality criteria. scientifically derived ambient limits developed and updated by EPA,
under section 304(a)(1) of the Clean Water Act, for specific pollutants of concern. Criteria are
recommended concentrations, levels, or narrative statements that should not be exceeded in a
water body in order to protect aquatic life or human health.

water quality standards. laws or regulations, promulgated under Section 303 of the Clean
Water Act, that consist of the designated use or uses of a water body or a segment of a water
body and the water quality criteria that are necessary to protect the use or uses of that particular
water body. Water quality standards also contain an antidegradation statement. Every State is
required to develop water quality criteria standards applicable to the various waterbodies within
the State and revise them every 3 years.

water table. the interface between the zone of saturation and the zone of aeration, where the
surface pressure of unconfined groundwater is equal to the atmospheric pressure.

water well. any artificia excavation constructed for the purpose of exploring for or producing
groundwater.

watershed. land areafrom which water drains 