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Planning Process

Introduction

The South Central Texas Regional Water Planning Group (SCTRWPG) has employed a

planning process (Figure 1) focused on the development of a Regional Water Plan to meet the

needs of every water user group in the region for a period of fifty years. Given the history of

sharp and divisive conflict concerning water planning in this region, the planning process has

provided extraordinary opportunities for participation by water user groups in providing input to

achieve the goal of a plan that will “provide for the orderly development, management, and

conservation of water resources...” 31 TAC 357.5(a).

To build consensus among the

constituencies represented by the members of the SCTRWPG, the planning process has

emphasized the coordination and careful integration of technical information with information

provided through public participation.

Assessment of

Assessment of
Current
Supplies

v

Evaluation of

Assessment of
Projected Needs
(Shortages)

vy

Public Participation

Formulation and
Evaluation of

Five Alternative Plans

Formulation and
Evaluation of
Regional Water Plan

Figure 1. Planning Process
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Conflict over the past several decades in this region has focused on how to manage the
Edwards Aquifer so as to meet the needs of many water user groups. Central to progress in
resolving this conflict, and thus in achieving the formulation of a water plan acceptable to all
constituencies represented in the SCTRWPG, is the assurance that all of the different competing
strategies for meeting water needs will be given consideration. It has thus been central to the
viability of the planning process itself that the evaluation of water supply options and
combinations of these options in the context of a regional plan receive extraordinary attention.

To this end, the SCTRWPG has employed a planning process that ensures evaluation of
virtually all the water supply options or management strategies that have been proposed or
discussed in the past, together with several new ones that have never before been subjected to
technical evaluation. To achieve confidence by all constituencies in the planning process, it has
been necessary to evaluate the options both on a stand-alone basis (Volume Il — Technical
Evaluations of Water Supply Options) and in various combinations in the context of alternative
plans (Volume Il — Technical Evaluations of Alternative Regional Water Plans). Given the fact
that some of the proposed strategies for regional management are at odds with one another, it has
been important to look at a series of alternative regional water plans. By formulating five
alternative regional water plans, the SCTRWPG has carefully considered many diverse
management strategies. In keeping with logical and acceptable planning methods, the
SCTRWPG has taken the best components of these alternative plans and developed a Regional
Water Plan (Volume I — Executive Summary and Regional Water Plan).

This volume of the Initially Prepared Regional Water Plan for the South Central Texas
Regional Planning Area includes the technical evaluations of water supply options and strategies
selected by the SCTRWPG for consideration. The methods whereby options and strategies were
selected for consideration are summarized below. The technical evaluations of each water
supply option are presented in the following sections of this volume. These technical evaluations
are based on the stand-alone consideration of each water supply option. Cumulative effects of
the implementation of multiple options, particularly with respect to environmental factors and
water availability, are addressed in the technical evaluation of the Regional Water Plan (Volume

I) and alternative regional water plans (Volume II).

South Central Texas Regional Water Plan . m
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Selection of Options and Strategies

In its scope of work, the SCTRWPG defined a Regional Water Management Alternative
Plan as a combination of Options and Strategies that will meet the water needs of the entire
South Central Texas Region. However, in order to formulate meaningful Regional Water
Management Alternative Plans for consideration, it is necessary to evaluate, in comparable
terms, the known and available Options and Strategies with respect to feasibility and potentials
to contribute to a Regional Water Management Alternative Plan. The SCTRWPG’s scope of
work provided that up to 60 potentially feasible regional Options and Strategies would be
identified for evaluation, using criteria to be established by the SCTRWPG. The scope of work
specified that the 60 regional water management Options and Strategies would be evaluated
according to the criteria of TWDB Rules, Section 357.7 (a)(7). For purposes of this task, the
scope of work provided that the evaluations of 122 options identified in the West Central Trans-
Texas “Summary Report of Water Supply Alternatives,” San Antonio River Authority, et al.,
March 1998, would be used to the extent possible, and that up to 40 of the options listed in this
reference would be selected for evaluation. In addition, the scope of work provided that up to
20 new Options and Strategies identified through public input would also be included in the list
from which Options and Strategies would be selected for evaluation.

At its facilitated workshop of January 29-30, 1999, the SCTRWPG developed a screening
process that enabled them to make an initial selection of nine Options and Strategies for
evaluation by the Technical Consultant, HDR Engineering, Inc.> For this initial selection, the

RWPG applied screens to exclude options for which:

e Source is outside the region;
e Per acre-foot cost greater than $800; and
e Yield less than 20,000 acre-feet.

For selection of additional options, the RWPG identified the following additional factors for

consideration:

e Options with an established record of strong public controversy should be excluded;

e Options suggested in Senate Bill 1, but never studied under Trans-Texas, could be
considered for inclusion as “new” options;

e Options included in existing local water plans should be included;

! “South Central Texas Regional Water Planning Group, Phase 1 — Project Planning and Initial Workshop,” Folk-
Williams, John, Open Forum Facilitation Team, November 20, 1998 through February 5, 1999, San Antonio, Texas.
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e Options mentioned in regional media as under consideration by local water agencies
should be reviewed for inclusion; and

e Options and strategies on the Trans-Texas list that are “variations on a theme” could
be consolidated.

The RWPG directed the SCT Staff Workgroup to perform preliminary screening of the Options
and Strategies and report the results to the RWPG.

On February 3, 1999, the Staff Workgroup reviewed the complete West Central Trans-
Texas list of 122 items and reduced the list to 46 (55 including the nine chosen at the January 30,
1999 workshop) from which the RWPG could pick up to 31 additional options (bringing the total
from the West Central Trans-Texas group up to 40) for further evaluation. The screening
process used to reduce the list successively eliminated options that fell into one or more of the
following categories:

e Already committed or otherwise viewed as no longer available;

e Already built;

e In a group with many variations; other options of the group remain for further
consideration;

e Insufficient information to be “existing option,” but may become “new option;”
e Listed and developed for information purposes only;
e Cost greater than $2,000 per acre-foot; and/or

e Two groups of similar options from one of which three are to be chosen and from the
other two are to be chosen.

On February 9, 1999, the results of the Staff Workgroup’s screening efforts were
presented to the SCTRWPG, together with its recommendation that the SCTRWPG hold a
workshop to select options for further consideration at the March 9, 1999 meeting. The
SCTRWPG accepted by consensus the results of applying the technical screens and scheduled a
workshop, as recommended.

At the March 9, 1999 workshop, the SCTRWPG reviewed the results of a survey of the
public, technical factors for selection of options, and the list of options—as grouped by the Staff
Workgroup at its February 9, 1999 meeting—including suggested new options. The results of
this facilitated review was a list of 58 options and strategies, for which the SCTRWPG directed
the Staff Workgroup to work with the Technical Consultant to develop a scope, budget, and
schedule for evaluation of each option. The SCTRWPG further specified that the sum of the

South Central Texas Regional Water Plan
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budgets for evaluation of the 58 options should not exceed 80 percent of the total funds budgeted
for this purpose.

The Staff Workgroup met on March 23, April 1, and April 6, 1999 and reviewed drafts of
the scopes of work for evaluation of each option provided by the Technical Consultant. Upon
completion of this series of reviews and modifications of the scopes, a document entitled, “South
Central Texas Regional Water Plan Water Supply Options” was prepared for presentation to the
SCTRWPG at its April 13, 1999 meeting. The document presented the scope of work for an
evaluation of each option, with the view that upon approval of the specific scope of work, then
the Technical Consultant could provide a cost estimate to perform the work. Following the
approval of the draft scopes, the SCTRWPG scheduled a workshop for April 27, 1999 to
consider the proposed scopes, budgets, and schedules to perform the evaluations of each of the
58 options.

At the beginning of the April 27, 1999 workshop, the facilitator reported that the Staff
Workgroup had met to review the scopes of work, budgets, and assumptions of the water supply
options selected by the SCTRWPG. The facilitator also stated that the SCTRWPG had given
HDR Engineering, Inc. and the Staff Workgroup the goal to reserve 20 percent of the available
budget so new or additional options could be studied, and further stated that the Staff Workgroup
has recommended a balanced study program, but that it was not able to reserve 20 percent of the
budget.

The facilitator suggested four options for the SCTRWPG to consider in order to initiate

the analyses of the water supply options. They were:

1. Accept the Staff Workgroup recommendation;
2. Depend on other agencies to conduct some of the analyses;

3. Ask, if needed, the local water agencies to provide funding for any additional studies;
and

4. Select options to cut or delay.
The facilitator suggested that the SCTRWPG keep these options in mind as HDR Engineering,
Inc. explained each water supply option and for the SCTRWPG to discuss and decide how to
proceed after HDR’s explanation.

Representatives of HDR Engineering, Inc. explained the scope of work, budget, and

general assumptions associated with each water supply option.

South Central Texas Regional Water Plan . m
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The SCTRWPG discussed the four options of how to provide adequate funds to evaluate
new or additional water supply options in addition to the 58 water supply options recommended
by the Staff Workgroup. By consensus, the SCTRWPG adopted a motion to approve the scopes
of work, budgets, and assumptions of the 58 water supply options recommended by the Staff
Workgroup; to raise, from the local water agencies, any funds needed to study water supply
options that are in addition to the 58 approved water supply options; and to continue discussions
to coordinate concurrent studies with the Edwards Aquifer Authority that may result in reduced
costs.

During its meeting of March 2, 2000 in Carrizo Springs, the SCTRWPG engaged in
extended discussions of potential additional water supply options for technical evaluation. As a
result, scopes of work for two additional water supply options were prepared and presented to the
SCTRWPG during its meeting of April 6, 2000 in Gonzales. Technical evaluations of the
Cotulla Reservoir (SCTN-18) and Nueces Reservoir/Smyth Crossing Site (SCTN-19) were
authorized by the SCTRWPG at this meeting. Technical evaluation of an additional group of
water supply options, Lower Colorado River Diversions (SCTN-20) was authorized by the
SCTRWPG during a June 1, 2000 meeting in Port Lavaca. Although the inclusion of SCTN-20
brought the official total of water supply options for consideration to 61, variations of options for
which technical evaluations have been completed actually total 79.

The list of 61 options and strategies approved by the SCTRWPG for evaluation is as

follows:

Local/Conservation/Reuse/Exchange Water Supply Options

01 Demand Reduction (Water Conservation) (L-10)
02 Exchange Reclaimed Water for Edwards Irrigation Water (L-11)
03 Purchase or Lease of Edwards Irrigation Water for Municipal and Industrial Use (L-15)

04 Transfer of SAWS Reclaimed Water to Coleto Creek Reservoir (Exchange for CP&L
Rights and GBRA Canyon Contract) (L-20)

05 Transfer of Unappropriated and/or Reclaimed Water to Corpus Christi via Choke
Canyon Reservoir (for Water Exchange or Mitigation) (L-14)

06 Brush Management (SCTN-4)

07 Weather Modification (SCTN-5)

08 Rainwater Harvesting (SCTN-9)

09 Gulf Coast Aquifer — Exchange for Irrigation Surface Water Rights (SCTN-12)
10 Desalination (SCTN-17)

11 Off-Channel Local Storage (SCTN-10)

South Central Texas Regional Water Plan m
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Edwards Aquifer Recharge Water Supply Options

12
13
14

15
16

17

Edwards Aquifer Recharge from Natural Drainage — Type 1 Projects (L-17)
Edwards Aquifer Recharge from Natural Drainage — Type 2 Projects (L-18)

Medina Lake — Existing Rights and Contracts with Irrigation Use Reduction for
Recharge Enhancement (S-13B)

Guadalupe River Diversion near Comfort to Recharge Zone via Medina Lake (G-30)
Diversion of Canyon Reservoir Flood Storage to Recharge Zone via Cibolo Creek
(G-32)

Edwards Aquifer Recharge Enhancement with Guadalupe River Diversions (SCTN-6)

River Diversion with Storage Water Supply Options

18

19

20

21

22

23

24

25

Guadalupe River Diversions at Gonzales to Mid-Cities and/or Major Water Providers
with Regional Water Treatment Plant with Uniform Delivery to Mid-Cities, CRWA,
and SAWS (G-38C)

Lower Guadalupe River Diversion — Firm Yield (Sources of Supply are Existing
Water Rights at the Guadalupe River Saltwater Barrier and Stored Water from Canyon
Reservoir) (SCTN-16a)

Lower Guadalupe River Diversion — Firm Yield (Sources of Supply are
Unappropriated Streamflow, Existing Water Rights at the Guadalupe River Saltwater
Barrier, and

Stored Water from Canyon Reservoir) (SCTN-16b)

Lower Guadalupe River Diversion — Firm Yield (Sources of Supply are
Unappropriated Streamflow, Existing Water Rights at the Guadalupe River Saltwater
Barrier and Stored Water from Canyon Reservoir, and Groundwater from the Gulf
Coast Aquifer)

(SCTN-16c¢)

Colorado River in Colorado County — Buy Stored Water and Irrigation Rights; Firm
Yield (C-17A)

Colorado River in Wharton County — Buy Irrigation Rights and Groundwater; Firm
Yield (C-17B)

Purchase/Lease Surface Water Irrigation Rights for Municipal/Industrial Use
(SCTN-11)

Lower Colorado River Diversions (SCTN-20)

Existing Reservoir Water Supply Options

26
27

28

Canyon Reservoir Released to Lake Nolte — Firm Yield (G-15C)

Wimberley and Woodcreek Water Supply from Canyon Reservoir, with G-23A and
2030 Demands (G-24)

Joint Development of Water Supply with Corpus Christi — Firm Yield (Sources of

Supply are Guadalupe River at Saltwater Barrier and Groundwater from Gulf Coast
Aquifer) (SCTN-14a)
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29 Joint Development of Water Supply with Corpus Christi — Firm Yield (Sources of
Supply are Guadalupe River at Saltwater Barrier and Groundwater from Gulf Coast
Aquifer plus Diversions from the San Antonio River at Falls City) (SCTN-14b)

30 Colorado River at Bastrop — Purchase of Stored Water; Firm Yield (C-13C)

Potential New Reservoir Water Supply Options

31 Cibolo Reservoir; Firm Yield (S-15C)

32 Cibolo Reservoir with Imported Water from the San Antonio River; Firm Yield
(S-15Da)

33 Cibolo Reservoir with Imported Water from the San Antonio and Guadalupe Rivers;
Firm Yield (S-15Db)

34 Cibolo Reservoir with Imported Water from the San Antonio, Guadalupe, and Colorado
Rivers; Firm Yield (S-15Dc)

35 Cibolo Reservoir with Imported Water from the Guadalupe River at the Saltwater
Barrier; Firm Yield (S-15Ea)

36 Cibolo Reservoir with Imported Water from the Guadalupe River at the Saltwater
Barrier and the Colorado River below Garwood (S-15Eb)

37 Goliad Reservoir — Firm Yield (S-16C)

38 Applewnhite Reservoir — Firm Yield (S-14D)

39 Guadalupe River Dam No. 7 — Raw Water at Reservoir; Firm Yield (G-19)
40 Gonzales Reservoir — Raw Water at Reservoir; Firm Yield (G-20)

41 Lockhart Reservoir — Raw Water at Reservoir; Firm Yield (G-21)

42 Dilworth Reservoir — Raw Water at Reservoir; Firm Yield (G-22)

43  Cloptin Crossing Reservoir — Raw Water at Reservoir; Firm Yield (G-40)
44  Sandies Creek Reservoir — Firm Yield (G-17C1)

45  Cuero Reservoir — Firm Yield (G-16C1)

46 Palmetto Bend Stage Il Reservoir (SCTN-13)

47  Shaws Bend Reservoir — Firm Yield (C-18)

48 Cummins Creek Reservoir (SCTN-15)

49  Allens Creek Reservoir — Firm Yield (B-10C)

50 Cotulla Reservoir (SCTN-18)

51 Nueces Reservoir / Smyth Crossing Site (SCTN-19)

Carrizo and Other Aquifer Water Supply Options

52 Carrizo Aquifer — Firm Yield (Source of water includes Carrizo Aquifer in Wilson,
Atascosa, and/or Gonzales Counties South of the San Marcos River) (CZ-10C)

53 Carrizo Aquifer — Firm Yield (Source of water includes Carrizo Aquifer in Wilson,
Atascosa, Gonzales, Caldwell, and/or Bastrop Counties south of the Colorado River)
(Cz-10D)

54  Simsboro Aquifer — North of Colorado River in Milam, Lee, and Bastrop Counties
(SCTN-3)
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55

56
57
58
59
60
61

Wintergarden Carrizo Recharge Enhancement (Dimmit, Zavala, Frio, La Salle, and
Atascosa Counties) (SCTN-7)

Local Groundwater Supply — Carrizo Aquifer (SCTN-2a)

Local Groundwater Supply — Gulf Coast Aquifer SCTN-2b)

Local Groundwater Supply — Trinity Aquifer (SCTN-2c)

Aquifer Storage and Recovery (ASR) — Regional Option (SCTN-1a)

Aquifer Storage and Recovery (ASR) — Local Option (SCTN-1b)

Aquifer Optimization (SCTN-8)

General Assumptions for Applications of Hydrologic Models

Following are general assumptions for applications of hydrologic models in the

evaluations of water supply options for the South Central Texas Regional Water Planning Group.

Pertinent exceptions to—or clarifications of—these general assumptions are enumerated in the

technical evaluation of each option identified for study and included herein.

Full exercise of surface water rights;
Edwards Aquifer pumpage of 400,000 acft/yr with Critical Period Management rules;

Subordination of all senior Guadalupe River hydropower permits to Canyon
Reservoir;

Annual effluent discharge/return flows reported for 1988 with SAWS direct
reclaimed water use of 35,000 acft/yr;

Operation of power plant reservoirs (Coleto Creek, Braunig, and Calaveras) subject to
authorized consumptive uses at the reservoir, with makeup diversions as needed to
maintain full conservation storage subject to instream flow constraints and/or
applicable contractual provisions;

Delivery of GBRA'’s full contractual obligations from Canyon Reservoir to point of
diversion in all years. Uncommitted balance of Canyon Reservoir currently
authorized annual diversions, and additional diversions proposed under an
amendment presently before TNRCC, to be diverted near Lake Dunlap;

Desired San Antonio River flows at Falls City gage of 55,000 acft/yr. Minimum
desired instream flows under current SAWS/SARA/CPS agreement included,

Application of Environmental Water Needs Criteria of the Consensus Planning
Process (Appendix B) in consideration of water potentially available for diversion
and/or impoundment as a part of a new water supply project (Appendix F);

Operation of Choke Canyon Reservoir/Lake Corpus Christi (CCR/LCC) System
subject to Phase 4 (maximum yield) policy and TNRCC Agreed Order regarding
freshwater inflows to the Nueces Estuary;

Historical Edwards Aquifer recharge estimates developed by HDR;

Applicable rules of groundwater management districts will be included to the extent
possible; and

South Central Texas Regional Water Plan
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e Period of record for simulations: Guadalupe-San Antonio River Basin (1934-89,
Critical Drought = 1950s), Nueces River Basin (1934-96, Critical Drought = 1990s),
Colorado River Basin (1941-65, Critical Drought = 1950s).

Hydrologic Models to be applied include, but are not limited to:

Guadalupe-San Antonio River Basin Model (HDR)

Nueces River Basin Model (HDR)

Lower Nueces River Basin & Estuary Model (HDR)

Guadalupe-San Antonio River Basin Water Availability Model (WRAP) (TNRCC/HDR)
Nueces River Basin Water Availability Model (WRAP) (TNRCC/HDR)

Colorado River Daily Allocation Program (RESPONSE) (LCRA)

Edwards Aquifer (Balcones Fault Zone) Model GWSIM4 (TWDB)

Carrizo-Wilcox Aquifer Model (TWDB/LBG-G/HDR)

SIMYLD, RESOP, & SIMDLY (TWDB/TDWR)

South Central Texas Regional Water Plan
Volume 111
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SOUTH CENTRAL TEXASREGION WATER SUPPLY OPTIONS
OPTION DATA SHEET

Draft - 12/13/99
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OPTION NUMBER: L-17
OPTION NAME: Edwards Aquifer Recharge from Natural
Drainage— Type 1 Projects (Program 1A)

OPTION DESCRIPTION: Type 1 recharge structures are located upstream of
the Edwards Aquifer recharge zone. These structures capture flood flows and release
water at the maximum recharge rate of the downstream channel across the outcrop.

TIME NEEDED TO IMPLEMENT: [ ]1-5yr. X 515yr. [ ]>15yr.

COST, QUANTITY OF WATER, AND LAND IMPACTED

Quantity
(1000 acft)

210

UNIT COST OF WATER: $3,309 per acft' Raw Water in Aquifer
QUANTITY OF WATER: 5,654 acft/yr2
LAND IMPACTED: 4,042 acres’

POSITION RELATIVE TO ALL OPTIONS
UNIT COST OF WATER: of (1=lowest unit)
QUANTITY OF WATER: of (1=highest volume)
LAND IMPACTED: of (1=least acreage)

180

150

120

90

60

30

30

Impact
(2000 ac)

25

20

15

10

FACTORSAFFECTING COST, QUANTITY, AND LAND IMPACTED

'COST: Price of land for recharge reservoir sites, costs of dams and emergency
spillways, and maintenance costs for recharge features such as trash control and
removal.

QUANTITY OF WATER: Quantity listed is for sustained yield increase computed
using GWSIM-IV model of the Edwards Aquifer and recharge enhancement due to
following projects: Montell, Upper Dry Frio, Concan, Upper Sabinal, Upper Hondo,
Upper Verde, and Upper Blanco.

3L AND IMPACTED: Recharge structure sites. Areainundated by the reservoir at full
recharge pool capacity. This does not include land in the floodplain above the recharge
pool at the reservoir or land purchased for mitigation.

ENVIRONMENTAL ISSUES: Effects of periodic inundation lasting for several
weeks or months of the recharge structure sites upon terrestrial habitat located within
the recharge sites. Sites on the Nueces, Frio, Sabinal, and Blanco Rivers are located in
areas recommended for designation as Ecologically Unique River Segments by TPWD.

SIGNIFICANT ISSUESAFFECTING FEASIBILITY: Ability of sponsorsto
obtain agreements with local landowners for recharge sites, water rights, and necessary
construction permits. Mitigation of impacts to downstream water rights.

ADDITIONAL FACTORS: Abhility of recharge sponsors to obtain recharge recovery
permits and/or credits for quantities of water artificially recharged to the aquifer or
discharged from springs.

OTHER WATER SUPPLY OPTIONSDIRECTLY AFFECTED: L-18, G-20,
G-30, G-40, CZ-10C, CZ-10D, SCTN-2a, SCTN-6, SCTN-7, SCTN-14a, and/or
SCTN-14b.
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OPTION NUMBER: L-17
OPTION NAME: Edwards Aquifer Recharge from Natural
Drainage— Type 1 Projects (Program 1B)

OPTION DESCRIPTION: Type 1 recharge structures are located upstream of
the Edwards Aquifer recharge zone. These structures capture flood flows and release
water at the maximum recharge rate of the downstream channel across the outcrop.

TIME NEEDED TO IMPLEMENT: [ ]1-5yr. X 515yr. [ ]>15yr.

COST, QUANTITY OF WATER, AND LAND IMPACTED

Quantity
(1000 acft)

UNIT COST OF WATER: $2,557 per acft' Raw Water in Aquifer
QUANTITY OF WATER: 1,958 acft/yr2
LAND IMPACTED: 1,340 acres’

POSITION RELATIVE TO ALL OPTIONS
UNIT COST OF WATER: of (1=lowest unit)
QUANTITY OF WATER: of (1=highest volume)
LAND IMPACTED: of (1=least acreage)

Impact
(2000 ac)

FACTORSAFFECTING COST, QUANTITY, AND LAND IMPACTED

'COST: Price of land for recharge reservoir sites, costs of dams and emergency
spillways, and maintenance costs for recharge features such as trash control and
removal.

QUANTITY OF WATER: Quantity listed is for sustained yield increase computed
using GWSIM-IV model of the Edwards Aquifer and recharge enhancement due to
following projects. Upper Dry Frio, Upper Sabinal, and Upper Verde.

3L AND IMPACTED: Recharge structure sites. Areainundated by the reservoir at full
recharge pool capacity. This does not include land in the floodplain above the recharge
pool at the reservoir or land purchased for mitigation.

ENVIRONMENTAL ISSUES: Effects of periodic inundation lasting for several
weeks or months of the recharge structure sites upon terrestrial habitat located within
the recharge sites. Site on the Sabinal River islocated in an area recommended for
designation as an Ecologically Unigue River Segment by TPWD.

SIGNIFICANT ISSUESAFFECTING FEASIBILITY: Ability of sponsorsto
obtain agreements with local landowners for recharge sites, water rights, and necessary
construction permits. Mitigation of impacts to downstream water rights.

ADDITIONAL FACTORS: Abhility of recharge sponsors to obtain recharge recovery
permits and/or credits for quantities of water artificially recharged to the aquifer or
discharged from springs.

OTHER WATER SUPPLY OPTIONSDIRECTLY AFFECTED: L-18, G-30,
CZ-10D, SCTN-2a, SCTN-6, SCTN-14a, and/or SCTN-14b.
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2.1 Edwards Aquifer Recharge from Natural Drainage — Type 1 Projects (L-17)
2.1.1 Description of Option

Two types of recharge enhancement reservoirs have been analyzed in a series of
studieézﬂmusponsored by the Edwards Underground Water District beginning in 1990. Type 1
reservoirs are catch-and-release structures located upstream of the Edwards Aquifer recharge
zone, and Type 2 reservoirs are immediate recharge structures located within the recharge zone.
This option deals with the potential construction of Typel projects. Typel structures are
generaly operated to release water at the maximum recharge rate of the downstream channel
across the outcrop. These structures release water as quickly as possible for recharge to the
aquifer, thereby minimizing evaporation losses and maximizing long-term average recharge.
Under this type of operation, reservoir levels will fluctuate more than might normally be
expected, due to the large release rates.

The locations of each of the seven Type 1 recharge projects considered for devel opment
are shown in Figure 2.1-1. Six of the projects are located in the Nueces River Basin and affect
inflows to the Choke Canyon Reservoir/Lake Corpus Christi Reservoir System (CCR/LCC
System) and the Nueces Estuary. These six projects include Montell, Upper Dry Frio, Concan,
Upper Sabinal, Upper Hondo, and Upper Verde. Other previously identified Type 1 sites in the
Nueces River Basin are not included in this study because the quantity of enhanced recharge
during the drought is extremely small and the associated unit costs are extremely high.

In the San Antonio and Guadalupe River Basins, one new recharge project is being

considered—Upper Blanco. The Upper Blanco project includes a pipeline to divert water over

! HDR Engineering, Inc. (HDR) and Geraghty and Miller, Inc., “Nueces River Basin Regional Water Supply
Planning Study, Phasel,” Vols. 1, 2, and 3, Nueces River Authority (NRA), et al., May 1991.

2 HDR, “Nueces River Basin Regional Water Supply Planning Study, Phase |11 — Recharge Enhancement,” NRA,
November 1991.

® HDR, “Nueces River Basin, Edwards Aquifer Recharge Enhancement Project, Phase IV-A,” Edwards
Underground Water District (EUWD), June 1994.

* HDR, “Nueces River Basin, Edwards Aquifer Recharge Enhancement Project, Phase |V-B — Technical
Memorandum, Combined Impacts of Frio, Sabinal, Hondo, and V erde Recharge Enhancement Projects on
Downstream Water Rights,” December 12, 1995.

® HDR, “Guadal upe-San Antonio River Basin Recharge Enhancement Study,” Vols. I, Il, and |11, EUWD,
September 1993.

® HDR, “Guadal upe-San Antonio River Basin Recharge Enhancement Study Feasibility Assessment,” Trans-Texas
Water Program, West Central Study Area, Phase |1, Edwards Aquifer Recharge Analyses, San Antonio River
Authority, et al., March 1998.

South Central Texas Region
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12/13/99 Draft Option L-17

the basin divide and into three Soil Conservation Service (SCS) reservoirs in the Upper San
Marcos River Basin. These three SCS reservoirsin turn recharge the Edwards Aquifer.

The Type 1 projects in the Nueces and Guadalupe-San Antonio River Basins have all
been considered in previous studies.IZEI As a result of these studies, an optimum size has
previously been determined for each project. The optimum sizes for each project were used in
this study. Two Type 1 programs consisting of up to 7 potential storage projects are presented in
thisstudy. The projectsincluded in each of the two programs are identified below.

2111 Program 1A

* NuecesRiver Basin

 Montell

* Upper Dry Frio
* Concan

e Upper Sabinal
e Upper Hondo

* Upper Verde

» Guadalupe-San Antonio River Basin
» Upper Blanco (with recharge diversion to San Marcos FRS)
2.1.1.2 Program 1B

* NuecesRiver Basin
* Upper Dry Frio
* Upper Sabinal
» Upper Verde
The projectsin Program 1A would impound a combined maximum recharge pool storage
of 68,910 acre-feet (acft) and periodically inundate 4,042 acres, as shown in Table2.1-1.
Program 1B would impound up to 21,080 acft in the combined recharge storage pools for

projectsin this program and periodically inundate about 1,340 acres.

2.1.2 Available Yield

Available yield or recharge enhancement volumes were calculated for the Typel
structures using the Nueces River Basin Model and the Guadalupe-San Antonio River Basin

Model, subject to average and drought conditions. Average conditions represent the average

annual recharge enhancement rate for the entire 56-year simulation period (1934 to 1989).

"HDR, Op. Cit., November 1991.
8 HDR, Op. Cit., March 1998.

South Central Texas Region
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Table 2.1-1.
Summary of Recharge Enhancement Potential
for Type 1 Reservoir Programs (L-17)

Recharge Enhancement
1934 to 1989 | 1947 to 1956 Reduction in Reduction in Reduction in Drought
Type 1 Surface Average Drought Average Nueces CCR/LCC Average Guadalupe
Project Capacity Area Conditions Conditions Estuary Inflow System Yield Estuary Inflow
Program (acft) (acres) (acft/yr) (acftlyr) (acftlyr) (acftlyr) (acftlyr)
Program 1A | 68,910 4,042 27,882 16,029 4,674 1,235 2,917
Program 1B | 21,080 1,340 5,615 2,955 1,465 1,235 —

! Computed using the Lower Nueces River Basin and Estuary Model assuming Phase IV Operating Policy, the Agreed Bay and
Estuary Release Order, and 2010 sediment accumulation.

Drought conditions represent the average annual recharge enhancement rate for the 10-year

period from 1947 through 1956, which is when the most severe drought on record occurred.
Analyses of recharge enhancement projects presented in this study were performed honoring all
existing water rights to the maximum extent possible, with one exception. This exception
involved the water rights of the CCR/LCC System, in which case impacts were not mitigated by
releases, but were assumed to be purchased. Other options may be available to mitigate the
impact of the recharge projects on the CCR/LCC System, such as Option L-14, which considers
the transfer of San Antonio River water into Choke Canyon Reservair.

An improved methodology employing a daily computation timestep for the estimation of
monthly Edwards Aquifer recharge enhancement associated with proposed Type 2 projects was
developed in the Nueces River Basin Edwards Aquifer Recharge Enhancement Project,
Phase IV-AEIand modified for usein this study. The daily timestep was applied in the simulation
of recharge reservoir contents, delivery of spills and releases to the next downstream control
point located near the downstream edge of the recharge zone, and the computation of
enhancement to natural recharge due to recharge releases from the Type 1 projects. For each
day, recharge releases from the Type 1 reservoirs were compared to the channel loss rates over

fio]

the outcrop,~ and the portion of recharge release that becomes recharge is computed based on
the difference between the natural recharge occurring in the reach and the measured channel loss

rates.

°HDR, Op. Cit., June 1994.
19 ySGS, “Streamflow Losses Along the Balcones Fault Zone, Nueces River Basin, Texas,” Water Resources
Investigations Report, 83-4368, Austin, Texas, 1983.

South Central Texas Region
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For the Type 1 Recharge Program 1A, recharge could be enhanced by 27,882 acft/yr for
average conditions and 16,029 acft/yr for drought conditions, as shown in Table2.1-1. The
impact on the CCR/LCC System totas 1,235 acft/yr for the Typel Program 1A, which
represents about 0.6 percent of the system firm yield. Estimates indicate that Type 1 Recharge
Program 1B could enhance recharge by 5,615 acft/yr for average conditions and 2,955 acft/yr
during drought. Program 1B impacts CCR/LCC System yield by 1,235 acft/yr, or 0.6 percent.

Application of the Consensus Environmental Criteria (Appendix B) for reservoir pass-
throughs for instream flows was included in this analysis for the Type 1 recharge projects. All
seven recharge dams studied required reservoir pass-throughs. The maximum impact on the
average inflow to the Nueces Estuary due to the six Nueces River Basin projects (Program 1A) is
a reduction of about 4,674 acft/yr, or about 1 percent. The impact of the Upper Blanco site on
the average inflow to the Guadalupe Estuary (as measured at the Guadalupe River Saltwater
Barrier) would be a reduction of about 2,917 acft/yr, or about 0.5 percent under Program 1A
during drought (1947 to 1956). The impact of Program 1B on average inflows to the Nueces
Estuary is 1,465 acft/yr, or about 0.3 percent, and to the Guadalupe Estuary is 0 acft/yr because
there are no projects in the Guadal upe-San Antonio River Basin in Program 1B.

Once monthly recharge enhancement amounts were computed for each potential project,
they were added to the baseline recharge for the GWSIM-1V model of the Edwards Aquifer at
the spatial locations representing the proposed recharge enhancement projects. Figure 2.1-2
shows the Edwards Aquifer GWSIM-IV aquifer model cell grid with an overlay of the streams
and mgjor reservoirs in the model area. Also shown in this figure are the approximate locations
of the recharge enhancement projects modeled. Recharge enhancement estimates from the
surface water models for Programs 1A and 1B were distributed into the appropriate recharge
zone cells in the GWSIM-1V model. In general, the recharge enhancement was distributed into
ground-water model cells downstream of the associated Typel project. Application of the
GWSIM-IV Mode provides a basis for determining additional groundwater that could
potentially be withdrawn under a recharge recovery permi (Appendix C) for each Typel
Recharge Enhancement Program. It is noted, however, that rules governing recharge recovery

have yet to be adopted by the Edwards Aquifer Authority. A summary of the sustained yield

" HDR, “Introduction to Technical Application Requirements for Artificial Recharge Contracts and Recharge
Recovery Permits,” Edwards Aquifer Authority, December 1998.

South Central Texas Region
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pumpage increase associated with each Type 1 Recharge Enhancement Program is presented in
Table 2.1-2. Quantification of an increase in sustained yield of the Edwards Aquifer during the
drought of record provides a means for direct comparison of recharge enhancement options with
surface water supply options under Texas Water Development Board (TWDB) rules for regional
water supply planning.

Table 2.1-2.

Summary of Sustained Yield Enhancement for
Type 1 Reservoir Programs

Recharge Enhancement
Type 1 1934 to 1989 1947 to 1956 Sustained Yield Increase in
Project Average Conditions Drought Conditions Pumpage Increase Springflow
Program (acftlyr) (acftl/yr) (acftlyr) (acftl/yr)
Program 1A 27,882 16,029 5,554 14,188
Program 1B 5,615 2,955 1,958 1,616

1 Sustained yield increase based on comparison of GWSIM-IV Model runs in which aquifer pumpage was
maximized while maintaining a minimum flow from Comal Springs of 60 cfs in one and only one month
with and without recharge enhancement from the associated Type 1 Program.

Figure 2.1-3 summarizes the results of the GWSIM-1V Model runs used to determine the
change in sustained yield associated with enhanced recharge for Program 1A. With long-term
average enhancement recharge of 27,882 acft/yr, the sustained yield pumpage was found to
increase by 5,554 acft/yr (20 percent of the average annual enhancement). The majority of the
average annual recharge enhancement becomes springflow. As shown in Table2.1-2,
14,188 acft/yr (51 percent) of the 27,882 acft/yr recharge enhancement becomes increased
springflow. Thisincrease in springflow is shown in the lower chart in Figure 2.1-3. This chart
shows the Comal Springs flow patterns under the 400,000 acft/yr management plan pumpage
with and without a recharge recovery permit pumpage of 5,554 acft/yr. As seen in this figure,
the close proximity of the Upper Blanco recharge project to Coma and San Marcos Springs
probably serves to enhance springflow more than increase dependable supply for municipal
pumpage.

Program 1B was analyzed in asimilar fashion and the results indicate larger increases, on
a percentage basis, to increased sustained yield. Under Program 1B, 1,985 acft/yr (35 percent of
the average annual enhancement) is potentially available for a recharge recovery permit, while

1,616 acft/yr (29 percent) becomes increased springflow. The differences between Programs 1A

South Central Texas Region
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and 1B are the exclusion of the Montell, Concan, Upper Hondo, and Upper Blanco recharge
projectsin Program 1B. The results from Program 1B are shown in Figure 2.1-4.

Potential Edwards Aquifer recharge enhancement projects could negatively impact
natural recharge of the Carrizo-Wilcox Aquifer. Previous studieslEI have estimated recharge to
the Carrizo-Wilcox Aquifer by breaking recharge into three components: baseflow recharge in
the stream, flood flow recharge in overbanks of the stream, and areal recharge in the tributaries
and soils in the watershed outside the main channel. Of these three components, flood flow
recharge is the component most likely to be negatively impacted by recharge dams on the
Edwards Aquifer outcrop, upstream of the Carrizo-Wilcox outcrop. Flood flow recharge is
defined as the recharge that occurs aong the main channel during flood events due to the
inundation of overbanks adjacent to the river. Previous estimates of total recharge in the Winter
Garden AreelEI (the Carrizo-Wilcox from the Rio Grande to the San Marcos River) tabulated
flood flow recharge to the Carrizo-Wilcox as approximately 25 percent (51,500 acft/yr) of the
total average annual recharge to the aquifer. Total average annual recharge in the Winter Garden
Areawas estimated to be 207,700 acft/yr.

Average annua flood flow recharge in the area was estimated to be 51,500 acft/yr, of
which 14,500 acft/yr occurs on streams which could potentially be impacted by Type 1 Edwards
Aquifer recharge enhancement projects. Therefore, in the most extreme case (no flood flow
recharge to the Carrizo-Wilcox downstream of potentia Typel Edwards Projects) average
annual Carrizo-Wilcox natural recharge could be reduced by approximately 7 percent
(14,500/207,700) under Program 1A. Similarly, under Program 1B, the removal of Edwards
Recharge Projects on the Nueces and Blanco Rivers would decrease the potential impact to
Carrizo-Wilcox recharge to 2.5 percent of the total average annual recharge.

It should be noted that these estimates of impacts, while relatively small, are essentially
the maximum attainable assuming the Edwards Aquifer recharge projects completely control all
floods on their respective streams. The proposed Type 2 projects, however, are not large enough
to control floods to this extent. Therefore, impacts to Carrizo-Wilcox recharge across the region
will most certainly be considerably less than the potential impacts presented above. As water

management plans are developed, if specific projects potentially impacting Carrizo-Wilcox

12| BG-Guyton Associates and HDR Engineering, Inc., “Interaction between Ground Water and Surface Water in
the Carrizo-Wilcox Aquifer,” Texas Water Development Board, August 1998.
13 | i

Ibid.
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recharge are included in a plan, more detailed analyses of the actual impacts of said projects on

Carrizo-Wilcox recharge will be performed.

2.1.3 Environmental Issues

Type 1 Reservoirs are catch-and-release structures that would be located upstream of the
Edwards Aquifer recharge zone. They would be operated to store water during period of surplus,
while releases would be maintained at the maximum recharge rate in the downstream channel
during periods when flow over the recharge zone would have been less under historical
conditions. These structures would be located within the stream channel and may maintain
storage contents for months or even years.

Suitable sites for the Typel Reservoirs are located in the area encompassing the
headwaters of the Nueces River Basin along the southern margin of the Edwards Plateau in
Medina and Uvalde Counties, and the Blanco River along the southeastern margin of the
Edwards Plateau in Hays County. There are four Typel reservoir sites in Uvalde County
(Montell, Upper Dry Frio, Concan, Upper Sabinal), two in Medina County (Upper Hondo, Upper
Verde), and one in Hays County (Upper Blanco), as shown in Figure 2.1-1.

These proposed reservoirs are located in the southern and southeastern portion of
Omernik’s Central Texas Plateau, which is bordered by the Texas Blackland Prairies to the east
and the Southern Texas Plains to the south!EI Omernik describes the area as tablelands with
moderate relief, plains with high hills, and open high hills dominated by juniper-mesquite-oak
savannahs and bluestem grasses with dry mollisols. Correll and Johnston describe the vegetation
of the Centra Texas Plateau as dense strands of Ashe juniper, various scrub oaks, and
meﬁquite.ﬁ-| The dominant climax grasses of the ecoregion include switchgrass, several species
of bluestem and grama, Indian grass, Canada wild-rye, curly mesquite, and buffalo grass. The
rocky limestone outcrops typically support a tall or mid-grass understory and a brush overstory
complex of live oak, Texas oak, shinnery oak, junipers, and mesquite. Juniper and mesquite
brush are generaly though of as invaders into a presumed climax of largely grassland or
savannah, except on the steeper slopes, which have continually supported dense cedar and oak
thickets.

14 Omernik, James M. “Ecoregions of the Conterminous United States,” Annals of the Association of American
Geographers, 77(1) pp. 118-125, 1987.

> Correll, D.S. and M.C. Johnston, “Manual of the Vascular Plants of Texas,” Texas Research Foundation, Renner,
Texas, 1979.
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Blair considered this area to be in the Balconian Biotic Province and characterized it as
an intermixture of fauna elements of other major provinces.@ The vertebrate fauna of the
Balconian Province contains species from the Austroriparian, Tamaulipan, Chihuahuan, and
Kansan Biotic Provinces. Blair’'s description of the vegetation of the area generally agrees with
Omernik, Correl and Johnston, and Gould's descriptions. The flood plains of the stream consist
of mesic forest of live oak, elm, hackberry, and pecan, with cypress lining some streams.IEI
Gould described the climax grasses of the Edwards Plateau as a tall or mid-grass understory
composed of switchgrasses and bl u%tems.EI

Soils of Medina County are light colored, brownish to reddish, and well drained, with

areas of dark loamy surfaces over clayey subsoils.IEJ

In the southeast portion of the county, the
soils are deep, with light colored loam over mottled, clayey subsoils. The soils of northern
Uvalde County are light to dark, well drained, loamy soils, with accumulations of Iime.IZII The
southern part of the county has soils that are light colored, well drained, gray to black cracking
clayey soils with high shrink-swell potential. The soils of Hays County are slightly acidic with
loamy surfaces over cracking, clayey subsoils and acidic cracking, clayey soils that have a high
shrink-swell potential 24

Within the Nueces River Basin, the primary land use is agricultural. About 84 percent of
the area of Medina and Uvalde Counties was estimated to be rangeland, 6 percent pasture, and
10 percent cropland.E] Primary land use of Hays County is agricultural with 75 percent of the
land in farms and ranches, 8 percent of this is in harvested cropland, and less than 1 percent
irrigated.E*LI

The conventional Typel Reservoirs will eliminate terrestrial habitat through dam
construction and permanent inundation to the extent of their recharge pools. Because the Type 1

sites are located in perennial, typically spring-fed, reaches, aquatic habitat quality tends to be

% Blair, W.F., “The Biotic Provinces of Texas,” Texas Journal of Science 2(1): pp. 93-117, 1950.

Y Gould, F.W., “The Grasses of Texas,” Texas A& M University Press, College Station, Texas, 1975.

18 Clements, John, “Texas Facts: A Comprehensive Look at Texas Today County by County,” Clements Research 1,
Inc., Dallas, Texas, 1988.

9 Ibid.

% | bid.

! | bid.

Z HDR, “Regional Water Supply Planning Study — Phase |11 — Recharge Enhancement, Nueces River Basin,”
1991.

% Clements, John, “Texas Facts: A Comprehensive Look at Texas Today County by County, Clements Research I,
Inc., Dallas, Texas, 1988.

South Central Texas Region

Water Supply Options 2.1-12 m



12/13/99 Draft Option L-17

high and of particular importance in arid areas with a scarcity of permanent surface water. The
regiona gradients in precipitation and evaporation are such that aridity increases from east to
west. Species diversity and productivity are both nearly always greater in perennially flowing
streams and springs than in intermittent systems, even when permanent pools persist in the latter.
Because perennia flow often occurs in isolated situations in the western half of Texas, unique
(endemic) species may be present. For those reasons, and because perennial flow appears to be a
diminishing resource there, the sensitivity of lotic habitats, including springs, may be considered
high. Recharge pool levels and major types of habitat that would be inundated as a result of
operation of these Type 1 reservoirs are listed in Table 2.1-3.

Table 2.1-3.
Habitats Affected by Operation of Type 1 Recharge Reservoirs
Conservation Pool Grasslands Brushlands | Woodlands | Wetlands
Reservoir (acres) (percent) (percent) (percent) (acres)
Montell 1,460 5% 20% 75% 1.2
Upper Dry Frio 440 75% 0% 25% 6.2
Concan 710 40% 40% 20% 1.8
Upper Verde 350 15% 0% 85% 14
Upper Sabinal 550 70% 0% 30% 26.8
Upper Hondo 350 20% 0% 80% 13.4
Upper Blanco 182 — — — —

Operation of the Type 1 structures will affect streamflows below each reservoir, resulting
in reduced flood peaks entering the recharge zone, and increased frequency and duration of low
flows covering the recharge zone. All the streams considered in the Nueces River Basin are
intermittent over the recharge zone, and aquatic communities there would benefit by increasing
the periods during which lotic conditions are present.

Conversdly, the Blanco River, although also intermittent over the recharge zone, isless so
and retains very large perennial pool habitats that support productive and diverse communities
comparable to perennia streamsin theregion. Blanco River recharge is believed to contribute to
local springflows, which do rejoin surface flow at the San Marcos/Blanco River confluence.

Effects to the Nueces Estuary inflows, and on the yield of the CCR/LCC System, are
presented in Section 2.1.2 and Table 2.2-1. CCR/LCC System yields would be reduced dlightly
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(1,235 acft/yr under Program 1A) and fully compensated for by users of the enhanced Edwards
Aquifer recharge. Projected reductions in Nueces Estuary inflows would be similarly small
(4,674 acft/yr under Program 1A) and at least partially offset by water imported to the system to
replace the reduced yield. The absolute value of reductions in Guadalupe River flows at the
Saltwater Barrier (2,917 acft/yr for the Upper Blanco site) is only about 0.5 percent of drought
average annual gaged inflow to San Antonio Bay.

Substantial effects on the subterranean fauna of the Edwards Aquifer reservoir zone as a
result of recharge projects appears unlikely so long as water quality of the recharge reservoir can
be maintained. The characteristically constant temperature, chemical composition and clarity of
the water in the reservoir portion of the aquifer which supplies the springs, is largely a function
of storage in the cavernous limestones of the aquifer, and not of constant quality water entering
the recharge zone.

The potentially long periods of impoundment in Type 1 reservoirs may ater water quality
as suspended materias that would have been transported downstream settle out, and as a result of
thermal stratification and subsequent dissolved oxygen (D.O.) depletion in isolated bottom
waters. Since discharge of D.O. depleted waters would be adverse to both downstream aquatic
communities and to the aquifer fauna (if re-aeration is not accomplished before recharge), the
outlet works of the Type 1 structures could need to allow for discharge of water from various
depthsin the reservoirs.

Many rare and endemic species of plants exist as a result of the many canyons, rugged
terrain, past geologic history and biogeographical location of the south and southeastern portions
of the Edwards Plateau. The Texas snowbells (Styrax texana) is considered endangered by both
the USFWS and TPWD. The bracted twist-flower (Streptanthus bracteatus) is recognized by
TPWD and the Texas Organization of Endangered Species (TOES) as a species of concern. The
basin bellflower (Campanula reverchonii), bearded mock-orange (Philadel phus ernestii), canyon
mock-orange (P. texensis), Anemone edwardsiana and cliff bedstraw (Galium correllii) are aso
on the TOES watch list. Other rare and endemic plant species which do not have federal or state
status and are not recognized on the TOES watchlist are lipferns (Cheilanthes spp.), cloakferns
(Notholaena spp.), Anemia mexicana, halberd fern (Tectaria heracleifolia), hairy maidenhair
fern (Adiantum tricholepis), cliff brakes (Pellaea), columbine (Aquilegia canadensis), wand
butterfly-bush (Buddlgja racemosa), american smoke-tree (Cotinus americana), spicebush
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(Benzoin aestivale), silverbells (Styrax platanifolia), netleaf forestiera (Forestiera reticulata),
plateau milkvine (Matelea edwardsensis), Lindheimer crownbeard (Verbesina lindheimeri),
Lythrum ovalifolium, Tridens buckleyanus, twisted leaf yucca (Yucca rupicola), and sotol
(Dasylirion heteracanthium).?*

In addition to the rare and/or endemic species listed above there are numerous protected and
candidate species in the study areas as well as in the Edwards Aquifer and in springs fed by the
aquifer (Table2.1-4). None of these species have been reported to occur directly within the
proposed dam and impoundment locations, but some have been observed in the vicinity of severa
sites and suitable habitat for one or more protected species appears to be present at some of the sites.
Both the biogeographical setting and present knowledge indicates that field surveys should be
conducted at appropriate seasons to determine the presence or absence of protected species habitat
and assess the probability of use of each site by protected species.

While each of these reservoir sites has some potential to affect private interests and
recreation, the Concan site on the Frio River is the only location that would impact a popular
recreational reach that has experienced substantial riparian resort and residential development.
The Blanco River site may also have some impact on recreation and on riparian residential
property.

Texas Archeological Research Laboratory files were examined and data on 231
archaeological sites determined to occur in the upper Nueces River Basin were compiled.liJ
Known historic sites in the study area were compiled from the National Register of Historic
Places. All site locations were plotted on 7.5-minute quadrangle maps and assessed for the
probability that they would be affected by construction of one of the proposed recharge
reservoirs. However, these statistics reflect strong sample bias and an absolute lack of
information from some areas. This information has not been compiled for the Upper Blanco site,
as its predictive utility is small. Burned rock middens are the most common archaeological site
(130, 56 percent) in the Upper Nueces River Basin, with rock quarries (9), rock shelters (5), and
caves (3) comprising the other 44 percent of the sites. Nine historic sites are recorded in the

study area, and at 22 sites (9.5 percent), no information beyond the location is avail abl e.E"I

2 HDR, "Regiona Water Supply Planning Study Phase |11 Recharge Enhancement, Nueces River Basin," 1991
% |bid.
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Table 2.1-4.
Important Species* Having Habitat or Known to Occur in
Counties Potentially Affected by Option
Edwards Aquifer Recharge from Natural Drainage — Type 1 (L-17)
Listing Agency Potential
12 Occurrence
Common Name Scientific Name Summary of Habitat Preference USFWS TPWD TOES in County
BIRDS
American Peregrine Falcon Falco peregrinus anatum Open country; cliffs E E E Nesting/Migrant in
Hays, Medina,
Uvalde
Arctic Peregrine Falcon Falco peregtinus tundrius Open country; cliffs E T T Nesting/Migrant in
Hays, Medina,
Uvalde
Interior Least Tern Sterna antillarum athalassos Inland river sandbars for nesting and E E E Nesting/Migrant in
shallow water for foraging Uvalde
Whooping Crane Grus americana Potential migrant E E Migrant in Hays
Wood Stork Mycteria americana forages in prairie ponds, ditches, and T T Migrant in Uvalde
still shallow standing water formerly
nested in Texas
Zone-tailed Hawk Buteo albonotatus Arid, open country including T T Nesting/Migrant in
deciduous or pine-oak woodland; Medina, Uvalde,
nests in various habitats and sites Hays
Black-capped Vireo Vireo atricapillus oak-juniper woodlands with distinctive E E T Nesting/Migrant in
patchy, two-layered aspect; shrub Medina, Uvalde,
and tree layer with open, grassy Hays
spaces. Known occurrence in the
upper Hondo, Upper Verde, and
Concan Reservoir area
Golden-cheeked Warbler Dendroica chrysoparia ashe juniper-oak woodlands; E E E Nesting/Migrant in
dependent on mature ashe juniper Medina, Uvalde,
(cedar) for nests. Known occurrence Hays
in the Upper Hondo, Upper Verde,
Concan, Upper Blanco Reservoir
area
Henslow's Sparrow Ammodramus henslowii Weedy fields or cut over areas; bare Nesting/Migrant in
ground for running and walking Medina, Hays
REPTILES
Cagle’'s Map Turtle Graptemys caglei Guadalupe River System, transition C1 C1 Hays
areas between riffles and pools, nests
within 30 ft of water's edges. Known
occurrence in the Upper Blanco
Reservoir area
Texas Horned Lizard Phrynosoma cornutum Varied, open sparsely vegetated Cc2 T T Medina, Uvalde,
uplands, grass, cactus, brush; soil Hays
may vary in texture
Spot-tailed earless Lizard Holbrookia lacerata Central & Southern Texas; oak- Medina, Hays
juniper woodlands and mesquite-
prickly pear
Texas Tortoise Gopherus berlandieri Open brush with grass understory; T T Medina, Uvalde
open grass and bare ground avoided;
occupies shallow depressions at base
of bush or cactus, underground
burrows, under objects; active March-
Nov
Reticulate Collared Lizard Crotaphytus reticulatus Endemic grass prairies of South Cc2 T T Uvalde
Texas Plains; usually thornbush,
mesquite-blackbrush
Texas Garter Snake Thamnophis sirtalis annectens Varied, especially wet areas; Cc2 Medina, Hays
bottomlands and pastures
Indigo Snake Drymarchon corais erebennus Grass prairies and sand hills; usually T WL Medina, Uvalde
thornbush woodland and mesquite
savannah of coastal plain
Keeled Earless Lizard Holbrookia propinqua Coastal dunes, Barrier islands and Medina, Hays
sandy areas
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Table 2.1-4 (continued)
Listing Agency Potential
12 Occurrence
Common Name Scientific Name Summary of Habitat Preference USFWS TPWD TOES in County
AMPHIBIANS
Valdina Farms Sinkhole Eurycea troglodytes Isolated, intermittent pools of a Medina
Salamander subterranean stream; sinkhole found
in Medina Co.
Cascade Caverns Salamander Eurycea latitans Endemic; subaquatic, springs and T T Comal
caves in Comal Co.
Comal Blind Salamander Eurycea tridentifera endemic; semi-troglobitic; found in Cc2 T T Comal
springs and waters of caves in Bexar
and Comal Co
Blanco River Springs Eurycea pterophila subaquatic, springs and caves in the Hays
Salamander Blanco River drainage in Blanco,
Hays and Kendall
Texas Blind Salamander Eurycea rathbuni troglobitic, water-filled subterranean E E T Hays
caverns, along San Marcos Spring
Fault
San Marcos Salamander Eurycea nana headwaters of San Marcos River, T T T Hays
downstream to 1/2 mile past IH-35
Blanco Blind Salamander Eurycea robusta troglobitic, water-filled subterranean Cc2 T T Hays
caverns, may inhabit deep levels of
Balcones Aquifer
Edwards Plateau Spring Eurycea sp. 7 endemic; troglobitic; springs, seeps, c2 Medina, Uvalde,
Salamanders cave streams, and creek headwaters. Hays
Known occurrence in the Upper
Hondo, Montell, Upper Sabinal,
Upper Blanco And Concan Reservoir
area
FISH
Blue Sucker Clycleptus elongatus Large rivers throughout Mississippi Cc2 T WL Uvalde, Hays
River Basin south and west in major
streams of Texas to Rio Grand River
Guadalupe Bass Micropterus treculi Perennial streams of the Edward'’s c2 WL Uvalde, Hays
plateau region. Known occurrence in
the Montell Reservoir area
Headwater catfish Ictalurus lupus Clear streams. Known occurrence Historic in Uvalde
below the Montell Reservoir area
Toothless Blindcat Trogloglanis pattersoni troglobitic, blind catfish endemic to c2 T E Bexar
the San Antonio pool of the Edward's
Aquifer
Widemouth Blindcat Satan eurystomus troglobitic, blind catfish endemic to Cc2 T E Bexar
the San Antonio pool of the Edward's
Aquifer
Fountain Darter Etheostoma fonticola known only from the San Marcos and T E Hays
Comal rivers; springs and spring-fed
streams in dense vegetation
ARTHROPODS
Peck's Cave Amphipod Stygobromus pecki small, aquatic crustacean; lives PE WL Comal
underground in Edwards Aquifer
Ezell's Cave Amphipod Stygobromus flagellatus known only from artesian wells c2 WL Hays
Texas Cave Shrimp Palaemonetes antrorum Edwards Aquifer subterranean c2 WL Hays
caverns and subterranean sluggish
streams and pools
Flint's net-spinning caddisfly Cheumatopsyche flinti Honey Creek c2 WL Uvalde, Hays
San Marcos Saddle Case Protoptila arca known from an artesian well in Hays c2 WL Hays
Caddisfly Co.; 1-2m deep water
Bifurcated Cave Amphipod Stygobromus bifurcatus Spring openings c2 WL
Balcones Cave Amphipod Stygobromus balconis Limestone caves Cc2 WL
Comal Springs Water Beetle Heterelmis comalensis Comal Springs Cc2 Comal
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Table 2.1-4 (continued)
Listing Agency Potential
12 Occurrence
Common Name Scientific Name Summary of Habitat Preference USFWS TPWD TOES in County
Comal Springs dryopid beetle Stygoparnus comalensis Comal Springs PE Comal
Edwards Aquifer Diving Beetle Haideoporus texanus Edwards Aquifer subterranean c2 WL Hays
caverns; known from an artesian well
in Hays Co.
MOLLUSKS
Mimic Cave Snail Phreatodrobia imitata Edwards Aquifer subterranean Cc2
caverns
PLANTS
Texas wild-rice Zizania texana perennial, emergent, aquatic grass E E E Hays
known from San Marcos River
Bracted twistflower Streptanthus bracteatus endemic, openings in juniper-oak Medina, Uvalde
woodlands, rocky slopes KNOWN
OCCURANCE IN THE CONCAN
RESERVOIR AREA
Sandhill woolywhite Hymenopappuscarrizoanus endemic, deep loose sands of Medina
Carrizo, disturbed areas
Texas Greasebush Forsellesia texensis dry limestone ledges and chalk bluffs. WL Uvalde
Known occurrence in the Montell
Reservoir area
Hill Country Wild-mercury Argythamnia aphoroides shallow to deep clays and loams over WL Uvalde, Comal
limestone; grasslands and live oak
woodlands. Known occurrence in the
Concan Reservoir area
Dark Noseburn Tragia nigricans mixed evergreen deciduous WL Uvalde, Hays, Comal
woodlands on clay or clay loam over
limestone. Known occurrence in the
Upper Blanco,Concan Reservoir area
Texas Snowbells Styrax texana Known occurrence in the Upper Dry E E WL Uvalde
Frio Reservoir area
Texas Mock-Orange Philadelphus texensis On limestone bluffs and among c2 WL Uvalde, Medina
boulders on the Edwards Plateau.
Known occurrence in the Upper
Hondo, Concan Reservoir area
MAMMALS
Cave Myotis Bat Myotis velifer colonial, and cave dwelling; Cc2 Uvalde, Hays
hibernates in limestone caves of
Edwards Plateau
White-nosed coati Nasua narica woodlands, rocky and riparian areas T WL Uvalde
Black Bear Usus americanus Mountains, broken country, woods, T T T Uvalde
brushlands, forests
Plains Spotted Skunk Spilogale putorius interrupta prefers wooded, brushy areas and Cc2 Hays
tallgrass prairie, fields, prairies,
croplands, fence rows, farmyards,
forest edges
Frio Pocket Gopher Geomys texensis bakeri Associated with nearly level Atoc soil, c2 Medina, Uvalde
which is well drained and consists of
sandy surface layers with loam
extending to as deep as 2m.
Ocelot Felis pardalis dense chaparral thickets; mesquite- E E E Uvalde
thorn scrub and live oak mottes;
avoids open areas
Jaguarundi Felis yagouaroundi South Texas thick brushlands, favors E E E Uvalde
areas near water
1 Texas Parks and Wildlife Department. Unpublished 1999. September 1999, Data and map files of the Natural Heritage Program, Resource Protection Division, Austin,
Texas.
2 Texas Organization for Endangered Species (TOES). 1993. Endangered, threatened, and watch list of Texas plants. TOES Publication 9. Austin, Texas. 32 pp.
* E = Endangered T = Threatened 3C = No Longer a Candidate for Protection C2 = Candidate Category
C1 = Candidate Category, Substantial Information PE/PT = Proposed Endangered or Threatened
WL = Potentially endangered or threa_tened Blank = Rare, but no regula_tory listing status NL = Not listed
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Because none of these recharge reservoirs have been adequately surveyed, all areas to be
disturbed during construction would have to be surveyed by qualified professionas for the
presence of significant cultural resources. Measures to mitigate impacts may be required by the

presence of significant cultural deposits that cannot be avoided.

2.1.4 Engineering and Costing.

Preliminary cost estimates for all Type 1l recharge enhancement projects located in the

Nueces River Basin were prepared in 1991 by HDR,'Z_E‘|

and preliminary cost estimates for the
Type 1 recharge enhancement projects located in the Guadalupe-San Antonio River Basin were
prepared in 1998 by HDR.Izl The costs presented in Table 2.1-5 have been adjusted to Second
Quarter 1999 prices.

Asseenin Table 2.1-5, the Type 1 Recharge Program 1A has atotal cost of $232,420,000
and a total annua cost of $18,379,000. Under this Program, sustained yield is enhanced by
about 5,554 acft/yr, which results in an estimated unit cost of water of $3,309 per acft.

The Program 1B total cost was computed as $66,519,000, with a total annual cost of
$5,006,000. Sustained yield pumpage for Program 1B is 1,958 acft/yr, which results in an

estimated unit cost of $2,557 per acft.

2.1.5 Implementation Issues

Implementation of Type 1 Recharge Programs could directly affect the feasibility of other
water supply options under consideration, including L-18, S-15C, S-15Da, S-15Db, S-15Dc,
S-15Ea, S-15Eb, G-20, G-30, G-40, CZ-10C, CZ-10D, SCTN-2a, SCTN-6, SCTN-7, SCTN-14a
and/or SCTN-14b.

An institutional arrangement is needed to implement this project including financing on a
regional basis.

1. Necessary permits could include:

a. TNRCC Water Right and Storage permits.

b. U.S. Army Corpsof Engineers Sections 10 and 404 dredge and fill permitsfor the
reservoir and pipelines.

c. TWDB Sand, Gravel, and Marl Removal permits.
d. GLO Easement for use of state-owned land.

% HDR, Op. Cit., November 1991.
% HDR, Op. Cit., March 1998.
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Table 2.1-5.
Summary of Costs for
Recharge Enhancement Programs — Type 1 Reservoirs (L-17)
Second Quarter 1999 Prices

ltem Program 1A' | Program 1B2

Capital Costs

Dams and Reservoirs $102,245,000  $29,025,000
Total Capital Cost $102,245,000  $29,025,000
Engineering, Legal Costs and Contingencies $36,275,000 $10,159,000
Land Acquisition 33,805,000 10,213,000
Environmental & Archaeology Studies and Mitigation 30,854,000 10,213,000
Surveying 3,380,000 1,021,000
Interest During Construction 25,861,000 5,888,000
Total Project Cost $232,420,000 $66,519,000
Annual Costs

Debt Service (6 percent for 30 years) $523,000 0

Reservoir Debt Service (6 percent for 40 years) 14,968,000 4,420,000

Operation and Maintenance 2,329,000 96,000

Water Rights Mitigation 559,000 490,000
Total Annual Cost $18,379,000 $5,006,000
Available Project Yield (acft/yr) 5,554 1,958
Annual Cost of Water ($ per acft) Raw Water in Aquifer® $3,309 $2,557
Annual Cost of Water ($ per 1,000 gallons) Raw Water in Aquifer® $10.15 $7.84
! Program 1A includes Montell, Upper Dry Frio, Concan, Upper Sabinal, Upper Hondo, Upper Verde, and Upper
2 Elr?)rg]]:z;n 1B includes Upper Dry Frio, Upper Sabinal, and Upper Verde.
3 Reported Annual Cost of Water is for additional water supply in the Edwards Aquifer.

e. Edwards Aquifer Authority recharge recovery permit (rules governing such

permits are presently under consideration).
2. Permitting, a a minimum, will require these studies:

a. Assessment of changesin instream flow and freshwater inflows to bays and

estuaries.
b. Habitat mitigation plan.
c. Environmental studies.
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d. Cultural resource studies.
e. Study of impact on karst geology organisms.
3. Land must be acquired through either negotiations or condemnation.

4. Relocations and crossings.
a. Highways and railroad.
b. Other utilities.
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OPTION NUMBER: L-18
OPTION NAME: Edwards Aquifer Recharge from Natural
Drainage — Type 2 Projects (Program 2A)

OPTION DESCRIPTION: Type 2 recharge structures are located within or
directly over the Edwards Aquifer Recharge Zone. These structuresimpound water for
only a few days or weeks (asit percolatesinto the aquifer) and are normally dry.

TIME NEEDED TO IMPLEMENT: [ ]1-5yr. X 515yr. [ ]>15yr.

COST, QUANTITY OF WATER, AND LAND IMPACTED

Quantity
(1000 acft)

UNIT COST OF WATER: $1,087 per acft' Raw Water in Aquifer
QUANTITY OF WATER: 21577 acft/yr?
LAND IMPACTED: 8448 acres’

POSITION RELATIVE TO ALL OPTIONS
UNIT COST OF WATER: of (1=lowest unit)
QUANTITY OF WATER: of (1=highest volume)
LAND IMPACTED: of (1=least acreage)

|

Impact
(2000 ac)

FACTORSAFFECTING COST, QUANTITY, AND LAND IMPACTED

'COST: Price of land for recharge reservoirs, costs of dams and emergency spillways,
and maintenance costs for recharge features such as trash control and removal.

QUANTITY OF WATER: Quantity listed is for sustained yield increase computed
using GWSIM-IV model of the Edwards Aquifer and recharge enhancement due to
following projects: Indian Creek, Lower Frio, Lower Sabinal, Lower Hondo, Lower
Verde, Lower Blanco, Cibolo Dam No. 1, San Geronimo, Northern Bexar/Medina
County Projects, Dry Comal, and Salado Creek FRS outlet modifications.

3L AND IMPACTED: Recharge structure sites. Areainundated by the reservoir at full
recharge pool capacity. This does not include land in the floodplain above the recharge
pool at the reservoir or land purchased for mitigation.

ENVIRONMENTAL ISSUES: Effects of periodic inundation lasting for afew days
or weeks of the recharge structure sites upon terrestrial habitat located within the
recharge sites. Sites on the Nueces, Frio, Sabinal, and Blanco Rivers are located in
areas recommended for designation as Ecologically Unique River Segments by TPWD.

SIGNIFICANT ISSUESAFFECTING FEASIBILITY: Ability of sponsorsto
obtain agreements with local landowners for recharge sites, water rights, and necessary
construction permits. Mitigation of impacts to downstream water rights.

ADDITIONAL FACTORS: Abhility of recharge sponsors to obtain recharge recovery
permits and/or credits for quantities of water artificially recharged to the aquifer or
discharged from springs. In combination with other water supply options, Option L-18
may be an economical interruptible (rather than firm or sustained yield) supply.
OTHER WATER SUPPLY OPTIONSDIRECTLY AFFECTED: L-17, S15C, S
15Da, S-15Db, S-15Dc, S-15Ea, S-15Eb, G-20, G-30, G-40, CZ-10C, CZ-10D, SCTN-
2a, SCTN-6, SCTN-7, SCTN-14a, and/or SCTN-14b.
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OPTION NUMBER: L-18
OPTION NAME: Edwards Aquifer Recharge from Natural
Drainage — Type 2 Projects (Program 2B)

OPTION DESCRIPTION: Type 2 recharge structures are located within or
directly over the Edwards Aquifer Recharge Zone. These structuresimpound water for
only a few days or weeks (asit percolatesinto the aquifer) and are normally dry.

TIME NEEDED TO IMPLEMENT: [ ]1-5yr. X 515yr. [ ]>15yr.

COST, QUANTITY OF WATER, AND LAND IMPACTED

Quantity
(1000 acft)

UNIT COST OF WATER: $800 per acft' Raw Water in Aquifer
QUANTITY OF WATER: 15,980 acft/yr?
LAND IMPACTED: 4,186 acres’

POSITION RELATIVE TO ALL OPTIONS
UNIT COST OF WATER: of (1=lowest unit)
QUANTITY OF WATER: of (1=highest volume)
LAND IMPACTED: of (1=least acreage)

in N

Impact
(2000 ac)

FACTORSAFFECTING COST, QUANTITY, AND LAND IMPACTED

'COST: Price of land for recharge reservoir sites, costs of dams and emergency
spillways, and maintenance costs for recharge features such as trash control and
removal.

QUANTITY OF WATER: Quantity listed is for sustained yield increase computed
using GWSIM-IV model of the Edwards Aquifer and recharge enhancement due to
following projects: Lower Frio, Lower Sabinal, Lower Hondo, Lower Verde, Lower
Blanco, Cibolo Dam No. 1, San Geronimo, and Salado Creek FRS outlet modifications.

3L AND IMPACTED: Recharge structure sites. Areainundated by the reservoir at full
recharge pool capacity. This does not include land in the floodplain above the recharge
pool at the reservoir or land purchased for mitigation.

ENVIRONMENTAL ISSUES: Effects of periodic inundation lasting for afew days
or weeks of the recharge structure sites upon terrestrial habitat located within the
recharge sites. Sites on the Frio, Sabinal, and Blanco Rivers are located in areas
recommended for designation as Ecol ogically Unigue River Segments by TPWD.

SIGNIFICANT ISSUESAFFECTING FEASIBILITY: Ability of sponsorsto
obtain agreements with local landowners for recharge sites, water rights, and the
necessary construction permits. Mitigation of impacts to downstream water rights.

ADDITIONAL FACTORS: Abhility of recharge sponsors to obtain recharge recovery
permits and/or credits for quantities of water artificially recharged to the aquifer or
discharged from springs. In combination with other water supply options, Option L-18
may be an economical interruptible (rather than firm or sustained yield) supply.
OTHER WATER SUPPLY OPTIONSDIRECTLY AFFECTED: L-17,S15C, S
15Da, S-15Db, S-15Dc, S-15Ea, S-15Eb, G-20, G-30, G-40, CZ-10C, CZ-10D, SCTN-
2a, SCTN-6, SCTN-14a, and/or SCTN-14b.




SOUTH CENTRAL TEXASREGION SUPPLY OPTIONS
OPTION DATA SHEET

Draft —12/13/99

1600

1400

1200

1000

800

600

400 4

200 A

240

210

180

150

120

90

60

30

30

25

20

15

10

Unit Cost
($/acft)

OPTION NUMBER: L-18
OPTION NAME: Edwards Aquifer Recharge from Natural
Drainage — Type 2 Projects (Program 2C)

OPTION DESCRIPTION: Type 2 recharge structures are located within or
directly over the Edwards Aquifer Recharge Zone. These structuresimpound water for
only a few days or weeks (asit percolatesinto the aquifer) and are normally dry.

TIME NEEDED TO IMPLEMENT: [ ]1-5yr. X 515yr. [ ]>15yr.

COST, QUANTITY OF WATER, AND LAND IMPACTED

Quantity
(1000 acft)

UNIT COST OF WATER: $486 per acft' Raw Water in Aquifer
QUANTITY OF WATER: 13,451 acft/yr?
LAND IMPACTED: 2595 acres’

POSITION RELATIVE TO ALL OPTIONS
UNIT COST OF WATER: of (1=lowest unit)
QUANTITY OF WATER: of (1=highest volume)
LAND IMPACTED: of (1=least acreage)

I

Impact
(2000 ac)

FACTORSAFFECTING COST, QUANTITY, AND LAND IMPACTED

'COST: Price of land for recharge reservoir sites, costs of dams and emergency
spillways, and maintenance costs for recharge features such as trash control and
removal.

QUANTITY OF WATER: Quantity listed is for sustained yield increase computed
using GWSIM-IV model of the Edwards Aquifer and recharge enhancement due to
following projects. Lower Frio, Lower Sabinal, Lower Hondo, Lower Verde, Cibolo
Dam No. 1, and Salado Creek FRS outlet modifications.

3L AND IMPACTED: Recharge structure sites. Areainundated by the reservoir at full
recharge pool capacity. This does not include land in the floodplain above the recharge
pool at the reservoir or land purchased for mitigation.

ENVIRONMENTAL ISSUES: Effects of periodic inundation lasting for afew days
or weeks of the recharge structure sites upon terrestrial habitat located within the
recharge sites. Sites on the Frio and Sabina Rivers are located in areas recommended
for designation as Ecologically Unique River Segments by TPWD.

SIGNIFICANT ISSUESAFFECTING FEASIBILITY: Ability of sponsorsto
obtain agreements with local landowners for recharge sites, water rights, and the
necessary construction permits. Mitigation of impacts to downstream water rights.

ADDITIONAL FACTORS: Abhility of recharge sponsors to obtain recharge recovery
permits and/or credits for quantities of water artificially recharged to the aquifer or
discharged from springs. In combination with other water supply options, Option L-18
may be an economical interruptible (rather than firm or sustained yield) supply.
OTHER WATER SUPPLY OPTIONSDIRECTLY AFFECTED: L-17,S15C, S
15Da, S-15Db, S-15Dc, S-15Ea, S-15Eb, G-30, CZ-10C, CZ-10D, SCTN-2a, SCTN-6,
SCTN-14a, and/or SCTN-14b.
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2.2 Edwards Aquifer Recharge from Natural Drainage — Type 2 Projects (L-18)
2.2.1 Description of Option

Two types of recharge enhancement reservoirs have been analyzed in a series of
studieé’-ﬂm,ponsored by the Edwards Underground Water District beginning in 1990. Type 1
reservoirs are described and evaluated in Section2.1. This option deals with the potential
construction of Type 2 projects, which are immediate recharge structures located within the
Edwards Aquifer recharge zone. Type 2 structures are, generaly speaking, normally dry and
impound water only for a few days or weeks following storm events. These structures recharge
water very quickly to the aguifer, typically draining at a rate of 2 to 3 feet per day. This large
recharge rate minimizes evaporation losses and maximizes recharge.

The location of each of the Type 2 recharge projects most favorable for development is
shown in Figure 2.2-1. Five of the projects are located in the Nueces River Basin and affect
inflows to the Choke Canyon Reservoir/Lake Corpus Christi System (CCR/LCC System) and the
Nueces Estuary. These five projects include Indian Creek, Lower Frio, Lower Sabinal, Lower
Hondo, and Lower Verde. Other previoudy identified Type 2 sites in the Nueces River Basin
are not included in this study because the quantity of enhanced recharge during the drought is
extremely small and the associated unit costs are extremely high.

In the San Antonio and Guadalupe River Basins, up to nine new recharge projects are
being considered. These include San Geronimo, Cibolo Dam No. 1, Dry Comal, Lower Blanco,
and up to five small Soil Conservation Service (SCS) type reservoirs in northern Bexar and
Medina Counties. Other previously identified recharge enhancement projectsin the San Antonio

and Guadalupe River Basins considered in this study include projects to modify the outlets on

! HDR Engineering, Inc. and Geraghty and Miller, Inc., “Nueces River Basin Regional Water Supply Planning
Study, Phasel,” Vols. 1, 2, and 3, Nueces River Authority, et al., May 1991.

2 HDR, “Nueces River Basin Regional Water Supply Planning Study, Phase |11 — Recharge Enhancement,” Nueces
River Authority, November 1991.

% HDR, “Nueces River Basin, Edwards Aquifer Recharge Enhancement Project, Phase IVA,” Edwards Underground
Water Digtrict, June 1994.

* HDR, “Nueces River Basin, Edwards Aquifer Recharge Enhancement Project, Phase IVB, Technical
Memorandum, Combined I mpacts of Frio, Sabinal, Hondo, and V erde Recharge Enhancement Projects on
Downstream Water Rights,” December 12, 1995.

® HDR, “Guadal upe-San Antonio River Basin Recharge Enhancement Study,” Vols. I, II, and |11, Edwards
Underground Water District, September 1993.

® HDR, “Guadal upe-San Antonio River Basin Recharge Enhancement Study Feasibility Assessment,” Trans-Texas
Water Program, West Central Study Area, Phase |1, Edwards Aquifer Recharge Analyses, San Antonio River
Authority, et a., March 1998
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existing SCS Floodwater Retarding Structures (SCS-FRS) in the Salado Creek watershed. These
modifications would either close or restrict the outlets on existing SCS-FRS dams resulting in
additional recharge.

The Type 2 projects in the Nueces and Guadalupe-San Antonio River Basins have all
been considered in previous studies that included cost analyses. For these projects, an optimum
size has previously been determined for each project and is used in this study. Three Type 2
Programs consisting of up to 14 potential new storage projects and two modifications to existing
dams to increase recharge are presented in this study. The projects included in each of the three

programs are identified below.

2.2.1.1 Program 2A
* NuecesRiver Basin
* Indian Creek (with recharge diversionsto Dry Frio River)
e Lower Frio
e Lower Sabinal
e Lower Hondo
 Lower Vede

» Guadalupe-San Antonio River Basin
* Lower Blanco (with recharge diversions to San Marcos FRYS)
* Cibolo Dam No. 1
» San Geronimo
* Northern Bexar/Medina County Projects

e Limekiln
» Culebra
e Government Canyon
* Deep Creek
» Salado Dam No. 3
* Dry Coma

» Salado Creek FRS
* Modifications to spillways at existing dams 11 and 13B

2.2.1.2 Program 2B

* NuecesRiver Basin
 Lower Frio
e Lower Sabinal
e Lower Hondo
 LowerVede

South Central Texas Region
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*  Guadalupe-San Antonio River Basin
* Lower Blanco (with recharge diversions to San Marcos FRYS)
e Cibolo Dam No. 1
» San Geronimo
» Salado Creek FRS
* Modifications to spillways at existing dams 11 and 13B

2.2.1.2 Program 2C

* NuecesRiver Basin
 Lower Frio
e Lower Sabinal
e Lower Hondo
* Lower Vede

»  Guadalupe-San Antonio River Basin
* Cibolo Dam No. 1
» Salado Creek FRS
* Modifications to spillways at existing dams 11 and 13B
The projectsin Program 2A would impound a combined maximum recharge pool storage
of 170,309 acft and periodically inundate 8,448 acres, as shown in Table2.2-1. At the other
extreme, Program 2C would impound up to 42,650 acft in the combined recharge storage pools

for projectsin this program and periodically inundate about 2,595 acres.

Table 2.2-1.
Summary of Recharge Enhancement Potential
for Type 2 Reservoir Programs (L-18)

Recharge Enhancement o
Reduction in
1934 to 1989 | 1947 to 1956 Reduction in Reduction in Drought Average
Type 2 Surface Average Drought Average Nueces CCR/LCC Guadalupe
Project Capacity Area Conditions Conditions Estuary Inflow System Yield Estuary Inflow
Program (acft) (acres) (acft/yr) (acft/yr) (acft/yr) (acftlyr) (acft/yr)
Program 2A | 170,309 8,448 134,434 50,032 14,590 4,308 13,269
Program 2B | 96,150 4,186 108,003 34,788 11,592 1,355 13,026
Program 2C | 42,650 2,595 54,471 10,034 11,592 1,355 500

1 Estuarine inflow reduction and CCR/LCC System yield reductions estimated by the addition of Indian Creek Project impacts from
“Edwards Aquifer Recharge Enhancement Project, Phase IVA” and the analysis in footnote 2 below.

2 Estimates of estuarine inflow reduction and CCR/LCC System yield reduction quantities were taken from “Nueces River Basin,
Edwards Aquifer Recharge Enhancement Project, Phase IVB, Technical Memorandum, Combined Impacts of Frio, Sabinal,
Hondo, and Verde Recharge Enhancement Projects on Downstream Water Rights,” December 12, 1995, prepared by HDR
Engineering, Inc.

3 Estimates of drought average (1947 to 1956) estuarine inflow reductions for all San Antonio and Guadalupe River Basin Projects
were taken from “Guadalupe-San Antonio River Basin Recharge Enhancement Study Feasibility Assessment,” West Central
Study Area, Trans-Texas Water Program, Phase |l, Edwards Aquifer Recharge Analysis.

South Central Texas Region 292.4 m
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2.2.2 Available Yield

Available yield or recharge enhancement volumes were calculated for the Type?2
structures using the Nueces River Basin Model and the Guadalupe-San Antonio River Basin

Model, subject to average and drought conditions. Average conditions represent the average

annua recharge enhancement rate for the entire 56-year simulation period (1934 to 1989).

Drought conditions represent the average annual recharge enhancement rate for the 10-year

period from 1947 through 1956, which is when the most severe drought on record occurred.
Analyses of recharge enhancement projects presented in this study were performed honoring all
existing water rights to the maximum extent possible, with one exception. This exception
involves the water rights of the CCR/LCC System, in which case impacts were not mitigated by
releases, but were assumed to be purchased. Other options may be available to mitigate the
impact of the recharge projects on the CCR/LCC System, such as Option L-14, which considers
the transfer of San Antonio River water into Choke Canyon Reservair.

For the Type 2 Recharge Program 2A, recharge could be enhanced by 134,434 acft/yr for
average conditions and 50,032 acft/yr for drought conditions as shown in Table2.2-1. The
impact on the CCR/LCC System totals 4,308 acft/yr for the Type2 Program 2A, which
represents about 2 percent of the system firm yield. Estimates indicate that Type 2 Recharge
Program 2B could enhance recharge by 108,003 acft/yr for average conditions and 34,788 acft/yr
during drought. Program 2B impacts CCR/LCC System yield by 1,355 acft/yr (less than
1 percent). Program 2C could enhance recharge in the Nueces and Guadalupe-San Antonio
River Basins by 54,471 acft/yr and 10,034 acft/yr, during average and drought conditions,
respectively. Impacts to CCR/LCC System yield under Program 2C are the same as under
Program 2B.

Application of the Consensus Environmental Criteria (Appendix B) for reservoir pass-
throughs for instream flows was included in this analysis for the Type 2 recharge projects. The
only potential recharge dams that required reservoir pass-throughs were Indian Creek and Lower
Blanco. The criteria were not significant at other sites because, under normal weather
conditions, these sites do not contribute flows downstream of the recharge zone. The maximum
impact on the average inflow to the Nueces Estuary due to the five Nueces River Basin projects
(Program 2A) is a reduction of about 14,590 acft/yr, or about 6 percent. The impact of the

remaining sites on the average inflow to the Guadalupe Estuary (as measured at the Guadalupe

South Central Texas Region
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River Saltwater Barrier) would be a reduction of about 13,300 acft/yr, or about 1 percent under
Program 2A during drought (1947 to 1956). The impact of Program 2C on average inflows to
the Nueces Estuary is about 11,590 acft/yr, or about 4.5 percent, and to the Guadalupe Estuary, is
500 acft/yr.

Once monthly recharge enhancement amounts were computed for each potential project,
they were added to the baseline recharge for the GWSIM-1V Model of the Edwards Aquifer at
the gspatial locations representing the proposed recharge enhancement projects. Figure 2.2-2
shows the Edwards Aquifer GWSIM-IV aquifer model cell grid with an overlay of the streams
and major reservoirs in the model area. Also shown in this figure are the approximate locations
of the recharge enhancement projects modeled. Recharge enhancement estimates from the
surface water models for Program 2A, Program 2B, and Program 2C were distributed into the
appropriate recharge zone cells in the GWSIM-1V Model. Application of the GWSIM-IV Model
provides a basis for determining additional groundwater that could potentialy be withdrawn
under a recharge recovery permiﬁ' for each Type2 Recharge Enhancement Program
(Appendix C). It is noted, however, that rules governing recharge recovery have yet to be
adopted by the Edwards Aquifer Authority. A summary of the sustained yield pumpage increase
associated with each Type2 Recharge Enhancement Program is presented in Table 2.2-2.
Quantification of an increase in sustained yield of the Edwards Aquifer during the drought of
record provides a means for direct comparison of recharge enhancement options with surface
water supply options under Texas Water Development Board rules for regional water supply
planning.

Figure 2.2-3 summarizes the results of the GWSIM-1V Model runs used to determine the
change in sustained yield associated with enhanced recharge for Program 2A. With long-term
average enhance recharge of 134,434 acft/yr, the sustained yield pumpage was found to increase
by 21,577 acft/yr (16 percent of the average annual enhancement). The majority of the average
annua recharge enhancement becomes springflow. As shown in Table 2.2-2, 80,189 acft/yr
(60 percent) of the 134,434 acft/yr recharge enhancement becomes increased springflow. This
increase in springflow is shown in the lower chart in Figure 2.2-3. This chart shows the Comal

Springs flow patterns under the 400,000 acft/yr management plan pumpage with and without a

"HDR, “Introduction to Technical Application Requirements for Artificial Recharge Contracts and Recharge
Recovery Permits,” Edwards Aquifer Authority, December 1998.
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Table 2.2-2.
Summary of Sustained Yield Enhancement for Type 2 Reservoir Programs
Recharge Enhancement
Type 2 1934 to 1989 1947 to 1956 Sustained Yield Increase in
Project Average Drought Pumpage Increase | Springflow
Program Conditions Conditions (acftlyr) (acftlyr)
Program 2A 134,434 50,032 21,577 80,189
Program 2B 108,003 34,788 15,980 69,971
Program 2C 54,471 10,034 13,451 24,401

! Sustained yield increase based on comparison of GWSIM-IV Model runs in which aquifer pumpage was

maximized while maintaining a minimum flow from Comal Springs of 60 cfs in one and only one month
with and without recharge enhancement from the associated Type 2 Program.

recharge recovery permit pumpage of 21,577 acft/yr. As seen in this figure, the close proximity
of the Lower Blanco and Cibolo Dam No. 1 recharge projects to Comal and San Marcos Springs
serve to enhance springflow more than increase dependable supply for municipal pumpage.

Program 2B was analyzed in a similar fashion and the results indicate similar increases,
on a percentage basis, to increased sustained yield and springflow. Under Program 2B,
15,980 acft/yr (15 percent) of the 108,003 acft/yr average annua recharge enhancement is
potentialy available for a recharge recovery permit, while 69,971 acft/yr (65 percent) becomes
increased springflow. The primary difference between Programs 2A and 2B is the exclusion of
the Indian Creek recharge project in Program 2B. The Lower Blanco and Cibolo Dam No. 1
projects remain and thus Comal and San Marcos springflow enhancement remains high. The
results for Program 2B are shown in Figure 2.2-4.

In the last option, Program 2C, Indian Creek, Lower Blanco, and San Geronimo recharge
enhancement projects were removed from the program. As shown in Table2.2-2 and
Figure 2.2-5, the increase in sustained yield pumpage of the aquifer is 13,451 acft/yr,
approximately 25 percent of the average annual recharge enhancement. Thisis the only program
considered herein with a sustained yield greater than the drought average recharge enhancement.
Figure 2.2-5 and Table 2.2-2 also indicate that the removal of the Lower Blanco project from the
Program 2C analysis decreased the percentage of average annual enhancement that became

increased springflow. For Program 2C, 24,401 acft/yr (or 45 percent) of the annua average

South Central Texas Region
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Water Balance of the Edwards Aquifer (1534 - 1989)
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recharge enhancement becomes springflow. For these reasons, Program 2C appears to be, in a
hydrologic sense, the most efficient Type 2 recharge project enhancement program.

Potential Edwards Aquifer recharge enhancement projects could negatively impact
natural recharge of the Carrizo-Wilcox Aquifer. Previous studi e@have estimated recharge to the
Carrizo-Wilcox Aquifer by breaking recharge into three components. baseflow recharge in the
stream, flood flow recharge in overbanks of the stream, and areal recharge in the tributaries and
soils in the watershed outside the main channel. Of these three components, flood flow recharge
is the component most likely to be negatively impacted by recharge dams on the Edwards
Aquifer outcrop, upstream of the Carrizo-Wilcox outcrop. Flood flow recharge is defined as the
recharge that occurs aong the main channel during flood events due to the inundation of
overbanks adjacent to the river. Previous estimates of total recharge in the Winter Garden AreaEI
(the Carrizo-Wilcox from the Rio Grande to the San Marcos River) tabulated flood flow recharge
to the Carrizo-Wilcox as approximately 25 percent (51,500 acft/yr) of the total average annual
recharge to the aquifer. Total average annual recharge in the Winter Garden Area was estimated
to be 207,700 acft/yr.

Average annua flood flow recharge in the area was estimated to be 51,500 acft/yr, of
which 17,700 acft/yr occurs on streams which could potentially be impacted by Type 2 Edwards
Aquifer recharge enhancement projects. Therefore, in the most extreme case (no flood flow
recharge to the Carrizo-Wilcox downstream of potential Type 2 projects) average annual
Carrizo-Wilcox natural recharge could be reduced by approximately 8.5 percent
(17,700/207,700) under Program 2A. Similarly, under Program 2B, the removal of an Edwards
Project on the Nueces River would decrease the potential impact to Carrizo-Wilcox recharge
down to 5 percent of the total average annual recharge. Likewise, Program 2C could cause a
decrease in Carrizo-Wilcox average annual recharge of at most 4 percent.

It should be noted that these estimates of impacts, while relatively small, are essentially
the maximum attainable assuming the Edwards Aquifer Recharge projects completely control all
floods on their respective streams. The proposed Type 2 projects, however, are not large enough
to control floods to this extent. Therefore, impacts to Carrizo-Wilcox recharge across the region

will most certainly be considerably less than the potential impacts presented above. As water

8 LBG-Guyton Associates and HDR Engineering, Inc., “Interaction between Ground Water and Surface Water in the
Carrizo-Wilcox Aquifer,” Texas Water Development Board, August 1998.
9 .

Ibid

South Central Texas Region

Water Supply Options 2.2-12 m



12/13/99 Draft Option L-18

management plans are developed, if specific projects potentially impacting Carrizo-Wilcox
recharge are included in a plan, more detailed analyses of the actual impacts of said projects on

Carrizo-Wilcox recharge will be performed.

2.2.3 Environmental Issues

Type 2 reservoirs are immediate recharge (direct percolation) structures that drain from
the bottom of the reservoir into the recharge zone until the entire volume is exhausted, usualy
within a period of lessthan 1 month. Type 2 reservoirs are intended to impound flows that would
have otherwise passed across the recharge zone.

Suitable sites for the Type2 reservoirs are located in the area encompassing the
headwaters of the Nueces River Basin along the southern margin of the Edwards Plateau in
Medina and Uvalde Counties, and the headwaters of the San Antonio and Guadalupe rivers along
the southeastern margin of the Edwards Plateau in Bexar and Comal Counties, respectively
(Figure 2.2-1). There are three Type 2 reservoir sites in Uvalde County (Indian Creek, Lower
Frio and Lower Sabinal), five Type 2 reservoir sites in Medina County (Lower Hondo, Lower
Verde, San Geronimo, Deep Creek, and Limekiln), four Type 2 reservoir sites in Bexar County
(Culebra, Government Creek, Salado Creek Site #3, and Cibolo Dam #1), one Type 2 reservoir
site in Coma County (Dry Comal), and one Type?2 reservoir site in Hays County (Lower
Blanco).

Asin the case for Type 1 projects, al of the Type 2 recharge project sites are located in
Omernik's Central Texas Plateau Ecoregion and the corresponding ecotones of Gould, Blair and
Correll and Johnston.mﬂzh_-|

The soils in the area of Cibolo Creek, on the edge of Bexar and Comal Counties are
composed of Tarrant, rolling (TaC) and Tarrant, hilly (TaD) as.sociationéEEI The Tarrant

associations are very dark grayish-brown calcareous clay loam with an underlying layer of

19 Omernik, James M., “Ecoregions of the Conterminous United States,” Annals of the Association of American
Geographers, 77(1) pp. 118-125, 1987.

1 Correll, D.S., and M.C. Johnston, “Manual of the Vascular Plants of Texas,” Texas Research Foundation, Renner,
Texas, 1979.

12 Blair, W. F., “The Biotic Provinces of Texas,” Texas Journal of Science 2(1): pp. 93-117, 1950.

2 Gould, F.W., “The Grasses of Texas,” TexasA & M University Press, College Station, Texas, 1975.

14 United States Department of Agriculture, Soil Conservation Service, and Texas Agricultural Experiment Station,
“Sail Survey of Comal and Hays Counties, Texas,” USDA, 1984.

> United States Department of Agriculture, Soil Conservation Service, and Texas Agricultural Experiment Station,
“Sail Survey of Bexar County, Texas,” USDA, 1984.
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fractured limestone. Tarrant soils have rapid surface drainage, low water retention capabilities
and water erosion is a hazard. Soils in the area of Dry Comal Creek, Comal County, are
primarily of the Rumple-Comfort (RUD), Eckrant-Rock outcrop and Comfort-Rock outcrop
kel

associations.™ The RUD association consists of shallow and moderately deep soils made up of
approximately 60 percent Rumple soils, 20 percent Comfort soils and 20 percent other soils.
Rumple soil is dark reddish brown very cherty clay loam about 10 inches thick with the subsoils
being dark reddish brown very cherty clay and dark reddish brown extremely stony clay that is
about 75 percent limestone fragments with an underlying layer of indurated fractured limestone.
The RUD association is noncalcareous, permeability is moderately slow to slow, available water
capacity is very low and water erosion is a moderate hazard. The Eckrant-Rock outcrop consists
of barren exposures of indurated limestone with dark gray extremely stony clay and an
underlying layer of indurated fractured limestone. ErG associations are moderately alkaline and
noncal careous, permeability is moderately slow, available water holding capacity is very low and
water erosion is a severe hazard. The Comfort-Rock outcrop consists of dark brown extremely
stony clay with an underlying layer of indurated fractured limestone. CrD associations are
mildly alkaline and noncal careous, permeability is slow, available water capacity is very low and
water erosion is aslight hazard.

The terrestrial habitat impacts of the Type 2 reservoirs will depend on the amount of
clearing done, frequency of inundation, and the rapidity of pool drainage following capture of
run-off. Operation of a Type2 recharge structure on Parker's Creek in Medina County for
20 years has resulted in little or no impact to terrestrial vegetation beyond an approximately
20 acre cleared areaimmediately upstream of the dam. Conservation (recharge) pool levels and
major types of habitat that would be inundated as a result of operation of the Type 2 reservoirs
being studied here are listed in Table 2.2-3.

The types of dissolved and suspended materials entering the recharge zone is not
expected to be altered by the Type2 reservoirs. As only brief impoundment and immediate
recharge will take place there will be no opportunity for thermal stratification to set up or for

oxidation of entrained organic material to deplete dissolved oxygen levels. The presence of the

18 United States Department of Agriculture, Soil Conservation Service. and Texas Agricultural Experiment Station,
“Sail Survey of Comal and Hays Counties, Texas,” USDA, 1984.
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Table 2.2-3.
Habitats Affected by Operation of Type 2 Recharge Reservoirs (L-18)
Recharge
Pool* Grassland Brush Developed Crops Woodlands Wetland

Reservoir (acres) (%) (%) (%) (%) (%) (acres)
Indian Creek 3,657 20% 80% 10.4
Lower Frio 1,099 20% 80% 7.4
Lower Sabinal 454
Lower Hondo 232 70% 30% 5.5
Lower Verde 334 3% 97% 8.2
San Geronimo Creek 183 45% 40% 5
Government Creek 216 No information available
Cibolo Dam #1 476 10% 40% 50
Dry Comal Creek 265° 5% 10% 5% 50% 20% 10
! Corresponds to conservation pool of a conventional reservoir.
E = estimated

dams will increase sediment deposition in the upstream channel, and extend the duration of
recharge events.

Because Type 2 reservoirs are immediate recharge (direct percolation) structures that
drain directly into karst features (fractures, holes, and/or caves) present below the stream
channel, disturbance of the local karst system and its faunais a possibility. The fauna inhabiting
these caves are usually small in both species diversity and population size, and are adapted to
relatively stable physical habitats, which presumably makes them particularly sensitive to
disturbances outside of the natural regime. The results of the investigation of the karst faunain
northern Bexar County, however, seem to indicate that caves with biological communities have
not been encountered in streambeds there. Streambed openings in the recharge zone are
subject to sedimentation during flow events. Openings in the streambed itself would tend to fill
most rapidly since they are exposed to bed load movements. Openings in the stream bank would
be exposed to successively smaller sediment loads and particle size at successively higher
elevations. The interiors of all such openings however, would be exposed to the erosive force of
flowing water, lessening the likelihood that an organized "terrestrial” community would be able

to develop and persist in such alocation.

Y Elliot, William R., "Cave Fauna Conservation in Texas', Proceedings of the 1991 National Cave Management
Symposium, Bowling Green Kentucky, American Cave Conservation Association, Horse Cave Kentucky, 1993.
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Karst openingsin the vicinity of the recharge structures that presently experience periodic
flooding may be inundated for longer periods, or experience an increase in the maximum
elevation to which the water rises following a runoff event, causing flow across the recharge
zone. Both terrestrial and aquatic communities are extensive in the karst openings associated
with the Edwards limestone, and significant threats to these habitats presently exist as aresult of
human activities in many areas, including northern Bexar County.lﬁl]'?’-| The extent of
intermittently flooded karst zones that would be affected hydrologically by the proposed Type 2
structures is unknown, as is the extent to which these zones are inhabited, and how hydrologic
changes might affect resident communities.

Two caves in the vicinity of the proposed Type?2 recharge sites in northern Bexar
County, Government Creek Bat Cave and Surprise Cave have been explored and the faunas have
been inventoried.EI (Table 2.2-4). There are also caves in the vicinity of San Geronimo Creek,
but none have been explored. In the vicinity of Culebra Creek, lack of access to the property has
prevented a search for caves. No caves have been identified in the vicinity of Deep or Limekiln
Creeks.

A petition to the United States Fish and Wildlife Service to list as endangered or
threatened nine new species of invertebrates with limited distributions in caves of northern Bexar
County has been filed (Table 2.2-4). The petition identifies specific inhabited caves, and a study
is underway to identify additional habitat areas. The USFWS has recently performed a study
having to do with the petition, but it has not yet been released. All of the Type 2 recharge sites
arein areas that have potential for caves containing endangered speci es.EI

Government Creek Bat Cave (Table2.2-4) is located in the immediate vicinity of the
potential recharge site on that stream. Although the known opening of this cave is located well
above the impoundment elevation, the depth to which Cicurina n.s. 3, habitat extends is not
known, and additional site surveys would be required to determine whether it might be affected
by an increase in the duration of inundation events, or by an increase in the maximum inundation

elevation within the cave. On-site surveys of the reservoir and surrounding areas and mitigation

18 |1
Ibid.
| ongley, G., "The Edwards Aquifer: Earth's Most Diverse Ground Water Ecosystem?" International. J. Speleol.
11:123-128, 1981.
% George Veni, Personal Communication, April 22, 1994.
21 i
Ibid.
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Table 2.2-4
Anthropods Listed for Protection on Petition to USFWS
Common Scientific Cave Location
Name Name Summary of Habitat Preference Known to Exist County
Government Neoleptoneta | Small, eyeless or essentially eyeless | Government Bexar
Cave Spider microps troglobitic spider; karst features in N | Canyon Bat Cave
and NW Bexar Co.
Robber Baron | Texella Small, eyeless or essentially eyeless | Robber Baron Bexar
Cave Cokendolpheri | troglobitic harvestman; karst features | Cave
Harvestman in N and NW Bexar Co.
Madla's Cave | Cicurina Small, eyeless or essentially eyeless | Madla’s Cave Bexar
Spider madla troglobitic spider; karst features in N
and NW Bexar Co.
Vesper Cave Cicurina Small, eyeless or essentially eyeless | Bracken Bat Bexar
Spider vespera troglobitic spider; karst features in N | Cave
and NW Bexar Co.
Robber Baron | Cicurina Small, eyeless or essentially eyeless | Robber Baron Bexar
Cave Spider baronia troglobitic spider; karst features in N | Cave
and NW Bexar Co.
Veni's Cave Cicurina venii | Small, eyeless or essentially eyeless | Government Bexar
Spider spider; karst features in N and NW Canyon Bat Cave
Bexar Co. troglobitic
Ground Beetle | Rhadine Small, essentially eyeless ground John Wagner Bexar
exilius beetle; karst features in N and NW Ranch Cave
Bexar Co. No. 3 (Marnock
Cave)
Ground Beetle | Rhadine Small, essentially eyeless ground Government Bexar
infernalis beetle; karst features in N and NW Canyon Bat
Bexar Co. Cave, Cave of
the Woods,
Genesis Cave,
Helotes
Blowhole, Isopit,
Kamikaze Cricket
Cave, Poison lvy
Pit, and
Wurzbach Cave
Helotes Mold Bastrisodes Small, essentially eyeless mold Helotes Hilltop Bexar
Beetle venyivi beetle; karst features in N and NW Cave
Bexar Co.

or relocation of the project may be required if caves with protected species are found and will be

affected by project development.

Government Canyon, including the Government Canyon Bat

Cave site, isthe location of a new state park. The Government Canyon State Park plan includes

environmental resource preservation, a preserve for nesting Golden-Cheeked Warblers and

Black-Capped Vireos, and some recreational facilities. Natura recharge in the canyon may not

conflict with preserving the area's environmental resources and the park development plan,
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although extensive dam construction may conflict. Protected and candidate species known or

thought to occur in the study areas of Uvalde, Bexar, Hays, Comal, and Medina Counties are

listed in Table 2.2-5.

Table 2.2-5.

Important Species* Having Habitat or Known to Occur

in Counties Potentially Affected by Option
Edwards Aquifer Recharge from Natural Drainage — Type 2 Projects (L-18)

Listing Agency Potential
Occurrence
Common Name Scientific Name Summary of Habitat Preference USFWS* TPWD! TOES*® in County
BIRDS
American Peregrine Falcon Falco peregrinus anatum Open country; cliffs E E E Nesting/Migrant
in HaysBexar,
Medina, Uvalde,
Comal
Arctic Peregrine Falcon Falco peregtinus tundrius Open country; cliffs E T T Nesting/Migrant
in HaysBexar,
Medina, Uvalde,
Comal
Interior Least Tern Sterna antillarum athalassos Inland river sandbars for nesting E E E Nesting/Migrant
and shallow water for foraging inUvalde
Whooping Crane Grus americana Potential migrant E E Migrant in Bexar,
Comal, Hays
Wood Stork Mycteria americana forages in prairie ponds, ditches, T T Migrant in Bexar,
and shallow standing water formerly Uvalde
nested in TX
Zone-tailed Hawk Buteo albonotatus Arid, open country including T T Nesting/Migrant
deciduous or pine-oak woodland; in Bexar, Medina,
nests in various habitats and sites Uvalde, Comal,
Hays
Black-capped Vireo Vireo atricapillus oak-juniper woolands with distinctive E E T Nesting/Migrant
patchy, two-layered aspect; shrub in Bexar, Medina,
and tree layer with open, grassy Uvalde, Comal,
spaces Hays
Golden-cheeked Warbler Dendrpoica chrysoparia juniper-oak woodlands; dependent E E E Nesting/Migrant
on mature Ashe juniper (cedar) for in Bexar, Medina,
nests Uvalde, Comal,
Hays
White-faced Ibis Pelagis chihi Prefers freshwater marshes, c2 T T Migrant inBexar
sloughs, and irrigated rice fields
Mountain Plover Charadrius montanus Non-breeding-shortgrass plains and PT Nesting/Migrant
fields, plowed fields and sandy inBexar
deserts
Henslow's Sparrow Ammodramus henslowii Weedy fields or cut over areas; bare Nesting/Migrant
ground for running and walking inBexar, Medina,
Comal, Hays
REPTILES
Cagle’'s Map Turtle Graptemys caglei Guadalupe River System, transition C1 C1 Bexar, Comal,
areas between riffles and pools, Hays
nests within 30 ft of water's edges
Texas Horned Lizard Phrynosoma cornutum Varied, sparsely vegetated uplands, c2 T T Bexar, Medina,
grass, cactus, brush Uvalde, Comal,
Hays
Spot-tailed earless Lizard Holbrookia lacerata Central & Southern Texas; oak- Bexar, Medina,
juniper woodlands and mesquite- Comal, Hays
prickly pear
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Table 2.2-5 (continued)

Listing Agency Potential
Occurrence
Common Name Scientific Name Summary of Habitat Preference USFWS* TPWD! TOES*® in County
Texas Tortoise Gopherus berlandieri Open brush with grass understory; T T Bexar, Medina,
open grass and bare ground Uvalde
avoided; occupies shallow
depressions at base of bush or
cactus, undergound burrows, under
objects; active March-Nov
Reticulate Collared Lizard Crotaphytus reticulatus Endemic grass prairies of South Cc2 T T Uvalde
Texas Plains; usually thornbush,
mesquite-blackbrush
Timber Rattlesnake Crotalus horridus floodplains, upland pine, deciduous T T Bexar
woodlands, riparian zones,
abandoned farms, dense ground
cover
Texas Garter Snake Thamnophis sirtalis annectens Varied, especially wet areas; Cc2 Bexar, Medina,
bottomlands and pastures Comal, Hays
Indigo Snake Drymarchon corais erebennus Grass prairies and sand hills; T wi Bexar, Medina,
usually thornbush woodland and Uvalde
mesquie savannah of coastal plain
Keeled Earless Lizard Holbrookia propinqua Coastal dunes, Barrier islands and Bexar, Medina,
sandy areas Hays
AMPHIBIANS
Valdina Farms Sinkhole Eurycea troglodytes isolated, intermittent pools of a Medina
Salamander subterranean stream; sinkhole
found in Medina Co.
Black Spotted Newt Notophthalmus meridionalis can be found in wet or sometimes Cc2 T E Bexar
wet areas, such as arroyos, canals,
ditches, or shallow depressions;
Gulf Coastal Plain of the San
Antonio River
Cascade Caverns Salamander Eurycea latitans endemic; subaquatic, springs and T T Comal
caves in Comal Co.
Comal Springs Salamander Eurycea sp.8 endemic to Comal Springs Comal
Comal Blind Salamander Eurycea tridentifera endemic; semi-troglobitic; found in C2 T T Bexar, Comal
springs and waters of caves in
Bexar and Comal Co
Blanco River Springs Eurycea pterophila subaquatic, springs and caves in the Hays
Salamander Blanco River drainage in Blanco,
Hays and Kendall
Texas Blind Salamander Eurycea rathbuni troglobitic, water-filled subterranean E E T Hays
caverns, along San Marcos Spring
Fault
San Marcos Salamander Eurycea nana headwaters of San Marcos River, T T T Hays
downstream to 1/2 mile past IH-35
Blanco Blind Salamander Eurycea robusta troglobitic, water-filled subterranean Cc2 T T Hays
caverns, may inhabit deep levels of
Balcones Aquifer
Edwards Plateau Spring Eurycea sp. 7 endemic; troglobitic; springs, seeps, Cc2 Bexar, Medina,
Salamanders cave streams, and creek Uvalde, Comal,
headwaters Hays
FISH
Blue Sucker Clycleptus elongatus Large rivers throughout Mississippi Cc2 T wl Uvalde, Hays
River Basin south and west in major
streams of Texas to Rio Grand
River
Guadalupe Bass Micropterus treculi Perennial streams of the Edward’s c2 wi Bexar, Uvalde,
plateau region Comal, Hays
Headwater catfish Ictalurus lupus Clear Streams Historic in Uvalde
Toothless Blindcat Trogloglanis pattersoni troglobitic, blind catfish endemic to c2 T E Bexar
the San Antonio pool of the
Edward's Aquifer
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Table 2.2-5 (continued)
Listing Agency Potential
Occurrence
Common Name Scientific Name Summary of Habitat Preference USFws! TPWD! TOES*® in County

Widemouth Blindcat Satan eurystomus troglobitic, blind catfish endemic to c2 T E Bexar
the San Antonio pool of the
Edward's Aquifer

Fountain Darter Etheostoma fonticola known only from the San Marcos T E Comal, Hays
and Comal rivers; springs and
spring-fed streams in dense
vegitation

ARTHROPODS

Peck's Cave Amphipod Stygobromus pecki small, aquatic crustacean; lives E Comal
underground in Edwards Aquifer

Ezell's Cave Amphipod Stygobromus flagellatus known only from artesian wells Cc2 wi Hays

Texas Cave Shrimp Palaemonetes antrorum subterranean sluggish streams and Cc2 wl Hays
pools

Government Cave Spider Neoleptoneta microps Small, eyeless or essentially PE Bexar
eyeless spider; karst features in N
and NW Bexar Co.

Robber Baron Cave Texella cokendolpheri Small, eyeless or essentially PE Bexar

Harvestman eyeless harvestman; karst features
in N and NW Bexar Co.

Madla’s Cave Spider Cicurina madla Small, eyeless or essentially PE Bexar
eyeless spider; karst features in N
and NW Bexar Co.

Vesper Cave Spider Cicurina vespera Small, eyeless or essentially PE Bexar
eyeless spider; karst features in N
and NW Bexar Co.

Robber Baron Cave Spider Cicurina baronia Small, eyeless or essentially PE Bexar
eyeless spider; karst features in N
and NW Bexar Co.

Veni's Cave Spider Cicurina venii Small, eyeless or essentially PE Bexar
eyeless spider; karst features in N
and NW Bexar Co.

Flint's net-spinning caddisfly Cheumatopsyche flinti Cc2 wi Uvalde, Hays

Exilis ground beetle Rhadine exilis small, essentially eyeless ground PE Bexar
beetle; karst features in N and NW
Bexar Co.

Infernalis ground beetle Rhadine infernalis small, essentially eyeless ground PE Bexar
beetle; karst features in N and NW
Bexar Co.

Helotes Mold Beetle Bastrisodes venyivi small, essentially eyeless mold PE Bexar
beetle; karst features in N and NW
Bexar Co.

San Marcos Saddle Case Protoptila arca known from an artesian well in Hays Cc2 wi Hays

Caddisfly Co.; 1-2m deep water

Edwards Aquifer Diving Beetle Haideoporus texanus known from an artesian well in Hays E Comal, Hays
Co.

PLANTS

Texas wild-rice Zizania texana perennial, emergent, aquatic grass E E E Hays
known from San Marcos River

Big Red Sage Salvia penstemonoides Moist Creek and stream bed edges; Cc2 wi Bexar
historic; introduced in native plant
nursery trade

Elmendorf's Onion Allium elmendorfii Endemic; deep sands derived from wi Bexar
Queen City and similar Eocene
formations

Parks’ Jointweed Polygonella parksii South Texas Plains; subherbaceous wi Bexar
annual in deep loose sands, spring-
summer
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Table 2.2-5 (continued)

Listing Agency Potential
Occurrence
Common Name Scientific Name Summary of Habitat Preference USFWS* TPWD! TOES*® in County
Bracted twistflower Streptanthus bracteatus endemic, openings in juniper-oak Bexar, Medina,
woodlands, rocky slopes Uvalde, Comal
South Texas Rushpea Caesalpinia phyllanthoides Tarnaulipan thorn shrublands or wi Bexar
grasslands on shallow sandy to
clayey soil over calcareous rock
outcrops
Correll's false dragon-head Physostegiacorrellii wet soils including roadside ditches, wi Bexar
irrigation channels
Bracted twistflower Streptanthus bracteatus endemic, openings in juniper-oak Bexar, Medina,
woodlands, rocky slopes Uvalde, Comal
South Texas Rushpea Caesalpinia phyllanthoides Tarnaulipan thorn shrublands or wi Bexar
grasslands on shallow sandy to
clayey soil over calcareous rock
outcrops
Correll’s false dragon-head Physostegiacorrellii wet soils including roadside ditches, wi Bexar
irrigation channels
Glass Mountain coral root Hexalectrisnitida mesic woodlands in canyons, lower Bexar
elevations, under oaks
Sandhill woolywhite Hymenopappuscarrizoanus endemic, deep loose sands of Bexar, Medina
Carrizo, disturbed areas
Texas Mock-Orange Philadelphus texensis On limestone bluffs and among c2 wi Uvalde, Comal ,
boulders on the Edwards Plateau Medina
MAMMALS
Cave Myotis Bat Myotis velifer colonial, and cave dwelling; C2 Bexar, Uvalde,
hibernates in limestone caves of Comal, Hays
Edwards Plateau
White-nosed coati Nasua narica woodlands, rocky and riparian areas T wi Uvalde
Black Bear Usus americanus Mountains, broken country, woods, T T T Uvalde
brushlands, forests
Plains Spotted Skunk Spilogale putorius interrupta prefers wooded, brushy areas and c2 Bexar, Comal,
tallgrass prairie, fields, prairies, Hays
croplands, fence rows, farmyards,
forest edges
Frio Pocket Gopher Geomys texensis bakeri associated with nearly level Atoc c2 Medina, Uvalde
soil, which is well-drained and
consists of sandy surface layers
with loam extending to as deep as
2m.
Ocelot Felis pardalis dense chaparral thickets; mesquite- E E E Uvalde
thorn scrub and live oak mottes;
avoids open areas
Jaguarundi Felis yagouaroudi South Texas thick brushlands, E E E Uvalde
favors areas near water
! Texas Parks and Wildlife Department. Unpublished 1999. September 1999, Data and map files of the Natural Heritage Program, Resource Protection Division, Austin,
Texas.
2 Texas Organization for Endangered Species (TOES). 1995. Endangered, threatened, and watch list of Texas vertebrates. TOES Publication 10. Austin, Texas. 22 pp.
3 Texas Organization for Endangered Species (TOES). 1993. Endangered, threatened, and watch list of Texas plants. TOES Publication 9. Austin, Texas. 32 pp.
4 Texas Organization for Endangered Species (TOES). 1988. Invertebrates of Special Concern. TOES Publication 7. Austin, Texas. 17 pp.
* E = Endangered T = Threatened 3C = No Longer a Candidate for Protection C2 = Candidate Category
C1 = Candidate Category, Substantial Information PE/PT = Proposed Endangered or Threatened
WL = Potentially endangered or threatened Blank = Rare, but no regulatory listing status NL = Not listed

The Government Creek area is known to contain numerous prehistoric sites and a 17th

century Spanish colonia trail.

Other recharge sites may contain similar cultural resources.

Cultural resources protection on public lands in Texas, or lands affected by projects regulated
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under Department of the Army permits, is afforded by the Antiquities Code of Texas (Title 9,
Chapter 191, Texas Natural Resource Code of 1977), the National Historic Preservation Act
(PL96-515), and the Archaeological and Historic Preservation Act (PL93-291). All areas to be
disturbed during construction will be first surveyed by qualified professionals for the presence of
significant cultural resources. Additional measures to mitigate impacts may be required by the

presence of significant cultural deposits that cannot be avoided.

2.2.4 Engineering and Costing.

Preliminary cost estimates for all Type2 recharge enhancement projects located in the
Nueces River Basin were prepared in 1994 by HDR,E] and preliminary cost estimates for the
Type 2 recharge enhancement projects located in the Guadalupe-San Antonio River Basin were
prepared in 1998 by HDR.EIZLI The costs presented in Table 2.2-6 have been adjusted to Second
Quarter 1999 prices.

Asseenin Table 2.2-6, the Type 2 Recharge Program 2A has atotal cost of $287,183,000
and a total annua cost of $23,455,000. Under this Program, sustained yield pumpage is
enhanced by about 21,577 acft/yr, which results in an estimated unit cost of water of $1,087 per
acft.

The Program 2B total cost was computed as $165,145,000 with a total annual cost of
$12,785,000. Sustained yield pumpage for Program 2B is 15,980 acft/yr, which results in an
estimated unit cost of $800 per acft.

Table 2.2-6 shows that Program 2C appears to be the most efficient program from both a
hydrologic and a unit cost standpoint. Its total project cost of $84,239,000 equates to an annual
cost of $6,536,000 per year. With a sustained yield increase of 13,451 acft/yr, the resulting

annual unit cost of water under Program 2C is $486 per acft.

% HDR Engineering, Inc., "Nueces River Basin Edwards Aquifer Recharge Study, Phase IVA," Edwards Underground
Water Didtrict, May 1994.

Z HDR, Op. Cit., March 1998.

2 HDR, “Modification of Principal Spillways at Existing Flood Control Projects for Recharge Enhancement,”
Trans-Texas Water Program, West Central Study Area, Phase |1, Edwards Aquifer Recharge Analyses, San Antonio
River Authority, et al., March 1998.
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Table 2.2-6.

Summary of Costs for
Recharge Enhancement Programs — Type 2 Reservoirs (L-18)
Second Quarter 1999 Prices

Item | Program 2A* | Program 2B® | Program 2C°
Capital Costs
Dams and Reservoirs $178,168,000 $92,377,000 $55,899,000
Outlet Modifications 31,000 20,000 20,000
Total Capital Cost $178,199,000 $92,398,000 $55,920,000
Engineering, Legal Costs and Contingencies $44,822,000 $25,525,000 $12,548,000
Land Acquisition 32,016,000 23,505,000 6,220,000
Environmental & Archaeology Studies and Mitigation 11,872,000 9,706,000 589,000
Surveying 3,202,000 2,351,000 622,000
Interest During Construction 17,073,000 11,661,000 8,342,000
Total Project Cost $287,183,000 $165,145,000 $84,239,000
Annual Costs
Debt Service (6 percent for 30 years) $2,612,000 $497,000 $2,000
Reservoir Debt Service (6 percent for 40 years) 16,696,000 10,521,000 5,596,000
Operation and Maintenance 2,219,000 1,001,000 210,000
Water Rights Mitigation 1,928,000 766,000 729,000
Total Annual Cost $23,455,000 $12,785,000 $6,536,000
Available Project Yield (acft/yr) 21,577 15,980 13,451
Annual Cost of Water ($ per acft) Raw Water in Aquifer’ $1,087 $800 $486
Annual Cost of Water ($ per 1,000 gallons) $3.34 $2.43 $1.69
! Program 2A includes Indian Creek, Lower Frio, Lower Sabinal, Lower Hondo, Lower Verde, Lower Blanco,
Cibolo Dam No. 1, San Geronimo, Northern Bexar/Medina County Projects, Dry Comal, and Salado Creek
FRS outlet modifications.
2 Program 2B includes Lower Frio, Lower Sabinal, Lower Hondo, Lower Verde, Lower Blanco, Cibolo Dam
No. 1, San Geronimo, and Salado Creek FRS outlet modifications.
% Program 2C includes Lower Frio, Lower Sabinal, Lower Hondo, Lower Verde, Cibolo Dam No. 1, and Salado
Creek FRS outlet modifications.
* Reported Annual Cost of Water is for additional water supply in the Edwards Aquifer.

South Central Texas Region
Water Supply Options

BR

2.2-23



12/13/99 Draft Option L-18

2.2.6 Implementation Issues

Implementation of Type 2 Recharge Programs could directly affect the feasibility of other
water supply options under consideration, including L-17, S-15C, S-15Da, S-15Db, S-15Dc,
S-15Ea, S-15Eb, G-20, G-30, G-40, CZ-10C, CZ-10D, SCTN-2a, SCTN-6, SCTN-7, SCTN-14a
and SCTN-14b.

An ingtitutional arrangement is needed to implement this project including financing on a
regional basis.

1. Necessary permits could include:
a. TNRCC Water Right and Storage permits,
b. U.S. Army Corps of Engineers Sections 10 and 404 dredge and fill permitsfor the
reservoir and pipelines,
c. TWDB Sand, Gravel, and Marl Removal permits; and
d. GLO Easement for use of state-owned land.
e. Edwards Aquifer Authority recharge recovery permit (rules governing such
permits are presently under consideration).

2. Permitting, a aminimum, will require these studies:
a. Assessment of changes in instream flow and freshwater inflows to bays and

estuaries;

Habitat mitigation plan;

Environmenta studies; and

Cultural resource studies.

. Study of impact on karst geology organisms.

3. Land and/or easements must be acquired through either negotiations or
condemnation.

4. Relocations and crossings.
a. Highways and railroad; and
b. Other utilities.

Peoo
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OPTION NUMBER: S-13B

OPTION NAME: Medina L ake System — Existing Rights
and Contractswith Irrigation Use
Reduction for Rechar ge Enhancement

OPTION DESCRIPTION: Operate the Medina Lake System subject to
existing municipal water rights and contracts with irrigation use reduction
resulting in Edwards Aquifer recharge enhancement.

TIME NEEDED TO IMPLEMENT: [X]1-5yr. [ 1515yr. [ ]>15yr.

| |

Quantity
(1000 acft)

COST, QUANTITY OF WATER, AND LAND IMPACTED

UNIT COST OF WATER: $159 per acft’ Raw Water in Aquifer
QUANTITY OF WATER: 9,873 acft/yr?
LAND IMPACTED: 16,000 acres’

POSITION RELATIVE TO ALL OPTIONS
UNIT COST OF WATER: of (1=lowest unit)
QUANTITY OF WATER: of (1=highest volume)
LAND IMPACTED: of (1=least acreage)

i

Impact
(2000 ac)

FACTORSAFFECTING COST, QUANTITY, AND LAND IMPACTED

'COST: Purchase and/or retirement of irrigated acreage.

QUANTITY OF WATER: Enhanced recharge through the Medina L ake System
provides for potential recharge recovery of 9,873 acft/yr.

*LAND IMPACTED: Removal/conversion of approximately 16,000 acres of irrigated
farmland from production or to dryland farming.

ENVIRONMENTAL ISSUES: Limited, if any, adverse effects.

SIGNIFICANT ISSUESAFFECTING FEASIBILITY: Impact on local economy of
removal/conversion of irrigated acreage. TNRCC water right amendment potentially
needed. Edwards Aquifer Authority recharge recovery permit required.

ADDITIONAL FACTORS: Ability of sponsorsto obtain permits and/or other
protection of the security and ownership or credits for enhanced quantities of water
recharged to the Edwards Aquifer. Structural and operational integrity of Medina Dam
and appurtenant water control gates.

OTHER WATER SUPPLY OPTIONSDIRECTLY AFFECTED: L-17, L-18,
G-30, and/or SCTN-6.
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2.3 Medina Lake System — Existing Rights and Contracts with Irrigation Use
Reduction for Recharge Enhancement (S-13B)

2.3.1 Description of Option

The Medina Lake System is located on the Medina River in Medina and Bandera
Counties, about 25 miles northwest of San Antonio (Figure 2.3-1). The project was constructed
between 1911 and 1913 and is presently owned and operated by the Bexar-Medina-Atascosa
Counties Water Control and Improvement District No.1 (BMA). Medina Lake has a
conservation storage capacity of approximately 254,000 acft, controls 634 square miles of the
Medina River watershed, and inundates approximately 5,575 acres at conservation pool level.
Immediately below Medina Lake is the much smaller Diversion Lake, from which an extensive
system of distribution canals and laterads extends for the delivery of water for irrigation
purposes.

Medina and Diversion Lakes are both located on various geologic formations of the
Edwards Aquifer and recharge water into the aquifer and leak water around the dams into the
Medina River. Recent field observations by the U.S. Geological Survey (USGS)III are
summarized as follows:

“Field observations in the Medina Lake area confirm the findings of previous
investigators that Medina Lake mostly overlies rocks of the upper member of the
Glen Rose Limestone. The channel downstream of Medina Dam to the upper end
of Diversion Lake also overlies the upper member of the Glen Rose Limestone.
Most of Diversion Lake overlies a thin section of the Edwards Aquifer
hydrogeologic division VIII (basa nodular member) and the basal part of
hydrogeologic division VII (dolomitic member). Hydrogeologic subdivisions
VIl and VII might be hydraulically connected to Medina Lake at high lake
stages.”

During the period of 1934 to 1989, Edwards Aquifer recharge associated with the Medina Lake
System was estimated to average 41,830 acft/yr, ranging from 10,250 acft in 1951 to 53,270 acft
in 10362

In this option, recharge to the Edwards Aquifer isincreased by holding more water in the
lakes. The additional water for storage and recharge would come through the purchase and/or

! Lambert, Rebecca B. and Roger W. Lee, “Assessment of Hydrogeology, Hydrologic Budget, and Water Chemistry of
the Medina Lake Area, Medina and Bandera Counties, Texas, Draft,” U.S. Geological Survey, 1998.

2 HDR Engineering, Inc. (HDR), “Guadalupe - San Antonio River Basin Recharge Enhancement Study,” Volumesl, 11,
and |11, Edwards Underground Water District, September 1993.
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retirement of presently irrigated acreage, thereby minimizing diversions for irrigation. The

EIwhich could be

enhanced recharge might be recaptured through a recharge recovery permit,
obtained through the Edwards Aquifer Authority (EAA). It is important to note that the
conceptual basis, statutory authority, and administrative procedures associated with recharge

recovery permits are issues under consideration in the EAA’s ongoing development of rules.

2.3.2 Enhanced Recharge and Groundwater Availability

To evaluate the potential for enhanced recharge, two scenarios were evaluated. In each,
the Guadalupe-San Antonio River Basin Model (GSA Model)IZI was used to calculate recharge.
The GSA Model includes specific relationships for Medina and Diversion Lakes, developed by
Espey, Huston & Associates, Inc. (EH&A),EIfor estimating monthly recharge to the aquifer and
leakage through the geologic formations near the dams based on the respective volumes of water
stored in each lake. These recharge and leakage relationships are based on mass balance
analyses using many years of gaged hydrologic data. Recent studies by the USGS,EI based on
9 months of intensive hydrologic data collection, indicate recharge rates at lower lake levels that
are somewhat less than those based on the EH&A study. The GSA Model tracks values of
monthly recharge to the Edwards Aquifer and leakage through the geologic formations at the
dams that show up as additional streamflow in the Medina River below the Diversion Lake Dam
and other points downstream.

First, the GSA Model was used to establish baseline recharge conditions with full
diversion of existing water rights for irrigation and municipal supply. Next, an additional
simulation was performed assuming elimination of diversions for irrigation up to 45,856 acft/yr
and inclusion of existing water supply contracts and commitments from the Medina Lake
System. With curtailed demands, more water would remain in storage and the elevation of the
lake would be higher, as shown in Figure 2.3-2. Increased storage results in increased Edwards
Aquifer recharge and losses to evaporation and leakage. Figure 2.3-3 shows the enhanced

recharge values, summarized on a yearly basis, for the 1934 to 1989 simulation period. The

® HDR, “Introduction to Technical Application Requirements for Artificial Recharge Contracts and Recharge Recovery
Permits,” Edwards Aquifer Authority, December 1998.

* HDR, Op. Cit., September 1993.

> Espey, Huston & Associates, Inc., “Medina Lake Hydrology Study,” Edwards Underground Water District, March
1989.

® Lambert, Rebecca B. and Roger W. Lee, Op. Cit., 1998.
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average over the entire 56-year period was 8,136 acft/yr, with a maximum of 31,083 in 1948.
Importantly, there was a period of 7 years (1946 to 1952) with substantially enhanced recharge
values (16,000 to 31,000 acft) immediately preceding the worst years of the critical drought
period (1954 to 1956).

Once the monthly enhanced recharge values were generated, they were added to the
recharge in the GWSIM-IV Model of the Edwards Aquifer at spatial locations representing
Medina and Diversion Lakes. The GWSIM-1V Model provides the basis for determining the
additional groundwater that could be made available for a recharge recovery permit from EAA
(Appendix C). The upper panel of Figure 2.3-4 summarizes results of the GWSIM-IV Model,
including the change in sustained yield of the aquifer associated with the enhanced recharge of
this option. With the enhanced recharge as shown in Figure 2.3-3 entering via Medina and
Diversion Lakes, the sustained yield pumpage could be increased by an estimated 9,873 acft/yr.
Quantification of an increase in sustained yield of the Edwards Aquifer during the drought of
record provides a means for direct comparison of recharge enhancement options with surface
water supply options under Texas Water Development Board rules for regional water supply
planning. At this time, the concept of sustained yield enhancement as a basis for recharge
recovery permitting has not been adopted by the EAA.

The fina step in the groundwater evaluation was to move from the sustained yield
calculations to examine the effects of this enhanced recharge on 400,000-acft/yr permitted
pumpage management plan of the Edwards Aquifer. Assuming that the change in sustained
yield might form the basis for a recharge recovery permit of 9,873 acft/yr, the GWSIM-1V
Model was applied with the additional 9,873 acft/yr included as distributed municipal pumpage.
The lower panel of Figure 2.3-4 shows that the Comal Springs flow patterns under the 400,000-
acft/yr management plan and with the additional pumpage of the recharge recovery permit are
almost identical.

Figure 2.3-5 presents several plots that allow for comparisons of the impact of this option
on streamflows. Monthly median streamflows and streamflow frequency plots with and without
this option are presented for the Medina River near Riomedina (USGS #08180500) and the
Guadalupe River at the Saltwater Barrier near Tivoli (USGS #08188800). Median monthly

" Texas Water Development Board (TWDB), “Mode Refinement and Applications for the Edwards (Bal cones Fault
Zone) Aquifer in the San Antonio Region, Texas,” Report 340, July 1992,
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streamflows in the Medina River at Riomedina, below the Diversion Lake Dam, and in the
Guadalupe River at the Saltwater Barrier would be increased with this option. These increasesin
median streamflow are brought about because of the changes that this option would cause in the
stored water at any given time, primarily in Medina Lake and to a lesser degree in Diversion
Lake. With the removal of the irrigation diversions, the amount of water in storage would
aways be greater than with that irrigation. This would cause Medina Lake and Diversion Lake
to spill excess water more frequently, due to large storm runoff events. On the streamflow
frequency plot for the Medina River at Riomedina, there is a greater frequency of higher flows,
associated largely with storm events, and also of lower flows on the right end of the plot. The
increase in flowsin this low-flow portion of the curve is caused by increased |eakage through the
geologic formations near the dams due to the higher elevations of water in storage. This leakage
contributes to maintaining flows in the river during drier times.

Monthly median and streamflow frequency for the Guadalupe River at the Saltwater
Barrier would also be positively affected by the change in Medina Lake System operations of
this option. Freshwater inflows to the Guadalupe Estuary as measured at the Saltwater Barrier
would be increased by an average of 12,129 acft/yr (about 0.74 percent) under this option.

2.3.3 Environmental Issues

The primary environmental concerns associated with Option S-13B includes in-lake
effects of maintaining a higher water level, the potential for impact to the Edwards Aquifer
recharge quantity, possible effects associated with the retirement of farm acreage, and the
potential for impacts to downstream flows and bay and estuary inflows.

Under current operations, Medina Lake would be drafted to very low levels during drought
conditions, leaving little water for recharge. Under this option, water surface elevations in Medina
Lake would continue to fluctuate, but would, on average, be higher than current lake levels,
resulting in potential recreational benefits. Because Medina Lake is an existing reservair, this
option would not have direct impacts on existing land uses within the reservoir boundaries.

The basis of thisoption is, of course, the fact that the quantity of recharge to the Edwards
Aquifer would increase. Recharge to the Edwards Aquifer from Medina and Diversion Lakes
would increase 19 percent over the present condition (by an estimated 8,136 acft/yr) based on long-

South Central Texas Region
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term average. During the 10-year critical drought years (i.e., 1947 to 1956), additional recharge is
estimated to average 15,569 acft/yr.

Streamflow in the Medina River below Diversion Lake would be increased, as shown in
Figure 2.3-5, by between 0.6 and 3.6 percent, based on monthly median flows at Riomedina and
increases in low-flow frequency. Maintenance of higher average water surface elevations of
Medina Lake results in an increase in the frequency and magnitude of uncontrolled spills, which
increases average annua flows in the Medina River below Diversion Lake. Figure2.3-5 shows
positive effects on inflows to the Guadal upe Estuary from operation of this aternative, with annua
average inflowsincreasing by about 12,129 acft/yr.

Table 2.3-1 summarizes important species having habitat or known to occur in counties
surrounding the Medina Lake System. The Bracted Twistflower (Streptanthus bracteatus) has been
recorded near the reservoir and is listed as one of concern by TPWD and endangered by TOES.
Because no inundation will occur outside the existing reservoir, this species will be unaffected by
this alternative. Other mapped species of possible concern around the reservoir system are Texas
Amorpha (Amorpha roemeriana) and Buckley Triodia (Tridens buckleyanus), which are both
vascular plants. The Widemouth Blindcat (Satan eurystomus) and the Toothless Blindcat
(Trogloglanis pattersoni), both candidates for federa listing and listed as threatened by the Texas
Parks and Wildlife Department, are troglobitic species known only from deep wells in the Edwards
Aquifer beneath the City of San Antonio. Because Option S-13B is expected to increase recharge
and not affect recharge water quality, adverse impacts on these species are not anticipated.

No impacts to cultural resources are anticipated as a result of modified Medina Reservoir
operations. Because the Medina Lake System is an existing resource, no mitigation requirements
are anticipated for the reservoir itself.

Farmland retirement issues would be associated with the conversion of an estimated
16,000 acres of irrigated farmland along the Medina Canal System in southern Bexar, Medina,
and Atascosa Counties to either dryland farming or rangeland. Currently, the Edwards Aquifer
Authority is proposing to use a federal program, funded through the U.S. Department of
Agriculture, in Bexar County that would pay up to 80 percent of costs to voluntarily set aside
irrigated lands and plant native grasses on enrolled land. The specific program being considered
isfor lands retired for 15 years or more in areas with sensitive environments. While the irrigated
farmland itself is not over sensitive lands, the water use is certainly related to pumping the

South Central Texas Region
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Table 2.3-1.
Important Species* Having Habitat or Known to Occur in
Counties Potentially Affected by Option
Medina Lake System Recharge Enhancement (S-13B)
Listing Agency Potential
Summary of Occurrence
Common Name Scientific Name Habitat Preference USFws! | TPwD' | TOES*? in County
American Peregrine Falcon | Falco peregrinus anatum Open country; cliffs E E E Nesting/Migrant
Arctic Peregrine Falcon Falco peregtinus tundrius Open country; cliffs E T T Nesting/Migrant
Black-capped Vireo Vireo atricapillus Semi-open broad-leaved E E E Nesting/Migrant
shrublands
Bracted Twistflower Streptanthus bracteatus Endemic; Shallow clay soils E Resident
over limestone; rocky slopes
Buckley Triodia Tridens buckleyanus NL Resident
Edwards Plateau Spring Eurycea sp. 7 Troglobitic; Edwards Plateau NL Resident
Salamander
Golden-Cheeked Warbler Dendroica chrysoparia Woodlands with oaks and old E E E Nesting/Migrant
juniper
Guadalupe Bass Micropterus treculi Streams of eastern Edwards WL Resident
Plateau
Henslow's Sparrow Ammodramus henslowii Weedy fields or cut over areas; NL Nesting/Migrant
bare ground for running and
walking
Indigo Snake Drymarchon corais Grass prairies and sand hills; T WL Resident
erebennus usually thornbush woodland and
mesquite savannah of coastal
plain
Keeled Earless Lizard Holbrookia propinqua Coastal dunes, Barrier islands NL Resident
and sandy areas
Reticulate Collared Lizard Crotaphytus reticulatus Endemic grass prairies of South T T Resident
Texas Plains; usually thornbush,
mesquite-blackbrush
Sandhill Woolywhite Hymenopappus Endemic; Open areas in deep NL Resident
carrizoanus sands derived from Carrizo and
similar Eocene formations
Spot-tailed Earless Lizard Holbrookia lacerata Oak-juniper woodlands and NL Resident
mesquite-prickly pear
Texas Amorpha Amorpha roemeriana NL Resident
Texas Garter Snake Thamnophis sirtalis Varied, especially wet areas; NL Resident
annectens bottomlands and pastures
Texas Horned Lizard Phrynosoma cornutum Varied, sparsely vegetated T T Resident
uplands
Texas Mock-Orange Philadelphus texensis Endemic; Limestone cliffs and WL Resident
boulders in mesic stream
bottoms and canyons
Texas Tortoise Gopherus berlandieri Open brush with grass T T Resident
understory; open grass and
bare ground avoided; occupies
shallow depressions at base of
bush or cactus, underground
burrows, under objects; active
March through November
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Table 2.3-1 (continued)
Listing Agency Potential
Summary of Occurrence
Common Name Scientific Name Habitat Preference USFws! | TPwD' | TOES*? in County
Toothless Blindcat Trogloglanis pattersoni Troglobitic; San Antonio pool of T E
the Edwards Aquifer
Valdina Farms Sinkhole Eurycea troglodytes Intermittent pools of NL NL
Salamander subterranean streams
Widemouth Blindcat Satan eurystomus Troglobitic; San Antonio pool of T E
the Edwards Aquifer
Zone-tailed Hawk Buteo albonotatus Avrid, open country including T T Nesting/Migrant
deciduous or pine-oak
woodland; nests in various
habitats and sites

Texas Parks and Wildlife Department. Unpublished 1999. September 1999, Data and map files of the Natural Heritage Program, Resource Protection Division, Austin,
Texas.

Texas Organization for Endangered Species (TOES). 1995. Endangered, threatened, and watch list of Texas vertebrates. TOES Publication 10. Austin, Texas. 22 pp.
Texas Organization for Endangered Species (TOES). 1993. Endangered, threatened, and watch list of Texas plants. TOES Publication 9. Austin, Texas. 32 pp.

E = Endangered T = Threatened
C1 = Candidate Category, Substantial Information

3C = No Longer a Candidate for Protection C2 = Candidate Category
WL Potentially Endangered/Threatened Blank = Rare, but no regulatory listing status

sensitive Edwards water and could potentially be considered for such programs. Option S-13B
could permanently retire the water rights so that 1oss of irrigation could also be permanent.
Falow farmland with no native grass plantings could become infested with opportunistic
weeds, followed by slower growing native thornbrush plants characteristic of the surrounding
unimproved rangelands. Recovery of the land could take two decades or more, depending on use
for cattle grazing and brush management practices. These lands, along with lands converted to
improved rangeland, would eventually provide additional native species habitat. A program of
converting cropland to native grasses would speed the process of reaching a mature native plant
Such a
program could provide habitat for native Texas wildlife, including the horned toad, tortoises,

community and reduce the opportunity for soil erosion through water and winds.

deer, hawks, and other dessert grassland species.

2.3.4 Water Quality and Treatability

No change is expected in water quality in either the Medina Lake System or the Edwards
Aquifer.
2.3.5 Engineering and Costing

For this option, water currently diverted for irrigation would be retained in the Medina
Lake System and a portion of this would recharge the Edwards Aquifer. This water could
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provide the basis for a recharge recovery permit from the EAA and an increase in dependable
municipal supply of 9,873 acft/yr. Implementation of this option would require institution of
financia arrangements with BMA and/or the owners of irrigated farmland served by the Medina
Canal System. For thisanalysis, it has been assumed that financial compensation could be based
on purchase and/or retirement of about 16,000 acres of irrigated land at a unit cost of $1,000 per
acre. No new facilities would be required to implement this option; however, historical concerns
regarding the structural and operational integrity of Medina Dam and appurtenant water control
gates could lead to substantial additional (contingency) costs. The annual cost for this option
was based on debt service over 30 years at a 6 percent annual interest rate for the purchase and/or
retirement of irrigation lands. This results in an annual expense of $1,279,000 (Table 2.3-2).
With an additional municipal water supply of 9,873 acft/yr provided by this option, the annual
unit cost is $159 per acft, or $0.49 per 1,000 gallons.

2.3.6 Implementation Issues

Implementation of Edwards Aquifer recharge enhancement and recovery through
reduction/elimination of irrigation demands on the Medina Lake System could directly affect the
feasibility of other water supply options under consideration, including L-17, L-18, G-30, and/or
SCTN-6.

An ingtitutional arrangement is needed to implement this project, including financing on
aregional basis.

1. Implementation, at a minimum, will require:

a. Determination of impact on local economy from retirement and/or purchase of
irrigated lands.

b. Texas Natural Resource Conservation Commission Water Rights Permit
Amendment.

c. EAA Recharge Recovery Permit.
d. Other environmental studies.

South Central Texas Region
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Table 2.3-2.
Cost Estimate Summary for
Medina Lake — Existing Rights and Contracts with
Irrigation Use Reduction for Recharge Enhancement (S-13B)
Second Quarter 1999 Prices
Estimated
Item Cost

Capital Costs

Irrigated Acreage Retirement (16,000 acres @$1,000 per acre) $16,000,000
Total Capital Cost $16,000,000
Engineering, Legal Costs, and Contingencies 5,600,000
Total Project Cost $21,600,000
Annual Costs

Debt Service (6 percent for 30 years) 1,569,000
Total Annual Cost $1,569,000
Available Project Yield (acft/yr) 9,873
Annual Cost of Water ($ per acft) Raw Water in Aquifer1 $159
Annual Cost of Water ($ per 1,000 gallons) Raw Water in Aquifer* $0.49
! Reported Annual Cost is for additional water supply in the Edwards Aquifer.
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OPTION NUMBER: G-30
OPTION NAME: Guadalupe River Diversion near Comfort
to Recharge Zonevia Medina L ake

OPTION DESCRIPTION: Water would be diverted from the Guadalupe
River in the reach between Comfort and Center Point and pumped to the

water shed divide where it would flow via Mason Creek and the Medina River to
the Medina Lake System. Water would then be pumped to the Edwards Aquifer
recharge zone in northeastern Medina and northern Bexar Countiesto increase
Edwards Aquifer recharge and the reliable quantity of water available for
pumpage.

TIME NEEDED TO IMPLEMENT: [X]1-5yr. [ ]515yr. [ ]>15yr.

COST, QUANTITY OF WATER, AND LAND IMPACTED

UNIT COST OF WATER: $2,079 per acft' Raw Water in Aquifer
QUANTITY OF WATER: 3,902 acft/yr?
LAND IMPACTED: 256 acres’

POSITION RELATIVE TO ALL OPTIONS
UNIT COST OF WATER: of (1=lowest unit)
QUANTITY OF WATER: of (1=highest volume)
LAND IMPACTED: of (1=least acreage)

Impact
(2000 ac)

FACTORSAFFECTING COST, QUANTITY, AND LAND IMPACTED

'COST: Guadalupe River intake and pump station, raw water pipeline to Medina River tributary,
reservoir intake and pump stations, raw water pipeline to recharge zone, and recharge structures.

QUANTITY OF WATER: Downstream water rights, instream flow requirements, level of
Edwards Aquifer pumpage affecting downstream supplies to meet downstream needs, and
instream flow requirements. With 72-inch diameter diversion pipeline, average available would
be 28,443 acft/yr, with 5,962 acft/yr available during the 1947 to 1956 drought. This diversion
would reduce firm yield of Canyon Lake by about 2,725 acft/yr and the cost of thisyield
reduction isincluded in the cost of water for this option. The recharge enhancement quantity to
the Edwards Aquifer is net of channel and evaporative |osses during transfer.

3LAND IMPACTED: Pipeline right-of-way and recharge structure sites.

ENVIRONMENTAL ISSUES: Guadalupe River instream flows and effects of pipeline routes
and recharge structures upon terrestrial habitat. Resource conflicts can be avoided by careful
selection of pipeline routes. Construction can be scheduled to avoid nesting schedules of any
threatened or endangered species.

SIGNIFICANT ISSUESAFFECTING FEASIBILITY: Cost of water and ability of sponsors
to obtain credits for recharge that can be expressed in quantities of additional Edwards Aquifer
pumping rights.

ADDITIONAL FACTORS: Ability to obtain permits and Canyon Lake water for this purpose.

OTHER WATER SUPPLY OPTIONSDIRECTLY AFFECTED: L-18, S-13B, G-15C,
G-24, G-32, G-38C, SCTN-6, SCTN-8, SCTN-10, SCTN-16a, SCTN-16b, and/or SCTN-16c.
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2.4  Guadalupe River Diversion near Comfort to Recharge Zone via Medina
Lake (G-30)

2.4.1 Description of Option

Option G-30 includes the diversion of water from the Guadalupe River near Comfort and
importation of this water to the San Antonio River Basin for enhancement of Edwards Aquifer
recharge. With respect to water potentially available for diversion, this option includes two
primary sources. 1) unappropriated streamflow; and 2) flows that would otherwise have been
impounded in Canyon Lake. Water available from both of these sources was computed subject
to senior water rights (excluding storage rights in Canyon Lake) and Consensus Environmental
Criteria. Impacts to storage rights in Canyon Lake were quantified as a reduction in firm yield
and costs for the purchase of this volume of water from the Guadalupe-Blanco River Authority
(GBRA) were included in the cost estimate. The enhanced recharge might be recaptured through
il

a recharge recovery permit,~ which could be obtained through the Edwards Aquifer Authority
(EAA). It isimportant to note that the conceptual basis, statutory authority, and administrative
procedures associated with recharge recovery permits are issues under consideration in the
EAA’ s ongoing development of rules.

As shown in Figure 2.4-1, the maor facilities associated with this option include a
channel dam, intake structure, and pump station on the Guadalupe River; a pipeline to atributary
of the Medina River; an intake structure and pump station at Diversion Lake (located just
downstream of Medina Lake); a transmission pipeline from Diversion Lake to the selected
recharge areas, and a series of small recharge enhancement dams located primarily in

northwestern Bexar County.

2.4.2 Available Yield

The available yield for Option G-30 would be realized through enhanced Edwards
Aquifer recharge and recovery of the associated increase in reliable supply from the Edwards
Aquifer resulting from the importation of water from the Guadalupe River and its delivery to the
recharge zone via the Medina Lake System. The procedures and assumptions pertinent to the

computation of water potentially available are described in the following paragraphs.

! HDR Engineering, Inc. (HDR), “Introduction to Technical Application Requirements for Artificial Recharge
Contracts and Recharge Recovery Permits,” Edwards Aquifer Authority, December 1998.
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In order to quantify unappropriated streamflow potentially available for diversion, it was
first necessary to estimate the portion of the total streamflow passing Comfort that is dedicated to
downstream diversion rights and required to be passed through Canyon Lake. This task was
accomplished using the Guadalupe-San Antonio River Basin ModeIEI(GSA Model) assuming full
subordination of hydropower water rights to Canyon Lake, fixed Edwards Aquifer pumpage of
400,000 acft/yr, treated effluent discharge at rates reported in 1988, and diversion of the
uncommitted firm yield of Canyon Lake at Lake Dunlap after honoring GBRA contractua
commitments from Canyon Lake totaling 53,606 acft/yr. These general assumptions were used
in all water availability analyses for Option G-30. Water potentially available for diversion was
computed on a daily basis as the total streamflow at Comfort less the greater of the minimum
desired monthly instream flow under Consensus Environmental Criteria (Appendix B) or the
flow to be passed for downstream water rights excluding storage rights in Canyon Lake. Effects
of diversions of Guadalupe River water on storage rights in Canyon Lake were subsequently
guantified by computing the resulting impact on firm yield.

Optimization anayses performed in previous studiei3 resulted in the selection of a
72-inch diameter import pipeline from the Guadalupe River. Water potentially available for
diversion viaa 72-inch diameter pipeline would average 28,443 acft/yr over the long-term (1934
to 1989) and 5,962 acft/yr during drought conditions (1947 to 1956). As is apparent in
Figure 2.4-2, water availability would be highly variable from year to year and severely limited
or non-existent during some drought years.

Information presented in Figure 2.4-2 represents water potentialy available at the point
of diversion on the Guadalupe River. The water ultimately available for Edwards Aquifer
recharge enhancement, however, would be somewhat less, considering channel losses in delivery
viathe Medina River and evaporation losses in Medina Lake. For the purposes of this study, it
was estimated that 90 percent of the water imported from the Guadalupe River would be
available for recharge enhancement.

2 (HDR), “Guadalupe-San Antonio River Basin Recharge Enhancement Study,” Edwards Underground Water
District, September 1993.

¥ HDR, “West Central Study Area— Phase | Interim Report,” Vol. IV, Trans-Texas Water Program, San Antonio
River Authority, January 1996.
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Once the monthly enhanced recharge values were computed, they were added to the
recharge in the GWSIM-IVEI Model of the Edwards Aquifer at spatial locations representing
recharge dams east of Medina and Diversion Lakes. The GWSIM-IV Model may provide the
basis for determining additional groundwater that could be made available for a recharge
recovery permit from EAA (Appendix C). The upper panel of Figure 2.4-3 summarizes results
from application of the GWSIM-IV Model, including the increase in sustained yield of the
aquifer associated with the enhanced recharge. With the enhanced recharge as shown in
Figure 2.4-2 entering the recharge dam sites, via a pipeline from Medina and Diversion Lakes,
the sustained yield aguifer pumpage could be increased by an estimated 3,902 acft/yr.
Quantification of an increase in sustained yield of the Edwards Aquifer during the drought of
record provides a means for direct comparison of recharge enhancement options with surface
water supply options under Texas Water Development Board rules for regiona water supply
planning. At this time, the concept of sustained yield enhancement as a basis for recharge
recovery permitting has not been adopted by the EAA.

The fina step in the groundwater evaluation was to move from the sustained yield
calculations to examine the effects of this enhanced recharge on a 400,000 acft/yr permitted
pumpage management plan for the Edwards Aquifer. Assuming that the change in sustained
yield might form the basis for a recharge recovery permit of 3,902 acft/yr, the GWSIM-IV
Model was applied with the additional 3,902 acft/yr included as distributed municipal pumpage.
The lower panel of Figure2.4-3 shows that the Comal Springs flow patterns under the
400,000 acft/yr management plan and with the additional pumpage of the recharge recovery
permit are almost identical.

Although water available for upstream diversion under this option was initially computed
without consideration of storage rights in Canyon Lake, resultant impacts to the firm yield were
subsequently quantified using the GSA Model. Diversion of water potentially available from the
Guadalupe River near Comfort, subject to the maximum diversion rate associated with a 72-inch
transmission pipeline, would impact the firm yield of Canyon Lake by about 2,725 acft/yr, or
about 3.5 percent. Annual costs for the purchase of this water from GBRA are included in the
cost estimate for Option G-30 presented in Section 2.4.4.

* Texas Water Development Board, “Model Refinement and Applications for the Edwards (Bal cones Fault Zone)
Aquifer in the San Antonio Region, Texas,” Report 340, July 1992.
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2.4.3 Environmental Issues

Option G-30 involves diverting water from the Guadalupe River upstream of the City of
Comfort (Kendall County) and downstream of the City of Center Point (Kerr County) to the
Medina Lake System via Mason Creek and the Medina River (Figure 2.4-1). Water would then
be diverted from Diversion Lake to the Edwards Aquifer recharge zone in northeastern Medina
County and northern Bexar County. Option G-30 includes water transmission pipelines between
the Guadalupe River and EIm Pass near Mason Creek, and between Diversion Lake and the
recharge zone. The pipeline between the Guadalupe River and Elm Pass will follow the
alignment of an existing cross-country pipeline.

The pipeline between the Guadalupe River and Mason Creek lies within Kerr County.
Water delivered to Mason Creek would flow through Kerr, Bandera and Medina Counties in
Mason Creek, a short segment of Bandera Creek, the Medina River, Medina Lake, and Diversion
Lake. The pipeline from Diversion Lake to the recharge zone lies within Medina and Bexar
Counties and the Edwards Plateau Vegetational Area.

The Edwards Plateau is a deeply dissected, rapidly drained rocky plain with broad, flat to
undulating divides. Historically, the vegetation was grassland or open savannah-type plains with
tree or brushy species found along rocky slopes and stream bottoms. In Medina and Bexar
Counties, the Balcones Escarpment forms a distinct border of the plateau on its southern
boundary with the South Texas Plains. Streams and rivers fed by numerous springs have cut
canyons through the plateau, especially near its margins, forming unique niches for a variety of
plant species. The ferns as well as many of the flowering plants are primarily lithophilous
("rock-loving"), and are represented primarily by various species of lipferns (Cheilanthes spp.),
cloak-ferns (Notholaena spp.) and cliff brakes (Pellaea spp.). Columbine (Aquilegia canadensis)
and endemics such as Anemone edwardsensis and wand butterfly-bush (Buddlega racemosa) are
sometimes found together with other species on large boulders in shaded ravines along with such
species as mock-orange (Philadelphus spp.), American smoke-tree (Cotinus americana),
spicebush (Benzoin aestivale), and the endemic silver bells (Styrax platanifolia and S. texana).

The most important climax grasses of the Plateau include switchgrass, several species of
bluestems and gramas, Indian grass (Sorghastrum nutans), Canada wild-rye (Elymus
canadensis), curly mesquite (Hilaria berlangeri), and buffalograss (Buchloe dactyloides). The

rough, rocky areas typically support a tall or mid-grass understory and a brush overstory
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complex consisting primarily of live oak (Quercus virginiana), Texas oak (Q. buckleyi), shinnery
oak (Q. havardii), juniper species (Juniperus) and mesquite (Prosopis glandulosa). Throughout
the region, the brush species are generally considered as "invaders' with the climax stages
composed of grassland or open savannah. The stegper canyon slopes historically supported a
dense oak-Ashe juniper thicket.

The Balcones Escarpment is characterized by a complex of porous, faulted limestones in
stream beds, sinkholes and fractures which allow substantial volumes of water to flow into the
Edwards Aquiferf] The Edwards recharge zone has a surface area of about 1,500 square miles
in Uvalde, Kinney, Medina, Bexar, Hays and Coma Counties. Streamflows contribute
significantly to recharge of the Edwards Aquiferﬁ which supplies water to numerous agricultural
and municipal entities in the region. Additionaly, the Edwards Aquifer feeds springs that
provide habitat for several endemic, endangered species.

The proposed water line from the Guadalupe River to Mason Creek is about 5.15 miles
long. It would cross vegetative habitats classified as live oak-Ashe juniper park, live oak-
mesquite-Ashe juniper park, and live oak Ashe juniper wood.El Acreage affected during
construction would total 87.4 acres based on a right-of-way 140 feet in width. This acreage
would include 3.4 acres (3.6 percent) of riparian scrub bordering the Guadalupe River, 2.3 acres
(2.6 percent) of brush, 7.7 acres (8.8 percent) of crop, 1.9 acres (2.2 percent) of riparian
woodland (Verde Creek), 28 acres (32 percent) of grass, and 44.4 acres (50.8 percent) of park. A
right-of-way 40 feet wide maintained for the life of the project would affect atotal of 25 acres.

Important species in Kerr, Bandera, Medina and Bexar Counties are listed Table 2.4-1.
Habitat for several endangered species could be encountered along the pipeline route. The
Golden-cheeked Warbler (Dendroica chrysoparia) requires mature Ashe juniper in dense oak-
Ashe juniper stands for nesting. The Black-capped Vireo (Vireo atricapillus) nests in semi-open
woods with a dense brushy understory. The U.S. Fish and Wildlife Service (USFWS) and Texas
Parks and Wildlife Department (TPWD) list the Golden-cheeked Warbler and the Black-capped
Vireo as endangered species. However, habitat for these birds can be avoided by carefully

®Caran, C.S., “Lineament Analysis and I nference of Geologic Structure, 1982.

® United States Geological Survey, “Compilation of Hydrologic Data for the Edwards Aquifer, San Antonio Area,
Texas, 1988, with 1934-1988 Summary,” Bulletin 48, November 1989.

"McMahan, C.A., R.G. Frye and K.L. Brown, “The Vegetation Types of Texas Including Cropland, Texas Parks
and Wildlife Department, Austin, Texas, 1984.
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Table 2.4-1.

Counties Potentially Affected by Option
Guadalupe River Diversion near Comfort to Recharge Zone via Medina Lake (G-30)

Important Species* Having Habitat or Known to Occur in

Listing Agency Potential
Summary of Occurrence
Common Name Scientific Name Habitat Preference USFWs* TPWD' | TOES*** in County
A Ground Beetle Rhadine exilis Karst features in north and northwest PE NL Resident
Bexar County
A Ground Beetle Rhadine infernalis Karst features in north and northwest PE NL Resident
Bexar County
American Peregrine Falcon Falco peregrinus anatum Open country; cliffs E E E Nesting/Migrant
Arctic Peregrine Falcon Falco peregtinus tundrius Open country; cliffs T T T Nesting/Migrant
Bald Eagle Haliaeetus leucocephalus Large bodies of water with nearby T T E Nesting/Migrant
resting sites
Basin Bellflower Campanula reverchonii Dry gravels and shallow sandy soils; WL Resident
open slopes
Big Red Sage Salvia penstemonoides Endemic; Creekbeds and seepage WL Resident
slopes of limestone canyons
Black Bear Ursus americanus Mountains, broken country, woods, T/SA T T Resident
brushlands, forests
Black-capped Vireo Vireo atricapillus Semi-open broad-leaved shrublands E E T Nesting/Migrant
Black-spotted Newt Notophthalmus meridionalis Wet or temporally wet arroyos, T Resident
canals, ditches, shallow depressions;
aestivates underground during dry
periods
Blanco River Springs Eurycea pterophila Subagquatic; Springs and caves of the NL Resident
Salamander Blanco River
Bracted Twistflower Streptanthus bracteatus Endemic; Shallow clay soils over E Resident
limestone; rocky slopes
Buckley Triodia Tridens buckleyanus Margins of the Edwards plateau NL Resident
Cagle’'s Map Turtle Graptemys caglei Waters of the Guadalupe River Basin C1 NL Resident
Cave Myotis Bat Myotis velifer Colonial & cave dwelling; hibernates NL Resident
in limestone caves of Edwards
Plateau
Cascade Caverns Salamander Eurycea latitans Endemic; Subaquatic; Springs and T T Resident
caves
Comal Blind Salamander Eurycea tridentifera Endemic; Semi-troglobitic; Springs T T Resident
and waters of caves
Canyon Mock-Orange Philadelphus ernestii Edwards Plateau WL Resident
Correll's False Dragon-Head Physostegia correllii Wet soils WL Resident
Edge Falls Anemone Anemone edwardsiana var Woodlands in mesic canyons WL Resident
petraea
Edwards Plateau Spring Eurycea sp. 7 Troglobitic; Edwards Plateau NL Resident
Salamander
Elmendorf's Onion Allium elmendorfii Endemic; deep sands derived from WL Resident
Queen City and similar Eocene
formations
Frio Pocket Gopher Geomys texensis bakeri Sandy surfaces with loam up to 2 NL Resident
meters deep
Glass Mountain Coral Root Hexalectris nitida Mesic woodlands in canyons, under NL Resident
oaks
Golden-Cheeked Warbler Dendroica chrysoparia Woodlands with oaks and old juniper E E E Nesting/Migrant
Government Canyon Cave Neoleptoneta microps Karst features in north and northwest PE NL Resident
Spider Bexar County
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Table 2.4-1 (continued)
Listing Agency Potential
Summary of Occurrence
Common Name Scientific Name Habitat Preference USFWs! TPWD' | TOES*** in County
Guadalupe Bass Micropterus treculi Streams of eastern Edwards Plateau wL Resident
Headwater Catfish Ictalurus lupus Clear streams WL Resident
Heller's Marbleseed Onosmodium helleri Juniper-oak woodlands WL Resident
Helotes Mold Beetle Batrisodes venyivi Karst features in north and northwest PE NL Resident
Bexar County
Henslow's Sparrow Ammodramus henslowii Weedy fields or cut over areas; bare NL Nesting/Migrant
ground for running and walking
Hill Country Wild-Mercury Argythamnia aphoroides Shallow to moderately deep clays; WL Resident
live oak woodlands
Indigo Snake Drymarchon corais erebennus Grass prairies and sand hills; usually T WL Resident
thornbush woodland and mesquite
savannah of coastal plain
Interior Least Tern Sterna antillarum athalassos Bays, large rivers E E E Nesting/Migrant
Keeled Earless Lizard Holbrookia propinqua Coastal dunes, Barrier islands and NL Resident
sandy areas
Maculated Manfreda Skipper Stallingsia maculosus Larvae feed inside leaf shelter and Resident
pupae found in cocoon made of
leaves fastened by silk
Madla’s Cave Spider Cicurina madla Karst features in north and northwest PE NL Resident
Bexar County
Mexican Blackhead Snake Tantilla atriceps Predominately Tamaulipan range® NL Resident
Mimic Cavesnail Phreatodrobia imitata Subagquatic; wells in Edwards Aquifer NL Resident
Mountain Plover Charadrius montanus Shortgrass plains and fields, sandy PT NL Nesting/Migrant
deserts, plowed fields
Parks’ Jointweed Polygonella parksii South Texas Plains; subherbaceous WL Resident
annual in deep loose sands, spring-
summer
Peregrine Falcon Falco peregrinus Openscountry, cliffs, occasionally E T NL Nesting/Migrant
cities’
Plains Spotted Skunk Spilogale putorius interrupta Catholic; Wooded, brushy areas and NL Resident
tallgrass prairies
Red Wolf (extirpated) Canis rufus Woods, prairies, river bottom forests E E E Resident
Robber Baron Cave Texella cokendolpheri Karst features in north and northwest PE NL Resident
Harvestman Bexar County
Robber Baron Cave Spider Cicurina baronia Karst features in north and northwest PE NL Resident
Bexar County
Sandhill Woolywhite Hymenopappus carrizoanus Endemic; Open areas in deep sands NL Resident
derived from Carrizo and similar
Eocene formations
Spreading Leastdaisy Chaetopappa effusa Calcareous soils” NL Resident
Spot-tailed Earless Lizard Holbrookia lacerata Oak-juniper woodlands and NL Resident
mesquite-prickly pear
Sonora Fleabane Erigeron mimegletes Edwards Plateau’ NL Resident
South Texas Rushpea Caesalpinia phyllanthoides Thorn shrublands or grasslands on WL Resident
sandy to clay soils
Texas Garter Snake Thamnophis sirtalis annectens Varied, especially wet areas; NL Resident
bottomlands and pastures
Texas Amorpha Amorpha roemeriana NL Resident
Texas Fescue Festuca versuta Margins of Edwards Plateau’ NL Resident
Texas Horned Lizard Phrynosoma cornutum Varied, sparsely vegetated uplands T T Resident
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deciduous or pine-oak woodland;
nests in various habitats and sites
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Table 2.4-1 (continued)
Listing Agency Potential
Summary of Occurrence
Common Name Scientific Name Habitat Preference USFWs* TPWD' | TOES*** in County
Texas Mock-Orange Philadelphus texensis Mesic stream bottoms and canyons WL Resident
Texas Tortoise Gopherus berlandieri Open brush with grass understory; T T Resident
open grass and bare ground avoided;
occupies shallow depressions at base
of bush or cactus, underground
burrows, under objects; active March-
Nov
Timber/Canebrake Rattlesnake | Crotalus horridus Bottomland hardwoods T T Resident
Tobusch Fishhook Cactus Anicistrocactus tobuschii Live oak-juniper woodlands, gravelly E E E Resident
soil, shortgrass grasslands
Toothless Blindcat Trogloglanis pattersoni Troglobitic; San Antonio pool of the T E Resident
Edwards Aquifer
Valdina Farms Sinkhole Eurycea troglodytes Pools of subterranean streams; NL Resident
Salamander sinkhole in Medina County
Veni's Cave Spider Cicurina venii Karst features in north and northwest PE NL Resident
Bexar County
Vesper Cave Spider Cicurina vespera Karst features in north and northwest PE NL Resident
Bexar County
White-faced Ibis Plegadis chihi Varied, prefers freshwater marshes, T T Nesting/Migrant
sloughs and irrigated rice fields;
Nests in low trees
White-Nosed Coati Nasua narica Woodlands and riparian areas T WL Resident
Widemouth Blindcat Satan eurystomus Troglobitic; San Antonio pool of T E Resident
Edwards Aquifer
Whooping Crane Grus americana Potential migrant E E E Migrant
Wood Stork Buteo americana Prairie ponds, flooded pastures or T T Nesting/Migrant
fields; shallow standing water
Zone-tailed Hawk Buteo albonotatus Arid, open country including T T Nesting/Migrant

Texas.

E = Endangered

T = Threatened

C1 = Candidate Category, Substantial Information
PE/PT = Potential to be Listed as Endangered/Threatened

Texas Parks and Wildlife Department. Unpublished 1999. September 1999, Data and map files of the Natural Heritage Program, Resource Protection Division, Austin,

Texas Organization for Endangered Species (TOES). 1995. Endangered, threatened, and watch list of Texas vertebrates. TOES Publication 10. Austin, Texas. 22 pp.
Texas Organization for Endangered Species (TOES). 1993. Endangered, threatened, and watch list of Texas plants. TOES Publication 9. Austin, Texas. 32pp.
Texas Organization for Endangered Species (TOES). 1988. Invertebrates of Special Concern. TOES Publication 7. Austin, Texas. 17pp.
Peterson, R.T. 1990. A Field Guide to Western Birds. Houghton Mifflin Company, Boston. pg 86.
Tennant, Alan. 1985. A Field Guide to Texas Snakes. Texas Monthly Press. Austin, Texas. pg 110.
Correll, D.S. and M.C. Johnston. 1979. Manual of the Vascular Plants of Texas. Texas Research Foundation. Renner, Texas.

3C = No Longer a Candidate for Protection

WL Potentially Endangered/Threatened

Blank = Rare, but no regulatory listing status

NL = Not Listed

C2 = Candidate Category

routing the pipeline in the early planning stages. Other important species with potential habitat

along the pipeline corridor include the Texas Horned Lizard (Phrynosoma cornutum), Texas

Tortoise (Gopherus berlandieri), and Indigo Snake (Drymarchon corais erebennus). The Texas

Tortoise is a federa candidate species and all three of these reptile species are listed as

threatened in Texas.

Within north and northwest Bexar County, karst features are prominent aong and

adjacent to the pipeline corridor. Numerous species have been mapped by the Texas Natural
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Heritage Program, including Madla's Cave Spider (Cicurina madla), two species of ground
beetles (Rhadine exilis and R. infernalis), Helotes Mold Beetle (Batrisodes venyivi), Government
Canyon Cave Spider (Neoleptoneta microps), and Vesper Cave Spider (Cicurina vespera). The
aforementioned species and others that may possibly reside in the project area are presented in
Table 2.4-1. These arachnids and insects are listed by the USFWS as potentially endangered.
Habitat and endangered species surveys of the proposed pipeline corridor should be conducted in
alater phase of the study if this option continues to be devel oped.

Mason Creek is an intermittent stream that flows into Bandera Creek about 2000 feet
upstream of its confluence with the Medina River. Implementation of Option G-30 would
increase the frequency of flows in Mason Creek and about 2000 feet of Bandera Creek. Flow
studies (including environmental analyses) of Mason Creek and the Medina River should be
performed as part of subsequent investigations.

Modeling flows in the Guadalupe River near Spring Branch indicated a reduction in
median annual flows from 224,345 acft without the project to 194,162 acft with implementation
of Option G-30, a decrease of 13.5percent. Monthly median flow estimates without
Option G-30 ranged from 18,245 acft to 5,797 acft without the project and from 16,598 acft to
5,561 acft with the project (Figure 2.4-4). Estimated percent reductions in the monthly medians
ranged from 4.1 percent to 21.0 percent. Comparison of monthly streamflows with and without
the project (Figure 2.4-4) indicated that streamflow reductions would occur mostly in the highest
flow regimes. Reductions in flow might have an effect on the biological communities below the
diversion and above Canyon Lake. For example, the relative abundance of fish species collected
in a study conducted on the Guadalupe River appeared to be affected to some extent by instream
rows.El Some species of fish, as well as other organisms, can be expected to be less tolerant of
flow reductions than others. Flows below Canyon Dam and at the Saltwater Barrier are not
expected to be significantly affected by this project.

The Guadalupe River downstream from the City of Comfort flows through Kendall
County. The Interior Least Tern (Sterna antillarum athalassos), a seasonal migrant, is reported
to occur in Kendall County. The Interior Least Tern, which is listed by USFWS and TPWD as
endangered, nests on large sandbars on the Red River, and is unlikely to be affected by

8Academy of Natural Sciences, Philadelphia, Report No. 91-27, Philadel phia, Pennsylvania, 1991.
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Option G-30. Cagle's Map Turtle (Graptemys caglel) is afederal candidate species that could be
affected by the diversion infrastructure and/or flow reductions in the Guadalupe River below the
City of Center Point. The Blue Sucker islisted by TPWD as threatened in Texas. Studies of the
Guadalupe River in the area around the diversion infrastructure, and of the downstream reaches
should be conducted in later phases of the study before implementing Option G-30.

A construction right-of-way 6.7 miles long extending from Diversion Lake to the
recharge zone would affect approximately 114 acres, including about 54.7 percent brush,
35.6 percent wood and park, 5.4 percent pasture, and 4.3 percent riparian brush.

Soil types in the vicinity of Medina Lake are characterized by the undulating Brackett
association and undulating Tarrant Rock outcrop association on uplands with slopes from 1 to
8 percent. The steep Tarrant-Brackett association is found on uplands with steep slopes between
20 and 45 percent. These areas are low in available water capacity, and are used for range and
wildlife habitat.p]

Vegetation surrounding Medina Lake includes Live Oak-mesquite-Ashe juniper parks
and woods. Existing wetland habitats within the lake boundaries are classified as lacustrine and
consist of deep and shallow open-water habitats where wetland vegetation is not a dominant
feature. In upstream and downstream reaches of the Medina River, the Medina Irrigation Canal,
Diversion Lake, and tributary streams, riverine and palustrine wetlands occur. These areas are
generaly small in size and are typically associated with a drainage feature or water body. In
addition to open-water and streambed wetland areas, small areas of forested wetlands dominated
by either broad-leaved deciduous or needle-leafed deciduous species occur downstream of
Medina Dam.

Because Medina Lake is an existing reservoir, Option G-30 would not have direct
impacts on existing land uses within the reservoir boundaries. For Option G-30, a volume of
water equal to about 90 percent of that diverted from the Guadalupe River would be diverted
from Diversion Lake for transmission to the recharge zone. Thus, the quantity of recharge to the
Edwards Aquifer would increase under this scenario. Water surface elevations in Medina Lake
would continue to fluctuate essentialy as they do at present. Streamflows in the Medina River

downstream of Diversion Lake would be essentially unaffected by this project.

° U.S. Department of Agriculture, Soil Conservation Service (SCS), “Soil Survey of Bandera County, Texas,” in
cooperation with Texas Agricultural Experiment Station, Texas A&M University, College Station, 1977.
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Severa rare plant species with no regulatory status, the bracted twistflower (Streptanthus
bracteatus), the Buckley triodia (Tridens buckleyanus), and the Texas amorpha (Amorpha
roemeriana), have been reported near Medina Lake. Because no inundation will occur outside
the existing reservoir, this species will not be affected by this option. In addition, several
vascular plans of concern have been mapped along the pipeline alignment from Diversion Lake
to northwestern Bexar County. These species include the bracted twistflower, Texas amorpha,
Texas fescue (Festuca versuta), spreading leastdaisy (Chaetopappa effusa), glass mountain coral
root (Hexalectris nitida), and heller’s marbleseed (Onosmodium helleri). These species reside
within habitats that consist of juniper oak and mesic woodlands supported by sandy or calcareous
soils. Each is a rare species, but is not under regulatory status by either the state or federal
wildlife agencies. The Widemouth Blindcat (Satan eurystomus) and the Toothless Blindcat
(Trogloglanis pattersoni), both candidates for federal listing and listed by TPWD, are troglobitic
species known only from deep wells in the Edwards Aquifer beneath the City of San Antonio.
Because Option G-30 is expected to increase recharge and not affect recharge water quality,
adverse impacts on these species are not anticipated.

No impacts to cultural resources are anticipated as a result of modified Medina Lake
operations. Cultural resources surveys will be required in areas to be disturbed by the
construction of the infrastructure to implement Option G-30. Because Medina Lake is an
existing reservoir, no mitigation requirements are anticipated for the reservoir itself. Mitigation
may be required for impacts associated with the infrastructure if sensitive ecological or cultural
resources are identified in the future.

Waters imported from the Guadalupe River to Medina Lake and, subsequently,
withdrawn from Diversion Lake are to be delivered to a proposed series of small recharge
enhancement dams located primarily in northern Bexar County. The terrestrial habitat impacts
associated with these recharge dams will depend on the amount of clearing done, frequency of
inundation, and the rapidity of pool drainage following delivery of imported water or capture of
local runoff. As the alignment of the pipeline from Diversion Lake and the exact locations and
sizes of recharge dams are not known at this time, specific estimates of associated acreage
affected were not computed.

Because these recharge dams are designed to facilitate direct percolation into karst
features (fractures, holes, and/or caves) present below the stream channel, disturbance of the
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local karst system and its fauna is a possibility. The fauna inhabiting these caves are usually
small in both species diversity and population size, and are adapted to relatively stable physical
habitats, which presumably makes them particularly sensitive to disturbances outside of the
natural regime. The results of the investigation of the karst fauna in northern Bexar County,
however, seem to indicate that caves with biological communities have not been encountered in
streambeds there.EI Openings in the streambed are naturally exposed to the erosive force of
flowing water, lessening the likelihood that an organized “terrestrial” community would be able
to develop and persist in such alocation.

Karst openings in the vicinity of these proposed recharge dams that presently experience
periodic flooding may be inundated for longer periods, or experience an increase in the
maximum elevation to which the water rises following a runoff event, possibly causing flow
across the recharge zone. Both terrestrial and aguatic communities are extensive in the karst
openings associated with the Edwards limestone, and significant threats to these habitats
presently exist as a result of human activities in many areas including northern Bexar
County.IEHZI The extent of intermittently flooded karst zones that would be affected by the
recharge dams, the extent to which these zones are inhabited, and how hydrologic changes might
affect resident communities, is unknown.

Numerous caves in the vicinity of the proposed recharge dams in northern Bexar County
have been explored and the faunas have been inventorieom'@ Government Canyon Bat Cave
supports a population of Cave Myotis bats (myotis velifer); additionally, severa of the caves
support cave beetles, including Rhadina infernalis. There are aso caves in the vicinity of San
Geronimo Creek (northeastern Medina County), but none have been explored. In the vicinity of
Culebra Creek, lack of access to the property has prevented a search for caves. No caves have
been identified in the vicinity of Deep or Limekiln Creeks.

A petition to the USFWS to list as endangered or threatened nine new species of

invertebrates with limited distributions in caves of northern Bexar County, including the Rhadina

9 Flliot, W.R., “Cave Fauna Conservation in Texas,” proceedings of the 1991 National Cave Management

lSlymposi um, Bowling Green, Kentucky, American Cave Conservation Association, Horse Cave, Kentucky, 1993.
Ibid.

21 ongley, G., “The Edwards Aquifer: Earth’s Most Diverse Ground Water Ecosystem?”’ Internatl. J. Speleol.

11:123-128, 1981.

3 Veni, G., Personal Communication, April 22, 1994.

¥ Elliott, W., Personal Communication, November 21, 1995.
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beetle, has been filed. The petition identifies specific inhabited caves, including Government
Canyon Bat Cave, and a study is underway to identify additional habitat areas. All of the
proposed recharge dams are in areas that have potentia for caves containing endangered
Speci es.h‘?LI

Government Canyon Bat Cave is located in the immediate vicinity of the potentia
recharge dam site on Government Creek. Although the known opening of this cave is located
well above the impoundment elevation, the depth to which Cicurina (Troglobitic spider) habitat
extends is not known, and additional site surveys would be required to determine whether it
might be affected by an increase in the duration of inundation events, or by an increase in the
maximum inundation elevation within the cave. On-site surveys of the reservoir and surrounding
areas and mitigation or relocation of the recharge dam may be required if caves with protected
species are found and will be affected by project development.

Government Canyon, including the Government Canyon Bat Cave site, is the location of
a new state park. The Government Canyon State Park plan includes environmental resource
preservation, a preserve for nesting Golden-cheeked warblers and Black-capped vireos, and
some recreational facilities. Although dam construction may be a concern, natural recharge in
the canyon (including water imported from the Guadalupe River via Medina Lake) may not
conflict with preserving the environmental resources of the area or the park development plan.

The Government Creek area is known to contain numerous prehistoric sites and a 17th
century Spanish colonia trail. Other recharge sites may contain similar cultural resources.
Cultural resources protection on public lands in Texas, or lands affected by projects regulated
under U.S. Army Corps of Engineers permits, is afforded by the Antiquities Code of Texas
(Title9, Chapter 191, Texas Natural Resource Code of 1977), the National Historic Preservation
Act (PL96-515), and the Archaeological and Historic Preservation Act (PL93-291). All areas
disturbed during construction will be first surveyed by qualified professionals for the presence of
significant cultural resources. Additional measures to mitigate impacts may be required by the
presence of significant cultural deposits that cannot be avoided.

> Veni, G., Personal Communication, April, 22, 1994.
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2.4.4 Engineering and Costing

For this option (G-30), water potentialy available for diversion from the Guadaupe
River near Comfort would be pumped to a tributary of the Medina River for delivery to
Diversion Lake below Medina Lake, and pumped from Diversion Lake to a series of recharge
enhancement dams located primarily in northwestern Bexar County. The benefits of this project
could include enhanced recharge of the Edwards Aquifer resulting in increased water supply for
municipal, industrial, and irrigation use as well as enhanced springflow for recreational use and
protection of endangered species. The major facilities required to implement Option G-30

include:

* Guadalupe River Intake and Pump Station

» Raw Water Pipelineto Medina River Tributary
* Reservoir Intake and Pump Station

* Raw Water Pipeline to Recharge Zone

* Recharge Structures

Diversions from the Guadalupe River through a 72-inch import pipeline could provide for
average enhanced Edwards Aquifer sustained yield of about 3,902 acft/yr at a unit cost of
$2,079 per acft/yr. These unit costs include an intake structure and pump station at Diversion
Lake, a 72-inch transmission pipeline from Diversion Lake to the recharge area, and severa

small recharge dams. Project costs and annual costs are summarized in Table 2.4-2.

2.4.5 Implementation Issues (G-30)

Implementation of Option G-30 could directly affect the feasibility of other water supply
options under consideration, including L-18, S-13B, G-15C, G-24, G-32, G-38C, SCTN-6,
SCTN-8, SCTN-10, SCTN-16a, SCTN-16b, and/or SCTN-16c.

An ingtitutional arrangement is needed to implement projects including financing on a

regional basis.

Guadalupe River Channel Dam and Diversion Lake Intake
1. 1t will be necessary to obtain these permits:
a. TNRCC Water Right permit.

b. U.S. Army Corpsof Engineers Sections 10 and 404 dredge and fill permitsfor the
channel dam and intake structures.

c. GLO Sand and Gravel Removal permits.
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Table 2.4-2.

Cost Estimate Summary for
Guadalupe River Diversions near Comfort to
Recharge Zone via Medina Lake (G-30)
(Second Quarter 1999 Prices)

Estimated Costs
Item for Facilities
Capital Costs
Dam and Reservoir (Rehab and Construction of Recharge Dams) $5,763,000
Intakes and Pump Stations (95 MGD, 85 MGD) 18,978,000
Transmission Pipelines (72-inch dia., 5.2 miles; 72-inch dia., 6.7 miles) 24,208,000
Total Capital Cost $48,949,000
Engineering, Legal Costs and Contingencies $15,922,000
Environmental & Archaeology Studies and Mitigation 570,000
Land Acquisition and Surveying (256 acres) 833,000
Interest During Construction (4 years) 10,605,000
Total Project Cost $76,879,000
Annual Costs
Debt Service (6 percent for 30 years) $4,883,000
Reservoir Debt Service (6 percent for 40 years) 642,000
Operation and Maintenance:
Intake, Pipeline, Pump Station 678,000
Dam and Reservoir 86,000
Pumping Energy Costs (27,575,783 kW-hr @ $0.06/kW-hr) 1,655,000
Purchase of Water (2,725 Acft/yr @ $61/acft) 166,000
Total Annual Cost $8,110,000
Available Project Yield (acft/yr) 3,902
Annual Cost of Water ($ per acft) Raw Water in Aquifer1 $2,079
Annual Cost of Water ($ per 1,000 gallons) Raw Water in Aquiferl $6.38
1 Reported Annual Cost is for additional water supply in the Edwards Aquifer.
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d. GLO Easement for use of state-owned land.
e. TPWD Sand, Gravel, and Marl permit.
2. Permitting, at aminimum, will require these studies:
a. Habitat mitigation plan.
b. Environmenta studies.
c. Cultural resource studies.

3. Land will need to be acquired through either negotiations or condemnation.
Requirements Specific to Diversion of Water from Guadalupe River and Recharge to Edwards
Aquifer

1. Necessary permits:

a. TNRCC permit to divert unappropriated water.
b. TNRCC Interbasin Transfer Approval.

c. TNRCC authorization to use Medina River and its tributaries to deliver
Guadalupe River water to Medina Lake and then use the water for recharge
purposes in the San Antonio River Basin.

d. EAA authorization to recharge and to recover water through Recharge Recovery
Permit.

2. Permitting will require these studies:
a. Instream flow effects.
b. Environmental studies.
c. Evauation of potential effects on recreation.
3. Agreement with GBRA for purchase of firm yield reduction at Canyon Lake.

4. Agreement with Bexar-Medina-Atascosa Counties Water Control and Improvement
District to transport water through Medina Lake, and to construct an intake and pump
station at Diversion Lake to transfer Guadalupe River water to the recharge zone.

Requirements Specific to Pipelines
1. Necessary permits:

a. U.S. Army Corps of Engineers Sections 10 and 404 dredge and fill permits for
stream crossings.

b. GLO Sand and Gravel Removal permits.
c. TPWD Sand, Gravel, and Marl permit.
2. Right-of-way and easement acquisition.

3. Crossings:
a Highways and railroads.
b. Creeks and rivers.
C. Other utilities.
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Requirements Specific to Surface Recharge Structures

1. Detailed field investigation of each potential recharge site to determine natura and
expected recharge rates.

2. For water imported to the recharge zone: water compatibility testing and assessment
of treatment needs (if any), including biological and chemical characteristics.

3. Necessary permits could include:
a. TNRCC Water Right and Storage permits.
U.S. Army Corps of Engineers Sections 10 and 404 dredge and fill permits.
GLO Sand and Gravel Removal permits.
TPWD Sand, Gravel, and Marl permit.
EAA authorization to recharge and to recover water through Recharge Recovery
Permit
4. Permitting, at a minimum, will require these studies:

a. Determination of impact plans for parkland, wildlife preserves, and other
conservation programs.

b. Study of impact on karst geology organisms from a sustained recharge program.
c. Other environmental studies.

®aop o
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OPTION NUMBER: G-32

OPTION NAME: Diversion of Canyon L ake Flood Storageto
Recharge Zonevia Cibolo Creek—Long-Term
Average

OPTION DESCRIPTION: Canyon Lake s located on the Guadalupe River
12 miles northwest of New Braunfels, and has a flood control capacity of
355,000 acft. Water would be diverted from the flood control pool when
available and delivered to the Edwards Aquifer recharge zone via Cibolo Creek
to increase the quantity of Edwards Aquifer water available for pumpage.

TIME NEEDED TO IMPLEMENT: [X]1-5yr. [ ]515yr. [ ]>15yr.

Quantity
(1000 acft)

COST, QUANTITY OF WATER, AND LAND IMPACTED

UNIT COST OF WATER: $6,198 per acft' Raw Water in Aquifer
QUANTITY OF WATER: 2,088 acft/yr2
LAND IMPACTED: 518 acres’

POSITION RELATIVE TO ALL OPTIONS
UNIT COST OF WATER: of (1=lowest unit)
QUANTITY OF WATER: of (1=highest volume)
LAND IMPACTED: of (1=least acreage)

Impact
(2000 ac)

FACTORSAFFECTING COST, QUANTITY, AND LAND IMPACTED

'COST: Canyon Lake intake and pump station, raw water pipelines (two 108-inch diameter
lines), transmission pump station, and a 10,000-acft storage capacity recharge structure on
Cibolo Creek.

QUANTITY OF WATER: 2,088 acft/yr is the additional potential municipal aguifer
pumpage or sustained yield based on using GWSIM-1V.

3L AND IMPACTED: Pipeline right-of-way and recharge reservoir sites. This does not
include land in the floodplain above the recharge pool at the reservoir or land purchased for
mitigation.

ENVIRONMENTAL ISSUES: Effects of pipeline right-of-way on terrestrial habitat.
Resource conflicts can be avoided by careful selection of pipeline routes. Construction can
be scheduled to avoid nesting schedules of any threatened or endangered species.
Additional studies of recharge effects on specific karst associations could be necessary to
address project effect on unique habitats.

SIGNIFICANT ISSUESAFFECTING FEASIBILITY: Cost of water per acre-foot of
recharge recovery is high. Option enhances Comal Springs flow more than it provides for
increased aquifer pumpage. Ability of sponsors to obtain credits for recharge that can be
expressed in quantities of additional Edwards Aquifer pumpage rights.

ADDITIONAL FACTORS: Ability to obtain permits and Canyon Lake water for this
purpose. Potential effects on Natural Bridge Caverns or Bat Cave.

OTHER WATER SUPPLY OPTIONSDIRECTLY AFFECTED: L-17, L-18, S-13B,
G-16C1, G-30, SCTN-6, and/or SCTN-8.
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2.5 Diversion of Canyon Lake Flood Storage to Recharge Zone via Cibolo
Creek (G-32)

2.5.1 Description of Option

Option G-32 includes the diversion of water from the flood storage pool of Canyon Lake
and importation of this water for enhancement of Edwards Aquifer recharge. Canyon Lake is a
multi-purpose project located on the Guadalupe River in Coma County about 12 miles
northwest of New Braunfels. It was originally developed by the U.S. Army Corps of Engineers
in the early 1960s as a water supply and flood control project with an estimated conservation
storage capacity of 382,000 acre-feet (acft) below elevation 909 feet-mean sea level (ft-mdl) and
an estimated flood storage capacity of about 355,000 acft between elevation 909 ft-mgl and the
crest of the emergency spillway at 943 ft-msl. Water potentially available for diversion under
this option is the portion of the flood flows temporarily impounded above 909 ft-mdl, which can
be diverted during the period that flood releases are being made at Canyon Dam. As shown in
Figure 2.5-1, the mgjor facilities associated with this option include an intake structure and pump
station at Canyon Lake, an import pipeline to a tributary of Cibolo Creek, and a recharge
enhancement dam located on Cibolo Creek at the proposed site of the Cibolo Creek Recharge
Enhancement Project (Section 2.2). The enhanced recharge might be recaptured through a
recharge recovery permit,h—'I which could be obtained through the Edwards Aquifer Authority
(EAA). It isimportant to note that the conceptual basis, statutory authority, and administrative
procedures associated with recharge recovery permits are issues under consideration in the

EAA'’ s ongoing development of rules.

2.5.2 Available Yield

The available yield for Option G-32 would be redized in the form of additional
groundwater available for pumpage due to enhanced Edwards Aquifer recharge obtained through
the importation of water from the flood pool of Canyon Lake and its delivery to the recharge
zone via Cibolo Creek. As storage in the flood pool of Canyon Lake is most likely to occur
simultaneously with flood events and natural recharge in the Cibolo Creek watershed, a recharge
enhancement structure on Cibolo Creek sized to impound about 10,000 acft (Section 2.2) is

! HDR Engineering, Inc. (HDR), “Introduction to Technical Application Requirements for Artificial Recharge
Contracts and Recharge Recovery Permits,” Edwards Aquifer Authority, December 1998.
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included as a component of this option. The procedures and assumptions pertinent to the
computation of water potentially available from Canyon Lake flood storage, recharge
enhancement associated with its importation, and Edwards Aquifer sustained yield increases are
described in the following paragraphs.

In order to quantify water potentialy available for diversion from Canyon Lake flood
storage, it was first necessary to compute the firm yield derived from the conservation storage
pool of Canyon Lake. This task was accomplished using the Guadalupe-San Antonio River
Basin ModeIEI (GSA Moddl). New hydrologic evaluations were not necessary for evaluation of
this option, as the volumes of water determined to be available under previous studie@remain
relatively unchanged under the general assumptions used for the South Central Texas Regional
Water Plan analyses. The assumptions used in developing flood flows available for diversion to
the recharge zone include full subordination of hydropower water rights to Canyon Lake, fixed
Edwards Aquifer pumpage of 400,000 acft/yr, return flows at rates reported in 1988, current
Canyon Lake firm yield estimates, and diversion of the uncommitted firm yield of Canyon Lake
at a downstream location after honoring current Guadalupe-Blanco River Authority (GBRA)
contractual commitments. Review of this simulation reveals that Canyon Lake would have
temporarily impounded some water in the flood pool in about 50 percent of the months during
the 1934 to 1989 period. During the critical drought period extending from July 1947 through
February 1958, however, there would have been no storage in the flood pool and no water
available for diversion under this option.

Current guidelines for flood releases from Canyon Lake are set forth in Schedule #1 from
the U.S. Army Corps of Engineers Reservoir Regulation Manual. These guidelines generally
provide for the release of 1,500 cubic feet per second (cfs) (2,975 acft/day) when the lake level is
between 909 ft-mdl and 911 ft-mdl and 5,000 cfs (9,920 acft/day or 302,000 acft/month) when
the lake level exceeds 911 ft-md. The GSA Model was modified to simulate flood pool
operations in Canyon Lake for one specified flood release rate and one specified diversion rate
subject to conservation pool operations dictated by the assumptions and firm yield quoted in the

previous paragraph. A fixed flood release rate of 5,000 cfs (approximating that under current

2 HDR, “Guadal upe-San Antonio River Basin Recharge Enhancement Study,” Edwards Underground Water
District, September 1993.

®HDR, et al., “Trans-Texas Water Program, West Central Study Area, Phase | — Interim Report,” Volume 4,
San Antonio River Authority, et al., January 1996.
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guidelines) was assumed for this option as consideration of dam safety and flood hazard issues
associated with a lesser flood release rate is beyond the scope of this study. As flood storage in
Canyon Lake isfederally authorized and generally occurs when water throughout the Guadal upe-
San Antonio River Basin is plentiful, environmental flow criteria were not applied.

Water potentially available for diversion from flood storage in Canyon Lake was

anayzed for a range of diversion rates in previous analyses,IZI

and optimization analyses
considering potential import pipeline diameters were performed to select the most appropriate
importation facilities based on minimum unit cost and reasonable incremental unit cost of
Edwards Aquifer recharge enhancement. These optimization analyses resulted in the selection of
two paralel 108-inch diameter import pipelines from Canyon Lake with a combined
transmission capacity of about 40,000 acft/month, or 660 cfs.

Water potentially available for diversion via these two 108-inch diameter pipelines would
average about 21,100 acft/yr over the long-term (1934 to 1989) and 0 acft/yr during the critical
drought period for Canyon Lake (July 1947 to February 1958). Figure 2.5-2 shows the water
available for diversion from Canyon Lake flood storage for recharge enhancement, assuming two
parallel 108-inch diameter pipes. Asisapparent in thisfigure, water availability would be highly
variable from year to year and severely limited or non-existent during drought periods. Water
availability is somewhat limited by the assumptions that flood releases begin immediately when
the lake level rises above 909 ft-mdl and would occur simultaneously with flood pool diversions.
For example, given aflood release rate of 5,000 cfs and a maximum flood pool diversion rate of
660 cfs (based on two 108-inch diameter import pipelines), 88 percent of the flood storage would
be released down the Guadalupe River and 12 percent would be diverted to the recharge zone via
Cibolo Creek.

A recharge enhancement structure located on Cibolo Creek just upstream of Bracken was
included in Option G-32 to improve recharge efficiency for the imported water because flood
storage in Canyon Lake is likely to occur simultaneously with natura recharge events in the
Cibolo Creek watershed. This recharge structure is assumed to be located at the site of Cibolo
Dam No. 1 which was originally identified by Espey, Huston & AssociatesEI and isincluded in

* Ibid.
® Espey, Huston & Associates, Inc. (EHA), “Feasibility Study of Recharge Facilities on Cibolo Creek,” Draft,
Edwards Underground Water District, October 1982.
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recently completeoEI and ongoing studies for the South Central Texas Regional Water Planning
Group (Section 2.2). Assuming a storage capacity of 10,000 acft, long-term average (1934 to
1989) recharge enhancement associated with Cibolo Creek Recharge Enhancement Project
would be about 8,500 acft/yrE' without importation of water from Canyon Lake. Considering
monthly importation from Canyon Lake flood storage averaging about 24,600 acft/yr for the
1934 to 1989 period and accounting for about 40 cfs (2,400 acft/month) of additional recharge
capacity in Cibolo Cr as well as avallable storage capacity in the recharge reservoir,
additional recharge enhancement due to importation from Canyon Lake would average about
16,100 acft/yr. Hence, about 76 percent of the Canyon Lake flood storage potentially available
for diversion could contribute recharge to the Edwards Aquifer under Option G-32. The
remaining 24 percent of Canyon Lake flood storage potentially available for diversion would not
contribute to Edwards Aquifer recharge because it would occur at times when simulations
indicate that there would be no available recharge capacity in Cibolo Creek and no available
storage capacity at the Cibolo Creek Recharge Enhancement Project.

Once the monthly enhanced recharge values were generated, they were added to the
recharge used by the GWSIM-IV model of the Edwards Aquifer at the spatial locations
representing Cibolo Creek downstream of the confluence with Lewis Creek. The GWSIM-1V
model provides a tool for determining the additional groundwater that could be made available
on asustained basis for arecharge recovery permit (Appendix C).

Figure 2.5-3 shows the mass balance accounting from the GWSIM-IV model used to
determine the change in sustained yield associated with the enhanced recharge of this option.
With average enhanced recharge of 24,600 acft/yr (the sum of recharge from the Cibolo Creek
Recharge Enhancement Project and the diverted Canyon Lake flood water), the sustained yield
pumpage would increase by 2,088 acft/yr, or 85percent of the enhanced recharge.
Quantification of an increase in sustained yield of the Edwards Aquifer during the drought of
record provides a means for direct comparison of recharge enhancement options with surface
water supply options under Texas Water Development Board rules for regional water supply

® HDR, “Trans-Texas Water Program, West Central Study Area, Phase |1, Edwards Aquifer Recharge Analyses,”
San Antonio River Authority, et al., March 1998.

"HDR, Op. Cit., September 1993.

8 Espey, Huston & Associates, Inc., Op. Cit., October 1982.
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planning. At this time, the concept of sustained yield enhancement as a basis for recharge
recovery permitting has not been adopted by the EAA.

The fina step in the groundwater evaluation was to move from the sustained yield
calculations to examine the effects of this enhanced recharge on the 400,000 acft/yr total
pumpage management plan of the Edwards Aquifer. Assuming that the change in sustained
yield might form the basis for a recharge recovery permit of 2,088 acft/yr, the GWSIM-1V model
was applied with the additional 2,088 acft/yr distributed as municipal pumpage in the study area.
Figure 2.5-3 shows that the Comal Springs flow patterns under the 400,000 acft/yr management
plan with the additional pumpage of the recharge recovery permit are higher due to the close
proximity of the recharge enhancement to Comal Springs. More specifically, 20,000 acft of the
enhanced recharge (81 percent) becomes increased springflow. Hence, the enhanced recharge
from this project increases springflow more effectively than it increases annual pumpage. If this
option were evaluated in conjunction with a surface water project downstream of the springs,
however, the increased springflow could serve to increase the yield or reliability of the surface
water project.

2.5.3 Environmental Issues

The diversion of water from flood storage at Canyon Lake to the recharge zone on Cibolo
Creek would require an intake structure at Canyon Lake and two, large diameter water
transmission lines about 7.8 miles long (Figure 2.5-1). The corridor that would be traversed by
the pipelines consists primarily of live oak-ashe juniper savanna (56 percent) and mesquite-
invaded rangeland (4 percent). Developed areas total less than 3 percent and wetlands occupy
less than 1 percent of the corridor. There are relatively few streams, and perched ponds supply
water for livestock. The streams are typicaly intermittent and similar to other streams around
Canyon Lake. Option G-32 aso includes a recharge enhancement structure on Cibolo Creek
discussed in Section 2.2 of this report.

The project area lies within central Comal County. The water transmission line traverses
Brackett-Comfort-Real (shallow, undulating to steep soils over limestone or strongly cemented
chalk) and Comfort-Rumple Eckrant (very shallow to moderately deep, undulating to steep and
hilly soils over indurated limestone) soil associations. Both soil associations are characteristic of
uplands of the Edwards Plateau.

South Central Texas Region
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The Edwards Plateau comprises the Hill Country in west-central Texas. On the east and
south, the Balcones Escarpment, with its spectacular canyons, forms a distinct boundary to the
Edwards Plateau. Soils are usually shallow, with a wide range of surface textures. They are
underlain by limestone or caliche on the Plateau proper. The Edwards Plateau is predominantly
rangeland, with cultivation largely confined to the deeper soils, valley bottoms, and around the
larger towns. It has an excellent, but often sparse mixture of forage plants, and ranches are often
stocked with combinations of cattle, sheep, and goats to make full use of the few edible plants.
Deer are abundant on much of the area and serve as a valuable source of income for many
ranchers.

The most important climax grasses of the Edwards Plateau Vegetational AreaEI include
switchgrass, several species of bluestems and gramas, Indian grass (Sorghastrum nutans),
Canada wild-rye (Elymus canadensis), curly mesquite (Hilaria berlangeri) and buffalo grass
(Buchloe dactyloides). The rough, rocky areas typically support a tall or mid-grass understory
and a brush overstory complex consisting primarily of live oak (Quercus virginiana), Texas oak
(Q. buckleyi), shinnery oak (Q. havardii), juniper species (Juniperus) and mesquite (Prosopis
glandulosa). Throughout the region, the brush species are generally considered as "invaders,”
with the climax largely grassland or open savannah, except on the steeper canyon slopes which
have continually supported a dense cedar-oak thicket.

The rough, irregular surface of the Plateau is well drained, being dissected by several
perennialy flowing river systems that have their origin in the large number of springs in this
limestone-based region. Noteworthy is the growth of bald cypress (Taxodium distichum) along
most of the streams and rivers. Because of the many large canyons and rugged terrain, this area
is of much botanical interest and has consequently been visited by many botanical collectors.
The ferns as well as many of the flowering plants are primarily lithophilous, being represented
mainly by various species of lipferns (Cheilanthes spp.), cloak-ferns (Notholaena spp.), and cliff
brakes (Pellaea spp.). Columbine (Aquilegia canadensis), endemics such as Anemone
edwardsensis and wand butterfly-bush (Buddiega racemosa), and other species are sometimes

found together on large boulders in shaded ravines along with such species as mock-orange

° Gould, F.W., “Texas Plants--A Checklist and Ecological Summary,” Texas Agricultural Experiment Station,
Texas A&M University, 1962.
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(Philadel phus spp.), American smoke-tree (Cotinus americana), spicebush (Benzoin aestivale),
and the endemic silver bells (Styrax platanifolia and S. texana).

McMahan, et a .,Elclassified the vegetation types traversed by the proposed water import
pipelines as live oak-Ashe juniper park and live oak-mesquite-Ashe juniper park. The proposed
pipeline route between Canyon Lake and the outfall would be about 7.8 miles long and would
follow existing roadways (FM 2673 and FM 3159). Pipeline installation, assuming a
construction right-of-way width of 140 feet, would affect a total of 131.8 acres including
33.1acres (25.2 percent) of park, 76.6 acres (58.1 percent) of grass/shrub, and 22.1 acres
(16.7 percent) of brush. A right-of-way 40 feet wide maintained for the life of the project would
affect a total of 37.6 acres. Areas outside the maintenance right-of-way would be seeded in
appropriate grasses and brush would be expected to significantly invade or reinvade within 5 to
10 years following construction.

The Hill Country Wild-Mercury (Argythamia aphoroides), a perennial herb, is reported
to occur along the proposed pipeline route southwest of the City of Startzville. The Hill Country
Wild-Mercury is a rare endemic that inhabits dry sandy and rocky soil over limestone on the
Edwards Plateau. It islisted as rare by U.S. Fish and Wildlife Service (USFWS) and the Texas
Parks and Wildlife Department (TPWD), but with no status, and is a Texas Organization of
Endangered Species (TOES) watch list plant.

Protected species that appear most likely to be encountered during construction include
the Texas Salamander (Eurycea neotenes; reported on the Smithson, 7.5-minute quadrangle), the
Texas Horned Lizard (Phrynosoma cornutum), the Texas Mock-orange (Philadelphus texensis),
and the Edwards Plateau Springs Salamander (Euryced Sp-7). Texas Mock-orange is unlikely to
be encountered along the existing roadway. Potential conflicts can be avoided with appropriate
habitat and important species surveys.

Comal County is within the range of the Golden-cheeked Warbler (Dendroica
chrysoparia) and Black-capped Vireo (Vireo atricapillus). The Golden-cheeked Warbler
inhabits mature oak-Ashe juniper woods for nesting. It requires strips of Ashe juniper bark for
nest material. The Black-capped Vireo nests in dense underbrush in semi-open woodlands

having distinct upper and lower stories. In addition to the Golden-cheeked Warbler and Black-

19 McMahan, CA., R.G. Fryeand K.L. Brown, “The Vegetation Types of Texas Including Cropland,” Texas Parks
and Wildlife Department, Austin, TX, 1984.
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capped Vireo, a number of federally and state protected birds (American Peregrine Falcon,
Arctic Peregrine Falcon, Zone-tailed Hawk, Henslow’s Sparrow, and Whooping Crane) are
reported to occur in Comal County. It isunlikely that Option G-32 would adversely impact these
birds. Because Option G-32 would involve construction mostly along existing right-of-ways,
habitat for either of these birds is unlikely to be encountered. Additionally, important habitats
can be avoided by selection of the pipeline route. A complete list of important species having
habitat or known to occur in the study areaistabulated in Table 2.5-1.

Canyon Lake is a water conservation and flood control reservoir located on the
Guadalupe River in Comal County. Canyon Lake covers about 8,231 surface acres and stores
382,000 acft below its conservation pool elevation of 909 ft-msl. An additional 355,000 acft can
be temporarily impounded in the flood control pool located between elevations 909 ft-msl and
943 ft-mdl.

In addition to the Guadalupe River, several smaller streams drain into Canyon Lake.
These include Rebecca, Schultz, Potters, Jentsch, and Tom Creeks. Like most creeks in the area,
these are intermittent streams that tend to be dry in the summer, but may have isolated pools
within their streambeds during some years. At the mouths of drainages on the lake, shallow
coves tend to support more wetland and mesic shoreline habitats than other areas. Emergent
vegetation and broadleaf shrub in shoreline wetlands are more common aong the upper
shoreline away from the dam.EI

The Canyon Lake flood pool is primarily surrounded by residential and recreational
developments including public parks. In addition to Canyon Lake itself, the Guadalupe River
(above and below the lake) is a popular recreational destination that has seen substantial
shoreline development in recent years. Surrounding land use is predominately rangeland with a
spreading ring of suburban residential developments centered around the lake shore. Public
access to scenic views and the lake shore is provided at parks operated by the U.S. Army Corps
of Engineers. Private marinas, restaurants, and vacation properties allow additional lake access
to tourists and area residents. Randolph Air Force Base Recreationa Area and the 5th Army
Retreat are located on the north shore of the lake near the dam.

8U.S. Fish and Wildlife Service, “National Wetland Inventory Map Series; Devils Backbone; Fischer; Sattler; and
Smithson Valley,” U.S. Geological Service Quadrangles, U.S. Department of the Interior, 1990.
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Table 2.5-1.

Important Species* Having Habitat or Known to Occur in
Counties Potentially Affected by Option
Diversion of Canyon Lake Flood Storage to Recharge Zone via Cibolo Creek (G-32)

Listing Agency Potential
Occurrence in
Common Name Scientific Name Summary of Habitat Preference USFWs' TPWD' TOES*® County
A Ground Beetle Rhadine exilis Karst features in north and northwest PE NL Resident
Bexar County
A Ground Beetle Rhadine infernalis Karst features in north and northwest PE NL Resident
Bexar County
American Peregrine Falcon Falco peregrinus anatum Open country; cliffs E E E Nesting/Migrant
Arctic Peregrine Falcon Falco peregtinus tundrius Open country; cliffs T T E Nesting/Migrant
Big Red Sage Salvia penstemonoides Endemic; creekbeds and seepage WL Resident
slopes of limestone canyons
Black-capped Vireo Vireo atricapillus Semi-open broad-leaved shrublands E E T Nesting/Migrant
Black-spotted Newt Notophthalmus meridionalis Wet or temporally wet arroyos, T E Resident
canals, ditches, shallow depressions;
aestivates underground during dry
periods
Bracted Twistflower Streptanthus bracteatus Endemic; Shallow clay soils over NL Resident
limestone; rocky slopes
Cagle’'s Map Turtle Graptemys caglei Waters of the Guadalupe River Basin C1 NL Resident
Canyon Mock-Orange Philadelphus ernestii Edwards Plateau WL Resident
Cascade Caverns Salamander Eurycea latitans Endemic; subaquatic; Springs and T T Resident
caves
Cave Myotis Bat Myotis velifer Colonial & cave dwelling; hibernates NL Resident
in limestone caves of Edwards
Plateau
Comal Blind Salamander Eurycea tridentifera Endemic; Semi-troglobitic; Springs T T Resident
and waters of caves
Comal Springs Dryopid Beetle Stygoparnus comalensis Cling to objects in streams; adults fly E NL Resident
especially at night
Comal Springs Riffle Beetle Heterelmis comalensis Comal and San Marcos Springs E NL Resident
Comal Springs Salamander Eurycea sp. 8 Endemic; Comal Springs NL Resident
Correll's False Dragon-Head Physostegia correllii Wet soils WL Resident
Edwards Aquifer Diving Beetle Haideoporus texanus Habitat poorly known; known from Resident
artesian well
Edwards Plateau Spring Eurycea sp. 7 Troglobitic; Edwards Plateau NL Resident
Salamander
Elmendorf's Onion Allium elmendorfii Endemic; deep sands derived from WL Resident
Queen City and similar Eocene
formations
Fountain Darter Etheostoma fonticola San Marcos and Comal rivers; E E E Resident
springs and spring-fed streams
Glass Mountain Coral Root Hexalectris nitida NL Resident
Golden-Cheeked Warbler Dendroica chrysoparia Woodlands with oaks and old juniper E E E Nesting/Migrant
Government Canyon Cave Spider Neoleptoneta microps Karst features in north and northwest PE NL Resident
Bexar County
Guadalupe Bass Micropterus treculi Streams of eastern Edwards Plateau WL Resident
Helotes Mold Beetle Batrisodes venyivi Karst features in north and northwest PE NL Resident
Bexar County
Henslow's Sparrow Ammodramus henslowii Weedy fields or cut over areas; bare NL Nesting/Migrant
ground for running and walking
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Table 2.5-1 (continued)
Listing Agency Potential
Occurrence in
Common Name Scientific Name Summary of Habitat Preference USFws! TPWD" TOES*? County
Hill Country Wild-Mercury Argythamnia aphoroides Shallow to moderately deep clays; WL Resident
live oak woodlands
Indigo Snake Drymarchon corais erebennus Grass prairies and sand hills; usually T WL Resident
thornbush woodland and mesquite
savannah of coastal plain
Keeled Earless Lizard Holbrookia propinqua Coastal dunes, Barrier islands and NL Resident
sandy areas
Lindheimer's Tickseed Desmodium lindheimeri Presumably flowers in mid-summer WL Resident
Maculated Manfreda Skipper Stallingsia maculosus Larvae usually feed inside a leaf Resident
shelter and pupate in a cocoon made
of leaves fastened with silk
Madla’s Cave Spider Cicurina madla Karst features in north and northwest PE NL Resident
Bexar County
Mimic Cavesnail Phreatodrobia imitata Subaquatic; wells in Edwards Aquifer NL Resident
Mountain Plover Charadrius montanus Shortgrass plains and fields, sandy PT NL Nesting/Migrant
deserts, plowed fields
Parks’ Jointweed Polygonella parksii South Texas Plains; subherbaceous WL Resident
annual in deep loose sands, spring-
summer
Peck’s Cave Amphipod Stygobromus pecki Underground in Edwards aquifer E Resident
Plains Spotted Skunk Spilogale putorius interrupta Catholic; Wooded, brushy areas and NL Resident
tallgrass prairies
Robber Baron Cave Harvestman Texella cokendolpheri Karst features in north and northwest PE NL Resident
Bexar County
Robber Baron Cave Spider Cicurina baronia Karst features in north and northwest PE NL Resident
Bexar County
Sandhill Woolywhite Hymenopappus carrizoanus Endemic; Open areas in deep sands NL Resident
derived from Carrizo and similar
Eocene formations
South Texas Rushpea Caesalpinia phyllanthoides WL Resident
Spot-tailed Earless Lizard Holbrookia lacerata Oak-juniper woodlands and NL Resident
mesquite-prickly pear
Texas Garter Snake Thamnophis sirtalis annectens Varied, especially wet areas; NL Resident
bottomlands and pastures
Texas Horned Lizard Phrynosoma cornutum Varied, sparsely vegetated uplands T T Resident
Texas Mock-Orange Philadelphus texensis Endemic; Limestone cliffs and WL Resident
boulders in mesic stream bottoms
and canyons
Texas Tortoise Gopherus berlandieri Open brush with grass understory; T T Resident
open grass and bare ground avoided;
occupies shallow depressions at base
of bush or cactus, underground
burrows, under objects; active March
to November
Texas Salamander Eurycea neotenes Edwards Aquifer creek gravel NL Resident
bottoms, emergent vegetation;
underground & rock ledges
Timber/Canebrake Rattlesnake Crotalus horridus Bottomland hardwoods T T Resident
Toothless Blindcat Trogloglanis pattersoni Troglobitic; San Antonio pool of the T E Resident
Edwards Aquifer
Veni's Cave Spider Cicurina venii Karst features in north and northwest PE NL Resident
Bexar County
Vesper Cave Spider Cicurina vespera Karst features in north and northwest PE NL Resident
Bexar County
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Table 2.5-1 (continued)

Listing Agency Potential
Occurrence in
Common Name Scientific Name Summary of Habitat Preference USFWs* TPWD' TOES*® County
White-faced Ibis Plegadis chihi Varied, prefers freshwater marshes, T T Nesting/Migrant
sloughs and irrigated rice fields;
Nests in low trees
Whooping Crane Grus americana Potential migrant E E E Migrant
Widemouth Blindcat Satan eurystomus Troglobitic; San Antonio pool of T E Resident
Edwards Aquifer
Wood Stork Buteo americana Prairie ponds, flooded pastures or T T Nesting/Migrant
fields; shallow standing water
Zone-tailed Hawk Buteo albonotatus Arid, open country including T T Nesting/Migrant
deciduous or pine-oak woodland;
nests in various habitats and sites

Texas Parks and Wildlife Department. Unpublished 1999. September 1999, Data and map files of the Natural Heritage Program, Resource Protection Division, Austin,
Texas.

Texas Organization for Endangered Species (TOES). 1995. Endangered, threatened, and watch list of Texas vertebrates. TOES Publication 10. Austin, Texas. 22 pp.
Texas Organization for Endangered Species (TOES). 1993. Endangered, threatened, and watch list of Texas plants. TOES Publication 9. Austin, Texas. 32 pp.
Texas Organization for Endangered Species (TOES). 1988. Invertebrates of Special Concern. TOES Publication 7. Austin, Texas. 17 pp.

P EEEES

E = Endangered T = Threatened C1 = Candidate Category, Substantial Information
C2 = Candidate Category C3 = No Longer a Candidate for Protection PE/PT = Proposed Endangered/Threatened
WL = Potentially endangered or threatened Blank = Rare, but no regulatory listing status NL = Not listed

Simulated streamflows below Canyon Lake without Option G-32 have monthly medians
ranging from 17,106 acft to 6,849 acft (Figure 2.5-4). Monthly medians with implementation of
Option G-32 ranged from 15,795 acft to 6,849 acft with the greatest percent reduction in monthly
median being 11.6 percent. Decreased median flows were limited to the wettest months (spring).
Plotting streamflow frequency with and without the project indicates that reductions in flow due
to the project would be limited to the highest 50 percent of monthly flows (Figure 2.5-4). There
would be no significant changes in streamflows at the Guadalupe River Saltwater Barrier.
Option G-32 would not be expected to have a measurabl e effect on the ecology of the Guadalupe
River or the Guadalupe Estuary.

Under Option G-32, water will be imported from the flood storage pool of Canyon Lake
to Cibolo Creek for natura recharge in the streambed and/or impoundment by Cibolo Creek
Recharge Enhancement Project. It is currently estimated that the Cibolo Creek Recharge
Enhancement Project would be sized to impound up to 10,000 acft and periodically inundate up
to about 500 acres..IEI The terrestrial habitat impacts associated with this recharge dam will
depend on the amount of clearing done, frequency of inundation, and the rapidity of pool
drainage following delivery of imported water or capture of local runoff.

2 HDR, Op. Cit., September 1993.
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Because the Cibolo Creek Recharge Enhancement Project would be designed to facilitate
direct percolation into karst features (fractures, holes, and/or caves) present below the stream
channel, disturbance of the local karst system and its faunais a possibility. The fauna inhabiting
these caves are usually small in both species diversity and population size, and are adapted to
relatively stable physical habitats, which presumably makes them particularly sensitive to
disturbances outside of the natural regime. Openings in the streambed are naturally exposed to
the erosive force of flowing water, lessening the likelihood that an organized “terrestrial”
community would be able to develop and persist in such alocation.

Karst openings in the vicinity of Cibolo Creek Recharge Enhancement Project that
presently experience periodic flooding may be inundated for longer periods, or experience an
increase in the maximum elevation to which the water rises following a runoff event, possibly
causing flow across the recharge zone. Both terrestrial and aquatic communities are extensive in
the karst openings associated with the Edwards limestone, and significant threats to these
habitats presently exist as a result of human activities in many areasl.EEI The extent of
intermittently flooded karst zones that would be affected by this project, the extent to which
these zones are inhabited, and how hydrologic changes might affect resident communities, is
unknown. Additional studies to assess potential effects of this option on Natural Bridge Caverns
and/or Bat Cave would likely be required.

A petition to the USFWS to list as endangered or threatened nine new species of
invertebrates with limited distributions in caves of northern Bexar County has been filed. The
petition identifies specific inhabited caves, and a study is underway to identify additional habitat
areas. The Cibolo Creek Recharge Enhancement Project is located in an area that has potential
for caves containing endangered speci &.El

Cultural resources protection on public lands in Texas, or lands affected by projects
regulated under U.S. Army Corps of Engineers permits, is afforded by the Antiquities Code of
Texas (Title 9, Chapter 191, Texas Natural Resource Code of 1977), the National Historic
Preservation Act (PL96-515), and the Archaeological and Historic Preservation Act (PL93-291).
All areas disturbed during construction will be first surveyed by qualified professionals for the

2 |bid.

¥ Longley, G., 1981, “The Edwards Aquifer: Earth’s Most Diverse Ground Water Ecosystem?’ Int’l. J. Speleol.
11:123-128.

% | bid.

South Central Texas Region

Water Supply Options 2.5-16 m



12/31/99 Draft Option G-32

presence of significant cultural resources. Additional measures to mitigate impacts may be
required by the presence of significant cultural deposits that cannot be avoided. Additional

studies of recharge impacts on specific karst associations would be required.

2.5.4 Engineering and Costing

For this option (G-32), water potentially available for diversion from Canyon Lake flood
storage would be pumped to a tributary of Cibolo Creek for direct recharge and delivery to a
recharge structure on Cibolo Creek. The benefits of this project would be enhanced recharge of
the Edwards Aquifer resulting in increased water supply for municipal, industrial, and irrigation
use as well as enhanced springflow for recreational use and protection of endangered species.

The major facilities required to implement Option G-32 include:

» Canyon Lake Intake and Pump Station

» Raw Water Pipeline to Cibolo Creek Tributary
» Raw Water Transmission Pump Station

* Recharge Structure

Optimization analyses were performed in previous studi%IEI to select the appropriate
import pipeline size for delivery of water from Canyon Lake to a tributary of Cibolo Creek.
Diversion from Canyon Lake through two 108-inch import pipelines was found to be the
optimum pumping configuration and could provide for an average enhanced Edwards Aquifer
recharge of about 24,600 acft/yr. Aquifer model analyses with this recharge enhancement show
apotential sustained recharge recovery rate during the drought of record of 2,088 acft/yr at a unit
cost of $6,198 per acft. The unit cost includes the cost of developing a 10,000 acft Cibolo Creek
Recharge Enhancement Project. Project costs and annual costs calculated to develop the unit

costs associated with this option are summarized in Table 2.5-2.

255 Implementation Issues

Implementation of diversions from Canyon Lake flood storage to the Edwards Aquifer
recharge zone via Cibolo Creek could directly affect the feasibility of other water supply options
under consideration, including L-17, L-18, S-13B, G-16C1, G-30, SCTN-6, and/or SCTN-8.

* HDR, Op. Cit., January 1996.
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Table 2.5-2.
Cost Estimate Summary for Diversion of Canyon Lake Flood Storage to
Edwards Aquifer Recharge Zone via Cibolo Creek (G-32)
Second Quarter 1999 Prices
Estimated
Item Cost

Capital Costs

Recharge Dam and Reservoir (Conservation Pool: 10,000 acft; 476 acres; 871.9 ft-msl) $8,292,000

Intake and Pump Station (429 MGD) 17,191,000

Transmission Pump Station (429 MGD) 13,627,000

Transmission Pipeline (two 108-inch dia, 7.8 miles) 59,455,000
Total Capital Cost $98,565,000
Engineering, Contingencies and Legal Costs $31,525,000
Environmental & Archaeology Studies, Mitigation, and Permitting 607,000
Land Acquisition and Surveying 2,630,000
Interest During Construction (2 years) 10,666,000

$143,993,000

Debt Service (6 percent for 40 years) $992,000
Debt Service (6 percent for 30 years) 9,370,000
Dam, Intake, Pipeline, Pump Station Operation and Maintenance 1,489,000
Pumping Energy Costs (18,168,000 kWh @ $0.06 per kWh) 1,090,000
Total Annual Cost $12,941,000
Available Project Yield (acft/yr) Raw Water in Aquiferl 2,088
Annual Cost of Water ($ per acft) Raw Water in Aquifer* $6,198
Annual Cost of Water ($ per 1,000 gallons) Raw Water in Aquifer! $19.01

! Reported Annual Cost of Water is for additional water supply in the Edwards Aquifer.
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Requirements Specific to Diversion of Water From Canyon Lake

1. Necessary permits:
a. TNRCC permit to divert unappropriated water.
b. TNRCC Interbasin Transfer Approval.

c. TNRCC authorization to use Cibolo Creek and itstributaries to deliver Guadalupe
River water for recharge purposes to the San Antonio River Basin.

d. U.S. Army Corps of Engineers (USCE) Sections 10 and 404 dredge and fill
permits for the intake structure.
2. Permitting could require these studies:
a. Instream flow issues and impact.
b. Environmental studies.

3. Agreements with USCE and, possibly, Guadalupe-Blanco River Authority to
construct and operate an intake and pump station at Canyon Lake to transfer
Guadalupe River water to the recharge zone.

4. Agreement with GBRA regarding changes in the number of days Canyon Lake
remains in the flood pool as this affects operations and maintenance costs shared by
GBRA and USCE.

Requirements Specific to Pipelines

1. Necessary permits:

a. U.S. Army Corps of Engineers Sections 10 and 404 dredge and fill permits for
stream crossings.

b. GLO Sand and Gravel Removal permits.
c. TPWD Sand, Gravel, and Marl permit.
2. Right-of-way and easement acquisition.

3. Crossings:
a Highways and railroads.
b. Creeksand rivers.
C. Other utilities.

Requirements Specific to Surface Recharge Structures

1. Detailed field investigation of potential recharge site on Cibolo Creek to determine
natural and expected recharge rates.

2. Compatibility testing of water imported to the recharge zone and assessment of
treatment needs (if any), including biological and chemical characteristics.
3. Necessary permits could include:
a. TNRCC Water Right and Storage permits.
b. U.S. Army Corpsof Engineers Sections 10 and 404 dredge and fill permits.
c. GLO Sand and Gravel Removal permits.
d. TPWD Sand, Gravel, and Marl permit.

South Central Texas Region m
Water Supply Options 2519 A
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e. EAA authorization to recharge and to recover water through arecharge recovery
permit.
4. Permitting, at a minimum, will require these studies:

a. Determination of impact plans for parkland, wildlife preserves, and other
conservation programs.

b. Study of impact on karst geology organisms from a sustained recharge program.
Other environmental studies.

d. Studiesof potential water level changes at Natural Bridge Caverns and Bat Cave
and studies to determine if impacts are significant.

o
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OPTION NUMBER: SCTN-6a
OPTION NAME: Edwards Aquifer Rechar ge Enhancement with
Guadalupe River Diversionsat Lake Dunlap

OPTION DESCRIPTION: Conceptually, the project diverts unappropriated
streamflow from the Guadalupe River at Lake Dunlap to the recharge zone of the
Edwards Aquifer whereit is released to streams that naturally recharge the aquifer.
The enhanced recharge would migrate through the aquifer along with the natural
recharge and would eventually be discharged by wells or springs. The concept is based
on filling the aquifer during periods when unappropriated streamflow is available;
then, during drought, the stored water sustains pumpage at established rates and

mai ntains springflows above critical levels.

TIME NEEDED TO IMPLEMENT: [ ]1-5yr. [X]515yr. [ ]>15yr.

COST, QUANTITY OF WATER, AND LAND IMPACTED

UNIT COST OF WATER: $534 per acft' Raw Water in Aquifer
QUANTITY OF WATER: 42121 acft/yr?
LAND IMPACTED: 443 acres®

POSITION RELATIVE TO ALL OPTIONS
UNIT COST OF WATER: of (1=lowest unit)
QUANTITY OF WATER: of (1=highest volume)
LAND IMPACTED: of (1=least acreage)

ik

Impact
(2000 ac)

FACTORSAFFECTING COST, QUANTITY, AND LAND IMPACTED

'COST: Construction of intake at Lake Dunlap, 52 miles of transmission pipeline, one
transmission pump station, and four recharge dams.

QUANTITY OF WATER: The diversion from the Guadalupe River, including
enhanced springflow from Comal Springs, averages 101,907 acft/yr.

3LAND IMPACTED: Intake facilities on Guadalupe River at Lake Dunlap, pipeline
right-of-way, transmission pump station site, and recharge dams.

ENVIRONMENTAL ISSUES: Guadalupe River instream flows and effects of
pipeline routes and recharge structures upon terrestrial habitat.

SIGNIFICANT ISSUESAFFECTING FEASIBILITY: Ability of sponsorsto
obtain credits for recharge enhancement that can be expressed in quantities of
additional Edwards Aquifer pumping rights, confidence in the GWSIM4 Model,
availability of suitable recharge areas in northwestern Bexar County, and concerns of
downstream Guadal upe River water right owners.

ADDITIONAL FACTORS: Ability to abtain permits for the unappropriated
streamflow in the Guadalupe River.

OTHER WATER SUPPLY OPTIONSDIRECTLY AFFECTED: L-17, L-18, G-
16C1, G-17C1, G-19, G-20, G-30, G-32, G-38C, S-15Db, S-15Dc, S-15Ea, S-15Eb,
SCTN-16b, and/or SCTN-16c.
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OPTION NUMBER: SCTN-6b
OPTION NAME: Edwards Aquifer Rechar ge Enhancement with
Guadalupe River Diversions near Gonzales

OPTION DESCRIPTION: Conceptually, the project diverts unappropriated
streamflow from the Guadalupe River near Gonzales to the recharge zone of the
Edwards Aquifer whereit is released to streams that naturally recharge the aquifer.
The enhanced recharge would migrate through the aquifer along with the natural
recharge and would eventually be discharged by wells or springs. The concept is based
on filling the aquifer during periods when unappropriated streamflow is available;
then, during drought, the stored water sustains pumpage at established rates and

mai ntains springflows above critical levels.

TIME NEEDED TO IMPLEMENT: [ ]1-5yr. [X]515yr. [ ]>15yr.

210

COST, QUANTITY OF WATER, AND LAND IMPACTED

180

150

120

UNIT COST OF WATER: $1,941 per acft® Raw Water in Aquifer
QUANTITY OF WATER: 51,133 acft/yr?
LAND IMPACTED: 893 acres®

POSITION RELATIVE TO ALL OPTIONS
UNIT COST OF WATER: of (1=lowest unit)
QUANTITY OF WATER: of (1=highest volume)
LAND IMPACTED: of (1=least acreage)

90

60

30

30

i

Impact
(2000 ac)

25

20

15

10

FACTORS AFFECTING COST, QUANTITY, AND LAND IMPACTED

'COST: Construction of intake on the Guadalupe River near Gonzales, 138 miles of
transmission pipeline, three transmission pump stations, water treatment plant, and four
recharge dams.

QUANTITY OF WATER: The diversion from the Guadalupe River, including
enhanced springflow from Comal and San Marcos Springs, averages 147,995 acft/yr.

3L AND IMPACTED: Intake facilities on Guadalupe River near Gonzales, pipeline
right-of-way, transmission pump station site, and recharge dams.

ENVIRONMENTAL ISSUES: Guadalupe River instream flows and effects of
pipeline routes and recharge structures upon terrestrial habitat.

SIGNIFICANT ISSUESAFFECTING FEASIBILITY: Ability of sponsorsto
obtain credits for recharge enhancement that can be expressed in quantities of
additional Edwards Aquifer pumping rights, confidence in the GWSIM4 Model,
availability of suitable recharge areas in northwestern Bexar County, and concerns of
downstream Guadal upe River water right owners.

ADDITIONAL FACTORS: Ability to abtain permits for the unappropriated
streamflow in the Guadalupe River.

OTHER WATER SUPPLY OPTIONSDIRECTLY AFFECTED: L-17, L-18, G-
16C1, G-17C1, G-19, G-20, G-30, G-32, G-38C, S-15Db, S-15Dc, S-15Ea, S-15Eb,
SCTN-16b, and/or SCTN-16c.
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2.6 Edwards Aquifer Recharge Enhancement with Guadalupe River Diversions
(SCTN-6)

2.6.1 Description of Option

This water supply option involves increasing permitted pumpage from the Edwards
Aquifer as aresult of the enhancement of recharge utilizing unappropriated streamflow from the
Guadalupe River downstream of Comal Springs. This option has been advanced as having a
significant potential to (1) increase the amount of water available from the Edwards Aquifer,
(2) stabilize and/or enhance aguifer water levels, and (3) maintain springflow during droughts.
Conceptually, the project diverts unappropriated water from the Guadalupe River to the recharge
zone of the Edwards Aquifer, where it is released to streams that naturally recharge the aquifer.
The enhanced recharge would migrate through the aquifer along with the natura recharge and
would eventually be discharged by wells or springs. The concept is based on filling the aquifer
during periods when unappropriated streamflow is available; then, during drought, using the
stored water to sustain pumpage at established rates and maintain springflows above critical
levels. Hence, the enhanced recharge might be recaptured through a recharge recovery permitE!
which could be obtained through the Edwards Aquifer Authority (EAA). It isimportant to note
that the conceptual basis, statutory authority, and administrative procedures associated with
recharge recovery permits are issues under consideration in the EAA’s ongoing development of
rules.

The option considers two potential diversion points. One is from Lake Dunlap on the
Guadalupe River southeast of New Braunfels and the other is from the Guadalupe River below
the mouth of the San Marcos River near Gonzales (Figure 2.6-1). For each diversion point, a
broad range of maximum diversion rates is considered to assess rel ative effectiveness in terms of
cost, pumpage, springflows, water levels, and streamflows in the Guadalupe River.

The selection of target streams to recharge the aquifer with water from the Guadalupe
River is based on several factors. Four of the mgjor factors are: (1) the time delay between the
recharge in the outcrop and discharge at major springs; (2) stream reaches that are conducive to

water losses to the Edwards Aquifer; (3) location of existing or proposed recharge structures on

! HDR Engineering, Inc. (HDR), “Introduction to Technical Application Requirements for Artificial Recharge
Contracts and Recharge Recovery Permits,” Edwards Aquifer Authority, December 1998.
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12/13/99 Draft Option SCTN-6

the streams, and (4) the expected capital and operating costs. Considering the hydrogeology,

recharge east of the Bexar-Medina County line tends to move either toward the northeast and
Comal and San Marcos Springs or pumping centers in San Antonio, while recharge west of this
county line tends to move toward the southwest before turning toward San Antonio and then to
Comal and San Marcos Springs.EI Because of this circulation pattern, recharge in Bexar County
is expected to show a relatively short time response in Comal Springs, while recharge in Medina
County would have a delayed response. San Geronimo Creek, Government Canyon, Culebra
Creek, Helotes Creek, Leon Creek, Salado Creek, and Panther Springs Creek in Bexar County
and eastern Medina County were selected recharge areas for the first 200 cubic feet per second
(cfs). Verde Creek, Hondo Creek, Parker Reservoir, and Seco Creek in Medina County were
selected for flows greater than 200cfs. General water delivery locations are shown in
Figure 2.6-1.

The simulation period used extends from 1934 to 1989, and includes the drought of
record. All ssimulations were performed on a monthly timestep. The procedure for evaluating

this option is summarized as follows:

Phase I: Baseline Simulations

1. Caculate springflow from Comal Springs for a baseline scenario of 400,000 acft/yr
of permitted pumpage using the GWSIM4 Model of the Edwards Aquifer, which was
developed by the Texas Water Development Board (Appendix C).

2. Calculate the “sustained yield” of the Edwards Aquifer by adjusting all pumpage by
the same factor in a trial and error procedure until the minimum simulated monthly
flow at Comal Springs (in one and only one month) is 60 cfs.

Phase II: Preliminary Assessment of Projects

3. Caculate unappropriated streamflow and any streamflow deficits in the Guadalupe
River at Lake Dunlap andﬁﬁzar Gonzales using the Guadalupe-San Antonio River
Basin Model (GSA Model).™ The calculations are based on naturalized streamflows
except for Edwards Aquifer springs, which were adjusted to match the results of the

2 HDR Engineering, Inc., “Nueces River Basin, Edwards Aquifer Recharge Enhancement Project Phase IVA,
Nueces River Basin,” Edwards Underground Water District, June 1994.

¥ Maclay, RW., and Land, L.F., “Simulation of Flow in the Edwards Aquifer, San Antonio Region, Texas, A
Refinement of Storage And Flow Concepts’; U.S. Geological Survey, Water Supply Paper 2336, 48p., 1988.
* HDR, “Guadal upe-San Antonio River Basin Recharge Enhancement Study,” Edwards Underground Water
District, September 1993.

®> HDR, “Guadal upe-San Antonio River Basin Model Modifications and Enhancements, Trans-Texas Water
Program. West Central Study Area,” San Antonio River Authority, et a., March 1998.

South Central Texas Region
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baseline 400,000 acft/yr permitted pumpage calculated by the GWSIM4 Model in
Step 1.

4. Calculate the enhanced recharge for a range of five maximum diversion rates from
the river using 400,000 acft/yr of permitted pumpage with GWSIM4. For each
timestep, the enhanced recharge isinitially set equal to the unappropriated streamflow
and adjusted subject to the following criteria:

a. If the streamflow deficit calculated in Step 3 is greater than the enhanced
springflow from Comal Springs (previous month springflow minus the springflow
calculated in Step 1), then there is no streamflow or springflow available for
enhanced recharge; thus, the enhanced recharge for the month is set to zero.
Otherwise, enhanced recharge is equal to the unappropriated flow calculated in
Step 3;

b. Limit enhanced recharge availability to the capacity of the transmission system;
and

c. Temporarily stop enhanced recharge when water levels in the target recharge
areas are above a preset limit.

5. Using GWSIM4, calculate the sustained yield of the Edwards Aquifer for the five
maximum diversion rates (projects) by using the enhanced recharge calculated in
Step 4 and adjusting municipal pumpage on atrial and error basis until the minimum
monthly flow at Comal Springsis 60 cfs.

6. Calculate the increase in sustained yield attributable to each of the five projects by
subtracting the results of Step 2 from Step 5.

7. Add the enhanced recharge and the increase in municipal pumpage to the baseline
pumpage and baseline recharge (Step 1) and run GWSIM4 for each of the five
projectsto calculate flows from Comal Springs and water levelsat J-17.

8. Caculate the costs for each of the five projects.

9. Select the most apparently feasible project size for each river diversion on the basis of
unit cost, increase in sustained yield, and effects on flow from Comal Springs and
water levelsin J-17.

Phase Ill: Calculate Increase in Sustained Yield for Selected Projects

10. For the selected projects, calculate the enhanced springflow from Comal Springs
attributable to the project by subtracting baseline values (Step 1) from values for the
selected projects (Step 9). Add the enhanced springflow to the enhanced recharge
calculated in Step 4 to create a new enhanced recharge series.

11. Calculate new sustained yields of the Edwards Aquifer for the new enhanced recharge
associated with the selected projects, by adjusting municipal pumpage on atrial and
error basis until the minimum monthly flow at Comal Springsis 60 cfs.

12. Cdculate the increases in sustained yield attributable to the projects by subtracting
the results of Step 2 from Step 11.

South Central Texas Region
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13. If the change in sustained yield is significantly greater than previoudly calculated, re-
calculate enhanced springflow from Comal Springs and repeat Steps 10, 11, and 12.
Repeat this series of steps until the increase in sustained yield between iterations is
negligible. Thefinal simulation is used for evaluation of these projects.

Phase IV: Calculate Streamflow Changes in the Guadalupe River

14. For the selected diversion rates, calculate flows in the Guadalupe River at key
locations that account for diversions to the recharge zone and changes in discharge
from Comal Springs.

15. Compare the flows from Comal Springs and in the Guadalupe River and water levels
at J-17 for baseline conditions and the selected projects.

Phase V: Estimate Costs for the Selected Projects

16. Estimate capital, project, annual, and unit costs for selected projects with diversions
from the Guadalupe River at Lake Dunlap and at Gonzales.

Quantification of increases in sustained yield of the Edwards Aquifer during the drought
of record provides a means for direct comparison of recharge enhancement options with surface
water supply options under Texas Water Development Board rules for regional water supply
planning. At this time, the concept of sustained yield enhancement as a basis for recharge

recovery permitting has not been adopted by the EAA.

2.6.2 Available Yield

The increased yield to users of the Edwards Aquifer for a project enhancing recharge to
the Edwards Aquifer depends on two major components. One is the availability of water for
enhanced recharge and the other is the efficiency of the aquifer to store water during the onset of
severe drought conditions. The availability of water for enhanced recharge is based on
unappropriated streamflow at the point of diversion, deficits in streamflows necessary to satisfy
downstream water rights, enhanced springflow from Comal Springs attributable to the project,
groundwater levels in the target recharge area, and capacity of the transmission system. For this
option, the GSA Model was used to calculate unappropriated streamflows available for given
maximum diversion rates and to quantify streamflow deficits. The GWSIM4 program code was
modified to (1) restrict diversions for recharge enhancement during periods of streamflow
deficits; (2) turn the diversion ‘OFF and ‘ON’ on the basis of ground water levels at index
monitoring wells located near the two recharge areas; and (3) calculate and add enhanced

springflow from Comal Springs to the unappropriated streamflow diversions. The efficiency of

South Central Texas Region
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the agquifer to store water for wellsisindicated by the lag time between recharge and discharge at
major springs.

To select the most apparently feasible project for Lake Dunlap and for Gonzales, several
potential projects having awide range of maximum diversion rates were evaluated for each point
of diversion. The potential maximum diversion rates from Lake Dunlap include 100, 150, 200,
250, and 300 cfs; and, the potential maximum diversion rates from Gonzales include 200, 300,
400, 500, and 600 cfs. For this phase of the evaluation, selection of the most apparently possible
project for each of the diversion points is based on scenarios in which enhanced recharge is
limited to the availability of unappropriated streamflow and capacity of the transmission system.

The evaluation and selection of projects is jointly based on cost of the additional water
supply and support of the Edwards Aquifer Optimization program by maintaining higher flows
from the springs, especially Comal Springs, and higher groundwater levels, especially at J-17.
Summaries of performance and cost from the preliminary assessment of projects at Lake Dunlap
and near Gonzales are presented in Figure 2.6-2. Of mgor interest, the increase in sustained
yield, which, under the preliminary assessment (Phase 11), does not benefit from recirculation of
enhanced springflow, ranges from 5,137 acft/yr for the 100 cfs project at Lake Dunlap to
39,159 acft/yr for the 600 cfs project at Gonzales. Average annual diversions for these two
projects ranged from 34,682 acft to 136,673 acft, respectively. The efficiency of the enhanced
recharge in increasing the availability of water supplies from the Edwards Aquifer is about
15 percent for projects at Lake Dunlap, which recharges the area east of Medina Lake, and about
25 percent for projects at Gonzales, which recharges areas both east and west of Medina Lake.
A summary of the impacts of potential projects on key references for critical hydrologic
conditionsis shown in Figure 2.6-3. All of the potential projects substantially reduce the number
of months when flows from Comal Springs and water levels at J-17 are below given reference
levels.

Based on variations in unit cost and improvementsin flow from Comal Springs and water
levelsin J-17, the most apparently feasible projects that would best support an increase in water
supplies are associated with maximum diversion rates of 200 cfs from Lake Dunlap and 400 cfs

from Gonzales.
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For these two selected projects, additional analyses and evaluations were performed.
These anayses included: (1) adding the enhanced recharge from Coma Springs to the
availability of unappropriated streamflow from the Guadalupe River; (2) recalculating the
increase in sustained yield; and (3) quantifying changes in streamflow at selected locations on
the Guadalupe River. The effects of the two selected projects on the Edwards Aquifer are
summarized in Figures 2.6-4 and 2.6-5, which show the water balance of the aquifer for the
projects diverting at Lake Dunlap and near Gonzales, respectively. The increase in sustained
yield is 42,121 and 51,133 acft/yr for the Lake Dunlap and Gonzales projects, respectively. The
enhanced recharge, which now includes unappropriated streamflow and enhanced springflow
from Comal Springs, varies considerably during the simulation period (Figure2.6-6) and
averages 101,907 and 147,995 acft/yr for the Lake Dunlap and Gonzales projects, respectively.
Of major interest, the combined flow from all springs increased by 42,764 and 56,113 acft/yr for
the Lake Dunlap and Gonzales projects, respectively. For Comal Springs, Figure 2.6-7 indicates
flows with the projects will be greater than baseline conditions nearly al the time.

Changes in streamflow in the Guadalupe River are expected because the projects divert
al or a portion of the unappropriated streamflow and enhanced springflow from Comal Springs
at the two diversion points. As shown in Figure 2.6-8, both projects reduce the median monthly
streamflow in the Guadalupe River at Cuero and at the Saltwater Barrier in every month. On
average, the median monthly streamflow at Cuero is reduced about 5,100 and 8,800 acft/month
for the selected Lake Dunlap and Gonzales diversion projects, respectively. At the Saltwater
Barrier, the reduction in median monthly streamflow is dlightly less, about 4,600 and
7,700 acft/month, respectively. Figure 2.6-9 summarizes changes in streamflow frequency for
the Guadalupe River at Cuero and the Saltwater Barrier for the baseline ssmulation and in two
selected projects.

2.6.3 Environmental Issues

Option SCTN-6 diverts water from either the Guadalupe River near Gonzales or Lake
Dunlap southeast of New Braunfels and releases it into streamsin Medina and Bexar Countiesin
the upper regions of the Edwards Aquifer outcrop. The diversion site near Gonzales falls within
the East Central Texas Plains ecoregion including the pipeline until it reaches the northeast
region of Guadalupe County where it crosses into the Texas Blackland Prairies. Upon entrance

South Central Texas Region
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of the transmission pipeline into Bexar County, it follows aong the border of the Central Texas
Plateau ecoregion which it eventually enter@. According to Blair, this project traverses two
biotic provinces, the Texan in Gonzales and Guadalupe Counties and Tamaulipan within Bexar
and Medina Counties. The pipeline neighbors the Tamaulipan and Balconian border in Bexar
and Medina Counties and may intermittently invade the Balconian provi nceE!

The study area spans four of Gould’s vegetational areas. Within Gonzales County, which
includes the Guadalupe River diversion and pipeline, lie the Blackland Prairies. As the route
approaches the western border of the county, it penetrates the Post Oak Savannah. Within the
western portion of Bexar County and all of Medina County, the transmission pipeline straddles
the Edwards Plateau and South Texas Plai nsE!

The dominant vegetation of the Blackland Prairies is mesquite, post oak, bluestems,
switchgrass and blackjack supported by clay soils mixed with sandy loams. The Post Oak
Savannah vegetational area is characterized by gently rolling to hilly terrain with an understory
that is typically tall grass and an overstory that is primarily post oak (Quercus stellata) and
blackjack oak (Q. marilandica). The South Texas Plains is mostly rangeland and has shifted
from grassland to shrubs and low trees. Sandy or clay loam soils of the area support grasses such
as eastern little bluestem, tanglehead, buffelgrass, common curlymesquite, arizona cottontop,
bristlegrass, paspalum and windmillgrass. The most important climax grasses of the Edwards
Plateau Vegetational areaEilncI ude switchgrass, severa species of blustems and gramas, indian
grass, Canada wild-rye, curly mesquite and buffalo grass. The rough, rocky areas typically
support a tal or mid-grass understory and brush overstory complex consisting primarily of live
oak, Texas oak, shinnery oak, juniper species and mesquite. Throughout the region, brush
species are generally considered as “invaders,” with the climax largely grassland or open
savannahs, except on the steeper canyon slopes which have continually supported a dense cedar-
oak thicket.

® Omernik, James M., “Ecoregions of the Conterminous United States,” Annals of the Association of American
Geographers, 77(1) pp. 118-125, 1987.

" Blair, W.F., “The Biotic Provinces of Texas,” Texas Journal of Science 2(1): pp. 93-117, 1950.

8 Gould, F.W., “The Grasses of Texas,” Texas A&M University Press, College Station, Texas, 1975.

° Gould, F.W., “Texas Plants—A Checklist and Ecological Summary,” Texas Agricultural Experiment Station,
Texas A&M University, 1962.
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In Guadalupe County the proposed pipeline route traverses Crockett-Demona-Windhorst,
Sunev-Sequin, Branton-Barbarosa-Lewisville, Houston Black-Heiden soil associations.IEI
Crockett-Demona-Windhorst soils are deep, moderately well drained, gently sloping to sloping,
loamy to sandy soils on uplands. The USDA, Soil Conservation Service has not produced soil
maps for the Gonzales County.

The following species are reported to occur in the project area by the Texas Natural
Heritage Program. At the river diversion in Gonzales County, Cagle’s map turtle (federal
candidate for listing) and the Guadal upe bass are cited, as they both inhabit the Guadalupe River.
The Guadal upe bass has also been found one mile downstream from the Cibolo Creek crossing.
The Texas Tauschia resides in wet wooded areas near the diversion site. The spikerush, is found
near the pipeline corridor near Seguin and resides in fresh and moderately alkaline marshes and
along coasts in fresh and water marshes.'l_lI Adjacent to the pipeline which releases water into
Salado Creek, Heller’s Marbleseed, Buckley Triodia, Bracted Twistflower, and the Texas Fescue
may occur, in addition to two ground beetles. At the Hondo Creek site, the Texas Mock-Orange
finds habitat and the Leaf-chinned bat (Mormoops megalophylla) at Seco Creek. Helotes mold
beetle and the Texas garter snake are found less than one mile from the transmission pipeline in
Bexar County.

Within north and northwest Bexar County, karst features are prominent along and
adjacent to the pipeline corridor. Numerous species have been mapped by the Texas Natural
Heritage Program including Madla’'s cave spider (Cicurina madla), two species of ground
beetles (Rhadine exilis, R. infernalis), Helotes mold beetle (Batrisodes venyivi), government
canyon cave spider (Neoleptoneta microps) and Vesper cave spider (Cicurina vespera). The
aforementioned species and others that may possibly reside in the study area are presented in
Table 2.6-1. These arachnids and insects are listed by the U.S. Fish and Wildlife Service as
potentially endangered. These karst organisms can potentially be affected, as additional water
will be released into the streams. Inundation of caves within this area of Bexar County is

possible dependent on the amount and quality of water released and streamflow fluctuations.

19 50il Conversation Service, “Soil Survey of Guadalupe County Texas,” SCS, USDA, in cooperation with Texas
Agricultural Experiment Station, 1977.

" Hotchkiss, Neil, “Common Marsh, Underwater & Floating-leaved Plants of the United States and Canada,” Dover
Publications, Inc., New York, 1972.
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Table 4.6-1.

Important Species* Having Habitat or Known to Occur

in Counties Potentially Affected by Option
Edwards Aquifer Recharge Enhancement with Guadalupe River Diversions (SCTN-6)

Listing Agency Potential
Occurrence
Common Name Scientific Name Summary of Habitat Preference USFws! TPWD! TOES*® in County
A Ground Beetle Rhadine exilis Karst features in north and PE NL Resident
northwest Bexar County
A Ground Beetle Rhadine infernalis Karst features in north and PE NL Resident
northwest Bexar County
American Peregrine Falcon Falco peregrinus anatum Open country; cliffs E E E Nesting/Migrant
Arctic Peregrine Falcon Falco peregtinus tundrius Open country; cliffs T T T Nesting/Migrant
Big Red Sage Salvia penstemonoides Endemic; Creekbeds and seepage WL Resident
slopes of limestone canyons
Black-capped Vireo Vireo atricapillus Semi-open broad-leaved shrublands E E T Nesting/Migrant
Black-spotted Newt Notophthalmus meridionalis Wet or temporally wet arroyos, T Resident
canals, ditches, shallow
depressions; aestivates
underground during dry periods
Bracted Twistflower Streptanthus bracteatus Endemic; Shallow clay soils over E Resident
limestone; rocky slopes
Buckley Triodia Tridens buckleyanus Margins of the Edwards plateau NL Resident
Cagle’'s Map Turtle Graptemys caglei Waters of the Guadalupe River C1 NL Resident
Basin
Cave Myotis Bat Myotis velifer Colonial & cave dwelling; hibernates NL Resident
in limestone caves of Edwards
Plateau
Comal Blind Salamander Eurycea tridentifera Endemic; Semi-troglobitic; Springs T T Resident
and waters of caves
Correll's False Dragon-Head Physostegia correllii Wet soils WL Resident
Edwards Plateau Spring Eurycea sp. 7 Troglobitic; Edwards Plateau NL Resident
Salamander
Elmendorf's Onion Allium elmendorfii Endemic; deep sands derived from WL Resident
Queen City and similar Eocene
formations
Frio Pocket Gopher Geomys texensis bakeri Sandy surface layers with loam NL Resident
going as deep as two meters
Glass Mountain Coral Root Hexalectris nitida Mesic woodlands in canyons, under NL Resident
oaks
Golden-Cheeked Warbler Dendroica chrysoparia Woodlands with oaks and old E E E Nesting/Migrant
juniper
Government Canyon Cave Neoleptoneta microps Karst features in north and PE NL Resident
Spider northwest Bexar County
Guadalupe Bass Micropterus treculi Streams of eastern Edwards WL Resident
Plateau
Heller's Marbleseed Onosmodium helleri Juniper-oak woodlands WL Resident
Helotes Mold Beetle Batrisodes venyivi Karst features in north and PE NL Resident
northwest Bexar County
Henslow's Sparrow Ammodramus henslowii Weedy fields or cut over areas; bare NL Nesting/Migrant
ground for running and walking
Indigo Snake Drymarchon corais erebennus Grass prairies and sand hills; T WL Resident
usually thornbush woodland and
mesquite savannah of coastal plain
Interior Least Tern Sterna antillarum athalassos Bays, large rivers E E E Nesting/Migrant
Leaf-chinned bat Mormoops megalophylla Desert scrub to tropical forest, NL Resident
caves, tunnels and mines
Keeled Earless Lizard Holbrookia propinqua Coastal dunes, Barrier islands and NL Resident
sandy areas
Leaf-chinned bat Mormoops megalophylla Desert scrub to tropical forest, NL Resident
caves, mines, tunnels
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Table 2.6-1 (continued)

Listing Agency Potential
Occurrence
Common Name Scientific Name Summary of Habitat Preference USFws! TPWD! TOES*® in County
Maculated Manfreda Skipper Stallingsia maculosus Larvae feed inside leaf shelter and Resident
pupae found in cocoon made of
leaves fastened by silk
Mimic Cavesnail Phreatodrobia imitata Subaquatic; wells in Edwards NL Resident
Aquifer
Mountain Plover Charadrius montanus Shortgrass plains and plowed fields PT NL Nesting/Migrant
Palmetto Pill Snail Euchemotrema Cheatumi
Parks’ Jointweed Polygonella parksii South Texas Plains; subherbaceous WL Resident
annual in deep loose sands, spring-
summer
Plains Spotted Skunk Spilogale putorius interrupta Catholic; Wooded, brushy areas and NL Resident
tallgrass prairies
Robber Baron Cave Texella cokendolpheri Karst features in north and PE NL Resident
Harvestman northwest Bexar County
Robber Baron Cave Spider Cicurina baronia Karst features in north and PE NL Resident
northwest Bexar County
Sandhill Woolywhite Hymenopappus carrizoanus Endemic; Open areas in deep sands NL Resident
derived from Carrizo and similar
Eocene formations
Spikerush Eleocharis austrotexana Fresh and moderately alkali NL Resident
marshes; alon% coasts in fresh and
water marshes’
Spot-tailed Earless Lizard Holbrookia lacerata Oak-juniper woodlands and NL Resident
mesquite-prickly pear
Spreading Leastdaisy Chaetopappa effusa Calcareous soils* NL Resident
South Texas Rushpea Caesalpinia phyllanthoides Thorn shrublands or grasslands on WL Resident
sandy to clay soils
Texas Amorpha Amorpha roemeriana NL Resident
Texas Fescue Festuca versuta Margins of Edwards Plateau® NL Resident
Texas Garter Snake Thamnophis sirtalis annectens Varied, especially wet areas; NL Resident
bottomlands and pastures
Texas Horned Lizard Phrynosoma cornutum Varied, sparsely vegetated uplands T T Resident
Texas Mock-Orange Philadelphus texensis Mesic stream bottoms and canyons WL Resident
Texas Salamander Eurycea neotenes Edwards Aquifer creek gravel NL Resident
bottoms, emergent vegetation;
underground & rock ledges
Texas Tauschia Tauschia texana Alluvial thickets or wet woods* NL Resident
Texas Tortoise Gopherus berlandieri Open brush with grass understory; T T Resident
open grass and bare ground
avoided; occupies shallow
depressions at base of bush or
cactus, underground burrows, under
objects; active March-Nov
Timber/Canebrake Crotalus horridus Upland pine and deciduous T T Resident
Rattlesnake woodlands, sandy or clay soil;
dense ground cover
Toothless Blindcat Trogloglanis pattersoni Troglobitic; San Antonio pool of the T E Resident
Edwards Aquifer
Valdina Farms Sinkhole Eurycea troglodytes Intermittent pools of subterranean NL Resident
Salamanders streams
Veni's Cave Spider Cicurina venii Karst features in north and PE NL Resident
northwest Bexar County
Vesper Cave Spider Cicurina vespera Karst features in north and PE NL Resident
northwest Bexar County
White-faced Ibis Plegadis chihi Varied, prefers freshwater marshes, T T Nesting/Migrant
sloughs and irrigated rice fields;
Nests in low trees
Whooping Crane Grus americana Potential migrant E E E Migrant
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Table 2.6-1 (continued)

Listing Agency Potential
Occurrence
Common Name Scientific Name Summary of Habitat Preference USFWS* TPWD! TOES*® in County
Widemouth Blindcat Satan eurystomus Troglobitic; San Antonio pool of T E Resident
Edwards Aquifer
Wood Stork Buteo americana Prairie ponds, flooded pastures or T T Nesting/Migrant
fields; shallow standing water
Zone-tailed Hawk Buteo albonotatus Arid, open country including T T Nesting/Migrant
deciduous or pine-oak woodland;
nests in various habitats and sites

Texas Parks and Wildlife Department. Unpublished 1999. September 1999, Data and map files of the Natural Heritage Program, Resource Protection Division, Austin,
Texas.

Texas Organization for Endangered Species (TOES). 1995. Endangered, threatened, and watch list of Texas vertebrates. TOES Publication 10. Austin, Texas. 22 pp.
Texas Organization for Endangered Species (TOES). 1993. Endangered, threatened, and watch list of Texas plants. TOES Publication 9. Austin, Texas. 32 pp.
Correll, D.S. and M.C. Johnston. 1979. Manual of the Vascular Plants of Texas. Texas Research Foundation. Renner, Texas

Hotchkiss, Neil. 1972. Common Marsh, Underwater & Floating-leaved Plants of the United States and Canada. Dover Publications, Inc., New York.

Nowak, Ronald M. 1991. Walker's Mammals of the World Volume 1. Johns Hopkins University Press, Baltimore.

*| o o » w N

E = Endangered T = Threatened 3C = No Longer a Candidate for Protection C2 = Candidate Category
C1 = Candidate Category, Substantial Information PE/PT = Proposed Endangered or Threatened
WL = Potentially endangered or threatened Blank = Rare, but no regulatory listing status NL = Not listed

Numerous vascular plants are mapped near the pipeline aong with the karst features.
The species include the Bracted Twistflower, Texas Amorpha, Texas Fescue (Festuca versuta),
Spreading Leastdaisy (Chaetopappa effusa), Glass Mountain Coral Root (Hexalectris nitida)
Buckley Triodia (Tridens buckleyanus) and Heller's Marbleseed (Onosmodium helleri). These
species reside within habitats that consist of juniper oak and mesic woodlands supported by
sandy or calcareous soils. Each is arare species, but is not under regulatory status by either the
state or federal wildlife agencies.

In addition, a number of the species listed for each county have habitat requirements or
preferences that indicate they could be present within the project area. The Golden-cheeked
Warbler (Dendroica chrysoparia) inhabits mature oak-Ashe juniper woods for nesting. Warblers
have been located less than a mile from the Salado Creek facility and in northwest Bexar County.
The Black-capped Vireo (Vireo atricapillus) nests in dense underbrush in semi-open woodlands
having distinct upper and lower stories. The Mountain Plover has also been mapped by NHP
near the Lake Dunlap diversion and within the pipeline corridor near Sequin. In addition to the
Golden-cheeked Warbler, Mountain Plover. and Black-capped Vireo, a number of federally and
state protected birds (American Peregrine Falcon, Arctic Peregrine Falcon, Henslow’s Sparrow,
Interior Least Tern, White-faced Ibis, Wood Stork, Whooping Crane and Zone-tailed Hawk) are
reported to occur with the four county stretch. A survey of the project area may be required prior
to construction to determine whether populations of or potential habitat for species of concern

occur in the areato be impacted.
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2.6.4 Engineering and Costing

Preliminary engineering and cost analyses were conducted for five diversion rates from
the Guadalupe River at Lake Dunlap and near Gonzales to two areas in the Edwards Aquifer
recharge zone. The diversion rates range from 100 to 300 cfs at Lake Dunlap and from 200 to
600 cfs near Gonzales. The target recharge areas are in northwestern Bexar County and northern
Medina County and in western Medina County.

Magjor facilities to transport the water from the Guadalupe River to the recharge areas

include:

* Intake and pump stations;

* Raw water pipelines, transmission pump stations, and laterals ;

* Water treatment plant (direct filtration) for water diverted near Gonzales; and
* Recharge structures.

The intake structures and associated pump stations are located on the shores of Lake
Dunlap and Guadalupe River near Gonzales. Raw water pipelines are sized to match the design
capacities and pressures. For the more turbid water near Gonzales, water treatment was assumed
to be necessary. Therefore, cost estimates included the treatment of this water through direct
filtration (Level 2, Appendix A), which involves (1) addition of alum and polymer, (2) rapid
mixing, (3) flocculation, (4) settling, and (5) gravity filtration.

The selected means of artificially recharging the Edwards Aquifer with diversions from
the Guadalupe River isto utilize natura recharge areas. To take advantage of these areas, water
is released in the target streams near the upper limit of the recharge zone and alowed to flow
uncontrolled across the recharge zone. Near the downstream extent of the outcrop, a recharge
reservoir captures any remaining water that did not percolate through the streambed. Suitable
reservoir sites or recharge facilities exist on Panther Springs Creek, tributaries to Salado Creek,
San Geronimo Creek, Verde Creek, Parkers Creek, and Seco Creek. Recent recharge
enhancement studies have recommended a new reservoir on Hondo CreelJl_ZI. Additional
reservoirs associated with this study and included in the cost estimates are on Culebra Creek,
Government Canyon Creek, Leon Creek, and Helotes Creek.

2HDR, et ., “Edwards Aquifer Recharge Analyses,” Trans-Texas Water Program, West Central Study Area, San
Antonio River Authority, et al., March 1998.
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As shown in Table 2.6-2, the Lake Dunlap diversion project has a total project cost of
$185,116,000, an annual cost of $22,489,000, and a unit cost of $534 per acft for a 42,121 acft/yr
increase in sustained yield. As shown in Table 2.6-3, the Gonzales diversion project has a total
project cost of $797,542,000, an annual cost of $99,259,000, and a unit cost of $1,941 per acft.
This project increases sustained yield pumpage by 51,133 acft/yr. The increased cost of water
for a project having a diversion from the Guadalupe River near Gonzales is a result of including
water treatment facilities and additional transmission and distribution facilities for the delivery of

water to northern Medina County.

2.6.5 Implementation Issues

Implementation of Option SCTN-6 could directly affect the feasibility of other water
supply options under consideration, including L-17, L-18, G-16C1, G-17C1, G-19, G-20, G-30,
G-32, G-38C, S-15Db, S-15Dc, S-15Ea, S-15Eb, SCTN-16b, and/or SCTN-16c.

An ingtitutional arrangement is needed to implement projects including financing on a

regional basis.

Guadalupe River Diversion Facilities

1. It will be necessary to obtain these permits:

a. U.S. Army Corps of Engineers Sections 10 and 404 dredge and fill permitsfor the
intake structures.

GLO Sand and Gravel Removal permits.
GL O Easement for use of state-owned land.
TPWD Sand, Gravel, and Marl permit.

mitting will likely require these studies:
a. Habitat mitigation plan.

b. Environmental studies.

c. Cultural resource studies.

E.Q-.O.U

2.

3. Land will need to be acquired through either negotiations or condemnation.

Requirements Specific to Diversion of Water from Guadalupe River and Recharge to Edwards Aquifer

1. Necessary permits:
a. TNRCC permit to divert unappropriated water.
b. TNRCC Interbasin Transfer Approval.
c. TNRCC authorization to use streams in the San Antonio River Basin for
enhancement of Edwards Aquifer recharge.

d. EAA authorization to recharge and to recover water through Recharge Recovery
Permit.
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Table 2.6-2.
Cost Estimate Summary for
Edwards Aquifer Recharge Enhancement with
Guadalupe River Diversions at Lake Dunlap (SCTN-6a)
Second Quarter 1999 Prices

Estimated Costs
Item for Facilities
Capital Costs
Recharge Dam (4 @ 49 acres) $5,763,000
Intake and Pump Station (124 MGD) 14,189,000
Water Treatment Plant 0
Transmission Pump Station (1) 7,997,000
Transmission Pipeline (84-inch dia., 52 miles) 96,077,000
Outlet 483,000
Power Connection 3,730,000
Total Capital Cost $128,239,000
Engineering, Legal Costs and Contingencies $38,946,000
Environmental & Archaeology Studies and Mitigation 1,583,000
Land Acquisition and Surveying (44 acres) 2,635,00
Interest During Construction (4 years 13,713,00
Total Project Cos $185,116,00
Annual Costs
Debt Service (6 percent for 30 years) $13,030,000
Reservoir Debt Service (6 percent for 40 years) 535,000
Operation and Maintenance
Intake, Pipeline, Pump Station 1,382,000
Dam and Reservoir 86,000
Water Treatment Plant 0
Pumping Energy Costs (124,269,000 kWh @ $0.06 per kWh) 7,456,000
Total Annual Cost $22,489,000
Available Project Yield (acft/yr) 42,121
Annual Cost of Water ($ per acft) Raw Water in Aquifer1 $534
Annual Cost of Water ($ per 1,000 gallons) Raw Water in Aquifer1 $1.64
! Reported Annual Cost of Water is for additional water supply in the Edwards Aquifer.
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Table 2.6-3.
Cost Estimate Summary for
Edwards Aquifer Recharge Enhancement with
Guadalupe River Diversions Near Gonzales (SCTN-6b)
Second Quarter 1999 Prices

Item Estimated Costs

for Facilities

Capital Costs

Recharge Dams (4 @ 49 acres) $5,763,000
Intake and Pump Station (254 MGD) 15,989,000
Water Treatment Plant (254 MGD) 56,902,000
Transmission Pump Stations (3) 33,005,000
Transmission Pipeline (120-inch dia., 138 miles) 431,875,000
Outlet 975,000
Power Connection 12,610,000
Total Capital Cost $557,119,000
Engineering, Legal Costs and Contingencies $170,899,000
Environmental & Archaeology Studies and Mitigation 3,761,000
Land Acquisition and Surveying (893 acres) 6,685,000
Interest During Construction (4 years) 59,078,000
Total Project Cost $797,542,000
Annual Costs
Debt Service (6 percent for 30 years) $57,522,000
Reservoir Debt Service (6 percent for 40 years) 535,000
Operation and Maintenance
Intake, Pipeline, Pump Station 5,099,000
Dam and Reservoir 86,000
Water Treatment Plant 18,450,000
Pumping Energy Costs (292,778,000 kWh @ $0.06 per kWh) 17,567,000
Total Annual Cost $99,259,000
Available Project Yield (acft/yr) 51,133
Annual Cost of Water ($ per acft) Raw Water in Aquifer1 $1,941
Annual Cost of Water ($ per 1,000 gallons) Raw Water in Aquifer1 $5.96

! Reported Annual Cost of Water is for additional water supply in the Edwards Aquifer
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2. Permitting will require these studies:
a. Instream flow, and bay and estuary inflow effects.
b. Environmental studies.

c. Evauation of potential effects on recreation.

Requirements Specific to Pipelines

1. Necessary permits:
a. U.S. Army Corps of Engineers Sections 10 and 404 dredge and fill permits for
stream crossings.
b. GLO Sand and Gravel Removal permits.
c. TPWD Sand, Gravel, and Marl permit.

2. Right-of-way and easement acquisition.

3. Crossings:
a Highways and railroads.
b. Creeksand rivers.
C. Other utilities.

Requirements Specific to Surface Recharge Structures

1. Detailed field investigation of each potential recharge site to determine natura and
expected recharge rates.

2. For water imported to the recharge zone: water compatibility testing and assessment
of treatment needs (if any), including biological and chemical characteristics.

3. Necessary permits could include:
a. TNRCC Water Right and Storage permits.
U.S. Army Corps of Engineers Sections 10 and 404 dredge and fill permits.
GLO Sand and Gravel Removal permits.
TPWD Sand, Gravel, and Marl permit.
EAA authorization to recharge and to recover water through Recharge Recovery
Permit
4. Permitting, at a minimum, will require these studies:
Determination of impact plans for parkland, wildlife preserves, and other
conservation programs.
b. Study of impact on karst geology organisms from a sustained recharge program.
c. Other environmental studies.

ocaeoT
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OPTION NUMBER: G-38C

OPTION NAME: Guadalupe River Diversion at Gonzalesto
Mid-Citiesand/or Major Water Providers,
with Regional Water Treatment Plant

OPTION DESCRIPTION: Diversion of unappropriated streamflows and
uncommitted Canyon Lake yield from the Guadalupe River at Gonzalesto a
regional water treatment plant. Delivery of treated water to the Mid-Cities
and/or Major Water Providers.

TIME NEEDED TO IMPLEMENT: [X]1-5yr. [ ]515yr. [ ]>15yr.

COST, QUANTITY OF WATER, AND LAND IMPACTED

UNIT COST OF WATER: $736 per acft' Treated Water Delivered
QUANTITY OF WATER: 29,217 acftlyr?
LAND IMPACTED: 644 acres’

POSITION RELATIVE TO ALL OPTIONS
UNIT COST OF WATER: of (1=lowest unit)
QUANTITY OF WATER: of (1=highest volume)
LAND IMPACTED: of (1=least acreage)

[l

Impact
(2000 ac)

FACTORSAFFECTING COST, QUANTITY, AND LAND IMPACTED

'COST: Reservoir intake and pump station, raw water pipeline and pump station to
water treatment plant, water treatment plant, off-channel reservoir at water treatment
plant, finished water pump station and pipelines, and interconnections to Mid-Cities
and/or Major Water Providers. System would be sized for uniform delivery to water
treatment plant and municipal delivery from water treatment plant to entities.

QUANTITY OF WATER: Quantities of unappropriated flow subject to instream
flow requirements and quantity of uncommitted Canyon yield.

3L AND IMPACTED: Water treatment plant site and pipeline right-of-way.

ENVIRONMENTAL ISSUES: Terrestrial habitat effects along pipeline right-of-way
and at water treatment plant location. Resource conflicts can be avoided by careful
selection of water treatment plant and storage tank sites, and pipeline routes.

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Cost of water, and ability of
the entities to develop aregional plan that realizes economies of size that benefit all of
the participants.

ADDITIONAL FACTORS: Ability to obtain permits to transfer Guadal upe River
Basin water to the San Antonio area.

OTHER WATER SUPPLY OPTIONSDIRECTLY AFFECTED: G-15C, G-16C1,
G-17C1, G-19, G-20, G-21, G-22, G-24, G-30, G-40, SCTN-6, SCTN-16a, SCTN-16b,
and/or SCTN-16c.
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3.1 Guadalupe River Diversion at Gonzales to Mid-Cities, and/or Major Water
Providers, with Regional Water Treatment Plant (G-38C)

3.1.1 Description of Option

This option considers diversion of water from the Guadalupe River at Gonzales for
treatment at a potential regional water treatment plant near Marion and delivery of treated water
on awholesae basis to the Mid-Cities, and/or Major Water Providers in the South Central Texas
Region. Such Major Water Providers may include San Antonio Water System (SAWS), Bexar
Metropolitan Water District (BMWD), and Canyon Regional Water Authority (CRWA). The
water potentially available for diversion at Gonzales (Figure 3.1-1) would be made up of
periodically available run-of-river diversions made firm by allocation of a portion of the firm
yield of Canyon Reservoir through contractual agreement with the Guadalupe-Blanco River
Authority (GBRA).

3.1.2 Available Yield

The Guadalupe-San Antonio River Model (GSA Model)EI was used to determine the
amount of unappropriated streamflow available for diversion at Gonzales subject to senior water
rights and the Consensus Environmental Criteria (Appendix B). Unappropriated streamflow was
calculated subject to a minimum streamflow passage requirement of 317 cfs at the diversion
location based upon maintenance of dissolved oxygen at 5 mg/L subject to current maximum
effluent quantity and constituent concentrations.lz| Figure 3.1-2 indicates that unappropriated
streamflow totaling about 30,000 acft/yr is available in about half of the years simulated. In the
other years, stored water from Canyon Reservoir could be delivered via the Guadalupe River to
the point of diversion, thereby making the run-of-river diversion a firm supply. A commitment
of 24,645 acft/yr from the firm yield of Canyon Reservoir would be necessary to ensure that
30,000 acft/yr could be diverted at Gonzales, without interruption, through the historical drought
of record.

! HDR Engineering, Inc. (HDR), "Guadal upe-San Antonio River Basin Recharge Enhancement Study,” Val. I, I, and
I11, Edwards Underground Water District, September 1993.

2 HDR and Paul Price Associates, Inc., “Guadalupe — San Antonio River Basin Environmental Criteria Refinement,”
Trans-Texas Water Program, West Central Study Area, San Antonio river authority, et al., March 1998.

South Central Texas Region

Water Supply Options 311 m



12/13/99 Draft Option G-38C

Legend
South Central Texas - Region L _ —
Regional Water Planning Area / -~1 E mamﬂ: »

Lnbomen. redl Amamramics

ey, gnd Croekcs

' z B . Beale - 1:1, 500,000
¥ : ] 10 o =%
"ia L’ 1 ./ILF_ . : L

gl

I—II{ Figure 3.1-1. Option G-38C

HEH Bragici s i b=

South Central Texas Region

Water Supply Options 312 I_]):-{



Option G-38C

Draft

12/13/99

35,000

W Run-of-the-River Water (Unappropriated)

£l Stored Water

EF— IR Y
Ei. S
T LTV N
| I E— — E—
[ — T E——
o v | .
T ETE—
Y WP AT
|
e
EEE—— EE—— —— E—— E—

AL R LA SR B AT AT LA LA LA LR AN RN
-9 ___________¥F. - __________.]
T i
. 1]

e v = ruseree

PR RO, T
T Ty S

ey

s =

| ¢ . .|
APl R s i =
I T TN

re- 43 | |- _________§ -~ J_ |
rre——

EETEE . S P [ I
ITE— S S Y T P
A

- ¢ 7 7 ___J ]
=

- ! 7 7 _J ]
I EE | N S
. 7 ]

LA A LR L AR
I . B N

(1fuoe) suoisiENQ

BBE |

286
FEE

oEE
gl
alsl
FiEF
[#1-13
oLE L
B9EL

=11
<061
o961
2561

N 9561

=10
2561
as6l
gFcl

FrEl
ZrEl
orEl
2EEL
SEEL

Year

Figure 3.1-2. Guadalupe River Diversion at Gonzales, Water Availability {Option C-38C)

HER

3.1-3

South Central Texas Region

Water Supply Options



12/13/99 Draft Option G-38C

Diversion from the river to an off-channel (forebay) storage reservoir at the regiona
water treatment plant was assumed to occur in a uniform pattern. With the use of this forebay
storage, some losses are incurred due to evaporation, as storage is maintained to facilitate
delivery in a municipal seasona pattern and to meet consumer peak demands. Reservoir
contents simulations determined that the actual firm yield (the amount of water available to the
municipal participantsin this project) is 29,217 acft/yr.

Delivery facilities were sized to meet the projected year 2030 shortage to entities in the
GBRA statutory area, with the remaining water available (19,098 acft/yr) allocated to Major
Water Providers located primarily in Bexar County. However, in the interim period prior to year
2030, the total firm supply of 29,217 acft/yr was assumed to be available for delivery to the
Major Water Providers in Bexar County. The primary transmission pipeline was sized to deliver
the full 29,217 acft/yr to Bexar County, which is the likely scenario for the first year of
operation. As water demands for Comal and Guadalupe Counties entities grow, more water
would be delivered to them at intermediate delivery points and less water would be conveyed to
Bexar County. The projected supply to Bexar County would be reduced to about 19,098 acft/yr,
by the year 2030.

3.1.2 Environmental Issues

The proposed diversion of water from the Guadalupe River near the City of Gonzales and
delivery to the Mid-Cities and Maor Water Providers in Bexar County requires water
transmission facilities, as well as aregiona water treatment plant and forebay storage reservoir.

In Guadalupe County, the proposed pipeline route traverses Crockett-Demona-
Windhorst, Sunev-Seguin, Branyon-Barbarosa-Lewisville, and Houston Black-Heiden soil

associati ons.EI

Crockett-Demona-Windhorst soils are deep, moderately well drained, gently
sloping to sloping, loamy to sandy soils on uplands. The USDA, Soil Conservation Service has
not produced detailed soil maps for Gonzales County.

The section of the pipeline route between the City of Gonzales and the City of Marion

(the location of the regional water treatment plant) traverses Post Oak Savannah in Gonzales and

% Soil Conservation Service. 1977. Soil Survey of Guadalupe County Texas. SCS, USDA, In cooperations with
Texas Agricultural Experiment Station.
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A

Guadalupe Counties and Blackland Prairie in central Gonzales County.™ The section of the route
between Marion and the other delivery locations continues in the Post Oak Savannah and then
traverses the Blackland Prairie Vegetationa area.

V egetation types along the proposed pipeline route have been classified as crops, Pecan-
Elm Forest (located aong bottomlands of the Guadalupe River), and Post Oak Woods, Forest,

and grassland mosai c.EI

These are most apparent on the sandy soils of the Post Oak Savannah.

The length of the water transmission pipeline from the City of Gonzales to the delivery
points in the Mid-Cities and in Bexar County is about 68 miles. A 140 foot wide construction
right-of-way would affect a total of 1,154 acres including 43 acres developed (3.7 percent),
832 acres crop (72.1 percent), 6 acres shrub (0.5 percent), 55 acres brush (4.7 percent), 55 acres
park (4.7 percent), 163 acreswood (14.1 percent)l.E A mowed maintenance right-of-way, seeded
in grass, would be required for the life of the project. A 40-foot wide maintenance right-of-way,
68 miles long, would affect a total of 330 acres including 12 acres developed, 238 acres crop,
1.5 acres shrub, 16.0 acres brush, 16.0 acres park, 46 acres wood, and 0.5 acres water (e.g., river
crossings). However, the large proportion of this right-of-way that isin cropland can be returned
to crop production following installation of the pipeline. Disturbed areas outside the
maintenance right-of-way presently in brush and shrub can be expected to be invaded by woody
vegetation in 5to 10 years.

Important species having habitat or known to occur in Gonzales, Guadalupe, and Bexar
Counties as listed by USFWS, TPWD and TOES are reported in Table 3.1-1. The Texas Natural
Heritage Program does not report any species directly on the pipeline route, but a few have been
sited within a one-mile corridor. At the beginning of the line in Gonzales County, Cagle's Map
Turtle (federa candidate for listing) and the Guadalupe Bass are sited, as they both inhabit the
Guadalupe River. Texas Tauschia is found in wet wooded areas. The only other species
reported, Spikerush, is found within the pipeline corridor near Seguin. The Spikerush resides in
fresh and moderately alkaline marshes and along coasts in fresh and saltwater marshes.

*McMahan, CA., R.G. Fryeand K.L. Brown, “The Vegetation Types of Texas Including Cropland,” Texas Parks
and Wildlife Department, Austin, Texas, 1984.
5 .

Ibid.
® These preliminary estimates were based on available Soil Conservation Service Maps and USGS 7.5 minute
guadrants: New Braunfels East, McQueeney, Marion, Schertz, New Braunfels West, and should be updated using
aerial photographs from the EROS data center in alater phase of project development.
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Table 3.1-1.

Important Species* Having Habitat or Known to Occur

in Counties Potentially Affected by Option
Guadalupe River Diversions at Gonzales to Mid-Cities and/or
Major Water Providers (G-38C)

Listing Agency Potential
I . T 1 23 Occurrence
Common Name Scientific Name Summary of Habitat Preference USFWS TPWD TOES™ in County
A Ground Beetle Rhadine exilis Karst features in north and northwest PE NL Resident
Bexar County
A Ground Beetle Rhadine infernalis Karst features in north and northwest PE NL Resident
Bexar County
American Peregrine Falcon Falco peregrinus anatum Open country; cliffs E E E Nesting/Migrant
Arctic Peregrine Falcon Falco peregtinus tundrius Open country; cliffs T T T Nesting/Migrant
Big Red Sage Salvia penstemonoides Endemic; Creekbeds and seepage WL Resident
slopes of limestone canyons
Black-capped Vireo Vireo atricapillus Semi-open broad-leaved shrublands E E T Nesting/Migrant
Black-spotted Newt Notophthalmus meridionalis Wet or temporally wet arroyos, T Resident
canals, ditches, shallow depressions;
aestivates underground during dry
periods
Bracted Twistflower Streptanthus bracteatus Endemic; Shallow clay soils over E Resident
limestone; rocky slopes
Cagle’s Map Turtle Graptemys caglei Waters of the Guadalupe River Basin C1 NL Resident
Cave Myotis Bat Myotis velifer Colonial & cave dwelling; hibernates NL Resident
in limestone caves of Edwards
Plateau
Comal Blind Salamander Eurycea tridentifera Endemic; Semi-troglobitic; Springs T T Resident
and waters of caves
Correll's False Dragon-Head Physostegia correllii Wet soils WL Resident
Edwards Plateau Spring Eurycea sp. 7 Troglobitic; Edwards Plateau NL Resident
Salamander
Elmendorf's Onion Allium elmendorfii Endemic; deep sands derived from WL Resident
Queen City and similar Eocene
formations
Glass Mountain Coral Root Hexalectris nitida Mesic woodlands in canyons, under NL Resident
oaks
Golden-Cheeked Warbler Dendroica chrysoparia Woodlands with oaks and old juniper E E E Nesting/Migrant
Government Canyon Cave Neoleptoneta microps Karst features in north and northwest PE NL Resident
Spider Bexar County
Guadalupe Bass Micropterus treculi Streams of eastern Edwards Plateau WL Resident
Helotes Mold Beetle Batrisodes venyivi Karst features in north and northwest PE NL Resident
Bexar County
Henslow's Sparrow Ammodramus henslowii Weedy fields or cut over areas; bare NL Nesting/Migrant
ground for running and walking
Indigo Snake Drymarchon corais erebennus | Grass prairies and sand hills; usually T WL Resident
thornbush woodland and mesquite
savannah of coastal plain
Interior Least Tern Sterna antillarum athalassos Bays, large rivers E E E Nesting/Migrant
Keeled Earless Lizard Holbrookia propinqua Coastal dunes, Barrier islands and NL Resident
sandy areas
Maculated Manfreda Skipper Stallingsia maculosus Larvae feed inside leaf shelter and Resident
pupae found in cocoon made of
leaves fastened by silk
Mimic Cavesnail Phreatodrobia imitata Subagquatic; wells in Edwards Aquifer NL Resident
Mountain Plover Charadrius montanus Shortgrass plains and plowed fields PT NL Nesting/Migrant
Palmetto Pill Snail Euchemotrema Cheatumi
Parks’ Jointweed Polygonella parksii South Texas Plains; subherbaceous WL Resident
annual in deep loose sands, spring-
summer
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Table 3.1-1 (continued)
Listing Agency Potential
o . T T 23 Occurrence
Common Name Scientific Name Summary of Habitat Preference USFWS TPWD TOES™ in County
Plains Spotted Skunk Spilogale putorius interrupta Catholic; Wooded, brushy areas and NL Resident
tallgrass prairies
Robber Baron Cave Texella cokendolpheri Karst features in north and northwest PE NL Resident
Harvestman Bexar County
Robber Baron Cave Spider Cicurina baronia Karst features in north and northwest PE NL Resident
Bexar County
Sandhill Woolywhite Hymenopappus carrizoanus Endemic; Open areas in deep sands NL Resident
derived from Carrizo and similar
Eocene formations
Spikerush Eleocharis austrotexana Fresh and moderately alkali marshes; NL Resident
along coasts in fresh and water
marshes”
Spot-tailed Earless Lizard Holbrookia lacerata Oak-juniper woodlands and NL Resident
mesquite-prickly pear
South Texas Rushpea Caesalpinia phyllanthoides Thorn shrublands or grasslands on WL Resident
sandy to clay soils
Texas Garter Snake Thamnophis sirtalis annectens | Varied, especially wet areas; NL Resident
bottomlands and pastures
Texas Horned Lizard Phrynosoma cornutum Varied, sparsely vegetated uplands T T Resident
Texas Tauschia Tauschia texana Alluvial thickets or wet woods® NL Resident
Texas Tortoise Gopherus berlandieri Open brush with grass understory; T T Resident
open grass and bare ground avoided;
occupies shallow depressions at base
of bush or cactus, underground
burrows, under objects; active March-
Nov
Timber/Canebrake Rattlesnake Crotalus horridus Upland pine and deciduous T T Resident
woodlands, sandy or clay soil; dense
ground cover
Toothless Blindcat Trogloglanis pattersoni Troglobitic; San Antonio pool of the T E Resident
Edwards Aquifer
Veni's Cave Spider Cicurina venii Karst features in north and northwest PE NL Resident
Bexar County
Vesper Cave Spider Cicurina vespera Karst features in north and northwest PE NL Resident
Bexar County
White-faced Ibis Plegadis chihi Varied, prefers freshwater marshes, T T Nesting/Migrant
sloughs and irrigated rice fields;
Nests in low trees
Whooping Crane Grus americana Potential migrant E E E Migrant
Widemouth Blindcat Satan eurystomus Troglobitic; San Antonio pool of T E Resident
Edwards Aquifer
Wood Stork Buteo americana Prairie ponds, flooded pastures or T T Nesting/Migrant
fields; shallow standing water
Zone-tailed Hawk Buteo albonotatus Arid, open country including T T Nesting/Migrant
deciduous or pine-oak woodland;
nests in various habitats and sites
1 Texas Parks and Wildlife Department. Unpublished 1999. September 1999, Data and map files of the Natural Heritage Program, Resource Protection Division, Austin,
Texas.
2 Texas Organization for Endangered Species (TOES). 1995. Endangered, threatened, and watch list of Texas vertebrates. TOES Publication 10. Austin, Texas. 22 pp.
3 Texas Organization for Endangered Species (TOES). 1993. Endangered, threatened, and watch list of Texas plants. TOES Publication 9. Austin, Texas. 32 pp.
*  Correll, D.S. and M.C. Johnston. 1979. Manual of the Vascular Plants of Texas. Texas Research Foundation. Renner, Texas.
°  Hotchkiss, Neil. 1972. Common Marsh, Underwater & Floating-leaved Plants of the United States and Canada. Dover Publications, Inc., New York.
* E = Endangered T = Threatened 3C = No Longer a Candidate for Protection C2 = Candidate Category
C1 = Candidate Category, Substantial Information PE/PT = Proposed Endangered or Threatened
WL = Potentially endangered or threatened Blank = Rare, but no regulatory listing status NL = Not listed

In addition, a number of the species listed for Bexar, Gonzales and Guadalupe Counties

have habitat requirements or preferences that indicate they could be present within the study
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area. The Golden-cheeked Warbler (Dendroica chrysoparia) inhabits mature oak-Ashe juniper
woods for nesting. The Black-capped Vireo (Vireo atricapillus) nests in dense underbrush in
semi-open woodlands having distinct upper and lower stories. In addition to the Golden-
Cheeked Warbler and Black-capped Vireo, a number of federally and state protected birds
(American Peregrine Falcon, Arctic Peregrine Falcon, Henslow’s Sparrow, Interior Least Tern,
Mountain Plover, White-faced Ibis, Whooping Crane, and Wood Stork) are reported to occur in
Bexar, Guadalupe or Gonzales County. A survey of the project area may be required prior to
construction to determine whether populations of or potential habitat for species of concern
occur in the area to be impacted.

Significant impacts to important species by the project are unlikely. Species associated
with Comal Springs (most of those on New Braunfels West) are well upstream of the project
area. Other important species and critical habitats can be largely avoided by careful selection of
the final pipeline alignment. Habitat surveys in a future phase of project development should be
conducted to more accurately assess potential effects and to aid in selecting the final alignment.
Cagle's Map Turtle and Guadaupe Bass inhabit the Guadalupe River. Flow changes resulting
from Option G-38C (discussed below) are not expected to have an adverse effect on Cagle's
Map Turtle or the Guadal upe Bass.

Stream crossings in the proposed corridor are mostly intermittent. Major stream
crossings include the Guadalupe River near Seguin and Cibolo Creek, an intermittent stream.
Numerous impounded ponds for stock and other agricultural uses dot the Blackland Prairie.
Depending on the fina alignment, the transmission line may cross the Guadalupe River at
Seguin. However, the transmission line corridor is conceptual at this phase of the study. Exact
impacts cannot be determined without further study.

Based on the 1934 to 1989 period of record, estimated annual median Guadalupe River
flow at Cuero is 965,253 acft/yr. With implementation of Option G-38C, annual median
streamflow is estimated to be 934,884 acft, a decrease of 3.1percent. Monthly median
streamflow at Cuero without Option G-38C ranged from 29,421 acft to 92,294 acft and with
Option G-38C ranged from 25,802 acft to 89,952 acft (Figure 3.1-3). Reductions in monthly
median streamflow at Cuero would range from 2.4 percent to 12.3 percent with implementation
of Option G-38C.
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Figure 3.1-3. Guadalupe River Diversion at Gonzales, Streamflow Comparisons
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Annual median flow at Guadalupe River Satwater Barrier without project was
1,406,966 acft and monthly medians ranged from 27,907 acft to 126,250 acft. Under a uniform
diversion pattern, annual median flow with implementation of Option G-38C is an estimated to
be 1,383,872 acft, a 1.6 percent decrease in freshwater inflow to the Guadalupe Estuary
(excluding ungaged runoff below the Saltwater Barrier). Monthly median estimates with project
implementation ranged from 26,054 acft to 124,144 acft at the Guadalupe River Saltwater
Barrier. Reductions in monthly median streamflow at the Guadalupe River Satwater Barrier
with implementation of Option G-38C would range from essentially zero up to 10.6 percent.

Cultural resources protection on public landsin Texasis afforded by the Antiquities Code
of Texas (Title 9, Chapter 191, Texas Natural Resource Code of 1977), the National Historic
Preservation Act (PL96-515), and the Archaeological and Historic Preservation Act (PL93-291).
All areas to be disturbed during construction will be first surveyed by qualified professionals for

the presence of significant cultural resources.

3.1.3 Engineering and Costing

For this option, water diverted from the Guadalupe River at Gonzales would be treated at
aregiona water treatment plant near Marion and supplied on a wholesale basis to the Mid-Cities
and/or Mgor Water Providers in the South Centra Texas Region. Figure 3.1-1 shows the
genera location of the water treatment plant and a potential transmission pipeline route.

Raw water would be diverted at a new water intake to be located on the Guadalupe River
downstream of the confluence with the San Marcos River and pumped to a forebay storage
facility near the water treatment plant. The forebay storage facility provides for enhanced raw
water quality by alowing selective pumping during periods of high river flows and possible
lower water quality. Another benefit of the forebay storage is improved reliability of the surface
water system by allowing continuing plant operation during raw water pipeline maintenance or
unscheduled outages. The forebay storage was sized at about 5,000 acft, or approximately the
amount needed during the summer to meet municipal needs and account for evaporation.

Water treatment would likely consist of conventional surface water treatment

(flocculation, settling, filtration, and chlorine disinfection).

South Central Texas Region
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The major facilities required to implement this option are:

* Reservoir Intake and Pump Station

¢ Raw Water Transmission Pump Station

¢ Raw Water Pipeline to Off-Channel (Forebay) Storage Facility
e Off-Channel Storage Facility

e  Water Treatment Plant

¢ Treated Water Pump Station

¢ Transmission Pipeline

* Treated Water Transmission Pump Station

* Interconnectionsto the Mid-cities and/or Major Water Providers

Transmission facilities were sized to meet year 2030 projected needs for the Mid-Cities.
Transmission facilities and interconnections for the Maor Water Providers in Bexar County
were sized for delivery of the full 29,217 acft/yr.

Cost estimates were computed for capital costs, annual debt service, operation and
maintenance costs, power, purchase of stored water from Canyon Lake, land, and environmental
mitigation. Although the amount of stored water actually needed each year may be higher or
lower, the annual cost is held constant at the firm yield amount, as would be the case with a
“take-or-pay” type of purchase contract. The total estimated project cost of Option G-38C is
$144,313,000 (Table 3.1-2), which results in a total annual cost, including operation and
mai ntenance of $21,503,000.

The estimated cost of implementation and operation of this option would likely be
alocated to each participant based on the pro-rata capacity of each component dedicated to
meeting projected demands. Thus, participants would likely pay a pro-rata share of raw water
and treatment facility costs based solely on the percentage of total capacity dedicated to meeting
their water demands. For transmission and pump station costs, each participant would likely pay
a pro-rata share only of the facilities needed to deliver water to them, consequently, costs to
participants that are furthest from the water source could be proportionately greater.

Table 3.1-2 summarizes the total annual cost and the unit cost of water for year 2030.
Early in project operation, less water may be delivered to some participants and all remaining
available water delivered to Mg or Water Providers such as the SAWS and/or BMWD. The unit
cost of water for year 2030 conditionsis $736 per acft.

South Central Texas Region
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Table 3.1-2
Cost Estimate Summary for
Guadalupe River Diversion at Gonzales to Mid-Cities, and/or Major Water Providers
with Regional Water Treatment Plant (G-38C)
(Second Quarter 1999 Prices)

Estimated Costs
Item for Facilities
Capital Costs
Off-Channel Reservoir (5,000 acft) $7,682,000
Intake and Pump Station (28.1 MGD) $6,312,000
Water Treatment Plant (28.1 MGD) $21,410,000
Transmission Pump Stations (3) $14,853,000
Transmission Pipeline (various diameters, 68 miles) $38,417,000
Total Capital Cost $88,674,000
Engineering, Legal Costs and Contingencies $29,115,000
Environmental & Archaeology Studies and Mitigation $2,347,000
Land Acquisition and Surveying (644 acres) $3,734,000
Interest During Construction (4 years) $20,443,000
Total Project Cost $144,313,000
Annual Costs
Debt Service (6 percent for 30 years) $9,787,000
Reservoir Debt Service (6 percent for 40 years) $896,000
Operation and Maintenance:
Intake, Pipeline, Pump Station $885,000
Dam and Reservoir $115,000
Water Treatment Plant $2,334,000
Pumping Energy Costs (99,716,955 kWh @ $0.06 per kWh) $5,983,000
Purchase of Water (24,645 acft/yr @ $61 per acft) $1,503,000
Total Annual Cost $21,503,000
Available Project Yield (acft/yr) 29,217
Annual Cost of Water ($ per acft) Treated Water Delivered* $736
Annual Cost of Water ($ per 1,000 gallons) Treated Water Delivered® $2.26
1 Reported Annual Cost of Water is for treated water delivered to Mid-Cities and/or Major Water Providers and does not include
costs associated with distribution within municipal systems.
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3.1.4 Implementation Issues

Implementation of Option G-38C could directly affect the feasibility of other water
supply options under consideration, including G-15C, G-16C1, G-17C1, G-19, G-20, G-21, G-
22, G-24, G-30, G-40, SCTN-6, SCTN-16a, SCTN-16b, and SCTN-16c.

An ingtitutional arrangement is needed to implement projects including financing on a

regional basis. Implementation of option G-38C would involve the following steps:

e Commitment of project participants

* Phasing of project elements

* Negotiate water purchase contracts with GBRA and existing water rights owners
* Financing

* Engineering

¢ Permitting

¢ Construction

* Operation and Maintenance

Requirements Specific to Diversion of Water from Guadalupe River and Off-Channel Reservoir

To obtain more redlistic values of surface water availability, additional in-depth studies
of environmental water needs may be performed for affected reaches of the Guadalupe River.
Results presented herein are consistent with the Environmental Water Needs Criteria of the
Consensus Planning Process which allows the substitution of flow minimums based on stream-
specific studies considering indigenous species, habitat, recreational utilization, water quality,
and assimilative capacity of individual stream segments.

1. Necessary permits:

a. Receipt of TNRCC approval of amendment to Canyon Reservoir Certificate of
Adjudication which will authorize additional diversions.

b. TNRCC permit to divert unappropriated streamflow.
c. TNRCC Interbasin Transfer Approval.

d. U.S. Army Corpsof Engineers Sections 10 and 404 dredge and fill permits for
the reservoir and pipelines.

e. GLO Sand and Gravel removal permits
f. GLO Easement for use of state-owned land.
g. TPWD Sand, Gravel, and Marl permit.

South Central Texas Region
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2. Permitting will require these studies:

a. Assessment of changesin instream flows and freshwater inflows to bays and
estuaries.

b. Environmental studies.
c. Cultural resource studies.

3. Agreement with GBRA for use of and payment for water released from Canyon
Reservoir.

4. Land will need to be acquired either through negotiations or condemnation.
5. Relocationsfor the reservoir include:

a. Highways and railroads

b. Other utilities

Requirements Specific to Pipelines

1. Necessary permits:

a U. S. Army Corps of Engineers Sections 10 and 404 dredge and fill permits for
stream crossings.

b. GLO Sand and Gravel remova permits.

c. TPWD Sand, Gravel and marl Removal permits.
2. Right-of-way and easement acquisition.
3. Crossings.

a. Highways and railroads.

b. Creeksandrivers.

c. Other utilities.

Requirements Specific to Treatment and Distribution

A detailed study is needed of the cost of pumping and transmission pipeline
improvements necessary to effectively integrate the new supply into regional delivery systems.

South Central Texas Region
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OPTION NUMBER: SCTN-16a
OPTION NAME: Lower Guadalupe River Diversions

OPTION DESCRIPTION: Diversion of up to 50,000 acft/yr under existing water
rightsin Guadalupe River at the Saltwater Barrier to water treatment plant at the
major municipal demand center of the South Central Texas Region (treated water to
distribution system or recharge zone). Water available under existing rights will be
made firm by delivery of presently uncommitted stored water from Canyon Reservoir to
the Saltwater Barrier.

TIME NEEDED TO IMPLEMENT: [X]1-5yr. [ 1515yr. [ ]>15yr.

Quantity
(1000 acft)

COST, QUANTITY OF WATER, AND LAND IMPACTED

UNIT COST OF WATER: 870 per acft! Treated Water Distributed
QUANTITY OF WATER: 56,276 acft/yr’
LAND IMPACTED: 1,884 acres’

POSITION RELATIVE TO ALL OPTIONS
UNIT COST OF WATER: of (1=lowest unit)
QUANTITY OF WATER: of (1=highest volume)
LAND IMPACTED: of (1=least acreage)

i |

Impact
(2000 ac)

FACTORSAFFECTING COST, QUANTITY, AND LAND IMPACTED

'COST: River intake and pump station, off-channel dam and reservoir, reservoir intake
and pump station, raw water pipeline to treatment plant, water treatment plant, and
distribution to municipal systems or recharge zone. Costs include environmental and
archaeological studies.

QUANTITY OF WATER: Firmyield under existing water rights subject to senior
water rights, reclaimed water use, and Edwards Aquifer pumpage.

SLAND IMPACTED: Areainundated by the off-channel reservoir, transmission
facilities right-of-way, and water treatment plant site. This does not include land
purchased for mitigation.

ENVIRONMENTAL ISSUES: Potential mitigation for 1,218 acres inundated by off-
channel reservair.

SIGNIFICANT ISSUESAFFECTING FEASIBILITY: Policy and/or rules
regarding interbasin transfer of water supplies.

ADDITIONAL FACTORS: Implementation of this option based on a greater
quantity of water or in combination with other options may reduce the unit cost of
water.

OTHER WATER SUPPLY OPTIONSDIRECTLY AFFECTED: L-11, L-14,
L-20, S-14D, S-15D, S-15E, S-16C, G-16C1, G-17C1, G-20, G-38C, SCTN-11,
SCTN-12b, and/or SCTN-14.
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OPTION NUMBER: SCTN-16b
OPTION NAME: Lower Guadalupe River Diversions

OPTION DESCRIPTION: Diversion of unappropriated streamflow and
existing water rights (up to 50,000 acft/yr) from the Guadalupe River at the
Saltwater Barrier to water treatment plant at the major municipal demand
center of the South Central Texas Region (treated water to distribution system
or recharge zone). Unappropriated streamflow and water available under
existing rights will be made firm by delivery of uncommitted stored water (up to
15,000 acft/yr, firmyield equivalent) from Canyon Reservoir to the Saltwater
Barrier.

TIME NEEDED TO IMPLEMENT: [X]1-5yr. [ ]515yr. [ ]>15yr.

COST, QUANTITY OF WATER, AND LAND IMPACTED

UNIT COST OF WATER: 788 per acft! Treated Water Distributed
QUANTITY OF WATER: 74,000 acftlyr?
LAND IMPACTED: 1,886 acres’

POSITION RELATIVE TO ALL OPTIONS
UNIT COST OF WATER: of (1=lowest unit)
QUANTITY OF WATER: of (1=highest volume)
LAND IMPACTED: of (1=least acreage)

Impact
(2000 ac)

FACTORSAFFECTING COST, QUANTITY, AND LAND IMPACTED

'COST: River intake and pump station, off-channel dam and reservoir, reservoir intake
and pump station, raw water pipeline to treatment plant, water treatment plant, and
distribution to municipal systems or recharge zone. Costs include environmental and
archaeological studies.

QUANTITY OF WATER: Firmyield under existing water rights and unappropriated
streamflow subject to senior water rights, Consensus Criteria, reclaimed water use, and
Edwards Aquifer pumpage.

SLAND IMPACTED: Areainundated by the off-channel reservoir, transmission
facilities right-of-way, and water treatment plant site. This does not include land
purchased for mitigation.

ENVIRONMENTAL ISSUES: Freshwater inflows to the Guadal upe Estuary and
potential mitigation for 1,218 acres inundated by off-channel reservoir. The lower
Guadalupe River in Victoria, Calhoun, and Refugio Counties is recommended for
designation as an Ecologically Unigue River Segment by TPWD.

SIGNIFICANT ISSUESAFFECTING FEASIBILITY: Policy and/or rules
regarding interbasin transfer of water supplies.

ADDITIONAL FACTORS: Implementation of this option based on a greater
quantity or in combination with other options may reduce the unit cost of water.

OTHER WATER SUPPLY OPTIONSDIRECTLY AFFECTED: L-11, L-14,
L-20, S-14D, S-15D, S-15E, S-16C, G-16C1, G-17C1, G-20, G-38C, SCTN-11,
SCTN-12b, and/or SCTN-14.
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OPTION NUMBER: SCTN-16¢
OPTION NAME: Lower Guadalupe River Diversions

OPTION DESCRIPTION: Diversion of unappropriated streamflow and
existing water rights (up to 50,000 acft/yr) from the Guadalupe River at the
Saltwater Barrier to water treatment plant at the major municipal demand
center of the South Central Texas Region (treated water to distribution system
or recharge zone). Unappropriated streamflow and water available under
existing rights will be made firm by delivery of groundwater from the Gulf Coast
Aquifer and uncommitted stored water (up to 15,000 acft/yr, firmyield
equivalent) from Canyon Reservoir to the Saltwater Barrier.

TIME NEEDED TO IMPLEMENT: [X]1-5yr. [ ]515yr. [ ]>15yr.

COST, QUANTITY OF WATER, AND LAND IMPACTED

UNIT COST OF WATER: 755 per acft! Treated Water Distributed
QUANTITY OF WATER: 94,000 acft/yr?
LAND IMPACTED: 2,040 acres’

POSITION RELATIVE TO ALL OPTIONS
UNIT COST OF WATER: of (1=lowest unit)
QUANTITY OF WATER: of (1=highest volume)
LAND IMPACTED: of (1=least acreage)

Impact
(2000 ac)

FACTORSAFFECTING COST, QUANTITY, AND LAND IMPACTED

'COST: River intake and pump station, off-channel dam and reservoir, reservoir intake
and pump station, well fields, raw water pipeline to treatment plant, water treatment
plant, and distribution to municipal systems or recharge zone. Costsinclude
environmental and archaeological studies.

QUANTITY OF WATER: Firmyield under existing water rights and unappropriated
streamflow subject to senior water rights, Consensus Criteria, reclaimed water use, and
Edwards Aquifer pumpage.

SLAND IMPACTED: Areainundated by the off-channel reservoir, wellhead areas,
transmission facilities right-of-way, and water treatment plant site. This does not
include land purchased for mitigation.

ENVIRONMENTAL ISSUES: Freshwater inflows to the Guadal upe Estuary and
potential mitigation for 1,218 acres inundated by off-channel reservoir. The lower
Guadalupe River in Victoria, Calhoun, and Refugio Counties is recommended for
designation as an Ecologically Unigue River Segment by TPWD.

SIGNIFICANT ISSUESAFFECTING FEASIBILITY: Policy and/or rules
regarding interbasin transfer of water supplies.

ADDITIONAL FACTORS: Implementation of this option based on a greater
quantity or in combination with other options may reduce the unit cost of water.

OTHER WATER SUPPLY OPTIONSDIRECTLY AFFECTED: L-11, L-14,
L-20, S-14D, S-15D, S-15E, S-16C, G-16C1, G-17C1, G-20, G-38C, SCTN-11,
SCTN-12b, and/or SCTN-14.
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3.2 Lower Guadalupe River Diversions (SCTN-16)
3.2.1 Description of Options

This group of water supply options (SCTN-16a, SCTN-16b, and SCTN-16c¢) involves the
diversion of water from the Guadalupe River at the Saltwater Barrier located 3.5 miles north of
Tivoli, transmission to an off-channel reservoir, transmission to a water treatment plant at the
major municipal demand center of the South Central Texas Region, and distribution to municipal
systems or the Edwards Aquifer recharge zone (Figure 3.2-1). Specific sources of water for
these options include presently underutilized surface water rights (up to 50,000 acft/yr), presently
uncommitted supply from Canyon Reservoir (up to 15,000 acft/yr), unappropriated streamflow,
and groundwater from the Gulf Coast Aquifer. Depending upon the sources of supply, the
diameter of the 120-mile transmission pipeline from the off-channel reservoir to the maor
municipal demand center ranges from 64 to 78 inches.

The Saltwater Barrier is an inflatable dam constructed approximately 0.4 miles below the
confluence of the San Antonio River with the Guadalupe River. The dam serves to prevent the
up-river intrusion of saltwater, which could adversely affect water quality for nearby municipal,
industrial, and irrigation use. The Guadalupe River Saltwater Barrier creates a small
impoundment facilitating diversions under rights held jointly by the Guadalupe-Blanco River
Authority (GBRA) and Union Carbide Corporation (UCC). These rights total 172,501 acft/yr
and represent about 30 percent of all surface water rights in the Guadalupe-San Antonio River
Basin authorized for consumptive use.

The GBRA/UCC water rights at the Guadalupe River Saltwater Barrier are quite reliable,
as the upstream watershed encompasses approximately 10,128 square miles and includes the two
largest springsin Texas. In addition, substantial volumes of treated effluent are discharged to the
San Antonio River from the San Antonio metropolitan area. In most years, there is
unappropriated streamflow passing the Guadalupe River Saltwater Barrier and entering the
Guadalupe Estuary. However, neither the GBRA/UCC rights nor these unappropriated
streamflows are “firm” or 100 percent reliable during each month of a repeat of the most severe
drought on record. Hence, this option includes consideration of Canyon Reservoir and/or an off-
channel storage facility that could serveto “firm-up” (increase the reliability of) potential run-of-
river diversions. Groundwater from the Gulf Coast Aquifer is considered an additional

dependable source of water.

South Central Texas Region
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3.2.2 Water Availability

The Guadalupe River Saltwater Barrier was constructed in the early 1960s at a location
immediately downstream of the San Antonio River confluence and creates a reservoir pool
extending some distance up both rivers. Diversions from this reservoir pool, whether under
existing rights or as unappropriated streamflow, are dependent upon waters originating in both
the Guadalupe and San Antonio Rivers and their respective tributaries. Hence, it is assumed
herein that diversion from this location for use in the San Antonio River Basin does not
constitute an interbasin transfer and that water rights committed to such a diversion would retain
their current seniority relative to others. The TWDB has, by rule, established the river basin
boundaries for Texas and indicated that the San Antonio River Basin extends only to the
i

confluence.™ Therefore, some modification of this rule may be necessary to retain seniority if
diversion facilities are ultimately located bel ow the confluence of the two rivers.

Maximum reported water use under GBRA/UCC rights totaling 172,501 acft/yr at the
Guadalupe River Saltwater Barrier did not exceed 62,000 acft/yr during the 1991 through 1997
historical period.lzI For the purposes of evaluation of this water supply option, it is assumed that
diversions of up to 50,000 acft/yr under one of these rights (Certificate of Adjudication #18-
5178) could be made available for some period of time into the future. Certificate of
Adjudication #18-5178 has a priority date of January 7, 1952 and authorized annual diversions
totaling 106,000 acft for multiple uses including municipal, industrial, and irrigation.

The Guadalupe-San Antonio River Basin ModelEI (GSA Mode) and supplemental
Spreadsheet calculations were used to quantify water available for diverson of up to
50,000 acft/yr under Certificate of Adjudication #18-5178. GSA Mode simulations and
calculations were performed subject to the General Assumptions for Applications of Hydrologic
Models as adopted by the South Central Texas Regional Water Planning Group and listed in the
Introduction. As shown in Figure 3.2-2, water available for diversion on an annual basis ranges
from a maximum of 50,000 acft to a minimum of 27,257 acft in 1956. Water availability
averages 47,885 acft/yr over the full ssmulation period (1934 through 1989) and 42,075 acft/yr

1 TWDB, Personal Communication, October 1999.

2 GBRA, Personal Communication, April 1999.

% HDR, “Guadal upe-San Antonio River Basin Recharge Enhancement Study,” Edwards Underground Water
District, September 1993.

South Central Texas Region
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during the drought of record (1947 through 1956). Subject to a uniform seasonal diversion
pattern, Figure 3.2-2 also indicates that the full monthly portion of 50,000 acft/yr is available in
about 94 percent of the months simulated.

In order to obtain a reliable (firm) water supply through diversions from the Lower
Guadalupe River at the Saltwater Barrier, severa combinations of water rights, stored water
commitments from Canyon Reservoir, and off-channel storage were considered. Potential
commitments of stored water from Canyon Reservoir were evaluated using the GSA Moddl,
while off-channel storage reservoir operations were simulated using an HDR utility program
called RESSIM. These combinations and the associated firm water supply available are
summarized by water supply option in Table 3.2-1.

Without off-channel storage, commitments from the firm yield of Canyon Reservoir of
15,000 to 19,193 acft/yr are necessary to ensure firm water availability of 44,354 to
50,000 acft/yr, respectively. With the addition of a 20,000-acft off-channel storage reservoir,
firm water availability of 46,813 acft/yr to 56,276 acft/yr can be obtained, depending upon the
level of commitment of stored water from Canyon Reservoir. Inclusion of off-channel storage,
though not absolutely required, has certain operational advantages in addition to increasing firm
water availability. These advantages include the capability of suspending river diversions to
avoid poor water quality during flood events and/or facilitate maintenance without curtailing
deliveries from the reservoir. The firm water availability or available project yield associated
with water supply Option SCTN-16a is 56,276 acft/yr, based on up to 50,000 acft/yr of existing
water rights; 20,000 acft of off-channel storage; and a 15,000 acft/yr commitment of stored water
from Canyon Reservoir.

Weater supply Option SCTN-16b includes all of the elements in Option SCTN-16a plus
unappropriated streamflow. Unappropriated streamflow is that available for diversion after
satisfying all water rights and passing flows in accordance with the Environmental Water Needs
Criteria of the Consensus Planning Process (Consensus Criteria, Appendix B). Application of
the Consensus Criteriafor diversions from the Guadalupe River Saltwater Barrier includes use of
the recommended monthly inflow needs of the Guadalupe Estuary associated with the maximum

harvest (MaxH) of selected specie%ZI as a minimum amount to pass when flows exceed the

* TPWD and TWDB, “Freshwater Inflow Recommendation for the Guadal upe Estuary of Texas,” Coastal Studies
Technical Report No. 98-1, December 1998.

South Central Texas Region
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Table 3.2-1.

Water Availability Summary

Lower Guadalupe River Diversion (SCTN-16)

Water Supply Sources

Firm Water Canyon
Availability Reservoir Off-channel Unappropriated | Gulf Coast
or Yield" Water Rights® Commitment® Storage Streamflow* Aquifer
Option ID (acftlyr) (acftlyr) (acftlyr) (acft) (acftlyr) (acftlyr)
SCTN-16a 27,257° 50,000 — — — —
44,354 50,000 15,000 — — —
50,000 50,000 19,193 — — —
46,813 50,000 0 20,000 — —
50,000 50,000 4,361 20,000 — —
56,276 50,000 15,000 20,000 — —
SCTN-16b 74,000 50,000 15,000 20,000 Variable —
SCTN-16¢ 94,000 50,000 15,000 20,000 Variable 20,000

1 Amount of water available on an annual basis without shortage during the most severe drought on record. Estimates of firm water
available or yield are based on a maximum diversion rate of about 250 cfs (96-inch diameter transmission pipeline).

2 Certificate of Adjudication #18-5178, Priority Date = January 7, 1952.

w

Commitment from the firm yield of Canyon Reservoir necessary to firm up other water supply sources on an as-needed basis.

4 Highly variable supply of water available subject to full utilization of water rights, Consensus Environmental Criteria (Appendix B), and
maximum diversion rate.

5 Simulated minimum water available in one calendar year (1956).

South Central Texas Region
Water Supply Options
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monthly natural daily median. When flows fall below the median, the monthly instream flow
provisions in the Consensus Criteria are assumed to apply.

Monthly estimates of unappropriated streamflow subject to a maximum diversion rate of
about 250 cfs (transmission capacity of a 96-inch diameter pipeline) were computed using an
HDR utility program. As shown in Figure 3.2-3, unappropriated streamflow available for
diversion on an annual basis ranges from a maximum of about 182,000 acft to a minimum of
955 acft in 1954. Unappropriated streamflow averages 106,149 acft/yr over the full ssmulation
period (1934 through 1989) and 53,712 acft/yr during the drought of record (1947 through 1956).
The reliability curve in Figure 3.2-3 indicates that unappropriated streamflow available exceeds
the maximum diversion rate or transmission pipeline capacity in about 50 percent of the months
simulated and that there is no unappropriated streamflow available in about 25 percent of the
months simul ated.

Utilization of unappropriated streamflow in addition to the other water sources
considered in Option SCTN-16a results in a firm yield of about 74,000 acft for Option
SCTN-16b. Asindicated in Table 3.2-1, this represents an increase of more than 17,000 acft/yr
(31 percent) in firm yield with essentially the same diversion and off-channel storage facilities.
The available project yield associated with water supply Option SCTN-16b is 74,000 acft/yr,
based on up to 50,000 acft/yr of existing water rights; periodic diversion of unappropriated
streamflow; 20,000 acft of off-channel storage; and a 15,000-acft/yr commitment of stored water
from Canyon Reservoir.

Water supply Option SCTN-16c includes al of the elementsin Option SCTN-16b plus an
estimated 20,000 acft/yr of dependable groundwater supply from the Gulf Coast Aquifer in
northern Refugio and southern Victoria Counties near the potential off-channel storage reservoir
site. Additional studies and a program of well testing would be necessary to assess the long-term
reliability and potential localized effects of well fields operating at a production rate of
20,000 acft/yr in these counties. The available project yield associated with water supply Option
SCTN-16c is 94,000 acft/yr, based on up to 50,000 acft/yr of existing water rights, periodic
diversion of unappropriated streamflow; 20,000 acft of off-channel storage; a 15,000 acft/yr
commitment of stored water from Canyon Reservoir; and 20,000 acft/yr of groundwater from the
Gulf Coast Aquifer.

South Central Texas Region
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Monthly median streamflows and streamflow frequency curves for the Guadalupe River
at the Saltwater Barrier with and without implementation of water supply Option SCTN-16b are
presented in Figure 3.2-4. No streamflow comparison graphics are included for Options SCTN-
16a (diversions under existing water rights) and SCTN-16c¢ (identical to Option SCTN-16b with
respect to streamflow). Asindicated in Figure 3.2-4, decreases in monthly median streamflows
associated with implementation of Option SCTN-16b would range from a minimum of
2.3 percent in February to a maximum of 7.6 percent in September. Average annual streamflows
passing the Guadalupe River Saltwater Barrier would be reduced by approximately 1.5 percent.
Streamflows during drought periods would remain essentially unaffected as unappropriated

streamflow is not available under Consensus Criteria during these periods.

3.2.3 Environmental Issues

A 12.6-mile diversion pipeline from the Guadalupe River Saltwater Barrier to the off-
channel reservoir would traverse Refugio County and a 120-mile long transmission pipeline from
the off-channel reservoir to the point(s) of distribution would traverse Goliad, DeWitt, Karnes,
Wilson, and Bexar Counties. A construction right-of-way of approximately 140-feet wide would
affect a total area of approximately 2,200 acres. The construction of the pipeline would include
the clearing and removal of woody vegetation. A 40-foot wide right-of-way corridor free of
woody vegetation maintained for the life of the project would total 643 acres. The proposed
pipeline route would traverse three of Omernik’sEI ecoregions: the Western Gulf Coastal Plain,
the East Central Texas Plains, and the westernmost reaches of the Texas Blackland Prairie.

Surveys for protected species would be conducted within the proposed construction
corridors where preliminary evidence indicates their existence. Many of these species appear to
be dependent on shrubland or riparian habitat, such as the Texas Tortoise, the Reticulated
Collared Lizard, the Texas Horned Lizard, and the Indigo Snake. The Texas Garter Snake may
be present in wetland habitats and the Timber Rattlesnake may be found in riparian woody
vegetation. Potential conflicts with 